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1 INTRODUCTION

T wo tpes of persian systams edstall oertrewarld : Fullyinded and P ay
asyaurgpasansystans. TheParasyargo (PA Y6 ) systam is widespreed
in Eurgpe andh mericaand implies an intergeneratiaal redistributiant . H o
ey, the Tuture of this system often seems prdblematic P esian eenditures
inareese bacause pep e have a Ionger e span; the ratio of antributors o ben
e.daries is reducd because of the deaessing gonth rate of pcoulatian; hich
public daat often prahibits daot..nendng . | evertheksss, in these demoaratic
auntries the systam persist.

W hy dowe notdosse afully nded system?” H onvtoepln the political
suppartofaPA Y6 system?

Several ag.matts hae been putfovard to shov thata majarity o volers
supparts this system.  1'tseans dearthatold volers alhays preeraP ayfas yau
gsystaem: T hey donothae t atribute aymoae it ..nendng and recsive
apasian pad by the yaung B utwhy do the yaung \ote Torsudh asystan?
T he asgumants ofaltiuism (T gbellini (199 0)), sodal acotract (S jdblon (L985),
Veba (1987)), ar et daxy reesas’ ( gonth rate of papulatian higher then
the rate of retum an saingg, as inB odrin andR ustidhini (1999 )) havebean put
fovard. W eshovthat even in aeconany with sel.sh agerits and a bwgonth
rate of paqoulEtian (as today), heteraeety within ganeratias may e BEn
the pditical suppart of this system by yaungvoless. T he dic erance in skilhess
amangagernts dividss yaungvoless interms ofpreferenceess. the lovvski lied agants
may preferaP ay as you go systam because of the intrageeratical trarskrit
may aeate.

R amer (19 75), R doerts (19 77) and |l elzeradR idad (1981) hae loded
atintrageneratiocnal trarsErs thrauch nearinaome t&xes in staticvotingmaod
ek. BExxaptfiran T abellini (1990), who asidered heteyageneos dynesties of
altruistictmilies, the heteragena ty Within generatias had notbeen aasidered
in a dynamic framenarik R ecatly Canesa and Krueger (1998) aosidared a
simulation madel with egats dng idicsynaatic inaome uncertainty, T hree
very recntpgpers prapcse aanaunently and indgpendatly of aur pgperpartial
ecuiibrium madek with heterageeass aggits. Casamataand A L(1999) ad
D eD aderadHt indrids (1999) study the case where \olers \vote Tor a pen
sian thatmay be partly distributive and partly not ¢ alesso and CadeR uiz
(1999) imraduce in addition topasias a Lmp-sum trarsierwithin the young
ceration.

W e will analyze the political ddce of the pasian el in a B everidgeen
systam, a systam that masoer predak in may W estern aauntries sudh a6

1SeeB ronning (19 75), B cacvay and W ildasin (19 89 ), Esteban and S akovics (199 3), Cooley
and Saares (1999)
2\ sinTaoelini (1991)




Canedh, the U nited Staies, B elgum, | ewl ealed ... InaB evaridgean PA Y 6
systam, every od reEives the sane pasian. Canvarsely in aB ismarddan
PAYG systam, pasian recivad depads eactly an the amaunt that hes ben
paid when warking so that there does notedstany redistribution within gen
eratias. W e madel the tax ratke as the result ofa poliical equilibrium : itis
the autcone ofFamajarity vote involving both workers and retiress. T he voled
1Bx rate will dgpend an the gotimal e rate ofthe div erentvoters and an theair
reltive impatane. Eadh agentvoles sincerely (ebstracting from any strategc
arsidaation and acooding 1o his true preBreae) for his gotimal tax rate
H e suppcsss that the tax rate voled today wi ll be valid wwhen he wi ll be retired
aasidaing itas avesed inerest 3. 0 nee the 1ax rake is voled, individuab
dhoose thar gotimal aansumptian pln gven the volied tBx rake and pasian.
W e do not restrict the analysis 10 a steedy state eaonany, aatiary 1 marny
authors®.  Steady State may be far anay ar may never heppen. Il areower;
volers anly care abaut what hgppers durng thar e and not ebaut the fr
Tture

W edotain twoimpartantresults. T hehigherthe hetexageaty el (nemely
‘the dir erence betineen the variaus s IE) and the mare rumeras the bwvyskillied
the doserwilll be the gotimal tax rate of the (reltively) poorworking diss 1o
that of the od ad the hider the voied teation el 1N additian, thanks
1o the general equi ibrium gppraadh, we investigatie many e ects of the tax raie
neglectied in a partial equilibrium gpproedh. It intuencss saings, but ako
inersst rate future wagess and so Tuture bwel ofpasion. This bBExds tha e
markeble result: aur gotimal tax rate doss notdgpend an espital el noran

papulation gronth.

