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1 Introduction

Researchers have progressively extended labor supply theory in both static and dynamic dimensions to

account for a richer variety of labor supply behavior. One fruitful area for research on labor supply is

that of multiple job holding. One of most interesting aspects of multiple job holding is the motivation

behind the decision to hold more than one job. A number of studies show that this decision is not only

motivated by an hours constraint on the main job (also known as moonlighting), but also by a desire to

hold a portfolio of jobs. Mostly, this literature has focused either on the determinants of each decision

or on the labor supply for only one of the possible regimes. Considerably less attention has been paid

to the development of a general labor supply model that allows for moonlighting as a response to an

hours constraint on the main job and the joint determination of the hours supplied to two jobs when the

decision to hold two jobs is not dictated by a constraint on the main job. In this paper we develop such a

labor supply model based on a Stone-Geary utility function which allows us to model the choices of an

individual who can hold up to two jobs.

Dual job holding is a pervasive phenomenon in many economies. Between 1994 and 2002, the

weekly rate of dual job holding in U.K. was around 4.5 percent (ONS, 2002), but when computed on a

monthly basis, the rate was found to be almost twice as high (Panos et al., 2011). Although Amuedo-

Dorantes and Kimmel (2009) concludes that dual jobholding is pro-cyclical, the weekly rate of dual

jobholding has remained stable around 5 percent in the U.S. during the 2000-2010 decade notwithstand-

ing the recessions in 2001 and 2008 (Hipple, 2010). Dual job holding seems even more common in

developing and transition economies, where the incidence of domestic production that takes place in

the informal sector is typically higher than in developed countries. The rate of dual-jobholding Russian

males doubled from the early to the mid 90’s and stayed around 12 percent for the remainder of the

decade (Foley, 1997). A survey of Tanzanian workers with a regular job in the formal economy found

that more than half of them also held a job in the informal sector (Theisen, 2009).

Dual job holding is typically associated with an hour constraint on the main job. Firms often offer

a fixed hours and wage employment package. If the number of hours that a firm offers falls short of

the optimal number of hours that a utility maximizing worker would choose at the going wage, then a

rational individual will take a second job under the condition that it pays more than his reservation wage

on the second job. This is what we regard as the hours constraint motivation for holding multiple jobs,

or “moonlighting”. Moonlighting can be viewed as a substitute (perhaps temporary) for job search for

a job with the optimal package of hours and wage rate. However, moonlighting alone cannot explain

the behavior of all dual job holders. In fact, Allen (1998) concludes that unconstrained workers are

more likely to have two jobs than are constrained workers. This result has led to a rich line of research

on the motivation behind the decision to hold two jobs. Some individuals may decide to allocate their

working time between two or more jobs because they have a personal preference for job differentiation.
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For example, some workers may hold two jobs because jobs are heterogeneous and they are not perfect

substitutes (Kimmel and Smith Conway, 2002). Others may hold a second job as a form of hedging

against the risk of losing employment (Bell et al., 1997) or as a way to gradually transition to a new

primary job, often self-employment (Panos et al., 2011). We group all reasons for holding two jobs that

are not due to an hours constraint under the job portfolio hypothesis.

In this paper we expand on Kimmel and Smith Conway (2002) by using a Stone-Geary utility func-

tion to motivate the empirical work in the context of a dual job holding model.1 The estimation is carried

out for a sample of male workers from the British Household Panel Survey (BHPS). We use recent de-

velopment in econometrics to model unobserved individual heterogeneity in a panel data setting. We

derive the labor supply functions for unitary and dual job holders. For the latter, we distinguish whether

they face a constraint on the hours offered on the main job or not. In addition we extend binary sample

selection methods for panel data to multinomial selection. From our estimates, we compute the wage

elasticities for each category of worker according to their constrained and dual-job status. While we

confirm the results in the literature that the labor supply for unitary job holder is quite inelastic (Altonji

and Paxson, 1988), the wage elasticities for dual job holders are quite large. This result has important

policy implications as it suggests that the dual job holders’ response to fiscal policy may be larger than

for the entire population.

Section II reviews the literature on dual jobholding; Section III presents the theoretical framework

used to derive our labor supplies equations. Section IV describes the data; Section V. discusses the

estimation strategies of our empirical models; Section VI presents the empirical findings; and Section

VII is a summary and conclusion.

2 Literature Review

Early theoretical work focused only on the hours constraint aspect of moonlighting (Perlman, 1966).

Shishko and Rostker (1976) and Frederiksen et al. (2008) found that labor supply becomes more elastic

to changes in the wage rate after accounting for the decision to moonlight. Extending the moonlight-

ing model to a household labor supply framework, Krishnan (1990) found that the husband’s decision

to hold a second job is a substitute for the wife’s decision to enter the labor market. Working under

the same assumption that dual job holding is motivated solely by an hours constraint on the main job,

Paxson and Sicherman (1998) concluded that moonlighting is a short-run solution to a situation of under-

employment, while searching for a job that offers the target hours of work. However, the latter result is

not supported by other studies that found that dual job holding is quite persistent over time and not just

a short-run decision, thus casting doubt on the hours constraint hypothesis (Böheim and Taylor, 2004;

1Typically the Stone-Geary utility function is used to estimate expenditure functions for multiple commodity
groups. See Chung (1994) for a review of the main studies based on a Stone-Geary utility function.
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Panos et al., 2011).

A number of papers have tried to identify the determinants and hence the motives behind the decision

to hold two jobs. Typically all studies conclude that while the probability of holding two jobs increases in

the presence of hours or liquidity constraints (Abdukadir, 1992; Kimmel and Smith Conway, 2002; Panos

et al., 2011), unconstrained workers are actually more likely to hold two jobs than constrained workers,

thus suggesting that job portfolio motives may be even more important than the hours constraint (Allen,

1998; Böheim and Taylor, 2004). Exploiting the information contained in the 1991 Current Population

Survey, Averett (2001) can identify the motives for holding two jobs. She classified as moonlighters

all individuals who report working on a second job (1) to meet regular household expenses, (2) to pay

off debts, (3) to save for the future or (4) to buy something special. She identified as dual job holders

with job portfolio motives all individuals who report working on a second job (1) to get experience in a

different occupation or to build a business, (2) to help out a friend or relative, (3) because he/she enjoys

the work on the second job, and (4) other reasons. She estimated the probability of being a moonlighter,

conditional on being a dual job holder, but she is unable to identify any specific determinant that is

consistently significant across alternative models.

