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Abstract

In this paper, I build a model of family labor supply and residen-
tial choices that explicitly incorporates the full-time or part-time work
decisions of married women. The model can explain why women’s par-
ticipation patterns in full-time and part-time work vary significantly
in areas that are geographically close but differ in real estate prices.
The model suggests that high commuting costs could be one of the
main obstacles for women’s full-time employment in places like the
Tokyo Metropolitan Area.
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1 Introduction

How is women’s employment related to the geographical distribution of house-
holds? The present paper explores this question in a specific context: the
Tokyo Metropolitan Area in Japan. I present an optimizing model of family
labor supply and residential choices that incorporates an important institu-
tional feature of the Japanese labor market: the decision by women to work
full time or part time. The Tokyo Metropolitan Area is also unique in that
real estate prices are much higher for locations close to the Central Business
District (CBD).

Costa and Kahn (2000) show that highly educated “power couples” in the
United States became more likely to locate in the Metropolitan Statistical
Areas (MSAs) from 1940 to 1990. They attribute this change to the colo-
cation problem, i.e., the difficulty of finding a residence convenient to both
spouses’ workplaces. In contrast, Compton and Pollak (2007) analyze panel
data and show that power couples are no more likely than other types to mi-
grate to large metropolitan areas. Accordingly, they argue that colocation is
not a major cause of the concentration of power couples in large MSAs.! Nei-
ther of these studies, however, is very explicit about the relationship between
residential decisions and housing prices.

Several studies have investigated the relationship between women’s em-

ployment and housing purchases. Yoshikawa and Ohtake (1989), Fortin

!Compton and Pollak (2007) also show that the concentration of power couples in
MSAs declined slightly between 1990 and 2000.



(1995), and Del Boca and Lusardi (2003) empirically examine how the work-
ing status of married women is related to housing purchases by their house-
holds. In the regional science literature, Mok (2007) asks whether incomes of
spouses are pooled or not in deciding housing location. Using the Canadian
Census data for the Toronto Metropolitan Area, she finds that incomes are
not pooled for couples without children. Iwata and Tamada (2008) build
a model of commuting behavior of married women and argue for a non-
monotonic relationship between the wage rate of working married women and
their commuting time. Sakanishi (2007, 2008) builds a model in which house-
hold location is determined by the husband’s choice and the wife chooses her
employment status given the husband’s location.

In this paper I present a model of family labor supply that permits mar-
ried women to choose from full-time and part-time job opportunities. The
commuting costs, wage levels, and working hours for the two employment op-
tions are explicitly modeled so as to reflect the real constraints faced by cou-
ples in Japan. The model explains why the distribution of women’s employ-
ment status differs significantly across prefectures in the Tokyo Metropolitan
Area. Although the theoretical model is constructed to explain the facts
for the Tokyo Metropolitan Area, the implications of the model are broadly
consistent with empirical patterns observed in the New York Metropolitan
Area: evidence from the New York area is reported in the Appendix.

The paper makes two novel contributions to the literature. First, it explic-

itly considers the optimization over married women’s work (either full-time



or part-time) and residential location. In modeling this, the “discreteness”
of these two choices is particularly emphasized. This element of the model is
especially relevant in the Tokyo Metropolitan Area, where full-time work is
more common among women living close to the CBD than among women liv-
ing in the suburbs. Such regional differences in participation are not observed
for men (Section 2). By modeling the family’s housing location and labor
supply decisions simultaneously, this model provides a natural explanation
for such patterns.

Second, the paper highlights the importance of commuting costs in un-
derstanding women’s work in Japan. Several important measures (legal and
otherwise) to promote women’s participation in the workplace have been
adopted in Japan in recent decades (e.g., the Equal Employment Opportu-
nity Law, the Maternity Leave Law, and various policies to make balancing
work and family easier). Nonetheless, the proportion of women working in
regular full-time jobs in Japan has not increased much, especially over age 40.
Most of the increase in women’s employment after middle age has taken the
form of non-regular, part-time work (Abe 2010). Commuting costs (includ-
ing the time and energy necessary for commuting) have not fallen much for
female workers in the past several decades, which may explain the sluggish
increase in regular full-time employment for women.

The unique aspect of the model is that it explicitly incorporates the dis-
creteness of the labor market in terms of full- or part-time status. In Japan,

full-time wages are much higher than part-time wages. Furthermore, it is



difficult for women who left the labor force at childbearing age to return to
regular employment (Ueda 2007). These factors make full-time and part-time
work very distinct, whereas the middle ground between these two options is
almost nonexistent. The model shows that the housing market operates in a
way to further strengthen this discrete feature in the labor market.

Discreteness in the labor market can sometimes be mitigated by other
“markets.” For instance, if annual full-time earnings are higher than part-
time earnings, in a multi-period setting full-time workers retire early but part-
time workers retire late. Then lifetime earnings from the two employment
statuses are more equalized than for single-period earnings, implying that
intertemporal substitution mitigates discreteness in a single period.? What
is unique about the housing market in this paper is that it operates to magnify
the discreteness in the labor market.

The property whereby high-wage workers live close to the CBD whereas
low-wage workers live farther from the CBD is common in many monocen-
tric models because the bid-rent gradient is higher for high-wage earners. By
contrast, the model in this paper assumes that all men work at CBD while
women have the option to engage in part-time employment for which the
commuting time is zero. In this model, the distance from the CBD creates
larger differences on women’s behavior than for men’s. The large discrep-

ancy in women’s behavior is caused by the discreteness in the labor market,

2Abe (2009), albeit in a different setting from this paper, presents a model that explains
this point.



magnified by the housing market.

The remainder of the paper is organized as follows. Section 2 presents
stylized facts on regional differences in labor market participation. Section 3
presents a model that explains the stylized facts. Section 4 provides numer-
ical examples of the model and Section 5 concludes. The Appendix reports

evidence from the New York Metropolitan Area.

