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Abstract

This paper analyzes the implications that the specification of the leisure activity has on the equi-
librium efficiency in a two-sector endogenous growth model with human capital accumulation. We
consider external effects of consumption and leisure in utility, and sector-specific externalities asso-
ciated to physical and human capital in production. The optimal tax policy to correct for the distor-
tions caused by the externalities is characterized under all the typical leisure specifications considered
in the literature: home production, quality time and raw time. We show that the optimal policy
depends markedly on the leisure specification.
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1. Introduction

The purpose of the present paper is to analyze the implications that the specification of
the leisure activity has on the efficiency of the competitive equilibrium in a two-sector
endogenous growth model with human capital accumulation. We consider a relatively gen-
eral framework, in which agents derive utility both from consumption and leisure, where
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individual preferences are subject to spillovers from the other agents’ consumption and lei-
sure, and production is subject to sector-specific externalities associated with physical and
human capital. This will allow us to study the possible interaction between utility and pro-
duction spillovers. In the presence of externalities, optimal growth paths and competitive
equilibrium paths may not coincide. This paper focuses on the design of optimal policies
capable of making the competitive economy replicate the optimal growth path attainable
by a central planner and how these policies are affected by the specification of the leisure
activity.

The presence of externalities in endogenous growth models with human capital accu-
mulation has been considered by a number of authors. For example, Lucas (1988) and
Xie (1994) consider the case where the average human capital has an external effect on
the sector producing goods. Chamley (1993) and Benhabib and Perli (1994) consider
instead the case where the sector producing human capital exhibits a positive external
effect arising from the average learning time. Benhabib et al. (2000), Mino (2001), Ben-
Gad (2003) and Nishimura and Venditti (2004), among others, introduce sector-specific
externalities in both sectors, which will be the case considered in this paper.

However, they have focused on what can be categorized as production externalities,
even though other types of external effects affecting the individual utility are also conceiv-
able. Currently, consumption externalities have been widely considered in the literature
(e.g., Abel, 1990; Gali, 1994; Carroll et al., 1997; Dupor and Liu, 2003; Alvarez-Cuadrado
et al., 2004), but mainly restricted to the Ramsey model and the simplest Ak endogenous
growth model. The presence of spillovers associated to the leisure activity is plausible as
well since the satisfaction obtained from leisure usually depends on sharing activities with
others. Thus, time spent in activities that involve other people represent a high fraction of
total leisure time (e.g., Juster and Stafford, 1991). Empirical evidence suggests that couples
arrange their work schedules to allow time for leisure that they consume jointly (e.g.,
Hamermesh, 2002; Hallberg, 2003; and Jenkins and Osberg, 2005). Costa (2000) argues
that the compression in the length of the work day distribution over the last century could
be partly explained by the increasing co-ordination of work activities within and across
firms and by the increasing synchronization of leisure time activities with those of relatives
and friends. Jenkins and Osberg (2005) also report estimates indicating that propensities to
engage in associative activity depend on the availability of suitable leisure companions
outside the household. Alesina et al. (2006) argues that leisure externalities may be an
important factor for explaining differences between US and European working patterns.
This evidence suggests the existence of spillovers associated to average leisure time. It is
also plausible the occurrence of what could be considered as congestion effects of leisure,
where an increase in average leisure time reduces the benefits of own leisure (e.g., crowded
parks).

The bulk of the literature on endogenous growth has considered leisure as a nonmarket
activity that requires the use of ‘‘raw time” only. Other authors considered leisure as a
nonmarket activity requiring ‘‘quality time,” a combination of time and human capital
(e.g., Heckman, 1976; Stokey and Rebelo, 1995; Ortigueira, 2000). A recent body of liter-
ature (e.g., Greenwood and Hercowitz, 1991; Campbell and Ludvigson, 2001) has mod-
eled leisure as a form of ‘‘home production” that uses both human and physical capital
inputs, in addition to nonmarket time. The choice of the particular specification of the lei-
sure activity has been shown to play a crucial role in the theory of endogenous growth (see
Gómez, 2003b, and the references therein). Therefore, we shall analyze the implications
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that the specification of the leisure activity has on the efficiency of the competitive equilib-
rium, and on the optimal fiscal policy designed to correct the market failure caused by the
external effects. To this end, we shall consider all the typical specifications of leisure –
home production, quality time and raw time – as well as the case in which labor supply
is inelastic.

Related work has been recently made. Garcı́a-Castrillo and Sanso (2000) and Gómez
(2003a) devise optimal fiscal policies in a Lucas-type model with externalities á la Lucas
(1988). Gómez (2004) shows that the competitive equilibrium is efficient in the Lucas
model with sector-specific externalities associated to human capital in goods production.
However, they do not examine the effect of utility externalities arising from consumption
and leisure, and labor supply is assumed to be inelastic. Although a number of authors
have analyzed the equilibrium efficiency in models with consumption externalities, the
analysis has been mostly restricted to the Ramsey exogenous growth model (e.g., Fisher
and Hof, 2000; Alonso-Carrera et al., 2004; Liu and Turnovsky, 2005; Gómez, 2007) or
the simplest one-sector endogenous growth model (e.g., Gómez, 2006; and Alonso-Carrera
et al., 2005 and the related paper by Hiraguchi, 2007).1 Furthermore, most of these works
consider that labor supply is inelastic; an even when labor supply is assumed to be endog-
enous, as in Liu and Turnovsky (2005), the analysis is limited to the raw time specification
of the leisure activity. Finally, none of these works consider the presence of spillovers asso-
ciated to leisure.

Irrespective of the leisure specification, four main results are robust. First, in the pres-
ence of (only) sector-specific externalities associated to human capital in education, the
long-run equilibrium growth rate is lower than the optimal one. Second, a sector-specific
externality associated to physical capital in goods production provokes a distortion that
can be corrected by taxing physical capital income so as to equate its social and private
marginal returns. Third, a sector-specific externality associated to human capital in the
educational sector causes a distortion that can be corrected by subsidizing investment
on human capital. Fourth, in the absence of production externalities, the competitive equi-
librium is efficient both at the steady state and off the steady state if and only if the elas-
ticity of average consumption in utility is equal to the elasticity of average leisure.

However, the choice of the leisure function introduces important differences across lei-
sure specifications. If leisure is modeled as ‘‘home production” or ‘‘quality time” and when
labor supply is inelastic, in the absence of externalities in education, the long-run equilib-
rium growth rate is equal to the optimal one irrespective of the presence of sector-specific
externalities in the goods sector and/or utility externalities. However, in the ‘‘raw time”

model, utility externalities or sector-specific externalities in the goods sector cause the
long-run equilibrium growth rate to diverge from the optimal one. If labor supply is inelas-
tic, the competitive equilibrium is efficient in the presence of consumption externalities
and/or sector-specific externalities associated to human capital in the goods sector. This
extends the optimality result obtained by Gómez (2004). However, this result does not
hold when labor supply is endogenous. Now, irrespective of the leisure specification, the
presence of utility or production spillovers causes the market equilibrium to be inefficient.
If leisure is raw time or quality time, there is a degree of arbitrariness in the tax policy that
1 Liu and Turnovsky (2005) also examine the Romer (1986) endogenous growth model with consumption and
production externalities.
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enables the market equilibrium to replicate the first-best optimum of a centrally planned
economy, as it can be achieved by taxing consumption or labor income. Alternatively, this
degree of arbitrariness could be used to tax income from physical capital and labor at the
same rate. This possibility disappears in the home production specification, because now
there is one additional margin of choice – the allocation of physical capital between pro-
duction or leisure activities – which needs to be mimicked as well. In this case, the utility
externalities can be corrected by taxing consumption, and the sector-specific externalities
associated to human capital in goods production can be corrected by taxing labor income
so as to equate the social and private marginal returns on human capital.

