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A bstract
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generationsgeneralequilibrium modelwithheterogeneousagents: young
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1 Introduction

W hydoeslaborincometaxdi¤erfromcapitalincometax?A ndwhyisthis

di¤erencenotsimilaracrosscountries?Indeed, laborincomeismoretaxedthan

capitalincomeinEurope, whileitisthecontraryintheU S. R ecentempirical

papers (forinstance, Tabellini and D averi (19 9 7 )) showthatin 19 7 6-9 1, the

e¤ectivetaxrateonlaborreached40.5% inEurope(and27 .7 % inU S), while

thee¤ectivetaxrateoncapitalwasonly32.9 % inEurope(and42.2% inU S)

overthesameperiod.

T hequestionsconcerningthelevelofincometaxationandtheire¤ectshave

beentreated in sofarinvariousways bytheliterature. Someauthors tryto

determinethegrowth-maximizing…scalpolicyandconcludetotheoptimality

ofazerocapitalincometaxinthelongrun(seeJudd(19 85), Chamley(19 9 4),

B ertola(19 9 3)). A notherstreamofliteraturehasadoptedthepointofviewofa

centralplannerwhoseobjectiveistomaximizethesocialwelfaresuchasO rdover

andPhelps(19 7 5, 19 7 6, 19 7 9 ) andR anzagas(19 8 9 ). T heoptimaltaxationmix

istheonethatminimizesthemarginalwelfarecostofredistribution.

Severalauthors have endogenized taxation through politicalmechanism.

T he models related tothis theoreticalstream di¤erby theirinitialmotiva-

tion, thecharacteristicsofthe…scalpolicyandbythetypeofvotersconsidered.

KrusellandR ios-R ull(19 9 4) studyhow…scalandpoliticalconstitutions in‡u-

encetheequilibrium taxrate, economicgrowthandwelfare. Forthispurpose,

theydevelopaneoclassicalgrowthmodelwherein…nitely-livedagentsvotingfor

auniquetaxapplyingtobothcapitalandlaborincome. Fiaschi (19 9 9 ) focus-

ingonthecorrelationbetween inequalityandgrowthconsiders in…nitelylived

agents, heterogeneous interms oftheirinitialcapitalandlaborendowments.

T heyvotefortaxesoncapitalincomeandlaborincomethatarelinkedthrough

anoptimalityconditionatsteadystate. PerssonandTabellini (19 9 4) examine

apoliticalmodeloftaxationwhereagents di¤eringbytheirtimeendowment

voteforlaborincometaxandcapitaltaxlinkedbythebudgetconstraint. T hey
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mainlyfocusonthewaypoliticalinstitutionscansolvethe‘capitallevyproblem’.

R enström (19 96) developsanoverlappinggenerationframeworkofendogenous

taxationwhereyoungindividualshavedi¤erentskilllevelandbequestmotives.

H owever, they vote today fora tax rate thatwillbe levied only tomorrow.

T heyconcludethattheleveloftaxdependsonthemedianbequestmotive. In

B assetto(19 9 9 ), theheterogeneityis relatedtotheage oftheagents andthe

politicaldeterminationof…scalpolicytakes theform ofabargainingbetween

generations.

T his paper…ts inthepoliticaleconomyapproach. O urpurposeistofocus

onthepreferencesofindividualsandthepotentialinter- and intragenerational

con‡icts concerningtheoptimaltaxationmixofcapitalincometaxandlabor

income tax. T here are twomain sources ofobservable heterogeneity across

individuals inmodernsocieties: di¤erences inageandin income. A s aconse-

quenceofthisdoubleheterogeneity, disparitiesofpreferencesarelikelytoarise

regardinglaborandcapitalincometax, theformerhittingmostlytheyoungand

middle-age, thelatterhittingrelativelymoretheold. O ld individuals donot

work, whichmakesthemarelativelyhomogeneousvotinggroupthatmayhave

arelevantpoliticalpower. Youngindividuals di¤erbytheirskilllevel, hence

theirwage. T his heterogeneityandtheexistenceofanunemploymentbene…t

maygeneratevariousoptimaltaxationmixes. O nonehand, taxrateswilla¤ect

di¤erentlythelaborsupplydecisionofeachindividual. O ntheotherhand, each

individualmayvaluedi¤erentlythechangeincapitalincometaxationthatis

necessarytobalancethegovernmentbudgetconstraint.

W e develop ageneralequilibrium modelin a steady state settings. W e

consideradoubleheterogeneity: individualsdi¤erbythegenerationstheybelong

toandbytheireconomicskills. L aborsupplyisendogenized inawaywebelieve

tobeclosetotheactualindividualbehavior: whenyoung, agentsmustdecide,

nottheamountoftimetheywillworkbutratherwhethertheywillworkorget

anunemploymentallocation. T hegovernmenttaxes laborandcapitalincome

inorderto…nanceitsconsumptionandasocialsecuritysystemwithatransfer
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totheunemployedandatransfertotheold. T heleveloftheseexpenditures is

assumedtobe…xedsothatthelaborincomeandcapitalincometaxarelinked

throughthegovernmentbudgetconstraint. Youngandold individuals choose

a…scalpolicy, whichwillbevalidtodayandtomorrow. A fterhavingexpressed

theiroptimalpreferencesforataxcombination, individualswilldecidetowork

ortoremainunemployed. Inathirdstage, theywillsmooththeirconsumption

overtheirremaininglifetime.

T hismodelallowsustoinvestigatethepreferencesofagents (youngversus

old, lowskilledversushighskilled)overthetaxationmethodto…nanceagiven

socialsecuritysystem. H ence, thepreferencesofagentsdonotdependonthe

levelofthee¤ects ofthetaxation, onthelevelofsocialtransfers, noronthe

price e¤ects. T heyratherdepend on thedirectincomee¤ects ofeach taxa-

tionmethodandontheindirecte¤ectsonthelaborsupplyandhenceonthe

governmentbudget. D espitetheheterogeneityofyoungindividuals, wefound

thattheyarenormallydivided inonlytwocategories accordingtotheirpref-

erences, independentlyoftheiremploymentstatus. H igh-skilledyoungagents

willmostlypreferazerolaborincometax, whilelowskilledwillfavoravery

lowcapitalincometax. O ntheotherhand, old individuals arehomogeneous

intheirchoiceandallfavorthesametaxationpolicy.

T hepaperis organizedas follows. In section 2, wepresenttheeconomic

modelandsolvetheconsumer’s problem. In section3, weanalyzetheprefer-

ences overtaxation ofoldandyoungindividuals withvarious skilllevels. In

section4, weillustratethetheoreticalpredictionswithspeci…crealisticvalues.

Section5 concludes.

