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ABSTRACT

Labour Supply and Commuting

A new paradigm for transport economists has been established: revenues of a welfare-
maximising road tax should be employed to reduce the level of a distortionary income tax. An
essential modelling assumption to reach this conclusion is that the number of workdays is
optimally chosen, whereas daily workhours are fixed, implying that given a road tax, workers
may only reduce their commuting costs by reducing total labour supply. However, a labour
supply model which also allows for optimally chosen daily hours implies that commuting costs
increase daily hours, whereas the effect on total labour supply is ambiguous. This paper
addresses this issue empirically by analysing the relationship between labour supply patterns
and commuting distance using the socio-economic panel data for Germany between 1997
and 2007. Endogeneity of commuting distance is accounted for by using employer-induced
changes in commuting distance. In line with the theoretical model developed, we find that
commuting distance has a positive effect on daily hours. Our analysis does not find a
negative effect of commuting distance on total labour supply, suggesting that a reduction in
the income tax, as advocated in the literature, may not be necessary.
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1. Introduction
Commuting is one of the main contributors to roadgestion. Policymakers may influence the
workers’ commute to address congestion by intrady@ road tax, which concerns a sizeable
number of economists (see e.g. Parry and Bentdl,;2D@ Borger and van Dender, 2003). The
textbook analysis of congestion pricing impliestitine welfare in the economy does not depend
on how the revenue of the road tax is redistribiniéalthe economy (see e.g. Small and Verhoef,
2007, p. 120). This result is obtained under theumption that the demand and supply of
transport is not distorted by other taxes. In aaseommuting, it seems reasonable to assume
that the labour supply decision of workers is dist by an income tax such that workers supply
less labour than would be the case given the absehca distortionary income tax (e.qg.
Bovenberg and Goulder, 1996; Parry and Bento, 208@dyeres and Proost, 2001; Calthrop,
2001). If it is the case that road pricing furtheduces labour supply, a road tax may even have a
negative effect on welfare (Parry and Bento, 20@re of the main consequences is that to
increase welfare in the economy, the revenuesasf picing should be used to reduce the level
of the distortionary income taxes (Parry and Be2@)1). Therefore, if one accepts that total
labour supply in the economy is reduced by an iredax, the empirical question is to what
extent labour supply is further reduced by a r@xd ¥We do not observe road taxes in most parts
of the world but one may examine how an increassmmuting distance affects labour supply,
which gives insight into the effect of a road taxlabour supply. This paper address this issue
by analyzing the relationship between labour supgaliterns and commuting distance using the
socio-economic panel data for Germany between 48872007.

The empirical literature in economics that dealthwine relationship between commuting
behaviour and the workers’ labour supply is closetyated to the theoretical literature.
Theoretical urban models essentially assume thatrelsidence location is endogenous (e.g.

Wales, 1978; White, 1988), whereas labour modedsrae that it is given (e.g. Gubits, 2064).

! Urban models assume that commuting distance isnafly chosen based on an optimal choice of thalesse
taking (endogenously determined) house prices ammount, so that workers are fully compensatedidoger
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In the theoretical section, we keep residence imeagiven in the spirit of labour economics
models, and we consider exogenous changes in themating distance. In the empirical section
however, we deal with the endogeneity of commudtiisance, consistent with urban models.

To understand the effect of exogenous changesnmuding costs on changes in labour
supply, it is useful to examine the work by labeaonomists who focus on the optimal setting
of number of workhours for workers. Although it g@mmon that theoretical and empirical
research focuses on one measure of labour supgy lfeurs per week), some studies have
focused on more flexible specifications of laboup@y patterns (e.g. working weeks per year
and working hours per week; see e.g. Hanoch, 188019; Blank, 1988). One important issue is
then the presence of fixed costs of work, suchoasneuting costs, which are costs that are not
related to the amount of labour supplied. Coga®1)@stablishes that when fixed costs of work
are present, the period of time over which thedixests are incurred is the ideal measure of
labour supply. That is, if fixed costs of work grer day such as daily commuting costs, and
these daily costs are important, then the appreprizeasure of labour supply is daily labour
supply? Cogan (1981), and subsequently textbooks in lalemenomics (e.g. Ehrenberg and
Smith, 2003), assume that the number of workhairgptimally chosen given the commuting
distance, which implicitlympliesthat labour supply is optimally chosper day®

In contrast, Parry and Bento (2001) make the oppaasssumption by assuming that
workers optimally choose themumber of workdayswhereas daily hours are fixed. This
assumption is nowadays standard in the transperature on labour supply and commuting
(e.g. Calthrop, 2001). The number of workdays peekvdetermines then the total commuted

distance per week (the distance between the restdand the workplace times the number of

commutes by lower house prices. Static labour nsodslally assume that the number of workhours isnafly
chosen given the commuting distance, and workersar compensated by higher wages.

2 Cogan (1981), as a response to the seminal papetebkman (1980), examines the effect of laboutscos
labour supply. Although theoretically he cannotyile a clear answer whether this effect on totabla supply is
positive or negative, empirically he concludes thateases in daily fixed costs of work will reddebour supply,
at least for the sample of mature women that héyses

% In this literature, slightly confusingly, it is hdiscussed explicitly whether labour supply is gay or per week,
but since the commuting costs are considéisextl labour supply must be per day. This literatuentshows that
workers optimally choose a minimum but positive fw@mof daily hours.
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workdays). Consequently, there is a strict complaaréty between the commuted distance per
week and total labour supplyThis assumption simplifies the analysis of theeeff of
commuting costs on labour supply, but implies thanditional on the choice of transport mode,
given an increase in commuting costs, e.g. due toad tax,workers may only reduce their
commuting costs by reducing their total labour dypgt is then intuitive that a road tax that
increases commuting costs may reduce welfare dhvepresence of a distortionary income tax.
Recycling the road-tax revenues by reducing thel¢eaf income tax will then increase welfare
(as demonstrated by Parry and Bento, 2001)

Arguably, workers have other behavioural margirentla reduction in labour supply to
reduce their commuting costs, so the revenue-rexyargument may not hold in a more general
setting. This is relevant as the other behavionratgins are not, or at least not systematically,
distorted by the income tax. We will discuss hdmeé¢ relevant behavioural margins that are
discussed in the literature. First, workers havigegsome flexibility with respect to the chosen
workhours (see e.g. Arnott, 2005, p. 135). Paridylin congested areas, workers may leave
earlier, or later, from home, in order to avoid lp&aurs (Arnott et al., 1993). Second, workers
may change commuting costs by moving residence i{§u2004). Third and this will be the
focus of the current paper, workers have the optioimcrease the number of hours worloeat
day and, maybe simultaneously, decrease the numbeorédays® Hence, in a more general
setting than usually assumed, the effect of aress® in average commuting costs (induced by a
road tax) ortotal labour supply may be negligibly small, or, as wé sge, even positive.

