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1. INTRODUCTION

Traditionally, optimal taxation has been studied using models in which the growth rate of the
economy is determined by exogenous factors. In such models, tax distortions affect the allocation of
resources and the long-run level of per capita income. When the growth rate of the economy is
endogenously determined, however, tax distortions may affect not only the level of per capita income,
but also its growrh rate. This paper studies the optimal taxation of human and physical capital in such
a context.

Initial contributions on optimal dynamic factor taxation considered infinite-horizon exogenous
growth models with a representative agent deriving utility from consumption of final geods and leisure
time. Chamley (1983, 1986) and Judd (1985) showed that, in such models, the optimal tax rate on capital
income is zero in the long run. Given an exogenous stream of public expenditures, in the short run the
optimal tax program requires positive tax rates on both labor and capital income, since both factors are
in semi-fixed supply. In the long run, however, capital income tax rates discourage capital accumulation;
expenditures should be financed only with taxes on labor income since labor/leisure (i.e. the individual’s
time endowment) is the only factor in fixed supply.

The Chamley-Judd results about the asymmetric long run taxation of labor and capital might be
significantly modified when human capital is considered as an additional factur of production. If labor
(human capital) is modeled as a reproducible factor and a source of accumulation and growth, it might
be optimal to tax both labor and capital income in a similar way. Lucas (1990) shows that the result
about the zero long-run taxation of capital income is not modified even when Lhuman capital accumulation
is the source of long-run growth. He also shows that when the time dcvoted 1o liuman capital
accumulation is exogenous, the Chamley-Judd result is obtained again — all long-run taxation should fall
on labor income. However, he does not derive the implications of his model for the uptimal long run
taxation of labor income when the accumulation of human capital is endogenous.

A number of recent papers (Bull 1993a, 1993b and Jones, Manuelli and Rossi 1993a, 1993b) have
started to address this issue.! These papers show that there are conditions under which the optimal
taxation of both capital and !abor income is zero in the long run. This implies that taxation on both
factors must be high enuugh in the short run so as to accumulate government assets whose returns will

finance long-run government spending. The simplest case where this result is obtained is the following

! A number of other contributions do not directly consider the optimal taxation of factor incomes but study the
effects of exogenous changes in tax rates on the growth rate of the cconomy and the welfare of the represeatative
agent. These contributions include Rebelo (1991), King and Rebelo (1990), Stokey and Rebelo (1993) and Trostel
(1993).
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one, Suppose that agents derive utility from the consumption of final goods and from leisure, an activity
that uses only "raw time" as input. Moreover, assume that human and physical capital are market goods
that are both perfectly substitutable with consumption and accumulated through savings (Bull 1993a and
the first model in Jones, Manuelli and Rossi 1993a). In this case there is nothing peculiar about human
capial: it is just a second capital good that is reproducible with the same technology as physical capital.
Therefore, the optimality of the zero long run taxation of capital income applies to both capital factors,
human and physical.

Assuming that human and physical capital are perfectly symmetric is, however, restrictive.
Indeed, they differ in at least three dimensions: (1) human capital is not substitutable with consumption;
(2) it is a non-market good; and (3) its accumulation depends on a production function with inputs
possibly different from those entering in the production of final goods and physical capital.

Concerning point (1), while most growth models specify physical capital as being perfectly
substitutable with consumption -- final goods can either be consumed or accumulated in physical capital -
- it is more realistic to assume that human capital cannot be consumed (we can consume cars instead of
using them to produce final goods but we cannot "consume our brain").

Concerning point (2), human capital accumulation should be thought as a non-market activity
whose inputs are not subject to factor income taxation. Specifically, while the labor income deriving from
the time spent in the production of final goods can be taxed, the time input (and implicit labor income)
used in production of human capital is usually not taxed.

Concerning point (3), the production technology for human capital accumulation may use different
inputs and/or have different capital intensity relative to the production technology for final goods. For
example, Lucas (1988, 1990) assumes that human capital is a non-market good whose accumulation has
only human capital (or effective labor, i.e. a time fraction of human capital) as its input. Rebelo (1991D)
and Mulligan and Sala-i-Martin (1993) consider instead two-sector models where human capital is
produced usir.lg both human and physical capital, with factor intensities possibly different from those for
the production of final goods/physical capital, but do not study optimal taxation issues. Jones, Manuelli
and Rossi (1993a, 1993b) consider models where human capital is a non-market good that is produced
with effective human capital and a flow of market goods, but no direct physical capital input.2 They

show that, if human capital is accumulated with constant returns to its reproducible inputs (human capital

2 This specification of the human capital accumulation goes back to Ben Porath (1967) aod has been used
recently by Trostel (1993) as well.
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and market goods), both capital and labor income taxes should be zero in the long run. Bull (1993a)
argues that this result is obtained also in a two-sector model in which human capital can be "produced”
using physical capital, human capital and intermediate goods as inputs, and/or accumulated through
learning-by-doing in the final goods’ sector.

Another interesting issue concerns the specification of the leisure good. In all recent models of
optimal factor taxation (Lucas 1990, Jones, Manuelli and Rossi 1993a, 1993b and Bull 1993a, 1993b),
leisure is considered as a non-market good that requires the use of "raw time" only. An older literature,
however, considered-leisure as a. more complex non-market activity requiring the use of both human and
physical capital inputs, in addition to raw time. For example, in Becker (1965) and Heckman (1976)
leisure is modeled as "quality time", defined as human capital times the fraction of the time endowment
that is not spent working or accumulating human capital.> Extending this idea of leisure as being quality
time, Greenwood and Hercowitz (1991) model leisure as a form of "home production” that uses effective
labor and effective physical capital in its production.® Indeed, most forras of leisure require the use of
capital goods (think of video-stereo entertainment, sporting equipment and so on).

