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Abstract

This paperanalyzegheimpactof pollution andabatemenpolicy within a stochastic
endogenougronth model. Theagentshave ervironmentalpreferenceshut they ne-
glecttheirindividual contrikution to aggrgateabatementTherefore grvironmental
careis doneby the governmentandfinancedvia incometaxationand government
bonds.Equilibrium growth depend®n environmentalpreferencegerceptiorof ag-
gregatecapitalandrisk aversion.Environmentalcareaswell asfiscal policy arean-
alyzed.Dueto ervironmentalpreferenceandpartialanticipationof thedependence
betweenaggregyateandindividual capital, governmentdebtinfluencesequilibrium
gronth. Hence,incometaxationhasan additionalindirectimpacton accumulation
throughthe simultaneousdjustmenbf portfolio choice.Fromnumericalsimulation
it canbeconcludedhatthe optimalincometax ratedecreasewith the perceptiorof
theinfluenceof individual on aggrgatecapital. In contrastthe impactof erviron-
mentalpreferencesnduncertaintyon optimalfinancingis ambiguous.

Zusammenfassung

Der vorliegendeAnsatzanalysiertdenEinflufdvon Umweltverschmutzungind Um-
weltschutzausgabeauf denWachstumsprozeitn Rahmereinesstochastischean-
dogenenNachstumsmodellsyobeidie UmweltverschmutzunglurchGiterproduk-
tion entstehtund NutzeneinbRenverursacht.Da die Wirtschaftssubjelet denEin-
fluid ihrer individuellen Umweltschutzausgabeauf die Umweltqualitatvernachlas-
sigen,wird die Aufgabeder UmweltreinhaltunglurchdenStaatausgetbtderseine
AusgaberdurchEinkommensbesteuerursgwie Staatserschuldundinanziert.Die
Hohedesgleichgavichtigen Wachstumsdngtvon der Wahrnehmunglesindividu-
ellen Einflussesauf die Umweltverschmutzungaowie denPréaferenzparameteffiir
UmweltundRisikoneigungah Dadie WirtschaftssubjektdenEinfluRderindividu-
ellen Produktionauf die Umweltverschmutzungind somitauf denintertemporalen
Nutzenzum Teil antizipieren,hat die Hohe der StaatserschuldungAuswirkungen
aufdasWachstumm Marktgleichg&vicht. Somitgibt esneberdemdirektenWachs-
tumsefekt derEinkommensteueauucheinenindirektenEffekt durchdie Portfolioan-
passungEsresultiertein uneindeutigeGesamtdekt. AnhandnumerischeBerech-
nungenwird gezeigt,dal3 der optimale Einkommensteuersatabnimmt, wenn die
Wahrnehmunglesindividuellen Einflussesauf die Umweltqualitatzunimmt. Eine
ZunahmelerUnsicherheibderdesDisnutzengausUmweltverschmutzungingegen
zeigenuneindeutigeeffekte auf die optimaleFiskalpolitik.



1 Introduction

Recentcontributionsanalyzepollution andervironmentalcarewithin the settingof en-
dogenouggrowth models. In general,pollution leadsto a declinein optimal growth.
Eventually growth caneven ceasedueto increasingervironmentalcostsof production.
Thereis a trade—of betweenconsumptiorand pollution which is crucial for the perfor
manceof theeconomy:If theenvironmentalcostsbecomesufficiently highin theprocess
of ongoinggrowth, abatemenactvities inducea declinein the long—runrate of return
whichfinally canlimit growth.

Particularlyin thecontext of environmentalissuespuncertaintyaboutfuture consequences
of presengctionsis of majorinterest.Furthermoretheimpactof any environmentalpol-
icy dependscrucially on the existenceof uncertainty Governmentalctvities influence
notonly the expectedvaluesof economicvariablesbut alsotheir volatility andin general
this leadsto counterworking effectson market equilibrium. Thesewerefirst discussed
by Eaton(1981) who analyzeshe ambiguousmpactof incometaxationin a stochas-
tic growth modelwith linear technology More recentpaperse. g. of Turnovsky (1993,
1995,1999,2000), Smith (1996), Corsetti(1997)or Clemensand Soretz(1997) extend
this framavork anddemonstratéherole of governmentahctuities in varioussettingsof
stochastiendogenougrowth.

The Ramsg problemof pollution in a dynamiceconomyis basedon Forster(1973),
whoseframavork was extendede. g. by Gruver (1976), Luptacik and Schubert(1982),
Siebert(1987)or VanderPlogg andWithagen(1991). Theseauthorsanalyzeheeffectsof
pollution in neoclassicagironvth models.The commonoutcomeis thatpollution induces
a declinein the optimal steadystatecapital stock. Neverthelessthe questionwhether
environmentalconcernsareconsistentvith ongoinggrowth or not canonly beaddressed
within the settingof endogenougrowth. GradusandSmulderg1993)aswell asStokey
(1998)considerervironmentalpreferenceandvarioustechnologiesvith constanteturns
in theaccumulablenputsto allow for ongoinggrowth.

