Introduction

Background and Purpose Clean Air Act Requirements,
1970 to 1990
As part of the Clean Air Act Amendments of 1990,
Congress established a requirement under section 812 The Clean Air Act establishes a framework for
that EPA develop periodic Reports to Congress estithe attainment and maintenance of clean and health-
mating the benefits and costs of the Clean Air Actful air quality levels. The Clean Air Act was enacted
itself. The first such report was to be a retrospectivein 1970 and amended twice — in 1977 and most re-
analysis, with a series of prospective analyses to folcently in 1990. The 1970 Clean Air Act contained a
low every two years thereafter. This report representsiumber of key provisions. First, EPA was directed to
the retrospective study, covering the period beginningestablish national ambient air quality standards for the
with passage of the Clean Air Act Amendments of major criteria air pollutants. The states were required
1970, until 1990 when Congress enacted the most reto develop implementation plans describing how they
cent comprehensive amendments to the Act. would control emission limits from individual sources
_ o _ _ _ to meet and maintain the national standards. Second,
~ Since the legislative history associated with sec-the 1970 CAA contained deadlines and strengthened
tion 812 is sparse, there is considerable uncertaintynforcement of emission limitations and state plans
regarding Congressional intent behind the requiremenyyith measures involving both the states and the fed-
for periOdiC cost-benefit evaluations of the Clean Air eral government_ Th”fd, the 1970 Act forced new
Act (CAA). However, EPA believes the principal goal sources to meet standards based on the best available
of these amendments was that EPA should deVGIORechnology_ Fina"y’ the Clean Air Act of 1970 ad-
and periodically exercise, the ability to provide Con- dressed hazardous pollutants and automobile exhausts.
gress and the public with up-to-date, comprehensive
information about the economic costs, economic ben-  The 1977 Clean Air Act Amendments also set new
efits, and health, welfare, and ecological effects ofrequirements on clean areas already in attainment with
CAA programs. The results of such analyses mightthe national ambient air quality standards. In addition,
then provide useful information for refinement of CAA the 1977 Amendments set out provisions to help ar-
programs during future reauthorizations of the Act. eas that failed to comply with deadlines for achieve-
ment of the national ambient air quality standards. For
The retrospective analysis presented in this Reexample, permits for new major sources and modifi-
port to Congress has been designed to provide an urtations were required.
precedented examination of the overall costs and ben-
efits of the historical Clean Air Act. Many other analy- The 1990 Clean Air Act Amendments consider-
ses have attempted to identify the isolated effects ofibly strengthened the earlier versions of the Act. With
individual standards or programs, but no analysis withrespect to nonattainment, the Act set forth a detailed
the present degree of validity, breadth and integratiorand graduated program, reflecting the fact that prob-
has ever been successfully developed. Despite dat@ms in some areas are more difficult and complex
limitations, considerable scientific uncertainties, andthan others. The 1990 Act also established a list of
severe resource constraints; the EPA Project Team wak89 regulated hazardous air pollutants and a multi-
able to develop a broad assessment of the costs arsfiep program for controlling emissions of these toxic
benefits associated with the major CAA programs ofair pollutants. Significant control programs were also
the 1970 to 1990 period. Beyond the statutory goalsstablished for emissions of acid rain precursors and
of section 812, EPA intends to use the results of thisstratospheric ozone-depleting chemicals. The biggest
study to help support decisions on future investmentsegulatory procedural change in the Act is the new
in air pollution research. Finally, many of the meth- permit program where all major sources are now re-
odologies and modeling systems developed for thequired to obtain an operating permit. Finally, the
retrospective study may be applied in the future to theamendments considerably expanded the enforcement
ongoing series of section 812 prospective studies. provisions of the Clean Air Act, adding administra-
tive penalties and increasing potential civil penalties.
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The Benefits and Costs of the Clean Air Act, 1970 to 1990

Section 812 of the Clean Air Act interactive, and often nonlinear. Therefore, even if
Amendments of 1990 costs could be reliably matched to changes in emis-

sions, benefits cannot be reliably matched to changes
in emissions because of the complex, nonlinear rela-
Section 812 of the Clean Air Act Amendments of tionships between emissions and the changes in am-
1990 requires the EPA to perform a “retrospective”blent concentrations which are used to estimate ben-
analysis which assesses the costs and benefits to tdits.
public health, economy and the environment of clean
air legislation enacted prior to the 1990 amendments.
Section 812 directs that EPA shall measure the effect
on “employment, productivity, cost of living, economic
growth, and the overall economy of the United States
of the Clean Air Act. Section 812 also requires that
EPA consider all of the economic, public health, and
environmental benefits of efforts to comply with air
pollution standards. Finally, section 812 requires EPA
to evaluate the prospective costs and benefits of th
Clean Air Act every two years.

Focusing on the broader target variables of “over-

Il costs” and “overall benefits” of the Clean Air Act,
the EPA Project Team adopted an approach based on
»construction and comparison of two distinct scenarios:
a “no-control scenario” and a “control scenario.” The
no-control scenario essentially freezes federal, state,
and local air pollution controls at the levels of strin-
gency and effectiveness which prevailed in 1970. The

ontrol scenario assumes that all federal, state, and
ocal rules promulgated pursuant to, or in support of,
the CAA during 1970 to 1990 were implemented. This
analysis then estimates the differences between the
economic and environmental outcomes associated
with these two scenarios. For more information on
the scenarios and their relationship to historical trends,

. _ _ see Appendix B.
The retrospective analysis was designed to answer

Analytical Design and Review

Target Variable

the following question: Key Assumptions
“How do the overall health, welfare, Two key assumptions were made during the sce-
ecological, and economic benefits of Clean nario design process to avoid miring the analytical
Air Act programs compare to the costs of process in endless speculation. First, the “no-control”
these programs?” scenario was defined to reflect the assumption that no

additional air pollution controls were imposed by any
By examining the overall effects of the Clean Air level of government or voluntarily initiated by pri-

Act, this analysis complements the Regulatory Impactvate entities after 1970. Second, it is assumed that the
Analyses (RIAs) developed by EPA over the years togeographic distribution of population and economic
evaluate individual regulations. Resources were usedctivity remains the same between the two scenarios.
more efficiently by recognizing that these RIAs, and i o i . »
other EPA analyses, provide complete information ‘The first assumption is an obvious oversimplifi-
about the costs and benefits of specific rules. Furtheré@tion. In the absence of the CAA, one would expect
more, in addition to the fact that the RIAs already pro-0 Sé€ some air pollution abatement activity, either
vide rule-specific benefit and cost estimates, the broadvoluntary or due to state or local regulations. Itis con-
scale approach adopted in the present study precludé&€ivable that state and local regulation would have
reliable re-estimation of the benefits and costs of in-"équired air pollution abatement equal to—or even
dividual standards or programs. On the cost side, thi@reater than—that required by the CAA; particularly
study relies on aggregated compliance expendituréince some states, most notably California, have done
data from existing surveys. Unfortunately, these data0- If one were to assume that state and local regula-
do not support reliable allocation of total costs incurredtions would have been equivalent to CAA standards,
to specific emissions reductions for the various pol-then a cost-benefit analysis of the CAA would be a
lutants emitted from individual facilities. Therefore, Meaningless exercise since both costs and benefits
it is infeasible in the context of this study to assignWould equal zero. Any attempt to predict how state
costs to specific changes in emissions. Further com@nd local regulations would have differed from the
plications emerge on the benefit side. To estimaté=AA would be too speculative to support the cred-
benefits, this study calculates the change in incidence®ility of the ensuing analysis. Instead, the no-control
of adverse effects implied by changes in ambient conScenario has been sf[r_uctured to reflect th_e assumption
centrations of air pollutants. However, reductions that states and localities would not have invested fur-

achieved in emitted pollutants contribute to changegher in air pollution control programs after 1970 in
in ambient concentrations of those, or secondarilythe absence of the federal CAA. That is, this analysis

formed, pollutants in ways which are highly complex, accounts for the costs and benefits of all air pollution
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control from 1970 to 1990. Speculation about the pre- +  direct cost estimation

cise fraction of costs and benefits attributable exclu- * macroeconomic modeling

sively to the federal CAA is left to others. Neverthe- ¢ emissions modeling

less, it is important to note that state and local govern-  *  air quality modeling o
ments and private initiatives are responsible forasig- * health and environmental effects estimation
nificant portion of these total costs and total benefits. *  €conomic valuation ,

At the same time, it must also be acknowledged that *  results aggregation and uncertainty character-
the federal CAA played an essential role in achieving Ization

these results by helping minimize the advent of pollu-
tion haven§ establishing greater incentives for pol-
lution control research and development than indi-
vidual state or local rules could provide; organizing

By necessity, these components had to be com-
pleted sequentially. The emissions modeling effort had
to be completed entirely before the air quality models
could be configured and run; the air quality modeling

s oo oo et N 0 be compleed beore the heath and en
and dissemination services; addressing critical inter-vIronmental consequences of air quality changes could

state air pollution problems, including the regional fine bhe derl(\j/eld;dand S0 on. Tr?ed anatl)ytlt_:alfsequeﬁce, ?nq
particle pollution which is responsible for much of t (Tmo eled versus actua gtad E_ISI|S:_OI’ ea; ar&adytl-
the estimated monetary benefit of historical air pollu- ggrigg(rjnﬁ]o%in:é;r:isggprgfa{fﬁg s elzti Olr?ure and de-
tion control; providing financial resources to state and '

local government programs; and many other services.  The first step of the analysis was to estimate the
In the end, however, the benefits of historical air pol-total direct costs incurred by public and private enti-
lution controls were achieved through partnershipsties to comply with post-1970 CAA requirements.
among all levels of government and with the active These data were obtained directly from Census Bu-
participation and cooperation of private entities andyeay and Bureau of Economic Analysis (BEA) data
individuals. on compliance expenditures reported by sources, and

The second assumption concerns changing demdrom EPA analyses. These direct cost data were then

graphic patterns in response to air pollution. In theadOpted as inputs to the macroeeconomic model used

hypothetical no-control world, air quality is worse than ;[gVEIrSOJecrti ceecsoneonTllco Cr?]nedn'?m;?t_esrlrj]gh ;nsd p(;f[)hdeurcggg_
that in the historical “control” world particularly in ' P ' ploy P '

. . . . : nomic indicators—under the two scenarios. To ensure
urban industrial areas. It is possible that in the no-

: a consistent basis for scenario comparison, the analy-
control case more people, relative to the control case P ! y

would move away from the most heavily polluted ar- ts '?nﬁ%pgggrégteesgmmer OTZr(]:::loﬁg(—Jg(;)an’Igl ?C()edne;'r?g :gs
eas. Rather than speculate on the scale of populatio omic conditions. First, a control scenario was con-

:jneor:]/gn;gn;[{i ;h(;n%?glsysésthsesnum:fwgos géﬁg:%gcg?rﬁgtructed by running the macroeconomic model using
graphic p : tual historical data for input factors such as eco-

larly, the analysis assumes no changes in the spati . : ;
pattern of economic activity. For example: if, in the %Igm'c growth rates during the 1970 o 1990 period.

| ) The model was then re-run for the no-control scenario
no-control case, an industry is expected to produceby in essence, returning all post-1970 CAA compli-

greater output than it did in the control case, that in- . , .
creased output is produced by actual historical plantsance expenditures to the economy. With these addi

avoiding the need to speculate about the location OFlonal resources available for capital formation, per-

C - " sonal consumption, and other purposes, overall eco-
other characteristics of new plants providing additional : . ’ ' o
productive capacity. nomic conditions under the no-control scenario dif-

fered from those of the control scenario. In addition
Analytic Sequence to providing estimates of the difference in overall eco-
nomic growth and other outcomes under the two sce-
The analysis was designed and implemented in anarios, these first two analytical steps were used to
seguential manner following seven basic steps whichdefine specific economic conditions used as inputs to
are summarized below and described in detail later irthe emissions modeling effort, the first step in the es-
this report. The seven major steps were: timation of CAA benefits.

1 “Pollution havens” is a term used to identify individual states or localities which permit comparatively high levels of pollution in
order to attract and hold polluting industries and other activities.

2 Using modeled economic conditions for both scenarios has both advantages and disadvantages. The principal disadvantage is th

historical economic conditions “predicted” by a macroeconomic model will not precisely duplicate actual historical events and condi-
tions. However, this disadvantage is outweighed by the avoidance of distortions and biases which would result from comparing a

modeled no-control scenario with actual historical conditions. By using the same macroeconomic model for both scenarios, model errors
and biases essentially cancel out, yielding more robust estimates of scenario differences, which are what this analysis seeks to evaluate

8 For example, the macroeconomic model projected different electricity sales levels under the two scenarios, and these sales levels

were used as key input assumptions by the utility sector emissions model.
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Figure 1. Summary of Analytical Sequence and Modeled versus Historical Data Basis.

Control Scenario No-Control Scenario

Compile historical compliance expenditure

data

Develop modeled macroeconomic scenario Develop modeled macroeconomic scenario

based on actual historical economic data by rerunning control scenario with
compliance expenditures added back to the
economy

Project emissions by year, pollutant, and Re-run sector-specific emissions models
sector using control scenario using no-control scenario macroeconomic
macroeconomic projection as input to projection

sector-specific emissions models

Develop statistical profiles of historical air Derive no-control air quality profiles by
quality for each pollutant based on ) adjusting control scenario profiles based on
historical monitoring data (plus differences in air quality modeling of
extrapolations to cover unmonitored areas) control scenario and no-control scenario

emissions inventories

Estimate physical effects based on Estimate physical effects based on
application of concentration-response application of concentration-response
functions to historical air quality profiles functions to no-control scenario air quality

profiles

Calculate differences in physical outcomes
between control and no-control scenario

Estimate economic value of differences in
physical outcomes between the two
scenarios*

Compare historical, direct compliance costs
with estimated economic value of
monetized benefits, considering additional
benefits which could not be quantified
and/or monetized

* In some cases, economic value is derived directly from physical effects modeling (e.g., agricultural yield loss).




Chapter 1: Introduction

Using appropriate economic indicators from the the analytical consistency conferred by using the same
macroeconomic model results as inputs, a variety oimodeling approach for both scenarios. The outputs of
emissions models were run to estimate emissions levthis step of the analysis were statistical profiles for
els under the two scenarios. These emissions modeksach pollutant characterizing air quality conditions at
provided estimates of emissions of six major pollut- each monitoring site in the lower 48 stétes.
ant$ from each of six key emitting sectors: utilities, o ]
industrial processes, industrial combustion, on-high- ~ The control and no-control scenario air quality
way vehicles, off-highway vehicles, and commercial/ Profiles were then used as inputs to a modeling sys-
residential sources. The resulting emissions profiledem which translates air quality to physical outcomes
reflect state-wide total emissions from each pollut-—Such as mortality, emergency room visits, or crop

ant-sector combination for the years 1975, 1980, 1985Yield losses— through the use of concentration-re-
and 199G, sponse functions. These concentration-response func-

tions were in turn derived from studies found in the

The next step toward estimation of benefits in- scientific literature on the health and ecological ef-
volved translating these emissions inventories intofects of air pollutants. At this point, estimates were
estimates of air quality conditions under each scenarioderived of the differences between the two scenarios
Given the complexity, data requirements, and operatin terms of incidence rates for a broad range of human
ing costs of state-of-the-art air quality models—and thehealth and other effects of air pollution by year, by
afore-mentioned resource constraints—the EPA Projegpollutant, and by monitdr.
Team adopted simplified, linear scaling approaches

for a number of pollutants. However, for ozone and N the next step, economic valuation models or
other pollutants or air quality conditions which involve CO€fficients were used to estimate the economic value

range atmospheric transport and transformation, th&vhich were amenable to such monetization. For ex-
needed to use more sophisticated modeling system§conomic literature was used to estimate the value of
For example, urban area-specific ozone modeling wageductions in mortality risk associated with exposure

tiguous states. not be expressed in economic terms were compiled

and are presented herein. In some cases, quantitative
Up to this point of the analysis, both the control estimates of scenario differences in the incidence of a
and no-control scenario were based on modeled comonmonetized effect were calculateth many other
ditions and outcomes. However, at the air qualitycases, available data and techniques were insufficient
modeling step, the analysis returned to a foundatiorto support anything more than a qualitative character-
based on actual historical conditions and data. Speization of the change in effects.
cifically, actual historical air quality monitoring data

from 1970 to 1990 were used to define the control ~ Finally, the costs and monetized benefits were

scenario. Air quality conditions under the no-control €OmMbined to provide a range of estimates for the par-

scenario were then derived by scaling the historicafidl: et economic benefit of the CAA with the range

data adopted for the control scenario by the ratio of €1€cting quantified uncertainties associated with the
the modeled control and no-control scenario air quaI-pehrﬁ'faallrigﬁ%se?gdhgg?zneodmgggfdggtg} saf’e spl-fkl)eset of
ity. This approach took advantage of the richness o{ P P Y

the historical data on air quality, provided a realistic he total potential benefits of the CAA could be rep-

: . >~ resented in economic terms due to limitations in ancal
grounding for the benefit measures, and yet retained

4 These six pollutants are total suspended particulates (TSP), sulfur diox%derﬂ&ﬁyen oxides (N@, carbon monoxide (CO),
volatile organic compounds (VOCs), and lead (Pb). The other CAA criteria pollutant, ozpnie {@med in the atmosphere through
the interaction of sunlight and ozone precursor pollutants such aandQ/OCs.

5 By definition, 1970 emissions under the two scenarios are identical.

5 The one exception is particulate matter (PM). For PM, air quality profiles for both Total Suspended Particulates (TSP) and
particulates less than or equal to 10 microns in diametej YRMMre constructed at the county level rather than the individual monitor
level.

7 Or, for PM, by county.

8 For example, changes in forced expiratory volume in one second)(B&E¥ result of exposure to ozone were quantified but
could not be expressed in terms of economic value.

9 Although considerable uncertainties surround the direct cost, macroeconomic modeling, emissions modeling,, and air quality
modeling steps, the ranges of aggregate costs and benefits presented in this analysis do not reflect these uncertainties. While the
uncertainties in these components were assessed qualitatively, and in some cases quantitatively, resource limitations precluded the
multiple macroeconomic model, emissions model, and air quality model runs which would have been required to propagate these
uncertainties through the entire analytical sequence. As a result, complete quantitative measures of the aggregate uncertainty in the cos
and benefit estimates could not be derived. However, the ranges presented do reflect quantitative measures of the uncertainties in the
two most uncertain analytical steps: physical effects estimation and economic valuation.
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cal resources, available data and models, and the stapeer review by the SAB Council. During the course

of the scienc&? Of paramount concern to the EPA of the final interagency discussions, it became clear
Project Team was the paucity of concentration-re-that several agencies held different views pertaining
sponse functions needed to translate air qualityto several key assumptions in this study as well as to
changes into measures of ecological effect. In addithe best techniques to apply in the context of environ-
tion, significant scientific evidence exists linking air mental program benefit-cost analyses, including the
pollution to a number of adverse human health ef-Present study. The concerns include: (1) the extent to
fects which could not be effectively quantified and/or Which air quality would have deteriorated from 1970

monetized.! to 1990 in the absence of the Clean Air Act, (2) the
' methods used to estimate the number of premature
Review Process deaths and illnesses avoided due to the CAA, (3) the

methods used to estimate the value that individuals

The CAA requires EPA to consult with an out- place on avoiding those risks, and (4) the methods

side panel of experts—referred to statutorily as theused to value non-health related benefits. However,

Advisory Council on Clean Air Act Compliance due to the court qleadllne t_he reSl_JItln_g concerns were
Analysis (the Council)-in developing the section 812 not resolved during this final, brief interagency re-
analyses. In addition, EPA is required to consult withview. Therefore, this report reflects the findings of

the Department of Labor and the Department of ComEPA and not necessarily other agencies in the Ad-
merce. ministration. Interagency discussion of some of these

issues will continue in the context of the future pro-

~ The Council was organized in 1991 under the ausspective section 812 studies and potential regulatory
pices and procedures of EPA’s Science Advisoryactions.

Board (SAB). Organizing the review committee un- . .
der the SAB ensured that review of the section 812Report Organization

studies would be conducted by highly qualified ex- . . .
perts in an objective, rigorous, and publicly open The remainder of the main text of this report sum-

manner. The Council has met many times during thdnarizes the key methodologies and findings of retro-

development of the retrospective study to review meth SPECtive Stu‘“&- T.he ditrect cost estimz%[tic()jn_ ar(l:dhme;croz—
odologies and interim results. While the full Council £60NOMIC Modeling Steps are presented in Lhapter 2.

retains overall review responsibility for the section Tt;]e etmisA?ions mq{detlri]ng is sumITarizec? iln Chapttﬁrg.
812 studies, some specific issues concerning physicaﬁ:I ap erd preseln S eltalrcc;]ua![y g“c)i e 'n.% mﬁih 0d-
effects and air quality modeling have been referred td'09Y and sampie resuits. Lhapter 5 describes the ap-
subcommittees comprised of both Council memberS{Jroaches used and principal results obtained through

and members of other SAB committees. The Council'st"€ Physical effects estimation process. Economic
valuation methodologies are described in Chapter 6.

Chapter 7 presents the aggregated results of the cost
Council. Similarly, the Council's Air Quality Subcom- and benefit estimates and describes and evaluates

mittee, comprised of members and consultants of thdMPortant uncertainties in the results.

SAB Clean Air Scientific Advisory Committee Additional details regarding the methodologies
(CASAC), held several teleconference meetings tognd results are presented in the appendices and in the
review methodology proposals and modeling resultsreferenced supporting documents. Appendix A cov-
ers the direct cost and macroeconomic modeling. Ap-
endix B provides additional detail on the sector-spe-
ific emissions modeling effort. Details of the air qual-
y models used and results obtained are presented or
eferenced in Appendix C. The effects of the CAA on
uman health and visibility; aquatic, wetland, and for-
est ecosystems; and agriculture are presented in Ap-
endices D, E, and F, respectively. Appendix G pre-

Physical Effects Review Subcommittee met severa
times and provided its own review findings to the full

With respect to the interagency review process,
EPA expanded the list of consulted agencies and cor?
vened a series of meetings during the design and ear}!
implementation phases from 1991 through late 1994
In late 1994, to ensure that all interested parties an
the public received consistent information about re-
maining analytical issues and emerging results, EP

decided to use the public SAB review process as thegg i “yetails of the lead (Pb) benefits analysis. Air

primary forum for presenting and discussing is‘S‘ues‘[oxics reduction benefits are discussed in Appendix
and results. The Interagency Review Group was thereH The methods and assumptions used to Va|Fl).I% quan-

fore discontinued as a separate process in late 19941‘ified effects of the CAA in economic terms are de-

Afinal, brief interagency review, pursuant to Cir- scribed in Appendix I. Appendix J describes some ar-
cular A-19, was organized in August 1997 by the Of-€as of research which may increase comprehensive-
fice of Management and Budget and conducted fol-N€SS and reduce uncertainties in effect estimates for

lowing the completion of the extensive expert panelfuture assessments, and describes plans for future sec-
tion 812 analyses.

101t should be noted that there is some uncertainty associated with the estimates of economic costs as well and that some omitted

components of adverse economic consequences of pollution control programs may be significant. For example, some economists
argue that the economic costs of the CAA reported herein may be significantly underestimated to the extent potential adverse effects
of regulation on technological innovation are not captured. Nevertheless, it is clear that the geographic, population, and categorical
coverage of monetary cost effects is significantly greater than coverage of monetized benefits in this analysis.