2 Stylized Facts

2.1 Discreteness in women’s employment choices: full-
time and part-time work in the Japanese labor

market

To introduce the stylized facts to be explained in the theoretical model, I
begin with an overview of full-time and part-time work in the Japanese labor
market. In subsections 2.1 and 2.2, participation in the two types of wage-
salary earners is considered: (1) regular full-time employees and (2) part-time
and casual employees.? Part-time and casual employees comprise the typical

non-regular workforce in Japan and their numbers have increased dramat-

3In the data used in this paper, part-time and casual are the terms for employment
status in the workplace. Both part-time and casual employees are non-regular workers.
There is no clear distinction in tasks or working conditions for the two types of workers,
although casual workers are generally younger than part-time workers. Students who work
part time normally work under casual status. In the questionnaire of the Employment
Status Survey (ESS, Statistics Bureau, Ministry of Internal Affairs and Communications
of Japan), casual workers are referred to as “arbeit workers.”



ically in recent decades. According to the ESS, among women aged 25-59
years, the number of part-time or casual workers was 4.5 million in 1987 and
7.4 million in 2007.* Regular employees are those with no term limits in their
employment contracts. Part-time and casual employees typically hold a con-
tract of no longer than 1 year in duration, although such contracts are often
renewed multiple times. Regular employees are eligible for employer-provided
fringe benefits, including public pension contributions, a corporate pension,
and employer-provided health insurance; part-time and casual employees are
much less likely to obtain such coverage. Regular employees normally work
40 hours per week or more, whereas part-time and casual employees work
fewer hours. Hourly wage rates are higher for regular employees than for
part-time employees; according to the statistics reported in Abe and Tanaka
(2007), the part-time/full-time wage ratio for female workers in 2001 was 51
percent.® Hereafter, the term “part-time workers” denotes both part-time
and casual workers.

Although the part-time/full-time wage gap is one source of the discrete-
ness between the two options, a more important source is probably the so-
called 1.03 million yen ceiling. The Japanese tax and Social Security system,
as well as the fringe benefit policies of employers, creates an environment in

which married women who are dependents of their husbands have a strong

4During the same period, the number of female regular workers in the same age range
changed from 7.5 to 8.9 million.

5An extensive literature on part-time jobs in Japan provides evidence of these issues;
see, e.g., Houseman and Osawa (1998, 2003), Abe (2003), Gaston and Kishi (2007).



incentive to restrict their earnings to less than 1.03 million yen (for recent ev-
idence on this, see, e.g., Nagase and Nawata 2005; Akabayashi 2006; Sakata
and McKenzie 2006; Abe 2009).

As a result, the annual earnings of married women are quite different
depending on their employment status. Figure 1 shows the earnings distri-
butions for full-time and part-time working women from the ESS in 2007.
Part-time earnings are heavily concentrated around 1 million yen, whereas
full-time earnings show no such a concentration. FEarnings are higher for
full-time than for part-time workers; in the ESS data used in Figure 1, the
average earnings of female full-time employees are 3.3 million yen, whereas
those of female part-time employees are 1.0 million. Furthermore, 93 per-
cent of female part-time employees have earnings of less than 1.5 million yen,
whereas 56 percent of female regular employees earn less than this amount.
These are the main features of the discreteness in the two employment choices

for women in Japan.

2.2 Participation in full-time and part-time work by
region

To understand the features of regional variations in women’s participation,
I use the data from the ESS for 2007. The ESS is a household survey and

the region-based statistics reported here are based on the place of residence



(not on place of work).5

I compare the participation patterns for the four prefectures in the Tokyo
Metropolitan Area: Saitama, Chiba, Tokyo, and Kanagawa. Tokyo pre-
fecture includes the Tokyo CBD; the other three prefectures are generally
suburban, although they do contain some large cities such as Saitama (in
Saitama prefecture), Yokohama and Kawasaki (in Kanagawa prefecture).

In the following discussion, three measures of participation are used: the
employment-to-population ratio (E-P ratio), the regular employment ratio,
and the part-time employment ratio. The regular employment ratio is the
number of regular employees divided by the population, for which regular
employees include regular wage and salary earners, as well as executives of
private corporations. The part-time employment ratio is the number of part-
time and casual employees divided by the population.

The three measures are plotted against age for married women (Figure
2.A-2.C) and the regular employment ratio for married men is plotted against
age (Figure 2.D), using microdata from the ESS.” The data show several
interesting patterns. First, the E-P ratio for women below age 35 is higher in
Tokyo than in the three other suburban prefectures. This ratio is similar in

all four prefectures after age 35. The types of female employment observed

6The ESS is conducted every 5 years by the Ministry of Internal Affairs and Com-
munications of Japan. In 2007, the survey was conducted for adults in about 450,000
households; the size of the original sample was approximately 1 million persons aged 15
and over. The ESS data do not contain information on the location of the employment.

I omit the E-P ratio and the part-time employment ratio for married men because
regional variations in the E-P ratio are smaller than those in the regular employment ratio
and because the part-time employment ratio is low.



in the four regions are quite different: regular employment is more common
in Tokyo, whereas part-time employment is more common in the other three
prefectures, independent of age. Second, over 80 percent of married men
work as regular full-time employees, while less than 30 percent of married
women work under such a status (Figures 2.B and 2.D). Finally, the regular
employment ratio for men does not differ much across the four prefectures,
although it is slightly lower in Tokyo than elsewhere. Overall, the regional

8 Tt is natural to

differences in women’s employment are clearly greater.
expect that these significant differences are caused by endogenous choice
of residential location. Housing prices are higher in Tokyo and full-time
employees earn much more than part-time employees. On the other hand,
work schedules are less flexible for full-time jobs. High earnings by full-time
working wives may be used to finance the high cost of housing close to the

CBD. Households in which the wife does not work full time will locate farther

from the CBD to spend less on housing.

2.3 Educational composition and labor supply choices

across prefectures

Most large-scale datasets for Japanese workers do not contain information
on both wage and place of residence, so it is difficult to directly test the

hypothesis in the previous subsection. In this subsection, I therefore use

8More generally, it is known that women’s participation in the labor market, especially
with respect to regular full-time work, has significant regional variations within Japan
(Takeishi 2007; Abe et al. 2008). Regional variations are small for men.

10



education as a proxy for wage levels. It is well known that education is
highly correlated with full-time wages. I first look at the proportion of edu-
cated people among residents, and then consider the proportion of educated
workers among residents.”