As far as we are aware, this is the first studyt ttistinguishes theoretically and

empirically between number of workdays and dailyolar supply. In the theoretical model, it is

* With strict complementarity we mean that a chaingabour supply implies a proportional changehia tlistance
travelled (e.g. per week). See also Wuyts (20099 athows for telecommuting and therefore does resuae
complementarity.

® Given this assumption, in order to measure theceff commuting costs on labour supply, it is ceable to
employ empirical labour supply elasticities that dased on the estimated relationship between fehqply and
wages (see Parry and Bento, 2001, who use thegsyselasticities to calibrate their model). Notatthf this

assumption does not hold, then to employ theséi@taes may be incorrect.

® As already noted by Hamermesh (1996) for Germémg, variation in daily hours is slightly larger thahe

variation in days, suggesting that this mechansimportant.
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assumed that both daily hours and number of workdeyg. per week) are optimally chosen by
workers. It is shown that (monetary and time) cortingucostsincreasedaily hours. This is a
relevant result, as it implies that it may be apamant behavioural margin that, given a road
tax, workers increase their daily hours. It alsiofes that workers may react quite differently to
an increase in monetary commuting costs than teceedse in wages. Furthermore, it is shown
that commutingime reduces workdays. The effect of commuting time @mathetary commuting
costs on total labour supply is ambiguous, as ftoisclear a priori whether the effect on daily
hours or workdays dominates.

In the empirical section, we examine the effectofmuting distance on labour supply
patterns, distinguishing between total labour, yd#bour supply and number of workdays,
where daily labour supply is defined as the numbkrworkhours per daj.We employ
commuting distance as a proxy for a combinatiomohetary and time commuting costs. One of
the main issues we are concerned with is that cammualistance may be endogenous with
respect to labour supply patterns. We use theredowmorker first-differences approach and
employ an approach where changes in commutingraistare employer-induced, and therefore
exogenous.

In the next section, we discuss the theoreticainget The remainder of the paper is
structured as follows: section 3 provides information the data employed, introduces the

econometric model and presents the empirical iesBéction 4 concludes.

2. The Model
To explain the labour supply behaviour of employmdividuals, we introduce a labour supply

model including commuting.

" In empirical studies known to us, labour supplyrisasured per week or even longer period (one &roefs
Hamermesh, 1996).

8 In the literature it is emphasized that it is idifit to find an instrument for commuting distanwecorrect for
possible endogeneity (see e.g. Manning, 2002)akRa@ttempt to instrument commuting distance, sdat&(2004).
® We ignore income taxes, which obviously affect tie wage, as well as road taxes, which directigcafthe
monetary and indirectly the time costs of commufitigough reduced congestion). Introducing thegesaas well
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2.1.Theory
We assume a standard labour supply model, but @xtes model by allowing for commuting
costs and by distinguishing between daily work temel number of workdays. For an individual
who participates in the labour market there are éssential decisions to be made each period
(e.g. defined by a week or a yedr):how much work-time per day{, and(ii) how many days,
D, she would like to work. So, total labour suppsr jperiod is defined bpH. The number of
daysD and daily work timeH are assumed to be continuous varialfldsis assumed that the
labour supply preferred by employed individuals edso be realized. Participation in the labour
market implies thaDH > 0, so thaH > 0 andD > 0. In line with the literature, we assume that
commuting involves timé and induces monetary commuting costs. The monetasys are
proportional to distanclewith a positive cost per kilometreand are therefore equalka®
Suppose that workers derive utility from incoMend leisure timé., and that there are

only two possible uses of time: labour and leisUitee workers’ utility functiorv can then be
written asv:V(\() + W H) D- Dk¢ L- DH- D), where L is the worker time endowment per
week (or maximum leisure timeY, is non-labour income and (H) is the daily wage, which
depends on the number of daily hours worked. Tiotaime (net of monetary commuting costs)

and leisure time are formulated ¥s Y, + w( H) D- DkcandL =L -DH -Dt. We assume that

the daily wage is increasing and concaveHnSo,w'(H) > 0 andw"(H) < 0, wherew'(H)

denotes the marginal effect bf on the wagé? The utility functionv is assumed to be twice-

as government budget restrictions, is necessarwétfare analyses (Parry and Bento, 2001). In tiveeat paper
however, we are mainly concerned with the effeathdinges in commuting costs on labour supply, sabgtract
from taxation issues.

19If the period is a year, it is clear that the nembf days is continuous. If it is a week, thenassumption that the
number of days is continuous is still plausibléhi& worker is able to vary the number of days peekvover time.
For example, let us suppose that an individualgosefo work 1.2 days per week. She will work ong par week
for a period of four weeks and the fifth week shiwork two days.

™ In our analysis, commuting speed is exogenouslgrgiFor an analysis with endogenous speed, sesxémple,
Van Ommeren and Fosgerau (2009).

12 Concavity of the daily wage can be justified whiba employer pays the worker's marginal produgtiind a
worker becomes less productive the more hours siksw
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differentiable and concavé.This assumption is reasonable when income andréeiare both
normal goods. WheBH > 0, therw(H) > kc, so participation in the labour market impliesttha
the daily wage exceeds the daily monetary commudosgs.

Using standard microeconomic techniques (see egal, 1992), we derive the workers’
optimally chosen daily work timel and dayD by maximisingv, implying the following two

first-order conditions:

V, w(H)D-V, D=0, (1)
and

V, [W(H) - kd - ([ H+ {=0. (2)

The first condition (1) states that the worker’'srgnaal utility of leisure time equals the
marginal opportunity cost of leisure time. The setaondition (2) states that the worker’'s
marginal utility of workingoneday equals the marginal opportunity costs of wagkine day™*
Given these two first-order conditions, the optimahosen daily work time is defined by:

W(H)[H +t]=w(H) - ke (3)

To interpret (3), note that the right-hand sidetto§ expression states that the worker’s
marginal cost of working one day (marginal oppoitiucost of leisure times the loss of leisure
time) is equal to the daily wage net of monetarynouting costs. Given (3), it follows
immediately that monetary commuting coktsand commuting timé increase the daily work
time H.'°

In Appendix A, we elaborate further on the effeofsexogenous changes in monetary

commuting cost&c and commuting timé separately on the optimally chosen number of days

13 50, the first derivatives are positive, the secoexdvatives are negative and the cross-derivativegositive.
4 In Appendix A, it is shown that the second-ordenditions are fulfilled.

