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Abstract

Restraints on the public budget 1limit the ability of the public s
markés for intertemporal substitution. This interferes with the rol
asa buffer which provides insurance and possibly stabilizes income

consmption. We consider this insurance or stabilizing role of public
why a progressive taxation system may be optimal even when the disto:
taxatiamre taken into account. Balanced budget restrictions interfere
effectond they do not necessarily imply that a lower level of publ

optimal.
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1. Introduction

What is the role of budget deficits? It is a widespread view that
froma political bias in policy-making inducing politicians to pre
imwreased public consumption to precede the costs YnAtéamgeopalrtgher
of the literature has focused on the crowding out effects of public ¢
run co®¥tdccordingly, it is often advocated that the public sector st
a balanced budget constraint or that the possibility for running

restricted.

Inthe US many states have adopted a bald3need odgehertfizderal budget
therdes a continuous debate on the Gramm-Rudmann-Hollings amendment z
governmet to finance current expenditures from current (distortior
Europe budget norms on the maximum size of budget deficits relative
partof the convergence criteria for the Economic and Monetary Union
adoptedtability pact strengthens the interpretation of this norm anc

towards members states violating it.

Most countries have a public budget which is very sensitive to the Lk
numberof European countries it has been estimated (CEC(1997)) that
borrowingequirement measured relative to GDP increases by between
percentageints when GDP drops by 1 %. The sensitivity of budget rev
fluctuatioassignificantly higher than that of government spending.
budet sensitivity is positively related to the size of the public

Empirical evidence also indicates that the automatic stabilizers i

' Thisbias is discussed in a growing political economy literature, see eg Alesina

Corsetti and Roubini (1997).

2 For a discussion, see eg Chang (1990) and Ball and Mankiw (1995).

® See Poterba (1996) for an outline of how these are formulated and implemented.



sensitivm&y stabilize economic activity. There is thus a negative cc
governmensize and macroeconomic volatility (Gali (1994)). Empirica
single states of the USA shows thaéstnatfntstannghe budget position
thecyclical responsiveness of public finances and therefore poter
automatic stabilizers among other things by forcing tax rates to mo

(Bayoumi and Eichengreer’.(1995))

The primary budget position depends on the timing of taxation and

insightf the "“tax-smoothing” principle (Barro 1979) is that mini
distortiomanskcs of income taxation (the dynamic Ramsey problem) calls
taxrate. Accordingly, temporary increases in public expenditures c
revenuavould optimally be accommodated by running a public deficit.
developetdhis result for an income tax in a partial model with exogenc

it has later been cast in a general equilibrium setting by Lucas an

The timing of taxes should also take into account the possible ways
deficitsterfere with market failures (the dynamic Pigou problem) . On
important role here is the fact that the public budget may serve :
impingingn the economy. Thereby, the public budget may stabilize e«

private consumption providing an insurance or stabilization functio

The recent literature on the welfare state has pointed out that pul
taxatidm many cases serve an insurance function to the extent that t
on the staffenature (see eg Sandmo (1991) and Sinn (1995)). In the c:
privatensurance market there may be a welfare case for such contin

presenfliscussion it is particularly noteworthy that taxes and trar

¢ Bayomi and Eichengreen (1995) conclude based on simulations with the MULTIMOD mode
restraints may have severe consequences for macroeconomic volatility.



impliciinsurance function (See eg Varian (1980)). Redistribution
progressitexation may be associated with efficiency gains to the ext
sectoprovides diversification possibilities for idiosyncratic shc
availab¥ea private markets. In a macroeconomic context it has also
that taxation may affect the impact of idiosyncratic shocks and th
precautionary savings (Barsky, Mankiw and Zeldes t{l 9i8F)9sy ity adeiadl

shockshere is however neither a need nor a welfare gain from runni
budgetas the question is to design a transfer scheme from “lucky” t«
(Fremlingnd Lott (f89#h)s is an atemporal problem and from this i

inferred that budget deficits as such provide no insurance.

This conclusion needs not hold in the case of aggregate shock
diversificapaemibilities for such shocks exists in a closed econom
presentin an open economy. An important channel for risk diversifi
internatiareplital markets. By running deficits or surpluses the gove
thesemarkets to attain social insurance of aggregate shocks. A balanc
iseffectively a constraint on the ability of the public sector to u
may mean nothing if capital markets are perfect and the public sect
usingrapital markets better than the private sector. However, amble
thatcapital markets are not perfect and private agents are not ab:
market€ullyUnder such circumstances restrains on public budgets may

consequences.