Figure 3 shows the proportion of people with more than a university
education (16 years or more) among residents in the four prefectures by
age group. Among both men and women of all age groups, the proportion of
highly educated persons (“power” individuals in the terminology of Costa and
Kahn (2000) and Compton and Pollak (2007)) is highest in Tokyo, followed
by Kanagawa, Chiba, and Saitama. These data support the notion that
high-wage earners tend to live closer to the Tokyo CBD.

The educational distribution does not show whether labor supply is re-
lated to residential choice because the population considered includes both
workers and non-workers.!® To see the distribution of “power workers,” the
proportion of those with more than a university degree and working (power
working men and women) among residents is plotted in Figure 4. For both
men and women, the proportion of power workers is highest in Tokyo. The
pattern in Figure 4 basically mirrors the educational distribution (Figure 3),

so it can be concluded that labor supply choices do not have a large impact

9Costa and Kahn (2000) define “power couples” as couples in which both spouses
have more than a college degree. The available data do not allow me to investigate the
combination of educational attainment of husband and wife. In this paper, “power” men
and women are those who have at least a university degree, and “power working” men
and women are those who have at least a university degree and work.

10Tp Japan, the labor force participation rate of highly educated women is not much
higher than that of less educated women.
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on the geographical distribution of power working men and women; the effect

of education is more significant.

2.4 Housing prices, educational composition, and la-

bor supply

More evidence on educational attainment and labor supply choices by resi-
dents is provided by aggregate data from the 2000 Census of Japan. Census
data are available at the municipal level; here, I focus on cities in the Tokyo
prefecture.!! The Census data on educational attainment and labor supply
can be matched with housing price data.

I estimate regressions relating the proportion of power working men and
women to housing prices. The dependent variable is the proportion of power
working men or women divided by the population. In defining the number
of power working men and women, two types of workers are considered: one
includes all types of employment, and the other is restricted to wage and
salary earners. The independent variables are the log of mean land price
and age dummies. Data for the mean land prices (per m?) at the municipal
level are obtained from the Public Notice of Land Prices (Ministry of Land,
Infrastructure, Transport and Tourism of Japan) in 2000. Results are shown
in Table 1. Land prices have a positive impact on the proportion of power

working men and women: a 10 percent increase in price is associated with a

1 The aggregate municipal data are available only for municipalities with a population
of more than 0.5 million. There are 8 such municipalities in Tokyo prefecture.

12



1-2 percent increase in the dependent variable. The coefficients are greater
for men than for women.!?

I also run regressions in which the dependent variable is the labor force
participation rate and the independent variables are the log housing price
and age dummies. The results are shown in Table 2. Among men and highly
educated women, housing prices do not affect participation. Therefore, their
labor supply choices do not differ across regions, which is consistent with the
observation that the distribution of power working men and women is similar
to the distribution of power men and women. Among women with a senior

high school education, those who live in areas with high housing prices are

more likely to participate in the labor market.

12There are several reasons for why this elasticity is higher for men than for women.
First, there is a large gender wage gap among full-time workers. Even for power-working
couples, earnings for the wife may be lower than those for the husband. Furthermore,
male earnings are likely to have a greater dispersion than female earnings, even among
power-workers. Given these factors, it is quite possible that housing prices and male
earnings have stronger correlations than housing prices and female earnings. Second,
the published Census data used in Tables 1 and 2 are not disaggregated over marital
status so the sample for each gender includes both married and unmarried persons; it is
possible that elasticity values differ across marital status. Finally, causality should not be
inferred, as this pattern of the distribution of power working men and women is consistent
with several other explanations. For example, highly educated people prefer to live in
areas where school quality is high, and school quality and housing prices are positively
correlated.

13



3 Model

3.1 Basic model

Consider a household with two adult members, a husband and a wife. The
family utility is defined as U(ly, l,,, C'), where [}, is the husband’s leisure time,
ly, is the wife’s leisure time, and C' is the value of consumption other than
housing. In the rest of this paper, the first derivative of U(.) with respect
to spouse j’s leisure is denoted as U; (j = h,w), and the first derivative
with respect to C' is denoted as Up. The second derivatives are denoted
similarly (Ucy, Uwn, etc.). Let W), represent the husband’s hourly wage rate,
and let Ej represent his earnings. The model has a monocentric structure
with a single CBD. It is assumed that the husband works in the CBD and
his commuting distance D is measured in hours. Let D be the maximum
possible value of D: thus, D € [0, D].

The wife’s employment choice is either full-time work, part-time work, or
no work. Full-time work requires the wife to work more than ¢ hours. All
full-time jobs are located in the CBD, so the commuting distance for any
full-time job is D. The wife’s hourly wage rate when she works full time is
Wg. Part-time jobs are available at zero commuting distance, for which the
wife’s hourly wage rate is Wp. These assumptions are made because they are
broadly consistent with empirical facts. They are also consistent with the
patterns predicted by some urban economics models such as Wheeler (2001)

or Andersson et al. (2007) that predict high-paying (more productive) jobs

14



are likely to be located in the CBD.
It is assumed that hours of work are chosen as a continuous variable for
both spouses, so the earnings function for the wife (the function that relates

her working hours, h,, to her earnings, F,) can be modeled as:

WPhw if hw S 0
Ey(hw) = : (1)
Wrhy, it hy, > 6

Note that there is a “jump” in the earnings function at point . This is
natural in the context of the Japanese labor market, where the hourly wage
rate of female full-time employees is approximately 50 percent higher than
that of female part-time employees.

The time endowment for both husband and wife is L and their time

constraints give

where h; is the working hours of spouse j, D is commuting time to the CBD,
and I(.) is an indicator function that takes value 1 if the relation inside
the parentheses is true and zero otherwise. For simplicity, I assume that all
housing units are of the same size and the incomes of the husband and wife

are pooled.
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There are four possible solutions to the optimization problem described
above: (1) the wife does not work (h,, = 0); (2) the wife works part time
with fewer than 6 hours (0 < h,, < 6); (3) the wife works exactly 6 hours as
a part-time worker (h,, = 0); or (4) the wife works full time (h,, > ). When
necessary, I use the following subscripts to denote the four states: N for no-
work, [ for “interior” part-time work fewer than ¢ hours (0 < h,, < 6), T for
part-time work at the threshold, and F' for full-time work. Among these four,
the first three (N, I, and T') are collectively designated as “part-time work,”
because “no work” and “threshold” are at the boundaries of the budget set
and form corner solutions in the maximization problem for part-time work.

