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In this pgper; the publicinestment provisian tEkes plkae in a stodestic aw-
raraemeant T he roke ofthe govammanttis to remowe a partofthe uncertainty teed
by the ..M. 1T the goammentsimply maximizes the valbe of the ..mm, ten the
gotimal tax is smalker underimperfectampetitian then itis underperfectampeti-
tian since mare public epital reduass the seling price. B utifthe gpvemmentsegds
1O maximize the aasumersupls tax and public epital provisian are amean O
axrect the marketad the gotimal tax is then hider:
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1. InTductian

IntheU S, Ege public epaeditures are aunanitly udertaken whidh beara brge part of
themaaceaconamicriskwvihi e inthe EurgpeenU nian the”’stabi ity pact” wnidhaostrarrs
public epaditures beaomes stragly aiftidzed. B uthowv does public investmant ae ect
the econamic perfomance ? Sudh aguestion hes yet reaived a large attaion espedally
snee ithes prosded avay o epln the praducivity sioadonn the gonth rate ofthe
netstodk of epital Bl from 4.1% during the periad 1950-19 70 ©1.66 during19 71-1985
andh sdheuer{1989 Jshons thatan inaesse oflY%  in the public private Gpital ratiownwould
inaesseby 0.3 % the oAl productivty in the econamy. T his hes gven rise toarumber
ofFempircal works as wWell as 1o dabates aebaut the praductivty of public spending (see
6 ramidh [199 4]and Shigji [2001).
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B ano [199 0 ] prapasss a thearetical gppraadh (olloning A nov and Kurz [19 70 in
whidh public pital gppears as a praductive Bcor. H e aasiders an endagenaus gronth
madkel with public expenditurss that enter the production fonciaon s fons of sarvias
and a balnasd govaemmeantbudget oreadh periad. ¢ ronth is then maxamum when the
1ax rate equak the ebstiaty of public epital with respect to aufput || any extasias
have bean prpesedt Torirstencs 6 lonm and R aikumar[19 9 4] introduce aongsstian,
Cashin[199 5 Jaaosidars the praductivity of the stodk ofpublic Gpital and notofthe tonv
ofits sarviass. Il asower; B urguet and FermandezR uiz [19 98 ] relax the assumptian an
e goammant budget alloning Tor barmoning and analyzing the passibi ity of poerty
tregps.
A W this Merature sbaut public investimant a ecting privale producian remairs in a
deteministic franenarkk B utwhat is the gotimal tax rake if the productivity of the
publicgoad is stodestic as itwould be the Gee in an uncertain eeMramat? T umowvsky
(1999) indudes stodnestic features iIno an endagenass gonth madel with praductinve
publicspading H onever; the autharneglects ae impartantdaracieristic ofinvestmant
dedsiatr the inevasibke nature of epital epaedture. 1tis now brgely admitied (see
D patand P indydk[19 9 4 thatthe assumptian ofa perfectly exdbE private pit@alis no
lIger realistic in astodesticwald. Investment dedsias are then Torsure v ected by
e janed £cts thatinestmantis inevasibke ad geraies retunrs that are uncertain.
Inct a..m thatmay e bad nens and whidh anotsell essi ly its Gpital may preier
o pcstpae sane inesstmattprogects thatis toacoumulete Ess apital Tragven state
of nature. T his sigi.cantly alers the praductivity of the pmvate ssctor and ae may
wader how the public secioris in tum adectiedt What hgppas Tar public investmant;
thatis, Torthe gotimal tax rate and the public epital provsiaT?

Inthis pgper; we extad usual modek an this erature introcduadng the stodkoffpublic
&pital as an input Tor the private sectarn;, Whidh seems mare realistic then aaosidering
the tow of public spaxdng ar the seriass provded by the goemmeant T he public
inestment takes plae in a stodestic aMramatt P ublic pital then inaessss the
productivity ofpmate Gpital whnidh is assumed o be Tlly inevarsibe. Implicatias Tor
te..m cn be gaeralized Torthe econamy assuming a representatinve .. m. T his implies
periacs with noinvesttatat the aggecaie belvwnidh is at sst relbvantiordevelyping
autries. A mare realistic madeling wauld arsider hetexagaaty anag .. ims whidn
wauld signi. cantly amplicaie the model withoutprdoebly ae ectthe nature of the resullts
we ae interssted in. T he govemmanthes an inteertempaal budgetaastrarnt;, e t&es
are collected eedh pericd tofund thepublicddot W eprovdeapartial equ ibrium analysis
(as itis standard in macek of rewversibe inestimantunderunceranty)) ; e . Istaasicer
the Gse ofperfectampetition and then twm issues ebautimperfectampetitian whnidh
allow Tor dis erent dojectives Tor the govammatt itmay sak 1o maxdamize the \valbe of
te .. m arratherthe caasumersuipls. Bven underuncertainty, the qotimal ax rae is
then astantand does notdgprad an the size ofuncartanty ; itis exactly the same as
e ae tatwaud pravall in a deterministicworld. | ole thatP arkk and P hilippapaulos



