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1. INTRODUCTION

The debate on the relative merits of consumption versus income taxation has a long intellectual
history, dating back at least to Hobbes (1651). The relative merits of a shift from current tax systems
based on personal income taxation to one based on an expenditure tax are at the center of policy debates
on tax reform in the US and elsewhere. According to its proponents, an expenditure tax would eliminate
the bias against savings inherent in a system based on income taxes, known as "double taxation of
savings". Eliminating this bias would encourage capital accumulation, thus raising future living
standards. It is therefore interesting to explore the growth and welfare implications of income and
expenditure (consumption) taxes in the standard models used to study accumulation and long-run growth.

This paper presents a positive and normative analysis of the effects of consumption taxation
relative to income taxation in models of endogenous growth. In these models economic growth is driven
by private agents’ accumulation of physical capital in the production sector and of human capital in the
education sector. This framework is particularly appropriate for the study of long-run economic
efficiency; it cannot, however, address inter- and intra-generational distribution issues because it assumes
the existence of a representative agent or "dynasty" with an infinite horizon.

In previous work (Milesi-Ferretti and Roubini (1994) we considered the effects of income taxes
in growth models. We showed that in a wide class of endogenous growth models, both labor (human
capital) income taxes and physical capital income taxes have negative growth effects; furthermore, a
formal intertemporal optimal taxation analysis implies that, in the absence of constraints to the
government’s ability to borrow, the optimal long-run tax rates on both labor and capital income are zero.
These results generalize to a wider class of growth models, those obtained by Jones, Manuelli and Rossi
(1993a, b) and Bull (1993) for the case where leisure is defined as 'raw time’. The implications for the
optimal taxation of factor incomes in all these endogenous growth models differ from the traditional
Chamley-Judd result about the optimality of long-run zero taxation of capital income and positive taxation

of labor income in neoclassical exogenous growth models.
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In the present paper we introduce in the analysis consumption taxes in addition to labor and
capital income taxes, consider their impact on economic growth, and derive some implications for the
optimal taxation of factor incomes and consumption. The positive effects of consumption taxes in models
of endogenous growth have been studied in a number of recent contributions, including Rebelo (1991),
Pecorino (1993), Devereux and Love (1994), and Stokey and Rebelo (1995). For what concerns the
optimal taxation of consumption versus income, the only results in the literature are those of Jones,
Manuelli and Rossi (1993b) and Bull (1993) who show that all optimal taxes (on labor, capital and
consumption) should be set to zero in the long run.

Here we generalize the results of these previous contributions in a number of directions. First,
we consider a more general setup that allows for different specifications of the leisure function and for
alternative specifications of the human capital accumulation equation. Specifically, we consider different
formulations of the leisure activity, such as raw time, quality time and home production. Moreover, we
consider two alternative specifications for the human capital accumulation equation, one in which only
labor inputs enter in the production of human capital and the other where physical capital inputs are
additional inputs in such production function. Second, we analyze how the effects of taxation on growth
depend on the specification of leisure, the structure of the human capital accumulation sector and its tax
treatment. Third, we present a systematic analysis of the optimal taxation of consumption and factor
incomes in the alternative classes of endogenous growth models that we are considering.

The structure of the paper is as follows. Section 2 presents a survey of the debate on the relative
merits of consumption versus capital and labor income taxation. Section 3 presents the model, and section
4 solves for the competitive equilibrium. The positive analysis of the effects of different taxes on the
growth rate of the economy is presented in section 5; section 6 presents the results of the optimal taxation

analysis. Section 7 discusses quantitative and empirical aspects, and Section 8 concludes.



Growth Effects of Income and Consumption Taxes 3

2. SURVEY OF THE LITERATURE

An early argument for the superiority of consumption taxes over income taxes was formulated
by Hobbes (1651). He compared the burdens on a worker who "laboureth much, and sparing the fruits
of his labor" with that of an individual who "liveth idley and spendeth all he gets". John Stuart Mill and,
in more recent time, Kaldor (1955) have presented arguments in favor of consumption taxes relative to
income taxes.! Mill’s concern, in particular, was with the double taxation of savings implicit in an
income tax, a double taxation that a consumption tax avoids. However, what should matter is not how
often one is taxed but rather how heavily one is taxed. An income tax leads to a heavier taxation of
deferred (future) consumption relative to current consumption. Conversely, an consumption tax that is
uniform over time imposes the same burden on current and future consumption. Therefore the choice
between consumption and income taxation can be expressed as a question over the optimal rates of
taxation of present and future consumption. In a traditional public finance approach, this question has
been analyzed in terms of the relative substitutability of consumption and leisure at different points in
time. Since leisure is an untaxed factor, standard optimal taxation principles imply that one should tax
more heavily goods that are more complementary and/or less substitutable with leisure (see Slemrod
(1990), Stern (1992) and Kay (1989)). It should also be observed that since a uniform consumption tax
is equivalent to a wage tax in a setup where the labor supply is exogenous, i.e. when there is no leisure
(see Slemrod (1990)), the issue can be rephrased as one of the relative optimality of a consumption
(wage) tax compared to a capital income tax. In general, uniform consumption taxation will be superior
to income taxation if the utility function is separable between consumption and leisure, and preference
are homothetic over consumption at different dates (Kay (1989)). However, as discussed by Stern (1992),
King (1980), Atkinson and Sadmo (1980) and Auerbach, Kotlikoff and Skinner (1983), the above result

is not very general and breaks down when consumption and leisure are not separable and/or if agents

! See Kay (1989) for a good historical survey of this debate.
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work more than one period.

A more recent literature has addressed the question of the relative optimality of consumption
versus income taxation in the context of growth models where capital income taxation affects the savings
and investment rate of the economy. Feldstein (1978) and Boskin (1978) argued that the taxation of
capital income would affect the accumulation of capital, the long run capital-labor ratio and therefore the
long-run per-capita level of income. These effects of different types of taxes on the capital stock of the
economy were argued to be more important, in welfare terms, than the intertemporal distortion of lifetime
consumption decisions stressed by the traditional static public finance literature. Specifically, Feldstein
(1978) made the point that capital income was taxed excessively, given sensible assumptioﬁs about the
elasticity of savings with respect to the after tax interest rate. He showed that large efficiency gains
would be obtained by eliminating the capital income tax and replacing it with a labor income tax. King
(1980) then argued that Feldstein’s analysis implied that a consumption tax would be optimal.