The discussion above suggests that the way the production technologies for human capital and
leisure are specified may have important implications for the optimal taxation of factor incomes. This
paper extends the analysis of Jones, Manuelli and Rossi (1993a, 1993b) and Bull (1993a) by examining
the role of such technologies. We assume that both human and physical capital can enter in the
production of new human capital.® We are therefore able to analyze whether and how the direct
inclusion of physical capital inputs in the production of human capital affects the results about the optimal
long run taxation of factor incomes. We also study the implications of alternative specifications of leisure
production for the optimal factor taxation results. Our specification of the leisure function is quite general

and includes as sub-cases the conventional "raw time" specification, the "quality time" model, the “home

3 Suppose that u, and z, are the fractions of the time endowment spect working and accumulating human capital
respectively; then leisure is defined as L, = (1-u, -z)H,, where H is the stock of human capital. See Rebelo (1391)
for such a formulation of leisure as "effective labor® in an endogenous growth model.

* Tanzi and Zee (1993) go even further in blurring the distinction berween consumption of final goods and
leisure by modelling consumption as an activity that always requires the use of time (in a fixed proportion
technology in their model). Benhabib, Rogerson and Wright (1991) distinguish *home production® from leisare,
and model the latter as raw time.

5 See Rebelo (1991) and Mulligan and Sala-i-Martin (1993} for similar specifications of the human capital
accumulation equation. Our formulation includes, as subcases, the specification & la Lucas (1990} where only
effective labor enters in the production of human capital.
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production” model, and the case of no leisure.® We restrict our attention to models in which economic
growth is endogenous and that have a balanced growth path.
Our main results, summarized in Table I, are as follows:

(1) If the leisure process is specified as "raw time" - or, more generally, if leisure is ngt
produced with constant returns to reproducible factors -- the steady state growth rate of the economy is
a function of both the tax rate on labor and capital income regardless of the way human capital is
accumulated. This dependence of the steady state growth rate on both tax rates implies that the optimal
tax on both human and physical capital should be zero in the long run. Lucas (1990) used this
specification of leisure to show that the optimal long-run tax on capital income is zero, but did not
formally study or derive the optimal tax on labor income. A full solution of his model shows, however,
thar both factor income taxes should be zero in the long run.

(2) The steady-state growth rate of the economy in models with no leisure is qualitatively similar
to that in models where the Icisure activity is modeled as "quality time” or "home production”. This is
because in the last two cases leisure is a non-market activity produced with constant returns to scale to
reproducible factors, and can therefore be reinterpreted as a non-market consumption good.

(3) Under the three specifications for leisure described above (no leisure, quality time and home
production), the human capital accumulation function has important implications for the dependence of
growth rates on factor income taxes. In particular, if human capital is produced with both human and
physical capital (with CRS in the two inputs), the steady state growth rate of the economy depends on
both factor tax rates. Therefore, in this case a zero Jong-run taxation of both labor and capital income
will be optimal. However, if human capital accumulation uses human capital only (with CRS), the steady

state growrh rate of the economy will not depend on either factor income tax rate. When leisure takes

¢ There are, of course, a number of other interesting issues regarding the optimal long run taxation of capital
that we do not address here. First, if government expenditure is endogenous and produclive -- for example, when
it enters in the production function for final or capital goods ~ the long run oplimal tax on capital might not be zero
(see Barro (1990), Jones, Manuelli and Rossi (1993a, 1993b), Judd (1990), Zhu (1992) and Corsetti (1992)).
Second, if there are externalities in the production of final goods, as in Romer (1987) or in the production of humas
capital, as in Lucas (1988), the optimal tax plan might require subsidies to the aclivities with positive externalities
(see Yuen (1991)). Third, there are interesting optimal taxation issues in stochastic settings (see Judd (1990), King
(1990), Chari, Christiano and Kehoe (1991a), Zbu (1992) and Corsetti (1992)). Fourth, in the presence of reats
generated by factors in fixed supply (such as labor in models without leisure) it may be optimal to tax capital in the
long run if there are limits on the taxation of rents (Jones, Manuelli and Rossi 1993b). Fifth, there are papers
studying indirect taxation, in addition to factor income taxation (see Bull (1993a), Jones, Manuelli and Rossi (1993a,
b) and Milesi-Ferrelti and Roubini (1994b)). Finally, there are inleresting issues of optimal taxation in open
economy endogenous growth models; we address these issues in & companion paper (Milesi Ferretti and Roubini
(1994a)); see also, Rebelo (1992), Buiter and Kletzer (1991), Correia (1992), Razin and Yuen (1992).
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the form of "home production” or quality time both factor income taxes will reduce the ratio between the
steady state consumption of market goods and the consumption of the leisure activity.

(4) When human capital is produced only with human capital, the optimal long run taxation of
labor and capita! will depend on the model of leisure considered. If leisure is modeled as "quality time”
or "home production”, the growth rate of the economy does not depend on factor taxes but the steady
state physical to human capital ratio depends on both tax rates. Since tax rates on both factors create an
intertemporal distortion, the optimal long run tax on both human and physical capital will be zero in these
cases. In the model without leisure, the tax on physical capital affects the steady state physical to human
capital ratio but the tax on human capital does not; in the long run the tax on labor does not create any
intertemporal or intratemporal distortion. In this sense, in the long-run the tax on labor is lump-sum:
it is thercfore optimal to tax labor but not physical capital in the long run.

(S) If the government is constrained in its borrowing ability by a balanced budget constraint
capital and labor income should be taxed at the same positive rate in the long run whenever it is optimal
to have zero long run taxation of labor and capital income with an unconstrained government.’

In summary, our results imply that the optimal long-run tax on both capital and labor income is
zero (or symmetric if government borrowing is not allowed) under gencral conditions regarding the
production of human capital and the specification of the leisure activity. In our setting, the only casc in
which the long run tax on capital is zero while the one on labor is positive is that of a mode! without
leisure and with human capital produced with human capital only.

