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Abstract

Using Japanese data from the 1990s aggregated by prefecture, age group, and sex,
we estimate Frisch labor supply elasticity, which has been seldom estimated in Japan.
The change in labor supply can be decomposed into two labor-supply behaviors:
extensive margin, indicating workers’ entry and exit from the labor market; and
intensive margin, indicating changes in hours of work in response to a wage change.
Our estimates of the Frisch elasticity on the extensive and intensive margins
combined are in the range of 0.2 to 0.7 for males, 1.3 to 1.5 for females, and 0.7 to
1.0 for both sexes. Our estimates of the Frisch elasticity on only the intensive
margin are in the range of 0.1 to 0.2 for all three categories. These results suggest
that extensive margin explains the bulk of labor-supply changes in Japan. As for
the changes in the estimates of the Frisch elasticity in Japan from the 1990s, it has
been either unchanged or in a declining trend on the extensive and intensive margins
combined, either unchanged or in a slight rising trend on only the intensive margin,
and in a declining trend on only the extensive margin.
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l. Introduction

Using Japanese data from the 1990s aggregated by prefecture, age group, and sex, we
estimate Frisch labor supply elasticity (hereafter, Frisch elasticity) in Japan. As
pointed out by Prescott (1986), Frisch elasticity is one of the most important structural
parameters in economics. In the dynamic general equilibrium models used in
macroeconomics, for example, the responses of endogenous variables to shocks largely
depend on Frisch elasticity. To our knowledge, however, previous studies have not
done much to estimate the elasticity in Japan. Given this situation, the main objective
of this paper is to show parameter values of Frisch elasticity in Japan.

Frisch elasticity is a type of intertemporal labor supply elasticity, which is derived
from standard dynamic models that solve the intertemporal utility maximization
problem of a representative agent. We estimate Frisch elasticity based on a life-cycle
model, a line of analysis that stems from the permanent income hypothesis from
Friedman (1957, 1976). According to the life-cycle model, a representative agent
changes his/her labor supply over the business cycle in response to the temporal wage
changes induced by shocks (that is, to the deviation of actual wages from the permanent
or expected wage). Frisch elasticity indicates the extent to which people change their
labor supply in response to these temporary wage changes. There is a wealth of
literature estimating Frisch elasticity using either aggregate or longitudinal data in the
United States and European countries. Examples of such research include Lucas and
Rapping (1969), Altonji (1982), Mankiw, Rotemberg, and Summers (1985), and
Algoskoufis (1987), which use aggregate data, and MaCurdy (1981), Heckman and
MaCurdy (1982), Browning, Deaton and Irish (1985), and Altonji (1986), which use
longitudinal data.

As for Japan, however, there is a paucity of empirical research on Frisch
Elasticity. Consequently, the parameter value derived from US or European research
is typically used without modification when conducting simulations on dynamic general
equilibrium models in Japan. Should there be substantial differences in labor market
characteristics across countries, however, this may be reflected in different labor supply
behavior in Japan. In this regard, it is worth estimating the elasticity for Japan using

its own data. In addition, because of this lack of estimates for Frisch elasticity, we do



not yet know whether there is an inconsistency between theory and empirical evidence®
in Japan as has been the case in the US and European literature. That is, when the
parameter values of Frisch elasticity obtained in empirical analyses have been plugged
into simulations of theoretical models, those simulations have usually done a poor job in
describing the real economy.

As stated above, there is no prior research specifically aimed at estimating Frisch
elasticity in Japan. The only related research would be Osano and Inoue (1991), which
uses Japanese time series data to estimate Euler equations for consumption and leisure.
Although their main purpose is to examine the validity of life-cycle models and implicit
contract theory, we can infer the Frisch elasticity from their estimation results — about
0.06 t0 0.13.

Our approach differs from that of Osano and Inoue (1991) in several respects.
First, our primary objective is to provide the estimates for Frisch elasticity. To achieve
this objective, we also estimate m-supply, Marshallian, and Hicksian labor supply
elasticities. We do this because these other elasticities are robust to liquidity
constraints, and at the same time they provide additional information regarding the size
of Frisch elasticity. Since there is a theoretical relationship in size between Frisch and
other elasticities, we can specify the upper and lower bound of the Frisch elasticity.
Second, we estimate Frisch elasticity using not only time series variation but also
cross-sectional variation with data on hours of work, wages, and other variables
aggregated by prefecture, age group, and sex. Third, using aggregate data enables us
to estimate labor-supply behavior on the extensive margin and intensive margins
combined, while Osano and Inoue (1991) estimate Frisch elasticity only on intensive
margin.? By extensive margin, we mean the marginal change in the number of people
who enter into/exit from the labor market in response to temporary marginal wage

! Much of the empirical research using longitudinal data thus far estimates a small Frisch elasticity near
zero, but normally a parameter value for Frisch elasticity of around 1 or larger is used when simulating
dynamic general equilibrium models (for example, Rotemberg and Woodford [1998] use an elasticity
close to 9). Within the real business cycle literature, a number of papers use the concept of indivisible
labor to derive an infinite Frisch elasticity (for example, King and Rebelo [1999] use an elasticity of 4 in
their basic model, and an infinite elasticity in an extension of their model). For a description of
indivisible labor, see Hansen (1985), Rogerson (1988), and Browning, Hansen, and Heckman (1999).

2 Osano and Inoue (1991) use the total hours of work by full-time manufacturing workers (Monthly
Labor Survey; the Ministry of Health, Labor and Welfare), and estimate Frisch elasticity along the
intensive margin.



changes. By intensive margin, we mean the marginal changes in hours of work for
those already employed in response to temporary marginal wage changes. In the
review of empirical studies for the United States, Heckman (1993) concludes that most
of the change in the labor supply reflects changes in the number of people entering and
exiting the labor market. That is, extensive margin explains most of the fluctuation in
the labor supply. If this also applies to Japan, the parameter value for Frisch elasticity
in macro models shall include not only intensive but also extensive margin to describe a
representative agent’s labor supply behavior. As is done in Lucas and Rapping (1969),
using aggregate data enables us to estimate Frisch elasticity in both extensive and
intensive combined®. Lastly, to examine the possibility that Japan’s labor market
underwent structural change during the so-called “lost decade” of the 1990s, we also
examine whether or not Frisch elasticity changed during the 1990s.”

