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FOREWORD

Thelink between energy and environmental quality has been receiving
creased atention over the past decade. The need 1o plan fora postpe-
troleum economy has provided alditional impetus to studies of energy-
environment problems, hecause the commercial CHECTEY SOUTCes most
likely to supply additional eaergy auring the rest of this century are coal
and uranium, both of which have serious environmental problems. With
this in mind, the Fast-West Envirvonment and Poliey Institute started a
projecton The Envirommental Dimensions ol Energy Policies. The major
goal of this work is to provide policvmakers with analvses that will be
helpful in meeting the twin goals of adequate energy supplies and a
sustaimable environmeni.,

Anarea of high priority in the Asia-Pacilic region, and within the
project, has heen the analvsis of the links hetween air quality management
and energy policies, A Workshop on that theme was held at the East-Weost
Center in March 1980, with participation trom nine countries in the re-
gion. A paper dealing with tae cconomic aspeets of air quality manage-
mentwas prepared for the Workshop by Gordon Bradyand Blair Bower,
Particivints in the Workshop believed that the economic approach dis-
cussed by them would be useful to a wider audicnce, The Institute re-
quested them to revise their paper for publication by the Institute in its
Rescarch Report series. We belis ve thar this report provides vaduablein-
sights 10 both the opportunities and the limitations of quantifving cco-
nomic benefits of air quality management programs. In dotng this, the
paper can contribute to improving energy-environment policvmaking in
the Asia-Pacific region.

Maynard M. Hufschmidt
EAPI Rescarch Fellow


http:last-\V.st

Air Quality Management Benefits 1

Air Quality Management:
Quantifying Benefits

by
Gordon L. Brady
Blair T. Bower

ABSTRACT

The problems and potential of quantitative analysis as a tool in air quality
management are explored. A status report is given on (1) decision making at the
various governmental levels in the United States; (2) air quality measurement
technigues and problems; and (3) factors hat plague quantitative analysis with
respect to air quality management. The problems occur both in measurement of wir
quality and in measurement of exposure of people and materials: i nadequate mor-
tality and morbidity statistics and the difficudty of establishing cansality; exclusion
of some pollutants from measurement, lack of historical data, and the unavailabil-
iy, inaccuracy, and inadequate siting of instruments. Evaluation studies of moni-
toring equipment are cited. Measurement of exposure and of the effects of air
pollutants on humans (dose-response function) and on nonhuman receptors are
discussed, and the many variables involved are pinpointed. Methods of placing
monetary values on these effects are described, including the valuing of improved
visibility resulting from air quality management.

INTRODUCTION

Itis somewhat unusual to begin the treatment of a subject with a warning
against attaching too much importance to it; but in the case ol cconomics,
such an injunction is quite as much needed as explanation and cemphasis of
the importance it really has. It is characteristic of the age in which we live to
think too much in terms of cconomics, to see things o predominantly in
their economic aspect; and this is especially true of the American people.
There is no more important prerequisite to clear thinting in regard to
cconomigs itself than is recognition of its limited place among human inter-
ests at large (Knight, 1933).

This caveat is both appropriate and worthwhile. Interest in the use of
quantitative analysis for the development and implementation of envi-
ronmental health and satety laws is increasing. Both the U.S. Congress
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and the executive branch see quantitative analysis as a way of evalua
the allocation of public tax revenues among governmental programs as
well as the expenditures these programs require of private entities. As-
sessing the cost-cffectiveness of programs proposed by agencies o
achieve environmental quality goals is another role ol quantitative anal-
VSis.

Decisions inair quality management require making hard choices be-
tween or among often contlicting objectives, Achievement of one objec-
tive nuay come at the expense of particular imdustries or of regional inter-
ests. Distribuional impacts may occur —with respect to both the costs of
and the benefits from air quality. management—on sociocconomic
groups in relation to their income, emploviment, and race. It should be
recognized that, in all societies, air quality is only a part of environmental
quality, which is in turn only one part ot the context in which decisions
about air quahity management are mad..

Uncertainty surrounds air qualiny management decisions. The uncer-
tainty begins with the less-than-complete inderstanding of” pollutant
quantities generated and discharged into the atmosphere and therefore
of the abundance and distribution of chemicals in the environment (eg,
the rate of diffusion of pollutants in the i, water and soiland the effects
of changes in air quality on humans, plants, animals, and materials). The
possible outcomes for cach alternatve air qualitn management program
include Lealth and visibility effects, climatic impacts, and the effects on
materials and the reproductive evele in plants, animals, and Tmans.
These effects often are ditficuli to estinite because important variables
relating to them are not completely known, Analvsis must incorporate
estimates of exposed populiations of various tvpes, as well as estimates of
cffects, Such uncertainties may be reflected quantitatively inerms of
ranges of resulis and effects, Quantitative analvsisalso can pinpoint varia-
bles for which better infornition would be important, as well as variables
that are unimportant.

This paper is astatus report on the methods and approaches for esti-
mating the benefits of air qualiy mamagement and on the problems in-
herent in doing so. Decision making at the various governmental levels is
discussed fivst. Then benelit estination is deseribed. imcluding air quality
measurement problems and techmiques. Finallv, comments will be made
on some of the factors that plague quantituive analvsis with respect to air
quality management.
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DECISION MAKING IN AIR QUALITY MANAGEMENT

National Air Quality Standards and Regulations

The Clean Air Act amendments of 1970 contained four major l])rovi-
sions for managing air quality as it is affected by stationary sources:

I. The Environmental Protection Agency (EPA) established na-
tional ambient air quality standards for the so-called criteria pol-
latants. ‘These standards include primary ones to protect human
health and secondary standards to protect weltare (Section 109),

2. The EPA was required to establish emission standards for station-
ary pollution sources that were constructed after the issuance of
regulations (ic, new source performance standards) (Section 111),

3. The EPA was required to establish national emission standards
for hazardous air pollutants (Section 112).

4. Eaclistate was required to prepare an implementation plan show-
ing how the state would achieve and maintain the standards (Sec-
tion 110).?

