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FOREWORD 

The link betweeun energ.y. d 'n vioileirllil quality has hcn ree'iving
increased anel.illion oer file )dsi. icf"lde. The liiccd to)planl f'or a postpi,trol'tili C] oiioiii\ has pl-o.idd &. lili~Wid impetus toellVirl lil.ll l p ()t (. s be.ca;lllse lte cmlll lalcl i ('I( c 

st 
g 
n1dics of ncrg'y

,)mi'-ce'lI'((_IIs 

likely to suply additioml en ggi' (utring the rest of this cent tn,'art, coaland tIId'illiil, Iotl of which have serotis cIVioiimiiital il-o)bIlleis. \Vhtithis in diid,t - last-\V.st l'F il\ i , l and Pl111 i( v Ihstittit, stlarted it 
F'i~jc)t i Ili ltniroiliital l)h'Iiu simis (if liirg l i iics. T'Ihl iiijm>rgmil of' this w rk is to Ir<\'ide pF.licv ak.rs %vithi amnlhvss thai will behcIl)h'nl iII mc.iii. t Iil wtil g4oals ()I ad(h(hq tt, tiiCi'V"Sl l~lics and a.stistilhutblo. c'liv\'l lvli~ll. 

All areal o)f high primit V ill tt :\sia-Pacilic region, andf withlln thelr()jecl, has leeln the auialysis oft ho.' links -ttweei all (fitilit ' Illa agellicill
aiid cic.,lgy Oflhiies. A \\orkshio)l that thcemte was hiId at the ast-\VestClter ill -ch 9i ()S%\with pairticipltimi froimi littie (OlliltlIcs ill tIle re
gion. A papIer lcliug wit h tMi eu ilOme aspects of ai quality fl llage
inlit was lWr d for tle. \\oikshoji fy' (b;vifti lrad ,iad Bilairla m'etr.
Participants ill tile I\' ksho1 bt)li(h v.(l tfit life L(, 'ioiiii(. alhliircl discussd l) y thin womld be usefnl tn) a Icwiedtr ut(,iel. llc,institlte.
<Il'esttI thIeii ii) n'vise their paptfr pnim catioi by' tie. Institutte in itsReselah if Reprtsleries. \'c beli. lltt this relport pl .ifes \avtiah.,in
sights to both tIle' oelertultites iml tilel hillitalioms ofI qtaitifying e (-Il) ni]( betnefits ofI ai t( tihi lltuinillg iilllli J ltlgr ills. Il do>ing this, tle, 
I)p<'er cai (Aotrilut to implroving eiitgr-tviiir l p(lpodicynvaking il
the Asia-Pacific egion. 

May\'nard M. I ltfschmidt 
F'.AP Research Fellow 

http:last-\V.st


Air Quality Magcnpnnt Benefits 

Air Quality Management:
 
Quantifying Benefits
 

by 
Gordon L.Brady
 

Blair T.Bower
 

ABSTRACT 

The problems and potential o/ quantitativeanalysis as a tool in air quality 
management are explored. A status report isgiven on (I) decision making at the 
various governmental levels in the United States; (2) air qualitv measurement 
techniques and problems; and (3) /hctors ,hat plague quantitative analysis With 
respect to air quality management. he problems occur both in measurement ofair 
quality and in measu remien of'expomre ofpeople and materials: inadequate r1oo 
tayitY and1 morbidity statistics ail the dfic/tv o/'establishingcansalit;exclusion 
of/some pollutants from measurement, lack ofhistorical data, awl the iuna ,ai/abil
ity.,,,inaccuracy, a(d inadequatesiting 01 instruments. Evaluation studies of moni
toring equipment are cited. Measurement of exposure and of/"the / 'cts ofair 
pollutants on hiuman (dose-respone function) (n onhumm rec,'ptors are 
(isc ussed, and the may variab/es involved are pinpointe,! Aethods o/ placing 
monetary values oi these eff'cts are described, inluding the valuig a?/improved 
visibility resulting/rom air quality management. 

INTRODUCTION 

It is soniewhat nusuiail to begin tile treatinlit of[ a so lIject withl) a warning 
against attaching too ntich importance to it; Ilt in tihe case of, eco lil lics,
such an injunction is (luite as niuch needed as exl)latatioi atid emphasis of 
the importa nce it really Ias. It is characteristic of hie age in which we live to 
think too muich inl terms of ccoootrnics, to see things too fitedolilaltlv in 
their ecotnomic aspect: and this is especially true of the A:\erican people.
There is no more important ircrlequisite to clear thil! ing in regard to 
econotnics itself than is recognition of its limited place a;iong hum11llali inter
ests at large (Kiiglit, 1933). 

This caveat is both appropriate and worthwhile. Interest in the use of 
quantitative analysis for the development an( imipllenlentation of envi
ronmental health and safety laws is increasing. Both the U.S. Congress 



tile ailocatioii (fl j)LiIlic ta': ivveiities aligit go\ ciiiceitaiI pmtgriiiis as 

sessinig thle (.)S-ItIcti~cIci.it' (W j)io(gl.iiiis i)ioi)StiIl i) agenlcies I() 

D)ecisions illit- (~IIailt miii ageni requlitt miakinig hard lihoires bc

tive Iltliv ( illc particula il iiihistriis m. u'e.gion1;iill thet'pcist ()I 01 inter

ests. 1)isit imiioulia iia\ rtcspt(t I() thle (055 (IFimpajiint m (ill- -withl to N1t 

rc'o(gmtiietl that. milall (ictits. air11(fmlit\ is iimmi a pa I (dmmiioumiiitah 

abih)lai(jait miligcmmictlt art, liadlf'.. 

Unitlrtatlttv surmi s air iqtialii minaiiagmmm'mmt d(eisiomis. Fllc lilicel

taility begins w.ith tlite less- I );Illu-com 1iltc Ilil t-lstimtldimg ofI jimIhiitaiit 
quantities gt'uicliated id~(istclirgel itito tl littmsl(e amid Ilierelore 

tile rate o()IjfIlisiohiolpImiaitts ill tiw ail" water, amid so)il. and Ilhe tffeuls 
of ehtaiigcs ill aim (IIialil tv itiniiii plaitls aliiiiias. ,i1i(i Iliiairiais). 11wc 

Illatei)I atlnie tlc I(d.lt iiiumai ii ialit\i ploglaiasadIII~llulig'iei 

These efIfec ts oftenli (fill i(i totn)t lilatl'l lht( ausc itlipij)iilits\imiabhes 

relatinig wo themi aretm minttliil'lick kmio\i. Anakifsis muist nmo 1 nnale 

estimlate's of ('x)St'(po ltitoils I(d \aills tVpt's. is Nell as est imitates o)f 
effects. Such niliicis be etted ill tt'liiis ofum nIa\1 rcfIc 1111ilifilii('I 

rautgesohme-stilts aild cllettis. Qiiiiitiiative iutalsisails'i (iall pijilflllt \ama

bles for \\.IliI btter. l I(~tilliiomi Would bC'iimlpoMi.awll \\:i a;Iihf 

t hal t li tilt I) Italit. 

Thtis iuiier. is a satais rmt I iit ii li i ili nd i l~it's lI. csti

heretul ill doting m). Dc)eision making at ilhI' \aitiis goweliticili Icv(15 is 

(discussedl fltst. hh1citt bte ith 'slimiattlin is dt5( Iihwdllimniiihig Iiilfquliit 

odic lammrior fuii 

iqttalit V Ilinigeutilitl 

ouIt so)ilnt) ltupiin ia eiiivi withf respcut to;ai:
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3 Air Qualty .anatgellt 11njt , 

DECISION MAKING IN AIR QUALITY MANAGEMENT 

National Air Quality Standards and Regulations 

The Clean Air Act aiendients of I970 contained four major provi
sions for managing air quality as it isaflfected by'stationary, SOLtiles. 

1.Fie Environmental Protccti( Agency (ElRA) established na
tional ambient air quatlity standards for the so-called criteria pol
lutants. These standanirs iuclide pritlary ees to proutect htinat 
heath and secondary standlards to p'otetct welfare (Section 109).

2. 'Fie EPA was required to establish emission standards otrstat ion
ai'y poltition sources that were conS1ltucte I after the issuance of 
regulations (ie, niew source f e standards) (Section Ill).