15 oH/at = —w(H)*[[W( H) - ke] w( H)]" > 0; oH/d (ke) = [ w'( H)[ H+ {]" > 0.Clearly, in our model, the qualitative
effect ofkc is the same as the effectskaindc.



and total labour supplH. We proceed in two ways. First, we examine thetigda effects of
increases in commuting timeas well as monetary commuting cdstsSecond, we consider the
case that a change in commuting distance impliesqaivalent increase in commuting time.
This case essentially allows us to understand Wieeadl effect of distance when workers face a
constant commuting speed. The overall effect dbdise on labour supply involves then effects
through an increase in commuting time and monetanymuting costs. This is relevant as in our
empirical analysis, we observe commuting distabcé,are not able to distinguish between the
effect of commuting time and monetary commutingiesgparately.

We find that an increase in commuting time decreBsavhereas the effect of a change in
t on total labour supplpH turns out to be ambiguous. Given an increase ity dammuting
time t, workers will reduce their overall commuting tirbg reducing the number of workdays,
but they will also react by increasidgily labour supply. Which of the two effects dominates
an empirical matter and cannot be derived fromroadel. The effect of monetary costs Bn
can be shown to be ambiguous. The ambiguity istdukat the income effect of an increase in
monetary costs may dominate the substitution effaatthermore, it appears that the effect of a
change irkc on total labour supply is also ambiguous.

When we assume that a change in commuting distalsceimplies an equivalent change
in commuting time (as speed is constant), we fingt tan increase in monetary costs also
increased, but the effects o andDH are ambiguous. To see the ambiguityl, similar

reasons to the effect of monetary cost® éhapply.

2.2 Total labour supply constant

We are also interested in the effect of a margimaiease in commuting costs on workdays and
daily work time, keeping the total labour supply DH constaithis allows us to test some
additional predictions of the model. Furthermotas tallows us to examine the behaviour of

workers that are constrained by their employerdgepktotal labour supply constant. Constraints



by employers are quite common (see later *®nltility v can then be rewritten as
v=V(Y, + W ¥ D D- Dk¢ L= x D} wherex = DH is given. The first-order conditions f&
and X imply w [w(x/D) — kc — w(x/D) x/D] — vi t = 0 andvy W (x/D) — v, = 0. The first-order
conditions together imply that'(x/D) [x/D + t] = w(x/D) — kc, which is identical to (3) and

implies thataH/a(kc)>O.17 Further, rather obviously, conditional on totabdar supply,
differentiating the first-order condition impli¢s|dD/d (kc)]+ D[dH/d(kg|=0, which can be
rewritten asaD/d(kc)= -[D/H][oH/d(kc)]. So, dlog(D)/d(kc)=-alog(H)/d(kg. Hence, in

the empirical application, when we control for td&bour supply, it is not only convenient to
uselogarithmsof D andH, but, given a correct specification of the modtak arbitraryto focus

on logH or logD.

2.30verview of the model and literature
A comparison of our theoretical results with thostained in the literature is given in Table 1.
The labour literature, such as Cogan (1981), assuhe workers optimally chose their daily
labour supply, whereas the number of workdaysxedfi This literature indicates that daily hours
(and therefore total labour supply) decline with imcrease in commutingime (see e.g.
Manning, 2003; Gubits, 2004). In contrast, an iasgein monetary costs of commuting leads to
an increase in daily hours and weekly labour sufptgan, 1981; Gubits, 2004).

On the other hand, transport economists, such ay Rad Bento (2001), make the
opposite assumption, implying that commuting tiaecreasesdays as well as total labour
supply, whereas the effect of monetary costs ofroating is ambiguous. Based on assumptions

regarding the size of the income and substitutiéece the authors presume that if monetary

6 For example, in the Netherlands, civil servants maoose from a flexible supply pattern keeping fddgour
supply constant (e.g. work four days per week ia hiours per day, or work four days at eight hamd one day at
four hours).

7 Interestingly, keepin®H constant derives treamequantitativeeffectsof kc, t ork on H as obtain obtained in the
previous section, where we did not control for (dmimally chosen) total labour supply. The samgliap onD.
These results are consistent with the envelope¢hedn contrast, the effects kf, t or k on the optimally chosen
days depend on whether or not conditiorDdth. These results are also consistent with the epediioeorem, as the
parametergc, t or k enter the utility functiow but do not enter the constraint of a constantdalsapply.
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costs increase, total labour supply decredses.

In the current paper, we have relaxed the assunmgptiegarding days and daily hours. As
explained above, we find that daily hours increath commuting time, whereas days decrease
(in contrast to the ‘labour supply literature’ tlddtains the opposite result, and inconsistent with
the ‘transport literature’ that keeps daily houssistant). Furthermore, daily hours increase with
monetary commuting costs (consistent with the labswpply literature), but the effect of
monetary costs on total labour supply turns olte@mbiguous in our model.

The above results indicate that the impact of ane@se in monetary costs on total labour
supply is either positive or ambiguous dependingtlm assumptions made with respect to
whether days and daily hours are fixed or optimalipsen, whereas the effect of an increase in
time costs on total labour supply is either negativ ambiguous. Introduction of a road tax will
reduce the time of commuting trips, but increasertftonetary commuting costs. Based on our

theoretical model, it cannot be excluded that latsopply will increase given a road tax.

3. Labour Supply Analysis

3.1.The data

Our empirical study is based on information frora tBerman Socio-Economic Panel (GSOEP)
for the years 1997-2007. For each year, we hawenrdtion on commuting distance as well as
on labour supply per week, and for eight years {8e &ave information on daily hours and

workdays per week’ As stated in the introduction, we employ commutitistance as a proxy

'8 The authors assume that, = wH, which implies thatov/ow=-aV/acand oV/ow=-(0Vv/ac) H. In our model
this property does not hold &scan be optimally chosen, resulting d/aw, =-(aVv/ac) H. Within the framework

of Parry and Bento it makes sense to assume tmatating distance is the minimum commuting distaatall
jobs that are available in the economy, so workarmot adapt commuting distance. One simple wakhioking
about this, which is likely closer to reality, i3 &ssume that the residence location is exogen@igiyn and that
workers search over space for jobs, where joberdiff terms of number afaily hours supplied and the length of
the commute to the residence. Given this assumptvonkers with large marginal opportunity costswairk will
both work fewer daily hours as well end up withsaocommuting distances.

