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Abstract

In this paper | examine thefects of a means-tested transfer system in
Japan (“1.03 million yen ceiling”) in a dynamic labor supply model with
endogenous retirement. In Japan, married women have reason to limit their
annual earnings to no more than 1.03 million yen in order to receive a num-
ber of benefits available to low-income wives, and in fact often choose to do
so. In a dynamic model, the optimal labor supply schedule follows a pattern
that is not seen in a static framework, which | call the “spillovéeet.” The
paper also examines the properties of dynamic welfare cost of this ceiling.
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1 Introduction

The “1.03 million yen ceiling,” which in this paper refers to the tendency of mar-
ried women in Japan who work part-time to limit their earnings to no more than
1.03 million yen (approximately 10,000 US dollars), has recently attracted much
attention in policy debates over Social Security and tax reform in Japan. Wives
of salaried husbands whose earnings do not exceed 1.03 million yen are eligible
to receive several types of benefits. Their benefits include the following: (1) a
married woman with low earnings is eligible for Social Security and healthcare
benefits through her husband’s coverage, with no additional premium contribu-
tion for the wife; (2) the husband can claim the ‘Exemption for Spouse’ or the
‘Special Exemption for Spouse’ on his income tax return; and (3) the husband of-
ten receives an allowance for his spouse from his employer if the wife’s earnings
are lower than a specified threshold.

The work disincentiveféects of the 1.03 million yen ceiling have been pointed
out by Higuchi (1995), Abe and Ohtake (1997), Nagase (2001), Akabayashi (2006),
and Nagase and Nawata (2005), among others, in the context of static labor sup-
ply. In the previous literature, the 1.03 million yen ceiling has been criticized for
two reasons. First, it distorts labor supply of married women and causes a loss in
efficiency. Evidence shows that the earnings of married, part-time, female workers
are heavily concentrated around the one million yen level (Abe and Ohtake 1997,
Abe 2003, Oishi 2003, Nagase and Nawata 2005, Akabayashi 2006). If married
women are reducing their working hours even though the marginal product of
their labor exceeds their marginal disutility from it, then the ceiling is introducing

distortions in labor supply.

1The value of the threshold was 1 million yen from 1989 to 1994, so analyses using the data
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The second criticism is based on equity considerations. Married women who
earn less than or equal to 1.03 million yen annually pay no income tax and no
Social Security contributions, even though they are eligible for health and public
pension benefits through their husbands’ covefadée wife’s earnings up to
1.03 million yen are almost tax-free, while any other middle-income person earn-
ing an additional 1 million yen would be taxed at a marginal rate of at least 19
percent

Although the 1.03 million yen ceiling has attracted much attention, little is
known about the dynamic consequences of the ceiling. Previous studies examin-
ing the dfect of the ceiling on part-time labor supply have almost always used a
static framework. However, part-time workers in Japan have a relatively strong at-
tachment to work (Ohtake 2000, Abe 2005). In this paper, | use a simple dynamic
labor supply model to assess the behavioral consequences of the 1.03-million-yen
ceiling? The labor supply schedule in a dynamic model has properties that are
not present in a static framework, which I call the “spillovéieet.” The dynamic
welfare cost of the ceiling is also discussed.

The rest of the paper is organized as follows. Section 2 provides a brief sum-

mary of the Japanese income and Social Security participation rules, and presents

from this period use the phrase “1 million yen ceiling” instead.

2Public pension and healthcare benefits are provided for wives with annual earnings less than
1.3 million yen, instead of 1.03 million yen. Evidence indicates that the incomes of these women
are concentrated mainly around 1.03 million yen, however, rather than the 1.3 million yen.

3The marginal tax rate is calculated by adding the employee’s portion of Social Security taxes
(approximately 12 percent), income tax (the lowest rate is 10 percent), and local taxes (the lowest
rate is 5 percent), after taking into account deductions for Social Security contributions and for
employment income. This calculation is based on the tax code in 2006, without reflecting the
temporary tax cut.

“Means-tested transfers with discontinuous jumps under a static budget constraint are also
found in other settings. Medicaid in the United States, for example, creates a budget constraint
with the "Medicaid notch” (Gruber 2000). In Japan, the public pension benefit of the working el-
derly used to be cut discretely when earnings exceeded a certain threshold, although such features
were eliminated in several steps from 1989 to 2005 (Abe 2001, Ohtake and Yamaga 2004).
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empirical evidence on how these ruléeat labor supply of married women. Sec-
tion 3 presents a dynamic labor supply model, examines the properties of optimal
labor supply choices, and discusses the implications of these choices on the wel-
fare cost. Section 4 illustrates the results of Section 3 with a numerical example.

Section 5 concludes.

2 Tax, Social Security Systems, and Stylized Facts

In this section, aspects of the income tax and Social Security systems concern-
ing the labor supply of married women are briefly explaifelh Japan, Social
Security enrollment rules and firm benefit policies create work disincentives for
married women. In addition, two sets of empirical evidence are presented as back-

ground to the subsequent analysis.

2.1 Tax and Social Security Systems

The social insurance participation rules relevant to low-income married women
are as follows: when the wife’s earnings are below 1.3 million yen per year, she
is eligible to receive Social Security and healthcare benefits as a dependent of her
salaried husband. Therefore, when a wife works part-time and earns less than
1.3 million yen, she does not have to pay Social Security contributions out of her
income, yet is eligible to receive benefits through her husband’s coverage. When
a part-time employee works more than 30 hours per week, on the other hand, the
employer is required to enroll her in the Employees’ Pension Program and provide

health insurance. To avoid paying for social insurance contributions (payments

5Detailed and thorough explanations of the tax and Social Security systems andfdatioe
the labor supply of married women in Japan can be found in Yamada (2004), Nagase and Nawata
(2005), Akabayashi (2006), and Sakata and McKenzie (2006), among others.
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into a public pension, and premiums for health and unemployment insurance), the
wife has reason to limit her hours of work.

Furthermore, as long as the wife’s earnings are less than or equal to 1.03 mil-
lion yen per year, the husband’s employer in many cases provides an allowance
for the spouse as one of the husband’s fringe benefits. Since this allowance is
usually completely cutfd if the wife’s earnings exceed the threshold, it is quite
likely to create work disincentivefiects in the wife’s labor supply. The income
tax system also creates kinks in a family’s budget constraint for the wife’s income
levels between 1.03 million yen and 1.65 million yen annually.