T he structure of the rest of the pgperwilll be the Olloning  First, we will
analyzetheeconamicequi ibrium : wetakean0L 6 madelwth snogeneratians.
Inthenextsection we bdkatthe political dde oftetax rate. W e detexmine
the ddae ofthe median volerofaantinuity ofegatts. BEventually, we eamine
sane amparative statics.

2 THEECONOM ICH VIRONMW T

T oshavthatindividuak may have div erentpreferencss regarding the dhace of
the ax rale we develkp a dyrnemic ganeral equi ibrium madel with overigoping
cenaratians of heterageneas individuals, who ive Tortno periads. Time tis
dsaetead gesfion( ©1 .

3D in erentargumerntts have been developed in the FHerature 1o supportthis hypothesis. W e
analyze them in section 3.1.
4See Casamata and al(1999), B oldrin and R ustichini(1999).



21 TheCasumerSidce

Individuals are heteyageaus in &ms of thairinnate econamic abi ity arslkillb
in praductian € T he skl Bel e (egressad in e daxoy unis of Bban) is a
antinuas \ariabk distributed on the suppart € ;e4)accading tothe prdoa
bi ity dasity fungtion T€©) whidhis aastantoertime. W edenote te aerace
sillbelsa= ' fEece.

T he papultian is assumed O govataarstantrae no

Net =Nl + 1D €y

Eadh individual ives Tor o periods anly waiks in the .. 1st periad ad
arsumes in both periods. Y aung individuak who are endoned with ae unit
of Bbarin the .. istperiad of ke supply itinelbstially. By this assumptian,
weddninsimplidty butwe ruke autthe potential necative e ectoftaxation an
Boarsupply and soan actual pasias. Casaquently, Eborsupplyinet daxcy
unitsis equal ON &

Eadh individual is assumed 1o have the Tolloning hanothetic Fetime uti ity
unctian

Vee=hCe+ KNDe g @
with

Cat Sa=em( i (©)

Detr1 =R 1Sext Pert @)

whare < | is the subjective discount Ectar:. W ith this sped..catian, the
inerempaal ebstiaty ofsustitution iseqal toae.  Inte.. istperiad of e
(Whenyaun), individual’s inaame is egual o the after- taxwace (em( i &),
with wg the wage pere¢ dency unitof Bbar: H e allbcates itbetnean aunait
asumptian C o and ssdnB S - INtheseaod periad of FE & 1 (‘When oY),
eachindividualis retired and aasumes Deg: 1 - H is inamein this periad aomes
fiom o sauress. e pasian reEved in® 1 P w1 ) assumed to be idatical
Torall indviduak and the retum an ssaings macke attime t

Individuak have perfectforesidit T herefoare the maximizatian prdblem of
each individual underhis budget anstraints an be exressed as lons

I AXseh@w€ i éDiSed* MRe:Sect Pe1) ®)
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with ¢+ the proportiaal Bbariname tax rate atime tadR w; the rate
of retum an saings held from periad ttoperiad & 1.

U sing the First0 ier Cadiian itcan essily be veni..ed that the gotimal
savings ofthe individual eis gven by :

1 Per ™

S;:1+— en( |cr)| "

©

T he gptimal saings of the individual depaed pasitively an his wace (after
2es) ad an the interest rate whnidh riepresants the ietum an ssings made
fion tot 1. | oe thatsine utiity is bg inear (tharefore the interempaal
ebstiaty of substitution is equal 1O ae), the margnal propasity 1o sae adt
ofiname doss notdepaend an theinterestrate. 0 ptimal ssvings are necatively
relaied o the persian reEived in & 1.

A corecate savings Will be

CAamC iDi— Pet ™ O

S@:itPeiRe1)=N¢ R
w1

1+

2.2 TheP roouctaanSice

Firims in econamy produce ane good acaording 1o the 1olloning Cdob D augies
production fTunctian, assumed 1o be the same in eech periadt
F @<l O=KeL ™ ®)

with K¢ the guantity ofphysical pital used attime tand
L £=N &, the total Bobarinputin e¢ denoy unitattime t

T he praductive actorequates the margnal productivity of ectars with thar
marketprica
we= ¢ i @X<¢L & ®)

I+ R=R=0Kg "L (10)

wvhere Tulll epital depradatian is assumed.