1 For example, while there is strong evidence of a link between exposure to carbon monoxide and reduced time of onset of
angina attack, there are no valuation functions available to estimate the economic loss associated with this effect.
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Cost and Macroeconomic Effects

The costs of complying with Clean Air Act (CAA) tive technological development paths. In some cases,
requirements through the 1970 to 1990 period affectedhe analytical assumptions used to project the alterna-
patterns of industrial production, capital investment,tive scenario are not immediately apparent. For ex-
productivity, consumption, employment, and overall ample, the surveys covering stationary source com-
economic growth. The purpose of the analyses sumpliance expenditures require respondents to report
marized in this chapter was to estimate those direcpollution abatement expenditures—implicitly asking
costs and the magnitude and significance of resultinghem to determine by how much the company’s costs
changes to the overall economy. This was accomwould decline if there were no CAA compliance re-
plished by comparing economic indicators under twoquirements. While a response might be relatively
alternative scenarios: a control scenario serving as thstraightforward in the few years following passage of
historical benchmark, including the historical CAA the CAA, a meaningful response becomes more diffi-
as implemented; and a no-control scenario which aseult after many years of technical change and invest-
sumes historical CAA programs did not exist. The ment in less-polluting plant and equipment make it
estimated economic consequences of the historicadifficult to determine the degree to which total costs
CAA were taken as the difference between these twavould differ under a “no CAA” scenario. In cases such
scenarios. as this, assumptions concerning the alternative hypo-

thetical scenario are made by thousands of individual

Data used as inputs to the cost analysis can bsurvey respondents. Where cost data are derived from
classified into two somewhat overlapping categoriesEPA analyses, the hypothetical scenario assumptions
based on the information source: survey-based inforare, at least in theory, more apparent. For example,
mation (generally gathered by the Census Bureau) andrhen determining the incremental cost caused by pol-
information derived from various EPA analyses. For lution-control requirements, one needs to make as-
the most part, cost estimates for stationary air pollusumptions (at least implicitly) about what an auto
tion sources (e.g., factory smokestacks) are based omwould look like absent pollution control requirements.
surveys of private businesses that attempt to elicit indn either case, the need to project hypothetical tech-
formation on annual pollution control outlays by those nology change for two decades introduces uncertainty
businesses. Estimates of pollution control costs forinto the assessment results, and this uncertainty may
mobile sources (e.g., automobiles) are largely basete difficult to quantify.
on EPA analyses, rather than on direct observation
and measurement of compliance expenditures. For The remainder of this chapter summarizes the
example, to determine one component of the cost obasic methods and results of the direct compliance
reducing lead emissions from mobile sources, thecost and macroeconomic analyses. Further details re-
Project Team used an oil refinery production costgarding the modeling methods and assumptions em-
model to calculate the incremental cost required toployed, as well as additional analytical results, are
produce unleaded (or less-leaded, as appropriatg)resented in Appendix A.
rather than leaded gasoline, while maintaining the
octane level produced by leaded gasoline. Direct Comp/iance Costs

As is the case with many policy analyses, a sig-
nificant uncertainty arises in the cost analysis as a Compliance with the CAA imposed direct costs
consequence of constructing a hypothetical scenarioon businesses, consumers, and governmental units; and
With this retrospective analysis covering almosttriggered other expenditures such as governmental
twenty years, difficulties arise in projecting alterna- regulation and monitoring costs and expenditures for
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of direct annual expenditures may not the best cost

Table 1. Estimated Annual CAA measure to use when comparing costs to benefits.
Compliance Costs ($billions). Capital expenditures are investments, generating a
B Annualized Cosis stream of benefits and opportunity édsiver the life

$1990 at: of the investment. The appropriate accounting tech-

Year $Scurrent $1990 3% 5% 7% nique to use for capital expenditures in a cost/benefit
1973 72 196 11.0 11.011.1 analysis is to annualize the expenditure. This tech-
1974 85 214 13.2 13.4 137 nique, analogous to calculating the monthly payment
1975 106 244 13.3 136140 associated with a home mortgage, involves spreading

1976 112 241 141 14615.1
1977 119 241 153 15.916.6
1978 120 226 150 15.816.7
1979 144 248 17.3 18.319.3
1980 163 257 19.7 20.822.0

the cost of the capital equipment over the useful life
of the equipment using a discount rate to account for
the time value of money.

1981 170 24.4 196 209223 For this cost/benefit analysis, “annualized” costs
1982 160 216 18.6 20.121.7 reported for any given year are equal to O&M expen-
1983 155 201 19.1 207225 ditures — including R&D and other similarly recur-

1984 173 216 201 219238 ring expenditures — plus amortized capital costs (i.e.,

1985 191 229 225 244265
1986 178 20.8 21.1 232254
1987 182 20.6 221 242266

depreciation plus interest costs associated with the
existing capital stock) for that year. Stationary source

1988 182 198 290 243267 air pollution cqntrol caplta_l costs were amortized over
1989 190 198 229 253278 20 years; mobile source air pollution control costs were
1990 190 190 236 26.1 287 amortized over 10 yeats.All capital expenditures

were annualized using a five percent, inflation-ad-
justed rate of interest. Additionally, annualized costs
research and development by both government angvere calculated using discount rates of three and seven
industry. Although expenditures unadjusted for infla- percent to determine the sensitivity of the cost results
tion — that is, expenditures denominated in “currentto changes in the discount rate. Table 1 summarizes
dollars”— increased steadily from $7 billion to $19 costs annualized at three, five, and seven percent, as
billion per year over the 1973 to 1990 periédin-  well as annual expenditures.
nual CAA compliance expenditures adjusted for in-
flation were relatively stable, averaging near $25 bil-  Total expenditures over the 1973-1990 period,
lion (in 1990 dollars) during the 1970s and close todiscounted to 1990 using a five percent (net of infla-
$20 billion during most of the 1980s (see Table 1).tion) discount rate, amount to 628 billion dollars (in
Aggregate compliance expenditures were somewhal990 dollars). Discounting the annualized cost stream
less than one half of one percent of total domestido 1990 (with both annualization and discounting pro-
output during that period, with the percentage falling cedures using a five percent rate) gives total costs of
from two thirds of one percent of total output in 1975 523 billion dollars (in 1990 dollars). Aggregate annu-
to one third of one percent in 1990. alized costs are less than expenditures because the
annualization procedure spreads some of the capital
Although useful for many purposes, a summary cost beyond 1999.

2 Due to data limitations, the cost analysis for this CAA retrospective starts in 1973, missing costs incurred in 1970-72. This
limitation is not likely to be significant, however, because relatively little in the way of compliance with the “new” provisions of the
1970 CAA was required in the first two years following passage.

3 In this context, “opportunity cost” is defined as the value of alternative investments or other uses of funds foregone as a result of
the investment.

14 Although complete data are available only for the period 1973-1990, EPA's Cost of Clean report includes capital expenditures
for 1972 (see Appendix A for more details and complete citation). Those capital expenditure data have been used here. Therefore,
amortized costs arising from 1972 capital investments are included in the 1973-1990 annualized costs, even though 1972 costs are not
otherwise included in the analysis. Conversely, some capital expenditures incurred in the 1973-1990 period are not reflected in the
1973-1990 annualized costs — those costs are spread through the following two decades, thus falling outside of the scope of this study
(e.g., only one year of depreciation and interest expense is included for 1989 capital expenditures). Similarly, benefits arising from
emission reductions realized after 1990 as a result of capital investments made during the 1970 to 1990 period of this analysis are not
included in the estimates of benefits included in this report.

15 This adjustment is required because many 1970 to 1990 investments in control equipment continue to yield benefits beyond
1990. Annualization of costs beyond 1990 ensures that the costs and benefits of any particular investment are properly scaled and
matched over the lifetime of the investment.

8



Chapter 2: Cost and Macroeconomic Effect

Indirect Effects of the CAA Generally, the estimated difference in cost impacts
under the control and no-control scenarios for a par-

ticular economic sector was a function of the relative

'I;htr_oug_hé:hangmt? produptlon costs, CAAclimp_Ie- energy-intensity and capital-intensity of that sector.
mentation induced changes In consumer good Priceqy, . o550 production costs in energy- and capital-in-
and thus in the size and composition of conomic Oty qjy e sectors under the control scenario were re-
put. The Propct Teé"r? tused a getﬂeral teqlt““?”u lected in higher consumer prices, which resulted in
macroeconomic Model o assess the extent ol SUC g ctions in the quantity of consumer purchases of
second-order effects. This type of model is useful be- oods and services produced by those sectors. This
cause it can capture the feedback effects of an action,, y,,ction in consumer demand under the control sce-
In the section 812 macroeconomic modeling exercise

the feedback effects arising f git h hario led, ultimately, to reductions in output and em-
€ 1eedback €liects arising from expenditure change loyment in those sectors. The sectors most affected
were captured, but the analogous effects arising fro

. . y the CAA were motor vehicles, petroleum refining,

improvements in human health were not captured by, nd electricity generation. The electricity generation
the model. For example,_ th_e macroeconomic mOde@ector, for example, incurred a two to four percent
resuits do not rc_ef_lec@ the indirect economic e_ffects Ofincrease in consumer prices by 1990, resulting in a
worker productivity improvements and medical ex- three to five and a half percent reduction in output.

penditure savings caused by the CAA. ConsequentIyMany other manufacturing sectors saw an output ef-
the macroeconomic modeling exercise provides lim

. . : ; “fect in the one percent range.
ited and incomplete information on the type and po- P g

tential scale of indirect economic effects. Some other sectors, however, were projected to

. ._increase output under the control scenario. Apart from
The effects estimated by the macroeconomlc# P P

del b dinto two broad cl - sect the pollution control equipment industry, which was
model can be grouped into two broad Classes. sectorgy,, separately identified and captured in the macro-
impacts (i.e., changes in the composition of economic

output). and aggregate effects (i.e., changes in theconomlc modeling performed for this study, two ex-

q f outout ¢ fh I(?slmple sectors for which output was higher and prices
egree ot output or of Some measure ot human Welg, e |ower under the control scenario are food and

fare). Thhe pre(j|ct_ed sect(()jra}l effegf[s weredu_sec(j:ﬁs "Murniture. These two sectors showed production cost
puts to the emissions models as discussed in Chapte,y consumer price reductions of one to two percent

3. In general, the estimated second-order MACTO€CH | ative to other industries under the control scenario,

nomic effects were small re!atlve to the size o_f theresulting in output and employment increases of simi-
U.S. economy. See Appendix A for more detail on magnitudes

data sources, analytical methods, and results for the
macroeconomic modeling performed for this assess-

ment. ggregate Effects

As noted above, the control and no-control sce-
narios yield different estimated mixes of investment.
. : : In particular, the control scenario was associated with

The .CAA htad Va_:_'ﬁble cor?pllfn;:fe |rtnpacts acro?ﬁmore pollution control capital expenditure and less
economic sectors. The greatest etiects were on onsumer commodity capital expenditure. As a result,

largest energy prpducers e consumers, particularl)(he growth pattern of the economy under the control
those sectors which relied most heavily on CONSUMP e nario differed from the no-control scenario. Under

tion of fossil fuels (or energy generated from fossil the control scenario, the macroeconomic model pro-

fuels). In a.dd't'or.]' productu_)n costs increased morejected arate of long-run GNP growth about one twen-
for capital-intensive industries than for less capital-

tieth of one percent per year lower than under the no-

intensive industries under the control scenario due tocontrol scenario. Aggregating these slower growth

a projected increase in interest rates. The interest rat ffects of the control scenario over the entire 1970 to

increase, which resulted in an increase in the cost o 990 period of this study results, by 1990, in a level

capital, occurred under the control scenario becausgf GNP one percent (or approximately $55 billion)
CAA-mandated investment in po_IIutlon abatement lower than that projected under the no-control sce-
reduced the level of resources available for other Uses, - rio

including capital formation.

Sectoral Impacts




The Benefits and Costs of the Clean Air Act, 1970 to 1990

Although small relative to the economy as awhole, Jncertainties and Sensitivities in

the estimated changes in GNP imply that the poten- :
tial impact of the CAA on the economy by 1990 was the Cost and Macroeconomic

greater than that implied by expenditures ($19 billionAnalysis
in 1990) or annualized costs ($26 billion in 1990, an-

nualized at five percent). DiSCOUﬂting the stream of The cost and macroeconomic ana|yses for the
1973-1990 GNP effects to 1990 gives an aggregatgresent assessment relied upon survey responses, EPA
impact on production of 1,005 billion dollars (in 1990 analyses, and a macroeconomic simulation model.
dollars discounted at five percent). Of that total, $569athough the Project Team believes that the results of
billion represent reductions in household consump-the cost and macroeconomic analyses are reasonably
tion, and another $200 billion represent governmentreliable, it recognizes that every analytical step is sub-
consumption, for an aggregate effect on U.S. consumpject to uncertainty. As noted at the beginning of this
tion of goods and services equal to 769 billion dol- chapter, explicit and implicit assumptions regarding
lars. Both the aggregate GNP effects and aggregatfypothetical technology development paths are cru-
consumption effects exceed total 1973-1990 expencia| to framing the question of the cost impact of the
ditures ($628 bl”lon) and annualized costs ($523 bil- CAA. In addition, there is no way to Verify the accu-
lion, with all dollar quantities in $1990, discounted at racy of the survey results us€dlternative, p|ausib|e
five percent). cost analyses exist that arrive at results that differ from
some of the results derived from EPA analyses; and it
Changes in GNP (or, even, changes in the nationak not clear how the use of a general equilibrium mac-
product account category “consumption”) do not nec-rpeconomic model affects the accuracy of macroeco-
essarily provide a good indication of changes in so-nomic projections in a macroeconomy characterized
cial welfare. Social welfare is not improved, for ex- by d|Sequ|||br|um For many factors engendering un-
ample, by major oil tanker spills even though mea-certainty, the degree or even the direction of bias is
sured GNP is increased by the “production” associ-ynknown. In several areas, nevertheless, uncertainties

ated with clean-up activities. Nevertheless, the effectgnd/or sensitivities can be identified that may bias the
of the CAA on long-term economic growth would be results of the analysis.

expected to have had some effect on economic wel-

fare. One of the characteristics of the macroeconomiqorodictivity and Technical Change

model used by the Project Team is its ability to esti-

mate a measure of social welfare change which is su- An important component of the macroeconomic

perior to GNP changes. This social welfare measurg,,,ye| ysed by the Project Team is its treatment of
estlmates the monetary comp_ensahon wh_lch would b‘?echnical change and productivity growth. Three fac-
rec]luwed to offset the 'foes In consnIJ_mptlrc:n (broaﬂytors associated with productivity and technical change
defined) associated with a given policy change. The,, e heen identified which may bias the results of the

model reports a range of results, with the range Sensi;, 5 y5economic simulation: (1) the long-run effects
tive to assumptions regarding how cost impacts are,¢ reqicing the “stock” of technology, (2) the pos-

distributed through society. For the CAA, the model gj\0 «chilling” effect of regulations on innovation and
reports an aggregate welfare effect of 493 billion t0tachnical change, and (3) the role of endogenous pro-

621 billion dollars (in 1990 dollars), depending on ity growth within the macroeconomic model.
the distributional assumptions used. This range does

not differ greatly from the range of results represented The macroeconomic model projected a decrease

by 1973-1990 expenditures, compliance Costs, ang, ye growth of GNP as a result of CAA compliance.

consumption changes. Decreased growth was due not only to decreased capi-
tal investment, but also to decreased factor productiv-
ity. The annual decrement in productivity can be
thought of as a reduction of the stock of available tech-
nology. That reduction in stock could be expected to
affect macroeconomic activity after 1990, as well as

18 For an example of the difficulties one encounters in assessing the veracity of survey results, see the discussion in Appendix A
on the apparently anomalous growth in stationary source O&M expenditures in relation to the size of the stationary source air
pollution control capital stock.
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Chapter 2: Cost and Macroeconomic Effect

during the 1973-1990 period studied by the Projectapproximates the social rate of time preference — that

Team. Thus, to the extent that this effect exists, thas, the rate of return at which individuals are willing

Project Team has underestimated the macroeconomio defer consumption to the future. A three percent

impact of the CAA by disregarding the effect of 1973- rate would approximate the social rate of time prefer-

1990 productivity change decrements on post-199@nce (all rates used here are “real”, i.e., net of price

GNP. inflation impacts). Others believe that a rate that ap-
proximates the opportunity cost of capital (e.g., seven

Some economists contend that regulations have @ercent or greater) should be used. third school of

“chilling” effect on technological innovation and, thought holds that some combination of the social rate

hence, on productivity growth. Two recent studies byof time preference and the opportunity cost of capital

Gray and Shadbegiahwhich are sometimes cited in is appropriate, with the combination effected either

support of this contention, suggest that pollution abateby use of an intermediate rate or by use of a multiple-

ment regulations may decrease productivity levels instep procedure employing the social rate of time pref-

some manufacturing industries. The macroeconomierence as the “discount rate,” but still accounting for

model allowed policy-induced productivity change the opportunity cost of capital.

through the mechanism of price changes and result-

ant factor share changes. To the extent that additional The Project Team elected to use an intermediate

policy-induced effects on productivity growth exist, rate (five percent), but recognizes that analytical re-

the Project Team has underestimated the impact afults aggregated across the study period are sensitive

the CAA on productivity growth during the 1973-1990 to the discount rate used. Consequently, all cost mea-

period, and, thus, has underestimated macroeconomisures are presented at three and seven percent, as well

impacts during the 1973-1990 period and beyond. as the base case five percent. Table 2 summarizes
major cost and macroeconomic impact measures ex-

The macroeconomic model allowed productivity pressed in constant 1990 dollars, and discounted to

growth to vary with changes in prices generated byl1990 at rates of three, five, and seven percent.

the model. This use of “endogenous” productivity

growth is not universal in the eCoN0MIC GOt [iTe - —

ture — that is, many similar macroeconomic models Table 2. Compliance Cost, GNP, and

do not employ analogous forms of productivity growth.  consumption Impacts Discounted to 1990

The Project Team tested the sensitivity of the model (¢1990 pillions)

results to the use of endogenous productivity growth.

If the model is run without endogenous productivity

3% 5% I%

. P Expenditures $52 628 761
growth, then the predlcted_ macroeconomic impacts || oS oo e won G
(GNP, personal Consumptlon, etC.) of the CAA are GNP 880 1005 1151
reduced by approximately 20 percent. That is, to the || Household Consumption 500 569 653

extent that use of endogenous productivity growth in [LHH.and Gov't Consumption 676 769 881
the macroeconomic model is an inaccurate simulation

technique, then the Project Team Nas OV e e Sl At (I —
the macroeconomic impact of the CAA.

Discount Rates

There is a broad range of opinion in the econom-
ics profession regarding the appropriate discount rate
to use in analyses such as the current assessment. Some
economists believe that the appropriate rate is one that

7 Gray, Wayne B., and Ronald J. Shadbegian, “Environmental Regulation and Manufacturing Productivity at the Plant Level,”
Center for Economic Studies Discussion Paper, CES 93-6, March 1993. Gray, Wayne B., and Ronald J. Shadbegian, “Pollution
Abatement Costs, Regulation, and Plant-Level Productivity,” National Bureau of Economic Research, Inc., Working Paper Series,
Working Paper No. 4994, January 1995.

18 Some would argue that use of the opportunity cost of capital approach would be inappropriate in the current assessment if the
results of the macroeconomic modeling (such as GNP) were used as the definition of “cost,” since the macro model already accounts
for the opportunity cost of capital. The appropriate rate would then be the social rate of time preference.
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Exclusion of Health Benefits from the
Macroeconomic Model

The macroeconomic modeling exercise was de-
signed to capture the second-order macroeconomic
effects arising from CAA compliance expenditures.
Those predicted second-order effects are among the
factors used to drive the emissions estimates and, ul-
timately, the benefits modeled for this assessment. The
benefits of the CAA, however, would also be expected
to induce second-order macroeconomic effects. For
example, increased longevity and decreased incidence
of non-fatal heart attacks and strokes would be ex-
pected to improve macroeconomic performance mea-
sures. The structure of the overall analysis, however,
necessitated that these impacts be excluded from the
macroeconomic simulation.

The first-order CAA beneficial effects have been
included in the benefits analysis for this study, includ-
ing measures that approximate production changes
(e.q., income loss due to illness, or lost or restricted
work days; income loss due to impaired cognitive abil-
ity; and income loss due to reduced worker produc-
tion in certain economic sectors). These measures are
analogous to compliance expenditures in the cost
analysis. The second-order benefits impacts, which
would result from price changes induced by CAA-
related benefits, have not been estimated. It is likely
that the estimated adverse second-order macroeco-
nomic impacts would have been reduced had the im-
pact of CAA benefits been included in the macroeco-
nomic modeling exercise; however, the magnitude of
this potential upward bias in the estimate of adverse
macroeconomic impact was not quantitatively as-
sessed.
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Emissions

This chapter presents estimates of emissions rethe control and no-control scenario emission invento-
ductions due to the Clean Air Act (CAA) for six crite- ries. This approach ensures that differences between
ria air pollutants. Reductions are calculated by esti-the scenarios are not distorted by differences between
mating, on a sector-by-sector basis, the differences imodeled and actual historical emission estim&tes.
emissions between the control and no-control sce-
narios. While the relevant years in this analysis are  Despite the use of models to estimate control sce-
1970 through 1990, full reporting of emissions was nario emission inventories, the models used were con-
only made for the 1975 to 1990 period since 1970figured and/or calibrated using historical emissions
emission levels are, by assumption, identical for theestimates. The control scenario utility emissions esti-
two scenarios. The criteria pollutants for which emis- mates, for example, were based on the ICF CEUM
sions are reported in this analysis are: total suspendechodel which was calibrated using historical emissions
particulates (TSP, carbon monoxide (CO), volatile inventory dat&! In other cases, such as the EPA Emis-
organic compounds (VOC), sulfur dioxide ($Oni- sions Trends Report (Trends) methodokégysed to
trogen oxides (NQ), and Lead (Pb). estimate industrial process emissions, historical data

were used as the basis for control scenario emissions

The purpose of the present study is to estimatewith little or no subsequent modification. Neverthe-
the differences in economic and environmental condess, differences in model selection, model configura-
ditions between a scenario reflecting implementationtion, and macroeconomic input détaesult in un-
of historical CAA controls and a scenario which as- avoidable, but in this case justifiable, differences be-
sumes that no additional CAA-related control pro- tween national total historical emission estimates and
grams were introduced after 1970. Because of the fonational total control scenario emission estimates for
cus on differences in —rather than absolute levels of-each pollutant. Comparisons between no-control, con-
emissions between the scenarios, the various sectotrol, and official EPA Trends Report historical emis-
specific emission models were used to estimate botlsions inventories are presented in Append# B.

91n 1987, EPA replaced the earlier TSP standard with a standard for particulate matter of 10 microns or smgller (PM

2 By necessity, emission models must be used to estimate the hypothetical no-CAA scenario. If actual historical emissions data
were adopted for the control scenario, differences between the monitoring data and/or models used to develop historical emission
inventories and the models used to develop no-control scenario emission estimates would bias the estimates of the differences between
the scenarios.

2 See ICF Resources, Inc., “Results of Retrospective Electric Utility Clean Air Act Analysis - 1980, 1985 and 1990,” September
30, 1992, Appendix C.

