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Abstract

Reimbursement of commuting costs by employers tieacted little attention from economists.
We develop a theoretical model of a monopsonistipleyer who determines an optimal
recruitment policy — in a spatial labour markethwsiearch frictions, and show that, in general,
partial reimbursement of commuting cost will be element of the recruitment policy. The
empirical evidence we offer is consistent with itterpretation of reimbursement as the result of
monopsonistic behaviour. The alternative explamatichich stresses the role of tax incentives, is

unlikely to provide a full explanation of commutingsts reimbursement.
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1. Introduction

Many employers in Europe (e.g., in Belgium, FranGermany, the Netherlands,
Switzerland, Scandinavian countries) and Japanicitkplreimburse part of the home-to-work
travel costs of their employees (for a recent meyigee Potter et al. (2006)). In these countries,
collective bargaining agreements usually stipullagereimbursement rule, at the level of the firm
(Tillema et al., 2008). Information about the reumdement level is therefore available to job-
seekers (for instance, through the firm's websild)e presence of such a rule implies that
reimbursement will be adjusted if the worker mohesher residence closer to, or further from,
the workplace location. Since the rule is appliedatl workers, such reimbursement implies
unequal treatment of identical workers within tlzene firm, but who have different residence
locations.

Commuting costs, being the sum of monetary and tiasts, can be quite substantial. For
a worker with an 8-hour work-day and a one-way catenof half an hour, the commuting costs
are estimated to be about 10% of the daily wag@ufG0% of these costs are due to time costs,
and about 30% are due to monetary costs (SmalR)18@r workers with longer commutes, the
commuting cost can be substantially higher. Commgutiosts for low-wage workers can be
much more important, also. For example, in the W& averagenonetarycosts of travel are
about 6% to 9% of a minimum-wage worker’s full-tigessincome (Bhaskar and To, 1999).
Clearly, reimbursement of commuting cost can makehstantial difference in a firm’s payment
to its workers — even if the reimbursement is gudytial. Later in this paper, we will document
that approximately one-third of Dutch workers reeean explicit reimbursement, and that — for
those who receive it — the reimbursement, on aegragounts to almost 5% of total earnings,
which is clearly non-negligiblé.

Since reimbursement of commuting cost implies pggndifferent price to workers who
are equally productive, but who live at differencations, it seems natural to regard such
reimbursement as an example iofra-firm wage discriminatiori. This is consistent with a

monopsonistic labor market. Arguments suggestingnapsonistic competition in the labour

! Similarly, for part-time workers, these costs4tile to wages) may be even more significant (Magn2003a).

2 We do not find any evidence of implicit reimbursarhfor the Netherlands, but we will argue latattimplicit
reimbursement is much more difficult to identify.

? Intra-firm wage discrimination has been extensiwalidied, within the context of academic markéas éxample,
Ransom, 1993; Bratsberg et al., 2003). In thisditee, the extent to which seniority decreasesewag examined,
since incumbent academics with positive migratioste may accept lower wages than job applicants fother
locations, who may consider other job openingswatl costs.



market have been around at least since Morten®f0)bbserved that, in a labour market with
search, employers face an upward-sloping suppheciar labour. Boal and Ransom (1997) and
Rogerson, Shimer and Wright (2005) provide revieivghe literature on monopsonistic labour
market models that have emerged since then. Bhagkaming and To (2002) provide a more
recent discussion of the relevance of this mankeé,tfor labour market analysis, e.g., for the
effect of minimum wages on employment. Howeverfaasas we know, there exist no empirical
studies of monopsonistic labour market behaviowat tftocus on commuting costs. Since
reimbursement of commuting costs is widespread anymcountries, a monopsonistic view
appears to be a natural perspective from whicmadyae this phenomenon.

We are aware of a limited number of theoreticatlgts that analyze wage discrimination
based on commuting cost from a different perspector example, Van Ommeren and Rietveld
(2005) analyze a standard wage bargaining modeatlavs for commuting costs, in the spirit of
Pissarides (2000). Additionally, we are aware oéfbdiscussions of a spatial labour market, in
Bhaskar and To (1999) and Bhaskar, Manning and2002). In the latter study, it is shown that
inter-firm wage discrimination on the basis of location woédprofitable to the firm. However,
the authors do not pursue the issuandfa-firm discrimination. Furthermore, in their model,
location is a metaphor for unobservable preferefmeg®b characteristics.

There is no reason to regard location only as aaphetrr, though, when studying
monopsonistic behaviour. We agree with Manning 80®), who argues that the ‘thinness’ of
the labour market, which is required for monopsimivehaviour, is closely related to the
geographical aspect of that market. In Manning’sdetofirms do not discriminate between
employees, and therefore do not explicitly reimbuttse commuting costs of their employees.
Nevertheless, in equilibrium, workers are parti@gmpensated for commuting costs by higher
wages, as a result of the matching process oratmit market. In this paper, we take a different
look at the spatial aspect of the labour market, @mmine whether it provides a monopsonistic
employer a reason to discriminate workers basethehength of the commute, and provides an
explanation for reimbursement of commuting costs.

