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Abstract

Household-specific growth rates of the tax base imply that the timing of tax collections deter
the distribution of tax burdens and wealth across households. Changes in fiscal policy do n
shift tax burdens across generations, but also within cohorts. Institutional deficit constraints se
shifting conflicts in favor of individuals with high income growth. With distortionary taxes, po
makers trade off the relative wealth effects of fiscal policy and the efficiency cost of house
specific deadweight burdens. I apply the incidence analysis of fiscal policy to answer the qu
how the German unification should have optimally been financed.
 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Confronted with the need to raise revenue, governments must balance effi
and equity considerations. In macroeconomics, the latter are often associate
the intergenerational wealth effects of government debt. This paper argues t
many circumstances, there are importantintragenerational wealth and welfare effec
of government debt policy that are unrelated to the policy’s impact on the genera
accounts.

The financing of the German unification is a case in point. Starting from low le
East German labor productivity and per capita labor incomes have started to catch u
West Germany’s. The difference between the growth rates of the tax base in Ea
West Germany implies that the timing of tax collections determines the cross sec
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distribution of tax burdens: Taxes levied in the 1990s were overwhelmingly paid by
Germans since their compatriots in the East had very low incomes; taxes levied
future, in contrast, will be shared more equally between East and West Germans si
capita incomes will have converged. In essence, therefore, budget deficits and sub
surpluses—as aimed for by German policy makers in the 1990s—replicate a wea
that is progressive in the growth rate of income. Ceteris paribus, a balanced budget
would have benefited East Germans and hurt West Germans relative to the fiscal
that was actually enacted.

I analyze the intragenerational welfare effects of fiscal policy in a version of Luca
Stokey’s (1983) benchmark economy. Lucas and Stokey (1983) show within a fram
characterized by distortionary taxes, intergenerational altruism, and a representative
that Ramsey’s (1927) findings translate into a tax smoothing prescription accord
which the optimal fiscal policy smooths deadweight burdens across time and
of nature (cf. also Bohn, 1990; Chari et al., 1991). In this framework, I introd
intragenerational heterogeneity in the form of household-specific growth rates of
productivity. The resulting economy differs from the many-person Ramsey set
Diamond and Mirrlees (Diamond and Mirrlees, 1971a, 1971b; Diamond, 1975) be
the government is restricted to a uniform labor income tax schedule. Optimal fiscal
trades off the benefits and cost of tax smoothing and tax shifting. For given pa
government spending and aggregate productivity and for a given governmental ob
function, the optimal sequence of budget deficits depends on the productivity profi
all groups in society.

While the model economy features distortionary taxes, it is clear that intragenera
wealth effects arise independently of tax induced distortions:1 Household-specific growt
rates of the tax base break Ricardian equivalence even if markets are complete, ta
non-distortionary, and generations are altruistically linked.2 The non-neutrality of fisca
policy changes is then solely due to the presence of individual budget constraints
cross section; it disappears only if households trade behind a Veil of Ignorance.3

Section 2 presents the model and analyzes the wealth and welfare effects of fisca
in general equilibrium. In Section 3, I analyze optimal policy. I compare the Ram

1 This contrasts with Bassetto (1999). There, only one group of households is taxed such that the tax
cannot be shifted. Since taxes are distortionary, a change in fiscal policy affects the deadweight burden
the taxpayers. Moreover, it indirectly shifts wealth between taxpayers and non-tax-paying “renters,” if the
of tax collections affects the interest rate. In my model, fiscal policy affects the wealth distribution both d
and indirectly.

2 Cf. Bernheim (1987), Bernheim and Bagwell (1988), and Elmendorf and Mankiw (1999) for discussi
the Ricardian equivalence proposition. Cf. Diamond (1965), Blanchard (1985), and Auerbach et al. (19
analyses of the intergenerational distributive effects of fiscal policy that arise in the absence of intergene
altruism. My emphasis on direct intragenerational wealth effects contrasts with Bernheim (1987, p. 27
dismisses them as being of “second-order importance.” Bernheim’s assessment derives from his intere
validity of Ricardian equivalence on the aggregate level, combined with his assumption that heterog
households exhibit similar propensities to consume out of their wealth. For an analysis of the lifetime tax
of heterogeneous groups due to different kinds of taxes, cf. Fullerton and Rogers (1993).

3 Household-specific budget constraints can be interpreted as a form of market incompleteness (Gean
1990, p. 3). Ricardian equivalence holds if, in this broad sense, markets are complete (cf. also Gale, 199
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equilibrium to the equilibrium in an economy where households act behind the V
Ignorance, and I show that the results of the model are robust to the introduct
non-linear taxes. Section 4 discusses policy implications in the context of the Ge
unification example. The results suggest that deficit financing of the German unifi
favored West Germans by shifting part of the tax burden from West to East Ger
Section 5 discusses the maturity structure of public debt that renders the social w
maximizing policy time consistent. Section 6 concludes with a brief discussion of fu
implications and applications of the model.

2. The model

2.1. Structure of the economy

The economy is closed. As in Lucas and Stokey (1983), it consists of a governme
a continuum of households of measure one. Households live from period 0 to peT
(T may be∞). Both the government and households perfectly foresee the determ
sequences of all exogenous variables. (For an analysis under uncertainty, cf. the w
paper version (Niepelt, 2002).)

The population is split into two groups: Typea households amount to a fractionη of the
consumers (0< η < 1), typeb households to a fraction 1−η. The welfare of a household
defined to be the discounted (by factorβt ) sum of felicity functions. The latter are given b
u(cat , x

a
t ) ≡ ln(cat )+ γ a ln(xa

t ) for a-types andv(cbt , x
b
t ) ≡ ln(cbt )+ γ b ln(xb

t ) for b-types,
wherecit and xi

t denote typei ’s consumption at timet of the single good and leisur
respectively, andγ i > 0, i = a, b. The logarithmic utility assumption is not important f
the results of the paper. It simplifies the equilibrium conditions by fixing the expend
shares and inducing fixed ratios of consumption across types. (In Appendix A.1, I pr
a general (in the class of time separable utility functions) characterization of the Ra
policy. The gain in generality comes at the high cost of a loss of analytical tractab
Each household is endowed with one unit of time per period. Production is line
labor with productivitieswi

t , i = a, b. For notational convenience, I definewt ≡ wa
t /w

b
t ,

γ ≡ γ a/γ b, ct ≡ cat /c
b
t , andxt ≡ xa

t /x
b
t .

The exogenous resource requirement of the government,gt , is financed out of taxes an
budget deficits. Because the government only observes a household’s labor incom
not type, productivity, or labor supply, it must resort to a labor income tax sched4

The important implication is that the government cannot differentiate the time p
of tax rates across individuals independent of their labor income. For the time b
I assume a proportional labor income tax such that average and marginal tax ra
identical. (This assumption can be relaxed, see below.) This renders the struc
the government’s problem similar to the many-person Ramsey setup (cf. Diamon
Mirrlees, 1971a, 1971b; Diamond, 1975); the crucial difference is the requiremen

4 Cf. Atkinson and Stiglitz (1976).
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tax rates on sales of labor services by different household types be uniform.5 Due to the
static technology that prevents intertemporal substitution in production, a certain allo
does not pin down relative producer prices across time. Since households receive n
sum income, this implies that the tax rate on purchases of the consumption good
normalized to zero.

Households behave competitively. They take the sequences of labor productivity,
of the consumption good{pt }Tt=0, and tax rates{τt }Tt=0 as given and plan consumption a
leisure{cit , xi

t }Tt=0, i = a, b, as well as the holdings of financial claims in order to maxim
utility.