The formal regulatory process for air quality management at the fed-
eral level may be organized into nine steps (GAO 1979h):

I. Initiation by the EPA administrator—in response to a congres-
sional statute or as a result of an EPA determination— of the
process for setting an air quality standard for a specific pollutant;

2. Designation of an EPA lead office and of the project director(s) to
formulate a work plan for developing the standard and for carry-
ing out the necessary scientific, technological, and cconomic
studies;

3. Organization of an EPA Working Group consisting of individuals
from the major offices in charge of residuals mianagement, PA
regional offices, and the offices of General Counsel, Legislation,
Planning and Management, and Research and Development,
The task of the group is to formulate the proposed standard and
prepare the Action Memorandum for submission to the EPA
Steering Committee, following approval by the assistant adminis-
trator to whom the lead office is accountable:

4. Formation of a Steering Committee 1o oversee the mechanics of
the process and conduct the first internal review of materials
prepared by the lead office;
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5. Review involving all assistant administrators, general counsel,
and principal staff office directors;

6. Review and approval by the EPA administrator;

7. Interagency review and comment, followed by clearance by the
Oftice of Management and Budget:

8. Publication of the proposed stndard in the Federal Register and
the holding of public hearings as required to solicit public review
and comment: and

9. Promulgation of the final standard after making appropriate re-
visions and repeating steps 5, 6, and 7.

Quantitative analysis can play an important role in steps 8 through 7 and
in step 8, assuming that this step is used to generate additional informa-
tion.

The first step of analysis is to specity the goals of 2 proposed decision.
There may be more than one; for example, reducing detrimental health
effects as well as preserving the natural environment, The alternatives
available to achieve the goals must be listed and then arraved in relation to
their cost-clfectiveness to enable a reasoned evaluation of the anticipated
effects of the proposed standad.

The next |)Imsc ol the analvsis entails developing estimated relation-
ships among air pollution concentrations, exposures, and eftects. A con-
siderable amount of judgment is needed to transtate these relationships
from scarce data on air quality: from, at best, crude data on the exposure
of different segments of the population and of other receptors; and from
poorly understood physiological and related svstems, These are, how-
ever, the basis for the “criteria”™ document of a given air pollutant. (It
should be emphasized that the erviteria document for a pollutant appar-
ently ignores other routes by which the individual may be exposed to and
aftected by the pollutant.) This criteria document in turn comprises the
basis for establishing the air quality standard for the pollatant,

EPA decisions depend on o mix of scienufic, engineering, legal, cco-
nomic, and political factors. ‘The issues are multifaceted, and their inter-
pretation involves some bargaining among the principal contributors:
scientists, engineers, lawvers, politicians, and sociai scientists, ‘The bar-
gaining takes place at various governmental levels, Not all levels will be
concerned with the same issues. But the point is that the process results in
air quality standards, which in turn become the force benind air quality
management at the state, regional, and local levels.

e
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State, Regional, and Local Responsibilities
and the Use of Quantitative Analysis

Because state governments are the agents primarily responsible for the
administration of EPA regulations, the EPA in actuality may have liule
direct control vver the ways in which decisions are put into practice.
Section 110 of the Clean Air Act requires that cach state produce and
submitto the EPA an implementation plan that shows how the primary air
quality standards will he met within the state’s boundaries in the specitied
period of time." I a state shows that appiving “reasonably avadlable alter-
native” physical means for attaining the primary standards will not
achieve them within the required time, however, the EPA administrator
may extend the date of compliance. Quantitative analysis will be usetul in
debates about what can be done within a specific time period.

It the EPA disapproves the plan submitiedd by the state, the EPA admin-
istrator must prepare and make known promptly a state implementation
plan. In addition, Scction TE3 allows ihe EPA to assume enforcement of
the state plan provisions against any or all sources if the administrator
determines that the state has tailed 1o enforee the approved plan eftec-
tvelv. Section 116 allows a state 10 adopt and enforee more stringent
cmission standards than those in its state plan, but does not allow it 1o
adoptand enforce less stringent emission standards.

Analysis of cost-cffectivencss is—or should be --an essential ingredi-
entin the preparation of state implementation plans. At least fowr types off
cost-clfectiveness analysis are relevant: (1) estimates of the *absolute mini-
mum™ social resource costs 1o a region of meeting the air quality stan-
dards; (2) estimates of the minimum costs, “as dischargers see them,” of
meeting the standards: (3) estimates of the minimum regional costs of
meeting the standards subject 1o possible constraints on distributionay
cffects, such as no more than 10 percent inerease in home-heating costs;
and (h estimates of the minimum regional costs of meeting the stndards
under alternative regulatory systems, for example, regultion of individ-
ual stacks, a “bubble™ over cach activity, emission offsets, and marketable
permits.! Benefit-cost analysis could be used when there are questions
about costs or when certain benefits appear to have been excluded. These
analyses call for considerable skill, ingenuity, and flexibility,

The state plan framework allows state, regional, and local governments
to determine the means forachieving the federal goals. Cost-cffectiveness
analysis is the most likely type of quantitative analysis in evaluating alter-
native ways of achieving specific — or alternative — air quality standards.
Cost-effectiveness, however, refers not just 1o determining the least cost,
butalso includes practical clements in the caleulations of the individual air
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quality management agencies. The least-cost solution for socien nL not
be the least costhy solution for the apency with Timited vesourees and
incentives to apply 1o activities, Some pressures will be ofa local political
nature, whereas others may come from the EPAL Stae and lod al otficials
often arve critical ol the FPA Lo wiiting regulations than require more
Held resources than are available, States sary in their abtliv 1o ot
competent emplovees and in the analy el expertise available 1o stpport
air quality management programs,

IMPROVING AIR QUALITY: ESTIMATING BENETITS

Estimating the benefits from improving airquahiey requires quantific -
tion of the adverse effects avoided by the tmprovement. Phus, benefirs
become equal to the mmount ol damage reduction or avoidance. Of tradi-
tional concern have heen the effects of air qualioy on human health, plam
and animal life, and phyvsical structures, OF INCTCASIG CONCErn are i
elfects on visibiliny (aesthetics).