2.3 ( oarmrmatt

In this madel the roke ofthe go.ermmeantis vary imited.  Itaoly intervenes by
runingasodal ssaurity system.  Farthis purmpcse the gpermmentt bvies Ebor
e an yaung wakers and redistributes these iaodlage pasias. T here
is no tax distortion sinee Bbarsupply is inekstic W e arstian the ax rake
10 be paitinve G+ _ () so tat the systan implies a trarsfer fran yaung
od individuak. || aeoer; we assume that budgetde.dts are notpemitiec .
H ence total pasias pad attime t1o the od ban in €1 must attirely be
..nanad by the tares bvied an the young ofperiad t T he budgetaastrantof
the govammentis gven by.

Pe=c@w( + N an

T his sodal saaunity is therefare of the P ayas yaur g’ tpe. || asower; this

systam is redistributive since pernsian recaved is independant of aontributias,

a daradaristic of e socalled B everidgeen systam”. Inasewhare i =10

indviduak anly .. nence tha rieti rementhy thel ronn ssaings when yaung whidh
is the dnaracteristic of a "ully Unded” sodal seaunty system.

2.4 T heecoxamyeqgulibrium ad the dynamics of oAl
acamubktian
T oce..netheequi ibrium path ofthe econamy, we have toaccountiorthe market

cbearing aditias or Bborand cpital

L =N & 12)

Ke1 =St@MsitsWe 1 sNGR 1) (X))

where we hae sustituted P, fran (11) in the aggregate saving onctian
(). Taxtherwth aditias () ad (10), they daracterize the time path of
TR ©wa.

Han these Tour anditias same amputatian allons s 1o detexrmine the
Tolloning equatian determining the dynamics of gpital acoumulatian :
5 Intergeneratianal transfers Via debtas in T abellini (199 1) are notpassible.
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T he sodal seaunty systam int uenass the acamulation of spital of the et
anyintoways. 0 ntheaehad itinaesssss pasias reeavad intg 1 andso
recicss savings. T his er ectacoounts Torthe term L2184 ., inthe denaminator:
0 n the other hand, inaessing pasias reguires an inaeese in the Bx rate in
ader 1o respect the goammantbudget aastrant (11). T his higher texatian
raducss the dispassbE inaome in pariad tad in twum savings and cpial in
paricd & 1 a5 refedted in the tam ( j (o) in the denaminator®.

Kt+1 =

3 THEPOLITICAL SYSTHI

T his section analyzes the politial eguilibrium, namely the tax rate (ad ths
sodal seaunty systam) that aames aut of the voting procedure. T he tax rate
is dedded by majaity voting T he voting procsss ilvolhes all individuals,
baoth yaungand od. W e assume thateery indvidual voles sincerely’, thatis
acooding 1o his preferenass and abstracting fian any strategc aasidaeration.

T he amalysis of the tax rate resulting fiam the voting procsdure  reouires
.. Istto determire the gotimal tax rate ofeech individual namely the ae that
maximizes his utiit, | ext the equiilbvium tBx rake will be computed, tBking
iNMto acoount the distribution ofvoters and theirgotimal dhadces.

31 Thegtma tax rae

Bwvary agaithes an gotimal tax rate. W e suppcse that eedh agant eedts
vwhen woting that the tax rate he dhossess Tor today will alko be the ae that
will praalin the nextperiad (e = (w1 = ¢)- T his Smplfing assumptian
& be just. ed in saveral ways. First itis acaptebk ifwe suppce that the
vole doss nothegppen frequantly (att kesst notbefore the death of the cunantly
yaung warkers), which seans 1o be the Geee Tar importanit dhangess in sodal
saaunty systan.  Seaad we may suppae that individuak are aavineed o
hae\esed inerest . thdarpsstaotributians 1 sodal seaunty are aasidered
by them as aguaratee ofreaaiving apernsian lteran, so that they el entitied
agwen bel ofpasian. T he third and most impartant aagmeatt relies
o the Bt that; as will be shonn Eter an, with hamaothetic preferencss and a
Cdob D audiss productian functian the gqotimal tax rate doss notdgpend anthe

ST his can directly be seen by looking atequation (13). Substitutingin (13), the equation
(© ¢)and (10), veget - Ke1 = oWl i ¢0 i ce 11Kl {11 This eression
highligts the tho e ects of taxation an the epital accumublation. W ethen epressKe 1 as
a function of the parameters ; vand (& 1 and dotain (14).




pialstodk  I'tanly degpads an the distributiaon of skilk aatss individuaks
an a psydhologal discount Bctorand an ted ooy,