9 For the years 1998, 2001 and 2003, informationlaity hours and workdays per week is missing. Nbée the
number of workdays is not necessary the same asutmder of days the worker commutes. For the y&aey,
1999 and 2000, information about the commutingadisé is only available if the workplace municipaliiffers
from the residence municipality, so the exact comimgudistance is unknown for workers who commuteato
workplace location within the residence municipaliThis is unproblematic as distances of workers Whe and
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for a combination of monetary and time commutingtso

3.2.Selection of sample and descriptive statistics

We focus on samples of employees working outsige thouse® The analyses are based on a
dataset of 43,694 annual observations for 14,03gl®mes. On average, each employee is
observed three times. The data includes demograpfaomation on age, gender, workplace
region, net hourly wage, net household monthly iegs) household members and children. Data
on workhours per week refer to all hours workedluding overtime. In our data, we have
information about the number of days usually worked week for workers for whom the
number of workdays per week is fixed (so it doesai@ange from week to week). This applies
to the large majority of workers (89% of all workgrin the results shown, we will treat the
number of days as a continuous variable, but trgatie number of days as a discrete variable
(e.g. 4, 5 or 6 days) generates identical re$tiifhe mean one-way daily commuting distance
for all workers in the period of analysis was 15 kmline with a range of other studies.
Consistent with observations that the average cdaimmulistance increases over time, we find
that, on average, commuting distance increaselsn® fier year.

In Appendix B, Table B1 shows patterns of workhaques day and workdays for the years
that these data are available. 84% of the workerk exactlyfive days per week, which seems
clearly the ‘norm’. Only 8% of the workers work neathan five days and only 7% less than five
days. These percentages suggest that either empl@gtrict the number of workdays or there is

little variation in preferences of workefsIn contrast, there seems to be much more variation

work in the same municipality do not vary much. eenfor these years, we have imputed a value ahSdc
workers who live and work in the same municipalysensitivity analysis shows that the results @nésd later on
are insensitive to the imputed value (e.g. 0 om§.KThis makes sense as the imputation refers l{p26% of the
observations, and the difference between the (wrebd) distance and the imputed distance is siea than 10%
of the mean commuting distance).

20 1n order to exclude extreme outliers, the samplestricted to those workers who work at leastvors per day
and maximally 100 per week.

2L Worker changes in workdays are quite common. Indaia, on average, about 16% of workers change the
number of workdays.

22 |n Germany, labour supply has become slightly nfeible over time: the proportion of individuatgorking
exactlyfive days has fallen over time (86% in 1997 v€488 2007). As the drop is only slight, this seemfustify

11



workhours per day. For example, only 35% of all kews work exactly eight hours. This
suggests that the fundamental assumption madeuliestsuch as Parry and Bento (2001) and
Calthrop (2001) that the number of workdays ismoptly chosen whereas the daily hours are
fixed may be less appropriate, at least for Germ#irgppears also that there is large difference
in the distribution of workdays and daily hoursvee¢n males and females, which suggests that
the effect of commuting costs on labour supply matentially differ by gender.

The correlation coefficient between days and daibyrs is 0.22 (see Table B2). The
correlation between daily hours and weekly hourgasitive and significant at 0.90, and much
larger than the correlation between days and weleslys at 0.59. These correlations suggest
that variation in the daily hours is more importtran variation in days in determining variation

in weekly labour suppl§?

3.3.Econometric model

In our empirical application we aim to investigatdether changes in commuting distance
influence labour supply patterns, measuredmMegkly labour supplynumber of workdayand
daily hours Let Z; denote either weekly labour supply, number of wasks or daily hours for a
workeri in a specific residence and with a specific emgtan yeart, soi refers to a specific
worker-residence-employer combinatidyefining workeri in this way will be useful to address
endogeneity of commuting distance. Following tHeolar supply literature, we assume a double-
log labour supply specificatioft:

logZ, =a, +a,logk, +a, X, +& +, (4)

wherea; is the elasticity of labour suppB: with commuting distancl, the matrixX;; includes

time-varying controls for household characteris{eg. children) and work characteristics (e.g.

our procedure to pool the data for the differerdrge This slight drop is in line with the obserwatithat Germany
seems to be moving towards a more flexible laboanket (Ostner et al., 2003; Hamermesh, 1996).

2 These results are in line with the results of Hamesh (1996).

% For example, see Borjas (1980), Costa (2000) aidaBd Freeman (2001).
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net hourly wage rate), which are assumed to be enags factors, and, is unobserved
heterogeneity, which captures time-invariant unoles# characteristics that are specific to a
worker-residence-employer combination. For examgblese characteristics may be unobserved
worker-specific preferences with respectfe.g. a preference for leisure time), or they rnay
unobserved residence-specific characteristics @rtiqular, residence location) or employer-
specific characteristics that affect(e.g. industry). The particular definition of workeimplies
that when a worker changes from residente residence’, thene; » ¢-. The same holds for
changes in employer. We treatas a fixed parameter and estimate all modelsrimgef first-
differences, that is, variables are formulatedrages from one time period to another. Taking

first-differences essentially removagrom expression (4) and implies that:

|Og(zit)_ IOg(Zt—l) :a1[|09(|ﬁ ) - IOg( |ﬁ—1)]+a2[ S >|§—1] TV, (5)

wherev, =y, - y_,. Consistent estimation of, requires that the change in commuting distance,
log(k, ) - log(k,,), is exogenous tdog(Z, ) -log(Z,_,) and therefore not related w. This may

not be the case, since a change in the workershuding distance may be the result of an
endogenously chosen residence or job move. Howélverchange may also be the result of
workplace relocation when staying with the same leygs. The latter type of relocation can be
argued to be exogenous, in particular in the césefom relocation (when all workers in the
firm’s establishment are moved to another workplemation). In (5), only within-workers’
variation in variables foeach worker given the same residence and the sanpdoyeris
employed in the estimation procedure. Thus, thece®f distance orog(Z, ) -log(Z,_,) relates
purely tochangesin commuting distance for given residencend agiven employerso that

reverse causation is eliminated, androvides a consistent estimate of the effect afiroaiting

distance on labour supply.Keeping the workers’ residence and employer consia we do,

% The estimation of avorker-residence-employdirst-differences model is similar to an estimatiof (5) on a
selective sample of workers who do not change sidemce and stay with the same employer. Informatib
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anyobservedchange in a worker’'s commuting distance must bel@yer-induced (due to a firm
relocation) or may also be due to measurement.&ror

The idea to use firm relocation as a source of exogs change in commuting distance is
also exploited in Zax (1991) and Zax and Kain ()9%&rm relocations are quite common and
are therefore a useful source of variation in carting distance. For example, about 7—8% of
firms in the Netherlands are each year involvedelocation decisions (Weltevreden et al.,
2007). In Great Britain, in each year 0.5% of wosk&tate that they change residence because of
a firm-induced workplace move, suggesting that wlake moves are quite important, as only a
(small) proportion of workers would move residengiwen a workplace move (National
Statistics, 2002). Note that in the GSOEP surveglyaed here, there is no information whether
firms move. However, by keeping employer and rasidegiven, we infer that all changes in
commuting distance are caused by a (exogenouspeharcommuting distance as a result of a
relocation of the workplace by the firm. Note thaasurement error may be important here. In
particular, it is quite common that workers repptommuting distance of, let's say, 63 km and
next year a distance of 62 km. The change is niasdyldue to measurement error. In our data,
51% of all observations (when we keep residenceeanployer constant) indicate a change in
commuting distance, but the proportion drops to4%3(6.2%) when we consider changes in
distance that exceed 2 km (5 km). This suggestsithaur data, about 10% of changes in
commuting distance are employer-induced, whereasother changes are due to endogenous
residence and job moves. Note that measurement miag be quite frequent, but it is quite
small relative to the average commuting distanagceSwe include the logarithm of commuting
distance in the analysis, the (downward) bias inestimates is likely small. Nevertheless, it is
important to keep in mind that our estimates magdieservative.