A competitive equilibrium in this economy consists of a tax and debt plan, a
sequence, and consumption and leisure choices satisfying the economy’s re
constraints,

et ≡ ηwa
t + (1− η)wb

t − gt = η
(
cat +wa

t x
a
t

)+ (1− η)
(
cbt +wb

t x
b
t

)
, (1)

t = 0,1,2, . . . , T ,

0 � xi
t � 1, i = a, b, t = 0,1,2, . . . , T ,

the budget constraints of households and the government, and that correspon
utility maximization on the part of consumers. I assume that government expendit
always feasible,et > 0, t = 0,1,2, . . . , T , and that equilibria are interior. In equilibrium
a temporary government budget deficit is matched by savings of the private secto
government’s intertemporal budget constraint is automatically satisfied, whenev
households’ budget constraints and the aggregate resource constraints are.

The weighted—byθaη andθb(1 − η)—sum of the welfare of the two types defin
the government’s objective function.6 Among the tax plans that result in a competit
equilibrium, the government chooses one that maximizes social welfare. Until
I neglect issues of time consistency and assume that the government is able to c
to this ex ante optimal policy.

2.2. Households’ problem

A household of typei, i = a, b, solves the problem7

max
{cit ,xi

t }Tt=0

T∑
t=0

βt
[
ln
(
cit
)+ γ i ln

(
xi
t

)]

s.t.
T∑

t=0

pt(1− τt )w
i
t =

T∑
t=0

pt

[
cit + (1− τt )w

i
t x

i
t

]
.

5 In each period, there are three goods: The consumption good, hours supplied bya-types, and hours supplie
by b-types. Different household types value goods differently and are endowed with different good
restriction that the government imposes equal tax rates on both types (captured by Eq. (5) below) am
a uniformity requirement that is not present in the standard many-person-Ramsey setup.

6 Under the additional assumptionθa = θb , the Benthamite social welfare function results.
7 I assume that no debt is outstanding at the beginning of period 0.
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The budget constraint requires household wealth, the market value of produ
endowments after taxes, to equal the market value of goods and leisure consum
The first-order conditions of this problem define the household’s consumption and l
choices as functions of productivities, tax rates, and prices.8 To reduce the number o
variables, I substitute out prices and tax rates to find the implementability constraint

T∑
t=0

βt
[
1− γ a

(
1− xa

t

)
/xa

t

]= 0, (2)

T∑
t=0

βt
[
1− γ b

(
1− xb

t

)
/xb

t

]= 0, (3)

cat

cbt
= ca0

cb0

≡ c, t = 1,2, . . . , T , (4)

xa
t w

a
t

xb
t w

b
t γ

= c, t = 0,1,2, . . . , T . (5)

Equations (2) or (3) correspond to the single implementability constraint arising
representative agent setup. They combine the budget constraint with the static and d
optimality conditions. Conditions (4) and (5) capture the restrictions that both typ
households face the same prices and marginal tax rates. (2)–(5) simplify to

γ b

1+ γ a

1∑T
t=0β

t

T∑
t=0

βt wt

xb
t

= c, (6)

1+ γ b

γ b

T∑
t=0

βt =
T∑

t=0

βt 1

xb
t

, (7)

cat = cbt c, t = 0,1,2, . . . , T , (8)

xa
t = xb

t cγ /wt , t = 0,1,2, . . . , T . (9)

Equations (6)–(9) represent all equilibrium restrictions implied by optimal house
behavior.

2.3. Constraints of the government’s problem

When choosing the tax profile, the government must take its own budget constrai
implementability constraints (6)–(9), and the resource constraints into account. Giv
latter, one of the three budget constraints is redundant.

Substituting forcat andxa
t (from (8) and (9)) in the resource constraint, results in

cbt = et − xb
t w

b
t (ηcγ + 1− η)

ηc + 1− η
, t = 0,1,2, . . . , T . (10)

8 βt ci /cit = pt /p0, t = 0,1,2, . . . , T ; wi
t (1− τt )/c

i
t = γ i/xit , t = 0,1,2, . . . , T ; and the budget constraint
0
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Without further restrictions on fiscal policy, the government faces a single intertem
budget constraint,

T∑
t=0

pt

[
gt − τt

(
ηwa

t

(
1− xa

t

)+ (1− η)wb
t

(
1− xb

t

))]= 0,

or, using again the households’ first-order conditions to substitute out prices and tax

T∑
t=0

βtst = 0, (11)

st ≡ ηc
(
1+ γ a

)+ (1− η)
(
1+ γ b

)− γ b(ηwt + 1− η)/xb
t .

Under institutional restrictions on government financing, (11) is replaced by ti
constraints.9 A balanced budget (BB) requirement constitutes an important special
among such institutional restrictions. A strict BB rule requires tax revenue to e
government expenditure in each period, i.e.

st = 0, t = 0,1,2, . . . , T . (12)

Under a strict BB rule, the allocation satisfies (6)–(9), (10) and (12), and involve
degrees of freedom. Under no BB rule, it satisfies (6)–(9), (10) and (11), and does i
degrees of freedom. I will first solve for the former allocation, because it serves
reference point for the analysis of policy changes. Afterwards, I will solve for the l
allocation as a function of the government’s free policy instruments. This, in turn,
allow me to characterize the optimality conditions with respect to those instruments

2.4. Allocation under a strict BB rule

To derive the allocation under a strict BB policy (7) and (12) are solved forc; (12)
for xb

t , t = 0,1,2, . . . , T ; (10) for cbt , t = 0,1,2, . . . , T ; and finally (8) and (9) forcat , xa
t ,

t = 0,1,2, . . . , T :10

c̄ = 1+ γ b

1+ γ a

B − (1− η)Ω

ηΩ
, (13)

x̄b
t = γ b

1+ γ b

ηwt + 1− η

B
Ω, t = 0,1,2, . . . , T , (14)

c̄bt =
(ηwa

t + (1− η)wb
t )
(
1+ (1− η)Ω

B
γ a−γ b

1+γ b

)− gt (1+ γ a)

(1+ γ b)(B/Ω − (1− η))+ (1− η)(1+ γ a)
,

t = 0,1,2, . . . , T , (15)

c̄at = c̄bt c̄, t = 0,1,2, . . . , T ,

9 In that case, one of the households’ budget constraints—not the government’s budget constr
redundant.

10 For any variableqt , let q̄t denote the value under a strict BB policy.
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x̄a
t = x̄b

t c̄γ /wt , t = 0,1,2, . . . , T ,

Ω ≡
T∑

t=0

βt(ηwt + 1− η)−1, B ≡
T∑

t=0

βt .

Under a strict BB rule, the allocation is fully determined by the aggregate equilib
conditions and the households’ optimizing behavior. The government’s optimal tax
program is trivial, as it involves no degrees of freedom.