The results of this paper can be summarized as follows. First, Frisch elasticity
on the extensive and intensive margins combined is in the range of 0.7 to 1.0 when we
pool data on males and females together (in our paper, we call this “both sexes”). We
conclude that our estimates of Frisch elasticity are not very different from those
suggested in the US empirical studies, such as Lucas and Rapping (1969), Algoskoufis
(1987) and Mulligan (1999).> Second, we find large differences in Frisch elasticity by
sex, with males having elasticity in the range of 0.2 to 0.7, and females in the range of
1.3 to 1.5. Third, Frisch elasticity on the intensive margin only is very low for both
sexes, males, and females, in the range of 0.1 to 0.2. The last finding is consistent with
Heckman (1993), that extensive margin dominates intensive margin in most of the

changes in labor supply behavior.

® Mulligan (1999) also estimates Frisch elasticity in extensive and intensive combined, by taking
cell-mean of individual data in Current Population Survey. His results are relatively similar with those
obtained in previous studies using aggregate data such as Lucas and Rapping (1969) or Algoskoufis
(1987).

* The rapid increase in part-time workers has been cited as evidence of the possibility that Japan’s labor
market underwent structural change in the 1990s. For example, Sakura, Sasaki, and Higo (2005) point
out the possibility that labor elasticity may have increased as a result of the changes in preferences over
the choice between labor and leisure of females and younger people, which is reflected in the rapid
increase in part-time workers in the 1990s.

> This implies that there is also an inconsistency between theory and empirical evidence in Japan. For

example, Hayashi and Prescott (2001), in their RBC model, use an infinite elasticity to describe Japan’s
lost decade in the 1990s.



Regarding possible changes in Frisch elasticity in the 1990s, it has been either
unchanged or slightly declining on the extensive and intensive margins combined.
When we decompose it into the two margins, however, intensive margin was either
unchanged or slightly rising whereas the extensive margin was possibly declining.

This paper is organized as follows. In section I, we derive our estimation
models and discuss how we deal with the caveats of the models. In section IlI, we
explain the data we use, and then in section IV we present estimation results. We end

with conclusions in section V.



I1. Estimation Models and Several Remarks
A. Estimation Model of Frisch Elasticity

In this section, based on the work of Browning, Hansen, and Heckman (1999), Blundell
and MaCurdy (1999), and MaCurdy (1981), we define our empirical model for Frisch
elasticity.

Consider a maximization problem for an individual who maximizes the utility
function U in equation (1) subject to the budget constraint in equation (2).

U= pU(c,h,x,), )

a,,—a,=na,+ Wtht —pC Tty 2

where /5 is the discount rate in period ¢, ¢, is consumption, 4, is hours of work, x; is
individual attributes that contains shift variables that affect utility, a, is assets, r; is the
real interest rate, w; is real wages, p; is the price of consumer goods, and y, is non-wage
income. For simplification, we assume that the utility function is additively separable
between periods and that there is no uncertainty.

The first-order conditions for this intertemporal utility maximization problem,
assuming an interior solution, are given by equations (3) to (5).

Uc(ct’ht’xt)zﬂ’tpt’ )
Uh (cﬂht'xz) = _ﬂ’twt J 4)
ﬂ’t :ﬂ(l"'rx)ﬂwl’ %)

where A, is the marginal utility of wealth. Solving these first-order conditions for
consumption ¢,, hours of work #, and the marginal utility of wealth A, as shown in
equations (6) to (8), gives us the Euler equations for consumption, for hours of work
(the labor supply function), and for the marginal utility of wealth (equation of motion).

¢, =c(p,w,x,4), (6)
h, =h(p,,w,x,,A,), @



A =2

t+1 + Kt ! (8)
where we express each variable in natural logarithmic form and set «, =In(g(1+7r,)).
Using equation (7), we define Frisch elasticity as follows.

_ Oh, o _Oh(p,,w,,x,,4,)

Tr= ow,|, " ow,

This elasticity expresses the marginal change in hours of work caused by marginal
change in wages in period ¢, holding constant the current marginal utility of wealth A..
Although Frisch elasticity can be obtained by estimating equation (7), the estimation
cannot be performed directly because equation (7) includes an unobservable variable,
the marginal utility of wealth A..

We therefore employ the method shown by MaCurdy (1981) and Blundell and
MaCurdy (1999).° Specifically, we transform the Euler equation (8) for the marginal
utility of wealth 4, to equation (8’), and then substitute it into (7) to get our estimation
equation (9).

ﬂ’t = /11—1 —K_.tV,

@)
=4 — 22:1’(/—1 + Z;:ﬂ’t Ay + bt + Z;Zlvt = pq + bt + Z;Zlvt ,

h =h(p,,w,x, t,qm), 9)

where v; is the moments of the forecast error on 4, ¢ is a vector of variable that
determines 4, (the initial value of 1), and p is its coefficient vector. For simplification,
we assume b=k =In(f@+7)). We also added a control variable m, to account for
the issues regarding the use of cross-sectional and aggregate data (we provide a detailed
explanation of this control variable in Section IIl). Note that since we use
cross-sectional data, ¢ signifies the age.

® As shown by MaCurdy (1981) and Altonji (1986), another method is to estimate a fixed effect model
that eliminates A, by substituting the difference of equation (8) for the difference of equation (7), but we
do not use this method in this paper because we are unable to use longitudinal data.



Equation (8’) shows that the representative agent sets the initial value of the
marginal utility of wealth 4, at age 0, and then updates A, with new information as the
agent ages. We assume here that the initial value 4, is explained by a fixed effect ¢
that does not change with age. Accordingly, if a proper variable ¢ is found, we can
obtain Frisch elasticity by estimating equation (9) using cross-sectional data.

In estimating equation (9), we conduct instrumental variable estimation with the
instrumental variable z, (see Section Ill for the choice of instrument variables), to

identify the labor supply function because wages are an endogenous variable.

B. Several Remarks When Estimating Labor Supply Elasticity

The above empirical model imposes several simplifying assumptions. In the following,
we briefly describe how those assumptions may generate biases and show how we have

chosen to deal with them in this paper.

