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Abstract

This paper analyzes the dynamic impact of tax cuts within a stochastic model of

endogenous growth with a congested public input. A decreasing taxation of deter-

ministic income parts leads to the well known positive growth effect. Nevertheless,

due to the insurance effect associated with the taxation of stochastic income flows,

the overall growth impact of taxation is ambiguous. It is shown that the optimal

structure of financing government expenditure not only depends on the degree of ri-

valry but also on the degree of risk aversion. The optimal real value of government

debt decreases with a rise in congestion. Above, we identify that in case of pro-

portional congestion the base for tax cuts should be the growth neutral consumption

tax. Maximizing the growth rate does not automatically coincide with maximizing

welfare. Hence, the base for tax cuts gains importance to realize a welfare optimal

policy.
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1 Introduction

Due to the persistent economic slowdown in most western countries there is a broad po-

litical discussion about tax cuts in order to stimulate growth. Within deterministic growth

models a reduction of the income tax rate increases the after tax capital return thus induc-

ing a higher level of capital accumulation. The growth rate increases. Another argument

in favor of tax cuts draws back on Laffer (1979) and identifies them as possible source

of an increase in governmental revenues. This argument applied to a dynamic context

implies that tax cuts via an increase in labor supply or other entrepreneurial activities

result in higher tax revenues. Using them as production input rises capital productivity,

increases the individual incentive to capital accumulation and thus stimulates growth (see

e. g. Barro (1990)). Above, the expected welfare effects of tax cuts in a dynamic context

may even justify an increase in government debt. Bruce and Turnovsky (1999) discuss

under which conditions tax cuts will improve long–run government fiscal balance.

Concerning the growth effects of income taxation stochastic growth models highlight that

the impact of fiscal policy crucially depends on the assumptions on risk (see e. g. Eaton

(1981), Smith (1996), Corsetti (1997), Clemens and Soretz (1997) or Turnovsky (1995,

1999)). An aggregate income risk influences the macroeconomic equilibrium and with

this the efficacy of fiscal policy in various ways. The growth effects of changes in income

taxation are ambiguous and tax cuts might even end up in a reduction of the growth rate.

On the contrary, the introduction of government bonds or changes in lump–sum taxation

are growth neutral within the usual settings and cuts of these taxes would not stimulate

growth.

Striving for a reduction in taxes to induce growth effects assumes implicitly that welfare

enhances with an increase in the growth rate. This is not always true as was shown e. g.

within those dynamic models in which the market equilibrium growth rate is suboptimally

high. These arguments are discussed in the technical progress models that stand in the

line of those from Grossman and Helpman (1991) or Aghion and Howitt (1992). Above,

with respect to governmental activity suboptimally high growth rates also arise whenever

the governmental input is subject to congestion (see e. g. Futagami, Morita, and Shibata

(1993), Turnovsky (2000), Barro and Sala-I-Martin (1992), Turnovsky and Fisher (1998)

or Ott (2001)). The reason for that is a negative external effect of capital accumulation.

Then, reducing the income tax would reduce welfare because of the increased growth rate.
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Hence the welfare effects of income tax cuts also crucially depend on the characteristics

of the governmental input.

Within the recent discussion on tax cuts the argument mainly focuses on the growth effects

induced by the enhanced after tax revenue of capital. From a point of view of welfare

economics this argumentation is too narrow as any fiscal policy is assessed via the induced

growth and not the corresponding welfare effect. An optimal policy, however, should

focus on welfare maximization and determine the instruments adequately. Depending on

the production technology it is possible that growth enhancement due to a reduction of the

income tax rate goes along with welfare losses. Then, in spite of their growth stimulating

effects the government should refuse the corresponding tax cuts. Furthermore, another

argument also gains importance. While the government disposes of various possibilities

to generate revenues tax cuts need to be discussed with respect to alternative tax bases

mainly with respect to those instruments that are non–distortionary.

This paper picks up the arguments mentioned above and introduces them in a dynamic

model in which the production technology involves private capital as well as a publicly

provided input that might be congested. We adopt a congestion function that draws back

on e. g. Edwards (1990) or Glomm and Ravikumar (1994) and is widely used within

the public goods literature. With this assumption, the degree of congestion influences

the marginal return of capital and hence individual capital accumulation. Due to the

implementation of technological risk the individuals face an income uncertainty. In this

context it can be shown that on the one hand reducing the income tax not automatically

increases the growth rate and that on the other hand an increase of the growth rate might go

along with welfare losses. Thus, the government should take care about the consequences

of fiscal policy and not strive for tax cuts as end in itself. We consider three different

policy parameters to finance the provision of the governmental input: taxes on income

and consumption as well as governmental bonds.

The main results of the paper can be summarized as follows: (i) The optimal income

tax rates and with this also the level of the non–distortionary fiscal instrument to close

the governmental budget are influenced by uncertainty as well as by congestion. (ii) A

cut of the tax levied on the deterministic income component enhances growth whereas

the opposite applies to a reduction of the tax levied on the stochastic income component.