The rest of the paper is organized as follows. In Section 2 we present our general setup, and in
Section 3 we solve for the competitive market equilibrium. In Section 4 we discuss the conditions under
which the balanced growth rate of the economy and long-run factor allocations depend on the tax rates
on capital and labor income. Section 5 presents the solution to the government's optimal taxation

problem, and Section 6 concludes.

2. 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 -- “home production™ or

7 See Roubini and Sala-i-Martin (1992a,1992b) for optimal taxation analyses ir which the government behavior
is restricted to a balanced budget in every period.
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"quality time". ®

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

capital /f and physical capital K as inputs. The technology is assumed to take the Cobb-Douglas form:
Yl:A(V{KI)a (uIHl)'.a (l>

where v (u) is the fraction of physical (human) capital devoted to the production of goods. The capital
stock is assumed to depreciate at the rate 8.

Human capital is also produced with a CRS technology that uses both human and physical capital
as inputs, as in Rebelo (1991). Tt depreciates at a rate 8, equal for simplicity to the rate of depreciation

of physical capital.® The production function is assumed to be Cobb-Douglas as well:'®

H,=B(x K )P (z,H) - 6H, @)

where x (z) is the fraction of physicai (human) capital devoted to the accumulation of human capitai. In
equations {1} and (2) we have impliciily assumed that the "point-in-time technologies” are linear: if a
fraction v of the capitai 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.!!

2.2, 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:

® The specification of the first two scctors is similar to Rebelo (1991), Mulligan and Sala-i-Martia (1993) and
Caballé and Santos (1993).

9 Thiz assumplion allows the derivation of a simple closed-form solution for the growth rate, but does not affect
the qualitative nature of the results.

10 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).

! Mulligan and Sala-i-Martin (1993) discuss more in detail the role of the point-in-time technologies.
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B =rB +G,-T, &)

where B, are government bonds, r, is their rate of interest and T, is total revenue out of taxation. The

usual no Ponzi game condition applies. In every period, the resource constraint of the economy is given
by:

R,=Y,-8K,-C, -G, )

where C is private consumption and G is government expenditure.

2.3. Private agents
The economy is inhabited by identical atomistic agents. They choose consumption, investment
and the allocation of their human and physical capital with the purpose of maximizing an intertemporal

utility function:

U= Jowe"'u(C,,l,,L,) dr ®)

where p is the rate of time preference, { is leisure time and L is "leisure activity”, that could include for
example home production. This maximization is subject to the constraint on humar capital accumulation

given by (2) and to the consumer’s budget constraint:
REQU -7FyvK, « RV -~y H +rB,-C,-B,-RK,-6K 20 ©)

where K%, R 7% and 7 are the rates of return and the tax raies on capital and labor income,
respectively. Clearly total tax revenues T are equal to TFRFVK + #R%uH.
The leisure activity ("home production”) uses human and physical capital as inputs, with a Cobb-

Douglas techn.ology:
L, =[(1=v,-x )K" (wH) " Q)

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

normalized 1o one:

Ltu+w vz,=1 &)

We assume that the instantaneous utility function takes a Constant Intenemporal Elasticity of
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Sub:titution (CIES) form:

€yt o
-9 ©

u(C,, 1, ,L,) =logC, ~elogl, + nlogL, g=1

u(C,,l.,L)=

where 8 is the inverse of the intertemporal clasticity of substitution.'? The utility function is similar to
the nne in Benhabib, Rogerson and Wright (1991), and its functional form has been shown to be
cons:stent with the existence of a balanced growth path by King, Plosser and Rebelo (1938). Various
funcises can be identified. 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, Manuelli
and Rossi 1993a, 1993b, Bull 1993a). Since this is the most widely studied case, we will start first with
specifications of *he leisure activity where capital tnputs (both human and physical) enter in the production
of leisure in additior: to raw time. In particular, when ¢=0 and >0, leisure is equivalent to a form of
"home production”, as in Greenwood and Hercowitz (1991). A special case of this occurs when y=0,

so that leisure is "quality time", as in Becker (1965), Heckman (1976) and Rebelo (1991).

2.4. Firms
Firms rent capital from households at the rate of interest RX and hire labor at the wage rate R
They will hire labor and capital up to the point at which their marginal product equates their marginal

cost:

(10)

12 The qualitative nature of our results would be unchanged if we adopted the more general specification:
1-8

ey dm
UCC,L,1)=(1 -6)! [C‘—"L] TN
| +n

which reduces to (9) for r = 0.
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RF=(1 -a)A[_V'ﬁ] an
ulHl

3. THE COMPETITIVE EQUILIBRIUM
The representative consumer takes the paths of 7™ and 7 as given and chooses the paths of C,

B, K, H, I, u, v, x, w, zto maximize (5) subject to (2) and (6). We will now focus on the case in which
leisure is "home production”. Analytically, this implies ¢ = 0, so that/ = O and w = | - v - z (by
equation 8). Subcases are the "quality time" model (y = 0) and the "ro leisure” model (n = 0). We
will consider the “raw time" model of leisure (¢ > 0, n = 0) in Section IV.

Defining private non-human wealth X, = K, + B,, we can re-write (6) as follows:

X, -lr,+8-RX -y 1Kk, +REG -l -C 2 X, (12)

The first-order conditions with respect to C, X, K, H, v, x, u and z can be expressed as follows:

LN ALY 1)
x
—r’=R,K(l -y-s-r, a4)
!
. 8
Pola-me | B s s
#l zl,il
rFa -{)K,:l_l"_c, (16)
-V X
8-1
TN emci N, BBk, xK, arn
L-v,-x, ,H,
REG-g -0V ¢ (8

1-u -z
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-
“ty

B
%e"’c,l"L,”(“”=p,B(l -)H, (“r:rJ {19)
The remaining two FOCs are the constraints (2) and (6). Equation (13) states that the shadow price of
consumption (physical capital) must equal the marginal utility of consumption in every period. Equation
(14) 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. Equation {15) 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 (16) and (18) describe the
optimal allocation of physical and human capital respectively between production of market goods and
"home production”. Finally, conditions (17) and (19) describe the optimal allocation of physical and
human capital between the "education” sector and home production.