We will now discuss the specification of the wageerthat must be included as a control

workers after they have changed residence or eraplisythen not employed, which makes the latteimesion
method less efficient.

% |f measurement errors are white noise, it implieat our results are biased towards zero and ihreref
conservative (so, the true values are larger innibadg).
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variable in (5) according to theofy.Net hourly wage rates are calculated by dividireg n
monthly earnings by monthly hours. Such a calcoiteintroduces a form of measurement error,
known as ‘division bias’, because measurement @mrbours enters both the left and right hand-
sight of (5)? This results in a spurious negative correlatiotwben hours and the wage rate
(Stewart and Swaffield, 1997; Lee, 2001), becaussreporting of hours would lead to an
underreporting of the hourly wage rafeSo, we calculate the wage rate usiegtractualhours
instead of observed hours, because the divisianibihourly wage rates using contractual hours
is substantially less than using observed hourstier problem with estimating the wage
elasticity in (5) is, according to some studiese tendogeneity of earnings, because of
uncontrolled wealth effects (e.g. the arrival ofwnmformation about the wage rate may also
lead to a revision in expected lifetime wealth, ethis captured by the error term; see
MaCurdy, 1981; Altonji, 1986). A valid estimatiorf the wage elasticity, taking these two
sources of endogeneity into account, is to instninekanges in the wage rate. We instrument
the change in wage rate using age and its sqfidireese instruments are frequently used in the
labour supply literature and are usually thoughieéaxogenous with respect to change in labour
supply (see e.g. MaCurdy, 1981; Lee, 20?319\5 shown in Table B3, these instruments are

strong*?

27 Note however that it turns out not to be necessargontrol for wages in estimating the commutiristahce
elasticity. This is in line with studies that shdwat the correlation between commuting distancevaages is low
(e.g. Manning, 2003).

8 Note that random measurement error in labour suiipés not affect the consistency of the estimétesause the
measurement error is in the dependent variable.

% The importance of wage division bias has been lyidecumented in the labour supply literature (&grjas,
1979; Abowd and Card, 1989; Lee, 2001; French, 004

30 A non-linear specification of age is appropridtecause one expects that older individuals are liesly to
receive a wage increase, but one would expeceffést to decrease after a certain age.

31 Note however that it is possible that changes dnker preferences for labour supply are relateag®, in which
case age is invalid as an instrumental variablenage rate in estimating (5). Consequently, thenegsed wage
elasticity is likely to be downward bias (AltonjL,986). Further, note that we indirectly take inttc@unt the

individual.

32 The effect of our instruments of wage rate groistlas expected and is in line with the literata®,age has a
negative effect on wage growth (see Table B3). &ltth according static labour supply theory as usdidis paper,
commuting distance should not be included as arabit the instrumentation of wage rate, job seattodory
indicates that, generally, the wage rate will deppaositively on commuting distance (Manning, 2003).
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3.4.Empirical results

The econometric results of all models taking fddterences (5) are shown in Tablé*XSince
both the labour supply variable and commuting distaare in logarithmic form, the commuting
distance elasticity of labour supply is given by thoefficient of the commuting distance
variable.

The first three columns of Table 2 show the redoitsveeklylabour supply. The effect of
commuting distance on weekly labour supply is pesitand statistically significant (at 5%
level). The elasticity estimate is about 0.013.(8.602). This indicates, for example, that if the
commuting distance increases from 20 to 40 kiloestmdividuals increase labour supply by
about 20 minutes per week. Controlling for timeyuag variables (columns 2 and 3) does not
appear to be essential, because the estimated effeommuting distance on weekly labour
supply not controlling for any other variable (awini 1) generates almost identical restiitg/e
have experimented with other specifications for oaming distance (e.g. controlling for
workplace location within the municipality of resitce), but results are very similar. For
example, given a linear specification of distante point estimate is 0.001 (s.e. is 0.0001),
which corresponds to an elasticity of 0.015 (evi@dat the mean commuting distance of 15.42
km), which is slightly higher than the 0.013 givanogarithmic specification of distance, so
essentially the same results are obtaiied.

Our theoretical model assumes that labour supptieme (hours and days worked) are
optimally chosen, which may not be true for evenrker® We therefore have also analysed the
effect of commuting distance qreferredweekly labour supply (see Table 2). The effect of

distance on preferred weekly labour supply (0.008hva s.e. of 0.002) overlaps with the

33 We have also estimated fixed-effects models (@bt first-differences models) and obtained simiésults, but

the instrumentation of the wage is more complicatettiat setting, so we prefer the first-differencesults.

34 Other estimates are as expected: the individuabsur supply decreases with other household incdraeing
children also brings out a negative effect on latsapply, especially by women.

%5 Note that our wage elasticity is 0.085 in linelwihose assumed by Parry and Bento (2001). Themudssume
that uncompensated wage elasticities are betw@anabd 0.35.

% For example, workers may face restrictions on ficamd days worked by employers (e.g. llmakunnas and
Pudney, 1990; Dickens and Lundberg, 1993; Stewadt @waffield, 1997; Euwals and van Soest, 1999; for
Germany see e.g. Holst and Schupp, 1998; Wolf, 19B&se studies combine information on preferegablir
supply with information on observed hours to idgntestrictions on hours.
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confidence interval, at five percent level, of thigove reported effect on the observed labour
supply. To the extent that the point estimate stasice on the preferred labour supply is less
than the observed hours suggests that our resalgspartially be the consequence of employer
restrictions on the number of hotifsWe have also estimated the effect of commutintadie

on thedifferencebetween preferred and observed weekly labour guppk estimate of distance
on the difference between the preferred and therebd labour supply is —0.005 with a s.e. of
0.003, consistent with the results in Table 2.

Columns 7 and 10 of Table 2 show the results oétarying explanatory variables on
number of workdays and daily hours. In line witke ttheoretical model developed, we find a
positive elasticity of daily hours with commutingstance (0.013 with a s.e. of 0.002). This
elasticity of daily hours with commuting distance dssentially the same as the elasticity of
weekly hours. Workers with long commute distanceseris paribus, appear to increase the total
labour supply mainly by increasing their daily labsupply. The theoretical model developed
offers little insight into the expected effect @inemuting distance on workdays. We estimate an
insignificant elasticity of workdays with commutinigstance (0.003 with a s.e. of 0.002).

