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A bstyackt

T he aonagpts of an emMramaial ¢ ink aoetdentalog with a messure of " polLitiaon ebstiaty * are in-
traducd ad usad o analyze the distribution of pollution aacss U S _states firan 1988 { 1996. The
spedal prperties of the ¢ inl aoetdent allow ane 1o decompase oerall pollution ineualty into several
ampaets based an pdllutian type and predict the eRacts an oerall pdllution inecuality fram stricter
regultias an particulrtypes ofamissias - In additian, an eMramanital welere funcion{ analegos
Sen's sodal welexe functian {  is derived and used alongwith the extanded 6 ini O analyze the impact of
tidtereviraomatal regulatias an d®yait types of amissias - Firally, Speaaman conelatias betinean
percpitaanissias and state attributes are usad o assess Whether states atthe upperta l ofthe polluiian
distribution are randamly assiged.- T he emissias datais dotained fran theU S _.EPA 3 TOdCR eleese
Inventory R 1.

JH CBkbssi atias:-Q0,J1,R3,C5,H0

KeyW ords: Paltian, ¢ int Coetdant, Inequality, Ervirameantal Justice, ElVvirameattal R egulatian



1 ItrodutioN& N otivationN

T he notian of " aMramantal Justice* reers 1o the distribution of eviramattal hezards aatss agven
pooulEtiaN. I any researders hae studied if d®ant segnentts of e U S - (g, minarities) are d®ar=
entially burdened by pollutian? 4 s an allamative, this pgper takes a step badavards ad gpplies the
adcvenass mecke in the study of income distributias 1o the distributian of pollution emissias aacs U S -
states _B y utiizingand edending teeviramat@alt ini ccetrdattdevelkped byH @ladW adan (999),
ae Gan ampare the distribution ofemissias oertime and analyze the eRsctofpolicy intervantias sudh
&6 anissias t&aes and regultias an this distribution.-

T his doviasly bes the questian, "W hy shauld ae Gare ebaut intesstate inequality of per pita
anissias? A sidefran ¢ ianessi, P eskin, and W ol®'s (9 )statemantthat; * T wo key aspects ilvolhed in
the assessmattofany pdicy are its exday ad its distributicnal dharadteristics,’ " there are tho passible
reesas Wy ae may inaapaate the pdlutiaon distributian into ae’s welfare albultias and assessmant
ofU S _.eviramatal pdicy- T he st reeson { similar O the income ineqLality erature { pertains ©
the issle ofequity.A lthaudh incomeis a " goad' " (hidh inaeeses utiity) and pdllution is a " bed * @\hidh
bners utiity), eeteris paribus, ae may wish 1o distribute the assts of polluitian eopally anag alll those
in an edanamy just as ae may wish 1o distribute the bae & of income equally aacss all individuak -
T his issue ofequity tekes on geatersigi anee it in &t notanly are the assts oFemissias distributed
unecLally aacss states, but the states att the upperta | of the distribution are notrandonly drann_ I Fthe
states with a hidh el of per pita anissias are mare hea ly papulated by minarties ar certain other
segmants ofthe paoulatian, then polides whidh deaeese enissias inequality will abo d®&atially bere t
thesegaps.-

Seqad, fiom a sodal welre perspective, emissias eguality potatially minimizes the health asts
assodated with pdllution.- T here are tho reesas Tar this, although they shauld be prefeced with the ot
that the biologcal and econamic research is notaampEete- | aethekss, thare are ikely 1o be treshod
(e, aminimum kvl of todrs o whidh ae can be expasad befare suRsring any adherse eRects)

Re®r to Arora ard Car®n(1999); Brooksari Sethi (1997); ¢ Ekmanari Hersh (1995); Ham ikon (1995); B ullkri
(1994);Bragr art Hal(1992);6 ebbter (1992);6 A0 (1983);6 mresd,Peddry,art WoB (1973); Ash ant Sereca (1978);
Harrimnan Ruw inEl (19 B); Zipan(1973); Freeman(197)-



in the respase by humars and the easystem 1o pdllutian? 4 s a result;, dissaminating pollutian equally
aasss states inaeeses the prdosbi Ity the threshold is not atssed - Seaodly, the doseespase Tuncian
(€9, the prdosbi ity of pramature deaith assodated with inaessing ek of todc epaure) is tpiclly
assumed 1o be S sheped, althaugh in the U nited States individuak are likely an ned 1o the bottan of
theS 3 T his implies, honewer; that the health eRscts fram higer pallutian increese expaattially with
the kel of per pita emissias’!  Cassquently, spreeding aut pdLition oer states may mitigate the
individual and sadal assts of pollutian -

T he abi ity 1O analyze intexstate pollutian inequality is Eesibke with the aa Boikity of the ErMa-
merttal P rotectian A ganoys TodeR ekese Inatiary R DA ith the passace oftte Emergacy P Bming
and CanmunityR igetoKnovh ce @& CRA )in1986, all manutectiuring fd fities are required 1o releese
infomatian an the emissian ofFoer 650 tdc danicak ad denical categxies to ar, water;, ad bd>
In additian, £&d kties are requi red to riepart the gueantities ofFdramical Whidh are recyced, treatied, bumed,
ardispcsad ofin any othermameratherasittara®site. 4 ny d ity whidh produces orprogesses mare
tHen25)00 parndsausssmaretanl( )00 paunds ofany ofthe listed todcdamicak mustsubmitaT R |

’Refr to B utterw orth ari Bog ar®y (1999); Smpnet a (1997); Doul(1996); Chestrut et a (1991).

SRefr to Chesrut et all (1991).
‘T he exact shape offithe d os-repors Fratbnisret krow rw ith certairty anl variesacrosspo Btanis.ll og resarchers

have conertratel onegimatirg Entorsofthe Him
F{eattis)= X + tEm Bsbns;; + " ,

w here I eats) isthe bgofi ail/d eathsari Em Bsbns;; refrsto the bvelofar em issorstw o-d ayspror . Air polLtbn
isthe primary polLtbNgu kl dne it isasoc ated w ith the brges ad vers heakh eRects(Dasgpta, Liras ari W heebr
(1998))- The Imkatbnofthisresarch isthat it imp Esthat aninrea iNemisrshasthe sme ePect onpremature
mortality recard Essofthe irtial bvelofpo Liior. How ever, B utterworth ari Bogl ardy (1999), W illamset aL (1998),
Simpsnet ak (1997), Sal va et aL (1995), ari Chegrut et aL (1991) d ocumert roralirear ari inreasrgd o repore
Tntors@t kag over @me rargesofexposare). Inald ition 0 gro et al (1998) ari Cropper et aL (1997) esimate the
ePect offair poLtionw ikh ard w ithout in Ll irgou kers(@ e red asd aysw ith the hidhes 5 ofair emissiory - T he eRects
ofar polLtionare pogtive inNboth cases but bw er w henthe out Fersare removel (Br ages? { 15i1N0 gro et al and ages
15{ 6 inCropper et a)_Thex resulsab iri tate that the { o-repore ntion®r air po Ltarisinreassexporerie ly

over sme rarge ofthe data -
% aruftturirg K ilitiesare (€ rel asthose Elirg uier Stariard InMugrialChsd catiboN(SKC) 20 { . Refr to

http Z/vww ssorecard org-



repart® T he1996 TR | data aontairs informatian fian over 2! 500 manuectuning and deral £d fties /
T he datais publidy aed EbE after a thwoyear Eg-