> Croushord1996) endogenizes labour supply to analyse how insurance of ideosyncrati
savings and labour supply decision.

An important example of this is the failure for private agents to fully divers:
international capital markets, see Lewis (1996).



We explore this issue in an open economy with fluctuations driw
(poductivity) shocks. The focus is thus on the interplay between inc
come taxation. The optimal design of the income taxation system to £
of public expenditisresnsidered by taking account of both the insuran
the distortionary effects of ttawmwbidmoarnd lrp the tax system arisinc
caseof a balanced budget. This makes it possible both to evalu
consequence$ budget restraints and the implications for macroeconom!
alsocanalysed how the financing rules for the government affects th

public consumption.

The analysis is performed by use of a model for a small open economy
generatiorBhis 1is a convenient way by which to formulate a ful
intertempogaheral equilibrium model in which there is a capital mar}
creating a role for social insurance. By the very nature of this s«
imperfection in the sense that no pheraget mgxrket ddarersify this risk
reasomreing that this should be diversified among different generati
means by which current generations can extract resources from yet ur
and no mechanisms by which the latter can ensure that resources are

(the problem of insurance at zero age). However, the government may
and we analyse how this work in a small open economy with liberali:
capitanbdels. This provides a simple way by which to model capital ma
over, it highlights the relationship between budget deficits and

markets.

Possibilities for diversification of aggregate risk have in an open

analyselly Aizenman (1981). The idea is that the balance of paymer

’ Barro(1979) considers how distortionary taxes should be smoothed to finance variati
driven by eg wars.



absorbeand changes in the stock of international reserves can be

aggregatshocks and smooth consumption so as to increase welfare. The
marketand the scope for diversification is determined by the size of
Gordon and Varian (1988) show how the government can implement a t
schemebetween different generations alive at a given period so as
allocatimetween generations in a way which implies welfare improvem
casesthe capital market and the public budget play no role. Moreov

exogenous, and the issue of distortionary taxation does not arise.

The paper is organized as follows: section 2 develops a small c
generatiomsonomy with liberalized capital movements. Section 3 deve
insurandenplications of a balanced budget regime and regimes allow
imbalancéss considering the case of exogenous production, while sect
disortionary taxation by endogenizing production. Finally, sectic

concluding comments.

2. A Small Open Overlapping Generations Economy

Considea& small open economy producing a commodity which is a perfect
iternationally traded goods being traded at a price P (in domestic c
marketThe exchange rate is fixed, and there are no restrictions on ac

capital markets implying that the rate of interest equals the world

Households
The population is constant, and individuals live for two periods. Th

(¢) and old . jcand work only as youndordover, they obtain utility



accesso a public good available inIthe anmentitglity for the represen

household is given by

U(Cl,t’c2,t+1) - V<]1t> + 5@

where

2
o %<o j=1,2
0Cei1 0C i1
ov 0
oL .

2

§>O E<O
og 0

The consumer problem can conveniently be analysed in two steps, name
siderirmdne consumption decision given income and second by consider
supplydecision to generate income. Households inherit ownership of

entitled to profit income generated by firms.

Fora given disposable income level I, the consumption problem is to 1

of consumption subject to the budget constraint

Cre * (1+rt)ilc2t+1 - It/Pt Jt

where, denotes the real rate of, needrastcpmend i

The consumption while young and old can now be stated

Thisgood may yield utility either as young, old or both. This does not matter :
exogenous to the agent and there is no uncertainty concerning the supply of the publ:



. = oLvxd)

S T c2<1 * %it)

The utility of consumption following from the optimal consumption dec

marized by the indirect utility function

U(l+x,i) (1)
where
2
QE; > 0; 9 S- <0
0% o1

The real rate of interest is exogenous due to the small open econo
since the focus here is on income variability, we simplify and assu

The real disposable income’is given by
= (L-r)w L) (2)

where wis the real wagereateprofitts tlEndax rate applying to income.

Given (2), the labour supply decision is easily found as the solut:

problem

max 0 ((L-t)fr 7)) - (Y

1

The labour supply decision is characterized by the following condit

oo ) - ) )

° Noticethat this formulation presumes that the only form of taxation is income taxe
possiblew tax eg capital income, but this is disregarded to focus on the interplay be
income taxation.