2 EPA, 1994a: U.S. Environmental Protection Agency, “National Air Pollutant Emission Trends, 1900-1993,” EPA-454/R-94-
027, Office of Air Quality Planning and Standards, Research Triangle Park, NC, October 1994.

2 The Jorgenson/Wilcoxen macroeconomic model outputs were used to configure both the control and no-control scenario
emission model runs. While this satisfies the primary objective of avoiding “across model” bias between the scenarios, the macroeco-
nomic conditions associated with the control scenario would not be expected to match actual historical economic events and condi-
tions. To the extent actual historical economic conditions are used to estimate official historical emission inventories, conformity
between these historical emissions estimates and control scenario emission estimates would be further reduced.

% 1n general, these comparisons show close correspondence between control scenario and Trends estimates with the largest
differences occurring for VOC and CO emissions. The Trends report VOC estimates are generally higher than the control scenario
estimates due primarily to the inclusion of Waste Disposal and Recycling as a VOC source in the Trends report. This inconsistency is
of no consequence since Waste Disposal and Recycling sources were essentially uncontrolled by the historical CAA and therefore do
not appear as a difference between the control and no-control scenarios. The higher CO emission estimates in the Trends Report are
primarily associated with higher off-highway vehicle emissions estimates. Again, since off-highway emissions do not change between
the control and no-control scenario in the present analysis, this inconsistency is of no consequence.
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To estimate no-control scenario emissions, secthe no-control scenario, activity levels that affect emis-
tor-specific historical emissions are adjusted based oions from each sector were identified. These activity
changes in the following two factors: (1) growth by levels include, for example, fuel use, industrial activ-
sector predicted to occur under the no-control scenarioity, and vehicle miles traveled (VMT). The Jorgenson-
and (2) the exclusion of controls attributable to spe-Wilcoxen (J/W) general equilibrium model was used
cific provisions of the CAA. to estimate changes in general economic conditions,

as well as sector-specific economic outcomes used as

To adjust emissions for economic changes undeinputs to the individual sector emission models.

Table 3. Summary of Sector-Specific Emission Modeling Approaches.

Sector Modeling Approach

On-Highway Vehicles Modeled using ANL's TEEMS; adjusted automobile emission estimates by
changes in personal travel and economic activity in the without CAA case
Truck VMT was obtained from the Federal Highway Administration (FHWA).
MOBILE5a emission factors were used to calculate emissions.

Lead emission changes from gasoline were estimated by Abt Associates flased
on historical gasoline sales and the lead content of leaded gasoline in eagh
target year.

Off-Highway Vehicles ELI analysis based on Trends methods. Recalculated historical emissions
using 1970 control efficiencies from Trends. No adjustment was made to
activity levels in the without the CAA case.

Electric Utilities ICF's Coal and Electric Utility Model (CEUM) used to assess, 8l®x, and

TSP emission changes. Electricity sales levels were adjusted with results|lof
the JAW model.

The Argonne Utility Simulation Model (ARGUS) provided CO and VOC
results. Changes in activity levels were adjusted with results of the J/W mipdel.

Lead emissions were calculated based on energy consumption data and frends
emission factors and control efficiencies.

Industrial Combustion ANL industrial boiler analysis for SONOx, and TSP using the Industrial
Combustion Emissions (ICE) model.

VOC and CO emissions from industrial boilers were calculated based on
Trends methods; recalculated using 1970 control efficiencies.

Lead emissions calculated for boilers and processes based on Trends fue
consumption data, emission factors, and 1970 control efficiencies.

Industrial Processes ELIl analyzed industrial process emissions based on Trends methods. Adjusted
historical emissions with JW sectoral changes in output, and 1970 contro
efficiencies from Trends.

Lead emissions calculated for industrial processes and processes based ¢n
Trends fuel consumption data, emission factors, and 1970 control efficienfies.

Commercial / Residential | ANL's Commercial and Residential Simulation System (CRESS) model wds
used.

% For example, the change in distribution of households by income class predicted by the J/W model was used as input to the
transportation sector model system. Changes in household income resulted in changes in vehicle ownership and usage patterns which,
in turn, influence VMT and emissions. (See Pechan, 1995, p. 43).
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The specific outputs from the J/W model used in 1990. Figures 3, 4, 5, 6, and 7 provide similar com-
this analysis are the percentage changes in gross naarisons for NQ VOCs, CO, TSP, and Lead (Pb) re-
tional product (GNP), personal consumption, and out-spectively.
put for various economic sectors under the control and N _ _
no-control scenario for the years 1975, 1980, 1985, Additional tables presented in Appendix B pro-
and 1990 The sectors for which the results of the J/ Vide further breakdown of the emissions estimates by
W model are used include: industrial processes, e|eci.ndiVidua| sector. The essential results are character-
tric utilities, highway vehicles, industrial boilers, and ized below. For most sectors, emission levels under

the commercial/residential sector. For the off-highway the control scenario were substantially lower than lev-
sector, economic growth was not taken into accoun€!S projected under the no-control scenario. For some
as there was no direct correspondence between JAROllutants, for example NOmost of the reductions

sectors and the off-highway vehicle source Ca»[egoryachieved under the control scenario offset the growth
activity. in emissions which would have occurred under the

no-control case as a result of increases in population
In addition to adjusting for economic activity and economic activity. For other pollutants, particu-
changes, any CAA-related control efficiencies thatlarly lead, most of the difference in 1990 emissions
were applied to calculate control scenario emissiongrojected under the two scenarios reflects significant
were removed for the no-control scenario. In mostimprovement relative to 1970 emission levels. Ap-
instances, emissions were recalculated based on 197ffEndix B also assesses the consistency of the control
control levels. and no-control scenario estimates for 1970 to 1990

. _ . with pre-1970 historical emissions trends data.
Uncertainty associated with several key model-

ing inputs and processes may contribute to potential The CAA controls that affected S@mitting
errors in the emission estimates presented herein. Alsources had the greatest proportional effect on indus-
though the potential errors are likely to contribute in trial process emissions, which were 60 percent lower
only a minor way to overall uncertainty in the esti- in 1990 than they would have been under the
mated monetary benefits of the Clean Air Act, the mostno-control scenario. S@missions from electric utili-
significant emission modeling uncertainties are de-ties and industrial boilers were each nearly 40 percent

scribed at the end of this chapter. lower in 1990 as a result of the controls. In terms of
- absolute tons of emission reductions, controls on elec-
Sector-Specific Approach tric utilities account for over 10 million of the total 16

million ton difference between the 1990 control and
The approaches used to calculate emissions fopo-control scenario S@mission estimates.

each sector vary based on the complexity of estimat-
ing emissions in the absence of CAA controls, taking ~ CAA regulation of the highway vehicles sector
economic activity levels and CAA regulations into |ed to the greatest percent reductions in VOC and NO
account. For the off-highway vehicle and industrial Control scenario emissions of these pollutants in 1990
process sectors, a relatively simple methodology wasvere 66 percent and 47 percent lower, respectively,
developed. The approaches used for the highway vethan the levels estimated under the no-control scenario.
hicles, electric utilities, industrial boilers, and com- |n absolute terms, highway vehicle VOC controls ac-

mercial/residential sectors were more complex becount for over 15 million of the roughly 17 million
cause the J/W model does not address all of the deteton difference in control and no-control scenario emis-

minants of economic activity in these sectors thatsjons.
might have changed in the absence of regulation. The

approaches by sector used to estimate emissions for  Differences between control and no-control sce-
the two scenarios are summarized in Table 3, and argario CO emissions are also most significant for high-

described in more detail in Appendix B. way vehicles. In percentage terms, highway vehicle
CO emissions were 56 percent lower in 1990 under
Summary of Results the control scenario than under the no-control scenario.

) ) _Industrial process CO emission estimates under the
Figure 2 compares the total estimated sulfur di-c,no] scenario were about half the levels projected

oxide emission from all sectors under the control and,nger the no-control scenario. Of the roughly 89 mil-
no-control scenarios over the period from 1975 to

% For details regarding the data linkages between the J/W model and the various emission sector models, see Pechan (1995).
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Figure 2. Control and No-control Scenario Total,S
Emission Estimates.
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Emission Estimates.
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Emission Estimates.
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lion ton difference in CO emissions between the two  An important specific source of potential error
scenarios, 84 million tons are attributable to highwaymanifest in the present study relates to hypothetical
vehicle controls and the rest is associated with reducemission rates from various sources under the no-con-
tions from industrial process emissions. trol scenario. Emission rates from motor vehicles, for
example, would have been expected to change during
For TSP, the highest level of reductions on a per-the 1970 to 1990 period due to technological changes
centage basis was achieved in the electric utilities secrot directly related to implementation of the Clean
tor. TSP emissions from electric utilities were 93 per- Air Act (e.g., advent of electronic fuel injection, or
cent lower in 1990 under the control scenario thanEFI). However, the lack of emissions data from ve-
projected under the no-control scenario. TSP emishicles with EFI but without catalytic converters com-
sions from industrial processes were also significantlypelled the Project Team to use 1970 emission factors
lower on a percentage basis under the control scenaridhroughout the 1970 to 1990 period for the no-control
with the differential reaching 76 percent by 1990.  scenario. Although this creates a potential bias in the
emissions inventories, the potential errors from this
This is not an unexpected result as air pollutionand other uncertainties in the emissions inventories
control regulations in the 1970’s focused on solvingare considered unlikely to contribute significantly to
the visible particulate problems from large fuel com- overall uncertainty in the monetary estimates of Clean
bustors. In terms of absolute tons, electric utilities Air Act benefits. This conclusion is based on the de-
account for over 5 million of the 16 million ton differ- monstrably greater influence on the monetary benefit
ence between the two scenarios and industrial proestimates of uncertainties in other analytical compo-
cesses account for almost 10 million tons. nents (e.g., concentration-response functions). A list
of the most significant potential errors in the emis-
The vast majority of the difference in lead emis- sions modeling, and their significance relative to over-
sions under the two scenarios is attributable to reducall uncertainty in the monetary benefit estimate, is
tions in burning of leaded gasoline. By 1990, reduc-presented in Table 4.
tions in highway vehicle emissions account for 221
thousand of the total 234 thousand ton difference in
lead emissions. As shown in more detail in Appendix
B, airborne lead emissions from all sectors were vir-
tually eliminated by 1990.

As described in the following chapter and in Ap-
pendix C, these emissions inventories were used as
inputs to a series of air quality models. These air qual-
ity models were used to estimate air quality condi-
tions under the control and no-control scenarios.

Uncertainty in the Emissions
Estimates

The emissions inventories developed for the con-
trol and no-control scenarios reflect at least two ma-
jor sources of uncertainty. First, potential errors in the
macroeconomic scenarios used to configure the sec-
tor-specific emissions model contribute to uncertain-
ties in the emissions model outputs. Second, the emis-
sions models themselves rely on emission factors,
source allocation, source location, and other param-
eters which may be erroneous.
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Table 4. Uncertainties Associated with Emissions Modeling.

Potential Source of Error

Direction of Potential
Bias in Estimate of
Emission Reduction

Benefits

Significance Relative to Key
Uncertainties in Overall Monetary
Benefit Estimate

Use of 1970 motor vehicle emission facto
for no-control scenario without adjustmen
for advent of Electronic Fuel Injection
(EFI) and Electronic Ignition (El).

OV er estimate.

Unknown, but likely to be minor dug
to overwhelming significance of
catalysts in determining emission
rates.

inventories remain fixed between the
control and no-control scenarios.

Use of ARGUS for utility CO and VOC Unknown. Negligible.

rather than CEUM.

Use of historical fuel consumption to Unknown. Negligible.

estimate 1975 SONOx, TSP utility

emissions.

Adoption of assumption that utility unit Overestimate. Unknown, but likely to be small

since the CAA had virtually no effedjt
on costs of new coal-fired plants
built priorto 1975 and these plants
comprise a large majority of total
coal-fired capacity operating in the
1970 to 1990 period. (See ICF
CEUM Report, p. 7).
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Air Quality

Air quality modeling is the crucial analytical step pollutants which cause a variety of human health and
which links emissions to changes in atmaospheric conenvironmental effects, the concentration-response
centrations of pollutants which affect human healthfunctions which have been developed to estimate those
and the environment. It is also one of the more com-effects require, as inputs, different air quality indica-
plex and resource-intensive steps, and contributes sigors. For example, adverse human health effects of
nificantly to overall uncertainty in the bottom-line particulate matter are primarily associated with the
estimate of net benefits of air pollution control pro- respirable particle fractiofi;whereas household soil-
grams. The assumptions required to estimate hypoing is a function of total suspended particulates, espe-
thetical no-control scenario air quality conditions are cially coarse particles. It is not enough, therefore, to
particularly significant sources of uncertainty in the simply provide a single measure of particulate matter
estimates of air quality change, especially for thoseair quality. Even for pollutants for which particle size
pollutants which are not linearly related to changes inand other characteristics are not an issue, different air
associated emissions. Specific uncertainties are deguality indicators are needed which reflect different
scribed in detail at the end of this chapter. periods of cumulative exposure (i.e., “averaging peri-

ods”). For example, 3-month growing season averages

The key challenges faced by air quality modelersare needed to estimate effects of ozone on yields of
attempting to translate emission inventories into airsome agricultural crops, whereas adverse human health
guality measures involve modeling of pollutant dis- effect estimates require ozone concentration profiles
persion and atmospheric transport, and modeling obased on a variety of short-term averaging peridds.
atmospheric chemistry and pollutant transformation.

These challenges are particularly acute for those pol-  Fortunately, in responding to the need for scien-
lutants which, rather than being directly emitted, aretifically valid and reliable estimation of air quality
formed through secondary formation processes. Ozonehanges, air quality modelers and researchers have
is the paramount example since it is formed in thedeveloped a number of highly sophisticated atmo-
atmosphere through complex, nonlinear chemical in-spheric dispersion and transformation models. These
teractions of precursor pollutants, particularly vola- models have been employed for years supporting the
tile organic compounds (VOCs) and nitrogen oxidesdevelopment of overall federal clean air programs,
(NO). In addition, atmospheric transport and trans-national assessment studies, State Implementation
formation of gaseous sulfur dioxide and nitrogen ox-Plans (SIPs), and individual air toxic source risk as-
ides to particulate sulfates and nitrates, respectivelysessments. Some of these models, however, require
contributes significantly to ambient concentrations of massive amounts of computing power. For example,
fine particulate matter. In addition to managing the completing the 160 runs of the Regional Acid Depo-
complex atmospheric chemistry relevant for somesition Model (RADM) required for the present study
pollutants, air quality modelers also must deal with required approximately 1,080 hours of CPU time on a
uncertainties associated with variable meteorology andCray-YMP supercomputer at EPA’'s Bay City
the spatial and temporal distribution of emissions. Supercomputing Center.

Given its comprehensive nature, the present analy-  Given the resource-intensity of many state-of-the-
sis entails all of the aforementioned challenges, andirt models, the Project Team was forced to make dif-
involves additional complications as well. For many ficult choices regarding where to invest the limited

2 Particles with an aerometric diameter of less than or equal to 10 microns.
2 For example, ozone concentration-response data exists for effects associated with 1-hour, 2.5-hour, and 6.6-hour exposures.
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resources available for air quality modeling. With a in Table 5. More extensive discussion of the caveats
mandate to analyze all of the key pollutants affectedand uncertainties associated with the air quality model-
by historical Clean Air Act programs, to estimate all ing step is presented in Appendix C. In addition, in-
of the significant endpoints associated with those polformation regarding the specific air quality models
lutants, and to do so for a 20 year period covering thaised, the characteristics of the historical monitoring
entire continental U.S., it was necessary to use simeata used as the basis for the control scenario pro-
plified approaches for most of the pollutants to befiles, pollutant-specific modeling strategies and as-
analyzed. In several cases related to primary emissionsumptions, references to key supporting documents,
—particularly sulfur dioxide (S, nitrogen oxides and important caveats and uncertainties are also pre-
(NO,), and carbon monoxide (CO)— simple “roll-up sented in Appendix C.

model” strategies were adopted based on the expecta-
tion that changes in emissions of these poIIutantsG
would be highly correlated with subsequent changes
in air quality?® Significant pollutants involving sec-
ondary atmospheric formation, nonlinear formation ~ The general methodological approach taken in this
mechanisms, and/or long-range transport were anaanalysis starts with the assumption that actual histori-
lyzed using the best air quality model which was af-cal air quality will be taken to represent the control
fordable given time and resource limitations. Thesescenario. This may seem somewhat inconsistent with
models, discussed in detail in Appendix C, includedthe approach taken in earlier steps of the analysis,
the Ozone Isopleth Plotting with Optional Mechanism- which used modeled macroeconomic conditions as the
IV (OZIPM4) model for urban ozone; various forms basis for estimating macroeconomic effects and emis-
of the above-referenced RADM model for background sions. However, the central focus of the overall analy-
ozone, acid deposition, sulfate, nitrate, and visibility Sis is to estimate the difference in cost and benefit
effects in the eastern U.S.; and the SIVAQS/AUSPEXoutcomes between the control and no-control sce-
Regional Modeling Adaptation Project (SARMAP) narios. It is consistent with this central paradigm to
Air Quality Model (SAQM) for rural ozone in Cali- use actual historical air quality data as the basis for
fornia agricultural areas. In addition, a linear scaling estimating how air quality might have changed in the
approach was developed and implemented to estimat@bsence of the Clean Air Act.

visibility changes in large southwestern U.S. urban
areas. The initial step, then, for each of the five non-

lead (Pb) criteria pollutarffswas to compile com-

By adopting simplified approaches for some pol- prehensive air quality profiles covering the entire ana-
lutants, the air quality modeling step adds to the overlytical period from 1970 to 1990. The source for these
all uncertainties and limitations of the present analy-data was EPA's Aerometric Information Retrieval
sis. The limited expanse and density of the U.S. airfSystem (AIRS), which is a publicly accessible data-
quality monitoring network and the limited coverage base of historical air quality data. The vast number of
by available air quality models of major geographic air quality observations occurring over this twenty year
area® further constrain the achievable scope of theperiod from the thousands of monitors in the U.S. in-
present study. Under these circumstances, it is impordicates the need to represent these observations by
tant to remember the extent and significance of gapstatistical distributions. As documented in detail in
in geographic coverage for key pollutants when con-the supporting documents covering,390,, CO, and
sidering the overall results of this analysis. Key un-0zone3> both lognormal and gamma distributional
certainties are summarized at the end of this chaptefiorms were tested against actual data to determine the

eneral Methodology

%t is important to emphasize that the correlation expected is between changes in emissions and changes in air quality. Direct
correlations between the absolute emissions estimates and empirical air quality measurements used in the present analysis may not be
strong due to expected inconsistencies between the geographically local, monitor-proximate emissions densities affecting air quality
data.

% For example, the regional oxidant models available for the present study do not cover some key Midwestern states, where
human health, agricultural crop, and other effects from ozone may be significant.

Sl Lead (Pb), the sixth criteria pollutant, is analyzed separately. The ability to correlate emissions directly with blood lead levels
obviates the need for using air quality modeling as an intermediate step toward estimation of exposure.

% See SAI SQ NOQ,, and CO Report (1994) and SAI Ozone Report (1995).
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form which provided the best fit to the historical ddta. data were transferred to the effects modelers for use in
Based on these tests, one or the other statistical distreonfiguring the human health, welfare, and ecosystem
bution was adopted for the air quality profiles devel- physical effects models. Given the massive quantity
oped for each pollutant. In addition to reducing theand intermediate nature of the air quality data, they
air quality data to a manageable form, this approachare not exhaustively reported her&io provide the
facilitated transformations of air quality profiles from reader with some sense of the magnitude of the differ-
one averaging period basis to another. ence in modeled air quality conditions under the con-
trol and no-control scenarios, some illustrative results
Once the control scenario profiles based on his-for 1990 are presented in this chapter and in Appen-
torical data were developed, no-control scenarios werelix C. In addition, maps depicting absolute levels of
derived based on the results of the various air qualitycontrol and no-control scenario acid deposition and
modeling efforts. Again, the focus of the overall analy- visibility are presented to avoid potential confusion
sis is to isolate the difference in outcomes betweerwhich might arise through examination of percent
the control and no-control scenarios. The no-controlchange maps alorié.
scenario air quality profiles were therefore derived by
adjusting the control scenario profiles upward (or Carbon Monoxide
downward) based on an appropriate measure of the
difference in modeled air quality outcomes. To illus- Figure 8 provides an illustrative comparison of
trate this approach, consider a simplified example1990 control versus no-control scenario CO concen-
where the modeled concentration of Pollutant A un-trations, expressed as a frequency distribution of the
der the no-control scenario is 0.12 ppm, compared tqatios of 1990 control to no-control scenario 95th per-
a modeled concentration under the control scenarigentile 1-hour average concentrations at individual CO
of 0.10 ppm. An appropriate measure of the differ-monitors. Consistent with the emission changes un-
ence between these outcomes, whether it is the 0.0derlying these air quality results, CO concentrations
ppm difference in concentration or the 20 percent perynder the control scenario tend to be about half those
centage differential, is then used to ratchet up the Conprojected under the no-control scenario, with most
trol case profile to derive the no-control case profile. ndividual monitor ratios ranging from about 0.40 to

Generally, the modeled differential is applied acrossp.60 percent, and a few with ratios in the 0.60 to 0.80
the entire control case profile to derive the no-controlygnge,

case profile. As described below in the individual sec-

tions covering particulate matter and ozone, howeyas — . .
more refined approaches are used where necessa Figure 8. Frequency Distribution of Estimated Ratios for

take account of differential outcomes for compon 1990 Control to No-control Scenario 95th Percentile

species (i.e., particulate matter), long-range transp H;)Ol;r Average CO Concentrations, by Monitor.

and background levels of pollutants.

Sample Results

g

The results of the air quality modeling effort ir
clude a vast array of monitor-specific air quality pr,
files for particulate matter (PMand TSP}; SO,
NO,, NO, CO, and ozone; RADM grid cell-based es
mates of sulfur and nitrogen deposition; and estima
of visibility degradation for eastern U.S. RADM gri|  ° 02)5 ' 0;5 ' 045 065 0;5 : 1:)5 : 1'25
cells and southwestern U.S. urban areas. All of th Ratio of CAA:No-CAA 95th Percentile 1-Hour Average

Number of Monitors
8
)

% The statistical tests used to determine goodness of fit are described in the SAI reports.
% PM data are reported as county-wide values for counties with PM monitors and a sufficient number of monitor observations.
% The actual air quality profiles, however, are available on disk from EPA. See Appendix C for further information.