Summers (1981) formalized the intuition of Feldstein and Boskin by considering an optimal
growth model with endogenous savings decisions. He argued that if the intertemporal elasticity of
substitution is high and the time horizon of the agent is very long, the savings rate will be very sensitive
to its real return and a change in capital income taxes would have a very strong effect on the
accumulation of capital and the long run capital-labor ratio in the economy. Numerical simulations
presented by Summers suggested that replacing income taxes with consumption taxes would lead to a 18%
increase in steady state income as the high interest elasticity of savings leads to a large increase in the
long-run capital-labor ratio.

Next, Chamley (1986) presented an optimal dynamic taxation analysis of this issue in a optimizing
infinite horizon model and showed that when the tax instruments available are a capital income tax and

a labor income tax, the optimal long run tax on capital income is zero while it is positive for labor
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income.? The same result is obtained when a labor income tax is replaced by a consumption tax.

Simulation results from OLG general equilibrium models (see Auerbach, Kotlikoff and Skinner
(1983), Fullerton, Shoven and Whalley (1983) and Auerbach and Kotlikoff (1987)) confirmed the benefits
of switching from an income tax to a consumption tax (or a labor income tax). These studies showed
that such a tax policy reform would lead to average welfare gains of the order of two percentage points
of income. In all cases the effects derived from the strong response of savings and capital accumulation
to a change in the net return to capital.

More recently, the study of the interaction between tax policy and economic growth has been
stimulated by the development of the "new" growth theory, that uses models in which the rate of growth
of the economy is determined endogenously. Several authors have used these models to study both
positive and normative aspects of tax policy. Papers by Lucas (1990), King and Rebelo (1990), Kim
(1992), Jones et al. (1993a), Pecorino (1993), Devereux and Love (1994), and Stokey and Rebelo (1995)
among others use simulations in order to quantify growth and welfare effects of tax reforms, such as, for
example, a shift from income to consumption taxes or a lowering of capital income taxes. Although the
quantitative growth and welfare effects identified by these studies differ considerably, they all point out
that consumption taxation induces fewer distortions than capital and labor income taxation. Optimal
taxation analysis by Jones, Manuelli and Rossi (1993b), and Bull (1993) shows that the optimal long-run
values of all distortionary taxes (including the consumption tax) are zero when there is no restriction on
the government’s intertemporal borrowing and lending decisions and leisure is modeled as "raw time".
In these papers, consumption and income taxes have different long-run growth and welfare effects (the
growth effects of consumption taxes being in general less strong). We turn now to our model, postponing

until Section 7 a more complete discussion of quantitative findings and empirical evidence.

? Judd (1985, 1987) confirmed the robustness of Chamley’s results when the population is heterogenous.
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3. THE MODEL
We consider a three-sector economy. The first sector produces final goods (and physical capital);
the second produces human capital and the third produces a non-market good -- a leisure activity that can

take the form of "home production” or "quality time".?

3.1. Technology
Physical output is produced with a constant returns to scale (CRS) technology that uses human

capital H and physical capital K as inputs. The technology is assumed to take the Cobb-Douglas form:

Y, =AWK) (uH) ™~ (1
where v (1) is the fraction of physical (human) capital devoted to the production of goods. The capital
stock is assumed to depreciate at the rate .

Human capital is a non-market activity.* It is produced with a CRS technology that uses both
human and physical capital as inputs, as in Rebelo (1991). It depreciates at a rate §, equal for simplicity
to the rate of depreciation of physical capital.®> The production function is assumed to be Cobb-Douglas

as well:®

H =B(xK) (z,H)'* -5H, @

where x () is the fraction of physical (human) capital devoted to the accumulation of human capital. In

? The specification of the first two sectors is similar to Rebelo (1991), Mulligan and Sala-i-Martin (1993) and
Caballé and Santos (1993).

* For a discussion of the case in which human capital is a market activity, see Section 4.3.

3 This assumption allows the derivation of a simple closed-form solution for the growth rate, but does not affect
the qualitative nature of the results.

¢ Our results generalize to the case in which the technologies are CRS with positive cross-derivatives. See
Rebelo (1991) and Jones, Manuelli and Rossi (1993b).
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equations (1) and (2) we have implicitly assumed that the "point-in-time technologies" are linear: if a
fraction v of the capital stock is employed in the production of final goods, the "effective capital” is vK.
This assumption is not necessary for our results: the crucial assumption is that there are CRS in physical

and human capital, the reproducible factors.’

3.2. The government

The government needs to finance an exogenously given path of public expenditure, using factor
income taxation and bonds. Without loss of generality, we assume that government bonds are tax-

exempt. The instantaneous budget constraint faced by the government is given by:

Bt=rtBt+Gt_7-; (3)
where B, are government bonds, r, is their rate of interest and 7, is total tax revenue. The usual no Ponzi
game condition applies. In every period, the resource constraint of the economy is given by:

K‘=Y‘—5K'—C‘—G' @

where C is private consumption and G is government expenditure.

3.3. Private agents

The economy is inhabited by identical atomistic agents. They operate the human capital
accumulation technology described in equation (2) and they rent human and physical capital to firms.
Consumption, investment and the allocation of human and physical capital are chosen with the purpose

of maximizing an intertemporal utility function:

U-= ]0“ e*u(C,,1,L)ds )

7 Mulligan and Sala-i-Martin (1993) discuss more in detail the role of the point-in-time technologies.
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where p is the rate of time preference, / is leisure time and L is "leisure activity", that could include for
example home production. We assume that the instantaneous utility function takes a Constant
Intertemporal Elasticity of Substitution (CIES) form:

(CLLI)
I 61
=0 * ©)

u(C,,1l ,L)=logC +elogl +nlogL, 6=1

u(C,l,L)=

where 6 is the inverse of the intertemporal elasticity of substitution.® The utility function is similar to
the one in Benhabib, Rogerson and Wright (1991), and its functional form has been shown to be
consistent with the existence of a balanced growth path by King et al. (1988). When 7 = 0, we have a
standard formulation of the utility function in which leisure is "raw time", as in most endogenous growth
models with leisure (Lucas 1990, Jones et al., 1993a, 1993b, Bull 1993),