W hile data is ad BEbE at the damical b, the data hes albbo bean aggregated into several breed
Gategaies: o categaries forair pollution and ae eedh Tor bbd, water; and undergraud injectias- In
the majarity ofthe studies utiizing the TR | dala, these e pdllLition catlegries are aggrecated together
A Hhauch these agorecatias gve equal wadght to eedch damical, sane studies have bean aanaarmed abaut
foming new agoregaties, Weidhting eedh dremical by amessure of toddty? H anever; s reparted by the
EPA , most of the widely used damicak do notvary sigi cantly in thalr toddty and many of the ks
todc demicak have notbean assigned risk saores by the EPA 2

T he remainder of the paperis aganized s Tollons: sactian 2 develps the franenork Toran emMrant-
matalt in aetdattad an amMramaitial weliare function analegas 1 Sen's sodal weliare functian;
sectian 3 disasses the data; sectian 4 presats the resuls Torthe ¢ ini coetdantand aompares itto other
messures of inequalty, desaibes the pradicted eRects of dhangss in eviramental regulation an inecual-
ity and welfexe, ad abo eplaes the eRact of redudng inequalty an eMviramatal justice; and, rally,
section 5 aotairns same aanduding remarks -

2 Empwrcall odel

21 Ervwormertallt i Coezx cert

Tobegn, EtE i j=1::351, represaitstake 15 bwel of total per cepita anissias, vwhidh is the sum of
d@rent types ofamissias ! Itis aveniait o treat the \varias sauraess, E |, k=1;::;K, as distinct;
where hanceforth the state indexi is suppressed - T herefare, E may be revuttien as

% S.EPA (1992).

“Refr to http //vww Sorecard org.

8B rooksari Sethi (1997); Arora art Car®sn(1995).
°Refr to Arora ari Carsn(1999) art U S_EPA (1989).
Pwashirgon D C .isin i el asthe 515" Hate™".



E= Ex : O

e 1
IntheampincaAlwnwak, the e anissian types aasidaed are: Tugtive ar relesss, stadk air rekessss, waler,
lbd, and undergaund injectias (el 1o sectian 3)-
Emissias inequality is messured by an emMramentalt ini coetdatt. T he6 inl coetderttis the best
knoan and most frecpently used messure of income inequality. 1tis anvaniatt o use the cowariance
fomultion ofthet ini coetdaitc

G :2(1)/? F) o

where G is the @eltive)t in coetdattoftotal per apitaanissias, F is the amulative distributian of
oAl par spitaanissias, ad 1 is mean per Gpitaamissias, where

1= Ty (€)

1
which ollons firam ()2 U sing the properties of aovariance, Q) can be rewitien as:

P -
G=2 Fclm/@kf) : ®

1

Equatian @) is the besis Tor the dacompasition of the oerall eviramaial (¢ ink coetdattino its
\arias ampaes- D iMding by 1 and then muliphing and dividing eedh ampaaitk by v E ;F 1)
ad® , whereF i is the amultive distribution oFemissian e K, resullts in the decompasitian used belonv.
T he deocompacsitian can be witten as:

G =
I 1[CO/¢ KFY Yk

1Rer to Lermanari Y itzhaki (1984 ,1985) Br the d erivatior. T he cumubtive d itrb b F, isob taired by rarkirgthe

X @€ iF )20/ € iF DI

5l gates(in i rigWashirgon D C)ani d vl irghy 51 - Note, w hereasinthe irnome irequa ity Kerature thisproced ure
yel sanedimate ofthe cunukbtive ( iItkrbubN INthisca< it iIsexact dre we ob erve all™inl vl LA B" inthe popubtbn

(ie,alofthe gateg -



X
- R kG kS Kk ©

ke 1
whereR i is the ¢ inl conrelatian betinean pollution souree k ad the rank of total pallutian, G is the

6 ini coetadent of pallution sauree k, ad Sk is pollutian saurce KS share of total pollutian- T he 6 ini
areltian is simi b 1o P earson’s conrelation, exogpt the denaminatoris replecad by (alf) the sbsolute
6 ini coerdant of E 2 4 s sudh, the 6 ini conrelation will tBke an mare edrame vale then P earson
aoneltian, butis still baund by the ebsolute valle ofFael3

T heprimary bare tofthe dacompasitian in §G)is the abi ity toanalyze the impactafmargnal dnengss
in emissias of type ko the overall pdllutian distribution_ A s int amer ¢ 993) who examined dengss
iNn asumptian ependitures, suppcse there is an egual inareese in @missias aacss all states sudh that
amnissias of type kinaesee by ®E |, Where @ is the peraantage dange. Casaquantly, the emissians
margnal eksct rehltive 1 the oarallt ini coetdattis

B
™
»n
x

|
)
-
w
P

= kiSk - ()

T his equatian indicates that the parcantage dhance in the oeralleMvrametal ¢ inl ccetdattde toa
margnal Unifom) inaeese in emissias of pe kaaos all states eq sk the friaction ofthe oerall b ini
due 1o that amissian sourae mircs the share of total emissias attributebe 1O that emissian saurce- IF
k> Sk, such that the reltive margnal impactis pasitive, then reduding emissias (perhgps by stricter
regulElias aranissias t&es) af gpe Kis inequals~ecuang; if k< Sy, redudng emissias of type Kis
inecpalit-enhandng-
A n altlemative messure of interestis the * pollution ebstiaty/ ”, " - Fam Y itzdhald (994),
LT ®
whidh is interpreted in the presant aantext ss the ebstidty of polluitian of tpe kwith respect o oerall
pdbLiian_A sshoanint amer (993), () may be revwitien as:

LThe ablte 6 iri Br emisorsoftype K, Ay, is? ov(Ex; F) -ReEr to Lermanar Y ikzhaki (1985).
BlLermanant ¥ itzhaki (1985).
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where /€ ;F Foov€ ;F )an beviened as a regressian aoetdant fran a naHparanetric estimatian of

e

at in regression aras the margnal proparsity 1o pollute emissias of type k¢

T he palutian ebstidty is the key paraneter for asssssing the distributiaal eRacts oferMramattal
repubEtion_ 1T > 1, or; inatherwards, if k> S Gudh that type kanissias arsitute a greater share of
pdLitian inequality greaterthen of total pollLitian), then adeasese in anissias of type knotanly reducss
the el of overall pollLitian, butako bness ineqality. 1T < 1, then whie a deaesse in anissias of
tpe kwill baerpallutian, itwill eacarbate interstate inequality. T hus, Torinelstic emissian ypes, there
is a trade-a®betnean lwnering pollutian and loaering pollutian inecuality/-

22 Erviormertal\W e lEre

T o balence the goal ofimproving inacome and deaessing inequality, Sen (973)de ned an index ofsodal
weliere eopal to mean inaome scaked by ae minus the inaomet il coetdatt,

SW =€ iG) - ©

T his messure allons ae 1 ampare sodal welfaare oer time, rather then mearely inacone, where sodal
weli&re incpoaatss the bl ofequality ata pantin ime. U sing the derivatian inl erman and Y itzhald
(984), @ reduss OSW =1 jA,whareA is the absolutet ini 1° In asimilarspint, we de ne anew
messure cfaviraomaital weleare, E W |, sudh that

EW =2 i6) @

where1 is mean per cpitaamissias ad G is the eevramental @elatine)( ini coetdatt
Castruction ofamessure cfeMramaial weliere is ussiul forthe same ressan Sen's messure ofsoaal
weli&e is uselul: individuak have preferancss over not just the size of the pie ©Fincome orpollitian, Tor

¥ For a ammary ofthe propertiesof(7), re®r to 6 arrer (1993).