1. Liquidity Constraint

Frisch elasticity under a life-cycle model implicitly assumes there is no liquidity
constraint. When the liquidity constraint binds, however, the estimation bias arises.
This is because if there is a liquidity constraint, an individual is subject both to the
budget constraint in equation (2) and to the liquidity constraint (a, > 0, V¢) that wealth
shall remain positive every period, in maximizing intertemporal utility of equation (1).
Consequently, the Euler equation for the marginal utility of wealth in equation (8), also
includes a marginal utility of borrowing ¢. An estimate that does not consider the
marginal utility of borrowing ¢ in equation (8) may become inconsistent (Domeji and
Floden [2002]).

To deal with the possible bias on Frisch elasticity due to ignorance of the
liquidity constraint, we also estimate three other elasticities, the m-supply, Marshallian,
and Hicksian elasticities. Since these three elasticities are intratemporal elasticities,
they are robust to liquidity constraints. In addition, as explained below, they indicate
the theoretical upper and lower bounds on Frisch elasticity, which are helpful in



specifying the range of the Frisch elasticity. We briefly explain these three elasticities
below.

a. m-supply Elasticity
Following Browning (1999) and Browning, Hansen, Heckman (1999), we use the term
m-supply elasticity for the labor supply elasticity which holds the current period
consumption constant. The m-supply elasticity can be derived as follows.

First, we solve the Euler equation for consumption (6) for marginal utility of
wealth, and then substitute it into equation (7) to obtain equation (10) below.

ht:h(pt’wl’xt’ﬂ‘t):hc(pt’wl’xt’ct)' (10)
Using equation (10), m-supply elasticity is defined as below.

C — ahc(pt'wt'xt’ct) .

e = B, . ow,

This elasticity shows the marginal change in hours of work caused by marginal changes
in current-period wages, assuming that current consumption is constant.

The relationship between m-supply elasticity and Frisch elasticity is given as
follows.”

h,(p, W, x,,A,)=h,(p,,w,,x,,¢,)+hi(p,,w,,x,,¢,)c,(p,w,x,4,), (11)

where % and ¢, are the derivatives of (10) and (6) with respect to wages. As is
shown from equation (11), it is easier to estimate m-supply elasticity than Frisch
elasticity, since it dose not contain the unobservable variable, the marginal utility of
wealth.  Furthermore, as already explained, m-supply elasticity is robust to the
misspecification regarding the existence of a liquidity constraint since the estimation

uses no information from the equation of motion (8) for the marginal utility of wealth.

” See Browning, Hansen, and Heckman (1999).



Now, if consumption and leisure are the substitutes and both are normal goods,
then 2. <0 and ¢, >0, and therefore the second term on the right hand side of
equation (11) becomes negative, indicating the relationship between m-supply elasticity
n. and Frisch elasticity n, as 7, <n,. In this case, m-supply elasticity gives an
upper bound to Frisch elasticity (when 4. >0 and ¢, >0, the second term on the
right hand side becomes positive, and therefore m-supply elasticity becomes smaller
than Frisch elasticity). Further, when consumption and hours of work are additively
separable within periods, the second term on the right hand side becomes zero, so that
m-supply elasticity equals Frisch elasticity.

In estimation, we add a vector of control variables m, to equation (10) to get the

following estimation equation (12).

h=h(p,,w, x,,¢,,m,) . (12)

As with equation (9), to remove the endogenity of wages and identify the labor supply

function in equation (12), we use the instrumental variable z,.

b. Marshallian Elasticity

The labor supply elasticity that holds the current period’s net expenditures constant
(instead of either consumption or the marginal utility of wealth) is called Marshallian
elasticity, which is often used in analyses based on static models. The Marshallian
elasticity can be derived as follows.

First, net expenditures (negative savings) e, is defined as follows (in levels).
el‘ = ptc(pt’wt’xt’ﬂ’t)_wth(pt'wt’xt’/lt) = e(pt'wt’xt’/lt) (13)

Next, we solve this equation for marginal utility of wealth, and substitute the solution
into equation (7) to obtain equation (14).

h,=h(p,,w,,x,,4,) =h‘(p,,w, x,,¢e). (14)

Using equation (14), Marshallian elasticity can be defined as below.
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This elasticity expresses the marginal change in hours of work caused by marginal
changes in current-period wages, assuming current net expenditures is constant.

The relationship between Marshallian elasticity and Frisch elasticity is shown
below.?

hw(pt’wt"xt’/lt) =h\i(pt’wt’xt’et)+h:(pt’wt’xt'et)ew(pt'Wt’xt’/lt)’

where % and e, are the derivatives of equations (14) and (13) with respect to wages,
respectively.

If leisure is a normal good, then #; <0, and if savings tend to rise with increases
in wages, then e <0. In this case, the second term on the right hand side is positive,
indicating the relation between Marshallian and Frisch elasticity as 7, <7, .

For the estimation, we add a vector of control variables m, to equation (14) to get
the following estimation equation (15).

h=h(p,,w, x,e,m,). (15)

Once again, our estimation uses the instrumental variable z, to identify the labor supply
function because wages are an endogenous variable.

c. Hicksian Elasticity

We look last at Hicksian elasticity, which is labor supply elasticity with utility held
constant in a static model. Specifically, by applying the Slutsky equation to
Marshallian elasticity with the income effect removed, Hicksian elasticity is expressed
as follows.

n,=h,—h(p,w,x,e)0, (16)

® See Browning, Hansen, and Heckman (1999).
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where 6 =w,h, le, (variables are defined in levels). It is well known that if leisure is
a normal good, Hicksian elasticity is greater than Marshallian elasticity (77, <7,). One
can also show that Hicksian elasticity is smaller than, and can be a lower bound for,
Frisch elasticity (7, sn_/).g Hicksian elasticity is obtained by transforming equation
(16) using the estimation results from equation (15). As with m-supply elasticity,
Marshallian and Hicksian elasticities are also robust to the liquidity constraint since the
estimation uses no information from the equation of motion (8) for the marginal utility

of wealth.
2. Others

Besides the liquidity constraint, there are three other issues we must consider when
estimating our model; corner solutions, consumption-leisure separability, and
unemployment.

First, we thus far have assumed a (representative) individual who chooses an
interior solution for her supply of labor (#,>0). In reality, however, it is necessary to
consider the possibility that some individuals may choose not working (the corner
solution; #,~=0), which implies that we have to introduce heterogeneity among
individuals.