The rest of the paper is organized as follows. Section 2 presents the model. Section 3
analyzes the equilibrium dynamics of the market economy, and Section 4, the optimal
growth path attainable by a central planner. Section 5 compares the long-run growth rates
of the market and the centrally planned economies. Section 6 studies the implications that
the specification of the leisure activity has on the optimal fiscal policy. Section 7 concludes.

2. The model

Consider an economy populated by a large number of identical infinitely-lived represen-
tative agents who derive utility from the consumption of a private consumption good, c,
and leisure, L. For simplicity, we assume that population is constant and normalized to
one. The intertemporal utility derived by the agent is represented byZ 1

0

e�qtUðc;�c; L; �LÞdt; q > 0; ð1aÞ

where the instantaneous utility function is

Uðc;�c; L; �LÞ ¼ ½c�clðL�LwÞg�1�r � 1

1� r
; r > 0; g > 0; rþ gðr� 1Þ > 0: ð1bÞ

Here, 1/r is the elasticity of intertemporal substitution (EIS), and g reflects preferences for
leisure.2 The specification (1b) entails that the agent derives positive but decreasing mar-
ginal utility from her own consumption (Uc > 0 and Ucc < 0) and leisure (UL > 0 and
ULL < 0), and that the utility function is strictly concave in c and L.

The term �c in (1b) is the average consumption, and expresses externalities in utility aris-
ing from consumption. Following Dupor and Liu (2003), we may say that the utility func-
tion exhibits jealousy if l < 0, and admiration if l > 0 when other agents’ consumption
increases. When l < 0 agents are jealous because average consumption reduces agent’s
utility for a given level of own consumption. When l > 0 agents turn out to be admiring
since average consumption increases agent’s utility for a given level of own consumption.
The term �L is the average level of leisure in the economy at large, and expresses external-
ities in utility associated to leisure. If w < 0, then average leisure reduces agent’s utility for
a given level of own leisure, and so, it has a negative external effect on utility. If w > 0,
average leisure has a positive external effect. We shall impose the conditions Uc þ U�c >
0 and U cc þ U c�c < 0, which are equivalent to l + 1 > 0 and r + l(r � 1) > 0, that mean
that either the consumption externality augments the direct effect or, if it offsetting, it is
2 The case g = 0, in which leisure does not provide utility, corresponds to the ‘‘no leisure” specification
described below.
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dominated by the direct effect.3 Similar restrictions are imposed on the size of the leisure
externality, UL þ U �L > 0 and U LL þ UL�L < 0, which are equivalent to w + 1 > 0 and
1 + g(1 + w)(r � 1) > 0, respectively.

The agent is endowed with one unit of time per period which can be allocated to work,
u, learning, z, or leisure, l. The time constraint is then

1 ¼ uþ zþ l: ð2Þ

Following Milesi-Ferretti and Roubini (1998a,b), we specify leisure in three alternative
ways: ‘‘home production” (HP), ‘‘quality time” (QT) and ‘‘raw time” (RT). For compar-
ative purposes, we also consider the case in which labor supply is inelastic; i.e., the ‘‘no
leisure” (NL) case. In the home production specification, leisure is produced with a
Cobb–Douglas technology that uses physical capital, k, and human capital, h, as inputs:

L ¼ B½ð1� vÞk�xðlhÞn; B > 0; 0 < x < 1; 0 < n < 1;

where v is the fraction of physical capital devoted to the production of goods, and 1 � v,
the fraction of physical capital devoted to the leisure activity. As Campbell and Ludvigson
(2001, p. 851) argue, this specification ‘‘captures the idea that leisure is not valued for its
own sake, but for what can be done with it.” In the quality time specification, leisure de-
pends on effective time:

L ¼ lh:

As Stokey and Rebelo (1995) point out, this specification entails that time devoted to the
leisure activity is quality adjusted in the same way time devoted to working is. In the raw
time specification, utility depends on pure leisure time:

L ¼ l:

These three cases can be summarized in a single specification by defining4

L ¼ Gðð1� vÞk; l; hÞ ¼ B½ð1� vÞk�xðlh/Þn: ð3Þ

The HP specification is obtained by making / = 1; the QT specifications is recovered when
B = 1, x = 0, n = 1 and / = 1, and the RT specification is obtained by making B = 1,
x = 0, n = 1 and / = 0. In the NL case, L and �L should be simply removed from the utility
function in (1) or, equivalently, the parameter g must be set to 0.

Human capital, h, is accumulated according to the dynamic equation

_h ¼ P ðzh; zhÞ ¼ dðzhÞeðzhÞ1�e
; d > 0; 0 < e 6 1; ð4Þ

where zh is the average human capital devoted to education, and expresses sector-specific
externalities associated with human capital in the educational sector.

The rate of return on physical capital is denoted r, the wage rate, w, and profits, p,
which we assume that are distributed back to consumers as dividends. The government
taxes physical capital income at a constant rate sk, labor income at a constant rate sh,
and consumption at a constant rate sc, and subsidizes investment on education at a
3 This is similar to conditions (i) and (ii) of assumption 1 in Liu and Turnovsky (2005). Note that their
condition (iii) stems from their assumption that UcL P 0. In the present model we shall not make this assumption,
which would amount to restrict the EIS so that r 6 1 and, therefore, a condition similar to (iii) is not imposed.

4 I thank one anonymous referee for suggesting this specification.
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constant rate sh. In this model, the sole cost of education is foregone earnings, wzh, a frac-
tion sh of which is therefore financed by the government. The remaining income raised is
rebated to the consumers as lump-sum transfers, s. In absence of depreciation of physical
capital, the agent’s budget constraint is, then,5

_k ¼ ð1� skÞrvk þ ð1� shÞwuhþ pþ shwzh� ð1þ scÞcþ s: ð5Þ

Output, y, is produced with the Cobb–Douglas technology

y ¼ F ðvk; vk; uh; uhÞ ¼ AðvkÞuðvkÞa�uðuhÞbðuhÞ1�a�b
; A > 0; 0 < b < 1; 0

< u < 1; uþ b 6 1; ð6Þ

where vk is the average physical capital devoted to the production of goods, and uh is the
average human capital devoted to the production of goods. This specification assumes that
the production of goods exhibits constant returns-to-scale at the social level but non-
increasing returns-to-scale at the private level. The terms vk and uh express sector-specific
externalities associated with physical and human capital, respectively, employed by the
sector producing goods. We shall assume that 0 < a < 1 to ensure that the social marginal
productivities of physical and human capital are positive.

Profit maximization by competitive firms implies that labor and capital are used up to
the point at which marginal product equates marginal cost:

r ¼ F vk ¼ uy=ðvkÞ; ð7aÞ
w ¼ F uh ¼ by=ðuhÞ; ð7bÞ

where Fx denotes the partial derivate of F with respect to the variable x = vk, uh. If the
production function exhibits decreasing returns-to-scale at the private level, the competi-
tive firm earns positive profits,

p ¼ ð1� u� bÞy: ð7cÞ

We shall assume that the government runs a balanced-budget:

skrvk þ shwuhþ scc ¼ shwzhþ s: ð8Þ
3. The competitive equilibrium

A competitive equilibrium for this economy is defined as a set of market-clearing prices
and quantities such that (i) the consumer’s choice of c, k, h, v, u, z and l maximizes (1) sub-
ject to the constraints (2), (4) and (5), given the initial endowments of physical capital, k0,
and human capital, h0, and taking as given the path of factor returns and fiscal policy vari-
ables; (ii) the firm’s choice of physical capital, vk, and effective labor, uh, maximizes prof-
its, and (iii) the government obeys its budget constraint (8). Note that in the QT and RT
models, the fraction of physical capital devoted to the production of goods is v = 1
because physical capital is not used in any other sector, so this is not a choice variable
in the consumer’s problem. In the NL model, additionally, leisure time is zero, l = 0.