Tax Reform in 2004 changed the budget constraint for the portion of the wife’s
earnings are between 0 and 1.03 million yen, while it is unchanged for the wife’s
earnings above 1.03 million yen. This reform means that the Exemption for
Spouse and Special Exemption for Spouse that the husband can claim are less
generous than before. This change shifts the budget constraint of the household
downward for the portion of the wife’s earnings up to 1.03 million yen, because
the tax liability of the husband increases. The size of the increase in the annual tax
burden is 380,000 yen times the husband’s marginal tax rate at most, which is not
large: assuming that the husband’s marginal tax rate is 30 percent, the decline in
disposable income is 114,000 yen (about 1,100 US dollars) per year. The fact that
the budget constraint has dips for the wife’s annual earnings of 1.03 million yen
and 1.3 million yen was not changed by this reform. Thus, the reform essentially
operates as incomdfect. Sakata and McKenzie (2006) examine whether there
were behavioral responses to this policy change in 2004 using a panel data set and
find that labor supply responses by wives were small.

A typical budget constraint for married women who intend to work on a part-



time basis is shown in Figure 1a under the tax code in 2006 (without incorporating
the temporary tax cut). For married women, the marginal tax rate for earnings be-
tween 1.03 million yen and 1.41 million yen is quite high. Furthermore, sizable
lump-sum Social Security contributions start at an income of 1.3 million yen or at
work of 30 hours per week. Note that the marginal tax rate falls rather substan-
tially for earnings over 1.41 million yen. Thus, although a wife earning between
1.03 million and 1.41 million yen is severely penalized, once her earnings exceed
1.41 million the marginal penalty for work diminishes.

The 1.03 million yen ceiling is most relevant for married, female part-time em-
ployees with salaried husbands. Full-time female employees usually earn much
more than 1.03 million yen, so for them this ceiling is irrelevant. It is also likely
to be irrelevant for self-employed workers and family workers (those who work in
a family-operated enterprise or a family farm); self-employed income is taxed dif-
ferently from wages and salaries, and family workers are less likely to be married

to salaried husbands.

2.2 Concentration of Earnings around 1.03 million yen

As explained above, the static budget constraint for married women who work
part-time has a discontinuous dip at annual earnings of 1.03 million yen. With
such a budget constraint, it is expected that this group of workers has reason to
constrain their hours of work so that the earnings remain at 1.03 million yen or
less.

Figure 2 displays the earnings distribution of married women working as part-
time employees from the micro data of the National Survey of Family Income and

Expenditure (NSFIE) in 2004 (Statistics Bureau, Ministry of Public Management,



Home Affairs, Posts and Telecommunications). The sample consists of women
married to male household heads. The distributions are drawn separately for sam-
ples of wives aged 30-39, 40-49, and 50-59. The earnings figures are the annual
earnings in the previous year (2083)igure 2 shows that there is a heavy con-
centration of earnings around 1.03 million yen, suggesting that the ceiling is a
binding constraint in determining part-time labor supply of married women. The

concentration is particularly significant for older women.

2.3 Continuity of Participation in Part-time Work

Next, | present evidence on participation patterns in part-time work by married
women by cohort. Figure 3 illustrates the cohort experiences of participation in
part-time work by using three cross sections (years 1992,1997, and 2002) from the
Employment Status Surveys (the Ministry of Public Management, Hoffears,
Posts and Telecommunications of Japai®pecifically, the ratios of the number

of part-time employees to population (called the part-time employment ratio in
the following) are calculated for married women, separately for by education and
age (5-year interval). In Figure 3, the part-time employment ratios are plotted
against age for various cohorts of married women. Here, | focus on senior high
school graduates and junior college graduates, for whom part-time work is most
prevalent.

There are significant cohortftierences in the likelihood of participating in

6Abe (2003) reports on earnings distributions of married and single women who work part-
time in 1989 and 1994 using the data from General Survey of Part-time Workers’ Conditions.
There is a heavy concentration around 1.03 million yen for married women; such a concentration
is not observed for single women, who are not eligible for the benefits that married women receive.
Akabayashi (2006) also presents a similar distribution for married women working part-time.

A detailed description of women’s labor force experiences using the repeated cross sectional
data of the Employment Status Surveys is found in Abe (2008).
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part-time employment. Later cohorts of married women are more likely to work
as part-time employees than earlier cohorts are. The figures show that entry into
part-time work by married women occurs between the ages of 30 and 45, when
the part-time profiles exhibit steep increases. For cohorts born between 1958 and
1962, for example, the part-time employment ratio increased by approximately 20
percent from 1992 (when the age of this cohort was 30-34) to 2002 (age 40-44).
It is also notable that the part-time employment ratio does not decline with age
until around age 60. Based on this evidence, | formulate the model in Section
3 in a way that a married woman chooses her work schedule over a period of
25 years, from an age of approximately 35 to 60. The cohdi¢rdinces in the
part-time employment ratios may be understood as later cohorts reenter part-time
work at a younger age than the earlier cohorts did. However, it is still true that
significant reentry into part-time work occurs at ages in the late 30s and early
40s, especially for junior college graduate women. The pattern in Figure 3 also
suggests that part-time workers have a strong attachment to®wotkighlights

the importance of considering dynamic aspects (such as continuation in part-time
employment or timing of retirement) in understanding labor supply of female part-
time workers. In the rest of the paper, | confine attention to the behavioral and
efficiency consequences of the 1.03 million yen ceiling in a dynamic labor supply

model.

8Since the data used here are repeated cross sections, reentry (retirement) is measured by the
net increase (decrease) in participation within each cohort. It may accompany an increase in
participation for some and an increase in exit by others. Therefore, it is not necessarily reentry
(retirement) in the usual sense.