To derive the optimal location and labor supply choice, two sub-problems
(the part-time and full-time sub-problems) are defined, and the bid-rent func-
tion for housing is derived for each.'® The bid-rent function of the part-time

sub-problem is derived by solving the following problem:

Max Wyh, + Wph,, — C (2)

hvhwv

subject to

UL —hy — D,L — hy,C) =u,
0<h, <0,

where u is the utility level of the household. The maximand of this problem

13The derivation in this section follows that of Fujita (1989).
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gives the bid-rent function for the part-time sub-problem, denoted ¥* (D, u).
Likewise, the bid-rent function for the full-time sub-problem is derived by

solving the following:

Max Whhh + thw - C (3)

hhvhwvc

subject to

The maximand of this problem gives the bid-rent function for the full-time
sub-problem, denoted ¥ (D, u).*

Let C(ly, Ly, 1) represent the consumption level that achieves utility level
u when the husband’s leisure time is [, and the wife’s is [,,. The first-order
condition with respect to hj, is the same for the two sub-problems, and is

expressed as:
oC ()

W,
T

=0 (4)

The first-order condition with respect to h,, in the full-time sub-problem

is:

ac(.)
al,,

WF + S 07 (5)

141n the entire problem, the choice of h,, = @ is included in the part-time and not the
full-time status. However, to make the full-time sub-problem well-defined (i.e., to make
the opportunity set a closed set), h,, = 6 is included in the opportunity set for the full-time
sub-problem.

17



for which the inequality holds when h,, = 6.
The first-order condition with respect to h,, in the part-time sub-problem
is as follows:

/

Wp+ LCUln g ifp, =0 [N]
Wp 4 2thet) — 0 if0 < by <0 I ®)
Wt UT00 0. itho=0

where the letter in square brackets indicates one of the four states.

The following two conditions are met at the corner solution of h,, = 6:

oC(In, L — 6, u)

Wp + ol

> 0,

OC(lh,L — 6 — D, u)

Wr + ol

< 0.

The “discreteness” in the labor market is represented by this corner so-
lution, which is the unique feature of this model. A wife’s full-time work
requires D hours of commuting time, in addition to the hours spent at her
job. Suppose the wife changes her employment status from part time to full
time and increases her working hours by Ah,, (from less than 6 to over ).
Then her leisure time decrease by D + Ah,,. D is essentially the “fixed cost
of full-time work,” measured in hours. Unless D = 0, there will be a range
of Wp and Wy for which the wife’s working hours are set to 6 (part-time

work) and do not increase even if Wp rises (the wage elasticity of working

18



hours is zero). At this corner solution, —9C (I, L — 0, u)/0l, < Wp < Wp <
—0C(ly, L — 0 — D, u)/dl,, holds. The wife works as many hours as possible
while remaining part-time; she would like to work more than 6 hours but
commuting prevents her from pursuing full-time employment opportunities.

The derivative of the bid-rent function is the time cost of commuting,

implying

ot .
T = _M/' <
a hs if hw ~ 0 (7)

% =—(Wy,+ Wg) otherwise (8)
oD h F)-

This is the familiar Alonso-Mills-Muth (AMM) condition.!® The trans-
portation cost per hour is the opportunity cost of working and is equal to

the hourly wage rate of full-time workers who commute to the CBD.

Assumption 1. Let AC(lp,u) = C(ly, L — 0 — D, u) — C(lp,, L — 6, u), where
I, > 0. Then, for some households, (Wrp — Wp)0 < AC(l,w) for all l, > 0

and u.

To understand the implication of Assumption 1, suppose a household is
located at D. AC(.) is the compensation necessary for the wife to work 6
hours as a full-time worker (commute D hours), and to keep the household
equally well-off when she has part-time status and work 6 hours. Assumption
1 says that for some households, the part-time/full-time wage gap is not large
enough to compensate for the wife’s commute of D hours for any possible

values of I}, and wu.

15 Alonso (1964), Mills (1967), and Muth (1969).
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Proposition 1. For all households,

$7(0,u) < 9"(0, ).

For households for which Assumption 1 holds,

V(D,u) > "(D, ).

The bid-rent function for a household is

¥(D,u) = max(y" (D, u), " (D, u)).

Proof. When D = 0, the maximization problem for deriving the bid-rent
functions for part-time and full-time status differ only in the level of the

wife’s wage (whether it is Wp or Wg). Since Wr > Wp, it is obvious that

PP(0,u) < ¥F (0, u).
The bid-rent functions at location D, for the full-time and part-time cases

are as follows:

VE(D,u) = Wi(L —1f = D)+ Wphf —CUF L —ht —D,u), (9)

WP (D,u) = Wy(L —1F = D)+ Wphl —C(F, T —hl w),  (10)

where ¥ (k = F, P) represents the husband’s optimal leisure time in the k-th

sub-problem. Since hf is chosen optimally, (D, u) is higher than when hf

20



is forced to 0 in the RHS of Eq. (10) and thus:

WP(D,u) > Wi(L -1 = D)+ Wpb —C(IF T -0, u). (11)
Using Eq. (11),

(D, u) = (D, u)
> Wi(IF —15) 4+ [(Wpb — WehE) + C(1E, T — hE —D,u) — C(15, L — 6, u)]
= (Wpl — WphE) + C(1F T - hE —D,u) — C(IL, L — 6, u).

(12)
The last equality follows because

COFT b~ Do)~ QLT 1~ Doy = St -ty
h

and W), + 85’()/8lh =0.

Let Ah, = ht — 6 > 0. Then the last expression of Eq. (12) becomes

Wpt — W0+ Ahy) + C(1F, T — (0 + Ahy) — D,u) — C(, T — 0,u). (13)

Because Wy = —9C /Ol the following relationship holds:

—WeAhy +C(IF T — (04 Ahy) —D,u) —C(IP T —0—-D,u) =0. (14)

21



Using Eq.(14), Eq. (13) becomes (Wp — Wr)0 + AC(I¥,u). Assumption 1
implies this is positive. Then ¢*(D,u) > ¥ (D,u) follows.