2.5. Allocation under no BB rule

In the absence of a BB rule, the government’s choices with respect toc andxb
t , t =

0,1,2, . . . , T , are only restricted by (6) and (7) (since (11) is redundant). The assoc
degrees of freedom correspond with the government’s flexibility to shift tax collec
across time. Without loss of generality, I choosexb

t , t = 1,2, . . . , T , to represent the polic
instruments. (Since tax rates have been substituted out, the “real” policy instrume
no longer present in the equation system. However, a specific sequence ofxb

t ’s directly
corresponds with a sequence of these “real” instruments.) To derive the allocation
no BB rule, solve (7) forxb

0 (given the values of the policy instrumentsxb
t , t = 1,2, . . . , T );

(6) for c; (10) forcbt , t = 0,1,2, . . . , T ; and finally (8) and (9) forcat , xa
t , t = 0,1,2, . . . , T :

x = vector of policy instrumentsxb
t , t = 1,2, . . . , T ,

xb
0(x)=

(
1+ γ b

γ b
B −

T∑
t=1

βt 1

xb
t

)−1

, (16)

c(x)= w0
1+ γ b

1+ γ a
+ γ b

1+ γ a

1

B

T∑
t=1

βt wt −w0

xb
t

, (17)

cbt (x)= et − xb
t w

b
t (ηc(x)γ + 1− η)

ηc(x)+ 1− η
, t = 1,2, . . . , T , (18)

cb0(x)= e0 − xb
0(x)w

b
0(ηc(x)γ + 1− η)

ηc(x)+ 1− η
, (19)

cat (x) = cbt (x)c(x), t = 0,1,2, . . . , T ,

xa
t (x) = xb

t c(x)γ /wt , t = 1,2, . . . , T ,

xa
0(x) = xb

0(x)c(x)γ /wt.

2.6. Redistribution

Equation (17) captures the tax shifting result in general equilibrium. It shows
changes in fiscal policy affect relative wealth11 if wt varies over time. (Ifwt is constant
the second term in (17) collapses to zero.) Consider, for example, an increasexb

t

11 Relative wealth equalsc(1+ γ a)/(1+ γ b).
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accompanied by a decline inxb
0 (given by (16)). This policy change implies an increa

of xb
t /x

b
s and a decline ofxb

0/x
b
s , s = 1, . . . , t − 1, t + 1, . . . , T . In equilibrium, the highe

xb
t /x

b
s and lowerxb

0/x
b
s ratios are associated with a fall ofpt (1 − τt ) and an increas

of p0(1 − τ0), relative to eachps(1 − τs), because households choose fixed expend
shares for their leisure consumption. Households that experience a comparative
(low) relative productivity in period 0 (t) benefit from this effect.

The wealth shift operates through two channels. First, tax rates change, which
after tax productivities and wealth. Second, demand responses imply, that prices
in order to equilibrate markets. These price changes affect wealth by altering the m
values (after tax) of time endowments. Equation (17) reports the compounded r
wealth effect due to these two channels.12

3. Optimal fiscal policy

The optimal policy maximizes social welfare, subject to the constraints governin
allocation under no BB rule. In equilibrium, social welfare can be expressed wi
explicit reference tocat andxa

t because (using (8) and (9))

u
(
cat , x

a
t

)= v
(
cbt , x

b
t

)+ (
γ a − γ b

)
ln
(
xb
t

)+ (
1+ γ a

)
ln(c)+ γ a ln(γ /wt).

The government’s program therefore reads13

max
{xb

t }Tt=1

T∑
t=0

βt
{(
θaη + θb(1− η)

)[
ln
(
cbt
)+ γ b ln

(
xb
t

)]
+ θaη

[(
γ a − γ b

)
ln
(
xb
t

)+ (1+ γ a) ln(c)+ γ a ln(γ /wt)
]}

s.t. (16)–(19). (20)

I substitute (16)–(19) into the government’s objective function and differentiate
respect to the policy instruments.14 A typical first-order condition with respect toxb

t takes
the form

∑3
j=1Djt = 0, where

12 Note that the resource constraint plays no role in determiningc. For a given sequence{xbt }T
t=1, the

implementability constraints alone pin down the wealth distribution. This property is due to the logar
utility assumption and the absence of an exogenous income stream. These ingredients imply that the eq
conditions are block recursive: The policy instruments together with conditions (6), (7), and (9) dete
{xit }Tt=0, i = a,b, and c. The resource constraint and (8) then fix{cit }Tt=0, i = a,b, and the households

first-order conditions pin down{pt/p0}T
t=1 and {τt }Tt=0. Alternatively, households’ leisure demands and

definition of household wealth linkc, {xit }Tt=0, i = a,b, and the relative prices of productivity endowmen

{pt (1 − τt )/p0(1 − τ0)}Tt=1. Given these values, the resource constraint and households’ demands for

determine{cit }Tt=0, i = a,b, {pt/p0}T
t=1, and{τt }Tt=0.

13 In stating the government’s program, I neglect the inequality constraints in (1).
14 In Appendix A.1, I discuss the generalized version of (20) and compare the first-order conditions

program with those found by Lucas and Stokey (1983).
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D1t ≡ (
θaη + θb(1− η)

)[
βt

(
1

cbt

∂cbt

∂xb
t

+ γ b

xb
t

)
+
(

1

cb0

∂cb0

∂xb
0

+ γ b

xb
0

)
∂xb

0

∂xb
t

]
,

D2t ≡
{(

θaη + θb(1− η)
)[ T∑

s=0

βs 1

cbs

∂cbs

∂c

]
+ θaη

[
(1+ γ a)B

1

c

]}
∂c

∂xb
t

,

D3t ≡ θaη

[(
γ a − γ b

)(
βt 1

xb
t

+ 1

xb
0

∂xb
0

∂xb
t

)]
.

TermsD1t , D2t , andD3t summarize the social welfare implications of a change inxb
t

in general equilibrium. Consider firstD1t : A marginal increase in leisure provides utili
(γ b/xb

t ) but goes hand in hand with a decrease in goods consumption (due to the re
constraint), thereby negatively affecting utility (1/cbt ∂cbt /∂x

b
t ). Furthermore, the chang

in xb
t must be accompanied by a variation inxb

0 (and thereforecb0) to be implementable
D1t accounts for these four effects, holding the wealth distribution constant.D2t measures
the social welfare effect due to the impact of the policy change on the wealth distrib
D3t corrects for differences in household preferences for leisure.

The partial derivatives inD1t ,D2t , andD3t (following from (16)–(19)) are given by

∂cbt

∂xb
t

= −wb
t (ηcγ + 1− η)

ηc + 1− η
= − γ b

1− τt

cbt

xb
t

ηcγ + 1− η

ηc + 1− η
, t = 0,1,2, . . . , T , (21)

∂cbt

∂c
= −ηet − (1− η)ηwb

t x
b
t (1− γ )

(ηc + 1− η)2

= −cbt
η(γwb

t x
b
t + cbt )

ηcat + (1− η)cbt
= − η(wa

t x
a
t + cat )

ηcat + (1− η)cbt

cbt

c
, t = 0,1,2, . . . , T , (22)

∂xb
0

∂xb
t

= −βt(xb
0)

2

(xb
t )

2
, t = 1,2, . . . , T , (23)

∂c

∂xb
t

= − γ b

1+ γ a

1

B
βt wt −w0

(xb
t )

2
, t = 1,2, . . . , T . (24)

∂cbt /∂x
b
t reflects the resource constraint and the equilibrium conditions (8) and

An increase inxb
t reduces production which necessitates a cut in consumption.∂cbt /∂c

manifests the same restrictions: An increase inc raises bothxa
t relative toxb

t andcat relative
to cbt . The first effect reduces aggregate production and consumption of all household
second effect amplifies the reduction forb-types. The partial derivative gives the resulti
cumulative effect oncbt . ∂xb

0/∂x
b
t represents the implementability constraint ofb-types.

Finally, ∂c/∂xb
t reflects all implementability constraints. It measures to what exten

wealth ratio adjusts in response to a policy change, such that households’ expe
shares remain fixed.