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

4. Each state was required to prepare ani iFplementatKim plan show
ing how the state would achieve and maintain tile standards (Sec
tion 110). 

The formal regulatory process for air quality mmaigeient at the fed
eral level nay be organized into ine steps ((;A() 1979b): 

I.Initiation by the E!Aa,dinunistrator-in response to a congres
sional statute or as a result of an ElA deterniination-of the 
process for setting an air quality standard for a,specific pollunit;2. Designation oF'an EPA lead office and of the i)roject director(s) to
f'orinulate a work plan fNr developing the standard and for carry
ing out the necessary scientific, technological, and economic 
studies; 

3. Organizatioin of an EPA Vuorking Group consisting of' individuals 
Fron 
the major offices in charge of' residuals managenent, EPA 
regional offices, and t lie offices of, (;eneral Counsel, I.egislation,
Planning and Management, and Research and )evelopment. 
Ihe task of the groupl) is to florm ulute tle proposed standard and 
prepare the Action lemorandum for submission to the EPASteering Coiminittee, folhwving approval by tle assistant a;dinis
trator to whorm the lead of'fice isaccontable;

41.F'ormation of a Steering Committee to oversee tie mechanics of
 
the process and co)nlluct tlie First internal review of 
 materials 
prepared by the lead )ffice; 



5. 	Review involving all assistant :dministraturs, general couisel, 
and lprincipal staff(ofIfice directors; 

6. 	Review and approval by the EPA admiiiiistrator: 
7. 	 Interagency review and colmmett, folhwcd IY clearance bv the 

Office of Managelnet and Blitlgct: 
8. 	Plublic.ation )f" lt'dhr',the FrO sed standaird illilte lRe'istr and 

the holding dI'public hearings as required to solicit p)ublic review 
and colltielil:ail 

9. 	 Pronmlgation of'thelFinal standad af tlt iniaking atliroF,riate I'e
visions and repeating steps :. i, and 7. 

Quantitative analysis can play an ini)o-tant role in Stepis 3 1throigh 7 and 
il 	 step 8, assuming that this step is used to +generatealditional il+ho'm,;l
lion.
 

TFhe first step (fmanalysis is to specify the goals ofp" p,r moscd decision. 
There may be more than ouec; I'r examlle, tedticiug dletriniicital health 
effects as \well isp:reserving theialltural elnvironment. The altcrlltives 
available to achieve tl goals moust be listed ard then ,araved illrelation to 
their cost-effectiveness to ena Ile a r',asmcl evaluatiof(fthe amiiil)ated 
effects of the proposed stanlard. 
The next phase )I' l n'sis , c'ch()pinlg estimatel relationthe ulelils 

ships among ;ait rations, e.xl)osurmes, .\cItpollution comiccti 	 alld cffcts. 
sidelable aunomit of udginemit is needed to translate thiese relationships 
f'rom sc'arce lata on ai Itquality: f[run, ,atbest crude (la llil t exiostt', 
of'different segments of'the lmiullatio)I and of ot hc re('elit<rs: and from 
poorly umnderstood physiological and retlae sVstems. 'lThese are, low%
ever, the basis hO' the "criteria' (loctulcit o)f a givell ,lilliImat. (It 
shouMld be einphasiIed that tie critra documneni for a pollutmt appar
ently ignores other routes by which the indiv+idtal llIav be exposed to and 
affected by the pollutant.) This criteria focuient in turn (otlnlmrises the 
basis floestablishitg the airquality st'ndard I'mo the liuilutatt. 

EIPA decisions depend on a iix of scient tic, engineering, legal, ec<i
notilic, atld pltical facto's. '[lie issues are illultifiaceted, and their inter
pretation in.olv s sonlc hargaining allmng the Irincipal cmtrihutors: 
scientists, engineet's, lawv\'rs, F)liticiais, and sociami scientists. 'Ile bair
gaining takes place at various goverimiicnital levcls. Not all le\ls will be 
oncerned with the saint issues. Bit tIlt'point isthat thie IrIocess testlts ill 

air quality standards, which iii tutu Ibecotile the lorcc bcnhid air quality 
management at the state, regional, and local levels. 



AirQiality NMmt~~iagvii let'.lits 5 

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

Because st ate gov'rlnleits are I Iw agents primiarily responlsible lowithe 
adtinistrat ion of"1P rETgtdations, the EPA ill acttality' may have little 
direct control over tihe ways in which dcecisiOis alel put into prict iCe. 
Section 11 ) of the (:lean Air Act re(luires that each state produce and 
sUbliit to the FIA an iniFl.nicluetattiol plan tlat shows how ile prillary air 
quality standards will he mtt within th state's hmtindaries ill th specified
)er'(iof[tiiotd.ift+ state shows that appjhing tisosnlal\y availahle alter

native" physical mueans f . attaining the prirlliyr standards will n(t
achieve thent within the retquire( litte, h1owver, the T1A adllinnistrator 
illay Xtlen( the date (fcmilpliance. (alitilliv analysis will he isef'ill in 
dlaltes ahoit what cain he (doi within aispeci'ic tlitleiol.
 

I tlh11 
 disapproves the. fpln slltiiitted by ilte state, tile' 1P adiliil
istiatoli titlS pilItre and iiakt' known l)(nitll ;astill iiii~leitintatiOil 

plan. in a(l(lititln, Sctiont 13 allows the VP:\ to asstnie enorcement of'
the state plan plrovisions against an y or all solrce.i if tile administrator 
deterititine.s thlt [te state hias failed to elnforcetelh, apipltll plan [fcl 
tively. Section 116 allows a slate to id(tl and eifirce iorne stringeniit

elilissioti stal(lrds than those in its stalt 
 plan, hill doels lnlot allow it to 
i(hlopt andiltlrcc less st ritigoll etission stin(lir(s. 

Analysis ofI cost-efft'vclvelCss is-or sll)tlld (e -an essential iigredi
ent iltthie peparaliol ofstate ilmliemettiloaln lilans. Al least fol types of" 
cost-ef fcti ve ness atalvsis arc relevanl: (I) t'iii ts ol te "<lhsolte mini
litmlli" social reotirce tsina inetiigilltregion of air quality stalln
dards; (2) estimiates of tile lnillillitn co)sts, "as (listharges see then," of' 
Ineetiig tihe stainila-(ds: (3) estimates of, the niimnilitun regioinal costs of 
ieceting the staidards stlhjctilto posible const railits (o) (listiillional
fTects, such its io ilt(oe thai ) perceti intcrealse ill hioliet-atiig costs;

anl (1) estiiit.tes ofthe ninimun regional osts of ittetiig Ill( standards 
tinder altelnative regulatory systems, lot exapiile itgulaliin of ilidivil,
ital stacks, i "huhl(," (overeach atcivitv, tinission offsts, and imarketable 

perilits , Blnefit-coist analysis could he used when there arc qltiicions
abotit costs or whnit il btiinfo.its appeal. to have btei excluded. 'eliese 
analyses call fr r(onsidleralle skill, ingenuity, amid fle xibility. 

The stile plan fratitwoik allows stait, ieg iiiL,aiif cal gKoeriiteits 
to( lkintune ll tie llls for achievingf le federal goals. (:ost-eftftct iveiess 
analysis is tlie most likely type of quanltitative analysis ill evalting alter
native ways of ailieitgnspciui- or alternative--ait (uatlitv stanarils. 
Cost-effective ness, howeetr, rmefers not ijust to (leterininiig tlie least cost, 

utt also inliudes jIrt-lital eletnits in the calculatioiis ofilhe itidividual air 
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oIlltli ailnls lol.e11il;](d ll~is \aIlust 4)1ll.ctll~ml 111.l~at1154 44IIIC1115'*1

e lds o il-cexis )11(1;1 t *)4llltil s %eliIvlll thll.4i'(l (Lil[a(xI s 
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Second, thie et'enit 1()whitci Illc indicators Itcsilleti ectomipaXss life 

((lilyr iid ilil MV HOIi ilc s1(l l a .Fu il r 

add1 lisii: ow I 1 it ion, isa sllllil c Ina biie scol InfqS()ce 
11101 ln thislelid ism"ll~(I)~il Hit'lc'ilsili is Illelst;lvIiiiil OlisIlhfll" hs (H1ill~loll(dmlllllloil ()r 2~01 (1) 