The maximum of (D, u) and ¥ (D,u), ¥(D,u), gives the bid-rent
function for a household when the wife has options to work either full time

or part time. [

For households for which Assumption 1 holds, ¢ (D,u) > (D, u)
and ¥T(0,u) < ¥¥(0,u), and therefore, ¥ (.) and ¥¥(.) intersect once.'6
Whereas 17 (0, u) < ¥ (0,u) is true for all households, ¥ (D, u) > ¢ (D, u)
requires an assumption. However, if ¥*(D,u) < ¥ (D,u) for all, the wife
works part time in no households. Since part-time work has become increas-
ingly common in Japan in recent decades, it is natural to expect that this
type of assumption holds.'”

To facilitate the following discussion, two types of reservation wage are

introduced.

Definition 1 (Reservation wage for part-time work). The wife’s reservation
wage for part-time work, wp, satisfies the following condition:
oC —

'lU}kg(h,h, D,U) = _8T(L — hh - D,f, U)

16Since the bid-rent gradient is constant in this model, they do not intersect more than
once.

1"The feature whereby the overall bid-rent function is derived as the maximum of the
bid-rent curves for two separate problems is similar to the model of LeRoy and Sonstelie
(1983), in which bid-rent curves are derived for different transportation modes and the
mode that achieves the highest bid-rent value is chosen.
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The reservation wage for part-time work (measured in consumption goods)
is similar to the standard reservation wage concept determining whether an

individual works or not.

Definition 2 (Reservation wage for full-time work). The wife’s reservation
wage for full-time work, wj. is
oC —

wi(hy, D, u) = —aT(L —hy—D,L—60—D,u).

The four modes of work are illustrated in Figure 5 for the utility function
U(lp, by, C) = ul(ly) + u*(l,) + v(C). The horizontal axis represents the
wife’s leisure time (l,,), and the vertical axis measures the marginal utility of
her leisure (Ou™/0l,). I make the following simplifying assumptions on the

shape of the utility function.

Assumption 2. The utility function, U, is concave, and is separable between
I and C' and between l,, and C, so that Ujc =0 (j = h,w). Assume further

that Uwh S 0.

The assumption that U, < 0 is likely to hold if household responsibilities
are shared by both spouses. With Assumption 2, the following proposition

gives an interesting property of the above model.

Proposition 2. Under Assumption 2,

*
dwj

D > 0.
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Proof. By the definition of the reservation wage for the wife’s full-time work

and by the relation satisfied on the indifference surface,

w};(h'hu D7 u)

__oC()
Il
U L—h,—D,L—hf—D,C(L—hy,—D,L—hE—D,u))

 Uo(L—hy—D,L—hE —D,C(L—hy,—D,L—hE —D,u))
(15)

Differentiating Eq. (15) with respect to D and using Ujc =0 (j = h,w), I

obtain

o o,
oD ol,
(_Uwh - wa)UC’ + UCC(éh + C~111))va
= Ug ,

where C; = 9C'/8l;(< 0). Because concavity of U implies Use < 0, Uy < 0,

and U,;, < 0 by assumption, it follows that a%(—%) > 0. O

Proposition 2 says that when each spouse’s leisure and consumption are
separable and U, < 0, closer location to the CBD reduces the wife’s reser-
vation wage for full-time work. As a result, the likelihood that the wife
works full time increases when the household is located close to the CBD,
other things equal. The shorter commuting time decreases the fixed cost of
full-time work for the wife. Proposition 2 implies that the wages of full-time

working wives living closer to the CBD are not necessarily higher than those
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of wives living farther from the CBD. On the one hand, a household in which
the wife works full time has more incentive to locate close to the CBD be-
cause of the AMM condition (e.g., Iwata and Tamada 2008). On the other
hand, as shown in Proposition 2, it is easier for wives located close to the
CBD for other reasons to participate in full-time work.

Once the wife participates as a full-time worker, a higher Wr increases
her full-time hours. This serves to reinforce the discrete nature of the labor
market because the earnings differential between full-time working women

and others widens. This point is summarized in the following proposition.

Proposition 3. Consider a change in full-time wage, Wr, in the range where

the wife works full time. Then:

_p

>0
OWp ’

where Y5 is the bid-rent gradient. If the substitution effect dominates the

income effect in the wife’s leisure choice,
dhy,/dWg > 0.

Proof. When the wife works full time, the bid-rent gradient equals the summed
wages of the husband and wife. —0yE/0Wr > 0 implies that D decreases
with a higher Wg. From the first-order condition for the choice of hours (Eq.

(5)), hyw + D increases with Wy as long as the substitution effect dominates
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the income effect. Combining these two results, h,, increases unambiguously

Note that a high Wg has two reinforcing impacts on h,,. First, a higher
wage decreases the amount of leisure, as in the standard labor supply model.
The second impact is to reduce D by locating closer to the CBD. A lower
value of D allows a full-time working wife to increase h,, further. A similar
argument applies to the husband’s hours, hy,.

The distribution of W, + I(h,, > 0) - W is determined by the correlation
between the husband’s wage and the wife’s full-time wage, as well as the
correlation between the husband’s wage and the likelihood that the wife
works full time.'® An implication is that housing units located close to the

CBD are more likely to be occupied by two-earner households.

