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Abstract

Consumption and leisure are both important components of individual utility. In
the habit formation literature, both internal and external consumption habits have
been widely investigated. However, when it comes to leisure externalities, little
works have been done despite the fact that it is economically plausible. This paper
aims to fill in this gap. A stylized simple model is constructed to allow for leisure
externalities, and its policy implications are studied. A richer model with both
leisure externalities and intertemporal substitution (or complementarity) is also
studied, and the interaction between such intertemporal preference and
externalities is found to be crucial in the determinant of the cyclical property of

optimal tax.

Keywords: Leisure externalities, habit formation, optimal fiscal policy,

intertemporal substitution, leisure coordination.
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1 Introduction

Time-separable leisure choice in the utility function is widely adopted in modern
macroeconomics despite its lacking of empirical evidence. Such setting implies
unreasonable independence between leisure choice today and that of yesterday.

In Kydland and Prescott (1982), a time-nonseparable leisure is introduced into
a standard growth model with time-to-build technology in order to provide greater
intertemporal substitution of leisure, which in turn gives rise to the vivid aggre-
gate fluctuations of their equilibrium model. Hotz, Kydland, and Sedlacek (1988)
then provide empirical evidence that supports time-nonseparable leisure setting
and suggests the notion of intertemporal substitution in labor supply. However,
the empirical results of Eichenbaum, Hansen, and Singleton (1988), Kennan (1988)
and Bover (1991) are against intertemporal substitution in labor supply and in fa-
vor of intertemporal complementarity, i.e., the internal habits argument. Though
the notion of intertemporal preferences itself appears to be controversial, the null
of time-separable utility is frequently rejected in empirical field, both in consump-
tion and in leisure[| The former relates to the growing literature in consumption
habit formation and has been extensively investigated. However, the latter, time-
nonseparable leisure, attracts relatively less attention. Several studies do focus on
the existence of intertemporal preference, and some of them suggest the impor-
tance of such feature. Wen (1998) finds that when intertemporal complementarity
of leisure is allowed, RBC model can fit better to the U.S. data in terms of a Wat-
son test. Guo and Janko (2009) find better performance to mimic Canada data
after internal habits in leisure is incorporated into a small open economy RBC
model with variable capital utilization.

In addition to intertemporal preference on leisure, the existence of leisure ex-

IFor example, see Mankiw, Rotemberg, and Summers (1985), Alogoskoufis (1987), Heckman (1993), Altonji
(1986) and Ball (1990).



ternalities is also possible. In the consumption habit formation literature, both
internal and external habits have been widely studied. The latter can be viewed as
consumption externalities, which points out the possible effect of own consumption
level on other people. However, when it comes to leisure externalities, little works
have been done in the literature despite the fact that it is economically plausible.
Jenkins and Osberg (2005) propose the idea of “leisure coordination,” which sug-
gests that an overall increase in economy-wide working hours may have negative
effect on individual leisure choice due to the difficulty to share leisure time with
others. That is, an increase in overall working hours will decrease individual’s
marginal utility of leisure. They then provide empirical evidence that supports
this view. Weder (2004) also gives a similar reasoning: externalities from leisure
could be the outcome of coordination spillovers in communal leisure activities.
Existing studies on leisure externalities mainly come from growth literature.
Azariadis et al. (2009) argue that leisure externalities (possibly result from cul-
tural difference) can explain the large differences in hours worked between people
in United States and in Europe. Pintea (2006) examines a growth model with
positive leisure externalities and the resulting inefficiency. Gémez (2008) studies
the effect of both consumption and leisure externalities on the equilibrium growth
path of an endogenous growth model. In this paper, nonetheless, the focus is on
its policy implication under a simple RBC-like context. One relevant study is Let-
tau and Uhlig (2000). They show that a RBC model with external leisure habits
generates counterfactually over-smoothing of labor supply across time. This pa-
per differs from theirs in at least three dimensions: first, leisure externalities are
allowed to be either positive or negative; second, optimal fiscal policy in response
to such inefficiency and its implied cyclicality property are of main interest; third,
intertemporal preference on leisure is studied in the extended version of the model,

given the great amount of empirical evidence already mentioned, so that experi-



ments on the interaction between leisure externalities and cross-time substitution
or complementarity are conducted to provide further theoretical insight about
non-standard leisure preference. Another relevant study is Ljungqvist and Uhlig
(2000), who focus on consumption externalities instead of leisure.

The main findings of this paper are summarized here. When there are negative
leisure externalities on utility, it will be beneficial for government to subsidize labor
income to encourage people to work more since they work too little compared to the
socially optimal level. Such optimal tax is acyclical as long as the externalities enter
into utility contemporaneously, and individual does not feature time-nonseparable
preference on own leisure. However, if either the externalities enter into utility
with lags, or individual choice of leisure is time-dependent, optimal tax will have
cyclicality consequences. The dynamics of tax is crucially contingent on both the
risk aversion coefficient and the interaction between intertemporal preference and
the sign of externalities.