The appropriate place for estinn, ing henelits and costs is the region:
an airshed, a metropolitan e, o'+ mualticounty area.® Estimating the
monetary benelits o a region from improved air quality hegins at the
micro, orindividual, level, Foursteps areinvolved. First, the time patterns
ol air quality at speaific locations within region must be meansured.
Scecond, the time patterns of exposure tor ditferent receptors must be
estimated. Third, estimates are needed of the physiological, plivsical,
psychological, chemical, and biological etfects resulting from the expo-
sure time patterns at vavious levels of air quality, Finally, the effects ob-
served ard predicted in the thivd step must be transhaed o monetary
termes,

Measurement of Ambient Air Quality

Several problems connected with measaring ambient air quahitv have
implications for estinating benefits. Fivst ol all, the concentrations of only
alimited number of pollutants are measured curventhy. For those that are
measured, historical datcare limited, although in some areas from 5 o 19
vears of dati exist for some sollutanes, Even where histovical dat exist,
they normally do not reflect changes over time in the composition i
aggregate pollutants, such as total suspended particulates (ISP, Not .o
measurements separate respirable and nonrespivable fractions of ISP in
urban or rural arcas.
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Second, the extent to which the indicators sncasured encompass the
effeers ofair quality indicators that are not measured is not clear, Further,
difficultics ol interpretation may stem from correlation amor g measured
indicators. Inaddition, what is monitored may be usea, mosome instances,
only as an index of a polluting that is not directly measured or measur-
able: tor example, SO, is used as an index of sulfates or 1,50,

Thivd, how the datwere obtained must he understood. Three points
must be considered: (1) the accuracy of the measuring instruments; (2)
the availabiline of instruments for continuous monitoring: and (3) the
adequacy of the Imesuring site,

The acciracy of instruments tor measuring concentrations of different
gascous maeerials varies signiticantly, Even it the saunpling instrument is
accurate, the labovatory analvses to obtain concentration levels often have
been found 1o be inacurite and unreliable.

The availability of continuous monitoring cquipment is related to the
time period that a neeasin g instrument is actvally in operation.  con-
tinuous monitoving cquipmentis not available for the given indicator, the
readings mav represent random oce mrrences of short duration not neces-
sarily chavateristic of the long-term evem sequence. Episodic conditions
may well impat an npward bias 1o the distribution of concentrations
obtained trom periodic but noncontinions measurements,

The adequacy of the measuring sie is important, The physical sur-
roundings of the site may chinge over time and atfeda the accuracy of the
measurements. Or the actual location of the instrument may change over
time, although the site designation remains the same.

Fourth, the number of measuring sites necessary to vield @ reasonably
accurite picture of ambient air qualite in a given region s a relevant issue,
because cacly measurement represents aire quality incarelatively small
arei A related question is: How MRV measuring sites are necessary to
vield frequency distriburions of ambicen are quality for various seetions off
anentire metropolitan areas

In 1978, USS62 million in federal money was wranted o state and local
agencies Torair qualing nanagement, of which ahout USST16 million was
used for monitorving air qualitv. As of 1977, abouw ninetv-five hundred
monitors were located throughout the United States and its territories,
The number of monitors for cach pollutantis shown in Table 1.

The General Accounting Ottice (GAO 19790 stuchied the air quality
monitoring networks in Boston, New York, San Francisco, Washington,
D.C.. and Butler County, Ohio. For cach monitoring location, GAO per-
sonnel analvzed the adequacy of sites, equipment, and quality assurance
procedures. GAO personnel visited randomly selected monitoring sites
from which data normally ave reported o state and local agencies fo
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Table 1. Ambient Air Quality Monitors in the United States” (GAQ 1979a)

Pollutant Measured Number of Monitors

Total suspended particulates 4,281

Sultwr dioxide REN

Nitrogen dioxide A79

Ozone 527

Carbon monoxide 450
TOTAL 0,108

"Monitors from which data were reported to EPASs national data bank in 1977,

Table 2. Evaluation of Ambient Air Quality Monitors, 1977 (GAO 1979a)

Number of Nunther Not Pereent Not
Pollutant Monitors Numberwith  Meeting Siung Meeting Siting

Monitored Evaluated No Problems

Criteria Crieria

Total suspended

particubates S 33 18 a4
Sulfur dioxide a6 7 49 S8
Nitrogen dioxide 30 2 28 HA)
Ozone 13 R} -H) 93
Carbon monoxide 33 ] 32 a7
TOTALS 248 46 197 81

developing state implementation plans and sites identified as potential
locations for the national air quality monitoring system. As shown in
Table 2, approximately 81 percent of the 243 monitors evaluated had
problems (one or more) that could alfect adversely the accuracy and
reliability of the data generated: the percentages ranged from 39 percemt
(total suspended particulates) to 97 percent (carbon monoxide).

Of the 243 monitoring sites evaluated in the GAO study, approxi-
mately 72 percent did not meet one or more of the EPA's proposed site
specitications for the national monitoring svstem (Table 3).