I5W hereasthe rebtive 6 iri is? ©v(E;F)=1,the ab ke ¢ iri isrot sakl by 1 over the mean



eanpk), butakoits distributian - T hus, dearessess in overallmean percpitaanissias wi llnotnecssarily
improe emMramaital welxe @ooading o aur de nitian) if the @evel) deaesse is acoaompanied by an
inaeese In amissias ineguality aats statss .- [N additian, ae may wse the messure of eelviramantal
weliere in (0 ) o aalyze the rellive eRacts afmargnal dhanges in the lbvel oFemissian type kan oerall
enviramanal welire . | naaporating both the Ibvel and distribution ofpdiutian into regulatory dedsas -
a8 qopaed tosokely te Bel-anasure ttatttebae tsofeMramattalpdides are " ‘Erly "distributed -

T heerviramantal weliere function aatairs the redprocal oft sottaethidgenalss ofE W - corespad
improsanatts inenviramantalwelfare . CasaoLently, e eviramentalwelfare function is notadi rect
aountEepart © Sen’s sodal vwelre fincion. In particaular; EW - reducss ©© (=1) § (Z12A 16 Cartainby,
then, thare is No reeson O epectE W 1O gve the same wadht to equalty s doss Sen's soaal welkre
fUnctian- H onever; sine Sen is aanaamad with a d@raitissue, there is no reesan a priori Why iname
ineoLality shauld be gven the same wadht as pollutian inequality-ll aethekess, ae an aller e wadght
gven  inqalty in the envirameantal welire nctian by i eplbdng G in (0)with the exiendd 6 ini,
Gy,damadiny itzhelkd (983)adl eman adY itzhald (984,1985), where

£ .o
Gy = ivco/E;lq if yit v20:1) - @

T he parameter v € ects preferaas or ineguality where inequality aersian is inaessinginv. W hen
v =1, the distribution ofpollLitian is inrelbvabwhenv =2, (1) reducss o the picalt ini coetdattin
@Q;ad,whenv! 1, (! )bexmes theR ank max-min aiteria, whidh in this aontext, implies minimizing
the maxdimum el of per epita anissias aatss the states .-

®Dewpite thisl Bererne, EW issillanirteresirgw e lire Entbn k istriviabto verifthat EW sl ecreadirgirper capita
em isorsasw elaspo Lt bnireque ky jus asSerisw e lire fntonNisinreadry iNirnome an  ecreadry inirequa lky. IN

ad d tiony rehtive to Serissc B lw elfire £tion

b | |
RN
b | |
2
RN

EW
—er - et _
AEW — < OSSN —
66 — 06 —
AEW — OSSN —

A - oA
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T oamalyze the impactofadiange in the emissias of e k, assume @&s in the prevass sectian) that
thare is aunfam peaaitage inaesse in emissian tpe kaaoss all states danoted by @ - T he resulting
margnal ekect relative to oerall enMramaiial nwellre is gven by

@@%w e -
o= § L (iSO S
EW 1-1 in(l<| K* Sk
G =
= § ——SkC(kilD*+ Sk , 2
1le

where k and Sy are de ned previashlyl” T he sigh of ( 2) is unambiguasly negative if 7 i, the pollutian
ebstiaty, is geater then oregual toae. In this Gese, inaessingamnissias of ype Kinaressss both ebsolute
pdiLitian kel a5 well ss enviramattal inequality ; hence, eviramental welire Bk .

Fortesgrof (2) O bhe paitive, '« > QG j1 )G musthod. Thaekae, ifG - 05, k> 0 is
neassaxry, but not sit-aant, for eMramattal wellare 1o be inaressing in the emissias of per Gpita
kb of pdlution tpe k. IFG =05, then "< 0 is necssary and sut=dent far the sigh of (2) o be
paitive_T hus, Tor reltively equal distributias of per pitaenissias aacss U S _states, anly inaeeses
in " inferiar " pollLitian compaants ( e, pdliutian tpes Which deaeese as oerall anissias inaeese) keed
o hiderenimmatal velexre® A sG ! 1, the maximum pemissible valle for "« sudh that the sign
of ( 2)is still pasitive gppraades ae-T his implies thatinaessess in anissian pes whidh hae kss ofFan
inecualitredudng eRct inaesse eMramattal nelere anly ifthe inftial distributian is hichly unecual-

3 Data

T he data aome fram the EPA 'S T odcR elesse Invattory spamning 1988 { 1996 1° T he TR | datebese wes
esteblished uderSectian 313 ofte BP CRA T hareare e brced categries ofpollution uti ized from the
TRI:

=Stk irR ekbssss: R elssss 10 ar that aoour thraugh an ned air streams, sudh as stedss, \va s,
ducts arpipes- Sanetimes cGalled releesss fran apantsourae.

T%For amore exp K it d erivationof(12), refr to Appert ix A .
18T he coneptsoF rormal*ari “irEror " em issorstypesare | iIsussd Brther insctiord .
T he TR Id ata isat httpZ/Avww sorecanl org-



=ZRugtive A irR elssss: R elbesss to ar that do not coaur thraugh a an ned air stream,, induding
eoLipmant kgks, evgparative Iosses fran surece impaundments and spil, and relessss from building
vatilatian systems. Sanetimes called relesesss fram napantsounss -

=2\ ater R elsses: R eleses 1O Water indude disdhags o streamns, nas, Hes, aoears ad other
badies ofwater- T his includes releeses fram both pant saurass, sudh as industrial disdharce pipes,
and napdntsaurass, sud as stomvater TunoR), butnotreleesss thsaners arotheraBsitevnsstenater
taaimatt £&d kties - I tindudess relessss 1o surfae waters, but notground water .

=] adR elesses: R eleses 1o bnd courwithin the baundaries ofthe reparting d ity T hese relessss
indude arsite dispaal in bBd 1B (Whare westss are buried), bBd treatmant (Where westess are
goplied t© or incapaated into sa D, surfece impardnaits (Whidh are uncovered holding pads
wsed 1O \voHti iize and/or settke waste materiak), ad ather lbad dispasal ((including acadental spils
a Es).