Only a handful of papers have actually attempted to estimate labor supply models that include the

hours constraint and the job portfolio motive as alternative motives to working on a second job. Wu et al.

(2009) includes an indicator for being satisfied with the hours worked on the main job in the second job

hour equation, but failed to recognize that the specification of labor supply for moonlighters is different

from that associated with the job portfolio hypothesis. In particular, the hours supplied on the first job

should be included in the labor supply equation for the second job for moonlighters but not in the labor

supply equation for the second job in the job portfolio model. To the best of our knowledge, Kimmel

and Smith Conway (2002) is the only attempt that recognizes this important distinction. However, their

data does not allow them to identify whether the decision to work on a second is motivated by an hours

constraint. Consequently, they first estimate the probability that a moonlighter faces an hours constraint

on the main occupation using a disequilibrium model. They then use the predicted probability of being a

moonlighter to estimate the alternative labor supplies. Although they work with panel data, no attempt is

made to control for individual unobserved heterogeneity.

3 Conceptual Framework

In this section we introduce the theoretical labor supply functions obtained from utility maximization as

well as the key labor supply elasticities that arise from our model. Derivations underlying the elasticities

are reported in the appendix.

Unconstrained dual job holder

Consider utility maximization for a multiple (dual) job holder who is not constrained in his choice of
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hours to work at two jobs. To make things concrete we will consider a Stone-Geary utility function for

two different jobs or tasks in the absence of random disturbances:

U = (γ1 − h∗1)
α1 (γ2 − h∗2)

α2 (y∗ − γ3)
1−α1−α2 (1)

where α1, α2, γ1, γ2, γ3 > 0, h∗m represents the time allocated to job m, and y∗ is income. The param-

eters γ1 and γ2 represent the upper bounds on the time that can be expended on jobs 1 and 2, and still

have the utility function defined. They satisfy the following restriction:

2∑
m=1

γm = T

where T is the total time available for work and leisure. The parameter γ3 represents the lower bound on

the amount of income necessary in order to have the utility function defined. The economic problem can

be stated as

max
h1,h2,y

U = (γ1 − h∗1)
α1 (γ2 − h∗2)

α2 (y∗ − γ3)
1−α1−α2

s.t. y∗ =

2∑
m=1

wmh
∗
m + I ,

0 < h∗m < γm, m = 1, 2 and

2∑
m=1

h∗m ≤ T,

where wm is the wage or pecuniary rewards to the mth job, and I is exogenous non-labor income.

The relationship between actual hours of labor supply, hm, and planned hours, h∗m, are given by

h∗m = hm − vm or hm = h∗m + vm, where vm is a random error term. The properties of vm will be

considered under various scenarios described below.

It can be shown that the labor supply functions to the two jobs when vm = 0 are given by

h∗1 = (1− α1) γ1 − α1γ2

(
w2

w1

)
+ α1γ3

(
1

w1

)
− α1

(
I

w1

)
(2)

h∗2 = (1− α2) γ2 − α2γ1

(
w1

w2

)
+ α2γ3

(
1

w2

)
− α2

(
I

w2

)
. (3)

Accordingly, the earnings versions of the labor supply functions are expressed as

w1h
∗
1 = α1γ3 + (1− α1) γ1w1 − α1γ2w2 − α1I (4)

w2h
∗
2 = α2γ3 + (1− α2) γ2w2 − α2γ1w2 − α2I . (5)
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The own wage Slutsky equation in elasticity form may be expressed by

ηmm = ηcmm + εmmI ,

where

ηmm =
wm
h∗m

∂h∗m
∂wm

=
αm

wmh∗m
(γkwk + I − γ3) R 0,

is the uncompensated own wage elasticity for job m,

ηcmm =
wm
h∗m

Smm

=
αm

wmh∗m
(γkwk + wmh

∗
m + I − γ3) > 0,

is the compensated own substitution effect elasticity for jobm, Smm is the compensated own substitution

effect, and

εmmI = −αm < 0,

is the own wage income effect elasticity. We see that the effect of an uncompensated increase in the wage

for job m can exhibit a positive, negative, or zero effect on labor supply to the mth job. An “inferior” job

might be defined as one in which an increase in its wage leads to a reduction in labor supply to the given

job and some combination of increases in leisure and labor supplied to the other job.

The pure income effect elasticity for job m is given by

ηmI =
I

hm

∂h∗m
∂I

= − αmI

wmh∗m
< 0

so that leisure is a normal good since an increase in non-labor income will reduce the labor supplied to

both jobs and hence increase the consumption of leisure time.

The Slutsky equation for cross wage effects in elasticity form is given by

ηmk = ηcmk + εmkI,
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where

ηmk =
wk
h∗m

∂h∗m
∂wk

=
−αmγkwk
wmh∗m

< 0,

is the uncompensated cross wage effect elasticity of labor supply to job m from a change in the wage for

job k,

ηcmk =
wk
h∗m

Smk

=
−αmwk
wmh∗m

(γk − h∗k) < 0,

is the compensated cross substitution effect elasticity, Smk is the compensated cross substitution effect

of a change in the wage on job k on labor supply to job m, and

εmkI =
−αmwkh∗k
wmh∗m

< 0,

is cross-wage income effect elasticity. We see that both uncompensated and compensated increases in

the wage for job k lead to reductions in labor supply to job m.

Unconstrained unitary job holders

For individuals who hold only one job, we condition on h2 = 0 while assuming the same utility

function as that of a dual job holder:

max
h1,y

U = (γ1 − h∗1)
α1 (γ2 )

α2 (y∗ − γ3)
1−α1−α2

s.t. y = w1h
∗
1 + I ,

0 < h∗1 < γ1,

h∗1 ≤ T.