2 TheEconomicEnvironment

W edevelopadynamicgeneralequilibrium modelwithoverlappinggenerations

ofheterogeneous individuals, wholivefortwoperiods1. T imetisdiscreteand
1Each periodrepresentingapproximately30 years.
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goesfrom 0 to1 .

2.1 TheProductionSide

Firms ineconomyproduceonegoodusingalinearproductiontechnology, as-

sumedtobethesameineachperiod:

F (Kt;L t)=R Kt+ wL t (1)

withKtand L ttheinputofphysicalandhumancapitalattimet,

R = 1 + r thegross interestrateassumingfulldepreciationofcapital

eachperiod,

andwthewagepere¢ciencyunitoflabor.

T his linearproductionfunctionischosenonsimplicitygrounds. Itleadsto

constantfactorprices(w;1 + r)andallowstofocusonthepoliticalpreferences

regardingtotwodi¤erenttaxingmethods, whilekeepingtheeconomicstructure

simple.

2.2 TheConsumerSide

Individualsareheterogeneous: theybelongtotwogenerationsandhavedi¤erent

innateproductionskillse: Skillleveleisacontinuousvariabledistributedonthe

support(0 ;1 )accordingtoauniform probabilitydensityfunctionf(e), which

isconstantovertime.

T hepopulation(N t) isassumedtogrowataconstantraten:

N t+ 1 =N t(1 + n) (2)

Each individualelives fortwoperiods, onlyworks inthe…rstperiodand

consumes in both periods. H e is assumed tohave the followinghomothetic
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lifetimeutilityfunctionde…nedoverconsumptionwhenyoung(ce)andold(de):

Ve=lnce+ ¯ lnde (3)

where ¯ < 1 is the subjectivediscountfactor. W ith this speci…cation, the

intertemporalelasticityofsubstitutionisequaltoone.

Inthe…rstperiod, eachindividualcanbeemployedorunemployed. Ifem-

ployed, heearnswageincomenetoftaxes(ew(1¡¿L ))with¿L thelaborincome

taxrate, identicalineveryperiod. Individuallaborsupplyis setequaltoone.

Ifunemployed, heearnsanunemploymentsubsidyb, whichisnottaxable. In

thesecondperiod, eachindividualisretired. W henold, heearnsareturnnetof

taxesof(1 + r(1 ¡¿K))onsavingsmadewhenyoung(se), with¿K thecapital

incometaxrate, notchangingovertime. H econsumes his entire incomeand

doesnotleavebequests.

U ndertheseassumptions, theindividualbudgetconstraintsofayoungand

oldindividualerespectivelyare:

ce+ se=ew(1 ¡¿L )¹ + b(1 ¡¹) (4)

de=se(1 + r(1 ¡¿K)) (5)

with ¹ adummyvariableequaltoonewhen employedandtozerowhen

unemployed.

Eachindividualwillsmoothhisconsumptionovertimeinordertomaximize

hislifetimeutility:

M AX seln[ew(1 ¡¿L )¹ + b(1 ¡¹)¡se]+ ¯ ln[se(1 + r(1 ¡¿K))]

s.t. (4) and(5).
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U singthe…rstordercondition, wecancomputetheoptimalsavingsofthe

workerwithskille:

s¤e=
¯

1 + ¯
£
ew(1 ¡¿L )

¤
(6)

Savingsdependpositivelyoneducation levele, onthesubjectivediscount

factor¯ , butnegativelyonthelaborincometaxrate. W ithalog-linearutility

function, themarginalpropensitytosaveis independentonthe interestrate,

henceoncapitalincometax.

T heoptimalsavingsofunemployedindividualsaregivenby:

s¤u=
¯b

1 + ¯
(7 )

Savingsarealwayspositivewithw;b> 0 and 0 ·¿L ·1 .

Todetermine ifhewillworkornot, individualwith skillecompares the

indirectutilityineachsituation. Individualewillworkif:

ln[
eŵ
1 + ¯

]+ ¯ ln[
¯

1 + ¯
(eŵ·R )]

> ln[
b

1 + ¯
]+ ¯ ln[

¯
1 + ¯

(b·R )] (8)

with ·R =1 + r(1 ¡¿K)

ŵ=w(1 ¡¿L )

Equation (8) implies thatindividuale is employed ifhis after-taxwage is

abovetheunemploymentsubsidy(b), namelyifhisskillisabovesomeminimum

level: e> eminwith

emin=
b

w(1 ¡¿L )
(9 )

W enoticethatdemin
d¿L > 0 and d2emin

d(¿L )2 > 0 forevery¿L > 0 .

A ggregatelaborsupplyine¢ciencyunitisgivenby:

L st(¿)=N t

Z 1

emin
ef(e)de=N t (

1
2
¡(emin)2

2
) (10)
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H umancapitalisprovidedbyafractionoftheyoung. Itdependsnegatively

onthelaborincometaxation: thehigherthelaborincometaxrate, thehigher

emin, andthelowerthelaborsupply.

D e…nition1 Sinceemin · 1 , thereexists an upperboundfor¿L abovewhich

allyoungindividualswillbeunemployed: ¿Lmax=1 ¡ b
w.

2.3 M arketequilibriumanddynamics

T heequilibrium pathoftheeconomy is characterizedbythemarketclearing

conditionsforlaborandcapital:

L t= L st(¿
L ) (11)

and

Kt+ 1 =S¤t(¿
L ;b;w;r)=N t[

¯
1 + ¯

(w(1 ¡¿L )(
1
2
¡(emin)2

2
)+ bemin)] (12)

T hephysicalcapitalstockint+ 1 isdeterminedbyaggregatesavings (S¤t)

ofthepreviousperiod:

Kt+ 1

N t+ 1
=
Kt

N t
=k=

1
1 + n

¯
1 + ¯

·
w
2
(1 ¡¿L )(1 ¡ b2

w2(1 ¡¿L )2
)+

b2

w(1 ¡¿L )

¸

N otethatthegrowthrateofaggregatesavingsonlydependsonthegrowth

rateofpopulation, becausethelinearproductionfunctionexcludespricee¤ects.

W henlaborincometaxationischanged, theeconomyjumpsfrom onesteady-

statetoanotherintheperiodafterthemodi…cation. T hesteadystatecapital

stocknegativelydependson¿L becauseitreducesthenetincomeofworkers:

@k
@¿L

=
1

1 + n
¯

1 + ¯

h
¡w
2
(1 ¡e2min)

i
< 0 (13)

2.4 G overnment

G overnmentinsuresaminimum incomeguaranteetoeveryindividual. Inorder

to…nancethe unemploymentsubsidies and its consumption (gdenotingthe
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constantpercapitagovernmentconsumption), thegovernmentlevies taxeson

laborandcapitalincome. T hegovernmenthas fourinstruments (¿L ;¿K;b;

g) andmustbalancethebudgeteveryperiod. Consequently, thetwotaxrates

mustsatisfyineachperiodthefollowinggovernmentbudgetconstraint:

bemin+ g¡¿L w(
1
2
¡(emin)2

2
)¡¿K rkt=0 (14)

withktdenotingthepercapitacapitalstockinperiodt. W econstrainthe

taxratestobepositiveandsmallerthanone(0 ·¿L ·1 and 0 ·¿K·1 ).