Tird' ( Oic datsh)%\.Y l\cll(tl endlsloIi mut ltlll()0.Il kli le(iiit
nilstels ( i sti(iii I: Mlt' sIglu-II hs uivrw I i 511tiiw1 si i g iii Inti (2s 

thell ili lb ilil ilt(dinp111lll s 1)1 l iil)( ll t' il il: anid(3 )r the 
leaiiylg ()lila ltJ itsll ingldlslllts(i fl ini(ila (I 1) ltt 

lim e (itIitolgi ,1Y disil dt'illi ll ) lecul ill lil p slcil. lins( di 1ev
1011ni111!I l-illI l lil sfIiniliml~kg E e ffisitesItt'sl3ili a tinstrme is
 

;IC((llli~le imll ai ai
eo la'll t o)a iiy li (ivI le ioni leeal 1l l havie 

h l lll.: IS ! Iand5niiid ( e HYis: lllll' (iSI l lig SlsatcIetsll ( 

tilIItThe 111 ( 1)iilf a) I( in muas ct'a )I~time period that i Illiollillin iWlstl 111011e aslillle i 0op~eain10(1 ((i 
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Table 1.Ambient Air Qtlity Monitors in the United States" (GAO 1979a) 

PIodilttail Mca'utId Num tSlojiicoiN 
"]011l s p! ell d I parlicullaics 1I:, 1 
.S11l1rdhoxidh. 2,1;,
18
 

Nii i gtt dioiX(Ih I,57)
()/oli. -527 
(Carhonmonoxide .t50 

T()Tt . 9.t10 

•Mollitrs It-il whi thdata1me reported ntti)nAl dtia hank ill+to EPAI.'..s 1977. 

Table 2. Evaluation of Ambient Air Quality Monitors, 1977 (GAO 197 9a) 

Numbvtlti til N tmlet No t Pcit ett Not 
lttitaill Mtlhtntnt Ntmcbt %ith Mting Siting Nleht1g Siting 
McJllilow d [-'.vah(l.11cd No ]'rldch llN CIritcl'l, CA:lIc ial 

To'tal Susplldc-d 

pat ltiit.lat SI 33 IS 59 

S11t1,111.dioxide 56) 7 19 88 

Nit tng ct dio xide 30 2 28 9r3 

)/onte 13 3 I) 93 

(Cmtlntt t ot<x ide 33 I 32 97 

T" )I.I S 2.13 16 197 81 

developing state implemcnation plans and sites i(Centil'id as l)otential 
lcations f tht.Ii natiomal air qiality t As S illmnitoring SN'StCtt. 'wnl 
LIla)lc 2, al)l)rxiumtt l V 1 l)8tct'iclt of lhe 2-13 motitors evaltiattd had 
)rol)lems (ole t tit) :tt;l cotild ',Clt adtverse ly the attnlrtv attl 
ieliability olte ata glitratwi; the plrcit.nttges rag (d fromt 59 
(total stit.,pj dled allictlatws) to 97 l)trc(t (cattoltl tlmioxitle). 

01' th 211 iitilittgig siles cva;ttaltd ill the (;.() l)l)rxi-AOstt(, 
niateli 72 pcictett did tt mct t >itc (mt tltimc (f the F+,PA's lrojl'tsth sit, 
specilications flor Ilithnational nitlloring systm (lhlel 3). 
The followitig exam ples o& improet site conuditits l)tovie atiple 

reason [0or Critical S(rtltil\y the accuesranativenessteturtct and altac(l 
quality data. Illsome inslanes. the tt)tlilt)rs Itsc(d to nttiasute Ilheot'lttl
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Table . Evaluation of Monitoring Sites (GAO 1979a) 

Nmuber Not Percnt Not 
Niimiht, of Meeing ]A'I:s 'Ntceting]-TA's 

Pollutaui
,\easulvtd \fVniors

Vl':~ uacd Iiii s(I Siting."pctificati()ns PSjised SitingSpe,]ci fications 

l'oild situuitctitc 

p)arti(Il.l s ,"81 .17 58 
Sulfur dioxidc 56 39 71 
Nilnogen dioxide 30 26 87 
()zoic t3 37 86 
C:arbon monoxide 33 25 76 

T( )T.1.S 213 171 72 

tr-atiotl of-lSP were surr)unded b trlees or encl)sures that prevented a 
)r)er flow (f ,lit- and increased the potential screening t)I partictilate 
matter. N lle'ollS air inilets an( rlo)bes were l'Uond positioned (il top of 
in nit istorv hilihdlings, far abtve tile height limit in regulations proposed by
the: ERA. Inl ,additi()m} iniv ,airinlts and)( probews cta(lined(( (il'l;I and oherl 

fol'ign IliatteC. Birld neCsts we(re sol)etimes fouind in ;ih" intake probes. 
Froill (isc'ussio)ns WithI officials, it was Icarie(I that siting of" ilstrIenits 
WaS ()['telt )ased (n tihe locatioln's Cl)lVi~llCCie 10 all tiergv source (1
()J)erlat tie mloniltors), its a'ctcessil)ilitv low servicillg, i(i its seetlrity fronl 
vandalism. Il a(hitio ( these poi))lems, 58 ercn)( t of t t(monitoring
ills[ allal ionlls c.onltalined: ullac(c(_ptabho." o)r tul ccrtiicd(eq(ui]pmet, (Table .1). 

The use of 'ecem)ahle e( iipinnt, site(I il proei)l ltWoctio!ns ,ttl(I o)]r
ted bI well led i)(rm(tlmli (loes t)t gtitrnate lectuilte anid relid)he 

data, llowever. In 1(977, the ERA evauateI the state an(i ltocal laboratories 
whei e the slll)les C)ICltCd at lmloIlitorilng Stat ions Were alyziVe(l. Onily 
10 )cen1t analized alcclratelv 11(e samplllpies tilt Ile EIA sent tileill. 

Based oil I-1 A ctiteria, tilt Ll'A founld only 56 pCecent of lin()ltitoring 
records a(Ie(Jttt foir Statistical ;lllialxsis. ,lhe percentages ratngedl Fr)Im 33 
pel(elt ()zone) t(o i4 jI(iciit' (]SP) (Tlie 5). A sinlilar' )'tlllusil was
reache(d in a sItl(I\ c(ilc(I(l For ill( Nalti)lial :\ctdenilv )('Scieel (NCI, 
1977). "]'le studvy conclud(d thai tile ERA did n)t apply scijetilic p)rinci
ples strictly etough to) tile (isign, )l)(eratiol, anlI evaluation ol',ii quality 
m(onit()ring )rograms. 
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Table ,, Evaluation of Monitoring Equipment (GAO 1979A) 

Nizihtvi U sing 
t'llacceptaleh 

lPvclcn t Using 
tllatCt'tlahblt 

Pollilla t 
Measuircd 

NundcL 
l'vahmiled 

oLrtLItrlici 
Fl+Iipilei 

idrt'nccItifid 
lEquipmenit 

Total SuSlendel 

particulates 81 19 23 
Sill Iflrdioxide 56 -10 71 
Nitnogen dioxi(hc 3(1 26 87 

()zone I3 31 72 
Calbonl 1LoIllxid 33 26 79 

T'()FALS 2.13 1-12 58 

Table 5. Evaluation of Statistical Adequacy of Ambient Air Quality Records, 
7
1977 (GAO 19 9a) 

,Moliltring 
NLumbLe.r of RILccrds 
Nollio.S Nmbter of Monit'i lg (CLsideltcd 
II.Lihlg Ro(tLLrds C(llsidcLc (eCoiplte tlr 
Rc(,OLLI ( L(il lo StaI.titil 

ollu t (l.lI ) Sii it iL.\vcliigilng Avclr. ginig 

" L tiol)Suspended 

pilrliclItcs .t,'23-1 2,717 fit 
Su1u rdioxide 2,618 1.35-1 52 
Nitlrogen dioxidc 1.579 87.1 55 
(),Olled :527 17(i 33 
Calholli LLlllioxidL" 150 173 3s 

T( )IALS 9,108 5.28+1 56 
dElIA guidelines tL stiMt lld(iI iLLli t itp. ]Ll illiIhemtoIL L lililciit Illl lotLitIriig 

L)tZ0LIC dilring liLt (V llt oliIlioI/Lliit.-lIhodiitilig) IillolilLs. 