Let J be the current value Hamiltonian of the household’s optimization problem, and
let k and h be the multipliers for the constraints (5) and (4), respectively:
5 A tax on profits is not included since it would act as a lump-sum tax.

Please cite this article in press as: Gomez Suarez, M.A., Utility and production externalities, ...,
Journal of Macroeconomics (2007), doi:10.1016/j.jmacro.2007.10.011



M.A. Gomez Suarez / Journal of Macroeconomics xxx (2007) xxx–xxx 7

ARTICLE IN PRESS
J ¼ Uðc;�c; L; �LÞ þ k½ð1� skÞrvk þ ð1� shÞwuhþ pþ shwð1� u� lÞh� ð1þ scÞcþ s�

þ hP ðð1� u� lÞh; ð1� u� lÞhÞ;

where (2) has been used to substitute z for 1 � u � l and eliminate it from the problem.
Let Ux, Fx, Gx and Px denote the partial derivate of U, F, G and P, respectively, with

respect to the variable x. The first-order conditions for an interior optimum are

Uc ¼ ð1þ scÞk; ð9aÞ
ULGð1�vÞk ¼ kð1� skÞr; ð9bÞ
hP zh ¼ kð1� sh � shÞw; ð9cÞ
ULGl ¼ kshwhþ hP zhh; ð9dÞ
_k ¼ ½q� ð1� skÞrv�k� ULGð1�vÞkð1� vÞ; ð9eÞ
_h ¼ ½q� ð1� u� lÞP zh�h� k½ð1� shÞwuþ shwð1� u� lÞ� � ULGh ð9fÞ

plus the usual transversality conditions. Here, the arguments of the functions have been
suppressed for simplicity. In the QT and RT models, Eq. (9b) must be dropped, and in
the NL model, Eq. (9d) must be eliminated too.

Eq. (9a) equates the marginal utility of consumption to the shadow value of an addi-
tional unit of physical capital. Eq. (9b) entails that the marginal value of one additional
unit of physical capital must be equal whether it is devoted to goods production or leisure.
Eqs. (9c) and (9d) entail that the marginal value of one additional unit of time must be
equal whether it is devoted to goods production, human capital accumulation or leisure.
Eq. (9e), which can be expressed as

ð1� skÞrvþ 1

k
U LGð1�vÞkð1� vÞ ¼ q�

_k
k

equates the return on physical capital both in goods production and the leisure activity, to
the rate of return on consumption. Eq. (9f), which can be expressed as

ð1� u� lÞP zh þ
k
h
½ð1� shÞwuþ shwð1� u� lÞ� þ U LGh þ

_h
h
�

_k
k
¼ q�

_k
k

equates the rate of return on human capital in the goods sector, the leisure activity and the
educational sector, to the rate of return on consumption. Now, the return to investing in
human capital includes the rate of capital gains, _h=h� _k=k.

Hereafter, let cx ¼ _x=x denote the growth rate of the variable x. For future reference,
note that using (9b) and (9e), taking into account (7a), we obtain that

ck ¼ q� ð1� skÞF vk ð10Þ

and using (9c), (9d) and (9f), and that Gl = nG/l and Gh = /nG/h, we get that

ch ¼ q� ð1� shÞP zhð1� lþ /lÞ=ð1� sh � shÞ: ð11Þ

Appendix shows that the dynamic behavior of the economy can be described by the fol-
lowing third order dynamical system in the variables r, q = c/k and u, that are constant
in the steady state:
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cr ¼ �
ð1� aÞ

a
ð1� skÞr �

edð1� shÞ½1� lðr; q; uÞ þ /lðr; q; uÞ�
ð1� sh � shÞ

� �
; ð12aÞ

cq ¼ �
r
u

vðr; q; uÞ þ ð1� skÞr � qþ gð1þ wÞnðr� 1Þð1� /Þd½1� u� lðr; q; uÞ�
rþ ½gð1þ wÞðnþ xÞ þ l�ðr� 1Þ

� gð1þ wÞðr� 1Þ½aðnþ xÞ � x�
ð1� aÞfrþ ½gð1þ wÞðnþ xÞ þ l�ðr� 1Þg cr þ q; ð12bÞ

cu ¼ �q� d½1� u� lðr; q; uÞ� þ r
u

vðr; q; uÞ þ 1� vðr; q; uÞ
vðr; q; uÞ ðcr � cqÞ þ

1

1� a
cr; ð12cÞ

where l and v can be expressed as functions of r, q and u as

lðr; q; uÞ ¼ ugnð1� skÞð1þ scÞqu
bð1� shÞ½ð1� skÞr � gð1þ scÞxq� ; ð13aÞ

vðr; q; uÞ ¼ 1� ð1þ scÞxgq
ð1� skÞr

: ð13bÞ

A hat ‘‘^” over a variable will denote its steady-state value in the market economy. The
steady state can be obtained by imposing the stationarity conditions cr = cq = cu = 0.
Appendix shows that the long-run growth rate of output, physical and human capital,
and consumption is

ĉ ¼ dð1� û� l̂Þ ¼ ð1� shÞedð1� l̂þ /l̂Þ � qð1� sh � shÞ
ð1� sh � shÞfrþ ½gð1þ wÞð/nþ xÞ þ l�ðr� 1Þg ¼ ĉk

¼ ĉh ¼ ĉc ¼ ĉy : ð14Þ

The HP model is obtained by substituting / = 1 into (12)–(14) and the QT model, by
additionally setting B = 1, x = 0 and n = 1 which, in particular, entails that v = 1. The NL
model is obtained by setting g = 0 which, in particular, entails that v = 1 and l = 0. In the
HP, QT and NL models, the steady state can be obtained in a recursive manner. From
(12a), it can be obtained r̂. Then, from (12b) and taking into account (13b), it can be com-
puted q̂. Using these values and taking into account (13) and (12c) allows obtaining û. The
values of v̂ and l̂ can be computed from (13b) and (13a). We assume henceforth that
parameter values are so that the steady state is feasible.6 Linearizing (12) around the
steady state ðr̂; q̂; ûÞ yields

_r

_q

_u

0
B@

1
CA¼

�ð1� aÞð1� skÞr̂=a 0 0

� q̂þ gxð1þ scÞq̂=½uð1� skÞ� 0

� � dð̂lþ ûÞ

0
B@

1
CA

r� r̂

q� q̂

u� û

0
B@

1
CA;

ð15Þ
where dots replace those elements that are irrelevant for the analysis. As the coefficient
matrix is triangular, the characteristic roots are its diagonal elements. The first one is neg-
ative whereas the second and the third ones are positive if the steady state is feasible.
Hence, two roots are positive and one is negative and so, the steady state is locally sad-
dle-path stable.
6 Detailed derivations of the steady state and the conditions for feasibility are available upon request.
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The RT model is obtained by substituting B = 1, x = 0, n = 1 and / = 0 into
(12),(13),(14) which, in particular, entails that v = 1. When leisure is specified as raw time,
Ladron-de-Guevara et al. (1999) show that there exists the possibility of multiple balanced
growth paths, and conclude that it seems difficult to state a set of necessary and sufficient
conditions for this possibility to occur. We address to this reference for a detailed analysis
of the equilibrium dynamics of this class of models.
4. The centrally planned economy

