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Abstract

This paper develops a model that generates rising average leisure time
and increasing leisure inequality along a path of balanced growth. House-
holds derive utility from three sources: market goods, home goods and leisure.
Home production and leisure are both activities that require time and capi-
tal. Households allocate time and capital to these non-market activities and
supply labor. The dynamics are driven by activity-specific TFP growth and
a spread in the distribution of household-specific labor market efficiencies.
When the spread is set to replicate the increase in wage inequality across edu-
cation groups, the model can account for the observed average time series and
cross-sectional dynamics of leisure time in the U.S. over the last five decades.
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1 Introduction

The distribution in income, consumption and wealth has received a lot of attention
in economics in order to make statements about economic welfare. Income, con-
sumption, and wealth, however, are all related to an individual’s market activity
and ignore additional dimensions of heterogeneity outside the market place.! In the
U.S. there have been significant changes in the allocation of time of different educa-
tional groups outside the market place. Overall leisure time has been trending up
but this aggregate trend masks heterogeneity across skill groups. Whereas leisure
time was relatively equally distributed across educational groups half a century ago,
nowadays low skilled individuals enjoy (on average) systematically more leisure time.
This increase in leisure inequality is partially mirrored in hours worked across skill
groups; hours worked of high-skilled individuals decrease slower than for low skilled
individuals.

The main contribution of this paper is to provide a simple growth model that is
consistent with both a rise in aggregate leisure and an increase in leisure inequality
along a path of (exact) aggregate balanced growth. In our model individuals derive
utility from market produced goods, home produced goods as well as leisure. There
is rising wage inequality—modeled as exogenous changes in household-specific effi-
ciency units—that drives the differential trends in hours.? As the relative implicit
price of leisure increases over time due to technical change there is a general up-
ward trend in leisure time. This is the case because leisure and the composite of

market and home goods enters the utility function as gross complements such that

!Boerma and Karabarbounis (2017, 2020) and Rachel (2019) are notable exceptions, where

welfare is derived from a broader set of activities.
2The rising wage inequality could be driven by skill-biased technological change (see Katz and

Murphy (1992)). See also Elsby and Shapiro (2012) who explain the rising inequality in employment

rates between high and low skilled men through returns to experience.



the income effect of a wage change dominates its substitution effect. Hence, in the
aggregate time series rising wages are associated with rising average leisure time
whereas the cross-sectional micro data shows that households who experienced a
faster wage growth, i.e., households with higher education, had a slower increase
in leisure time. The key mechanism that allows us to square the two finding is
intertemporal substitution of labor supplied to the market a la Lucas and Rapping
(1969). Due to this intertemporal substitution, households who face a faster wage
growth chose to raise leisure time more slowly, whereas in the aggregate time series
households take more and more time off as the market productivity (and average
wage) increases. Without intertemporal substitution of labor, a theory that matches
the aggregate time series would also in the cross-section predict that a higher wage
growth should be associated with faster rising leisure time. As a consequence with-
out intertemporal leisure substitution the aggregate time series and cross-sectional
micro patterns cannot be squared.

The model economy consists of heterogeneous households with household-specific
labor market efficiencies (per unit of time) and different levels of initial wealth. The
distribution of labor market efficiencies can be interpreted as mapping into the
distribution of educational qualifications. The household derives utility from the
consumption of market goods, home goods and leisure goods. The key assumption
is that high skilled households have a comparative advantage in the production of
market goods as opposed to home and leisure goods. Market and home goods are
gross substitutes with an elasticity of substitution higher than one (e.g., cooking at
home vs. buying a take-away), but both are poor substitutes to leisure goods, with an
elasticity of substitution less than one (as they are different type of goods, watching
TV vs. having a haircut). Production of all three activities requires time and capital
as inputs, and each activity has its own specific rate of TFP growth. In contrast

to our approach, the literature typically models leisure time as directly generating



utility. However, the majority of leisure time, such as watching TV, involves the
usage of some capital (see table VII of Aguiar and Hurst 2007a). As shown in
the representative agent model in Ngai and Pissarides (2008), such a generalization
allows for a trend in leisure along a path of balanced growth of the aggregate capital
stock.?

The optimal time allocation is driven by the relative opportunity costs of the
three activities market, home and leisure as well as the intertemporal substitution
of hours supplied to the market. Both the activity-specific TFP growth common
to all households and the household-specific change in market efficiency of time
affects the relative implicit prices of the different activities. Faster TFP growth in
the market leads to a rising relative implicit prices of leisure. Given that leisure
and non-leisure goods are gross complements, this relative price effect leads to a
common shift in the time allocation of all households toward leisure. On the other
hand, the household-specific change in the market efficiency of time, i.e., wages,
induces through intertemporal substitution a skill group-specific deviations from
the common trends. The growth in the marginal utility of market consumption is
pinned down by an Euler equation and is equalized across all households, whereas
there is an incentive to adjust labor supply along the intertemporal margin, i.e.,
households have an incentive to work relatively hard in periods of high relative
wages. Increasing wage inequality then implies that the more-educated households
tend to work (relatively) longer hours in later years whereas less-educated household
tend to rather frontload their working hours. This leads to less of an increase in
leisure for the more-educated whereas leisure increases over this period even more

for the less-educated. So put together, the model can account for both the time

3Here it is important to define the aggregate capital stock to include household durables used for
home production and leisure. See Boppart and Krusell (2020) for a theory that squares balanced
growth with trends in leisure in a representative agent economy with a traditional preference

formulation over leisure and consumption.



series and cross-sectional facts on time allocation. The theory also speaks to the
timing; in the 60s and 70s, when wage inequality did not rise, there is no change
along the intertemporal margin and the households are expected to increase their
leisure time pari passu. The theory predicts a rise in leisure inequality only after
the 80s when wage rates systematically started to diverge across skill groups.

To quantitatively assess the mechanism, we calibrate the parameters of the model
to match perfectly the fractions of time allocated to the three activities of four
education groups in the U.S. in the year 1965. We then calibrate in our model
changes in relative labor efficiency units of the different groups to replicate the
observed change in relative wages. Together with the overall productivity growth the
implied wages make predictions for the dynamics of the time allocation. The model
successfully captures the parallel rise and the subsequent divergence in leisure shares
across the four education groups. Overall, it does also a good job in accounting for
the aggregate trend in leisure and the rise in leisure inequality. It accounts for all
the rise in aggregate leisure and slightly over-predicts the rise in leisure inequality.
We conclude from this quantification that a simple model with intertemporal labor
substitution can account for the observed pattern in the data.

Consistent with the empirical work by Attanasio, Hurst and Pistaferri (2015),
our theory suggests that the rising leisure inequality needs to be taken into account
together with the rising inequality in market outcomes in order to make welfare
statements. Our paper contributes to this issue by developing a simple model to
illustrate how increasing wage inequality itself can generate a rise in leisure inequality
and partially mitigates the effect of wage inequality on welfare. This mitigating effect
is also present in the calibrated model of Boerma and Karabarbounis (2020) based
on expenditure and time-use data of the last two decades.

In our theory, leisure production play an important role in squaring a trend

in leisure time with an aggregate balanced growth path. This aspect is similar to



Ngai and Pissarides (2008), which however abstracts from the cross-section facts.*
Leisure as an activity that not only involves time but also capital, plays a key role in
Vandenbroucke (2009), Kopecky (2011) and Bridgman (2016b) too.® These papers
study also both time trends and cross-section facts, but their main mechanism is the
falling relative price of leisure capital whereas we emphasize the higher productivity
growth for market production. Vandenbroucke (2009) is motivated by the differential
decline in market hours across different wage-group during the period 1900-1950
and consequently treats all non-market hours as leisure and abstracts from home
production. Kopecky (2011) is motivated by the trend in retirement and focuses on
time use across different age groups. In contrast to our paper, Bridgman (2016b)
focuses on the quantitative role played by different capital intensities across market,
home and leisure production where the main objective is to account for changes in
the labor market wedge.

Finally, while most of macroeconomics models feature in the long-run constant
hours worked and leisure time (see, e.g., Cooley and Prescott, 1995), Boppart and
Krusell (2020) propose a general class of utility functions defined over consumption
and leisure to obtain trends in aggregate market hours and aggregate leisure along

a balanced growth path.® In contrast, we obtain these trends by explicitly modeling

4Our objective to develop a growth model that allows for dynamics of cross-section facts with
an aggregated balanced growth path is similar to Caselli and Ventura (2000) who, however, do not

study the allocation of time.
5See also the recent paper by Aguiar et al. (2017) that focuses on leisure “luxuries” and how

innovation in video gaming and other recreational computer activities have induced young men to
shift their time allocation from market to leisure activities since 2004. Rachel (2019) shows the
role of leisure-enhancing technologies, such as free TV channels or smartphone apps, on the trend

in hours worked and productivity growth.
6See also Boppart, Krusell, and Olsson (2017) that looks at the intensive and extensive margin

of labor supply separately and Rachel (2019) who studies endogenous leisure technologies along an

asymptotic balanced growth path of falling hours worked.



leisure and home production. As home production is a closer substitute to market
good than leisure this distinction matters for welfare. Furthermore, our explicit
goal in this paper is to replicate the cross-section facts on leisure and market hours.
Finally, our theory that models leisure and home production explicitly as a process
involving time and capital makes additional predictions about, e.g., the relative
growth of leisure durables relative to the aggregate capital stock.

