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TA X R EFO R M S A N D EN V IR O N M EN TA L P O L ICIES FO R ITA L Y

M A R CO ST A M P IN I

A bstract. T his paperfocuses on the relationship between tax reforms and
environmentalquality in Italy. First, we analyze someofthe characteristics
ofthetaxsystem. W ithinadynamicmodel, weestimatethemarginaldistor-
tion introducedbydi¤erenttaxes and showthatthesystem is farfrom being
optimal, atleastin terms ofe¢ciency. W e then considersome possible tax
reforms, keepingintoaccountboththee¤ectonutilityandtheimpactonpol-
lution. Finally, wedesignataxreform withaspeci…cenvironmentalgoal, i.e.
thereductionofpollutingemissions by10% , andshowtheeconomice¤ects of
this policy.

1. Introduction

Taxsystems inrealeconomiesaretypicallynon-optimal. Taxreformscanthen
beusedinordertoreducethelevelofdistortionofeconomicincentives introduced
bythenecessityofraisingrevenue. A tthesametime, however, taxreformsa¤ect
thelevelofpollution, asthecompositionofproductionandconsumptionchange.

Inthispaper, weanalyzethecharacteristicsoftheItaliantaxsystem andstudy
thee¤ectsofsomepossibletaxreformsontaxdistortionsandpollutingemissions.

Byusingadynamicmodel, weestimatethemarginaldistortioncausedbythe
di¤erenttaxations ofproduction, consumptionand incomes. W e …ndthatthese
values arefarfrom equal, hencetheycanbeused indesigningapolicyaimedat
reducingthedistortionofeconomicincentives. U nfortunately, thesepolicies are
likelytodeterminean increaseinthelevelofpollutingemissions, as theyreduce
thetaxburdenbearingongoodswithhighpollutingpotential.

W ethendesignapolicywiththespeci…cgoalofreducingthelevelofpolluting
emissions byapredeterminedpercentagewithrespecttoabusiness-as-usualsce-
nario. W hilecommand-and-controlpolicies setarbitrarystandardsforthereduc-
tionofpollution, environmentaltaxesguaranteethatthemarginalcostofreducing
emissions is equalizedacross sectors. W eallowthetaxrateonhouseholds income
todecreaseinordertoensurerevenue-neutrality. W e…ndthatwelfaredecreases,
atleastifthee¤ectofenvironmentalqualityonconsumerutilityisnottakeninto
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2 M A R CO ST A M P IN I

account. U nfortunately, the totalwelfare e¤ectofthe reform cannotbe deter-
minedwithoutacarefulevaluationoftheenvironmentalbene…tsofareductionof
pollution.

2. Taxdistortionsandenvironmentaldistortions

Taxes onproduction, consumptionandincomeintroduceadistortionofincen-
tives as theybreaktheequivalencebetweenthepricepaidbythebuyerandthe
pricereceivedbytheproducerofagoodorservice. H ence, each liraofrevenue
collectedbythegovernmentcosts societymorethanone lira. Foreveryunitof
revenue, distortionarytaxationproducesalossofutilityorwelfare, whichmustbe
addedtorevenueinordertoobtainthelevelofthemarginalcostofpublicfunds.
Ifthemarginalcostsofthefunds collectedwithdi¤erenttaxes arenotequalized,
thenthetaxsystem is suboptimalandthereis spaceforobtainingan increasein
welfarethrougharevenue-neutraltaxreform1 . Byreducingtherateofthemost
distortionarytaxandincreasingtherateofthelessdistortionaryone, welfarecan
beincreased. Inafewsimplewords, this is thetheoryoftaxreforms.

H owever, traditionalmodels oftaxreform donottake intoaccountpollution
andthee¤ectofenvironmentalqualityonutilityandwelfare. W henataxreform
is implemented, the composition ofproduction andconsumption change, as the
relative price ofintermediate and …nalgoods are a¤ected. H ence, the levelof
pollutingemissions changes. T herecentliteratureonenvironmentaltaxreforms
points outthatthe environmentale¤ectofareform mustalways be taken into
account, evenwhenthereform isnotmotivatedbyenvironmentalgoals.

Bene…ts andcosts ofapolicy should be compared in ordertotakeawelfare
improvingdecision, butpartofthese bene…ts, i.e. the environmentalones, are
di¢culttoevaluate. T heproblemcouldbeavoidedifwecoulddesignapolicythat
reducestaxdistortionsandpollutingemissionsatonce. T hisisthedoubledividend
hypothesis. Ifthishypothesis isveri…ed, modelswhichdonotconsidertherelation
betweenconsumerutilityandenvironmentalqualitycouldbeusedforthevaluation
ofthetotalwelfaree¤ectofataxreform.

Theexistenceofadoubledividendisanempiricalmatter. Eveniftheliterature
hasshownthatenvironmentaltaxesinteractwithpreexistingdistortionarytaxes2,
wecannotexcludethatataxreformcouldreducetaxandenvironmentaldistortions.
Itessentiallydependsontheinitialsituationfromwhichthereform isrealized. W e
makereferencetotheItaliansituationin19 9 2.

3. Commoditytaxation

W econsidertwomaingroups oftaxes: taxes on incomes andtaxes ongoods.
T heformercanbedivided intaxes onhousehold incomes andtaxes oncompany

1See A .B . A tkinsonand J.E. Stiglitz , “T he structureofindirecttaxationand economice¢-
ciency”, JournalofP ublicEconomics 1, 9 7 -119 (19 7 2). Forasurveyonthetheoryoftaxreforms,
see: F. B ulckaen, ‘T he T heory ofCommodity Tax R eform: A Survey’, in G . G aleotti and M .
M arrelli, ed., D esign and R eform ofTaxation P olicy, D ordrecht: KluwerA cademic P ublishers
(19 9 2).