Labor supply to job 1 in this case can be shown to be

h∗1 =

(
1− α1 − α2

1− α2

)
γ1 +

(
α1

1− α2

)
(γ3)

(
1

w1

)
−
(

α1

1− α2

)(
I

w1

)
(6)

or in terms of earnings

w1h
∗
1 =

(
1− α1 − α2

1− α2

)
γ1w1 +

(
α1

1− α2

)
(γ3)−

(
α1

1− α2

)
I. (7)

The own wage Slutsky equation in elasticity form for job 1 when not working a second job is ex-
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pressed as

η11 |h2=0 = ηc11 |h2=0 + ε11I |h2=0 ,

where

η11 |h2=0 =
w1

h∗1

∂h∗1
∂w1

|h2=0

=

(
α1

1− α2

)(
1

w1h∗1

)
( I − γ3) R 0,

is the uncompensated own wage effect elasticity for job 1,

ηc11 |h2=0 =
w1

h∗1
S11 |h2=0

=

(
α1

1− α2

)(
1

w1h1

)
(w1h1 + I − γ3) > 0,

is the compensated own substitution effect elasticity for job 1, S11 |h2=0 is the own compensated substi-

tution effect, and

ε11I |h2=0 =
−α1

1− α2
< 0,

is the income effect elasticity from the own wage.

The pure income effect elasticity for h∗1 is determined by

η1I |h2=0 =
I

h∗1

∂h∗1
∂I
|h2=0

=

(
−α1

1− α2

)(
I

w1h∗1

)
< 0.

Constrained dual job holder

We will assume that constraints on labor supply for dual job holders apply to job 1, i.e. people are

constrained either because they desire more hours on job 1 (under-employed) or they desire fewer hours

on job 1 (over-employed). It is therefore assumed that they are working their desired hours on job 2 given

their constrained hours in job 1. For an individual who is constrained at h1 = ḣ1, the utility maximization

problem becomes

max
h2,y

U =
(
γ1 − ḣ1

)α1

(γ2 − h∗2)
α2 (y∗ − γ3)

1−α1−α2

s.t. y = w2h
∗
2 + w1ḣ1 + I ,

0 ≤ h∗2 < γ2, 0 ≤ ḣ1 < γ1, and

ḣ1 + h∗2 ≤ T,
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While labor supply to job 1 is fixed at ḣ1, expected labor supply to job 2 is determined according to

h∗2 =

(
1− α1 − α2

1− α1

)
γ2 +

(
α2γ3

1− α1

)(
1

w2

)
−
(

α2

1− α1

)(
w1ḣ1 + I

w2

)
. (8)

In terms of expected earnings, labor supply to job 2 would simply be

w2h
∗
2 =

(
1− α1 − α2

1− α1

)
γ2w2 +

(
α2γ3

1− α1

)
−
(

α2

1− α1

)(
w1ḣ1 + I

)
. (9)

The own wage Slutsky equation in elasticity form for job 2 when constrained on job 1 may be

expressed as

η22
∣∣
h1=ḣ1

= ηc22
∣∣
h1=ḣ1

+ ε22I
∣∣
h1=ḣ1

,

where

η22
∣∣
h1=ḣ1

=
w2

h∗2

∂h∗2
∂w2

∣∣
h1=ḣ1

=

(
α2

1− α1

)(
1

w2h∗2

)(
w1ḣ1 + I − γ3

)
R 0,

is the uncompensated wage uncompensated own wage elasticity for job 2,

ηc22
∣∣
h1=ḣ1

=
w2

h∗2
S22

∣∣
h1=ḣ1

=

(
α2

1− α1

)(
1

w2h∗2

)(
w1ḣ1 + w2h

∗
2 + I − γ3

)
> 0,

is the compensated own substitution elasticity, S22

∣∣
h1=ḣ1

is the compensated own substitution effect,

and

ε22I
∣∣
h1=ḣ1

= η22
∣∣
h1=ḣ1

− ηc22
∣∣
h1=ḣ1

=
−α2

1− α1
< 0,

is the income effect elasticity from the own wage.

The pure income effect elasticity for h∗2 is determined by

η2I
∣∣
h1=ḣ1

=
I

h2

∂h∗2
∂I

∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
I

w2h∗2

)
< 0.

It can be shown that the compensated cross-substitution effect of wages on job 1 on labor supply

to job 2 is necessarily zero when hours are constrained in job 1. This means that wages on job 1 can

only have income effects. Hence the uncompensated cross-wage elasticity of w1 on h2 is the same as the
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cross-wage income effect elasticity:

η21
∣∣
h1=ḣ1

=
w1

h2

∂h∗2
∂w1
|h1=ḣ1

= ε21I
∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
w1ḣ1
w2h∗2

)
< 0.

Easing of the hours constraint on job 1 would decrease the hours supplied to job 1 for an over-

employed worker and increase the hours supplied to job 1 for an under-employed worker. The Stone-

Geary dual labor supply model predicts that the unconstrained labor supply to job 2 is affected by the

hours constraints on job 1. Inspection of equation (8) reveals that

∂h∗2

∂ḣ1
= −

(
α2

1− α1

)(
w1

w2

)
< 0. (10)

For an over-employed worker, (10) implies that as ḣ1 ↓ h∗1, h2 ↑ h∗2. Therefore, over-employed workers

would increase their labor supply to job 2 if the excess hours constraint on job 1 were relaxed. In other

words, these workers originally reduce their hours in job 2 to compensate for over-employment in job 1.

By the same token, (10) implies that as ḣ1 ↑ h∗1, h2 ↓ h∗2. Therefore, under-employed workers would

decrease their hours in job 2 in response to an easing of the hours constraint in job 1 because originally

they increased labor supply to job 2 in order to compensate for underemployment in job 1.

Constrained unitary job holder

For a constrained unitary job holder, the hours worked (ḣ1) are treated as exogenous. We view the

constrained hours as a temporary disequilibrium from desired hours over either one or two jobs. As in

the case of hours constraints on job 1 for a dual job holder, easing of the hours constraint on job 1 for a

unitary job holder would decrease the hours supplied to job 1 for an over-employed worker and increase

the hours supplied to job 1 for an under-employed worker.

4 Data

The estimation of our model is carried out using data from the British Household Panel Survey (BHPS).

The survey was started in 1991 with a sample of some 5,500 household randomly drawn from all areas of

Great Britain. To this initial sample, an over-sample of 1,500 households form Scotland and Wales was

added in 1999 and a sample of 2,000 households from Northern Ireland was added in 2001. Individuals

are followed over time through an annual questionnaire. The survey asked whether in the month preced-

ing the interview the respondent had worked on a second job. Figure 1 shows the incidence of dual job

holding year by year from 1991 to 2008. The sample is restricted to prime age working men (age 18 to

65) who are not enrolled in school, to avoid standard selection problems associated with the labor supply
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decision of women or individuals eligible for retirement. We also exclude self-employed individuals on

the main job. For the purposes of the BHPS, the main job for a dual job holder is the job in which one

works the most hours. Dual job holding picked up in 1996 and slowly declined afterward with a sharp

drop in 2001 in correspondence to the expansion of the survey to a sample of Irish households.