The paper is organized as follows. The next section document the empirical facts
in U.S. data that motivate the paper. In Section 2 we present a growth model with
heterogeneous households and derives its balanced growth path. Section 4 shows
that the balanced growth path of the model is consistent with a rise in leisure in the
aggregate time series together with a rise in leisure inequality in the cross-section.

Section 5 presents the quantitative results. Finally, Section 6 concludes.

2 Empirical facts

Aguiar and Hurst (2007a) document a growing inequality in leisure that mirrors the
rising inequality in wages and expenditures between 1965 to 2003. Figure 1(a) report
the “rise in leisure inequality” across educational groups, where we updated the data
series in Aguiar and Hurst (2007a) to 2013.7 Individuals with less than 12 years of
education experienced a rise in leisure time over the past half century of slightly
more than 8 hours per week while for college graduates the increase in leisure is less

than 1 hour per week.® The data also shows an overall upward trend in leisure time.

"The time use data is constructed according to the methodology in Aguiar and Hurst (2007a)
and the numbers are reported in Table O.1 in the Online Appendix. Throughout the paper leisure
refers to Aguiar and Hurst’s measure “Leisure Measure 1” which includes time spent on socializing,

in passive leisure, in active leisure, volunteering, in pet care and gardening.
8 A similar rise in leisure inequality has also been documented for seven other OECD countries

using Multinational Time Use Study for the period 1970s to 2000s by Gimenez-Nadal and Sevilla
(2012). See Ramey and Francis (2009) for patterns of leisure in the U.S. prior to 1965.



Over the period 1965-2013 weekly leisure time increased on average by 4.5 hours (see
Figure 1(b)).” This is a substantial increase, especially when viewed in the context
of average time work in the market of 33-37 hours per week over the same period.*’
In a representative agent framework with a Cobb-Douglas production function and
a capital share of 1/3, a simple back-of-the-envelope calculation suggests that if the
additional leisure time of 4.5 hours were instead used to increase labor input, output

would be boosted by 8.5 percent (4.5/35 multiplied by 2/3).1!
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Figure 1: Leisure and market hours by education group
Notes: The figure plots leisure time and market hours 1965-2013 for four education groups.
Source: 1965-1966 America’s Use of Time; 1975-1976 Time Use in Economics and Social Accounts; 1985 Americans’ Use of Time;
1992-1994 National Human Activity Pattern Survey; and 2003-2009 American Time Use Surveys. The data is adjusted for changes
in demographic composition: age, sex and presence of child, following Aguiar and Hurst’s (2007a) methodology. Leisure refers to

Leisure Measure 1 in Aguiar and Hurst (2007a), which includes leisure activities such as socializing, watching TV, reading etc.

9Tt is important to note that these findings are adjusted for changes in demographic compositions
in age, sex and presence of child. By fixing the demographic weights, the findings reflect how time
spent in a given activities change over time instead of changes in demographic composition within

a specific group.
10See also Winston (1966) and Bick et al. (2018) who document a similar negative relationship

between hours worked and the level of development across countries.
Note that this number only captures the static effect, that holds the capital stock constant,

whereas the dynamic effect would be even larger.



In Figure 1, leisure is directly measured and not just a residual category after
subtracting hours worked from a fixed total time budget. Time used data for “home
production” is relevant to obtain a full picture of time allocation and this separate
category will be considered in our theory as well. The decline in home hours is indeed
quantitatively important to account for the increase in leisure for the less educated
and the increase in market hours for the more educated post 1985.1% However,
Figure 1(b) clearly shows that the rise in leisure inequality is accompanied by rising
inequality (and a slight downward trend) in market work. It is mainly the group
with less than 12 years of education that reduced hours worked.

Figure 2 reports the wage of each education group relative to the average wage.'?
Starting in the 80s there was a systematic rise in wage inequality across the education
groups. The timing of the change in wage inequality corresponds to the ones found in
time allocation in Figure 1(a) and 1(b). Until the 80s when wages grew at roughly the
same rate there is no divergence of leisure time or hours worked across the different
education groups. The rising inequality in the time allocation only starts at around
the same time as wages between high and low skilled workers start to diverge.'* This

is supportive evidence for our theoretical mechanism that is based on intertemporal

2Following Aguiar and Hurst (2007a), child care is excluded. Total childcare time has been
stable over time and similar across education groups in the time-use surveys between 1965-1993
at around 3 hours per week but it experienced a substantial rise of 2-3 hours during the 2000s.

Ramey and Ramey (2010) argue that this rise is due to increased competition for college admission.
13As in Figure 1, we follow Aguiar and Hurst’s (2007a) methodology to control for changes

in demographic composition. Due to data constraint, we cannot control for whether a child is

presence, thus we have 40 demographic cells instead of 72 demographic cells.
14Using the same time use data, Fang and Zhu (2017) also documented a positive correlation

between wage rates and market hours and the negative correlation between wage rates and home
hours and leisure in the cross section. Using data for 1890s, 1973 and 1991, Costa (2000) docu-
mented a similar trend that market hours for low-wage workers have declined relative to high-wage

workers.



substitution of leisure and hours worked due to differential wage growth. We will
show in the next section that a simple model with activity-specific technical change
common to all households, household specific changes in labor market efficiencies
and intertemporal substitution of labor can replicate both the parallel rise in leisure
time prior to 1985 and its subsequent divergence. In our theory the falling trend
in home hours is due to the lower productivity growth for home goods relative to

market goods, a process of marketization (Freeman and Schettkat, 2005).1
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Figure 2: Wage relative to average wage by education group

Notes: The figure plots wage relative average wage 1965—-2013 for four education groups.
Source: CPS/March samples. Non-farm working individuals aged 21-65 who are not student. Adjusted for changes in demographic

compositions in age and sex, following the methodology of Aguiar and Hurst (2007a).

Before we turn to the theory, let us discuss some potential data issues. Aguiar
and Hurst (2009) show that the increase in leisure inequality is particularly strong for
men. Since there has been a relative decline in the employment rate of less educated
men, one natural question is whether the decline in market hours is not involuntary.

Aguiar and Hurst’s answer is no, as they find that trends in employment status

15Using personal consumption expenditure data, Bridgman (2016a) shows a substantial rise in
purchased services as a share of total (home plus market) services. See also Mazzolari and Ragusa
(2013) who document how a rise in the skill premium can affect the demand for unskilled services

through marketization.
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explain less than half of the increase in the leisure gap between less-educated (those
with 12 years of education or less) and more-educated men (those with more than 12
years of education). They conclude that most of the increase in leisure gap is driven
by labor supply and not due to either an increase in involuntary unemployment
or disability and this is also the approach we take in this paper. However, it is
important to note that adjustment along the extensive margin are an important
driver of the trends seen in Figure 1(b).*¢

Ramey (2007) shows that the sharp increase in average leisure time in the time
used survey is somewhat sensitive to the categorization—but that the rise in leisure
“inequality” is robust. What about hours worked? Do other dataset than the time
use survey show the same empirical pattern in hours worked as we documented here?
Figure O.2 in the Online Appendix shows the pattern in hours worked for the four
skill groups in the CPS data. Overall the (average) decline in hours worked is less
pronounced but the divergence in time allocation is clearly visible too, although the
timing is slightly different. Unlike, e.g., the Census data (see Michelacci and Josep
Pijoan-Mas (2016) and Wolcott (2020) for men) the CPS data suggests the diverging
trend stopped in the early 90s. In this paper we focus on the time used survey data
(and Aguiar and Hurst’s (2007a) definition) mainly because it allows us to split
non-working time further up into leisure and home production. We acknowledge
that the the trends in hours worked do differ between the CPS and time use data in
terms of timing and quantitative size. It is beyond the scope of this paper to resolve
this issue. Qualitatively at least, the main empirical motivation of rising inequality

in leisure time and hours worked indeed seems to be a robust finding.

16Tn Figure O.1 and Table O.2 in the Online Appendix we show the trends in leisure time across
education groups for males and females separately. The diverging pattern in leisure time can
can be found for both men and women, suggesting that the trends are not driven by changing

specialization within the household.
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3 Theory

3.1 Household side

3.1.1 Preferences, skill and budget constraint

There is a unit interval of heterogeneous households i € [0,1] with the following

preferences
(e}

U0) =Y Bulcmalt), enalt), c:a(t) (1)

t=0

where u(-) is the instantaneous utility function defined over three different com-
ponents, a market good, ¢, ;, a home produced good, ¢ ;, and leisure, c,;. The
discount factor is denoted by 5 < 1. The instantaneous utility function is assumed
to take the following nested CES form

o(e—1
g o—1 ((,(5_1)2 e—1

u() = —— log [wi Vemi® (1= ) a0 | T (1= wi) exa())

e—1

The parameter ¢ > 0 controls the elasticity of substitution between market goods
and home production. The elasticity of substitution between leisure and the CES
consumption bundle consisting of market goods and home production is given by
e > 0. 9 is the weight on market goods within the consumption bundle, while
1 —w; € (0,1) is the weight on leisure, which we allow to be household specific.!”
Household i is endowed with a;(0) units of initial capital which she can either rent
out (and get a market rental rate R(t)) or use in home production, ky, ;, or in leisure
production, k,;. Each household has [ units of time that can be either supplied to
the labor market, {,, ;, or allocated to home production, I, ;, or leisure [, ;. The time

constraint thus reads

[ = loi(t) + Uni(t) + 1(t), Vi,t. (2)

1"The heterogeneity in this weight allows us to match perfectly in our quantitative section the

initial time allocation of all the groups.
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Each unit of time supplied to the labor market is rewarded by a household specific
wage rate w;(t). Differences in w;(t) across households depend on the household-
specific market efficiency per unit of time, e;(t) > 0. The efficiency e;(t) follows an

exogenous process satisfying the following two assumptions.
Assumption 1. fol e;(t)di = e, Vt.
Assumption 2. lim; ., ¢;(t) = é&;, Vi.

