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A bstract

T heconcepts ofanenvironmentalG ini coe±cientalongwithameasureof"pollutionelasticity"arein-

troduced and used toanalyzethe distribution ofpollution across U .S.states from 1 988 { 1 996. T he

specialproperties oftheG ini coe±cientallowonetodecomposeoverallpollution inequalityintoseveral

components basedonpollutiontypeandpredictthee®ects onoverallpollution inequalityfrom stricter

regulationsonparticulartypesofemissions.Inaddition,anenvironmentalwelfarefunction{ analagousto

Sen's socialwelfarefunction{ isderivedandusedalongwiththeextendedG ini toanalyzetheimpactof

tighterenvironmentalregulationsondi®erenttypesofemissions.Finally,Spearmancorrelationsbetween

percapitaemissionsandstateattributesareusedtoassesswhetherstatesattheuppertailofthepollution

distributionarerandomlyassigned.T heemissions datais obtainedfrom theU .S.EPA 's ToxicR elease

Inventory(T R I).

JEL Classī cations:Q 0 ,J1 ,R 3,C5,H 0

KeyW ords:Pollution,G ini Coe±cient,Inequality,EnvironmentalJustice,EnvironmentalR egulation



1 Introd uc tion& M otivation

T henotionof"environmentaljustice"refers tothedistributionofenvironmentalhazards across agiven

population.M anyresearchers havestudied ifdi®erentsegments oftheU .S.(e.g.,minorities)aredi®er-

entiallyburdenedbypollution.1 A s an alternative,this papertakes astep backwards andapplies the

advancesmadeinthestudyofincomedistributionstothedistributionofpollutionemissionsacross U .S.

states.ByutilizingandextendingtheenvironmentalG ini coe±cientdevelopedbyH eilandW odon(1 999),

onecancomparethedistributionofemissionsovertimeandanalyzethee®ectofpolicyinterventionssuch

asemissionstaxesandregulationsonthisdistribution.

This obviously begs thequestion, "W hy should one care aboutinterstate inequality ofpercapita

emissions?"A sidefrom G ianessi,Peskin,andW ol®'s(1 979)statementthat,"Twokeyaspects involvedin

theassessmentofanypolicyareitse±ciencyanditsdistributionalcharacteristics,"therearetwopossible

reasonswhyonemayincorporatethepollutiondistributionintoone'swelfarecalculationsandassessment

ofU .S.environmentalpolicy.T he r̄streason { similartotheincomeinequalityliterature{ pertains to

theissueofequity.A lthoughincomeisa"good"(whichincreasesutility)andpollutionisa"bad"(which

lowers utility),ceteris paribus,onemaywishtodistributethecosts ofpollutionequallyamongallthose

inaneconomyjustas onemaywishtodistributethebenē ts ofincomeequallyacross allindividuals.

T his issueofequitytakesongreatersignī canceif,infact,notonlyarethecostsofemissionsdistributed

unequallyacrossstates,butthestatesattheuppertailofthedistributionarenotrandomlydrawn.Ifthe

stateswithahighlevelofpercapitaemissionsaremoreheavilypopulatedbyminoritiesorcertainother

segmentsofthepopulation,thenpolicieswhichdecreaseemissionsinequalitywillalsodi®erentiallybenē t

thesegroups.

Second,from asocialwelfareperspective,emissions equalitypotentiallyminimizes thehealth costs

associatedwithpollution.T herearetworeasonsforthis,althoughtheyshouldbeprefacedwiththefact

thatthebiologicalandeconomicresearch is notcomplete.N onetheless,therearelikelytobethreshold

e®ects (i.e.,aminimum leveloftoxins towhichonecanbeexposedbeforesu®eringanyadversee®ects)
1Refer to Arora and Carson(1999); B rooksand Sethi (1997); G lickmanand Hersch (1995); Hamilton(1995); Bullard

(199 4 );B rajer and Hall(19 92 );G elob ter (19 92 );G AO (1983); G ianessi,P eskiny,and Wol® (1979);Asch and Seneca (1978);

Harrisonand Rub infeld (1978);Zupan(1973);Freeman(1972 ).
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intheresponsebyhumans andtheecosystem topollution.2 A s aresult,disseminatingpollutionequally

across states increases theprobabilitythethresholdis notcrossed.Secondly,thedose-responsefunction

(e.g.,theprobabilityofprematuredeathassociatedwith increasinglevels oftoxicexposure)is typically

assumedtobeS-shaped,although intheU nitedStates individuals arelikelycon̄ nedtothebottom of

theS.3 T his implies,however,thatthehealthe®ects from higherpollution increaseexponentiallywith

thelevelofpercapitaemissions.4 Consequently, spreadingoutpollutionoverstates maymitigatethe

individualandsocialcostsofpollution.

Theabilitytoanalyze interstatepollution inequalityis feasiblewiththeavailabilityoftheEnviron-

mentalProtectionA gency'sToxicR eleaseInventory(T R I).W iththepassageoftheEmergencyPlanning

andCommunityR ight-to-KnowA ct(EPCR A )in1 986,allmanufacturingfacilitiesarerequiredtorelease

informationontheemissionofover650 toxicchemicalsandchemicalcategoriestoair,water,andland.5

Inaddition,facilitiesarerequiredtoreportthequantitiesofchemicalswhicharerecycled,treated,burned,

ordisposedofinanyothermannereitheron-siteoro®-site.A nyfacilitywhichproducesorprocessesmore

than25,0 0 0 poundsorusesmorethan1 0 ,0 0 0 poundsofanyofthelistedtoxicchemicalsmustsubmitaT R I

2 Refer to Butterw orth and B ogd an®y(199 9);Simpsonet al.(1997);Doull(1996);Chestnut et al.(1991).
3Refer to Chestnut et al.(1991).
4 T he exac t shape ofthe d ose-response functionisnot know nw ith certaintyand variesacrosspollutants.M ost researchers

have concentrated onestimatingfunctionsofthe form

ln(d eaths)= ¯X + ±Em issions¡2 + " ,

w here ln(d eaths) isthe logofd aily d eathsand Em issions¡2 refersto the levelofair emissionstw o-d aysprior.Air pollution

isthe primary pollutionstud ied since it isassociated w ith the largest ad verse health e®ec ts(Dasgupta,Lucas,and W heeler

(1998)). T he limitationofthisresearch isthat it impliesthat anincrease inemissionshasthe same e®ec t onpremature

mortality regard lessofthe initiallevelofpollution.How ever, Butterw orth and B ogd an®y (19 99),W illiamset al. (1998),

Simpsonet al.(1997),Sald iva et al.(1995),and Chestnut et al.(1991) d ocument non-linear and increasingd ose response

functions(at least over some rangesofexposure).Inad d ition,O stro et al. (1998) and Cropper et al. (1997) estimate the

e®ec t ofair pollutionw ith and w ithout includ ingoutliers(d e¯ned asd aysw ith the highest 5% ofair emissions).T he e®ec ts

ofair pollutionare positive inb oth cases,but low er w henthe outliersare removed (for ages2 { 15inO stro et al.and ages

15{ 64 inCropper et al.).T hese resultsalso ind icate that the d ose-reponse functionfor air pollutantsincreasesexponentially

over some range ofthe d ata.
5M anufac turingfacilitiesare d e¯ned asthose fallingund er Stand ard Ind ustrialClassī cation(SIC) 2 0 { 39. Refer to

http://www.scorecard .org.
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report.6 T he1 996 T R I datacontains informationfrom over21 ,50 0 manufacturingandfederalfacilities.7

T hedataispubliclyavailableafteratwo-yearlag.

W hiledatais availableatthechemicallevel,thedatahas alsobeenaggregated intoseveralbroad

categories:twocategories forairpollutionandoneeachforland,water,andundergroundinjections.In

themajorityofthestudiesutilizingtheT R I data,these v̄epollutioncategoriesareaggregatedtogether.