Gradusand Smulderg(1993)showv a negative relationbetweenoptimal growth and pol-
lution disutility in the caseof constanteturnsto capitalandwith endogenouabatement
actiities which determinethe level of pollution. In contrast,they demonstratehat en-
vironmentalpreferencesn the framewvork of Lucas(1988) have no effect on long—run
growth. If additionallythe learningability is reducedby pollution, abatementaneven



enhanceagrowth in the casewheretherisein capitalproductvity dominateghe negative
growth effect associatedvith the crowvding out of investment.Stokey (1998)analyzesa
modelwith linearproductiontechnologyandendogenousmissionstandardPollutionis
assumegbroportionalto total output. In this setting,sustainedyrowth is not optimal, that
is, growth ceasesn the long run. During transition, pollution is an asymmetrichump—
shapedunctionof income,asempiricallyfoundby GrossmarandKrueger(1995).

The model consideredhere focuseson the interactionsbetweenervironmentalprefer
ences risk aversionandthe perceptionof the dependencéetweenaggrgateandindi-
vidual capital. Emissionsreduceindividual expectedutility and hencesocial welfare.
The level of pollution dependon the relation betweenabatementctiities and capital
stock. Sincethereis a continuumof identicalindividualsandabatemenis nonrival and
nonecludable therepresentatie agentneglectshis contribution to aggregyateabatement.
Thus,environmentalcareis assignedo governmentndfinancedvia incometaxationand
governmentonds.

Furthermorethelevel of emissiongs percevedto dependiot only onindividual capital

accumulatiorbut alsoon aggreyatecapital, which seemdo be exogenoudo individual

decisions.Theextentto whichthe agentpercevespollution to dependnindividual cap-
ital is parameterizedndboth polar casesareincluded: On the onehandthe casewhere
agentsareawareof the true relationbetweenpollution andindividual capitalaccumula-
tion and on the other handthe casewherepollution is perceved as purely exogenous.
This settingdraws backon the formulation of congestiorfunctionsin the public goods
literaturease. g. in Edwards(1990), Glomm and Ravikumar (1994) or Turnovsky and

Fisher(1998).

Building ontheassumption®f the modeldescribedn section2, the market equilibrium
is analyzedn section3. Dueto the ervironmentalpreferencegapitalaccumulatiorhas
a secondarywelfarediminishingeffect which in part— dependingon the perceptiorof

capitalin the pollution function— is external. Hence,in contrastto moststochastien-
dogenougrowth models expectedgronth depend®n equilibriumportfolio composition
andthuson governmentdebt. Theusualseparabilityof the growth processrom portfolio

choicedoesnot hold. Insteadthis interdependenckeadsto variousinteractingeffectsof

fiscalpolicy on macroeconomiequilibrium.

Market equilibriumis contrastedwith socialoptimum. It canbe shavn thatin the so-
cial optimumpollution is constantanddependson the underlyingproductionand utility
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parameters.Furthermorethe optimal level of emissionan the settingconsiderechere
differsfrom the outcomein the correspondingleterministiomodel. If (constantyelative
risk aversionis lessthanunity, the deterministiomodelunderestimatesgptimal pollution.
If insteadrelative risk aversionis greaterthanunity, optimalemissiondervedundercer
tainty exceedghelevel dervedwith uncertainty Only with theassumptiorof logarithmic
utility it is possibleto applythe outcomefrom the deterministicsettingunchanged.

Section4 analyzeghe growth effectsof fiscal policy. It is no longerpossibleto obtain
a straightforward descriptionof the impactof governmentactuities on eitherequilib-
rium growth or socialwelfare. Therefore the analysisof fiscal policy requiresnumerical
simulation.It is shavn thatthe optimal compositionof incometax andgovernmenidebt
depend®ntherelationbetweerrelative risk aversion perceptiorparameteandernviron-
mentalpreferencesVariousparametesettingsarediscussedndit canbeconcludedhat
the optimalshareof tax financingincreasesvith the perceptiorof aggreyatecapitalto be
exogenousandreactdn ambiguousvay with environmentalpreferenceandrisk aversion
respectrely.

Section5 discusseshe polar casewhereindividualsignore completelythe influenceof
private capitalaccumulatioron pollution. This settingcorrespondso the deterministic
modelanalyzece. g. by GradusandSmulderg1993). Theinterdependendeetweergov-
ernmentdebtandequilibrium growth vanishesn this case.Thus,a closedform solution
for optimalfinancingcanbe derived, but oncemore,the outcomef the corresponding
deterministicmodelcannotbe appliedto the caseof uncertainty exceptfor logarithmic
preferenceslf relative risk aversionis low, the optimalincometax increasesvith uncer
tainty whereaith ahigh degreeof risk aversion theinfluenceis ambiguouslt is shovn
thatoptimalincometaxationin this settingcollectstherightamounto financeabatement.
Hence governmentdebtis zeroin optimum.Finally, section6 concludegheresults.

2 Themodd

Pollution causedisutility andhencedamagesocialwelfare. With this formulation,the
underlyingpaperbuilds ontheanalysisof GradusandSmulderg1993)aswell asStokey
(1998), and draws back on the earlier approachesf Luptacik and Schubert(1982) or
Van der Ploeg and Withagen(1991). Considera continuumof identicalinfinitely long



living householdsvho maximizeexpectedifetime utility

U =E [ /O TePu(c(t), P(t)dt| (1)

Onecould think of a long—lived dynasty becausealtruismbetweengenerationss very

plausiblein the context of ervironmentalissues Consumptionis representedy c(t) and

pollutionby P(t). Therateof time preference > 0 is assumedo beconstantEq denotes
the expectedvalueconditionalon time O information.