% | arge percentage changes can result from even modest absolute changes when they occur in areas with good initial (e.g.,
control scenario) air quality. Considering percentage changes alone might create false impressions regarding absolute changes in air
quality in some areas. For example, Appendix C discusses in detail two such cases: the Upper Great Lakes and Florida-Southeast
Atlantic Coast areas, which show high percentage changes in sulfur deposition and visibility.
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In considering these results, itis importantto note  Figure 9 provides a histogram of the predicted
that CO is essentially a “hot spot” pollutant, meaning control to no-control ratios for SQvhich is similar
that higher concentrations tend to be observed in loto the one presented for CO. The results indicate that,
calized areas of relatively high emissions. Exampleson an overall basis, S@oncentrations were reduced
of such areas include major highways, major inter-by about one-third. The histogram also shows a much
sections, and tunnels. Since CO monitors tend to bevider distribution of control to no-control ratios for
located in order to monitor the high CO concentra-individual monitors than was projected for CO. This
tions observed in such locations, one might suspectesult reflects the greater state to state variability in
that using state-wide emissions changes to scale aBBO, emission changes projected in this analysis. This
guality concentration estimates at strategically locatedyreater state to state variability in turn is a function of
monitors might create some bias in the estimatesthe variable responses of J@int sources to histori-
However, the vast majority of ambient CO is contrib- cal C control requirementsThis source-specific vari-
uted from on-highway vehicles. In addition, the vast ability was not observed for CO because controls were
majority of the change in CO emissions between theapplied relatively uniformly on highway vehicles.
control and no-control scenario occurs due to catalyst
controls on highway vehicles. Since CO hot spots | Figure 9. Frequency Distribution of Estimated Ratios
sult primarily from highway vehicles emissions, col 1990 Control to No-control Scenario 95th Percentile

trolling such vehicles would mean CO concentratio] Hour Average SQConcentrations, by Monitor.
would be commensurately lowered at CO monito| 300

While variability in monitor location relative to ac
tual hot spots and other factors raise legitimate ¢
cerns about assuming ambient concentrations are
related with emission changes at any given monit
the Project Team believes that the results obser
provide a reasonable characterization of the aggre
change in ambient CO concentrations between the
scenarios.

g
T

Number of Monitors
]
T

Sulfur Dioxide 0

0.05 0.25 0.45 0.65 0.85 1.05 1.25
Ratio of CAA:No-CAA 95th Percentile 1-Hour Average

As for CO, no-control scenario S@oncentra-
tions were derived by scaling control scenario air qual-
ity profiles based on the difference in emissions pre- o
dicted under the two scenarios. Unlike CO,,%  Nitrogen Dioxide
predominantly emitted from industrial and utility
sources. This means that emissions, and the changes Results for NQare presented in Figure 10. These
in emissions predicted under the two scenarios, willresults are similar to the results observed for CO, and
tend to be concentrated in the vicinity of major point for a similar reason: the vast majority of change in
sources. Again, while state-wide emissions change®NO, emissions between the two scenarios is related
are used to scale SConcentrations between the sce-to control of highway vehicle emissions. While
narios, these state-wide emission changes reflect thibaseline emissions of N@om stationary sources may
controls placed on these individual point sources.be significant, these sources were subject to minimal
Therefore, the Project Team again considers the diseontrols during the historical period of this analysis.
tribution of control to no-control ratios to be a rea- On an aggregated basis, overall Nfoncentrations
sonable characterization of the aggregate results deare estimated to be roughly one-third lower under the
spite the uncertainties associated with estimation oftontrol scenario than under the no-control scenario.
changes at individual monitors.

7 Figure 9 indicates that six monitors were projected to have highetd®@entrations for 1990 under the control scenario than
under the no-control scenario. All six of these monitors are located in Georgia, a state for which higher 1990 giliigS@hs are
projected in the control scenario due to increased use of higher-sulfur coal. The projected increase in overaIfGeorgia utility consump-
tion of higher sulfur coal under the control case is a result of increased competition for the low-sulfur southern Appalachian coal
projected to occur under the control scenario.
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for der the control scenario were just over half the level
projected under the no-control scenario. The signifi-
cant county to county variability observed in this case
reflects point source-specific controls on particulate
matter precursors, especially 5@nd the effects of
long-range transport and transformation.

Figure 10. Frequency Distribution of Estimated Ratio
1990 Control to No-control Scenario 95th Percentile
Hour Average NQConcentrations, by Monitor.

300

g
i

Ozone

Urban Ozone

Number of Monitors
8
T

Figure 12 presents a summary of the results of the
1990 OZIPM4 ozone results for all 147 of the mod-
ol 14 L eled urban areas. In this case, the graph depicts the

005 025 045 065 085 105 125 distribution of ratios of peak ozone concentrations

Ratio of CAA:No-CAA 95th Percentile 1-Hour Average estimated for the control and no-control scenarios.
While the vast majority of simulated peak ozone con-
Particulate Matter centration rat'ios fall below 1.00, eight urban areas

show lower simulated peak ozone for the no-control
S . . scenario than for the control scenario. For these eight

An indication of the difference in outcomes for yrban areas, emissions of precursors were higher un-
particulate matter between the two scenarios is Proger the no-control scenario: however. the high pro-
vided by Figure 11. This graph shows the diStribUtionportion of ambient NQcomr.’)ared to e{mbient non-
of control to no-control ratios for annual mean TSP inmethane organic compounds (NMOCSs) in these areas
1999 for those CO‘.”.‘“eS which both had p_articmateresults in a decrease in net ozone production in the
monitors and a sufficient number of observations fromy iyt of the monitor when NGemissions increase.
those monitoré® While the distribution of results is .
relatively wide, reflecting significant county to county

variability in ambient concentration, on a nationa!— —— . .
aggregate basis particu|ate matter concentrations Figure 12. Distribution of EStlma-ted Ratios for 1990
Control to No-control OZIPM4 Simulated 1-Hour Peal
Ozone Concentrations, by Urban Area.
Figure 11. Frequency Distribution of Estimated Ratiog for 30
1990 Control to No-control Annual Mean TSP Concergra-
tions, by Monitored County. "
50 8
< 20|
g
=]
g S
! 5
230
8 .g 10 |
§ 20 “
E
z
10 0
000 020 040 060  0.80 1.00 120
o Ratio of CA A :No-CA A Peak Ozone (interval midpoint)
0.00 0.20 0.40 0.60 0.80 1.00
Ratio of CAA:No-CAA Annual Mean TSP (interval midpoint)

% Given the relative importance of particulate matter changes to the bottom line estimate of CAA benefits, and the fact that a
substantial portion of the population lives in unmonitored counties, a methodology was developed to allow estimation of particulate
matter benefits for these unmonitored counties. This methodology was based on the use of regional air quality modeling to interpolate
between monitored counties. It is summarized in Appendix C and described in detail in the SAI PM Interpolation Report (1996).

% Over an unbounded geographic area, Nductions generally decrease net ozone production.
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Rural Ozone

Figures 13 and 14 present frequency distributions

Acid Deposition

Figure 15 is a contour map showing the estimated

for control to no-control ratios of average ozone-seapercent increase in sulfur deposition under the no-con-
son daytime ozone concentrations at rural monitorsyg| scenario relative to the control scenario for 1990.

as simulated by SAQM and RADM, respectively.

Figure 13. Distribution of Estimated Ratios for 1990
Control to No-control SAQM Simulated Daytime Aver

Ozone Concentrations, by SAQM Monitor.
10

Number of SAQM Monitors

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Ratio of CA A No-CA A Ozone-Season Daytime A verage Ozone (interval midpoint)

Both the RADM and SAQM results indicate rela-
tively little overall change in rural ozone concentra-
tions. This is primarily because reductions in ozon

Figure 16 provides comparable information for nitro-
gen deposition.

Figure 15. RADM-Predicted Percent Increase in Togal
Sulfur Deposition (Wet + Dry) Under the No-contro
Scenario.

m

precursor emissions were concentrated in populated  These results show that acid deposition rates in-

areas.

Figure 14. Distribution of Estimated Ratios for 1990
Control to No-control RADM Simulated Daytime Aver
Ozone Concentrations, by RADM Grid Cell.
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Number of RADM Rural Grid Cells

0

0.00 0.20 0.40 0.60 0.80 1.00 1.20

Ratio of CA A :No-CA A Ozone-Season Daytime A verage Ozone (interval midpoint)

crease significantly under the no-control scenario,
particularly in the Atlantic Coast area and in the vi-
cinity of states for which relatively large increases in
emissions are projected under the no-control scenario

e(i.e., Kentucky, Florida, Michigan, Mississippi, Con-
necticut, and Florida).

In the areas associated with large increases in sul-
fur dioxide emissions, rates of sulfur deposition in-
crease to greater than or equal to 40 percent. The high
proportional increase in these areas reflects both the
significant increase in acid deposition precursor emis-
sions in upwind areas and the relatively low deposi-
tion rates observed under the control scerfario.

Along the Atlantic Coast, 1990 nitrogen deposi-
tion rates increase by greater than or equal to 25 per-
cent under the no-control scenario. This is primarily
due to the significant increase in mobile source nitro-
gen oxide emissions along the major urban corridors
of the eastern seaboard.

4 Even small changes in absolute deposition can yield large percentage changes when initial absolute deposition is low. See

Appendix C for further discussion of this issue.
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Figure 16. RADM-Predicted Percent Increase in Ti
Nitrogen Deposition (Wet + Dry) Under the No-
control Scenario.

Visibility

ing from the control to the no-control scenario. Since
the DeciView metric is based on perceptible changes
in visibility, these results indicate noticeable deterio-
ration of visibility in the eastern U.S. underthe no-
control scenario.

Visibility changes in 30 southwestern U.S. urban
areas were also estimated using emissions scaling tech-
niques. This analysis also found significant, percep-
tible changes in visibility between the two scenarios.
Details of this analysis, including the specific out-
comes for the 30 individual urban areas, are presented
in Appendix C.

Uncertainty in the Air Quality
Estimates

Uncertainty prevades the projected changes in air
quality presented in this study. These uncertainties
arise due to potential inaccuracies in the emissions
inventories used as air quality modeling inputs and
due to potential errors in the structure and parameter-
ization of the air quality models themselves. In addi-

The difference in modeled 1990 control and (o - an important limitation of the present study is
no-control scenario visibility conditions projected by i, 5ck of available data and/or modeling results for

the RADM/EM for the eastern U.S. is depicted by the

some pollutants in some regions of the country (e.g.,

contour map presented in Figure 17. This figure showsigipility changes in western U.S. Class | areas such
the increase in modeled annual average visibility deg- < the Grand Canyon). The inability to provide com-

radation, in DeciVie# terms, for 1990 when mov-

Figure 17. RADM-Predicted Percent Increase in
Visibility Degradation, Expressed in DeciViews, for
Poor Visibility Conditions (90th Percentile) Under t
No-control Scenario.

prehensive estimates of changes in air quality due to
the Clean Air Act creates a downward bias in the
monetary benefit estimates.

The most important specific sources of uncertainty
are presented in Table 5, and are described further in
Appendix C. While the list of potential errors pre-
sented in Table 5 is not exhaustive, it incorporates the
uncertainties with the greatest potential for contribut-
ing to error in the monetary benefit estimates. Over-
all, the uncertainties in the estimated change in air
quality are considered small relative to uncertainties
contributed by other components of the analysis.

“ The DeciView Haze Index (dV) is a relatively new visibility indicator aimed at measuring visibility changes in terms of human

perception. It is described in detail in Appendix C.
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Table 5. Key Uncertainties Associated with Air Quality Modeling.

Potential Source of Error

Direction of
Potential Bias
in Estimate of

Air Quality

Benefits

Significance Relative to Key
Uncertainties in Overall Monetary
Benefit Estimate

Use of OZIPM4 model, which does not
capture long-range and night-time transport
ozone. Use of aregional oxidant model, su
as UAM-V, would mitigate errors associated
with neglecting transport.

Underestimate.
of
ch

Significant, but probably not major.
Overall average ozone response of 15%
NOx and VOC reductions of
approximately 30% and 45%,
respectively. Evenif ozone response
doubled to 30%, estimate of monetized
benefits of CAA will not change very
much. Significant benefits of ozone
reduction, however, could not be
monetized.

Use of early biogenic emission estimates in

eastern 31 states.

RADM to estimate rural ozone changes in the

Underestimate.

Probably minor. Errors are estimated tg
be within -15% to +25% of the ozone
predictions.

Use of proxy pollutants to scale up some
particulate species in some areas. Uncerta
is created to the extent species of concern 4
not perfectly correlated with the proxy
pollutants.

Unknown.
nty
hre

Potentially significant. Given the relative
importance of the estimated changes in
fine particle concentrations to the
monetized benefit estimate, any
uncertainty associated with fine particles
is potentially significant. However, the
potential error is mitigated to some exteft
since proxy pollutant measures are appMed
to both scenarios.

Use of state-wide average emission reducti
to configure air quality models. Insome
cases, control programs may have been
targeted to problem areas, so using state-w
averages would miss relatively large
reductions in populated areas.

brign derestimate.

Probably minor.

Exclusion of visibility benefits in Class |
areas in the Southwestern U.S.

Underestimate.

Probably minor. No sensitivity analysis
has been performed; however, monetizg
benefits of reduced visibility impairment
in the Southwest would probably not
significantly alter the estimate of
monetized benefits.

o
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Table 5 (con’t). Key Uncertainties Associated with Air Quality Modeling.

Potential Source of Error

Direction of
Potential Bias
in Estimate of

Air Quality

Benefits

Significance Relative to Key
Uncertainties in Overall Monetary
Benefit Estimate

Lack of model coverage in western 17 state
for acid deposition.

5 Underestimate.

Probably minor. No sensitivity analysis
has been performed; however, monetizjd
benefits of reduced acid deposition in th§
17 western states would probably not
significantly alter the estimate of
monetized benefits.

Use of spatially and geographically
aggregated emissions data to configure
RADM. Lack of available day-specific
meteorological data results in inability to
account for temperature effects on VOCs arj
effect of localized meteorology around majoj
point sources.

Unknown.

Potentially significant. Any effect which
might influence the direction of long-
range transport of fine particulates such
sulfates and nitrates could significantly
influence the estimates of total monetizg
benefits of the CAA.

S

jon

Use of constant concentration for organic
aerosols between the two scenarios. Holdir]
organic aerosol concentrations fixeahivs the
effect of changes in this constituent of fine
particulate matter.

Underestimate.
g

Probably minor, because (a) nitrates wele
also held fixed and nitrates and organic
aerosols move in opposite directions so
the exclusion of both mitigates the effect
of omitting either, (b) sulfates are by far
the dominant species in the eastern U.S|,
and (c) larger errors would be introduceq
by using emissions scaling to estimate
changes in organic aerosols since a

significant fraction of organic aerosols afle
caused by biogenic gas-phase VOC
emissions which do not change betweer]
the scenarios.

Unavailability of ozone models for rural ares
outside the RADM and SAQM domains.

sUnderestimate.

Probably minor. Misses potential huma
health, welfare, and ecological benefits ¢f
reducing rural ozone in agricultural and
other rural areas; however, ozone changes
are likely to be small given limited
precursor reductions in rural areas.
RADM control:no-control ratios are in
fact, relatively small.

Use of peak episode changes to estimate
changes in annual distribution of ozone
concentration.

Unknown.

Probably minor, particularly since relativie
changes in ozone concentration betwee
the scenarios were small. l
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Physical Effects

Human Health and Welfare Population
Effects Modeling Approach _ _
Health and some welfare benefits resulting from

, _ . _ _air quality improvements were distributed to individu-
This chapter identifies and, where possible, esti-5|s in proportion to the reduction in exposure. Pre-

mates the principal health and welfare benefits enjic(ing individual exposures, then, was a necessary
joyed by Americans due to improved air quality re- gio in estimating health effects. Evaluating exposure
sulting from the CAA. Health benefits have resulted o, 3hges for the present analysis required not only an
from avoidance of air pollution-related health effects, understanding of where air quality improved as a re-

such as premature mortality, respiratory illness, andy,i¢ of the CAA, but also how many individuals were

heart disease. Welfare benefits accrued where iMz¢tacted by varying levels of air quality improvements.

proved air quality averted damage to measurable rey, ;s 5 critical component of the benefits analysis

sources, including agricultural production and visibil- required that the distribution of the U.S. population
ity. The analysis of physical effects required a combi- oo nwide be established.

nation of three components: air quality, population,

and health or welfare effects. As structured in this  1p,ee years of U.S. Census data were used to rep-
study, the 3-step process involved (1) estimating ggent the geographical distribution of U.S. residents:
changes in air quality between the control and N0-CoN1 970, 1980, and 1990. Population data was supplied
trol scenarios, (2) estimating the human populationsat the census block group level, with approximately
and natural resources exposed to these changed &g 000 block groups nationwide. Allocating air qual-
quality conditions, and (3) applying a series of con-i jmnrovements to the population for the other tar-
centration-response equations which translatetye years of this study — 1975 and 1985 — necessitated
changes in air quality to changes in physical healthyierpolation of the three years of population data.
and welfare outcomes for the affected populations. | jnear interpolation was accomplished for each block

i ] group in order to maintain the variability in growth
Air Quality rates throughout the country.

The Project Team first estimated changes in con-Health and Welfare Effects
centrations of criteria air pollutants between the con-
trol scenario, which at this step was based on histori-

cal air quality, and the no-control scenario. Air qual- i tarms of the avoided incidence of physical health
ity improvements resulting from the Act were evalu- gfte ts and measured welfare effects. To quantify such
ated in terms of both their temporal distribution from benefits, it was necessary to identify concentration-
1970 to 1990 and their spatial distribution across theresponse relationships for each effect being consid-
48 conterminous United States. Generally, air pollu-greqy - As detailed in Appendix D, such relationships
tion monitoring data provided baseline ambient air\ee derived from the published science literature. In
quality levels for the control scenario. Air quality ¢ case of health effects, concentration-response func-
modellng was used to generate estlmgted amblient CONions combined the air quality improvement and popu-
centrations for the no-control scenario. A variety of |5ion gistribution data with estimates of the number
modeling techniques was applied, depending on they a\ver individuals that suffer an adverse health ef-
pollutant modeled. These modeling approaches angqt her ynit change in air quality. By evaluating each
results are summarized in Chapter 4 and presented iflycentration-response function for every monitored

detail in Appendix C. location throughout the country, and aggregating the

Benefits attributable to the CAA were measured
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resulting incidence estimates, it was possible to genbenefits were measured in terms of net economic sur-
erate national estimates of incidence under the conplus.
trol and no-control scenarios.
Another important welfare effect is the benefit
In performing this step of the analysis, the Projectaccruing from improvements in visibility under the
Team discovered that it was impossible to estimatecontrol scenario. Again, a slightly different method-
all of the health and welfare benefits which have re-ological approach was used to evaluate visibility im-
sulted from the Clean Air Act. While scientific infor- provements. Visibility changes were a direct output
mation was available to support estimation of someof the models used to estimate changes in air qual-
effects, many other important health and welfare ef-ity.*> The models provided estimates of changes in
fects could not be estimated. Furthermore, even thoughght extinction, which were then translated mathemati-
some physical effects could be quantified, the state o€ally into various specific measures of perceived vis-
the science did not support assessment of the economikility change’® These visibility change measures were
value of all of these effects. Table 6 shows the healthhen combined with population data to estimate the
effects for which quantitative analysis was preparedgconomic value of the visibility changes. Other wel-
as well as some of the health effects which could nofare effects quantified in terms of avoided resource
be quantified in the analysis. Table 7 provides similarlosses include household soiling damage by faktl
information for selected welfare effects. decreased worker productivity due to ozone exposure.
The results of the welfare effects analysis are found
While the 3-step analytical process describedin Chapter 6 and in Appendices D and F.
above was applied for most pollutants, health effects
for lead were evaluated using a different methodol-  Because of a lack of available concentration-re-
ogy. Gasoline as a source of lead exposure was adponse functions (or a lack of information concerning
dressed separately from conventional point sourcesaffected populations), ecological effects were not
Instead of using ambient concentrations of lead re-quantified for this analysis. However, Appendix E
sulting from use of leaded gasoline, the concentraprovides discussion of many of the important ecologi-
tion-response functions linked changes in lead releasesal benefits which may have accrued due to historical
directly to changes in the population’s mean bloodimplementation of the CAA.
lead level. The amount of leaded gasoline used each
year was directly related to mean blood lead IeveIsK
using a relationship described in the 1985 Lead Regu-
latory Impact Analysis (U.S. EPA, 1985). Health ef-
fects resulting from exposure to point sources of at- ~ Several important analytical assumptions affect
mospheric lead, such as industrial facilities, were conthe confidence which can be placed in the results of
sidered using the air concentration distributions mod-the physical effects analysis. The most important of
eled around these point sources. Concentration-rethese assumptions relate to (a) mapping of potentially
sponse functions were then used to estimate changesposed populations to the ambient air quality moni-
in blood lead levels in nearby populations. toring network, (b) choosing among competing scien-
tific studies in developing quantitative estimates of
Most welfare effects were analyzed using the saméhysical effects, (c) quantifying the contribution to
basic 3-step process used to analyze health effectgnalytical uncertainty of within-study variances in
with one major difference in the concentration-re- effects estimates and, perhaps most important in the
sponse functions used. Instead of quantifying the recontext of the present study, (d) estimating particu-
lationship between a given air quality change and thdate matter-related mortality based on the currently
number of cases of a physical outcome, welfare ef-available scientific literature.
fects were measured in terms of the avoided resource
losses. An example is the reduction in agricultural crop ~ Because these resultant uncertainties were caused
losses resulting from lower ambient ozone concentraby the inadequacy of currently available scientific in-
tions under the control scenario. These agriculturaformation, there is no compelling reason to believe

ey Analytical Assumptions

4 These models, and the specific visibility changes estimated by these models, are described in summary fashion in the previous
chapter and are discussed in detail in Appendix C.

“ These visibility measures are described in Appendix C.
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Table 6. Human Health Effects of Criteria Pollutants.

Pollutant Quantified Health Effects Unquantified Health Effects Other Possible Effects
Ozone Respiratory symptoms Increased airway Immunologic changes
Minor restricted activity days responsiveness to stimuli| Chronic respiratory diseases
Respiratory restricted activity | Centroacinar fibrosis Extrapulmonary effects (e.g.,
days Inflammation in the lung changes in structure,
Hospital admissions function of other organs)
Emergency room visits Reduced UV-B exposure
Asthma attacks attenuation

Changes in pulmonary function
Chronic Sinusitis & Hay Fever

Particulate Matter/ Mortality* Changes in pulmonary function Chronic respiratory diseases
TSP/ Sulfates Bronchitis - Chronic and Acute other than chronic
Hospital admissions bronchitis
Lower respiratory illness Inflammation in the lung
Upper respiratory illness
Chest illness

Respiratory symptoms

Minor restricted activity days

All restricted activity days

Days of work loss

Moderate or worse asthma
status (asthmatics)

Carbon Monoxide Hospital Admissions - Behavioral effects Other cardiovascular effects
congestive heart failure Other hospital admissions Developmental effects
Decreased time to onset of
angina
Nitrogen Oxides Respiratory illness Increased airway Decreased pulmonary functio
responsiveness Inflammation in the lung

Immunological changes

Sulfur Dioxide In exercising asthmatics: Respiratory symptoms in non-
Changes in pulmonary functior asthmatics
Respiratory symptoms Hospital admissions

Combined responses of
respiratory symptoms and
pulmonary function

changes
Lead Mortality Health effects for individuals in

Hypertension age ranges other than those
Non-fatal coronary heart studied

disease Neurobehavioral function
Non-fatal strokes Other cardiovascular diseases
1Q loss effect on lifetime Reproductive effects

earnings Fetal effects from maternal
1Q loss effects on special exposure

education needs Delinquent and anti-social

behavior in children

* This analysis estimates excess mortality using PM as an indicator of the pollutant mix to which individuals were exposed.
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Table 7. Selected Welfare Effects of Criteria Pollutants.