A lthoughtheseaggregationsgiveequalweighttoeachchemical,somestudieshavebeenconcernedabout

formingnewaggregates,weightingeachchemicalbyameasureoftoxicity.8 H owever,asreportedbythe

EPA ,mostofthewidelyusedchemicals donotvarysignī cantlyintheirtoxicityandmanyoftheless

toxicchemicalshavenotbeenassignedriskscoresbytheEPA .9

T heremainderofthepaperisorganizedas follows:section2 developstheframeworkforanenviron-

mentalG ini coe±cientandanenvironmentalwelfarefunctionanalagoustoSen's socialwelfarefunction;

section3 discussesthedata;section4 presentstheresultsfortheG ini coe±cientandcompares ittoother

measuresofinequality,describesthepredictede®ectsofchanges inenvironmentalregulationoninequal-

ityandwelfare,andalsoexplores thee®ectofreducinginequalityonenvironmentaljustice;and, n̄ally,

section5 containssomeconcludingremarks.

2 E mpiricalM od el

2 .1 E nvironmentalG iniCoe± cient

Tobegin,letE i,i= 1 ;:::;51 ,representstate i's leveloftotalpercapitaemissions,which is thesum of

di®erenttypes ofemissions.10 Itis convenienttotreatthevarious sources,E i
k,k= 1;:::;K,as distinct,

wherehenceforththestateindexi is suppressed.Therefore,E maybere-writtenas

6U .S.E PA (199 2 ).
7Refer to http://www.scorecard .org.
8B rooksand Sethi(1997);Arora and Carson(1995).
9Refer to Arora and Carson(199 9) and U .S.E PA (1989).
10Washington,D.C.isinclud ed asthe 51st"state".
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E =
KX

k= 1

E k : (1)

Intheempiricalwork,the v̄eemissiontypesconsideredare:fugitiveairreleases,stackairreleases,water,

land,andundergroundinjections(refertosection3).

Emissions inequalityismeasuredbyanenvironmentalG ini coe±cient.T heG ini coe±cientisthebest

knownandmostfrequentlyusedmeasureofincome inequality. Itis convenienttousethecovariance

formulationoftheG ini coe±cient:

G =
2cov(E ;F )

¹
(2)

whereG is the(relative)G ini coe±cientoftotalpercapitaemissions,F is thecumulativedistributionof

totalpercapitaemissions,and¹ ismeanpercapitaemissions,where

¹ =
KX

k= 1

¹k (3)

whichfollowsfrom(1).11 U singthepropertiesofcovariance,(2)canberewrittenas:

G =
2
PK

k= 1 cov(E k;F )
¹

: (4)

Equation(4)is thebasis forthedecompositionoftheoverallenvironmentalG ini coe±cientintoits

variouscomponents.D ividingby¹ andthenmultiplyinganddividingeachcomponentkbycov(E k;F k)

and¹,whereF k isthecumulativedistributionofemissiontypek,resultsinthedecompositionusedbelow.

T hedecompositioncanbewrittenas:

G =
KX

k= 1

[
cov(E k;F )
cov(E k;F k)

][
2cov(E k;F k)

¹k
][
¹k
¹
]

11Refer to Lermanand Y itzhaki(1984 ,1985)for the d erivation.The cumulative d istribution,F,isob tained byrankingthe

51 states(includ ingWashington,D.C.) and d ivid ingby51. Note,w hereasinthe income inequalityliterature thisproced ure

yield sanestimate ofthe cumulative d istribution,inthiscase it isexac t since w e observe all"ind ivid uals"inthe population

(i.e.,allofthe states).
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´
KX

k= 1
R kGkSk (5)

where R k is the G ini correlation between pollution sourcekandtherankoftotalpollution,Gk is the

G ini coe±cientofpollution sourcek,and Sk is pollution sourcek's shareoftotalpollution.T he G ini

correlation is similartoPearson's correlation,exceptthedenominatoris replacedby(half)theabsolute

G ini coe±cientofE k.12 A s such,the G ini correlationwilltakeonmoreextremevaluethan Pearson's

correlation,butis stillboundbytheabsolutevalueofone.13

T heprimarybenē tofthedecompositionin(5)istheabilitytoanalyzetheimpactofmarginalchanges

inemissions oftypekontheoverallpollutiondistribution.A s in G arner(1 993)whoexaminedchanges

inconsumptionexpenditures,supposethereis anequalincrease inemissions across allstates suchthat

emissions oftypekincreaseby®kE k,where®k is thepercentagechange.Consequently,theemission's

marginale®ectrelativetotheoverallG ini coe±cientis

@G
@®k
G

=
R kGkSk

G
¡Sk

= Ik¡Sk . (6)

T his equationindicatesthatthepercentagechangeintheoverallenvironmentalG ini coe±cientduetoa

marginal(uniform)increaseinemissionsoftypekacrossallstatesequalsthefractionoftheoverallG ini

duetothatemission sourceminus theshareoftotalemissions attributabletothatemission source.If

Ik > Sk,suchthattherelativemarginalimpactis positive,thenreducingemissions (perhaps bystricter

regulationsoremissionstaxes)oftypekis inequality-reducing;ifIk < Sk,reducingemissionsoftypekis

inequality-enhancing.

A nalternativemeasureofinterestisthe"pollutionelasticity",´k.From Y itzhaki (1 994),

´k=
R kGk

G
=

Ik
Sk

, (7)

whichis interpretedinthepresentcontextastheelasticityofpollutionoftypekwithrespecttooverall

pollution.A s showninG arner(1 993),(7)maybere-writtenas:

12 T he ab solute G inifor emissionsoftype k,Ak,is2cov(Ek;Fk).Refer to Lermanand Y itzhaki(1985).
13Lermanand Y itzhaki(1985).
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´k=
cov(E k;F )
cov(E ;F )

¹
¹k

, (8)

wherecov(E k;F )=cov(E ;F )canbeviewedasaregressioncoe±cientfromanon-parametricestimationof

aG ini regressionorasthemarginalpropensitytopolluteemissionsoftypek.14

T hepollutionelasticityis thekeyparameterforassessingthedistributionale®ects ofenvironmental

regulation.If´k> 1 ,or,inotherwords,ifIk> Sk(suchthattypekemissionsconsituteagreatershareof

pollutioninequalitygreaterthanoftotalpollution),thenadecreaseinemissionsoftypeknotonlyreduces

thelevelofoverallpollution,butalsolowers inequality.If´k < 1 ,thenwhileadecreaseinemissions of

typekwilllowerpollution,itwillexacerbateinterstateinequality.T hus,forinelasticemissiontypes,there

isatrade-o®betweenloweringpollutionandloweringpollutioninequality.

2 .2 E nvironmentalWelfare

Tobalancethegoalofimprovingincomeanddecreasinginequality,Sen(1 973)dē nedanindexofsocial

welfareequaltomeanincomescaledbyoneminustheincomeG ini coe±cient,

S W =¹(1 ¡G) . (9)

T his measureallows onetocomparesocialwelfareovertime,ratherthanmerely income,wheresocial

welfareincorporatesthelevelofequalityatapointintime.U singthederivationinL ermanandY itzhaki

(1 984),(9)reducestoS W = ¹¡A,whereA is theabsoluteG ini.15 Inasimilarspirit,wedē neanew

measureofenvironmentalwelfare,E W ,suchthat

E W =
1
¹
(1 ¡G) , (1 0 )

where¹ ismeanpercapitaemissionsandG istheenvironmental(relative)G ini coe±cient.

ConstructionofameasureofenvironmentalwelfareisusefulforthesamereasonSen'smeasureofsocial

welfareisuseful:individualshavepreferencesovernotjustthesizeofthepie(ofincomeorpollution,for

14 For a summaryofthe propertiesof(7),refer to G arner (1993).
15W hereasthe relative G iniis2cov(E;F)=¹,the absolute G iniisnot scaled by1 over the mean.
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example),butalsoitsdistribution.Thus,decreasesinoverallmeanpercapitaemissionswillnotnecessarily

improveenvironmentalwelfare(accordingtoourdē nition)ifthe(level)decreaseis accompaniedbyan

increase in emissions inequalityacross states. In addition, onemayusethemeasureofenvironmental

welfarein(1 0 )toanalyzetherelativee®ectsofmarginalchangesinthelevelofemissiontypekonoverall

environmentalwelfare.Incorporatingboththelevelanddistributionofpollutionintoregulatorydecisions-

asopposedtosolelythelevel-canensurethatthebenē tsofenvironmentalpoliciesare"fairly"distributed.