Importantly for the scope of this study, BHPS contains information about the presence of an hours

constraint on the main job. Specifically respondents were asked whether they would have liked to work

more, less, or the same hours assuming that they would be paid the same amount per hour. Since this

question was asked directly after respondents reported their hours of work on the main job, we interpret

the answer to this question as an indicator for an hours constraint on the main job. Accordingly for each

type of job holder (unitary or dual) we can identify if he is constrained on the main job. In the end we

have 6 possible cases with the number of observations for each category: 1) unitary job holders who

work their desired amount of hours on the main job - unconstrained single job holders; 2) unitary job

holders who would have liked to work more hours on the main job (under-employed); 3) unitary job

holders who would have liked to work less hours on the main job (over-employed); 4) dual job holders

who work their desired hours on the main job - unconstrained dual job holders; 5) dual job holders who

are under-employed on their first job; 6) dual job holders who are over-employed on their main job.

Table 1 reports means for variables in our analyses. While most of the variables are straightforward,

some may require explanation about how they were constructed. The wage rate was calculated by divid-

ing the monthly earnings by the usual hours worked on the relevant job times four. This procedure was

preferred to the self reported information on the hourly wage rate because it guarantees internal consis-

tency between the estimation of the hours and the earnings equations. To mitigate the effect of outliers,

we deleted from our sample individuals who earn less than £1/hour or more than £100/hr. Moreover we

drop individuals with reported hours of work outside the 1 to 99 percentile of the distribution of hours

worked in the sample. Non-labor income is the sum of all state benefits (including pension), money

transfer, and income from rent, saving, and investment.

After excluding observations with missing data for any variables in the models, we are left with about

7,970 individuals with an average of 5.6 observations per individual for a total of 44,572 observation

points. We have complete information on dual job holders in 2,556 cases, which account for about 5.7%

of all the observations in our estimation sample. Almost 60% of dual job holding episodes are associated

with no hour constraints on the main job; another 32% of the dual job holding episodes is associated with

workers who are over-employed on the main job, and the remaining 8% of dual job holding episodes

is associated with workers who are under-employed on the main job. This first result indicates that the

usual explanation for holding two jobs, i.e. the need to fulfill an unmet hours target on the main job, does

not seem to fit well with the stylized facts in the UK. First only 8% of our dual job holding observations

can be classified under the under-employed hours constrained model. Second, the under-employed hours

constrained model cannot explain why so many dual job holders actually wished they were working less
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hours on the main job: if a worker is over-employed on the main job, why would he take a second job?

The job portfolio model offers a reasonable explanation for this finding. The decision to hold two jobs

is independent from the hours worked on the main job. Jobs are heterogeneous for a variety of reason

and that is why some workers prefer to allocate their target hours of work over a portfolio of jobs. Long

contractual hours on the main job may actually bring a worker above the desired target of hours. Although

the portfolio model seems to better serve the stylized facts in the UK, one cannot disregard that only 6

percent of the sample of single job episodes consider themselves under-employed. This is somewhat

lower than the incidence of under-employment among dual job holders, thus suggesting that individuals

do get a second job in response to a situation of under-employment on the main job.

Not surprisingly, we found that under-employed individuals work less hours on the main job than

unconstrained workers while over-employed individuals work more hours on the main job than uncon-

strained workers. On average, dual job holders work less hours on their main job, but after adding the

hours supplied on the second job, dual job holders work more total hours per week. The average hourly

wage on the main job for unitary job holders is higher than for dual job holders. For dual job holders, the

hourly wage rate and monthly earnings on the second job are typically lower than on job 1. The portfolio

hypothesis does not impose any restriction on the relationship between the rates of pay between the two

jobs, as such the findings in Table 1 are always consistent with that hypothesis. The insufficient-hours

constraint model predicts that the rate of pay on the main job should be higher than the rate of pay on

the second job. Hence, both the hourly wage and the monthly earnings observed are also consistent with

the insufficient-hours constrained model. Compared with their unconstrained fellow workers, the aver-

age hourly wage of under-employed workers is lower and the average hourly wage of over-employed is

higher.

Unitary and dual job holders differ on a number of socio-economic dimensions. For example, dual

job holders tend to be younger that unitary job holders and less likely to be married. Moreover, under-

employed workers (both unitary and dual job holders) seems to be less educated than the other two

classes of workers: only 19% of under-employed unitary job holders and 17% of under-employed dual

job holders have some degree above A level. The same rates for over-employed workers are 29% and

32% respectively. Hence, it could well be that some underlying selection process determines whether a

workers falls into one of the six categories in a systematic way. We address this issue in the following

section.

5 Empirical Model

Our sample is partitioned according to six mutually exclusive outcomes: (1) unconstrained dual job

holders, (2) unconstrained unitary job holders, (3) constrained dual job holders desiring fewer hours on

job 1, (4) constrained dual job holders desiring more hours on job 1, (5) constrained unitary job holders
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desiring fewer hours , and (6) constrained unitary job holders desiring more hours. Because constrained

hours on job 1 are treated as exogenous, we do not estimate corresponding labor supply functions in these

cases. This leaves us with five labor supply functions to estimate that span four selection regimes: h1

and h2 for case (1), h1 for case (2), h2 for case (3), and h2 for case (4). Hours are measured as hours

per week, wages are measured as hourly wage rates, and non-labor and total income are measured on a

weekly basis. All monetary variables are expressed in terms of 2008 prices.

Our analysis extends the sample selection approaches of Lee (1983), Wooldridge(1995; 2010), and

Dustmann and Rochina-Barrachina (2007) to multivariate selection in a panel data setting. Let sit rep-

resent a variable that assumes the values 0, 1, ..., 5 corresponding to the six job holding regimes. We

can equivalently define indicator variables corresponding to these six labor supply regimes: sitj =

1 [sit = j]. Following Wooldridge (2010, pp.653-654), we specify thatP (sit = j | xrit, cri ) = P (sit = j | xri , cri ) ,

j = 0, 1, ..., 5 is determined according to a multinomial logit model with unobserved individual effects,

where r = h, e for hours or earnings, xrit is a vector of all exogenous variables in the model for which

there are observations ∀ i and t, xri is the vector of all observations for xrit for the ith individual, and

cri is unobserved heterogeneity. For the earnings model (r = e), the observed variables are the constant

term, w1, I , age, educ (a vector of educational dummy variables), marital status (MS=1 if married), and

number of dependent children (DP). In the case of the hours model (r = h), w1 and I are replaced by
1

w1
and

I

w1
.