This section analyzes the equilibrium dynamics of the centrally planned economy under
each of the leisure specifications considered. The central planner possesses complete infor-
mation and chooses all quantities directly, taking all the relevant information into
account. The central planner maximizes (1) subject to (2),

_h ¼ P ðzh; zhÞ ¼ dzh; ð16Þ

and

_k ¼ F ðvk; vk; uh; uhÞ ¼ AðvkÞaðuhÞ1�a � c; ð17Þ

where leisure, L, in (1) is given by (3).
Let �J be the current value Hamiltonian of the planner’s problem, and let �k and �h be the

multipliers for the constraints (17) and (16), respectively:

�J ¼ Uðc; c; L; LÞ þ �k½F ðvk; vk; uh; uhÞ � c� þ �hP ðð1� u� lÞh; ð1� u� lÞhÞ;

where (2) has been used to substitute z for 1 � u � l and eliminate it from the problem.
The first-order necessary conditions for an interior solution are

Uc þ U�c ¼ �k; ð18aÞ
ðUL þ U �LÞGð1�vÞk ¼ �kðF vk þ F vkÞ; ð18bÞ
�hðP zh þ P zhÞ ¼ �kðF uh þ F uhÞ; ð18cÞ
ðUL þ U �LÞGl ¼ �hðP zh þ P zhÞh; ð18dÞ
_�k ¼ ½q� ðF vk þ F vkÞv��k� ðU L þ U �LÞGð1�vÞkð1� vÞ; ð18eÞ
_�h ¼ ½q� ð1� u� lÞðP zh þ P zhÞ��h� �kðF uh þ F uhÞu� ðUL þ U �LÞGh ð18fÞ

plus the usual transversality conditions. In the QT and RT models, Eq. (18b) must be
dropped, and in the NL model, Eq. (18d) must be eliminated too. Comparing (18) with
(9), it can be observed that the main difference is that the relevant marginal utilities and
rates of return in the market economy are the private ones, while in the centralized econ-
omy they are the social ones which reflect the effects of externalities.

Note for future reference that using (18b) and (18e), we get

c�k ¼ q� ðF vk þ F vkÞ ð19Þ

and using (18f), (18c) and (18d), and that Gl = nG/l and Gh = /nG/h, we obtain

c�h ¼ q� dð1� lþ /lÞ: ð20Þ
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Proceeding in the same manner as in the case of the market economy, we can express the
dynamics of the centralized economy in terms of the variables r = Fvk = uA(vk)a�1(uh)1�a,
q = c/k, and u:

cr ¼ �
ð1� aÞ

u
r þ ð1� aÞ

a
d½1� lðr; q; uÞ þ /lðr; q; uÞ�; ð21aÞ

cq ¼ �
r
u

vðr; q; uÞ þ ða=uÞr � qþ gð1þ wÞnðr� 1Þð1� /Þd½1� u� lðr; q; uÞ�
rþ ½gð1þ wÞðnþ xÞ þ l�ðr� 1Þ

� gð1þ wÞðr� 1Þ½aðnþ xÞ � x�
ð1� aÞfrþ ½gð1þ wÞðnþ xÞ þ l�ðr� 1Þg cr þ q; ð21bÞ

cu ¼ �q� d½1� u� lðr; q; uÞ� þ r
u

vðr; q; uÞ þ 1� vðr; q; uÞ
vðr; q; uÞ ðcr � cqÞ þ

1

1� a
cr; ð21cÞ

whereas l and v are given by

lðr; q; uÞ ¼ agunð1þ wÞqu
ð1� aÞ½að1þ lÞr � gxð1þ wÞuq� ; ð22aÞ

vðr; q; uÞ ¼ 1� uxgð1þ wÞq
að1þ lÞr : ð22bÞ

An asterisk ‘‘*” will denote the steady-state value of a variable in the centrally planned
economy. The steady state can be obtained by imposing the stationarity conditions
cr = cq = cu = 0. The long-run optimal growth rate of output, physical and human capital,
and consumption can be determined as

c� ¼ dð1� u� � l�Þ ¼ dð1� l� þ /l�Þ � q
rþ ½gð1þ wÞð/nþ xÞ þ l�ðr� 1Þ ¼ c�y ¼ c�k ¼ c�h ¼ c�c : ð23Þ

The HP, QT and NL models can be obtained as particular cases as it is described in the
previous section for the market economy, and the steady state can also be derived in a sim-
ilar recursive manner. We shall assume henceforth that parameter values are so that the
steady state is feasible.7 Linearizing (21) around the steady state (r*,q*,u*) yields:

_r

_q

_u

0
B@

1
CA ¼

�ð1� aÞr�=u 0 0

� q� þ gxð1þ wÞq�=½að1þ lÞ� 0

� � dðl� þ u�Þ

0
B@

1
CA

r � r�

q� q�

u� u�

0
B@

1
CA;

ð24Þ
where dots replace those elements that are irrelevant for the analysis. As the coefficient
matrix is triangular, the characteristic roots are its diagonal elements. The first one is neg-
ative whereas the second and the third ones are positive if the steady state is feasible.
Hence, two roots are positive and one is negative, and so, the steady state is locally sad-
dle-path stable.

The RT economy is obtained by substituting B = 1, x = 0, n = 1 and / = 0 into (21)–
(23) which, in particular, entails that v = 1. Again, we address to Ladron-de-Guevara et al.
(1999) for an analysis of the equilibrium dynamics of this class of models.
7 Detailed derivations of the steady state and the conditions for feasibility are available upon request.
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5. Comparison of long-run growth rates

This section compares the long-run growth rate of the centrally planned economy and
that of the market economy with no government intervention; i.e., with sk = 0, sh = 0,
sc = 0 and sh = 0, and consequently s = 0. In the HP, QT and NL economies, comparing
(14) with (23), it can be easily observed that the long-run equilibrium growth rate and the
optimal one are related through ĉ ¼ ec� 6 c�. Hence, we can state the following result.

Proposition 1. In the HP, QT and NL models,
(i) the presence of sector-specific production externalities in the goods sector (a � u > 0

and/or 1 � a � b > 0) and/or utility externalities (l 6¼ 0 and/or w 6¼ 0) has no impact in

the market equilibrium growth rate, i.e. the long-run equilibrium growth rate is equal to

the optimal one (ĉ ¼ c�),
(ii) the presence of sector-specific externalities associated to human capital in education
(e < 1) results in a long-run equilibrium growth rate lower than the optimal one (ĉ < c�).

As Milesi-Ferretti and Roubini (1998a) point out, in the HP and QT models the choice
between labor and leisure does not affect long-run growth because human capital is always
fully employed in productive activities, as it is in the NL model as well. In the steady state,
the rate of return on physical capital in goods production is equal to the rate of return on
effective time in the educational sector. Hence, sector-specific externalities in goods pro-
duction and utility externalities do not provoke a divergence between the competitive
and the long-run optimal growth rate because the private and the social return on effective
time in the educational sector, which is the constant d, coincide. However, sector-specific
externalities in education reduce the private relative to the social rate of return on effective
time in the educational sector. As a result, the long-run equilibrium growth rate is lower
than the optimal one.