Theenvironmentalwelfarefunctioncontainsthereciprocalof¹ sothathighervaluesofE W correspond

toimprovementsinenvironmentalwelfare.Consequently,theenvironmentalwelfarefunctionisnotadirect

counterparttoSen's socialwelfarefunction.Inparticular,E W reducesto(1 =¹)¡(1 =¹ 2)A.16 Certainly,

then,thereis noreasontoexpectE W togivethesameweighttoequalityas does Sen's socialwelfare

function.H owever,sinceSen is concernedwithadi®erentissue,thereis noreasonapriori whyincome

inequalityshouldbegiventhesameweightaspollutioninequality.N onetheless,onecanaltertheweight

giventoinequalityintheenvironmentalwelfarefunctionbyreplacingG in(1 0 )withtheextendedG ini,

G v,derivedinY itzhaki (1 983)andL ermanandY itzhaki (1 984,1 985),where

Gv =
¡vcov£

E ;(1 ¡F )v¡1
¤

¹
;v2(0 ;1) : (1 1)

T heparameterv re° ects preferences forinequalitywhere inequalityaversion is increasingin v. W hen

v=1 ,thedistributionofpollutionis irrelevant;whenv=2,(1 1 )reducestothetypicalG ini coe±cientin

(2);and,whenv ! 1 ,(1 1 )becomestheR awlsmax-mincriteria,whichinthiscontext,impliesminimizing

themaximum levelofpercapitaemissionsacrossthestates.
16Despite thisd i®erence,EW isstillaninterestingw elfarefunction.It istrivialto verifythat EW isd ec reasinginper capita

emissionsasw ellaspollutioninequalityjust asSen'sw elfare functionisincreasinginincome and d ec reasingininequality.In

ad d ition,relative to Sen'ssoc ialw elfare func tion

¯̄
¯̄@EW
@¹

¯̄
¯̄ <

¯̄
¯̄@SW
@¹

¯̄
¯̄

¯̄
¯@EW@G

¯̄
¯ <

¯̄
¯@SW@G

¯̄
¯

¯̄
¯@EW@A

¯̄
¯ <

¯̄
¯@SW@A

¯̄
¯

if¹ > 1.T hus,EW islessresponsive to changesinb oth meanper capita emissionsand inequality.
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Toanalyzetheimpactofachangeintheemissionsoftypek,assume(as intheprevioussection)that

thereis auniform percentageincreaseinemissiontypekacross allstates denotedby®k.T heresulting

marginale®ectrelativetooverallenvironmentalwelfareisgivenby

@EW
@®k
E W

= ¡
· G v

1 ¡G v
(Ik¡Sk)+ Sk

¸

= ¡
·

G v

1 ¡G v
Sk(́k¡1 )+ Sk

¸
, (1 2)

whereIkand Skaredē nedpreviously.17 T hesignof(1 2)isunambiguouslynegativeif´k,thepollution

elasticity,isgreaterthanorequaltoone.Inthiscase,increasingemissionsoftypekincreasesbothabsolute

pollutionlevelsaswellasenvironmentalinequality;hence,environmentalwelfarefalls.

Forthesignof(1 2)tobepositive, ´k > (2G ¡1 )=G musthold.T herefore, ifG · 0 :5, ´k > 0 is

necessary, butnotsu±cient, forenvironmentalwelfaretobe increasing in theemissions ofpercapita

levels ofpollutiontypek.IfG = 0 :5,then ´k < 0 is necessaryandsu±cientforthesignof(1 2)tobe

positive.T hus,forrelativelyequaldistributionsofpercapitaemissionsacross U .S.states,onlyincreases

in"inferior"pollutioncomponents(i.e.,pollutiontypeswhichdecreaseasoverallemissions increase)lead

tohigherenvironmentalwelfare.18 A s G ! 1 ,themaximum permissiblevaluefor´k suchthatthesign

of(1 2)isstillpositiveapproachesone.T his impliesthatincreases inemissiontypeswhichhavelessofan

inequality-reducinge®ectincreaseenvironmentalwelfareonlyiftheinitialdistributionishighlyunequal.

3 Data

T hedatacomefrom theEPA 's ToxicR eleaseInventoryspanning1 988 { 1 996.19 T heT R I databasewas

establishedunderSection31 3 oftheEPCR A .T hereare v̄ebroadcategoriesofpollutionutilizedfromthe

T R I:

²StackA irR eleases:R eleases toairthatoccurthroughcon̄ nedairstreams,suchas stacks,vents,

ductsorpipes.Sometimescalledreleasesfromapointsource.

17For a more explicit d erivationof(12 ),refer to Append ixA.
18T he conceptsof"normal"and "inferior"emissionstypesare d iscussed further insec tion4.
19T he T RId ata isat http://www.scorecard .org.
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²Fugitive A irR eleases: R eleases toairthatdonotoccurthroughacon̄ nedairstream,including

equipmentleaks,evaporativelossesfromsurfaceimpoundmentsandspills,andreleasesfrombuilding

ventilationsystems. Sometimescalledreleasesfromnonpointsources.

²W aterR eleases: R eleases towaterincludedischarges tostreams, rivers, lakes, oceans and other

bodies ofwater.T his includes releases from bothpointsources,suchas industrialdischargepipes,

andnonpointsources,suchasstormwaterruno®,butnotreleasestosewersorothero®-sitewastewater

treatmentfacilities.Itincludesreleasestosurfacewaters,butnotgroundwater.

²L andR eleases:R eleasestolandoccurwithintheboundariesofthereportingfacility.T hesereleases

includeon-sitedisposalin land̄ lls (wherewastes are buried), land treatment(wherewastes are

applied toorincorporated intosoil), surface impoundments (which areuncovered holdingponds

usedtovolatilizeand/orsettlewastematerials),andotherlanddisposal(includingaccidentalspills

orleaks).

²U ndergroundInjections:U ndergroundinjectionreleases ° uids intoasubsurfacewellforthepurpose

ofwastedisposal.W astescontainingT R I chemicalsareinjectedintoeitherClass I wellsorClass V

wells.Class I wells areusedtoinjectliquidhazardouswastes ordisposeofindustrialandmunic-

ipalwaste-waters beneaththelowermostundergroundsourceofdrinkingwater.Class V wells are

generallyusedtoinjectnon-hazardous ° uidintooraboveanundergroundsourceofdrinkingwater.

Beginningin1 996,T R I reportsdistinguishbetweenthesetwotypesofwells,butthis levelofdetail

isnotavailableinEPA 'spublicdatarelease.2 0

Table1 containsthesummarystatisticsforthe v̄epercapitapollutionmeasuresacross U .S.states.

2 0De¯nitionsare available at http://www.scorecard .org.
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Table 1. Summary statistics: Pe r C apitaEmissions across U.S.State s,1988-1996.

Variable M e an Std . D e v . M inimum M aximum

Stack Air R e le ase s 6.90 8.27 0 .0 0 73.45

Fugitiv e Air R e le ase s 2.25 1 .84 0 .0 0 1 1 .80

W ate r R e le ase s 1 .0 1 4.28 0 .0 0 49.1 2

L and R e le ase s 2.87 7.86 0 .0 0 50 .89

Und e rground Inje ctions 2.86 9.36 0 .0 0 98.96

Total 1 5.89 20 .1 1 0 .0 0 220 .93

In addition,Figure 1 shows howmeanpercapitastackairreleases, fugitiveairreleases,landreleases,

waterreleases,underground injections,andtotalemissions across states (weightedbystatepopulation)

havechangedovertime.
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1 0



Table 2 lists thestatewith thehighestlevelofpercapitaemissions foreachtypeoverthesample

period. A s is evident,afewstateshaveaparticularlynegativehistoryintermsofpercapitaemissions.