The remaining of this paper is arranged as follows. Section 2 describes the
benchmark model economy with leisure externalities; section 3 studies the optimal
fiscal policies that aim to restore first-best optimality and the implied cyclicality
consequences; section 4 extends the model to simultaneously allow for different

intertemporal preferences on leisure; section 5 concludes.

2 The benchmark model

2.1 Utility function

Consider a period utility of the form:

-1 (bt oH) —1

h,H) =
Ule.h, H) 1—7 l+w

: (1)

with time endowment standardized to unity:

1=1+h, (2)



where ¢ denotes own consumption, [ denotes leisure, h denotes individual labor
hours and H denotes economy-wide average labor hours; the risk aversion coeffi-
cient v > 0 and the (inverse of) Frisch labor supply elasticity, w > OE] H enters
into the utility as the source of leisure externalities.

The reason for adopting a consumption-leisure-separable form is to distinguish
the leisure externalities from that of consumption. If consumption and leisure
enter into utility in a nonseparable way, the interpretation becomes somewhat
ambiguous since the marginal utility of consumption is also contingent on leisure,
which is in turn subject to externalities.

The parameter o determines the sign and magnitude of externalities. A relevant
interval restriction @ € (—1,1) ensures that leisure generates positive utility. If

a > 0, we have 88U—P(I') < 0 so that economy-wide average labor hours have a negative

au(.)

effect on individual’s utility; if @ < 0, we have =

> (), such externalities then
change sign. Detailed discussion about effects of externalities on utility is given in

the following subsection.
2.2 Channels through which leisure externalities affect utility

In the study on consumption externalities in Dupor and Liu (2003), it is iden-
tified that such externalities may have two effects. One is its direct effect on

utility (%) and the other is its impact on the marginal rate of substitution of

OMRS

leisure for consumption ( 50

). (The uppercase C' denotes economy-wide average
consumption which individual takes as given.) According to them, the former is
referred to as “jealousy” or “admiration” and the latter is referred to as “keeping
up with or running away from the Joneses.” These two features do not nessecarily

imply each other. That is, a jealous agent may feature either keeping up with the

Joneses (KUJ) or running away from the Joneses (RAJ), and vice versa. This is

2The Frisch labor elasticity captures the substitution effect of a change in wage rate on labor supply, i.e., the
elasticity of hours worked to wage rate given a constant marginal utility of consumption.



summarized in Table [l

Mathematical notation Interpretation

OMES > 0 Keeping up with the Joneses (KUJ)
81\84% <0 Running away from the Joneses (RAJ)
aanc(Y-) >0 Admiration

ag—é) <0 Jealousy

Table 1: Possible effects of consumption externalities on utility

Dupor and Liu (2003) also show that equilibrium under or over-consumption
is a direct result from admiration or jealousy, and that the existence of KUJ or
RAJ plays a role to amplify or dampen such inefficiency. Though their argument is
based on consumption externalities, the same logic can apply to leisure externalities
as well. Given the consumption-leisure-separable utility functional form setup in
equation , there are also two effects that can be mathematically identified: one

aU ()

is its direct impact on utility (W) and the other is its impact on the marginal

U ()
utility of leisure ( ( o )) . For convenience, in the following we may refer to the

first term, the direct externalities effect, as jealousy or admiration and the second
term, effect on marginal utility, as KUJ or RAJ. Readers should recognize that
this definition is more functional form-specific and thus somewhat different from
that of Dupor and Liu (2003).

The direct externalities effect derived from equation is:

oU (¢, h, H w
% = —aA(h+aH), (3)
which is positive for a < 0 and negative for a > 0. Since BU(gﬁ’H) = —8U(g’£’H) (L

denotes economy-wide leisure), the case of @ > 0 (< 0) denotes a positive (neg-

ative) leisure externalities effect of economy-wide average leisure on individual’s



utility. Instead, the effect of externalities on marginal utility is computed as:

’ ((%) = ’ (;E%“) = —awA (h+ aH)*™ z 0. (4)

For a < 0, an increase in economy-wide working hours will increase (decrease)
individual’s marginal utility (disutility) of labor hours, or put it differently, a de-
crease in economy-wide leisure has a negative effect on individual’s marginal utility
of leisure. This is referred to as “leisure coordination” through out this paper. For
a > 0, the effect just reverses: a decrease in economy-wide leisure increases in-
dividual’s marginal utility of leisure. This can be interpreted as the congestion

effect, as pointed out by Gémez (2008). Table [2l summarizes this paragraph.