For the estimation of labor supply elasticity using micro data containing
heterogeneous individuals, the corner solution to equation (4) is often observed. In
this case, one should clearly distinguish “the intensive margin,” which describes how
the number of hours worked would change in response to a one percent wage change for
those individuals choosing an interior solution, and “the extensive margin,” which
describes how many individuals would choose a corner solution (that is, how many
would enter or exit the labor market) .*°

To deal with the corner solution problem, we define hours of work #; as
man-hours at prefecture, age group, and sex level. This makes it possible for us to

obtain the estimate of labor supply elasticity along both the intensive and extensive

% See MaCurdy (1981).

19 The literature finds that the bulk of changes in labor supply come from the extensive margin rather
than the intensive margin (Heckman [1978, 1993], and Blundell and MaCurdy [1999]), and that labor
supply elasticity changes substantially depending on which of these are considered.
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margins as is done by Lucas and Rapping (1969). Since it is possible to interpret our
aggregate data as reflecting the average changes in labor supply of heterogeneous
individuals including both the intensive and extensive margins (Mulligan [2001]), labor
supply elasticity can be estimated based on a life-cycle model that assumes an interior
solution.

Second is the separability of the utility function. The utility function in equation
(1) includes no assumptions on the separability of consumption and hours of work.
This is because the size of the labor supply elasticity will differ depending on whether
the utility function is separable, as described in the explanation of m-supply elasticity.

To avoid misspecifications in the utility function, we begin by estimating the
labor supply function without assuming the separability of consumption and hours of
work and then move on to test for separability by looking at the significance of the
coefficient on prices p, following Ham and Reilly (2002)."

Last is the treatment of unemployment. In Japan, as pointed out by Kuroda and
Yamamoto (2005), downward nominal wage rigidity may have caused involuntary
unemployment in the late 1990s. To deal with the bias from the under reporting of
labor supply (that is, the possibility that involuntary unemployment is counted as leisure
instead of potential labor supply [Ham 1986]), we use the unemployment rate as a
control variable when estimating the labor supply function.

I11. Data

The main data we use for the estimation are the annual data aggregated by prefecture,
age group, and sex from the Survey on Time Use and Leisure Activities (Ministry of
Internal Affairs and Communications; MIAC) and the Basic Survey on Wage Structure
(Ministry of Health, Labor, and Welfare; MHLW). The description of the data and
definition of variables are as follows.

1 For example, price p, is not included in the labor supply function in equation (9) when the utility
function is separable in consumption and hours of work, while it is included when the utility function is
not separable. Consequently, if we include price p, in the estimation equation for the labor supply
function, we can assess separability by checking whether that parameter differs significantly from zero.

12



A. Hours of Work: Definitions in Datasets A and B

For hours of work 4, we use the total man-hour labor supply, that is, average hours of
work per worker multiplied by the number of workers. Depending on the type of the
data, we calculate hours of work #, in two alternative ways.

First, we use the data from the Survey on Time Use and Leisure Activities taken in
1991, 1996, and 2001. Combined with the other variables, which we explain further in
the next section, we call them dataset A. The Survey on Time Use and Leisure
Activities surveys individuals every five years on their employment status and how they
spend their time during the day by asking them to keep time diaries. This survey
provides certain advantages for analysis, because (1) it offers data broken down by
prefecture, age group, and sex and (2) it includes data on a diverse range of individuals,
including part-time employees and employees of small firms. The survey has several
limitations, however, including that (1) it is only taken once every five years, thus for
the analysis from the 1990s, only the years of 1991, 1996, and 2001 are available; (2) it
breaks its age groups into broad 10-year increments from 15 to 65; (3) it includes not
only paid working hours but also unpaid overtime; and (4) it does not distinguish
self-employed from employed workers.

Another source of data for hours of work is the Basic Survey on Wage Structure
from 1992 to 2001. Combined with the other variables, we call them dataset B. The
Basic Survey on Wage Structure, an annual survey of business establishments on wages
and hours of work, is beneficial to the analysis in several respects: (1) the data is broken
down by prefecture, age group, and sex; (2) it offers a large sample and allows for
observing annual changes, because it is taken annually; and (3) the age groups are in
smaller 5-year increments from 20 to 65. It has its own limitations, however,
including (1) the exclusion of data on workers at small firms, since the survey is limited
to business establishments with at least 10 employees, and (2) data on part-time
employees by prefecture is only usable as an aggregate for female workers of all ages,
thus there is no information by age for males or for females. Because of this, we apply
the average hours of work by part-time employees for all ages to each age group. The
average hours of work per employee is derived by taking the weighted average of hours

of work for full-time and part-time employees using the ratio of part-time to full-time

13



employees as weight. The ratio of part-time to full-time employees by prefecture, age

group, and sex is calculated from the Employment Status Survey (MIAC).*
B. Other Variables (Wages, Prices, Consumption, and Net Spending)

For wages w;, we use the annual earnings, which consists of regular salaries, bonuses
and other allowances (overtime pay, assignment allowances, commuting allowances,
and family allowances), and divide that by hours of work from the Basic Survey on
Wage Structure to obtain an hourly wage for full-time employees. For part-time
employees, the only data available is the average hourly wage for female employees of
all ages. Therefore, we apply this average hourly wage to all age groups of part-time
employees.  The weighted average is again taken based on the ratio of part-time to
full-time employees to obtain an hourly wage for all employees.

For prices p;, we use the Consumer Price Index (CPl; MIAC) by prefecture. For
consumption ¢;, we use households’ average monthly spending by prefecture taken from
the Household Survey (MIAC). Net expenditures ¢, is the consumption less annual
earnings divided by 12 months.

For the shift variable x; in the utility function, we use age (median value for each
age group), the average number of household members by prefecture (from the
Population Census; MIAC), the share of primary industry of each prefecture (calculated
using the value-added base share in Annual reports on Prefectural Accounts; Cabinet
Office), and year dummies.®>  The average number of household members accounts for
the possibility that labor supply decisions are made at the household level.*

For the variable g, which determines the initial value of the marginal utility of
wealth, we use fixed effects by prefectures and by birth cohorts. For the instrument

12 Because hoth the Employment Status Survey and the Population Census used for other variables are
taken only once every five years, we use a linear extrapolation for those years with no survey.