Returning to the expressions forD1t , D2t , andD3t , it is helpful to consider severa
special cases that isolate the various welfare effects captured by the first-order con
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Assume first that households are homogeneous,γ = 1 and c = 1.15 This implies that
D2t = D3t = 0 and

∂cbt

∂xb
t

= −wb
t .

The marginal rate of transformation between leisure and consumption on the agg
level, −wb

t , and as perceived by an individual household,−wb
t (1 − τt ), therefore only

differs for τt 	= 0.D1t simplifies to

(
θaη + θb(1− η)

)[
βt γ

b

xb
t

(
1− 1

1− τt

)
+ γ b

xb
0

(
1− 1

1− τ0

)
∂xb

0

∂xb
t

]
,

which represents a weighted sum of tax distortions. Ifτt = τ0 = 0, the welfare effec
from a small change inxb

t and, correspondingly,xb
0 is zero. If, however, eitherτt 	= 0 or

τ0 	= 0, the government can potentially improve welfare by adjusting the tax rates suc
reduce the total deadweight burden. Substitution of the equilibrium values under a B
example, implies that a marginal increase ofxb

t around the BB allocation improves welfar
if τ̄0 > τ̄t . D1t therefore captures the marginal social welfare effect from tax smoothi

Suppose next that households differ with respect to their preferences,γ 	= 1, but relative
productivities are constant,wt = w, t = 0,1,2, . . . , T , such that relative wealth is fixe
andD2t = 0. The aggregate marginal rate of transformation betweenb-types’ leisure and
consumption,

∂cbt

∂xb
t

= −wb
t

ηcγ + 1− η

ηc + 1− η
,

now depends on the composition of the population and differs from that perceived
individual household,−wb

t (1− τt ), even if the tax rate is zero.D1t reads

(
θaη + θb(1− η)

)[
βt γ

b

xb
t

(
1− 1

1− τt

ηcγ + 1− η

ηc + 1− η

)

+ γ b

xb
0

(
1− 1

1− τ0

ηcγ + 1− η

ηc + 1− η

)
∂xb

0

∂xb
t

]

andD3t corrects for the fact thata-types derive different marginal utility from leisure tha
b-types. If the government behaved fully in the interest ofb-types (θa = 0), it would set
D1t equal to zero. In the opposite case (θb = 0), it would set a modified expressionD!

1t
equal to zero, whereD!

1t hasγ b in the first and third term ofD1t replaced byγ a to take the
different marginal utility of leisure ofa-types into account. Around the BB allocation, a r
in xb

t improves the welfare of both types, ifτ̄0 > τ̄t . Off the BB allocation, however, th
direction of an optimal policy change generally depends on the welfare weights. Alth
the government can still not affect the wealth distribution (c is fixed), it can affect relative
welfare because fiscal policy imposes type-specific deadweight burdens. There no

15 The same discussion applies under the assumption that households have identical preferences
different productivities, with a fixed ratio,wt = w, t = 0,1,2, . . . , T .
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exists one particular tax smoothing policy; the choice of fiscal policy involves a norm
judgment, even if it does not redistribute wealth.

Suppose finally that households have identical preferences but relative produc
vary over time:γ = 1, ws 	= wt for somes 	= t . Then,D3t = 0 andD1t accounts for the
symmetric welfare effect on households due to changes in the deadweight burden. Wwt

fluctuating, the government can now influence the wealth distribution (∂c/∂xb
t 	= 0). Since

the social welfare effect of redistribution generally differs from zero, the government
advantage of this possibility. The tax smoothing prescription for optimal policy doe
apply, not even locally around the BB allocation.

In the general case (∂c/∂xb
t 	= 0 andγ 	= 1), the different channels interact and fis

policy shifts both wealth and deadweight burdens. A simple decomposition of the res
constraint offers an alternative perspective on this interaction. Define the fiscal burdea-
andb-types in periodt , κtgt and(1− κt )gt , to be the amounts of government expendit
in periodt produced bya-types andb-types, respectively:

κtgt = ηwa
t − η

(
cat +wa

t x
a
t

)
,

(1− κt )gt = (1− η)wb
t − (1− η)

(
cbt +wb

t x
b
t

)
.

The ratio of the two total fiscal burdens at market prices,ρ ≡∑
ptκtgt/

∑
pt (1 − κt )gt ,

provides a summary measure of the relative incidence of taxation. Note that total
and leisure consumption at timet (the sum of the right most expressions in the equat
above) is fixed because government expenditure and productivities are exogenous
policy can therefore affectκt , only if it alters the ratio of total consumption across typ
However, this ratio is given by

cat +wa
t x

a
t

cbt +wb
t x

b
t

= c
cbt + γwb

t x
b
t

cbt +wb
t x

b
t

,

so that policy cannot affectκt unless it either changes the wealth distribution or prefere
differ. Moreover, ifκt is unaltered by policy changes, the same holds true forρ.16

3.1. Sources of the conflict between tax smoothing and tax shifting

We have seen that fiscal policy simultaneously affects tax distortions and the distri
of wealth and welfare. This gives rise to a conflict between the tax smoothing an
shifting objectives. Below, I offer two perspectives on the source of this conflict. I s
first, that the conflict disappears under the Veil of Ignorance. Thereafter, I relate the c
to the uniformity requirement on the tax function. In that context, I also discuss non-
taxation.

16 If γ = 1 and∂c/∂xbt = 0, t = 1,2, . . . , T , then it must be the case that relative productivities are cons
and equal toc. This, in turn, implies thatκt = κ = ηc/(1− η + ηc) andρ = cη/(1− η).
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3.1.1. Incomplete insurance
Consider the situation where households write contracts before learning abou

own type. Behind this Veil of Ignorance (Rawls, 1971), households share the risk of
assigned a specific type. Consumers maximize expected utility

T∑
t=0

βt
[
ηu
(
cat , x

a
t

)+ (1− η)v
(
cbt , x

b
t

)]
subject to the intertemporal budget constraint17

T∑
t=0

pt (1− τt )
[
ηwa

t + (1− η)wb
t

]

=
T∑

t=0

pt

[
ηcat + (1− η)cbt + (1− τt )

(
ηwa

t x
a
t + (1− η)wb

t x
b
t

)]
,

wherecit , x
i
t , i = a, b, denotes consumption of the good and leisure of a household

turns out to be of typei. The implementability constraints arising from this progr
differ from those in the main model in two ways: The two budget constraints are rep
by the single one, andc = 1. The ex ante welfare effect of a marginal increase inxb

t

now resembles, not surprisingly, the one in the representative agent framework (
expression forD1t on page 36). It is given by

(
ηγ a + (1− η)γ b

)[
βt 1

xb
t

(
1− 1

1− τt

)
+ 1

xb
0

(
1− 1

1− τ0

)
∂xb

0

∂xb
t

]
,

a weighted sum of tax distortions.18 Around the BB allocation, a marginal rise inτt
increases the ex ante welfare of households, ifτ̄0 > τ̄t .

Behind the Veil of Ignorance, the private sector behaves as a normative represe
agent. The optimal policy thus amounts to tax smoothing. If households are heterog
and individual budget constraints bind, this is no longer true. A fiscal policy that is op
with respect to a hypothetical representative consumer with “average endowment
“average preferences” is generally inadequate. Primarily, it is not feasible. Even if it
feasible, it would neglect the fact that changes in fiscal policy have important distrib
effects.