Parameter value Mathematical notation Interpretation

a(%5") s - P
a<0 = >0 KUJ or “leisure coordination
d( th(.) ) «“ : ”
a>0 7 2t O RAJ or “congestion effect
a>0 ag# <0 Admiration
a<0 % >0 Jealousy

Table 2: Possible effects of leisure externalities on consumption-leisure-separable utility

Equation is analogous to that of Ljungqvist and Uhlig (2000), where con-
sumption externalities rather than leisure externalities are investigated. It implic-
itly implies agent will feature jealousy together with KUJ (so that a < 0), or
admiration together with RAJ (so that o > 0). The former means that people feel
bad when others get better (consume more), and would like to “compete” with
others by increase own consumption—marginal utility of consumption is larger for
higher economy-wide average consumption. In Azariadis et al. (2009), however,

they assume utility of the form:

(ZLV)PU -1
l—0

U=Inc+ , (5)



where [ denotes own leisure and L denotes economy-wide average leisure. Utility
of this form is able to disconnect the KUJ and jealousy through the parameter pair
(7, U)EI According to the preferred calibration in their paper, KUJ is associated
with admiration to represent the leisure culture in Europe and RAJ is associated
with jealousy to represent the workaholic labor market in the US.

Empirical evidence mentioned in the previous section tends to support a nega-
tive working hours externalities on marginal utility of leisure. But whether there is
jealousy or admiration effect on leisure is indeed another question of empirical in-
terest. Though there has been much evidence suggesting jealousy in consumption,
for example, see Luttmer (2005) and Dynan and Ravina (2007), little empirical
works to our knowledge have said words about jealousy in leisure (or admiration

either). This paper examines both of them, under the context of a separable utility.
2.3 The model economy

Imagine that there lives a representative agent having utility specified as equation
(1), in periods of discrete time over an infinite-horizon, with a linear production

technology:
yr = Oihy, (6)

where h; is hours devoted to working; v, is the final real output and 6, is a random
shock to production, with mean # = 1. Capital is assumed fixed in this simple
model for simplicity. Government levies tax rate 7, on labor income and rebates

them to household each period. The transfer payment then is:
Vi = Tl (7)

Household aims to maximize their expected life-time utility beginning at period

3Pintea (2006) adopts a similar approach but assumes consumption and leisure to be nonseparable.

10



Ey Z ﬁtU (Ct; Ry, Ht) ) (8)

t=0
subject to the budget constraint:

Ct = (1 — Tt) Yt + V¢, Vt, (9)

along with the time endowment as equation and the production technology
as equation @ Since individuals do not take into consideration the effect of
own leisure choice on the others, taking economy-wide level of hours worked as
given when they maximize their utility, the existence of leisure externalities can
potentially render suboptimal outcome to the economy as a whole and thus allow
room for beneficial government intervention to restore the efficiency.

Ljungqvist and Uhlig (2000) study the business cycle property of such opti-
mal tax in the case of consumption externalities, and find that the optimal tax
moves procyclically if externalities enter into utility with a one-period lag (which
they refer to as “catching up with the Joneses”). So a traditional Keynesian style
demand-management policy appears, though for rather unconventional reason: the
economy is optimally cooling downed with higher taxes when it is overheating in
booms and is optimally stimulated with lower taxes in recessions to keep consump-
tion up. In the following section, an analogous analysis is first conducted for the

case of leisure externalities.

3 Optimal taxation

3.1 Contemporaneous externalities

Assume leisure externalities enter into utility with no lags, so that individual’s
period utility depends not only on current own consumption and own leisure times

but also on current level of economy-wide average leisure times. Given model

structure already described in section 2, the mathematical maximization problem

11



for individual can be depicted as follows:

oo 1—v . 1 h H 1+w . 1
maXEoZﬁt u —A( Bttt
ct,he — 1—7 14w

subject to

Cy = (1 — Tt) cht + V¢, Vt, (10)

A Lagrangian is formed (with multiplier A; on constraint equation (10))) which

gives the following first order conditions:

wrt.o ¢ o =N (11)

w.r.t. ht . A (ht + OéHt)w = (1 — Tt) )\tet. (12)

Along with market clearing condition requiring that ¢, = y; (= 6,h;) and symmetric
equilibrium requiring that h; = H;, we can solve for optimal labor supply to be:

1
1 — 7)) 0; "
= A T PR (13)
Al + o)
Notice that in this simple model we have labor supply that responses to tech-
nology shock negatively (or positively) as long as v > 1 (or < 1):

1

(1=7)6;". (14)

aht 7 1—7—15 (]. —Tt) Qi_v %ﬂf
00; w4y | A(l+a)

When v = 1 the wealth effect exactly offsets the substitution effect and thus
labor supply will not response to technology shock at all. We will show later
that this amount of labor supply is not socially optimal. We seek for potentially
first-best solution by considering a central planner solution, where the government
internalizes leisure externalities for the economy. That is, the government take
into consideration H; = h; and v; = 7,0,h;. Its optimization problem then can be

depicted as follows:

0 1—v 1+w

A1 (L4 a) k] =1

max Fy » (' |2 —A (15)
ct,he tzg 1-— y 1+w

12



subject to

Ct = yt (: cht) s Vt (16)
with relevant first order conditions:

wrt.oe o= A (17)

wort hy 1 A(L4+a) TR =\, (18)

Using market clearing condition we can again solve for optimal labor supply to be:

01_7 w+y
[T
A(l+a)
Compared to equation ({13]), we can find that the tax that supports the first-best

(19)

optimality must be:

Q
= ) 20
T 1+« ( )

This result suggests that the government should subsidize household for the
case of a < 0 (jealousy together with leisure coordination), and tax household for

the case of @ > 0 (admiration together with congestion effect). The intuition goes

as follows. When people are jealous, we have 8gL(') <0 (8(;]]3') > 0), the economy-

wide average leisure has a negative effect on individual’s utility. But each agent
does not recognize such negative effect of their own choice on other people. As
a result, the economy as a whole ends up consuming too much leisure, and thus

(%)
DH

too little labor hours. In addition, for & < 0 we also have > 0, lower
average labor hours lead to higher marginal utility of leisure since people are easy
to find time enjoyed together, such leisure coordination effect further amplifies the
inefficient over-consuming of leisure.

Mathematically, when tax is set at zero, the optimal labor hours from equation

1
1— e
1) can be solved to be h; = [%} " , while the first-best solution is described
by equation . For a < 0, It is readily seem that the first-best solution renders

higher equilibrium quantity of labor supply (notice that HLQ > 1 for —1 < a < 0).

13



As this is the case, it is desirable for government to subsidize labor income so that
each individual will face the correct marginal trade-off between consumption and
leisure. This is described by the first order condition with respect to labor (under

symmetric equilibrium condition):

A[(]. +Oé) ht]w = )\t : (1 — Tt) Qt.
N e’ S~~~ N——
optimal labor choice marginal utility marginal income earned
(marginal disutility of labor) from consumption from labor supply

(21)
The “true” marginal disutility of labor is the left hand side of equation ([18]),
which is lower than the “perceived” marginal disutility of labor when o < 0.
People are thus under-working. When individuals’ labor incomes are (optimally)
subsidized, they choose to work more, in such a way that the externalities can be
fully internalized via a negative tax.

Since the government can effectively correct this distortion period by period,
the optimal tax does not have any cyclical property at all. Optimal tax 7, is
a constant not subject to changes in technology shock ;. Such result is in line
with Ljungqvist and Uhlig (2000), where they find contemporaneous consumption

externalities do not generate any tax-induced cyclical consequenceﬁ
3.2 Externalities with a one-period lag

Next we assume the externalities enter into period utility with a one-period lagﬁ
This is the notion of “catching up with the Joneses” as a kind of consumption

externalities first introduced in the equity premium puzzle literatureﬁ In this

4@iven existing empirical evidence, they only examine the case of consumption jealousy together with keeping
up with the Joneses.

5 Another way, maybe more general, to model such externalities is to assume a (external) habit stock that is a
moving average of all past average leisure times. In this paper, however, we do not adopt this strategy, according
to principle of parsimony.

6See Abel (1990), Campbell and Cochrane (1999), among others.

14



paper the idea is applied to leisure externalities. Under such environment, for
a < 0, if others enjoy more leisure today, individual will experience a higher
marginal utility from an additional unit of leisure time in the future—a desire to
catch up with the Joneses. The case of a > 0 can be similarly argued.

Individual’s expected life-time utility in this case becomes:

o) 0 1—v 1+w
— ]_ (ht + OéHt_l) — 1
EyY B (ciohs Hiy) = Eo > G _A 929
otzoﬁ (ct, by Hy-1) 015:06 1= T+ w , (22)

which is subject to the budget constraint . Optimality requires that:

C;’y = )\t7 (23)

A (ht aF OZHt_l)w = (]_ — Tt) )\tgt- (24)

The central planner’s problem is constructed as follows:

o0 1—y 14w
g -1 (he +ahi1) " —1
max F E B tl e A | :L - : (25)

subject to

with first order conditions:
wrt.oo oo =N, (27)
wrt. by o A(h+ ahyq)® + Aaf (Bt + ahy)” = M0, (28)
3.2.1 Steady state solution

Define steady state of the system as when technology shock #; remains at its mean
value 0; = 6 (= 1). Then the steady state optimal labor supply in social planner’s

solution can be computed as:

h= . (29)



By comparison with the steady state solution of individual’s problem, we can easily

figure out the optimal steady state tax rate:

__op
T_l—i—aﬂ'

This result is again in line with Ljungqvist and Uhlig (2000). Since in this case

(30)

there is a future effect of today’s leisure choice, such effect is discounted by 5 to
represent its present value and thus the tax (or subsidy) dealing with that value

is also scaled down by the same factor 3.

3.2.2 Transitional dynamics

Since equilibrium solution off the steady state does not have closed form due to
non-linearity of leisure in utility, the model is solved numerically with moderate
calibrationﬂ Process for technology is assumed to follow a AR(1). System of all

equations is reproduced below:

(F.oc. wrt. ¢) 1 ¢, 7 = Ay, (31)

(F.o.c. wr.t. hy): A(hy + ahy 1) + AaB (Eihyy + ahy)? = M0y,  (32)

(Technology) : y; = 6;hy, (33)

(Market clearing) : ¢; = y;, (34)

(Process for technology) : In€;y = pIn6; + &;11. (35)
Optimal tax can be tracked by:

g Al raho) (36)

0, "h,"
which is derived from the combination of equation , , and .