=2U ndargraurd Injectias: U ndergraund injectian releeses ° uias into a subsurece well for-the purpase
ofwsste dispasal - W astes ataining TR | demicak are injected into ether Cless | vwelb arCless V
welk. CEss | welb are wsad o inject Equid heraxdas westes ar dispose of industrial and munic-
ipal waestewvaters beneath the bnermaost undergroud sourae of driinkiing water- Cless V' welb are
grevally used  injectnaoHezardas ° ud into orabove an udergraund saurae ofF drinking water -
Begrnningin1996, TR | rgparts distinguish betnean these tho types ofwells, but this el of detail
is notas bk in EPA 'S public data rekeese?’

Tabk! aaitars the summary statistics Torthe e per cgpita pollution messures aaass U S _stales -

' De ritbrsare avaikb B at http/ZAvww sorecanl org.



Table 1. Sunmmary stat stes: PR r ( apaEmEsDrs across U S, State s, 1988-1906.

Var Bble Mean Std.Dev. M mimun M axmum
Stack Ar Releases 6 90 827 000 7345
Fugkwe Ar Releases 225 184 000 11 80
Water Release s 101 428 000 4912
Lad Releases 287 786 000 50 89
Unde rground Ing ctDrs 286 9 36 000 98 96
T otal 1589 20 11 000 220 93

In additian, Fgure 1 shonas howv meen per cpita stadk air relesess, Tugtive ar rekessss, bd relesses,
water rekssss, udergroud injectias, ad total enissias aacss states Wadhted by state paqpulatian)
hae danged oertime.
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TabE 2 ksts the state with the highest el of per pita enissias Tor eedh tpe oer the sampke
paricd- A s is eddat, afewstates hae a partiaubrly necative histary in tems of per pitaanissias.-
L ausiaaraks  1stin tams ofper agpitavater rekssss oertre attire sampke paicd ad ™ istformudh
of the sampke peariad in terms of per pitasundergaud injectias and total emissians - In additian, U &h,
Taresse, ad |l ississippl are the anly thiee statss 1 rak  1stin per gpita bek of ether g thve
orstak ar rekssss. W yaming hes the higest el of per cpitas undergraud injectias sinae 1994,
bypassingl ausiana. Frally, | attana hss the higest level of per cspita rd releeses oer mudh of the
sampke pariad (nth ony !l ewll edao surpassingitin1 991 and1992)_Infct il atanmas percpita bbd
rekesss are so high thatfiran 1994 thrauch thead oftte sample, |l atlana ranks  1stin per gpita total
releesss, overtalkdingl ausianma.

Table 2. Stateswikh the Hiohest P r ( a@aEmssbis, 1983-1906.

( ate gory 1988 1989 1990 1991 1992
Steck Ar Utah Utah Utah Utah Utah
Fugkwe Ar Terresse Terresme Terresse Tervesse Terresse
W ater Louishra Louisera Louisara  Louidara Louishra
L ad Louisara |l ortara |l ortara  New | exto New Il exto
Underground INnctiDis || Louisara Louishra Louisara  Louishra Louisiara
T otal Louisara Louishra Louisara  Louishra Louisiara
( ate gory 1993 1994 1995 1996
Steck Ar Utah Utah Utah Utah
Fugkwe Ar Terresse | isdsippi | isSsopi | isgsopi
W ater Louidara louishra Louidhra  Louidara
L ad Louisara |l ortara |l ortara |l ortara
Undergoud INnpctDrs || || ortara  Wyomirg Wymirg Wymirg
T otal Louisara |l ortara |l ortara |l ortara
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4 Resuls

41 Ervwormertalirequa ity

W hieteTR | datasstdoss notspan a reltively log time periad, itdoes alllovus 1 aampute messures
ofinegality oernine years (988 { 1996)and examine dangss in the distribution ofpdlluticn aaossU S -
states . T ablke 3 shons howvvarias messures of state per Gpita pollutian inequalty (Wedted by state
pagoulEtian) have danged fran the Bt 1980 s to the midH 990 s- T he (wadted) mean of per pita total
amissias is abo induded.-

A s stated previasly, thet ini coetdantis the mostwidely usad scalr messure of inaome inecuali ty/-
A \ale of zaro indicaies perfect equalty and ae sigak perfectinegalty @ e, all pollutian naaome)is
lcated in ae state (ndividual))- T he secod messure of inequality is refened toss e 90 /0 ratioad
gves the el ofpercpitapallution in thestate atthe 9 © parcanti ke as ashare of the percepitaamissias
oftre state atthe 10 ® paraatike. T hus, a higer9) /0 ratio indicates awidaning of the distributian.
T he next tho messures are simply the uncoditiaal variance of per pita enissias ad kg per apita
amissias’! Firally, the coetdentohariation ¢=1)is calulated as well.

2INote, i iscorggert Br the variane to d ecrease Br per capita em issorsari sinukareously inrease 6r bgper capita

em isorsifmeanem issorshave HEENarl have a geater cornertrat bnb etw eenzero ari ore urk per capita.-
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Table 3.WemDhted Agoaegete Pollutbn PR r ( gadalrequal by M e asure s, 1983-1996Y

Y ear Il eanP er 6 iri 90/10 Varikrue ofPer Capita Varire ofLogP er Coet ceernt oF
Capitat missors|| Coetciert  Ratb Totallt mis=DIrs Capita TotallE misstors  Varatbn
1988 2311 0 51 1336 973 91 105 135
1989 1792 0 47 1698 352 89 103 105
199 1493 0 45 14101 268 85 074 110
1901 1364 0 47 103 259 46 078 118
jle e 2 1273 0 51 1364 259108 087 1 26
1938 10 89 0 54 1796 233 31 091 1 40
199 8 64 0 45 1550 hH 4l 094 100
199 8 36 0 45 153 60 23 0 95 0 93
1996 8100 0 44 14 86 59 63 097 0 96

MV eightel by state popuktion

A houch (Wadhted) mean percepitaamissias have fallen maotnically from 1988 { 1996, the di@rant
inequality messures in T eble 3 yield di®erentimpressias ebautdiangs within the distributian ofpollitian
aass the states - Coumn 2 gwes the arual emMiramatal ¢ ini aetdent. W hile itdoes peskin 1993
and reedh its minimum in 1996, varatian betinean years does not ol ameaningiul pattemn - T he 90 /0
ratio ako indicates a pesk in inecuality in 1993 ; honewer; itshons that the midd 990 s are mare unepal
tantheearly1990s_6 iven the faling mean percepitaamissias, the varianae ofperspitaanissias ad
the \arianass ofthe Iog ofper pitaemissias gve thwo d@&antpictures of the distributian - T he variance
of per cpita anissias, alogwith the mean, hes Bllen evary yearin the daia, whi e the varianaee of kg
per gpitaemissias hes inaessad evary yearsine 1 990 - Fnally, the coet+-dattohariatian alko pdnts o
1993 &6 the yearwith the lxgsstamauntofinterstate \variatian in per pitaanissias -