3 Dynamic Labor Supply Model

In this section, | present a simple dynamic model of labor supply in order to assess
the behavioral consequences of the 1.03 million yen ceiling. The m@arehces
between this framework and other researcheardogenous retiremeiaind con-
sumption smoothing The importance of consumption smoothing in analyzing
labor supply has previously been pointed out in the literature on intertemporal la-
bor supply (e.g. MaCurdy 1981, Altonji 1986, Blundell and MaCurdy 1999). The
model here dters from the standard intertemporal labor supply model, in that the
means-tested transfer introduces discontinuities in the budget constraint. Previous
studies that consider nonlinear budget sets in a dynamic model includes Heckman
et al. (2003) and Sefton et al. (2005). Heckman et al. (2003) have incorporated
nonconvexities created by the United States’ Earned Income Tax Credit (EITC)
into a dynamic model of labor supply and skill formation. Sefton et al. (2005) use
a simulation model of retirement behavior with the means-tested transfer system

in assessing the impact of the transfer systems in the UK and Denmark.

3.1 Model

| use a simple dynamic labor supply model, in which a worker retires because
the value of her leisure increases with age. The utility is additively separable
over time, and the worker maximizes the present discounted value of the utility
function. For simplicity, itis assumed that the woman makes decisionsAGH

to AGE, + T. The time period is denoted as the woman’s age mi&@&,, and

thus runs from year O to yedrwhereT is fixed and exogenou§. is set to 24 (so

the total number of time periods is 25), because this model is especially concerned

with the retirement behavior of women who enter the workforce in their late 30s



or 40s. The household maximizes the following utility function:

T

]
D UCLE-ht) = > p4g(C) + anv(C — ), (1)
t=0

t=0
wheret is the year indexC; is the household consumption in yearl is the
annual time endowmentt, is the number of hours worked in yearandp is the
rate of time preference. is assumed to be fixed over time. The one-period utility
depends on consumption and the wife’s leisure tile- (). The functionsp
andv are assumed to be increasing and concave. Thedeintreases with the
worker’s age, reflecting the increasing value of leisure with®agéth this utility
function, retirement occurs because the (marginal) disutility of work increases
with age. Note that consumption and leisure are separable within period.
The budget constraint is
T

wh + TRR-C,
%+2; a2 (2)

whereA, is the initial asset levely; is the wife’s hourly wage in period TRk
is the transfer payment received by the household in périaddr is the interest
rate at which the household borrows and saves.
It has been implicitly assumed that the husband’s labor supply iSaatad
by the wife’s labor supply, so the discounted sum of the husband’s earnings is
included inAy. For simplicity, it is also assumed that= 1/(1 + r).

The termT RFK is determined as follows:

TRR =

TRF if wh <6
3)

0 otherwise

9A similar assumption is used in Burtless and flitb (1985) and Gustman and Steinmeier
(1986).

10



whered is the threshold value of the wife’s earnings. The household receives
transfer benefits with a value @fRF in yeart, as long as the wife’s earnings
are less than or equal to the thresheldThis includes the case where she does
not work at all. When her earnings exceed the threshold value, the household
becomes ineligible for the transfer payment. This is the simplest form of means-
tested transfer. In the present context, the transfer benefits represent the spousal
allowance given by the husband’s employer and the value of Social Security con-
tributions from which the wife is exempted as a low-income dependent of her
salaried husbantf. This model abstracts the main features of the Japanese Social
Security system and the fringe benefit policies of many firms, as explained in Sec-
tion 2. The static budget constraint thus dips at the point at which the wife’s earn-
ings exceed the threshold, because the wife (or household) loses a fixed sum of
benefits at that point. The budget constraint is therefore nonlinear and non-convex.
Figure 1b shows the simplified single-period budget constraint from equation (3).
This simplification is primarily motivated by the fact that the 1.03 million yen
ceiling seems to influence labor supply choices much more significantly than any
other non-linearities and non-convexities in the budget constraint, as can be ob-
served from the earnings distributions in Figure 2.

Since retirement is one of the principal interests of this analysis, the following
constraint is also imposed:

h; > 0. 4)

It is assumed that the wife chooses her hours of work in each period to maximize

10This assumption means that the wife continues to receive benefits after her retirement, which
may not be entirely consistent with reality in the following sense. If the husband is older than
the wife, he is likely to retire from his career job sometime around the wife’s retirement. When
he retires, he stops receiving an allowance for spouse from his employer. In addition, when the
husband is not working, the wife is much less likely to be covered by the husband’s public pension
and health insurance.
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the household’s dynamic utility under perfect foresight. The model is solved to
find the optimal labor supply choices of the wifla,¢ = 0,1,---,T) and the
household’s consumptior€(,t = 0,1,--- ,T). The wife’s optimal labor supply
determines whether transfer benefits are received in each period.

This model difers from many other intertemporal labor supply models in the
following two ways. First, due to the means-tested transfer, the static budget con-
straint has a discrete dip at the earnings threshold. This is similar to introducing
a fixed cost of work, except that in this case the dip is located at a positive num-
ber of working hours instead of at the point of zero hours (the work vs. no-work
margin). Second, in many dynamic models of retirement behavior the choice
of working hours is modeled as a discrete variable (e.g. Rust and Phelan 1997,
Sefton et al. 2005). The choice of a discrete specification is not very attractive
here, because | wish to model the behavior of setting earnings very close or equal
to the thresholdd). This feature cannot be captured by imposing a discrete choice
of hours. Furthermore, part-time workers in Japan have more flexibility in their
choice of working hours than regular workers do, which makes it reasonable to

model working hours as a continuous variable.

3.2 Value Function and Conditions for the Optimum

In this subsection, | present the conditions for an optimal labor supply choice

when the household faces a means-tested transfer scheme as explained above.
LetV[A,, t] be the value function for this dynamic optimization problem. Given

the utility function, the budget constraint, and the transfer scheme, this function

can be expressed as:

V[A, 1] = u(C, L—hi, 1) +pV[(L+r){A +Wih + TRF- I (Wih < 6)—Cy}, t+1], (5)
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wherel(wh; < 6) is an indicator function that takes the value 1 if the wife’s
earnings do not exceed the threshold and zero otherwise.
In order to derive the optimum, the value function (5) is maximized subject to

constraints (3) and (4). To do so, form the Lagrangian as follows:

L = u(Cy, L — h, ) + pV[(1 + 1){A + Wih, + TRF- [(wihy < 60) — C), t + 1]

9 (6)
"‘,Ult(v—vt — hy) + pahy,

whereuy, is a multiplier for the constraint of receiving benefits in peri@hd

is a multiplier for the zero-hour constraint in perindvlaximization is performed

for two possible outcome in each period: one for the case of receiving benefits in
periodt, and the other for the case of not receiving benefits in periddhe first-

order conditions for maximiziny conditional on receiving benefits in period

are:
oL
a—Ct:uC—p-(l-i-r)'VAIO, (7)
oL
%:—UL+p-(1+|’)'VA'W1—/.11'(+/~12'[:O- (8)
t

Since the constraintgw,—h; = 0 andh, = 0 can never be satisfied simultaneously,
there are now only three cases to consider: (a) the threshold is binding Q);
(b) the wife does not workuf; > 0); or (c) an interior solution for hourg{;
= ux = 0). The first-order conditions for the case of not receiving benefits are
similar to those for the interior solution.