Consumers’ utility maximization is subject to the constraint on human capital accumulation given

by (2) and to the consumer’s budget constraint:

RF(1-7)vK +R(1 -7 u H +r B -C(1+1)-B -K -8K, =20 @)
where R, R”, 7° and 7" are the rates of return and the tax rates on capital and labor income, respectively,
and 7° is a consumption tax. Clearly total tax revenues T are equal to *"R*vK + 7"RYuH + 7° C. If
human capital accumulation was a market activity, the returns on physical and human capital employed
in that sector would appear in the budget constraint with a positive sign, while the amount of human

capital investment (the first term on the RHS of (2)) times its relative price would appear with a negative

® The qualitative nature of our results would be unchanged if we adopted the more general specification:

1-6
* ) I
U(C,L,l)=(1—0)“|i[C+_"7L 'r] -1
1+9

which reduces to (9) for 7 = 0.
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sign.
The leisure activity ("home production") uses human and physical capital as inputs, with a Cobb-

Douglas technology:

L=[(1-v,-x)K]*(wH)"* ®)

where w is the fraction of time devoted to "home production”. Each individual’s time endowment is

normalized to one:
IL+u+w+z=1 ®

When € = 0 and n > 0, leisure is equivalent to a form of "home production”, as in Greenwood and
Hercowitz (1991). A special case of this occurs when ¢ = 0, so that leisure is "quality time", as in

Becker (1965), Heckman (1976) and Rebelo (1991).

3.4. Firms
Firms rent capital from households at the rate of interest R* and hire labor at the wage rate R”.
They use these factors to produce goods with the technology described by equation (1). They hire labor

and capital up to the point at which their marginal product equates their marginal cost:

a-1
R'K — aA vth (10)
uth
K >3
RE=(1-a)A |2 (11)
f i 4

If human capital was a market activity, a similar set of conditions would apply for the wage and rental

rates in that sector.
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4. THE COMPETITIVE EQUILIBRIUM
The representative consumer takes the paths of R, R%, 7%, 7 and 7€ as given and chooses the

paths of C, B, K, H, I, u, v, x, w, z to maximize (5) subject to (2) and (7).

4.1 Leisure as "raw time”

We first consider the case in which there is no "home production”, so that leisure consists of "raw
time" only. Analytically, this impliesn = 0, sothatw =0,/ = 1 -u-z (byeq.(9) and x = 7 - v.
We will consider next the model with home production (¢ = 0, n > 0). We can define non-human

wealth W, = K, + B,, and re-write (6) as follows:

rW-[r,+6-R (1 -7 WIK+R (1 -7HuH -C(1+7) = W, (12)
The first-order conditions with respect to C, W, K, H, u, v and z respectively are presented in
the Appendix. This economy will exhibit a balanced growth path, along which consumption, physical
capital and human capital grow at the same rate y, while factor allocations (x, v, and z) remain constant.’

The equilibrium conditions along the balanced growth path are given by:

v=5(r=p) (13)
r=(1-3)3[w]”(u+z)-a (14)
zH
r=(1—r‘)ozA[v_K]a-l-6 (15)
uH

® Mulligan and Sala-i-Martin (1993) and Barro and Sala-i-Martin (1994) give the necessary conditions for the
existence of a balanced growth path.
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vV_ a 1-B1-7%1-y (16)

i 1-o B 1-7 z2

_a. [Q-vK]?_ 17
07 BZ[T] o a7

£=1—1"1—u—zl—a (18)
Y 1++° u €

c 1 [(vk)'"™ G
—+— | = =1-Y 19)
Y+Av[uH] (v+9) Y

Equation (13) links the growth rate with the net rate of return on capital and with the elasticity of
intertemporal substitution. Equation (14) defines 7, and equation (15) establishes the equality in rates of
return between the sector producing goods and the one producing human capital. Equation (16) is derived
from the equality in the rates of return on physical and human capital in the two sectors. Equation (17)
describes equilibrium in the human capital accumulation process -- human capital grows at the same rate
as consumption and physical capital. Equation (18) is derived from the equality between the marginal rate
of substitution between consumption and leisure and the real rate of return on human capital. Finally,
equation (19) is the resource constraint for the economy, where all variables are expressed as a fraction
of physical capital. The system of equations (13)-(19) can be solved for the values of v, r, K/H, C/Y, u,
v and z as a function of technology parameters and of the exogenous fiscal variables 7€, 7%, 7¥ and G/Y.

From equations (13)-(16), we obtain the following semi-reduced expression for the growth rate:

¥ = 5 {ID(1 =75 (1= PP (u 42177 = - 5} 20)

where D = (ad)’ [B(1-8)]"™ [(1-0)B/(1-8)JP*™ is a function of the technology parameters «, 8, A and

B.
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4.2 Human capital as a market good

This is the case considered by Pecorino (1993) and Stokey and Rebelo (1995).° Assume for
simplicity that factor income tax rates are independent of whether the factor is employed in the human
capital or final goods sector. Clearly, the rates of return on human and physical capital have to be the
same in both sectors. With respect to the case considered in the previous sub-section, the equation
determining the rate of return on human capital (equation (15)) will now be calculated net of the labor

tax rate (that is, multiplied by 1 - 7%):

r=(1—B)B(1—1”)[M]ﬂ(u+z)—5 (15
zZH

Furthermore, the equation relating the capital/labor ratios in the two sectors (equation (19)) will be

independent of tax rates, so that

vV_ o 1-g1-v (16’)

4 1-o B z

In this case, the semi-reduced form for the growth rate can be expressed as follows:

7=%(D[(1 =P -+ 2) TP -6 - ) @D

Note that if the physical capital employed in education were to be untaxed (for example, because
educational institutions have non-profit status) the exponent on the capital income tax in equation (21)

would be the same as in equation (20): that is, of.