42 ErvwormertallR eguktorsarn Irequae ity

T o assess the impact of stricter regulatian of certain emissian types an overall padllutiaon inequality aacss
states, T eblk4 deoompases treeviramentalt ini coetrdattior] 996 intoits vaeriaus campaats utiizing
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eqatias 6), ), ad @)-FAanTabk3, teoera@llaviramattalt ini coetdetior! 996 is) 49 -Column
1 gwes eech @missian tpe’s aattributiaon, R G 1S i, O the overall ini coetdatt. T he lrgsstaatributor
to oerall pdlutian ineguality is stadk airanissias (\hich abko arstitutss the brgsst share of total per
Gpita anissias (@LUMnN 4))_ T his saurae aastitutes neardy 50 % of the oerall 6 ini coetaant (@iumn
5)-T he mmainderis divided Eirly evanly betineen Tugtive air relessess, water pdllutian, bnd releeses, and
udargoud injectias -

Table 4. Weohted PollutDn lrequal by Effects by EmesspDNn Ty p ,1996Y

EmBsDN | Corrbubn  Correhtbn ¢ iriof PoMtibn ShareoF Rehtive Polltbn
Typ to Total w kth Rarko¥ Comporert Share Polibn |l argral E Bdrity
Ireque ity TotalPolibn Ireque ity | @ect?
RGISKW R G S D kiSw (W
Stack Air 021 0 90 0 46 0 51 0 48 003 094
Fugitive Air 006 0 89 0 41 016 014 002 0 88
W ater 003 0 0 56 008 007 001 0 88
Lard 008 0 81 0 62 015 018 9103 120
U i ergour
Ijctors 007 092 0 010 016 9106 1 60
Total 0 44 100 0 44 100 100 000 {

My eichted by state populition

4 ayrotaid up d e to rour irg.

Column 2 of Tabke 4 gwves the( ini areltion Toreedh anissian tpe @ -4 bw coneltion valle
implies that inaessss in overall per pita emissias is not hichly conelated with inaesses in anissas
ofthat particuier type-0 N the ather hand, a hich coneltian indicates thatinareeses in per Gpital total
amissias ek togeateranissias ofthat type. 0 Fhe e pallLitian companants analyzed, both types of
aramissias, bd pdlutian, and undergraund injectias all hae rauchly the sameb ini carrelatian -0 ny
watiter pollLitian hes asigi catly d®xant, and loner; ¢ ini aanelatian.- T his is notsurprising as states
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are ecpaasly edoned with d@rait anaunts ohwater ad states with kss water are s llkely tohae
inaresses in pdllLition be ancantrated inwater- T hus, ane wauld expect the aonelation to be bner

Ingpectian of the individual 6 iNi coetdats, G, in collmn 3, indicatss that Tugtive ar riekesss are
distributed mostequally aacss the states, while water, bd, and partiaularly undergaud injectias are
extranely unequally distributed - T aether the 6 ini conelation and the6 ini aoetdatt for eedh @missian
tpedeteminetheekstidty, ~ « - Sinceall ofthe ebstia ties are naHacative, all oFtheanission aampaats
are "homal " goods - 1N otherwads, as otal per cpita pallutian risss in agven state, this new bwel of
pdlutian is dvided anagall e ofthe pollution tpes analyzed_ A  necative elstiaty would imply that
inareeses in oerall percpita pollutian deaeese anissias of thatpartiauler e, butinassse other tpes
ofemissias by mare then enough 1o o&set the deareese’’

Ebstiaties geater then ae indicaie that that partiaulearanissian gpeis ekbstic. For bnd pdllutian es
well ss undargaurd injectias, the ebstiaties are sigi cantly within the elstic range- |n addiian, the
reltive margnal elscts of a urfam inaesse in these pollutian §pes (@UMn 7) are pasitive; nacative
for bath tpes oF air rekesss and water pollitian - T hus, pdiicy internattias whidh reduce ek of brd
pdlution and undargroud injectias { sudh as hidher taees armare stingant repultion { are ineoualit~
redudng- Canersely, asteris parilus, stricer regulatias Torarand water releesss - wWhi ke redudng oerall
pdlutian - are inequalt-enhendng-

T hefectthatreductias in arpolltion aeineoLalitr-anhaendngis quitesigil cantbwhen aeintampiets
the ndings fram the eviramatal pstice iHerature. B ecaese ar relbesss aambine Taroerhalfofall per
pitaanissias, loe redudias in oerall per pita bwek ofpdlLiion are in directaat ictwth eRorts
10 redue emissias inegality aacss U S _states - In additian, i (@ disaussad below) states at the upper
tal ofthe pdlution distribution have a hidher aampasition ofF minarities, Toreample, then reductias in
oerall air pdlLiian will inaesse the radal ggp Tar per cpita pdllutants - T hus, atsssactical estimates

22T hismay b e smew hat srprigirg. For examp E, ifthe | iposalofpotbnby  rmsuniergournt isrehtively expersive,
thenthey may orly uike thisoptionifthe gate isrebtively poltorifee ani hrge amouniso® sy, air poLtionw oul
give the "rm a recative reputatiorn. How ever, asthe Bvellofpo It bninreass the reputatiora ko aswoc btel w ith em ittiry
visb kair poltbnmayd ecreae, albw irgthe rm to d ipose offitspo ItioNirto the air or w ater, thusi ec readirg itsam ourt
ofuriergount irectiors.How ever, Sne all ve ebsi itiesare podtive, arh a cod-swirgrealbcatbnofpoltbNnby s

astotallper capita poLtbnriesisrull out -

15



of the margral eRact o, say, the propartian of a state whidh is nanhite an per apita emissias Wil
be inaeesing in aosoluite valLe oer time as the overall bwel of arpdlution dedines.- T herekare, anly by
understanding the inteyactian betnean the bvek oFcertain emissias types ad the distributian ofpolLiian
& ae balbenee the desire Tor bnerpollution with the desire foreouity-

4 3 ErvrormertalSoc n W e lEre

Justas Sen's sadal weliare amparisas balbence the desire Torhigherincomes with preferancss foreqal ty,
the eviramental weliare fTunctian in (0 ) allboas ae 1 incapaate the distribution of pollution aacss
states into amparisas ofanissias bek oaertmein el S _.Tabk5 alubltiess aMvramaital welire
oer the range of the data (988 { 1996) Tor three di®@yatvales of vz 1 5,2, ad 4 _ H idhervales of
VvV g\e mare wadgt o the distributian of pollutian in the alulation oFfeMmamatal welieread v =2
conespacs to the ypicalt ini-

Table 5. Erv rome ntal W e ITare ,1988-1996.