L ouisianaranks r̄stintermsofpercapitawaterreleasesovertheentiresampleperiodand r̄stformuch

ofthesampleperiodintermsofpercapitaundergroundinjectionsandtotalemissions.Inaddition,U tah,

Tennessee,and M ississippi aretheonlythreestates torank r̄stin percapitalevels ofeitherfugitive

orstackairreleases. W yominghas thehighestlevelofpercapitaunderground injections since 1 994,

bypassingL ouisiana.Finally,M ontanahas thehighestlevelofpercapitalandreleasesovermuchofthe

sampleperiod(withonlyN ewM exicosurpassingitin1 991 and1 992).Infact,M ontana'spercapitaland

releasesaresohighthatfrom 1 994 throughtheendofthesample,M ontanaranks r̄stinpercapitatotal

releases,overtakingL ouisiana.

Table 2. State s with th e High e st Pe r C apitaEmissions,1988-1996.

C ate gory 1 988 1 989 1 990 1 991 1 992

Stack Air U tah U tah U tah U tah U tah

Fugitiv e Air Tennessee Tennessee Tennessee Tennessee Tennessee

W ate r Louisiana Louisiana Louisiana Louisiana Louisiana

L and Louisiana M ontana M ontana New M exico New M exico

Und e rground Inje ctions Louisiana Louisiana Louisiana Louisiana Louisiana

Total Louisiana Louisiana Louisiana Louisiana Louisiana

C ate gory 1 993 1 994 1 995 1 996

Stack Air U tah U tah U tah U tah

Fugitiv e Air Tennessee M ississippi M ississippi M ississippi

W ate r Louisiana Louisiana Louisiana Louisiana

L and Louisiana M ontana M ontana M ontana

Und e rground Inje ctions M ontana W yoming W yoming W yoming

Total Louisiana M ontana M ontana M ontana

1 1



4 R esults

4 .1 E nvironmentalInequality

W hiletheT R I datasetdoesnotspanarelativelylongtimeperiod,itdoesallowustocomputemeasures

ofinequalityovernineyears(1 988 { 1 996)andexaminechangesinthedistributionofpollutionacrossU .S.

states.Table3 shows howvarious measures ofstatepercapitapollution inequality(weightedbystate

population)havechangedfrom thelate1 980 s tothemid-1 990 s.The(weighted)meanofpercapitatotal

emissions isalsoincluded.

A s statedpreviously,theG ini coe±cientisthemostwidelyusedscalarmeasureofincomeinequality.

A valueofzeroindicatesperfectequalityandonesignalsperfectinequality(i.e.,allpollution(income)is

locatedinonestate(individual)).Thesecondmeasureofinequalityis referredtoasthe90 /1 0 ratioand

givesthelevelofpercapitapollutioninthestateatthe90 th percentileasashareofthepercapitaemissions

ofthestateatthe 1 0 th percentile.T hus,ahigher90 /1 0 ratioindicates awideningofthedistribution.

T henexttwomeasures aresimplytheunconditionalvarianceofpercapitaemissions andlogpercapita

emissions.2 1 Finally,thecoe±cientofvariation(¾=¹)iscalculatedaswell.
2 1Note,it isconsistent for the variance to d ec rease for per capita emissionsand simultaneouslyincrease for logper capita

emissionsifmeanemissionshave fallenand have a greater concentrationb etw eenzero and one unit per c apita.
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Table 3 . W e igh te d Aggre gate PollutionPe r C apitaIne quality M e asure s,1988-1996.y

Y ear M eanP er G ini 90/10 Variance ofP er Capita Variance ofLogP er Coe± cient of

Capita E missions Coe± cient Ratio TotalE missions Capita TotalE missions Variation

1988 23.1 1 0 .51 1 3.36 973.91 1.0 5 1 .35

1989 1 7.92 0 .47 1 6.98 352.89 1.0 3 1 .0 5

1990 1 4.93 0 .45 1 4.0 1 268.85 0 .74 1.1 0

1991 1 3.64 0 .47 1 0 .70 259.46 0 .78 1.1 8

1992 1 2.73 0 .51 1 3.64 259.0 8 0 .87 1.26

1993 1 0 .89 0 .54 1 7.96 233.31 0 .91 1 .40

1994 8.64 0 .45 1 5.50 75.41 0 .94 1 .0 0

1995 8.36 0 .45 1 5.70 60 .23 0 .95 0 .93

1996 8.0 0 0 .44 1 4.86 59.63 0 .97 0 .96
yWeighted bystate population.

A lthough(weighted)meanpercapitaemissionshavefallenmonotonicallyfrom1 988 { 1 996,thedi®erent

inequalitymeasuresinTable3 yielddi®erentimpressionsaboutchangeswithinthedistributionofpollution

across thestates.Column2 gives theannualenvironmentalG ini coe±cient.W hileitdoespeakin 1 993

andreachitsminimum in1 996,variationbetweenyearsdoesnotfollowameaningfulpattern.T he90 /1 0

ratioalsoindicatesapeakininequalityin 1 993;however,itshowsthatthemid-1 990 s aremoreunequal

thantheearly1 990 s.G iventhefallingmeanpercapitaemissions,thevarianceofpercapitaemissionsand

thevariancesofthelogofpercapitaemissionsgivetwodi®erentpicturesofthedistribution.T hevariance

ofpercapitaemissions,alongwiththemean,has falleneveryyearinthedata,whilethevarianceoflog

percapitaemissionshasincreasedeveryyearsince1 990 .Finally,thecoe±cientofvariationalsopointsto

1 993 astheyearwiththelargestamountofinterstatevariationinpercapitaemissions.

4 .2 E nvironmentalR egulationsand Inequality

Toassesstheimpactofstricterregulationofcertainemissiontypesonoverallpollutioninequalityacross

states,Table4 decomposestheenvironmentalG ini coe±cientfor1 996 intoitsvariouscomponentsutilizing
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equations(5),(6),and(7).FromTable3,theoverallenvironmentalG inicoe±cientfor1 996 is0 .49.Column

1 giveseachemissiontype'scontribution,R kGkSk,totheoverallG ini coe±cient.T helargestcontributor

tooverallpollutioninequalityis stackairemissions (whichalsoconstitutes thelargestshareoftotalper

capitaemissions (column4)).This sourceconstitutes nearly50 % oftheoverallG ini coe±cient(column

5).T heremainderisdividedfairlyevenlybetweenfugitiveairreleases,waterpollution,landreleases,and

undergroundinjections.

Table 4. W e igh te d PollutionIne quality Effe cts by EmissionType ,1996.y

Emission Contribution Correlation G iniof P ollution Share of R elative P ollution

T ype to Total w ith Rankof Component Share P ollution M arginal E lasticity

Inequalityz TotalP ollution Inequalityz E ®ec tz

(R kGkSk) (R k) (Gk) (Sk) (Ik) (Ik¡Sk) (́ k)

StackAir 0 .21 0 .90 0 .46 0 .51 0 .48 0 .0 3 0 .94

Fugitive Air 0 .0 6 0 .89 0 .41 0 .1 6 0 .1 4 0 .0 2 0 .88

Water 0 .0 3 0 .71 0 .56 0 .0 8 0 .0 7 0 .0 1 0 .88

Land 0 .0 8 0 .81 0 .62 0 .1 5 0 .1 8 -0 .0 3 1 .20

U nd erground

Injec tions 0 .0 7 0 .92 0 .71 0 .1 0 0 .1 6 -0 .0 6 1 .60

Total 0 .44 1 .0 0 0 .44 1 .0 0 1 .0 0 0 .0 0 {
yWeighted bystate population.

zM aynot ad d up d ue to round ing.