The following examples of improper site conditions provide ample
reason for critical scrutiny oi the accuracy and representativeness of air
quality data. In some instances. the monitors used to measure the concen-
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Table 5. Evaluation of Monitoring Sites (GAO 1979a)

Number Not Percent Not
Number of Meeting EPAYS Meeting FPAS

Pollutant Moniors Proposcd Siting Proposed Siting
Measured Evaluaied Specifications Specifications
Total suspended

particulates 81 A7 Bh
Sulfur dioxide 56 39 70
Nitrogen dioxide 30 26 N7
Ozone 43 37 86
Carbon monoxide 33 25 76

TOTALS 243 174 72

tration of TSP were surrounded by trees or enclosures that prevented a
proper Flow of air and increased the potential screening of particulate
matter. Numerous air inlets and probes were found positioned on top of
multistory buildings, farabove the height limit in regulations proposed by
the EPA. Inaddition, many air inlets and probes contained divt and other
foreign matter. Bird nests were sometimes found in air intake probes.
Froin discussions with officials, it was learned that siting of instruments
was often based on the focation’s convenience to an energy source (1o
operate the monitors), its accessibility for servicing, and its security from
vandalism. In addition 1o these problems, 58 percent of the nonitoring
installations contained unacceptable or uncertified equipment (Table 1.

The use of acceptable equipment, sited in proper locations and oper-
ated by well-trained personnel, does not guarantee accurate and reliable
data, however. In 1977, the EPA evaluated the state and local laboratovies
where the samples collected at monitoring stations were analvzed. Only
10 percentanalyzed accurately the samples that the EPA sent them,

Based on EPA criteria, the EPA found only 56 peccent of monitoring
records adequate for statistical analysis. The pevcentages ranged from 33
pereent (ozone) to G- peveent (FSP) (Table 5). A similire conclusion was
reached ina study conducted for the National Academy ot Science (NCR,
1977). "The study concluded that the EPA did not apply scientific princi-
ples stricdy enough to the design, operation, and evaluation of aiv quality
monitoring programs.
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Table 4. Evaluation of Monitoring Equipment (GAO 1979A)

Number Using

Percent Using

Unacceptable Unacceptable

Pollutant Numbetr or Uncertified or Uncertified
Measured Fvaluated Equipnent Equipment
Total suspended

particulates 81 19 23
Sulfur dioxide 56 10 71
Nitrogen dioxide 30 26 87
Ozone 13 31 72
Carbon monoxide 33 26 79

TOTALS 243 142 H8

Table 5, Evaluation of Statistical Adequacy of Ambient Air Quality Records,

1977 (GAO 1979a)

Number of

Percent
Maonitoring
Records

Monitors Number of Monitoring Considered
Having Records Considered Complete for
Records Complete for Statistical
Pollutant (Table 1y Statistical Averaging Averaging
Total suspended
particulates 4,234 2,707 6
Sulfur dioxide 2,618 1,351 59
Nitrogen dioxide 1579 874 55
Ozone! 527 176 33
Carbon monoxide 450 173 38
TOTALS 9,108 RRLR 6

s . ) . . . L. .
EPA guidelines to state and local agencies permit them to discontinue monitoring for

ozone during the winter (nonozone-producing) months,
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Table 6. Comparison of Indoor and Outdoor Concentrations for
Selected Pollulunls"(GAO 1979a)

Pollutant Ratio of Indoor Concentration

Measured to Outdoor Concentration
Total suspended particulates approximatedy 1

Sultuwr dioside less than |

Nirogen dioxide greater than

Osone fess than

Carbon monoxide greater than |

Respirable particalates greater than |

oo ; R T
“Simultancous measurements were obtained in cities in Miassie husetts,
Ohito, Missouri, Wisconsin, and Kansas.

lennessee,

Measurement of Exposure

Even it air quality is measured accurately, measuring the exposure of
receptors is another problem. For receptors that remain relatively sta-
tionary (eg, plants, physical structures), the problemis less severe than for
humans, animals, and migratory fish. The actual exposure ot humans will
beafunction of the geographic location of their activities, that s, at home,
atwork, in transit o and from work, in recreation, and in other activities.
Mobility, changing place of residence, also can affect exposure signifi-
cantly.

For example, the World Health Organization (WHO) found that most
people spend approximately 85 percent of their time indoors, Indoor air
pollution concentrations, in the few detailed studies undertaken, typically
have been found o exceed outdoor concentrations for several air pollu-
tants; therefore, measurements of outdoor air quality can no longer he
relied upon to estimate total exposure. For most of the individuals stuc-
led, the average exposure was closer to those levels in the home than to
those at other sites. The data in Fable 6, which are based on one set of
measurements, show that the ratio of indoor to outdoor air poltlu-
tant ceneentrations exceeded 1.0 for CO, respivable particulates, NO,,
and CQO,.

Similir results were obiained by Moschandreas, et al. (1978) in mea-
surements of indoor and outdoor air pollutant concentrations for 16
buildings. Indoor concentrations generally exceeded outdoor concentra-
tions for NO, hvdrocarbons, CO., aldchvdes, and CO,. Measurements
were cither higher or lower for NO,, TSP, and respirable suspended
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particulates. Indoor concentrations were usually lower than those outsice
for S().,, QM SO, Ny, and Ph,

Measurement of Effects

Even if the time patterns ol exposure to pollutants could be deter-
mined, the next problem is o identity the rcsul(ing cttects on humans,
plants, animals, and materials. This step requires the development of
dose-response relationships between exposure and effects. Some exam-
ples of such relationships are discussed here.

Effects on Nonhuman Rec-plors.,

Damage estimates can be made tor agricultival and horticultural
crops. ‘The susceptibility of plants to air pollution, or other stresses, is a
function of the quality of the soil—including availability of nutrients and
trace clements —and the water supply. Healthy plants and trees are less
susceptible to stresses of all Kinds, including air pollution. But one of the
problems in estimating damages is the fact that some of the effects on
plants of adverse air quality are similar 1o the effects of trace element
deficiencies.

Once the reduction in tree growth or crop vield due o adverse air
qualil\' has been estimated, itis relatively simple to translie such reduc-
tions into monetary terms. Where a national market for a product is
involved, however, soae loss of productivity in one geographic Ared may
or may not alfect pm(luu price, depending on vields in other arcas.'