Our focus is orexplicitreimbursement — a reimbursement earmarked for agmgcosts
— because this allows us to distinguish the reisdment from other wage components, making
it convenient for our empirical analysis. Explicgtimbursement is not fundamentally different

from implicit reimbursement, that is, a positive relationshipveen wages and commuting costs,



for otherwise identical workers. Empirical eviderioecountries where explicit reimbursement is
uncommon, such as the U.S. and the ¢).Kdicates a positive relationship between wagebs a
the length of the commute, consistent with impliceimbursement. Manning's (2003a)
explanation of this phenomenon stresses the rokgpafial wage gradients or heterogeneity in
wage offers, and considers the latter as the mnikstyl explanation. Explicit and implicit
reimbursement may both be present in each econamy, in any empirical analysis, it is
important to control for alternative explanations aommuting reimbursement, to identify
monopsonistic behaviour separately, as we aretalale in our empirical analysis.

Since our analysis can be regarded as an invastigat the presence of monopolistic
competition in the labour market, it is useful toigg out that the focus on commuting has a
number of theoretical and empirical advantageshisrpurpose. One important advantage is that
the commute is, in principle, not directly relatex the productivity level of the workeérA
second advantage is that employers can easilywadse commute, at no cost. This is consistent
with empirical evidence for the U.K. (RCI, 2001)here almost all employers were able to report
the commuting time of recently-recruited employgsegygesting that the commute plays a role in
the recruitment process).

A third advantage is that the length of the commuggy change, through a residence
move. This implies that, given panel data obseowati and by selectingorkers that remain with
the same firmone is not only able to control for (unobservedyker characteristics, but also for
(unobserved) job and firm characteristics, whenlyanay reimbursement behaviour. In the
current paper, controlling for job and firm chamddtics is relevant to distinguish between
explanations based on monopsonistic behaviouradathative explanations, such as favourable
tax treatment of fringe benefits. This is also val@ since firm location is likely endogenous with
respect to population density and local labour reakBy keeping firm characteristics constant,
we may assume that the firm location is given, ugtmut the theoretical analysis. The focus on
explicit commuting reimbursement has other advasgas well. In the Netherlands, to which our

empirical work refers, reimbursement of commutixgenses is explicit, since for institutional

* In the U.S., explicit commuting reimbursementaser (but see the examples given in Potter et @D&Y. In the
U.K., explicit commuting reimbursement is also ram&hough interest-free loans for season tickpysear to be
common, which can be interpreted as a form of eikpkimbursement.

® Arguably, the commute may be related to produtisvels, due to fatigue, etc., implying that werk with a long
commute ardessproductive. The main implication is that it isdesttractive for an employer to offer reimbursement
of commuting costs, implying that our estimatesithtshow a positive relationship between reimbuesentevels
and commuting) are conservative.



reasons and tax purposes, it is specifically edtathby employers. This makes interpretation of
the econometric analysis more straightforward, bseaemployers and workers distinguish
between payments for productive labour, which wdl wabel the “normal wage”, and
compensation for commuting expenses: the commuteighbursement. The majority of
employees in the Netherlands are subject to colkediargaining agreements, which usually
include rules about reimbursement of commuting ;@dtthe level of the firm or industngo,
observed reimbursement of commuting expenses ikealynlto be related to individual
productivity levels. In a recent Dut@mployersurvey (Tillema et al., 2008), about 50% of the
employers state that the@waysreimburse some of the commuting expenses, whdrg#sto
35% never reimburse commuting expenses, for certain welirdef groups of workers. This
indicates that the large majority of employers demn the level of reimbursement (as a function
of the length of the commute), unconditionally fréme productivity level of a certain worker.

The focus on reimbursement of commuting costs amy of measuring monopsonistic
behaviour has one potential weakness: it may baedrghat reimbursement entirely tax-
induced, because in the Netherlands, as in margr atbuntries, reimbursement of commuting
expenses is taxed at lower marginal tax ratesrayes: Tax facilities may explain the presence
of reimbursement practices in a competitive labmarket, when reimbursement of commuting
expenses is entirely offset by lower (gross) wages,the total compensation paid by the
employer is identical for workers with the sameduativity. We will present the results of a
panel data analysis, which indicates that the naxi¢ed explanation is unlikely to hold.

The outline of the paper is as follows. In sectpnve introduce the theoretical model. In
section 3, we further discuss the role of taxestaednstitutional setting of the Netherlands. In
section 4, we investigate empirically the reimbaoreat of commuting costs, testing for

monopsonistic behaviour. Section 5 concludes.