The first stage of our panel data estimation of the dual labor supply model is pooled multinomial logit.

From these results we construct the appropriate Inverse Mill Ratio (IMR) variables that are to be added

as regressors in the five labor supply equations. Because of complications introduced by the presence

of unobserved heterogeneity cri , we follow Wooldridge in assuming that the conditional distributions of

cri | xri and cri | x̄ri are the same, where x̄ri is a vector of the time averages of the variables in xri . This

equality of conditional distributions implies

P (sit = j | xri ) = P (sit = j | xrit, x̄ri ) ∀i and t.

The assumed multinomial selection model generates probabilities according to

P rijt = P (sit = j | xrit, x̄ri ) , j = 1, ..., 5

= Λ
(
xrit, x̄

r
i , β

r
j

)
P ri0t = 1−

∑5
j=1P

r
ijt,

where βrj is the multinomial logit parameter vector for outcome j. Let zrijt = Φ−1
(
P rijt

)
, where Φ−1 is

the inverse standard normal CDF. It is clear that Φ
(
zrijt
)

= P rijt = Λ
(
xrit, x̄

r
i , β

r
j

)
. The corresponding

Inverse Mills Ratios are calculated as λrijt =
φ
(
zrijt
)

Φ
(
zrijt
) .
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Let vrmlit represent the sum of an unobserved individual effect for labor supply and an idiosyncratic

error term, where m = 1, 2 for job 1 or job 2, l = 1, 2, 3, 4 indexes the four labor supply selection

regimes, i = 1, ..., n, and t = 1, ..., Ti. The error structure for each labor supply regime can be charac-

terized by (see Wooldridge 2010, pp.832-837)

E (vrmlit|qrmlit, x̄ri , lit) = θrmlλ
r
mlit + Z̄rmliπml,

where qrmlit is the restricted variable in the labor supply function that arises from utility maximization,

Z̄rmli is a vector of time averaged means, and πml is a conforming parameter vector. If we let urmlit =

vrmli − E (vrmlit|qrmlit, x̄ri , lit), then the error process for each labor supply equation is specified by

vrmlit = θrmlλ
r
mlit + Z̄rmliπml + urmlit.

Depending upon the assumed data generating process, labor supply can be represented by either

hours or earnings. The resulting labor supply equations are jointly estimated by pooled, non-linear SUR

with cross-equation restrictions on the parameters α1 and α2. In practice the Inverse Mills Ratios (IMR’s)

are replaced by their estimated values λ̂rmlit obtained from the multinomial logit model. Estimated stan-

dard errors are bootstrapped.

We estimate the Stone-Geary model’s boundary parameters γ1, γ2, and γ3 directly from our panel

data sample. Let γ̃1 be the highest integer value that satisfies hmax
1 < γ̃1 ≤ 1 + hmax

1 for the combined

samples for all workers who work job 1 over all periods; let γ̃2 be the highest integer value that satisfies

hmax
2 < γ̃2 ≤ 1 + hmax

2 for the combined samples for all workers who work job 2 over all periods; and

let γ̃3 be the lowest integer value that satisfies ymin − 1 ≤ γ̃3 < ymin for the combined samples for all

workers over all periods, where hmax
m is the maximum observed hours of work for job m and ymin is the

lowest observed income.

Although the estimated empirical model corresponding to the hours specification yielded theoreti-

cally nonsensical results, the estimated earnings specification of our labor supply model produced quite

reasonable estimates of the utility function parameters. Therefore, we assume that the true data generat-

ing process is best captured by the empirical earnings model. Our specification of the empirical earnings

model is presented below. For the interested reader, the empirical specification of the hours model is

presented in the technical appendix to the paper.

Empirical Model for Earnings

In the case of the multinomial logit model with the earnings specification, we define

xit = (w1it, Iit,Ageit,Educit,MSit,DPit)

x̄i =
(
1, w̄1i, Īi,Agei,Educi,MSi,DPi

)
.
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The labor supply functions for the earnings model are specified below.

Unconstrained dual job holders

w1it (h1it − γ̃1) = α1q
e
1it + θe11λ̂

e
1it + Z̄e1iπ

e
11 + ue11it (11)

w2it (h2it − γ̃2) = α2q
e
1it + θe21λ̂

e
1it + Z̄e1iπ

e
21 + ue21it. (12)

where

qe11it = qe21it = qe1it

= γ̃3 − γ̃1w1it − γ̃2w2it − Iit,

Z̄e11i = Z̄e21i = Z̄e1i

=
(
1, w̄1i, w̄2i, Īi,Agei,Educi,MSi,DPi

)
,

and π11 and π21 are the corresponding parameter vectors.

Unconstrained single job holders

w1it (h1it − γ̃1) =

(
α1

1− α2

)
qe12it + θe12λ̂

e
2it + Z̄e12iπ

e
12 + ue12it (13)

where

qe12it = γ̃3 − γ̃1w1it − Iit,

Z̄e12i =
(
1, w̄1i, Īi,Agei,Educi,MSi,DPi

)
,

and πe12 is the corresponding parameter vector.

Constrained dual job holders

Constrained dual job holders desiring either fewer or more hours:

w2it (h2it − γ̃2) =

(
α2

1− α1

)
qe2it + θe23λ̂

e
23it + Z̄e3iπ

e
23 + ue23it (over-employed) (14)

w2it (h2i − γ̃2) =

(
α2

1− α1

)
qe2it + θe24λ̂

e
24it + Z̄e3iπ

e
24 + ue24it (under-employed). (15)

where ḣ1it is the constrained hours on job 1,

qe23it = qe24it = qe2it

= γ̃3 − γ̃2w2it −
(
w1itḣ1it + Iit

)
,
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Z̄e23i = Z̄e24i = Z̄e3i

=
(

1, w̄2i, w1iḣ1i, Īi,Agei,Educi,MSi,DPi
)
,

and πe23 and πe24 are the corresponding parameter vectors.