2 See: A .L . B ovenbergandR .A .deM ooij, ‘EnvironmentalL evies andD istortionaryTaxation’,
A mericanEconomicR eview 9 4(4), 1085-108 9 (19 9 4);I.W .H .Parry, ‘PollutionTaxesandR evenue
R ecycling’, JournalofEnvironmentalEconomics and M anagement29 (3), S64-S 7 7 (19 9 5).
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incomes. T helatterincludes: saleorproductiontaxes, netofsubsidies, valueadded
taxes3 andtari¤s.

Inthis sectionwefocus oncommoditytaxationandonthedistributionofthe
taxpressureamongthedi¤erentgoods.

T herevenuefromcommoditytaxesin19 9 2 was147 039 .8 billionlira, whichrep-
resentedabout5 percentofthe totalvalueofdomesticproductionand imports
(evaluated atbefore tax prices). H owever, the burden oftaxation was notho-
mogeneouslydistributed. W econsideracomprehensivetaxrate, whichdoes not
distinguishbetweensaletaxes, valueaddedtaxandtari¤s, butiscalculatedasthe
ratiobetweenthesum oftherevenues from allthesetaxes andthetotalvalueof
productionandimports. Taxratesdi¤eredalotacross sectors, varyingbetweena
subsidyof6% tothe‘transport’sectorandapositiverateofmorethan 9 4% on
‘cokeandoil’, whichincludesre…nedoil. D espitethislastsectoraccountedforonly
1.4% ofthetotalvalueofproductionandimports, itprovidedalmost30% ofthe
revenuefrom commoditytaxation. T heothersectors characterizedbyveryhigh
taxrates were ‘gas’and ‘electricity’, respectivelywith 15 and49 % . A s awhole,
thesethreeenergysectorsprovidedalmost40% oftherevenue, eveniftheirweight
ineconomictermwaslessthan3% .

A mongtheothersectors, wenotethat‘otherextractions’(otherwithrespect
tooilextraction) and ‘agriculture’were subsidized, while othertaxrates varied
betweenzeroand6% . O fcourse, publicserviceswerealmostuntaxed.

T hewholepictureisgiveninA ppendix2, table1.
T hese taxratedi¤erentials are probablyduetothedi¤erentelasticityofthe

demandforthevariouscommodities, bothwhentheyareusedasintermediateinput
andwhentheyaredestinedto…nalconsumption, andtoequityconsiderations. A s
farasconcernsthe…rstpoint, whichisrelatedtoe¢ciencyconsiderationsonly, the
workbyH atta4 showsthattheoptimalstructureofthetaxoncommodities isvery
closetouniformity. T his isthereasonwhy, atleastinourmodelbasedonasingle
consumer, weshouldexpectveryhighvaluesforthemarginalcostofpublicfunds
raisedthroughthetaxationofcommodities. T his entityis furthermorein‡uenced
bytheco-existencewithothertaxes. Infact, theinteractionwithincometaxation
contributestoincreasethesizeoftheexcessburden.

4. T hemarginalcostofpublicfunds

U singadynamicmodelfortheItalianeconomy, wecanestimatethemarginal
costofthe publicfunds raised through the di¤erenttaxes on commodities and
incomes. W e increaseeachtaxrateby1 percentofits initialvalueandsimulate
thee¤ectonthebehavioroftheeconomy.

T hemarginalcostofthefundsobtainedwithataxisgivenbytheratiobetween
thevariation ofthemoneymetricutilityofconsumers and thevariation in the

3W emodelthevalueaddedtaxas aconsumptiontax. Infact, as aconsequenceofthesystem
ofpaymentsandcredits, theburdenofthetaxbearson…nalconsumersonly. Intheinput-output
table the value ofthe revenue from valueadded taxcorresponds totheamountthatthe sector
pays tothegovernment, and is given bythedi¤erence between thetaxearned on the sales and
the tax paid on the purchase ofintermediate inputs. T his does notcorrespond tothe tax paid
bytheconsumersofthegoodproducedbythesector. W ehavethencalculatedtheimplicitvalue
addedtaxrateontheoutputofeverysectorandusedthis as thetaxrateon…nalconsumption.

4 T . H atta, ‘W elfareE¤ects ofChangingCommodity Tax R ates toward U niformity’, Journal
ofP ublicEconomics 29 , 9 9 -112 (19 86).
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presentvalueoffuturerevenues, whichisthemarginaldistortion, plusone. H ence,
wehave:

M C F i=1 +

1
¸
¢@U
@ti

@R
@ti

:(4.1)

where¸ isthemarginalutilityofincome, U istheutilityofconsumers, R isthe
revenueand ti is the i¡thtax. T hevariation in utility is calculatedusingthe
measureproposedbyJorgensonandYun5.

First, wecalculatethevalueofthemarginalcostofthefunds raisedthrough
alltaxes, byallowingalltaxrates inthesystem tovarybythesameproportion.
W ethenrepeattheexperimentforthetaxesonhouseholdincomes, forthetaxon
companyincomes, forthetaxes onsales andonconsumption. Fortheselasttwo
groups oftaxes, weassumethatalltaxrates varybythe sameproportion (this
implies thatwhentaxrates increasethesubsidizedsectorsexperienceanincrease
inthesubsidy). H ence, wedonottrytoassessthemarginalcostoftherevenuefor
everysinglecommoditytax, butonlymakeadistinctionbetweenproductionand
consumptiontaxes.

T heresultsaresummarizedinthefollowingtable6.

Tax A lltaxes H ouseholdincome Companyinc. Sales Consumption
M CF 1.7 5620120 1.7 19 27 210 1.49 7 16601 1.9 5627 537 1.9 239 3828
Table1. M arginalcostoftaxation.

Becauseoftaxdistortions, eachunitofrevenuecollectedthroughgeneraltaxa-
tioncostssociety1.7 67. Taxratedi¤erentialsmakessalesandconsumptiontaxation
moredistortionarythanincometaxation.