Assumption 1 states that the mean of ¢;() is constant over time and Assumption
2 makes sure that the e;(t) terms converges to a stationary distribution.'® In the
market place, the efficiency-adjusted labor input of household i that supplies I, ;(t)
time units to the labor market is given by e;(t)l,, (). We denote the aggregate

available efficiency-adjusted labor input in the economy by L, i.e.,
1
L= / e5(8) i (1) + Lns(t) + Loo(8)] di = T, Vit.
0

Since e;(t) augments the hourly labor input, ,,;(t), proportionally, perfect com-
petitive labor markets allow us to write the household-specific (hourly) wage rate

wi(t) = w(t)es(t), (3)

where @ (t) = [

0 w;(t)di is average wage rate per efficiency unit or the wage rate of a

household with average skill, i.e., e;(t) = €. Equation (3) highlights that individual
wage rates can change over time for two different reasons: (i) through w(t) changes
due to aggregate dynamics common to all households like technological change or
capital deepening, or (ii) through changes in the household-specific efficiency term
e;(t). One interpretation of e;(¢) dynamics is that a household i has an intrinsic abil-

ity to achieve certain education level. Then, the attained education is considered

18 Assumption 1 excludes changes in average skill over time. However, given the Cobb-Douglas
technologies we will impose later on, a growing average skill is mathematically identical to a change

in the rate of technological change in the market place.
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as fixed but the return to an education level e;(¢) is changing over time. This is a
reduced form modeling that allows us to match the empirically observed increases in
the wage dispersion as shown in Figure 2. The changes in ¢;(t) should be understood
as summarizing effects of labor demand on the skill premium as skill-biased tech-
nological change or trade competition. As w () is both the average wage and the
wage of a household with e, the data shown in Figure 2 suggests that the household
with € can be interpreted as the group with 13-15 years of education as its wage
almost exactly tracks the average rate. As will be shown later, the theory predicts a
monotonic rise in leisure for this group, which is consistent with the data presented
in Figure 1(a).

There is a single market good that can be consumed or invested. The price of the
market good is normalized to one in all points in time. Finally, we assume a constant

depreciation rate, . Then, household i faces the following budget constraint

a;(t+1) = R(t) [ai(t) — kni(t) — ko i(8)]+a; () [1 — 814 [ — Lni(t) — La(8) ] wit)—com,i(2).
(4)
Households are heterogeneous because they differ in their initial wealth a;(0) as well

as in their (return to) skill {e;(¢)},2,.

3.1.2 Leisure and home production

Both time, [, ,(t), and capital (i.e., leisure durables), k, ;(¢), is required to generate
the leisure output that enters utility c,;(t). We assume for this leisure output a

Cobb-Douglas structure
Cz,i(t) = kz’i(t)alzﬂ'(t)l_a' (5)

Home production takes the following functional form

enit) = kna(D) [An ()l (D] (6)
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where kj,;(t) is used capital (i.e., home durables), [, ;(f) is time used for home
production, and Ap(t) = Ax(0)y} is a Harrod-neutral technology term in home

production with a gross rate of technological progress v, > 1.

3.1.3 Households’ problem
Each household i € [0, 1] maximizes (1) with respect to

{ai(t + 1), emi(t), cni(t), cza(t), kni(t), kza(t), lni(t), La(t) } 2
subject to (4), (5) and (6) as well as a standard no-Ponzi game condition that can
be expressed as

T
Th_r)rgo a; (T +1) H

s=1

14+ R(s)—9 2 0. (7)

The initial wealth, a;(0), and {e;(t)},2, are exogenously given.

3.2 Production side
3.2.1 Technology

The market good is produced under perfect competition by a representative firm

with the following technology
Y(t) = Kn(t)® [An () L ()] (8)

where Y (t) is aggregate market output, K,,(t) is the aggregate capital stock used in
the market economy and L,,(t) is the total skill-adjusted labor input. The term
A, (t) = A0y, with v, > 1, captures exogenous Harrod-neutral technical

progress in the market place.

3.2.2 Firm’s problem

The representative firm minimizes production cost of a given output level, Y (¢),

where the firm takes the rental rate, R(t), and the wage per skill-adjusted labor
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input, w(t), as given.

3.3 Market clearing
Market clearing on the capital and labor market requires
[ ) = i) = ks = Ko, )
and
/1 Lmi(t)ei(t)di = Ly, (t). (10)
0
The resource constraint is given by

Y(t) = /01 e ()i + /01 a;(t +1) — (1 — 8)ai(t)di, (11)

where the left-hand side is total output and the right-hand side is total market good

consumption plus total (gross) investment.

3.4 Equilibrium definition
In this economy a dynamic equilibrium is defined as follows.

Definition 1. A dynamic equilibrium is a sequence of time and capital allocation

{lm,i (t)y lh,i (t)a lz,z(t)7 km,l(t)7 kh,i(t)7 kz,i (t) }::io ) VZ)

a sequence of wealth and market, home production and leisure consumption and
{ai<t)7 Cm,i (t)7 Ch,i@)? CZ,i@)};io 5 \V/’i,

a sequence of the aggregate capital stock and skill-adjusted labor used in the market
economy { K, (t), Lin(t)} oy » and a sequence of rental and wage rates { R(t), w(t), w;(t)} ;s
Vi, that is jointly solving the households” problem (as specified in Section 3.1.3), the
firm’s problem (as specified in Section 3.2.2) and is as well consistent with the market

clearing conditions (9)—(11).
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3.5 Equilibrium path

A formal characterization of the households’ and firm’s problem and the derivation
of the first-order conditions can be found in Appendix A.1. In the following, we
present the equilibrium in two steps: First, we characterize the equilibrium time
and capital allocation across market, home and leisure. Second, we present the
dynamic equilibrium conditions and show the existence of a balanced growth path,

where the return to capital, R, is constant.

3.5.1 Intratemporal equilibrium

We define the aggregate capital stock in the economy (including household and
leisure durables) as K (t) = fol a;(t)di. The potential market income of household i
(by renting out all the capital, and supplying all her time to the labor market) is
given by

yi(t) = R(t)as(t) + lwi(t). (12)

We define the difference between this potential market income and (gross) savings

as total implicit consumption expenditure
ci(t) = yi(t) — [a;(t+ 1) — (1 — d)ay(t)]. (13)

The variables y;(t) and ¢;(t) do not have a directly observable empirical counter-
part. Nevertheless, it is helpful to introduce them to illustrates how they relate
to the dynamics in the standard neoclassical growth model. In the following we
show that, given the path of ¢;(¢), the static equilibrium can fully be characterized.
Describing the equilibrium dynamics of ¢;(t) will then be the subject of the next
section.

The first-order conditions of the households’ and firm’s problem imply the fol-

lowing equilibrium conditions.
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Lemma 1. Optimal capital intensities of the households and the representative firm

e Fra(t)  kei(t) Kn(t)  K(1)
ei(Dlhi(t)  e)li(t)  Lnt) L

The first-order conditions of the firm’s problem combined with the market clearing

(14)

conditions yield

(1) = (1 — @) Ap(t) [Am(t)Lr, (15)

and

R(t):a[ K(®) r_l. (16)

See Appendix A.1 for a proof.

The results of Lemma 1 are due to free mobility of time and physical capital,
which equalize the marginal rate of technical substitution in the production of mar-
ket output, home and leisure. Together with the Cobb-Douglas technologies with
identical output elasticities of labor, this implies identical capital intensities across
all three activities for any given household. Note however that the capital inten-
sity will differ across households because the labor efficiency is not identical. More
explicitly, household with higher market efficiency, e;, use more capital per unit of
time for home and leisure production relative to the household with lower market
efficiency.'® Finally, the equalization of capital intensities across activities allows us
to express the marginal return to labor and capital as a function of the aggregate
capital per efficiency units of labor (see (15) and (16)).

In order to gain an intuition for the optimal allocation of time across market,
home, and leisure it is useful to introduce implicit prices (i.e., implicit marginal cost)

for ¢, and ¢, ;

«

19This is in line with the empirical pattern documented by Fang, Hannusch and Silos (2020) for
the four education groups using expenditure data from Consumer Expenditure Survey (CEX) and

American Time Use Survey for 2003-2014.
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and

it = [ 122 o (15)

1l—« o

Given our choice of the market price as a numéraire, we have

m)=1= | = 4w {@T‘- 19)

«

Because the opportunity cost of time differs across households with different skills
the implicit price of home production and leisure is household specific. For the

relative implicit prices we get the following lemma.

Lemma 2. In equilibrium, the implicit prices (relative to the market price) are given

pratt) = (2206) 20)

by

and
Pei(t) = [An(t)ei(t)] . (21)
The relative implicit price between leisure and home is given by

pz,i (t>
Pri(t)

= Ap(t). (22)

Proof. The expression for the relative prices follow immediately from (17)—(19) and

(3). n

Given the identical output elasticities of labor across activities, all the relative
implicit costs can be expressed independently of the factor prices. As lower-skilled
households have a comparative advantage in home and leisure the implicit relative
prices of these activities are lower for households with a lower e;(t). In contrast

the relative prices of home to leisure are the same across households.?’ Relative

20This can be generalized by allowing higher skilled household to have a relative comparative
advantage in home production compared to leisure. Such a generalization however would not

change the main results in this paper.
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prices not only vary in the cross-section but also over time, due to the differences in
the pace of technological progress across activities. Together with the definitions in

equation (12) and (13), we obtain the next lemma.