Table 6. Comparison of Indoor and Outdoor Concentrations for
 
Selected Pollutantsa(GAO 1979a)
 

tHhtt I111d '.(ll( thlh ( 'lill 1aill 

I lat's III dc pa lt)1.ic { )lllx ill ]ill tl I li l 

Suftttl d litolld t. t tI at t h1xiht halltultt.It 

Nil t i itxidetel 
1 rtlittr the eI1osur o 

(eceptots It tn I el t 

Inhollt(iI[ (lln ids),t l'llti lhttt f 

• ill ltkiot lIlt+ ,ltlllt ll, W , l }s+ i il(ili'sn c ill li nl lu ll t ilt1, sct't, 

()hili vM li, n ingli li, ile lKa mialte., 

ii 'huians, ;tti litnls ud aot fsh ht a 'tt l toshofIlttat vl
 
R l be plit t teg(Ittte w t to i lt- 1
111Measurement of Exposure tlt a ities, ~tia tm e 

1xveh l Xait'i ttqu lity is l ealttd )tatl iat ,ion Ilei ( )) t-tttile lx surt of
 
relclltors is tlliottit i . bltithe. f ret lo. il ht iti r(l 
 llivt, a -ll
tioll "(te , plat s, hysical ts tlcttes ), Itli 't i Is less evrtetlt tl)2l 0,h

tliill tll, lilli ls,iltlt l lgtotl Fixsh. ofllet
lotc,(1 t (o tlltoHlh I lli ll will
 
lea ulil e s ehogha hiclcationof itc t it s, Ihil is, at htllit,
l lhts 

t wo k, ill tratsitto 
 di liel i wi k, lt r( tis ii,alnd tillo ter tivities. 
Moinilr, ttilts ee c tittetI i tc, ,al o Callit tc,ci Xl i sinlilcail-llyx. 

Fo tixat p, til W(l l I ltlh, O)ailloii ttaii (W 10()) trild tlial most 
l)ttelsIt ' tl(ld.aI ox)l)CiillltIv 85 Itdoors. Iodoon rliionseetellv eiheiflite 
ioluhtio NOllcolil rlos, ill th Few alliiled studis ( tke at, etypicals
hwe iten f ill lo Itceeo)t! tth ()n lili lli oispIlaills; Ilhll(,or , ilileiiut illll lls for" tsl l tidlo, lllull.o l l, ai qua'ity~ix calil Itl onger~i be 
re+lied ulpoi ll t stilil~ilt. Ilokll ct poIilll. Fori moist l lict ii1div'idlials sltl(d
led, llXt'i veag ( expo(suret was closerI to Illyost ht ls ilh( lli( l l ll t 
those 1il othe~r sil.s. Tle( datal ill T]'ileh 6, w'llich} allc+base~d ()11Itlone stl of, 
lnti ltitie 'tiol<f
l.s,shiow thatil l( rha Indohor~ loloilldol ;lt ))il llu 
["lilt cc;licc, llli olls~l texce (t' ( I.0I lot (A(), ire.slii-ailot, pariiticuilaites, N(),, 

Simnilar resltls wt'it blhlliiied hi .Moschaniic asi, tl ill. ( 19.78) i niica
stwlicilil., i"indolo rl anid otdoorll atir" pollutantl 'olit lil Filli s 'lotr" 1 
bu-ilclilS, lndhol' t'oiliCellil(l-,l i . geneirally ec eedet'lcd otd oor+(li''l'i 
lions+fori N(), hydrh(caribonsl., C0(, ailcthwts, alndI C0,<j Mea'suremenltls 
wer'e cither higher orli hmi'Or N()o , "TS]>, an1d( r'csll-;Iilc suspenlde~d 



particulates. I inbdo cmcent rations WCR, (IsIIII INower han thosI()tmsi(oe
I'm SO , 0):1, S0, N():],1and Ph1. 

Measurement of Effects 

Even if* tle lime f)Ijltl'lls ()I exl)oSre to j)o.hlitl cmild be deter1n(ls 
milled, tle next piltlemi is to identify the resulting f[Fedcs oil lttiittauis, 
plants, atnitals, and materidls. This Step requires the d(evekyllet of* 
(hose-reslpfose relationshi)s bettl,'w_ ,,Xl)oStl. and e.f'fes. Smilc exam
ples oft'stclic relatinsihips ate dis'usse.'d here. 

iL/'rlcs wi Nonhuman1(1 Her''Hor%. 

)amtatge estimates can be iilaIelt w agricult'ual and lm'tictittn'a 
Cro)S. The stls(',l)tilility l)lants tI) air )oIllttion, or other Stresses, is a 
fIlIctioI of the qua.lit, of the soil-itclutditng availability ofdtuitricilts and 
trace elIments-and the water sttpplv. I haldthvN plants and ties are less 
susceptill to stresses of all kinds, including air lolltition. But mte ( fthe 
prolblems ill estimating damages is tih<e licl that some (f' tle' ceffuts on 
plants of adverse air quality are similar to the cIlfects ofI trace eleentc 
dleficienies. 

Onice tite re(ftit 1(11iII tI'T( gro'wth 01 (iwf) yield dtue to ;dverse air 
uality has been .sliiilel+., it is relalively simle1h ) ralislate such icoluic

tions inlto itoitClarv tCrlIlS. Vhete a ntimal itarket lot a ipif1Ut is 
involved, hwever, ..... f,'loss oI prioductivity ill one g.o)grapqhi,, area nay 
o may not aff*ect prodtt prict., depending m yields Iu other areas. ' 

CncCeptunally, it is even ipo issile1 <II)s lihlte( damnage n'ftctioii, and. 
hence, benef'its to lake Fisheries from ilflf:,ing air (tqality. For example, 
damage caused by, tile (lepositio (f alirfloti' acid residtals -in ternis (If 
dhecreascd fish yield-o ssibly cmld be estimated iil realtliml il fish spe
cies ill :I given lake in the ntortlhastrit luted States. 'This wmld requilre 
(1) water (ftlitv litl associated i)dtuctiVitv (1;al,1 for the Lke over tw ()t" 
three d(ecades, (2) the assnnmpiin that )rpiic tivitv was ]I()( (e.:reasilig as 
a restllt of itotiuial g,'Olllr)hlohogical and ecological luwc'sscs, and (W)the 
certaint that lake acidit v affectS lht llIo(fdICtiv\il\ ofsoni1C ( IlhV lake's ish 
Sl)ecies. 

The I1 has supported _'esCeaI('hl 0Il dilliutgC to miati'i ls from ltvi'totls'1, 
levels of, air polluttions. Cmsetqueltly, re asmoihales ileatcs of dattmge to 
materialsC aia be miafe i' reasollably acculale leasurentslellts () xl)ostll' 
are possible. Measuireincnt., IuIst ailow [or tmal eteritrelioati of mte
rials, a 'mction of'weatlher and use. As ill le sillatioll ofFagricultural and 
horticultural crops and torests, separating air )l(lultiIl(laillage tim 



ThlC e TCUtS of air pollutioni olii ll icalih canbc le lied ill termls ofi 
(a) actl lllmt;lhii\. (bI) ji1(logesive (leleliolrtiol oF tlie lliillill systcil. 

an (lclnporar di d l l e (.(til c.ill4(~VC(eehl( l l fllorti( gcira 

alk l(I(ds lo4 (ealli. (IDeal1 iil\ M"yo lllt not be it rest of, hIt( (his(sc thlat 
(ihistc ilc (lcttioii/atill 1iflil is, Ihc illdividul I lilighi "ullicd(( ovel1 
lhI ibrik" Ibv adisease st(Ii as fill tIIIo IIit .) hFV if-iti 16011 isiI 111~I)IC OF 

CtfiSiCol is ()\ei It( MOit' (~(hf).iit I) hiill 1() dw45 1101 (oitt l iii s it 
Icstilt ((I Ile lclipjolruii xpo(shirc (o) ail polluhtion. 