Consequently, for the induced growth effect it is crucial to which tax rate the tax cut
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applies. (iii) In case of a uniform income taxation the growth effect of tax cuts depends

on the degree of risk aversion. (iv) The benchmark to assess tax cuts should not be the

realized level of the growth rate but the corresponding welfare implications. As long as

congestion arises, a decrease in the income tax rate might or might not increase welfare

depending on the optimal level of the income tax rate. The tax should not fall short of

its optimal level. This result is not changed by the introduction of uncertainty and thus

changes in the tax rate on deterministic income components. But the government should

take care about the tax base to which the cuts are applied.

The structure of the paper is as follows: After describing the assumptions of the model

in section 2, the social optimum is derived in part 3. Section 4 analyzes the market

equilibrium. Within section 5 changes in the market equilibrium growth rate that result

from alternative tax policies are discussed. Above, the fiscal instruments that allow for

optimal financing are determined. The paper closes with a short summary.

2 The model

The analysis’ starting point is a model of endogenous growth in which theN identical

individuals face a production risk. Hence, they maximize expected lifetime utility as

given by

U = E0

[Z ∞

0

c1−ρ

1−ρ
e−βt dt

]
, ρ > 0, ρ 6= 1, β > 0. (1)

E0 denotes the mathematical expectation, conditional on time0 information,c(t) is time

t consumption,e−βt represents the discount factor with the instantaneous rate of time

preference,β. ρ denotes the measure of relative risk aversion and equals the reciprocal of

the intertemporal elasticity of substitution.1 If the degree of relative risk aversion equals

unity instantaneous utility is logarithmic.

Each firm produces the homogeneous good, y, using capital as well as a productive gov-

ernmental input according to the individual stochastic production function

y = α
(g

k

)
k(dt+σdz), α′ > 0, α′′ < 0, σ > 0. (2)

1For an analysis of stochastic growth in the case of non-expected utility, where relative risk aversion can

deviate from the reciprocal of the intertemporal elasticity of substitution, see e. g. Obstfeld (1994), Smith

(1996) or Clemens and Soretz (1999).

3



y denotes production per capita and depends on individual capital,k, as well as on the

governmental input that is implemented in the analysis viag. The parameterg reflects the

individually available amount of the governmental input thus allowing for the introduc-

tion of congestion effects in the analysis. This feature will be explained in detail below

together with equation (3).α may be interpreted as productivity function. It depends on

the relationg/k and is assumed to satisfy the Inada–conditions. For a constant relation

of g/k, the production function is linear in capital thus allowing for ongoing growth. The

individuals face uncertainty as in each time increment production is affected by a Hicks–

neutral technological disturbance. They are serially uncorrelated, hence the Wiener pro-

cessdz(t) is a continuous Markov process withdz∼N(0,dt). For simplicity, depreciation

is neglected and labor–leisure choice is not considered.

To determine the optimal consumption and accumulation decisions of the individuals, the

nature of the productive governmental input and the restrictions, if any, of availability

have to be explained in a more detailed way. The individual’s availability of the public

input my be expressed by the congestion function

g = G·k1−εKε−1 (3)

whereK ≡Nk denotes the aggregate stock of capital,G equals total amount of the public

input andε reflects the degree of congestion. The absence of any congestion is represented

by ε = 1 in which case the public input is fully available to the representative agent,g= G.

The other polar case,ε = 0, corresponds to proportional congestion and total amount of

the public input is divided by allN individuals. Hence, the individually available amount

of the governmental input reduces tog = G/N. For all intermediate cases,0 < ε < 1,

the public input is characterized by partial congestion andG > g > G/N. The congestion

function (3) influences the level ofα within the production function (2). Arising conges-

tion reduces the individually available amount of the public input, the relationg/k and

hence individual productivity declines.

To finance the provision of the public input,G, the government may use various instru-

ments with different growth effects: The government may levy a linear tax on consump-

tion ω as well as a proportional income tax consisting of two parts,τ andτ′. The income

tax ratesτ, τ′ are set separately, as in Eaton (1981), in order to disentangle the effects

of taxation of deterministic and random income parts. Since public revenues out of the
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income tax are stochastic whereas the public expenditureG/N is assumed to be instan-

taneously deterministic a further financing instrument is needed in order to balance the

governmental budget in each time increment. Therefore, it is assumed that the govern-

ment may finance deficits by issuing bonds. Consequently, the real value of these bonds,

b(t), is stochastic. It is measured in units of output and the bonds are characterized as

perpetuities paying an uncertain real return. The expected rate of return of the bonds is

given by i and the stochastic process of bond return isdzb. The value of government

bonds evolves according to

db=
[

G
N

+ ib− ταk−ωc

]
dt+bdzb− τ′αkσdz . (4)

3 First–best optimum

In this section the welfare maximizing growth rate,ϕ∗, together with the optimal ratio

of government expenditure,(g/k)∗, and the propensity to consume,µ∗, will be derived.