Lemma 3. In equilibrium, we have

wlt) = (1= ahn) | | oo | 0] w, e

and

¢i(t) = cmi(t) + cni(t)pni(t) + c.i(t)p.i(t). (24)

Proof. Equation (23) follows immediately from combining (3), (12), (15), and (16).
Equation (24) follows from (3), (4), (14), (15), and (16) as well as the definition in
(17). |

Lemma 3 states that the potential income y;(t) is higher for household with
higher labor efficiency units e;(¢) and higher wealth a;(¢). The variable ¢; (t) can be
expressed as the total implicit consumption expenditure of household ¢ for market,
home, and leisure goods.

In the following we define py,p,(t) = [¢7 + (1 — w)aph’i(t)l_"]i as the implicit
composite price for non-leisure goods. Note that this implicit price is household
specific since the labor market efficiency unit e; differs in the cross-section. Moreover,

_ ci(®piat)

we define the implicit expenditure shares of leisure and home as x;;(¢) = BT

j = z,h. Lemma 2 and 3 together imply the following lemma.
Lemma 4. In equilibrium, the implicit expenditure shares of leisure and home are

aalt) = L (25)

wWj € ﬁmh,i(t) 1=
1+@wﬂ(mwﬂ

1+ (125) phit ()

and

a:hﬂ- (t) =
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See Appendix A.1 for a proof.

For a given path of ¢;(t) and implicit prices pp,;(¢) and p,;(¢), Lemma 4 contains
closed form solutions for the equilibrium quantities of ¢, ;(t), ¢n.i(t), and c¢;(t).

Note that because of the (homothetic) CES structure these implicit expenditure
shares are only functions of relative implicit prices, which are given in terms of
exogenous technology terms in Lemma 2. Hence, together with the expressions
for the relative implicit prices closed from solutions for the consumed quantities
of market goods, home production, and leisure are obtained for any given c¢;(t).
Combining the quantities in Lemma 4 with the production functions (5) and (6)
and the optimality condition in production (14) allows us to express the allocation

of production factors to the different activities in the following proposition.

Proposition 1. Leisure and home production time is given by

ci(t) :
Lia(t) = x;4(t) o 1% T z, h. (27)
A (t)ei(t) | 503
Capital used in leisure and home production is given by
K(t) - .
k‘jﬂ(t) = xw(t)cl(t) {m} , ] =z, h. (28)

Proof. The allocation of the different production factors are simply obtained by
combining the quantities in Lemma 4 with the production functions (5) and (6) and

the optimality condition in production (14). |

The remaining variables then follow immediately as for instance l,,;(t) = [ —
Ini(t) — 1,;(t). This illustrates that for a given distribution of ¢;(¢), Vi and a given
aggregate capital stock K (t) we obtain closed form solution for all equilibrium vari-
ables. To fully solve the model we analyze the equilibrium path of K(t) and ¢;(t)
in the next section. To prepare the analysis in the cross-section and over time it
is helpful to express the time of leisure relative to home production in equilibrium.

This is done in the next lemma.
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Lemma 5. The relative time (and capital) used for leisure relative to home produc-

tion is given by
lz,z(t) o kz,z<t> o o % (1 - wi)s (pz,i(t)>1_€ ( (
b))~ ()~ ) o ) ) T

Proof. First, note that according to (27) we have ;;Eg = z;g Substituting in the

—
| ‘@
<
N——
Q
ks
5
=
~—
Q
—
N—
Q
|

values of Lemma 4 (see (25) and (26)) gives

-2 () (- () mer)

Using the definition of py,ni(t) allows us to rewrite this expression as (29). Finally,

note that (14) implies that the capital intensities equalize between the activities

home production and leisure. |

It is important to emphasize again that—as seen in Lemma 2—the relative im-
plicit cost of a unit of home service/goods as well as leisure depends on both the tech-
nologies A,,(t) and Ay(t) as well as e;(t) and the heterogeneous preference weights.
Consequently, the relative implicit costs vary over time and across households (with
different e;(t) and preferences). Hence, the composition of consumed market goods,
home production and leisure differs in the cross-section. For the same reason the

allocation of time changes over time and differs in the cross-section too.

3.5.2 Intertemporal equilibrium

This section describes the equilibrium dynamics of the household wealth and con-
sumption, a;(t) and ¢;(t) by characterizing a household’s optimal saving behavior.

This is done in the next lemma.

Lemma 6. The first-order conditions of the household problem imply

a;(t +1) = a;i(t) [L + R(t) — 6] + les (D (t) — es(t), Vi, (30)
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and

c(t+1)=p[1+R(t+1)—0]cl(t), Vi (31)

For a given path of factor prices, (30) and (31) characterize a system of differ-
ence equations in a;(t) and ¢;(t), where a;(0) is exogenously given and there is the
transversality condition
d 1
Jim | ay(T +1) 1:[1 TR 5| T 0. (32)

The aggregate wealth, K (t), and factor prices w(t) and R(t) then follow immediately
from the dynamics of household wealth (see Lemma 1). Finally, y;(¢) follows from

the individual budget (23).

3.6 Balanced growth path

Definition 2. A balanced growth path is defined as an equilibrium path along which
aggregate wealth/capital, K(t), and the wage rate, w(t), grow at a constant rate and

the rental and real interest rate are constant.

The detrended capital stock is denoted by l;:(t) = %S;L' The following proposi-
tion holds.

Proposition 2. There exists a unique globally saddle path stable balanced growth

1

. T a T—a

See Appendix A.1 for a proof.
It is worth noting that despite the trends in the time allocation, the model
admits an exact balanced growth path, i.e., a balanced growth path that exists for

a finite capital stock and not only asymptotically. Along the balanced growth path,
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i.e., with &(0) = &*, implicit consumption ¢;(t) of all households and the aggregate
capital stock grow a constant rate -,,, or formally

Gt+1)  fyet+Ddi  [la(t+1)di  K(t+1)
alt) — [lemdi [la®d K@)

= Ym, Vi. (33)
The wage rate is given by
a(t) = a(t)” = (1= a)An(t) (k)" (34)
and grows at the same rate 7,,. The rental rate is constant and given by
~ \a—1
R(t)=R*=a (k) . (35)

For the existence of the exact balanced growth path it is important to remember
that the definition of the aggregate capital stock includes household and leisure
durables. Explicitly modeling home and leisure production as activities that require
capital (i.e., household and leisure durables) is therefore important. Along the
balanced growth path implicit consumption ¢;(t) grows at a constant rate but market
consumption does not necessarily. The initial level, ¢;(0) is pinned down by the

transversality condition, as shown in the following lemma.

Lemma 7. Along the balanced growth path, the initial implicit consumption expen-

diture level is given by

0) = 1+ 8 ==y a0) + Y MO0 el (e )

(36)

See Appendix A.1 for a proof.
This lemma shows that only the permanent income pins down the initial con-
sumption level ¢;(0). Thus, the entire consumption path, ¢;(¢), of all household

is know. Other equilibrium variables such as the households’ time allocation and
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capital allocation follow directly from the intratemporal optimality conditions (see
Section 3.5.1).

The dynamics of K(t), w(t) and R(t) along the balanced growth path are stan-
Y(t)

S i (t)di

tal stock (including the stock of consumption durables) K (¢) both grow at constant

dard. The model predicts that the real output per hour and the real capi-
gross rate 7,,. The former follows from the assumption that fol e;(t)di is constant
over time (see Assumption 1).2! The other implications of balanced growth are a
constant growth rate of the average wage and a constant rental and interest rate.

As in Ngai and Pissarides (2007), the existence of an exact balanced growth
path relies on the assumption of unitary intertemporal elasticity of substitution and
identical output elasticities of labor across the three activities.

Although the model admits an aggregate balanced growth path, there does not
exist a representative agent in this framework: In the data the wage of the group
with 13-15 years of education is about the same as the average wage (suggesting
that this is a group with roughly average skill €).?> Despite this the theory does
not imply nor require that the time allocation of this group follows the average time
allocation in the economy. This result follows directly from the equilibrium time
allocation in (27), which is non-linear in e;(t).

As e;(t) might vary over time, the growth rates of y;(t) and wealth a;(t) are
none-constant, even along the balanced growth path. Moreover, both the time
allocation and the consumption structure exhibits rich dynamics across households
along the balanced growth path. Changes in the consumption structure and time
allocation are driven by changes in the household-specific relative implicit prices

(see Lemma 4). These relative implicit prices change due to differences in the TFP

2lFigure 0.3 in Online Appendix O.1 shows the real capital stock per-capita in the U.S. (where
the capital stock includes as in the theory the stock of consumer durables). On a logarithmic scale

this series is indeed very well approximated by a linear time trend.
22Gee Table O.1 in the Online Appendix O.1.
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growth rates across activities (controlled by 7, and ;) and due to household-specific
changes in labor efficiency e;(t). How changes in the relative implicit prices affect
the consumption structure depends crucially on the elasticities of substitution across
activities controlled by the parameters € and o. In order to focus on the empirically
case, we next make specific assumptions about the parameters 7,,, v, € and ¢ and
then characterize the equilibrium dynamics.