TheV, term in the first-order conditions given above represents the marginal
value of household assets. Becapsel/(1+r), VA[A:, t] = Va[Ao, 0]. Following

the previous literature, | denoté asA throughout the rest of this paper. Note that
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the first order conditions are expressed in terms, ofl., 1, andw.

3.3 Characteristics of Labor Supply Behavior

In this subsection, properties of the working hours profilet(= 0,1,---,T) are
examined under the above model. To understand fiieets of the means-tested
transfer, | compare the allocation in this case to those attained under other settings.
The case where the household optimizes under a means-tested transfer is called
the “means-tested transfer” (MTT) regime. The hypothetical case where no such
transfer system exists is referred to as the “no-transfer” regime.

The means-tested transfdfexts labor supply choices in thredfdrent ways.
First, the wealth fiect of the transfer reduces both hours of work and years of
work.!* Second, the discrete nature of the means test encourages the wife to set
her earnings exactly equal to the threshold during some periods, in order to receive
benefits. This fect also reduces the wife’s hours of work gordthe number of
years she works. Note that both of theskeets are also present in most static
labor supply models. The thirdfect, which is not found in a static framework,
is a spillover &ect of the transfer on labor supply in years when the threshold
is not binding. Under the MTT regime, working hours in those years (i.e., the
years whemh, < 6 or wh, > 6) tend to be long in the sense explained below. An
intuitive explanation of this result is that, to partially compensate for the reduction
of her labor supply (i.e., the first twdtects) in binding years, the wife works
longer hours in those years when the threshold is not binding.

To understand the full impact of the transfer system, it is useful to separate

out the wealth ffect it creates. To do so, IBDV_T RF be the present discounted

n a static model, thisféect is referred to as the “incom&ect.” | call it the “wealth éfect”
because of the model’s dynamic nature.
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value of all transfer payments received by a household at its optimal labor supply
choice under the MTT regime&. Next, find the labor supply and consumption
schedules when initial assets are equab¢(o+ PDV_T RF and the transfer sys-

tem does not exist. This is equivalent to giving a household all the benefits as a
single lump-sum payment, which it can then spend as it wishes. This allocation
will be referred to as the “lump-sum transfer’(LST) case. The following analysis
compares allocations in the MTT regime and the LST case. k¢t andA st

refer to the marginal utility of assets under the MTT regime and the LST case
respectively. Similarly, let the working hours schedule in the LST case-be
(t=0,1,---,T) and that in the MTT regime bie"™™ (t = 0,1,--- , T). Since the
wealth dfect created by the means-tested transfer is accounted for under the LST

allocation, this leads to the following proposition:

Proposition 1. If there is at least one period when the constrainhw= 6 is
binding, then:

AMTT > ALST.
Proof. Suppose the claimed inequality does not hold, so gt < A s1. The

first-order conditions for the optimal choice of hours in the MTT regime and the

LST case are given as follows:

U = WedmTT — Mat MTT case (9)

U, = WA sT. LST case (10)

Given thatleTT < AisT andult > 0 for at least ong, WidmTT — M1t < Wi d st
for all t, and this inequality is strict fot for which uy; > 0 holds. Given the

separability of leisure and consumption and the concavity of the utility function,

2Note that the value dPDV_T RF depends on the labor supply choices of the wife.
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the assumed inequality implies tH&t™™ < h-ST for all t, and that this inequality

is strict for somd. Using this, the following relationship holds:

T WthtMTT T WthtLST
——— + PDV_TRF PDV_TRE 11
A‘)’L;(ur)tJr <A°+;(1+r)t+ (11)

Because of non-satiation, the present discounted value of consumption under the
MTT regime is equal to the LHS of equation (11). Similarly, the same value under
the LST case is given by the RHS of (11). Therefore,

MTT T LST
C o

]
2, (1t+ NS L@

(12)

On the other hand, iyt < ALsT, the first-order condition for consumption and
the concavity ofu imply thatCMTT > CST for all t. This contradicts equation
(12).

O

Proposition 1 states that the marginal utility of assets under the MTT regime
(AmTT) IS greater than that under the LST cadgsf), reflecting the fact that the
means-tested transfer creates distortions in labor supply. Since the resources pro-
vided exogenously are the same in both cases, distortions must arise from the way
in which transfer payment is provided (i.e., means-tested or lump sum). Proposi-

tion 1 implies the following:

Corollary 1 (Spillover Effect). Suppose hours worked in period t are determined

as an interior solution. Then, during those years,

h{'ST < h:VITT‘

This follows directly from a standard comparative static result on the first-

16



order condition for the interior optimum (equation (8) and the similar equation for
the LST case).

Corollary 1 is understood as the “spilloveftext” of the ceiling. Under the
MTT regime, the wife suppliemore hours than she would under the LST case
during those periods when her annual earnings are not set equal to the threshold.
In the context of retirement, Corollary 1 implies that hours in years just before
retirement tend to be longer under the MTT regime than under the LST case. Be-
cause the parametet in the utility function (the cofficient attached to leisure)
increases with age, working hours decline as the wife ages. After a certain point,
the ceiling is no longer binding because the unconstrained hours do not yield earn-
ings that exceed the threshold. During those periods the wife tends to supply more
labor than she would in the absence of the means-tested transfer, after controlling
for the wealth &ect. Note that thisféect has its source in: the threshold makes
the wife earn less during constrained periods (the years when the threshold is
binding), which increases the value ®f(Proposition 1). This in turn increases
working hours under the MTT regime during periods when the threshold is not
binding. The spillover #ect may also exist in early periods. Wheis small and
ay is small, the wife may choose to supply enough hours for her earnings to exceed
the threshold. Once again, working hours during such periods are longer under

the MTT regime than under the LST case.