In order to compare the competitive and the long-run optimal growth rates in the RT
model, we follow a procedure similar to that used by Devereaux and Love (1994) and Mil-
esi-Ferretti and Roubini (1998a) to examine the growth effects of taxes. Henceforth, we
shall assume that there exists a unique feasible steady state, and will take into account that
x = 0, n = 1 and / = 0 in the RT economy, and that sk = sh = sc = sh = 0, and conse-
quently s = 0, in the absence of government intervention. Making these substitutions in
(14), and using that l = 1 � u � z from (2), we get the long-run growth in the RT economy
with no government intervention as

c ¼ edðuþ zÞ � q
rþ lðr� 1Þ ¼ dz: ð25Þ

Solving out for u + z, we find the following relationship between studying time and non-
leisure time:

z ¼ vDðuþ zÞ; ð26Þ
where

vD ¼
ec

½rþ lðr� 1Þ�cþ q
< 1: ð27Þ
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We can get two expressions relating the non-leisure time, u + z, and the growth rate, c. The
first one is obtained from (25) as

uþ z ¼ fDðcÞ ¼
½rþ lðr� 1Þ�cþ q

ed
: ð28aÞ

The second one is given by

uþ z ¼ gDðcÞ ¼
1

1þ 1
eb gð1� vDÞðe� uvDÞ

; ð28bÞ

where vD is given by (27). Note that the fulfilment of the feasibility condition u + z < 1 en-
tails that e � uvD > 0. Eq. (28b) is obtained as follows. Replacing r by (7a), q by c/k, and l

by 1 � u � z from (2), Eq. (13a) can be rewritten as8

uþ z ¼ 1� g
b

c
y

u ¼ 1� g
b

c
y
ð1� vDÞðuþ zÞ; ð29Þ

where the last equality follows from the fact that (26) implies that u = (1 � vD)(u + z). In
the steady state, the resource’s constraint (A.8) can be rewritten as

c=y ¼ 1� cðk=yÞ: ð30Þ

The Euler Eq. (A.4) entails that [r + l(r � 1)]c + q = r = u(y/k). Hence, (27) can be
rewritten as vD = ec/r = ec(k/y)/u, and thus, c(k/y) = uvD/e, which substituted into (30)
yields c/y = (e � uvD)/e. Substituting c/y for this expression into (29) and solving out
for u + z we finally get (28b). The intersection between fD and gD determines the long-
run growth rate and the stationary non-leisure time in the market economy. It can be eas-
ily shown that both fD and gD are strictly increasing in c. It should be noted that since gD is
always below one for feasible values of the growth rate, it has to intersect fD from above as
long as the steady state is unique.

Proceeding in a similar manner as in the case of the market economy, we can get two
expressions relating the non-leisure time, u + z, and the growth rate, c, in the centrally
planned economy:

uþ z ¼ fCðcÞ ¼
½rþ lðr� 1Þ�cþ q

d
; ð31aÞ

uþ z ¼ gCðcÞ ¼
1

1þ ð1þwÞ
ð1�aÞð1þlÞ gð1� vCÞð1� avCÞ

; ð31bÞ

where

vC ¼
c

½rþ lðr� 1Þ�cþ q
< 1:

The intersection between fC and gC determines the long-run growth rate and the stationary
non-leisure time in the centralized economy. It can be easily shown that both fC and gC are
strictly increasing in c. Since gC is always below one for feasible values of the growth rate,
it has to intersect fC from above as long as the steady state is unique.
8 Note that in the RT economy with no government intervention, Eq. (13a) simplifies to l = ugqu/(br).
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Comparing fD with fC, we see that fD(c) P fC(c), where the equality fD(c) = fC(c) holds
if and only if e = 1. In the absence of production externalities (e = 1, u = a and b = 1 � a),
comparing the denominators of (28b) and (31b), we obtain that

1

eb
gð1� vDÞðe� uvDÞ �

ð1þ wÞ
ð1� aÞð1þ lÞ gð1� vCÞð1� avCÞ

¼ gðl� wÞð1� vCÞð1� avCÞ
ð1� aÞð1þ lÞ ;

which implies that sgn[gD(c) � gC(c)] = �sgn(l � w). In the absence of utility externalities
(l = 0 and w = 0), since 1 � vD P 1 � vD/e = 1 � vC, e � uvD P e � avD = e(1 � avC),
and 1/b P 1/(1 � a), we get that gD(c) 6 gC(c), where the equality holds if and only if there
are no production externalities.

Now, we can determine the effects of externalities on the relationship between the long-
run equilibrium growth rate and the optimal one. In the absence of production external-
ities (e = 1, u = a, b = 1 � a), we have that fD(c) = fC(c). If l > w, then gD(c) < gC(c) and
thus, the intersection between fD and gD must lie to the left of the intersection between fC

and gC. Hence, the long-run equilibrium growth rate is lower than the optimal one. If
l < w, then gD(c) > gC(c) and thus, the intersection between fD and gD must lie to the right
of the intersection between fC and gC. As a result, the long-run equilibrium growth rate is
higher than the optimal one. If l = w, then gD(c) = gC(c) and thus, the long-run equilib-
rium growth rate coincides with the optimal one. In the absence of utility externalities
(l = 0, w = 0), fD(c) P fC(c) and gD(c) 6 gC(c), where at least one of the inequalities holds
strictly in the presence of production externalities. In any case, the intersection between fD

and gD must lie to the left of the intersection between fC and gC, and thus, the long-run
equilibrium growth rate is lower than the optimal one. In the presence of both utility
and production externalities, this relationship becomes ambiguous in the case in which
the presence of utility externalities entails that the equilibrium growth rate is higher than
the optimal one. We can state the following proposition.

Proposition 2. Let a unique interior steady state exist for both the market and the centrally

planned economies in the RT model. Then,
(i) in the absence of production externalities (e = 1, u = a, b = 1 � a) and if l < w, the

long-run equilibrium growth rate is higher than the optimal one (ĉ > c�);if l > w, the

long-run equilibrium growth rate is lower than the optimal one (ĉ < c�), and if l = w,

the competitive and the long-run optimal growth rates coincide (ĉ ¼ c�).
(ii) in the absence of utility externalities (l = 0, w = 0), production externalities cause the
long-run equilibrium growth rate to be lower than the optimal one (ĉ < c�).

As Milesi-Ferretti and Roubini (1998a) argue, when leisure is modeled as raw time the
fraction of human capital corresponding to the fraction of time devoted to leisure is unem-
ployed, and the more human capital is unemployed the lower are the incentives to accu-
mulate human capital. Hence, the relationship between the long-run equilibrium growth
rate and the optimal one depends on the leisure time in the market and the centralized
economies. Let us first consider the case in which there are only utility externalities
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(e = 1, u = a, b = 1 � a). In the market economy, using (9a), (9c) and (9d) to eliminate k
and h, and using (7b), the competitive marginal rate of substitution (MRS) between con-
sumption and leisure satisfies that

U L

U c
¼ F uhh: ð32aÞ

In contrast, using (18a), (18c) and (18d), the efficient MRS satisfies that

U L þ U �L

U c þ U�c
¼ F uhh ¼ ð1þ wÞU L

ð1þ lÞUc
: ð32bÞ

If the elasticity of average consumption in utility, l, is higher (lower) than the elasticity of
average leisure time, w, the long-run equilibrium growth rate is lower (higher) than its
long-run optimal value. The intuition is simple: The efficient MRS between consumption
and leisure would be lower (higher) than the competitive one, as can be deducted from
(32a) and (32b) and, as a result, leisure time in the market economy would be higher (low-
er) than that in the centralized economy. If the elasticities of average consumption and
average leisure are equal, the efficient and the competitive MRS between consumption
and leisure coincide and, therefore, so do the long-run equilibrium growth rate and the
optimal one.