3.1.2. Uniform taxation
Suppose the government is able to levy taxes in such a way as to independe

marginal tax rates on labor income ofa- andb-types. In this case, the implementabil
constraint (5) is no longer present. The equilibrium conditions then are given by Eq
(7), (8), and a modified version of (10), namely

cbt = et − xb
t w

b
t (1− η)− xa

t w
a
t η

ηc + 1− η
, t = 0,1,2, . . . , T .

17 Note that there is no aggregate risk with respect to the distribution of types in the population.
18 A parallel result holds for general utility functions. Ex post, the two welfare effects differ ifγ 	= 1.
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Without condition (5), the government can freely choose not onlyxb
t , t = 1,2, . . . , T , but

alsoxa
t , t = 1,2, . . . , T , andc. (xb

0 is then pinned down by (7);xa
0 by (2); and{cat , cbt }

by the modified resource constraint above, the choice ofc, and (8).) This implies tha
the government can smooth tax distortions for any group (by adjustingxb

t andxb
0, say,

to smooth taxes for groupb) without having to incur a change in relative wealth. Abs
cross sectional restrictions on marginal tax rates, no trade off between tax smoothi
tax shifting arises.

Conversely,any (binding) cross sectional restriction on marginal tax rates const
the government’s freedom to choosexa

t independently ofxb
t , and thus to choosec

independently of{xb
t }. Any such cross sectional restriction on marginal tax rates

generates a trade off between tax smoothing and tax shifting. A sufficiently non-line
schedule allows fiscal policy makers to decouple efficiency and (intragenerational)
considerations only if the number of types in the population is so small that margin
rates for every type can be set independently of each other.19 In a more realistic setting
with a continuum of types say (cf. Mirrlees, 1971), the conflict between tax smoothin
tax shifting remains present even if the government has access to a sufficiently non
tax schedule.

4. Financing the German unification

In the early 1990s, Germany faced a sudden, supposedly temporary incre
government expenditures relative to GDP.20 This increase did not only result from stron
public investment in and transfers to the “Neue Länder” but also from transfers t
Soviet Union, loans to Eastern European countries, and contributions to the financ
the Gulf war. In accordance with the tax smoothing view, the government argued in
of deficits and relatively small tax increases in order to finance the expenditure sp21

The parliament endorsed this strategy and approved a quickly rising debt quota.
productivity in the East was to catch up with the Western level, this choice of a fla
profile implied a more equal distribution of the total tax burden between East and
Germans than a front loaded profile. As a result, West Germans’ total tax burden is
than under an alternative policy without the high budget deficits in the 1990s.22

To estimate the welfare implications of this effect, I apply a calibrated versio
the model. In applying the model to the question at hand, I posit, first, that fina
market imperfections, especially borrowing constraints are not of first-order impor
in Germany. If East Germans faced liquidity constraints, the government’s poten
increase their welfare by a front loaded tax profile would severely be restricted. Hig

19 In the model considered in this paper, with just two types, this would be the case. At the same time, h
taxes would no longer be distortionary.

20 For a detailed discussion of several economic aspects of the German unification, cf. Sinn and Sinn (
21 Cf., for example, the speech of finance minister Theo Waigel to the German parliament, March 12, 1
22 Tax schedules in East and West Germany are not strictly uniform but their underlying time profil

tightly connected. Although implementing different tax profiles in East and West Germany would have
advantageous, such a policy would have been politically infeasible.
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sales in East Germany in the early 1990s suggest, however, that liquidity constraint
indeed not binding for many households. Secondly, I disregard the effects of fiscal
on the generational accounts. Equivalently, I interpret the fact that Germans leave be
as evidence for intergenerational altruism. Finally, I neglect migration. This is irreleva
long as the productivity profile of a household is person specific.

I simulate an economy lasting for six decades, from 1991 to 2050. I assume th
2030, East German productivity—which equals roughly 40 percent of the Western
in 1991—will have reached the Western level; that the government expenditure-to
ratio will have converged to 40 percent; and that after 2030, Germany will move al
balanced growth path. In Appendix A.2, I discuss details of the calibration.

Figure 1 illustrates the optimal fiscal policy under different welfare weights for W
Germans:θa = 0.3, θa = 0.5, andθa = 0.7. The weight for East Germans is given
θb = 1− θa .23 Underθa = 0.3, the government values the welfare of East Germans hi
(by a factor> 2) than the welfare of West Germans. Since East Germans are p
than West Germans, redistribution from the latter to the former is a prior objective
government achieves this objective by setting high tax rates at an early stage (≈ 50 percent
during the first decade) when West Germans enjoy strong productivity advantages. I
the tax shifting motive is so pronounced that the optimal policy approximately fol
a BB rule. Tax rates in the first decade are sufficiently high to finance the govern
expenditure spike fully out of tax revenue. After 2000, the rates decline sharply
converge to the long run expenditure-to-GDP ratio. The optimal policy underθa = 0.7
stands in stark contrast to this “close-to-BB” policy. If the government values the we
of West Germans higher than the welfare of East Germans, redistribution is rela
unimportant and the government’s major objective is to minimize deadweight burden

Fig. 1. Optimal policies underθa = 0.3 (·), θa = 0.5 (×), θa = 0.7 (+).

23 The graph displays only the first four decades. After 2030, the economy moves along a balanced
path: productivity, government expenditure, and consumption grow at constant positive rates; tax rates a
supply are constant.
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optimal policy is then characterized by a smooth tax profile (tax rates around 44 pe
similar to the one at which the German government actually aimed. High deficits
first two decades (with an initial deficit quota relative to government expenditure o
percent, close to the one in the data) are followed by surpluses. Under balanced
weights (θa = 0.5), tax rates slowly decline. Moderate initial deficits are followed by sm
surpluses.

The implied welfare differences between the three policies are considerable. The
from the close-to-BB policy to the policy of smooth tax rates reduces the welfa
East Germans to the same extent as a permanent reduction of their consumption b
percent or a reduction of ca. 4 percent throughout the first decade. Significantly highe
digit) welfare costs result under the assumption of a higher initial productivity differe
a shorter time horizon, or a low utility weight on leisure. These costs arise because a s
tax profile hurts East Germans more through the tax shifting channel than it benefit
through the improvement in their intertemporal terms of trade (i.e., the lower interes
associated with a tax smoothing policy).24

Since the model abstracts from the effects of tax policy on both (human) c
accumulation and income from initially outstanding asset holdings, one might wo
whether consideration of these aspects may reverse the result. The opposite is l
be the case. Consider first the unmodeled effect of tax policy on capital accumu
and thereby labor productivity. Economic theory suggests that private investment res
less to the present income tax rate than to expected future tax rates. Under the c
BB policy, tax rates are slightly higher in the second decade but significantly lower
later decades. It is therefore unlikely that the close-to-BB policy would have discou
investment relative to the alternative policies with smoother tax rates. With respect
second issue, note that an increase in the interest rate in the first decade (as associa
the close-to-BB policy) would have devalued initially outstanding long term bonds.
effect would have harmed West Germans much more than East Germans, since o
former held such assets. The general picture arising from the simulation—that the
of smooth tax rates channels resources from the poorer East to the richer West—th
appears robust.

One constraint faced by policy makers thatis present in the model is the maximum
the Laffer curve. An interesting question is whether this constraint (nearly) binds i
simulated economy.25 As it turns out, this is not the case; tax revenue is significantly lo
than at the top of the Laffer curve. Tax rates and revenues during the first decade
be raised beyond their levels under the close-to-BB policy if the government wish
implement stronger redistribution from West to East. Underθa = 0.1, for example, the
optimal initial tax rate approaches 60 percent and the initial tax revenue from Wes
East Germans exceeds the one under the close-to-BB policy by about 10 and 6 p
respectively.