Column2 ofTable4 gives theG ini correlationforeachemissiontype(R k).A lowcorrelationvalue

implies thatincreases inoverallpercapitaemissions is nothighlycorrelatedwithincreases inemissions

ofthatparticulartype.O ntheotherhand,ahighcorrelationindicatesthatincreases inpercapitaltotal

emissionsleadstogreateremissionsofthattype.O fthe v̄epollutioncomponentsanalyzed,bothtypesof

airemissions,landpollution,andundergroundinjectionsallhaveroughlythesameG ini correlation.O nly

waterpollutionhas asignī cantlydi®erent,andlower,G ini correlation.T his is notsurprisingas states
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areexogenouslyendowedwithdi®erentamountsofwaterandstateswithlesswaterarelesslikelytohave

increases inpollutionbeconcentratedinwater.T hus,onewouldexpectthecorrelationtobelower.

InspectionoftheindividualG ini coe±cients,Gk,incolumn3,indicates thatfugitiveairreleases are

distributedmostequallyacrossthestates,whilewater,land,andparticularlyundergroundinjectionsare

extremelyunequallydistributed.TogethertheG ini correlationandtheG ini coe±cientforeachemission

typedeterminetheelasticity,´k.Sincealloftheelasticitiesarenon-negative,alloftheemissioncomponents

are"normal"goods.Inotherwords,as totalpercapitapollutionrises inagivenstate,this newlevelof

pollutionisdividedamongall v̄eofthepollutiontypesanalyzed.A negativeelasticitywouldimplythat

increasesinoverallpercapitapollutiondecreaseemissionsofthatparticulartype,butincreaseothertypes

ofemissionsbymorethanenoughtoo®setthedecrease.2 2

Elasticitiesgreaterthanoneindicatethatthatparticularemissiontypeiselastic.Forlandpollutionas

wellasundergroundinjections,theelasticitiesaresignī cantlywithintheelasticrange.Inaddition,the

relativemarginale®ects ofauniform increaseinthesepollutiontypes (column7)arepositive;negative

forbothtypes ofairreleasesandwaterpollution.T hus,policyinterventionswhichreducelevels ofland

pollutionandundergroundinjections { suchashighertaxesormorestringentregulation{ areinequality-

reducing.Conversely,ceterisparibus,stricterregulationsforairandwaterreleases-whilereducingoverall

pollution-areinequality-enhancing.

Thefactthatreductionsinairpollutionareinequality-enhancingisquitesignī cantwhenoneinterprets

the n̄dingsfromtheenvironmentaljusticeliterature.Becauseairreleasescombineforoverhalfofallper

capitaemissions,largereductions inoverallpercapitalevelsofpollutionareindirectcon° ictwithe®orts

toreduceemissions inequalityacross U .S.states.Inaddition,if(as discussedbelow)states attheupper

tailofthepollutiondistributionhaveahighercompositionofminorities,forexample,thenreductions in

overallairpollutionwillincreasetheracialgapforpercapitapollutants.T hus,cross-sectionalestimates
2 2 T hismay b e somew hat surprising.For example,ifthe d isposalofpollutionby¯rmsund erground isrelativelyexpensive,

thenthey may onlyutilize thisoptionifthe state isrelatively pollution-free and large amountsof,say,air pollutionw ould

give the ¯rm a negative reputation.How ever,asthe levelofpollutionincreases,the reputationalcost associated w ith emitting

visible air pollutionmayd ec rease,allow ingthe ¯rm to d ispose ofitspollutioninto the air or w ater,thusd ec reasingitsamount

ofund erground injec tions.How ever,since all̄ ve elasticitiesare positive,such a cost-savingreallocationofpollutionby¯rms

astotalper capita pollutionrisesisruled out.
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ofthemarginale®ectof,say,theproportionofastatewhich is non-whiteonpercapitaemissionswill

beincreasinginabsolutevalueovertimeastheoveralllevelofairpollutiondeclines.Therefore,onlyby

understandingtheinteractionbetweenthelevelsofcertainemissionstypesandthedistributionofpollution

canonebalancethedesireforlowerpollutionwiththedesireforequity.

4 .3 E nvironmentalSocialWelfare

JustasSen'ssocialwelfarecomparisonsbalancethedesireforhigherincomeswithpreferencesforequality,

theenvironmentalwelfarefunction in(1 0 )allowsonetoincorporatethedistributionofpollutionacross

states intocomparisonsofemissions levelsovertimeintheU .S.Table5 calculatesenvironmentalwelfare

overtherangeofthedata(1 988 { 1 996)forthreedi®erentvalues ofv:1.5,2,and 4.H ighervalues of

v givemoreweighttothedistributionofpollutioninthecalculationofenvironmentalwelfareandv=2

correspondstothetypicalG ini.

Table 5 . Environme ntal W e lfare ,1988-1996.

Ye ar M e anPe r G iniC oe fficie nty Environme ntal W e lfare z

C apitaEmissionsy v=1 :5 v=2 v=4 v=1 :5 v=2 v=4

1988 23.1 1 0 .37 0 .51 0 .71 0 .27 0 .21 0 .1 3

1989 1 7.92 0 .32 0 .47 0 .65 0 .38 0 .30 0 .20

1990 1 4.93 0 .29 0 .45 0 .69 0 .48 0 .37 0 .21

1991 1 3.64 0 .30 0 .47 0 .70 0 .51 0 .39 0 .22

1992 1 2.73 0 .33 0 .51 0 .79 0 .53 0 .39 0 .1 7

1993 1 0 .89 0 .36 0 .54 0 .83 0 .59 0 .42 0 .1 6

1994 8.64 0 .29 0 .45 0 .73 0 .82 0 .64 0 .31

1995 8.36 0 .29 0 .45 0 .72 0 .85 0 .66 0 .33

1996 8.0 0 0 .28 0 .44 0 .72 0 .90 0 .70 0 .35
yWeighted bystate population.

zE W from (1 0 ) multiplied by10.
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T heresults in Table5 showthatthetrendofimprovingenvironmentalquality(as measuredbyper

capitaemissions level)is alteredwhentheweightgiventoinequalityis relativelysignī cant.A s shown

in Table 3, theearly 1 990 s and 1 993 in particulararecharacterized by increasinginterstatepollution

inequality.W hentheincreasein inequalityis givenrelativelymoreweightinthewelfarefunction(e.g.,

v=4),environmentalwelfaredeclines in 1 992 and1 993 despitethedeclineinoverallemissions.W elfare

functionsbasedonthetypicalG ini (v=2)andextendedG ini coe±cientswithv < 2,aremonotonically

increasingovertherangeofthedata.

Table6 provides estimates of(1 2)forthesamevalues ofv excepttheresults inthetablearefora

uniform decrease in percapitaemissions oftypekacross allstates { as opposedtoan increase { since

analyzingthee®ectsofadecreaseinemissions ismorerelevantfromapolicyperspective.

Table 6. Environme ntal W e lfare Effe cts by EmissionType ,1996.

Emission Pollution R e lativ e M arginal Effe ct

T ype Elasticityy onEnvironme ntal W e lfare

From aD e cre ase inEmissions

v=1 :5 v=2 v=4 v=1 :5 v=2 v=4

StackAir 0 .93 0 .94 0 .96 0 .50 0 .49 0 .46

Fugitive Air 0 .76 0 .88 0 .88 0 .1 5 0 .1 4 0 .1 1

Water 0 .97 0 .88 0 .80 0 .0 8 0 .0 7 0 .0 4

Land 1 .21 1 .20 1.1 6 0 .1 6 0 .1 7 0 .21

U nd erground Injec tions 1 .56 1 .60 1.25 0 .1 2 0 .1 5 0 .1 6
yWeighted bystate population.

T he ḡures in Table6 givethepercentagechangeinenvironmentalwelfareduetoadecreaseinper

capitaemissions ofeachtype.Forexample,a1 0 % reductioninpercapitastackairemissions across all

stateswillincreaseenvironmentalwelfareby5:0 % ifv = 1 :5 (column4)and4:6% ifv = 4 (column6).