W e mustdistinguish the behaviarof od and young individuak. Sinee in
dividuak anly work when young and are taxed an thar Bbarinaome anly we
can axsiderod indviduak as an hanagemeass grap of agents as faras ok
ing bedhaviaris aoaamed. T he voting bdavior ofyaung workers will honever
dhance with their reltive skl el

311 The gotimal tax dxaa of the od individuak

T he od attime tdooe a¢, 5 thatmadmizes thairutiity oertareman
ing ietime. T harutiity is stictly inaessingin ;5. T harebre they dooe
temaxdmum exrate 5=1: Inamadelwith endogenass Bbarsupply ther
gotimal tax rate wauld be determined by thel aceraune.

31.2 The gtimal tax ddac ofyaurg indvidoiaek

T he young indMdualk care abaut the presaitand the Tuture. Y aung indi-
vidual e will vote Tora z,;,“e that maximizes thar indirect Fetime uti ity V .
Hedwomsaide .. 0 gvenby.

(;}‘,c‘e:agmfxvet:agm?( NCet  NDew i @5)
st 3 @, (6 ().@10), A1), AD.

By the ennvelp thearam ad (6, the ..istader aadition oryoung agaite
isgvenby:

) dt+1 wt+1# 1
i Mt Serpt—+ 2t — =0 16
Rt+1 Rt+1 Cel:
with
R e 1
Tl = i€ iR e1 -3y, 2 an
d é
s 2 1
ctt1 =Pu1( + ®3%,, ) @8)
(4



ad 3, , .. , the ebstiaty of pital with respect o the BX rake ¢, gven
by.

Ket ¢ @+ + ey
.= = —— <0 19
e TG KV Qe + 18 T i )

| e that TG > 1 SN2,z < 0 ) ad T3 > 0 iF 3,2 > i

[l

W hen camputing his gotimal e rate eedh yaung individual takes three
e ects into acaount

First an iname e ect: the tBax rate riducs his aunertt Ebor inaome by
iene: T he hidherthe wage of the agant (the higher his skillk in productian),
the mare astly Torhim the sodal seaunty systam.

Seood aninErestiake e ect aninaessein the tax rate riducss the epital
ad BEbE in the next periad by ar ecling the aunant gotimal saings of the
indviduabk. The interest raie R« is thus inaeesed wWhidh augnats the
retum an ssvings madke in t T his e ectwill be higher; the higer the ssaings
kel oftre individual

Third apasion erect: inaessing the tax rate hes o qppasite er ecls
o the Tuture pasion of yaung indviduak. 0 n ae hand a rise in the tax
rate augments pasian by inaessing the aattributias of the agants 1o sodal
saaunty systan. 0 nthe otherhand, the tBx rate hes anegative e ecton Gpital
acumulied in & 1 and thrauch this on the wage and pasion lreaEvad in & 1.
T harefore thesign ofthe @ ectofan inaeese in ¢, an pasian (%) is apror
ambiguas. A s an be saen firam (18), itwill be pasitive ifthe necative e ect
o the acoumulEtion of epital is notto ke A nd the hidheris ®, the baer
will be this e ect (AEEL b < 0).

I ote that the ddae of the tax rate at time tdoes notar ect pital of the
aunentperiod (Ky)’, whidh was detexmined by the savings realized during the
pravias periad and sodoss notdgpend ang 1 - T herefare cunaentwacess (eny)
wi ll emain undanged.

T he gotimal tax rate ¢ Torthe gap of yaung individuakb with skills
e is thus the result of the ambination of thee three dreraterects. U sing
A3 @, 6, Q) (10),(11), (1% ad after sane amputatias, we ..nd that the
gotimal tax rate ohyaungindividuak is gven by the olloning implatfinctian

7R emember K may be autside steedy state.
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T his eqressian is asecond aderequatian in ¢, g¢. and can be summarized by
the Tdlloning expressiat

I AL+ B+ C =0 @1)

with A, B, C dgoadingan parametars @, ) ad an the skill el oftre
irdealeretaﬁeVloltemei@ledsldlIbelaaaga(—i).

T he First0 rder Caditian of the maximization pradblem of young individ
uak gven by (16 will be su¢ dent 1o esteblish that ¢ 3¢, is the gotimal ddce
ofindividual € if the dojective TUnalian V(15) is singe peaked in ¢ye > 0.
P ipasition 1 establishes the anditians underwhich this is true

P rgposiian 1 T he dgeciive Tunction ofyaungagenss (V ) W lllee singke pegled
ic ® b®min1 were ® min - 1=3% .