They will serve as benchmark in order to assess the decentral choices analyzed within the

next section.

Consider a benevolent social planner who maximizes utility given in equation (1) while

taking the negative externality of capital accumulation into account. The congestion func-

tion in this case is obtained by settingK = Nk in equation (3) and becomes

g = GNε−1 . (5)

The optimization problem of the social planner may be written as

max
c,k,G

E0

[Z ∞

0

c1−ρ

1−ρ
e−βt dt

]
(6)

s. t. dk=
(

αk−c− G
N

)
dt+αkσdz . (7)

Employing Itô’s Lemma the stochastic Bellman equation evolves to

B = e−βt c1−ρ

1−ρ
−βe−βtJ(k)+e−βtJ′(k)

(
αk−c− G

N

)
+

1
2

e−βtJ′′(k)σ2
k (8)

where the value function represents the maximum level of lifetime utility and is assumed

to be of the time–separable forme−βt J(k(t)). The variance of capital is given byσ2
k =

E[dz2
k]/dt.
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Maximizing the Bellman equation (8) with regard toc andk leads to the necessary con-

ditions of the optimization problem

c−ρ = J′(k) (9)

J′(k)(α(1−η)−β)+
1
2

J′′′(k)σ2
k +J′′(k)(αk−c+α2(1−η)kσ2) = 0 (10)

whereη denotes the production elasticity of the public input and is given by

η≡ ∂y
∂k

G
α

=
α′

α
g
k

. (11)

Equation (9) comprises the usual result of intertemporal optimization that marginal utility

of consumption corresponds to the (weighted) first derivative of the value function and

is equalized across time. It determines the accumulation process together with (10). The

optimal time–paths for consumption and capital are functions of the derivatives of the

value function and form a stochastic differential equation inJ(k). Hence, a maximum of

utility as given by the integral (1) is obtained by determining a functionJ(k) that solves

the first–order conditions.

Additionally to consumption and capital, the benevolent social planner decides on the

optimal amount of government expenditure. The according necessary condition results in

α′(g/k)∗ =
N−ε

1−ρασ2 (12)

which determines the optimal relationg/k by equating marginal product and marginal cost

of the government expenditure. Together with equation (11) and the congestion function

of the social planner (5), the optimal production elasticity of the governmental input,η∗,
may be derived

η∗ =
G

(1−ρασ2)Nȳ
(13)

with ȳ≡ E[y]/dt denoting expected income divided bydt. It is influenced by congestion

via individual production. The numerator in equations (12) and (13) is of the same sign as

the certainty equivalent of the stochastic capital return.2 To ensure feasible solutions, the

certainty equivalent has to be positive, because the marginal productivityα′ is assumed

to be positive. Due to the assumption of diminishing returns,α′′ < 0, the underlying

2The certainty equivalent isα(1−η)(1−ρασ2) for the planner solution. For the determination see e. g.

Merton (1992, p. 45).
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productivity shock reduces the optimal ratio(g/k)∗. Under uncertainty, governmental

activity has two impacts: It enhances capital productivity and additionally increases the

volatility of capital return given byσ2
k. As long as the certainty equivalent of capital

return is positive, the second (negative) effect of a rise in government expenditure doesn’t

overcompensate the first (positive) effect. As a consequence, in a society of risk averse

agents, the optimal level of government expenditure decreases with a rise in uncertainty.

In order to ensure feasible intertemporal consumption paths, expected utility must be

bounded. That is, the following transversality condition has to be satisfied

lim
t→∞

E
[
e−βtJ(k)

]
= 0 . (14)

It can be shown that the transversality condition is met for all solutions with positive

consumption (see Merton (1969)).

We assume constant relative risk aversion of the individuals and time–invariance of all

parameters of the model. Merton (1971) demonstrates that in this setting capital and

consumption grow at a common rate. Hence, the propensity to consume out of capital,µ,

will be constant in macroeconomic equilibrium

c(t) = µk(t) . (15)

Now we can derive a closed–form solution for optimal consumption and determine ex-

pected growth,ϕ∗, from market clearing (7). To summarize the results of the planner’s

optimization, the following components of the macroeconomic equilibrium are derived:

µ∗ =
β
ρ

+
ρ−1

ρ
α+(ρ−1)α2σ2

(
η∗− 1

2

)
(16)

ϕ∗ ≡ E[dk]
kdt

=
1
ρ
(α(1−η∗)−β)+α2σ2

(
η∗− 1−ρ

2

)
. (17)

Since the optimality condition (12) leads immediately to a constant ratio(g/k)∗ in indi-

vidual production, optimal production elasticity of governmental input,η∗, is constant as

well. This outcome confirms the conjecture of a time–invariant propensity to consume

out of capital, which only depends on the underlying parameters as well as on the fiscal

instruments.