Capitalincometaxcanbeexpressedasafunctionof¿L :

¿K´©(¿L )=
1 + n
r

1 + ¯
¯

2
4 1 ¡

w
2 (1 ¡ b2

w2(1¡¿L )2)¡g
w
2 (1 ¡¿L )(1 ¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

3
5 (15)

wherecapitalstockisreplacedbyitssteadystatevalue.

T his equation(15) showsthattoevery¿L correspondsoneunique¿K, for

givenprices (r;w) andgivengovernmentexpenditures(g, b):

A n increase in laborincometaxwillproducean ambiguous e¤ecton the

capitalincometaxnecessaryto…nancegivengovernmentexpenditures:

d©(¿L )
d¿L

=
(1 + n)(1 + ¯)

r̄
h
w
2 (1 ¡¿L )(1 ¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

i¤

2
664

¡w
2 (1 ¡emin2)+ b(1 + ¿L

1¡¿L )
demin
d¿L +Ã

1 ¡
w
2 (1¡ b2

w2(1¡¿L )2)¡g
w
2 (1¡¿L )(1¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

!
w
2 (1 ¡emin2)

3
775 (16)

First, theriseinlaborincometaxincreases therevenueraisedfrom each

worker, whichallowstoreducethetaxationoncapitalincome(¡w
2 (1 ¡emin2)).

H owever, increasingthetaxationoflaborincomelowerstheincentivestowork,

decreasingbythiswaythenumberofcontributorstothesystemandincreasing

thenumberofunemployedto…nance. T hislaborsupplye¤ect(b(1 + ¿L
1¡¿L )

demin
d¿L )
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requiresanincreaseofthecapitalincometaxation. T hird, ahigherlaborincome

taxreducesthepercapitacapitalstock, hencethetaxbasisforcapitaltaxation.

T his capitalaccumulation e¤ect is re‡ected inthethirdterm ofthebrackets

intheaboveexpression. T hesignofthetotale¤ectdepends ontherelative

importanceofthethreecomponents, whichinturndependsontheparameters

values (b, w, g) andonthevalueof¿L . Since d2emin
d(¿L )2 > 0 , thehigheris ¿L ,

thelargerwillbethepositivelaborsupplye¤ect. W hen ¿L is equalto¿Lmax
(=1 ¡b

w), onlythepositivelaborsupplye¤ectremains. Inaddition, thehigher

theratio b
w, thelargerwillbethelaborsupplye¤ectrelativelytotherevenue

andcapitalaccumulatione¤ects. O ntheotherhand, thelargerthegovernment

expenditures, thelargerthecapitalaccumulatione¤ectwillbe.

T he revenue e¤ectdominates for¿L close tozero i¤ the unemployment

subsidiesandthegovernmentconsumptionarenottoolarge:

d©(¿L )
d¿L

j¿L =0 < 0 , 0 < g<
µ
1
4
¡ b2

w2
¡ b4

4w4

¶
2w3

w2¡b2

with
b
w

< 0 :486 (17 )

T hecondition on b
w insures thatg is notnegative. Seeappendix 1 fora

proof.

W ewillsupposethatthis condition is always satis…ed. Forverysmall¿L ,

thelaborsupplyandcapitalaccumulatione¤ectsdonotovercometherevenue

e¤ect, sothatan increase in the laborincometaxallows areduction in the

capitalincometax.

Condition(17 )togetherwithd©(¿L )
d¿L j¿L =¿Lmax > 0 andthecontinuityof©(¿L )

for0 < ¿L < 1 ¡ b
w imply:

Proposition2 I¤ g< w
2 ;thereexists auniquelaborincometax¿L¡ thatmin-

imizes thecapitalincometax. Itis de…nedbythefollowingcondition:

d©(¿L¡)
d¿L

=0 and 0 < ¿L¡ < 1 ¡ b
w
:

10



H ence,

¿L¡=1 ¡ b
w

vuut 1 ¡ g
2w +

q
5
4 ¡

3g
2w + g2

4w2

1
2 ¡

g
w

(18)

Seeappendix1 foraproof. T heconditiononginsuresthatthegovernment

consumption is nottoolargeincomparisontothetaxbasis sothatitcanbe

…nancedwithacombinationoftaxbetween0 and1.

3 Individualpreferencesovertaxation

T his sectionanalyzes thepreferencesofindividuals regardingtotheiroptimal

combinationofcapitalincometaxandlaborincometaxto…nancesuchase-

curity system, abstractingfrom any strategicconsideration. W e investigate

whethertheactualbreakdownoftaxation burden between laborincomeand

capitalincome re‡ects the preferences ofthe majority ofindividuals orthe

choicesofsomeofthem.

Tobeabletode…nethepreferencesofindividualsoveracombinationoftwo

taxrates, welinkthem viathebudgetconstraint. W esupposetheunemploy-

mentbene…tbaswellas thecurrentgovernmentconsumptiong…xed. W edo

notlookatthelevelofthesocialsecurityallocationsbutweinvestigatethepref-

erencesofindividualsoverthetaxationmixaimedat…nancingthisgivensocial

securitysystem. T heirpreferenceswillthendependonthee¤ectsoftaxation

onthelaborsupply(henceonthegovernmentbudget)andontheredistributive

characteristicsofeachtaxationmethod.

Twodi¤erentcategories ofindividuals mustbeconsidered: oldandyoung

individuals.

R egardingtheirtaxationpreferences,oldindividualsarehomogeneous. T hey

willchoosethecombinationoftaxratesthatmaximizestheirutilityintheirlast

periodoflife.
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W henexaminingthepreferencesofyoungagentsoverthebreakdownofthe

taxationburden, weassumethatagentsexpectthisbreakdowntoprevailnext

periodaswell. Youngindividuals di¤erbytheirskilllevel, whicha¤ects their

decisiontoworkornot, andmaythereforehavedi¤erentoptimalchoices. Since

thetaxcombinationin‡uencesthelaborsupplydecision, thedeterminationof

theoptimaltaxcombinationforeachyoungindividualrequirestwosteps. First,

hedetermines theoptimaltaxcombination incaseheworksandincaseheis

unemployed. Second, hecompareshis utilityineachofthesesituations. T he

optimaltaxrateforthisyoungindividualwillbethetaxcombinationthatgives

him thehighestutility.