Calibration Calibration strategy is described as follows. One period of model

economy corresponds to a quarter. Subjective discount factor 5 = 0.99 so that the

"Ljungqvist and Uhlig (2000) do have closed-form solution for their model with consumption externalities since
their utility is linear in leisure. In this paper, however, the focus on leisure makes it undesirable to assume linear
leisure in utility.
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implied quarterly real interest rate equals 0.01; the inverse of Frisch labor supply
elasticity w = 1, following Christiano et al. (2005); coefficient of risk averse v = 2,
following Schmitt-Grohé and Uribe (2007); preference weight on labor hours A is
calibrated such that the steady state labor hours h = 0.2; persistence of technology
shocks p = 0.8556 and the variance of innovation &,,1 is set at 02 = 0.0064%, both
are values that Schmitt-Grohé and Uribe (2007) obtain from the estimation of US
data.

System of equations to is first-order approximated around its steady
state. Two experiments about parameter « are conducted: o = —0.3 and o = 0.3.
These numbers are arbitrarily set since there is no empirical work in the literature
that suggests any estimate about it. This paper thus emphasizes on the qualitative
outcome, given a highly stylized model economy. The numerical choice of o does

not qualitatively change the overall results in this paper.

Case I: a = —0.3 For this case (catching up with the Joneses), optimal tax is
found to be strongly countercyclical with corr (74, y;) = —0.9235. When the model
economy is booming, the government subsidizes more. The responses of variables of
interest to a one-standard deviation positive technology shock are plotted in Figure
[l Notice that the government is always subsidizing households since people work
too little at the equilibrium, but the magnitude of subsidy differs across time: it is
larger initially after shock and gradually regress to its steady state value. That is,
the degree to which working hours are considered too little is varying over time. It
is considered larger at the beginning of the shock period and is decreasing toward

its steady state level over time.

Case II: a = 0.3 For the case of a > 0, the result above is reversed. Optimal tax
now tends to be procyclical with corr (7, y;) = 0.6924. The responses of variables

of interest to a one-standard deviation positive technology shock are plotted in

17
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Figure 1: Impulse response functions for the case of a = —0.3
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Figure 2: Impulse response functions for the case of « = 0.3
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Figure The government is always taxing households since people work too
much at the equilibrium. The magnitude of such tax is again varying over time,

which results in cyclical consequences of optimal tax.
3.3 Discussion

Two important findings arise, based on the results of previous numerical experi-
ments. First, when leisure externalities enter into utility contemporaneously, the
optimal tax is found to be a constant over time, i.e., the optimal tax does not
have cyclical property. A constant optimal tax arises because the degree to which
people are working too little (or too much) remains the same over time, so that
the government is able to correct such distortion period-by-period with the same
amount of tax; second, if leisure externalities enter into utility with lags, optimal
tax exhibits cyclicality since the degree to which people are working too little (or
too much) is changing over time when the model is subject to a random shock. The
behavior of optimal tax is found to be countercyclical for @ < 0 and procyclical
for a« > 0. This cyclical behavior of optimal tax, however, can be more complex in
the sense that it may not only depend on the externalities parameter o but also
depend on other deep parameters that affect the model’s dynamics of labor hours.

We proceed to further examine such possibility below.
3.3.1 Results for different risk aversion settings

The above two experiments are conducted under a parameter choice of risk aversion
~v = 2, which gives rise to a countercyclical labor supply. Will the cyclical behavior
of tax depends on the cyclical behavior of labor supply? Here we do two more
experiments with different values of v to deal with such question, and the answer
is: Yes, the cyclical behavior of tax does depend on the cyclical behavior of labor
supply, which is governed by the relative strength between income effect (people

work less for being richer) and substitution effect (people work more for leisure
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being relatively costlier). According to equation (14), when v > 1 we have income
effect larger than substitution effect (absolutely) and when v < 1 we have the
opposite.

Figure [3| presents impulse response functions for the case of both a.) v = 1.5
and b.) v = 0.5 for comparison, under o« = —0.3. Dot-markered lines correspond
to tax. For the case of v = 1.5 (the solid lines) we have similar results compared
to that of v = 2, which is already discussed. While for the case of v = 0.5, the
whole story just reverses. In addition to procyclical labor hours, optimal tax also
becomes procyclical. Results under @ = 0.3 is similarly affected by v and are not

presented here to save space.