4.3 The model with "home production”

Evaluating the first-order conditions for the "home production” model (¢ = 0, n > 0) along the

'* They also assume that physical capital and consumption goods are produced in different sectors. This
assumption, however, has no bearing on the effects of tax rates on economic growth.
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balanced growth path we obtain a set of equilibrium conditions similar to those derived above, with x
replacing (1 - v). There are, however, a few differences. The equation relating the rate of growth to

the net rate of return on capital is now:

_ 1 - 13"
Y —o_n(l_o)(r p) (13%)

The marginal product in the human capital equation is now given by:

r=(1-8)B o

(2R §

[
_f‘_] s as")

The equality between the marginal rate of substitution between consumption and leisure and the real wage

is now:

£=1-Tﬂl—u—z 1—0{ (18")
Y 1+ u  n(1-9¢)

If leisure is modeled as "quality time" (¢ = 0), these would be the equilibrium conditions. If leisure is
"home production”, there is an additional equilibrium condition reflecting the optimal allocation of
physical capital between production of consumption goods and of leisure:

. o 1—¢1—r‘1—v-x (22)
l-aa ¢ 1-71~u-z2

14
u

Solving for v the system formed by equations (13"), (14), (15") and (16) (with x replacing 1 - v for the
case in which leisure is home production) we obtain the following reduced-form expression for the growth
rate:

1

_ e (] - HYA-B T 5 23)
gty (20 = 7% (1= 247 5 - p)

Y
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5. TAXATION AND LONG-RUN GROWTH

In this section we discuss the channels through which taxes affect growth in the class of models
we are considering, and then state some formal propositions. We take as benchmark the "leisure as raw
time" model, and highlight the differences with alternative model specifications.

Inspection of the system of equations (13)-(19) and of the semi-reduced expression for the growth
rate given by (20) reveals that in general all three tax rates will have an effect on the long-run growth
rate of the economy. The channels through which each tax affects long-run growth can be summarized

as follows:

1) Tax on Physical Capital

K.i) it reduces the net-of-tax real interest rate r, for a given capital/labor ratio in production
vK/uH (see equation (14)). This has a negative effect on growth.

K.ii) it reduces the capital/labor ratio in production (vVK/uH) for a given allocation of time
between work and leisure, thus increasing the gross-of-tax return on capital (equations (14)-(16)).
This has a positive effect on growth, which is not greater than the negative effect K.i (see
equation (20}).

K.iii) It affects the work (labor/education) - leisure decision (¥ + z), which in turn affects the
capital/labor ratio in production (equations (14)-(16)). The effect on growth depends on parameter

values, but is negative if the elasticity of intertemporal substitution 1/0 is sufficiently high.

Irrespectively of the value of §, K.i + K.ii + K.iii < 0: that is, the overall effect of a capital income

"' See the Appendix for a sketch of the formal proof, which is constructed along the lines of Devereux and
Love (1994). The intuitive argument goes as follows. For a given growth rate, a higher capital income tax rate
reduce the incentive to work and therefore reduce # + z. However, it also reduces the growth rate, thereby
encouraging substitution of work for leisure (a form of wealth effect). If 8 is low, the first effect dominates.
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tax on growth is negative, as pointed out by Devereux and Love (1994)."

2) Tax on Human Capital:
H.i) it raises the capital/labor ratio in production (vK/uH) for a given allocation of time between
work and leisure, thus reducing the gross-of-tax return on capital (equations (14)-(16)). This has
a negative effect on growth.
H.ii) It affects the labor/education - leisure decision (# + z), which in turn affects the
capital/labor ratio in production (equations (14)-(16)). The effect on growth depends on
parameter values, but is negative if the elasticity of intertemporal substitution 1/6 is sufficiently

high or g8 sufficiently low (see footnote 12).

Irrespectively of the value of 8, H.i + H.ii < 0: that is, the overall effect of a capital income tax on

growth is negative.
3) Tax on Consumption:
C.1) It affects the labor/education - leisure decision (¢ + z), which in turn affects the capital/labor

ratio in production (equations (14)-(16) and (18)-(19)). The effect on growth is negative.®

Modifications of the "raw time" model presented in Section 2.1 would alter the effects of taxes

on growth through some or all of these channels. Consider, for example, the following cases:

a) No leisure (¢ = 0). In this case, ¥ + z = 1, and therefore equation (20) now gives a closed-form

'2 See the Appendix for a formal proof.

'3 See the Appendix for a formal proof.
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expression for the growth rate (see, for example, Rebelo (1991)). The implications for growth are as
follows:

al) K.iii = H.ii = C.i = 0 (a consumption tax has no growth effects);

If, in addition, 8 = 0,

a2) K.i + K.ii = 0, H.i = 0 (all taxes have no growth effects).

b) Leisure is raw time (¢ > 0) and physical capital does not enter in the production of H (8 = 0). This
is the case considered in Lucas (1990). The implications are:
b1l) H.i = 0 (a tax on human capital affects growth only through its impact on the work/leisure
decision).

b2) H.ii = C.i (a tax on human capital is perfectly analogous to a consumption tax).

¢) Leisure is raw time (¢ > 0) and human capital is produced in a "market" sector, whose returns are
taxed (Section 4.2). All channels identified earlier will be operative. However, if 8 = 0,

c)K.i+ Kii=0
That is, a tax on capital income will affect the growth rate only through its effect on the work/leisure
decision, analogously to the consumption tax (see equation (21)). By contrast, a labor income tax will
reduce economic growth also through its effect on the capital/labor ratio in the production of physical

capital, or, equivalently, through its direct effect on the rate of return in the human capital sector.

d) Leisure is quality time/home production (CRS in H and/or K -- Section 4.3). In this case the term u
+ z does not appear in the equation for the rate of return on human capital (equation (15")), and the
system can be solved recursively as in case a) (see Milesi-Ferretti and Roubini (1994)). More precisely,

d1) K.iii = H.ii = C.i = 0 (a consumption tax has no growth effects);
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If in addition 8 = 0,

d2) K.i + K.ii = 0, H.i = 0 (all taxes have no growth effects).
Therefore, factor income taxes are growth reducing in most endogenous growth models; whether a
consumption tax is also growth reducing depends on the specification of the leisure activity. The effect
of taxes on human and physical capital on growth in models where there is no leisure or where leisure
is CRS in reproducible factors are proportional to the parameter 3, the share of physical capital in the
production of human capital, provided that the education sector is not taxed (the limiting case being no
effects on growth if 8 = 0).