The transversality conditions are:

lim_, AKX, =0 (20)
lim,_o 71, =0

I‘Oﬂ#l

Using equations (10), (11) and (16)-(19) we can express the sectoral allocation of factors as a

function of technology parameters and taxes:

z, l-~a vy 1_,{*]-14,-2,

X X
14 a 1-8 -7 x [ 1—71_7'! L-v -x, (1)
8

u, l-o 1 - ¢ )
!

According to (21), when the tax on !abor incoine (capital income) rises (falls), the capital/labor ratio in
the sector producing goods rises with respect to the capital/labor ratio in the sector producing human
capital and with respect to the capital/labor ratio in the home production sector. 1t is interesting to note
that changes in tax rates do not cause changes in the relative capital intensity between the education sector
and the home production sector, since both these sectors are not directly taxed.

This economy will exhibit a balanced growth path, along which consumption, physical capital and
human capital grow at the same rate, while factor allocations (1, v, x and z) remain constant.'* Log-

differentiating (13) and using the fact that factor allocations are constant along the balanced growth path,

13 Mulligan and Sala-i-Martia (1993), Caballé and Santos (1993) aud Barro and Sala-i-Martin (1994) give the
pecessary condilions for the existence of a balanced growth path,
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we obtain:

1 A
_ (pe 2 (22)
TR AR

C..
[

where time subscripts for variables along the balanced growth path have been ominted. Along such path,
the shadow prices of physical and human capital must decline at the same rate. Equating (14) and (15)
we can determine the physical to human capital ratios in the production, human capital and “home”

sectors along the balanced growth path:

i
VK= - 148 - -81T-a+8
i [Do(1 -7 (1 - 7))

1
%=[Dl(1_rx)a(l_7ﬂ)l-a]m (23)
(1 YK :
-v-x ca1TT
TR (D, (1 - K1 - ) TR
ey " (P21 =7 =70
where the terms D, are constants involving the techriology parameters a, 8, 4 and B, reported in the
Appendix.'* The ratio of "market” consumption to leisure can be determined in an analogous fashion,

and is given by:

c =[D, (1 - #)drdie (] ,.x)l-w,s]T-Tl-TE 24

L

Clearly, higher factor income tax rates will tend to shift consumption from “market” goods to "home
production”.

Plugging (14) into (22) and using (10) and (23) we obtain the balanced growth rate of the
economy:

C= 1 _KyaB oy o Bil-a)1T-a B _ 5 _
T gy (DT R

25

The steady state net real interest rate can be determined using (10), (14) and (23):

14 If the depreciation rales of human and physical capital were different, it would ool be possible lo express
these ratios in closed form.
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1
re[D (1 - Ky (1 = APl T=F g (@)

Eguations (23)-(26) show that both tax rates will in general distort the allocation of factors between

se tors and reduce the rate of growth of the economy.

4, TAXATION AND LONG-RUN GROWTH
We will now-discuss the main results of the balanced growth solution of our model. In particular,
we analyze the conditions under which the balanced growth solutions of the model depend on the tax rates
on labor () and capital income (+%).
Proposition 1 When physical capiial does not enter in the production of human capital (3 = 0), the
steady siate growth rate of the econonty is independent of the tax rates on capilal gand labor income
regardless of how the leisure activity is modeled. In this case:

¢ 1 o
- . _[B-b- 27
R T o1

Proof Sec equation 25. |

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 speht studying -- which in this case determines the growth rate -- is urichanged.

The growth rate defined by equation (27) is equal (up to a constant of proportionality) to the
balanced growth rate of economies 2 1a Lucas (1988) where human capital accumulation is CRS in human
capital only and there is no leisure (n=0) (see Barro and Sala-i-Martin, 1994). Our analysis generalizes
that result by showing that, in the Lucas case of §=0, a qualitatively similar steady state solution is
obtained when we consider economies where leisure is introduced and modcled as "quality time” or
"home production”. Specifically, the growth rate will be independent of the technological parameters for
the production of final goods and physical capital (a and A) while the real interest rate will be
independent of preferences and related to the productivity level of human capital in the education sector,

given by B.
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Proposition 2 The growth rate of the econonty is independent of the capiral intensity of the production
of leisure (y). That is, the *quality time” and "home production” models of leisure are equivalent with

respect 10 the sieady state growth rate of the econonty.
Proof See equation (25). |

This proposition suggests that, as long as leisure is produced with constant returns to reproducible
factors, as is the case in the “quality time" and "home production” models, what matters for growth is
only the relative preference of agents for leisure relative to consumption (given by the parameter 1) and
not the specific form in which the leisure good is produced. In particular, the capital intensity of the

leisure activity (y) has no effects on the growth rate of the economy.

Proposition 3 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), while the growth rates are proportional, with a

proportionaliry ratio ([8/(8-n(1-6))]) that depends only on parameters of the wtiliry function (8 and 7).
Proof See equations (25) and (26). |

A similar result was derived by Rebelo (1991) who compared the growth rates in a model with
leisure as "quality time" and in a model where an exogenous fiaction of time is devoted to Icisure.!
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 returas to
scale to reproducible factors. In these two case, leisure can therefore be reinterpreted as a non-market

consuinption good and the model is substantially equivalent to one in which there is no leisure.

Proposition 4 When the leisure activiry exhibits CRS in reproducible factors, the ratio between
consumption and leisure along the balanced growth path is a negative function of both tax rates,

regardless of f.