P roof: see gppendix 1.

Han famula (20) we an deduce same prgperties ofthe gotimal tax rate of
yaug individuaks

1) T he gptimal ax rate ¢, does not dgpend an te bel of pial (at
steedy state arnob) in wrdyramcga’eral equilibrium fiamenak  Italy
dgpads an the parametars ofFtremadel @ ;  ;68), as an directly be sean fram
the doseratian of the TUnctian (20). T his remarkabEe dnaracteristic supparts
aurassumption ofa\ote Treer:

8T he higher ®, the bbner the exect of the tax rate an the accumulation of cpital

((j Kd%l“ > 0, with % ;. < 0 ) and the loner will be the interest ratle ecect. In ad-
dition, the higher the ®, the smaller the pension er ect. T herefore Tor® su¢ dently high, the
(pasitive) intersst rate en ectis daminated by the pension and income e ects and the dbjective
functian is singke peaked.
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2) T he gptimal tax rate ¢, does not depend an the gomth rate of
papoulEtion N. T his hgppears because individuak aasider pasian as . >&d in
tha rsaingdadsian so thatn anly interveanes in the third t&m of (16§ (namely

Py

in z%—). Sine n aects both the numerator and the denaminatar of this
tam, itdisgppears fiam the equation.

A sitgppearsin (20), the gotimal tax rate ¢, o, ofyaungindividuals depends

o thevalle of the laliog. T herefoe the reltively ridh (skilled e dose O
a,) ad relatively paur (uskilied edse toe ) individuak haing adic erant
lalio(#g), willhaeadr eentptmaltex rate. Itretadts the Bt thateaming
adneatwae they aatribute in variass propartias 1o the sodal seaunty
system and have dic erent bek of saings. T he reltion betnean the reltive
sldllls\elcfa)ungagmtga’d his gptimal ax ratg (g , is gvenin the next
proposition.
P ropositian 2

a) T he hider te skl bel e Tora gven distriibution of skl (or
eginabently te brerte latog), te brerte gotimal exae (., as bngas
® > @', wth®; -025 8 (dettikandpraofgven in gopendix?). T herefore
ife>0: g>¢q ) ¢§< (;;,“j , Torallg.g 2[e ;a41

b Il asower; tele exdst a ieltive skdll Bel (g ) aoe wnidh te
gptimal Bx rake is necative. 1N this aese e aonstraint, _ (0 is kinding and
(Tissetol: ifg> @ , (7=0. THsis prowed in gopendx 3.

R emarkk3 0 ne cud arge tatby restricting aur analysis 1 a B eeridoeen
PAYG pasian system, we implidtly suppocse a sadal aantiact, transkerring re
sauress friom EssskdiBd o hidhskdiiEd H onever; in aurfriamenork \okers an
alhays relise this iedistributive schame by voling fora zmlm ex rake. Canse
guently, a ullfundd system is notedcludsd exante. H onever; aur analvtical
resuls shovthat e eq ilrium &x rae would imply amided eqp Elrium (posi-
e saings and pasithve Bx riai) ifane tBes sendard simulation vales of Ke),
® and . T his resulltis diiven by te heterapa ty . withautit e gotimal x
rake of te median voerwould ke 22100 .

¥ T his insures that the (negative) inaame e ectdaminates the (pcsitive) intersst rale e ect
10T he gptimal tax rate in a B ismarkian framenwork (Where pension is de.ned as P =
ewg (L + n)) is gven by the folloning impliatfunction:

i@ OEEEY EF
L2 Y+ T@ie)ar + L0
PO MR Le g, e s Uy

+@+ ) i@ Y@ +
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3.2 T hepditical equ ibrium ad the equilibriun &< rate

D gpending an his reltive skillhess, eadh individual wishes (and sovoless Tor) a
dreattax e Sine the ax rake is the resultofthe \ole of all individuaks,
the equi ibrium 1Bx rate will be sudh that there doss notexdstanotherae that
is prefenred by a majarity ofhvoters.

6 iventhesingie peakedness of the preferencss riegarding toapasitive gotimal
tax rate (esteblished by prapasitian 1), the enui ibrium tax rate ¢ “will be the
1B rate preened by the median voer of toal populEtian (youngand o) with
skl el gy,

R etiress, which represarit a fiadian & of dtizes are in faor of the
hidestpassibE tax rate indgendantly oftharskill el 0 n the otherband
the preferancss ofyaungindividuak are incion ofthairieetinve skill b el: the
nertharskille thehigertharpreenad axrate (prgpasitian2). T harefare
the dadsive voler (and the anly Candarastwinner) will be a young indivicual
(exapptifn - 0) with askil el baerthen the median ofyoung individuak.
A nd the equilibrium tax rate will alnays be hider then the aewished by the
median ofyaung individuak.