T hefactthattheincreaseinenvironmentalwelfareis lesswhenv=4 is duetothefactthatreductions

instackairreleasesareinequality-enhancing.T herefore,thewelfareimprovementduetothedecreasein
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emissions levelispartiallyo®setbytheincreaseinpollutioninequality.D espitetheincreaseinemissions

inequalityfrom reductions instackairreleases,suchreductions constitutethelargestincreaseinoverall

environmentalwelfare,regardlessoftheweightgiventopollutionequality.2 3

A fterstackairreleases,reductionsinlandreleaseshavethenextlargestimpactonoverallenvironmental

welfare.A 1 0 % reductioninpercapitalandreleasesacrossallstateswillincreaseenvironmentalwelfare

by1 :6% ifv= 1 :5 (column4)and2:1 % ifv=4 (column6).U nlikestackairreleases,theimprovement

inenvironmentalwelfarefrom areduction inlandreleases is greateras v ! 1 sincereductions inland

releasesareinequality-reducing.

U ntilnow,whiletheemphasis placedonenvironmentalequality(intermsofthechoiceofv)changes

themagnitudeofthee®ectofreductions onoverallenvironmentalwelfare, ithas notalteredthepolicy

conclusionspertainingtowhichtypeofemissionsshouldbethefocusofenvironmentalregulations:reducing

stackairreleases increaseswelfarethemost,followedbylandreleases.H owever,beyondthat,theuseof

theenvironmentalwelfarefunctioncanprovideusefulinformationforthedirectionoffutureenvironmental

policy.Ifenvironmentalwelfarea®ordslessweighttoinequalitythanthetypicalG ini coe±cient(i.e.,v <

2),thenfugitiveairreleasesshouldbethenexttargetforreductionsbyregulators.H owever,ifv¸2 andthe

distributionofpollutionacross statesentersthedecisioncalculus,thenundergroundinjectionsshouldbe

givenhigherprioritysincereductionsinundergroundinjectionsareinequality-reducing.Finally,regardless

ofpreferences concerningpollutionequality,reductions inwaterreleases a®ords theleastopportunityto

increaseenvironmentalwelfare.

4 .4 State Attributesand Inequality

T heanalysis untilthis pointhas documented thedegreeofinterstate inequality in thedistribution of

pollutionandtheimpactthis inequalitycouldpotentiallyhaveonfutureenvironmentalregulationifone

haspreferencesoverthisdistribution.Inaddition,asshowninTable1 ,meanpercapitaemissionsdecreased

monotonicallyfrom 1 988 { 1 996.A s aresult,achievinglowerpercapitapollutionlevels atanycost(in
2 3T hisstatement implicitly assumesthat there are no d i®erencesinthe w elfare gainfrom red uc tionsind istinct emissions

typesexcept for their e®ec t onoverallpollutioninequality. Inother w ord s,there isno attempt to w eigh the relative w elfare

gainsfrom red uc tionsinair pollutionversus,say,w ater pollutionintermsofind ivid uals'w illingnessto payfor one type of

red uc tionasopposed to another.
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termsofthedistributionale®ects)islessofanimperative;environmentalregulationsmaybemorewelfare-

enhancingbyfocusingon interstatepollution inequality.T his is particularlytrueifcertainsegmentsof

thepopulationaredisproportionatelyrepresentedattheuppertailofthepollutiondistribution.

Table 7a. Spearman C orre lation C oe fficie nts be twe e nPe r C apitaPollutionand

Pe rce ntage of State Populationwhich is W h ite ,1988-1996.¤

Y ear StackAir Fugitive Air Water Land Und erground Injec tions Total

1988 0.11 (0.4 6) 0.10 (0.4 9) -0.0 2 (0.89) -0.0 2 (0.89) -0.4 3(0.0 0 )y 0.0 2 (0.90 )

1989 0.12 (0.4 0 ) 0.03(0.85) -0.0 8 (0.57) -0.12 (0.4 2 ) -0.31 (0.03)y 0.0 2 (0.87)

19 90 -0.13(0.39) -0.18 (0.2 1) -0.2 1 (0.15) -0.03(0.84 ) -0.35(0.0 1)y -0.11 (0.4 4 )

19 91 -0.13(0.37) -0.19 (0.2 0 ) -0 .2 6(0.07)z -0.0 2 (0.87) -0.36(0.0 1)y -0.11 (0.4 3)

19 92 -0.13(0.38) -0.2 2 (0.13) -0 .2 9 (0 .0 4 )y -0.10 (0.4 8) -0.32 (0.03)y -0.10 (0.51)

19 93 -0.14 (0.35) -0.2 0 (0.17) -0 .2 6(0.07)z -0.10 (0.50 ) -0.30 (0.03)y -0.11 (0.4 6)

19 94 -0.07(0.63) -0.0 8 (0.56) -0.2 2 (0.12 ) -0.07(0.61) -0.32 (0.0 2 )y -0.06(0.70)

19 95 -0.0 8 (0.59) -0.06(0.69) -0.19 (0.18) -0.14 (0.33) -0.30 (0.03)y -0.03(0.85)

19 96 -0.0 9 (0.52 ) -0.0 4 (0.78) -0.0 9 (0.53) -0.06(0.68) -0.39 (0.0 0 )y -0.0 1 (0.96)

AllY ears -0.07(0.13) -0.11 (0.0 2 )y -0 .19 (0 .0 0 )y -0.0 8 (0.07)z -0.35(0.0 0 )y -0.07(0.15)
¤P rob ab ilityassoc iated w ith the t-statistic inparenthesis.

ySignī cant at the 5% level.

zSignī cant at the 1 0 % level.

Toprovidesomeevidencethatthestateswiththehighestemissionslevelsarenotrandomlyassigned,

Tables7athrough7fgivetheSpearmancorrelationcoe±cients betweenpercapitaemissions(bothtotal

aswellasdecomposedintothe v̄ecategoriesofemissions)andselectedstatecharacteristicsfortheperiod

1 988 { 1 996 aswellasbyyear.Itshouldbenotedthattheseresultsarenotintendedtoprovecausation.If

certainsegmentsofthepopulationareover-representedinhighpercapitapollutionstates,itisirrelevant{

forthisanalysis { whythisoccurs.H owever,thefactthatcertainpopulationsub-groupsmaydi®erentially

benē tfrompollutionreductionssuchthat"environmentaljustice"mayincreaseordecreaseisrelevant.
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Tables7aand7bprovidesthecorrelationcoe±cientsbetweenpercapitaemissionlevelsandtheshare

ofstatepopulationwhichiswhite(Table7a)andthesharewhichisblack(Table7b).2 4 InTable7a,while

thesignofmostofthecorrelations is negative,fewaresignī cantevenatthe1 0 % level.U nderground

injections,however,arealways signī cantatthe5% levelas arewaterreleases in theearly 1 990 s. In

addition,whenthedatais aggregatedoverthenineyears,thecorrelationcoe±cients forfourofthe v̄e

categories ofpercapitaemissions arenegativeandsignī cant(withstackairreleases beingtheomitted

category). T hus, states atthe lowend ofthedistribution forthese fourgroups ofpollutants havea

signī cantlyhigherconcentrationofwhites inthepopulation.

Table7bindicatesasimilarandevenstrongerpicturewhenitcomestothepercentageofstatepopu-

lationcomprisedofblacks.T hecorrelationcoe±cientsforall v̄ecategories,aswellasfortotalpercapita

emissions,arepositiveandsignī cant.Inaddition,thecorrelationcoe±cients arealsohighlysignī cant

andwellintothepositiverangewhencalculatedonanannualbasisforstackandfugitiveairreleases,water

pollutants,andundergroundinjections.H owever,theredoesappeartobeadownwardtrendbeginningin

theearly1 990 s.