T hese values lookhigh with respecttothe estimates realized forthe U nited
States8, buttheyareinthesamerangeoftheestimatesforSweden.

T hedi¤erences in themarginalcostofthefunds raised throughthedi¤erent
taxesdemostratethepossibilityofrealizingataxreform thatimprovese¢ciency.
Furthermore, thehighcostoftherevenueobtainedwiththetaxationofproduction
andconsumptionofcommoditiescouldprobablybereducedbyshiftingtoamore
uniform structureofthetaxrates.

5D .W . Jorgenson, Kun-Y oung Y un, “Tax R eform and U .S. Economic G rowth”, Journalof
P oliticalEconomy, V ol. 9 8 , N o. 5, P art2, S151-S19 3 (19 9 0).

6H erearesomeoftheparameterthatin‡uencethevalueofthe M CF: compensated elasticity
oflaborsupply= 0.25;uncompensatedelasticityoflaborsupply= 0.06;intertemporalelasticity
ofsubstitution= 0.33.

7P ublicexpenditure is worthwhile ifthe bene…tovertakes themarginalcostofpublicfunds.
Inthis case, aprojectshouldberealized ifits bene…ts aregreaterthan1.7 6perunitofcost.

8C.L . B allard, J.B . Shoven, J. W halley, “G eneralequilibrium computations ofthe marginal
welfarecostsoftaxes intheU nitedStates”, in A mericanEconomicR eview, V ol. 7 5, n. 1, 128 -138
(19 85). T hisworkestimatesvalueswhich, fordi¤erenthypothesisonuncompensatedlaborsupply
elasticityandonuncompensated savingelasticity, neverovertake0.5 foranytaxes intheU nited
States. In particular, seetable4.
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5. T hemodel

Bytheway, thestructureofourmodelin‡uencestheseestimates. O ursimula-
tionsarebasedonaR amseymodelofeconomicgrowthfortheItalianeconomy, in
whichperfectforesightandin…nitetimehorizonareassumed. G rowthisdrivenby
aaggregatehousehold9.

In everyperiod, thehouseholddecides theleveloffullconsumptionmaximiz-
ingautilityfunctionwithconstantintertemporalelasticityofsubstitution. Full
consumptionisthenallocatedbetweenleisureandconsumptiongoodsonthebasis
ofautilityfunctionwith constantelasticityofsubstitution. Finally, commodity
demandderivefromaCobb-D ouglassubutilityfunction. Savingsareendogenously
derived as the resultofthe intertemporaloptimization process. Environmental
qualitydoesnotin‡uenceconsumerutility.

Inthemodel, thirteencommoditiesoractivitiesareidenti…ed. W edonotmakea
realdistinctionbetweenindustriesandcommodities, henceeverygoodisproduced
byonesector. O utputis producedusingaconstantreturns toscaletechnology.
Technologicalprogress is laboraugmenting1 0 . L aborforceandcapitalaremobile
across sectors.

A s faras concerns imports, we make the A rmington assumption. D omestic
outputiscombinedwithimportstoproduceacompositeconsumptionsupplyusing
aCES function. Exportsarepricesensitive.

T he currentaccountbalance andworld prices are setexogenously. A lsothe
publicde…citis exogenous. H ence, as taxrates are …xed, publicexpenditure in
commodities is determinedendogenously.

W eassumeintertemporalconsistencyintheaccumulationofgovernmentde…cit
andofcurrentaccountbalances intonewdomesticorforeigndebt.

T hemodelis calibratedonthebaseofasocialaccountingmatrixforItalyfor
19 9 2.

T heprimarystatisticalsource is the input-outputtableforthesameyearre-
leased by the Italian nationalinstitute ofstatistic (IST A T )1 1 . Transfers among
institutionalsectors(households, companies, governmentandrestoftheworld)are
evaluatedon the basis ofthe SA M provided by IST A T for19 9 0. Public sector
de…cit, privatesavingsandcurrentaccountde…citaretakendirectlyfrom thena-
tionalaccounts. Companysavingsarethencalculatedasaresidual, giventhevalue
ofinvestment.

6. T hebasecase scenario(business-as-usual)

T heuseofaR amseymodelofeconomicgrowth implies someassumptions on
the state ofthe economy in the base year, forwhich dataare available. D oes
the picture represented by the SA M correspond toasteady stateorshouldwe
supposethatItalyis farfrom this stageandwillconvergetoitthroughtime? A
simpleexamplecanexplaintheproblem. Ifweareinasteadystate, investments
mustguaranteethatthestockofcapitalincreases attherateofgrowthoflabor,

9 A detailedexplainationofthemodelanditsequationscanbefoundin“IT _ EN V : A dynamic
CG E modelofeconomy and environmentalpollution forItaly”, a technicalnotewhich can be
requestedtotheauthor.

10 Iftechnologicalprogress were notlaboraugmenting, itwould notbe possible toreach a
steadystateinwhichtheratiooflabortocapitalis constant.

11Somemodi…cationshavebeennecessaryinordertoobtainthedatasetusedtocalibratethe
model. T heseareexplained in A ppendix 1.



6 M A R CO ST A M P IN I

which is given bythe sum ofthe populationgrowth rate plus the rateoflabor
augmentingtechnicalprogress. W eassumepopulationtobeconstantand…xthe
rateoftechnicalprogressto0.7 5 percent. G iventheestimateofthecapitalstock,
this implies avalueofthe rateofdepreciationofcapital. Ifwethinkthatthis
valueisnotacceptable, thenwemustassumethattheeconomyisnotinasteady
stateandwillreach itonly inthefuture. H owever, this implies thatthemodel
is notabletoreplicateperfectlythebaseyearcase, as theassumptionofperfect
foresighttypicaloftheR amseymodelimpliesthateconomicagentsanticipatethe
adjustmentprocess and smooththebehaviorofalleconomicvariables. Forthis
reason, wetrytolimittheassumptionsofdivergencefrom aninitialsteadystate.
H owever, theparticularsituationoftheItalianeconomyin19 9 2 asfarasconcerns
publicdebtandcurrentaccountbalanceandtheneed toconsiderintertemporal
consistencyinthedynamicofpublicandcurrentaccountbalancesuggesttoaccept
somedeviationsfromaninitialequilibrium.