Instantaneoustility exhibits constantelativerisk aversion

(ct)PH))**
u(c(t)) = T ¢ for €#1
Inc(t) —yInP(t) for e=1

(@)

Environmentalpreferencegomeinto play for y > 0 andwith highery disutility out of
pollution gainsimportances > 0 representghe degreeof relative risk aversion.

The homogenougjoodis producedaccordingto the linear individual stochastigroduc-
tion function
f(k(t)) = Ak(t)(dt+oydz(t)) . (3)

The deterministiccounterparof this technologywas popularizedby Rebelo(1991)and
the stochastioversiondravs backon Eaton(1981). Uncertaintyentersthe economyvia
anaggreateproductvity shockdz(t), whichis a Wienerprocessvith dz~ N(0,dt). Ais
expectedcapitalproductvity andk(t) denotesa broadmeasuref capitalavailableto the
representate firm.

Pollutiondepend®ntherelationbetweercapitalandabatemenactuities, andit is mod-
eledasaflow variable. This formulationrecurson GradusandSmulderg1993).In e.g.
Forster(1973),VanderPloeg andWithagen(1991),Stokey (1998)or JonesandManuelli
(2001)outputis the sourceof pollutionandin e.g. LuptacikandSchuber{1982)aswell
asVanderPlogy andWithagen(1991)pollution asa stockvariableis consideredIt can
be shavn thatunderthe assumptiongurther taken here,the outcomesemainthe same
with a stockof pollution andareindependentf the sourceof ervironmentaldegradation.

In this paper the approachs extendedandthe perceptionof the capital stockis taken
into account. Pollution, P(t), is determinedby the relation of aggre@atecapital, K(t),



individual capital k(t), andabatemeneéffort, E(t)

) - (%)d 05€0.1 @
E(t) ’ B

Theextentto whichtheagentpercevespollutionto dependn exogenousaggreatecap-
ital is parameterizedby 6. In equilibrium, aggreate capital equalsindividual capital,
becausall householdsireidenticalandthe populationsizeis normalizedo unity. Thus,
0 = O representperfectknowledgeaboutthe effect of individual capitalaccumulatioron
pollution. Ontheotherhand,d = 1 is associatedvith the situationwheretherepresenta-
tive agentneglectscompletelyhis individual contribution to aggreyatecapital. Pollution
is percevednotto dependn any way onindividualaccumulationFor 0 < & < 1 percep-
tion of capitalis in betweernthesepolarcasesIndividual capitalis expectedto influence
pollution, but the extentof the dependences underestimated.

Pollutioncontrol, E(t), is assumedo be nonrival andnonexcludable. Thus,with a con-
tinuum of householdsthe effect of individual effort on ervironmentalquality vanishes.
Hence,abatemenactiity is doneby the governmentandfinancedby incometaxation
andgovernmentebt. Thegovernmenteviesa proportionalincometax atratet.

With stochastigoroduction,tax revenuesout of incometaxationare stochastiovhereas
expendituresfor abatementctiities are deterministic. Hence,the governmentbudget
cannotbe balancedn eachinstantof time. Insteadit is closedby issuingbondswith

stochastiocvalueB(t). Thesebondsareassumedo be perpetuitiesvhich pay an aftertax
expectednterestratei aswell asa netstochastignterestratedz. Both partsof thereturn
on governmentbondshave to be determinedn equilibrium. The value of government
bondsevolvesaccordingto

dB(t) = [E(t) +iB(t) — TAK(t)]dt+ B(t) dz — TAK(t)dz . (5)

In the following section,individual optimizationandthe resultingmacroeconomiequi-
librium will beanalyzed.

3 Market equilibrium

In the presencef governmentbonds therepresentatie individual hasto choosenotonly
optimalcapitalaccumulatiorbut alsothe utility maximizingportfolio. Individual wealth,
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w(t), is composedf physicalcapital k(t), andfinancialwealth,b(t). Theportfolio share
of capitalis denotedoy n. Thus,theindividualwealthrestrictionis

dw = [(1—T1)Anw+i(1—n)w—c|dt+ (1—1)Anwoydz+ (1—n)wdz (6)
andthevarianceof wealth(dividedthroughdt) evolvesto
02 = (1-1)2A%n?w202 + 2(1 — 1)An(1 — n)wPoy; + (1 — n)2wPo? @)

whereay; denoteghe covariancebetweeroutputandreturnon bondsandao? thevariance
of thereturnon bonds. Theseboth dependon the endogenoustochastiqprocessof the
returnon bonds,dz, which hasto bedeterminedn equilibrium.