¥ The impact from the reduction in the scheduled working hours in Japan from the end of the 1980s to
the early 1990 is controlled by the year dummies.

4 When considering labor supply on the household level, one should include hours of work and wages of
other families, but since we use aggregate data here, we approximate those information by using the data
on the number of individuals per household. Further, it has been noted that there is a possibility that
Japan's income tax and social insurance schemes distort labor supply of workers (especially non-
household heads) with annual incomes of around one million yen. When using aggregate data, however,
it is difficult to take into account, so our analysis disregards this possibility.

14



variables z;, we use tenure, tenure squared, the unemployment rate by region, age group,
and sex (Labor Force Survey; MIAC), annual income per capita by prefecture (Annual
Reports on Prefectural Accounts; Cabinet Office), CPl by prefecture, and year
dummies.

The control variable m;, includes the population share by prefecture and sex, and
the age group share by prefecture and sex. We use these variables to adjust for the
possibility that the total supply of man-hours may vary according to the population and
age-group share. The population and age-group share are calculated using the Survey
on Time Use and Leisure Activities for dataset A and the Basic Survey on Wage
Structure and the Employment Status Survey (MIAC) for dataset B.

The control variable m;, also includes the share of self-employed by region (Labor
Force Survey) and the unemployment rate by region, age group, and sex. The share of
self-employed is used to adjust for the lack of information on the wages of

self-employed and the unemployment rate to adjust for involuntary unemployment.

IV. Estimation Results for Labor Supply Elasticity

Using the above data, we estimate labor supply elasticity. Table 1 shows the summary
statistics for each variable used in the estimation. We use equations (9), (12), and (15)
in log linear form to estimate Frisch, m-supply, and Marshallian elasticities respectively.
Tables 2 to 5 and Figures 1 to 2 show the estimation results. We explain our results
below, focusing on (1) the level of labor supply elasticity (Tables 2 to 5) and (2)
possible changes in Frisch elasticity in the 1990s (Figures 1 to 2).

A. The Level of Labor Supply Elasticity

1. The Case Using Dataset A

Estimation based on dataset A is done by pooling 750 samples from 1991, 1996, and
2001. The results are shown in Tables 2 and 3. Table 2 is the estimation result for
both sexes, males, and females by defining hours of work #, as the total labor supplied
in man-hours. The parameters on wages (in log term) in this table give labor supply
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elasticity on the intensive and extensive margins combined. Table 3 is the estimation
result by defining hours of work %, as the hours of work per worker. Therefore,
parameters on wages in this table give labor supply elasticity on only the intensive
margin.

Looking at Table 2 (1) for both sexes, we obtain the estimates of elasticity on
extensive and intensive margins combined is 0.67 for Frisch, 0.63 for m-supply, 0.47
for Marshallian, and 0.48 for Hicksian.™® A test for the difference shows no
statistically significant difference between the Frisch and m-supply elasticities. This
may reflect the estimation result that consumption is not statistically significant in
equation (12). Considering further the estimate of Hicksian elasticity, we can see that
Frisch elasticity would be in the range of 0.5 to 0.7, even in the presence of a liquidity
constraint. Note that the estimated Marshallian and Hicksian elasticities are roughly
the same value (smaller than both Frisch and m-supply elasticities), implying a small
income effect.

As for the other variables, all of the parameters for the CPI are significantly
negative, suggesting that leisure and consumption are not separable in the utility
function. The unemployment parameter is significantly negative, suggesting there is a
need to consider the possibility of involuntary unemployment. The parameters for
both population share and age group share are significant, suggesting the need to
estimate labor supply elasticity after eliminating the impact from differences in
population share across prefectures and from the aging of the population. It should be
worth noting that the estimates of labor supply elasticity become larger if we eliminate
the unemployment rate and age group share. In other words, estimates of labor supply
elasticity would be overestimated if we only look at the aggregate wage-labor-supply
relationships measured by wages and man-hours, and ignore unemployment and
population aging.’® In general, wages in Japan tend to increase with age. Thus, the
aging of Japan’s population causes both the increase in aggregate labor supply in

5 Although not shown here, there is a tendency for elasticities to be overestimated when instrumental
variables are not used.

% For these variables, similar results were obtained throughout Tables 2 to 5. Note that neither
population share nor age group share is included in the estimation equations for labor supply elasticity on
only the intensive margin shown in Tables 3 and 5.
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man-hours bases and the increase in aggregate (average) wage both for old generations,
which would bring about upper-bias in labor supply elasticity.

In Table 2 (2) showing the estimation results by sex,"’

we observe a large
difference in Frisch elasticity between the sexes. Specifically, males have a small
Frisch elasticity of 0.20, versus a large 1.53 for females. These results suggest that
when estimating labor supply elasticity for both sexes, the aggregation bias would be
severe, as pointed out by Browning, Hansen, and Heckman (1999). In other words, it
may be difficult to accurately describe people’s labor supply behavior by using a
standard macro model assuming a representative agent.

Table 3 (1) gives the estimate of elasticity on only the intensive margin
(excluding the extensive margin) of 0.19 for both Frisch and m-supply, -0.01 for
Marshallian, and 0.1 for Hicksian.'® These results suggest that Frisch elasticity on
only the intensive margin is less than 0.2, considerably lower than on both margins
combined. This means that in Japan, as well, most of the change in labor supply
reflects the extensive margin, as pointed out for the US labor market by Heckman (1978,
1993) and Blundell and MaCurdy (1999).

The estimates by sex in Table 3 (2) show Frisch elasticities of 0.24 for males and
0.10 for females. Although there are also differences between the sexes in Frisch

elasticity on the intensive margin only, elasticity is small for both males and females.

2. The Case Using Dataset B

Estimations based on dataset B are done by pooling 4,653 samples from 1992 to 2002.
The results are shown in Tables 4 and 5. Table 4 is the estimation result for both sexes,
males, and females by defining hours of work 7, as the total labor supplied in man-hours.
The estimates give labor supply elasticity on both the intensive and extensive margins.

7 We omit our estimations for equations (12) and (15), since the data needed for the estimation,
consumption and net spending, is only available on the household level. Consequently, for the
estimation by sex, only Frisch elasticity is shown in Tables 2 (2), 3 (2), 4 (2), and 5 (2).