Conceptually, it is even possible to estimate damage reduction, and,
henee, benefits to lake fisheries from improving air quality. For example,
damage caused by the deposition of airborne acid vesiduals —in terms of
decereased fish \wl(l—p()ssll)l\ could be estimated in relation to fish spe-
cies ina given lake in the northeastern United States. This would require
(1) water quality and associated productivity data for the lake over two or
three decades, (2) the assumption that productivity was not deercasing as
aresult of normal geomorphological ind ecological processes, and (3) the
certainty that lake acidity affects the productivity of some of the lake's fish
specices.

The EPA has supported research on damage to nuerials from various
levels ot air pollutions. Consequently, reasonable estinates of damage to
materials can be made il reasonably accurate measurements of exposure
are possible. Measurements must allow for normal deterioration of mate-
rials, a function of weather and use. As in the situation of agricultural and
horticultural crops and forests, separating air pollution damage from
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damage caused by other Fictors seems possible for materials, with the
present level of knowledge.

Effectson Hwman Health,

The effects of air pollution on human health can be defined interms of’
(@) acute mortality, (b) progressive deterioration of the human svstem,
and (¢ temporary discomfort, Acute mortality effects generally occur in
individuals who are already in poor physical condition. Progressive dete-
rioration occurs with such discases as bronehitis and cancer and eventu-
ally leads to death. (Death may or nuv not be avesult of the disease that
caused the deteriorization: that is, the individual might be
the brink™ by adisease such as pneumoniagy Eve irvitation is an exianple of
atemporary health eftect. The hunman svstem returns to normal alter the
episode is over because s capacity to function does not deterioriate as a
result of the temporary expostire to air pollution.,

The dose-response function for a given segment of the population is
the relationship between difterent levels of air quality and their effects in
terms of one or more pollutints. Various procedures have been used to
estimate dose-response relationships. Thev incude: (1) extrapolation
from labordtory studies on animals; (2) biochemistry studies of the hu-
man svstem, such as the effea of SOG on cellular structure: (3 clinical
studies of small populations exposed 1o similar and well-known condi-
tions, such as those in work places (eg. textile mills, chemical plants, as-
bestos factories): (1) epidemiological studies of a population ina given
arca over timeand (3} cross-sectional studlies of standardized metropoli-
tan statistical ireas. The Last four rellect a contimuum of analvsis from the
submicro level to regional aggregates. Some of the problems of develop-
ing dose-response relationships, as well as some of the results, are re-
flected in Lave and Seskin (1977), Crocker et al. (1979, and Mendelsohn
and Orcutt (19749,

Estumating the <tiects of pollutants on humans is extremely compli-
cated. Even when pollutant concentraiions are high enough 1o produce
acute eftects, isolating the canse of the effect is stll not completely
straightforward. A persons” exposure to a pollutant oceurs ina variety of
ways, for example. through the skin, digestive svstem, and respiratory
svstem. Depending on the pathwav and the chemical natare of the pollu-
tant, a number of systems within the body may be atfected betore expul-
sion or excretion occurs. Causality is difficult o establish when exposure
is light; the effect may take place over a period of vears, at different
tocations, and in combination with other stressors on the human system.

The physiological mechanisms by which air pollutants affect health

‘pushed over
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may be examined through laboratory experiments, Such experiments are
limited to those on small animals, on cultures of human cells, and on
microorganisms. To conduct experiments tha expose human subjects to
high concentrations of air pollution is considered uncthical, The effects
ol exposure to low concentrations of long duration, however, e not
likely to be uncovered in Taboratory experiments, At hest, amimal bioas-
says can only suggest quantitative dose-response relanonstups,

Epidemiological studies are ased on time-series or ¢ross-sectional oh-
servations ol human populations in their environments, These studies
identity and determine the extent ol exposures and thenr etfects, In com-
bination with laboratory findings. cpideminlogical studies mav provide a
basis tor programs designed 1o limit various tvpes ob exposures. Because
such studies relv on statistical data, the limitations o the data must be
recognized,

Mortality Statisties. Movealine statistios veflect a mixture ol long-term and
short-terns dicease processes. The aceuracy of death certificates — for
causes ol death—is not known. Records of deaths are Kept primarily for
legal and paralegal purposes and secondarily for such public health pur-
posesas charting the causes of death and the changes in mortaline vaes,
More than halt of the “canse-of-death™ certilications contain two or nore
medical terms, The one used intabulating cause of death is the “underly-
ing cause," thatis, the cause that indtated the sequence of eventsleading to
death. The anderhving canse may he adisease of long duration or one that
occurred recentlvi this is particadarhy true for elderly people where the
cause of death otten is attributed 10 pneumonia or cther infections dis-
case. The ocanrence of adiscase and the subsequentdeath of the person
mav have been due o ditferent sets ol faciors that have exerted their
influences avdifferent tmes and even at difteren places during the per-
son's e, The reported cause of death is documented by antopsy evidenee
inconhy about 13 percent of deaths, Thus, the accuracy of an observed
correlation hetween time and place ot an exposure and adeath attributed
toa particidir cause s usually impossible to evaluae.

The sitwation is complicated further by the fact thai the age distribu-
tion of deaths varies substantially among ciees of death, For all canses
combined, 62 pereent of deaths occnrred in the 63-and-over age group
(971 US . The corvesponding proportions for some of the nujor
causes of death weres cerebrovascular disease, 83 percent: coronary heart
discase, 75 percent: This suggests tha i mortahny datacare 1o be used in
benefic studies, they should be both age and cause specitic, even though
this is only a minor step toward distinguishing between short-term and
long-term eflects of exposure to air pollution.
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Morbidity Statistics. " Two njor types of morbidity statistics ave: (1) self- or
proxy-reported health conditions and their effects on the functioning of
people: and (2) data derived from the work of physicians, clinics, and
hospitals. The fivst tvpe reflects selt-percepiions of health, general infor-
naton,and recommendations recetved about health care, The complete-
nessand aceuracy of thisinformation are affected sirongly by the person’s
mterest in veporting and willingness 1o do sa These, in turn, are influ-
enced by the person’s knowledge, which is affected strongly by the case of
access to health care,

The second type. data from health care units, also reflect, to some
extent, the svmptoms that people veport, These data, however, are af-
fected by the information obtained through diagnosis and treatment of
the person. Such dataalso would not reflect unattended illness. The data
coverage is affected strongly by health care costs and the income level of
the person. Costs, and other limitations on health care availabilitv and use,
will influence the completeness of morbidity statistios of both tpes.