2 4Censusd ata includ escategoriesfor w hite,black,Native American,and allothers.
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Table 7b. Spearman C orre lation C oe fficie nts be twe e nPe r C apitaPollutionand

Pe rce ntage of State Populationwhich is Black,1988-1996.¤

Y ear StackAir Fugitive Air Water Land U nd erground Injec tions Total

1988 0.33(0.0 2 )y 0.30 (0.0 4 )y 0.4 0 (0.0 0 )y 0.0 2 (0.88) 0.4 8 (0.0 0 )y 0.12 (0.4 0 )

1989 0.31 (0.03)y 0.4 4 (0.0 0 )y 0.4 1 (0.0 0 )y 0.12 (0.4 1) 0.31 (0.03)y 0.14 (0.33)

1990 0.32 (0.0 2 )y 0.50 (0.0 0 )y 0.36(0.0 1)y 0.10 (0.51) 0.4 2 (0.0 0 )y 0.18 (0.2 1)

1991 0.31 (0.03)y 0.50 (0.0 0 )y 0.39 (0.0 0 )y 0.0 8 (0.60 ) 0.38 (0.0 1)y 0.17(0.2 3)

1992 0.32 (0.03)y 0.50 (0.0 0 )y 0.4 0 (0.0 0 )y 0.19 (0.19) 0.38 (0.0 1)y 0.19 (0.19)

1993 0.34 (0.0 2 )y 0.4 9 (0.0 0 )y 0.39 (0.0 1)y 0.14 (0.35) 0.35(0.0 1)y 0.2 2 (0.13)

1994 0.2 5(0.0 8)z 0.36(0.0 1)y 0.35(0.0 1)y 0.13(0.37) 0.33(0.0 2 )y 0.16(0.2 7)

1995 0.2 5(0.0 8)z 0.30 (0.03)y 0.34 (0.0 1)y 0.17(0.2 4 ) 0.2 9 (0.0 4 )y 0.12 (0.4 0 )

1996 0.2 5(0.0 8)z 0.2 7(0.06)z 0 .19 (0 .19) 0.16(0.2 7) 0.2 6(0.0 1)y 0.07(0.64 )

AllY ears 0.2 7(0.0 0 )y 0.35(0.0 0 )y 0.34 (0.0 0 )y 0 .10 (0 .03)y 0.35(0.0 0 )y 0 .13(0.0 1)y

¤P rob ab ilityassoc iated w ith the t-statistic inparenthesis.

ySignī cant at the 5% level.

zSignī cant at the 1 0 % level.

Table7caddresses theissueofgenderandpollutionandreports thecorrelationcoe±cients between

percapitaemissionsandtheshareofstatepopulationwhichisfemale.T hecorrelationcoe±cientsforall

nineyearscombinedfortotalpercapitaemissions inadditiontoallofthecategoriesexceptlandreleases

arepositiveandsignī cant.A lso,theannualcorrelationcoe±cientsforwaterreleasesaswellasbothstack

andairreleases arepositiveandsignī cant.Inparticular,percapitafugitiveairreleases areextremely

correlatedwiththegenderdecompositionofstates.A swiththecorrelationbetweenpercapitaemissions

andtheshareofstatepopulationcomprisedofblacks,thecorrelationsarefallingenteringthelate1 990 s.
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Table 7c. Spe arman C orre lation C oe fficie nts be twe e nPe r C apitaPollutionand

Pe rce ntage of State Populationwhich is Fe male ,1990 -1996.¤

Y ear StackAir Fugitive Air Water Land U nd erground Injec tions Total

1990 0.33(0.0 2 )y 0.55(0.0 0 )y 0 .30 (0 .0 3)y 0.0 4 (0.80 ) 0.18 (0.2 1) 0 .16(0.2 6)

1991 0.32 (0.0 2 )y 0.56(0.0 0 )y 0 .34 (0 .0 1)y 0.0 1 (0.92 ) 0.16(0.2 7) 0.14 (0 .32 )

1992 0.35(0.0 1)y 0.55(0.0 0 )y 0 .30 (0 .0 4 )y 0.10 (0.47) 0.19 (0.19) 0 .17(0.2 5)

1993 0.36(0.0 1)y 0.57(0.0 0 )y 0 .4 0 (0 .0 0 )y 0.0 0 (0.98) 0.18 (0.2 2 ) 0 .17(0.2 4 )

1994 0.2 9 (0.0 4 )y 0.4 2 (0.0 0 )y 0 .32 (0 .0 2 )y 0.0 4 (0.79) 0.14 (0.34 ) 0 .14 (0 .34 )

1995 0.2 6(0.06)z 0.38 (0.0 1)y 0 .34 (0 .0 1)y 0.0 0 (0.99) 0.0 9 (0.54 ) 0 .11 (0 .4 4 )

1996 0.2 6(0.06)z 0.31 (0.03)y 0 .2 6(0.0 6)z 0.06(0.67) 0.10 (0.4 9) 0 .07(0.64 )

AllY ears 0.32 (0.0 0 )y 0.4 8 (0.0 0 )y 0 .33(0.0 0 )y 0.05(0.37) 0.17(0.0 0 )y 0 .15(0.0 0 )y

¤P rob ab ilityassoc iated w ith the t-statistic inparenthesis.

ySignī cant at the 5% level.

zSignī cant at the 1 0 % level.

Finally,Tables 7dthrough7fexaminethecorrelationbetweenpercapitaemissions andtheagedis-

tributionwithinstates.Specī cally,Table7dand7ereportthecorrelations forfemaleandmalemedian

age,respectively,andTable7fgivesthecorrelationcoe±cientsbetweenpercapitaemissionsandtheshare

ofthepopulationundertheageof v̄e.Thepatternwhichemerges from theTables 7dand7eis that

youngerstatesareover-representedintheuppertailofthepollutiondistribution;especiallystateswitha

youngermalepopulation.Inaddition,whilethetrendintheprevioustables indicatedadampeningofthe

correlationbetweenpercapitaemissionsandthegenderandracialcompositionofstates,thecorrelation

coe±cients,particularlyformalemedianage,areincreasinginabsolutevaluethroughoutthemid-1 990 s.

T hefactthecorrelationisnegativeisnotsurprisingsinceonewouldexpectheavilypollutingmanufacturing

facilitiestobeintensiveinyounglabor.
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Table 7 d . Spe arman C orre lation C oe fficie nts be twe e nPe r C apitaPollutionand

M e dianFe male Age ,1990 -1996.¤

Y ear StackAir Fugitive Air W ater Land Und erground Injec tions Total

1990 -0.14 (0.77) 0.19 (0.18) 0.13(0.38) -0.0 5(0.74 ) -0 .14 (0 .32 ) -0 .17(0.2 5)

1991 -0.03(0.84 ) 0.19 (0.18) 0.18 (0.2 1) -0.0 4 (0.76) -0 .10 (0 .51) -0 .18 (0 .2 1)

1992 -0.0 2 (0.88) 0.14 (0.32 ) 0.11 (0.4 5) -0.0 4 (0.79) -0 .06(0.70 ) -0 .16(0.2 8)

1993 -0.0 1 (0.86) 0.2 0 (0.16) 0.2 7(0.06)z -0.15(0.30 ) -0 .0 9 (0 .52 ) -0 .15(0.30 )

1994 -0.0 4 (0.76) 0.0 9 (0.52 ) 0.13(0.37) -0.15(0.2 9) -0 .11 (0 .4 6) -0 .14 (0 .33)

1995 -0.06(0.66) 0.06(0.70) 0.0 4 (0.78) -0.19 (0.18) -0 .10 (0 .50 ) -0 .17(0.2 3)

1996 -0.13(0.35) -0.0 9 (0.54 ) 0.0 1 (0.96) -0.18 (0.2 1) -0 .15(0.30 ) -0.2 7(0.0 5)y

AllY ears -0 .16(0.0 0 )y -0.07(0.19) 0.05(0.31) -0.17(0.0 0 )y -0 .17(0.0 0 )y -0.2 7(0.0 0 )y

¤P rob ab ilityassoc iated w ith the t-statistic inparenthesis.

ySignī cant at the 5% level.

zSignī cant at the 1 0 % level.