The social optimum described by equations (12), (16) and (17) can be attained in a com-

petitive economy with an optimal policy mix. In what follows, the first–best optimum

will be the reference for the evaluation of alternative tax policies.
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4 Market equilibrium

We now turn to the optimization problem of a representative individual who maximizes

expected lifetime utility (1). It is confronted by the production function (2), the conges-

tion function (3) and the development of governmental bonds (4). With these assumptions,

there is an additional portfolio decision: The households have to decide which parts of

individual wealth (as the sum of the two assets),w, they want to invest in physical capital

and in government bonds. We assume that wealth is entirely distributed into the two as-

sets. Thus, with the portfolio share of physical capital denoted byn, the portfolio share of

government bonds is1−n. The individual has to pay taxes on deterministic and stochastic

income components,τ andτ′ as well as a linear tax on consumption,ω.

The optimization problem of the individual then turns out to be

max
c,n,w

E0

[Z ∞

0

c1−ρ

1−ρ
e−βt dt

]
(18)

s. t. dw= [(1− τ)αnw+ i(1−n)w− (1+ω)c]dt

+(1− τ′)αnwσdz+(1−n)wdzb . (19)

The stochastic Bellman equation is given by

B = e−βt c1−ρ

1−ρ
−βe−βtJ(w)+e−βtJ′(w) [(1− τ)αnw

+i(1−n)w− (1+ω)c]+
1
2

e−βtJ′′(w)σ2
w (20)

with σw denoting the standard deviation of wealth. Intertemporal utility is maximized

with respect to consumption, wealth and the portfolio share of physical capital, leading to

the necessary conditions

c−ρ = (1+ω)J′(w) (21)

J′(w)((1− τ)αn(1− εη)+(1−n)i−β)+
1
2

J′′′(w)σ2
w

+J′′(w)
(

(1− τ)αnw+ i(1−n)w− (1+ω)c+
∂σ2

w

∂w

)
= 0 (22)

J′(w) [(1− τ)α(1− εη)w− iw]+J′′(w)
∂σ2

w

∂n
= 0 . (23)

Optimal consumption (21) together with the conjecture of a constant propensity to con-

sume out of capital (15) lead to specific functions for the derivatives of the value function.
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As usual within this type of models, we suppose that in steady–state the portfolio shares

are constant. All assets grow at the same expected rate and furthermore face the same

evolution of the stochastic processes. Hence, the equilibrium stochastic process of the

real return of government bonds is

dzb =
ασ

1−n
(1− (1− τ′)n)dz . (24)

Together with the arbitrage condition (23) for optimal portfolio choice this implies the

steady–state value of expected real return on bonds3

i = (1− τ)α(1− εη)− ρα2σ2

1−n
((1− τ′)(1− (1−n)εη)−1) . (25)

Implementing this relation in the necessary condition (22) leads to the following equation

that describes the ratioµ between consumption and capital

(1+ω)µn =
β
ρ

+
ρ−1

ρ
(1− τ)α(1− εη)+(1− τ)αεηn

+α2σ2
(

(1− τ′)(1− εη−ρ(1− (1−n)εη))+
ρ−1

2

)
. (26)

It is constant in steady–state since production elasticity,η, as well as the portfolio choice

are constant.4 Now it is possible to determine expected growth out of equation (19)

ϕ≡ E[dw]
wdt

=
1
ρ

((1− τ)α(1− εη)−β)+α2σ2
(

ρ+1
2

− (1− τ′)(1− εη)
)

. (27)

The equilibrium real value of government debt,(1−n)w, is determined by the portfolio

choice which defines the demand for government bonds. The portfolio share of physical

capital is derived from the propensity to consume out of wealth (26) together with the

ratio between consumption and capital from the market clearing condition (7). For an

3This outcome only applies as long asn 6= 1. In the casen = 1, the value of government bonds is zero,

b = 0. This implies no taxation of stochastic capital returns,τ′ = 0, since otherwise the government budget

could not be balanced. The stochastic process of return on bonds then vanishes, too (dzb = 0). With this

setting, the expected real return on bonds isi = (1− τ)α(1− εη)−ρα2σ2(1− εη).
4The production elasticity,η, is constant in equilibrium even if governmental activity is set arbitrarily.

Note that in equilibrium all relevant economic variables grow with the same stochastic rate. Moreover, all

N individuals are assumed to be homogeneous. That is, aggregate capitalK is represented byNk. Hence,

the ratiog/k remains constant in any equilibrium, independently of the level of governmental activities.
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arbitrary supply of the public input it is given by5

n =
β− (1−ρ)

(
ϕ− 1

2ρα2σ2
)

(1+ω)(α−N−ε(g/k)−ϕ)−αεη(1− τ−ρασ2(1− τ′))
. (28)

All fiscal parameters (consumption tax,ω, as well as the income taxes,τ andτ′) influence

the portfolio decision and hence have an impact on the value of government debt. But

since in equilibrium expected growth is independent from the portfolio choice, the value

of government bonds is determined residually and doesn’t affect intertemporal utility.