13 Benhabib, Rogerson and Wright (1991) show that a model with home production is observationally equivalent
to a model without home production, but with different preferences.
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Prool See equation (24). |

The intuition is very simple: when factor income taxes are positive, individuals will shift

consumption to a non-taxed activity such as leisure.

Proposition S When 8 = 0, in the model with no leisure the steady state physical 10 human capital rafio
in the economy is independent of the tax rate on labor income but a negative function of the tax rate on
capital income ; in the models where leisure is "quality time* or “home production® this ratio depends

on both factor income tax rates.
Proof From (23), the equilibrium capital/labor ratio in the economy is given by

1
K_u, A _ _gyT= (28)
T 7[a§(l )

From Proposition |, we know that when 8 = 0, the fraction z of time spent accumulating human capital
is independent of both tax rates. When y > 0, we can the equality between the first and the third term
in (21) to express v as a function of u and both tax rates. Using the economy’s resource constraint (4),
we can establish that u, v and v/u are a function of both tax rates. Since from (23) we know that vkK/uH
depends only on 7%, it follows that K/H is a function of both tax rates. When y = 0, v = 1; the resource
constraint (4) establishes that u is a function of both tax rates. From equation (28) it follows that K/H is
also a function of both tax rates, Finally, when there is no leisure z = J - u; since z is independent of
both tax rates (Proposition 1), so is . In this case (28) establishes that K/H depends only on the tax rate

on physical capital. |

Intuitively, when leisure is modeled as "quality time" or "home production” the tax on labor
income does not affect the fraction of time spent studying (z), and therefore does not affect the growth
rate. However, it affects the allocation of time between work and leisure activities; in particular, an
increase in the labor tax reduces the fraction of time spent working and increases time spent in the leisure
activity. Therefore, the equilibrium human and physical capital in the economy will be affected by the
labor tax.

Proposition 5 is important for the derivation of the optimal taxation of factors. In fact, when

B8=0 and there is no leisure, the labor tax does not create any intertemporal distortion: it does not affect
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either the growth rate of the economy or the capital labor ratio in the economy. Conversely, if leisure
is modeled as "quality time" or "home production”, the labor tax does not affect growth but it creates
an intertemporal distortion since the economy-wide K/H is affected. A tax on capital income is always
distortionary when = 0 because it affects the physical to Lluman capital ratio regardless of whether there

is leisure or not in the model.

Proposition 6 When physical capital enters in the production of human capital (8>0), tax rates on
capital and labor income reduce the long-run growth rate of the econcry. The siecdy state physical to
human capital ratios in the final goods and human capital sectors will also depend on both factor tax

rates.
Proof see equation (25). |

The intuition for the proposition 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
g = 0, the return to and the cost of human capital accumutation (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 1o 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.”

The above results imply that, for the three specifications of the leisure activity considered so far
(the "quality time", the "home production” and the "no leisure” models), the specification of the human
capital accumulation function has important implications for the dependence of growth rates on factor

income taxes. In particular, if human capital is produced with both human and physical capital (with

1% See Trostel (1993) for a detailed presen:ation of this argument.

17 See also Bull (1993a) and Jones, Manuelli and Rossi (1993b).
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CRS in the two inputs), the steady state growth rate of the economy depends cn both factor tax rates.
Hos ever, if human capital accumulation uses human capital gnly (with CRS), the steady state growth rate
of the economy will not depend on either factor income tax rate. When leisure is a good produced with
CRE in reproducible factors, both factor income tax rates will shift consumption away from "market
good's” and towards leisure.

What happens in the case in which leisure is not produced with constant returns to reproducible
factcrs 7 One such case — leisure modeled as a "raw time” activity -- is the one most studied in the
literature.'® 1In this case "raw time" is a non-reproducible factor that is constrained by the agent’s total
time endowment. As already well known (see King, Plosser and Rebelo (1988)), such a specification of
leisure is consistent with a balanced growth path only under particular functional forms for the agent’s
utilizy. Even in these cases, it is not possible to derive analytically a closed form solution for the
balanced growth rate of the economy since the first order conditions of the competitive equilibrivm are
non iinear. However, the evaluation of these first order conditions allews us to infer whether the growth

rate of the economy depends on the factor tax rates or not:

Proposition 7 [f leisure is modeled as “raw time* -- or, more generally, as an activity not produced
with CRS in reproducible factors -- the balanced growth rate of the economy will always depend on the
tax rates on capital and labor income regardless of whether physical capital inputs enter or not in the

production of human capital.

Proof The solution to the consumer maximization problem yields the following (semi-reduced)

expression for the growth rate:

1
R N (O L CRE LR 29)

where D, is the same constant as in equation (25). The Appendix shows that the growth rate will depend

on both tax rates even when 8 = 0, since u and z depend on the tax rates irrespectively of 8. 1

The expression’ (29) is very similar to (25) — the growth rate for the case in which leisure is

18 See Chamley (1986), Lucas (1990), Jones, Manuclli and Rossi (1993a, 1993b) and Bull (1993a) for such a
specification of leisure in optimal taxation analyses, In our general framework, the case of leisure as "raw time*
corresponds to € > 0 and n = 0 in equation (9).
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"home production”. The crucial difference is the term u+z, the share of time spent working and
accumulating human capital.

The intuition for the result can be more easily obtained by considering the case where 8 =0, in
which case the growth rate can be expressed as Bz - 6.'> We showed above that when there is no
leisure in the model or when leisure is produced with constant returns to reproducible factors the steady
state real interest rate depends only on the technology of human capital (B). In those cases, an increase
in the stock of human capital increases the productivity of all the time endowment, including the time
spent in leisure activities. Moreover, in this case 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 so that the time
spent accumulating human capital does not change.

When {eisure is modeled as "raw time" instead, an increase in human capital will raise the
productivity of time spent producing goods or accumulating human capital but will not affect the marginal
utility of leisure. Therefore, the return to the accumulation of human capital will now depend on the time
spent in leisure activities. Since the time spent in leisure is a function of the relative preferences over
consumption and leisure, the equilibrium real interest rate will now also depend on preferences and not
only on technology.