Thet (f(st-lt'Sh)hSe hIiti 60lofilagi\i scgluihelt of Il flophiulloll is 

014 il~le \ Itl 
estilliuhlt (l0t-esj)oillse ItIclilslif)shp. hf14.\ inlilcf: (11 ex lilalioii 

fromi Iaboi aioI\ stud~it5o niiiitiis: (2) fbfio tinismi stud~its oh tlie liti-
Milli1 sSleICH. slid)I as itff I()f S(X,) 01) uhiliSho1t tite: (3) cliitul 
5tud(ies 44f Siiiuiil popfla)lIhiois c\p05t(I to siii-i anid \\cll-kii(wni coindi

tions, sich as those iii work plates (e~g. Ie.Niit ills, thliiitill plantl ts1
hlestos fuiiloies: ( 1) (flidililioilohitcil Sluiiiii of it pylflihilioil ill a giveil 
i.i11 Ovil Illilt: and1( stuic (d ohsi~illandrd/t-d luc opiohi

1(11150h ~4IhitViat. uhspf)I(c(llill-s hiavi tist-l to) 

(5) ( to5-,s-sctioill 1 

tan1 statliicahl uleuis. Tllc laist four~h(( a toililllll of alluihysis From the 
Sulhalitti) level to) iegioniai aggregates. Somei of lilt- proichhlls of tlrekeo 
inig riitlfoieihiohihys, ats Well it' SOMCl of' IleC FSuitS, are I'C-
Flected iii Lavc aind Seskiii ( 177), ( >otkei et ill. ( 1979), and1( M nell~esoln 

F~stimiithg i ll Jflfe s oh piolhiitaiils oil fiuiiiiailis cISt icl .~(Allljli

icateth. I~'ell wflil polliitliiit coliclellruills alc high tiioigh to prioduie 
acltc lttftics. isolii Illchi (Ihlist of lilw cf 'ct is still 111 comopletely 
SITraighllhorid.i A\ p)ls)lls, c(xlshlie to a fpollhillt 111cr ill i vilietv (Ii 

SyStill. IDepeldiiig n O41wipalllwul andl t1le ltcllWcll ilillivlt oilc jiolhii
lant, a iitiiibe ofSymlill 5ihli tile hotly ilav bie allefcc ie foleexplil-

Sionl 01excietiololl ttls. Cau.aildiv isd(ifihiult 10 estahbhish wlili eXposulec 
is light; tile ehlect iaX take p!;lte over a peiiod oh years. at (hifieleill 

lociatioiis, llnl iln cominlationl will, other stressors oi I lie litllill systemn. 
Thie physiological IllechlliSillS hy which ail. polhlutanits affect hecalthl 



II 

I~I a e III d I n Ig444flow I) ., x vr II- 4II.4II t1(1 jp I 4-i\IcI I s ar 

lilllitcdt (() Iliost. (m small ;imlllials, m]44tlh11 I1--(d 44 litllli llc s. aid )f 

IIIIftX)) lt't)m t41 1('lhlllols l4I 11 14 4l, 10I IIII it44 I(' 

h 'igc iclt'laioi II~it'' l )4 4411mI tllt'-('l1 til055.St ih laf )11-(ls51 llloit' ( 

()11I 5 o [I4 to1It)%%- l-t'4f (diiitr mf'ili. l 14) \a Imigs l\[Us 14 t' [sIm%%'s. It'(i.l 

SfoT' ti1Ii ll14it f(I (.II l io1-1l il I l ii '11 441115boIil.l l1C.44441 111441
 
1114'li(1fik 411115 I lt't i cf'IIIc.~
( i fl siIii 1 ititi~11S 441~l4d I i sir illl f o-l( 'Illc 

1111.'lsi ((i I c (flit' 1c lit (15 4)1f c14s (d~i i't'I)Sl()4i1Ii l ... B'ctit'Itutu 

4'\,lciill 


lit' switl.l d 41 i.-;st(44imJcfi4;ltI'f hc 1v .1 t )t 


11ali S111\114 1i454' is iisIlflff'I ;Iii[)44fli141t'()I4 and 

it~ lta'. ft (d Ii l ' 41ii'.uIile
th uscl (d([(' -11snoI~~ltk .4114i 411.hl4ili im-n. 4;Ilis 441 ( piin ri111( m1 

aIeaSl pial. Ilt pIp c.44IoIili. [o4Jmida i m ti 415111t 44~i liil pj1it' 

ph)chI i sa uts hi g ll l (il Ic gt'n lllc . l( '1441 l) 111cta sp'ill m.t'.tliN I II1gl 

th~cisi cll s. Th tc illl lailhuil~l i ig lc(d d5tca I.i, ll it- i d'itiul 11111144 

iing -tt'tc'- tllts, Ill ;'Xf)OsII t41 li j) c Il lc ~dchi44ti.IiIg" 



A+it"
Qrilit, +laldgft<mlti llits I15' 

.1lrbili'v- /(,litiCAs . l'wo 11;ijo ilrbidity Staitistics irc: (I) st,) 'lsofI' ll'- oir 
proix'-i')t't ltv; lticot)t(lliiois ad their i fects ()It the iitt.toIng of' 
people adtl (2) a;at;i det'rived oiti tl wok oIfph'siciins, clinics, and
 
hosFpitils. lie firstIs i it'ct5 slfII- iet'ccpii(os of hlilth, ge'eltrl in ot
nlitijotl, ull t''oiiitteicifida ti<l t'ints \ (,I .tl)0t1l ll at fti Ile toml~etecdlte. 
lieSi lldi .ict('li'It\ (d this iu iotiti<iffti diev ilecidtt stronglmyl)VNthe pttson's 
inttetest itIt t toill- itif wri tlltgigle, II) (It)o i fThese, ltl ie itlliit m', 

elIlfCtd h the pc-t'si's ktilo\wl ltd , which is if'titlstrotilgl.' Iw Ilie caise of'
 
tc(ss to) heilt tl
ctre. 
.'lie ond.ttl t lse t'p~e. dalfiti teiulth cre tilits, ;Ilsi ref'Iect, to Somie

e~xten.lt, flit, SN'llp lllis tilli peo p leIt t.Tlheserc p.lt ,d alt 1, ho wv e rvt,ire ;If'

lecte, b' t iti oi tnolitmloil ofbtaii,.ell thfil thih (fiil sis mi(d fi tiiti t of" 
thi.tcisito. Stch (Iala alsoi\tiltl tillt ih'tl tiilt tlfllc l illtess. Ilh (l1tl 
'o)veattge is dl'fit'I1 stiloilgl\ b\ het.illthl (i itllth.ti fi (. t11(oll0 level of'th l e.i< . ( :o sts. and~o~tlih ,s,)IItlI i t\ili ii : l use.,S rlilui1at ](it 

will iIIl f1lcli c lt ' c(miipltlct ltss ot1illo bid it\ slatIstic of, 1)th tyets.
 
IlIcotlliist to th I 
 tti\.rs:ii ( :et.age oftltortallt\ sttlistics, itI illtbid

trYsit 1stics uisel int 1'...bfecnit st tifdits aIte,.feti\ci frtm sti\,'s irlwhich 
te sapttles ulsed weret tistiall,, tt lai. ctitgli to provide Isl .ita,(Itd 

itcci laloest stimdtlafit((l llttiopolditliall statisticllotr popitltols ofdtite 
ire. Ihth oitlIx titIdit\ staitistis Itsel i all' of the studfies ie front a 

nat itual smi'vevif nla.l'] l inwk-lorsof work-loss hays Iiturrlettil 

N ain illivilduil ate illItit elid lf \vaiolltis Iiige cli t iii( l
insil'iiCl
 
lto'isions whiili pitotecl iltoilit, loss. 
 .\litlihr shlfrtotingl in lithwoik

loss dattlisef I reftlet't lft iii hc(itt, I. lfiseis • is its aip)plicahilil oly to 
Ihe,iisirted segnt u oiIthe popitlitiitl. A sigifictiiit portioii of llh work 
otrte is iol ttiiploetd illthe s(iltls tltii which thfse lata ie detivedt. 

Also, lie dail 1o1not reflecttl of iit piodlltii\. workers1o\\ wtihie\s 
shouild hive stavled i hiolte, didlnot fe 'iuse they (ould not ft'i'd the(ill 
loss of wages. 