The important feature of government debt with respect to optimal fiscal policy is the in-

direct impact of income taxation on growth. The assumption of government bonds allows

for stochastic revenues out of income taxation together with deterministic expenditures

for the public input. In a closed economy the government can’t provide an insurance

against an aggregate productivity shock. A rise in the tax rate on stochastic income parts

reduces the volatility of capital return, but the government can’t eliminate the uncertainty.

Instead, the volatility is shifted towards the return on government bonds. The opposite

applies for tax cuts with respect toτ′.

In models which assume deterministic government expenditures together with stochastic

tax revenues but neglect government debt, the stochastic part of the tax revenues usually is

assumed to vanish.6 That is, income taxation in this setting provides an insurance against

the production risk. Therefore, the response of risk averse agents to taxation of stochastic

income parts in those models is ambiguous and depends on relative risk aversion (see

e. g. Smith (1996) for the learning–by–doing technology or Ott and Soretz (2002) for

the setting with a congested public input considered here). As the tax rate on stochastic

income components is an argument of the variance of wealth, expected growth turns out

to be quadratic in this tax rate. If instead the governmental budget is closed through

government debt, income taxation does no longer affect the volatility of wealth. Hence,

expected growth is linear in both income tax rates and there is no interior maximum of

the growth rate with respect to the income tax rates.

5The numerator is positive for feasible solutions because it is equivalent to the transversality condition.

Furthermore, a well defined equilibrium with a positive capital stock requires a positive portfolio share of

capital. Hence, we consider only policy parameters which ensure a positive denominator ofn.
6This assumption turns out to be much more questionable in stochastic models than in deterministic

ones as the destruction of stochastic tax revenues with zero expected value implies the creation of revenues

from nowhere in all time increments with negative realization of the productivity shock.
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5 Growth effects of tax cuts

We are now able to analyze the growth effects of tax cuts. In order to assess this policy

we derive the optimal levels of the taxes in the next section. Starting from the market

equilibrium growth rate given in equation (27) changes in the tax rates have the following

growth effects

∂ϕ
∂τ

= − α
ρ

(1− εη) < 0 (29)

∂ϕ
∂τ′

= α2σ2(1− εη) > 0 (30)

∂ϕ
∂ω

= 0 . (31)

The well–known result that taxing consumption is growth neutral in settings with inelas-

tic labor supply is not changed by the introduction of risk and rivalry in the production

function. Growth effects of tax cuts only arise when the tax base is individual income.

Taxation of deterministic income components leads to the growth diminishing effect

which is also known from deterministic growth models. This outcome is independent

of the assumption about the government budget constraint and reflects the reduction in

net capital return. The level of congestion does not influence the sign of the growth ef-

fects in either case. A rise in congestion only increases the extent to which the growth

effects of changes in income taxation arise.

A rise in the tax on stochastic income components reduces the volatility of the net re-

turn on capital while the expected return on capital remains constant. Thus, taxation

of stochastic capital returns induces the reverse of a mean preserving spread as defined

by Rothschild and Stiglitz (1970). The risk associated with the after tax return on capital

decreases and capital accumulation gets more attractive for a risk averse agent. This insur-

ance argument was first discussed by Domar and Musgrave (1944) and further developed

by Stiglitz (1969). Since taxation with full loss–offset reduces the variance of returns,

it may increase the demand in risky assets. Hence, with the assumption of government

bonds which balance the government budget constraint, the growth effect of the tax on

stochastic income components is unambiguously positive.7 Formally this result may be

7This outcome changes substantially with the neglect of government debt as discussed e. g. in Ott and

Soretz (2002). If there are no governmental bonds to close the budget the growth effect of changes in the
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derived in the case of uniform income taxation,τ = τ′, by the following relation
∣∣∣∣
∂ϕ
∂τ

∣∣∣∣ ≷
∣∣∣∣
∂ϕ
∂τ′

∣∣∣∣ ⇐⇒ 1−ρασ2 ≷ 0 . (32)

Hence the sign of the certainty equivalent determines the neto growth effect of changes

in the income tax rates. The certainty equivalent is assumed to be positive.8 With this the

growth effect of cuts in the income tax rates is unequivocally positive. Again, the level of

congestion does not affect this result.

6 Welfare effects of tax cuts

For a welfare maximizing policy not the level of the growth rate but the level of the fiscal

instruments gains importance. The welfare effects of tax cuts then depend on whether

it is apt to realize the optimal levels of whether it departs from the optimal amounts of

the fiscal instruments. Hence, tax cuts enhance welfare whenever the actual level of the

tax rate is suboptimally high. If the fiscal policy is set optimal, tax cuts reduce welfare

although they may enhance growth.