3.2 Extensions

The basic model above does not consider explicitly the link between house-
hold characteristics and the shape of the utility function. Observable house-
hold characteristics, such as the number of children and children’s ages, are
likely to be related to the shape of the utility function. The number of chil-

dren, especially of young children, is likely to increase the marginal value

¥ Empirical studies in Japan to date have not reached a consensus regarding the sign
of the correlation between the husband’s wage and the wife’s labor force participation. In
the past this correlation was thought to be negative and some studies using recent data
still find a negative correlation (e.g., Sasaki 2002; Nawata and Ii 2004). However, other
studies point out the possibility that this correlation has become weaker over time, and
may even have turned positive (e.g., Kohara 2008).
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of the wife’s leisure time. Furthermore, larger household size increases the
demand for space. Statistics for the Tokyo Metropolitan Area clearly show
that the fertility rate in 2006 was higher in the suburban prefectures than in
Tokyo: the total fertility rate was 1.02 in Tokyo and approximately 1.23 for
Saitama, Chiba, and Kanagawa.'®

Suppose there are two types of households, those with children and those
without. The bid-rent for households with children takes higher values (for
any D) than for childless households for two reasons. First, since households
with children have a greater demand for space, the bid-rent per space is lower
for households with children than that for childless households, other things
equal. Second, in households with children, the marginal utility from the
wife’s leisure time is higher than otherwise, which makes the wife less likely
to participate either in full-time or part-time employment. This, in turn,
makes the bid-rent of households with children lower than that of childless
households because the wife’s earnings are lower.?® Therefore, the presence
of children makes the division between the two employment options for wives
more distinct than in the basic model laid out in Section 3.1.2! In the next
section, a numerical example that includes two types of households is intro-

duced. For type H, the marginal value of the wife’s leisure time is relatively

19The figures are from the Long-term Population Statistics of Japan.

2ONote that the wife’s earnings appear in the objective functions for deriving the bid-rent
curves (such as Egs. (2) and (3)).

21Beckman (1973) points out that single persons and childless couples locate closer to
the CBD whereas large families live in suburbs. In his model, the labor supply choices are
not endogenous.
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high, whereas for type L, it is relatively low. I show that in this example the

type H households are likely to locate farther from the CBD.

4 Numerical examples

This section presents two numerical examples of the model in Section 3.
In the first example, the utility function is assumed to be the same for all
households. In the second example, there are two types of households which
differ in their marginal valuation of wife’s leisure time.

The utility function is assumed to take the following form:
U(lp,lw,C) = aln(ly) + Bn(l,) + C. (16)

I set a < $=0.6 in the first model. In the second model, § = 0.55 (type L)
for half of households in the population, and 5 = 0.65 (type H) for the other
half.

It is assumed that the full-time wages of husbands and wives, W), and
W, follow uniform distributions: W), has a uniform distribution over the
interval [1,4], and Wy has a uniform distribution over the interval [0.5,1.5].
Note that the mean full-time wage is higher for males than for females, and
that the variance of full-time wage is larger for males than for females. It

is assumed that the wife’s part-time wage, Wp, is correlated with Wy as
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follows:

p

0.75 * W if Wp < W2Hh
Wp=140.7%Wg if W2th < Wy < Wmed . (17)
0.7 % Wned if We > Wmed
\

For wives whose full-time wages are lower than the 25th percentile of the
full-time wage distribution, the wage gap between full-time and part-time
jobs is 25 percent. For wives whose full-time wages are between the 25th
percentile and the median, this gap is 30 percent. For wives with full-time
wages above the median, the part-time wage is 70 percent of the median
full-time wage. These assumptions reflect the empirical facts that the part-
time/full-time wage gap for female workers is smaller for the less educated
and that part-time wages do not increase much with education.??

Note that I normalize the lower bound of the husband’s full-time wage
to 1. For simplicity, matching between husband and wife is assumed to be
random in terms of their full-time wage levels.?® The total time endowment
L is normalized to 1; D, 0, hy, and h;, are measured using this unit. For

instance, if the total time endowment is 80 hours per week, a 1-hour commute

each way costs 10 hours per week (assuming full-time employees work 5 days

22In equilibrium, the part-time/full-time wage ratio is lower than 0.7, since high-wage
workers are likely to work in full-time jobs, whereas the part-time wages are capped at 70
percent of the median full-time wage.

23 An example with simple assortative matching between spouses is also constructed, but
the results are not reported here. The properties of the solution are essentially the same.
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per week) so D is 0.125 (=10/80). The threshold 6 for full-time work is set
to 0.3125 (25 hours out of 80). A piecewise linear relationship between —p

and D is assumed, as follows:**

4

—(1/24)(—=¢p — 1) + D(1) if 1< —p < 1.3
D(—=v¢p) = —(1/32)(=p — 1.3) + D(1.3)  if 1.3 < —¢pp <25 » (18)

—(1/40)(—tpp — 2.5) + D(2.5)  if 2.5 < —op < 5.5

\

where D(—1p) corresponds to the D value chosen by households for which
the bid-rent gradient is ¢Vp. The model is solved numerically by making

discrete approximations to the distributions of wages and —vp.

4.1 Single type

In this subsection the equilibrium outcomes when all households have the
same utility function are reported. The proportions of wives working part
time and full time are shown in Figure 6.A. In households located closest to
the CBD, all wives work full time. In other words, housing units closest to the
CBD are occupied only by two-earner households with both spouses working
full time. The proportion of wives working full time decreases as D increases
and eventually reaches zero. The proportion of wives working part time is

zero for the lowest D values, and increases as D increases. Although the

24In a more fundamental sense, this relationship should be derived by solving for the
market clearing conditions of the housing market. I instead assume that the supply of
housing units at each location D yields this relationship.
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behaviors described are extreme, they are also consistent with the empirical
patterns shown in Figure 2.

The relationship between wage levels and commuting time of working
wives is shown in Figure 6.B. The size of the points/circles in Figure 6.B
indicates the number of wives working at that particular wage-commuting

time combination.?®

By construction, the commuting time for part-time
workers is zero, and part-time wages have a smaller dispersion than full-time
wages. As shown in Figure 6.B, in equilibrium, some full-time working wives
with low wages also have low values of D. This is because lower values of D
reduce the reservation wage for full-time work (Proposition 2). Since part-
time wages are less variable and the commuting time is zero for all part-time
workers, the outcomes for these workers are compressed into the lower-left
corner as mass points. These results are quite different from the relationship
found by Iwata and Tamada (2008), who find that working wives with the
highest wages live closest to the CBD. Figure 6.B shows that some full-time

working wives with high wages also have high D values.

4.2 Two types

Next, consider the case in which households differ in their utility functions. It
is assumed that there are two types, H and L. Type H has a higher marginal

value for the wife’s leisure time than type L does. Although the decision

25For the upper-right section of the figure, the size of individual circles is very small and
the distances between the circles are short, so that they are collectively seen as thick lines.
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to have children is not explicitly modeled in this example, in households
with children the value of the wife’s leisure time is likely to be higher than
in childless households, and thus they are more like type H households.?¢
Below, I report the properties that are unique to the two-type case.