T his underiines theer ectofthe pditical partidpation ofold individuak. T he
voles of retiress (and aimcst retiress), Who do notbearthe ast ofthe pasian
systam, push the tax rate higherthen the ae thattwould be implEmeartted, were
the dedsian ponerin the soke hands of yaungwokers. Caseguatly, in the
majaity caalitian, ae ..ncs od indviduak (the 1etiress and dd individuabk
ce 1o etirmait who hae the same reesaning and warkers with iebtively
bnrwegss.

R emarkk4 T he political autome an ke asidcered as ineC dentsine itis
noticential © te ae tatculd ke impeEmented by a benevolent govermment
maximizing the uti ity of the median young individLial

4 Canparative statics

41 Theeeaeds oftte pooulatian gonth rate

T he eguilibrium tax ke is a daaessing Tundion of the gonth rate of the

ppoulEtian re® > @;. Sine the gonh rate of paoulatian (N) doss Not
W ithout heterogeneity (¢ = &), the B ismarkian gptimal tax rate is the same as the hano

ogeneous B everidgean gptimal tax rate. 1t hits the non negattivity aonstraint with standard
simuletionvalle ® = 036; = 012).
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intuence the gotimal tax rate of warkers (¢J), adengeinnwillae ecty “anly

T he bneris n the hiderthe reltive weidit ofold individuak in the voie
(NN" _1+n) the bneris the partofyaung papke necsssary 1o geta majority
a’dltehderwllbeireaylbmm ax e | oe that; because of aur
simpifing assumptias (nodisuti ity of Bbaorand atwoperiaks 0L ¢ made),
whenn - ( dd individuak arstitute amajaity and the tax rate willbe dose
oae

42 Thee eds oftte distribution oftte skl ontte equi-
Ebrunm & rate.

Equation (20) shons thatt the equi ibrium tax rate () oy depads an ¢ in
armodel A dange in the distributian of skl will ev ect the numerator of
this ratio (by dhangng the identity of the median voler) and the denaminator
(by e ecting the average skill el ofthe ppulatian).  ITthe resulling ratio <
is higder (bner), the equilibrium tax rate will be loner (higer).

P rgposiian 5 In ee ofa uniform distribution of skilk , a reductian of
e brerbound of tre skilldistribution (Wnich recliess e averace skilll eland
inaressess e digparsian of skl Bel) inaeesss the eq ilbrium Bx rake Edé_ <0

orye=>0:

P roof. In cese ofaunifaom distributian (evvU [e ;a4 )
- the prdoebility dansity Tundion is arstant T@) =Tt )=T@EGn) =
1

EHiEt1r-1—:‘mecia’n,cleroﬁclalpcpulsilicnis gn=g + ( )>

R
- teaerp il bdiseqalta [ fEek= 93
Casepently, ¢ =1 §°> 0

o =150

@2 >k =R <, e e i )= igin < !
and by propasitian 2, —d~—< 0 org=> 0.

5 CON C USION

In this pgper; we haae amputed a majarity voting equi ibrium Ivel ofaB e
eridoeenPA Y 6 sodal saaunty system in an overigpping generatians maockeiwth
heterageneas individuaks dit ering by theirinnate ability in producian. T he

13



introduction of heteraeneity in apolitical 0L ¢ madel allons Torintrageera
ticnal ttarskers anagwaters and kecs 1o dic erant gotimal tax rates within
yaug indviduak. U nkess the young ridh individualk arstitute the majarity
in the voting papulEtian, we may hae a positive tax ratke as autoome of the
paitical negotiatias. 1N the majaity coaliian, ae ..nds od individuak and
reltively poorwarkers Tonahom the gotimal tex rake is reltively higt: . T he
bner the gonth rate of paoulatian (Whidh determines the wadht of retiress)
and te brer the relfie skill el ofthe median voler; the hider the equ-
ibrium tBx rate ad the higherwill be the suppatforaP ayasyasrgo sodal
seaunty system.

U niike the majarity of axributias in this ..eld we have ted<dd this ques
tion in ageneral eguilibrium macel T his framenork puts into evidence other
and kss noticed e ects of sodal seaurty system. [N additian o the well knoan
inergenaratical tarsErs that a sodal seaunty system implies, we underiine
theaatsofaPi Y6 pesian system an teintersstratle an the Uture wagss
ad soan the Tuture B el ofpasias. W e hae dtaned a emarkeb result
the indgpendance of the gotimal tax rate an the papulation gonth rate and an
theepial bel T he gotimaltax rate dgpancs anly an ted ok, preerancs
and an the distributiaon of K k.