We now state the main results more formally. The first two propositions restate results derived

in Milesi-Ferretti and Roubini (1994a) regarding the effects of factor income taxation on growth.

Proposition 1  If leisure is modeled as "raw time" the balanced growth rate of the economy always
depends negatively on the tax rates on capital and labor income, regardless of whether H is a market

good and of its technology.

Proof Equations (20) and (21) show the direct effects of taxes on growth, for given time spent working
or studying. Capital and labor taxes have additional indirect effects on growth through their impact on

u + z. The Appendix sketches a proof that the overall growth effect is negative. ||

The intuition for the result can be more easily obtained by considering the case where § = 0, in which
case the growth rate can be expressed as Bz - 6. Consider the effects of an increase in the labor tax:
while the relative cost of and return to working versus accumulating human capital are unchanged, the

return to the leisure activity is increased with respect to the return to work since the time spent in leisure

'4 See Rebelo (1991) for an explanation along the same lines.
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is untaxed. The ensuing increase in time spent in leisure reduces the time spent accumulating human
capital and therefore its return. The reduction in the return to investment in human capital will then
imply that the equilibrium real interest rate is reduced and therefore the rate of growth of the economy
is reduced in the steady state. A similar argument can be made for the effects of changes in capital
income taxes on growth, as well as to show that the growth rate depends on the two tax rates when 3 is

positive.

Proposition 2 In the home production model and its subcases (quality time and no leisure) the effects
of factor income taxation on long-run growth depend on the human capital accumulation technology,
provided that the human capital sector is tax-exempt. When physical capital does not enter in the
production of human capital (8 = 0), the balanced growth rate of the economy is independent of the tax

rates on capital and labor income. When 8 > 0, both factor income taxes reduce long-run growth.

Proof From equation (23), it is easy to see that the effects of factor income taxes on growth depends
crucially on the size of the parameter 3, and that they vanish when g is equal to zero. In the latter case,

the balanced growth rate of the economy is given by:

1

- -5 - 24
G—n(l-ﬁ)(B 6-p) (24)

7

which is independent of taxes. |

The intuition for this result is simple. If human capital is produced with human capital only, an increase
in the labor tax rate will reduce the return to current work effort but it will also reduce the return to
human capital accumulation (and the return to the leisure activity) by the same amount. Therefore, the

fraction of time spent studying -- which in this case determines the growth rate -- is unchanged.
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The intuition for the result when 8 is positive is easier to present for the case of no leisure (but
is the same in the equivalent cases of leisure as "quality time" or "home production”). We showed above
that when 8 = 0, the return to and the cost of human capital accumulation (i.e. the net of tax wage) are
affected in the same proportion by a change in labor taxes, leaving the time allocation decision
unchanged. In other terms, since the cost of human capital accumulation is effectively tax-deductible,
labor income taxation does not affect the incentive to accumulate human capital.’® However, if physical
capital is also used in the production of new human capital (8 > 0), the return to human capital is
reduced more than its cost. In particular, the cost of physical capital inputs used in the production of
human capital is not reduced by the labor income tax since these inputs are not tax deductible. More
generally, as suggested by Trostel (1993), if any other inputs in addition to human capital enter in the
production of human capital, its return will be reduced by more than its cost. Therefore human capital
accumulation will be reduced by an increase in the labor tax rate.'

Note that the real interest rate in the "quality time" and "home production” models of leisure is
the same as in a model with no leisure (n = 0). This equivalence of "quality time" and "home
production” models of leisure with the case of no leisure results from the fact that leisure is modeled as
a non-market activity produced with constant returns to scale to reproducible factors. In these two cases,
leisure can therefore be reinterpreted as a non-market consumption good and the model is substantially
equivalent to one in which there is no leisure.

Finally, if human capital were a market sector, it is easy to show that a tax rate on human capital
would be growth-reducing even when § = 0, while in that case a capital income tax would still have no

growth effects.

' See Trostel (1993) for a detailed presentation of this argument. It is clear that this line of reasoning would
not be valid if human capital was produced in a "market" sector whose returns were taxed.

16 See also Bull (1993a) and Jones, Manuelli and Rossi (1993b).
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Proposition 3 When leisure is "raw time”, a consumption tax reduces long-run growth.

Proof Equation (20) shows that the growth rate depends on the fraction of leisure time. Inspection of
the system of equations (13)-(19) reveals that both 4 and z are a function of 7°, and therefore v is a
function of 7°. The Appendix proves that leisure time is increasing in 7€, and therefore growth is

reduced. ||

The intuition for this proposition runs as follows. A consumption tax will alter the choice between work
and education on the one hand and leisure on the other hand because of a substitution effect. Note,
however, that there is no corresponding income effect because government spending is kept constant. An
increase in a long-run tax rate implies an offsetting change in the net asset position of the private sector
vis-a-vis the public sector along the transition path, so that the government’s budget constraint is satisfied.

This argument explains the apparent contradiction between this result and the statement by Rebelo
(1991) (in the context of a very similar model) that changes in consumption taxes have no growth effects.
Rebelo considers a case in which government expenditure is determined endogenously by the total amount
of tax revenue being collected, so that the additional tax revenues from an increase in the consumption
tax are not rebated in a lump-sum fashion to consumers. In this case, discussed also in Stokey and
Rebelo (1995), the income and substitution effects on the time spent working cancel out, so that the
leisure choice is unaffected and changes in consumption taxes have no growth effects. This experiment
is equivalent to a change in consumption taxes together with an increase in government spending. In the
context of our model, Rebelo’s result would obtain if we considered a change in consumption taxes

leaving the net asset position of the private sector unchanged (so that public spending increases).

Proposition 4 A consumption tax has no effect on the long-run growth rate of the economy in the "home



Growth Effects of Income and Consumption Taxes 2]

production” model and its subcases.