Figure 6.C shows that the labor supply choices of wives of type H and type
L: in type H households, wives are less likely to engage in paid employment.
Although not clear from the figure, the proportion of those who engage in
regular full-time work is 14 percent for type H and 29 percent for type L.?
In this example, the mean D in equilibrium is 0.195, and 52 percent of type
H households reside at locations where D is higher than the mean, whereas
45 percent of type L households reside at such locations. Therefore, type L
households are more likely to live closer to the CBD.

Although the examples here are quite specific, in that full-time wages are
assumed to follow uniform distributions and that matching between husband
and wife is random, they are consistent with the empirical features of the

education and housing location distributions (Figures 2 and 3).

26Households with children are likely to have a demand for more space, but that aspect
is not incorporated in this example.

2TNote that the vertical axis of Figure 6.C measures the proportion of those working full
time conditional on the location choice. The outcomes of location choices are not evident
in the figure.
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5 Conclusions

In this paper, a simple model of family labor supply and residential loca-
tion choice is presented. The model incorporates an important institutional
feature of the Japanese labor market: a woman’s choice between full-time
work and part-time work. It can explain why women’s participation behav-
iors differ significantly in areas that are geographically close but differ in real
estate prices. Women who earn high full-time wages in the CBD tend to live
close to the workplace, whereas those with lower wages live in the suburbs
where housing prices are lower. The model also explains that high commut-
ing costs (or equivalently, high housing prices in locations close to the CBD)
could be one of the main obstacles to women’s full-time employment in the
Tokyo Metropolitan Area. In Japan, full-time and part-time employment
are distinct labor-supply choices for women. I argue that the housing mar-
ket operates in a way to further strengthen this discrete feature in the labor
market.

One notable change in the Japanese labor market over the last two
decades has been an increase in female wages: from 1990 to 2000, the aver-
age hourly wage of female regular workers rose by 20.8 percent, while that of
male regular workers rose by 8.7 percent (in real terms).?® The labor force

participation rate of married women aged 25-54 increased from 53 percent in

28These data are derived from the Basic Survey of Wage Structure (Ministry of Health,
Welfare and Labour of Japan) and CPI statistics (Ministry of Internal Affairs and Com-
munications of Japan).
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1980 to 59 percent in 2000.2° An investigation of how these changes in the
labor market have affected the housing market and the residential patterns

is left for future research.

6 Appendix: Evidence from the New York
Metropolitan Area

In order to examine whether the theoretical model is relevant in other metropoli-
tan areas, the relationship between residential and employment choices are
examined for the New York Metropolitan area using the 2000 US Census
data. I use the Integrated Public Use Files from the US Census (IPUMS)
from the year 2000 (Ruggles et al. 2010), and extract residents of the New
York metropolitan area (the metropolitan area code equals 560) who are not
attending school.

For the US case, there is no counterpart to the regular and part-time
employment statuses that exist in Japan. Therefore, I use participation
measures based on working days and hours. These are (1) the proportion
of Full-Time, Full-Year (FTFY) workers who are wage-salary earners among
residents, and (2) the proportion of part-time (non-FTFY) workers who are
wage-salary earners among residents. FTEFY workers are those who worked

at least 50 weeks in the previous year and whose usual hours of work is 35

29Labour Force Survey (Statistics Bureau, Ministry of Internal Affairs and Communi-
cations of Japan).
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hours or more.3Y

It is important to note that the two definitions (based on the employment
status in the workplace and on working hours) are not the same: when I
apply the measures from the working hour definition to the Japanese data,
the regional differences are not as pronounced as those shown in Figure 2.

Furthermore, for the working hour definition, regional differences are not

necessarily greater for women than for men.?!

In panels A-D of Figure A1, the participation measures are plotted against
age for married women residing in the central city area and those residing

outside this area and for the two different education levels (at least high

32

school diploma, and at least a Bachelor’s degree).”* The feature whereby

those who live closer to the CBD are more likely to work full time is clearly
seen for married women with a Bachelor’s degree or more. The FTFY profile
for married men with a Bachelor’s degree or more are shown in panel E of
Figure Al. Unlike women, men living in the central city area are less likely

to work FTFY.

30This definition of FTFY work is used by Devereux (2004). The restriction for wage-
salary earners is made for making the sample comparable to the Japanese data in this
paper.

31Possible reasons for the small regional differences for women with the working hour
definition are that: (1) some part-time workers (in the Japanese definition) work many
hours so that they are classified as FTFY workers even though their status at the workplace
is not regular workers; (2) there are slightly more female, married regular workers who do
not work FTFY in Tokyo than the suburban prefectures.

32When the data are plotted for all married women regardless of education level, the
FTFY profiles for some ages are at similar levels for central city residents and others. A
possible reason for this is that low-income individuals tend to reside in the city center
because of transportation cost (Gleaser et al. 2008).
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Table A1 lists the proportion of place of work (central city area or other-
wise), by the place of residence (central city area or otherwise) for married
women and men with degree-level education. Among FTFY workers residing
in the central city area, over 80 percent work in the central city area. Among
FTFY workers residing outside of the central city area, 26 percent of female
workers and 34 percent of male workers commute to the central city area.
Majority (78 percent) of female part-time workers who reside outside of cen-
tral city area work outside of central city. The right half of Table A1 shows
the average commuting time for each group of workers defined by employ-
ment status, gender, and places of residence and work. Those who reside and
work in the central city area spend 37-39 minutes for commuting (one way),
while female part-time workers who work outside of the central city spend
21 minutes. FTFY workers who commute from the outside of central city to
central city spend over 60 minutes. These patterns suggest that part-time
jobs are available outside of central city area, allowing married women to

spend less time for commuting.
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Table 1. Proportion of power men and women and housing price