In19 9 2, Italyhadaveryhighlevelofpublicdebt, above100 percentofG D P.In
thefollowingyears, thesituationworsenedfurther, andtheratiobetweendebtand
nationalproductroseuntilamaximum levelof1.25. O nlyrecentlytheeconomic
reformsstartedinordertoaccomplishthestandards imposedfortheparticipation
tothe European M onetary U nion have given some results in this …eld and the
trendhasbeenreversed. W ethenassumeapatternofpublicde…citwhichimplies
aformerincreaseintheratiobetweendebtandG D P, thenadecreaseofthesame
ratiountilalevelofabout65 percentin25 years.

T hecurrentaccountde…citin19 9 2 wasunusuallyhighforItaly. Infact, inthe
sameyearastrongdevaluationbroughttheexchangeratetoitsnaturalvalue, after
alongperiodinwhichithadbeendefendedonvaluesthatwereinconsistentwith
thedi¤erentlevelofin‡ationratewithrespecttoothercountriesandinparticular
toothermembersoftheEuropeanCommunity. W ethenassumethatthecurrent
accountde…citdecreasesandthatinthefollowingyears Italyrunssomesurpluses
thatallowittopaythedebttowardforeigncountries.

A llothervariablesandparametersareassumedtobeconsistentwithaninitial
steadystate.

7 . Possiblereforms

Inthis section, wesimulatethee¤ectsofreformsaimedatreducingthelevelof
taxdistortions.

W econsiderarevenue-neutralreform, whichkeeps therealvalueofthepublic
expenditureincommoditiesineveryyearatthesamelevelasinthebasecase. T his
de…nitionofrevenueneutralityallowsustoignorethee¤ectofthisexpenditureon
consumerwelfare, asthereform doesnota¤ectthepathofthevariable. A lterna-
tively, wecouldhaveusedade…nitionofrevenue-neutralitybasedonthepresent
valueoffuturerealpublicexpenditures. T his wouldhaveallowedus tokeep the
valueofthetaxrates a¤ectedbythereform constantthroughouttime. H owever,
thepathofpublicexpenditureincommoditieswouldhavebeenin‡uencedandthe
impactonwelfareshouldhavebeenevaluated.

W esupposethatsaletaxratesaredecreasedby5 percentwithrespecttotheir
initialvalueandthetaxrateoncompany incomes is allowedtovary inorderto
ensurerevenue-neutrality.
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T he …gures in A ppendix 3 showthe e¤ectofthe reform on the leveloffull
consumption, laborsupply, realG D P andcapitalstock1 2. T hesolidlinerepresents
thebasecase, thedashedonethecounterfactualsimulationcorrespondingtothe
reform.

The reform produces an increase in utilityof0.07 percent. W e observe that
theleveloffullconsumption is constantlyhigherthan inthebasecase, even ifit
tends toconvergetothesamesteadystatevalue. L aborsupplyincreases slightly,
thentheconsumptionofleisuredecreases. H ence, utilityincreases becauseofthe
positivevariation intherealvalueofcommodityconsumption. T hee¤ectofthe
reformonrealG D P issmall, butinthereformcasethevalueisslightlylowerthan
inthebasecase. Finally, thecapitalstockconvergestoavaluethatis lowerthan
inthebasecase.

D espitehavingincreased the taxwith the lowestmarginaldistortionandde-
creasedtheonewiththehighestdistortion, thee¤ectonwelfareisverysmall. T he
sizeofthevariationinthetaxrateoncompanyincomesnecessaryinordertoguar-
anteerevenue-neutralitymayhelp toexplainthis result. Infact, weseethatthis
taxratemustbeincreasedbymorethan40 percent: inthesteadystate, itsvalue
is 53 percenthigherthan inthebasecase, 24.16against15.7 8 percent. T his is a
bigchange, morethanmarginalbyfar. Itis thenpossiblethatthedimensionof
thereform thatwehavesimulatedbrings thetaxoncompanyincomes toahigh
levelofdistortion, reducingthewelfarebene…t.

W enowsimulateamorefundamentaltaxreform. W eeliminatethedi¤erentials
inthetaxationofsalesandconsumption, …xingauniformsaletaxrateof10 percent
andabolishingtheconsumptiontax. Inordertoachieverevenue-neutrality, weleave
thetaxrateonhouseholdincomesfreetochangeineveryperiod. Inthiscase, the
gain inutility is moreconsistentandamounts to1.09 percent. T hetaxrateon
incomedecreasesbymorethan25 percent, from 28 to20 percent. T hismeansthat
wehaveactuallyincreasedtherevenueraisedthroughcommoditytaxation, which
wehadseentobemoredistortionarythanincometaxation. T hepositivee¤ectof
thereform isduetotheeliminationofthedi¤erentials incommoditytaxratesand
tothetransitiontoanuniform system. A swecanseeinthe…gures in A ppendix
4, fullconsumption increases in every period. A s in the previous reform, labor
supplyincreasesandthecapitalstockdecreases. Inthiscasewehavearemarkable
reduction inthelevelofrealG D P. Thecontrastwiththeresultinterm ofutility
showshowtheindexofproductionisanimperfectmeasureofwelfare.

8. Environmentaleffects

Sofar, pollutionhas been lefttothemargin ofoursimulations. T helevelof
emissions is endogenous, butcalculatedonlywhenthesolutionoftheproblem is
obtained. N ow, in ordertounderstandthe environmentale¤ects ofthepolicies
thatwehaveconsidered, itis necessarytoexplainhowproduction, consumption
andpollutingemissionsarerelatedinourmodel.