Columns 8 and 11 of Table 2 show the results fakdays and daily hoursontrolling for
weekly labour supplyThis is useful as an additional test of the model line with our
theoretical model, we find, when controlling for ey hours, a positive effect of distance on
daily labour supply with an elasticity of 0.004¢sof 0.001), and a negative effect on the
number of workdays with an elasticity of —0.004(sf 0.001).

One statistical difficulty whencontrolling for weekly labour supplys the possible
endogeneity of weekly labour supply (as workersli&edy heterogeneous in their preference for
leisure time). We therefore instrument the workeveekly labour supply with other household
income, defined as the total household income mihesvorker’'s own-labour income, (for the

first step see Table B4; the instrument appealzetsufficiently strong) and show the results in

37 Note however that the question about preferreduabupply is slightly ambiguous, so that it may swecifically
be related to the current job.
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columns 9 and 12 of Table 2. We find the same edémas the ones when the endogeneity of

weekly labour supply is not corrected for though skandard errors are larger.

3.5. Sensitivity analysis

We have also investigated whether it is usefulistirtjuish betweemale andfemaleworkers,
because it seems plausible that the effect of agaimgcommuting distance is gender-specific as
it depends on the labour market state of the spopiesence of children, etc. We find a
commuting distance elasticity of weekly hours @f(® (s.e. is 0.002) for male workers, which is
half the size of the one obtained for female waskef 0.016 (s.e. is 0.003), see Table B5.
Estimates for workdays and daily hours also sugtiestthe effect of commuting distance on
labour supply patterns is stronger for female wrgkbut the instruments are not strong enough
for proper interpretation. We have also re-estighateodels excluding observations that most
likely refer to measurement error in the commutiiigtance (changes less than 2 km), but the

results remain robust.

4. Conclusion

This paper analyses the effect of costs of commutimeasured by the commuting distance, on
labour supply patterns using the socio-economicepdata for Germany between 1997 and
2007. As far as we are aware, theoretical and érapiwork that focuses on how daily hours
respond to changes in commuting distance has beslgsad here for the first time. We deal
with the endogeneity of commuting distance by medresworker first-differences approach for
a sample of employer-induced changes in commutingtartte (which are result of
firm/workplace relocation). Although one may havsuitive feelings about the effects of
commuting distance on total labour supply, the teecal model developed in this paper
demonstrates that empirical analysis is needeil ji80t clear what the direction of the effect is

in reality.
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In the current paper, we have emphasized the impoet of the assumptions regarding
modelled labour supply patters. In particular, hearkers may choose their daily labour supply
as well as number of workdays are fundamental ass8ans.

Our empirical results show a slight positive effettommuting distance on weekly labour
supply. This effect is the combination of a positeffect on daily hours and a smaller (negative)
effect on number of workdays. These results amoimrast to assumptions in the literature (see
e.g. Parry and Bento, 2001; Calthrop, 2001). Thermaplication of our results is that when
introducing a road tax, a budget-neutral reductionthe income tax, as advocated in the
literature (Parry and Bento, 2001; Mayeres and ®f@&9D01), may not be necessary in order to
increase welfare. Note however that our resultsdntebe interpreted with some caution,
because we focus on employed workers only and docowsider the effect of changes in
commuting costs/time on labour market participatfon

The estimated positive effect of distance is cdasiswith the model developed. It is
however also consistent with other explanationse Gther explanation may be that workers may
reduce commuting costs by leaving earlier from hamédeparting later from work in line with
bottleneck economic models (Vickrey, 1969; Arndtak, 1993). When individuals leave earlier
from home or depart later from work (e.g. workersthwfixed work schedules), they
simultaneouslyincreaselabour supply, when the number of workdays remaimsstant. We

hope to examine this possibility in the near future

% However, there are reasons to believe that conmguudosts, and therefore road pricing, may havie lit no
effect on the participation decision. One reasorth&t female workers for whom the participation iden is
strongest affected by economic incentives, do etbriy to the same group of workers who generally face a
road tax. The percentage of women that commutegdistance and work a few hours is usually lownMsually
work full-time and commute longer distances. Fermadekers with few hours of work are less likelyttavel by car
and have shorter commuting distances if they trayedar.
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Table 1.Effects of Commuting Cots on Labour Supply

Daily hours Workdays Total labour
supply

) Time costs - Fixed -
Labour model (e.g. Gubits, 2004) Monetary costs  + Fixed +
Time costs Fixed - -

Transport model (e.g. Parry and BemoR/lonetary costs  Fixed e e

Time costs + - +/—

Current paper Monetary costs  + +/— +/—

Note: + = positive; — = negative; +/— = ambiguous.
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Table 2.Estimates of Logarithm of Changes in Labour Supylly Changes in Commuting Distance (1997-2007 GSOEP

(1] [2] (3 [4] (5] [6] [7] [8l 9 [10] [11] [12]
Observed weekly labour supply Preferred weekly labour supply . . .
. . Workdays per week (in log) Daily hours (in log)
(in log) (in log)

Commuting distance in  0.012 0.013 0.013 0.008 0.008 0.008 0.003 —-0.004 —0.004 0.013 0.004 0.005

log (in km) (0.002)"  (0.002)" (0.002§" (0.002J"  (0.002)" (0.002§" (0.002) (0.001§" (0.003) (0.002§ (0.001"  (0.004)
Weekly labour supply 0.416 0.539 0.584 0.625

in log (0.011§ (0.220§" (0.011)° (0.264"
Net hourly wage rate in 0.085 0.004 0.040 0.012 0.040 0.029 -0.011  0.029

log (in euros) (0.031y (0.036) (0.025) (0.018) (0.025) (0.030) (0.018)  (0.030)
Employment region — -0.010 -0.009 -0.004 -0.003 -0.006 0.002 -0.002 -0.014 -0.002  -0.009

new federal states (0.004" (0.0045" (0.004) (0.004) (0.005) (0.004) (0.005) (0.006§" (0.004)  (0.006)
Other household -0.047 -0.057 -0.025 -0.026 -0.029 -0.003 -0.034 0.003

income/10 (0.013§" (0.012§" (0.015) (0.014j (0.012§" (0.009) (0.014§ (0.009)
Female x number of -0.066 -0.066 -0.061 -0.061 -0.030 -0.006 0.005 -0.028 0.006 0.013

children (0.005§" (0.005§" (0.006§" (0.006§" (0.0045" (0.003j (0.015) (0.005§" (0.003]  (0.018)
Child dummy -0.023 -0.021 -0.012 -0.011 -0.016 -0.001 -0.005 -0.021 0.001 -0.008