Let us now consider the case in which there are only production externalities (l = 0,
w = 0). Sector-specific externalities in goods production reduce the private net return on
physical and/or human capital in goods production relative to the social return. Sector-
specific externalities in human capital accumulation reduce the private return to human
capital in the educational sector relative to the social one. As a result, in the market econ-
omy working and/or studying is less preferable relative to enjoying leisure than in the cen-
trally planned economy, and thus, the long-run equilibrium growth rate is lower than the
optimal one.

6. Optimal fiscal policy

This section designs a fiscal policy capable of making the market economy replicate the
first-best optimum attainable by a central planner. To this end, the tax and subsidy rates
must be chosen so as to the time paths of c, k, h, v, l and u in the market economy replicate
those of the centrally planned economy. Hereafter, we shall take into account that in the
market economy, r = Fvk and w = Fuh from (7a) and (7b) when considering the expressions
(9a)–(9f).

One way to derive the optimal fiscal policy would be to compute the tax and subsidy
rates such that system (12) that drives the dynamics of the market economy replicates that
of the centralized economy given by (21), and the expressions (13a) and (13b) for l and v in
the market economy replicate those of the centralized economy given by (22a) and (22b),
respectively, for each of the four leisure specifications considered in this paper. However,
in order to get some intuition on the optimal policy, we shall compare the first-order con-
ditions (9) for the market economy with those of the centralized economy (18).

Irrespective of the leisure specification, comparison of (9) with (18) reveals that replica-
tion of the optimal growth path requires that k ¼ a�k and h ¼ b�h, where a and b are
arbitrary constants; i.e., ck ¼ c�k and ch ¼ c�h. It should be noticed that Liu and Turnovsky
(2005) obtain the same condition k ¼ a�k. However, and because the present paper
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considers a two-sector model, there is an extra distortion that needs to be accounted for
and thus an extra condition is required; i.e., h ¼ b�h.

Comparing (10) with its counterpart (19) in the centrally planned economy we find that
the tax on physical capital income must be set according to

1� sk ¼ ðF vk þ F vkÞ=F vk ¼ a=u; ð33Þ

which satisfies that sk < 1. Inefficiency arises from the discrepancy between the before-tax
marginal return of physical capital in the competitive economy and the corresponding
marginal return in the centrally planned economy. This inefficiency can be corrected if
sk is set so as to equate the private and social marginal returns to physical capital. The
optimal sk would be negative or positive according to whether the production externality
is positive or negative. In the absence of such a production externality, physical capital in-
come should be free of taxation. A similar result has been obtained by Liu and Turnovsky
(2005).

Comparing (11) with its counterpart (20) in the centrally planned economy we find that
the labor income tax and the subsidy to investment on education should be set according
to

1� sh

1� sh � sh
P zh ¼ P zh þ P zh; ð34Þ

or equivalently,

sh ¼ ð1� shÞ
P zh

P zh þ P zh

¼ ð1� eÞð1� shÞ: ð35Þ

Thus, it is corrected the inefficiency that arises from the divergence between the private
and social marginal returns of human capital devoted to education. It should be noted that
(34) entails that this inefficiency cannot be corrected by making use solely of a labor
income tax.

Now, we focus on the differences that arise across leisure specifications.

6.1. Leisure as ‘‘home production”

Recall that the HP economy is obtained when / = 1. In the market economy, using (9a)
and (9b) to eliminate k, we find that the competitive marginal rate of substitution (MRS)
equals the marginal rate of transformation (MRT) between physical capital employed in
the leisure activity and consumption:

U c

ULGð1�vÞk
¼ 1þ sc

ð1� skÞF vk
: ð36Þ

Using (18a) and (18b), we get that a similar condition must hold in the centrally planned
HP economy, but replacing competitive with socially optimal marginal rates:

U c þ U�c

ðUL þ U �LÞGð1�vÞk
¼ 1

F vk þ F vk

: ð37Þ

Inefficiency may arise because of the divergence between the before-tax MRS and MRT of
the competitive economy and the corresponding ones of the centrally planned economy.
As shown above, the optimal tax on physical capital income corrects for the wedge
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between the social and private marginal productivities of physical capital. Therefore, mak-
ing use of the result derived in expression (33) for 1 � sk, Eqs. (36) and (37) entail that the
consumption tax must be set so as to equate the competitive and socially optimal MRS
between physical capital devoted to the leisure activity and consumption; so that

1þ sc ¼
Uc

ðU c þ U�cÞ
ðUL þ U �LÞ

UL
¼ 1þ w

1þ l
: ð38Þ

If the MRS of the market economy evaluated along the optimal growth path is larger than
the MRS of the centralized economy, the individuals’ willingness to substitute physical
capital for consumption would be too high. In this case, the optimal growth path can
be reached by the market economy through a consumption tax that increases the price
of consumption. On the contrary, if the MRS of the market economy along the optimal
growth path turns out to be smaller than that of the centralized economy, then consump-
tion should be subsidized. The optimal sc is zero in the absence of consumption and leisure
externalities (l = w = 0). When there are no external effects from leisure (w = 0), the con-
sumption tax, sc = �l/(1 + l), is positive (negative) if utility exhibits jealousy (admira-
tion) about consumption. When there are no consumption externalities (l = 0), the
consumption tax, sc = w, is positive (negative) if the leisure externality is positive
(negative).

In the HP market economy, using that Gl = Glhh, (9c) and (9d) entail that

kð1� shÞF uh ¼ U LGlh ¼ hedð1� shÞ=ð1� sh � shÞ: ð39Þ

Combining this condition with (9b), to eliminate k and h, we find that the MRT between
human and physical capital in leisure production must equal the MRT in goods
production:

Gð1�vÞk

Glh
¼ ð1� skÞF vk

ð1� shÞF uh
: ð40Þ

In the centrally planned economy, (18b), (18c) and (18d) entail that a similar condition
must hold but replacing competitive with socially optimal rates:

Gð1�vÞk

Glh
¼ F vk þ F vk

F uh þ F uh

: ð41Þ

Inefficiency may arise because of the divergence between the before-tax MRT of the
competitive economy in goods production and the corresponding one of the centrally
planned economy. Given that sk must be set so as to equate the social and private marginal
productivities of physical capital, the labor income tax must be set so as to equate the
social and private marginal productivities of human capital:

1� sh ¼
F uh þ F uh

F uh
¼ 1� a

b
: ð42Þ

In the absence of sector-specific externalities associated to human capital in goods produc-
tion (b = 1 � a), labor income should be untaxed. The optimal sh is positive or negative
according to whether there are negative or positive externalities. Note that (35) and (42)
entail that the subsidy to investment on education is given by
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sh ¼
ðF uh þ F uhÞ

F uh

P zh

ðP zh þ P zhÞ
¼ ð1� eÞð1� aÞ

b
: ð43Þ

The following Proposition summarizes the former results.

Proposition 3. The market economy can attain the first-best equilibrium when leisure is

‘‘home production” if physical capital income is taxed at a rate sk = �(a � u)/u, labor

income is taxed at a rate sh = �(1 � a � b)/b, consumption is taxed at a rate sc = (w � l)/

(1 + l), and investment on education is subsidized at a rate sh = (1 � e)(1 � a)/b.
The sizes of the tax rates required to correct the distortions caused by external effects
are likely to be significant. To give some idea of their numerical magnitudes, assume that
the (private) elasticities of physical and human capital in goods production are u = 0.3
and b = 0.5, respectively. Assuming small externalities associated to physical and human
capital in goods production of a � u = 0.1 and 1 � a � b = 0.1, physical capital income
should be subsidized at a rate of about 33%, and labor income, at a rate of 20%. Assuming
a small externality of 1 � e = 0.1 in the educational sector, investment in education should
be subsidized at a rate of 12%. Since people care about their relative position as well as
their absolute levels of income and consumption, the normal expectation is the presence
of negative consumption externalities; i.e., l < 0. The evidence reported in the introduc-
tion suggests the presence of positive leisure externalities; i.e., w > 0. A small negative con-
sumption externality, l = �0.1, combined with a positive leisure externality of w = 0.1
entails an optimal consumption tax of about 22%.