Expectedntertemporaltility (1) is maximizedwith respecto the wealthconstraint(6)
while taxratesaswell asinitial valueskg andzy aregiven. With thespecificatiorfor utility
givenabove,themaximizedifetime utility canbeshavn to beof thetime—separablorm
e PtJ(w(t)). Employing Itd’s Lemmathe stochastidBellmanequationis givenby
_ pt —pt —pt 1/ Eldw] 1 —pt 1/ 2

B=¢ePu(c,P)—pePI(w)+€ J(W)TJFQE J(w)oy, . (8)
Optimization of the representatie individual requiresthe expectedutility maximizing
choiceof consumptionand portfolio. Thereis no individual choiceaboutthe level of
abatemengctvities, sincethe individual influenceon ernvironmentalrestorationis ne-
glected.Hence maximizationleadsto thefirst orderconditionswith respecto consump-
tion, ¢, andportfolio shareof capital,n,

¢t P8 = ' (w) 9)

B 2
W) et 1w (1 tyw — ]+ 53" (w) S =

Equation(9) assureshe equalityof maiginal utility out of consumptioracrosgime. For
asettingwhich satisfieghefollowing conditions:(i) time invariantrelatverisk aversion,
(i) constantmaginal productof capital, (iii) varianceproportionalto the squareof the
statevariable Malliaris and Brock (1982, p. 178) shaw that there exists a closedform
solution. In the settingconsideredhere,theseconditionsare met as can be seenfrom
equationg?), (3) and(7). Thevaluefunctionthenhasthesameshapeastheinstantaneous
utility function. Thisoutcomecanbedemonstratetly theconjectureof aconstantelation

0 . (10)



betweenconsumptiorandwealth, which is denotedby . Hence,the valuefunctionis
givenby

y\1l—¢
“*EM for ¢ 7§ 1
I(w) = 1—¢ (11)
=t in(wP~Y) for e=1

Equation(10) determineshe optimalportfolio. In anequilibriumwith constanportfolio
sharesall assetgrow with the samestochastigates

dw dk db

w k b
Thatis, expectedgrowth ratesareequalandthe stochastiqrocessesvolve in the same
way. In particular equatingthe stochasticcomponentof (12) leadsto the equilibrium
stochastigprocesf bondreturn

(12)

1-(1-1)

n
dz = 1 m Aoy dz (13)

whichis proportionalo theproductvity shock.Togethemith thevaluefunction(11)and
condition(10)it is now possibleto derive the expectedrateof returnon bonds

. A%agT
i=(1-1)A+e¢ - —ay(1-d)p . (14)

For optimal capitalaccumulatiorthe Bellmanequationis equalto zero. This leadsto the
consumption—wealthatio

P+ (e—1)(1-T)A—3e(e—1)(1— 21)A%0?
e—ay(l— 6)M

n

(15)

u:

which indeedis constantand confirmsthe conjecture(11) of the valuefunctionaslong
asportfolio compositionis constanbver time. The propensityto consumeout of wealth
dependson the underlyingparameteraswell ason the fiscal instruments.Two special
casexanbenotedhere:If aggregatecapitalis percevedto be completelyexogenougo
the accumulatiordecisionof the individual, d = 1, or if the ervironmentalpreferences

lEquationg(13) and(14) areonly valid in the casen # 1. Otherwise thereis no governmentdebtand
thereforethegovernmenbudgetis balancedn eachinstantof time. Thiswill only beafeasibleequilibrium
if thetaxationof stochastiégncomepartsvanishesthatis 1 is only appliedto expectedncome.Government
bondsthenarea sureasse{dz = 0) andtheresultingrateof returnisi = (1—1)A— sAzo)z,.
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vanish,y = 0, the secondtermin the denominatotis zeroandthe consumption—wealth
ratio correspondso the linear modelwithout pollution. In the first casethe individuals
arent awareof theirinfluenceon disutility out of pollution. In theseconccasethereis no
negative impactof pollution on utility .

Furthermorethetrans\ersalitycondition
i _pt =
lim E [ePI(w)] =0 (16)

mustbe satisfiedfor expectedutility to be boundedandin orderto assurefeasiblecon-
sumptionpaths. As Merton (1969) first demonstratedthe trans\ersality condition is
in this settingequwalentto the conditionfor a positive ratio betweenconsumptiorand
wealth.

The expectedgrowth rateof theeconomy ¢, canbe obtainedfrom the individual wealth
constraint(6)

o Eldw] %

wdt €

(1—e+8(1-1)A-p)+ %(s— 1+2t(1—-e+§)A%]  (17)

with € definedasfollows

e(n+ay(1-9%)(1—n))—ay(1-9)

¢ n+ay(1—9%)(1—n) -

(18)

In additionto the usualutility andproductionparametersequilibrium expectedgrowth

is influencedby ervironmentalpreferencesy, perceptionof aggreate capital, 3, and
the volatility of the technologicaldisturbanceo. Eachof the relationsis ambiguous
anddepend®n the level of the certaintyequialentof portfolio returnandthe degreeof

relative risk aversion,respectrely. A detaileddiscussiorwill be givenbelown. To ensure
feasiblesolutions,€ is assumedo be positive for all valuesof relative risk aversione.

Thereforeparametersaveto fulfill thecondition1—ay(1—9) > Othatis, ervironmental
preferenceshouldnt betoo strong.

Thefirsttermof theexpectedgrowth rate(17) equalghegrowth rateof thecorresponding
deterministiomodel. The secondermreflectsthe responsef therisk averserepresenta-
tiveindividualto uncertaintyin futureincomeflows. Dueto pollutionwhichis positively
relatedto the capital stock, thereis a negative externaleffect of capitalaccumulatior?