(.'om-duti, (:u,,ll, 'lits p'jj't1," (ill 14 il ,b EI'/l/'e 1(in~H/I /h. lit dddli
probtle'imiltl(f ll i(lion) to OwtIlJ) tl) a tii silii tliiilt'ti t estiiations (I' 

teXl)ltSlli,, I i dtificlliies in tlilishiii tellittiis Ittetlthclre are ter 
;lirl) llltiot aid its effects llhlriirll health. Relat ionislips ia lliong ilhc 
llidiiVtll,it5tre. . ' tdll h ttliiji s s(llittiiikc it difficuh t ite tlieto (I tl 
eflect t ilt xjitiiitlo ftthi aiIfmlli tll(imtlt (eoltf (list. jtiiit i
ieitaiiltl landhfiuevioral hi~ltol's ittiiluite t,lieft\si(il, clteiilm al, and bio-

Ihgical teson)itses of the htiuitlu s\Steiltl it iitl titlltot. lhtese i tltiloitrs 
InliV itliase or (fcct'eds tic peisotilS iildt'lc tespionlse. 

lUiul itsht,'.tiev-Ito tihtidimiliil's Ibt lhlailtl it'oithlinilitt, tlie'iu
bliusak.o ilitllt( tt<l~lli"I~ for~<<is.Age+talil sllth bethaviliorl vaile~ts 

http:e~xten.lt
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assmoking, d ici (i I IcI IIdi I I g hmd ad (I I I I% cS a I III walcr (ItI I I i II I it I) (I 
type ofexcicisc, m-clipatioll, aIld alid ;Iligl.;I
11oll Ilistm-N.- all Illc k)(I'v's rcactimls. ( Afflialc Is ;I1S() ;III IIIII)m kim 

()It IIIcSc Is (()Sll\ to 
(111clitly'llicusc(d Sit( 11ilif*()I.lll;lll()Il hasbecli 1111mcd III (Almis 
d()St-rCSp()IISt. relationships. 

(b)SC-IT.Simlist, I-clallmiship Illiplics callsidliv: Ilic I\pWA Incilmd 
ofcstillialilig IIIc whilmiship Is Ilitilliple rcglcs ,Iml, \%.III( 11(lows Imt iIIIp1\1
catis;I161. h) (I'lic, ;,II Hic (Litil lIScd II;I\c hecil "1111cl gcIlcral pIII'P()SC M' 
daul Icd fol alm)IN-1 vc;lsml. A1111migh 111c illildc(pla( Ics ()f* Illc (Ima 
areacknow1c(Igvd, ilicsc Ii),Idc(III;1( Ics raick pre\cIll am-1111)[Sal ;III;I1.\SiS. 
(:;Itltl()Il Ill illIcl 1)1*(,Illl(, lo,"'(111S Is I.Ical Iv It(.( 

Translation of Dose- Respon se Relationships into Mcnetary Values 

Even 11'wcasstillic Him d(I"c-I c"Imlisc IckIII()w'.IpS call bc dchlic(I'dic 
IICNt IIIII'dIC IS I11M (d I IMISLII IlIg IIIII)l I I\ villcills m. (Iccillics ill ;ill- quality 
lilt() lll()Ilttitl,\ WrIlls. 

b"Ill't Is Im 

M;mv ;maksis mid pkit ilig ;I Illmiclary .Ihlvml 
litillum (1(.;tlll ow discasc ;III(I Seskin. 1979: Mcii
delsolm, 
Ivadc-()ff 

1979: ( :mckci (-Iill., 
I"N-111", IlImIc 

1979). 
( 

impli(ailmi Is that Sonic ivpc (d 
ill (-Xl)()Stll.(. alld 111cl hc

twcell illc pI()ImbI1lI\ III dcmh ()I disc;isc and iiadcd Ili Ili(, mat kc(
placc. 1,11cm . (If 11adc-fIfl., (h) ()((ill', 1Im\V\CI, 111(11\1(11111ls ill IlIcH 
daily actIM11IL'S ;III(I imiciiis Ili ilivii (ic( Mom making N)ih cligage Ill 
sit( 11calculatioll". 

(m 1111filan 11call Itcl 1,C(is Ilaw 
bcCII im Illding: ( I ) mmmu (2) vc(Im timis Ili licalih 
cal-c (()Sls; (1) it)( lcascs ill II\ I(\, 1)(1111 (111migh It-dilcud lb."cilicc
isill and [Ill-migh illip1mcd pcIAI)l I.: ( h \611111glic"', I()1);I\ 11)]. 
ing risk ()I' discasc hc;dth C): 1111(1 (1-11)m111111"licss N) pa\ JS 
deduccd 11-mil gallic 11)(OcIs. ( Aulllgcs ill I\ \,1111cs 11;1kc bccil tised 
ill a regimlill millem, bill Sit( 11\aIllus Tell Ic(I Ilw cIfc( (" (d Ill( Im S(Micl. 
thall-m Ill addili(Ill 1()-- ,111 Ichicd 11c.1111) (.11(.( is. 

,h) ()blaill 111MICIA1,\ IIIc;ISIIIc', III 1111111all licalill hullchis llmll fill
provcd all-quallf,%, ;I NISIS hwph( ill," ;Ihlcslm ( lulligcSill hc;I1tII 
!;Illls, 1)()Ill IM dc;IIII Illid Im. discasc, *1',11CCCSS 11-v. Ill 

[Ile tial basis Im ;ISSIgIIIIIg Sit( 11\ IIIICS P,OW pa 
(d Ill ;I "MIll pel'i0d and m amid 

Ycars-()[11111css prim 1() dying. 
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A lrole l arises wlieu wage-rate (at are use(I to est ilnlate willingness 
to Riy frI reducel )ro l iilities of d('leh. To tihe extent [hal there is a 
cuwrclatioil hbtweuIl ilhe,risk oI' death and tile risk of" iuijurv, sickness, or 
disadlilit' ad lh type of job, \g-ale if-rtices will tee(d lo refle.ct 
both ty)es (If risks. 'hiet'lefor. nse il\%age-ral dittfleilccs oiV c('slilltiat 
the willingn-ss to pay to relice 1ihprobab)ility of dletl iloile. 

Related to tiisq(jiestiol isili,l(iilt-hpii ofl(lti, rilliniigile value olel.t' 
placcou ile reduced probabilil v}dllfdealii ib a ii icnlar disease. A,.alvti
callv, the t(istiinctiimilU it iil(fc letweell willilngiless to pay to postponel 
(eatll )v (l1l1 all(stevillingliss to pi' t)av~oi(d illnss il(d tile iiuil,C i(l 

ainxiety, alid iiit(lical (sts associaled with 1wmm'friils ) detl. %lost 
niotels assuulte ini'iciiills are f (lt andi rui i to talis of' death (I .av 

Scsker, 1979; Mlendelsohn, 1979: ( ocker ct ll., 1979): tl,enlmliricil
 
olSer\'ations suggest thal 
 is hlot the case. sliillates ofI lt' wiilhiiess to
 
piay fo1r re(luc(d l)iol)liitvo (fdatl h Ihtiaelta h-rivefd Io'lit da a oi acci
denlil dcleiis ate likly to Iill(ferstai teie wilitiglnss to ti
Ioavioid tile
 
coli)iiioinilm oI illness aind 
 deaitih associated with \iiiv i-tleultalhv in
(doced e flec s. Proper estilliaioll rljuires Ihfa Ihile gtlh (f the IltCli(v 
peiod uiluistbe taken (xplicitl' into a t ill estimating tile heief ils(I'
re'du'ed detht prioblalilily. 

Tht itle lag betwee(l (Xl) (silr anii( death ltcieat(s tIheorttircl idl1((rn
phrical plemslt I'm- e wage~t-railw dla
t <sliiililig4 illollritrv valhlts. \\he'ii 


ate relaid ti tit risk of accidtial dethilIi, lley yield i esimate of lteell 

h Ifdeltih illnW. 


i)e lore iut\M ilit, lowever, is ilet williniti ss to l iI (1w 


willinliess to ipiv w to rediue thlie )rollihilitv What Illay 
lo avoid a )rt'tselt 

exposile tIl hilrll!Uil siil).stai(es, tlherelby decteasilig iletrlplrability of 
exteied(f illiess aniI iof fleati inilthle riti.l."lte willingngess to pay ill tile 
latter case nillbe greltel or lesser dependil otIth lengtIllh otie lalec\ 
pem'iod, the probalililies o(Idyiig because oft'otter (iues low and illtie 
fttilre, and thetine l)diltttrn o ,expected cinome aint(Icnsiloin)iol. 