X 10'4 Labor hours and optimal tax
5 T T T T T
Hours. y=1.5
4 0 & AT il | W oo | TRE Hours. y=0.5
---e---Tax.y=0.5
3t —— Tax.y=1.5
2 - -

5 10 15 20 25 30

Figure 3: Dynamics of labor hours and optimal tax for different risk aversion

Interpretation If v = 0, labor supply is constant over time and so does optimal
tax. If v # 0, the dynamics of labor hours gives rise to dynamic behavior of the

degree to which labor hours deviate from its socially optimal level. For the case
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of @« = —0.3, for example, the government’s goal is to encourage working. Now
if labor supply responses positively to shocks (v < 1), the degree to which labor
hours deviate from its socially optimal level is reduced. As a consequence, the
government can subsidize less when the economy is booming. When labor supply
responses negatively to shocks (v > 1), the story reverses. The optimal tax itself
indeed can be viewed as a measure of the degree to which labor hours deviate from

its socially optimal level.
3.3.2 Results for different persistency of technology

Next we consider experiments with different parameter choices in persistency of
technology p. 7y is set to 2 and a« = —0.3, other calibration the same as in previous
settings. Basically, we find the correlation between tax and real output remain
negative, with absolute value decreasing as persistency increases. This is sum-
marized in Table The impulse response of tax under different persistency of
technology is summarized in Figure The cyclicality of tax seems not to dra-
matically change with different settings about shock persistency. The correlation
of (74,y,) drops by half if the shock process approaches unit root, but still implies

countercyclicality of tax.

Process for shock: Inf;.1 = plnb; + 441

persistency iid. (p=0) p=025 p=050 p=0.75 p=0.99

corr (T¢,y:)  —0.9979 —0.9951 —0.9878 —0.9616 —0.4869

Table 3: Correlation between tax and output under different persistency of technology

3.4 Short summary

When there is jealousy in leisure, the equilibrium labor hours are too little com-

pared to that of socially optimal level. It is then beneficial for the government to
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Figure 4: Impulse response of optimal tax under different persistency of technology

subsidize labor income, encouraging people to work more. Optimal tax that elim-
inates the efficiency loss due to this kind of leisure externalities is found to have
cyclicality when leisure externalities enter into utility with lags, as in Ljungqvist
and Uhlig (2000). The pattern, however, is more complex than the case of con-
sumption externalities. Specifically, the cyclicality of optimal tax is crucially con-
tingent on the business cycle property of labor hours. When labor supply is pro-
cyclical, optimal tax (in form of subsidy) is also procyclical. When labor supply is
countercyclical, optimal tax is also countercyclical. Exactly the same logic applies

to the case where there is admiration in leisure.

4 Intertemporal preferences and externalities

In this section we will show that even if externalities enter into utility without
lags, the corresponding optimal tax can still have cyclical behavior, as long as

individual’s utility features intertemporal preference on leisure.

22



Based on the empirical findings mentioned in the introduction, in this section
a utility featuring both time-nonseparability in own leisure and contemporaneous
leisure externalities is investigated. Individual’s instantaneous utility function is

now given as:

e -1 e A b + aH,) ™t —1

U he, hi—1, H,
(Ct7 ty I6t—1, t) 1_7 1+w

with parameter restriction n+a € (—1,1) imposed to ensure that leisure generates

positive utility. Parameter 1 governs the intertemporal preference setting:

O2U () 0
—— = —A L+ o)
Do~ oy At et adl)]
= —Awn (hy +nhy_y +aH)“ " = 0. (38)

When 1 > 0, we have % < 0, the current and past values of hours worked
are intertemporal substitutes. This is interpreted as the fatigue effects of labor,
as pointed out by Guo and Janko (2009). When 1 < 0, we have % > 0, the
current and past values of hours worked become intertemporal complements. This

is the internal habits formation.
The rest of the model economy is the same as what has been depicted in section
2. The individual’s optimization problem is to maximize life-time expected utility:
Ey>  B'U (c1, hey hy—y, Hy) | (39)

t=0

subject to budget constraint and production technology @ First order con-

ditions are:
wrt.o ¢ oo =N, (40)
w.r.t. ht . (1 — Tt) )\tet = A (ht + 'I’}ht_l + OéHt)w

+ABNE; (g1 + nhe + o 1)” (41)

wrt. N ¢ ¢ = (1 —7)0:h + vy (the budget constraint) (42)
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Government’s problem is again solved from a social planner’s perspective:

max
ct,ht

- )

e ¢} 1—v 1+w

¢, T —1 (14 @) hy + nhyq] -1

E b A 4
OZ;B 1—7 1+w (43)

subject to market clearing condition (34]). First order conditions concerning opti-

mal choice about consumption and leisure are:
Cti’y = )\ta (44)
)\th = (1 + CY) A (ht + 77ht71 + Oéht)w
+ABNE; (hyy 4 nhy + ahya)” (45)
4.1 Steady state solution

By comparing equation and , with market clearing condition ¢; = 6;h,,
symmetric condition h; = H;, and equation , we can find the steady state
labor supply:

(et 7) 417 T
h = — , 46
A(l+pn)(A+a+n) (46)
and the optimal tax:
Q
- 47
MNiio+ Bn (47)

4.2 Transitional dynamics

To obtain the transitional dynamics, the model is solved numerically with first-

order Taylor approximation around its steady state. Optimal tax can be tracked

by:

AL+ @) he +nhea]” + ABE [(1 + @) higa + nhy]”
0, "h;"

which is derived from the combination of equation and . Calibration is

thl—

;o (48)

the same as in section 3, except for a new parameter 1 which appears here to allow

for intertemporal preference on own leisure.
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Experiments of four different settings about parameter pair (7, «) are inves-
tigated. They are (n=—0.3,a = —0.3), (1 =0.3,a=0.3), (n=—0.3,a = 0.3),
and (n = 0.3, = —0.3), respectively. Mainly, we find countercyclical tax for the
former two cases and procyclical tax for the latter two cases. This is summarized

in Table [

a=-0.3 a=0.3

n=-03 1=03|7=-03 n=03

corr (T¢, yt) —0.91 0.50 0.94 —0.81

steady state of 74 —0.74 —0.30 0.30 0.19

Table 4: Results of experiments for different parameter pair

The model economy is at its suboptimal as long as a # 0. For a < 0 (jealousy)
agents are under-working and for @ > 0 (admiration) agents are over-working.
Optimal tax thus is negative for the former and positive for the latter. The cycli-
cality of optimal tax, however, appears to be crucially affected by intertemporal

preference. This is further discussed in the next subsection.
4.3 Discussion

The difference between a positive 7, intertemporal substitution, and a negative
7, intertemporal complementarity, is illustrated by the impulse response of labor
hours in Figure 5| Consider first the case of no government intervention (i.e.,
7. = 0 for all ¢). The solid line is for the case of n = —0.3 and the dotted line is
for n = 0.3 through out the following figures.

For the case of intertemporal complementarity, since agent is reluctant to change
leisure time dramatically, the adjustments move in an inverse hump-shaped style;
for the case of intertemporal substitution, the initial response of hours worked

is more negative, for agent is more willing to exchange future leisure for current
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Figure 5: Impulse response of hours worked. under 7; = 0 and a = —0.3

leisure. The pattern is roughly the same for the case of o = 0.3, which is illustrated
in Figure [0, for completeness.

Notice that the difference mainly takes place at the first two periods after shock.
The subsequent behaviors are more similar. This is due to the utility setting which
only specifies a one-period intertemporal preference. In a more general setting, for
instance, the recursive formulation adopted in Ljungqvist and Uhlig (2000) but
to leisure rather than consumption, we shall expect the IRFs to behave more
differently for subsequent periods after shock, as well. We proceed to focus on the

behavior of optimal tax under different parameter settings.
4.3.1 Case of jealousy (a = —0.3)

When optimal tax (in the form of labor income subsidy) takes place to restore
efficiency, it will subsidize more as the economy is booming due to a positive

technology shock, which triggers a decrease in labor hours that is considered too
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Figure 6: Impulse response of hours worked. under 7, = 0 and a = 0.3

much. In both cases, the positive and the negative 7, the initial response of optimal
tax (subsidy) is a drop (rise) in the rate. However, the subsequent behavior differs
greatly for different intertemporal preference settings. This can be clearly seen in
the IRFs plotted in Figure [7}

For the case of intertemporal complementarity (the solid line), optimal tax drops
and then return to its mean gradually; for the case of intertemporal substitution
(the dotted line), however, tax initially drops and then rises above its mean, and
gradually returns to the steady state level. The latter kind of dynamics results in

a positive unconditional correlation between output and tax.

Interpretation The intuition goes as follows. When there is internal habits of
leisure, it means that any increase in labor hours triggers relatively less disutility
for individual in the next period (people “get used to it”). So when the goal

of optimal tax is to raise additional labor hours, the subsidy can easily continue
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Figure 7: Impulse response functions of optimal taxes under different 7 and @ = —0.3
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Figure 8: Impulse response functions of hours worked under different 7, with or without tax and
a=—0.3

28



to encourage people doing so in subsequent periods after shock. However, this
is not the case when there is instead a strong intertemporal substitution leisure
preference, that is, the “fatigue effect.” As fatigue effect takes place, higher working
hours currently trigger relatively larger disutility in the next period. As a result,
the government can not subsidize too much; otherwise people will end up “hating”
to work too much. This suggests a smaller decrease in tax initially after a shock,
followed by latter increase in tax (while still in the form of negative tax, i.e.,
subsidy). The IRFs of hours worked under optimal taxation for the first three
periods after shock are also plotted in Figure |8l IRFs with optimal taxation are
x-markered. The efficient response is less negative for both cases. The quantitative

difference is found to be rather small for n = 0.3
4.3.2 Case of admiration (o =0.3)

On the contrary, admiration effect renders equilibrium labor supply inefficiently
too high. So the government should levy positive tax on labor income to restore
efficiency. The dynamics of optimal taxes are plotted in Figure [0l The dynamics
of labor hours with optimal taxation are also plotted in Figure Again the
quantitative difference for = 0.3 is rather small. (Even though it is hard to
distinguish from the plot, the x-markered IRF does lie slightly below the no-

government case for initial and also subsequent periods.)