Pollutant Quantified Welfare Effects Unquantified Welfare Effects
Ozone Changes in crop yields (for 7 crops) | Changes in other crop yields
Decreased worker productivity Materials damage

Effects on forests
Effects on wildlife

Particulate Matter/ Household soiling Other materials damage
TSP/ Sulfates Visibility Effects on wildlife
Nitrogen Oxides Visibility Crop losses due to acid deposition

Materials damage due to acid deposition
Effects on fisheries due to acidic
deposition

Effects on forests

Sulfur Dioxide Visibility Crop losses due to acid deposition
Materials damage due to acid deposition
Effects on fisheries due to acidic
deposition

Effects on forests

that the results of the present analysis are biased in lor pollutants with monitor-level data (i.e., 3Q,,
particular direction. Some significant uncertainties, NOZ, CO), it was assumed that all individuals were
however, may have arisen from interpretation of modelexposed to air quality changes estimated at the near-
results, underlying data, and supporting scientific stud-est monitor. For Pl historical air quality data were
ies. These assumptions and uncertainties are charaavailable at the county level. All individuals residing
terized in this report to allow the reader to understandn a county were assumed to be exposed to that
the degree of uncertainty and the potential for mises€ounty’s PV air quality**

timation of results. In addition, the overall results are

presented in ranges to reflect the aggregate effect of Many counties did not contain particulate matter
uncertainty in key variables. A quantitative assessmenéir quality monitors or did not have a sufficient num-
of some of the uncertainties in the present study iser of monitor observations to provide reliable esti-
presented in Chapter 7. In addition, the key uncertainmates of air quality. For those counties, the Project
ties in the physical effects modeling step of this analy-Team conducted additional analyses to estimatg PM
sis are summarized in Table 12 at the end of this chapair quality changes during the study period. For coun-
ter. The remainder of this section discusses each daies in the eastern 31 states, the grid cell-specific sul-
the four critical modeling procedures and associatedate particle concentrations predicted by the RADM

assumptions. model were used to provide a scaled interpolation
between monitored countiésFor counties outside
Mapping Populations to Monitors the RADM domain, an alternative method based on

state-wide average concentrations was used. With this

The Project Team's method of calculating ben- Supplemental analysis, estimates were developed of
efits of air pollution reductions required a correlation the health effects of the CAA on almost the entire

of air quality data changes to exposed populations¢ontinental U.S. populatidh. Compliance costs in-

“In some counties and in the early years of the study period, particulate matter was monitored as TSP rather tHarttasseM
cases, Pl was estimated by applying TSP:Patios derived from historical data. This methodology is described in Appendix C.

4 The specific methodology is described in detail in Appendix C.

46 While this modeling approach captures the vast majority of the U.S. population, it does not model exposure for everyone. To
improve computational efficiency, those grid cells with populations less than 500 were not modeled; thus, the analysis covered
somewhat more than 97 percent of the population.
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curred in Alaska and Hawaii were included in this Choice of Study
study, but the benefits of historical air pollution re-
ductions were not. In addition, the CAA yielded ben- The Project Team relied on the most recent avail-
efits to Mexico and Canada that were not captured igple, published scientific literature to ascertain the
this study. relationship between air pollution and human health
and welfare effects. The choice of studies, and the
Air quality monitors are more likely to be found yncertainties underlying those studies, also created
in high pollution areas rather than low-pollution ar- yncertainties in the results. For example, to the extent
eas. Consequently, mapping population to the neareshe published literature may collectively overstate the
monitor regardless of the distance to that monitor al-gffects of pollution, EPAs analysis will overstate the
most certainly results in an overstatement of healtheffects of the CAA. Such outcomes may occur be-
impacts due to air quality changes for those populatayse scientific research which fails to find signifi-
tions. The Project Team conducted a sensitivity analycant relationships is less likely to be published than
sis to illustrate the importance of the “mapping to near-research with positive results. On the other hand, his-
est monitor” assumption. For comparison to the basgory has shown that it is highly likely that scientific
case, which modeled exposure for the 48 state popUanderstanding of the effects of air pollution will im-
lation, Table 8 presents the percentage of the total 48prove in the future, resulting in discovery of previ-
state population covered in the “50 km” sensitivity gysly unknown effects. Important examples of this
scenario. For most pollutants in most years, 25 perphenomenon are the substantial expected health and
cent or more of the population resided more than SQyelfare benefits of reductions in lead and ambient
km from an air quality monitor (or in a county with- particulate matter, both of which have been shown in
out PM_ monitors). Estimated health benefits are ap-recent studies to impose more severe effects than sci-
proximately linear to population covered —that s, if entists previously believed. To the extent the present
the population modeled for a pollutant in a given yearanglysis misses effects of air pollution that have not
in the sensitivity analysis is 25 percent smaller thanyet been subject to adequate scientific inquiry, the
the corresponding population modeled in the base cas@nalysis may understate the effects of the CAA.
then estimated health benefits are reduced by roughly
25 percent in the sensitivity case. This sensitivity  For some health endpoints, the peer-reviewed sci-
analysis demonstrates that limiting the benefits analyentific literature provides multiple, significantly dif-
sis to reflect only those living within 50 km of amoni- fering alternative CR functions. In fact, it is not un-
tor or within a PM-monitored county would lead to a ysya| for two equally-reputable studies to differ by a
substantial underestimate of the historical benefits ofactor of three or four in implied health impact. The
the CAA. Since these alternative results may have lejitference in implied health effects across studies can
to severely misleading comparisons of the costs ange considered an indication of the degree of scientific
benefits of the Act, the Project Team decided to adopfyncertainty associated with measurement of that health
the full 48-state population estimate as the central casgffect. Where more than one acceptable study was
for this analysis despite the greater uncertainties angyajlable, the Project Team used CR functions from
potential biases associated with estimating exposureg| relevant studies to infer health effects. That is, the
from distant monitoring sites. health effect implied by each study is reported (see
Appendix D), and a range of reported results for a
particular health endpoint can be interpreted as a mea-
sure of the uncertainty of the estimate.

Table 8. Percent of Palation (of the Continental
US) within 50km of a monitor (or in a Coynt

with PM monitors), 1970-1990. . oy .
Variance Within Studies

Pollutant
Year PMw Os NO»  SO» co Even where only one CR function was available

for use, the uncertainty associated with application of
that function to estimate physical outcomes can be
evaluated quantitatively. Health effects studies pro-
vided “best estimates” of the relationship between air
quality changes and health effects, and a measure of
the statistical uncertainty of the relationship. In this
I analysis, the Project Team used simulation modeling

1975 79% 56% 53% 65% 67%
1980 80% 71% 59% 73% 68%
1985 75% 72% 61% 73% 68%
1990 68% 74% 62% 71% 70%
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technigues to evaluate the overall uncertainty of theute significantly to uncertainty in the effect estimate.
results given uncertainties within individual studies, Third, a number of potentially significant biases and
across studies examining a given endpoint, and in thencertainties specifically associated with each of the
economic valuation coefficients applied to each end-two types of PM-related mortality study further con-
point. The analysis estimating aggregate quantitativdaribute to uncertainty. The remainder of this section

uncertainty is presented in Chapter 7. discusses these two groups of studies and their atten-
dant uncertainties and potential biases. (See Appen-
PM-Related Mortality dix D for a more complete discussion of these studies

and their associated uncertainties.)

The most serious human health impact of air pol-
lution is an increase in incidences of premature mor- ~ Short-Term Exposure Studies
tality. In the present study, excess premature mortal-
ity is principally related to increased exposure to lead ~ Many of the studies examining the relationship
(Pb) and to particulate matter (PM) and associated?etween PM exposure and mortality evaluate changes
non-Pb criteria pollutant$. With respect to PM, a in mortality rates several days after a period of el-
substantial body of published health science literatureevated PM concentrations. In general, significant cor-
recognizes a correlation between elevated PM contelations have been found. These “short-term expo-
centrations and increased mortality rates. Howeversure” or “episodic” studies are unable to address two
there is a diversity of opinion among scientific ex- importantissues: (1) the degree to which the observed
perts regarding the reasonableness of applying thes@xcess mortalities are “premature,” and (2) the degree
studies to derive quantitative estimates of prematurd® Which daily mortality rates are correlated with long-
mortality associated with exposure to PM. While 19 term exposure to elevated PM concentrations (i.e.,
of 21 members of the Science Advisory Board Clean€Xposures over many years rather than a few days).
Air Act Scientific Advisory Committee agree that
present evidence warrants concern and implementa- Because the episodic mortality studies evaluate
tion of a fine particle (Pl)) standard to supplement the mortality rate impact only a few days after a high-
the PM, standard, they also point out that the causalPollution event, it is likely that many of the “excess
mechanism has not been clearly established. mortality” cases represented individuals who were

already suffering impaired health, and for whom the

For the purposes of the present study, the pmjechigh-pollution event represented an exacerbation of
Team has concluded that the well-established correan already serious condition. Based on the episodic
lation between exposure to elevated PM and premastudies only, however, it is unknown how many of the
ture mortality is sufficiently compelling to warrant an Victims would have otherwise lived only a few more
assumption of a causal relationship and derivation oflays or weeks, or how many would have recovered to
guantitative estimates of a PM-related premature mor€njoy many years of a healthy life in the absence of
tality effect. In addition to the assumption of causal- the high-pollution event. For the purpose of cost-ben-
ity, a number of other factors contribute to uncertainty€fit analysis, it can be important to determine whether
in the quantitative estimates of PM-related mortatity. @ pollution event reduces the average lifespan by sev-
First, although there is uncertainty regarding the shap@ral days or by many years. Although the episodic
of the CR functions derived from the epidemiological mortality studies do not provide an estimate of the
studies, the present analysis assumes the relationshfxpected life years lost (nor do they address the health
to be linear throughout the relevant range of expo_StatUS of ViCtimS), some have evaluated the age of the
sures. Second, there is significant variability amongexcess premature mortality cases, and have estimated
the under|ying studies which may reflect, at least inthat 80 to 85 percent of the victims are age 65 or older.
part, location-specific differences in CR functions.
Transferring CR functions derived from one or more  In addition to causing short-term health problems,
specific locations to all other locations may contrib- @ir pollution (measured by elevated annual PM con-

47 Detailed information on methods, sources, and results of the Pb mortality analysis are presented in Appendix G.

4 PM concentrations are highly correlated with concentrations of other criteria pollutants. It is difficult to determine which
pollutant is the causative factor in elevated mortality rates. In this study, the Project Team has used PM as a surrogate for a mix of
criteria pollutants.

4t should also be noted that some of the morbidity studies, most notably the PM/chronic bronchitis epidemiological studies,
involve many of the same uncertainties.
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centrations) can cause longer-term health problemslimate, industrial effluents, etc.) that have not been
that may lead to premature mortality. Such long-termadequately controlled for.

changes in susceptibility to premature mortality in the

future will be missed by efforts to correlate prema- Another source of uncertainty surrounding the

ture mortalities with near-term episodes of elevatedprospective cohort studies concerns possible histori-
pollution concentrations. Consequently, excess pre<al trends in PM concentrations and the relevant pe-
mature mortality estimates based on the results of theiod of exposure, which is as yet unknown. TSP con-
“episodic” mortality studies will underestimate the centrations were substantially higher in many loca-
effect of long-term elevated pollution concentrationstions for several years prior to the cohort studies and

on mortality rates. had declined substantially by the time these studies
were conducted. If this is also true for PNnd PNV,
Long-Term Exposure Studies it is possible that the larger PM coefficients reported

by the long-term exposure studies (as opposed to the
The other type of PM-related mortality study in- short-term exposure studies) reflect an upward bias.

volves examination of the potential relationship be- If the relevant exposure period extends over a decade
tween long-term exposure to PM and annual mortal-or more, then a coefficient based on PM concentra-
ity rates. These studies are able to avoid some of théons at the beginning of the study or in those years
weaknesses of the episodic studies. In particular, bymmediately prior to the study could be biased up-
investigating changes in annual (rather than daily)ward if pollution levels had been decreasing mark-
mortality rates, the long-term studies do not predictedly for a decade or longer prior to the study.
most cases of excess premature mortality where mor-
tality is deferred for only a few days; also, the long- On the other hand, if a downward trend in PM
term studies are able to discern changes in mortalitconcentrations continued throughout the period of the
rates due to long-term exposure to elevated air pollustudy, and if a much shorter exposure period is rel-
tion concentrations. Additionally, the long-term ex- evant (e.g., contained within the study period itself),
posure studies are not limited to measuring mortali-then characterizing PM levels throughout the study
ties that occur within a few days of a high-pollution by those levels just prior to the study would tend to
event. Consequently, use of the results of the longbias the PM coefficient downward. Suppose, for ex-
term studies is likely to result in a more complete as-ample, that PM levels were converging across the dif-
sessment of the effect of air pollution on mortality ferent study locations over time, and in particular, into
risk. the study period. (That is, suppose PM levels were

decreasing over time, but decreasing faster in the high-

The long-term exposure studies, however, havePM locations than in the low-PM locations, so that at

some significant limitations and potential biases. Al- the beginning of the study period the interlocational
though studies that are well-executed attempt to condifferences in PM concentrations were smaller than
trol for those factors that may confound the results ofthey were a decade earlier.) Suppose also that the rel-
the study, there is always the possibility of insuffi- evant exposure period is about one year, rather than
cient or inappropriate adjustment for those factors thatmany years. The Pope study characterizes the long-
affect long-term mortality rates and may be con-term PM concentration in each of the study locations
founded with the factor of interest (e.g., PM concen-by the median PM concentration in the location dur-
trations). Prospective cohort studies have an advaning the five year period 1979-1983. Study subjects
tage over ecologic, or population-based, studies in thatvere followed, however, from 1982 through 1989. If
they gather individual-specific information on such the difference in median PM concentrations across the
important risk factors as smoking. It is always pos-50 study locations during the period 1979-1983 was
sible, however, that a relevant, individual-specific risk greater than the difference during the period 1983-
factor may not have been controlled for or that somel988, and if it is PM levels during the period 1983-
factor that is not individual-specific (e.g., climate) was 1988 that most affect premature mortality during the
not adequately controlled for. It is therefore possiblestudy period (rather than PM levels during the period
that differences in mortality rates that have been as1979-1983), then the study would have attributed
cribed to differences in average PM levels may be dueinterlocational differences in mortality to larger
in part, to some other factor or factors (e.g., differ-interlocational differences in PM concentrations than
ences among communities in diet, exercise, ethnicitywere actually relevant. This would result in a down-

ward bias of the PM coefficient estimated in the study.
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The relevant exposure period is one of a clusteraggerated, resulting in a downward bias of the PM
of characteristics of the mortality-PM relationship that coefficient. This is because a given difference in mor-
are as yet unknown and potentially important. It istality rates is being associated with a larger difference
also unknown whether there is a time lag in the PMin PM levels than is actually the case.
effect. Finally, it is unknown whether there may be
cumulative effects of chronic exposure — that is,  An additional source of uncertainty in the Pope et
whether the relative risk of mortality actually increasesal., study arises from the PM indicator used in the
as the period of exposure increases. study. The Pope et al. study examined the health ef-

fects associated with two indices of PM exposure;

Three recent studies have examined the relationsulfate particles and fine particles (PM The PM
ship between mortality and long-term exposure to PM:relationship is used in this analysis because it is more
Pope et al. (1995), Dockery et al. (1993), and Abbeyconsistent with the air quality data selected for this
et al. (1991). The Pope et al. study is considered analysis (PN]). Because we use a PMnortality re-
better choice of long-term exposure study than eithefationship, air quality profiles were developed from
of the other two studies. Pope et al. examined a muckhe PM profiles generated for the entire 20 year pe-
larger population and many more locations than ei+iod. The same regional information about the PM
ther the Dockery study or the Abbey study. The components (sulfate, nitrate, organic particulate and
Dockery study covered only six cities. The Abbey primary particulate) used to develop the Ppofiles
study covered a cohort of only 6,000 people in Cali-was used to develop regional PMPM, ratios. Al-
fornia. In particular, the cohort in the Abbey study though both urban and rural ratios are available, for
was considered substantially too small and too youngomputational simplicity, only the regional urban ra-
to enable the detection of small increases in mortalitytios were used to estimate the Pidrofiles from the
risk. The study was therefore omitted from consider-PM, profiles used in the analysis. This reflects the
ation in this analysis. Even though Pope et al. (1995exposure of the majority of the modeled population
reports a smaller premature mortality response to el{i.e., the urban population), while introducing some
evated PM than Dockery et al. (1993), the results oferror in the exposure changes for the rural popula-
the Pope study are nevertheless consistent with thosion. In the east and west, where the rural ratio is larger
of the Dockery study. than the urban ratio, the change in.R&kposure will

be underestimated for the rural populatlon In the cen-

Pope et al., (1995) is also unique in that it fol- tral region the PNl change will be overestimated.
lowed a largely white and middle class population, These ratios were used in each year during 1970-1990,
decreasing the likelihood that interlocational differ- introducing another source of uncertainty in the analy-
ences in premature mortality were attributable to dif-sis.
ferences in socioeconomic status or related factors.

Furthermore, the generally lower mortality rates and  After considering the relative advantages and dis-
possibly lower exposures to pollution among this advantages of the various alternative studies available
group, in comparison to poorer minority populations, in the peer-reviewed literature, the Project Team de-
would tend to bias the PM coefficient from this study cided that the long-term exposure studies were pref-
downward, counteracting a possible upward bias aserable for the purposes of the present study, primarily
sociated with historical air quality trends discussedbecause the long-term exposure studies appear to pro-
above. vide a more comprehensive estimate of the premature
mortality incidences attributable to PM exposure.

Another source of downward bias in the PM co- Among the long-term exposure studies, the Pope et
efficient in Pope et al., (1995) is that intercity move- al., (1995) study appears more likely to mitigate a key
ment of cohort members was not considered. Migra-source of potential confounding. For these reasons,
tion across study cities would result in exposures ofthe CR function estimated in Pope et al., (1995) is
cohort members being more similar than would beconsidered the most reasonable choice for this analy-
indicated by assigning city-specific annual averagesis and is utilized in spite of the several important re-
pollution levels to each member of the cohort. Thesidual uncertainties and potential biases which are sub-
more intercity migration there is, the more exposuresequently reflected in the PM-related mortality effect
will tend toward an intercity mean. If this is ignored, estimate.
differences in exposure levels, proxied by differences
in city-specific annual average PM levels, will be ex-
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Health Effects Modeling Results age groups is also indicated. These averages might be
higher if data were available for PM-related mortality

This section provides a summary of the differenceglg E[Ez Léngge ;?é% Z%guggoup and for Pb-related mortality

in health effects estimated under the control and no-
control scenarios. Because the differenCes N i (] L/ —
ity between the two scenarios generally increased frc Taple 9. Criteria Pollutants Health Benefits --

1970 to 1990, and the affected population grew larc pistributions of 1990 Avoided Premature Mortalities

during that period, the beneficial health effects of tt (thousands of cases reduced) for 48 State Population.
CAA increased steadily during the 1970 to 1990 p

riod. More detailed results are presented in Appenc Remaining] Annual Cases Avoided
D. Liifle (thousands)
Expectancy m, 95th
. . ; Palllutant Age group (yrs) Wile Meam Yile
Avoided Premature Mortality Estimates oM. e 12 184 o257
. . . 30-34 48 2 3 5
The Project Team determined that, despite th 35-44 38 5 s 11
limitations, the long-term particulate matter exposu 45-54 29 7 W
studies provided the superior basis for estimatii Bete - ” =

mortality effects for the purpose of benefit-cost anal

sis. Three prospective cohort studies were identifir i;j 194 22 :j 32
(Pope et al. (1995), Dockery et al. (1993), and Abb: o84 6 ot 4 s
et al. (1991)), although the Abbey study was omitte P 5 |

from consideration because the cohort in that stu g P — . = P —
was considered insufficient to allow the detection ,

small increases in mortality risk. Exposure-respon infants ” X > ®
relationships inferred from the Pope et al. study we 40-44 %8 0 2 B
used in the health benefits model to estimate avoic 45-54 29 0 ¢
mortality impacts of the CAA. The Pope et al. stud 2564 2l 0 6 18
was selected because it is based on a much larger p: 65-74 L% 0 4 B

Avg.: 38*

lation and a greater number of communities (50) th
is the six-city Dockery et al. Study. The results of tr [LTOTAL OO0 W22
Pope et al. are consistent with those of the other sty  *Averages calculated from proportions of premature mortalities by age
and are consistent with earlier ecological populatic 9! fom Table D-14.

mortality studies. See APPENUIX D T B0 Olit10 N Al Ol o e———————————————————————————————————————————————————
cussion of the selection of mortality effects studies.

_ _ Non-Fatal Health Impacts

Table 9 presents estimated avoided excess pre-
mature mortalities for 1990 only, with the mean esti-
mate and 90 percent confidence interval. See Appen

The health benefits model reports non-fatal health

dixD f detail its imolied by individual effects estimates similarly to estimates of premature
X Tor more detail on results implied by individual ., o jties: as a range of estimates for each quanti-

epidemiological studies, and on the temporal Patteryoy health endpoint, with the range dependent on the
. O k)
of impacts:* The model reports a range of results for gquantified uncertainties in the underlying concentra-

eagh hea}[lthf_(fatr}:dpomt. I;lle re, E[he f'tﬂh percent|(Ije£ mi"’mtion-response functions. The range of results for 1990
ant n_met%- ! di tp_ebrcte_zn ! eTﬁS ![mtales arE usef ocC q a(;'only is characterized in Table 10 with fifth percentile,
acterize the distribution. 1hetotal number ot avolded o5, 4nqg ninety-fifth percentile estimates. All esti-

cases of premature morta“ty due to reduced EXPOSUrG ates are expressed as thousands of new cases avoided
to lead (Pb) and particulate matter are presented. Adrn 1990. “Lost IQ Points” represent the aggregate num-

ditionally, avoided mortality cases are listed by a%€per of points (in thousands) across the population af-
cohort of those who have avoided premature mortal-fecteol by lead concentrations in 1990. All “Hospital

Ityin 1990, along with the expected remaining IncesloanAdmissions” estimates are in thousands of admissions,
(in years) for the average person in each age cohorf.
l

Th red ining lif egardless of the length of time spent in the hospital.
€ average expected remaining itespan across aligp o riness of breath” is expressed as thousands of

%0 Earlier years are estimated to have had fewer excess premature mortalities.
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Table 10. Criteria Pollutants Health Benefits -- Distributions of 1990 Non-Fatal Avoided
Incidence (thousands of cases reduced) for 48 State Population.