(0.005§" (0.005§" (0.006§ (0.006J (0.005§" (0.003) (0.006) (0.005§ (0.003)  (0.008)

Number of household -0.008 -0.009 -0.008 -0.008 -0.002 -0.001 0.002 -0.001 0.001 0.005

members (0.002§" (0.002§" (0.003y" (0.003y" (0.002) (0.001) (0.003) (0.002) (0.001)  (0.003)
Year controls Included Included Included Includedncliided Included Included Included Included Inciide Included Included
Adjusted R-squared 0.001 0.010 0.011 0.000 0.006 0.006 .00D 0.407 0.007 0.007 0.586 0.007
No. observations 43,694 43,694 43,694 35,264 35264 35,264 20,558 20,558 20,558 20,558 20,558 20,558

Notes: Monthly net income of other household membersogatithm (in euros). Note that for some workersiinfation on preferred weekly labour supply is nmgsiThe reference category for
employment region is ‘old federal states, Berliml amknown employment region'., " — indicate that estimates are significantly differrom zero at 0.05 and 0.10 level. Standard srewe in

parenthesedVeekly labour supply in columns [9] and [12] istiusnented following the IV procedure of Table B5.



Appendix A: Comparative Statics
In this appendix, we labé&l; andF, as the two first-order conditions (1) and (2) lé worker’s

optimization problem foH and D. The Hessian matrid of the first-order conditions can

written as:
oF OR
M=|0H 9D |
oF, OoF,
oH oD
where:

%:VYW"(H)D"'VW[W( H) D]2 -V W(H D - Ve W B B+ Vi B<o,

%:va'(H)—VL+ DW(H[ V[ W H - kb= [ H - W[ @B K By P H ]xO,
Z%ZVYW'(H)‘W[W(H)- kd VW H- V]- VW B D HJ v D H o,
%WW[W(H)—MZ-VYL[WFD— K He b V[ wh- K B ey H JE<o.

Substituting (3) into these equations implies tlga sf the derivatives. The determinant of
M is negative given concavity of the utility funatig, concavity ofw(H) and expression (3), so
the first-order conditions imply a global maximum.

Application of Cramer’s rule yields the partialedts ofqg onH andD, forqg =t, kc:

_OF, OF,

0q oD

_OF, OF,
a_H:M>O1 (A]_)

oq oF, oF

oH oD

oF, oF,

oH oD
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and

oF, _0oF
oH oq
oF, _OF,
a_D= oH oq (A2)
oq [oF, OF |’
o0H oD
oF, OF,
o0H oD
where:
%=—VYLW'(H) D? +V, D’<0,
oF, 5
— L =\ wW(H)D*+V . ,D*>0,
a(kC) YY ( ) LY
oF
a_tzz_VYL[V\(H)_kq D-\ + \{L[ H+ ] b<O,
oF,
==V, -V, H)-kd D+ V| H+ { C< >0,
a(kC) Y YY[V\( ) q LY[ !

where the sign of the last derivative is ambigugiven the concavity of the utility function

and concavity ofv(H).

A.l. Partial effect of commuting time and monetary commmglcosts on workdays
The effect of commuting timeon workday<D is determined by totally differentiatirfe, with t,

and putting this expression equal to zero. Tha&jigt can be expressed by:

ooV DWH) = THVW(H)+ W(H VDW= VD= VDI B+,

= <0,
ot W'(H){VYYV\( H) - VYL( H+ t)} VW H+ VLL( H+ )

where the inequality in this expression followsnfrdhe concavity of the utility function,
concavity ofw(H) andoH/ot. The denominator in this expression is negative, redee the
numerator is positive, then the sign of the pargéffiect of time on workdaysoD/ot is
unambiguously determined and is negative.
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To see the effect dfc on D, it is more straightforward to focus on A2. Camgyiout the

calculation of the determinant in A2, the signafid(kc) is indeterminate, depending on the
size of W. If V, -, thenoF,/d(kc)<0, so aD/d(kc)<0. In contrast, if, -0,

then 9F, /0 (kc) >0, so aD/d(kc) > 0.

A.2. Partial effect of commuting time and monetary commmglcosts on total labour supply
The effect ofkc on total labour supply can be shown to be ambigyas the effect déconD is
ambiguous). Full results can be received upon tqiore interestingly is the effect bfon

0(HD)/ _
total labour supply, which can be written a(s )at =H a%t+ Da%t , where +/- under the

- +

terms refer to whether the term is positive or tigga Substituting (Al) and (A2) into this

. . o0(HD
expression we obtainsign u = sign H —££+EE +D —EO—FM()—HE .
ot OH ot oH ot oD ot 0D ot

The sign ofd(DH )/at is positive or negative depending on the numeriaales ofVyy, V. and

VyL. To see the ambiguity of the effecttobn DH more clearly, let us concentrate on the case
thatVy. =0 andV,, is close to zero, s¥,, can be ignored. The sign of the effectt @h total

labour supply can then be written as:

) Jd(DH . (0F, " '
Slg”(%} = s|gr(?[—VYW H XV, ,w'H j t:|j (A3)

- + -
where the sign of the terms between square bradketxpression (A3) follows from the
concavity ofw(H) and the concavity of the utility function The terms between square brackets
consist of two components: the first componentasitive, whereas the second one is negative.
The first component reflects the reduction in thergimal daily wage as a result of increasing the
number of daily hours. The second component refldet decrease in marginal utility of income

and is negative because the decrease in numbailphadurs.
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We can also see the above ambiguity by concenfratinthe case that,. =0 andVyyis

close to zero, SWyycan be ignored. The effecttobn total labour supply can now be written as:

sign(@] = signV, w "H H[H + ] + V1) (Ad)
- +
where the sign is again ambiguous. Expression (@gtsists of two components: the first
component is negative, whereas the second onesisivgo The first component reflects the
reduction in the marginal daily wage as a resulinafeasing the number of daily hours. The
second component is the marginal utility of leisumee times the time costs of commuting.
Overall, the effect of onDH is positively only if the effect df on daily hours is relatively

large, such that the marginal utility of leisureréatively small or the reduction in marginal

daily wage is relatively large.

A.3. Partial effect of distance keeping speed constant
The partial effects of commuting distankeeping speed constaoh H andD can be solved
using Cramer’s rule and the following two derivagv

oF,
ok|s

ST?S:—VYc—[V\(H)— kd D[VY&VY%}_V%Jr \{Y[ H+ys] Der \(L[ HrVS]EyE<>o,

1 2 2
=V, W(H)D*c- Vi W( H D%/ + v, B or VDY < >0,

where $ denotes conditional on speed, hot conditional on commuting time. The sign of these
derivatives is ambiguous because time and commutists have opposite effects enandF.