(2002) shons thataarstantiax rate aadds any interempaal dstarian!l evertrelkss the
gotimal proisian ofpublic epitalis necatively a0 ected by uncartainty, W e shovthatthe
govemmeantihies aninsurance ke since itremones partofthe uncartainty ced by the.. m.
Sudh a roke T the govemmanthes alkeedy bean suggested by R adnk (199 8): doserving
that the pasitive conelatian betineen gpoaness oFeconamies and the govermmant size of
theseeconamies is srangerwhen tams of tradke riskis higner; he deducss thattgpermmeant
seading may ply a rnisk reduding roke. 0 ur pgper an tharekae be asidared as an
attempt o shavwvhovthe public secoruses publicinvestmantas a risk reduding strategy.

Canparing Geess underperfect aampetiion and under imperfectampetiian, resuls
depad an the dojectine of the govarmmant 1T the govemmatt simply maxdamizes the
\albe oftre ..MM, the gotimal ax is then smalleruderimperfectaompetiian then under
perfectampetitian because haingmare publicpital is notsogood Torthe... im because
itrecucess the selingprice. B utifihe govermmeantsasks tomaxdamize the casumersupls
tax and public pital pro4sian are mears 10 conrect the market and the gotimal tax is
then higherthen underperfectampetitian. Sectian tho presants the model underperfect
aonpetitian and section thiree extancs it imperect aompetition.

2. P rouding public pial in astodesticvworld
2.1. T he pragam oftre ../im

W e aasider the public gpital as a kind of public good thattis provided by the goamn
matto the .. Mms. Falloning the erature an inaeese in the anaunt of public pital
rasss pmate proaductiv ey, 1tis a pure public goad so there is noaongsstian isste. T he
procuction fnctian hes a Cdab D auges fom':

Y (9= A(OK (0°Kg Q1)

wth® + < 1. Kg is the anantofpublic goad ; productian is aatinuasly perturbed
by shodks sinae parameter A(Y) is stodesticand moves acoading tbageometricB ronnian
motia
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T he prvate sector must deal with inevarsibi ity in the instalied pvate cpiral; axae
e iniestmattis impkemanted there is asunk ast, Whidh does notallovw them 1o reduce

1| @barcan be inraduced in the production nction, ane aud inferpret the praductian £natian in
per cspitaterms.




the total stod< T he prdblem of the .Y is 1o maximize its \valle (the discouited sum
of its caeh tons) by dosing the gotimal stok of private pial gven that thare is
ucrtanty ad inreersibi ity
8 R N ~ i
gmax@vm): B, (L i)AMK® (Kg) ik eirit
—1AM® = TAM0I & %A z(D
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W e assume that the goammat ad the privale ssctor pay the same aostant price
k forthe pital r is the discount rake ofboth gpsermmantand private .. ims. T he gov
amaittaes the ceh fons atarake , 1o..nance the publicepaedturss. T he pate
scor tvkes taes ad publicepaedture s gven tosole the prdolem.

2.11.D envingthe desired stodk of epirtal
T he B ellman Equatian of this prdolem is de.ned as Tollons (sa2P indydk [1988 )

VD= (i PADK (O (KoY + T )

with v(® bang the margralvalle of the ..im. T he soluiian is then
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1< 0 isthedanative of I (K)with epectOK(® ad, = 05 j 1% +

G=% §0BP+2r=% > 1 thus 0,=0%" < 0. Thewale of the st unit of private
pital is gven by equatian (2.5). Itenaompeasses the discounted presantvalle of future
ceh fons gven A(D, kss the gotian o invest this unit l|ler since haing ae mae
margnal uni't of gpial implies 1o gwe wp this gotion (ad thus prevats owvnattor
betier realizatias of the stodestic \vaiebE). W e will hae tosohe T « and we willl
shawvitis actually necatine. || ofe that the hider the uncartainty, the lrgerthe valle of
the gotian the ..M has O g\e o inestin the margnal unitand tus, the smallerthe

2\ e study the cese ofane .. 1m, buttthe inclusian ofn symetrical .. ms wauld notdnange signi..cantly
aur resuls sincee we aasidera pure public good.