3.1 Theoptimaltaxchoiceofoldindividuals(¿L¤o ;¿K¤o )

O ldindividualscareonlyaboutcurrentconsumptionandmaximizetheirutility

inperiodzero:

V o
e =lnde=ln[se(1 + r(1 ¡¿K))]

s.t.

¿K´©(¿L )= 1 +n
r

1 + ¯
¯

"
1 ¡

w
2 (1¡ b2

w2(1¡¿L )2)¡g
w
2 (1¡¿L )(1¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

#

and

0 ·¿K·1 and 0 ·¿L ·1 .

O lddonotsupportlabortaxationanymoreandtheirutilityis strictlyde-

creasingin ¿K. H ence, thetaxcombinationthatmaximizes theirwelfarewill

betheonethatminimizes the capitalincometaxation, whilerespectingthe

governmentbudgetconstraint. T heychoose:

If0 ·©(¿L¡)·1 :

¿L ¤o =¿L¡ and¿K¤o =©(¿L¡).

If©(¿L¡)< 0 :

¿K¤o =0 and¿L ¤o ´M in { ¿L :©(¿L )=0 } 2.
2W eassumethatifanindividualis indi¤erentbetweentwotaxrates, hechoosesthelowest

one.
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If©(¿L¡)> 1 , wewouldhavesolargegovernmentexpenditures (veryhigh

g, b) thatitcouldnotbe…nancedwithanytaxcombinationbetween0 and1.

W eexcludethiscase.

3.2 Thepreferredtaxchoiceofyoungindividuals

Youngindividualwithskilllevelehastwotypesofpreferences: whenemployed

orunemployed. T heoptimaltaxes forindividualewillbeeithertheoptimal

taxratesofaworkerwithskille, eithertheoptimalchoiceofanunemployed,

dependingontheonethatgiveshim thehighestutility.

3.2.1 Preferencesofyoungunemployedindividuals (¿L ¤u ;¿K¤u )

U nemployed individuals choosethe combination oflaborand capitalincome

taxesthatmaximizestheirutilityovertheirlifetime:

V u=ln[
b

1 + ¯
]+ ¯ ln[

¯
1 + ¯

(b(1 + r(1 ¡¿K)))] (19 )

s.t.

¿K´©(¿L )= 1 +n
r

1 + ¯
¯

"
1 ¡

w
2 (1¡ b2

w2(1¡¿L )2)¡g
w
2 (1¡¿L )(1¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

#

and 0 ·¿K·1 and 0 ·¿L ·1

T heutilityofunemployedonlydependson¿K. H ence, wecanderiveitwith

respecttothecapitalincometax:

@V u

@¿K
=¡ 1

c¤u

r
1 + r(1 ¡¿K)

s¤u < 0 (20)

withs¤u de…nedby(7 ) andc¤u = b
1 + ¯ .

T heutilityofunemployedisdecreasingin¿K andwillbemaximizedwith

theminimalcapital income tax compatible with the budgetconstraint:

¿K¤u =maxf0 ;©(¿L¡)g. T hecorrespondinglaborincometaxwillbe: ¿L ¤u ´M in

{ ¿L :©(¿L )= 0 } or¿L¡ . T heirpreferences areinthis casesimilartotheone

oftheretirees.
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3.2.2 Preferencesofyoungemployedindividuals (¿L ¤we;¿K¤we)

Youngemployedindividualscareaboutthepresentandthefutureandtheyare

subjecttobothlaborincomeandcapitalincometaxation.

Youngworkingindividualewillpreferthetaxcombinationthatmaximizes

his indirectlifetimeutilityV w
e :

V w
e = ln[(ew(1 ¡¿L )¡s¤e)]+ ¯ ln [s¤e(1 + r(1 ¡¿K))] (21)

s.t.

¿K´©(¿L )= 1 +n
r

1 + ¯
¯

"
1 ¡

w
2 (1¡ b2

w2(1¡¿L )2)¡g
w
2 (1¡¿L )(1¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

#

0 ·¿K·1 and 0 ·¿L ·1

ands¤e=
¯
1 +¯ew(1 ¡¿L )

A n increaseoflaborincometaxation has twoe¤ects on theutilityofthe

worker: adirectnegativerevenuee¤ectbyreducingthenetwageincomeand

anambiguous indirecte¤ectbychangingthecapitalincometax:

dV w
e

d¿L
´

·
¡ew¡s¤e

r
1 + r(1 ¡©(¿L ))

d©(¿L )
d¿L

¸
1
ce

= ¡ 1 + ¯
1 ¡¿L

¡ ¯
1 + ¯

r
1 + r(1 ¡©(¿L ))

d©(¿L )
d¿L

(22)

with d©(¿L )
d¿L de…nedby(16).

T hesignoftheindirecte¤ectdependsonthesignofd©(¿L )
d¿L sincesavings

foremployedworker(s¤e)arealways positive. W hen d©(¿L )
d¿L < 0 , theindirect

e¤ectispositivebecausethesavingsrevenuearelesstaxed(andinverselywhen
d©(¿L )
d¿L > 0 ). H ence, ayoungemployedindividualwillwishapositivetaxrate

onlaborincomeifanincreaseinthelaborincometaxallowsasu¢cientlylarge

reductioninthecapitalincometax, namelyifd©(¿
L )

d¿L isverynegative. H owever,

themagnitudeofd©(¿L )
d¿L decreaseswiththeratio 1 +r

1 +n: thesmallernandthe

largerr, thesmallerthelaborincometaxbasis, thelargerthecapitalincome

taxbasisandthesmallerwillbethevariationof¿K followingachangein¿L .
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Iftheratio 1 +r
1 +n is su¢cientlylarge, theutilityofworkerisdecreasingin ¿L

andismaximizedin¿L ¤we=0 . Proposition3givesasu¢cientconditionforthe

utilityofworkertodecreasein¿L :

Proposition3 T heutilityofworkerdecreaseswithlaborincometaxif 1 +n
1 +r is

su¢cientlylarge:

dV w
e

d¿L
< 0 forall b

w
< 1 andforall0 < ¿L < 1 ¡ b

w

if
1 + r
1 + n

>
1
¯
+
1 + ¯
¯

g
w

when ¯ >
g
w

1 ¡ g
w

andif
1 + r
1 + n

>
w
¯b

+
1 + ¯
¯

g+ b¡w
b

when ¯ <
g
w

1 ¡ g
w

Inthiscase, thetaxationmixmaximizingtheutilityofeveryworkeris : ¿L ¤we=

0 and ¿K¤we = ©(0)if©(0 )· 1 . If©(0)> 1 , ¿K¤we = 1 and ¿L ¤we = M in

{ ¿L :©(¿L )=1 }

Seeappendix2 foraproof.