Proof See equation (23). ||

The intuition for this proposition is simple. In models where leisure is an activity produced with CRS in
reproducible factors, the choice between labor and leisure does not affect long-run growth, because
reducing physical and/or human capital accumulation in response to a consumption tax would reduce
utility out of leisure.

There is a difference between the home production (or quality time) model and a model with no
leisure. In the former, the consumption tax has an effect on the ratio of consumption to leisure and on
the overall capital/labor ratio of the economy. In the latter, a consumption tax is equivalent to a lump-
sum tax, since it does not affect any resource allocation decision. The difference between these models
is quite logical -- the "home production” model is a model with two consumption goods, one of which

is untaxed, and therefore a consumption tax involves a reallocation of resources across sectors."”

Proposition 5 When the leisure activity exhibits CRS in reproducible factors, the ratio between

consumption and leisure along the balanced growth path is a negative function of all tax rates.

Proof Using equations (14), (15"), (18") and (22) the consumption-to-leisure ratio can be expressed as

follows:

17 If the output from "home production” could be subject to a consumption tax equal to that on market goods,
the consumption tax would not affect equilibrium allocations and would therefore be equivalent to a lump-sum tax.
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where D, is a function of technological parameters. Clearly, higher factor income tax rates and a higher

consumption tax will all tend to shift consumption from "market" goods to "home production”. ||

The intuition is very simple: when factor income taxes are positive, individuals will shift consumption
to a non-taxed activity such as leisure. It is interesting to observe that one can rank the consumption-
switching effects of taxation: the elasticity of C/L with respect to a capital income tax is the highest,
followed by the elasticity with respect to a consumption tax and by the elasticity with respect to a labor

income tax.

6. OPTIMAL TAXATION ANALYSIS

The previous section has highlighted the channels through which different taxes affect economic
growth and resource allocation. In this section we study the tax policy that a benevolent social planner
would choose in order to maximize the representative agent’s welfare. This is known as a "Ramsey
planner’s problem” (Ramsey, 1927): at the beginning of time, the government irrevocably chooses the
path of tax rates, taking into account how private agents respond to its choice of taxes.

There are two ways of studying this problem (see, for example, Lucas, 1990). The first involves
the choice of taxes by the government so as to maximize the consumer’s indirect utility function, subject
to the first-order conditions of the consumer’s maximization problem. This approach is followed, for
example, by Chamley (1986). A different approach, based on Lucas and Stokey (1983) is also possible.
This approach consists in formulating the government’s problem as a restricted Ramsey planner problem,
in which the government chooses quantities directly, subject to the consumer’s intertemporal budget

constraint and to the constraints related to the consumer’s optimal allocation of human and physical



Growth Effects of Income and Consumption Taxes 23

capital. These constraints are derived from the FOCs of the consumer’s problem; these, together with
the firm’s FOCs, are used to solve out for factor returns and taxes so as to express the problem in terms
of quantities only. The optimal quantities chosen by the government will then implicitly determine tax
rates and factor returns. This is the approach followed by Lucas (1990); Yuen (1990); Chari et al. (1991,

1994); Bull (1993), Jones et al. (1993a, b); Milesi-Ferretti and Roubini (1994) among others.

6.1 Solution to the Ramsey planner’s problem

The optimal taxation problem we consider does not involve any constraint on the government’s
period-by-period budget, with the exception of the overall solvency constraint. In other words, the
government is freely allowed to borrow and lend. We later discuss how the imposition of more restrictive
constraints on government finances affects the nature of our results.

The optimal taxation problem, formally presented and solved in the Appendix, yields the

following results:'®

Proposition 6 In the "raw time” model of leisure, the optimal long-run tax rates on capital, labor and

consumption are zero.

Proof See the Appendix. |

Heuristically, the proof consists in guessing that all taxes are equal to zero along a balanced growth path,

and then verify that this is a solution to the system of equations given by the first-order conditions and

'8 As other optimal taxation studies, our analysis does not prove formally existence and uniqueness of the
optimal taxation plan.
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the constraints.’ The analysis of Chamley suggests that any tax that distorts a long-run intertemporal
decision should be set equal to zero. In an endogenous growth framework, any tax distortion that reduces
the long-run growth rate of the economy will have large and permanent costs (in terms of present
discounted value of lost consumption and utility) and should therefore be set equal to zero. Since the
balanced growth rate of the economy is dependent on all tax rates, it follows that all optimal taxes should

be zero in the long run.

Proposition 7 In the "quality time” (and "home production”) model the optimal tax rates on human

capital, physical capital and consumption are zero in the long run.

Proof See the Appendix. ||

The intuition for the results for both factor income taxes are similar to those outlined above. When g is
positive, both taxes are growth-reducing and should therefore be set to zero in the long run. When 3 is
equal to zero, these taxes distort long-run growth and/or resource allocation and should therefore be set
equal to zero. A consumption tax does not affect the economy’s growth rate, but it affects the overall
capital/labor ratio of the economy as well as consumption choices; hence it should also be set equal to
zero in the long run.

There is an important difference between models where leisure is produced with CRS in
reproducible factors and models in which there is no leisure. In the latter, a consumption tax is equivalent
to a lump-sum tax, and would therefore be the only tax used in an optimal tax plan. Furthermore, if 8

is equal to zero and leisure does not bring utility, a labor income tax is also non-distortionary.

1 See Bull (1993a) and Jones, Manuelli and Rossi (1993b) for a similar methodology. An immediate
implication of this Proposition is that the optimal tax on labor income in the Lucas (1990) model is zero when the
accumulation of human capital is endogenous.



Growth Effects of Income and Consumption Taxes 25

We do not study the complicated issue of optimal taxation along the transition to the balanced
growth path. Clearly, when long-run taxes are zero, the government needs to accumulate budget
surpluses in the short run in order to finance government expenditure with the accumulated assets in the
long run. This suggests that the solution to the optimal taxation problem is characterized mainly by the
time profile of taxation, featuring high taxation in the short run and no taxation in the long run, a point
stressed by Jones et al. (1993b). Simulations by Jones et al. (1993a) show that reliance on the
consumption tax during the transition is high. Simulations by Bull (1993) suggest that the transition
period is relatively short.