W econsiderthreekindsofemissions: sulphuroxides, nitrogenoxidesandcarbon
dioxides.

12 T helevelofthevariables inthe…gures dependonthenormalizationused inthecalibration
ofthemodel. Fullconsumption is representedbyan index, laborsupply is expressedas alinear
transormationofhours supplied, realG D P andthecapitalstockareintrillion lira.
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Bothproducersandconsumersproduceemissions, whentheyuserawoil, re…ned
oil1 3 andnaturalgas. Thefollowingequationshowshowemissionsaredetermined
inthemodel:

E xtr=
X

i

2
4X

j

¡
Ái;j;xtr¢Q i;j

¢
3
5 +

X

j

(µj;xtr¢Cj)(8.1)

whereE isthelevelofemission, Á isthelevelofemissionperunitofinput, µ is
thelevelofemissionperunitofconsumption, and:
xtr= pollutingemission: N O X , SO X , CO 2;
i = sectorofproduction;
j = goodusedas intermediateinputorconsumedbyhouseholds;
Q = quantityofintermediateinput;
C = quantityofprivateconsumption.

W ederiveourcoe¢cients Á andµ from theofN A M EA forItalyfor19 9 0. T he
dataonpollutioncomingfromproductionsectorsandconsumptionarereportedin
A ppendix2, table2 .

T hecoe¢cients Á and µ areallowedtochangethroughouttime. Inparticular,
wesupposethatthetrendobservedinrealdatainthelateeightiesandintheearly
nineties continueinthefuture. A ccordingtothis trend, theemissions ofsulphur
oxidesdeclinebyarateofmorethan6% peryear, nitrogenoxidesemissionsdecrease
bymorethan2% peryearandcarbondioxideemissionsslowlygrow.

Bothreforms introducedintheprevious sectionhavethee¤ectofreducingthe
taxationofenergysources (thesecondonereduces alsothetaxationofenergyin
consumption). T herelativepriceofoilandgasdecreases, hencethesecommodities
areusedmoreintensivelyfrom producersandconsumers. T he…guresinA ppendix
3 and 4 showthatpollutingemissions increase. Inthe secondcase, theuniform
taxationofsalesandthecancelationofthetaxationofconsumptioneliminatesthe
strongpressureonthesectorsofoilandgasthatwehadpointedoutabove.

A sfullconsumptionincreasesandenvironmentalqualityworsens, avaluationof
thelossofenvironmentalqualitywouldbenecessaryinordertodeterminethenet
welfaree¤ectofthereforms.

9 . Environmentaltaxreform

T his sectionconsiderstaxreformsforthecontrolofthelevelofpollutingemis-
sions. T hepolicy-makeruses taxinstruments inordertoobtainapredetermined
environmentalgoal.

W eassumethatthisgoalisthereductionofthelevelofemissionsto9 0% ofthe
basecaseforeverypollutantineveryperiod. Inordertoachievethisreduction, a
taxoneachpollutantisintroduced, bothfordomesticproductionandforconsump-
tion. Environmentaltaxesdonotbearonimports1 4, astherelativeproductiondoes
notgeneratepollutionwithinthecountry. T his makes importsmorecompetitive

13Coalcannotbedistinguishedinthemodel, butwecanthinkof‘cokeandoil’asacomposition
ofre…nedoilandcoal.

14 T heburdenofthetaxationofconsumptionbearsalsoonthepartofthesupplywhichcomes
from abroad.
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with respecttothedomesticproductionandraises the problem ofcoordinating
environmentalpolicies, anissuethatwedonotaddresshere. R evenue-neutralityis
achievedthroughthereductionofthetaxrateonhouseholdincomes.

T hetaxationofpollutionnecessarytoachievethedesiredreductionofemissions
generatesaconsiderablerevenue, whichallowsadecreaseinthetaxrateonhouse-
holdincomebymorethanfourpercent. H owever, thenetimpactonwelfare, ifthe
in‡uenceofenvironmentalqualityonutilityisnottakenintoaccount, isnegative.
Fullconsumptionandutilitydecrease(utilitydecreases by0.3% ). T he…gures in
A ppendix5 showthee¤ectonfullconsumption, laborsupply, realG D P, capital
stockandpollutingemissionsthroughouttime.

T he taxes perunitofpollutantchange everyyearin ordertoguarantee the
achievementoftheemissiongoal. W eshowtheresults forperiod1 and60 only:

Taxon: SO X N O X CO 2
Period1 -0.024 0.051 0.051
Period60 -0.032 0.043 0.137

Table2. Taxperunitofpollutant.

W enotethatthetaxononeofthethreepollutantsisnegative, whileweusually
expectthis valuetobepositive ifwewantareduction inthelevelofemissions.
Ingeneralequilibrium, whenwedealwiththecontemporaryreductioninthelevel
ofmorepollutants, itis possiblethattheemissionofoneofthepollutants must
be subsidized. T he totale¤ectofthe three taxes guarantees areduction ofall
pollutants, includedtheonewhosetaxisnegative.

Itis interestingtoanalyzethee¤ectofthetaxreformonpricesandquantities.
First, weconsiderthetaxoneveryunitofcommodityproducedbythedomestic

activitiesinthehypothesisthatnoadjustmentisrealizedinthechoiceoftheinputs
(seeA ppendix2, table3).

W ithnobehavioralresponses from producers, thehighestincreaseintheprice
ofdomesticproduction should be expected forgas (21% ), electricity (17 % ) and
transportation services (15% ). U nexpectedly, the price ofre…ned oil(coke and
oilsector) would fall(-6% ). Forconsumption, the price ofre…ned oiland gas
usedfortransportationandheatingwould increase sensitively(by46% and 23%
respectively).