Judged by the government’s intentions and by the deficit quota in the 1990s, Ge
finances the unification by a policy of smooth tax rates, i.e., a policy distinctly favo

24 Moreover, the intertemporal price effect vanishes if Germany is modeled as a small open economy.
25 I thank the referee for raising this issue.
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West Germans. This “Western” bias on the financing side sharply contrasts wit
“Eastern” bias on the expenditure side, as manifested by large transfers to the
Länder” (cf., for example, Schwinn, 1997, Table 2.4). This suggests that the gover
implemented a constrained inefficient policy in the sense that it did not simultane
optimize both government expenditure and revenues. The social cost of adminis
effort, fraud, etc. associated with payments to East Germany could have been r
if the latter had been partially replaced by a more front loaded tax profile. Se
alternative explanations for the opposing policy biases are conceivable. The gove
might, for example, have tried to undo some of the well publicized transfers to
Germany by less transparent tax shifting. A possible rationale for such behavior
be that the government acted on behalf of (some) West Germans, but sought t
votes from East Germans.26 Alternatively, the authorities were simply not aware
the policy’s intragenerational distributive consequences. They erroneously cons
Germany to be inhabited by a representative household (along the dimensions r
for fiscal policy) and, accordingly, chose a smooth tax profile on efficiency grounds
intention to minimize the deadweight burden led to an unintended redistribution
East to West. Finally, the government might have attributed greater importance
presence ofintergenerational heterogeneity than the model does. If young and old
Germans are not altruistically linked, concern for old East Germans may have dict
more backloaded tax profile than the simulation, which abstracts from intergenera
heterogeneity, suggests.27

5. Time consistency

Lucas and Stokey (1983) showed that in a representative agent economy, the g
ment can commit to the ex ante optimal fiscal policy by choosing the maturity stru
of public debt in an appropriate way.28 Bassetto (1999) demonstrates that the same is
in his model with a “taxpayer” and a “rentier,” as long as the government can adjus
one of the bilateral debt positions in the economy after having observed the othe
Appendix A.3, I show that a similar condition applies in the setup considered here.29

In the representative agent setting, the government faces a single implemen
constraint. The possibility of time inconsistency arises because the household’s o
response to a distortionary tax ex post differs from its ex ante response. The optim
profile itself therefore also changes over time. In order to commit to a specific pr
the government needs to influence the constraints subject to which it re-optimizes i
periods. This can be done by employing ex ante neutral devices that are non-neutral—
the relevant margins—ex post. To counterbalance all ex post incentives, the gove

26 This argument requires heterogeneity among West Germans (that is unrelated to the issues discus
which induces the government to seek the support of East Germans.

27 I thank the referee for proposing this interpretation.
28 The discussion presumes that the government must honor outstanding government debt.
29 Cf. Rogers (1986) for a discussion of time inconsistency in a framework with heterogeneous hous

labor and capital taxes, and no government debt.



D. Niepelt / Review of Economic Dynamics 7 (2004) 27–51 43

itted to.
hich a

rnment

ability
n the
rring
ry tax

al tax
ult in
tency,
h these
ment
ublic
. The
d on the

cha-
gov-

re. The
rgen-
in the
fam-
ational
por-

whose

kers
rofile
r the

ther
ycle:

model
states

f states.
us poor
ta from
o

needs as many independent devices of that sort as there are tax rates to be comm
The maturity structure provides these devices because it determines the extent to w
change in the allocation translates into a change of the value of outstanding gove
debt (Persson and Svensson, 1986).

With heterogeneous households, the government faces multiple implement
constraints. Not only is it prohibited from directly transferring resources betwee
private sector and the government, but it is also prohibited from directly transfe
resources across types. With the households’ optimal response to a distortiona
profile changing over time, the government’s re-optimization along the intertempor
smoothing margin and the cross sectional tax shifting margin would generally res
ex post policy choices that differ from the Ramsey outcome. To avoid time inconsis
the government needs to employ a commitment device that counterbalances bot
differential ex post incentives. An appropriately chosen maturity structure of govern
debt can again serve as such a device. As shown in the Appendix, this “optimal” p
maturity structure depends on the maturity structure of all privately issued bonds
dependence arises because the welfare effects of a policy change ex post depen
total exposure of households to the different maturities.

6. Conclusion

Heterogeneous income profiles turn fiscal policy into a powerful distributive me
nism. One implication of this mechanism, the intergenerational wealth effects of
ernment debt, has attracted considerable attention in the macroeconomic literatu
general tax shifting principle has gone nearly unnoticed, though. This focus on inte
erational wealth effects may have been too narrow. Since different generations with
same family are much more likely to be altruistically linked than members of different
ilies, intragenerational tax shifting should be at least as prevalent as its intergener
counterpart. Moreover, since tax shifting gives rise to first-order welfare effects, its im
tance for optimal debt policy should be at least as great as that of tax distortions
second-order welfare effects are generally stressed.

The implications for optimal government debt policy are wide ranging. If policy ma
are concerned about inequality, they should impose a relatively front loaded tax p
if regional disparities in per capita income are expected to narrow. Deficit data fo
USA suggest that such a policy was actually implemented by Congress.30 Germany’s
financing of the unification, in contrast, does not conform with this prescription. O
policy implications relate, for example, to the optimal tax policy over the business c

30 The residual (actual minus predicted) budget-deficit-to-GNP ratio from a pure tax smoothing
(Barro, 1986, Table 4) is negatively correlated with the dispersion of per capita income across US
(which declined over time). I assume that the government’s objective function aggregates the welfare o
I measure income inequality across states by the relative per capita personal income of rich vers
US states where rich (poor) is defined as above (below) average in 1955. I use annual income da
http://www.bea.doc.gov/bea/regional/spi. Allowing for a structural break after 1943, the tw
series are negatively (−0.52, or−0.65 for five year averages) correlated between 1929 and 1983.
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If policy makers are concerned about inequality, they should levy income taxes le
cyclically than suggested by the tax smoothing view since the poor face a more pro c
income path than the rich (cf. Castañeda et al., 1998).

From a positive perspective, the welfare implications of intragenerational tax sh
shed new light on the observed political conflict about constitutional restrictions on
policy. In contrast to existing models that stress the role of intergenerational confl
an inefficient political process the present framework can easily rationalize why s
but not all, groups within a generation are in favor of a BB requirement: Ceteris pa
individuals with a rising income path prefer high contemporaneous and low futur
rates, whereas individuals with a downward sloping income profile favor public debt
prediction of the model matches the results from opinion polls on the attitude towa
BB requirement (Blinder and Holtz-Eakin, 1984).31
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Appendix A

A.1. Generalization of the government’s program

In this appendix and the one below on time consistency, I analyze the governm
program under the assumption of general time separable utility functions and stoc
exogenous variables. Both the government and the households possess perfect info
about the joint distribution of the exogenous variables. I denote a realization of the
of exogenous variables (government spending and productivities) at timet by εt and
a specific history of realizations between datesr and s, {εt }st=r , by εsr . In the case o
r = 0, I write εs . Realizations ofεt between datesr ands are distributed according to th
distribution functionFs

r (ε
s
r ), with density (or, if applicable, probability)f s

r (ε
s
r ). Contracts

are written at time 0 afterε0 has been observed. Households take the sequences of
productivity, prices of the consumption good{pt(ε

t )}Tt=0, and tax rates{τt (εt )}Tt=0 as given
and plan consumption and leisure{cit (εt ), xi

t (ε
t )}Tt=0, i = a, b, as well as the holdings o

contingent claims in order to maximize expected utility. All endogenous variables at tt

are functions ofεt . To simplify the notation, I write these functions without their argume
A solution to the utility maximization problems ofa- andb-types is characterized b

the first-order conditions32

31 Variables associated with the income profile of the respondents influenced their attitude in the e
direction whereas the level of income had no effect.