2In the caseof perfectanticipationd = 0, this additional negative effect of capital accumulationis
completelyinternalizedwithin the individual intertemporabecision.
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This hasan ambiguouseffect on expectedgrowth. Sincethe averagecapital returnis

overestimatedgrowth tendsto be suboptimallyhigh without taxation. In contrast,the

overestimationof the risk associatedvith capital returnsceterisparilbus leadsto sub-
optimally low accumulation.As long asthe certaintyequivalentof portfolio returr? is

positive, the first effect dominatesand the negative externality of capitalaccumulation
leadsto suboptimallyhigh growth.

Perceptiorof aggregatecapitalaswell asernvironmentalpreferencesnfluenceexpected
growth in anambiguousvay

0d  nay

55 = 7 (1-DAL-¢A0) — 9) (19)
0 n(1-9)
Vi (1-1)A(1—eAd]) — ) . (20)

Both effectsdependntherelationbetweerexpectedgrowth andthe certaintyequialent
of portfolio return. As long asthe growth ratefalls shortof the certaintyequivalent,the
growth rateincreasesvith theparameted indicatingthedegreeto whichaggregatecapital
is percevedto beexogenousWith smallerd theindividualsperceve astrongerinfluence
of individual on aggregate capital. Thatis, they anticipatea greatereffect of capital
accumulationon pollution and on disutility out of pollution. This leadsto a decrease
in equilibrium accumulation. Thus, a smallervalue of & induceslessgrowth andvice
versa.

With respecto environmentalpreferencesthe impactis similar. As long asthe growth
rateis smallerthanthe certaintyequialent,increasingmportanceof pollution for utility
(thatis a highery) leadsto a reductionin accumulation.The negative effect of capital
accumulations givenmoreweightin optimizationandhencesavingsarediminished.

If individualsignoretheir privatecontributionto aggreatecapitalcompletely(d = 1), the
directimpactof environmentalissueson decentralizedyrowth vanishes.Nevertheless,
thegovernmentasto take ernvironmentaldegradationaswell asabatemenéctuitiesinto
accountin orderto setthefiscal policy parametersptimally. The tax rateon determin-
istic incomecomponentaswell asthetaxationof uncertainncomepartsaffect sazings.
Thus,accumulations adjustedptimally throughincometaxation.More simply, optimal

3The certaintyequivalentof portfolio returncanbe evaluatedaccordingto Merton (1992, p. 45) andis
positiveif 1—eAa? > 0.



taxation balancesmamginal expectedutility out of consumptionfor mamginal expected
disutility out of pollution. The effectsarediscussedn detailin section5.

In generaluncertaintyhasa positve incomeandanegative substitutioneffect on savings:
Theincomeeffect refersto the diminishedexpectedutility out of futureincomestreams
dueto increasingisk. Thus,thereis anincentve to enhancesavingsin orderto compen-
satefor thisimpactandto equalizesxpectedmaiginal utility acrosdime. Thesubstitution
effectreflectstheincentive to decreassavingsbecausén the presencef higherrisk ac-
cumulationis lessattractve for risk averseindividuals.In themodelconsideredere the
effect of uncertaintyon growth

p € S\ A2

—==(E—1+21(1—¢c+¢))A 21

307~ e~ 1+ AL—e+D) (21)
canbe shavn to dependn a simpleway on the level of relative risk aversion,sincethe

term
n(1-ay(1-3))

n(1—ay(1—29)+ay(l—29)
is independenof relative risk aversionandwithin the unity interval. With arelative risk
aversionsufficiently high, the income effect prevails andthereis a motive for precau-
tionary savings (seeLeland (1968) or Sandma(1970)). In this caseuncertaintyleadsto
highersavings. Vice versa,if the coeficient of relative risk aversionis sufficiently low,
anincreasean uncertaintyinducesareductionin optimalaccumulation.

1-e+E= — 0O<l-e+€<1 (22)

The productvity shockis assumedo be a WienerprocessHence timet capitalis age-
ometricWienerprocessandis lognormallydistributed. Giventheinitial valuesof capital
ko andthe stochastigrocessy attime 0, capitalevolvesaccordingto

1

K(t) = koe(®~ 2% traclt) =] (23)

Maximal expectedifetime utility is thengivenby

—en0y(1—¢€)1-¢€

(1—&)(p— (1—&)(¢ — 3eA%7))
wheretherelationbetweerabatemenandphysicalcapital, whichis setby thegovernment
andwill be determinedn the next section,is denotedby n = E/k and market clearing
requiresc/k=A—¢ —n.
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4 Fiscal and environmental policy

This sectionbuilds on the determinationof the dynamicequilibrium and analyzesthe
impact of incometaxationand governmentdebt on steadystategrowth. Afterwards,
conditionsfor optimalenvironmentalpolicy arestated.