Firms

All firms are price and wage takers and produce subject to a produc
yt:e%ﬂg ; > 0, £ <0

wherel is labour input ,isamh andicator for productivity. The labou

decision of the firms is characterized by the condition
af/(y) = w, (4)

Notethat the production decision is taken under full certainty, ie t
known. This also implies thabtnsequential whether profits accrue in

t+1 as long as there is perfect information and perfect capital mar

Shocks

Sinceche focus is social insurance, we want to rule out transfers/red
perioddgenerations) which is motivated by changes in the perceptio
permanentncome for the &fbrdmys therefore convenient to specify a p
theproductivity vardwdiletlmat it does not induce shifts in the percei
income This requires that the expected present value of the shock i
that

E. Y (1+ 1 'a, = constantt

FO0
This condition is fulfilled by the following process
a,—a=-(@1+ r)(at_l—a)+vt (5)

wherea is the permanent level, ofsajddnHaving a symmetric density fw

f¥) with suppork,ohn This specification implies that there will be g

% Ttis well-known that changes in permanent income may be a reason for redistributio:

Fatas (1997).



states, but it is ex ante uncertain which generation will be lucky

unlucky.

Notethat for a more general process for the shock variable, (5) can
tmsfers across generations which can be justified on pure insurance

as pure redistribution.

Government

The government supplies a public good g which is financed by an inc

The real value of the primary publ peiioydt is

bt: Ty~ 9 (6)

The public sector has - as the private sector - access to the inter

and the real debt level d develops according to

d =Db + (1+34d

t t1

The initial debt level is assumed, £o0be zero, ie d

We shall consider different budgetary regimes for the public secto

continuously balanced budget, ie

b =0 vVt (7)

t

implyinghat the intertemporal solvency condition is automatically £
regimeallows for budget imbalances within the constraint set by the i

which we operationalize by imposing that the expect®8 budget bala

1 Thisis a more strict condition than needed to have a sustainable debt level for

Chang (1990).
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which is sufficient to ensure that the expected level of debt is bc

Ed..<d,V t3 0

£t g

Thisregime cooresponds to the argument often made in policy debates
shoulde balanced over the business cycle. We consider both how t
schemesoperate to finance a given level of public expenditures, and

optimal level of public consumption.

Equilibrium Conditions

The labour market is competitive and the equilibrium condition read

f=-=1 (8)

As the good produced is traded internationally, there is no product

condition. The trade bahaperitd t reads

tR=v.-c -9 (9)

wheregis total private consumption in period t, ie the sum of consum

old given by

3. Exogenous Production

To clarify the mechanisms throudhdgetclramherovide social insurance,
usefukto start by considering the case with exogenous production.
assumed to be supplied inelastically (1 = 1, v(1) = 0) and producti
that y = a (£(1) = 1).
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Assme that the level of public consumption is given and the problem
thisIf the budget is required to be balanced period by period it fo:

that the tax rate has to be

tfa) - g

that is, the tax rate moves countercyclical

orfe)

-
8@2 ai

Inperiods with high production, the given level of public consumpti

by a low tax rate and vice versa in states of nature with low produ

The utility to the generation born in period t can thus be written
(a9

implyinghat the ex ante or expected utility to a member of any gener:
EU (at— g)

Witha balanced budget it follows that the public sector does not t
capitadarket. Clearly this may impy a welfare loss as such markets
of smoothing the tax burden and thereby allowing a diversification of
production. One possibility for achieving this would be to choose

avoiding that taxes vary with the state of nature equal to

TS (12)

In this case utility of a period t generation becomes
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a't
Ula-g—
Ea,
and the expected utility can be written

S
EU| a-9—
E t

Clearlyenerations are better off in terms of expected utility und
constant tax rate as comphakantce bhdéget system as is seen by noting

expected after-tax income is the same
a't
E a-g— =Eat—g
Ea

but its variance is lower in the constant tax-rate regime, ie
a

Va @;ggi; <Va4%—@

Itfollows that the expected utility is higher in the constant tax

balanced budget regime

EU %ﬂgzg >EU@;@
3

Itis easily seen how this policy works by considering how the public

the state of nature, ie

b =|—-1
Ea
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In bad (good) states, there is a budget deficit (surplus). The pt
international capital market to shoodéenbyheetting tax-payments be

when income is low and vice versa. Notice that this is not attainable
due to the fact that the shock is an aggregate and thus non-diversi
given generation and due topbtkeibimiteds for private households to

such risk in the international capital market die to their fixed 1i

It is easily checked that this policy is feasible as

Ed,, = E,(0+ Db +Db,,)= t(:vm):o

Althougholding a constant tax rate does achieve some insurance, it
the optimal tax policy in the sense of being the best way of financ
publiexpenditures so as to maximize expected utility across generat
thereexists a tax policy which will remove all risk and thereby
consumption level for all generations. This can be accomplished by
function