® In the empirical analysis, we focus on the Nedrets. We will explain later, in more detail, butéssence the
lower tax rate applies only when the reimbursenesceeds a certain minimum and is less than a narakimum.
One of the consequences is that onjyaat of the reimbursement does not attract tax. Fogdorcommutes, about
75% of the reimbursement is taxed as labour incomghe U.S., reimbursement of up to $105 per mdaithpublic
transport, and $205 per month for parking, doesattoact personal income tax. Furthermore, theeespecial tax
rules related to company cars, including the valtighe fuel provided to employees (IRS, 2008). e U.K.,
reimbursement for parking is not taxed. The usa cbmpany car, including free fuel, is also taxetbaer rates
than income.



2. Theoretical analysis. optimal recruitment strategy in a spatial labour market with search

2.1 The spatial labour market
The model we will develop concerns a single firnem@ping in a spatial labour market. In

this subsection, we begin by sketching the enviremnm which this firm operates. We consider
a firm that is small in comparison to the releviabbur market, and therefore takes labour market
conditions as given (e.g., Seater, 197%his labour market is spatial: employment and \eosk
are dispersed over space, although in section @rB8esattention will be devoted to the
monocentric situation, in which all firms are loedtat a single site. All firms post a net wage that
may depend on the residential location of the wowkeo fills a vacancy. The reimbursement for
a worker living at distance& from the firm where he is employed is equal to tligerence
between the wage he earns, and the wage earneddrkar with commuting distance 0, who is
employed by the same firm.

The utility of a job equals the difference betweitne offered wage (including the
compensation for commuting cost) and the actualncotimg cost incurred by the worker. The
distribution of the utilities implied by the wagdfers is therefore determined by the wage-
posting behaviour of the firms with a vacanagd by the worker’s residence location, relative to
these firms. An important implication of this segiis that even if all firms offer the same wage
and partial commuting cost reimbursement, the iegpivorker utilities differ, depending on the
residence location of the worker. In other woribsthis case, the distribution of the worker
utilities implied by the wage offers is not degeater because of the spatial element.

Given a non-degenerate distribution of utilitiesplrad by the wage offers, workers
determine their optimal search strategy in the usag, that is, by accepting the first offer that
implies a utility exceeding their critical (resetiom) level. We allow for on-the-job search, and
for the implied possibility that searchers at tleme residential location can have different
reservation utilities. The employer whose behavigarstudy is assumed to know the distribution
of the reservation wages at every residential lonatbut not the reservation utility of
individuals. Since we allow for on-the-job searule also take into account that workers can
voluntarily quit their jobs, and that their propgngo do so depends on the wage offered by the
employer.

" Note that we do not explicitly model the land (bimg market. In section 2.2, we come back toiisise.



We assume the regional labour market to be in iguiin, in the sense that none of the
firms can increase profits by moving the workpl&ze different location. Workers are assumed
to be immobile, in the sense that they are unabéaljust their residential location at no cost. We
assume that every worker has the opportunity t émployment in a number of different firms
that are located at acceptable commuting distacebthat each firm has a number of different
job-seekers in its vicinity. Indeed, except in @pecial case, the monocentric city, we treat firms
and workers as being spread continuously over sgamk assume a continuous distribution of
reservation wages to job seekers at every distaogethe firm.

To study reimbursement of commuting costs, we takea benchmark a spatially
homogeneous labour market, that is, a market irchvkhe distribution is independent of the
location of the job-seekers. A spatially homogerseabour market is essentially a market where
identical workers and firms are distributed continsly over space at a uniform density. The
homogeneous labour market is a convenient stgpngt, because, in such a situation, incentives
to reimburse commuting costs — in order to berdinh spatial heterogeneity (e.g., by attracting
workers from areas with many other opportunitiefind employment) — are lacking. In section
2.3, we discuss the implications of relaxing theuasgption of spatially homogeneous labour

markets.

2.2 The wage posting model with a homogeneous fahatket

Let us concentrate on a single firm, within thetgpaetting discussed above, and assume it has
one vacancy. As long as the vacancy is not filled,firm has a cost rate(k>0). The vacancy is
offered to job-seekers, at an intengitywhich is beyond its control. The density of jaekers at
distancex from the firm is exogenously given, and denoted(gs The firm will be allowed to
make the offered wage a function of the commutirgjadce of the job-seeker. We will not
impose any particular (for instance, linear) reimsement schedule, but allow for complete
generality in this respe€tThe wage offered to a job-seeker at distané® denoted ag. The

implied reimbursement of commuting costs equalminusw.’

8 One reason for not imposing linearity of the reimsement schedule, a priori, is that our dataatshow this
property. For example, hardly any reimbursemegtisn for short commutes.