A welfare maximizing policy implies that decentral and optimal growth rates coincide.

Above, the governmental revenue must be sufficient to finance the optimal amount of the

governmental input as determined by equation (13). As shown in equations (29) – (31),

only the income tax rates induce changes in the growth rate. Consequently,τ andτ′ are

determined to realize the optimal level of the growth rate. The level of the income tax

rate is then determined to close the governmental budget. Equalizing the growth rates in

equations (17) and (27) leads to the optimal relationship between the optimal tax rates on

deterministic and stochastic income components

τ∗ = ρασ2τ′∗+
η∗(1− ε)
1− εη∗

(1−ρασ2) . (33)

It turns out to be linear. Condition (33) represents a continuum of optimal tax policies

and the relation between the optimal tax rates is unambiguously positive. This reflects the

tax on random income parts is ambiguous and depends on the degree of risk aversion. Within this paper,

the level of congestion does not influence the sign of changes inτ′ but the extent to which the growth rate

changes.
8See footnote 2 where the certainty equivalent of the planner solution is determined.
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contrarily interacting growth effects of the taxation of deterministic and stochastic income

components. Starting from an optimal tax policy, a rise in the tax rate on deterministic

income leads to a decline in expected growth which can only be compensated by the

positive growth effect of an increase in the tax rate on stochastic income.

For all optimal policies, the optimal value of government debt,(1−n∗)w, is determined

by the equilibrium portfolio share of physical capital

n∗ =
β− (1−ρ)

(
ϕ∗− 1

2ρα2σ2
)

(1+ω)
(
β− (1−ρ)

(
ϕ∗− 1

2ρα2σ2
))

+αη∗(1−ρασ2) ε(1−η∗)
1−εη∗

(34)

and depends on the consumption tax rate,ω, uncertainty and rivalry. The production elas-

ticity, η∗, is evaluated at the optimal level of government expenditure as given by equation

(12). The welfare maximizing expected growth rate,ϕ∗, corresponds to equation (17).

-

6τ∗

τ′∗
¡

¡
¡

¡
¡

¡¡τ∗ = τ′∗

³³³³³³³ε = 1³³³³³³³ε = 0

(a) Tax policy

ε = 1
ε = 0

1

-

6
1−n∗

ω

(b) Government debt

Figure 1: Optimal fiscal policy

We now analyze how uncertainty and rivalry influence optimal fiscal policy. The optimal

tax policy (33) is demonstrated in figure 1(a) for alternative levels of congestion. The

two parallel lines show the special cases of a pure public and a pure private good. The

remaining cases (0 < ε < 1) are found in between. For feasible solutions the slope is less

than unity as can be seen from equation (12). The third line,τ∗ = τ′∗, reflects the case of

uniform taxation of deterministic and stochastic income parts.

If there is no congestion (ε = 1), the negative externality of capital accumulation as given

in the congestion function (3) vanishes. The individuals realize optimal expected growth

in market equilibrium e. g. for an optimally determined level of the expenditure ratio
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G/(Nȳ) that is exclusively financed by taxing consumption. Hence, optimal uniform tax-

ation of deterministic and stochastic income needs the absence of any income taxation ,

τ∗ = τ′∗ = 0. This outcome reflects the result in the deterministic setting, where optimal

fiscal policy in the case of a pure public good leads to complete financing via growth

neutral consumption tax. With differentiated income taxes,τ 6= τ′, there is a continuum

of optimal tax policies. All fiscal policies which meet equation (33) are equivalent with

respect to expected intertemporal utility. The higher the taxation of average income, the

higher the taxation of random income must be. Condition (33) ensures that the distor-

tionary impact of a positive tax rate on deterministic income components is offset by the

growth enhancing insurance effect of a positive tax rate on stochastic income parts.

If instead congestion is proportional (ε = 0) the equilibrium growth rate is suboptimally

high due to the negative external effect of capital accumulation. The representative house-

hold neglects his influence on aggregate capital and overestimates the individually avail-

able amount of the public input. Hence, the expected private rate of return on capital

as well as the volatility of private capital return are higher than their social counterparts.

This incidence gives rise to a tax policy which reduces the net marginal return on capital.

Using condition (12) as well as the relationg = G/N leads to

ε = 0 =⇒ τ∗ = ρασ2τ′∗+
G
Nȳ

(35)

A policy without taxation of stochastic income parts (τ′∗ = 0) is optimal if government

expenditure is fully financed by the taxation of deterministic income. Insofar it is possible

to replicate the result of the deterministic model. If instead the tax rate on stochastic

income is positive, this increases the optimal tax rate on deterministic income. The reason

is that taxation of uncertain income components leads to an increase in expected growth,

driving it away from the Pareto–optimal growth rate. Hence, the tax rate on sure income

parts has to be higher in order to compensate this additional positive growth effect.