18 Because the dependent variable here is hours of work per worker by prefecture, age group, and sex, it
creates the heteroskedascity problem, in which the variance of the error term becomes smaller as the
number of workers in the group increases. We therefore use a weighted least squares estimation, with
the number of workers as the weight (the same for Table 5 below).
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Table 5 is the estimation result by defining hours of work #; as the hours of work per
worker. The estimates give labor supply elasticity on only the intensive margin.

Looking at Table 4 (1) for both sexes, we obtain the estimates of elasticity on the
intensive and extensive margins combined as 0.97 for Frisch, 0.78 for m-supply, 0.63
for Marshallian, and 0.78 for Hicksian. The smaller m-supply elasticity relative to
Frisch elasticity may be attributed to the second term on the right hand side of equation
(11) being positive, because the parameters of the consumption in estimation equation
(12) are significantly positive.’* In this case, the lower bound on Frisch elasticity is
given by either m-supply or Hicksian elasticity. Thus, Frisch elasticity would be about
0.8 to 1.0, even under a liquidity constraint, roughly the same as the results obtained
from dataset A.

The estimates of Frisch elasticity by sex in Table 4 (2) show 0.69 for males and
1.26 for females, which are higher than those estimated from dataset A, particularly for
males. However, this result again indicates a large difference between the sexes.

Finally, Table 5 shows estimates of labor supply elasticity on only the intensive
margin by using hours of work per worker as the dependent variable. Table 5 (1) gives
elasticity estimates of 0.10 for Frisch and 0.11 for m-supply, Marshallian, and Hicksian.
The estimates by sex in Table 5 (2) show Frisch elasticities of 0.14 for males and 0.13
for females. Accordingly, as with the estimates using dataset A, Frisch elasticity on
only the intensive margin is small at about 0.1, implying that the hours of work by

already employed workers are not very sensitive to wage changes.
B. Changes in Frisch elasticity

Lastly, we examine the possible changes in Frisch elasticity during the estimation
period, essentially the 1990s. Specifically, we add in cross terms for wages and the
year dummies in equation (9) to take into account the possibility of changes in Frisch
elasticity estimations.

19 Nevertheless, as described in Section Il, since in general leisure and consumption are normally the
substitutes and both are considered normal goods, the second term on the right hand side of equation (11)
shall be negative, and thus m-supply gives the upper bound for Frisch elasticity. This indicates that our
estimation results probably need to be interpreted broadly.

18



Using our estimation results, we plot Frisch elasticity for each year and the 90%
confidence interval in Figures 1 and 2 (the bold line shows Frisch elasticity and the thin
line the 90% confidence interval). Figures 1 and 2 show the results for dataset A and
B, respectively. The Frisch elasticities for both the intensive and extensive margins
combined and the intensive margin only are plotted.

Figure 1 (1), based on dataset A, shows a declining trend in Frisch elasticity for
both sexes on both margins combined in 1991, 1996, and 2001. By sex, there is a
declining trend for males, and a rising trend for females from 1996 to 2001. For
females, however, since the statistical significance is low, we regard the elasticity as
unchanged. The Frisch elasticity on only the intensive margin given in Figure 1 (2) is
fairly unchanged for males, but shows a notable increase for females from 1991 to 2001.
The fact that Frisch elasticity on both the extensive and intensive margins is in a
declining trend for males and unchanged for females, and that Frisch elasticity on only
the intensive margin is unchanged for males and rising for females, suggests the
possibility that Frisch elasticity on only the extensive margin followed a declining trend
for both sexes in the 1990s.

Looking next at Figure 2 (1), which is based on dataset B, we see a slightly rising
trend in Frisch elasticity for both sexes on both margins from 1997. Looked at by sex,
however, neither males nor females show any change in elasticity over the estimation
period.?’  Frisch elasticity on only the intensive margin given in Figure 2 (2) shows a
rising trend for both sexes from 1997. There is a slight rising trend for males from
1997, while for females elasticity is significantly higher in 2002 than in 1992. These
results also suggest the possibility that for dataset B, as well, Frisch elasticity on only
the extensive margin followed a declining trend for both sexes.

V. Concluding Remarks

In this paper, using Japanese data from the 1990s aggregated by prefecture, age group,
and sex, we estimate the plausible range of Frisch elasticity, one measure of
intertemporal labor supply elasticity.

0 Although there was an increase for females from 1998, it was not considered statistically significant
because of the wide 90% confidence interval for the estimates.
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Our estimation results are as follows. First, Frisch elasticity on the extensive
and intensive margins combined is in the range of 0.7 to 1.0 when we pool data on
males and females together (in our paper, we call this “both sexes”). We conclude that
our estimates of Frisch elasticity are not very different from the estimates suggested in
the US empirical studies, such as Lucas and Rapping (1969), Algoskoufis (1987) and
Mulligan (1999). Second, we find large differences in Frisch elasticity by sex, with
males having elasticity in the range of 0.2 to 0.7, and females in the range of 1.3 to 1.5.
Third, Frisch elasticity on the intensive margin only is very low for both sexes, males,
and females, in the range of 0.1 to 0.2. The last finding is consistent with Heckman
(1993), that extensive margin dominates intensive margin in most of the changes in
labor supply behavior.

Regarding the possible changes in Frisch elasticity in the 1990s, it has been either
unchanged or slightly declining on the extensive and intensive margins combined,
although it was either unchanged or slightly rising on the intensive margin and possibly
declining on the extensive margin. These changes may be generated by the increase in
part-time workers. In Japan, there is a huge discrepancy between full-time and
part-time hourly wages even after controlling for individual attributes. The substantial
increase in the ratio of part-time workers since 1990s, therefore, may influence our
results to some extent. An analysis using longitudinal data is needed to check this
possibility?’. There is also a possibility that the life-cycle model does not hold up,
which suggests another issue for further study: an estimation of labor supply elasticities
based on other theoretical models.