The ambiguouseffects of fiscal policy can be assignedo the counteractingmpact of
fiscal policy on expectedgrowth. Therearebotha directandanindirectgrowth effect of
incometaxation

do ¢ 3¢ an
Fram = nat (25)
~— ~——

directeffect indirecteffect
Thedirectimpactof achangean theincometax rateis thewell known ambiguousgyrownth
effect of incometaxationin a stochastigrowth model

oL} 1-¢e+¢€

o E
It canbe decomposedhto a growth diminishingdistortionaryeffect which is associated
with the reductionin expectedcapital return and a growth enhancinginsuranceeffect
which is associatedvith the declinein capitalrisk. For a detaileddiscussiorof the ef-
fectsof taxationwithin stochastianodelsof endogenougrowth seee. g. Eaton(1981),
Turnovsky (1995),Smith (1996),Corsetti(1997)or ClemensandSoretz(1997). The di-
recteffect of taxationon growth canbe shavn to be negative if andonly if the certainty
eguvalentof the portfolio returnis positive. This conditioncanbeinterpretedn thefol-
lowing way: With a positive certaintyequialentrisk doesnot dominatethe model. The
technologyis "certainenough“asto assurahatthe effectsof theunderlyingdeterministic
structureprevail. A negative certaintyequivalentdescribes situationwheretheuncertain
capitalincomeflow yieldsthesameutility asa certaininterestratewhichis negative. The
following analysiswill berestrictedo parametesettingsvhichassureapositive certainty
equivalent,becausehis situationfits betterto reality.

A(l—eAa]) . (26)

But furthermorein this modelthereis anindirectimpactof incometaxationon growth.
Any changdn theincometax rateleadsto a simultaneousdjustmenbf portfolio choice
andgovernmentdebt,respectrely. Sincewith the underlyingervironmentalpreferences
expectedgronth dependson the portfolio shareof capital, the adjustmeniof portfolio
choiceinducesanambiguousndirectgrowth effect. The equilibriumportfolio composi-
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tion canby evaluatedas

o pP(1-8)—-8(e—1(A—n)+(e—1)(1-1A-5(—1)(1+9 — 21)A%0] 27)
(1-9)(e(A—n) - (1-1)A+p—5(e—1+21)A%)

wheren denotesherelationbetweerabatemenandcapitalstock,E /k, andd = ay(1—9d)
is definedfor notationalcorvenience.

Pollution is positively relatedto the capital stock. Hence,an increasen the portfolio
shareof capital ceterisparibus aggraatespollution. This inducesa declinein optimal
accumulatioraslong asthe certaintyequivalentof portfolio returnis positive

(1-9)9
(1+9(1—n))?

o 1

= g((1—r)A(1—sAo§))

(28)

Neverthelessthe effect of incometaxationon portfolio compositionis ambiguous.On
theonehandexpectednetcapitalreturndecreasewith arisein thetaxrate. Thus,phys-
ical capitalgetslessattractve comparedvith governmentbonds. On the otherhandthe
volatility of capitalreturndiminisheswith increasingaxationwhereaghe uncertaintyof
bondreturnrises.

0.4
0.35
0.3 0.4

0.2

0.15 0 T

(a) Relativerisk aversione = 0.5. (b) Relativerisk aversione = 3.

Figurel: Portfolio responseon tax increasefor small versus high relative risk
aversion.

The effect of incometaxationon portfolio compositionis illustratedin figure 1. The
parametersresetin the following way: p = 0.03,y=1, A= 0.4, oy = 0.01,6 = 0.5,

12



o = 0.5. n is evaluatedaccordingto equation(31) developedbelow atthe optimallevel.

For small valuesof relative risk aversione the deriative of the portfolio sharen with

respecto T canbe shawn to be positive, whereaswith arelative risk aversionsuficiently

highthederivative becomesiegative. In thefirst casethepositive effect of taxationonthe
portfolio shareof capitaldominates:Theincreaséan the tax rateinducesa shift towards
physicalcapital. Contrary if theagentsaresufiiciently risk averse the negative effect of

taxationon the portfolio shareof capitaldominatesin this casethedecreasé expected
net capitalreturninducesa decreasén capitaldemand. The optimal portfolio shareof

physicalcapitalis reduced Subfigurel (b) additionallyshovs thatthereis anupperbound
to theincometaxratewhichmustbekeptin orderto assurdeasiblesolutionswith positive

valuesfor capital.

In the model considerecdhere, optimal fiscal and environmentalpolicy can be decom-
posednto two steps:First, the governmenthasto choosehe optimal level of abatement
expenditures.Secondpptimal financinghasto be analyzed.Referringto optimal pollu-
tion control,expectedifetime utility (24)is maximizedwith respecto the ervironmental
expenditurerate,n, andwith respecto the growth rate, ¢,

ou 1 « o ay

a0 = N 1+ay(A ) (29)

oU . 1 e—1

ﬁzo = ¢ :E(A—n—p)+TA20§ . (30)

Combinationof thesetwo optimality conditionsleadsto

. _ ay B 1-¢e 5 5

n"= ST ay) —ay _ay(p+(s 1)A) e Aoy (31)
. 1+ay A e-=1, 5

(0) _s(1+ay)—0(y(1+0(y p+s—2 Aoy> : (32)

Theoptimalrateof abatemenactiitiesis givenby equation(31) anddifferswith respect
to the secondterm from the correspondingleterministicmodel. Thatis, optimal ervi-
ronmentalkareincreasegdecreasesyith uncertaintyif risk aversionis less(higher)than
unity. Hence,in generakhe outcomeof thedeterministionodeldoesnt applyto the case
of uncertainty If risk aversionis sufficiently low (¢ < 1), optimal pollution control is
underestimatedy the settingwithout risk (andvice versa).Only with logarithmicpref-
erenceqe = 1) optimal ervironmentalcareis independendf uncertainty In this case,
incomeandsubstitutioneffect of risk on ervironmentalcarebalance.