)t can be shown that, if there is at least one year when the earnings are equahdtier
the MTT regime, the present discounted value of the wife’s earnings from period 0 to period
T under the MTT regime are less than those under the LST case. While the spilftacirie
Corollary 1 partially compensates the lost earnings in constrained years by a greater labor supply
in unconstrained years, the compensation is not “full”; the wife’s lifetime earnings are depressed
because of the means-tested transfer.
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3.4 Life Cycle Welfare Cost of the Ceiling

In the literature on nonlinear budget sets, welfare levels undferdnt tax regimes
are compared by using the expenditure function. Here | apply the same method in
a dynamic context, following Auerbach and Kotlik¢1987)4

Let Uyt be the present discounted value of the utility function under the
MTT regime,U st be that under the LST case, ablgt be that under the no-
transfer regime. Lefy(U) be a function giving the value of initial assets that
yield dynamic utilityU when the transfer is absemtg(U) is obtained by solving
the problem of expenditure minimization in the absence of the transfer, subject to
the constraint that the allocation’s dynamic utilityus

Let &((V)) andh,(2(U)) be the consumption and hours schedules that solve
the minimization problem. Hel& andh;, are written as functions of, to simplify
subsequent analysis.

Let DWL be the lifetime welfare cost (i.e., dynamic deadweight loss) of the
ceiling. This is defined as the present discounted value of the transfer payment mi-
nus the monetary value of the utility gain from a transfer to the household. Since
the utility of the household changes frddqt to Uyt when there is a transfer,
the monetary equivalent of the utility gain is given By Uwur1) — Ao(UnT). Thus
DWLis

DWL = PDV_TRF - {Ao(UntT) — Ao(UnT)}- (13)

1A recent example of research using the expenditure function in a static context is the study by
Friedberg (2000). The relationship between the dynamic welfare cost and the per-period welfare
cost has been examined by Blackorby et al. (1984) and Keen (1990).

5n fact, the dynamic utility leveU is not written explicitly in the following.
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Equation (13) can then be rewritten as:

DWL = PDV_TRF - {Ay(UntT) = Ao(ULsT)} = {Ao(ULsT) — Ao(UnT)}

= Ao(ULsT) = Ao(UwT).

(14)

The second line in equation (14) follows because, by definifigty) s 1)—Ao(UnT)
is equal toPDV_TRF,; in the LST case, an amount equalR®V_TRF is given
to the household as a lump-sum payment. As equation (14) shows, the dynamic
welfare cost is given by the fierence between the initial asset level that yields
utility U st and the initial asset level that yields utilityyrt, when the budget
constraint does not have any distortionary features.

The dynamic welfare cost in equation (14) can be approximated as a sum over
per-period terms using(1) andh,(1). This point is summarized in the following

proposition:

Proposition 2. Let Ayrt be the value oft corresponding to the allocation that
yields utility UytT, in the absence of the transfer. Let = AMTT — ALsT. Define
C; as the derivative of;(1) with respect tot, and defindy, as
. h(1 + &) - (2
im._ i@+ 9) - Ry

(1) = & . (15)
0 ifh, =0

That is,ﬁ{ Is the right-hand derivative of h with respecttdor positive hours, and
is zero when the wife does not work. Then DWL can be approximated as follows:
T

- (Ci(As) — wih(Aus7))ad
DWL = Z (L+r) - (16)

t=0
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Proof. Using the definitions o€;(1) andh(), equation (14) can be rewritten as

(17)

i [Ci(ALsT) — Whi(ALsT)] = [CidmrT) — Wil (AwTT)]
o @+r)
Equation (16) is then obtained by taking a linear approximation of equation (17)
with respect tol.

O

Equation (16) states that the dynamic deadweight loss is the discounted sum
of per-period terms. The change in expenditure (Gg.~ wh,) caused by the
“change” inA (A1) is what contributes to deadweight loss in peridé

Notice that for periods Wheﬁ[(/lMTT) =0, ﬁ{ becomes zero, so the term in-
volving ﬁ{ only affectsDW L during years with positivé. Thus, distortions from
hours choices arise only from years with positiyeChanges in the consumption
(C;a2/(1 + 1)) create distortions in all periods, including years for wHigk: 0.
Furthermore, decomposition into within-period terms according to equation (16)
is obtained by the derivatives & andh;, and not by analyzing the expenditures
for the allocation derived under the MTT regin@" " or hMTT). This fact is not
usually taken into account in static labor supply models that analyze the welfare
cost of the ceiling. Unless appropriate care is taken with the changes in con-
sumption and hours due 1 and the timing of retirement, the deadweight loss
calculated in a static framework will not correspond to the tineemponent of

DWL(i.e., € — wh)a1)/(L +r)Y.

18Note thatad is /l,\,TTT—/l~LST, an~d notlyrt—ALsT. It can be shown thatyrt > AmtT > ALsT
so A4 is always positive. @ — w:h;) is the derivative of the periotlexpenditure function with
respect tol .
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4 lllustration: A Numerical Example

In this section, | present a numerical example to illustrate the properties of labor
supply patterns under the model presented above, and the welfare cost of the ceil-
ing. The model is solved numerically using an algorithm that is explained in the

Appendix.

4.1 Utility Function and Parameter Values for the Example

Assume that the utility function has the following form:

T T
> PUCT-h,t) = ) pHIN(Cy) + arIn(C - ). (18)
t=0 t=0

In this example, the parameters of the model are set as folioWwer aq (the
codficient attached to leisure at the initial period) | use a value of 0.85. This
corresponds to a value of 0.46 in the Stone-Geary type utility function, where
the codficients attached to the log of consumption and the log of leisure time
add up to 18 It is assumed that, increases with age, according to the function
a; = apexp(Q05t). The annual time endowment is taken to be 4000 hbuThe
hourly wage is set to 850 yen, which is a typical rate for female part-time workers

in Japan. The value of the transfer paymd@nRE) is set to 210,000 yen per year,

7Although it is desirable to fit the model to empirical data and use the estimated utility function
parameters in the numerical example, such an attempt is not made in this paper. Fitting the model
to data requires a panel data set that covers a reasonably long period, including the ages around
retirement. Such a data set for Japanese women is unavailable at the time of writing. Empirical
investigation is left for future research.