2! Kuroda and Yamamoto (2007) investigate this possibility using individual longitudinal data (Japanese
Panel Survey of Consumers of the Institute for Research on Household Economics <IRHE>) for young
females aged 20 to 30s. They show that young female’s extensive margin has decreased in the late
1990s, which is consistent with this paper’s finding. IRHE is the only Japanese individual longitudinal
data available to researchers upon application, which provides information since 1993. However, this
survey limits its sample to females who were in the 24-34 age groups in 1993, and thus not appropriate to
estimate a representative agent’s elasticity for Japan. Estimating other groups such as young men or
elderly remains as a future task.
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Tablel Summary Statistics: Dataset A

(1) Dataset A

Both sexes Males Females
Means Standard Means Standard Means Standard
errors errors errors
Hours of work per day 6.31 0.44 7.03 0.61 5.36 0.57
Wage per hour; 100 yen) 16.66 4.09 20.09 6.06 11.81 1.63
Tenure (years) 9.68 4.39 11.60 5.97 7.03 2.47
Unemployment rate by region and sex (%) 3.88 2.49 412 2.68 3.63 2.48
Income per capita by prefecture (1,000 yen) 3550.64  700.68 3550.64  700.68 3550.64  700.68
CPI by prefecture (year 1995=100) 101.35 3.46 101.35 3.46 101.35 3.46
Number of household members 2.93 0.27 2.93 0.27 2.93 0.27
Share of self-employed by region 0.20 0.04 0.20 0.04 0.20 0.04
Share of primary industry by prefecture 0.03 0.02 0.03 0.02 0.03 0.02
Consumption (per household, per month; 100 yen) 3413.95 276.63 341395 276.63 3413.95 276.63
Number of Samples 705 705 705
(2) Dataset B
Both sexes Males Females
Means Standard Means Standard Means Standard
errors errors errors

Hours of work per month 167.45 23.76 178.41 17.94 152.09 38.03
Wage per hour; 100 yen) 17.57 4.10 21.34 6.15 12.27 1.65
Tenure (years) 10.22 4.23 12.30 5.96 7.40 2.23
Unemployment rate by region and sex (%) 3.50 251 3.79 3.12 3.03 2.79
Income per capita by prefecture (1,000 yen) 3588.17 681.48 3588.17 681.48 3588.17 681.48
CPI by prefecture (year 1995=100) 102.79 3.30 102.79 3.30 102.79 3.30
Number of household members 2.90 0.25 2.90 0.25 2.90 0.25
Share of self-employed by region 0.19 0.03 0.19 0.03 0.19 0.03
Share of primary industry by prefecture 0.03 0.02 0.03 0.02 0.03 0.02
Consumption (per household, per month; 100 yen) 3482.29  297.86 3482.29  297.86 3482.29  297.86
Number of Samples 4,653 4,653 4,653
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Table 2 Estimation Results for Labor Elasticity

(Intensive and Extensive Margins Combined): Dataset A

(1) Both sexes

Equation (9)

Equation (12)

Equation (15)

parameters (¢ statistics) parameters (¢ statistics) parameters (¢ statistics)

Wage (log term) 0.67 (12.12) 0.63 (6.24) 0.47 (3.38)
Age (years) -0.01  (-6.05) -0.01  (-4.94) 0.00 (-3.56)
CPI (log term) -1.57  (-2.23) -5.96  (-9.71) -541  (-7.96)
Unemployment rate -0.05 (-10.56) -0.06  (-6.07) -0.06 (-6.04)
Number of household members -0.13  (-0.47) -0.05  (-0.91) -0.05  (-0.89)
Share of self-employed 0.44 (0.52) -2.12 (-4.42) -1.67 (-3.17)
Share of primary industry 2.24 (1.46) -1.61 (-2.11) -1.39 (-1.73)
Population share by prefecture and sex 490 (21.68) 493 (10.52) 4.79 (8.99)
Age group share 10.33 (0.80) 35.04  (33.35) 36.25 (29.00)
Consumption (log term) -0.18  (-1.21)

Net Expenditures (log term) -0.05 (-2.40)
Constant 12.80 (3.28) 3356  (12.68) 30.17  (10.30)

Other control variables

year, prefecture,
birth cohort dummies

year dummies

year dummies

R-squared 0.98 0.87 0.87
Labor supply elasticities Frisch elasticity m-supply elasticity Marshalian elasticity
0.67 (12.12) 0.63 (6.24) 047  (3.38)
Hicksian elasticity
048  (3.60)
(2) By Sex
Males Females
parameters (¢ statistics) parameters (¢ statistics)
Wage (log term) 0.20 (3.68) 153  (15.48)
Age (years) 0.00 (0.70) -0.01  (-4.33)
CPI (log term) 1.24 (1.39) -3.91  (-4.39)
Unemployment rate -0.09 (-13.13) -0.03  (-6.14)
Number of household members -0.19  (-0.49) 0.13 (0.41)
Share of self-employed 2.15 (1.95) 0.17 (0.15)
Share of primary industry 4.60 (2.27) 2.53 (1.37)
Population share by prefecture and sex 3.99  (14.06) 772  (32.64)
Age group share 9.09 (0.63) 16.29 (1.32)
Constant 0.53 (0.11) 18.94 (4.10)

Other control variables

year, prefecture,
birth cohort dummies

year, prefecture,
birth cohort dummies

R-squared 0.97 0.97
Labor supply elasticities Frisch elasticity Frisch elasticity
020  (3.68) 153 (15.48)
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Table 3 Estimation Results for Labor Elasticity
(Intensive Margin): Dataset A

(1) Both sexes

Equation (9) Equation (12) Equation (15)
parameters (¢ statistics) parameters (¢ statistics) parameters (¢ statistics)

Wage (log term) 0.19 (8.29) 0.19 (11.78) -0.01  (-0.42)
Age (years) 0.00  (-4.43) 0.00 (-10.40) 0.00 (-4.66)
CPI (log term) -0.81  (-1.99) -0.52  (-3.59) -0.05  (-0.31)
Number of household members -0.03 (-0.15) 0.00 (0.25) 0.05 (2.32)
Share of self-employed -0.16 (-0.30) 0.22 (1.86) 0.33 (1.71)
Share of primary industry 0.64 (0.85) 1.15 (5.90) 1.45 (4.59)
Consumption (log term) -0.09 (-2.27)

Net Expenditures (log term) -0.04 (-10.04)
Constant 5.19 (2.74) 4.49 (6.56) 2.14 (2.57)

Other control variables year, prefecture,

birth cohort dummies

year dummies year dummies

R-squared 0.46 0.37 0.51

Labor supply elasticities Frisch elasticity m-supply elasticity Marshalian elasticity