Table 7 e . Spe armanC orre lationC oe fficie nts be twe e nPe r C apitaPollutionand M e d ian

M ale Age ,1990 -1996.¤

Y ear StackAir Fugitive Air Water Land U nd erground Injec tions Total

1990 -0.2 8 (0.05)y -0.0 9 (0.53) -0.0 0 (0.99) -0.0 9 (0.55) -0.30 (0.0 4 )y -0.34 (0.0 1)y

1991 -0.30 (0.0 4 )y -0.11 (0.4 5) -0.0 1 (0.92 ) -0.14 (0.34 ) -0.2 5(0.0 8)z -0.37(0.0 1)y

1992 -0.30 (0.0 4 )y -0.16(0.2 5) -0.07(0.65) -0.15(0.32 ) -0.2 0 (0.17) -0.35(0.0 1)y

1993 -0.2 8 (0.05)y -0.13(0.36) 0.07(0.65) -0.2 4 (0.10 )z -0.2 3(0.10 ) -0.30 (0.0 4 )y

1994 -0.32 (0.0 2 )y -0.2 2 (0.12 ) -0.11 (0.4 5) -0.2 8 (0.05)y -0.2 2 (0.13) -0.33(0.0 2 )y

1995 -0.36(0.0 1)y -0.2 5(0.0 8)z -0.17(0.2 2 ) -0.35(0.0 1)y -0.2 3(0.10 ) -0.37(0.0 1)y

1996 -0.38 (0.0 1)y -0.36(0.0 1)y -0.15(0.30 ) -0.2 9 (0.0 4 )y -0.32 (0.0 2 )y -0.4 2 (0.0 0 )y

AllY ears -0.33(0.0 0 )y -0.2 8 (0.0 0 )y -0.0 8 (0.15) -0.2 2 (0.0 0 )y -0.2 7(0.0 0 )y -0.38 (0.0 0 )y

¤P rob ab ilityassoc iated w ith the t-statistic inparenthesis.

ySignī cant at the 5% level.

zSignī cant at the 1 0 % level.
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A lthoughthefactthatprime-ageworkersarebearingadisproportionateburdenofpollutionmaynot

beoverlytroublesometopolicymakers,acorollaryofthisfact,demonstratedinTable7f,isthatpercapita

emissions (particularlylandreleases andunderground injections)areconcentrated in stateswithahigh

fractionofchildrenundertheageof v̄e.Inaddition,inthemid-1 990 s,thetrendtowardspollutionbeing

located in states with arelativelyyoungeroverallpopulation (measured bythemedian age)has been

accompanied,notsurpisingly,byanincreaseinthecorrelationcoe±cientsbetweenpercapitaemissionsof

all v̄ecategoriesandtheunderage v̄epopulation.Fugitiveairreleasesisthemostinterestingexampleof

thistrend.Inonlysevenyears,percapitafugitiveairreleaseshavegonefrom signī cantlyandnegatively

correlated(½ =¡0 :35,p¡value= 0 :0 1 )withtheshareofthestatepopulationunder v̄etoapositive,

albeitinsignī cant,coe±cient(½=0 :0 5,p¡value=0 :72).

Table 7f. Spe arman C orre lation C oe fficie nts be twe e nPe r C apitaPollutionand Share

of population 5 and Und e r,1990 -1996.¤

Y ear StackAir Fugitive Air Water Land U nd erground Injec tions Total

19 90 -0.13(0.36) -0.35(0.0 1) -0.15(0.2 9) 0.0 4 (0.78) 0.0 1 (0.95) 0.06(0.67)

1991 -0.18 (0.2 1) -0.36(0.0 1) -0.2 2 (0.12 ) 0.0 2 (0.89) 0.05(0.72 ) 0.0 2 (0.91)

19 92 -0.16(0.2 8) -0.2 6(0.07) -0.11 (0.4 6) 0.05(0.74 ) 0.0 1 (0.96) -0.0 1 (0.94 )

19 93 -0.15(0.30 ) -0.2 6(0.07) -0.2 1 (0.14 ) 0.14 (0.32 ) 0.10 (0.4 8) -0.0 2 (0.90 )

19 94 -0.0 9 (0.52 ) -0.17(0.2 3) -0.0 8 (0.58) 0.2 2 (0.12 ) 0.2 1 (0.13) 0.0 1 (0.95)

19 95 -0.0 2 (0.86) -0.14 (0.34 ) 0.0 4 (0.77) 0.33(0.0 2 )y 0.2 3(0.11) 0.07(0.63)

19 96 0.0 5(0.74 ) 0.05(0.72 ) 0.0 0 (1.0 0 ) 0.33(0.0 2 )y 0 .32 (0 .0 2 )y 0.18 (0.2 1)

AllY ears -0.0 4 (0.4 4 ) -0.0 9 (0.10 )z -0.0 9 (0.0 8)z 0.2 0 (0.0 0 )y 0 .17(0.0 0 )y 0.10 (0.05)y

¤P rob ab ilityassoc iated w ith the t-statistic inparenthesis.

ySignī cant at the 5% level.

zSignī cant at the 1 0 % level.
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Intheend,thedatapresentedprovidesavalidreasonforincorporatingthedistributionofpercapita

emissions intodecisionsregardingenvironmentalregulations.Sincereductions inpercapitalandreleases

and underground injections are inequality-reducing,tighterregulations ofthesetypes ofemissions will

notonlyreduceoverallpollution,butwillalsoreducethe(relative)burdenbornebyminorities,women,

andchildrenundertheageof v̄e.R educingairandwaterreleases,whileimprovingwelfarebylowering

pollution,willplaceagreatershareoftheenvironmentalhazardsonthesesegmentsofthepopulation.

5 Conclusion

W hileanalyzingtheresponsiveness ofenvironmentalhazards tothecompositionoflocales has beenthe

focus ofmuch research, this study takes a step backwards and analyzes the distribution ofpollution

across U .S.statesbyapplyingmeasuresofinequalitydevelopedforthestudyofincomedistributions.By

constructingandutilizingthespecialpropertiesofanenvironmentalG ini coe±cient,wehaveshownhow

di®erentsourcesofpollutioncontributetooverallinequalityacross U .S.states.T heresults indicatethat

thereisasubstantialamountofinequalityinthedistributionoftotalpercapitapollutionthroughoutthe

late1 980 s and1 990 s despitethedeclineinmeanoverallpercapitaemissions.Inaddition,theestimated

"pollutionelasticities"forlandreleases andunderground injections areespeciallyhigh, indicatingthat

policyinterventionswhichreducethesetypes ofemissionswillreduceoverallpollution inequalityacross

thestates,whilereductions inairandwaterreleaseswillexacerbatepollution inequality.Furthermore,

byconstructinganenvironmentalwelfarefunction,analogoustoSen'ssocialwelfarefunction,weareable

toanalyzethe impactofdi®erenttypes ofenvironmentalregulations on overallenvironmentalwelfare.

T his environmentalwelfarefunctionallows onetocapturethee®ectofstricterregulations onnotonly

thelevelofemissions,butalsothedistributionofemissions across thestates.Finally, itis shownthat

incorporating inequality concerns intodecisions concerningenvironmentalregulations is criticaltothe

notionofenvironmentaljustice.Becausestateswithadisproportionateshareofminorities,women,and

childrenundertheageof v̄eareover-representedintheuppertailofthepercapitapollutiondistribution,

adhocenvironmentalpolicies -eventhosewhichreduceemissions-mayexacerbatethis inequity.
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A Append ix

Environmentalwelfare is given in (1 0 ). D i®erentiatingwith respectto ®k, thepercentage increase in

emissiontypekacrossallstates,yields

@E W
@®k

=¡¹@Gv

@®k
+ (1 ¡G v)

@¹
@®k

(A 1)

where

@G
@®k

=G v(Ik¡Sk)=G vSk(́k¡1 ) (A 2)

from G arner(1 993)and

@¹
@®k

=¹k (A 3)

from (3)andthedē nitionof®k.Specī cally,¹ =
P

k¹k,which implies that@¹=@®k= @¹k=@®k= ¹k

since®k istheuniformpercentageincreaseincomponentkacrossallstates.Inserting(1 3)and(1 3)into

(1 3),yields

@E W
@®k

=¡¹Gv(Ik¡Sk)+ (1 ¡G v)¹k . (A 4)

D ividing(1 3)bytheenvironmentalwelfarefunction,E W ,in(1 0 )simplī estoequation(1 2)inthetext.
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