6 Empirical Results

Table 2 reports the estimated multinomial logit model of labor supply selection for panel data. The

estimated effects are relative to being an unconstrained unitary job holder. Higher job 1 wages and age are

associated with reduced odds that a worker will be unconstrained as a dual job holder or underemployed

but raise the odds of being an over-employed unitary job holder relative to being an unconstrained unitary

job holder. Number of children and education do not appear to have systematic effects (cet. par.) on

selection into labor supply regime except that the odds of being an over-employed dual job holder relative

to an unconstrained unitary job holder increase with number of children and decrease with the lowest

educational level. Being married is associated with increased odds of being an over-employed unitary

job holder while non-labor income increases the odds of being an under-employed unitary job holder

relative to being an unconstrained unitary job holder.

Estimates of the basic parameters of the labor supply model are reported in Table 3. The boundary

parameters obtained from the sample add to 166 hours per week which is nearly identical to the 168 hour

physical limit. The estimated values of α1 and α2 satisfy theoretical restrictions, i.e. they are positive

and bounded on the unit interval. Furthermore, α̂2 > α̂1 implies that for a dual job holder utility is more

responsive to changes in time not spent working on job 2 than to changes in time not spent working on

job 1. Individuals who are selected into working in job 1 as either an unconstrained dual job holder or

as an unconstrained unitary job holder are types who would work fewer hours in job 1. On the other

hand workers who work two jobs are types who would work more hours on job 2, whether constrained

or unconstrained.

In Table 4 we report the estimated labor supply elasticities evaluated at the sample mean values of the

variables for each labor supply regime2. Theoretical restrictions on the labor supply elasticities are satis-

fied in every case. There is no theoretical prediction for uncompensated own wage elasticities, but these

turn out to be positive without exception. Because the substitution effects dominate the income effects,

there is no incidence of backward bending supply curves at the mean. In the case of the unconstrained

unitary job holders, the income effect largely offsets the substitution effect so that the uncompensated la-

bor supply elasticity is quite small. Among unconstrained dual job holders, the wage elasticities of labor

2We also estimated the labor supply elasticities at the sample median values of the variables as well as the average
and the median of the individual estimated elasticities. With one minor exception, the results are qualitatively the
same. However, the average of the individual elasticities produced relatively large magnitudes for labor supply
elasticities on the second job for constrained dual job holders. See table A.1-A.3 in the appendix for more details.

15



supply to the second job are much larger than those associated with the main job. As can be seen from

the wage elasticity formulas for this case, this finding stems from the fact that α̂2 > α̂1, w̄1 > w̄2, and

ĥ1 > ĥ2.
3 It is also the case that the pure income effect and wage income effect elasticities are larger in

absolute value on the second job. Among constrained dual job holders, the wage elasticities are slightly

smaller for the under-employed as compared with the over-employed.

7 Summary and Conclusion

Using a Stone-Geary utility function we derive a more general model of labor supply that allows for

workers to take on a second job. Our model is general in the sense that the reason for holding two jobs

is not restricted to an hours constraint on the main job. We adopt the weekly earning version of our

model because it yields the most plausible results. For the estimation we use data from the BHPS, a

unique dataset that contains not only information about the second job, but also information about the

hours constraint on the main job. We take advantage of the panel nature of this dataset and seek to model

unobserved heterogeneity by extending Wooldridge (2010) to a multinomial logit selection equation.

From the results of our earnings equations, we compute the labor supply elasticities. We found that

labor supply to job 2 is more responsive to changes in own and cross wages than labor supply to job 1.

This is true not only in percentage terms (elasticities) but also in levels (number of hours). In fact, while

job 1 is consistently found to be inelastic, the elasticities on job 2 are always well above 1 (see Table

4). The change in levels is a function of both the elasticities and the average hours worked on each job.

While individuals on average work longer hours on job 1, the differences between the elasticities on the

two jobs are so large that the change in the hours worked on the job 2 is always greater than the change

in the hours worked on job 1. Similarly, we find that a rise in non-labor income would have little effect

on the hours supplied to job 1, but it would reduce the hours supplied to job 2. This effect is largest (in

absolute value) for underemployed workers, most likely because an increase in non-labor income would

lead to a reduction in the desired hours of work and as such narrow the gap between the desired and

offered hours of work. This finding supports the argument that job 2 is the marginal job and, as such, the

hours supplied to job 2 should be more responsive to changes.

This study has potentially important implications for fiscal policies. In Table 4, we found that the un-

compensated cross-wage elasticity almost completely offsets the own-wage elasticity. This result seems

to suggest that a proportionate change in the wage rates on both jobs would leave total labor supply

unchanged, lending some support to the usual argument that changes in the income tax system have no

effect on labor supply, at least as far as the effects of marginal tax rates on wages for dual job holders are

concerned. However, this may not always be the case. In fact a disproportioned percentage of dual job

3Rather than use the sample mean hours for our elasticity calculations, we use the predicted hours from the
estimated labor supply models evaluated at the sample mean values of the RHS variables. Because our estimation
strategy does not force the labor supply equations to pass through the sample mean, our approach restricts the
estimated elasticities to be evaluated somewhere along the estimated labor supply curves.
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holders are self-employed on the second job (12.6% on job 1 versus 45.3% on job 2). Given that often

the tax treatment of self-employed income is different than the tax treatment for wages and salaries, these

differences in the income tax system could ultimately affect the number of hours worked on the second

job.

A natural extension of this work would be the estimation of a similar labor supply model for women.

One might also consider developing a dynamic model of dual labor supply to fully exploit the panel

nature of the dataset.
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Table 3: Earnings Model Results

Boundary Parameters

γ̂1 66

γ̂2 100

γ̂3 35

Earnings Model

α̂1 0.124∗
(0.001)

α̂2 0.694∗
(0.001)

θ̂12 -19.457∗
(5.570)

θ̂11 -39.485∗
(2.578)

θ̂21 127.776∗
(4.397)

θ̂23 49.692∗
(2.619)

θ̂24 138.727∗
(1.653)

Log likelihood -1.0e+06
N 44572

Notes: Pooled data from BHPS 1991-2008; All income variables are expressed in 2008
prices; Standard errors in parentheses are bootstrap estimates from 200 replications; ∗,
† and ‡ indicate significance at 1, 5 and 10 percent levels respectively; Time averaged
explanatory variables are included - complete results available from authors.
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B Technical Appendix

In this appendix we present the derivations underlying the labor supply elasticities reported in the body

of the paper as well as the empirical model for the hours specification of labor supply.