Interpretation Now the government’s goal is to lower working hours by positive
tax. For the case of internal habits, people easily get used to work less so that the

tax can continue to discourage people doing so; however, for the case of fatigue

8Notice that in Figure |8} for the case of 7 = 0.3, it is observed that the IRF of hours worked without tax lies
above the IRF of hours worked with optimal tax for the subsequent periods. This, however, does not mean that
agent is over-working in the subsequent periods. The steady state level of hours worked without tax is itself below
the level of first-best solution. Figure [8] plots the deviation from the steady state for each case, with or without
tax.
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Figure 9: Impulse response functions
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effect, the tax response should be smaller to ensure that people do not substitute
too much current working hours for future hours.

To sum up, when individual features intertemporal preference on leisure, the
dynamics of optimal tax play a role that “fine-tunes” the dynamics of labor hours.
This is reflected in the relatively small standard deviation of tax in the case of
n > 0 than the case of n < 0 (for both positive and negative ). For example,
the standard deviation of tax for case of internal habits is approximately six-time
larger than that of fatigue effect under a« = —0.3. The rationale is that a strong
current response in tax will trigger individual to act in a more inefficient way in the
next period: when o < 0 and the government’s goal is to raise hours of working,
though decrease in tax can help achieve the goal currently, too much decrease in
current tax will also make people more reluctant to work more in the next period,
which contradicts the goal. Exactly the same logic applies to the case of a > 0.
The dynamic behavior of externalities-internalizing optimal tax is concluded to
be crucially contingent on the interaction between intertemporal leisure preference

and the sign of externalities itself.
4.3.3 Risk aversion revisited

In section 3.3.1 we have shown that in addition to the sign of leisure externalities a,
the risk aversion coefficient v also affect the cyclicality of optimal tax. This issue
is re-examined here under the context of intertemporal preference given the utility
function in equation (37)). The results for unconditional correlation between (74, ;)
is summarized in Table [5] The overall results are consistent with the findings in
section 3.3.1. When v < 1, we have procyclical labor hours that reverse all the

cyclicality patterns of optimal tax given parameter pair (7, ).
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a=-0.3 a=0.3

n=-03 n=03|n=-03 n=03

v=2 corr (Tt,yt) —0.91 0.50 0.94 —0.81
steady state of T, —0.74 —0.30 0.30 0.19

v=0.5 corr(T¢,yt) 0.97 —0.67 —0.98 0.92
steady state of 74 unchanged

Table 5: Results of experiments for different risk aversion coefficients
5 Concluding remarks

Consumption and leisure are both considered to be important components of in-
dividual utility. For the most recent decade, consumption externalities have been
extensively studied. However, when it comes to leisure externalities, little works
have been done despite the fact that it is also economically plausible. This paper
aims to fill in this gap.

Similar to Ljungqvist and Uhlig (2000) who study consumption externalities,
we also find that when leisure externalities enter into utility without lags, optimal
tax is acylical, as long as individual does not feature intertemporal preference
on leisure. This is because optimal tax itself serves as a measure of the degree to
which labor hours deviate from its socially optimal level. Such “degree of deviation
from efficiency” is constant for the case of contemporaneous externalities but has
its own dynamics for the case of lag externalities. The degree of deviation from
efficiency will be a function of labor hours choice today and that of yesterday if
leisure externalities instead enter into utility with lags. As a result, the dynamics
of labor hours will give rise to the dynamics of that deviation, or the optimal tax.
If labor hours respond negatively to shock, we have the result that optimal tax is

countercyclical for the case of negative leisure externalities and is procyclical for
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the case of positive externalities. If labor hours response positively to shock, the
pattern reverses.

Given the existing empirical evidence suggesting the presence of intertemporal
preference on leisure, either as the notion of “fatigue effect” or “internal habits,”
we further examine an utility having both intertemporal preference and contempo-
raneous externalities. Optimal tax is found to have cyclical property. The results
suggest that the interaction between intertemporal preference and externalities is
important in determining the cyclicality of tax. In addition, we also find that
the dynamics of labor hours itself plays another crucial role in the determinant of
cyclicality of tax. Since such dynamics is strongly governed by the deep param-
eter, the risk aversion coefficient, in the stylized model economy, we have a clear
dichotomical argument stating that any cyclical behavior of tax given a pair of
(n, a) will totally reverse when ~ is changed from one range (v > 1) to the other
(v <1).

We conclude by discussing future research directions. First, a model with capital
accumulation and with leisure externalities can be investigated. Model with capital
and government spending can effectively distinguish the dynamics of consumption
and output, which in turn means that tax levied on consumption, capital and on
total income may serve as different policy instruments. An immediate question is
to ask which of the policy instrument can give rise to the best welfare outcome.
Second, the assumption of balanced government budget can be further relaxed to
allow for the issuance of public debt, as in Chari, Christiano, and Kehoe (1994),
so that the optimal fiscal policy will be more sophisticated. Third, the optimal
taxation in response to both leisure and consumption externalities can be studied
under such a rich model. When both leisure and consumption are subject to
externalities, it seems that we may need two instruments to deal with each other.

The resulting optimal taxation can be studied.
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