3In adireratsetting A novand L ind (19 70) show that uncertainty shauld notprevattfran using
e samne discount rate Torprivatke ... ims and goermment
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\ale of the maxgnal unit T his is the main aandlsian ofFmadek of inrevarsibi ity ad
uncertainty and Torplusibe valles ofthe madels parametars, this gotion vale may be
nannegiigblke and may thus signi..cantly ar ect the gotimal stodk of epirtal (ecain, see
Pincydk[19887).

T he desired pital stokis dotained thraugh "albe matdhing’ and ”’smooth pasting’
adtias that are stancard in the inrearsible inestment under uncertainty erature
(s==D ixtadPindydk[1994) :

@ i DADRK @ (Kg) _

r gt
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T hese gotimality axnditias albw 1 danve the vale of the desired stodk of piral

K asswellas? [, Taragven\vale ofA(9. Fms dosere the \alle ofthe parameter A(9
and then an dhocse the desirad stodk ofF epital as Tolons

L@ i )AM®RKY ST
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Itis warth noting that texes Whidh necatively e ect the margnal sh fowv reduce the
desired gpirtal whi e the anaunt of public gpirtal whidh inaessss the margnal praduc
vty ofpital ek toahidherdssired stodk of pital | evertheless, mae taxes allov
goammeanttoproice mare publicgood buttthe .. im daes notintemalize the exiermali ty
grerated by s, T he taxabo rieduass thevalle of |, therefore itreducss themargnal
gotian\albe; this atrasts with the e ectofthe public good whidh hes apasitive impact
A notherway 1o study the impact of the goemmeattinernattian is to foas an tte
kel ofthe stodestic\ariebe required toinestgven an installied stodk ofpriveatie Gpital
K (9. Sudh athreshold may alo be derived fram the \vallie matdhing and smooth pasting

adtias
K oean ML T

A% Ciok@ kg |l
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Er ects of the tax rate and of the stodk of public Gpital are asistentwith thaose an
the desired stodk of pirtal thatt have alreedy been examined

@A%0>0 @A%0<O
Q¢ 0Kg

2.12.D envirngtre intal\alLe of tte ..M

6 iven the desired pital stodk derived before we canexpressV ¢ (9, thevalle oftre..im
when the installed stodk of pital is the desired ae Sinaee we knowv the exressian tor
ot (9, the margnal valLe of the ..M when the installed pital is the desited ae V¢ (D
may be aaomputed as TOllons.

Z+1 ZKd - . il .
Vd(.o — Vd (K)dK - (1 1 6)®A(-D}_<fo® (Kg) dK(.D

0Z+l : o

+ . Qi KOAMDIK(®

_ Qi DAK (®°Kg
. V'(®= Lt . . @12)
H 1 Mok “’H@A(‘)(l i Kg >Kd(.0>(®il)+l
. @Qi®+1  (id i),

asuming, (1 § ®)> 1 oasure the aanvargenee of the integral
W e assume that the ..M hes inftially no spital italy starts o inestat the ime
= 0 when the goemmattirstalk the pital K g. D ue o the sped.. caliaon of the Gesh
tons thatare paitive whatewer the realization of the stodestic variebke attime t= 0,
the .. will then jump ©rsure ©its desired epital stok K (0) > 0. Thus theinitial
vabe of the .M is sudh that gven the anaunt of public pirtal and the realizatian of
the stodesticvariebE attime t= (, the installed pital stodkK (1) conrespandcs o the
desired stodkK ¢ (0). R epledngK ¢ () by its eqoressian gven by equatian (2.8), theinitial
valeofte. .Mmists:
Haoy T et L g -
@ §¢o)mTKgTE 1+
rit .K L@ ie), + 1]
213
N otsurprisingly, this val e is an inaesssing Tuncian of the stodk of public pital and
a dagessing Tuncion of the BX raie. T he e ect of unaartainty an this inftial valle is
gven by

VO)=V'0)=

VO _ VO, _,

S 3

6



T hare exdists ™o opasite eeects of ucartainty an VvV (0). 0 n the ae had mae
uncartainty inducss the ..ms install kEss eepital (K (0) is smallen) thus reduding the
amaitcsh o ; an the otherband a lrger uncertainty inaessss the qotian valle part
oV (0) whidh relaties o tture ceh fons. Clarly hare te . st ectpreva b and mare
uncertainty reducss the infial valbe ofthe ..M.