° This is not a restrictive assumption. It is eqléwma to the assumption that the worker's relocatiesision is
exogenous with respect to be reimbursement schealndkethat, after a residence relocation, the fiithjust adjust
the wage based on the new commuting distance, tisengre-announced reimbursement schedule. Inrtirieal
model, variation in the commuting distance, dueesidential relocations, will be used to identifie reimbursement
schedule.



When the job-seeker accepts the wage, he will incommuting costs that are
proportional to the commuting distange To emphasize that the utility depends orx, we

rewrite the utility asv, = w, —tx, wheret denotes transportation cost per unit of distaRiesice,

the utility v refers here to the wage paid by the firmminus the commuting costee Manning,
2003a). Job-seekers will accept all job offers tingply a utility that exceeds the reservation
utility. Job-seekers are assumed to be identicahlinaspects except for distangeand the
reservation utility. As noted above, we assumettiafirm observes the commuting distgrimet
the firm does not know the job-seeker's reservattoity. The reservation utility of job-seekers is

a random draw from a distribution known to the fimnd denoted aBl (v, . )'he corresponding

probability density is denoted &s We assume that the distributibhis log-concave, so, the
second partial derivative &f is negative. Log-concavity is a weaker assumpinam concavity.

It is not restrictive, as many popular distribugsquossess this property, for instance, the uniform,
the (truncated) normal, the lognormal and the ganths#ributions (see, e.g., Bagnoli and
Bergstrom, 2005).

Further, the support dfi has a lower boun®, so no worker will accept a job if the
offered net wage is less thin One may interpret this lower bound as the resienvauitility of
unemployed searchers. Itis ‘sharp’ in the sehatH> 0 if v, > b. We allow the quit rateé to be
dependent on the worker’s utility, sb=/](vx). We assume that the quit rate is decreasing and
log-convex in its argument.

Denoting the value of a vacancy ¥s and that of a filled position ag;, we write the

Bellman equation associated with as:
PNy ==K+ pf 0 H(v,) [Vy =Vl dx. (1)

When the vacancy is filled, it addsw to the profits of the firm, whenedenotes the contribution
of this position to the firm’s total value-addedhdav the wage. Filled positions become vacant

again at a (given) rate The value of a filled positioN,, , is defined by the following Bellman
equation:

PV =1 =W, +AV,) Vo V] (2)
Interpretation of the above two equations is shiisgward. Equation (1) states that the
discounted present value of a vacant job is equaéheé sum of the recruitment cdstand the



expected additional value of filling the vacancyuBtion (2) states that the discounted present
value of a filled position is equal to the diffecenbetween the profit rate-\{,) and the expected
loss of the position becoming vacant. The firm d®®oits optimal recruitment strategy by

determining the optimalage offer function yvso as to maximise the value \8f, so the firm

posts wage offers that depend on the length ofdinemute.
Given the above assumptions, it is shown in AppeAdi that this leads to the following
equation for the wage offers:

1
aInH(v,) _ain(p+A(v,))’
ow ow,

X X

W, =1 = pV, = 3)

Note that we have modelled the wage behaviour sshgle firm. In equilibrium, the number of
firms may be argued to be endogenous, and firmsheagssumed to enter the market such that
Vo = 0, but our conclusion does not require that mggion, so we assume only théf is non-
negative. Log-concavity dfl and log-convexity of imply that the last term on the right-hand-
side of (3) is positive. Hence, it can easily bernsthatw, < r. This immediately implies that the
employment area is spatially-bounded. The reasdhaisw,-tx must be higher than b, for any
worker atx to be willing to accept the wage offer.

It is shown in Appendix A.2 that theverall effect of distanca on the wagev, is:*°

dw, M
X = t, 4
dx [N2+Mj @
where:
2 2
M =0 InZH .9 In(p2+)l)' )
oW, oW,
N2 OinH _a|n(p+/1)_ ®)
ow, ow,

Under the log-concavity and log-convexity assunmgionade previously is positive. Hence,
the ratio on the right-hand-side of (4) is positimad at most equal to 1. The implication is that

the wagesw, will be set in such a way that commuting costspamially reimbursed? This is

19 Note that we are interested in the overall, andthe partial, effect ok on the wage, because we estimate the
overall effect ok later on.

M This result can also be derived within a searchiliégium model, in the spirit of the job-matchimgodel of
Pissarides (2000), when commuting costs are intedi{see the study by Van Ommeren and Rietveld5200



the main theoretical result of this paper. It shdhat, in a homogeneous spatial labour market
with search, monopsonistic firms have an incentiveeimburse the commuting costs of their
workers. Note that this implies the unequal treainoé workers who are identical in all respects,
except for their residential location. In partiauldney are all equally productive.