The sign ofaH/ok is unambiguously determinate and is positive
(<3H/ak|S =—[sc+ w( H)]Z[ HW( H s¢ se b |]'|]l > 0), whereas the sign dfD/ok is
indeterminate, depending on the siz&/pf and whethefw(H) - kd s*</=[ H+{c If V,, - 0

and [w(H) - kd s*=[ H+ { ¢ then oF,/ok <0, so aD/ok<0. In contrast, ifV,, — -~ and
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[W(H) - kd s*<[ H+ { ¢ then oF, /d(kc) >0, so aD/d(kc)>0. The effect ofk on DH is again

ambiguous.
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Appendix B: Tables

Table B1.Distribution of Daily Hours and Workdays per Wedelcent) (1997, 1999-2000, 2002, 2004-2007

GSOEP)
Workdays per week
1-4 5 6—7 All days
Daily hours
Workers (N= 20,558)

Less than or equal to 4 h 1.6 4.0 0.5 6.1
More than 4 or less than 7 h 24 7.9 1.0 11.3
Exactly 7 or less than 8 h 1.0 13.8 1.0 15.8
Exactly 8 h 12 31.3 2.0 345
More than 8 or less than 10 h 0.7 18.3 1.4 20.4
Exactly or more than 10 h 0.4 9.1 2.3 11.8
All hours 7.3 84.4 8.2

Male workers (N=11,130)
Less than or equal to 4 h 0.2 0.2 0.0 0.4
More than 4 or less than 7 h 0.2 11 0.3 6 1.
Exactly 7 or less than 8 h 0.4 15.0 0.9 16.3
Exactly 8 h 0.4 37.1 2.6 40.1
More than 8 or less than 10 h 0.3 22.4 1.8 24.5
Exactly or more than 10 h 0.3 13.2 3.4 16.9
All hours 1.6 89.C 9.C

Female workers (N= 9,427)
Less than or equal to 4 h 3.3 8.6 1.0 12.9
More than 4 or less than 7 h 5.0 16.1 1.8 22.9
Exactly 7 or less than ¢ 1.€ 12.2 11 15.C
Exactly 8 21 24t 14 28.C
More than 8 or less than 10 h 1.2 135 0.9 15.6
Exactly or more than 10 h 0.6 4.3 0.9 5.8
All hours 13.8 79.3 7.1

Notes:Totals do not add to 100% because of roundingndata deviations are in parentheses.

Table B2.Correlations of Dimensions of Labour Supply (198999-2000, 2002, 2004-20GSOEP)

Daily hours Workdays per week
All workers (N= 20,558)
Workdays per week 0.222
Weekly hours 0.905 0.591
Male workers (N= 11,13
Workdays per week 0.163
Weekly hours 0.890 0.578
Female workers (N= 9,427)
Workdays per wee 0.16(
Weekly hours 0.882 0.579

Notes:Pearson correlations; all correlations are sigaift at 0.05 level (2-tailed).
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Table B3.First Step Results of the Logarithm of ChangesienNet Hourly Wage Rate IV Procedure (1997-2007

GSOEP)

Variables Workers Male workers Female workers
Instrument

Age -0.018 (0.001) -0.018 (0.001]j -0.019 (0.001)
Age?/1,000 0.192 (0.011) 0.186 (0.014) 0.200 (0.017)

Control factors

Change in commuting distance in log (in km)/10 010. (0.020) 0.025 (0.026) —0.004 (0.031)
Change in employment region — new federal states .0050(0.004) 0.006 (0.006) 0.004 (0.006)
Change in other household income in log (in eut®s)/ -0.108 (0.014) -0.072 (0.016) -0.181 (0.026)
Change in female x number of children —0.003 (0.006) 0.004 (0.008)
Change in child dummy 0.016 (0.006) 0.022 (0.007) 0.002 (0.012)
Change in number of household members —0.005 (0.007) -0.007 (0.003) —0.003 (0.004)
Year controls Included Included Included
Adjusted R-squared 0.023 0.025 0.022

No. observatior 43,694 23,499 20,194

F test 59.79 39.07 24.65

Notes:Wage rate in euros; monthly net income of othersedold memberdhe reference category for employment region is

‘old federal states, Berlin and unknown employmewfion.”, * — indicate that estimates are significantly différfom zero at

0.05 and 0.10 level. Standard errors are in paeseth
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Table B4.First Step Results of the Logarithm of Changes ey Labour Supply IV Procedure (1997, 1999—

2000, 2002, 2004—-2007 GSOEP)

Variables Workers
Instrumen
Other household income in log (in euros) -0.007 (0.002)

Control factors
Change in commuting distance in log (in km)/10

016.(0.003y

Change in employment region — new federal states -0.020 (0.007§
Change in female x number of children -0.059 (0.007)
Change in child dummy -0.034 (0.007)
Change in number of household members —0.004 (0.003)
Year controls Included
Adjusted R-squared 0.014

No. observatior 20,558

F test 12.25

Notes: Monthly net income of other household memb@&te reference category for employment region id felderal states,
Berlin and unknown employment region.” — indicate that estimates are significantly différizom zero at 0.05 and 0.10 level.

Standard errors are in parentheses.

Table B5.Estimates of Logarithm of Changes in Weekly Lat®wpply for Male and Female Workers (1997-2007

GSOEP)

Male workers

Female workers

(1] (2]

(3]

(4] [5] 6l

Commuting distance inlog (in  0.094 0.091 0.096 0.147 0.163 0.163
km)/10 (0.019" (0.C21)" (0.019" (0.C30)"  (0.029" (0.c30)"
Net fourly wage rate in log (i 0.205 -0.055
euros) (0.037§" (0.051)
Employment region — new —-0.006 —-0.005 -0.012 -0.012
federal states (0.005) (0.004) (0.006§" (0.006§"
Other household income/100 (_é) 10,13;3 (_é) 11]71? (_0123()3?1?** (_01225":_’3**
Female x number of children/10 (_802:%* (_(?02:21)**
Child dumm —-0.009 -0.002 -0.081 -0.081
y (0.006§ (0.005) (0.011§" (0.011§"
-0.002 -0.004 -0.021 -0.021
Number of household members (0.009) (0.002)" (0.00)" (0.009)"
Year controls Included Included Included Includedncluided Included
Adjusted R-squared 0.001 0.003 0.003 0.001 0.020 0.019
No. observations 23,499 23,499 23,499 20,194 20,194 20,194

Notes: Monthly net income of other household membersdgatithm (in euros). The reference category for
employment region is ‘old federal states, Berlid amknown employment region’., " — indicate that estimates are
significantly different from zero at 0.05 and Ol&@el. Standard errors are in parentheses.
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