2.2. T he pragam of the goermrmertt

U ntl non public ependitures Ky and taxes ¢ are teken as gvan by the ..im when
dedding hovmudh o inest W e must then aasider the prdolem of the govermmentc
howvshaud the el of taxes and the stodk of public Gpital be determined ? | ofe thait
the madel dealt here is a partial equilibrium anabsis. T herefare the dojective of the
goammeantw llbe tomaximize thevale ofthe .. subject o it inter empaal budget
arstant

221. T he goermaitbudost arstrant

A the begning ofthe pragam, the goammeantde.nes K g, the gotimal level ofpublic
pital 1o be prosaded axe Torall Bpass ae ten kKK g with k bang the unitprice
ofepital T his public ddotis ampketely Tndd in Uture e an the aunaitpro.
ofthe..Mms. T haekre we are suppasing that there is a "R icadian equinvalena’ inthe
sanse that the public ddbotis ampEiely unded in £iture maes®. Sinee the madel is
stodestic TUture Bx revaues ae subject 1o uncertainty and the budget aastiantis
sudh that the eqoecied presait \valle of the revaues must be equal 1o the epasss in
tems ofpublicapital Il aeoer; the eqpedted presatvalle of the revaue denves fran
the & rate goplied 1o the eqpecied \ale of the TUture eh tons ofthe..m. T his tler
streem is gven by V (0), vihidh is thevalbe of tte .m atpericd 0. T he govermmant
budcetis thus.

vV 0)= KKg 214

| ofe that this implies a pradse time sdhedule in the realizatian of pmeate and public
inestments ;| attime t= 0 the goammait dosenes the realizatian of the stodestic
\ariabk. I'tan then deduce the anantofcpial the .. m wants oirstall and the inital
\ale oftre...Mm, depaedingan the kel oftaxand publicepital U sing this informatian
the goemmattdeddes howvmud 1 tax and howvmudh public goods 1o proade wWhidh
implies (gven K) the infial anauntofddot

4 onever; the neme ofR icardian Equivalence is mare related with result that the public daotis not
recarded by the agants as wealth. H ere the tarm is usad in the sase of abh (199 8) and Sargae (19 82).



2.22.D envingtte qotimal tax rate
T he program of the gpiammmenttis 1o dhocee the Ivel ofFtax and of public apital that
maxamize thevale ofthe ..mMm:
i = a3 " e —h i
M axgkod 0)= }Ai(ol) e (’fll()® e @ i&)ﬁKng@ 1+
- sc ¢V (0)= KKg

&
@i, +1]

Substituting TorK g wsing the budgetaastrant, the prdolem ofthe public ssctoran
be restated a5

M ax,V Q)= @ j o) oo (.15)
S ,;_3 T e _h i 1§0
Mha = AQ) T (ile TieE g ® Li®i
iR . L@i®), +1]
T he ..istader aoditian of the prdolam is then (note that®  does notdgpend yoan
&
D I Tl L P e AP ers T e LR BPR T
0; i1 5 ©H¢ 2 130 - @ 0¢ 2 -
I aeower; itcan be esslly be deded that
@*v
z < 0
@
Thegtmaltexrate ;) is thus:
6= T @47)

T hemadelgves nsetoan inversely U - shgped relatiaship betineen the bel oftexand the
\abe ofthe ..M, as inB ano[199 0 Jad in the subseguentextearsias ke Cashin[19957]
and B ajoR ubio[2000] T his arises because taration plays an ambiguous ok since itako
allons Tora prossian of public pirtal and therefore represents a kind ofexearmality, 0 N
e ae had the tax hes adirectnegative impacttwaugh (1 (;)ﬁ, snee itreducss
the aflertax\ale. 0 n the otherhand a higer tax allons Tormare public pital ad
this hes a pasitive impactan the \valLe ofthe .. m thraugh the paramneter¢ 7iei . Sine
themadel eibits deaessing retums tothe stod ofpublicapital ambiningboth er ects
oftre tax willgnerate aancae reltiaship : the pasitive e ectinttially preab vwhi e
ortaes higethen . ;, e reverse goplies. Sinee@ =0 > 0, thestrangertheimpact

of the public Gpital an the praductian of the ..MM, the hidherthe gotimal tax. INtuitian
is\vary dear: the geaterthe impactofthe publicgood an the producian el thehider



the prossiaon ofpublic good shauld be and the hiderthe tax nesded 1O ..nance it

I asoer; equatian (2.17) aan be intarpreted ke in B ano[1990] as anatural et -
dacy adtan for the public ssctor;, where the govammantis eguallzng the pasitinve
beare. s ofits actias with the necalive distortias Iitgaaraies. H ere the public sector
is equalizing the margnal bae.. s ofthe public epaditures with the margnal aostdue
oaation.