The solution to the optimal taxation problem has the unrealistic feature that the government should
accumulate budget surpluses in order to finance future government spending through the returns on its
assets. This suggests that in order to derive policy implications from this analysis the optimal taxation
problem should be formulated differently -- namely, by imposing restrictions on the government’s ability
to borrow and lend intertemporally. A limiting case of this is the imposition of a balanced budget period
by period. To our knowledge, no formal analysis of this issue has been attempted. Pecorino (1993) and
Milesi-Ferretti and Roubini (1994) have studied the growth-maximizing tax structure under a balanced
budget. It should be noted that these exercises are normally conducted in cases in which labor supply
is inelastic. This in general implies that a consumption tax has no growth effects, so that the analysis is
restricted to the study of the optimal combination of human and physical capital taxation. For the more
general case in which a consumption tax has growth effects, we speculate that the growth-maximizing tax
structure would still feature heavy reliance on the consumption tax, given that it has growth effects only
through the labor/leisure decisions while factor income taxes also affect directly accumulation decisions.

The welfare-maximizing balanced-budget tax policy may have similar features.

7. TAXES AND GROWTH: QUANTITATIVE ASPECTS
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As pointed out in Section II, several authors have studied the macroeconomic and welfare
consequences of tax reforms by calibrating models so as to reflect features of real world economies
(typically, the US). Lucas (1990), King and Rebelo (1990), Kim (1992), Jones, Manuelli and Rossi
(1993a) and Pecorino (1993) consider the same policy experiment of a shift from capital income taxation
to a consumption tax and/or labor tax in the context of endogenous growth models, obtaining substantially
different growth and welfare effects.” Stokey and Rebelo (1995) show that these different estimates
depend on the models’ structure and calibration, and argue that, although growth effects of tax reforms
are likely to be modest, the welfare effects can be substantial because of the large reallocation of factors
across sectors. Similar findings are reported by Devereux and Love (1994), who show that explicit
consideration of transitional dynamics is important for the evaluation of the welfare consequences of tax
reforms. They also provide an analytical characterization of these dynamics following a number of
revenue-neutral tax changes, and show that increases in the capital income tax are more "costly" than
increases in the labor income tax because they involve a large reduction in the capital/labor ratio as
factors are shifted to the production of human capital.

In addition to the theoretical studies we have discussed so far, there have been a number of
empirical studies that have examined the cross-country evidence on the effects of taxes on economic
growth, such as Koester and Kormendi (1989), Engen and Skinner (1992) and Easterly and Rebelo
(1993a, b). Although results differ from study to study, a common feature of their findings is that it is
difficult to identify statistically significant effects of taxes on economic growth once other determinants
of long-run growth are controlled for. Because of the difficulty in constructing measures of tax rates that
are available for a sufficiently large number of countries and consistent across them, these empirical

studies rely on aggregate measures of the tax burden, such as the ratio of tax revenue to GDP, as a proxy

® In these studies, the labor supply is either assumed to be exogenous or leisure is defined as 'raw time’, i.e.
time not spent in work or educational activities.
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for average effective tax rates, or on sums of statutory income tax rates or income tax returns weighted
using income distribution data, as a proxy for aggregate marginal tax rates. These conventional tax
measures are rough approximations of the tax variables defined in the models, and do not distinguish
between different types of taxes. An exception is Mendoza, Milesi-Ferretti and Asea (1995) who study
the effects of labor, capital and consumption taxes on private investment and growth in a panel of OECD
countries, using tax measures constructed following the methodology developed by Mendoza, Razin and
Tesar (1994).> Their results are in line with those that theory and simulation exercises would lead to
predict: factor income taxes tend to discourage private investment, but it is difficult to find statistically

and economically significant effects of tax rates on growth.

8. CONCLUDING REMARKS

In this paper we examined the macroeconomic effects of consumption and factor income taxation
on resource allocation, economic growth and welfare, and considered their implications for optimal
taxation. In particular, we have underlined the role of the human capital accumulation technology and
the nature of the leisure activity in determining the effects of labor, capital and consumption taxes.

It was shown that a consumption tax involves only one fundamental distortion -- it affects the
choice between time spent in "productive” activities (labor and education) and in leisure time in favor of
the latter, and therefore reduces the growth rate of the economy. This choice is affected in a similar
fashion by income taxes, but the latter taxes also involve other distortions that reduce capital accumulation
and growth. This suggests that an optimal taxation plan would feature heavier reliance on consumption
taxes than on income taxes in the transition to the balanced growth path. However, we have shown that

the solution to the optimal taxation problem when the government can freely borrow and lend features

2! These are estimates of the ad-valorem tax rates that represent the wedges distorting optimal plans in a
macroeconomic, representative agent setting. They are constructed by comparing measures of aggregate post- and
pre-tax incomes and prices.
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zero taxation of factor income and consumption in the long run. This result is in contrast with those
obtained in neoclassical exogenous growth models, where consumption taxes are welfare-superior to
capital income taxes. The result that all long-run taxes should be zero is clearly unrealistic and suggests
the necessity to re-examine dynamic optimal taxation subject to a more realistic set of restrictions on
government’s behavior. Further insights can be gained by explicitly introducing heterogeneity among

economic agents, in order to address distributional considerations.”

2 See, for example, Garcia-Mild, Marcet and Ventura (1995).
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APPENDIX

Al. Derivation of long-run equilibrium conditions

The first-order conditions can be expressed as follows:
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The remaining two first order conditions (FOCs) are the constraints (2) and (12). Equation (A1) states
that the shadow price of consumption (physical capital) must equal the marginal utility of consumption
in every period. Equation (A2) is the FOC for capital accumulation: the rate of change of the shadow
price of consumption must equal the marginal product of capital net of tax, which must also equal the
rate of return on government bonds. Together with equation (10), this determines equation (14) in the
text. Equation (A3) is the corresponding FOC for human capital accumulation, relating the change in

the shadow price of human capital to its marginal rate of return. Equation (A4) equates the marginal rate
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of substitution between consumption and leisure to the real wage. Together with equation (11), it
determines equation (18) in the text. Equation (A5) describes the optimal allocation of capital between
production and education, and equation (A6) the optimal allocation of time between education and leisure.