BHoynes (1996) estimates the parameter attached to the wife’s leisure time as 0.46 in the Stone-
Geary utility function based on a static labor supply model, using a sample of low-income couples
in the Panel Study of Income Dynamics (PSID). Hyslop (2001) provides estimates of this param-
eter ranging from 0.36 to 0.42 based on a dynamic model using a sample of continuously married
couples in the PSID.

19This parameter is set to 8736 hours per year in Browning et al. (1985), and to 90 hours per
week (4680 hours per year) in Blundell and Walker (1986).
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and the threshold valuég)is set to 1.03 million yer? The initial asset valuei()

is allowed to range from 8 million yen to 20 million yen. The hourly wage, the
transfer amount, and the threshold value are assumed to be fixed over all periods,
to keep the analysis simple and make the properties of the model as transparent
as possible. The parameter values are summarized in Table 1. While only typical
labor supply schedules are presented in the following subsections, the model is

solved for a range of initial asset levels.

4.2 Hours Profile and Welfare Cost

Figure 4-1 shows the labor supply schedule for an initial asset véig)eof 9

million yen under the MTT regime (thick line with circular points), under the
no-transfer regime (dotted line), and in the case of the LST case (thick line with
square points). The vertical axis is the wife’s annual working hours, and the hor-
izontal axis ist (the wife’s age minuNGEy). All the essential properties of the
optimal work schedule, as discussed in the previous section, can be seen in this
figure. First, due to the wealtHtect of the transfer, hours under the no-transfer
regime are longer than those in the LST case. Under the no-transfer regime, the
wife tends to work longer hours and for more periods than she would under the
MTT regime. Second, as the flat portion of the MTT regime schedule shows, the
wife sets her earnings equal to the threshold for ten years (from year 3 to year 12).
Third, the number of hours worked in unconstrained years (years 0-2 and 13-20 in

Figure 4-1) is greater under the MTT regime than in the LST case. This is due to

20The transfer amount is roughly equal to the workers’ portion of the minimum Employees’
Pension contribution, plus the average spousal allowance provided by employers. The value of
210,000 yen adopted in this model should be understood as a lower bolUriRFofAs for the
threshold, its actual value has changed several times: 0.9 million yen from 1984 to 1988, 1 million
yen from 1989 to 1994, and 1.03 million yen from 1995 to 2005. The income limit for social
insurance contributions has also been revised several times during the same period.
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the spillover &ect explained in Corollary 1: in the presence of the means-tested

transfer, the wife supplies fewer hours in the interim periods (years 3-12 in Figure

4-1) but more hours in unconstrained periods (years 0-2 and years 13-20). This
behavior translates to a delay in retirement. In the years close to retirement the
threshold is no longer binding, so Corollary 1 is applicable. The means-tested
transfer discourages labor supply for a limited time, but in a model with endoge-

nous retirement the wife responds by staying in the labor market for longer than
she would otherwise.

Figure 4-2 displays hours schedules for an initial asset level of 17 million yen.
In this case the wife does not work long hours (about 2000 hours per year) in the
early years (low values dj. The three features described above can also be seen
in this figure.

Detailed statistics and the properties of the optimal labor supply schedules are
given in Table 2. The first row is the total number of years worked. The wife
retires later under the MTT regime than under the LST case. V&p&n9 million
yen, the wife retires in year 20 under the MTT Regime, while she does so in year
19 under the LST case, so retirement is delayed by 1 year by the means-tested
transfer. Ford, of 17 million yen, it is delayed by 2 years in the same sense. Row
2 displays the number of years with positive hours and annual earnings below the
threshold. With an initial asset level of 9 million yen, if the transfer is nonexistent
then the wife spends only 8 years with such earnings (i.e., working and earning
less thary). Under the MTT regime, on the other hand, 17 out of 20 working
years are spent with earnings below the threshold. It therefore follows that under
the MTT regime, married, part-time female workers usually set their hours equal

to the threshold, just as predicted in static models. Row 3 provides the wife’s
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total number of working hours (summed over all 25 years, without discounting
hours worked at dierent points in time). For the cases considered here, this
number is less under the MTT regime than under the LST case, by 9 to 15 percent.
The transfer system thus reduces working hours overall, even though the spillover
effect described in Corollary 1 partiallyfffisets work disincentivefgects.

The magnitude of the spilloveffect can be seen in rows 4 and 5. Row 4 lists
the total number of hours worked in the unconstrained early years, when the wife
is young and the value of her leisure is low, and the threshold is not binding. The
time period indices for the unconstrained early years are listed in square brackets
in the first line of row 4. The second line of row 4 gives the total number of
undiscounted hours worked in these years. WAgIs equal to 9 million yen, the
first 3 years (years 0-2) are unconstrained and a total of 7216 hours are worked
during this interval. This number is 4.6 percent greater than the total number of
hours worked in the first three years under the LST case. \Mges 17 million
yen, however, there are no unconstrained early years due to the high initial assets.

The magnitude of spilloverfiects is even greater in the unconstrained years
just before full retirement. Thesdfects are shown in row 5 of Table 2, in the
same manner as row 4. Whéyg is equal to 9 million yen, the last 7 years of
working life are unconstrained years with earnings less tharhe total number
of working hours in these 7 years ( years 13-19) is 4272, while in the lump-sum
transfer case the total number of hours supplied during this interval is 2865. The
spillover dtect therefore boosts the number of hours worked before retirement by
49 percent. FoA, of 17 million yen, the hours in unconstrained years just before
retirement increase by 51 percent. In this example, one can see that the magnitude

of the spillover &ect is sometimes large.
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4.3 Welfare Cost of the Ceiling

Rows 6 through 8 of Table 2 give figures related to tffea of the means-tested
transfer on #iciency. The present discounted sum of the transfer payment is
shown in row 6. It is 3.56 million yen for the initial assets of 9 million yen, and
4.18 million yen for the initial assets of 17 million yen. In this example, the value
of the transfer generally rises as the initial assets of the household increase, so the
transfer scheme is regressive. Here, the wives in households with a high level of
initial assets supply less part-time labor and are more likely to collect benefits.
This is consistent with the concern raised by Oishi (2003) in a discussion of dis-
tributional consequences of the 1.03 million yen ceiling. Row 7 lists the value of
lifecycle deadweight loss defined in Section 3.4. The ratio of the deadweight loss
to the wife’s earnings is shown in row 8 and ranges from 3 percent to 5 percent in

this example.