2.2.3. T he gotimal prouvsian of public pirtal

Using eqetias (2.14) , (2.17) and (2.15), the gptimal el of public cepital an be
epressd a6
ﬂ 1 ﬂ ® - o 150_
Kg'= (1+ _)1_%%_%@%%“ AQ) e H(> i1)® i N ® Tio:
p ik : @ ie), + 1]
(.18)

2.3. BErectofucertanty
2.31. B ectucErtanty an the gotimal tax rate
T he e ect of uncartainty an the gotimal &x rate is gvan by

Ocp _

g
H ence an inaeese in unaartainty hes no e ectan the B rale Wnidh is gui'te emarkeble
T his hgppers because the impactofthe tax (etherpasitive through the amauntofpublic
g itgeeratess, ar necative since redudng the aunantpro. ) an the aumantsh towv
is the same as thatan the qptian valLe sinee the taxis lbbvied on aunmaitcsh fovas well
as TUture anes Whatlever the size in uncartainty. So the tax rate w ll alhays represat e
same proporiaon of the valle atany time. 1's gotimal vl hes therefare nothing to do
with the size ofuncartainty. Canparingwith the deterministic aunterpartofthis madel
itis dear that the introducion of uncartainty does not dnange the gotimal kel of tax
sne the Bx rate anly degpencs an howpraductinve is the public Gpirtal

In aontrest, with the resulis Tound by Janes, || anuelll & R assil [199 7] the gotimal tax

here is time indgpadant and albo hes No aonrelatian with the uncertanty in econamy.
T he resultabodin s fran thatoft asset& Il etcalfi19 9 4] as argued by P anings [2000 ]
they Tound acaunterintutive resultthatahigrerpoicy uncertainty would led tohider
kel ofinestment

Q19)



2.32. Br ectoFfuceEranty an the gotimal provisian of public pirtal

Catrary 1o the gptimal tax rate the conespading gotimal provisian of public pirtal
is @ ected by uncartanty. Itansss fran the &t that the amaunt of public good the
goammeaitcan proide gven any tBax rake directly depads an the Uture Bax reaues
whidh are determined by the Titure Geeh fons ofthe .. m (S ecpatian (2.14)).

BKgy _ 2 8V 0), V) 8¢

wT Ky < W

T his resuls fram the to e acts ofuncertainty an treinftialvalbe  as we have sean belowy
the necattive e ect oFunaartainty (Whidh gpplies through the awunaitceeh ton) preak.

(220)

2.3.3. U ncertanty ad the roke of e govermmenttc

T he govrarmmanthes an interesting roke in this madel since itbears the risk of stodestic
ax raus Wil ke o aing as a cuntapart a deterministic infial anantK g o the
private secior-

First the gpammanta ers Ess publicgoad in the stodestic world when uncertainty
is lrger (se2 eguatian (220)). T his is due 1O the Bt that uncartanty generates an
gotian vale vhidh reducss the margnal praductivty of privatie Gpital whidh in twm
necatively ar ects the praductivity of the public good. secod any smaller goaermmeant
internantion wauld reduce the desired stodk of private Gpital Tor any realization of the
stodestic\ariable arsynmetrically, Toragven irstalled stodk of epiral the el ofthe
stodestic \varabke reouired o investwaul be higher: T harefore it can be argued that
the madel gaerates same pasitive reltiaship betnean the public inestmatt and the
priate inestiat A s the govemmattdeddess the provsian of public good ance Torall
an the besis ofthe expedied \ale ofits male the private ssctorbeare. s fam aknd
ofinsurane sdheme  during bed realizatias (AP < AQ)e™ Y of the stodestic processs,
the goammeantis proiding mare public good then the eqoected revaues, butin good
times (A(D > AQ)x"Y, the govammeant cliects mae taxes than the provisian ofpublic
goad this mednenism kegping the intertemparal budgetbalbnasd. T he gosarmmenthes
thareiore an inuranc: k.