The transversality conditions are:

[nd R § ’
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From (A4), (AS5) and (A6) it is straightforward to obtain

[
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which, together with the firms’ FOCs (10) and (11) yields equation (16) in the text. Log-differentiating
(13) and using the fact that factor allocations are constant along the balanced growth path, we obtain:

c__1 +X (A9)

where time subscripts have been omitted. Along the balanced growth path, the shadow prices of physical
and human capital must decline at the same rate. Equating (2) and (A3) we determine equation (15) in
the text. Using (A2) and (A9) we obtain an expression for the balanced growth rate of the economy
(equation (11)). Equation (17) in the text is obtained by equating the growth rate in human capital (see

equation (2)) to the balanced growth rate of the economy.

A.2 Proof of Propositions (1) and (3)

The proof follows Devereux and Love (1994). Using equations (13), (15) and (17), it is possible

to express the share of time spent working as follows:

z2=¢Eu+2) (A10)

where
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We can then use (A10) together with equations (14), (16), (18) and (19) to determine a relation between

the time spent working or studying # + z and the rate of growth through the variable &:
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where the term in brackets beginning with 1 - g is the share of consumption in total output. This relation
and the semi-reduced form for the growth rate (19) determine the values of y and # + z. It is easy to
check that equation (A12) is monotonically decreasing in £: therefore, the relation between ¥ + z and
v identified by this relation depends crucially on the sign of £’(y).

In order to determine the effects of taxes on economic growth, it is useful to plot the schedules
(19) and (A12) in (y, u + z) space. The first schedule is upward sloping and monotonically increasing.
The second schedule could be upward or downward sloping, depending on the sign of £’(y). In the
former case, the schedule is always below one, and therefore has to intersect the first schedule from
above. An increase in the consumption tax shifts the second schedule downwards, irrespectively of its
slope, while leaving the first unaffected. This unambiguously reduces growth and ¥ + z, thus proving
Proposition 3. An increase in the tax on human or physical capital shifts both schedules: the first one
upwards and the second one downwards. Both shifts reduce the growth rate, thus proving Proposition 1.
Note that the time spent working or studying is always reduced when the second schedule is upward-
sloping, while its sign is uncertain when it is downward-sloping.

When leisure is a market good, equations (A11) and (A12) become:
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The qualitative effects of taxes on growth are the same as those discussed for the case above.

A3. Optimal taxation when leisure is "raw time"

In this Appendix we prove formally the optimality of zero long-run taxes on both human and
physical capital for a model in which leisure takes the form of raw time. The first step consists in
expressing the consumer’s intertemporal budget constraint (IBC) as a function of quantities only. By
integrating forward the instantaneous consumer budget constraint (12) and imposing the transversality

condition (A7) and the no-Ponzi game condition, we obtain the following intertemporal budget constraint:
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where r is defined as in (14) and initial debt B, has been assumed to be zero without loss of generality.
Integrating the first-order condition (A2) between zero and t and using the F.O.C. for consumption (A1)

we get:
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The differential equations for human capital accumulation (2) and its shadow price (A3) can be integrated

forward to determine the value of the representative agent’s human wealth. Using equations (A1) and

(A4)-(A6) human wealth can be expressed as follows:
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Adding (A15) and (A17) and using (A8) to express R as a function of R” the consumer’s IBC becomes:

IO"' A C,(1+70)yds =N\ K, + o H, (A18)

Equation (A18) simply states that the PDV of consumption -- its level times its price A (1+7°) -- has to
be equal to the value of the representative agent’s total wealth. This is an "implementability constraint”
that the government’s optimal plan needs to satisfy. Using (A16) to substitute for A, and A,; and

substituting for u, from the consumer’s FOCs, we can re-write (A18) as follows:
jo‘” e (CLYdt =W, (A19)

where W, depends only on time zero variables, and is given by:
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The last constraint we need to impose on the behavior of the government concerns the process of human
capital accumulation.

Equations (2) and (A12) determine a constraint associated with human capital accumulation:

8
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The LHS of this expression is the gain for the consumer if she increases marginally her labor supply «,.

This must be equal to the resources the consumer would have had by devoting one more unit to the
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accumulation of human capital (RHS). These resources include the additional income from time spent
producing market goods (u,), as well as a term with a minus sign that represents the negative effect on

the MPK of devoting less time to education. Using (A4) and (A7) the constraint (A21) can be written as:
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The government’s restricted Ramsey plan consists in maximizing consumer’s utility subject to the
economy’s resource constraint (4); the human capital "production” technology (2); the implementability
constraint (A15); and the human capital accumulation constraint (A22). Let  be the Lagrange multiplier
associated with the implementability constraint, and define W, = (1+¥)(1+6)'(CI)'’. It is easy to see

that the planner’s problem can be re-formulated as follows:

Max j Te W dr -y W, (A23)

0

subject to the constraints (4), (2), (A15) and (A22) to which we associate the multipliers A,, u, and ¢,
respectively. Let 0 = xK/zH and @ = vK/uH along the balanced growth path, and define s* as the value
of the variable s, discounted by its long-run growth rate, along the balanced growth path. The first-order

conditions, evaluated along the balanced growth path, can be expressed as follows:
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Comparing these FOC with those of the consumer problem along the balanced growth path, it is
immediate from (A2) and (A30) that the long-run tax rate on capital has to be zero. Because of the
equality between the rate of change of A and p along the balanced growth path, equation (A26) together
with (A3) implies that ¢” is equal to zero. This also implies that the LHS of equation (A27) is equal to
zero, proving that 7 is equal to zero (compare with equation (16)). Finally, the term in square brackets
on the LHS of equation (A28) has to be equal to zero, implying that the tax on consumption 7¢ has to
be zero as well in the long run (compare with equation (A4)). The intuition for the fact that the
constraint imposed by the consumer’s optimality conditions on the government’s behavior is not binding
in the long run (¢* = 0) is the following. In the long run, ¥ = 7 = ° = 0: hence all distortions are
eliminated and the consumer’s optimality constraints do not restrict the government’s resource allocation
choice.

The proof for the case in which leisure is home production or quality time can be constructed in

an analogous fashion, and is available from the authors.
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