Annual Effects Avoided
Affected (thousands)
Endpoint Pollutant(s) | Population [ gy Mean  95th Unit
(age group) |  wile %ile

Chronic Bronchitis PM all 493 674 886 caseq
LostQ Points Lead children 7,440 10,400 13,000| points
IQ < 70 Lead children 31 45 60 cases
Hy pertension Lead men 20-74 9,740 12,600 15,600 caseg
Chronic Heart Disease Lead 40-74 0 22 64 cases
Atherothrom botic brain infarction Lead 40-74 0 4 15 cases
Initial cerebrovascular accident Lead 40-47 0 6 19 cases
Hospital Admissions

All Respiratory PM & O3 all 75 89 103 cases

COPD + Pneumonia PM & O3 |over 65 52 62 72 caseq

Ischemic Heart Disease PM over 65 7 19 31 cases

Congestive Heart Failure PM & CO |65 and over 28 39 50 caseq
Other Respiratory-Related Ailments

Shortness of breath, days PM children 14,800 68,800133,000 days

Acute Bronchitis PM children 0 8,700 21,600 caseq

Upper & Lower Resp. Symptoms PM children 5,400 9,500 13,400 cases

Any of 19 Acute Symptoms PM & O3 |18-65 15,400 130,00244,000 cases

Asthm a Attacks PM & O3 asthmatics 170 850 1,520 caseq

Increase in Respiratory lliness NO2 all 4,840 9,800 14,000 caseq

Any Sym ptom SO2 asthmatics 26 264 706 cases
Restricted Activity and Work Loss Days

MRAD PM & O3 18-65 107,000 125,000143,000 days

Work Loss Days (WLD) PM 18-65 19,400 22,600 25,600 days

The following additional welfare be nefits were quantified directly in economic terms: household soiling
dam age, visibility, decreased worker productivity, and agricultural benefits (measured in terms of net
surplus).

days: that is, one “case” represents one child experifriver, lake and estuarine ecosystems; forest and wet-
encing shortness of breath for one day. Likewise, “Redand ecosystems; and agricultural ecosystems. These
stricted Activity Days” and “Work Loss Days” are benefits are important because of both the intrinsic

expressed in person-days. value of these ecological resources and the intimate
linkage between human health and the health and vi-
Other Physical Effects tality of our sustaining ecosystems. Given the com-

plexity of natural and agricultural ecosystems and the
_ - _ large spatial and temporal dimensions involved, it has
Human health impacts of criteria pollutants domi- peen difficult or impossible to quantify benefits fully

nate quantitative analyses of the effects of the CAA given currently available scientific and applied eco-
in part because the scientific bases for quantifying aitfhomic information.

guality and physical effect relationships are most ad-
vanced for health effects. The CAAyielded other ben-  Aquatic and Forest Effects
efits, however, which are important even though they

were sometimes difficult or impossible to quantify  Beyond the intrinsic value of preserving natural
fully given currently available scientific and applied aquatic (i.e., lakes, streams, rivers, and estuaries), ter-

economic information. restrial (i.e., forest and grassland), and wetland eco-
. systems and the life they support, protection of eco-
Ecological Effects systems from the adverse effects of air pollution can

yield significant benefits to human welfare. The his-
The CAA yielded important benefits in the form torical reductions in air pollution achieved under the
of healthier ecological resources, including: stream,CAA probably led to significant improvements in the
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health of ecosystems and the myriad ecological ser- Quantified Agricultural Effects
vices they provide. Reductions in acid deposition (SO
and NQ) and mercury may have reduced adverse ef-  Quantification of the effects of the CAA on agri-
fects on aquatic ecosystems, including finfish, shell-culture was limited to the major agronomic crop spe-
fish, and amphibian mortality and morbidity, reduced cies including barley, corn, soybeans, peanuts, cotton,
acidification of poorly buffered systems, and reducedwheat, and sorghum. These species account for 70
eutrophication of estuarine systems. Ecological pro-percent of all cropland in the U.S., and 73 percent of
tection, in turn, can enhance human welfare throughhe nation’s agricultural receipts. Ozone is the primary
improvements in commercial and recreational fishing, pollutant affecting agricultural production. Nationwide
wildlife viewing, maintenance of biodiversity, im- crop damages were estimated under the control and
provements in drinking water quality, and improve- no-control scenarios. Net changes in economic sur-
ments in visibility. plus (in 1990 dollars) annually and as a cumulative
present value (discounted at 5%) over the period 1976-
Wetlands ecosystems are broadly characterized at990 were estimated. Positive surpluses were exhib-
transitional areas between terrestrial and aquatic systed in almost all years and were the result of the in-
tems in which the water table is at or near the surfacerease in yields associated with decreased ozone con-
or the land is periodically covered by shallow water. centrations under the control scenario. The present
Valuable products and services of wetlands includevalue (in 1990) of the estimated agricultural benefits
flood control, water quality protection and improve- of the CAA ranges from $7.8 billion in the minimum
ment, fish and wildlife habitat, and landscape and bio-response case to approximately $37 billion in the
logical diversity. High levels of air pollutants have maximum response cas¢note that discounting 1976-
the potential to adversely impact wetlands. Reductions990 benefits to 1990 amounts to a compounding of
of these pollutants due to compliance with the CAA benefits). Exposure-response relationships and culti-
have reduced the adverse effects of acidification andrar mix reflect historical patterns and do not account
eutrophication of wetlands, which in turn has protectedfor possible substitution of more ozone-resistant cul-
habitat and drinking water quality. tivars in the no-control scenario. Thus, the upper end
of the range of benefit calculations may overestimate
Forest ecosystems, which cover 33 percent of thehe actual agricultural benefits of the CAA with re-
land in the United States, provide an extensive arrayspect to these crops. Because numerous crops are ex-
of products and services to humans. Products includeluded from the analysis, including high value crops
lumber, plywood, paper, fuelwood, mulch, wildlife that may be sensitive to ozone, the lower end of the
(game), water (quality), seeds, edible products (e.g.range is not likely to fully capture the agricultural
nuts, syrup), drugs, and pesticides. Forest servicebenefits of reductions in ozone.
include recreation, biological and landscape diversity,
amenity functions (e.g., urban forest), reduced runoffEffects of Air Toxics
and erosion, increased soil and nutrient conservation,

pollutant sequestration (e.g., ;@eavy metals) and In addition to control of criteria pollutants, the
pollutant detoxification (e.g., organochlorines). The Clean Air Act resulted in control of some air toxics
greatest adverse effect on forest systems are imposed defined as non-criteria pollutants which can cause
by ozone. No studies have attempted to quantify theydverse effects to human health and to ecological re-
economic benefits associated with all product and sersoyrces. Control of these pollutants resulted both from
vice functions from any U.S. forest. Some studies havgncidental control due to criteria pollutant programs
attempted to estimate the net economic damage fromng specific controls targeted at air toxics through the
forest exposure to air pollutants by calculating hypo-National Emission Standards for Hazardous Air Pol-
thetical or assumed reductions in growth rates of comyytants (NESHAPS) under Section 112 of the Act.
mercial species. While quantification of forest dam-
ages remains incomplete, available evidence suggests Ajr toxics are capable of producing a wide vari-
that recreational, service, and non-use benefits maty of effects. Table 11 presents the range of potential
be substantial. human health and ecological effects which can occur
due to air toxics exposure. For several years, the pri-
For a more comprehensive discussion of the posmary focus of risk assessments and control programs
sible ecological effects of the CAA, see Appendix E. designed to reduce air toxics has been cancer. Accord-

%1 Ranges reflect usage of alternate exposure-response functions.
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Table 11. Health and Welfare Effects of Hazardous Air Pollutants.

Effect Category Quantified Effects Unquantified Effects Other Possible Effects
Human Health Cancer Mortality Cancer Mortality
- nonutility stationary - utility source
source - area source
- mobile source Noncancer effects
- neurological

- respiratory

- reproductive

- hematopoietic
- developmental
- immunological
- organ toxicity

Human Welfare Decreased income and | Decreased income
recreation opportunities | resulting from decreased
due to fish advisories physical performance
Odors

Ecological Effects on wildlife Effects on global climate
Effects on plants
Ecosystem effects
Loss of biological
diversity

Other Welfare Visibility Loss of biological diversity|
Building Deterioration

ing to present EPA criteria, there are over 100 knownsistent bioaccumulating pollutants, such as mercury
or suspected carcinogens. EPAs 1990 Cancer Risknd dioxins, can be deposited into water or soil and
study indicated that as many as 1,000 to 3,000 cansubsequently taken up by living organisms. The pol-
cers annually may be attributable to the air toxics forlutants can biomagnify through the food chain and
which assessments were available (virtually all of thisexist in high concentrations when consumed by hu-
estimate came from assessments of about a dozen wethans in foods such as fish or beef. The resulting ex-
studied pollutants¥. posures can cause adverse effects in humans, and can
also disrupt ecosystems by affecting top food chain
In addition to cancer, these pollutants can cause apecies.
wide variety of health effects, ranging from respira-
tory problems to reproductive and developmental ef-  Finally, there are a host of other potential eco-
fects. There has been considerably less work done ttingical and welfare effects associated with air toxics,
assess the magnitude of non-cancer effects from aifor which very little exists in the way of quantitative
toxics, but one survey study has shown that some polanalysis. Toxic effects of these pollutants have the
lutants are present in the atmosphere at reference leypotential to disrupt both terrestrial and aquatic eco-
els that have caused adverse effects in anithals. systems and contribute to adverse welfare effects such
as fish consumption advisories in the Great Lakes.
Emissions of air toxics can also cause adverse
health effects via non-inhalation exposure routes. Per-

52U.S. EPA, Cancer Risk from Outdoor Exposure to Air Toxics. EPA-450/1-90-004f. Prepared by EPA/OAR/OAQPS.
%8 U.S. EPA, “Toxic Air Pollutants and Noncancer Risks: Screening Studies,” External Review Draft, September, 1990.

% U.S. EPA, Office of Air Quality Planning and Standards. “Deposition of Air Pollutants to the Great Waters, First Report to
Congress,” May 1994. EPA-453/R-93-055.
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Unfortunately, the effects of air toxics emissions
reductions could not be quantified for the present
study. Unlike criteria pollutants, there was relatively
little monitoring data available for air toxics, and that
which exists covered only a handful of pollutants.
Emissions inventories were very limited and incon-
sistent, and air quality modeling has only been done
for a few source categories. In addition, the scientific
literature on the effects of air toxics was generally
much weaker than that available for criteria pollut-
ants.

Limitations in the underlying data and analyses
of air toxics led the Project Team to exclude the avail-
able quantitative results from the primary analysis of
CAA costs and benefits. The estimates of cancer inci-
dence benefits of CAA air toxics control which were
developed, but ultimately rejected, are presented in
Appendix H. Also found in Appendix H is a list of
research needs identified by the Project Team which,
if met, would enable at least a partial assessment of
air toxics benefits in future section 812 studies.

Uncertainty In The Physical Effects
Estimates

As discussed above, and in greater detail in Ap-
pendix D, a number of important assumptions and
uncertainties in the physical effects analysis may in-
fluence the estimate of monetary benefits presented
in this study. Several of these key uncertainties, their
potential directional bias, and the potential signifi-
cance of this uncertainty for the overall results of the
analysis are summarized in Table 12.
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Table 12. Uncertainties Associated with Physical Effects Modeling.

Potential Source of Error Direction of Potential Bias | Significance Relative to Key Uncertainties i

in Physical Effects Estimate Overall Monetary Benefit Estimate
Estimation of PMs from modeled PM | Unknown Significant. Estimated PM prdfiles are used
and TSP data (to support mortality to calculate most of the premature mortality.
estimation) There is significant uncertainty about how th

fine particle share of overall PM levels varieq
temporally and spatially throughout the 20 ygar

period.
Extrapolation of health effects to Probable overestimate. Probably minor. In addition, this adjustment
populations distant from monitors (or avoids the underestimation which would resyit
monitored counties in the case of P M) by estimating effects for only those people

living near monitors. Potential overestimate
may result to the extent air quality in areas
distant from monitors is significantly better tTn
in monitored areas. This disparity should be|
quite minor for regional pollutants, such as
ozone and fine particulates.

Estimation of degree of life-shortening Unknown. Unknown, possibly significant when using a
associated with PM-related prematurg value of life-years approach. Varyingthe
mortality. estimate of degree of prematurity has no effdct

on the aggregate benefit estimate when a vajue
of statistical life approach is used since all
incidences of premature mortality are valued
equally. Under the altemative approach basq
on valuing individual life-years, the influence
of alternative values for numbers of average
life-years lost may be significant.

o

Assumption of zero lag between Overestimate. Probably minor. T he short-term mortality
exposure andincidence of P M-related studies indicate that a significant portion of tie
premature mortality. premature mortality associated witkp®sure td

elevated PM concentrations is very short-terfn
(i.e., a matter of a few days). In addition, the
available epidemiological studies do not
provide evidence of a significant lag betweel
exposure andincidence. The lag is therefor%
likely to be a few years at most and applicatipn
of reasonable discount rates over a few year
would not alter the monetiz ed benefit estimafe

significantly.
Choice of CR function (i.e., “across- | Unknown. Significant. The differences in implied physigal
study” uncertainties) outcomes estimated by different underlying

studies are large.

Uncertainty associated with CR Unknown. Probably minor.
functions derived from each individual
study (i.e., “within study” uncertainty)

Exclusion of potential UV-B attenuationOverestimate. Insignificant. In addition to the incomplete
benefits associated with higher scientific evidence that there is a UV-B
concentrations of tropospheric ozone exposure disbenefit associated specifically wjth
under the no-control case. tropospheric ozone reductions, the potential

contribution toward total ozone column
attenuation from the tropospheric layer is

probably very small.
Exclusion of potential substitution of | Overestimate. Insignificant, given small relative contributior]
ozone-resistant cultivars in agriculture] of quantified agricultural effectsto overall
analysis. quantified benefit estimate.
Exclusion of other agricultural effects | Underestimate. Unknown, possibly significant.
(crops, pollutants)
Exclusion of effects on terrestrial, Underestimate. Unknown, possibly significant.
wetland, and aquatic ecosystems, and
forests.
No quantification of materials damage| Underestimate Unknown, possibly significant.
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Economic Valuation

Estimating the reduced incidence of physical ef- For small changes in risk, WTP and WTA are virtu-
fects represents a valuable measure of health benefitdly identical, primarily because the budget constraints
for individual endpoints; however, to compare or ag- normally associated with expressions of WTP are not
gregate benefits across endpoints, the benefits mustignificant enough to drive a wedge between the esti-
be monetized. Assigning a monetary value to avoidedmates. For larger risk changes, however, the WTP and
incidences of each effect permits a summation, in term&VTA values may diverge, with WTP normally being
of dollars, of monetized benefits realized as a resulless than WTA because of the budget constraint ef-
of the CAA, and allows that summation to be com- fect. While the underlying economic valuation litera-
pared to the cost of the CAA. ture is based on studies which elicited expressions of

WTP and/or WTA, the remainder of this report refers

For the present analysis of health and welfare bento all valuation coefficients as WTP estimates. In some
efits, valuation estimates were obtained from the ecocases (e.g., stroke-related hospital admissions), nei-
nomic literature, and are reported in dollars per caseher WTA nor WTP estimates are available and WTP
reduced for health effects and dollars per unit ofis approximated by cost of illness (COIl) estimates, a
avoided damage for welfare effe€tsSimilar to esti-  clear underestimate of the true welfare change since
mates of physical effects provided by health studiesimportant value components (e.g., pain and suffering
each of the monetary values of benefits applied in thisassociated with the stroke) are not reflected in the out-
analysis is reported in terms of a mean value and &f-pocket costs for the hospital stay.
probability distribution around the mean estimate. The
statistical form of the probability distribution used for For most goods, WTP can be observed by exam-
the valuation measures varies by endpoint. For exining actual market transactions. For example, if a
ample, while the estimate of the dollar value of angallon of bottled drinking water sells for one dollar, it
avoided premature mortality is described by thecan be observed that at least some persons are willing
Weibull distribution, the estimate for the value of a to pay one dollar for such water. For goods that are
reduced case of acute bronchitis is assumed to be unitot exchanged in the market, such as most environ-
formly distributed between a minimum and maximum mental “goods,” valuation is not so straightforward.

value. Nevertheless, value may be inferred from observed
behavior, such as through estimation of the WTP for

Methods for Valuation of Health mortality risk reductions based on observed sales and

and Welfare Effects prices of safety devices such as smoke detectors. Al-

ternatively, surveys may be used in an attempt to elicit

In environmental benefit-cost analysis, the dollar directly WTP for an environmental improvement.
value of an environmental benefit (e.g., a health-re- . . . .
lated improvement in environmental quality) conferred . Wherever possible, this analysis uses estimates
on a person is the dollar amount such that the persofif the mean WTP of the U.S. population to avoid an
would be indifferent between having the environmen-€nvironmental effect as the value of avoiding that ef-
tal benefit and having the money. In some cases, thi€€ct- In some cases, such estimates are not available,
value is measured by studies which estimate the do/@nd the cost of mitigating or avoiding the effect is
lar amount required to compensate a person for newSed as a rough estimate of the value of avoiding the
or additional exposure to an adverse effect. Estimate§ffect. For example, if an effect results in hospitaliza-
derived in this manner are referred to as “willingness-!on. the avoided medical costs were considered as a
to-accept” (WTA) estimates. In other cases, the valudPossible estimate of the value of avoiding the effect.
of a welfare change is measured by estimating thé:ma_llly, where even t_he “a_v0|ded cost” estimate is not
amount of money a person is willing to pay to elimi- available, the analysis relies on other available meth-

nate or reduce a current hazard. This welfare chang@dS 0 provide a rough approximation of WTP. As
concept is referred to as “willingness-to-pay” (WTP). noted abqve, this analysis uses a range of values for
most environmental effects, or endpoints. Table 13

% The literature reviews and valuation estimate development process is described in detail in Appendix | and in the referenced
supporting reports.

43



The Benefits and Costs of the Clean Air Act, 1970 to 1990

Table 13. Health and Welfare Effects Unit Valuation

1990 dollars).

Emdipaoimit Paollluttzmt

Mortality PM & Pb
Chronic Bronchitis PM
IQ Changes

Lost IQ Points Pb

IQ <70 Pb
Hypertension Pb
Strokes* Pb
Coronary Heart Disease Pb
Hospital Admissions

Ischemic Heart Disease PM

Congestive Heart Failure PM

COPD PM & Q

Pneumonia PM & O3

All Respiratory PM & @
Respiratory lliness and Sym ptoms

Acute Bronchitis PM

Acute Asthma PM & ©

Acute Respiratory Symptoms  PM;, ®IO,, SO,
Upper Respiratory Symptoms PM
Lower Respiratory Symptoms PM
Shortness of Breath PM
Work Loss Days PM
Mild Restricted Activity Days PM & ©
Welfare Benefits
Visibility DeciView

Household Soiling PM

Decreased Worker Productivity ; O
Agriculture (Net Surplus) O3

Valuation (mean est.)
$4,800,000per case
$260,00(per case

$3,000er IQ point
$42,000p€er case
$68Qper case

$200,000per case-m ales|
$150,000 per case-
females

$52,0@@r case

$10,30@r case
$8,3Q@r case
$8,100 per case
$7,90per case
$6,100 per case

$45per case
$32 per case
$18 per case
$I®r case
$1%r case
$5.30er day
$83per day
$38 per day

$14 per unit changs
in DeciView
$2.5@er household
per PM,
change
$1 **
Estimated Change In
Economic Surplus

* Strokes are comprised of atherothrombotic brain infarctions and cerebrovascular

accidents; both are estimated to have the same monetary value.

** Decreased productivity valued as change in daily wages: $1 per worker per 10%

decrease in ©

provides a summary of the mean unit value estimates
used in the analysis. The full range of values can bé

found in Appendix I.

Mortality

of “excess premature mortality” per time pe-
riod (e.g., per year).

The benefit, however, is the avoidance
of small increases in the risk of mortality. If
individuals’ WTP to avoid small increases in
risk is summed over enough individuals, the
value of a statistical premature death avoided
can be inferre® For expository purposes,
this valuation is expressed as “dollars per
mortality avoided,” or “value of a statistical
life” (VSL), even though the actual valuation
is of small changes in mortality risk.

The mortality risk valuation estimate
used in this study is based on an analysis of
26 policy-relevant value-of-life studies (see
Table 14). Five of the 26 studies are contin-
gent 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 com-
pensation demanded in the labor market for
riskier jobs. The Project Team used the best
estimate from each of the 26 studies to con-
struct a distribution of mortality risk valua-
tion estimates for the section 812 study. A
Weibull distribution, with a mean of $4.8 mil-
lion and standard deviation of $3.24 million,
provided the best fit to the 26 estimates. There
is considerable uncertainty associated with
this approach, however, which is discussed
in detail later in this chapter and in Appen-
dix I.

In addition, the Project Team developed
alternative calculations based on a life-years
lost approach. To employ the value of statis-
tical life-year (VSLY) approach, the Project
Team had to first estimate the age distribu-
tion of those lives which would be saved by
reducing air pollution. Based on life expect-

ncy tables, the life-years saved from each statistical
life saved within each age and sex cohort were calcu-

lated. To value these statistical life-years, a concep-
tual model was hypothesized which depicted the rela-
tionship between the value of life and the value of
Some forms of air pollution increase the probabil- life-years. As noted earlier in Table 9, the average
ity that individuals will die prematurely. The concen- number of life-years saved across all age groups
tration-response functions for mortality used in this for which data were available are 14 for PM-
analysis express this increase in mortality risk as case®lated mortality and 38 for Pb-related mortality. The

SBecause people are valuing small decreases in the risk of premature mortality, it is expected deaths that are inferred. For

example, suppose that a given reduction in pollution confers on each exposed individual a decrease in mortal risk of 1/100,000. Then

among 100,000 such individuals, one fewer individual can be expected to die prematurely . If each individual’s WTP for that risk
reduction is $50, then the implied value of a statistical premature death avoided is $50 x 100,000 = $5 million.
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methods in this context is controversial within the
Table 14. Summary of Mortality Valuation Estimates economics profession. In general, economists prefer

(millions of $1990) to infer WTP from observed behavior. There are times
- when such inferences are impossible, however, and
Valluetiom .
Studly Type of millians some type of survey techniqgue may be the only means
1990%) of eliciting WTP. Economists’ beliefs regarding the
Kneisner and Leeth (1991) (US) | Labor Market 0.6 reliability of such survey-based data cover a broad
Smith and Gilbert (1984) Labor Market 0.7 spectrum, from unqualified acceptances of the results
Dillingham (1985) Labor Market 0.9 of properly-conducted surveys to outright rejections
Butler (1983) Labor Market 11 of all survey-based valuations.
Miller and Guria (1991) Cont. Value 1.2
Moore and Viscusi (1988a) Labor Market 2.5 . . . . .

—— In this analysis, unit valuations which rely exclu-
Viscusi, Magat, and Huber (1991b) | Cont. Value 2.7 ivel th ti t valuati thod h .
Gogax et ol (1985) e 33 sively on the contingent valuation method are chronic
Marin and Psacharopoulos (1982) | Labor Market 2.8 ernChltIS’ 're.splratory—relate.d 'a_ll'ments, 'ml!’]OI’ re-
Kneisner and Leeth (1991) Labor Market 33 stricted activity days, and visibility. As indicated
(Australia) above, the value derived for excess premature mortal-
(Glgg)‘g G [z, endlSenlze ) ot VEDE = ity stems from 26 studies, of which five use the con-
Cousneay. Lok and Grard T 75 tingent valuation metho.d._ These five studies are Wlt_hln
(1988) the range of the remaining 21 labor market studies.
Jones-Lee (1989) Cont. Value 3.8 All five report mortality valuations lower than the
Dillingham (1985) Labor Market 3.9 central estimate used in this analysis. Excluding the
Viscusi (1978, 1979) Labor Market 4.1 contingent valuation studies from the mortality valu-
R.S. Smith (1976) LE10aT G £a8 ation estimate would yield a central estimate approxi-
VK Smith (1976) Labor Market a7 mately ten percent higher than the 4.8 million dollar
Olson (1981) Labor Market 5.2 value reported above. The endpoints with unit valua-
e Labor Market 05 tions based exclusively on contingent valuation ac-
R.S. Smith (1974) Labor Market 7.2 : K y 9
Moore and Viscus (1988a) RO % count for approximately 30 percent of the present value
Kneisner and Leeth (1991) (Japan) | Labor Market 7.6 of tOt?I mone“Z?d benefits. M_OSt of the CV-baseo_I
Herzog and Schlottman (1987) Labor Market 9.1 benefits are attributable to avoided cases of chronic
Leigh and Folson (1984) Labor Market 9.7 bronchitis.