019  (8.29) 019 (11.78) -0.01  (-0.42)
Hicksian elasticity
0.01  (0.33)
(2) By Sex
Males Females
parameters (¢ statistics) parameters (¢ statistics)

Wage (log term) 0.24  (14.90) 0.10 (1.64)
Age (years) 0.00 (-5.19) 0.00  (-1.46)
CPI (log term) -0.33  (-0.75) -1.06  (-1.90)
Number of household members 0.07 (0.40) 0.12 (0.59)
Share of self-employed -0.23  (-0.40) -0.28  (-0.47)
Share of primary industry 1.41 (1.52) 0.47 (0.45)
Constant 2.67 (1.32) 6.10 (2.31)

Other control variables

year, prefecture,
birth cohort dummies

year, prefecture,
birth cohort dummies

R-squared 0.55 0.64
Labor supply elasticities Frisch elasticity Frisch elasticity
0.24  (14.90) 010 (1.64)
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Table 4 Estimation Results for Labor Elasticity
(Intensive and Extensive Margins Combined): Dataset B

(1) Both sexes

Equation (9) Equation (12)

Equation (15)

parameters (¢ statistics) parameters (¢ statistics) parameters (¢ statistics)

Wage (log term)

Age (years)

CPI (log term)

Unemployment rate

Number of household members
Share of self-employed

Share of primary industry
Population share by prefecture and se»
Age group share

Consumption (log term)

Net Expenditures (log term)
Constant

097 (58.79) 0.78 (23.75)
-0.03  (-72.65) -0.02  (-58.12)
196 (-7.22) 542 (-19.73)

000 (-3.11) 001 (-2.37)
020  (-1.44) 005  (1.85)
-0.98  (-2.46) -0.89  (-3.73)
-0.34  (-0.45) 247 (-6.67)
1177 (69.21) 12.93  (31.06)
4185  (6.21) 37.29  (89.48)

028  (4.44)
1408  (8.57) 28.61  (23.99)

0.63
-0.02
-4.46
-0.01

0.10
-1.24
-2.39
12.80
36.17

-0.30
29.09

(17.00)
(-47.09)
(-16.24)
(-1.88)
(4.15)
(-5.20)
(-6.36)
(30.88)
(85.23)

(-7.73)
(24.64)

Other control variables

year, prefecture,
birth cohort dummies

year dummies

year dummies

R-squared 0.98 0.87 0.87
Labor supply elasticities Frisch elasticity m-supply elasticity Marshalian elasticity
0.97 (58.79) 0.78 (23.75) 0.63 (17.01)
Hicksian elasticity
0.78  (23.99)
(2) By Sex
Males Females
parameters (¢ statistics) parameters (¢ statistics)
Wage (log term) 0.69  (37.56) 1.26  (14.09)
Age (years) -0.03 (-69.62) -0.02 (-27.16)
CPI (log term) -1.07  (-3.76) -2.55  (-4.18)
Unemployment rate -0.01  (-3.50) -0.02  (-9.23)
Number of household members -0.33 (-2.24) 0.42 (1.37)
Share of self-employed -1.34  (-3.45) -0.54  (-0.61)
Share of primary industry -1.63  (-2.19) 1.19 (0.75)
Population share by prefecture and se» 8.94  (52.97) 19.25  (52.59)
Age group share 53.03 (7.42) 27.41 (1.93)
Constant 9.70 (5.57) 14.32 (4.02)

Other control variables

year, prefecture,
birth cohort dummies

year, prefecture,
birth cohort dummies

R-squared 0.98 0.91
Labor supply elasticities Frisch elasticity Frisch elasticity
0.69 (37.56) 1.26  (14.09)
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Table 5 Estimation Results for Labor Elasticity
(Intensive Margin): Dataset B

(1) Both sexes

Equation (9) Equation (12) Equation (15)
parameters (¢ statistics) parameters (¢ statistics) parameters (¢ statistics)
Wage (log term) 010 (20.12) 011 (23.81) 011 (24.14)
Age (years) 0.00 (-31.12) 0.00 (-41.94) 0.00 (-35.82)
CPI (log term) -0.31  (-3.57) -0.43  (-12.09) -0.45 (-12.97)
Number of household members -0.03 (-0.58) 0.05 (13.29) 0.04 (1149
Share of self-employed 0.31 (2.35) 0.18 (7.60) 0.19 (7.55)
Share of primary industry 0.42 (2.16) 0.74  (16.99) 0.74 (16.48)
Consumption (log term) -0.02 (-1.89)
Net Expenditures (log term) 0.00 (0.00)
Constant 6.43 (14.82) 6.91 (41.06) 6.86 (41.02)
Other control variables year, prefecture, year dummies year dummies
birth cohort dummies
R-squared 0.77 0.72 0.72
Labor supply elasticities Frisch elasticity m-supply elasticity Marshalian elasticity
0.10 (20.12) 0.11 (23.81) 0.11 (24.14)
Hicksian elasticity
0.11 (20.20)
(2) By Sex
Males Females
parameters (¢ statistics) parameters (¢ statistics)
Wage (log term) 0.14 (33.78) 0.13 (7.25)
Age (years) 0.00 (-32.82) 0.00 (-17.50)
CPI (log term) -0.37 (-3.92) -0.38 (-3.60)
Number of household members 0.00 (-0.03) -0.08 (-1.36)
Share of self-employed 0.35 (2.46) 0.29 (2.05)
Share of primary industry 0.55 (2.54) 0.09 (0.40)
Constant 6.59 (13.66) 6.74  (13.27)
Other control variables year, prefecture, year, prefecture,
birth cohort dummies  birth cohort dummies
R-squared 0.76 0.85
Labor supply elasticities Frisch elasticity Frisch elasticity
0.14 (33.78) 0.13 (7.25)
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Figure 1 Changes in Frisch Elasticity: Dataset A

(1) Intensive and Extensive Margins Combined
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(2) Intensive Margin

a. Both sexes
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Figure 1 (continued)
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Figure 2 Changes in Frisch Elasticity: Dataset B
(1) Intensive and Extensive Margins Combined
a. Both sexes
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Figure 2 (continued)
(2) Intensive Margin

a. Both sexes
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