\ ofe that in B ano [199 0 ] public pital pasitinely a0 ects the econany since itis
.nenad by ataxpad byn ..:ims soeadh ..im anly bears a small partofthe astwhi e
the public apital atirely bae. s Oay ofttem. H eg the publicepitalis .. nencad by
aly ae..im. Sothe ok ofthe goiarmmantis not o provice a good vwhidh edibits the
soaedal daraceristics of a public goad but rather  remoe a part of uncertainty fron
te .. m tonadcs the goammeant
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3. arketponerad publicGpital provsian inastodesticwvworld

Imperfect aampetition allons aasidering th\o diz erant dojectives Tor the go.armmeant
It aculd be assumed that the govammait simply maxdamizes the valbe of the ..1im, but
uderimperiectampetitian, the goammantmay rather seak to maxdimize the casumer
surpbs. B ath eses are studied in this section.

A ssuming a mangpadlistic ampetitian framenork (s D dtand Stditz [19 77, the
..Im is no Iongerprice Eker buttakes into acoount the olloning demand inctia

P®=br (9 (XY
with i < 1 (the price ebstiaty is geater then unity). || asoer; the aeh towvbeaomes:
POY (9= bAM®' 'K (§°¢ WK g ¢i B2)

A s bekaxge the cashiowis arected by uncartainty through the praductivity parameter;
butnowvitis aanae Tunaian ofthe uncartain \ariable (note that a poner functian of
abt eanetricB ronnianll oiacn is again at eometricB ronnian il otian).

31. T he pragam oftre ../im

T he prdolem of... rm may novw be writient
R . h i i
max W )= E ,° @ idAWK® Ky ik@®ei'tit
—A1AM= TAMI & LA Z(D
—1(®=1K@® _0 (€X))
—K Q)= 0
Kg ad; gwen

S o

where the AYD = bA(9'1#;0°= 0L ) ad %= " (L i W)
T heB ellman equatian is de.ned es

D= (i )ORYOK (0 (<) S @4

with w (§ baing the margral vallbe of the ..im. U sing the vallbe matding and smaooth
pasting coditias keds @

. o
CaiDa 5 oat0ek o) (35)

to _
ch_

5

0= 051240+ D@0 §05) ¢ 2r=k0 where®= (1 )+ (L g
W% and % = (1 § ppY?

with+ = r j19
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A flervanables dangs the resuit lds ke the previas ae exagpttatnonN un
artanty gopears atto bek. as in the ampetitive G2 thare edsts an inevarsibi ity
e ect (thrauch | 9 whidh is nowv aambined with aJersen e ect (thrauch +). Sinee the
cehrtonvis a aae Tunaian of the stodestic variabke A(Y, both ecects ply in the
same directian, and uncertainty unembiguosly acs 10 a smaller desired gpirtal stodk
I aeoer:

Mgy ot ogmpeimie o
— T (]_ i 6)1'® Kgl.®

WQ@) = WiQ)=

®° -

1 o309, 1

3.2. T he pragram of tre goverrmentc

W e aasidertnodic eratdojectives Tarthe govammatt maxdmizing thealbeofthe..m
and maximizing the acansumer’s suiplLs.

321.1 admizingte\ale ofte..m

I'tean be seen that the prdblam is vary dose 1o the previass Gese of perfect aompetitian

-0
M ax,W Q)= 29 j (;)1_0_0a®1r ;1180 ©
3 3

- o I 1:60
V\i‘[ha 0o— A%) 1i®10i_0 (,oi l)®0 1i(§0i_0h1 + ®0 Ilil®0®i_D (3-6
= @95 o .9@ie9.%1]

T he govrammantmust then ol the olloaing gotimal ke
N (R 1))

('Jr?cf: _O+ 1_ _(1 iu)+ 1 (3'7)
Oin o
e (38)

T he higher the ponerofthe .. (Whidh is an inaessing TUnctiaon of ), the ks e ectinve
the public epital ( °willdrp), and thus the smallierthe qoimal tax rate. T he eaonamic
inempreatia is ss Olons. 4 hidhermarketponermeans that the .. im wants o produce
Iss atahidgerprice vini E publicepaditures induce lbwerpricss and higherquantities.
T harefore the\alLe ofthe ... thatthes a higermarketponeris maximized by asmaller
gammeatinernattian (smaller tax rake and Ess public apital). So..nally imperfect
anpetiian bacs oa smallergtmal tax. | asower;

I.n.D | .0
u!Ocmd (Jp

12



W hen the poner of the .. ms beaomes negigbke the gotimal 1tax rake under imperfect
aompetitian (¢, ) aonvergss 1o the gotimal tax rate under perfectaompetitian (¢ ).
Itis abo passibke to denve the stodk of public pirtal