H owever, producersandconsumersreacttothetaxationandtotheconsequent
change inprices. H ence, thegeneralequilibrium results aredi¤erent. Forexam-
ple, thepriceofdomesticextractedoil, whichwouldhaverisennegligiblywithno
behavioralresponse, decreasesby4% . T hepriceofre…nedoildecreases, butonly
byless than 1% . A lsothe e¤ectonthe priceofgas is reduced, from a21% to
a6% increase. T hemostremarkable increases arestillinthepriceofelectricity
andtransportation(13% and16% respectively). T heincreaseinthepricesofthe
commoditiesproducedbythemanufacturingindustryisintherangeof5-6% , while
servicesarelessa¤ected, withanincreaseinpricelimitedtolessthan2% .

Ifweanalyzethevariationinthequantitiesproducedbythedomesticactivities,
wenotethatalmostalldecrease, withtheexceptionofthesectors which supply
services, whoseexpansion is howevernegligible. T hemostremarkablereduction
inproductionregardsre…nedoil, electricity, gasandtransportation(allmorethan
10% ).
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Environmentaltaxesalsobearonconsumption. Consumptionpricesarea¤ected
bothbythechangeinthepriceofdomesticproductionandbythetaxationofpollut-
ingemissions. H ence, consumptionprices increase, especiallyforre…nedoil(42% ),
electricity(13% ), gas (27 % ) andtransportationservices (15% ). T hisdeterminesa
reductioninthequantitiesconsumed(26% , 6% , 17 % and8% respectively).

Itisnowinterestingtoanalyzethemeasureinwhicheverysectorhascontributed
tothe reduction ofthe levelofpollution. In fact, environmentaltaxes are an
e¢cientwayofachievingareductionofpollutingemissions, becausetheydonot
setanarbitrarystandardthateveryactivitymustcomplywith. Taxationallows
foradjustmentsandguaranteesthatthemarginalcostofthereductionofpollution
is equalizedamongproducers.

O ilextraction, re…nedoil, electricity, gasandtransportationgivethemajorrel-
ativecontributiontothereductionofallpollutants(12% , 10% , 11% , 20% and14%
ofthepreviouslevelofemissions). A greatcontributioncomesfromthehouseholds
consumptionofre…nedoil, withareductionofemissionsofmorethan20% .

InA ppendix2, table3givesthecompletepicture.
O nceagain, environmentalqualityandtaxdistortions moveinoppositedirec-

tions andthetotalwelfare e¤ectofthe reform cannotbedeterminedwithouta
carefulevaluationofthebene…ts from thereductionofpollutingemissions.

10. Conclusions

Taxreforms andthequalityofenvironmentarerelatedandboththee¤ecton
taxdistortions andthe e¤ecton pollutingemission mustbe taken intoaccount
whenevaluatingapolicy.

W ebegunbyshowingthatthemarginalcostofthepublicfundscollectedwith
di¤erenttaxesoncommoditiesandincomesinItalyarefarfrombeingequalized, so
thereisspaceforawelfareimprovingtaxreform, atleastinregardstoe¢ciency, as
farasenvironmentalqualityisnottakenintoaccount. O urestimatesareobtained
withinanintertemporallyconsisteddynamicmodel.

W esimulatetworeformsaimedatreducingtaxdistortions. A s expected, these
policies increaseconsumerutility. H owever, theyhaveanegativee¤ecton envi-
ronment, asthelevelofpollutingemissionsincreases. Taxdistortionsandenviron-
mentalqualitychangeinoppositedirections.

W ethendesignapolicywiththespeci…cpurposeofreducingemissionsby10%
with respecttothebasecase scenario. Production, consumptionandutilityde-
crease. O nceagain, there is atradeo¤ betweenenvironmentalgoals andthere-
ductionoftaxdistortions.

W e mustconclude that, fora correctevaluation ofthe welfare e¤ectoftax
reforms, theprocessofevaluationoftheenvironmentale¤ectcannotbeavoided.
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11. A ppendix1 - Fromthe input-outputtabletothebaseoftheSA M

T he …rstchange regards the inputted creditservices, given by thedi¤erence
betweenthecapitalreturntothecreditsectorandthe interests thatthis sector
paysondeposits. T henationalaccountsdonotintegratethisvaluewiththeinput
ofproductionsectors, asifitwasnotpossibletosayhowmuchofitispaidbyevery
sectoronthebaseoftheirlevelofindebtedness. A distributionbasedonthesizeof
theproductionwouldunderestimatethecostsofsectorswithahighindebtedness
(likeelectricityandpublicadministration)andwouldoverestimatethecostsofthe
othersectors. W erefertotheworkofB ianchi1 5, which estimates thedegreeof
indebtednessofthedi¤erentactivities. B ianchi statesthatthemarginforinputted
creditservicesmustbebrokenintwoparts: 213% ofitmustbedistributedamong
theproduction sectors, while 113% mustbereturned toconsumers, whohavea
netcredittowardbanks and insurancecompanies. T his is likesayingthat, once
the redistribution has been made, the creditsectoris the mean through which
the interests paid by the companies on theirindebtedness is distributed tothe
consumers, whoactuallyprovidethefunds. W edonotproceed inthis wayand
chosetoscaleallthecoe¢cients inorderforthem sum up toone. W ethenchose
toletconsumersgetthemoneydirectlyfrom thecompanies throughhighergross
managementresults.

A griculture 0.0089 18
O ilextraction 0.0007 82
O therextractions 0.001623
Foodindustry 0.017 556
Textile 0.0239 53
Paperandwood 0.014561
Cokeandoil 0.005322
Chemical 0.038 7 7 9
B uildingmaterials 0.013514
M echanical 0.113506
O thermanufacturing 0.0057 51
Electricity 0.02467 4
G as 0.010553
W ater 0.0037 66
Constructions 0.068815
Trade 0.065548
Transport 0.063684
Communications 0.034619
Creditandinsurance 0.0327 36
Servicesto…rms 0.03889 7
P ublicservices 0.412444
O therservices 0.000000

Table1 - Coe¢cientusedforthedistributionoftheinputtedcreditservices.