6.2. Leisure as ‘‘quality time”

Notice that the QT economy is obtained when / = 1, B = 1, n = 1 and x = 0. Now,
Eqs. (9b) and (18b) should be dropped. In the market QT economy, using that Gl = Glhh,
(9a), (9c) and (9d) entail that the MRS must equal the MRT between consumption and
effective time:

ULGlh

U c
¼ ð1� shÞF uh

1þ sc
: ð44Þ

It should be noted that, unlike the case of the HP model, the former expression shows that
labor income and consumption taxation affect the same margin of choice.

In the centrally planned economy, (18a), (18c) and (18d) entail that a similar condition
must hold but replacing competitive with socially optimal rates:

ðUL þ U �LÞGlh

U c þ U�c
¼ F uh þ F uh: ð45Þ

Therefore, the consumption and labor income taxes should be set so as to the competitive
economy replicate this condition, according to

ð1� shÞ
ð1þ scÞ

F uh
U c

U L
¼ ðF uh þ F uhÞ

U c þ U�c

U L þ U �L
; ð46Þ

or, equivalently,
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ð1� shÞ
b

1� a
¼ ð1þ scÞð1þ lÞ 1

1þ w
: ð47Þ

It should be noted that this expression collapses to the result obtained in Liu and Turnov-
sky (2005) as long as there is no leisure externalities and no spillovers associated to human
capital in goods production.

Eq. (47) shows that a single labor income or consumption tax can correct for the dis-
tortions caused by consumption externalities, leisure externalities, and sector-specific
externalities associated to human capital in production. In particular, this entails that
income from physical and human capital could be treated uniformly, i.e., taxed at identical
rates according to (33), and then the consumption tax rate be set according to (47). As a
general rule, the number of instruments required to eliminate a distortion equals the num-
ber of relationships subject to distortions. As shown above, in the QT economy both the
consumption tax and the labor income tax affect the same margin of choice and thus, one
of them can be set arbitrarily. A similar result has been obtained by Liu and Turnovsky
(2005) in a Ramsey model with leisure as ‘‘raw time”. It should be noticed that the fact
that one tax can be arbitrarily chosen entails that there is a degree of arbitrariness that
is absent in the HP economy. This degree of freedom follows from the fact that in the
QT model there is one less margin of choice than in the HP model: the allocation of phys-
ical capital between production and leisure.

6.3. Leisure as ‘‘raw time”

Recall that the RT economy is obtained when / = 0, B = 1, n = 1, x = 0, so that L = l.
Now, Eqs. (9b) and (18b) should be dropped. In the RT market economy, (9a), (9c) and
(9d) entail that the MRS must equal the MRT between consumption and time:

U L

U c
¼ ð1� shÞF uhh

1þ sc
: ð48Þ

In the centrally planned economy, (18a), (18c) and (18d) entail that a similar condition
must hold but replacing competitive with socially optimal rates:

U L þ U �L

U c þ U�c
¼ ðF uh þ F uhÞh: ð49Þ

Therefore, consumption and labor income tax rates should be set so as to the market econ-
omy replicate this condition, according to (47). As in the QT model, the extra degree of
freedom relative to the case of the HP model follows from the fact that in the RT model
there is one less margin of choice than in the HP model: the allocation of physical capital
between production and leisure. The following Proposition summarizes the findings of this
and the previous section.

Proposition 4. The market economy can attain the first-best equilibrium when leisure is

‘‘quality time” or ‘‘raw time” if physical capital income is taxed at a rate sk = �(a � u)/u,

the (constant) tax rates on labor income and consumption are set so as to satisfy the condition

ð1� shÞ
b

1� a
¼ ð1þ scÞ

1þ l
1þ w

;

and investment on human capital is subsidized at a rate sh = (1 � e)(1 � sh).
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As discussed above, the optimal growth path may be replicated by the market equilib-
rium by means of an income tax, a consumption tax, and a subsidy to education. If income
from physical and human capital is taxed at the same rate sy, the optimal fiscal policy is
summarized in the following Proposition.

Proposition 5. The market economy can attain the first-best equilibrium when leisure is

‘‘quality time” or ‘‘raw time” if income is taxed at a rate sy = �(a � u)/u, consumption, at a rate

1þ sc ¼
a
u

b
ð1� aÞ

ð1þ wÞ
ð1þ lÞ ;

and investment on human capital is subsidized at a rate sh = (1 � e)a/u.

Considering the same parameter values as in Section 6.1, we get again that physical cap-
ital income should be subsidized at a rate of about 33%. Now, if the labor income tax is set
to zero, consumption should be taxed at a rate of 1.85%, and investment in education
should be subsidized at a rate of 10%. If the consumption tax is set to zero, labor income
should be taxed at a rate of 1.82%, and investment in education should be subsidized at a
rate of 9.81%. If physical and human capital incomes are taxed at the same rate, they
should be subsidized at a rate of 33.33%, consumption should be subsidized at a rate of
32.10% and investment on education, at a rate of 6.67%.

Gómez (2004) finds that, when labor supply is inelastic, the competitive equilibrium is effi-
cient in the Lucas (1988) model with sector-specific externalities associated to human capital
in the goods sector. Setting l = w = 0, a = u, and e = 1, Propositions 3 and 4 show that
Gómez’s optimality result does not hold when labor supply is elastic, regardless of whether lei-
sure is specified as home production, quality time or raw time. In any case, such externalities
provoke a market failure that needs the government intervention to correct it. Gómez argues
that these sector-specific externalities are non-distorting because they change in the same pro-
portion the returns to and the opportunity cost of investment on human capital, and so, the
time allocation decision of the representative agent is the same as that of the central planner.
However, this argument does not hold when labor supply is elastic because now there is one
additional margin of choice: the allocation of time between labor-education and leisure.

Recalling Propositions 3 and 4, it can be observed that, in the absence of production external-
ities (i.e., a = u, b = 1� a, and e = 1), the competitive equilibrium is efficient both at the steady
state and off the steady state if and only if the elasticity of average consumption in utility, l, and
the elasticity of average leisure, w, coincide. Intuitively, the efficient and the competitive MRS
between consumption and leisure would also be equal and, therefore, the presence of utility exter-
nalities does not cause any distortion. The following Proposition summarizes this result.

Proposition 6. In the absence of production externalities, the competitive equilibrium is

efficient both at the steady state and off the steady state when leisure is ‘‘home production”,
‘‘quality time” or ‘‘raw time” if and only if l = w.
6.4. ‘‘No leisure”

The NL economy is obtained when g = 0. Now, Eqs. (9b), (9d), (18b) and (18d) must be
dropped. In this case, taxes on labor income and consumption can be set arbitrarily and,
therefore, we can therefore state the following Proposition.
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Proposition 7. The market economy can attain the first-best equilibrium when labor supply is

inelastic if physical capital income is taxed at a rate sk = �(a � u)/u, and investment on

human capital is subsidized at a rate sh = (1 � e)(1 � sh). Consumption and labor income tax

rates can be set arbitrarily.