To provide some intuition as to why it is attraetifor a firm to engage in wage
discrimination, consider what would happen if namtgursement of commuting cost were
offered. Without reimbursement of commuting costs,would have a uniform wage*: w,=w*
for all x>0. Assume that the value of the unifom¥ equals that ofw,, for a particular
commuting distance x’, under the optimal wage-pasttrategy. With a uniform wage, the firm
would attract more workers with shorter commutes,léss with longer commutes, than it would
with the optimal reimbursement policy. All workessth a commute shorter that will have to
be paid more, and the probability that such workersept a job increases. Workers with a
commute larger thar’ will have to be paid less, with the uniform wabat the probability that
such workers accept the job offer decreases. Hsgltrimplies that, in our model, the negative
effect of the higher wages to be paid for short cwites, and the lower acceptance probabilities
of the long-distance commuters, always exceedsptisitive effect of the higher acceptance
probabilities of the short-distance commuters (veh@ady had a relatively high acceptance
probability) and the lower wage for the long-distarcommuters (whose number is relatively
small).

Note that it will not be optimal for the firm tofef full compensation of commuting costs
at all commuting distances, since this would attraany workers with long commutes to the
firm, with (very) large total reimbursement costsaaconsequence. A partial reimbursement will
attract more workers to the firm, while keepingataeimbursement costs limited.

A simple illustration of the above result is ob&dnwhen the quit rate is independent of
utility, and therefore exogenously given, and a bgemeous distribution of reservation utility is

assumed:

H(v) = (v-b)/(a-b), (7)

such a set-up, the marginal reimbursement depemdbieoworker's bargaining power only, which is exogusly
given. Note that in the latter study, firms havdl faformation about job-seekers. We do not makehsan
assumption. In particular, the reservation utilgyunknown. In our model, if the firm would obserh® worker's
reservation utilityV', then the firm will pay a wage msuch thatw,-tx = vV, sow, = Vv'+tx. Hence, the firm will
reimbursefully the worker's commuting costs.



defined forb < v < a. Substituting (7) into (3), and noting that w, —tx, it follows that:
1
W, = (= N b+, 8)

which shows that the marginal effect of distancetlus wage i4/2, implying that half of the
commuting costs will be reimbursed. In this illasiton, the marginal reimbursement is a
constant, and does not depend on any exogenowablea(e.g., the quit rafeor recruitment cost
K).

It is useful to compare the implications of equati@!) with those for a firm in a
competitive labour market. In such a market, then fvill pay a wage that equals marginal
productivity, sowy = r, and subsequentlgwy /dx = 0. Clearly, there will not be any wage
differentiation, within the firm, that is related the length of the worker's commute.

2.3 Spatially heterogeneous labour supply and thesimg market

In the previous subsection, we assumed that theutamarket is spatially homogeneous: the
distribution of the reservation utility doe®t depend on the job-seeker’s location. In reality,
labour supply may not be spatially homogeneoushét case, the distribution of reservation

wages, and the quit rate, dependsxprand therefore will be denoted a$, (v) and A, (v).

Equation (3) still holds, with the suffixadded tdd and4, but no longer implies (4).

To see what can happen, we first consider the metrease of a monocentric labour
market: all firms are located on the same site.ddwver, we assume that all firms post a uniform
wage, so that workers receive no reimbursementoaineuting costs. We will consider the
optimality of this strategy below. If all firms poa uniform wage, the distribution of the offered
wages is identical for all workers. We assume thatunemployment benefit is related to worker
utilities, and equalsb—tx for a worker located at distancefrom the city centre. In these
circumstances, job-acceptance behaviour is indegrerad the job-seeker’s location. This implies
that the distribution of the reservation utilitetisfies:

H, (w-tx) = H,(w), for allx>0 9)
where the subscript O refers to a residential lonahext to the employment centre, with zero

commute. This equation states that if a firm offaraniform wagew, the probability that the

10



offer will be accepted is independent of the residé location of the job-seeker who receives the
offer.'?
Note that this also implies that the probabilitattta worker quits his job after having

received a better wage offer is also independerti®fresidential location, implying that, is
independent ok, that is A, = A,, for all x>0. Now, substitute this result and (9) into (3dan

observe that for any uniform wage.Ew?*, for all x>0), the right-hand-side is independentxof
Thus, the left-hand-sidey,, is also independent of Setting a uniform wage is therefore the
optimal strategy for the firm. The optimal unifomw@ge is the one for which both sides of (3) are
equal to each other. We have therefore identifiegit@ation in which it is optimal not to
reimburse commuting costs.

It may be noted that, in the monocentric settingf studied, the Diamond paradox may
arise: if all firms post the same wage, then thgewaffer distribution degenerates. However, this
is not necessarily the case: with a Burdett-Morerspproach, the paradox could be avoided.