Year MeanPr ¢ mil ceffeenty | Erv romental W e Ifare
( g@aEmBesDsY || v=15 v=2 v=4|v=1l5 v=2 v =4
1988 2311 037 0 51 02 027 021 013
1989 1792 0 32 047 065 0 38 030 020
199 1493 029 045 069 0 48 0 37 021
1901 1364 0 30 047 0A 0 51 0 39 0 22
1o 1273 0 33 0 51 0N 0 53 0 39 017
1938 10 89 0 36 054 083 0 59 0 42 016
1o 8 64 029 045 073 0 82 0 64 0 31
19% 8 36 029 045 (072 0 85 0 66 0 33
1996 8100 028 044 (072 0 90 0 035

My eidhted by state populition
EW #om (0) mukipked by 10 .
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T he resuls in Tabke 5 shawv that the trad ofFimproding eviramattal quality (& messured by per
piaanissias beD is altered when the wagit gven  ineguality is reltively sigi Gt A s shoan
inTabk 3, the early 1990 s ad 1993 in partiaular are dnavacterized by inaessing interstate polLiian
inegualty- W hen the inareeee in inequalty is gvan reltively mare waditin the weliare functian €9,
v =4), emviramaital welre dedines in 1992 and 1993 despite the dedire in oerall enissias.- W ellare
functias basad an the pical( inl ¢ =2)and edadad 6 ini coetdats withv < 2, are maotonically
inaessing oer the range of the data

TebE 6 proidss estimates of (2) Tor the same vabes of v exapt tre resulls in the tebke are Tora
unifam deareese In per Gepita @nissias of tpe kaatss all states { a5 gopasad o an inaeese { sincee
analyzing the eRacts ofF a deaeese in enissias is mae rebvant fram a policy perspective.-

Table 6. Erw romental W ¢ Ifare Effects by EmesDN Ty p ,1996.

EmBsDn Pollut DN Relatwe M argmnal Effect
Ty Elastr byY onErv romental W e Ifare
Fron aDecreas mEmMEBsSDIs
v=1l5 v=2 v=4| v=15 v=2 v=4
Stack Air 0 93 094 096 0 50 049 0 46
Fugitive Air 0 76 088 0388 015 014 011
W ater 097 088 080 008 007 004
Lard 121 120 116 016 017 021
Uriergourt Ijectiors|| 1 56 1 60 125 012 015 016

MV eightel by state popuktion

The guaes inTabk 6 gwe the pacattace dange in eviramaital welre due o a deaesese in per
Gpita anissias ofeedh tpe- Fareanpk, all% reducian in per apitastadk aranissas aacss all
states Wil inaeese eMiamatal welexe by 51% ifv =15 @umn4)and 45% ifv =4 (@bmn 6)-
T he fect that the inaeese in envilameantal nelare is Ess whenv = 4 is due o the et that reductias
in stadk ar rekesss are inegualt-athandng- T herefore, the welfexe improement due 1o the deaeese in
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amissias kel is partially c&et by the inaesse in pollutian inegLality- D espite the inaeese in emissias
ineoLality from reductias in stadk ar rekssss, sudh reductias aostitute the lrgsst inaesse in oerall
enviramaal welre, regardiesss of the wadt gven 1o pallution ecuality 3

A flerstedkarrrelessss, redudtias in bd relesess have the next rgsstimpactan oeralleeviramental
wellere_ 4 10% reductian in per pita bd releesss aacss all states will inaesse aMrameantal wellre
byl 6% ifv=15 @mn4)ad21% ifv=4 @ilunn 6). U niike stadk air rekeses, the improanait
in emMramaal vwellare fron areducion in bd ebkss isgeaierssv! 1 sinee redudtias in bbd
rekeesss are ineqLal tA~reduding.-

U ntil non, vhi ke the emphesis plbaaed an evirameantal equalty (in terms of the dace of v) dangss
the magnitude of the eRect of reductias an overall eviramantal welexe, it hes not altered the policy
adLsias pertaning towhidh peofemissias shaud be the foas ofemMramantal regulatias: redudng
stadk ar rekessss inaessss weliare the most, 1olloned by bd relbssss _H onever;, beyad that, the use of
the eviramatal nelre functian an provide tseful infamatian forthe direction offutureerviramental
pdicy. Ifervirameantal welare aRordcs Ess wadgtto inecuality then the tpicalt ini coetdatt @ e, v <
2) thenfugtivearrekess shauld be the nexttaxcetiorreductias by regubtars _H oneer; ifv _ 2 adthe
distributian of pdllution aaGss states enters the dadsian caluls, then undergraud injectians shauld be
gven hidnerpriarity since reductias in undergraund injectias are inegualityedudng.- Finally, riegardiess
of preferanas aonaaming pollutiaon equality, reductias in water relkesss aRorcs the ksst goportunity 1o

inaeese amMramaial nelare.

4 4 State Attrb uesari Irequa ity

T he amabysis util this pant hes dooumated the degree of interstate inecuality in the distribution of
pdlutian and the impact this inecuality could potertially heve an future eeviramental regulatian ifae
hes preferancss oerthis distribution - Inadditian, as shoAninT ablke!l , mean percpitaamissias deaessed
maotonically fian 1988 { 1996 - A s a result, adhieving loner per pita pollutian ek at any ast (in

23T hisgatemert imp K ik ly assmesthat there are ro | Berernesinthe w e lire cainfom rel wtbrsind igint emisbrs
typesexcept Br ther eRect onovera BpoLibnirequalky. INother worl s there isro attempt to weich the rebtive w e lfire
auirsfom rel wtorsinair poLtobnveras sy, w ater po Ltbnintermsofin vil Le B v ilirgressto pay Br ore type oF

red wtbnasopposd to arwther.
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tams ofthe distributiaal eRacts)is kss ofFan imperative;eMiramattal regulatias may be mare welre-
enhending by Toausing an intesstate pollutian ineguality- T his is partiaularly true if aartain segmants of
the papulation are dispropartianately represanted at the upper tai | of the pollution distribution.-

Table 7a. Sparman( orrelaaDN( e ffrentskrtween R r ( gaa Pollut DN ad
R rce ntag of State Poppllat Dnwh £h B W h ike ,1983-1996."

Y ear Stack Air  Fugitive Air W ater Lari Urlergoud Irectiors Total
1988 011046 010 ©49) -002 ©089) -002 (Q89) 043000y 002 (90)
1989 012 040) 003085 -00805» -012(Q42) 03 003Y 002 087
1990 01303) -018Q21) -021015 -003(Q 8) 03B 011 (0 44)
1991 013037 -019Q20) -026Q07° -002 Q089 036001y 011043
1992 0130 38) -022013 -029 Q04)Y -010 Q48) 032 003Y 010 Q 51)
1993 01 033 -0200179 -026007% -010 Q0 2) 03 003Y 011046
1994 007063 -008058 -022Q01) -007Q4) 02 0y 0060 D)
1995 0080 ®) -00608) -019018) 01 Q03D 03 003Y 003(0 85
1996 00908) -004QB) 00905 -006(Q0 M) 03 Qo0 001096
AN ears| 007013 -011Q02)Y -019 Q00)Y -008 Q07D 036000y 007Q 15

P robab ility asmc ited w ith the t-gatigt inparerthess.
YSigri cart at the 5% Bvell