32 uct stands foruc(cat , x
a
t ), etc.
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Substituting out prices and tax rates reduces these conditions to the implemen
constraints:

T∑
t=0

βt

∫
uc

(
cat , x

a
t

)
cat − ux

(
cat , x

a
t

)[
1− xa

t

]
dF t

0

(
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)= 0, (25)

T∑
t=0

βt

∫
vc
(
cbt , x

b
t

)
cbt − vx

(
cbt , x

b
t

)[
1− xb

t

]
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a
0, x

a
0)

vc(c
b
0, x

b
0)

= 0, ∀εt , t = 1,2, . . . , T , (27)

ux(c
a
t , x

a
t )

vx(c
b
t , x

b
t )

− uc(c
a
t , x

a
t )

vc(c
b
t , x

b
t )

wa
t

wb
t

= 0, ∀εt , t = 0,1,2, . . . , T . (28)

The government faces the intertemporal budget constraint

T∑
t=0

∫
pt

[
gt − τt

(
ηwa

t

(
1− xa

t

)+ (1− η)wb
t

(
1− xb

t

))]
dεt = 0.

Substituting out prices and tax rates leads to the equivalent representation

T∑
t=0

βt

∫
vc
(
cbt , x

b
t

)[gt − ϕtΨt ]dF t
0

(
εt |ε0

)= 0 (29)

with

ϕt ≡ 1− vx
(
cbt , x

b
t

)/(
wb

t vc
(
cbt , x

b
t

))
,

Ψt ≡ ηwa
t

(
1− xa

t

)+ (1− η)wb
t

(
1− xb

t

)
.
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The government maximizes the social welfare function subject to the implementa
constraints and the aggregate resource constraints. (The government budget cons
redundant.) This program reads (with multipliers in front of the restrictions)33

max
T∑

t=0

βt

∫
θaηu

(
cat , x

a
t

)+ θb(1− η)v
(
cbt , x

b
t

)
dF t

0

(
εt |ε0

)
s.t.

[
µt

(
εt
)
βtf t

0

(
εt |ε0

)]
, (1),[

λaη
]
, (25),[

λb(1− η)
]
, (26),[

λct
(
εt
)
βtf t

0

(
εt |ε0

)]
, (27),[

λdt
(
εt
)
βtf t

0

(
εt |ε0

)]
, (28). (30)

The policy instruments in this program are given bycit , x
i
t , i = a, b, ∀εt , t = 0,1,2, . . . , T .

The constrained ex ante optimal tax plan satisfies (1), (25)–(28), and

η
{
uct θ

a + λa
[
uct + ucct c

a
t + ucxt

[
xa
t − 1

]]−µt

}
+ λct [ucct vc0] + λdt [uxctvct − ucct vxtwt ] = 0, ∀εt , t = 1,2, . . . , T , (31)

(1− η)
{
vct θ

b + λb
[
vct + vcct c

b
t + vcxt

[
xb
t − 1

]]−µt

}
+ λct [−uc0vcct ] + λdt [uxtvcct − uctvcxtwt ] = 0, ∀εt , t = 1,2, . . . , T , (32)

η
{
uxtθ

a + λa
[
ucxt c

a
t + uxxt

[
xa
t − 1

]+ uxt

]−µtw
a
t

}
+ λct [ucxtvc0] + λdt [uxxtvct − ucxtvxtwt ] = 0, ∀εt , t = 1,2, . . . , T , (33)

(1− η)
{
vxtθ

b + λb
[
vcxt c

b
t + vxxt

[
xb
t − 1

]+ vxt
]−µtw

b
t

}
+ λct [−uc0vcxt ] + λdt [uxtvcxt − uct vxxtwt ] = 0, ∀εt , t = 1,2, . . . , T . (34)

(31)–(34) only hold fort > 0. The first-order conditions with respect toca0, cb0, xa
0 , and

xb
0 involve modified expressions for the term multiplyingλct (ε

t ). The first-order condition
with respect toca0, for example, contains

−ucc0

T∑
t=1

βt

∫
λct vct dF t

0

instead of theλct term in (31). Parallel modifications apply in the other cases.
The first lines of (31) and (33) correspond with the first-order conditions in a se

with a representative agent, cf. Lucas and Stokey (1983, p. 62).34 They summarize the
marginal effect on social welfare due to the presence of thea-types: An increase incat
or xa

t benefits these households, affects their implementability constraint, and re
resources. The presence of heterogeneous households introduces additional consid

33 In stating the government’s program, I neglect the inequality constraints in (1). The multipliers are g
normalized form.

34 If all households are identical,η = 1, the constraints (26)–(28) become obsolete.
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Changes incbt or xb
t benefit theb-types, affect their implementability constraint, a

require resources. Furthermore, the conditions of equal intertemporal marginal ra
substitution (multiplierλct ) and marginal tax rates (multiplierλdt ) across types have to b
satisfied.

A.2. Notes on the calibration

A.2.1. Sample
The simulation covers the years 1991–2050. To simplify the numerical proced

this range is divided into six intervals of 10 years each. All variables in the simul
represent ten-year averages. I assume that the variables converge to their balance
path values throughout the first four intervals. From 2031, productivity, consumption
government expenditure grow at constant positive rates whereas tax rates and labo
remain constant.

A.2.2. Labor productivity
I setwa

1991to 1. I approximate relative productivities by the ratio of West to East Ger
per capita GDP.35 I assume that productivity in the West grows at an annual rate o
percent, whereas productivity in the East converges to the Western one:

wa
t = 1.015wa

t−1, t = 1992, . . . ,2030,

wt = wt−1

(
1

wt−1

)0.1

, t = 2003, . . . ,2030.

The path ofwb
t follows directly. In the simulation, I use ten year averages of these gene

series. Relative productivity equalsw1990s = 1.8920,w2000s = 1.4050,w2010s = 1.1266,
andw2020s = 1.0423.

A.2.3. Government expenditure
In the model,g represents public consumption. In the data, transfers and inves

outlays constitute an important component of public spending. For simplicity, I do
distinguish between these components. I assume that the utility function is add
separable in public consumption, investment, and/or transfers and that transfers a
marketable (do not enter the household’s budget constraint). These assumptions st
fact that this paper as well as much of the relevant literature focus on the welfare eff
thefinancing side of fiscal policy.

35 The data source for this ratio between 1991 and 2002 ishttp://www.statistik-
bw.de/VolkswPreise/ ArbeitskreisVGR/tab01.asp.
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I extrapolate the government expenditure-to-GDP ratio,Rt say (which reaches a ma
imum of 0.56 in 1995),36 under the assumption that it converges to 40 percent, subje
the following law of motion:

Rt = Rt−1

(
0.4

Rt−1

)0.1

, t = 2002, . . . ,2030.

Rt times the model’s production level under a BB policy represents govern
expenditure.37 In the simulation, I use ten year averages of this generated series, na
g1990s = 0.3217,g2000s = 0.3553,g2010s = 0.3931, andg2020s = 0.4495.