13



Theimpactof ernvironmentalpreferencesn optimalexpectedgrowth (32) is ambiguous.
Theintertemporaklasticity of substitutionaswell ascapitalproductvity areinfluenced
by the disutility out of pollution. Within socialoptimizationthe negative externaleffect

of capitalaccumulations takeninto account.Perceptiorof the capitalstockis equivalent
to real capitalstock,thatis & = 0 in the determinatiorof pollution (4).

Secondthe governmentsolvesfor the optimal financingof ervironmentalexpenditures.
Optimal financingrequiresthe identity of decentralizedxpectedgrowth (17) and opti-
mal expectedgrowth (32). Sinceincometaxationhasvariousand ambiguousmpacts
on expectedgrowth, optimal financingwill only be illustratednumerically Using the
portfolio shareof capital (27) aswell asoptimal ervironmentalcare(31) to determine
the decentralizedyrowth rate (17) andequatingdecentralizecand optimal growth leads
to anoptimaltax rateasgivensubfigure2(a). Governmentdebtresultsresiduallyandis
illustratedin subfigure2(b). The parametesettingsarethe sameasin figure 1.

T 1-n
0.8 0 I €

-0.1

-0.2

-0.3

0.2 -0.4
T.os

(a) Optimaltaxrate (b) Optimalgovernmentebt.

Figure2: Relativerisk aveisionandoptimalfinancingof ervironmentakare.

It canbe seenthatoptimalfinancingdepend<rucially onthedegreeof relativerisk aver-
sion. As long asrelative risk aversionis less (higher) than unity, the optimal income
tax decreasegincreasesyith anincreasen €. Subfigure2(b) shavs that the optimal
portfolio shareof governmentbondsis negative if the degreeof relative risk aversionis
above unity. Thus, the equilibrium value of governmentbondsis negative for optimal
financingandgovernmentesultsto be a netcreditorto the public. Optimal expenditures
for ervironmentalcarearehigherthanoptimaltax revenues.The negative externality of
capitalaccumulatiorallows for positive incometaxationin orderto diminishequilibrium
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growth, but therevenueout of incometaxationis notsuficientfor optimalernvironmental
care.Governmentoudgetis closedvia interestpaymentsf the privatehouseholds.

T 1-n

(a) Optimaltaxrate (b) Optimalgovernmentebt.

Figure3: Perceptionof aggregatecapital and optimalfinancingof ernvironmental
care.

Figure3 shavstheinfluenceof the perceptiorof capitalontheoptimalfinancingof abate-
mentactiities. Additionally to the previousfigures,the degreeof relative risk aversion
is setto € = 3. An increasen the perceptionparamete® correspondso a declinein

theanticipationof theinterdependenceetweenndividual andaggreatecapital. Hence,
with increasingd agentsneylecta greaterpartof their contributionto pollution. The neg-

ative externalityof capitalaccumulationriseswith d andallows for anincreasen optimal

incometaxation. Hence the optimal value of governmentbondsis still negative but the
absolutevaluediminishes.

5 A special case: Agents completely neglect their contri-
bution to aggregate capital

In this sectionl demonstratehe polar casewhere individuals completelyignore their
influenceon aggreate capitaland henceon pollution. This correspondgo the setting
0 = 1. Sincetherepresentatie agentdoesnt take theinfluenceof capitalaccumulatioron
pollutioninto accountportfolio compositiordoesnt have welfareeffectsin this situation.
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Hence equilibriumgrowth is independentf the portfolio shareof physicalcapital
1 1 2 9
¢1:E((l—t)A—p)+§(s—1+2T)A oy - (33)

In this settingthe ervironmenthasno directimpacton equilibrium growth. Agentsig-
nore their individual influenceon aggreate capital as well as on aggrgateabatement
expenditures.Thus, pollutionis percevedto be purely exogenousanddoesnt have ary
consequencdsr individual optimization.

The optimal ratio of abatemeneffort and capitaln* is independenbdf the perception
of capitalandstill given by equation(31). But now it is possibleto evaluatea closed
form solutionfor optimalincometaxation.Equatingdecentralize@rowth ¢1 andoptimal
grownth ¢* now leadsto

* ay e-1., >

b T At ay(1—¢))(1—£Ad)) <p+ (e-DA-e——A Gy) - B4
Theeffect of uncertaintyon the optimaltax rateis ambiguousanddepend®nthedegree
of risk aversion. If relative risk aversionis higherthanunity (¢ > 1), thereis a motive
for precautionangavings. Thereductionof risk associateavith thetaxationof stochastic
incomepartsdiscouragesccumulatiorandencouragesonsumption.Thus,the growth
diminishingeffect of taxationof deterministidncomecomponentgdueto areductionin
expectedcapitalreturn)is reinforcedby thenegative growth effect of taxationof uncertain
incomeparts.For this reasonthe optimaltax ratetendsto decreaseavith risk in a setting
with strongrisk aversion. Neverthelessthereare ambiguousadditionaleffectsthrough
governmentdebtandportfolio decision.Thus,theoverall effect of uncertaintyon optimal
taxationis ambiguous.