15C. B ianchi, “Servizi bancari imputati e interdipendenzesettoriali: un’analisi strutturaledel
ruolodelcreditonelsistemaeconomico.”, M onetaeCredito, vol. 38 , n. 150, 183-217 (19 85).
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T hesecondchangeregardstheremunerationofthelaborofindependentworkers.
Intheoriginalinputoutputtable, thisispartofthereturntocapital. T henational
accounts reportthevalueofthe incomewithdrawnbytheseworkers, butdonot
specifywhichpartisrelatedtotheirlaborinputandwhichpartmustbeconsidered
returntocapital. W ereducethe shareofvalueaddedattributed tocapitaland
increasetheparttolabor, assumingthatthesharetocapitalshouldbeexpected
tobebetween35 and40 percent. T his is notmadeforallsectors, as insomethe
weightofindependentworkersandindividual…rms isnegligible.
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12. A ppendix2 - Tables

Sector / Commodity Value of 
domestic 

production*

Imports* Share of total 
production 
(domestic + 

imports)

Compre- 
hensive 

revenue*

Share of 
revenue

Comprehensive 
tax rate

Agriculture 96498.6 12732.5 0.0329 -2130.6 -0.0145 -0.0195
Oil extraction 5196.9 17395.1 0.0068 38.8 0.0003 0.0017
Other extractions 8075.9 2125.5 0.0031 -68.3 -0.0005 -0.0067
Coke and oil 40467.0 6066.2 0.0140 43944.1 0.2989 0.9444
Non durable goods 605270.5 80481.1 0.2066 25125.7 0.1709 0.0366
Durable goods 557769.8 114404.2 0.2025 10183.6 0.0693 0.0152
Electricity 35215.0 1800.9 0.0112 5621.7 0.0382 0.1519
Gas 15060.2 0.0 0.0045 7392.6 0.0503 0.4909
Constructions 197942.8 173.9 0.0597 11486.2 0.0781 0.0580
Trade 390614.4 6730.4 0.1197 22444 0.1526 0.0565
Transport 154248.4 6144.5 0.0483 -8908.1 -0.0606 -0.0555
Public services 368006.7 184.5 0.1109 368.2 0.0025 0.0010
Other services 574381.0 22050.4 0.1797 31541.9 0.2145 0.0529
Total 2741553.8 270289.2 1.0000 147039.8 1.0000 0.0488

* billion lira

Table1 - CommoditytaxationinItaly(19 9 2).
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PRODUCTION
Sector / Commodity SOX(a) NOX(b) CO2(c)

Agriculture 21239.65 125468.76 19806.19
Oil extraction 32.39 2029.25 1021.91
Other extractions 2780.71 2162.24 609.69
Coke and oil 291151.39 54510.95 37187.68
Non durable goods 217908.89 148384.38 48359.91
Durable goods 143815.46 215650.61 70205.63
Electricity 554375.61 297343.31 78817.42
Gas 290093.05 155593.48 41243.49
Constructions 3565.22 30294.17 2534.45
Trade 21149.90 166120.11 24085.62
Transport 175712.23 473002.31 49392.33
Public services 49044.23 101539.45 15767.98
Other services 8305.93 46371.05 6312.33
Total 1779174.66 1818470.06 395344.64

CONSUMPTION
Sector / Commodity SOX(a) NOX(b) CO2(c)

Coke and oil 69589.59 252311.41 54064.82
Gas 0.00 38183.18 16592.39
Total 69589.59 290494.60 70657.21

(a)  tons
(b)  tons
(c)  thousand of tons

Table2 - A iremissionsfrom productionandconsumption(19 9 2).
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Domestic production: quantity
Base case After the 

reform
Percentual 
variation

Agriculture 93.3582 87.7914 -0.0596
Oil extraction 5.2440 4.8981 -0.0660
Other extractions 7.8201 7.5240 -0.0379
Coke and oil 83.0125 73.6492 -0.1128
Non durable goods 609.6110 599.1599 -0.0171
Durable goods 548.7225 529.2812 -0.0354
Electricity 40.6249 36.2650 -0.1073
Gas 21.9218 19.1888 -0.1247
Constructions 198.0265 196.6970 -0.0067
Trade 406.2966 398.6830 -0.0187
Transport 144.4267 122.7574 -0.1500
Public services 367.4752 368.0478 0.0016
Other services 602.7777 603.9845 0.0020

Domestic production: price
Base case After the 

reform
Percentual 
variation

Percentual 
variation with no 
general equlibrium 
adjustments

Agriculture 1.0039 1.0979 0.0936 0.0715
Oil extraction 1.0025 0.9606 -0.0418 0.0298
Other extractions 0.9951 1.0413 0.0465 0.0093
Coke and oil 0.9990 0.9874 -0.0116 -0.0555
Non durable goods 1.0011 1.0510 0.0498 0.0080
Durable goods 0.9963 1.0540 0.0580 0.0200
Electricity 1.0007 1.1312 0.1303 0.1703
Gas 1.0032 1.0603 0.0569 0.2083
Constructions 0.9817 1.0183 0.0373 0.0080
Trade 1.0006 1.0384 0.0378 0.0235
Transport 0.9992 1.1580 0.1590 0.1455
Public services 0.9995 1.0274 0.0279 0.0131
Other services 1.0001 1.0188 0.0187 0.0043