- cguire TasbioM aqey Trsto M ( 05 1y ol
Ot

Kt = W K G9)
i ®O bl—ilgg)ii—o
D1+ .1
i@ 109, % 1] G0

322 admizing the casumerSurmplbs

INn an imperfectaampetitian sstup, the govemmeattmay seek T maxdamize the expected
IEetime casumer suipls. Itis a better messure Torweliare then the soke \alle of the
.IMs. But sinee we ae in a stodestic world with inrevarsibe inestmatt, the eact
ejpacted etime aasumersupls annotbe aaomputed. | evertheless, it aan be gpproxc

imated using the epected lbng &M aasumersupls, gven the dosernved realizatian of
the ucaran variebke. T he prdolem ofthe govarmmeantbecones then

M aXfc;Kggﬁ_T (0)
< (W (0)= KKg

It be shonn (see the gopendX) that the prdolem can be rewitien as

-Q 0 -0

W axSr @)= AL §¢)E% 9 T 9 311)

3 “ 0 3 - ¢ . ¢o
where A= 23D B0 _xaisd | L Faqpymeo a0

+k O H»@OF 1)+ ®0 1jp

T he .. istadercodition gves:

jo]

ins™ i (312)

@C@rﬁ; < = O @égzs = (3.13)

0 bsere that the tax rate dgpancs natheran the uncertanty noran the degree ofmarket
imperfecian. A s in the perbctaampetiion G2 the gotimal Bx rate is relied o the
ebstiaty ofpublic pial; neverthekss, itnovwdgpadcs an the elstiaty ofprivale cpital
as well the mae et dait the pivate cpital the smalker the qptimal ex rate. T his
aomes fron the Bctthatthe goammataasidars the aasumersurpbs as the dojective;

13



itths impbEmants a tax rake that kecs 1o the maxdmum productian eech periad gven
its budget astrant (indeed e have @Y (9=0¢ J .- B 0). The goemmait must
therefore ke into acoount the necative e ect of the t&xes an the aunent productian
this is why the qotimalvale ,; . dgpads an the ebstiaty ofpmate cpital | asoser;
e gotimal ax rake is hider then in the perfect ampetitian madel whatever of the
degree ofimperfection.

T he gotimal anautofpublic pitalis de.ned as.

" ) . A V# 1

) IJAC(O)ﬂ H(,O i 1)®oﬂ®o Q0 21700 ® + _)_1i®0 oo

Kgm(s— 0 1+ o - 5 R
+k . L@ §©9,% 1] @+ 2 )

3149

3.3. Canparing the three Gess

L addngatthe gotimal tax rates underperfectaompetitian, underimperfsctaompetiion
with the ..im’s valLe maxdmizatian, and under imperfect ampetition with the cosumer
surpbLs maxdmizatian, e get

(Lr?(s > ('J;i> ('Jr?cf (315)

6 oammatt infervaition gererates a anectian of in the bwel of imperectian in the
martet highertax revaues imply higherpublic apital wnidh inducss hignerpraduction.
Equatian (3.15) thareiore eqressss the Bt that if the goemmattmaxamizes the vale
ofte ..M underimperfectaompetiion the gotimal tax rate is lowerthan underperfect
aonpetitian, wheress ifthe goammattmaxamizes the aasumersupls, the gotimal tax
rake is hidgherthen uderperfectaompetitian, indudngaconectian ofimperfectian in the
market | asoer:

Kgm<s> Kgmcf (316

T he proisian ofpublic i@l is hidhenahaen the gosemmeatmaxdamizes the asumer’s
sumpls. In this Btier Gee maeoer, as Br ss the gotimal el of private cpiral is
ancamgd the pasitive e ectdue o a higherpublic pital preva B an the necative er ect
ofahiderteatiat

Kie> Kn'e (317)
ITthe goemmatt maxdmizes the aasumer’s supbs, autputis higeras well U nder

imperfectampetiian, the govammaitcan therefore induce a higherpraductian, thraugh
ahigerteation ad a higerprossian ofpublic Gprtal

14



4. Caxdsiin

In this paper; we have studied the issue of the gotimal proJsian of public Gpital under
uncerainty, W hatever the aaompetitian in the market, the tax rate Will not dgpend an
the degee of uncertainty but anly an tednodlog Gl parametars and marketponer. | e
ertteless the gotimal stodk of public Gpirtal will be necatively ax ected by uncartainty,
T he gosarmmanthes an insurance roke sine italiects taxes filon Uture ceh tons that
are stodestic ad proddes an inftial anauntofpublic epital

U nder imperfect competiian, 10 Gses have bean studied the .. istkegps the vale
of the . Mm & the dojeciive TUNction of the govammeant Whk in the ssaod cee te
goammeatt maxdmizes the cosumer suiphs. Far te st a2 the gotimal ax rake
depacs an the tedndlogal parameters and an the maket poner of e ..ims. T he
hiderthe ponerofte ..M, the Ess the Bx rate since mare public goad induass mare
productian and asmalkierselingprice. B utin thesscond e e qptimal ex rakeis higer
then underperfect ampetitian since itis a mean 1o conect the marketimperfection.