If insteadrelative risk aversionis lessthanunity, theagentsdon't have a motive for pre-
cautionarysavings. The substitutioneffect of uncertaintyon savings dominatesandthe
individualsreducesavings whenuncertaintyarises. Taxationof stochastiancomeparts
reduceghe volatility of capitalreturnandthusinducesa decreasén the risk associated
with capitalaccumulation.With a relative risk aversionlessthanunity individuals now
increasesavings becausealueto the decreasén risk capitalaccumulationgetsmore at-
tractve. Hence,the growth effects of incometaxationof deterministicand stochastic
incomecomponentsrecountermworking andthe overall growth effect of incometaxation
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is lessthanundercertainty* This leadsimmediatelyto anoptimalincometax ratewhich
is increasedy uncertainty

Furthermoreit is possibleto evaluatethe equilibrium portfolio shareof physicalcapital
Pt (E=1) (91— 3eA%0))
l —_—
A—n—o¢1
Tax policy influencesexpectedgrowth andthusportfolio composition. It canbe shavn
thatthe portfolio sharediminisheswith anincreasen theincometaxrate

(35)

an A(1—eAa?

ah _(73’) < (36)
ot A-n—o1

Taxationof capital returnreduceghe incentive for capitalaccumulationrand inducesa
shift towardsgovernmentbonds. The tax revenuesise andinduceceterisparibus (with

constanervironmentalexpenditure)anincreasen the valueof governmentonds.

For optimal ernvironmentalcare,n*, andoptimalincometax, 1%, equation(35) leadsto a
portfolio shareof n; = 1. Thatis, theabatemenéxpendituresarecompletelyfinancedoy

the incometax. With this respectthe outcomesof the deterministicsettingcontinueto

hold. The optimal tax ratewhich completelyinternalizeshe externaleffect at the same
time collectsthe right amountto financeabatement.Thus, thereis no needfor further
financingvia growth neutralgovernmentebt.

The outcome=f this polarcase(d = 1) aresummarizedn figure 4. Theline with nega-
tive slope(asdevelopedin equation(36)) identifiesthe correspondencketweerthe two
financinginstrumentggovernmentdebtandincometax givenin equation(35). Hence,
thisline indicatesall feasiblefiscal policies. Optimaltax policy is givenby " andn= 1.
If thetax rateis lessthant*, the portfolio shareof capitalexceedsunity. This situation
correspondso the casewith negative valueof governmentoonds.Governmentecomes
anetcreditorto the public.

4As long asthe certaintyequivalentof portfolio returnis positive, the growth diminishingeffect of the
taxationof deterministicincomepartsdominates.As notedabove, | restrictto parametessettingswhich
assurea positive certaintyequivalent.
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Figure4: Optimalfiscalpolicy for d =1

6 Conclusion

In this papera stochastiendogenougrowvth modelwith pollutionis analyzed Pollution
causedisutility and dependson the ratio betweenabatementctiities and the capital
stock. Sinceindividuals neglect their contribution to aggreate ervironmentalexpen-
ditures,theseare financedby incometaxationand governmentdebt. Furthermore the
agentsonly partially anticipatetheir influenceon aggreate capital. Perceptionof ag-
gregatecapital is parameterize@dnd both polar casesare included: The settingwhere
individualscompletelyignoretherelationbetweerindividualandaggreatecapitalaccu-
mulationandthe contrarycasewith full informationaboutthis relation.

Equilibrium growth is analyzedandit is shovn that ervironmentalpreferenceseduce
growth if andonly if the certaintyequivalentof portfolio returnfalls shortof expected
growth. The effect of uncertaintyon grovth depend®n relative risk aversion.If thereis

amotive for precautionangarings, expectedgrowth increasesvith uncertainty Further

more, expectedgrownth dependson the individual perceptionof aggregatecapital. The
impactagainis ambiguousand dependon the relationbetweencertaintyequialentof

portfolio returnandexpectedgrowth rate.

Fiscal policy aswell asoptimal ervironmentalcareare analyzed. Optimal abatement
actiities areshavn to dependon risk in anambiguousway. If relative risk aversionis
sufficiently high (low), the optimal erwvironmentalexpenditurerateincreasegdecreases)
with uncertainty Thus,the outcomesof the deterministicsettingin generaldon't apply
to the caseof uncertainty Only if the degreeof relative risk aversionis unity, the results
remainunchanged.
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As long asthe agentsperceve a dependencéetweenindividual and aggreyatecapital,
thereis anadditionalnegative effect of capitalaccumulatioronintertemporaltility. This
leadsto aninterdependencbetweengovernmentdebtand expectedgrownth. Hence,in
contrasto mostendogenougrowth models,incometaxationnot only hasa directeffect
on expectedgrowth, but it alsoinfluencegportfolio choiceandthis leadsto anadditional
indirectimpacton the growth rate. Due to the differentcounterworking growth effects
of incometaxation,numericalsimulationof optimalfiscalpolicy is required.It is shavn
that the optimal incometax rate dependsn the relationbetweenrelative risk aversion,
perceptiorof capitalandenvironmentalpreferences.

In thelastsectiontheoutcomesreevaluatedn thespeciakcasevheretheagentgperceve
aggreatecapitalascompletelyexogenousThis polarcaseis emphasizedyecausenost
deterministicendogenougrowth modelswith pollution analyzethis setting. It is shavn
that the portfolio shareof physicalcapital decreasesvith the incometax rate andthat
optimaltaxationof ernvironmentalexpendituresn this caserequirescompleteéincometax
financing.
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