Equation (33)—(35) described the equilibrium dynamics along the balanced growth
path. The transitional dynamics of this economy in terms of K(t), R(t), w(t) and
c;(t) are identical to the one in the standard neoclassical growth model.?® Finally,
the asymptotic equilibrium of the economy is formally characterized in Proposition

0.1 in the Online Appendix O.1.

4 Time allocation along the balanced growth path

In the following we focus on an economy that is along its balanced growth path, i.e.,
we assume l;:(O) — k*. Furthermore, we make the following assumption about the

parameters v,,, Vi, € and o.
Assumption 3. v, >y, >1and o > 1 > ¢.

The elasticity between home and market goods being larger than one is supported
by empirical findings (see the survey article by Aguiar, Hurst and Karabarbounis,
2012). Among others, Blundell and Walker (1982) and Ham and Reilly (2002)
present evidence for complementarity between consumption goods and leisure.

In the following we discuss the joint dynamics of the allocation of time and
capital under Assumption 3 both in the cross-section as well as over time. This is
done in two steps. First, we discuss the dynamics under the assumption that the

e;(t) distribution is held fixed. The theoretical results are then compared to the data

23In general, unless § = 1, no closed form solution exists for the transitional dynamics.
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of the period 1965-1985, that was characterized by little change in wage inequality.
Second, we allow for changing market efficiencies and discuss how it can explain the

observed divergence in leisure time since the 80s.

4.1 Equilibrium dynamics with constant efficiency terms e¢;

Analyzing the balanced growth path under the assumption of stationary e; terms

gives the following lemma.

Lemma 8. For constant efficiency terms {ei}gzo, the leisure hours relative to home

lzyi(t)
ln,i(t)?

production hours, are monotonically increasing over time for all household i.

Proof. The equilibrium expression for 52’8 is given in Lemma 5. For a constant e;

and with v, > v, ppi(t) and % are monotonically increasing over time (see (20)

and (22)). Hence, with ¢ > 1 > ¢, ;ZE?) is monotonically increasing over time for

Lemma 8 implies that leisure hours relative to home production hours increase

monotonically for households with a constant e;. This prediction is confirmed in

Figure 4 that shows a parallel rise in 5218 over the period 1965-1985 which was
characterized by pari passu wage growth. Furthermore, for the groups with 13—
15 years of education (which is roughly the empirical counterpart of a household
with constant e; = €) these relative hours increase monotonically through the whole
sample period. The intuition for the theoretical result is the following: Since the
labor market efficiency terms, e;, are constant, the changes in time spent for the
different activities are entirely explained by the relative implicit price movements.
As the labor intensities are identical across activities the price changes are entirely
driven by the rates of technical change. The implications of the relative implicit

price changes are determined by the (nested) CES preferences of households. With

Ym > Y, the (implicit) price of leisure increases relative to home production as well
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as relative to the market good (and consequently also relative to the market-home
composite). With an elasticity of substitution between leisure and the market-home
composite being smaller then one, the implicit expenditure share of leisure (and time

allocated to leisure) increases, whereas time allocated to home production decreases.

100
|

80
|

60
|

40

o |
«

19‘25 19‘35 19‘45 19‘55 19‘65 19‘75 19‘85 19‘95 2d05

Figure 3: Stock of leisure durables relative to household

durables

Notes: The figure plots aggregate “recreational” durable goods relative to aggregate “furnishing and
Jg ks (t)di

T - in the model. Source: BEA table 8.1.
Jo kh,i(t)di

household durables” corresponding to

Lemma 8 also suggests that the average stock of leisure relative to household
durables should monotonically increase over time. Figure 3 shows that this was
indeed the case.?*

The equilibrium dynamics of leisure hours are derived in the next lemma.

Lemma 9. For constant efficiency terms {ei}ilzo, we have along the balanced growth

path
lz7i(t + 1) . xz7i(t + 1)
lz,i (t> B Tz (t>

Hence, leisure hours are growing monotonically over time for all households.

> 1, Vi. (37)

24Figure 0.4 in Online Appendix O.1 show a very similar trend in the ratio of leisure durables

relative to household durables in terms of investments.
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Figure 4: Leisure hours relative to home production hours

Notes: Source: Time use surveys. Following Aguiar and Hurst (2007a) methodology, individuals aged 21-65 who are not student

nor retired. Childcare is excluded from home production and leisure refers to Leisure Measure 1 in Aguiar and Hurst (2007a)

Proof. With a constant e;, the equality in (37) follows immediately from (27) and

the fact that ¢;(t) grows at gross rate 7, and that %& = k* along the balanced
growth path. Now z,,(¢) is given by (25) and is an decreasing function of p;”h_’zg)

since € < 1. The relative price is given by

ﬁm 7Z(t) _ o —(1—a)(1—0c o —(1—-a)(1—0o ﬁ
Sy = [ A @ e @) (=) AT 3)

With a stationary e; distribution, the gross growth rate of ﬁ;’;’fi’zg) is a weighted
geometric mean of the gross growth factors %;(ka) < 1and 7y, (1=e) . Hence, we
have

Yoo O, (0 = Lt D) _Pall) (39)

ﬁmh,i(t) pz,z(t + 1)

Consequently, x,;(t) and [, ;(t) are monotonically increasing over time for all 7. W

Lemma 9 establishes that we expect to see in periods of a stationary wage distri-
bution monotonically increasing leisure hours for all educational groups. The period
1965-1985 reflects no clear trend in wage inequality (see Figure 2) and leisure hours

were indeed monotonically increasing for all educational groups over this period (see
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Figure 1). The intuition for this theoretical result is again as above and hinges on
Ym > v > 1 and the assumption that leisure and the home-market composite are
gross complements (see Assumption 3).

So far we analyzed the case with a stationary wage distribution. We next consider
the case of diverging e; terms and compare the theoretical prediction with the post-

1985 period, which was characterized by rising wage inequality.

4.2 Equilibrium dynamics with changing efficiency terms e;

In this section we analyze the equilibrium dynamics with systematic changes in the
e; terms. The purpose of these shifts in the e; terms is to generate the steep increase
in wage inequality since the 80s. As it can be seen from (27) changes in the efficiency
term e; will affect the time allocation. Let the gross growth factor of e; for household

i be denoted as 7., (t) = eie(f;tr)l)

. We obtain the following proposition.

Proposition 3. Along the balanced growth path, the gross growth rate of leisure

lzyi(t-l-l)

i s a decreasing function of 7., (t).

Proof. With a changing e;(t) term, given ¢;(t) grows at gross rate 7,, and capital

per efficiency units of labor is constant along the balanced growth path, (27) implies

The term x, ;(t) is given by (25) and we can express it as

Ve, (1)1, Vi (40)

= .5 (8) + (1= 22 (1)) s (/.. (1] 5 (41)

Combining (40) with (41) gives

% =225 () Ve, (0) + (L= 22 (1) [V () /.. (1)]

1—

Te(t). (42)
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The term ﬁ;”hjzg) is given in (38). Consequently, the gowth factor of this relative
(1-

price is a weighted geometric average of [y, e, ()]~

(1—-a)

) and Y, < 1, or formally

Vo (012 (8) = [ les (O] Bimres O] {1 = €fes (O]}, 0] 77
(43)
where the weight & [e; (¢)], which depends on the level of e;(t) but is independent of

its growth rate, is given by

] = U (A (1) e ()"
O A el = =gy e
Combining (42) and (43) gives
L.(t)
Li(t+1)

= T2 (1) Ve, (8) + (1 = @23 (1) & [ea(t), 7e, (1)] (45)

811 = et o, (000 (1 = g [y, (1)1 000

It follows that ¢ [e;(t), e, (t)] is strictly increasing in 7., since we have o > 1 >

l2,i(t)
lzyi(t+].)

2,i(t+1
is monotonically increasing and —(J;))

decreasing in ... [ |
€4

e. Consequently, in view of (45),

The intuition behind this result is the following: along the balanced growth path,
the growth of ¢;(t) is identical across households and independent of the changes in
ei(t). Hence, what matters for the dynamics of [, is the change in the implicit
share spent on leisure z,;(t). The dynamics of this implicit expenditure share de-
pend on the changes in the implicit prices and the elasticities of substitution as
discussed above. The implicit relative prices change due to the differences in tech-
nological change across activities and this effect is the same for all households.
However, the changes in the e; terms affect additionally the relative implicit prices

in a household-specific way. For households with an increasing e; the relative price
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of leisure increases at a faster rate which increases the implicit share spent on leisure
even further. In a static model this would capture the whole effect and household
with an increasing e;(t) term would therefore have an additional incentive to in-
crease leisure hours. Hence, a static framework would not be able to generate both
rising leisure inequality and generally rising leisure hours at the same time. In our
model however, there is an additional direct effect of changes in ¢;(t) through in-
tertemporal labor substitution (see (27)). A household that experiences a (steeper)
growth in e;(t) will react by increasing the labor supply to the market and reduce
leisure and this intertemporal effect will dominate. Hence, the model can replicate
that households who experience a steeper wage growth will increase leisure by less
(or even decrease it) whereas the fall in hours worked is particularly pronounced
for households with falling relative wages. As highlighted in the introduction this is
exactly what we observed in the U.S. after 1985. This pattern is summarize in the

next proposition.

Proposition 4. For educational groups with 1 > ~..(t), hours of leisure are increas-
ing over time. For educational groups with 7, (t) > 1 leisure hours can be falling

over time.