5 Conclusion

The 1.03 million yen ceiling has been criticized on groundsfbtiency and eg-
uity (e.g., Higuchi 1995). Hatta and Oguchi (1999) have proposed removal the
threshold for Social Security contributions. A recent policy proposal has called
for reducing the earnings threshold to 650 thousand yen, in the hope of making
the threshold a non-binding constraint (Ministry of Health, Labour and Welfare
2001). To my knowledge, however, most discussions on this topic are based on a
static labor supply framework.

In this paper | derive the optimal labor supply decisions under a dynamic
model with endogenous retirement, assuming that the 1.03 million yen ceiling

is present. The results show that labor supply choices in a dynamic model have
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important features that are not captured by the static models. When a woman
optimizes her labor supply over multiple years, she still tends to choose her an-
nual hours so that her earnings are equal to the threshold. In unconstrained years,
however, she tends to increase her hours (the spillofectg In other words,
she partially @fsets the work disincentiveffects of the means-tested transfer by
increasing her workféort in other years. One consequence of the spillofierce
is delayed retirement. The dynamic model also has implications for the welfare
cost of the ceiling. The dynamic deadweight loss can be expressed as a sum of
within-period terms, but the individual terms are not equal to the deadweight loss
usually measured in a static labor supply framework.
A recent model by French (2005), which analyzes the dynartiects of
health and Social Security rules in the United States on wiidkteof older men,
has some features similar to the present model. In his policy simulation analysis,
French predicts thaliminatingthe Social Security Earnings Test would delay re-
tirement. The setting of his model is venyi@irent from that of the present model
so direct comparisons cannot be made. Nevertheless, note that the spfifeger e
described here argues that firesenceof a means test tends to delay retirement.
Since evidence suggests that female part-time workers in Japan have a strong
attachment to the labor force, more attention should be paid to the dynamic impact
of the 1.03 million yen ceiling on female labor supply and on its distributional con-
sequences. While this analysis is mainly motivated by the retirement behavior of
female part-time workers in Japan (micro-level panel data for this population are
currently unavailable), similar considerations may influence the choice of young
women to re-enter the part-time workforce. Furthermore, this type of dynamic

analysis may be useful in understanding tiffe@s of other means-tested trans-
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fers.

Appendix

This appendix explains the algorithm employed to derive optimal allocations un-
der the MTT regime. The present problenftelis from a standard optimization
problem in that the static budget constraint has a discontinuous dip; the choice set
is therefore non-convex. The problem becomes complicated at the point where the
optimal hours schedule makes the transition between a state not receiving bene-
fits and a state receiving benefits. In order to obtain the optimal allocation for
the household, I first use the Maximum Principle technique to derive a candidate
solution. While this algorithm is computationally simple, for some asset levels
it fails to find an allocation that satisfies the budget constraint. This can happen
when there are two allocations with similar dynamic utility, for which the timing
of the transition diers by one year. For example, when there is one allocation
for which the threshold becomes binding in year 3 and another for which the
threshold becomes binding in year 4, if both give a similar level of utility then
the Maximum Principle algorithm cannot find the optimum. In such cases a small
change in the the marginal utility of asset3 fias a large féect on the final asset
level, changing from a large positive value to a large negative value. The source
of this jump is the discontinuity created by the transfer payment. In such cases, an
approximate solution is found by evaluating the value function numerically using
dynamic programming techniques.

The value function is simple to calculate, singealways increases with time.
This means that the wife’s working hours will never increase as she ages. Once a

household starts to receive transfer benefits, it therefore continues to do so until the
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final period. In the following sections, the Maximum Principle (MP) procedure

and the dynamic programming methods used in this paper are explained in turn.

A.1 MP Procedure

In searching for the optimal allocation, | restrict the search to those allocations for
which consumption is smoothed. In other words, the consumption must satisfy
the following relationship:

uC(C:t+:|.7E - ht+17t + 1) — P
Uc(Ct,E - h, 1) 1+r

(A1)

Restricting the search for this type of allocations significantly simplifies the solu-
tion search.

In order to use the MP technique, define the Hamiltonian function as:

H(A:, t) =p'{(IN(Cy) + a¢ In(L — hy)}

+ /lt{l‘At + (Wtht + TRFt — Ct)}

(A2)

H(.) is then maximized with respect € andh;, subject to equations (3) and (4)

in the text. The intertemporal arbitrage condition gives

Ao

At = ma (A3)

which is a standard condition in intertemporal labor supply models. Note that
Ay in equation (A2) is dierent fromaA in the text; o is equal toa in the text.

Substituting equation (A3) into (A2) and rearranging gives

H(A, 1) =p'T{(IN(Cy) + a1 In(L - hy)}

+ /lo{rAt + (Wtht + TRFt - Ct)}]
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Thus, maximizingH (A, t) is equivalent to maximizingin(C,) + a; In(L — hy)} +
AofrA; + (Wh + TRR — Cy)}.

The solution algorithm for the MP procedure is as follows:

Step 1. Set an initial value folp. Denote this value ag,y).

Step 2. Find the optimal allocatio€{andh; fort = 0,1,--- ,T) given Ay,
by maximizing (A2) with respect t€, andh; subject to the constraints (3) and
(4) in the text. Denote this allocation &%,y and h(), whereC, is the con-
sumption scheduleQy1), Ci(1y, - - - , Cr(1)) and hgyy is the labor supply schedule
(hocay, 11y, » - -+, hr(ay)). A subscript in parentheses stands for the iteration number.

Step 3. Check whethé€l;) andh satisfy the budget constraint (equation (2)
in the text). Then set, for the next stepAy(») to a value that satisfies the budget
constraint givern.