Ea

+ | 1-——— (13)

e

T@ =

& la

It is easily verified that it implies that
a&l r@a) Ea_ -
and that

Va%g@—t@» :va4E%—g):

12 . . . . e .
A direct transfer scheme between generations would attain some diversification, =«

(1988) . However, this cannot be decentralized as a market outcome.
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and this policy is moreover consistent with the budget constraint.

Noticechat the optimal policy implies that the tax rate becomes proc

is high when income is high and wvice versa, ie

9T @)

aat

>0

Thisprovides an argument for a progressive taxation system which
sensitivafythe public budget to the business cycle situation (moves
therebprovides social insurance. It is also noted that the progress

size of the public sector as

5 o e

— <0
dg| Jda

Itis worth stressing that it is an implication of the optimal tax ¢
evenif lump-sum taxation is feasible, it is not optimal to use this

it is unconditional and therefore achieves no diversification.

Havingconsidered the optimal tax policy as given by (13) in the casce
balancemre allowed, it is natural to question the extent to which a
imbalances affects the optimal level of public consumption. Budget n
as instrumental to the objective of reducing the relative size of
considgumblic consumption to be of a type which cannot easily be chan
infrastructure etc.) and it is thus mostthéaexibheéetchoarnsidérpubli
consumption before the state of nature is known. The optimal level of
maximizingxpected utility including the value of public goods in the

budget regime (indexed by B) is determined by the condition

B0 a-g;) - &'lgs)
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whileit under the optimal tax rule (13) (indexed by D) in the absence

balance rule reads
U'Ea-g) = slo)
It follows that

g, =g, for U”Zo0

<

Thisshows that the institutional rules on the mode of financing in ¢
optimallevel of public consumption even when the level of public

decidetiefore the veil of ignorance is lifted. It is in particularly
generallphe case that the balanced budget regime delivers the lowes

consumption.

4. Endogenous Production

The preceding analysis disregarded the distortionary effects of taxat
ductiohevel to be exogenous. This may be critical as the distortiona:
may inflict with the insurance effects in a non-trivial way. We con

present section by allowing for endogéhous production

Itis useful to start by considering in more detail how activity anc
statef nature for a given tax rate. Next we consider the different

finances.

Equilibriemployment can be written as a functidnwbichheightribble

termed the after tax value of the state of nature variable a, ie (S

1= ¢(8 d=all-1@m) (14)

1* on the other hand - the positive iafdfisctwefomaneivate incentives are neglected by

that all private decisions are contingent on a, see eg Sinn (1995).
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and

sigre’(4) = sigfl -R) R, = -

To simplify the notation, the time index is suppredeedneadotre tdfat
relative risk aversion for the indirect utility function U. Attent

where the labour supply function is upward sloping which follows if

o oowl
i Y =

R<i
Y T+wl

U

An upward sloping labour supply function and a linearfprdduction te

are sufficient conditions to ensure that equilibrium employment is

Using (14) we can summarize the utility of consumption and the disut

equilibrium as a function of & (see appendix (ii)), ie

V(4 = argmaxU @) - v ()
1

where (see appendix (ii))
v/(@=u"f>0 (15)
One important and surprising finding is that although the underl

functiams characterized by risk aversion, this does not generally =&

utility as
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The reason is that the marginal utilitysofimerhasg&henproduct of t
marginalhtility of cons@hmptaodd the production level (f). Hence, eve
increadd increases consumption and thus lowers the marginal utility

U”< 0), this may be counteracted by a incre@®é>id) .production

Balanced Budget
Considefirst the case of a balance budget regime where the tax-rate

the budget condition

taflela-1)) = g (16)

implying that

dt _  tfrtaflela-1) 0

da af-taf'e’ <

The tax rate may thus move pro- or countercyclically. Notice that a
rate implies that the effects of variations in a are amplified and v:

pro-cyclically.