H idher heteragmety and the aging of papulatian, a phenomanan expected
10 rise in the next years Will even inaeesee the suppat o aPAh Y6 pesian
systam, althaudh itbeaomes in these aess even mare prdolamnatic,

1y ith apesitive groath rate of papulation, the median voterwill be a relative basski lied
young voter.

14



APPHEIDIX

A ppendix 1: Proofofprpasition 1 : Caxdition o guaratee
the singe pesledness ofthe dojectine UNCiON Ve, &, _ 0

1. Frstdenative

T he.. istderiative of the dojective TUNctiaonV o« ofyaung agarts with respect
O the BX rate () an be expressed as the productof tho terms

Ny — .2 s — .2 .
_CtEt_@C' +BC'+CXCt—aGA:%))_@C’ +Bc’+c&/vt+¢(1—g@li,:mt“ ieA/Q)

with thealbe ofA, B, C gven by (20).

Farsimplidty we danaminate this expressian as :

Ve —
—cta—JQ)

WithJ=@¢2+ B¢+ C)> 0 Torg < ¢ye
<0 > ge,
sine JC¢ye)=0 (fram (21)) and 3¢ D> 0 (see gopandix
3,
ad

» =

>0,8&>0,

= a,\lt =1
+¢ CER Ke N & e

snew> (0 ade> 0.

Casanpently, the.. 1stderivative ofthe dbjective TUNdian is pasitive before
{ye ad necative after ¢ J¢. (Where it reednes amaxdimum):

%@:JQ» >0 &< éyeo
<08 > iyer
2. Seaod danatine

Toshonvthatthe ncian V & admi's anly ae unique maxdimum in ¢ o, , we
ampute the seaod darivative of the dojective Tuncdion. T his Gan be expressad

as the Dlloning %\@ﬁ:%%w %?J. Each tam can be aamputed separately.

2.1. Firsttarm of the seaond cerivative ()

%JZZAC"+ B<o0 Im ® b®min-

15



Indeed after sane amputatian, theepressian2A ¢, + B an be reduasd ta
é& i®, - . <3
® 26+2)+6(@l26ﬁ+26l1)+q+®)]

LRI S I E RETRTS Sl T S

Sut dentaondiian fcr%J <0

Sinee te .. ist ad third tBm betnen the bradets in the ..1st e are
ahays padtive ad sinee itis the sane Tor e ..1istad thild tam in the
ssaaod g a sut datt anditian 1or this eression 1o be pasitive is that
the seood terms in e .ist and seood nes are pasitive. T his is the Gase

[

2
@(@ i20P+2 §1)_ 0@ _1=3

ad
gl 12e®+ 2 110 i°@® 15
Casauently
® _1=3
isaa¢dmttx1trotrecessaycn’dﬁmfr%’< 0 ©obe
assured.

\ ecessary condiion for 2 < 0 :

T he naessary anditian implies aminimalalle an ¢, . B utthis aonditian
wi ll notbe binding ifthe minimal valle impcsed an ¢, is necative Whidhis the
e

® _ ®min 23

Incked, the necessary aondition for < 0 is
¢ . 16+ e > PPaS et @ity rogr oy
Lo+ 60 i1 + @+ 02y

®|

16



T he danaminator (the .. 1Isttam) is pasitive. T harefae this coditian will al
ways besatis.. ed ifthe numerator (the seaond t&xm) is necative. T he numerator
Gan be eoressad as a ssood adarequatian in®:

[i—g@m (e il)_+®Q+®)_2)i%Q®+ 6o il) + @+ 0°)°)

=605 S AR R R e @ 5T+ R[S 2+ ]

T his eqressian will be necattive io
® > ®min

oria
® < ®max

Sine ®max is Necative anly the .. istaodiion remains an® .

H ence

Qg

®> Omin< 13 (¢Z0)

with
Brin=[i5€ + 37+ ie+5 + 0 Lt RES+ TP @9
and with
¢ = (gj[(g— +372+ %y +47°]
+2Q + 372+ DR+ 5 + D)+ 8‘4f
+Q+5 + 2y+43

Since the baundary impased an the share of epital ® (nemely ® > ®in) is
alhays strictly inEeriar o 1/3 @min < 1=3), the aastrantan ® is notbinding
Torthe vale sugpested by the empirical studies (around 0.36).