In reality, we do not expect a spatial labour matkébe completely monocentric. Even in
metropolitan areas with large concentrations of leyypent in the central business district
(CBD), employment is usually very dispersed, spreadr the whole urban area, and, often,
substantial sub-centres exist as well. In suchrenments, equation (9) will, in general, not be
satisfied, because it is unlikely that accessiptlit jobs is perfectly correlated with distancdhte
firm, whose wage-setting behaviour we study. Theesfwe expect that there will usually still be
an incentive for the firm to provide compensation éommuting cost® To consider what may
happen in such intermediate cases, we considdroarnanarket that is between the two extremes

of complete homogeneity (wittH,(v) =H,(v )) and monocentricity (characterized by (9)).
More precisely, we assume that

H, (v—a(x)t) = H,(v), (10)

with a(x) a function of the commuting distangewhich takes on values between 0 and 1. If
a(x) is always equal to zero, we have a homogeneowsilabarket; if it equals 1 everywhere,

we are in the monocentric situation. When the fwhnose behaviour we study is located in an

121t should be noted that the lower utilities expated by workers with a largerdoes not necessarily imply that
their overall utilities are lower: in conventiomabnocentric models, the housing market providespeorsation for
longer commutes.

131t may also be noted that the unemployment berngfitsually independent of a worker's location, ahib
invalidates (9) — even if all employment is locateda single site.
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employment centre (e.g., a CBD) we expe(:x) to be close to 1 for small commutes, and closer

to O for larger ones. The reason is that the enmpémy centre may be expected to have a large
effect on workers living in its proximity, while,of workers living further away, other
employment centres located elsewhere in the sarg®na labour market will be more

important. We therefore aIIovmf(x) to be a differentiable non-increasing functiorkirig on

values between 0 and 1.

For similar reasons, we generalize the quit ratetion to:
A v=Bx) ) = A (v), (12)
with /]X(v) the quit rate, as a function of the net wage forkers living at commuting distange

from the firm whose behaviour we study, a,ﬁéx) a continuous non-increasing function, taking

on values between 0 and 1.

It is shown in the Appendix A.3 that, in this maeneral model, we still find a positive
value fordwy/dx, whenever: or £ is larger than 0. Perhaps somewhat surprisingé/fiad that
the marginal commuting reimbursement is not neciggaartial in this case: the value dfv/dx
can be larger than 1, if the slope of the functierts £ is large in absolute value. We conclude
therefore that employers, in general, have an ineero reimburse commuting costs also, in
non-homogeneous markets, as long as the regidmalilanarket is not completely monocentric.
Empirically this is not a restrictive conditidf.

We expect that, with dispersed employment, thereniy a weak correlation between
accessibility to jobs in the regional labour marlkgtlarge, and a job-seeker’s distance to a
particular firm. In such a situation, there willtnime a systematic relationship between the job-
seeker’s distributions of utilities of offered joblg and the commuting distange We note that,
in the Netherlands, to which our empirical workersf there are many employment centres
within a relatively small distance of each othespexially in the densely-populated western part
of the country. For this reason, we expect thathis country, the spatial labour market is closer

to the homogeneous extreme than to the monoceotree In other countries, there are

1% The assumption that all employment is located single centre is an extreme one, and universalfyradicted by
reality. If employment is decentralized, the hogsimarket will not provide full compensation for comting costs
when the labour market is imperfect and workerseptgob offers from different workplace locatiori&mpirical
evidence confirms that the house price gradientlan areas is far from steep enough to providefuhpensation
for commuting (see, e.g., Séderberg and Janss@&i) R0
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metropolitan areas with large concentrations of leympent in a limited number of centres, and
in those cases the spatial labour market may ls=cto the monocentric extreme, and we should
expect less reimbursement of commuting costs.

The discussion thus far has referred to homogengaugps of workers, as seems natural
when we consider the behaviour of a single firmhé# firm uses different types of labour, it may
differentiate the fringe benefits, possibly inclogli the reimbursement of commuting costs,

offered to various groups of workers.

3. Taxes and thereimbur sement of commuting cost

In the Netherlands, as in many other countriesyethare tax facilities for commuting
reimbursement (e.g., Potter, et al., 2006). Thiadgantageous, for the purpose of the present
paper, because reimbursement of commuting cospesified separately from other earnings
components. However, a potentially troublesome icagibn is that the presence of tax facilities
for commuting reimbursement may provide incentitiest interact with those provided by a
monopsonistic market. To study this issue, we iporate taxes and facilities into our model. We

will first consider two simple cases, and then turthe institutional setting of the Netherlands.