“Sigri cartat the10% Evell

T oproide sane eddance that the states with the higestamissas ek ae not randanly essiged,
T abks 7a thwough 7Fgve the S pearman conrelatian aoet+dents betinean per pita emissias (both ol
as well ss daoompasad into the e catlegaries oFamissias) and selbected state daradtaristics Torthe periad
1988 { 1996 as well as by year I tshaud be noted that these resullts are notintended toproe causatian - I T
certain ssgmants ofthe papulatian are overepresaTied in high per Ggpita pollition staes, itis inelbvant
Tothis analysis{ vy this caaurs _H onever; the ot that certain papulation sub-graups may dierantially
bae than polution reductias such tat " eviramaital jstice " may inaesse ardeaeese is relbvant.
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T ebks 7aand 7b proidess the conrelatiaon aoetdants betinean per Gpita anissian bvek ad the share
of state papultian whidh is white ([ abke 7a) and the sherevhidhis bliedk ( abe 70)%¢  INT abke 7a, whike
the sigh oF mast of the aoneltias is necative, Bwvae sigi attean at el (% bwel. U ndargaud
injectias, honewer, are ahays sigi atat the 5% bvel as are water rekesss in te early 1990 s. In
additian, when the dala is aggrecated over the nire years, the aonelation coetdats orurofthe e
categaies of par gpita anissias are necative and signil ant (ith stadk air relessss baing the anitted
catlegay)- T hus, states at the bw ad of the distribution for these Tour gagps of pollutants hae a
sigi cantly hidher anaatratian ohvnhitss in the papulatian.-

T abke 7b indicates asimi lar-and even strager picture when itaames 1o the percantece of state papu-
ltioh conprised ofbleds . T he aanelation aoetdats Torall e categaies, as wWell ss Tortolal per spita
amissias, are paitive and sigi cGat. In additian, the coneltion coetdants are abko highly sigi Gt
and vellintothe pasitive range when albulaied an an annual beasis Tarstedkand Tug tive ar relesses, water
pdiLitarits, and udergraud injectias _H onever, there doss gppearto be a donnnard tted begming in
theearly1990s._

24 Cermnusi ata in i escatecpriesBr w hite, b bek, Native Amercary ari aBothers.
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Table 7Tb. Sparman( orrelatDNC e ffeents k2 tween R r ( gpata Pol lut DN ad

R rce ntag of State Popplat bnwh £h B Black ,1988-1996.7

Y ear Stack Air  Fugitive Air W ater Lard Uriergou Ijectiors Total
1988 0330D02)Y 03 Q04)Y 040 Q00) 002 Q88) 048 Q00)Y 012 Q40)
1989 031 Q03Y 044 Q00)Y 0412000)Y 012 Q42) 03 Q03Y 014 O3B
1990 02 002)Y 03 Q00)Y 036001)Y 010 Q 5) 042 Q00 018 0 21)
1991 03 Q03Y 03 Q)Y 03 Q00)Y 008(Q8) 038 Q01Y 017023
1992 02 003Y 083 00) 040 Q00) 019 Q19) 038 Q01)Y 019 © 19)
1993 03 ©02)Y 049 Q00)Y 03 Q01)Y 014 Q3D 03001)Y 022 013
1994 025008 036001)Y 03001)Y 013039 033002y 016027
1995 025008)7% 03 003Y 03 001)Y 0170 24) 029 Q04)yY 012 (40)
1996 025Q008)% 027006 019Q19) 016027 0260 01)Y 0070 8)
ARVears| 027Q00)Y 03000)Y 03 Q00)Y 010 Qo03Y 03000y 0130 01)Y

P robab ility asmc ited w ith the t-gatigi inparertheds.
YSigri cart at the 5% Bvell

“Sigri cart at the 10% BvelL

T ebke 7c addressss the issue of gander ad pdllution and reparts the conrelatian aoetaats betinean
per cpitaanissias ad the share df state paqpultian whidh is Bmake. T he conrelation aoet-dertts farall
nire years ambined Tar total per pita anissias in additian 1o all of the categxies exapt bd releesss
aepaithveadsigi aith o, the arual areltion aetdants Torwater relessess as el ss both stadk
ad ar iekssss are paitive ad sigi cant. |n partiaular;, per epita igtive ar relesess ae exianely
aoneltied with the gandar decompasition of states _ A s with the conelatian betneen per Gpita anissas
ad the shaxe of state papulatian acomprised ofbledss, the conrelatias are Eling entering the Bt 1990 s.
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Table 7c.

Spaman( orrelatDN( e ffecents kztwee n R r ( gpata Pol lut DN ad
R rce ntag of State Populat bnwh £h B R male ,199 -1996°

Y ear Stack Air  Fugitive Air W ater Lard Uriergourin Ijectiors Total

1990 033002)Y 05000)Y 03 Q03Y 004 Q80) 018 0 21) 0160 26)
1991 02 ©02)Y 05000 03 Q01)Y 001Q92) 016027 014 Q0 2)
1992 035001)Y 05000 03 Q04)Y 01004D 019 (@ 19) 0170 25)
1993 036001)Y 057000)Y 040 @00) 000 (Q98) 018 (0 22) 0170 24)
1994 029 Q04 042 Q00)Y 02 Q02)Y 004 Q0R) 014 0 3) 014 Q0 3)
1995 026006% 038Q01)Y 03 Q01)Y 000 Q99) 009 0 5) 011 Q 44)
1996 026006% 03 (Q03Y 026006% 006(Q 67 010 Q49) 0070 8)
ARVears| 02 Q00)Y 0480Q00)Y 033000)Y 005039 017Q 00y 0150 00)Y

P robab ility asmc ited w ith the t-gatigt inparerthess.
YSigri cart at the 5% Bvell

“Sigri cartat the10% Evell

Fnally, T abkes 7d thraugh 7Feamine the conrelatian betneen per Gpita anissias ad the age dis-
tibution within states - Sped callly, T abke 7d and 7e ripart the anelatias for ffmake and make median
ae, respectinvely, ad T eble 7fg\es the aorelalion aoet+-dants betinean per cpitaamissias ad the share
of the pqoultion uder the age of \e. T he pattern whidh emargess fian the Tabks 7d and 7e is that
Yager states are oerepresatied in the uppertail of the pollLition distribution; espedallly states with a
yangermalke papulatian.- | n additian, vwhile the trerd in the previas tebkess indicated adampening of the
aonreltion betinean per pita emissias ad the gander and radal ampasition of states, the conrelatian
aetdatts, partiaubrly Tormake median age, are inaessing in aosolute valle throughaut the midH 990 s
T hetactthe conelatian is necalive is notsurprisingsince aewould expectheav ly pollutingmanuectiuning
Edlities obe intasive in yaug Eoar.
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Table 7d. Sparman( orrelatpDN( e ffrants  tween R r ( gaa Pollut bn and

MediBn R male Ag ,19 -1996°

Y ear Stack Air Fugitive Ar W ater Lard Urniergourd Irjectiors Total
1990 04 Q7 019018 013(03B) -00503A) 014 Q2) 017025
1991 -00308) 019018 018(Q21) -004 QD -010 Q 58) -018 (0 21)
1992 002 (08) 014 Q2) 011045 004 QR) -006Q ) -0 16 (0 28)
1993 001086 020016 027Q08* -015(Q3) 009 Q1) 0150 3)
1994 004 Q0B 009Q083) 013039 -015(029) 011 Q46) 01 Q3D
1995 006065 006Q0A) 004QB) -019 (18) 010 Q B) 017023
1996 01303 -009Q053) 001Q96 -018(Q21) 0150 3) 027005Y
ARV ears| -016Q00)Y -007Q19) 00503) -017Q00)Y 017000y 027000y

P robab ility asmc ited w ith the t-gatigt inparerthess.