Consider now 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
since the time spent in leisure is untaxed. The ensuing increase in time spent in lcisure reduces the time
spent accumulating human capital and therefore its return. The reduction in the return to investmeat 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 uixes on growth, [t then follows that, even if 8 = 0, in the model with
leisure as "raw time" the growth rate of the economy will depend on the tax rates on both factors of
production. .A similar argument can be used to show that the growth rate depends on the two tax rates
when 8 is positive.

The result that in the “raw time” leisure model the growth rate is a function of both tax rates
independently of whether 8 is zero or not is in contrast to the resuits obtained in the models without
leisure or with leisure produced with CRS in reproducible factors. In those models, the growth rate of

the economy is dependent on both tax rates when 8 > 0 but independent of them when § = 0.

19 See Rebelo (1991) for an explanation along the same lines.
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5. OPTIMAL TAXATION ANALYSIS

So far, we have discussed the conditions under which the growth rate of the economy and the
capital ratios in the various sectors depend on the tax rates on labor and capital income. We have not
yet determined the conditions under which it will be optimal to have a zero long-run taxation of a factor
of production. A formal analysis of optimal tax rates on the two factors requires the solution of a
"Ramsey planner’s problem” (Ramsey, 1927) where the government chooses the path of tax rates with
the purpose of maximizing the representative agent’s welfare, takiog into account the cptimiziog bzhavior
of this agent. We now turn to this probiem. '
5.1 The Ramsey planner’s problem

The governinent has to take into account the opiimizing behavior of private agents when deciding
the optimal structure of taxation. One way to solve the optimal taxation problem is the following: the
government chooses taxes so as to maximize the consumer’s indirect utifity function, subject to the first-
order conditions of the consumer’s maximization problem, as in Chamley (1986). A different and simpler
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 capital. These constraints are derived from
the consumer's first-order conditions; the latter, togethier with the firm’s FOCs, are used to eliminate
factor returns and taxes from the constraints 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, Christiano and Kehoe
(1991a,b); Bull (1993a, b), Jones, Manuelli and Rossi (1993a, b) among others.

The optimial taxation analysis, formally developed in the Appendix, yields the following three

results:?°

Proposition 8 When § > 0, the optimal tax rate on both hurwan ard physical capiral is zero in the long
run both when leisure is CRS in reproducible factors (e = 0, n > 0) and when leisure does not yield

utiliry (n = € = 0).

20 As other optimal laxation studies, our analysis does not prove formally existence and uniqueness of the
optimal taxation plan.
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Proof See the Appendix. |

Heuristically, the proof consists in guessing that both taxes are equal to zero along a balanced
growth path, and then verify that this is a solution to the system of cquaticns given by the first-order
conditions and the constraints.?!

The intuition for the proposition when 8 > 0 can be easily understood by considering the relation
between the growth rate of the economy and the tax rates. 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 both tax
rates in models without leisure and in models where leisure is CRS in reproducible factors when §>0,

it follows that the optimal tax on labor and capital income should be zero in these cases.

The basic principle that any tax the affects long run growth should be set to zero in the long run

leads to the next proposition regarding optimal taxation in the specifications of leisure as "raw time".

Proposition 9 In the "raw time” model of leisure, the oprimal long-run tax rate on capital and labor
income is zero regardless of whether capital inputs enter or not in the production of human capital (ie,

regardless of the value of §8).
Proof  See the Appendix. |

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.

While a dependence of the long-run growth rate on a tax rate implies that such a tax rate should
be set equal to zero in the long run, what can we say about the cases in which long-run growth is
independent of tax rates 7 Such independence is obtained, in our model, in three models of leisure (when
leisure is CRS in reproducible factors and when there is no leisure) whenever § = 0.

There is an important difference between models where leisure is produced with CRS in

21 See Bull (1993a) and Jones, Manuelli and Rossi (1993b) for a similar methodology.
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reproducible factors and models in which there is no leisure, as the following proposition shows:

Proposition 10 When 8 = 0, the optimal long run tax rate on capital incorie will be equal to zero; when
the leisure activity is "quality time” or "home production” the optimal long run rax rate on labor income

will be zero, while it will be positive when leisure does not bring utility.
Proof ~ Sce the Appendix. |

The intuition for this result goes as follows. When leisure is produced with CRS in reproducible
factors, the taxes on labor and capital income distort the economy’s long-run aggregate capital/labor ratio,
as proven in Proposition 5. Therefore labor and capital income should be untaxed in the long run. When
there is no leisure in the model, however, a tax on labor income does not distort the capital/labor ratio
and resource allocation choices, because it reduces the opportunity cost of human capital accumulation
in the same proportion as the returns to education, and therefore leaves the allocation of labor between
production and education unchanged. Indeed, in the long run the labor tax is non distoriionary, and
should therefore be set at a positive level. The optimal long-run tax on capital income is instead zero,
because it distorts the economy’s long-run capital/labor ratio.

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. Unlike other models in which physical capital can be used only in production, we speculate
that the taxation of human and physical capital along the transition path will be relatively similar. The
reason is that taxing physical ca{pital at rates close to 100% will induce private agents to shift capital to
the untaxed education and home production sectors. In other terms, while the supply of X is relatively

inelastic in the short run, v, responds to current tax rates.

5.2 Growth-Maximizing Tax Policies with a Balanced Budget

As we already mentioned, optimal taxation plans in dynamic growth models generally feature
high factor income taxes in the short run (when factors are in semi-fixed supply) and lower (possibly
zero) taxes in the long run. Given an exogenous path of government expenditures this optimal taxation
plan consists of taxing both factors in the short run, and financing spending in the long run through

accumulated budget surpluses. This implies that the government should be able 10 accumulate enough
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assets in the short run to be able live off their return in the Jong run. Such an accumulation of assets by
the government is clearly not empirically realistic.