In contrast to the universil coverage of mortality statistics, the morbid-
iy statisties used in US, benefitstudies are devived from survevs in which
the samples used were usually noc large enough to provide useful data,
even for populations of the largest standardized metropolitan statistical
arca. The only morbidity statistics used inany of the studies are from a
national survey ofwork-loss davs. The number of work-loss davs incurred
by an individual are influenced by various fringe benefit and insurance
provisions which protect income loss, Another shortcoming in the work-
loss data used 1o retlect the incidence of discase is its applicability only 1o
the msured segment of the population. A significant portion of the work
foree is not emploved in the sectors from which these data are derived.
Also, the data do not vetlect the davs of low productiviey when workers
should have staved athome, but did not because they could not afford the
loss ol wages.

Coneludimg Comments on Measuring Effects on Human Health. In addi-
tion to the problems associated with air quality data and estimations of
exposure, there are other difficulties in establishing corveltions between
air pollution and its eftects on human healih. Relationships among the
many stressors of the human svsiem make it difticult to determine the
cllectofuny one variable on death and the incidence of discase. Environ-
mental and behavioral factors modulate the physical, chemical, and bio-
logical responses of the human svstem to aiv pollution. These modulators
may increase or decrease the person’s adverse response,

Unique as they ave to the individual's hody and environment, the varia-
bles also include sociocconomic factors. Age and such behavioral variables
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as smoking, dict (including food additives and water qualiey), amount
type of exercise, occupation, indoor and outdoor exposures, and inigra-
tion history all affect the bodv's reactions. Clinge is also Important
modulator. Information on these variables is costiv 1o ohiain, Conse-
quently, the use of such infornmation has been limited in efforts 1o develop
dose-response velationships.

The dosc-response relationship imphies causality; the tvpical method
of estimating the velationship is muhiple regression, which does not imply
causality. "To date, 21l the data used have been sither general purpose or
data collected for another reason. Although the inadequacies of the data
arc acknowledged, these madequacies rarely prevent attempts at analysis.
Cautton in interpretmg resalis is clearly necessary,

Translation of Dose-Response Relationships into Menetary Values

Even il weassume that dose-response relations ips can be defined, the
next hurdle is that of transling improvements or declines in air quality
IO Monetary [erms,

Effects on Fluman Health,

Manyvanalvsts and policymakers question placing monetary vilue on
human death or discase probabilities (Lave and Seskin, 19790 Men-
delsolm 1979: Crocker etal., 19791, The implication is that some tvpe ol
trade-off is heing made between changes in exposure and theretore he-
tween the probability of deathr or disease and goods traded i the mark el
place. These tvpes of tade-of s do occur, however, Individuals in theis
daily activities and govermmenis in their decision tmaking both engage in
such calculations,

Several wavs of placing monctary vadues on human health effecrs have
been proposed. including: ¢£) income foregone: (2) reductions in health
care costs (31 increases in productiving, bath through reduced absentee-
st and through improved performar.c: ch willingness 1o pav torreduc-
ing risk of discase (eg, health insurance): and (3) willingness 1o pav as
deduced from game models, Changes in property values have been used
in it regional context, hut such values reflect the eflecs of factors other
than —or in addition to — aiv pollution yekated health effects.

To obtain moncetny measures of hunan health benelits from im-
provedairquality, acbasis tor placing values on marginal changesin health
status, both Tor death and tor discase, is necessary. I economic theory,
the conceprual basis for assigning such values is the “willingness to pay” 1o
reduce the probability of dving in a given period and 1o avoid davs — or
vears — ol lllness prior to dving.
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A problem arises when wage-rate data are used to estimate willingness
to pay tor reduced probabilities of death. To the extent that there is a
correlation between the risk ol death and the risk of injury, sickness, or
disability and the type ol job, wage-rate differences will tend 1o reflect
both types o visks. Therefore, use of wage-rate diftferences overestimate
the willingness to pay to reduce the probability of death alone.

Related to this question is the problem of determining the value people
place on the reduced probability of death by a particular discase. Analyti-
cally, the distinetion must be made between w illingness to pay to postpone
death by any cause and willingness 1o pay to avoid illness and the pain,
anxicty, and medical costs associated with some forms of death. Most
models assume individuals are inditferent o cause of death (Lave and
Sesker, 1979; Mendelsohn, 1979: Crocker et al., 1979); vet, empirical
observations suggest that is not the case. Estimates of the wiilingness to
pay for reduced probability of death that are derived from data on acci-
dental deaths are likely 1o understae the willingness to pav to avoid the
combination of illness and death associated with environmentally in-
duced effects. Proper estimation requires that the length of the ©; eney
period must be taken explicitly into account in estimating the benefits of
reduced death probability.,

The time lag between exposure and death creates theoretical and e
pirical problems for estimating monetary values. When wage-rate data
are related o the risk of accidental death, they vield an estimate of the
willingness to pay now to reduce the prob, ll)lln\ ol death now. What may
be more relevant, however, is the \\lllmglwssmp.n now to avoid a present
exposure to harmful substances, thereby decreasing the probability of
extended illness and of death in the future. The willingness to pay in the
latter case may be greater or lesser depending on the length of the latencey
period, the probabilities of dving because of other causes now and in the
future, and the time pattern of expected income and consumption.