Proof. We already showed that the growth rate of I, ;(¢) is strictly falling in ., (¢)
(see Proposition 3) and that the leisure growth is positive for ., = 1 (see Lemma 9).
Hence, leisure growth must be positive for 1 > ~,,(¢). For the second statement, note
that 73,.,.(t)/7p..(t) is monotonically decreasing in 7., (see 43) and for ve,Ym >
we can even have 73, , . (t)/7p.,(t) < 1. This shows that z.;(¢) (and [.) may fall for

households who experience a sharp increase in e;. |
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5 Rising leisure inequality in the U.S., 1965-2013

To quantitatively assess the role of the increase in wage dispersion in generating the
rising leisure inequality, we calibrate the model parameters to match time allocation
in 1965 in the U.S. for the four education groups. We feed in exogenous changes in
the e; terms to replicate the time series of wages in Figure 2 and then compare the

predicted dynamics of time allocation to the data.

5.1 Calibration

The main object of interest is the time allocation or hour shares [;; /1, for mar-
ket 7 = m, home j = h and leisure j = z. These shares sum by definition up
to one. The parameters we need to calibrate to predict hour shares include elas-
ticity parameters {e,0}, preference parameters {f,1,w;}, technology parameters
{a,0,A,,, (0), Ay (0) , Y, vn} and the household-specific market efficiency e; (¢) for
each of the four education groups.

The initial productivity A,, (0) and Ay, (0) are normalized to one where {3, J, o}
are set to the standard values in the macro literature. More specifically, the discount
factor (3 is set to 0.97, the depreciation rate J to 0.05, and the capital share « is
assumed to be 0.3. There is an extensive literature summarized by Aguiar, Hurst and
Karabarbounis (2012) providing estimates ranging from 1.5 to 2.5 for the elasticity
of substitution between home and market consumption.?> We use the lower limit of
these estimates and set o to 1.5. Regarding the elasticity of substitution between
leisure and the home-market composite €, there is no readily available estimate.
However, Blundell and Walker (1982) and Ham and Reilly (2002) present evidence

for complementarity between consumption and leisure, we therefore set € to 0.1

258ee for example, Rupert et al. (1995), Aguiar and Hurst (2007b), Gelber and Mitchell (2012),
and Fang and Zhu (2017).
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as the baseline parameter. Finally, the labor-augmenting productivity growth for
market production, 7, is set to 1.02 which corresponds to a 2 percent growth in
per-capita terms; while 7, for home production is set to 1.01, which is in line with
the estimate in Bridgman (2016a).

The remaining parameters {¢,w;,e; (0)} are model-specific. They are set to
match the hours shares in 1965 for each of the four education group. The hour
shares predicted by the model are derived in Proposition 1, and reported in (27).
Along the balanced growth path, both ¢; () and K (t) grow at the gross rate v,

and the hour shares allocated to home and leisure satisfy

— B < 1 ()
Liq (t) = 5, (1) <€i (t)) ;o J=hz; i 4, (0) <l~€*>aa (46)

where k; is a constant, k* is derived in Proposition 2 and the initial consumption
¢; (0) is derived in (36). As explained previously, given the wage of the group with
13-15 years of education is almost exactly the same as the average, see Figure 2,
this group is taken as the € household. We can then calibrate 1) = 0.47 to match
the relative time allocation between home and market in 1965 for this group with
13-15 years of education. Given (3), the market efficiency e; (0) for the other three
groups are then picked to match relative wages in the data in 1965. The value of
k* is known given the parameters {a, B,6,vm}, however, the value of ¢; (0) depends
on the initial wealth and future wages. Instead of making assumptions about the
initial wealth distribution and the asymptotic distribution of market efficiency e;,
there is a simpler way to directly calibrate x;. The implied values for k; are (0.63,
0.71, 0.79, 0.98). Finally, given these values, we pick w; to match the share of leisure
hours in total hours in 1965 for all groups. This implies the values (0.013, 0.018,
0.026, 0.04).%6

Table 1 summarizes once again the calibrated parameter values. Note that the

260nline Appendix O.1.2 provides more detail how we arrive at these values for x; and w;.
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Parameters Values Directly calibrated parameters

I} 0.97 Discount factor

) 0.05 Depreciation rate of capital

o) 0.3 Capital share in production

o 1.5 Elasticity of substitution between market and home goods

€ 0.1 Elasticity of substitution between leisure and market-home composite
Vim 1.02 2 percent of economic growth rate

Yh 1.01 Labor augmenting productivity for home production, 1965-2013

Normalizations: [ = A,,(0) = A4,(0) = 1

Parameters to match the initial time allocation

b = 0.47
k; = 0.63, 0.71, 0.79, 0.98
w; = 0.013, 0.018, 0.026, 0.04

Table 1: Calibrated Parameters
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calibration only targets cross-sectional time allocation in 1965. Given the calibrated
parameters, the dynamics of the time allocation for each education groups are im-
plied by the time path of household-specific market efficiency, e; (¢). We finally
calibrate the trends in these efficiency terms over time to match the relative wages

in Figure 2 using equation (3).%

5.2 Quantitative Results
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<12 years === 12years == + 13-15years cccce- 16+ years <12years === 12years == - =13-15years e-c--- 16+ years
(a) Model Leisure share (b) Data Leisure share

Figure 5: Leisure share by education group, model and data
Notes: The figure plots leisure shares predicted by the model and in the data 1965-2013 for four education groups. The leisure

“share” is defined as: leisure hours/(leisure hours+home hours+market hours).

Figure 5 show the predicted hour shares in leisure against the data. Let us first
focus on the group with 13-15 years of education, which is the group with con-
stant efficiency é. For this group the dynamics of time allocation are entirely driven

by activity-specific rates of technical change and therefore becomes very smooth.

2"TNote that for the low skilled group the e; term is shrinking over time to fit the decline in
the relative wage for this group. However, as the is also a general upward trend in wages due to
technical change the calibration implies in absolute terms slightly increasing real wages even for

the group with < 12 years of education.
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The rise in leisure share for this group is entirely driven by the low substitutability
between leisure and (home and market) consumption (¢ < 1) and the faster produc-
tivity growth of the market-home composite (min {~,,,v,} > 1). Quantitatively, the
simple model does a good job at predicting the monotone rise in the leisure share for
this group with 13-15 years of education: the theory predicts an increase from 0.35
in 1965, to 0.38 in 1985 and 0.43 in 2013, whereas the share is in the data 0.38 and
0.41 in 1985 and 2013, respectively.?® The theory also generates realistic changes in
market and home shares.?” The model predicts for the group with 13-15 years of
education a slight decline of market hours share from 0.41 in 1965 to 0.40 in 1985
and then to 0.39 in 2013; in line with the data where it decreases to 0.39 in 1985 and
stays around the same level throughout. In terms of the hours share in home, the
model’s fit of the data is slightly worse for the group with 13-15 years of education.
The model predicts a monotone decline from 0.24 in 1965 to 0.18 in 2013, whereas
it was first roughly flat in the data and only started to decline after 1985 and fell to
0.20 in 2013. Still, given that the constant sector-specific productivity growth rates
are the only driver of the changes for this group with 13-15 years of education, the
predictions are matching the data fairly well.

Let us next turn to the prediction for the other education groups, where the
labor efficiency terms are changing over time to match the group-specific evolution
of wages. With changing wages the additional motive to intertemporally substitute
the working effort kicks in; mainly after the 80s when wages start to diverge. Ta-
ble 2 summarizes the predicted changes in leisure and market shares over the first
(1965-1985) and second (1985-2013) subperiod of the sample and compares them

to the data.¥ The model overall replicates remarkably well the parallel rise and the

28Note that the values in 1965 are matched by construction for all the hours shares.
29Figure O.5 and O.6 in the Online Appendix reports the predictions and compares it to the

data.
30Figure 0.7 in the Online Appendix summarize the quantitative results in an even simpler form:
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subsequent divergence in leisure time across education groups. Quantitatively, the
theory predicts for the group with <12 years of education a significant acceleration
in the rise in leisure share from +4.3 ppt 1965-1985 to +9.6 ppt 1985-2013. This
compares to +4.9ppt and +9.2 ppt in the data. For the group with 16+ years of
education, the model predicts correctly a first (1965-1985) rising and then (1985-
2013) falling leisure share. However, the predicted changes for this group are smaller
than in the data.®! Also, the predicted divergence in home hours across education
groups is larger than in the data (see Figure O.6 in the Online Appendix).

Similar to the results on leisure, the model also does a decent job in predicting the
group-specific trends in hours worked. The theory predicts a significant acceleration
in the fall in the market hours share from 1965-1985 to 19852013 as seen in the
data for the groups with the least education. The model also predicts a significant
increase in the market share for the group with 16+ years of education 1985-2013
(7.1 ppt vs. 6.0 ppt in the data), whereas the theory fails to account for the falling
market hours of this group in the first subperiod of the sample.