To see more clearly the effects at stake here, we start by noting tkt
creasintn @’> 0), then the tax rate always move counter-cyclical in

budgetregime. For the tax to move procyclically, it is necessary tl
inducesuch a large fall in employment that total income moves co

Clearlythis is an extreme case and the assumption that labour supply

combined with a linear productiofi’t@dhislegfficient to rule it out.

Social Insurance
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We shall prove that there always exists a budgetary system which dom
budgetregime. (@) be the tax-functiowiddneai dedmrmetyet, cf. (16).

Consider then an alternativeltaxgiuvecthpn

) -1h) e[E‘—l]

a

Under this tax-function expected utility is

{5

and it is easily proven that (see appendix)

OEV
o€

# 0 forw” # 0

€=0

Thatis, unless the indirect utility function is linear in &, there

which yields higher expected utility than the balanced budget regim

The direction in which deviat mlsarfosmn idgget should go is seen fro

fact that

OEV <0 forv”<0
oe

€=0

Thatis, if there is risk aversion with respect to variations in &, tl
€ = 0) can be dominated by a regiméowbrchakasate in bad states of r

and vice versa 0| , ie

taZt@ formZEa

< <
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This means that there will be a budget deficit (surplus) in bad (go

Ifthe indirect utility function displays risk-prefé&rénde, wet variat:

get that

OEV
o€

€=0

>0 forw’”>0

and hence deviations from the balanced budget regime should go in

making taxes move countercyclically, ie

ta =1t@ formZEa

> <

which means that there will be a budget surplus (deficit) in bad (g

Full Insurance
Evenwith endogenous production, it is possible to design a tax syste
thelevel of public consumption g and at the same time attain full

privatmonsumption risk free. Consider the possibility of designing a

d=all-71)=x
where is the highest obtainable cédnswhnthlewgilioés

K
T=1-—
a

To check whether this can be consistent with budget balance on ave:

revenue in state a is

a-x)fe )

The expected value of which is
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Ea-x)flek) = g

Hencek is defined by this relation and can be attdined with full ce

Optimal Taxation
Next wehave to consider the optimal tax policy to see if it entails
what extent it is influenced by the distortionary and insurance eff

optimal tax-policy solves the following problem

maxEV(a-at @) (17)
f @}

subject to

EaR(a,T@) =g (18)

where

R(a,r @) = t @ fHe(d)

that is, Bw(®R)(a,denotes the revenue attained in gHatte a for a tax raf

The first-order condition to the problem given in (17) and (18) can

V.(a-at @)
——— " A (19)
R.(a,T @)

™ A solution exists provided g is not too large.
' Noticethat ex-ante the expected level of productivity is the same for all generati

thespecification of a process for the shock implying a constant expected permanent
time.
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wherel is a Lagrange-multiplier associated with the constraint (18)
/ _ 2 ! A _
aR (s @) = dlfleld) + T e/ (§(-4]
Note thaR{ is the marginal revenue effect of changing the tax rate :
aR/(a,t @) < affeld) fore’s 0
which reflects the distortionary effects of taxes.
For two different states,af @aEthree fHind from (19) that the optimal
policy implies

Via-ate)  Viz-ate)
R/(a,7 @) R (2,7 &)

(20)

Conditiof20) says that the optimal tax structure ensures that the
privatmonsumption relative to the "marginal tax revenue" must be equ:

nature.

Full insurance requires that
a - atla)-a - TE)  Vasra)
Thatfull insurance is not in general implied by the optimal tax strt

from (20) as it would re@ﬁ(ﬁape(al»haﬁg(az,t(a?» Val,aQ(aliaZ). A

condition which

is not generally fulfilled.

Noticethat in the casfewhereie taxes are non-distortionary, it fol

Rg@itb»==ﬂeé» andhence full insurance is optimal. Notice, that thi
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withthe finding in section 3 where production was exogenously gix

taxation therefore by assumption did not have any distortionary eff

Hence ,when taxes are distortionary, it is inoptimal via the public &

insurance although it is a feasible option.