B.1 Labor Supply Elasticities

Unconstrained dual job holder

The uncompensated own wage effect for job m is given by

∂h∗m
∂wm

=
αm

(wm)
2 (γkwk + I − γ3) R 0, m, k = 1, 2 ,m 6= k,

and in elasticity terms is

ηmm =
wm
h∗m

∂h∗m
∂wm

=
αm

wmh∗m
(γkwk + I − γ3) R 0.

The pure income effect is given by
∂h∗m
∂I

=
−αm
wm

< 0,

and in elasticity terms by

ηmI =
I

hm

∂h∗m
∂I

=
−αmI
wmh∗m

< 0.

The Slutsky equation decomposition of own wage effects is specified by

∂h∗m
∂wm

= Smm + h∗m
∂h∗m
∂I

,

where Smm is the own (compensated) substitution effect, and

h∗m
∂h∗m
∂I

=
−αmh∗m
wm

< 0

is the own wage income effect. It follows that the own substitution effect can be obtained residually from

the Slutsky equation:

Smm =
∂h∗m
∂wm

− h∗m
∂h∗m
∂I

=
αm

(wm)
2 (γkwk + wmh

∗
m + I − γ3) > 0.
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It is easy to show that Smm > 0 because

Smm =
αm

(wm)
2 (γkwk + wmh

∗
m + I − γ3) >

αm

(wm)
2 (y∗ − γ3) > 0.

The compensated own wage (subsitution effect) elasticity is given by

ηcmm =
wm
h∗m

Smm

=
αm

wmh∗m
(γkwk + wmh

∗
m + I − γ3) > 0.

In elasticity terms the Slutsky equation may be expressed as

ηmm =
wm
h∗m

(
Smm + h∗m

∂h∗m
∂I

)
=
wm
h∗m

Smm + wm
∂h∗m
∂I

= ηcmm + εmmI R 0.

where the own wage income effect elasticity (εmmI ) is obtained from

εmmI = wm
∂h∗m
∂I

= −αm < 0.

The uncompensated cross wage effect on the supply of labor to job m from a change in the wage for

job k is calculated according to
∂h∗m
∂wk

=
−αmγk
wm

< 0, m 6= k

and in elasticity terms by

ηmk =
wk
h∗m

∂h∗m
∂wk

=
−αmγkwk
wmh∗m

< 0.

The Slutsky equation decomposition of cross wage effects is given by

∂h∗m
∂wk

= Smk + h∗k
∂h∗m
∂I

,

where Smk is the income compensated cross-wage effect, and

h∗k
∂h∗m
∂I

=
−αmh∗k
wm

< 0
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is cross wage income effect. It follows that the compensated cross wage effect can be obtained residually

from the Slutsky equation:

Smk =
∂h∗m
∂wk

− h∗k
∂h∗m
∂I

=
αm
wm

(h∗k − γk) < 0.

It is easily shown that the familiar symmetry property holds for compensated cross wage effects by

substituting for h∗k and h∗m in the following expression:

Smk =
αm
wm

(h∗k − γk) =
αk
wk

(h∗m − γm) = Skm.

The income compensated cross wage elasticities are obtained from the Slutsky equation in elasticity

form:

ηmk =
wk
h∗m

(
Smk + h∗k

∂h∗m
∂I

)
=
wk
h∗m

Smk +
h∗k
h∗m

∂h∗m
∂I

= ηcmk + εmkI ,

where ηcmk is the compensated cross subsititution effect elasticity determined by

ηcmk =
wk
h∗m

Smk

=
αmwk
wmh∗m

(h∗k − γk) < 0,

and εmkI is the compensated cross income effect elasticity determined by

εmkI =
h∗k
h∗m

∂h∗m
∂I

=
−αmwkh∗k
wmh∗m

< 0.

Unconstrained unitary job holders

The uncompensated own wage effect for job 1 is determined according to

∂h∗1
∂w1

|h2=0 =

(
α1

1− α2

)(
1

w1

)2

( I − γ3) R 0
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and in elasticity terms by

η11 |h2=0 =
w1

h∗1

∂h∗1
∂w1

|h2=0

=

(
α1

1− α2

)(
1

w1h∗1

)
( I − γ3) R 0.

The pure income effect for h∗1 is given by

∂h1
∂I
|h2=0 =

(
−α1

1− α2

)(
1

w1

)
< 0,

and in elasticity terms by

η1I |h2=0 =
I

h∗1

∂h∗1
∂I
|h2=0

=

(
−α1

1− α2

)(
I

w1h∗1

)
< 0.

The Slutsky equation decomposition of own wage effects is specified by

∂h∗1
∂w1

|h2=0 = S11 |h2=0 + h∗1
∂h∗1
∂I
|h2=0

where S11 |h2=0 is the own (compensated) substitution effect, and

h∗1
∂h∗1
∂I
|h2=0 =

(
−α1

1− α2

)(
h∗1
w1

)
< 0

is the own wage income effect. It follows that the own substitution effect can be obtained residually from

the Slutsky equation:

S11 |h2=0 =
∂h∗1
∂w1

|h2=0 − h∗1
∂h∗1
∂I
|h2=0

=

(
α1

1− α2

)(
1

w1

)2

(w1h
∗
1 + I − γ3) > 0.

The compensated own wage (subsitution effect) elasticity is given by

ηc11 |h2=0 =
w1

h∗1
S11 |h2=0

=

(
α1

1− α2

)(
1

w1h1

)
(w1h1 + I − γ3) > 0.
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The Slutsky equation may be expressed in elasticity terms as

η11 =
w1

h∗1

(
S11 |h2=0 + h∗1

∂h∗1
∂I
|h2=0

)
=
w1

h∗1
S11 |h2=0 + w1

∂h∗1
∂I
|h2=0

= ηc11 |h2=0 + ε11I |h2=0 ,

where ε11I |h2=0 is the income effect elasticity from the own wage:

ε11I |h2=0 = w1
∂h∗1
∂I
|h2=0

=
−α1

1− α2
< 0.

.

Constrained dual job holder

The uncompensated wage and income effects for labor supply to the second job when constrained

on the first job are given below.