2.2. Seaod tarm of the seaad denvative (%’) :

17



@ R; -

<3
Indeed & < 0

io HEKe N i ene> 0
areguinalently

N> 2oy
B yusing (14) and aftersaome computatians, ae can shovthatthis codiian
- = A §i® il
is satis. ed since i L 5

1+ + G2

2.3. Sign of e seaad derivative

Sinae %\_/2@2%_:’»+ %)J
V\'rlh%?< 0 i ®> ®min
»> 0
Ly

<3
J>0 &< (eadI< 0 &> (e

dle \ill be negative i :
® > @min< 1=3
ad
& < iyer

For & > (5 thesion of%\_’z@ canotbe determined a priori.

3. Singke pegkethness
T he aditias that:

o/ s .
gl &< e

<0 &>
ad

[l &< L@ ©>Omin)

guaraniee that the dojective TTNAiaN V ¢ is single pesked.
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A ppendiX 2: P roof of propasiian 2.a: the e ectof the skilll
kel o the qptimal ax rake

T he gptimal tax rate ofyaung individuak is gven by the implidtfunctian

J ’A(;;i+ B (;;,“e+ C =0
with thevalbe of A, B, C gwven by (20). T he gotimal tax rate of young

agFTls is the \alle of . J¢, thatsets this eressian tbzera
T his ...istadaer aditian éan be renitien as Ollons o isolie the term e

e )
[+ D =gk S ~1 ee
[@+ D0+ + 52 i €+ + L2y + e )

A sitcanbesean fran (26, the gptimaltax rates oftnwoindividuak belongng
10 the same papulEtian (nemely with the same 8 but having a dic exrent kil
bBele willaly doer o te exianit of the e ect of the .. Ist &rm an the ¢ ge.
N amely of:

[id+ D>+ i ®)—)]

H enas thesign ofthis .. istterm will be dedsive in determining the er ectof
the skl belon tte pimal ax rae. T he .. istbradet (i ( + ) represats
the (necatinve) inaome e ect; Whi E the remaining terms represant the (pasitinve)
inersst rate e ect, Whidh is a deaessing Tunction of® . Casaquently, there is
alimitvallle N ® aboewhidh the income e ectwi ll dominate the interest rate
aect

Thetincian Jisaxae A < () addaasssingforally, > 0 QA +B < 0
if® > @ min). Thaelre ifths .. isttem is sticly necative the Tnction J
will be bner Torayoungindvidualwithahidere(e > ). A dsince the
gotimal tax rateis de.ned a8 the ¢ o thatcanaek the Tinction (nemely the ¢ ¢
at the intersectian of the Tunction Jwith the haizattal ae), the gotimal tax
rate of this individual willbe brer (¢ < ¢y))-

T he..isttexm will be necative iv
¢>imin=[C i®F i (+@ ®C+ IC+ X i®F @n
A nd this adition willabhays be satis.ed if¢min < 0 -
T his aandiion an ¢, impliesaminimalvalbe of®: ¢ min< 0 o :
® > ® (28)
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with®; gven by.
P 3 2
i3 il+ 4°+9°+6 +1

@ =211 = >0 @)
T hisepressiangves®; essafinctionof . s ndian is alnays pasitive
sincethe rumeratoris alays pasitive nemely, 4 5+ 9 2+ 6 +1>3 +1.
I aeoser; thevales gven by this nction mmainsmallrany (reanpk
® =0057iF =04) ad this fncian readhes a maxdimum \abe of) 25 at
 =2. T haefre gven the rumarical sstimatian of®, this astrant@ > @)

can be arsidared as notbinding.

Hexe if

® > ®1 ) é > C',min;8

p)
&> § ) i< iy; - 8a:§ 2[e ;eql

T his proes the propasitian 2: the hider the skill Bel e Tora gven distri-
bution of sk I, the brnerthe qotimal tBx rate ¢ , a6 lbngas® > @ .
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A ppaedix 3 P roofofprcpasitian 2.b: I inimalvalle of &

(o I o

= __ @B i BZj§4AC B+ B2 j4AC
Cye™ 2A - i2A
wWithA< (.
o . pz_i
H axe iye>0 i@ B+ B2 j4AC >0
o 4AC < 0
o C>0
with
C=¢+ )
Y _ 1§00 _1j0a& _-=
TR R A R S ()

A ftersame smpke canputatias, ae Gan proe tat:

iye>0 i@ C>10

|
@
~
+
|
v/
-l
@

- ()

—
+
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