3.1 Two simple cases

When taxes are introduced into the model, it idulde distinguish between workersét
wages (wages after subtraction of income tax and sacglrance premiums) and firms' labour
cost. We assume that job-seekers react only toghevage, and the symbwy} will refer to this
variable from now on. Labour cost is the sum ofrieewage and taxds which may depend on
income and the commuting distance of the worker:
T =T(w,.x). (12)
The employer should be aware of the fact that,einegal, changing the wage will now imply a
change in taxes. The second Bellman equationbéZpmes:
Py =1 =W, =T(W, X)+ A(v,) [V Vil (13)
while the first one remains unchanged. If taxes larear in the net wagevw and in the

commuting distance, it is shown in the Appendix that:
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where the symbols! andN have the same meaning as in the previous subseEto instance, if
the income tax is a piecewise linear function @ ¢fnoss wage, as is the case in the Netherlands,
the tax can also be expressed as a linear funofidhe net wage, as we do here. It is easily

verified that if the marginal tax rate equalsve havedT/ow=r1/(1-7). We now consider two

special cases:
Reimbursement is taxed as incorBelppose that the tax authorities do not distifguis
between commuting reimbursement and other labatone, such as occurs in the U.K., for

example. In that case, the tax does not reacteacdmmuting distance itse(dT/dx = 0), and

(14) simplifies to (4). Hence the taxation hasaffect on the reimbursement.

Reimbursement is taxed favourabBuppose that tax authorities distinguish between
payments for productive labour (which we call thermal wage’, in the empirical part of our
study), and reimbursement for commuting. The nejenvg received by a worker is the sum of
what remains of gross labour incomafter taxation, plus the net reimbursement for mwting.

We assume that the income tax is piecewise lireeat,denote the relevant marginal tax rate as
ww. We denote the gross reimbursement for commutosg (iven by the employer) &s and
assume that it is taxed proportionally at a rater,,, as long as it does not exceed a prescribed

maximum f,™ ' Reimbursements that exceed this maximum will batéd as normal wages.

As long as the reimbursement does not exceed thnmum, we can write the net wage,
therefore, as:
w, =a+(1-7,)y, +({-7)f, (15)

15 The value of, ™ may, for instance, be proportional to the lendtthe commute.
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with a being a constant, related to the piecewise libeafhe total amount of taxes paid by the
employer follows as:

T=-a+r1,y,+7,f,. (16)

An important implication of (15) and (16) is thaslaift of one unit of money from the gross wage
yx to the reimbursemertt implies that the net wage goes up Bw, =7, —-7,, while tax
payments go down by the same amoukt,=7, —7,. Therefore, an employer who wants to
minimize tax payments for a given net wage will @éb® the maximum allowable amount of
commuting cost reimbursement, ™. Assuming that this strategy is followed, we siibs#

f, = f,"”into (15) and (16), solve (15) foy, , and substitute the result into (16). The resgltin

expression implies a partial derivativeTofwith respect tx) that is negative and equal to:

1_2- max
CLNS P L (17)
ox 1-r,) dx

It follows now from (14) that, in this situatiorhe partial derivative of the net wage, with respect
to the commuting distance, will be larger than ke tcase where tax facilities for cost
reimbursement are absent.

The above discussion suggests that exempting cdmgngost reimbursement from
income taxation creates an incentive to maximizephiyments to the worker that are earmarked
as such a reimbursement. As a consequence, tmeanginal reimbursement of commuting costs

ow, /0x is higher than it would be without the tax exermptiNote that, in general, this does not
mean that the marginal reimbursement is equalgortarginal maximum reimbursement (that is,
it does not implydw, /dx=df"/dx). The reason for this is that the gross wagevill be
adjusted in such a way that the marginal reimbuesgrdw, /dx has the optimal value for the
employer’s recruitment policy implied by (14). Irther words, in addition to the explicit

reimbursement

max
fX

, there will, in general, be an implicit reimbursamh that is only apparent
from the partial derivatively, / dx being unequal to zero.

Anticipating the discussion of the Dutch settimgwthich the empirical research of the
paper refers, we would like to stress that our kmions — with respect to the case with
favourable taxation of commuting cost reimbursementepend crucially on the ability of the

employer to adjust the normal wage to the exptiost reimbursement, so as to minimize tax
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payments. If this adjustment were not possibleyauld also, in general, not be optimal to

maximize the reimbursement.

3.2 The institutional setting in the Netherlands

The institutional setting in the Netherlands, toiskhour empirical work refers, is more
complicated than the two examples above. Firsis important to note that wage bargaining
results in a gross wagg, which is independent of a worker's commute, arabsspbly
supplemented by a commuting cost reimburseefithe tax rules concerning the commuting
costs are as follows.

In the Netherlands, tax deductibleis based on the principle that any employee costs
incurred in order to realize earnings (e.g., cloghiare deductible from taxable income. The cost
of travelling from home to work is considered to fch a cost, and any employee with a
commute of at least 10 km is therefore allowed édutt a prescribed amount of money from
his/her taxable income, when the employer does reohburse (part of) the employee’s
commuting expensée$.This means that the amount of fBxo be paid depends negatively on the

commutex (0T/dx<0). According to (14), the optimal employer responsethis situation
would be to increase the marginal reimbursenm@mt/ox. The reason is that workers with long

commutes are more attractive to the employer, siiocesuch workers, tax payments are lower.