A (rilical factor iii willitgpiiss ioll iay is l(ol)le's plc)euctiol of' Ilhe 
possibilities for aid poltlliial efffecis of eXposilie to1 air pollllion. \'Vario s 
studies in the Uinitid Stats amd lhiia lmnf have slwi that iniilnniOh ls 
generally redcognize airi poillution olmlv wlii and where it is visillle. Jo 
what extent r!,cogtili n adir Jpollulii has bnll (irieasel by air qualiy 
indexes ildaily wallhur reporitrs is itot (itil'. 

Very little e lpiricll resiirchlihas been doi onlesliulialing t le l)etief its 
accrutlng o'ln I(lluced inci(lenceo ('disease. Scv(' al l)r(Ihltems titlist be 
a(tdressem if (rlntpiiical estiniioil is to he successiiil. luist if' iietitry 
v'alues are-to Ibe based ot wavge-i (l, infotrniadiff'micrns or (Itier intartket 
tioll, adequate ilnforinalion llotut tile ilci('Ilece I (liseise illt lie samnlle 
grolps (r inlnivithtials is n)ecessary. QuetS iiiilir s hiddi ga niCs inlayiro Iig 
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beC usefill l('It bccuilst' dusc se, al leat I .ll ItIllm 1c L IIIMUI 4I~ s hads
bvec XJperiituttd bl 1)St p')pIc. I fl(' Sill %cN ilItI l1114'illIs deigil bI;I.St' 

its i c~ vt im ll(All4It's fittif 't('It'lc ( 4114le g 4''. (l if% ;11( 11111it m l. 

tvjl ' o fIl ''.Nim 411.' ti Ill l)\ 111 '.0m i l llllll4Ista !,\'l il''~~ 

I 'll (1 all ill) ii d ua1411ill%ill ( i cI ' ( ) 1st I.'.11445. ( .441.S1i ( ;I I'.,.I c illi 

'.'.'ii 1)c il '.cs I,,l IllJ)I1 \ ItI ( SM i;I ihjfji t fll l~llr 4M41 it Shi4iill4 

illt'ijC H I I c(mitI11 I ftII il( I c 1 f14milI Siffi" C'.. s Ifat% m d 

14' inc lt' IItl'1 l l II I,[ I41hctS(l4()I" ( ',1 ()m 1)11 1llitictic m -;ilclil
 
bmlit' lb\tIlt. ill\ dtal il Itl l lI ll14Iid (iif) I 
 l ( :11l14f(I l' t'1 llld 1S 



Emuissionts of' Aur P~ollu~tants 

Amb~fienlt ( Ccentratizons 

Measlures of 
Visibilitv Reduction
 

Public's Perception of
\'isillility Change 

Direct Method 
of Valuiation 

" 'Indirect Method 
of' Valuation 

(Iterative Bidding 
Techlnique) lrtv-\'a 

(Subsitution or 
Le Technique) 

Biases lstsoz 

Methodological Cross-Check 

Figure 1. Steps inIa process for valuing changes in visililitv in monetary 
teIlS. 

2. 	Where possible, respondents are given pictures and other visual 
infornat ion to increaise the likelihood of Inii0i'n perceptiolnS. 

3. 	 The market for the good is described indetail (eg, i'espondents 
are assured that all users of the good will pay equally). 

1,.The method of'paylient is specified (eg, taxes, access fees) and 
one is chosen fl its adminuistrative feasibilitv and familiariiy. 

5. 	 Responduents react to the prices fixed 'OrIlie alternat ive levels of 
(he public good; lhal is, whelni c)Iifrouite(l with a specif iclevel of 
visibility and its associaed c dilitions at a cellaini price, a reslon
dent is i'rced to decide whether I("buy" oIrnot.f) 

In 	the indirect approach, survey techitiiqtles aI'e eInployed to collect 
inforlnatioli that relates difftrent activities to location, duration, f'e
quency, and expendittves for individuals and households. The individual 
isviewed as a "Litility maximizer" who combines purchases of' private 
goods, including place of residence, and the use of' )LIblicgo1(11o achieve 
various levels of isefulness while const rained by budgets of' tinre, mney, 
and household technology. 
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Bot I I d;I-ccl and i I Idirec( IIIct ImdSo I p Iaci I I g I I m IIcIIIN \'it I I II \Isihil
itN,aI-C s I II)jcc 1 1()cr I I I,(I'sII I, parlict II,II-lv hc( at Isc(d 1111(., VI I I;I I M,I!)I.Isc's iI If (I
tllosc 1111n)(ItIccd hN silnev Ilist I'll 11)(1111 dc'sill). It has hcull ,I-gllcd that
dirccl I-cv clillioll ()I pl-clcit'llces lot. pIIhlI( g(,()(IS. SlICII itscin i
I'MI1111,11lidl quallilk, \%mlld hc illipw-sihic (Bi-(wkshire). Iht. piobj(,IjI III()sj
oficil cllcd I's po y1c's (Icsirc 1() hc I'l-ccrldcl S. This dCsIIc' it is , I I g II(.( I,
uIldcl-lics Ilit, Iclulcm NIt) IIIISSUtIC pl-cfcf-clices hw cXilinp1c, 11 1 c"Idt-Ills 
suspc( wd lllc \%mild bc lam'd IM, ill) pn )villg Ihc (Illillil\ ()I* \%Ilcl '111it
sircam ()I Liku b\ 'fit imiomit c(Itial tc thcH \%1111111glicss H) Pa\, (11c\ %mllld 
11.1\c ill] 'M ClIMc t(I lIIIdcI stalc p1cf Ic1cf)(c.s. 0I, if mIld()m- cIII lillsi
asis ill.c ndd 111,11 Illc '1\cIat4c (d Ilicil blds icy pIc\rII1 olist I'llcl Iml (d a
powcl plaill \\ Ill bc ll'cd I() scl 1111(.1111mm c Irc m lisc] lim-gc, Ilw\ IllaYhavc Illc Ill( ('1111kc 14)m cl sk!lc Illcil %\ Il" IICYS1111 14 Ila\ it) pIc\cIIl ( ()I]
slitl(*Ii()Il Ill mdcl I') 1111pow (hell It fit, PIclelclu cs ()If wlicls.
 

A ll()Illul ( fill( 1,1111d flic ,im c\ Ip p l()a( 11;S tll;ll 1*'.,I)t 
 -1,(",I()11%1)()Illt-l
icill sillia(IM111 11111%11"1 bcls millpIcIcas lll()S(- hascd ()If I-cili (N)cliclict..". 
F(W CNiIIIIl)lC. 111 might I() a dc( lcll c Ill 
all- quillit\ ill (lll(' h J( 'lliml \\Ilh I hm bld, bcllc\ ill(, that ()(If(.]. SlIcs \%mild 
makccqualk g(m)(I tjbsilflllcs. ()Ill(.l pmblcill"mill stII\c%',(ml(cIIl If()%\
pavillcill m, (()IIIPc:Is;III()i. Im If\ 1)(1111c(l('11 Ill CM it (111111cl](111

quillily wmild bc (d)[illfit-d b\ illc 
 1),Illl( lp'llif" ill c\pcifilluills. DcsplIc

thesc pr(OAcIlls, illc Illci ll()(I( )l()t"lcs (mf hllc( 1(111)pl() ldcm lcasl ;I ImIgh

cSfIlliatc(d[wilchis ImIll mll )n mll,'
 

Properli-N11111, 

Propel-tv valtics Im. a single Ill-ball limishig market havc bccn anitly/cd
ill a 11111111wi (d slildles to In'' h) esillitilte ill(, Implicit pricc Fullclioll ffw all,

(111alify. ( )Iw (d Ihc Illitill (111c';1MIls ;Iss()('I;il(.(l \vIlh tills approu 11is: Whill
 
is captill-cd b\ if ;111(1 whlii mnliwd 
 Rcsidew fill Ill ()pci I\ \alucs IcHv( I 
('()I]S('I()tls ( hm( cs h\ 111(11\ Iduals allmlig Im m1mis %%ifIt qw( if R ( lim m lcr
istics. As sit( 11,pnycl Iv vAucs SlImild ( ill)[111-c Illc I , y1c's willifullicss H) 
pay lo avmd illc pci ( c]\cd 1(1\ cI sc ( mi"c(Illcm cs (d .111'p(d1lillml 1111d all 
fit(, ollict kutols 1() (lmi(r (d IcsIdcfI(u (cg, M(css it \Mlk. 
Iccrv'Q;mIplIbli( kl(im-solic(l
all Indivaltull's ( If( )i(c 1111()lIg h)(af N)[Is.
 