A mare realistic madeling with heteyragenaus .. ms shauld novwbe aosidared in ader
1O aad paeriak with no investtatin the country ; nievertheless, thare is No reesan Tor
the insurance ke ofFthe govemmat to disgppearin sudh aframenak || are interesting
wauld be 1o allovforsuaessive publicinestmeants.
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6 A ppaxdx demarg the eqpeded adtaal casuner’s sur
plus (TolloningB ertolia[1998 )

T he aasumersupls is de.ned as

ZQ(-D ) ) b i bQ(-D )
S® = 0 ba®'"1qg i PQ®Q @®= 1iuq(1)1-u i Q@
0
= b lil = 1id — by Til — &E -SFiu
= @ am s o @i Ak @k T @D
= T AK (7Kg @)
il

Wth AQ®) = bA®!;0%= 0 ) ad °= ~ (@ i ).
>Haon the gotimality coditias Torthe.. m we knovthat

o. -0 +KO
®ATOK (9° T'Kg = @ i(;_)(,oil)

&)
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Wit += r § 20+ 2u g% and = 05 § 140 + 'n(lct%‘2 i05)Y + 2r=%2 where
10= (1 juyt+ 2@ gkt and%? = (@ jp) % . which gives the expressian of the desired
pital stodk

L etus ce.ne te magral esh fowvX (9):

X (®= 0AOK (©°%Kg °

T he margnal csh fow thus lons a regulaied B ronnian mation. T hatis when the
.M is notinesting X (9 ollons a ggaonetric B ronnian mation with meenM = (1 j
W i@ i p)E advaiane§ = (i p%. W hen te..m is investing the margrel
ceh fovenuak then the ridiehand side of equation (63) whidnis aastant: X (§ = C
wthc ztk £( °j§1)

De.nng"(® = KX (0, tten

_IX(® _1d°X (9

342

"= T i1y EN@IF N a8t 0L @)

whidh easure the edstence ofada sty TNAdian Whose eressian is.
W) = HeHOI IO (&)

with = &
L etus egress (P as atundian ofX (9 :
SO = o AK @Ko = X @ (69
> =2y ©n
s

> = K =25 < g(S(h) @)

— _u_£ @0 _001.-—1®0
where z = £ @9 AHK g

A \arieble dange allons then 1o deduce the dasity TUnaian of S( wWhen knoning
thatofX (9 (seeBeatoh[1998 JaB aoibadB ertola[1990):

f(SO) = iy (S(o)]@%(ss((g) @)
THRVS By
P E8D 7 e pu gyt i (610)

®0
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W e then an ..nd the epedied g tam \vale ofthe casumer suiplhs:
Z, Z, U

Y 1 ﬂ B(Li® @9 1
E,S0)=  Fsmsmsm=  ACETD st g i
SQO) S0

whidh anvarges if® %< %(1 § 09; than

-H 1 _ T =1
3 h(1 |®(3 -y vz(:ug% ‘/z(®00il)+l
E.S0) = %h@°§1)+ 00 cz Y s0) @D
3 il Mo
h(l § 0O S(O)
%@®° § 1)+ ®° ¢’ Z SO) (612)
»(A §09 o
2X 2
HEO§ 1)+ ®‘o‘”‘3 ©s0) @3
%A §09
%@®° § 1)+ ®o SO) @9
= AAYQ)TTK gTI (615)
3 “ 0 3 - ; ¢
ith A %1 1ie°  uQj
withA = SR e T
T he intertempaal caastrant o the goemmattis
W (0)= KKg ((G1E)
B utwe knovthat the valle of the ..1im is gven by
1 -0
W Q)= 2 )% oTe% 0 @l
aonbining both equatias:
Kg = Wi )rewome @18)

k

SubstitutingK g Torits epressian in the eected kg term cosumersumpbs gves equa
o (B1l) inthetext

18