The uncompensated own wage effect for job 2 is determined according to

∂h∗2
∂w2

∣∣
h1=ḣ1

=

(
α2

1− α1

)(
1

w2

)2 (
w1ḣ1 + I − γ3

)
R 0

and in elasticity terms by

η22
∣∣
h1=ḣ1

=
w2

h∗2

∂h∗2
∂w2

∣∣
h1=ḣ1

=

(
α2

1− α1

)(
1

w2h∗2

)(
w1ḣ1 + I − γ3

)
R 0.

The pure income effect for h∗2 is determined according to

∂h∗2
∂I

∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
1

w2

)
< 0,

and in elasticity terms by

η2I
∣∣
h1=ḣ1

=
I

h2

∂h∗2
∂I

∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
I

w2h∗2

)
< 0.

The Slutsky equation decomposition of own wage effects for job 2 is specified by

∂h∗2
∂w2

∣∣
h1=ḣ1

= S22

∣∣
h1=ḣ1

+ h∗2
∂h2
∂I

∣∣
h1=ḣ1
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where S22

∣∣
h1=ḣ1

is the own (compensated) substitution effect, and

h∗2
∂h2
∂I

∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
ḣ1
w2

)
< 0

is the own wage income effect. It follows that the own substitution effect can be obtained residually from

the Slutsky equation:

S22

∣∣
h1=ḣ1

=
∂h∗2
∂w2

∣∣
h1=ḣ1

− h∗2
∂h∗2
∂I

∣∣
h1=ḣ1

=

(
α2

1− α1

)(
1

w2

)2 (
w1ḣ1 + w2h

∗
2 + I − γ3

)
> 0.

The compensated own wage (subsitution effect) elasticity is given by

ηc22
∣∣
h1=ḣ1

=
w2

h∗2
S22

∣∣
h1=ḣ1

=

(
α2

1− α1

)(
1

w2h∗2

)(
w1ḣ1 + w2h

∗
2 + I − γ3

)
> 0.

In elasticity terms the Slutsky equation may be expressed as

η22
∣∣
h1=ḣ1

=
w2

h∗2

(
S22

∣∣
h1=ḣ1

+ h∗2
∂h2
∂I

∣∣
h1=ḣ1

)
=
w2

h∗2
S22

∣∣
h1=ḣ1

+ w2
∂h∗2
∂I

∣∣
h1=ḣ1

= ηc22
∣∣
h1=ḣ1

+ ε22I
∣∣
h1=ḣ1

where ε22I
∣∣
h1=ḣ1

is the income effect elasticity from the own wage:

ε22I
∣∣
h1=ḣ1

= w2
∂h∗2
∂I

∣∣
h1=ḣ1

=
−α2

1− α1
.

The uncompensated cross-wage effect of w1 on h2 is determined according to

∂h∗2
∂w1

∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
ḣ1
w2

)
< 0,

or in elasticity terms

η21
∣∣
h1=ḣ1

=
w1

h2

∂h∗2
∂w1
|h1=ḣ1

=

(
−α2

1− α1

)(
w1ḣ1
w2h∗2

)
< 0.
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The Slutsky equation decomposition of cross wage effects is given by

∂h∗2
∂w1

∣∣
h1=ḣ1

= S21

∣∣
h1=ḣ1

+ ḣ1
∂h∗2
∂I

∣∣
h1=ḣ1

where S21

∣∣
h1=ḣ1

is the income compensated cross-wage effect, and

ḣ1
∂h∗2
∂I

∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
ḣ1
w2

)
< 0

is the cross wage income effect. Because the hours on job 1 are constrained, the job 1 wage has only an

income effect on labor supply to job 2. Hence the compensated cross substitution effect is zero. This is

evident from
∂h∗2
∂w1

∣∣
h1=ḣ1

=

(
−α2

1− α1

)(
ḣ1
w2

)
= ḣ1

∂h∗2
∂I

∣∣
h1=ḣ1

which implies that S21

∣∣
h1=ḣ1

= 0.

B.2 Empirical Model for Hours

In the case of the multinomial logit model with the hours specification, we define

xit =

(
1

w1it
,
Iit
w1it

,Ageit,Educit,MSit,DPit

)

and

x̄i =

(
1,

(
1

w1

)
i

,

(
I

w1

)
i

,Agei,Educi,MSi,DPi

)
.

Unconstrained dual job holders

h1it − γ̃1 = α1q
h
11it + θh11λ̂

h
1it + Z̄h11iπ11 + u11it (16)

h2it − γ̃2 = α2q
h
21it + θh21λ̂

h
1it + Z̄h21π21 + uh21it. (17)

where

qhm1it =

(
γ̃3 − γ̃1w1it − γ̃2w2it − Iit

wmit

)
,

λ̂h11it = λ̂h21it = λ̂h1it,

Z̄h11i =

(
1,

(
1

w1

)
i

,

(
w2

w1

)
i

,

(
I

w1

)
i

,Agei,Educi,MSi,DPi

)
,

Z̄h21 =

(
1,

(
1

w2

)
i

,

(
w1

w2

)
i

,

(
I

w2

)
i

,Agei,Educi,MSi,DPi

)
,
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and πh11 and πh21 are the corresponding parameter vectors.

Unconstrained single job holders

h1it − γ̃1 =

(
α1

1− α2

)
qh12it + θh12λ̂

h
2it + Z̄h12iπ

h
12 + uh12it (18)

where

qh12it =

(
γ̃3 − γ̃1w1it − Iit

w1it

)
,

Z̄h12i =

(
1,

(
1

w1

)
i

,

(
I

w1

)
i

,Agei,Educi,MSi,DPi

)
,

and πh12 is the corresponding parameter vector.

Constrained dual job holders

Labor supply for those desiring fewer hours and more hours:

h2it − γ̃2 =

(
α2

1− α1

)
qh2it + θh23λ̂

h
23it + Z̄h2iπ

h
23 + u23it (19)

h2it − γ̃2 =

(
α2

1− α1

)
qh2it + θ24λ̂

h
24it + Z̄h2iπ

h
24 + uh24it, (20)

where ḣ1it is the constrained hours on job 1,

qh23it = qh24it = qh2it

=

(
γ̃3 − γ̃2w2it − w1iḣ1it − Iit

w2it

)
,

Z̄h23i = Z̄h24i = Z̄h2i

=

(
1,

(
1

w2

)
i

,

(
w1ḣ1
w2

)
i

,

(
I

w2

)
i

,Agei,Educi,MSi,DPi

)
,

and πh23 and πh24 are the corresponding parameter vectors.
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