11Isdoubtful 111 11Illw'[ ill cllc(I.SmI Illm-lahl" 
 sfill Islics wmild 
bc cal)(111-cd b\ ]cs]dcIIII;Il pr(ycm \altic dma. Not- wmild piopcri
values caplurc illc %%Illlllgfl(,Ss H) p;i\ (4) ;[\()I(l flic cmisc(ItIclucs 

Ill illc wm-k pki(c, whilc shopping, ordurilig frilvd. 
Oil theollicl. hand, such dala milly Icss lifilgiblt. 
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slljective valhes as aesthetics, the nuisance of, dirt, and diff'rences in 
]l()llie IlillI lll~t csts.'() 

CONCLUDING COMMENTS 

This report begar by Stating that substantial uncertainties arc associ
atec with estihating the state of air quality,and tile effects oil receptors of 
difffernt levels of air quality. Somet'rcapitltiatiol and extension would hle 
tuseful. 

iie i(ttVcuriiof(xisthltt cmSlnttcs(d iii quality is mot knuowmn amdlhas 
not been assessed expli( illy. ilhat mtate tniomit()ring Sites and instrtutimnts 
are hilqlcnalc anti tluanx lab<oratory':al\'lses inacitll ;l~ iscdvar. hlocvt.. 

Aitquality isotlvm. titf ile factor's that i fletis tl1 incidcicemd unitln 
disease and (dcttit. Partti(Ilalh diffictlt to) t'stillat at til eflects om 
(isease a n tcx 1thtIit I of log-trn, s UrcSls lo elS of t()xic stIst;Itces. 
[imig latetl('\ periods for caltcill gilnic Stl)St;ll(,s (tlpficlat, ,lh tilec 
problems of ietrmnilimlg effc(ts tl (of (St.inlatig tiit dttliages associ
at cd whit l1 t 1e1CaI 'rs e[fect s. 

)espite tit Ill (elun itlties, (fecisiotis ila,( bicct alian will (OmIlinlt' lo bc' 
made thtt allocate t(s(mttces to itnprov)t'O air qtlalitv. litis poses ;Ill itttpio'
liint and a diflicult ttuestion tor analysts: I low shotl( dat'a surrtondet 'l iN 
tll('eitlta ies irescittlid to ticis() mak'rs 'h)lcl i'fcot \it, the anal'st 
titlist umletstan(l tli legaltntad p(litical cml(.xt ofI tile (iccisiot-making 
pIrCess ASwell as til ul(i'lying th(ort 01 tile biasit tlthlialliSis Ilhat yieid
the observed 01' imlputecd effcts. hIe lattler is especially true ill tl |;lIsis 

of healtl befieits. ()therwise. ,'elationships aitliog (tll1 )iricall\ obiserved. 
seeming regularitits may lhe itisinterl)rttcd. lie ;analyst shlmhlIi foeg,( 
vagtu stateilelts (if possible relatiomships: instead, tile tftcortv oflti cltii.mng nicchanisns should be lprescillcd. slatisticalhy Sig~nificant relation

ships at SnggtSli\e amid ale not indications of cause an(l effect. Failsectrllaiomts also, ate a filo(l)lemll: Ilel is, stitilt other facto~r (t'r set ofI fatctor's 

that may catise tlic observed "stittisticall\ significatl" rlatioiishils may 
exist. I +ftctors art. missing that affect lht' plttimt. cliotn fwintil xlotl<rti. 
b:iasedl l(sin111nmtrv(ilr'. 

p
'tin \ 

)ecisioln itakt'trs ofte.n ait as ititcresitcd inll 11 (ist rilttiotal (()ltse
(iuteices ofn i air (tlltt managetlneit pr m il as tiht\ are in tott re
gional btlefits. Ill benefit anmlysis, tile present )f a('aiti ptoperl\y dis
counted doliar's benefit is "socially eqtuivalent" to ally other do lar's 
benefit. It makes no dif'fermenue wioo ltains tie beneft. ifhis asstml)tiln 
ignores an important criterion in air quality liatlagemlntt decision ,lak
ing. There arefew decisions in ait (quality tallragenlent tlat will not have 



d e__ IIIi;1e fct fIa a I ; I 1.NINI)l4t ) i I ho4444((l" I I4 ~I I I orI c I 

t'J)4ll Ilel'(' ot'l it m Is,M-lcl I ' o44!I icm iIiI.I )4i114~ l11'N''~ll 

441114B)445t'4i illlIcll14ic , \Il' tl Id Il (.111 1"1111141'll )'114''4! is S .',44m 

sj)'t'i 111I Il:ic 144i ti s~i~I Sil ~ j4 l~git' II) Ill .4;~4414111db'c. 4I ct'I' 11h1 

Forlt1! vv l1 ci o4155iit'%t' i1w i5V t'S'l (I(t'lll'c c't'i ,tih's,1iMIS 11411s lI t'-oll 

ilio l lldugl at'441l, 1 I't'sidiiyll ilmiis.11 
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NOYES
 

1.'[he (Ch"nAitAct was bt'inga,lltnded agilill by the C... (onlerss ill 
1981 and 1982. 

2. 	ThIe state illijltnttltlatil lans Inusl ,tsid."stationary tnd mobile 
sources o(lischllrgs. 

3. 	 Developing a Smatw imphnionltlatioll lait rv 1 tdrcs tAlc use of ait (jly

(dispersion) models. Such tllodis 
 tallsliate tlleslinllatcd pret.sent or 
fuiture (lisc(lp-gS ito ile Spatialtiltt of air qulity ill at givell re
gioti. Illc limitations oflsu h tti lodeIs ainl tlec pioi' tns illtheir applica
1ion ate not wit hill Ih scopcol'flhis , 1tl (,tI.llou l di''il, ciatcritical 
to the iklvsis oFheltw ts 1in1costs ill air lltii>• i llala getlletl.

I. Ilnlieceinbci 1979 iKl:.\ llC Iseth'i. 	 Iltlli o Ile "htlhhh" ()I
ccl)t which s hie-s an aggregat-il of Joilt solllces wilhiti cctllau 
ty)pes ofaclivit es to aisitilge ,gi 'tegit vlisdioll lnhililit ii.lihis is in 

. llls( titt1rast t1 l clli(iI tat aIli illdiVidlail l) iilt s0ltiiC (Stack) 
l twithil at act ivic Intl atl 1tnissioll iitlit oll. tillissioll offsets Illv he. 

ise(i ill litlltaitilue ilrtct i ll(itC o ,ulhIw i t\ ) ices 0 ItllOditiica
liolis of t'Xistilg solices. (Grtowthis allowed Ithe xtellthtil t (llolir0 
greatclr r(eluliolls tlllv hc obllailel it 111 xistitlg solrtt(' in 0llc re
gioli, 

5. UlelCectlSs-lll)di o iiiIlll sllVl ws f plll'i at( sig li'icalll, co(mls to 
•lciievc fitr(llililt l4ais ill a give it gioll tilli' '' i iul t l oulltSid is 

WC.ll ;asitlsidC ti l I iliiiilt igioll. 
the rng lil\ In-6. 	 In ulgo . hit htss tx~leli\v, tr sflocitiy, itn tell resitic 

teli s, to sllifl' ltsolites t ,glowilg (r s or Itecs ill alloltlltarea 
rallhcr Ihtll illlrovil g air qllliity in il cligiti lll g al'ea. 

7. 	 [he copltllat l is cotoplicalcl whrel\er (T055-ioulIldati flows are 
ilvolvei, so Ihlla (osts I e iitcurrel in alloilitht rtegioti ill lrder to 
;ichie.e slaildalds ill a givtl iegiotl. 

8. 	For ci de'scriplioll of itlliellliftaion iiillceii\es sec . "1.Bowcl',et al., 
1977, lilcttitlv is ll 'irolnlllellill qiualii tI alila lllt , I,lt'iir.ll11 ,l l 
Son1(' ,nd 7l e/ uhogTn,I 1 (3): 250(-)25.1. 
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