For alternative income tax policies, the corresponding portfolio share of government

bonds,1−n∗, depends on the level of the income tax rate,ω. It is illustrated in figure

1(b). Again, the two polar cases of proportional congestion and absence of any rivalry are

shown as benchmark. All other cases of partial congestion are between these two lines.

It becomes obvious that an increase in congestion leads to a decrease in the real value of

government debt for all levels ofω. Since with rising congestion the negative external-

ity of capital accumulation increases, internalization via income taxation becomes more

14



important to realize the first–best optimum. Revenues out of income taxation increase.

Ceteris paribus this leads immediately to a reduction in government debt. Then, with a

rise in the consumption tax, government revenues increase even more. Since for optimal

fiscal policy government expenditures remain constant at the optimal level, real interest

payments on government bonds must rise. That is, the real value of government bonds

increases for all levels of the consumption tax.

Note again the special case where a flat rate income tax is levied,τ∗ = τ′∗, illustrated

in figure 1(a). In order to internalize the external effect, the optimal income tax rate is

positive. Equation (35) shows that the optimal flat rate increases with uncertainty. The

optimal tax rate determined under certainty underestimates the need for growth reducing

income taxation. In particular, the expected revenue out of the income tax is higher than

the optimal expenditures for the public input. The remaining part is redistributed in a

growth neutral way e. g. through a subsidy on consumption.

In case congestion is neither absent nor complete (0< ε < 1), the line of optimal tax policy

is situated in between the two lines in figure 1(a) and government debt is located between

the two graphs in figure 1(b). Again, there is a continuum of optimal fiscal policies, with

positive relation between the two tax rates. The suboptimally high equilibrium growth

rate is reduced via taxation of deterministic income parts and in the case of a positive tax

rate on stochastic income the growth enhancing insurance effect has to be compensated

additionally by a higher tax rate on expected income. Hence, an optimal flat rate income

tax will be increased by uncertainty in any case of partial congestion.

Tax cuts applied to the income revenues should only be used if the actual levels of the

income taxes exceed their optimal levels. If the government is not able to distinguish

deterministic and random income parts it will choose uniform income tax rates,τ = τ′.
Their optimal levels increase with a rise in congestion. If the public input is subject

to congestion (ε < 1) the positive income taxes internalize the negative effect of capital

accumulation. Tax cuts should not reduce the income taxes under the given positive level

τ∗. If no congestion arises (ε = 1) governmental tax cuts should reduce the income tax

rate and fully finance the governmental expenditure via the tax on consumption. At the

same time the government must guarantee that the amount of the public input does not

become suboptimally small. Then, the income tax is the right base for tax cuts as with an

increase in the growth rate also welfare enhances.
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7 Summary

We show that income tax cuts have ambiguous consequences for equilibrium growth in a

stochastic dynamic economy with a congested governmental input. A reduction in the tax

on deterministic income components leads to the politically emphasized positive growth

effect. But in contrast, a decrease in the taxation of stochastic income parts induces a

decline in equilibrium capital accumulation. We develop the social optimum and contrast

the outcomes with the market equilibrium. Afterwards, we analyze the growth effects

of tax cuts and develop conditions for optimal fiscal policy. This allows for a welfare

analysis of certain tax policies.

Due to congestion there is a negative externality of capital accumulation. The representa-

tive individual neglects his influence on aggregate capital and hence a part of his impact

on availability of the public input. Therefore, marginal return on capital is overestimated.

Uncertainty has two major impacts. First, any rise in the governmental input does not

only increase the expected value of capital productivity, but also the volatility of marginal

capital return. For this reason the optimal ratio between governmental input and physical

capital is reduced by uncertainty. Second, any increase in the income tax influences the

volatility of after tax capital income and with this the optimal reaction of a risk averse

individual.

Since we assume differentiated income taxes there is a continuum of optimal tax poli-

cies. According to the degree of rivalry, any optimal fiscal policy sets the income tax

rates in order to adjust equilibrium growth to optimal growth. Income taxation is used to

internalize the external effect of capital accumulation. Hence, the part of the public input

which from a point of view of welfare economics should be financed via income taxation

depends on the extent of the negative externality. With this it is also possible to determine

those revenues that should be the base for tax cuts in order to get an optimal policy. The

growth effects then do not play a major role.

The endogenous value of optimal government debt is derived. It is shown to depend

positively on the consumption tax rate and to decrease with a rise in rivalry. Additionally,

we consider the special case of a flat rate income tax. The optimal flat rate is zero if there

is no congestion and increases with a rise in the degree of rivalry. Due to the positive

growth effect of the tax on stochastic income parts the optimal flat rate exceeds expected
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expenditure for the public input in case of proportional congestion. Optimal policy in this

case includes a consumption subsidy and then consumption and not income should be the

base for tax cuts in order to allow for the optimal amount of the public input.