Step 4. Repeat steps 1 to 3 unglconverges to a value that is consistent with
the budget constraint.

In Step 2, the household decides whether or not it should receive benefits for

each period fromht = 0 to T. If it decides to receive benefits, thel(.) becomes
H(A, t) = p'[U(CE, h2, 1) + Ao{rA; + (Wh? + TRF - CP)}1, (A4)

where the superscript B attachedXandh; indicates that these optimal consump-
tion and hour schedules are calculated for a state with benefits. If the household

decides not to receive benefits, thd() is given by
H(AL t) = p'[U(CB, h¥B, 1) + AofrA; + (Wh('® — CNB))], (A5)

where the superscript NB stands for a state with no benefits. From equations (A4)
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and (A5), benefits are received in perioifithe following condition is met:
(u(CP, e, ) - u(CY'®, b, 1)) + Ao{(wehf + TRF=CP) - (whi'® ~ ')} > 0. (A6)

It can be shown that the conditions for optimum in the MP algorithm are the same
as those using a dynamic programming technique, as long as the value function

can be approximated as a linear function of assets.

A.2 The Dynamic Programming Procedure: Evaluation of the
Value Function

| apply the above procedure to a variety of initial asset levels. For some asset
values, the MP procedure cannot find the allocation that satisfies the budget con-
straint and the conditions for utility maximization. In such cases the number of
years in which a transfer is not received changes by one (for example, from 3 years
to 2 years) due to a small change in the valuapfThe dynamic programming
technique allows me to find an approximate solution in these cases. | numerically
evaluate the value function in the neighborhoodi@bbtained from the MP pro-
cedure. Note that a change in regime from a state without benefits to a state with
benefits only occurs once. To derive the optimal allocation when there is a change
in years receiving benefits, the value function is evaluated at grid points of asset
levels. For some computationally costly cases, cubic spline interpolation is used
to calculate the value function at relevant asset levels. For this purpose | use the
GAUSS codes of cubic spline routine, which was written by Péale®lind?* Us-

ing the above procedure, the value function is calculated on a grid covering initial

asset levels between 8 million and 20 million yen, with an increment of 100,000

21This code is distributed at the following web site:
httpy/www.american.edacademic.deptsagecorigaussresegresg_splingc_spline.htm.
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yen, for the parameter values shown in Table 1. The hours schedules for initial
asset levels higher than 20 million yen are qualitatively similar to those obtained

whenAy is equal to 20 million yen.
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Table 1: Parameter Values for the Numerical Example

Utility Function Parameters

a Value attached to leisure 0.85
2. growth rate for a (a=0yexp(g, t)) 0.05
p discount rate (=1/(1+r)) 0.9804
1 time endowment (in annual hours) 4000
T4+ Number of years for the optimization 55
0,1,....T)

Policy Parameters

0 (threshold for earnings, in yen) 1,030,000
TRF (Transfer Payment per year, in yen) 210,000
Wage and Assets

W, (Hourly Wage, in yen) 850

Ao

(Initial Asset, in yen)

ranges from
8 million yen to
20 million yen

interest rate

0.02
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Table 2 Labor Supply Schedules and Deadweight Loss

not discounted)

Asset Level (in million yen) 9
Threshold Value (in million yen) 1.03
MTT Regime Lump Sum Transfer Transfer Nonexistent

(1) Total Number of Years 20 19 20

worked (years)
(2) Number of years 17 8 8

worked with earnings<threshold
(3) Total Number of Hours

worked (in hours, 23606 25993 28678

(4) Total Number of Hours worked
in the unconstrained years under
the MTT Regime, at the beginning
(in hours, not discounted)

[from t=0 to t=2]
7216

[from t=0 to t=2]
6896

(5) Total Number of Hours worked
in the unconstrained years under

[from t=13 to t=19]

[from t=13 to t=19]

the MTT Regime, at the beginning
(in hours, not discounted)

the MTT Regime, just before 4272 2865
retirement (in hours, not discounted)
(6) Present Discounted
Value of Transfer 3.564
(in million yen)
(7) Deadweight Loss from
the Transfer Scheme 0.538
(in million yen)
(8) Deadweight Loss/Wife's 0.031
Earnings
Asset Level (in million yen) 17
Threshold Value (in million yen) 1.03
Regime MTT Regime Lump Sum Transfer Transfer Nonexistent
(1) Total Number of Years 18 16 17
worked (years)
(2) Number of years 18 7 7
worked with earnings<threshold
(3) Total Number of Hours 17133 20058 22842
worked (in hours,
not discounted)
(4) Total Number of Hours worked
in the unconstrained years under 0

(5) Total Number of Hours worked

in the unconstrained years under
the MTT Regime, just before
retirement (in hours, not discounted)

[from t=10 to t=17]
5016

[from t=10 to t=17]
3318

(6) Present Discounted
Value of Transfer
(in million yen)

4.182

(7) Deadweight Loss from
the Transfer Scheme
(in million yen)

0.669

(8) Deadweight Loss/Wife's
Earnings

0.052
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Consumption

Consumption

Figure la: The Static Budget Constraint

The Wife's Leisure Time

Figure 1b: Transfer System Assumed in the Model

The Wife's Leisure Time
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Figure 2. Earnings distribution of married women working part-time, by age group

Age: 30-39 Age: 40-49

Fraction

Age: 50-59

O T T T
0 1 2 3

wives' earnings (in million yen)

Source: Resampled data of NSFIE (2004) .

Note: The figures are drawn from the sample of married women working part-time.

Individuals with earnings over 3 million yen are excluded.

The proportion of earnings over 3 million yen is less than 1.4 percent for each of the three

age groups.

Observations are weighted by the sampling weight.

The number of observations is 1363 for age 30-39, 2136 for age 40-49, and 520 for age 50-59.
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Figure 3: Cohort profiles of part-time employment ratio of married women
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Source: Resampled data of ESS (1992-2002) .

Note: The part-time employment ratio is the number of part-time employees to population.
The legends indicate the birth years of each cohort.

Observations are weighted by the sampling weight.
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Figure 4-1: Hours Schedule (Initial Asset=9 million yen)
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Figure 4-2: Hours Schedule (initial Asset=17 million yen)
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