The predictions for the four education groups can be aggregated using the weights
in the time use data to generate the trends in leisure, market and home at the
aggregate level.®> The model predicts the trend in aggregate leisure very well. Its
share increases from 0.35 in 1965 to 0.37 in 1985 and then to 0.43 by 2013; whereas
in the data it increases to 0.39 in 1985 and to 0.42 in 2013. The theory also predicts
the moderate overall decline in aggregate market share during 1965-2013 from 0.41
to 0.39 (it declines to 0.37 in the data). However, it slightly misses the timing as

There we aggregate the four groups into two groups using the average weights in time use surveys:
the less-educated (those with less than or equal to 12 years of education) and the more-educated

(those with 13 or more years of education).
31This result hinges on the evolution of the wages for this high-skilled group and is not very

sensitive to the choices of the elasticity parameters o and e.
32The average weights of the four groups are (0.15, 0.34, 0.23, 0.28) in the sample of time use

surveys and (0.16, 0.36, 0.22, 0.26) in the CPS sample.
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<12 years 12 years 13-15 years 16+ years
Changes in leisure hours share
Model 4.2 3.8 3.6 0.8
1965-85
Data 4.9 5.6 3.1 4.4
Model 9.6 6.8 4.6 -1.1
1985-10
Data 9.2 4.0 3.4 -2.2
Changes in market hours share
Model -1.9 -1.3 -1.0 4.1
1965-85
Data -3.6 -4.7 -2.6 -4.3
Model -9.6 -5.0 -14 7.1
1985-10
Data -7.3 -1.0 0.3 6.0

Table 2: Model vs. Data

Notes: The table reports the changes in share of time allocate to leisure and market activities in
percentage points. The “share” of an activity is expressed as relative to the total time, e.g., in
the case of leisure: leisure share=leisure hours/(leisure hours+home hours+market hours). For
model: 1985 is the average of 1983-87 and 2010 is the average of 2008-2012. For data: 2010 is
the average of 2009 and 2011.

the decline starts after 1985, whereas in the data the decline was earlier. Finally,
the model predicts a monotonic decline in aggregate home share during the entire
period whereas in the data it has flatten out since the 1990s.

Instead of being only specified over consumption, the period utility function takes
home production and leisure into account too. This has important implications for
the welfare effects of changes in labor efficiency e;. In indirect form, the period

utility reads log(c;) — log(P;), where ¢; is total (implicit) consumption expenditure
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and
1

1—e

1—¢
Po= [uf (07 + (1= ) pie) = + (- w)ply]

is a homothetic price index. Here the implicit prices pj; and p,; are proportionally
increasing in e; . For simplicity, let’s abstract from capital income and savings such
that we have ¢; = we;l. If the period utility function only depends on consumption,
i.e., with v = w; = 1, P; is independent of e; and a one percent increase in e; has
the same welfare consequences as increasing ¢; by one percent. With valued home
production and leisure this is no longer the case. Locally, Hulten’s logic applies
and P; increases by (1 — «)(z,; + xp;) percent as e; increases by one percent. Our
calibration implies that in the case of the group with < 12 years of education in
1965 P; increases by (1 — 0.3)(0.36 4+ 0.26) ~ 0.43 as labor efficiency e; increases
by one percent. The welfare effect of an increase in ¢; is then 43% lower than the
one of an increase in ¢;. The reason for this effect is that labor efficiency only
raises productivity in the market place, whereas leisure and home production is also
valued.

So overall the model does a good job in accounting for the rising leisure inequality
and aggregate trend in leisure. It performs less well in disentangling the trend in
non-leisure hours into market and home; and for the time allocation of 164 group.
There are two additional observations to make. First, Bridgman (2016a) documents
a significant decline in the labor-augmenting productivity growth for the home sector
from about 2.5% before 1980 to zero growth afterward. Qualitatively, this can help
to lower the predicted market share prior to 1980 bringing it closer to the data and it
may also help to fix the timing of the increase in leisure inequality predicted by the
model. Quantitatively, the effects are small, as shown in Appendix Figure O.8. The
other predictions on market and home shares are also similar. Second, regarding the
poor predictions for the 16+ group, recall that the model assumes full anticipation of

the fast relative wage growth post-1985. If the rise in college-premium was in reality



40

not fully anticipated, this could reconcile why the rise in market hours and fall in
leisure hours observed in the data are less than the model’s predictions. Modeling

expectations, however, is beyond the scope of our paper.

6 Conclusion

Market efficiency, initial capital and time are the primitives that ultimate constrain
the behavior of households. While the former two are most likely subject to some
form of exogenous distributions, time constraint is the same for all individual. Thus,
being able to freely allocate one’s time is an important tool for the “less-privileged”
household to partly “reverse” the welfare inequality induced by the two exogenous
inequalities in market efficiency and initial capital. This is indeed what is observed
in the data where the less-educated allocating more time to leisure while more-
educated allocating more time to market hours and obtain higher market income.
Consistent with the empirical findings of Aguiar and Hurst (2007a) and Attanasio,
Hurst and Pistaferri (2015), the increase in leisure inequality has partly offset the
welfare effects of the rising income and consumption inequality. This is done through
both the direct channel of higher leisure time for the less-educated (low market
efficiency individuals) and the equilibrium channel where the more-educated (high
market efficiency individuals) work more in the market which increases the aggregate
market production. One interesting application of the welfare effects implied by our
model would be to study the effect of regulations on working hours in all sectors of

the economy.
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A.1 Appendix A

A.1.1 Solving the household and firm problem

Replacing ¢, ; and ¢, and in the utility function by (5) and (6) allows us to write

the Lagrangian of the household problem as

Z;fzﬁtGm (O (ARl (O kea ()0 (6) ) +

Z BENi() [R(E) [ai(t) = Kn,i(t) = k=i (0)] + ai(t) [1 = 6] + [1 = lni() = L i(B)] wi(t) — em.i(t)]
=0

The first-order conditions are then given by

XNi(t)=PBN(t+1)[1+R(t+1)—4], (A1)
o(e=1)
Wi [¢cmz(t)67_1 + ( ) cni(t } (ombe Cmi(t
= Ai(t)ema(t), (A2)

w{mﬁmf%+u—¢nm@%ﬂ< (1= w) et

o(e=1) _4 )
awi(l = ) [benmi®) = + (=) a0 | )=
— - = MO R() (1)
i [sz( ) (1 =) enalt) = ](H) (1 —wi)czlt)
(A.3)
o(e 1 )
(1= a)wi(l = ) [bema () + (1= 0) i) |7 i)
) o(e—1) ) = )‘i(t)wi( )th( )7
i [0ema(D) T+ (1= 1) ()T ] 77+ (1= wi) exi(0) 5
(A.4)
1—w;) e, =
S — = M(OROki(2),
o [Yema(®) 7+ (1= W) e |+ (1 - w) et
(A.5)

l—a)(l—w)c,; =
(=) —w)eil) = Ni()wi(E)l,i(1):

i [0emi(®)F + (1= ) ena()F |77+ (1= wi) i ()T

The representative firm solves

Ko () [An(8)Lin ()] = REKn(t) = @) L) (A7)
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The first-order conditions are

Km(t> a—1 B
Q[Amuﬂaxw] = A() (4.8)
K (t) “
(1= @) Ault) | o (tJ — (1) (A.9)

A.1.2 Proof of Lemma 1

Proof. Combining the first-order conditions (A.3) and (A.4) as well as (A.5) and
(A.6) gives

kni(t)  ke(t) e o
halt) L)~ R 1-a (A.10)

Using this together with the first-order conditions of the firm’s problem, (A.9) and
(A.8), and the market clearing conditions (9) and (10) (as well as (3)) gives

Ka(t) _u(t) o _ K(1)
o) R®1—-a L

(A.11)

Using this fact in (A.9) and (A.8) gives (15) and (16). Finally, combining (A.10)
and (A.11) gives (14). [

A.1.3 Proof of Lemma 4

Proof. By combining (A.2)-(A.4), (6) and (17) gives

W fen O\
1¢¢(;j3) —_— (A.12)

This equation has the interpretation that under optimal behavior the marginal rate

of substitution between m and h has to equalize their implicit relative price. Let
Cmni(t) = wcm,i(t)%l + (1 —1) chyi(t)UTfl} " be the consumption of the compos-
ite non-leisure good. Given the definition of implicit price for non-leisure good,

Pmni(t) = [ + (1 — Q/J)UJDh,i(t)l_"]ﬁ , and (A.12) we have

ﬁmh,i (t)th’i (t) = Cmi (t) + Dh (t)Chji (t) (Al?))
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Note that we also have

Pra(t)ena(t) 1 , (A.14)

Prhi(t)emni(t) 1 4 (%) ’ pha(t)7

and
cm,i (t) . 1

Dani(B)cmna(t) 1+ ( ¢> B ph,z’(t)lfo.