Table3 - E¤ectsoftheenvironmentaltaxreform.
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Private consumption: quantity
Base case After the 

reform
Percentual 
variation

Agriculture 42.9577 41.9707 -0.0230
Oil extraction 0.0083 0.0087 0.0503
Other extractions 0.0673 0.0684 0.0170
Coke and oil 31.1222 22.9244 -0.2634
Non durable goods 293.6205 297.2118 0.0122
Durable goods 119.8388 120.6827 0.0070
Electricity 12.4805 11.7486 -0.0586
Gas 12.3778 10.2939 -0.1684
Constructions 1.6068 1.6413 0.0215
Trade 100.7766 102.9081 0.0212
Transport 25.0438 23.0129 -0.0811
Public services 37.0018 38.1398 0.0308
Other services 195.7956 203.6118 0.0399

Private consumption: price
Base case After the 

reform
Percentual 
variation

Percentual 
variation with no 
general equlibrium 
adjustments

Agriculture 1.0297 1.1167 0.0845 0.0000
Oil extraction 0.9968 1.0056 0.0088 0.0000
Other extractions 1.0067 1.0488 0.0418 0.0000
Coke and oil 1.0297 1.4812 0.4385 0.4605
Non durable goods 1.0862 1.1370 0.0468 0.0000
Durable goods 1.0393 1.0935 0.0521 0.0000
Electricity 1.0304 1.1597 0.1256 0.0000
Gas 1.0623 1.3534 0.2741 0.2307
Constructions 0.9951 1.0322 0.0373 0.0000
Trade 1.0794 1.1200 0.0376 0.0000
Transport 1.0394 1.1985 0.1531 0.0000
Public services 1.0147 1.0431 0.0279 0.0000
Other services 1.0215 1.0408 0.0189 0.0000

Table3 - E¤ectsoftheenvironmentaltaxreform
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PERCENTUAL VARIATION IN EMISSIONS AND TAX REVENUE

SOX NOX CO2
Revenue from 
environmental 
taxes (trillion 

lira)
Agriculture -0.0352 -0.0356 -0.0359 6.7549
Oil extraction -0.1233 -0.1233 -0.1233 0.1366
Other extractions 0.0062 0.0045 0.0028 0.0734
Coke and oil -0.1026 -0.1027 -0.1028 -2.0357
Non durable goods 0.0326 0.0214 0.0134 4.9209
Durable goods 0.0079 -0.0024 -0.0099 10.7853
Electricity -0.1133 -0.1188 -0.1234 5.2131
Gas -0.1978 -0.1979 -0.1980 2.5537
Constructions 0.0315 0.0309 0.0304 1.5218
Trade 0.0044 0.0033 0.0022 9.2611
Transport -0.1411 -0.1412 -0.1413 19.2942
Public services 0.0252 0.0180 0.0121 4.8828
Other services 0.0255 0.0232 0.0210 2.5517

SOX NOX CO2 Revenue from 
environmental 
taxes (trillion 

lira)

Agriculture - - - 0.0000
Oil extraction - - - 0.0000
Other extractions - - - 0.0000
Coke and oil -0.2634 -0.2634 -0.2634 10.5570
Non durable goods - - - 0.0000
Durable goods - - - 0.0000
Electricity - - - 0.0000
Gas - -0.1684 -0.1684 2.3749
Constructions - - - 0.0000
Trade - - - 0.0000
Transport - - - 0.0000
Public services - - - 0.0000
Other services - - - 0.0000

FROM PRODUCTION

FROM CONSUMPTION

Table3 - E¤ectsoftheenvironmentaltaxreform.
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13. A ppendix3 - Firsttaxreform

R eform whichreduces saletaxrates by5% oftheirinitialvalues andallows company
incomestaxratetochangeinordertoguaranteerevenue-neutrality.

E¤ectonfullconsumption(index), laborsupply(transformationofhours), realG D P
andcapitalstock(trillionlira) andonemissions ofsulfuroxides, nitro-oxides (tons) and
carbondioxide(thousandtons), for60 periods.

T he solid line refers tothe base case scenario, while the dotted one represents the
reform.

Fullconsumption, laborsupply, realG D P andcapitalstockareexpressendinunitsper
unitofe¢ciencyoflabor(netofgrowthrate). Emissions are instead expressed in real
quantities.
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Real GDP  (trillions of lira)
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14. A ppendix4 - Secondtaxreform

R eform whichsetsauniform saletaxrateof10% , setsconsumptiontaxestozeroand
allowshouseholdincometaxratetochangeinordertoguaranteerevenue-neutrality.

E¤ectonfullconsumption(index), laborsupply(transformationofhours), realG D P
andcapitalstock(trillionlira) andonemissions ofsulfuroxides, nitro-oxides (tons) and
carbondioxide(thousandtons), for60 periods.

T he solid line refers tothe base case scenario, while the dotted one represents the
reform.

Fullconsumption, laborsupply, realG D P andcapitalstockareexpressendinunitsper
unitofe¢ciencyoflabor(netofgrowthrate). Emissions are instead expressed in real
quantities.
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Real GDP  (trillions of lira)

1380

1400

1420

1440

1460

1480

1500

1520

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

Capital stock

3200

3250

3300

3350

3400

3450

3500

3550

3600

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59

SOX EMISSIONS (tons)

0

500

1000

1500

2000

2500

3000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59



T A X R EFO R M S A N D EN V IR O N M EN T A L P O L ICIES 23
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15. A ppendix5 - Environmentaltaxreform

R eform which intruduces taxes onemissions forthereductionoftheirlevelto9 0% of
thebasecase ineachperiodandallowhousehold incometaxratetochangeinorderto
guaranteerevenue-neutrality.

E¤ectonfullconsumption(index), laborsupply(transformationofhours), realG D P
andcapitalstock(trillionlira) andonemissions ofsulfuroxides, nitro-oxides (tons) and
carbondioxide(thousandtons), for60 periods.

T he solid line refers tothe base case scenario, while the dotted one represents the
reform.

Fullconsumption, laborsupply, realG D P andcapitalstockareexpressendinunitsper
unitofe¢ciencyoflabor(netofgrowthrate). Emissions are instead expressed in real
quantities.
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