YSigri cart at the 5% Bvell

“Sigri cartat the10% Evell

Table 7e . Sparman( orrelatDN e ffeentsktween R r ( a@aaPollutbDnad M ed BN
M ale Ag ,199 -1996."

Y ear Stack Air Fugitive Air W ater Lari Uriergoutd kpEctbrs Total
1990 028005Y -009(053 -000@99) -009 Q5B 03 Q04)yY 03 00
1991 03 Q04)Y 011045 -0010Q92) -014Q3) -025Q 08)* 0370 01)Y
1992 03 004)Y 016025 -007065 -015023) 020019 03B00)Y
1993 028005Y -013038 0070685 -024 Q10) 0230 10) 03 Q0
1994 02 002)Y -02200212) -011045 -028Q05Y 022 013 03BONY
1995 036001)Y -025008)7% -017022) -03001)Y 0230 10) 0370 01)Y
1996 038001)Y -036001)Y -01503) -029 Q04 02 00)yY 042 Q00
ARV ears| -0 33Q00)Y -028Q00)Y -008Q15 -022 QO0)Y 027000y 0B QN0

P robab ility asmc ited w ith the t-atigi inparertheds.

YSigri cart at the 5% Bvell

“Sigri cart at the 10% BvelL
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A houch the et that prime-aege warkers are bearing a disprapationate burden of pdlluitian may not
be oerly ttoubksane topoiomaters, acadliry ofthis fct, deamastrated in T bk 7, is thatperspita
anissias (partiaubrly Bd rekesss and undargaund injedtias) are aonaanraded in stades with a hidh
frectian of dhi ldiren uderthe age oF e In additian, in the midH 990 s, the ttred tonards pdllutian baing
l=ied in states with a reltively younger overall paqoulatian (messured by the median age) hes bean
acoompanied, notsurpisingly, by an inaeese in the conrelatian coetaatts betnwean percpitaamissias of
all \e categxies and theuderage e ppulation . Fugtive airrelbesss is the mostinterestingeanple of
this trad.- In anly seven years, par pita fugtive air rekssss have gae fran sigii cantly and necattively
aeblted ¢ = 0 35, p i vabie=( 11 )wth the share of the state paqoulatian uder e o apaitive,
abdatirsigi cat, aetrdait @ =015,p j vable=0:2) .

Table 7. Sparman( orrelaaDN( e ffointsktween Rr ( ga@aPollutpDn ad Share
of pplabn’ ad Urnde r ,199 -1996"°

Y ear Stack Air  Fugitive Air W ater Lard Uriergoutd kpEctbrs Total
1990 01303 -03001) -015029) 004 QB 001 Q95 0060 69
1991 018 Q21) -036001) -022 Q0212) 002 (Q89) 0050:2) 002 Q91)
1992 -016028) -026007 -011(046) 00504) 001096 -001 Q94)
1993 01503) 0260070 -021Q24) 01 (Q2) 010 (Q48) -002 (Q90)
1994 009Q08) 017023 -00803) 022 Q1) 021013 001 Q95
1995 002086 -014Q03) 006 Q7D 033002y 0230 11) 0070 3
1996 005Q0A4) 005Q2) 000 @00) 033Q02)Y 02 @0y 018 021)
ANV ears| -004 Q44) -009 Q20)* -009 Q08 020 Q00 017Q 00)Y 010 Q 05Y

P robab ility asmc ited w ith the t-gatigi inparertheds.
YSigri cart at the 5% Bvell

“Sigri cart at the 10% BvelL
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In the e, the data presanted proides avald reeson Tor incaparating the distribution ofper pita
amissias into dadsias regading e meantal riegulatias. Sinee reductias in per apita bd releesss
ad udagoud injectias are inegualit-edudng, tigiter riegublatias of these tpes of emissias will
notanly reduce overall pdllutian, butwill ako reduce the @elative) burden bame by minarties, womnen,
and dhildren uder the age ofF e R eduding air and water rekessss, Whi e improving welare by bonaering
pdLitian, wi ll plece a geater share of the emMramantal hezarcs an these ssgnants of the pqoulatian -

5 Con Leon

W hilke analyzng the respasiveness of amMrameantal haezards 1o the compasitian of lbbcaks hes been the
foas of mudh research, this study takes a step badavarts and amalyzes the distributian of pollutian
aaass U S _states by goplying messures ofineguality develped o the study ofincome distributias -B y
arstructing and uti izing the spedal properties ofan eviramattalt ini coetdant, we have shonn howv
d@rentsaurcss of pdlLition antribute o oerall inegality aats U S _statess - T he resuls indicate that
thare is asubstantial amaunt ofinequality in the distribution of total per cepita pollutian thriauchaut the
Ete 1980 s and 1990 s despite the dedine in mean overall per Gepita amissias.- In additian, the estimated
"pallutian ebstidties’” Tor bnd rebesss and undargraund injectias are espedallly hidh, indicating that
pdicy intervatias whidh redue these types ofF emissias will reduce overall pallutian ineouality aacss
the states, Whie reductians in ar and water rekesses will eacarbate pollutiaon ineouality. Furthbermare,
by astructing an amMamental weliare Tuncian, analogas 1o Sen's sodal weliare Tundian, we are ebke
10 analyze the impact of d@ant tpes of eMramattal repubtias an oerall evramatal welire.
T his eMvrameantal weliare Tundian allons ae 1o cpture the eRisct of stricier regulatias an notanly
the bl ofF emissias, but ako the distribution of emissias aacss the states - Finally, itis shoan that
incoparating inequality ancams into dedsias ancaming eMamatal regultias is aiftical o the
notion oferMviramantal justice. B ecase states with a dispropartiaate share of minarities, wamen, and
dhi bdren uderthe age of e are overepresaiad in the ypperta | ofthe per pita pallutian distributian,
ad hac envitaomeantal palides - evan those whidh reduce emissians - may exacerbate this inequity/-
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A Apperi X

Ernvirameantal weliere is gvan in (0 )- D iReratiating with respect 1 @, the peraaitace inaesse in
amnissiaon tpe kaaass all states, yiels

@EW _ _, @Gy i} ]@1
@®k_l1@®k+q iGv @® ¢
where
o =Gy 510=6,5kCk i 1D €
k
fran 6 amer (993)ad
@ —1 3
@ K ¢3

filon @) ad thede Niian of® .- Sped cally, + = Pklk, whidh implies that @1 =00 = 01 =@k = Tk
sine B is the uniform peraaritace inaeese in aampaaitk aacss all states - Inserting (3) and (3)into
(3), yieks
EW
=PGSO CiG Y - €
k

D iMding ( 3) by the evirameantal welere functian, EW , in (0 )simpll es o equatian (2)in the text.
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