To consider in more detail the properties of the optimal tax policy,

that sufficient conditions for procyclical tax rates (progressive t

ot @)
da

> 0

are thdt) agents are rigk afergdi) tax-distortions are increasing i

ratdﬁ1< 0) and (iii) the tax-distortion is lower iﬁQéQd@.states of 1

Accordingo the "tax-smoothing" principle, the optimal policy is a
(Barrd1979Y) This result takes into account only the distortionary e:
By also including the insurance effects of taxation, we find that a
ingeneral optimal although it relative to the balanced budget case

insurance. Under plausible assumptions the optimal tax rate is procy

Noticethat even in the case where agents effectifdlyopreheisk-neut

optimal tax policy is not a constant tax rate as

'® InAndersen and Dogonowski (1998) we show that an explicit modelling of tax distori

ingrtemporal substitution in labour supply does not support a constant tax rate as m
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Hence only if the distortionary effects of taxation are ﬂnéep@hdent of tl]

does it follow that the optimal policy is a constant tax rate.

Finallyt should be pointed out that even by allowing for lump-sum -
optimal to fully finance public expenditures by this non-distorti
appendixXiv) ). This shows that the insurance effect at the margin i

outweigh the distortions of income taxation.

Macroeconomic Stability
The financing regime for public expenditures has implications for

volatility. For output we find

€, = 1+ n,€s.
where
%:%z
Y 9y x
_ /4
n, = fle'—
Y f

We find that output is more sensitive to the state of nature under .

(indexed by B) than under the optimal tax strlcture (indexed by D)

€ 4 > 64
Yap Yap

7 see R®ell and Sussman (1997) for a case where taxes provide implicit insurance, but
structure is not stabilizing.
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ife’> 0 (output and employment is increasing in the state of nature

optimataxes are non regres@ivBhis is consistent with the empirical £

Gali (1994). As should be expected, this also lowers the sensitivit

64 >€
C B CaD

Itis also easily verified that both private and public net-savings a
variable this case. This implies that the trade balance moves procyc

in accordance with stylized empirical facts (see eg Backus and Keho

Optimal Public Consumption

Finallwe consider the optimal level of public consumption under a -
(g) rule and under the optimal jraRspdbicythég case with exogenou
productiormg find that there is no unambiguous relation between the t

appendix (vii)), ie

9, = 9

<

Itmay surprise that public consumption is not generally larger in the
regimeas the budget balance restriction is lifted. Although this eff
an opposite effect from the fact that providing insurance may inc:

marginal value of private consumption.

5. Concluding Remarks

Policyestrictions on public deficits means limitations on the possi:
sectoto use international capital markets for intertemporal smootl
infliadsh the insurance or stabilizing effects of "automatic stabili

budget®.

¥ Ina European perspective the insurance or stabilizing aspects of the public budge

as there is no federal budget to compensate for the loss of fiscal flexibility in me
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Solving for the optimal tax policy we find that it under plausible acs
boththe tax rate (progressive taxation) and the primary public budget

and moreover this also produces macroeconomic stability.

Thisinsurance argument relies on a capital market imperfection imply
sector has diversigdssitldohities to aggregate shocks which are not f1
tothe private sector. While this possibility easily arises in an

economywith an inoperative bequest motive, we think of this as an :
modellingn aspect which goes beyond the specificities of int:

diversification of shocks.

The present analysis has not dealt with the political decision proce:
may influence debt policy and lead to a deficit bias (see eg Alesin
The present argument that wedfere gains from allowing public budget
imbalece suggests that there is a traditional rules vs. discretion

extent that there is a political deficit bias (see eg Corsetti and

are implemented strictly in the Economic and Monetary Union.
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Appendix
(i) Equilibrium Employment

Using the conditions determining labour supply and demand (3), (4),

equilibrium employment from the relation
(1-t)aff QU'(A-t)af@) - v/ =0 (A-1)
This gives equilibrium employment as an impE @) ,fumction of a

1=e@

Differentiation of (A-1) yields

1

/ s®s"Y
© A) - /]
£1
ER
where
R/ Cpr /gy a
_ wl R, = v ml’ R, = U“@i
mrwl v Q) U’ @

From the second order condition to the household optimization proble

- RyY+R, <0
Hence, givenfﬁham, it follows that

sigre’(8) = sigéi - RU>

From the labour supply function (3), we find
1
—(1-R..y
dl w< v )

ow R,Y-R,
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For labour supply to be increasing in the wage rate, we require

RU<

1

Y

(ii) The Indirect Utility Function V(&)
Since

i= @-7)(t +wd = @-1)afQ)

and

<
Y
]
c
oy
h
JUR
2
|
=
o
L

We find by use of the first order condition (3) that

and

vi(g =u"f + £e'U(1-R)