When labor supply is inelastic, there is additionally one less margin of choice than in the
QT and RT models: the allocation of time between labor-education and leisure. Therefore,
consumption externalities and sector-specific externalities associated to human capital in
the goods sector do not provoke a market failure, and so, do not need to be corrected.9

The only distorting externalities are those associated to physical capital in goods produc-
tion and to human capital in the educational sector. Thus, we can extend the Gómez
(2004) optimality result to allow for consumption externalities as well.

Proposition 8. The competitive equilibrium is optimal in the Lucas model with consumption

externalities and sector-specific externalities associated to human capital in the goods sector

when labor supply is inelastic.
7. Conclusions

This paper has analyzed the implications that the choice of the leisure function has on
the equilibrium efficiency in a two-sector endogenous growth model with human capital
accumulation in the presence of consumption and leisure externalities in utility, sector-spe-
cific externalities associated to physical and human capital in goods production, and sec-
tor-specific externalities associated to human capital in the educational sector. To address
this issue we have considered the three main leisure specifications that have been proposed
in the literature: leisure as home production, quality time and raw time, and the case in
which labor supply is inelastic. The optimal fiscal policy to correct for the distortions
caused by the externalities has been characterized for every specification of the leisure
activity.

Several results are robust to the specification of the leisure activity: (i) externalities in
the educational sector cause the long-run equilibrium growth rate to be lower than the
optimal one; (ii) the distortion caused by sector-specific externalities associated to physical
capital in goods production can be corrected by taxing physical capital income; (iii) sector-
specific externalities in the educational sector provoke a distortion that can be corrected by
subsidizing investment on human capital, and (iv) in the absence of production external-
ities, the competitive equilibrium is efficient only in the knife-edge case in which the elas-
ticity of average consumption in utility is equal to the elasticity of average leisure.

However, the choice of the leisure function introduces important differences across
specifications. In the home production, quality time and ‘‘no leisure” models, the long-
run equilibrium growth rate coincides with the optimal one irrespective of the presence
of sector-specific externalities in goods production and/or utility externalities. However,
in the raw time model, such spillovers cause the long-run equilibrium growth rate to
diverge from the optimal one. If labor supply is inelastic, the competitive equilibrium is
9 The fact that consumption externalities are not necessarily a source of inefficiency has already been shown,
e.g., by Fisher and Hof (2000) in the Ramsey exogenous growth model, Liu and Turnovsky (2005), in the Romer
(1986) model, and Alonso-Carrera et al. (2006), in the AK endogenous growth model.
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efficient in the presence of consumption externalities and/or sector-specific externalities
associated to human capital in the goods sector. This result does not hold when labor sup-
ply is endogenous. If leisure is raw time or quality time, there is a degree of arbitrariness in
the optimal policy, as the consumption or the labor income tax can be set arbitrarily.
Alternatively, this degree of arbitrariness could be used to tax income from physical
and human capital at the same rate. This possibility does not exist in the home production
model. In this case, utility externalities must be corrected by taxing consumption, and sec-
tor-specific externalities associated to human capital in the goods sector must be corrected
by taxing labor income.
Appendix

Derivation of the competitive equilibrium

The first-order conditions (9a)–(9f) for an interior optimum can be rewritten as

c�r�clð1�rÞLð1�rÞg�Lð1�rÞgw ¼ ð1þ scÞk; ðA:1aÞ
xgc1�r�clð1�rÞLð1�rÞg�Lð1�rÞgw

1� v
¼ kð1� skÞrk; ðA:1bÞ

hedh½ð1� u� lÞh�e�1½ð1� u� lÞh�1�e ¼ kð1� sh � shÞwh; ðA:1cÞ
ngc1�r�clð1�rÞLð1�rÞg�Lð1�rÞgw

l
¼ kshwhþ hedh½ð1� u� lÞh�e�1½ð1� u� lÞh�1�e

; ðA:1dÞ

_k ¼ ðq� ð1� skÞrvÞk� xgc1�r�clð1�rÞLð1�rÞg�Lð1�rÞgw

k
; ðA:1eÞ

_h ¼ ðq� ed½ð1� u� lÞh�e�1½ð1� u� lÞh�1�eð1� u� lÞÞh

� k½ð1� shÞwuþ shwð1� u� lÞ� � /ngc1�r�clð1�rÞLð1�rÞg�Lð1�rÞgw

h
: ðA:1fÞ

In what follows, the symmetry conditions vk ¼ vk, uh ¼ uh, �c ¼ c, �L ¼ L, and
ð1� u� lÞh ¼ ð1� u� lÞh will be imposed, and the expressions 7a, 7b and 7c for r, w

and p, respectively, will be taken into account. Eqs. (10) and (11) can be rewritten as

ck ¼ q� ð1� skÞr; ðA:2Þ
ch ¼ q� ð1� shÞedð1� lþ /lÞ=ð1� sh � shÞ: ðA:3Þ

Using (A.1a) and (A.1b), we obtain (13b). From (A.1b), (A.1c) and (A.1d), using (13b), we
get (13a). Log-differentiating (A.1a), using (A.2), we find the Euler equation

�½rþ lðr� 1Þ�cc þ gð1� rÞð1þ wÞfx½ck � vcv=ð1� vÞ� þ nðcl þ /chÞg
¼ q� ð1� skÞr: ðA:4Þ

Denoting f = k/h, (A.2) and (A.3) imply that

cf ¼ ck � ch ¼ ð1� shÞedð1� lþ /lÞ=ð1� sh � shÞ � ð1� skÞr: ðA:5Þ

Log-differentiating (7a) and (A.1c) we obtain, respectively,
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cr ¼ ð1� aÞðcu þ ch � cv � ckÞ; ðA:6Þ
cf ¼ aðcu þ ch � cv � ckÞ: ðA:7Þ

Using the government’s budget constraint (8) and (7), Eq. (5) can be expressed as

ck ¼ y=k � c=k ¼ rv=u� q: ðA:8Þ
The growth rate of human capital (4) can be rewritten as

ch ¼ dð1� u� lÞ: ðA:9Þ
Log-differentiating q = c/k, (13b) and (13a) with respect to time yields, respectively,

cq ¼ cc � ck: ðA:10Þ

cv ¼
gxð1þ scÞqðcr � cqÞ
ð1� skÞr � gxð1þ scÞq

¼ ð1� vÞ
v
ðcr � cqÞ; ðA:11Þ

cu ¼ cl þ
ð1� skÞrðcr � cqÞ

ð1� skÞr � gxð1þ scÞq
¼ cl þ

1

v
ðcr � cqÞ: ðA:12Þ

Using (A.6) and (A.7) we get that cr = (1 � a)cf/a which, using (A.5), yields (12a).
Eq. (12c) is obtained from (A.6) after substituting ck for (A.8), ch for (A.9) and
cv for (A.11). Substituting ck, ch, cv, and cl for (A.8), (A.9), (A.11) and (A.12),
respectively, into (A.4), and then substituting cu for (12c) and cq = cc � ck into the
resulting expression, we can get an expression for cc as a function of cr and l.
Substituting cc for the ensuing expression and ck for (A.8) into (A.10), we obtain
(12b).

At the steady state, physical and human capital and consumption grow at the same con-
stant rate, ĉk ¼ ĉh ¼ ĉc, and leisure time and the fraction of physical capital devoted to lei-
sure are constant, ĉl ¼ ĉv ¼ 0. From (A.4), (A.2) and (A.3), taking into account that
ĉk ¼ ĉh at the steady state, we get the long-run growth rate (14).
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