A critical factor in willingness to pav is |)(np|cs perception of the
possibilities for and potential effects of exposure to air pollution. Various
studies in the United States and England have shown that individuals
generally rcmgni/c ar pullmi()n only when and where it is visible. To
what extent recognition of air 1)()|lun<)n has been inereased by air quality
indexes in daily weather reports is not clear.

Very little empirical rescarch has been done on estimating the benelits
accruing from reduced incidence of discase. Several problems must be
addressed if empirical estimation is to be successful. First, if monetary

alues are to be based on wage-rate difterences or other market informa-
tion, adequate information about the incidence of discase in the sample
groups or individuals is necessary. Questionnaires or bidding games may
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be useful here because disease, at least from the more common causes, has
been experienced by most people. Phe sivey istriments design, biases,
and accuracy must he tiken into acconnt.

Sccond, empirical studies niust deal explicidv with the fact that disease
as a concept, includes health states of differing severiny and duration,
Thevetore, separate estimates tor different tvpes of illnesses of specific
mtensity and duration must he made.,

Third,anindividual's willingness 1o pav to avord one day of 4 certain
tvpe of lnessis atfected by the social instittions govern the sharing
ol'medical e costs, lost output.and lost wages, Complete medical insur-
ance may reduce 1o zero the incremental costs of illness that would be
borne by the mdividual, Patd sick Teas o and other wivs of maintaining
income may mean that the costs of o output from sick leave are not
borne by the individual in the form of lost wages. Consequently, an indi-
vidual's wiilingness to pav 1o avoid a di ol illness mav enderstate signili-
cantly the socitl cost ob preventing thatillness.

Lffects on isibiliny,

A conumon argument states that such factors as visibility cannot be
given a dollar value because, as with human health, they are intangible,
Individuals are conscious of decreased visibiliy., however, and appear
willing 1o pav to improve it beciuse visibility is thought of as a positive
attribute of envivonmental aesthetios, In lact, it is likels that people more
often connectair pollution with poor visihiliev than they do with adverse
health, Several methods for estimating the monetary value of visibilits
benefits from anproving i quality hold possibtlitics.

Brookshire, ¢t al. (unpublished) and others have attempted o value
the aesthetic clements of visibility by divect and mduectimethods. Figure |
gives the structure of a process for this valuation.

The fivst step, using an atmospheric dispersion model, links emissions
with the ambicnt concentrations recorded by one or more ab-quality
indicators ina given region. The second correlates chomges m concentra-
tion(sy 1o reductions in visibility, Uhe third translates the actual reductions
invisibility into visibility changesasseen by mdividuals, Tnthe fonrth step,
cither direct or indivea methods are used 1o aserthe monctary values to
people’s preferences for different levels of visibiliy,

Thedivectapproach requires the following steps:

Lo Alternative levels of the public good (visibility) are deseribed in
terms of quantity, location, and time.
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Emissions of Air Pollutants
Ambient Concentrations

Mecasures of
Visibility Reduction

Public’s Perception of

/\’isil)iliy\' (Ih;mgc\ .
Direct Method Indirect Method

of Valuation of Valuation

(Iterative Bidding (Substitution or

'lb(flllli(lllc)\ l’r(}rrly-\f’uluc Technique)

Biases Tests
Methodological Cross-Check

Figure 1. Steps ina process tor valuing changes in visibility in monetary
terms.

2. Where possible, respondents are given pictures and other visual
information to inerease the likelihood of uniform perceptions.

3. The market for the good is described in detail (eg, respondents
are assured that all users of the good will pav equally).

4. The method of pavment is specified (eg, taxes, access fees) and
one is chosen for its administrative feasibility and familiarity.

5. Respondents react to the prices fixed for the alternative levels of
the public good; that is, when confronted with a specific level of
visibility and its associated conditions at a certain price, a respon-
dentis forced to decide whether to *buv™ or not.

In the indivect approach, survey techniques are employed to collect
information that relates different activities to location, duration, fre-
quency, and expenditures for individuals and households. The individual
is viewed as a “utility maximizer” who combines purchases of private
goods, including place of residence, and the use of public goods to achieve
various levels of usefulness while constrained by budgets of time, money,
and household technology.

1
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Both divectand indivect methods o placing monetary values on visibil-
ity are subject to eriticism, particularly because of infermation biases and
those introduced by survey instrument design. Te Tas been argued thae
direct revelation of consumer preferences for public goods, such as envi-
ronmental quality, would he impossible (Brookshire), The problem most
often cited is people's desire to e freeriders, This desire, it is argued,
underlies the tendeney 1o misstate preferences Forexample, it residents
suspected they wonld be taxed for unproving the quality of water in
stream or lake by anamount equal 1o their willingness to pav, they would
have an incentive to iderstae their preferences. Or it owdoor enthusi-
asts are told e the average of their bids (o prevent construction of a
power plant will be used to set an entrance fec or user charge, thev may
have the incenmive 1o overstzte then willingness 1o pav o prevent con-
struction in order o impose their true preferences onothers,

Another critcsm ol the surve approachis thatrespenses to hvpother-
tcal situatons nin nor be as complete as thase based on reai experiences.,
For example, an individual might respond o a hyvpothetical decrease in
air qualiny atone location with o low hid, believing that other sites would
make cqually good substitutes, Other problemswith survess concern how
payment or compensation, tor hyvpothetical changes i covironmental
quality. would be obtained In (he PGPS 1 experiments, Despite
these problems, the methodologies outlined can provide atleasta rongh
estimate of benetis from improving visibilin,

Property-lalue Studivs

Property values for asingle urban housing market have been analyzed
ina number of studies to try 1o estimate the implicit price function for air
quality. One of the main questions associated with this approachis: Wha
is captured by it and what omited? Residential property values reflect
conscious choices by individuals among locations with specific character-
istics. As such, property values should capture the pooples willingness to
pay to avoid the perceived adverse consequences ol aiv pollution and all
the other factors Teading 1o choice of residence {eg, access io work,
recrention, public transportation, schools), Obviously, many Factors affea
an individual’s choice among locations.