We have that(d < 0 if
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U'E + fle'U/1-Ry) < 0

or

(iii) Derivation of Expectedk Utility wrt

We have that

Ea

aEv(a(l—r@—e[?_l))) :Ev/(a(l—r@-e[ﬁ‘l)))

Je

and hence

Ea

()

o€

€=0

Next we shall progga@Fab:O foww” < 0.
€

Joe | _,
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By the symmetry of the density function h around theVikean ®a, it fol

for whichAEand Ea+belong to the support of h(a) that

hEa-A) - h(Ea+d) VY A € [0,A]
AsV'”< 0 we have
V/(Ea-A)(1-t(Ea-1) > V/([Ea+A)(1-t(Ea+A))

or

V/(Ea-A)(1-t(Ea-A)hEa-1)(-1) < V/([Ea+A)(1-t(Ea+A)h(Ea+A)(-

Hence,

v/((Ea-A)1-t(Ea-A)hEa-A)(-2) + V/(Ea+rA)(1-tEar A)hEa+A) d) < 0
from which is follows that

EV/(a(1-1t @) (- (Ea-4a)

[V /(Ea-2)(1-t(Ea-A))h(Ea-A)

O\PI

+ V/(([Ea+A) (1-t(Ea+A)h(Ea+A)] < 0

Using the same procedure, it can be proved that

aEv’(a(l—r (a)—e(E—a—l))]
2 >0 forv >0

Je

€=0

(iv) Progression of the Optimal Tax System with Endogenous Productic
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The first order condition characterizing the optimal tax system read

Vé@—arb»::kRﬂatQ»
when transformed by log

logfé(a—at @) = lod + logir/(a,‘t @)

where lagis fixed.

We take the derivative with respect to a and get

v /! 5 3
R e EE
Vv aa R‘E/ aa

[\

If we solve%?br we get
a

(1—’5)— Ta
/ /
oT _ VéI R‘c
da /! /!
R‘C‘C Véél
/ /a
R. Vg

If risk avetdion), RN

5> 0 andRT/i <0, thelgi >0
da
3 R/
If risk neut&é@iﬁy'theaig&—z) = - gi n—%
a R

If risk sedkind), then the(%ﬁ%nis ambiguous.
a

(v) Risk Neutrality and a Constant Tax Rate
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The optimal tax system is given by

/{2 / /
.. v'@ vt U

R .@t) f-tflea T €4

Sufficient conditions for a constant optim&l’=tax tatefahasthat 1)

constant elasticity wrt e, and iii) the employment function e has an

pendent of a.

The employment elasticity is given as

0

[\ ()]
ol
|
|_l

and for this to be independent of a it is required that f has a cons

R, is independent of a. This will be the case if v belongs to the CR

(vi) Non-optimality of Pure Lump-sum Taxation

If we introduce a lump-sum tax T, the problem for the optimal tax sy

max]Ev(a @ -1),T)]

T,T @)
st. g =ElatH(a@-1),T)+T]

where
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H(a@-1),T) = flelad-1),T)

The first order conditions for thetophdm&@lwahdibe of

v./(a@-1),T)
A= / (B-1)
H(a@-7),T)-atH,(a-1),7T)

. —E[Vl/(a(l—r),T)] 52)
E[aTH;(a(l—r),T) + 1]

whered is the Lagrange multiplier to the problem.

We will show ttlat) is inconsistent with the conditions (B-1) and (B-:

optimal tax structure.

The first order condition for optimal labour supply reguation (3) and
condition (BA)=WA1i), where ineome-if(e(a,T)) - T = i(a,T) is a func

a, and therefore not constant for all possible values of a, as requ

So we have a contradiction, pure lump-sum taxation is not optimal.

(vii) The Optimal Level of Public Consumption with Endogenous Produc

When solving for the optimal public consumption (and the optimal tax

regime (indexed by D) the problem reads

max E[V(a@-1))] + s@)
gr
stg = E[aR@y)

The shadow price of one extra unit of’thmepsbied fwoterms of utility

of the household may be expressed as
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_ E[av/(ali-1?))]
E [aRT (a,rD)]

For the balanced budget regime (indexed by B) the problem reads

max E[V (a(l—rB))] + s@)
g
stg = aR(a,tB)

and the shadow jrreads

av'(a(1-7®)

A, = E
aR, (a,tB)

B

We will next identify the dgndidion for

We know thgt@) = A in an optimum such that

gDEgB for ADEAB
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