A.2.4. Parameters
η = 0.82≈ 65352/(65352+ 14632). β = 0.98510, implying a risk free annual rate o

return of 3 percent.γ a = γ b = 0.5, implying a steady state labor supply of 2/3.

A.3. Time consistency

(See the explanations in Appendix A.1.) At any point in time, the government’s pro
is isomorphic to a static problem since financial markets are complete. A seque
optimal policies over time, however, need not necessarily represent the continua
the initial optimal policy (Kydland and Prescott, 1977). At the beginning of period 1
example, the households’ consumption, work, and savings decisions from period 0 a
as the government’s choice of maturity structure for debt issued in period 0 are irrevo
The government now takes these variables as given and might therefore want to re
initial policy.

To keep track of the budget constraints over time, it is necessary to explicitly intro
the amounts of contingent claims held by the households. Following Lucas and S
(1983), I denote by{sbit }Tt=s the sequence of government issued contingent claims tha
held by typei at the beginning of periods and promise payment in periodt (and state
εt |εs−1). Similarly, {sdi

t }Tt=s denotes the sequence of privately issued contingent cla
Consistency requiresηsda

t + (1− η)sd
b
t = 0, ∀εt |εs−1, t = s, s + 1, . . . , T .

The following discussion applies to general utility functions. It assumes, first, tha
implementability constraints which state that all households face the same prices a
rates,

uc(c
a
t , x

a
t )

vc(c
b
t , x

b
t )

= uc(c
a
0, x

a
0)

vc(c
b
0, x

b
0)

≡ 1

c
, ∀εt , t = 1,2, . . . , T ,

ux(c
a
t , x

a
t )

vx(c
b
t , x

b
t )

− uc(c
a
t , x

a
t )

vc(c
b
t , x

b
t )

wa
t

wb
t

= 0, ∀εt , t = 0,1,2, . . . , T ,

36 The data source for this ratio between 1991 and 2001 ishttp://www.sachverstaendigenrat-
wirtschaft.de/.

37 The government expenditure-to-GDP ratio in the data is not generated under a BB policy but, supp
under a policy of initial deficits and subsequent surpluses, corresponding to initially higher and subse
lower labor supply than under a BB. The calibrated values forg thus are slightly too low in the beginning an
slightly too high towards the end. Robustness checks show that the effect on the simulation is negligible.
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can be solved for functions̃ca(cbt , x
b
t , c;wt) andx̃a(cbt , x

b
t , c;wt), ∀εt , t = 0,1,2, . . . , T .

Second, it assumes that these functions allow for solving the resource constraint

et = η
(
c̃a(·)+wa

t x̃
a(·))+ (1− η)

(
cbt +wb

t x
b
t

)
, ∀εt , t = 0,1,2, . . . , T ,

for functionsca(ht ), cb(ht ), xa(ht ), ∀εt , t = 0,1,2, . . . , T , whereht ≡ (xb
t , c;wa

t ,w
b
t ,

gt , η). (In the main model, these conditions were trivially satisfied.) Consequently, ut
and marginal utilities are also functions ofht . I denote these functions byu(ht ), v(ht ), etc.

I first derive the equations characterizing an interior optimal solution to the go
ment’s program as of timer. I compare them to the optimality conditions from t
subsequent program at times = r + 1. The policy is time consistent betweenr and s,
if the government can issue debt in periodr with a maturity and ownership structu
{sbat , sbbt }Tt=s , such that the optimal policy as of times, given this structure, is
continuation of the one chosen in periodr. If this is the case, the government can,
induction, always commit to its ex ante optimal policy.

The constraints of the government’s program as of timer are given by the reduce
form implementability constraints that—in contrast to the earlier representation—
incorporate the resource constraint:

T∑
t=r

βt

∫
uc(ht )

(
ca(ht )− rb

a
t − rd

a
t

)− ux(ht )
[
1− xa(ht )

]
dF t

r

(
εt |εr)= 0, (35)

T∑
t=r

βt

∫
vc(ht )

(
cb(ht )− rb

b
t + rd

a
t

)− vx(ht )
[
1− xb

t

]
dF t

r

(
εt |εr)= 0. (36)

(For convenience, I here assume thatη = 0.5.) The government’s problem,

max
{xb

t }Tt=r ,c

T∑
t=r

βt

∫
θaηu(ht )+ θb(1− η)v(ht )dF t

r

(
εt |εr)

s.t. [λa] (35), [λb] (36),

implies the first-order conditions (35), (36), and

m1(ht )+ λa
[
m2(ht )+m3(ht )

(
rb

a
t + rd

a
t

)]
+ λb

[
m4(ht ) +m5(ht )

(
rb

b
t − rd

a
t

)]= 0, ∀εt |εr , t = r, r + 1, . . . , T , (37)
T∑
t=r

βt

∫
m6(ht )dF t

r

(
εt |εr)+ λa

T∑
t=r

βt

∫
m7(ht )+m8(ht )

(
rb

a
t + rd

a
t

)
dF t

r

(
εt |εr)

+ λb
T∑
t=r

βt

∫
m9(ht )+m10(ht )

(
rb

b
t − rd

a
t

)
dF t

r

(
εt |εr)= 0, (38)

wheremj(·), j = 1,2, . . . ,10, are some functions ofht . Denote the system of equ
tions (35)–(38) that holds as of timer by rE. Given {rbat , rbbt , rda

t }Tt=r , rE de-
termines ({rxb

t }Tt=r , r c, rλ
a, rλ

b) say. Subject to these values and an updated m
rity structure of privately issued claims,{sda

t }Tt=s , the government chooses the ma
rity structure{sbat , sbbt }Tt=s . Given {sbat , sbbt , sda

t }Tt=s , sE determines in the next perio
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({sxb
t }Tt=s, sc, sλ

a, sλ
b). The government can commit to the optimal policy as of timer,

if there exists{sbat , sbbt }Tt=s , such that({sxb
t }Tt=s, sc) = ({rxb

t }Tt=s, r c).
Under the assumption of a representative agent,u = v, c = 1, {rda

t }Tt=r = {0}, the only
constraint in the government program is (36), and the first-order conditions reduce t
and (37) withλa = rd

a
t = 0. Denote this simpler system of equations byrE

RA. Lucas and
Stokey (1983) subtract (37) inrERA from (37) in sE

RA. If the policy is time consistent
the values ofmj , j = 1,4,5, are identical in the two expressions for each state and p
t � s. This implies a restriction that defines, for each state in each periodt � s, sb

b
t as a

function of sλb and the predetermined or fixed (by time consistency) values ofrλ
b , rb

b
t ,

andht . It follows that there exists a specific value forsλ
b and a corresponding new maturi

structure{sbbt }Tt=s that satisfies (36) insERA. The government can therefore commit to
optimal policy.38

With heterogeneous agents, the maturity structure of government debt ne
counterbalance the differential incentives along the tax smoothing and the tax s
margin. Moreover, it must take into account that{sda

t }Tt=s no longer equals{0}. Assume,
for example, that{sbat }Tt=s = {0} and that privately issued debt (satisfying (35) as
t = s) is given by a particular sequence{sda

t }Tt=s . (37) in sE can then be solved fo
sb

b
t (sλ

a, sλ
b;ht , sd

a
t ), ∀εt |εr , t = s, s + 1, . . . , T . Substituting these functions into (3

and (38) insE results in two equations in the two unknownssλ
a , sλ

b . A solution to these
equations implicitly defines the maturity structure{sbbt }Tt=s that allows the government t
commit to its optimal tax plan as of timer.
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