It is therefore interesting to consider the nature of an optimal taxation plan when the ability of
the government to borrow or lend is restricted, We study which tax policies will be growth maximizing
(i.e. welfare maximizing) in the long run in the limiting case where no intertemporal borrowing is
allowed so that the government has to balance its budget in every period. We consider only the steady
state and assume that government spending is a constant fraction of output. 1f the government has to run

a balanced budget in every period, its budget constraint becomes:

g =-g=or‘r‘¢(l—cx)r” (30)

where g is the steady state ratio of government spending to output. We can then consider which steady
state tax policies will maximize the growth rate by maximizing the growth solution (25) (for the general

case of 3 > 0) subject to the above government budget constraint (30). The solution of this problem is:
Kerlag @n

The equation shows that the growth-maximizing capital and labor income tax rates are equal, i.e. a
comunon income tax on all factor incomes is optimal. The result is interesting because it suggests that,
as long as the growth rate of the economy is affected by both tax rates, the optimal long run tax policy
is to tax both factors similarly. As seen in section 5.1, if the behavior of the government is not
constrained (so that it can borrow and lend), labor and capital should be taxed at the same long run rate
of zero. Similarly, for the functional forms we use, if the government is constrained to run a budget
balance in every period, the optimal long run tax on labor and capital will still be the same for both
factors and equal to the government spending to output ratio that has to be financed in every period.
More generally, the finding of a long run dependence of the growth rate on both factors breaks
the asymmetry between labor and capital that lead Chamiey to the result that capital income should not
be taxed and labor income should be taxed in the long run. If growth depends on both tax rates, the

nature of optimal (growth-maximizing) policies is to tax the two factors in a symmetric fashion.

6.CONCLUDING REMARKS
In this paper we have considered the role of the human capital accumulation technology and the

nature of the leisure activity in determining the optimal taxation of labor and capital. Traditional optimal
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taxation analyses in exogenous growth models stressed that the tax rate on capital income should be zero
in the long run, while the one on labor should be positive. We have shown that in endogenous growth
models this result is replicated only under restrictive specifications of human capital accumulation and
leisure production. Under more general specifications of these processes, capital and labor income should
be taxed similarly in the long run. In particular, our results imply that the optimial long-run tax on both
capital and labor income is zero (or symmetric if borrowing is not allowed) under very general conditions
regarding the production of human capital and the specification of the leisure activity. The only case in
which the long run tax on capital is zero while the one on labor is positive is that of a model without
leisure and with human capital produced with human capital only.

This optimal taxation analysis, like most its predecessors,? ignores important time-consistency
issues, since the government is assumed to choose irrevocably an optimal tax plan at pericd zero.
However, time consistency appears more tractable in this model, since physical capital has alternaiive
uses that are non taxable and therefore confiscatory tax rates are not feasible. A general but unrealistic
feature of the optimnal taxation solution is the accumulation of budget surpluses in the short run to finance
government expenditure without recourse to distortionary taxation in the long run. This result is due to
the fact that reproducible factors are supplied relatively inelastically in the short run but elastically in the
long run. Future research should re-examine the issue of dynamic optimal taxation subject to a realistic
set of restrictions on government’s behavior.

The analysis in this paper is framed in a closed economy context and does not study indirect
taxation. In Milesi-Ferretti and Roubini (1994a) we consider optimal taxation issues in a small open
economy, while in Milesi-Ferretti and Roubini (1994b) we examine the impact of consumption taxes on

growth and factor allocations, and its implications for optimal taxation.

22 An exception is Benhabib and Velasco (1994).
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APPENDIX

Al. Value of parameters in equations (23)-(25)
The terms D, (equations (23), (24) and (25)) are given by:

- aAd a 1-8 8
O U-BB|T-a B
_ ad l-« 8 '™
berupEl T8
p,- o4 [Lza)'=[1-8)"( v )"
YU-PB | B -y

D. - (] 'G)A 1-a+8 aA oy _(I— y(1-a)+aB l;é 8 _J_ Y(1-a+8) Tﬁ
’ -y (1-6)B I-a ] [

D, = (@AY [B(1-B)) = ﬂi] )
a 1-8

A2. The "raw time" model of leisure

When leisure is expressed as "raw time", the consumer’s problem takes the following form:
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Evaluation of the first-order conditions along the balanced growth path yields the following expression

for economic growth:

aloy
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where D, is the same constant as in equation (25). This expression is very similar to the growth rate for
the case in which leisure is "home production” (equation 25). The crucial difference is the term u+z,

the share of time spent working and accumulating human capital. The values of factor allocations u, v



Optimal Taxation in Endogenous Growth Models : 24

and z are determined implicitly by the following three relations:

Yo e 1-81-7 1y (A3)
u l-a B 1-41 2
that relates the capital/labor ratio in the two sectors;
8
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which is obtained by equating the growth rate of human capital and consumption along the balanced

growth path and

e - (AS)
1-8v(u+z)
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which is obtained from the resource constraint of the economy. g is the ratio of public expenditure to
output. The dependence of 1 and z -- and thecefore of the growth rate -- on both tax rates is clear from
equations (A3)-(AS5). When 8 = 0, v = 1 (all capital is used in production of goods) and from (A2) and
(A4) it is straightforward to show that the growth rate is given by Bz - §, where 2 is determined implicitly
by:

_aBz gy, 1-aB(1-82)+8(0-1)-p |y A6
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and is clearly a function of both tax rates.