Itis doubtiul than maosr air qualiey eltects on mortality statistics would
be captured by vesidential property value data. Nor would property
values capture the willingness 1o pay o avord the consequences ol air
pollution experienced in the work place. while shopping, or during travel,
On the other hand, such data may be capable of capturing less tangible
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subjective values as aesthetics, the nuisance of dirt, and ditferences in
home maintenance costs.

CONCLUDING COMMENTS

This report began by stating that substantial uncertainties are associ-
ated with estimating the state of air quality and the effects on receptors of
differentlevels ofair quality, Some recapitalation and extension would be
useful.

‘The accuracy of existing estimates of air quality is not known and has
not been assessed explicitly. That many monitoring sites and instruments
are inadequate and many iboratory analvses inaccinane is clear, however,

Arqualityis only one of the factors that adtects the incidence of human
discase and death. Particularly difticall to estimate are the cffects on
disease and death ol long-tern exposures 1o low levels of toxic substances,
Long Lateney periods for carcinogenic substances complicate both the
problems of” determining effects and of estimating the danages associ-
ated with the adverse elfects.

Despite the uncertainties, decisions have been and will continare 1o be
made that allocate resources o improve air gquality. This POSCs an impor-
tantand adifficult question for analvsis: How should data surrounded by
uncertainties be presented to decision makers? To he effective, the analvst
must understand the legal and political context ol the decision-making
process ws wellas the underlving theory or the hasic mechanisms that vield
the observed or imputed effects. The Later is espectally true inthe analysis
of health benetits, Otherwise, relationships among empirically observed,
seeming regularities may he misinterpreted. The analyst should forego
vague statements of possible relationships: instead, the theory of underly-
ing mechanisms should be presented. Statistically significant relation-
ships ave suggestive and are not indications of cause and elfect. False
correlations alsoare a problem: that is, some other factor or set of factors
that may cause the observed “statistically significan” refationships may
exist. I factors are missing that affeet the phenomenon being explored,
biased parameter estimates mav occur,

Decision makers often wre as imterested in the distributional conse-
quences of an air quality. management program as they are in total re-
gional benefits. In benefit analysis, the present value of a properly dis-
counted dollar's benefit is “socially equivalent” to any other dollar's
benetit. It makes no difterence who obtains the benefit. This assumption
ignores an important criterion in air quality management decision mak-
ing. There are few decisions in air quality management that will not have
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differential effects ona particular industry, tvpe of Tabor, capital, racial or
income group, or region ol the country.

Because complete protection of the entive hinman populition is impos-
sible, the analvst muost make explicit the eriteria and bases Tor decisions.
For example, 1o know the nature ol the caleulitions and assumprions
inherent i a decision (o protect 5 percent ol the population from
exposure to certain levels of aspecitic pollutimt is Inportant.

Given the federal air quality standards, analy sis other governmmental
levelsis divecred toward generating information. he information is used
tosclectspediticaction programs to.achieye the specitied air qualiey standd-
ards i the required contest. A\t minimoan, this involves cost-etlective-
ness aalvsis o determine the least-cost set ol physical measures and
asvoctated incentives 1o meet the standards, But the cost-cltectiven ss
framework also ciunbe used to analvze both the costs o achieving alicma-
tive levels of air qualing and the costs of fieving ditferent distributions
of costs and i qualing in o given region,

Exposure 1o adverse air qualiv vepresents but one of the stresses in-
posed on the himan body, Whether it is as IMporiant or more or less so
than other stresses is not known. A imajor problem facing quantitative
analyses in air gualins managenent, and more broadlviin envivonmental
quality management, is the splintered nature of the vegulatory develop-
ment processes and management svstems in contrast (o the mntegrated
nature of the human svstem. Ndministrativelv, it iy be clticient for
spectalists to deal with a single pollutant: ¢y inisolion from other poltu-
tanessand by withowt consideration of the intermedin residuals manage-
ment problems of individual dischargers, The response ol the hunman
SVSLCIN L Varions stresses, however, oceuns regirdless ol institutional re-
sponsioilisy for the stresses, The attempt must be made 1o compare the
berefits achieved trom improving air qualdiey a ditferent levels of ex-
penditure in relation 1o a given substance in a given environment, and
among solid. gascous, and liquid residuals,
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s,

- The Cleany Aiv Act was being amended again by the U5, Congress in

1981 and 1989,

. The state implementation plans must consider stationary and mobile

sources ol discharges,

- Developing astate implementation plan requires the use of air quality

(dispersion) madels. Such models translate the estimated present or
future discharges into the spatial pattern of air quality in a given re-
gion. The limitations of such models and the problems in their applica-
tionare not withinthe scope of this report, even though they are eritical
to the analysis of benefits and costs in air quality management.

- In December 1979, the EPA announced the use of the “bubble™ con -

cept, which subjects an aggregation of point sources within certain
types ol activities to a single aggregate emission mitation. This is in
contrast o requirements that cach individual point source (stack)
within an activity meet an emission limitation. Emission offscts mav be
used in nonattainment areas in order 1o allow new sources or modifica-
tions of existing sources. Growth is allowed 1o the extent that cqual or
greater reductions may be obtained from existing sources in the re-
giou,

- Where cross-houndary flows of pollutants are significant, costs to

achieve air quality goals in a given region mayv be incured outside as
wellas inside the particular region.

I the Tong run, it may be less expensive for society, in real resource

terms, to shift resources to growing crops or trees i another area
rather than improving air quality in the original trget area.

- The compuation is complicated wherever cross-houndary flows are

involved, so that costs muast be incurred in another region in order 1o
achieve standards in a given region,

- Fora description of implementation incentives see B. I, Bower, et al.,

1977, Incentives in environmental quality management, Environmental
Science and Technology 11 (3): 250951,
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