3.2.3 Preferencesofyoungindividuals

T heoptimaltaxrateforayoungindividualis theonethatprovides him the

highestutility. Youngindividualwithskilllevelewillcomparetheutilitywith

theoptimaltaxwhen employedandunemployed, namelythe indirectutility

obtainedinsection3.2.1 and3.2.2.

U sing(6), (19 ) and (21), itis easytoseethatindividualwithskilllevele

willpreferthetaxationmix(¿K¤u , ¿L ¤u )i¤ :

V u > V w
e

orequivalently

¯ ln[
¯

1 + ¯
b·R u]¡¯ ln[

¯
1 + ¯

·R eeŵ]

> ln[
1

1 + ¯
eŵ]¡ln[

b
1 + ¯

] (23)
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with
·R e=1 + r(1 ¡¿K¤we)
·R u=1 + r(1 ¡¿K¤u )

ŵ=w(1 ¡¿L ¤we)
·R u¸ ·R ewiththestrictinequalityifthesu¢cientconditionofproposition

3 is satis…ed(since¿K¤u =maxf0 ;©(¿L¡)gand¿K¤we=minf1 ;©(0 )g).

T heleft-handsideof(23) expressesthegaininthesecondperiodconsump-

tionifheisanunemployedratherthanaworker. T heterm ontheright-hand

sidere‡ectsthepotentialgaininthe…rstperiodifheworksratherthanbeing

unemployed. Since¿K¤u is theminimalcapitalincometaxcompatiblewiththe

budgetconstraint, the return on capitalis higherifhedecides tobe unem-

ployed( ·R u¸·R e). O ntheotherhand, youngindividualwithskilllevelemust

alsotakeintoaccountthedi¤erenceinnetincomeinthe…rstperiod(namely

b¡ew(1 ¡¿L ¤we)), whichmaybepositiveornegative, dependingonhisskilllevel

andonhisoptimaltaxrateincaseheworks( ¿L ¤we). H ence, theoptimalmixof

taxationforindividualewillbetheoneofanunemployedi¤ thegain interm

ofcapitalincomeinthesecondperiodoutweighs theeventualloss intermsof

netwage.

U sing(23), onecanidentifytheindividualswithsuchpreferences. Individual

ewillchoosetheoptimaltaxofanunemployedifhisskillleveleis lowerthan

athreshold:

e<
b
ŵ

2
4
µ ·R u
·R e

¶ ¯
1 + ¯

3
5 (24)

R elativelylow-skilledindividualswouldchoosealowcapitaltaxandwould

prefertobeunemployed. T hethresholddependson¿L ¤weandmaybedi¤erent

foreach individual. If 1 +r
1 +n is su¢ciently high (proposition 3 satis…ed), this

thresholdis identicalforallindividuals.

T his thresholdmaybehigherorlowerthanemin = b
w(1¡¿L ), with ¿L the

e¤ectivelaborincometaxresultingfrom thepoliticalprocess (notnecessarily
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equalto¿L ¤we, thetaxratepreferredbyindividuale). Ifemin ishigherthanthis

threshold, somelow-skilled individuals (with elargerthanthis thresholdbut

lowerthanemin) wouldprefertoworkwithalabortaxrate¿L ¤we , whilethey

willbee¤ectivelyunemployed. O ntheotherhand, ifthee¤ectivelaborincome

taxrateis low(forexample¿L = 0 withemin = b
w), thethreshold is higher

thanemin3: somelow-skilledworkerswouldprefertobeunemployedandwould

voteforthetaxationmix(¿K¤u , ¿L ¤u ), eveniftheunemploymentbene…tislower

thantheirexpectednetwageincasetheywork.

N otealsothatthehighertheunemploymentbene…tb, thehigherwillbe

thethreshold. A higherunemploymentbene…tincreasesthereforethenumber

ofindividualsthatwillpreferthemixoftaxation(¿K¤u , ¿L ¤u ).

3.3 Themajorityvotingsolution

U nderproposition 3, weobtain corner solutions forthepreferences ofevery

agent. O ld individuals preferthe lowestpossible capital income tax. Very

low-skilledyoungagents willhavethesamepreferences. O n theotherhand,

high-skilledagentswillfavorthelowestpossiblelaborincometax. A ccordingto

theirpreferences, populationcanbedivided intwogroups. T helargestgroup

couldimposehispreferredtaxationmixincaseofmajorityvoting. T helower

thepopulation growth and thehighertheunemploymentbene…ts, themore

laborincometaxationwillbefavored.

4 Illustrations

In section3, wehaveseenthatthereexistthreecategories ofindividuals re-

gardingtotheirpreferencesoverthe…nancingmethodofagivensocialsecurity

system:
3T hethreshold is indeedalways higherthan b

w , theminimalskilllevelunderwhich indi-

vidualswillalways beunemployed. Seeappendix3 foraproof.
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- O ldindividuals whowishthelowestpossiblecapitalincometaxthat

respectsthegovernmentbudgetconstraint.

-Youngindividuals whoprefertheoptimaltaxes foremployed, witha

skilllevelsuchthatthewageincomegain is su¢cientlylargetoovercomean

potentialloss intermofcapitalrevenue.

- Youngindividuals whoprefertheoptimaltaxesforunemployed.

Sincethede…nitionofthesecategories aswellastheoptimaltaxcombina-

tionineachcasearecomplexexpressionsofparametersthatobscureeconomic

intuition, weillustratethembytakingsomespeci…crealisticvaluesforthepa-

rameters.

w 1 r 3:1 3

b 0 :1 n 0 :1 6

g 0 :28 ¯ 0 :4
Table1: Parametersvalues

W enormalizethewageratew to1 . T hevalueoftheunemploymentallo-

cationbsatis…es(17 ). bin‡uencestheunemploymentratesinceallindividuals

withe< b
w willalwaysbeunemployed. W ithauniformdistribution, thiswould

imply aminimalunemploymentrate of10 percent4. T hevalues ofrand ¯

correspondrespectivelytoannualvaluesof4:84% and 0 :97. W iththesevalues,

thecapitalincome/laborincomeratiocloseto3=7. T hepopulationgrowthcor-

responds totheannualgrowthrateoftheEU inthenineties. T hevalueofg

corresponds toaratioofpublicconsumption overoutputofalmost20% and

impliesthatthelaborincometaxwillneverbesu¢cientto…nancethegovern-

mentexpenditures5. Totestthesensitivityofourresults, wemadethesame
4A morerealisticdistribution (implyingalowerdensity attheextrema) would lead toa

smallerunemploymentrate.
5T heminimalcapitalincome taxation compatiblewith the budgetconstraintis positive

andclosetozero.
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exercisewithhigherandlowervaluesofunemploymentbene…ts ( b= 0 :2 and

b=0 :0 5)6. T hisdidnota¤ecttheconclusion.