Leigh (1987) Labor Market 10.4
Gaten (1988) Labor Market 13.5 Chronic Bronchitis
SOURCE: Viscusi, 1992
I The best available estimate of WTP to avoid a

case of chronic bronchitis (CB) comes from Viscusi
average for PM, in particular, differs from the 35-year et al.(1991). The case of CB described to the respon-
expected remaining lifespan derived from existing dents in the Viscusi study, however, was described by
wage-risk studies. the authors as a severe case. The Project Team em-

ployed an estimate of WTP to avoid a pollution-re-

Using the same distribution of value of life esti- |ated case of CB that was based on adjusting the WTP

mates used above (i.e. the Weibull distribution with ato avoid a severe case, estimated by Viscusi et al.
mean estimate of $4.8 million), a distribution for the (1991), to account for the likelihood that an average
value of a life-year was then estimated and combinedtase of pollution-related CB is not as severe as the
with the total number of estimated life-years lost. Thecase described in the Viscusi study.
details of these calculations are presented in Appen-

dix I. The central tendency estimate of WTP to avoid a
pollution-related case of chronic bronchitis (CB) used
Survey-Based Values in this analysis is the mean of a distribution of WTP

estimates. This distribution incorporates the uncer-

Willingness-to pay for environmental improve- tainty from three sources: Q) the_ WTF_’ to avoid a case
ment is often elicited through survey methods (suchof severe CB, as described by Viscusi et al., 1991; (2)
as the “contingent valuation” method). Use of suchthe severity level of an average pollution-related case

5’See, for example, Moore and Viscusi (1988) or Viscusi (1992).

45




The Benefits and Costs of the Clean Air Act, 1970 to 1990

of CB (relative to that of the case described by Viscusiwork loss day (which results when the individual ex-
et al.(1991); and (3) the elasticity of WTP with re- periences more severe symptoms). No studies are re-
spect to severity of the illness. Based on assumptionported to have estimated WTP to avoid a day of mi-
about the distributions of each of these three uncernor restricted activity. Instead, this analysis uses an
tain components, a distribution of WTP to avoid a estimate derived from WTP estimates for avoiding
pollution-related case of CB was derived by Monte combinations of symptoms which may result in a day
Carlo methods. The mean of this distribution, which of minor restricted activity ($38 per day). The uncer-
was about $260,000, is taken as the central tendendginty range associated with this value extends from
estimate of WTP to avoid a pollution-related case ofthe highest value for a single symptom to the value
CB. The three underlying distributions, and the gen-for a work loss day. Furthermore, the distribution ac-
eration of the resulting distribution of WTP, are de- knowledges that the actual value is likely to be closer
scribed in Appendix I. to the central estimate than either extreme.

Respiratory-Related Ailments Visibility

In general, the valuations assigned to the respira- The value of avoided visibility impairment was
tory-related ailments listed in Table 14 represent aderived from existing contingent valuation studies of
combination of willingness to pay estimates for indi- the household WTP to improve visibility, as reported
vidual symptoms which comprise each ailment. Forin the economics literature. These studies were used
example, a willingness to pay estimate to avoid theto define a single, consistent basis for the valuation of
combination of specific upper respiratory symptomsyvisibility benefits nationwide. The central tendency
defined in the concentration-response relationshipof the benefits estimate is based on an annual WTP of
measured by Pope et al. (1991) is not available. How$14 per household per unit improvement in the
ever, while that study defined upper respiratory symp-DeciView index, with upper and lower bounds of $21
toms as one suite of ailments (runny or stuffy nose;and $8, respectively, on the uncertainty range of the
wet cough; and burning, aching, or red eyes), the valuestimate.
ation literature reported individual WTP estimates for
three closely matching symptoms (head/sinus congesAvoided Cost Estimates
tion, cough, and eye irritation). The available WTP
estimates were therefore used as a surrogate to the For some health effects, WTP estimates are not
values for the precise symptoms defined in the conqyaijlable, and the Project Team instead used “costs
centration-response study. avoided” as a substitute for WTP. Avoided costs were

used to value the following endpoints: hypertension,

To capture the uncertainty associated with thehospital admissions, and household soiling.
valuation of respiratory-related ailments, this analy-
sis incorporated a range of values reflecting the faCtHypertension and Hospital Admissions
that an ailment, as defined in the concentration-re-
sponse relationship, could be comprised of just one
symptom or several. At the high end of the range, tth
valuation represents an aggregate of WTP estimate
for several individual symptoms. The low end repre-
sents the value of avoiding a single mild symptom.

Avoided medical costs and the avoided cost of lost
ork time were used to value hypertension (high blood
Bressure) and hospital admissions (this includes hos-
pital admissions for respiratory ailments as well as
heart disease, heart attacks, and strokes) .

Minor Restricted Activity Days For those hospital admissions which were speci-
fied to be the initial hospital admission (in particular,
hospital admissions for coronary heart disease (CHD)
events and stroke), avoided cost estimates should con-
sist of the present discounted value of the stream of
medical expenditures related to the iliness, as well as
the present discounted value of the stream of lost earn-
ings related to the illness. While an estimate of present
discounted value of both medical expenditures and
lost earnings was available for stroke ($200,000 for

An individual suffering from a single severe or a
combination of pollution-related symptoms may ex-
perience a Minor Restricted Activity Day (MRAD).
Krupnick and Kopp (1988) argue that mild symptoms
will not be sufficient to result in a MRAD, so that
WTP to avoid a MRAD should exceed WTP to avoid
any single mild symptom. On the other hand, WTP to
avoid a MRAD should not exceed the WTP to avoid a
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males and $150,000 for females), the best availabl¢&Household Soiling
estimate for CHD ($52,000) did not include lost earn-

ings. Although no published estimates of the value of  Tjs analysis values benefits for this welfare ef-
lost earnings due to CHD events are available, ongect by considering the avoided costs of cleaning
unpublished study suggests that this value could bgoyses due to particulate matter soiling. The Project
substantial, possibly exceeding the value of medicalregm’s estimate reflects the average household’s an-
expenditures. The estimate of $52,000 for CHD maynal cost of cleaning per pgirparticulate matter
therefore be a substantial underestimate. The deriva($2_50). Considered in this valuation are issues such
tions _of the avo.ided cost gstimates for CHD and strokeys the nature of the particulate matter, and the propor-
are discussed in Appendix G. tion of households likely to do the cleaning themselves.
Since the avoided costs of cleaning used herein do
In those cases for which it is unspecified whethernot reflect the loss of leisure time (and perhaps work
the hospital admission is the initial one or not (that iS'time) incurred by those who do their own cleaning,

for all hospital admissions endpoints other than CHDthe valuation function likely underestimates true WTP
and stroke), it is unclear what portion of medical ex-g avoid additional soiling.

penditures and lost earnings after hospital discharge

can reasonably be attributed to pollution exposure and . .

what portion might have resulted from an individual’'s Other Valuation Estimates
pre-existing condition even in the absence of a par-

ticular pollution-related hospital admission. In such Changes in Children’s 1Q
cases, the estimates of avoided cost include only those

costs associated with the hospital stay, including the  §ne of the major effects of lead exposure is per-

hospital charge, the associated physician charge, anganently impaired cognitive development in children.
the lost earnings while in the hospital ($6,100 t0 Ng ready estimates of society’s WTP for improved
$10,300, depending on the ailment for which hospi-¢qgnitive ability are currently available. Two effects
talization is required). of IQ decrements can be monetized, however: reduc-
) _ .. tions in expected lifetime income, and increases in
The estimate of avoided cost for hypertension in-gqcietal expenditures for compensatory education.
cluded physician charges, medication costs, and hostnege two effects almost certainly understate the WTP
pitalization costs, as V\{ell as the cost of lost work time,;4 gv0id impaired cognitive development in children,
valued at the rate estimated for a work loss day (s€gnq probably should be considered lower bound esti-
discussion below). Based on this approach, the valugates. In the absence of better estimates, however,
per year of avoiding a case of hypertension is taken {qne project Team has assumed that the two monetized
equal the sum of medical costs per year plus workaffacts represent a useful approximation of WTP.
loss costs per year; the resulting value is $680 per case
per year. The effect of IQ on expected lifetime income com-
prises a direct and an indirect effect. The direct effect

Presumably, willingness-to-pay to avoid the ef- s qrawn from studies that estimate, all else being
fects (and treatment) of hypertension would reflectequaL the effect of IQ on income. The indirect effect

the value of avoiding any associated pain and sufferyccyrs as a result of the influence of 1Q on educa-
ing, and the value placed on dietary changes, etc. Likegong attainment: higher 1Q leads to more years of
wise, the value of avoiding a health effect that wouldeqcation, and more education leads in turn to higher
require hospitalization or doctor’s care would include gynected future income. However, this indirect ben-
the value of avoiding the pain and suffering causedit is mitigated, but not eliminated, by the added costs
by the health effect as well as lost leisure time, in ad-f the additional education and by the potential earn-
dition to medical costs and lost work time. Conse-j,4s forgone by the student while enrolled in scfidol.

quently, the valuations for these endpoints used in thigsgmbining the direct and indirect influences, the net

analysis likely represent lower-bound estimates of theafract of higher IQ on expected lifetime income (dis-
true social values for avoiding such health effects.

%8 Theoretically, the indirect effect should be small relative to the direct effect of IQ on future earnings. The empirical research
used to derive values for this analysis, however, implies that the indirect effect is roughly equal in magnitude to the direct effect. One
can infer from this information that there is a market distortion of some sort present (such as imperfect knowledge of the returns to
education), or, perhaps, that individuals make their education “investments” for purposes other than (or in addition to) “maximizing
lifetime income.” See Appendix G for further discussion of this issue.
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counted to the present at five percent) is estimated td/g/yation Uncertainties
be $3,000 per additional 1Q point.

The Project Team attempted to handle most valu-
ation uncertainties explicitly and quantitatively by
gxpressing values as distributions (see Appendix | for
a complete description of distributions employed),

In this analysis, it is assumed that part-time com-
pensatory education is required for all children with
IQ less than 70. The Project Team assumed that th
WTP to avoid cases of children with IQ less than 70

can be approximated by the cost ($42,000 per child sing a Monte—CarIo .simulation technique to appl_y
of part-time special education in regular classrooms he valuations to physical effects (see Chapter 7) with

from grades one through twelve (as opposed to inde%he mean of e?ch val_uatlon _dlstrlbutlon equal to the
best estimate” valuation. This approach does not, of

endent special education programs), discounted to -
P P prog ) course, guarantee that all uncertainties have been ad-

the present at five percent. See Appendix G for more . : .
detail on valuation methods and data sources for | quately charac_terlzed., nor that the valuation est|mat(_as
effects and other lead-related health impacts. re u_nblase(_j. Itis possm_JIe that Fhe aCt!*a' WTPto avoid
an air pollution-related impact is outside of the range
of estimates used in this analysis. Nevertheless, the
Project Team believes that the distributions employed
are reasonable approximations of the ranges of uncer-
tainty, and that there is no compelling reason to be-
For this analysis, it was assumed that the medianieve that the mean values employed are systemati-
daily 1990 wage income of 83 dollars was a reasoncy|ly biased (except for the 1Q-related and avoided

able approximation of WTP to avoid a day of lost ¢ost-hased values, both of which probably underesti-
work. Although a work loss day may or may not af- mate WTP).

fect the income of the worker, depending on the terms

of employment, it does affect economic outputandis  One particularly important area of uncertainty is
thus a cost to society. Conversely, avoiding the workya|yation of mortality risk reduction. As noted in Chap-
loss day is a benefit. ter 7, changes in mortality risk are a very important
o o component of aggregate benefits, and mortality risk
A decline in worker productivity has been mea- \g|yation is an extremely large component of the quan-
sured in outdoor workers exposed to ozone. Reducefieq uncertainty. Consequently, any uncertainty con-
productivity is measured in terms of the reduction in cerping mortality risk valuation beyond that addressed
daily income of the average worker engaged in strenupy the quantitative uncertainty assessment (i.e., that
ous outdoor labor, estimated at $1 per 10 percent infelated to the Weibull distribution with a mean value

Work Loss Days and Worker
Productivity

crease in ozone concentration. of $4.8 million) deserves note. One issue merits spe-
] ] cial attention: uncertainties and possible biases related
Agricultural Benefits to the “benefits transfer” from the 26 valuation source

studies to valuation of reductions in PM-related mor-
Similar to the other welfare effects, the agricul- tality rates.
tural benefits analysis estimated benefits in dollars per
unit of avoided damage, based on estimated changess(]orta/ity Risk Benefits Transfer
in crop yields predicted by an agricultural sector
model. This model incorporated agricultural price, Although each of the mortality risk valuation
farm policy, and other data for each year. Based orgoyrce studies (see Table 14) estimated the average
expected yields, the model estimated the productionyTp for a given reduction in mortality risk, the de-
levels for each crop, and the econc_)mic be_nefits 10 CONyree of reduction in risk being valued varied across
sumers, and to producers, associated with these prayydies and is not necessarily the same as the degree
duction levels. To the extent that alternative exposurenf mortality risk reduction estimated in this analysis.
response relationships were available, a range of porne transferability of estimates of the value of a sta-
tential benefits was calculated (see Appendix F). tistical life from the 26 studies to the section 812 ben-
efit analysis rests on the assumption that, within a rea-
sonable range, WTP for reductions in mortality risk
is linear in risk reduction. For example, suppose a study
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estimates that the average WTP for a reduction irbe about 90 percent of what it is at age 40. On the
mortality risk of 1/100,000 is 50 dollars, but that the other hand, there is reason to believe that those over
actual mortality risk reduction resulting from a given 65 are, in general, more risk averse than the general
pollutant reduction is 1/10,000. If WTP for reductions population, while workers in wage-risk studies are
in mortality risk is linear in risk reduction, then a WTP likely to be less risk averse than the general popula-
of 50 dollars for a reduction of 1/100,000 implies a tion. Although the list of 26 studies used here excludes
WTP of 500 dollars for a risk reduction of 1/10,000 studies that consider only much-higher-than-average
(which is ten times the risk reduction valued in the occupational risks, there is nevertheless likely to be
study). Under the assumption of linearity, the estimatesome selection bias in the remaining studies—that is,
of the value of a statistical life does not depend on thehese studies are likely to be based on samples of
particular amount of risk reduction being valued.  workers who are, on average, more risk-loving than
the general population. In contrast, older people as a
Although the particular amount of mortality risk group exhibit more risk-averse behavior.
reduction being valued in a study may not affect the
transferability of the WTP estimate from the study to There is substantial evidence that the income elas-
the benefit analysis, the characteristics of the studyticity of WTP for health risk reductions is positive
subjects and the nature of the mortality risk being val-(although there is uncertainty about the exact value of
ued in the study could be important. Certain characthis elasticity). Individuals with higher incomes (or
teristics of both the population affected and the mor-greater wealth) should, then, be willing to pay more
tality risk facing that population are believed to affect to reduce risk, all else equal, than individuals with
the average WTP to reduce risk. The appropriatenes®wer incomes or wealth. The comparison between
of the mean of the WTP estimates from the 26 studieshe (actual and potential) income or wealth of the
for valuing the mortality-related benefits of reductions workers in the wage-risk studies versus that of the
in pollutant concentrations therefore depends not onlypopulation of individuals most likely to be affected
on the quality of the studies (i.e., how well they mea-by changes in pollution concentrations, however, is
sure what they are trying to measure), but also on (Lunclear. One could argue that because the elderly are
the extent to which the subjects in the studies are simirelatively wealthy, the affected population is also
lar to the population affected by changes in air pollu-wealthier, on average, than are the wage-risk study
tion and (2) the extent to which the risks being valuedsubjects, who tend to be middle-aged (on average)
are similar. blue-collar workers. On the other hand, the workers
in the wage-risk studies will have potentially more
The substantial majority of the 26 studies relied years remaining in which to acquire streams of in-
upon are wage-risk (or labor market) studies. Com-come from future earnings. In addition, it is possible
pared with the subjects in these wage-risk studies, théhat among the elderly it is largely the poor elderly
population most affected by air pollution-related mor- who are most vulnerable to air pollution-related mor-
tality risk changes is likely to be, on average, oldertality risk (e.g., because of generally poorer health
and probably more risk averse. Some evidence sugeare). On net, the potential income comparison is un-
gests that approximately 85 percent of those identiclear.
fied in short-term (“episodic”) studies who die pre-

maturely from PM-related causes are ovef°6bhe Although there may be several ways in which job-
average age of subjects in wage-risk studies, in conrelated mortality risks differ from air pollution-related
trast, would be well under 65. mortality risks, the most important difference may be

that job-related risks are incurred voluntarily whereas

The direction of bias resulting from the age dif- air pollution-related risks are incurred involuntarily.
ference is unclear. It could be argued that, because arhere is some eviderféghat people will pay more to
older person has fewer expected years left to lose, hieeduce involuntarily incurred risks than risks incurred
or her WTP to reduce mortality risk would be less voluntarily. If this is the case, WTP estimates based
than that of a younger person. This hypothesis is supen wage-risk studies may be downward biased esti-
ported by one empirical study, Jones-Lee et al. (1985)mates of WTP to reduce involuntarily incurred air
which found WTP to avoid mortality risk at age 65 to pollution-related mortality risks.

% See Schwartz and Dockery (1992), Ostro et al. (1995), and Chestnut (1995).

50See, for example, Violette and Chestnut, 1983.
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Finally, another important difference related to the
nature of the risk may be that some workplace mortal-
ity risks tend to involve sudden, catastrophic events,
whereas air pollution-related 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 involving prolonged suffering and
loss of dignity and personal control is greater than the
WTP to avoid a risk (of identical magnitude) of sud-
den death. To the extent that the mortality risks ad-
dressed in this assessment are associated with longer
periods of illness or greater pain and suffering than
are the risks addressed in the valuation literature, the
WTP measurements employed in the present analysis
would reflect a downward bias.

The potential sources of bias introduced by rely-
ing on wage-risk studies to derive an estimate of the
WTP to reduce air pollution-related mortality risk are
summarized in Table 15. Among these potential bi-
ases, it is disparities in age and income between the
subjects of the wage-risk studies and those affected
by air pollution which have thus far motivated spe-
cific suggestions for quantitative adjustnténhow-
ever, the appropriateness and the proper magnitude of
such potential adjustments remain unclear given pres-
ently available information. These uncertainties are
particularly acute given the possibility that age and
income biases might offset each other in the case of
pollution-related mortality risk aversion. Furthermore,
the other potential biases discussed above, and sum-
marized in Table 16, add additional uncertainty re-
garding the transferability of WTP estimates from
wage-risk studies to environmental policy and pro-
gram assessments.

Table 15. Estimating Mortality Risk Based on Wage-
Risk Studies: Potential Sources and Likely Direction of
Bias.

Factor Likely Direction of Bias in WTP
Estiim atte

Age Uncertain, perhaps upward
Degree of Risk Aversion Downward
Income Uncertain
Voluntary vs. Downward
Involuntary
Catastrophic vs. Uncertain, perhaps downward
Protracted Death

61 Chestnut, 1995; IEc, 1992.
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Results and Uncertainty

This chapter presents a summary of the monetizedQuantified Uncertainty in the
benefits of the CAA from 1970 to 1990, compares ﬁenefits Ana/ysis

these with the corresponding costs, explores some o
the major sources of uncertainty in the benefits esti-
mates, and presents alternative results reflecting di-  Alternative studies published in the scientific lit-
verging viewpoints on two key variables: PM-related erature which examine the health or welfare conse-
mortality valuation and the discount rate. quences of exposure to a given pollutant often obtain
different estimates of the concentration-response (CR)
Monetized economic benefits for the 1970 to 1990relationship between the pollutant and the effect. In
period were derived by applying the unit valuations some instances the differences among CR functions
discussed in Chapter 6 to the stream of physical efestimated by, or derived from, the various studies are
fects estimated by the method documented in Chaptesubstantial. In addition to sampling error, these dif-
5. The range of estimates for monetized benefits iderences may reflect actual variability of the concen-
based on the quantified uncertainty associated wittiration-response relationship across locations. Instead
the health and welfare effects estimates and the qua®f a single CR coefficient characterizing the relation-
tified uncertainty associated with the unit valuations Ship between an endpoint and a pollutant in the CR
applied to them. Quantitative estimates of uncertainfunction, there could be a distribution of CR coeffi-
ties in earlier steps of the analysis (i.e., estimation ofcients which reflect geographic differenéeé®ecause
compliance cost®, emissions changes, and air qual- it is not feasible to estimate the CR coefficient for a
ity changes) could not be adequately developed andiven endpoint-pollutant combination in each county
are therefore not applied in the present study. As dn the nation, however, the national benefits analysis
result, the range of estimates for monetized benefit@pplies the mean of the distribution of CR coefficients
presented in this chapter is narrower than would bgo each county. This mean is estimated based on the
expected with a complete accounting of the uncertainestimates of CR coefficients reported in the available
ties in all analytical components. However, the uncer-Studies and the information about the uncertainty of
tainties in the estimates of physical effects and unitthese estimates, also reported in the studies.
values are considered to be large relative to these ear-
lier components. The characterization of the uncer-  Based on the assumption that for each endpoint-
tainty surrounding unit valuations is discussed in de-pollutant combination there is a distribution of CR
tail in Appendix I. The characterization of the uncer- coefficients, the Project team used a Monte Carlo ap-
tainty surrounding health and welfare effects estimatesproach to estimate the mean of each distribution and
as well as the characterization of overall uncertaintyto characterize the uncertainty surrounding each esti-
surrounding monetized benefits, is discussed below.mate. For most health and welfare effects, only a single
study is considered. In this case, the best estimate of
the mean of the distribution of CR coefficients is the
reported estimate in the study. The uncertainty sur-
rounding the estimate of the mean CR coefficient is

2 Although compliance cost estimation is primarily of concern to the cost side of this analysis, uncertainty in the estimates for
compliance costs does influence the uncertainty in the benefit estimates because compliance cost changes were used to estimate
changes in macroeconomic conditions which, in turn, influenced the estimated changes in emissions, air quality, and physical effects.

8 Geographic variability may result from differences in lifestyle (e.g., time spent indoors vs outdoors), deposition rates, or other
localized factors which influence exposure of the population to a given atmospheric concentration of the pollutant.
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best characterized by the standard error of the reportecidences for that endpoint, and a unit value was ran-
estimate. This yields a normal distribution, centereddomly selected from the corresponding distribution
at the reported estimate of the mean. If two or moreof unit values, on each iteration of the Monte Carlo
studies are considered for a given endpoint-pollutanprocedure. The estimated monetized benefit for that
combination, a normal distribution is derived for each endpoint produced on that iteration is the product of
study, centered at the mean estimate reported in théhese two factors. Repeating the process many times
study. On each iteration of a Monte Carlo procedure generated a distribution of estimated monetized ben-
a CR coefficient is randomly selected from each ofefits by endpoint. Combining the results for the indi-
the normal distributions, and the selected values areidual endpoints using the Monte Carlo procedure
averaged. This yields an estimate of the mean CR coyielded a distribution of total estimated monetized
efficient for that endpoint-pollutant combination. It- benefits for each target year (1975, 1980, 1985 and
erating this procedure many times results in a distri-1990). This technique enabled a representation of
bution of estimates of the mean CR coefficient. uncertainty in current scientific and economic opin-
ion in these benefits estimates.