1) (2) ) (4)
Education=University or more & [Education=University or more &
working wage-salary earner
Men Women Men Women
Log(land price) 0.188 ** 0.101 ** 0.163 ** 0.088 **
(0.038) (0.018) (0.034) (0.016)
Dummy for Age 30-34 0.031 -0.066 ** 0.021 -0.071 **
(0.043) (0.020) (0.039) (0.018)
Dummy for Age 35-39 0.082 -0.089 ** 0.059 -0.100 **
(0.044) (0.021) (0.040) (0.019)
Dummy for Age 40-44 0.112 * -0.079 ** 0.073 -0.097 **
(0.047) (0.022) (0.043) (0.020)
Dummy for Age 45-49 0.046 -0.108 ** 0.004 -0.122 **
(0.047) (0.022) (0.042) (0.020)
Dummy for Age 50-54 -0.008 -0.141 ** -0.050 -0.151 **
(0.044) (0.020) (0.040) (0.019)
Dummy for Age 55-59 -0.086 -0.176 ** -0.121 ** -0.181 **
(0.046) (0.021) (0.042) (0.019)
Observations 56 56 56 56
R-squared 0.49 0.72 0.51 0.76

Notes: Robust standard errors in parentheses.

The base group for age group is age 25-29.

A constant is included in each regression, but the coefficients are not shown.
* significant at the 5% level; ** significant at the 1% level.

Source: Author's calculation from aggregate data of 2000 Census and the
Public Notice of Land Prices, 2000.




Table 2: Labor force participation rate and housing price

1) (2) () (4)
Women Men
University Senior High  University Senior High
Log(land price) 0.012 0.053 ** -0.001 0.004
(0.015) (0.011) (0.001) (0.002)
Dummy for Age 30-34 -0.171 ** -0.122 ** 0.015 ** 0.008 *
(0.015) (0.018) (0.003) (0.004)
Dummy for Age 35-39 -0.250 ** -0.119 ** 0.019 ** 0.011 **
(0.013) (0.014) (0.003) (0.004)
Dummy for Age 40-44 -0.246 ** -0.059 ** 0.020 ** 0.011 **
(0.014) (0.014) (0.003) (0.003)
Dummy for Age 45-49 -0.241 ** -0.028 0.018 ** 0.011 **
(0.019) (0.015) (0.003) (0.003)
Dummy for Age 50-54 -0.256 ** -0.044 ** 0.014 ** 0.007 *
(0.023) (0.016) (0.003) (0.004)
Dummy for Age 55-59 -0.331 ** -0.109 ** -0.002 -0.006
(0.023) (0.019) (0.003) (0.003)
Observations 56 56 56 56
R-squared 0.89 0.73 0.84 0.57

Notes: Robust standard errors in parentheses.
The base group for age group is age 25-29.

A constant is included in each regression, but the coefficients are not shown.
* significant at the 5% level; ** significant at the 1% level.

Source: Author's calculation from aggregate data of 2000 Census and the

Public Notice of Land Prices, 2000.



Table Al

Commuting patterns of married women and men in the New York Metropolitan area
Bachelor's degree or more

Gender / employment status

Proportion of workplace location

conditional on residence (%) Average commute time (in minutes)

Residence Residence

Workplace Central City in MA, thi)t';lCentral Central City in MA, NC(;[t)/Central
Female FTFY workers Central City 86.17 25.91 37.35 62.31

in MA, Not Central City 5.36 64.37 43.33 25.73
Female Part-time workers Central City 88.44 15.28 33.17 53.47

in MA, Not Central City 6.13 78.23 41.47 20.99
Male FTFY workers Central City 84.01 33.74 39.00 65.56

in MA, Not Central City 9.16 59.40 47.27 30.99

Source: Author's calculation from the IPUMS from the year 2000 (Ruggles et al. 2010).
Notes: Entries for "Proportion of workplace location conditonal on residence” do not sum up to 100 percent because there are other categories

(such as outside of the metropolitan area).



Figure 1
Earnings distributions of regular and part-time female employees
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Source: Employment Status Survey 2007 (published version)

Notes: The earnings are surveyed in intervals in the ESS, and the horizontal axis of the figure
corresponds to the midpoint of the earnings interval. Since the intervals are not evenly spaced,
the midpoints that appear in the figure are not evenly spaced.

Data are from all regions in Japan.



Figure 2 : Employment population ratio, regular employment ratio,
and part-time employment ratio of married women and men in
four prefectures in the Tokyo Metropolitan Area

A. E-P Ratios of Married Women in Tokyo MA
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B. Regular Employment Ratios of Married Women in Tokyo MA
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C. Part-time Employment Ratios of Married Women in Tokyo MA
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Figure 2 (continued)

D. Regular Employment Ratios of Married Men in Tokyo MA
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Source: Employment Status Survey 2007



Figure 3: Share of residents with a university degree or more, by prefecture in Tokyo Metropolitan Area

Share of residents with a university degree or more
by Prefecture: Men
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Share of residents with a university degree or more
by Prefecture: Women
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Figure 4: Share of power men & women among residents by prefecture, Tokyo Metropolitan Area

Proportion of power men among residents Proportion of power women among residents

('\! -
T T T T T T T T
30 40 50 60 30 40 50 60
Age Age
—-&-— Saitama ----@--- Chiba —-— Sajtama ----®--- Chiba
—&—— Tokyo —-&-— Kanagawa —=—— Tokyo —-&-— Kanagawa

Employment Status Survey, 2007 Employment Status Survey, 2007



Figure 5: Wife's employment choice with a

separable utility function:
ud,.l,,C)=u"(l)+u"(l,)+v(C)
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Figure 6.A. Distribution of wife’s employment status and D: single type

fraction
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Figure 6.B. Working wives' commuting time and wage

1.4

1.2

1
1 1
||||

Hourly wage of the wife

.8
I

T T T T
0 .05 .1 .15 2
commute time of the wife

Note: Size of the circle corresponds to the number of wives with the
corresponding commuting time and wage. For the upper-right
section, the size of individual circles is very small and the distances
between the circles are short, so that they are collectively

seen like thick lines.



Figure 6.C. Distribution of wife’s employment status and D: two types
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Figure A1 Labor force patterns of married women residing in the
New York Metropolitan Area

A. Proportion of FTFY, married women
HS diploma or over
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Figure Al (continued)

C. Proportion of FTFY, married women
college degree or over
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Figure Al (continued)

E. Proportion of FTFY, married men
college degree or over
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