W iththenumbersoftable1, weobtainthefollowingresults.

0.2 0.4 0.6 0.8

0.25

0.5

0.75

1

1.25

1.5

1.75

Figure1: T hegovernmentbudgetconstraint(capitalincometaxinY -A xisand

laborincometaxinX -A xis)

A s stressedbyequation(18), thegovernmentbudgetconstraintis strictly

convexbetween0 and¿Lmaxandreachesauniqueminimumin¿L¡=71 :54%. For

lowervaluesof¿L , an increaseinthelaborincometaxallowsareductionthe

capitalincometax. For¿L > ¿L¡, thelaborsupplye¤ectdominatestherevenue

e¤ectandanincreaseinthelaborincometaxrequiresanincreaseinthecapital

incometaxto…nancethelargernumberofbene…ciaries(seeequation(16)).

O ldindividualspreferthelowestpossiblecapitalincometaxationrateas

seen in section 3.1. T heiroptimaltax combination is ¿L¡ = 71 :54% and its

correspondingcapitalincometax¿K¤o =1 :30 %.
6T he values of g was adapted in each case to keep the minimal income close to zero

(respectively g = 0:14 and g = 0:37).
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Youngindividualswillcomparetheirutilitywiththeiroptimaltaxrate

whenworkingandwhenunemployed(seesection3.2).

W hen working, theirutility is always decreasingin ¿L foralle (proofin

appendix2). T hereductioninnetwagealwaysovercomesthegainduetothe

decrease in thetaxation ofsavings thatoccurs when ¿L < ¿L¡ (which is the

largestwhen¿L =0 ). T heyallmaximizetheirutilitybychoosing¿L ¤we=0 and

¿K¤we =74:49%. M oreover, thehighertheirskilllevele, thehighertheirindirect

utilityV w
e for¿L =0 (seeappendix2).

Forinstancewith e= 0 :5;the utility depends in this way on ¿L when

working:

0.2 0.4 0.6 0.8

-3.5

-2.5

-2

Figure2: Indirectutilityofayoungemployedasafunctionoflaborincome
tax

Youngindividualswithskilllevele=0 :5 willonlyworkwhenlaborincome

taxationrateis lowerthan 80 %: O therwise, his netwageis smallerthanem-

ploymentbene…tb. H ewillalways preferazerolaborincometaxrateanda

correspondingcapitalincometaxof74:49%. W ith this tax combination, he
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obtainsautilityof¡1 :5732.

W hentheyareunemployed, theirutilitydepends inthiswayon¿K:

0.2 0.4 0.6 0.8 1

-3.9

-3.8

-3.7

-3.6

-3.5

Figure3: Indirectutilityofayoungunemployedasafunctionofcapitalin-
cometax

T heirutilityisalwaysdecreasingin¿Kasindicatedin(20)sincetheirsavings

arepositive. T heywillchoosethelowestpossiblecapitalincometax: ¿K¤u =

©(¿L¡)=1 :30 % and¿L ¤u = ¿L¡=71 :54%. T heywillgetautilityof¡3:497.

Comparingthe utility ofindividualwhen workingandwhen unemployed,

onecan seethatevery individualwithaskilllevelhigherthanthethreshold

e=0 :1 265willprefer¿L ¤weand¿K¤we. T histhresholdisuniquesinceallindividuals

chooseazerolaborincometaxwhentheywork. A s canbeseen in …gure4,

individuale= 0 :1 265 gets thesameutilitywhenworking(¿L = 0 ) andwhen

unemployed(¿L =71 :54%).

H ence, low-skilledindividualswillprefer¿L ¤u andaverylowcapitalincome

tax, eveniftheunemploymentbene…tislowerthantheirexpectednetwagein
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0.2 0.4 0.6 0.8

-4.4

-4.2

-3.8

-3.6

Figure4: Indirectutilityofayoungindividualwithe= 0 :1 265 whenworking

andwhenunemployedasafunctionoflaborincometax

casetheywork. W ith¿L ¤we= 0 ;this isthecaseforindividualswithskilllevels

between[0 :1 ;0 :1 265]. T hishappensbecausethegainduetoahighernetcapital

incomemorethanoutweighsthiseventualloss interm oflaborincome.

W ith theparametervalues oftable1, weobtain single-peakedpreferences

andcornersolutionsforallindividuals, aconclusionthatholdsforthealterna-

tivevalues aswell. T hereexistthreetypes ofpreferences : old individuals,

low-skilled individuals (with e < 0 :1 265) and high-skilled individuals. Two

featuresmustbestressed. First, wenoticethatdespitetheheterogeneityof

youngindividuals, onecandividethem inonlytwocategoriesaccordingtotheir

preferences, independentlyoftheire¤ectiveemploymentstatus. H igh-skilled

youngagents willpreferazerolaborincometax, while low-skilledwillfavor

averylowcapitalincometax. Second, wenoticethatlow-skilledyoungin-

dividuals havethesamepreferences as theold. T heycouldform apolitical

majorityinthiscase, sustainingaverylowcapitalincometax. W ithalowerb
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andlessunemployedindividuals, amajority(composedofhighskilledagents)

couldsustainalowlaborincometaxas intheU nitedStates.

5 Conclusion

T hepoliticalsupportofcapitalincomeandlaborincometaxeshasoftenbeen

studiedseparately. Inthispaperweexaminethepreferencesofvotersregarding

bothtaxes. W elookatthewaygovernmentconsumptionandagivensocial

securitysystem withunemploymentallocationscanbe…nanced. W econsider

adouble heterogeneity ofvoters : individuals belongtotwogenerations and

thereexistsacontinuityofskilllevel. W eanalyzethepreferredtaxationpolicy

mixofeachagent. Everyagentmusttakeintoaccounthoweachtaxationmay

diminishhisrevenueandtowhatextentachangeofonetaxrequiresachangeof

theothertax. A taxmodi…cationalsoin‡uencestheendogenouslaborsupply.

O ldagents always choosethelowestpossiblecapitalincometaxrateand

thecorrespondinglaborincometaxrate. D espitethecontinuityofskillnessof

youngagents, youngagents vote inonlytwoways. H igh-skilledvoters prefer

thelowestpossiblelabortaxtominimizeitsdominantnegativerevenuee¤ect.

L ow-skilledagents on theotherhandpreferalowcapitalincometax : they

voteas iftheywereunemployedandwanttomaximizecapitalincome. W ith

ahigh unemploymentallocation, amajorityofvoters (acoalition ofoldand

low-skilledyoungvoters) sustainthelowestpossiblecapitaltax. W ithalow

unemploymentbene…t, weobtain amajority(high-skilledagents) in favorof

lowlabortaxes.