References

Aghion, Philippe and Howitt, Peter (1992). A Model of Growth through Creative De-

struction.Econometrica, 60, 323–351.

Barro, Robert J. (1990). Government Spending in a Simple Model of Endogenous

Growth. Journal of Political Economy, 98, 103–125.

Barro, Robert J. and Sala-I-Martin, Xavier (1992). Public Finance in Models of Economic

Growth. Review of Economic Studies, 59, 645–661.

Bruce, Neil and Turnovsky, Steven (1999). Budget Balance, Welfare, and the Growth

Rate: ’Dynamic Scoring’ of the Long–Run Government Budget.Journal of Money,

Credit, and Banking, 31, 162–186.

Clemens, Christiane and Soretz, Susanne (1997). Macroeconomic Effects of Income

Taxation in a Model of Stochastic Growth.Finanzarchiv, N. F., 54 (4), 471–493.

Clemens, Christiane and Soretz, Susanne (1999). Konsequenzen des Zins– und Einkom-

mensrisikos auf das wirtschaftliche Wachstum.Zeitschrift für Wirtschafts– und

Sozialwissenschaften, 119(4), 593–614.

Corsetti, Giancarlo (1997). A Portfolio Approach to Endogenous Growth: Equilibrium

and Optimal Policy.Journal of Economic Dynamics and Control, 21, 1627–1644.

Domar, Evsey D. and Musgrave, Richard A. (1944). Proportional Income Taxation and

Risk–Taking.The Quarterly Journal of Economics, 59, 388–422.

Eaton, Jonathan (1981). Fiscal Policy, Inflation and the Accumulation of Risky Capital.

Review of Economic Studies, 48, 435–445.

Edwards, J. H. Y. (1990). Congestion function specification and the ’publicness’ of local

public goods.Journal of Urban Economics, 27, 80–96.

17



Futagami, K. Y., Morita, Y., and Shibata, A. (1993). Dynamic Analysis of an endogenous

growth model with public capital.Scandinavian Journal of Economics, 95, 607–

625.

Glomm, Gerhard and Ravikumar, B. (1994). Public Investment in Infrastructure in a

Simple Growth Model. Journal of Economic Dynamics and Control, 18, 1173–

1187.

Grossman, Gene and Helpman, Elhanan (1991). Quality Ladders in the Theory of Growth.

Review of Economic Studies, 58, 43–61.

Laffer, Arthur B. (1979). Statement Prepared for the Joint Economic Committee. In:The

Economics of the Tax Revolt: A Reader, edited by Laffer, Arthur B. and Seymour,

J. P. Harcourt Brace Jovanovich, New York.

Merton, Robert C. (1969). Lifetime Portfolio Selection under Uncertainty: The Continu-

ous Time Case.The Review of Economics and Statistics, 51, 247–257.

Merton, Robert C. (1971). Optimum Consumption and Portfolio Rules in a Continuous–

Time Model.Journal of Economic Theory, 3, 373–413.

Merton, Robert C. (1992).Continous–Time Finance. Blackwell Publishers Ltd, Cam-

bridge, MA.

Obstfeld, Maurice (1994). Risk–Taking, Global Diversification, and Growth.The Ameri-

can Economic Review, 84, 1310–1329.

Ott, Ingrid (2001). Congestion, Excludability and Endogenous Growth.ifo Studien, 4,

453–467.

Ott, Ingrid and Soretz, Susanne (2002). Optimal Taxation in a Stochastic Endogenous

Growth Model with Congestion. Diskussionspapier 253, Universität Hannover,

Hannover.

Rothschild, Michael and Stiglitz, Joseph E. (1970). Increasing Risk: I. A Definition.

Journal of Economic Theory, 2, 225–243.

Smith, William T. (1996). Taxes, Uncertainty, and Long–term Growth.European Eco-

nomic Review, 40 (8), 1647–1664.

18



Stiglitz, Joseph E. (1969). The Effects of Income, Wealth, and Capital–gains Taxation on

Risktaking.The Quarterly Journal of Economics, 83, 263–283.

Turnovsky, Stephen J. (1995). Optimal Tax Policy in a Stochastically Growing Economy.

The Japanese Economic Review, 46, 125–147.

Turnovsky, Stephen J. (1999). On the Role of Government in a Stochastically Growing

Economy.Journal of Economic Dynamics and Control, 104, 275–298.

Turnovsky, Stephen J. (2000).Methods of Macroeconomic Dynamics. MIT Press, Cam-

bridge/Mass., 2nd edn.

Turnovsky, Stephen J. and Fisher, Walter H. (1998). Public Investment, Congestion, and

Private Capital Accumulation.The Economic Journal, 108, 399–413.

19