Equating the marginal rate of substitution across ¢, (i) and ¢, ; (), ob by com-

(A.15)

bining (A.13) with (A.5) and (A.6), we obtain the relative expenditure
€ e—1
pmhz( )thz( ) ( Wy ) (?Z,z(t) ) ‘ (A16)

Dz z(t)cz 7,( ) 11— W pmh,i (t)
Combining (A.13) with (24) and (A.16) and
(

ﬁmhz t)cmhz( ) o 1 (A 17)
ait w )T (e VT '
1+ (1—Wi> (ﬁmh,i(t)>
Finally, (A.17) together with (A.14) and (A.15) yield (25) and (26). [

A.1.4 Proof of Lemma 6

Proof. Using the definition of ¢;(t) it the budged constraint (4) gives (30). By
summing the first-order conditions (A.2)—(A.6) we obtain

1
i(t) = - Al
60 =5 (A18)
Combining this with the first-order condition (A.1) gives (31). [ |

A.1.5 Proof of Proposition 2

ST Tk J ci(t+1)di _ Jo ai(t+1)di _ . :
Proof. With k(t) = k* we have e T Ym, Vi and the transver
sality conditions are fulfilled. To see global saddle path stability, note that the
system (30), (31), (15) and (16) is identical to the one of a one sector neoclassical
growth model with Cobb-Douglas production and logarithmic instantaneous utility

over ¢;(t). [
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A.1.6 Proof of Lemma 7

Proof. The budget constraint (4) can be written as (see (12) and (13))

ai(t+1) =14+ R(t) — 8] a;(t) +w(t)e;(t)l — c;(t). (A.19)
Consolidating these budget constraints over time and using the transversality con-
dition gives

0+ e g = O+ A0 =90

t

+ w00+ Y ae®I[] Wls)—(s'

t=1 s=1

Substituting in the factor prices along the balanced growth path gives (36). |
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O.1 Additional tables, figures and propositions

0O.1.1 Asymptotic equilibrium

Proposition O.1. Let us define the asymptotic detrended asset and consumption

level as af = limy_,oo a;(t)7;,,F and & = limy_,o ¢;(t)7,,t. We then have asymptotically

|+ R —6— ]
L= L 20 = (0.1)

é: (k:)a Z

Proof. As time goes to infinity, z.,; converges to 1 for all i, see (25) and note that
(1-a)

ﬁmh,i(t)
Pz,i(t)

(27) that asymptotically

grows asymptotically at rate 7, < 1. Then, it follows immediately from

= ———s. (0.2)

Finally, ¢ is given by (36) where e;(t) = ¢é;, V¢ which implies

& =14+ R — 08—yl +(1—a)e (/5*)07. (0.3)

0.1.2 Calibration to the time allocation in 1965

Since we are considering a mean-preserving spread in the labor market efficiencies
where the average market efficiency € is constant over time, the value of k; can be

derived. Substituting the constant € into (36) gives

ce(0) = (1 + R* — § — v) ae(0) + ew(0)1. (0.4)



Together with R* and w (0) from (34) and (35), the value of x; for a household

with e satisfies

Tm (%) aé(o)
T AL 0k

<7m/6fl+5)+(1—a)e, (0.5)

where the last equality follows from the values of &* derived in Proposition 2. Finally,

using the definition of k* and the market clearing conditions,

K(0) _ fai(0)di

(0.6)

thus

e _ o am(1=F) ) e
- = va—ﬁ(1—5)+(1 ); (0.7)

where y measures the initial wealth of the household with e; = € relative to the
average wealth of all households. We assume y to be 1 in the baseline. This together
with the calibrated values {«, 3,9, v, }, imply &, is equal to 0.79.33

Given the value of kg, the preference parameters ¢ can be set to match the
relative time allocation across home and leisure of the e household. As explained
previously, given the wage of the group with 13-15 years of education is almost
exactly the same as the average, see Figure 2, this group is taken as the ¢ household.
The market efficiency e; () for the other three groups are derived from (3) using their
relative wages from Figure 2.

The preference parameter ¢ is then set to match the relative time allocation
across home and leisure for the group with 13-15 years of education. Substituting
the implicit expenditure share derived in (26) into (27) implies that the relative time
allocation satisfies

i (0) [1 sz, (0)} |
l.; (0) r.;(0) ( ) )Up;i;l (0) + 1

Vi, (0.8)
pe

33Note that we have & = 1 by the definition of average wage in (3).



For the € household, pp s = 1 from (20) and z,; (0) is a function of the time share

in leisure and k; (see (27)). Rearranging, v is obtained as

L lne(0) + ke — 1 /e
vt [( Ine (0) ) 1

: (0.9)

which is equal to 0.47 given k; and the observed hour shares for the group with
13-15 years of education.

Given v and e; (0), the household-specific implicit prices, pp; (0) can be com-
puted for all education groups using (20). Equation (O.8) can then be used to derive
x,, (0) that matches relative time allocation for all education groups in 1965. Thus,
the value of k; can be set to match the leisure share for each education group using

(46) as follows

a0,
Ki = 24(0) 1..:(0). (0.10)

The implied values for x; are (0.63, 0.71, 0.79, 0.98). Finally, p.;(0) is com-
puted from (21), which delivers together with py,; (0) the implicit price ppp; (0) =
|:¢0’ + (1 . w)oph,i (O)1—0:| 1/(1-0)

value of w; is derived as

. Thus using the expression for z,; (0) in (25), the

The implied values are (0.013, 0.018, 0.026, 0.04).

W; = 1—|—

O.1.3 Additional tables and figures
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(b) Male leisure

Figure O.1: Leisure hours by education group; separated by gender

Notes: Source: 1965-1966 America’s Use of Time; 1975-1976 Time Use in Economics and Social Accounts; 1985
Americans’ Use of Time; 1992-1994 National Human Activity Pattern Survey; and 2003-2009 American Time Use
Surveys, following Aguiar and Hurst (2007a) Methodology. Non-retired, non-student individuals between the ages
of 21-65. The column “All” is comparable to Aguiar and Hurst (2007a) table II. “Leisure” is Aguiar and Hurst

(2007a) “Leisure Measure 1”. Childcare is excluded.
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Figure O.2: Market hours by education group: CPS data

Notes: The figure plots market hours 1965-2013 for four education groups using CPS data.

Source: CPS. Non-farm working individuals aged 21-65 who are not student. Adjusted for changes in demographic compositions as

done by Aguiar and Hurst (2007a) for the time used data.
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Figure O.3: Real capital per capita

Notes: The figure plots real fixed assets plus consumer durables per capita (corresponding to K (t) in the
model) on a logarithmic scale. The series is normalized to 100 in the year 2009. Source: BEA table 1.2
and 7.1 for the population data.
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Figure O.4: Expenditures of leisure durables relative to

household durables

Notes: The figure plots aggregate personal consumption expenditure of “recreational” durable goods rela-

tive to aggregate personal consumption expenditure of “furnishing and household durables” corresponding
I3 bz i (D48k, 4 () di

0 y=——————"—— in the model. Source: BEA table 8.7.
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Figure O.5: Market share by education group, model and data

Notes: The figure plots market shares predicted by the model and in the data 1965-2013 for four education groups.
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Figure O.6: Home share by education groups, model and data
Notes: The figure plots home shares predicted by the model and in the data 1965-2013 for four education groups.
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Figure O.7: Leisure and Market shares for more-educated and less-

educated
Notes: The figure plots leisure and market shares predicted by the model and in the data 1965-2013 for two education groups.

Less-educated include those with 12 or less years of education and more-educated include those with 13 or more years of education.
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Figure O.8: Leisure share by education group, predicted when there is a

slowdown in home productivity since 1980

Notes: The figure plots leisure share predicted by the model when there is a slowdown in home productivity growth as found by

Bridgman (2016a). ~, is set to 1.025 before 1980 and 1 after 1980.



Table O.1: Time allocation (hours per week) for different education groups

Panel 1: Leisure

Years of education All <12 12 13-15 16+

1965 309 317 31.1 302 30.7
1975 33.2 338 349 325 31.5
1985 349 354 359 338 34.3
1993 373 413 388 354 35.0
2003 35.1 40.0 36.8 33.9 31.2
2013 354 398 372 345 31.3
1965-1985 40 38 48 3.6 3.6

1985-2013 05 44 13 07 -2.9

Panel 2: Total Market Work
Years of education All <12 12 13-15 16+

1965 36.5 343 36.8 36.1 37.5
1975 34.1 322 318 335 38.5
1985 33.0 306 324 34.7 33.4
1993 33.7 303 31.2 333 39.2
2003 326 241 31.7 335 37.6
2013 31.0 23.1 28.7 32.2 37.1
1965-1985 -3.5 3.7 44 -14 -4.1
1985-2013 -20 -75 -38 -25 3.7

Panel 3: Total Non-Market Work
Years of education All <12 12 13-15 16+

1965 215 23.0 219 21.2 20.3
1975 200 198 21.0 194 19.4
1985 209 216 21.0 21.2 20.1
1993 18.2 185 19.7 19.1 15.4
2003 18.2 19.7 185 17.3 17.6
2013 173 180 18.0 16.7 16.4
1965-1985 -06 -15 -09 0.0 -0.3
1985-2013 -3.6 -36 -3.0 -4.5 -3.7

Notes: Source: 1965-1966 America’s Use of Time; 1975-1976 Time Use in Economics and Social Accounts; 1985
Americans’ Use of Time; 1992-1994 National Human Activity Pattern Survey; and 2003—2009 American Time Use
Surveys, following Aguiar and Hurst (2007a) Methodology. Non-retired, non-student individuals between the ages
of 21-65. The column ”All” is comparable to Aguiar and Hurst (2007a) table II. “Leisure” is Aguiar and Hurst
(2007a) “Leisure Measure 1”. Childcare is excluded.



<12 years 16+years Difference

Changes in leisure hours share

All 4.9 4.4 0.5
1965-85  Male 2.8 2.8 0.0
Female 7.1 6.0 1.1
All 9.2 -2.2 114
1985-10  Male 13.3 -1.2 14.5
Female 5.0 -3.2 8.2

Changes in market hours share

All -3.6 -4.3 0.6
1965-85  Male -7.9 -8.1 0.3
Female 0.7 -0.3 1.0
All -7.3 6.0 -13.3
1985-10  Male -12.8 2.8 -15.6
Female -1.6 9.3 -10.9

Table O.2: Changes in leisure and market share by gender

Note: The table reports the changes in the share of time allocate to leisure and market activities
in percentage points. “Difference” is <12 minus 16+. 2010 is the average of 2009 and 2011 in the

time use data.
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