Futureresearchcouldcomparethepreferences ofagents overlaborversus

consumptiontaxes, aquestionoftenraisedbypoliticians inrecentyears. W e

couldalsoendogenizethelevelofunemploymentbene…ts.
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6 A ppendix

6.1 Theshapeofthebudgetconstraint

T hebudgetconstraintcanbewrittenas:

¿K´©(¿L )=
1 + n
r

1 + ¯
¯

2
4 1 ¡

w
2 (1 ¡ b2

w2(1¡¿L )2)¡g
w
2 (1 ¡¿L )(1 ¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

3
5

T heslopeofthisfunction©(¿L )isgivenby:

d©(¿L )
d¿L

=
(1 + n)(1 + ¯)

r̄
h
w
2 (1 ¡¿L )(1 ¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

i¤

2
664

¡w
2 (1 ¡emin2)+ b(1 + ¿L

1¡¿L )
demin
d¿L +Ã

1 ¡
w
2 (1¡ b2

w2(1¡¿L )2)¡g
w
2 (1¡¿L )(1¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

!
w
2 (1 ¡emin2)

3
775

R eplacingemin andmanipulatingtheexpression, itcanalsobewrittenas:

d©(¿L )
d¿L

=
(1 + n)(1 + ¯)

r̄
h
w
2 (1 ¡¿L )(1 ¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

i2 ¤

µ
b2

(1 ¡¿L )2
+

b4

4w2(1 ¡¿L )4
¡w2

4
+
gw
2
(1 ¡ b2

w2(1 ¡¿L )2
)
¶
(25)

Todeterminetheshapeofthefunction©(¿L ), wecomputethevalueofits

slopeatthetwoextremaofthelaborincometax(¿L = 0 and ¿L = ¿Lmax =

1 ¡ b
w).

W hen¿L =0 :

d©(¿L )
d¿L

j¿L =0 =
(1 + n)(1 + ¯)

r̄
£w
2 (1 ¡ b2

w2)+
b2
w

¤

¤
µ
b2 +

b4

4w2
¡w2

4
+
gw
2
(1 ¡ b2

w2
)
¶

T he…rstterm inthemultiplicationisalwayspositive. T hesecondterm isnega-

tiveifthepercapitapublicconsumptionisnottoolarge: i¤ g<
³
1
4 ¡ b2

w2 ¡ b4
4w4

´
2w3

w2¡b2

. Sinceg> 0 ,
³
1
4 ¡ b2

w2 ¡ b4
4w4

´
2w3

w2¡b2 mustbepositive. T hiswillbethecaseif

unemploymentbene…ts arenottoolarge: b
w <

p
5¡2 = 0 :486. T his leads to

theconditionofequation(17 ).
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W hen¿L =¿Lmax=1 ¡ b
w, theslopeof©(¿L )ispositive:

d©(¿L )
d¿L

j¿L =¿Lmax=
(1 + n)

r
(1 + ¯)

¯
w2

b2
> 0 (26)

H ence, the function©(¿L )is downwards sloping in ¿L = 0 andupwards

slopingin ¿Lmax. Tocomputetheminimum ofthis function(¿L¡), weneedto

…ndthevalueof¿L thatsatis…es:

d©(¿L¡)
d¿L

=0 and 0 < ¿L¡ < 1 ¡ b
w

Sincethe…rsttermof(25) isalwayspositive, theminimummustsatisfy:

b2

(1 ¡¿L )2
+

b4

4w2(1 ¡¿L )4
¡w2

4
+
gw
2
(1 ¡ b2

w2(1 ¡¿L )2
)=0

T hisequationcanbeexpressedasasecondorderequationin(1 ¡¿L )2 :

a(1 ¡¿L )4 + b(1 ¡¿L )2 + c=0

with a=
¡gw
2 ¡ 1

4

¢

b= b2
w2

¡
1 ¡ g

2w

¢

c= b4
4w2

If g< w
2 , thisexpressionisconcave(a< 0 , b> 0 , c> 0 ) andhasonlyone

positiverootgivenby:

(1 ¡¿L¡)
2 =

1 ¡ g
2w +

q
5
4 ¡ 3g

2w + g2
4w2

1
2 ¡

g
w

b2

w2

orequivalentlyby:

¿L =¿L¡=1 ¡ b
w

vuut 1 ¡ g
2w +

q
5
4 ¡ 3g

2w + g2
4w2

1
2 ¡

g
w

T helaborincometaxrate¿L¡ isthereforetheuniquelaborincometaxthat

minimizesthecapitalincometax.
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6.2 Thepreferencesofyoungemployedindividuals

T hepreferencesofyoungworkingagentewithrespecttothetaxationmixcan

befoundbycomputingthederivativeofhis indirectutilitywithrespectto¿L :

dV w
e

d¿L
´

·
¡ew¡s¤e

r
1 + r(1 ¡©(¿L ))

d©(¿L )
d¿L

¸
1
ce

(27 )

with d©(¿L )
d¿L de…nedby(16).

Since the savings ofemployed individuals s¤e is positive forall¿L , this

expression canonlybecomepositive ifd©(¿L )
d¿L is su¢cientlynegativetomake

thesecondterm (¡s¤e r
1 +r(1¡©(¿L ))

d©(¿L )
d¿L ) positiveandlargerthan(ew). T his

requires asmallvalueof 1 +r
1 +n. A su¢cientconditionforthis expressiontobe

unambiguouslynegative isthat 1 +r
1 +n islargeenough.

Substituting(16) and(15) in(27 ), weget:

dV w
e

d¿L
=¡(1 + ¯)

1 ¡¿L
¡ ¯
D

µ
b2

(1 ¡¿L )2
+

b4

4w2(1 ¡¿L )4
¡w2

4
+
gw
2
(1 ¡ b2

w2(1 ¡¿L )2
)
¶

withD =
h
w
2 (1 ¡¿L )(1 ¡ b2

w2(1¡¿L )2)+
b2

w(1¡¿L )

i2£
1 + r(1 ¡©(¿L ))

¤
> 0

=

2
4

³
¿L + (1 ¡¿L )1 +r1 +n

¯
1 + ¯

´³
w2
4 ¡ b2

2(1¡¿L )2 +
b4

4w2(1¡¿L )4
´

+ b2
(1¡¿L )

³
1 +r
1 +n

¯
1 + ¯ ¡1

´
+ b2

2(1¡¿L )2
¡
1 ¡ g

w

¢
¡ b4

2w2(1¡¿L )4 ¡
gw
2

3
5

¤(1 ¡¿L )