A3, Optimal taxation when leisure is "home production”

In this Appendix we prove formally the optimality of zero long-run taxes on both human and
physical capita! for a model in which leisure takes the form of home production. 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 (20) and the no-Ponzi game condition, we obtain the following intertemporal budget constraint:

]o“ e C,+ (1 =v)RE(L - VK, - u, R (-7 H Yer = K, (A7)



Optimal Taxation in Endogenous Growth Models 25

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 (14) between zero and t and using the F.O.C. for consumption (13)

we get:

Y
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The differential equations for human capital accumulation (2) and its shadow price (15) can be integrated
forward to determine the value of the representative agent’s human wealth. Using equations (16)-(19)

human wealth can be expressed as follows:
yoHy = IO“ NIRFO - H, (-2 -RFO -k a1 s (A9)
Adding (A9) and (A7) the consumer’s IBC becomes:
Io’" MG+ (1=v,~x)RE - 5K, + (1 =, - 2 DRI - Y H Y dr = \Ky + uoHy (A10)

The terms in X, and H, inside the integral sign represent the “valuc” of home production, while the RHS
is the consumer’s initial human and non-human wealth. Taxes can be implicitly expressed as a function

of quantities, using the consumer’s first-order conditions (16) and (18}, rcported here for convenience:

RF( -5k -1V (Al1)
1 -v -1
REQU -7, =200 ¢ (A12)
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where R and RX are determined by the firms’ first-order conditions (equations 10 and 11).
Substituting (A11) and (A12) into (A10) we obtain:
Jo”x,c,(l +1)dr = NKy + o Hy (A13)

Equation (A1S5) simply states that the PDV of consumption - including market goods and "home

production” - has to be equal to the consumer’s total wealth. This is an “implementability constraint

that the government’s optimal plan needs to satisfy.
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In these models it is well known that, although the foral supply of human capital is inelastic, its
"taxable" supply is elastic — if labor taxes are very high in the initial period, agents will devote their time
to human capital accumulation and home production. It should be noted that in our setup, unlike in other
papers, such as Chamley (1986) and Lucas (1990), the government would not be able to “"confiscate”
physical capital even if it could tax its return at more than 100%. The reason is that physical capital has
alternative uses - it can be employed for home production and for the production of human capital.

Using (A8) to substitute for A, and A\o; and substituting for ug from the consumer’s FOCs, we can

re-write (A13) as follows:

IO’ e (C LN Cdr = W, (A14)

where W, depends only on time zero variables, and is given by:
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We now turn to the determination of the additional constraints that the consumer’s behavior
imposes on the government. The remaining FOCs of the consumer’s optimal plan are equation (2) and
equations (13)-(19). Of those, equation (13) determines X; equation (18) defines implicitly the tax rate
on human capital; equations (14) and (16) determine iniplicitly the tax rate on physical capital and a

constraint associated with physical capital accumulation:

¢ C, 1
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which is obtained substituting (A11) into (A8) and taking logs. Equation (17) and (19) determine  and

a constraint that relates the capital intensities of home production and education:

l—v,-x,zl_g vy l-u-z (AIT)
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and equation (15) and (2) determine a constraint associated with human capital accumulation:
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The LHS of this expression is the gain for the consumer if she increases marginally her labor supply u,.
This must be equal to the resources the consumer would have had by devoting one more unit to the
accumnulation of human capital (RHS). Note that these resources include not only the additional income
from the time spent producing market goods («,), but also from the time spent in "home production”,
because a higher human capital stock increases home production. Using (A7) and (A12) the constraint

(A18) can be written as:

-4
LR T x X, ® p(s-1) v1~al_ﬁ-zs (A19)
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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 (A14); and the other constraints imposed by the consumer’s behavior -- (A16), (A17) and
(A19). Let ¢ be the Lagrange multiplier associated with the implementability constraint, and define

W, = (1 +¥)+0)(CLN™. It is easy to sce that the planner’s problem can be re-formulated as

follows:

Max [0" e W,dr -y W, (A20)

subject to the constraints (4), (2), (A16), (A17) and (A19) which we associate the multipliers \,, g, ¢,
£, and v, respectively. Let 0 = xK/zH and & = vK/uH along the balanced growth path, and define 5*
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 cxpressed as follows:

.
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Comparing these FOC with those of the consumer problem along the balanced growth path, it is
immediate from (14) and (A22) that the long-run tax rate on capital has to be zero. This also implies that
the LHS of equation (A24) is equal to zero (see equation (A11)). Evaluating equations (A23)-(A27) we
then obtain that the three multipliers v*, ¢* and £* are equal t0 zero. From equations (A26) and (A12)
we conclude that the optimal tax on human capital is zero as well. The intujtion for the fact that the three
constraints imposed by the consumer's optimality conditions on the government’s behiavior are not binding
in the long run (v* - ¢* = £* = 0) is the following. In the long run, ¥ = ' = 0: hence all
distortions are eliminated and the consumer's optimality constraints do not restrict the government's
resource allocation choice.

The proof of optimality for the case in which § = 0 and for when leisure is "raw time” is

perfectly analogous, and is available from the authors upon request.

Ad4. Optimal taxation when § = 0 and there is no leisure

In this case the optimal taxation solution requires a limit on the tax rate on physical capital, since
the latter has no alternative uses. The constraint associated with this limit will be binding in the initial
periods, but not in the long run - if it were, agents would devote no resources to capital accumulation.

The government’s problem can be formulated as follows:
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where the Jast condition ensures that 7% < 1.
The first order conditicns, evaluated along the balanced growth path, vield:
)\'(lv¢/)=C'-' (4‘\29)
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where a star indicates the value of a variable along the balanced growth path, discounted by its long-run
growth rate. Equating (30) and (31) we determine the long-run capital/labor ratio in production.
Comparing it. with the one resulting from the consumer’s optimality conditions (cquation (28) with v=1)
proves that the long-run tax on physical capital should be equal to zero. Evaluation of the consumer’s
FOCs along the balanced growth path shows that the tax on labor income is non distortionary in the long
run: as shown in Propositions 1 and 5, the labor tax does not affect the growth rate and the allocation

of factors. It follows that along the balanced growth path the tax on labor should be positive. |
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