Each estimate randomly selected from this distri-
bution was evaluated for each cognty in the.nat'on’Aggregate Monetized Benefits
and the results were aggregated into an estimate of
the national incidence of the health or welfare effect.
Through repeated sampling from the distribution of ~ For each of the target years of the analysis, the
mean CR coefficients, a distribution of the estimatedmonetized benefits associated with the different health
change in effect outcomes due to the change in aifnd welfare effects for that year must be aggregated.

quality between the control and no-control scenariosThese aggregate benefits by target year must then be
was generated. aggregated across the entire 1970 to 1990 period of

the study to yield a present discounted value of aggre-
Once a distribution of estimated outcomes wasgate benefits for the period. The issues involved in

generated for each health and welfare effect, Monteeach stage of aggregation, as well as the results of
Carlo methods were used again to characterize th@ggregation, are presented in this section. (The de-
overall uncertainty surrounding monetized benefits.tailed results for the target years are presented in Ap-
For each health and welfare effect in a set of nonfendix 1.)
overlapping effects, an estimated incidence was ran-
domly selected from the distribution of estimated in-

Table 16. Present Value of 1970 to 1990 Monetized Benefits by Endpoint Category for 48 State
Population (billions of $1990, discounted to 1990 at 5 percent)

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 Bronchitis PM $409 $3,313 $10,40]|
IQ (Lost IQ Pts. + Children w/1Q<70) Pb $271 $399 $551
Hypertension Pb $77 $98 $120
Hospital Admissions PM, O3, Pb, & CO $27 $57 $120
Respiratory-Related Symptoms, Restrictéd, O3, NO2, & SO2 $123 $182 $261
Activity, & Decreased Productivity

Soiling Damage PM $6 $74 $192
Visibility particulates $38 $54 $71
Agriculture (Net Surplus) 03 $11 $23 $35
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Table 16 presents monetized benefits for each  Table 16 offers a comparison of benefits by health
guantified and monetized health and welfare endpoinbr welfare endpoint. The effect categories listed in
(or group of endpoints), aggregated from 1970 to 1990the table are mutually exclusive, allowing the mon-
The mean estimate resulting from the Monte Carloetized benefits associated with them to be added. It
simulation is presented, along with the measured credshould be noted, however, that the listed categories
ible range (upper and lower fifth percentiles of the combine estimates that are not mutually exclusive. To
distribution). Aggregating the stream of monetized avoid double counting, care was taken to treat the ben-
benefits across years involved compounding the strearefits associated with overlapping effects as alterna-
of monetized benefits estimated for each year to theive estimates. For example, the “Hospital Admis-
1990 present value (using a five percent discount rate)sions” category includes admissions for specific ail-

ments (Pneumonia and COPD) as well as the broader

Since the present value estimates combine streamdassification of “all respiratory” ailments. Clearly,
of benefits from 1970 to 1990, the calculation requiredbenefits accruing from the first two represent a subset
monetized estimates for each year. However, Montef the last and adding all three together would result
Carlo modeling was carried out only for the four tar- in an overestimate of total monetized benefits. To avoid
get years (1975, 1980, 1985 and 1990). In the interthis, the sum of benefits from Pneumonia and COPD
vening years, only a central estimate of benefits wasvas treated as an alternative to the benefits estimated
estimated for each health and welfare endpoint (byfor all respiratory ailments (the sum of the first two
multiplying the central incidence estimate for the givenwas averaged with the third). This issue of double-
year by the central estimate of the unit valuation). Thecounting also arose for two other cases of overlap-
resulting annual benefit estimates provided a tempoping health effects, both of which have been combined
ral trend of monetized benefits across the period reinto the “Respiratory-Related Symptoms, Restricted
sulting from the annual changes in air quality. TheyActivity, & Decreased Productivity” category in Table

Table 17. Total Monetized Benefits for 48 State Population (Present Value in billions of 1990%,
discounted to 1990 at 5 percent).

Present Value

5th %ile Mean 95th %ile

TOTAL (Billions of 1990-value dollars) $5,600 $22,200 $49,400

did not, however, characterize the uncertainty associ46. First, acute bronchitis was treated as an alterna-
ated with the yearly estimates for intervening years.tive (i.e., averaged with) the combination of upper and
In an attempt to capture uncertainty associated witHower respiratory symptoms, since their definitions of
these estimates, the Project Team relied on the ratiosymptoms overlap. Second, various estimates of re-
of the 5th percentile to the mean and the 95th percenstricted activity, with different degrees of severity,
tile to the mean in the target years. In general, thesevere combined into a single benefit category.

ratios were fairly constant across the target years, for

a given endpoint. The ratios were interpolated between  Table 17 reports the estimated total national mon-
the target years, yielding ratios for the interveningetized benefits attributed in this analysis to the CAA
years. Multiplying the ratios for each intervening year from 1970 to 1990. The benefits, valued in 1990 dol-
by the central estimate generated for that year profars, range from $5.6 to $49.4 trillion with a central
vided estimates of the 5th and 95th percentiles, whictestimate of $22.2 trillion. The Monte Carlo technique
were used to characterize uncertainty about the cenwas used to aggregate monetized benefits across end-
tral estimate. Thus, the present value of the stream gboints. For each of several thousand iterations, a ran-
benefits, including the credible range estimates, coulddom draw of the monetized benefits for each endpoint
be computed. was selected from the distributions summarized in
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Table 16 and the individual endpoint estimates w
then summed. This resulted in the distribution of ta
national monetized benefits reported ab&ve.

Figure 19. Distribution of 1990 Monetized Benefits of
CAA (in billions of 1990 dollars).

The temporal pattern of benefits during the 19
to 1990 period is related to the difference in em
sions between the control and no-control scenarios
is magnified by population growth during that perio
As illustrated by Figure 18, quantified annual bg
efits increased steadily during the study period, w
the greatest increases occurring during the late 19
The mean estimate of quantified annual benefits g
from 355 billion dollars in 1975 (expressed as inf
tion-adjusted 1990 dollars) to 930 billion dollars
1980, 1,155 bhillion dollars in 1985, and 1,248 billiq
dollars in 1990.
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Figure 19 depicts the distribution of monetize
benefits for 1990 (similar distributions were gener- ~ On initial inspection, the estimated $1.25 trillion
ated for other years in the analysis period). The solidvalue for monetized benefits in 1990 may seem im-
vertical bars in the figure represent the relative fre-plausibly large, even though 1990 is the year in which
quency of a given result in the 1990 Monte Carlo the differences between outcomes under the control
analysis. The largest bar, located above the “<$1,000”and no-control scenarios are at their most extreme.
indicates that more Monte Carlo iterations generatedlhe plausibility of this estimate may seem particu-
monetized benefits of $900 billion to $1 trillion than larly questionable to some if one considers that the
in any other $100 billion range bin, making this the $1.25 trillion value for 1990 is over five percent of
modal bin. The expected value of the estimate for tothe estimated $22.8 trillion value for total 1990 assets
tal monetized benefit for 1990 (i.e., the mean of theof households and nonprofit organizations. Consid-
distribution) is $1.25 trillion. The ninety percent con- ered from this perspective, $1.25 trillion may seem to
fidence interval, a summary description of the spreadepresent a large share of total wealth, and some might
of a distribution, is also noted in the figure. question whether Americans would really be willing
to pay this much money for the reductions in risk
achieved by the Clean Air Act and related programs,
even if the risk in question involves premature death.
However, in the end it is clear that such comparisons
are overly simplistic and uninformative because they
ignore the magnitude and nature of the welfare change

Figure 18. Monte Carlo Simulation Model Results fo
Target Years (in billions of 1990 dollars).
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B ¢ s being measured.

S $2,5001 e e

ﬁ% $2,0001 — o %5t First, with respect to the magnitude of the differ-

2 ence in estimated social welfare under the two sce-

% $1,500¢ . narios, it is important to recognize how severe air qual-

= $1,000} . — ity conditions and health risks would be under the

o ot hypothetical no-control scenario. Focusing on ambi-
$5001 H; Mean Qo Lt s Lt ent particulate matter, the pollutant responsible for the

$0 e vast majority of the estimated monetary benefits, a
1975 1980 1985 1990

comparison of the estimated annual mean concentra-
tions of total suspended particulates (TSP) projected
in the U.S. under the no-control scenario with esti-

5 Comparing Tables 16 and 17, it can be seen that the sum of benefits across endpoints at a given percentile level does not result
in the total monetized benefits estimate at the same percentile level in Table 17. For example, if the fifth percentile benefits of the
endpoints shown in Table 16 were added, the resulting total would be substantially less than $5.6 trillion, the fifth percentile value of
the distribution of aggregate monetized benefits reported in Table 17. This is because the various health and welfare effects are treated
as stochastically independent, so that the probability that the aggregate monetized benefit is less than or equal to the sum of the
separate five percentile values is substantially less than five percent.
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mated annual mean TSP concentrations in other partgided by measuring the amount of compensation
of the world® indicates that in 1990— Americans would have demanded from polluting com-
panies and others to accept, willingly, all of that extra

60 metropolitan areas in the U.S. would have pollution and its associated risks of premature death.

had higher TSP concentrations than Moscow,Under this concept of welfare change measurement,

Russia _ there is no inherent limit on the amount of money citi-
* 7 metropolitan areas would be worse thanzens would demand from companies to accept their
Bangkok, Thailand pollution and so individual personal wealth does not

* 6 metropolitan areas would be worse than constrain this value.
Bombay, India
* 2 metropolitan areas would be worse than Ma- ~ The monetized benefit estimate presented in this
nila, Philippines study, therefore, does not necessarily represent an at-
* One metropolitan area would be worse thantempt to mirror what Americans would pay out of their
Delhi, India (one of the most polluted cities own pockets to reduce air pollution from levels they
in the world) never experienced; rather, it provides an estimate of
the value Americans place on the protection they re-
Under the control scenario, TSP levels in only 3 cejved against the dire air pollution conditions which
metropolitan areas were projected to exceed those ifhight have prevailed in the absence of the 1970 and
Moscow, and none exceeded levels found in the othe1977 Clean Air Acts and related programs. Viewed
foreign cities listed above. The principal reason airfrom this perspective, the estimated monetized ben-
quality conditions are so poor under the no-controlefits presented herein appear entirely plausible.
scenario is that air pollution control requirements re-
main fixed at their 1970 levels of scope and stringencyComparison of Monetized
vyh|le total economic activity, including pollutmg ac- panefits and Costs
tivity, grows by 70 percent and population grows by
22.3 percent between 1970 and 1990. Under the se- Table 18 presents summary quantitative results for

vere _air quality conditions projected throughou_t_ the he retrospective assessment. Annual results are pre-
U.S. in 1990 under the no-control case, an add't'onaLented for four individual years, with all dollar fig-

205,000 people would b(_a projected to die prematurelyures expressed as inflation-adjusted 1990 dollars. The
due to the effects of particulate matter, lead, and othe

o ) ) final column sums the stream of costs and benefits
criteria pollutants. This represents a very large increase - . 1970 to 1990. discounted (i.e., compounded) to
in the risk of premature mortality. Since the estimat ’ A,

. €1990 at five percent. “Monetized benefits” indicate
that the average loss of life for those who actL_JaIbeo,[h the mean of the Monte Carlo analysis and the
succumb to PM exposure related health effects is aPzradible range. “Net Benefits” are mean monetized

prOX|mate_Iy 14 years, anq I|.fe—shorten|ng du<_a to Ieadbenefits less annualized costs for each year. The table
eXposure IS even greater, It IS o longer surprising the_‘élso notes the benefit/cost ratios implied by the ben-
:_he egtlma‘[r]e_dhvalue of avoiding these severe Cor]O“'efit ranges. The distribution of benefits changes little
10NS 1S SO high. (except in scale) from year to year. The mean esti-
mate is somewhat greater than twice the fifth percen-

Second, with respect to the nature of the welfare

change reflected in the monetized benefit estimate:[IIe estimate, and the ninety-fifth percentile estimate

the concern about the effects of limited budgets con=> so_meyvhat less than tW'CeT the mean estimate. The
straining Americans’ collective ability to pay to avoid distribution shape changeslllttle across years because
these severe no-control scenario conditions is mis-the sources of uncertainty (i.e., CR functions and eco-

placed. In reality, what society actually had to pay to nﬁmlc v(;a:cuatlons) atmd thelrscharact(e_rlé_alLF;ons_ a(;e urg
avoid these conditions is measured on the cost side df '219€d Irom year to year. Some vanabiiity IS induce

the analysis, which sums up the total expenditure oy changes in relative pollutant concentrations over

made by manufacturers and others to achieve thestérge’ IW(?IE? thet_n change the relative impact of indi-
air pollution reductions. The most reasonable estimate/'942 unctions.
of the value Americans place on avoiding those se-

) » ) Several measures of “cost” are available for use
vere no-control scenario conditions, however, is pro-

in this analysis (see Chapter 2). The Project Team

5 “Urban Air Pollution in Megacities of the World,” UNEP/WHO, 1992a, Published by the World Health Organization and
United Nations Environment Program, Blackwell Publishers, Oxford, England, 1992. “City Air Quality Trends,” UNEP/WHO, 1992b,
Published by the United Nations Environment Program, Nairobi, Kenya, 1992.
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Table 18. Quantified Uncertainty Ranges for Monetized
Annual Benefits and Benefit/Cost Ratios, 1970-1990 (in
billions of 1990-value dollars).

1975 1980 1985 1990 PV

Monetized Benefits

5th percentile 87 235 293 329 5,600

Mean estimate 355 930 1,155 1,248 || 22,200

95th percentile 799 2,063 2,569 2,762 || 49,400
Annualized Costs (5%) 14 21 25 26]] 523
Net Benefits

Mean benefits- Costs 341 909 1,130 1,220 || 21,700
Benefit/Cost ratio

5th percentile 6/1 11/1 12/1 131 1111

Mean estimate 251 44/1 46/1 48/1 42/1

95th percentile 57/1 98/1 103/1 106/1 94/1

Notes
from 1971 to 1990 at 5 percent.

employs “annualized cost” as the primary cost mea-

sure because it measures cost in a fashion most anal

gous to the benefits estimation method. An alternative

measure, “compliance expenditure,” is a reasonabl

cost measure. Some capital expenditures, howeve

generate a benefit stream beyond the period of th
analysis (i.e., beyond 1990). Those post-1990 benefit

are not, in general, included in the benefit estimates
presented above. The annualization procedure reduces
the bias introduced by the use of capital expenditure?

by spreading the cost of the capital investment over it$ . . .
y Sp g P éience and economic valuation. The Project Team con-

expected life, then counting as a “cost” only those cost
incurred in the 1970 to 1990 period.

The macroeconomic analysis employed for this
analysis (see Chapter 2) indicates that complianc

Major Sources of Uncertainty

The methods used to aggregate monetized ben-
efits and characterize the uncertainty surrounding es-
timates of these benefits have been discussed above,
and the resulting estimates of aggregate benefits have
been compared to the corresponding estimates of cost.
Additional insights into key assumptions and findings
can, however, be obtained by further analysis of po-
tentially important variables.

For some factors in the present analysis, both the
degree of uncertainty and the direction of any associ-
ated bias are unknown; for some other factors, no
employable quantitative estimates could be used even
though available evidence suggests a positive and

PV=1990 present value reflecting com pounding of costs and beneﬁtpotentia”y substantial value. An examp|e of the latter

deficiency is the lack of quantitative estimates for some
human health effects, some human welfare effects, and
all ecological effects. Despite the exclusion of poten-
jally important variables, it is worthwhile to evaluate
the relative contribution of included variables to quan-
ifiable uncertainty in the net benefit estimate. One of
Fhese variables, premature mortality valuation, is also
jiven special attention in the subsequent section on

gtlternative results.

The estimated uncertainty ranges for each end-
oint category summarized in Table 16 reflect the mea-
ured uncertainty associated with both avoided inci-

ducted a sensitivity analysis to determine the variables
with the greatest contribution to the quantified uncer-
tainty range. The results of this sensitivity analysis

are illustrated in Figure 20.

expenditures induce significant second-order
fects, and it can be argued that those effects sh
be included in a comprehensive cost analysis. B
efits resulting from compliance expenditur
should also induce second-order macroecono
effects (which would, one would expect, partly
completely offset the estimated second-order
verse effects induced by compliance expenditur]
Due to the sequencing of the analytical steps
this assessment, it was not practical to estin
the second-order cost and benefit impacts indu
by the estimated health and welfare benefits.
cause second-order impacts of benefits are

$40
$35 1
$30 1
$25
$20
$15 A

$10 1

Figure 20. Uncertainty Ranges Deriving From Individual
LUncertainty Factors
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estimated, the Project Team refrained from cha
ing as the primary cost measure one that inclu
second-order impacts, and instead employed |
nualized costs” as the primary cost measure.

All |
Components’|
Mortality
Valuation
PM, ; Mortality
Incidence

Chr. Bronchitis
Valuation

Pb Mortality
Incidence

Chr. Bronchitis
Incidence

Lost IQ
Incidence
Household
Soiling Valuation)
Lost I(%
Valuation
MRADs
Valuation
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In this sensitivity analysis, all the inputs to the portionate share of PM-related premature mortality
Monte Carlo uncertainty analysis are held constantoccurs among persons 65 years of age or older. Com-
(at their mean values), allowing only one variable -- bining standard life expectancy tables with the lim-
for example, the economic valuation of mortality -- jted available data on age-specific incidence allows
to vary across the range of that variable’s uncertainty cryde approximations of the number of life-years lost
The sensitivity analy3|s th(_an isolates how this single y those who die prematurely as a result of exposure
Cincertaity in estimated aggregate benefts. The firef?. PM Or altematvely, the changes in age-specifi
uncertainty bar represents the credible range assoc ife expectancy of those who are exposed to PM.
ated with the total monetized benefits of the Clean
Air Act, as reported above. This captures the multiple
uncertainties in the quantified benefits estimation. Th
rest of the uncertainty bars represent the quantifie

uncertainty ranges generated by single variables. Ag, measyre the value of specific numbers of life-years
shown in Figure 20, the most important contributors ¢, a s Although the Agency has on occasion per-
to aggregate quantified uncertainty are mortality valu-¢,meq sensitivity calculations which adjust mortal-

ation and incidence, followed by chronic bronchitis jiy \ayes for those over age 65, the Agency is skepti-
valuation and incidence. cal that the current state of knowledge and available
analytical tools support using a life-years lost approach
or any other approach which assigns different risk re-

The primary results of this analysis, including duction values to people of different ages or circum-

aggregate cost and benefit estimates and the unce§_'[ances. This skepticism is mirrored in the OMB guid-

tainty associated with them, are presented and dis2 > O implementing Executive Order 12866 per-

cussed above. However, although the range of nettaining to economic analysis methods, which states
benefit estimates presented reflects uncertainty in°" Page 81

The ability to estimate, however crudely, changes

in age-specific life expectancy raises the issue of
hether available measures of the economic value of
ortality risk reduction can, and should, be adapted

Alternative Results

many important elements of the analysis, there are
two key variables which require further discussion and
analysis: PM-related mortality valuation and the dis-
count rate. This additional treatment is necessary be-
cause reasonable people may disagree with the Project
Team’s methodological choices for these two vari-
ables, and these choices might be considered ex ante
to significantly influence the results of the study. The
purpose of this section, therefore, is to present alter-
native quantitative results which reflect, separately,
(1) an alternative approach to valuation of premature
mortality associated with particulate matter exposure,
and (2) alternative values for the discount rate used to
adjust the monetary values of effects occurring in vari-
ous years to a particular reference year (i.e., 1990).

PM Mortality Valuation Based on Life-
Years Lost

The primary analytical results presented earlier
in this chapter assign the same economic value to in-
cidences of premature mortality regardless of the age
and health status of those affected. Although this has
been the traditional practice for benefit-cost studies

While there are theoretical advantages to
using a value of statistical life-year-extended
approach, current research does not provide
a definitive way of developing estimates of
VSLY that are sensitive to such factors as
current age, latency of effect, life years
remaining, and social valuation of different
risk reductions. In lieu of such information,
there are several options for deriving the
value of a life-year saved from an estimate of
the value of life, but each of these methods
has drawbacks. One approach is to use results
from the wage compensation literature (which
focuses on the effect of age on WTP to avoid
risk of occupational fatality). However, these
results may not be appropriate for other types
of risks. Another approach is to annualize the
VSL using an appropriate rate of discount and
the average life years remaining. This
approach does not provide an independent
estimate of VSLY; it simply rescales the VSL
estimate. Agencies should consider providing
estimates of both VSL and VSLY, while
recognizing the developing state of knowledge
in this area.

conducted within the Agency, this may not be the most ~ While the Agency continues to prefer an approach
appropriate method for valuation of premature mor-which makes no valuation distinctions based on age
tality caused by PM exposure. Some short-term PMOr other characteristics of the affected population, al-
exposure studies suggest that a significantly disproernative results based on a VSLY approach are pre-

% This issue was extensively discussed during the Science Advisory Board Council review of drafts of the present study. The
Council suggested it would be reasonable and appropriate to show PM mortality benefit estimates based on value of statistical life-
years (VSLY) saved as well as the value of statistical life (VSL) approach traditionally applied by the Agency to all incidences of
premature mortality.
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sented below. The method used to develop VSLY es1970 toward 1990 (see Table 18 above), benefit cost
timates is described briefly in Chapter 6 and in moreratios decline as the discount rate increases (because
detail in Appendix I. earlier periods are given greater weight). Overall, the

results of the benefit-cost assessment appear to be

Table 19 summarizes and compares the results enerally insensitive to the choice of discount rate.
the VSL and VSLY approaches. Estimated 1970 to

1990 benefits from PM-related mortality alone and
total assessment benefits are reported, along with to0 1,11 20. Effect of Alternative Discount Rates on

tal compliance costs for the same period, in 1990 dol- present value of Total Monetized Benefits/Costs
lars discounted to 1990 at five percent. The results 5, 1970 to 1990 (in trillions of 1990 dollars).

indicate that the choice of valuation methodology sig- Discount rate
nificantly affects the estimated monetized value of 29 s 7%
historical reductions in air pollution-related prema- _ _

ture mortality. However, the downward adjustment |Mea" Estimated Benefits 192 222258
which would result from applying a VSLY approach Annualized Costs 04 05 07

in lieu of a VSL approach does not change the basic [|Net Benefits 188 217 251
outcome of this study, viz. the estimated monetized |BenefivCostratio 481  42/1 371
benefits of the historical CAA substantially exceed

the historical costs of compliance. ———————————————————

Table 19. Alternative Mortality Benefits Mean

Estimates for 1970 to 1990 (in trillions of 1990
dollars, discounted at 5 percent) Compared to
Total 1970 to 1990 Compliance Costs.

Benefits

Benefit Estimation Method PM  Tot.
Statistical life method ($4.8M/case) 16.618.0
Life-years lost method ($293,000/year) 9.110.1
Total compliance cost 0.5

Alternative Discount Rates

In some instances, the choice of discount rate can
have an important effect on the results of a benefit-
cost analysis; particularly for those analyses with rela-
tively long time horizons for costs and/or benefits. In
this assessment, the discount rate affects only four
factors: 1Q-related benefits estimates (especially esti-
mates of changes in discounted lifetime income), life-
time income losses due to other health effects (e.g.,
stroke), annualized costs (i.e., amortized capital ex-
penditures), and compounding of all costs and ben-
efits to 1990. Table 20 summarizes the effect of alter-
native discount rates on the “best estimate” results of
this analysis. Because monetized benefits exceed costs
for all years in the analysis period, net benefits in-
crease as the discount rate increases. Because the an-
nual benefit/cost ratio increases as one moves from
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