A ftersomemanipulations, theaboveexpressioncanbewrittenas:

dV w
e

d¿L
=

w2

D
¤

2
6664

b4
w4(1¡¿L )4

³
¿L
4 (¡(1 + ¯)+ ¯ 1 +r

1 +n)+
1
2 +

¯
4 ¡

¯
4
1 +r
1 +n

´
+

b2
w2(1¡¿L )2

³
¿L
2 (¡(1 + ¯)+ ¯ 1 +r

1 +n)+
1
2 ¡

¯
2 ¡

¯
2
1 +r
1 +n +

g
2w(1 + 2¯)

´

+ ¿L
4 (¡(1 + ¯)+ ¯ 1 +r

1 +n)+
¯
4 ¡¯

4
1 +r
1 +n +

g
2w

3
7775

Sincethe…rstratiois positive, thesignofdV w
e

d¿L dependsonthesignofthe

expressionbetweenbrackets. T hisexpression(called¤( b2
w2(1¡¿L )2)) constitutes
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asecondorderequationin b2
w2(1¡¿L )2 :

¤(
b2

w2(1 ¡¿L )2
)=A

b4

w4(1 ¡¿L )4
+ B

b2

w2(1 ¡¿L )2
+ C

with A = ¿L
4 (¡(1 + ¯)+ ¯ 1 +r

1 +n)+
1
2 +

¯
4 ¡¯

4
1 +r
1 +n

B = ¿L
2 (¡(1 + ¯)+ ¯ 1 +r

1 +n)+
1
2 ¡

¯
2 ¡

¯
2
1 +r
1 +n +

g
2w(1 + 2¯)

C = ¿L
4 (¡(1 + ¯)+ ¯ 1 +r

1 +n)+
¯
4 ¡

¯
4
1 +r
1 +n +

g
2w

T hesignof¤( b2
w2(1¡¿L )2)dependsonthesignofA , B , C (determiningthe

signofthetworoots X 1 andX 2), whichinturndependsonthemagnitudeof

theratio 1 +r
1 +n:

C < 0 if 1 +r
1 +n > 1 + 2 gw¡¿L

¯(1¡¿L )

B < 0 if 1 +r
1 +n >

1
¯ +

g
w

1 + 2¯
¯(1¡¿L )¡ 1 +¿L

1¡¿L

A < 0 if 1 +r
1 +n > 1 + 2¡¿L

¯(1¡¿L )

andC < A , B < A (withg< w
2 ) and, if¯ <

1
2 , C < B < A .

A su¢cientconditionfordV we
d¿L < 0 forall0 < b2

w2(1¡¿L )2 < 1 (withg< w
2 )

is:

1 + r
1 + n

>
1 + (1 + ¯)(gw¡¿L )

¯(1 ¡¿L )

Indeed, thisconditionguaranteesthat¤( b2
w2(1¡¿L )2)hasatmostonepositive

root(ifA > 0 ) andthatthis root(X 2) is largerthanone(B < 0 , C < 0 , and

A + B + C < 0 ). If 1 +(1 +¯)(gw¡¿
L )

¯(1¡¿L ) < 1 +r
1 +n < 1 + 2¡¿L

¯(1¡¿L ) , thefunction¤(:)

is convexandis negativeforallvaluesof X 1 < 0 < b2
w2(1¡¿L )2 < X 2 > 1 . If

1 +r
1 +n > 1 + 2¡¿L

¯(1¡¿L ) , ¤(:)isconcaveandisnegativeforallvalues b2
w2(1¡¿L )2 > 0

(thetworootsarenegative).

Todetermineasu¢cientconditionindependentof¿L , wenoticethat:

@
µ
1 + (1 + ¯)(gw¡¿L )

¯(1 ¡¿L )

¶
=@¿L 7 0 i¤ ¯ ?

g
w

1 ¡ g
w

H ence, asu¢cientcondition fordV w
e

d¿L < 0 forall0 < b2
w2(1¡¿L )2 < 1 and

forall0 < ¿L < 1 ¡ b
w is:

27



when¯ >
g
w

1¡g
w
:

dV w
e

d¿L
j¿L =0 < 0 , 1 + r

1 + n
>
1
¯
+
(1 + ¯)

¯
g
w

andwhen¯ <
g
w

1¡g
w
:

dV w
e

d¿L
j¿L =1¡b

w
< 0 , 1 + r

1 + n
>

w
¯b

+
(1 + ¯)

¯
g+ b¡w

b

N oticethattheseconditions arenotnecessary: if 1 +r
1 +n < 1 +(1 +¯)(gw¡¿

L )
¯(1¡¿L ) ,

dV we
d¿L < 0 if b2

w2(1¡¿L )2 is relatively small( b2
w2(1¡¿L )2 < X 2 < 1 ). In addition,

if 1 +r
1 +n < 1 + 2 gw¡¿L

¯(1¡¿L ), thetworootsof¤(:)arenegativeand dV w
e

d¿L > 0 forall
b2

w2(1¡¿L )2 > 0 . T hismayhoweverimplyanegativevaluefor 1 +r
1 +n.

T heillustrativevalueschosensatisfythis su¢cientcondition:

- For¯ =0 :4, w=1 ;b=0 :1 , g=0 :28;r=3:1 3;n=0 :1 6:

¯ >
g
w

1¡g
w

1 +r
1 +n=3:56 > 1

¯ +
(1 + ¯)
¯

g
w=3:48

) d©(¿L )
d¿L j¿L =0 < 0 and dV w

e
d¿L < 0 forall0 < ¿L < ¿Lmax

T herefore, ¿L ¤we=0 8e> emin.

Inaddition, theindirectutilityofayoungworkeris increasingineas can

beseeninthefollowingexpressionwherewehavesubstituted(6) in(21):

V w
e = ln[ 1

1 +¯(ew(1 ¡¿L )]+ ¯ ln[ ¯
1 + ¯ew(1 ¡¿L )(1 + r(1 ¡¿K))]

H ence, thelowertheskilllevelofayoungindividual, thelowerwillbehis

utilityofworkingwhen¿L ¤we=0 .
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6.3 L imitvaluefortheskillleveldeterminingtheoptimal
taxrateofyoungindividuals

T hethresholdisalwayshigherthan b
w :

b
ŵ

2
4
µ ·R u
·R e

¶ ¯
1 + ¯

3
5 >

b
w

Indeed, twocasescanbedistinguished:

if¿L ¤we=0 :
b
ŵ= b

w and ·R e < ·R u (since¿K¤we=minf1 ;©(0 )gand¿K¤u =maxf0 ;©(¿L¡)g);

if¿L ¤we> 0 :
b
ŵ > b

w and ·R e··R u (since¿K¤u =maxf0 ;©(¿L¡)g).

H ence, thisconditionissatis…edineachcase.
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