In practice, this strategy is complicated by thet that the employer sets the gross wage
y. The tax savings associated with the deductible thétefore flow to the employee, unless the
employer introduces a (negative) implicit reimbung@t in the gross wage which is at variance
with the bargaining agreements.

It should be noted that the incentive on commutiagt reimbursement provided by the
tax deductible must be added to the incentive thaginates from the spatial labour market
situation. If the employer would be inclined tanmburse (part of the) worker’'s commuting cost
in the absence of the tax deductible, the optiraahlbursement may still be positive after the
effect of the tax deductible is taken into accoudd.previously noted, such a reimbursement is
often part of the bargaining agreement. The workest subtract this compensation from the

amount of money he deducts from his taxable incoBtwe.even though the reimbursement of

1 The exact amount depends on some broad interfaleromutes, and differentiates between public arafe
transport — in an attempt to stimulate the former.
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commuting cost itself is not taxed, the fact tha teimbursement received must effectively be
added to taxable income implies that its effectaonpayment is the same as when it was taxed in
the same way as the normal wage.

When the reimbursement provided by the employeeeas the amount of money that can
be subtracted from taxable income, the additiorahlbursement has no consequences for the
worker’s taxable income. Effectively, this part thie reimbursement is exempt from income
taxation, as long as the total reimbursement doégxceed a prescribed ceiling that depends on

the length of the commuté.

3.3 Implication for empirical work

The implications of the tax treatment of commutiogst reimbursement for Dutch
workers can be determined by the methods discussedction 3.1. The presence of the tax
deductible implies that, for a given net wage, @ingount of tax to be paid decreases with in the

commute:(aT/0x<O). As we have seen, this provides an incentive ¢oetmployer to increase

the net wage with the commuting distance of thekegrwhile at the same time lowering the
gross wage, which is excluded by the Dutch barggipractices. Since many Dutch employers
give a cost reimbursement (on top of a normal waga) is independent of commute, the effect
of the tax deductible appears to be limited.

If the reimbursement is so high that the tax dabilects exceeded, the analysis of section
3.1 suggests that the tax reimbursement should da@nmzed and the gross wage adjusted in
such a way that the optimal value of the net wadebe reached. Again, this requires that the
gross wage is made dependent on the worker’s coepwhich is at variance with the bargaining
agreements.

In principle, it is possible that the labour markeacts to the incentives provided by the
tax treatment of commuting cost reimbursement loysarepancy between the formal results of
bargaining and the actual process of wage detetimmaand that the latter confirms the results
derived in section 3.1. If this were the case, viutd observe employers maximizing

commuting cost reimbursements to their employeed,iatroducing a relationship between the

" The amount that could be subtracted from taxaiterne depends on the length of the commuting distam
kilometres, and on the transport mode used. Fomplg in 1998, it was a maximum of 170 Dutch guisdper
month for car drivers with a commute of at leastkBf) and a maximum of 390 Dutch guilders for puldansport
users with a commute of at least 80 km.
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observable (gross and net) wages and the commdistences, through implicit reimbursement.
However, this does not seem to be the case. ldata; we find that earmarked commuting costs
reimbursements reported by workers are usually bedtbw the maximum that could be offered
exempt from income taxation. Moreover, our analgéisormal wages does not provide evidence
for the presence of implicit commuting cost reingament.

For this reason, we conclude that the institutic®ting of the Netherlands differs from
the model analyzed in section 3.1 because of tksepce of an institutional constraint that
prohibits implicit compensation of commuting cos the normal wage. The appropriate model
would then be one in which the normal wage is stild@ income taxation but does not depend
on the commuting distance, whereas the commutilsy r@dmbursement is taxed in-so-far as it
does not exceed the tax deductible, and remairexedtin-so-far as it exceeds this deductible.
Since actual commuting cost reimbursements usealtged the tax deductible, for the majority
of workers the marginal tax rate on reimbursemeatived is equal to 0. As a consequence, the
conclusions of the model without taxation appeabéaarelevant for the Dutch situation, despite
the presence of various tax rules referring to comimg cost reimbursement.

In the next section, our empirical analysis proseed the basis of this conclusion,
although we check for its appropriateness by ingashg the presence of implicit commuting
cost reimbursement. To anticipate the conclusiothisf exercise: we do not find evidence for

implicit reimbursement.

4. Empirical analysis: reimbursement of commuting costsin the Netherlands

4.1 Descriptives

Here, we study actual reimbursement of commutirggscon the Netherlands. It is important to
start with the observation that simply finding aspiwe correlation between commuting distance
and wage would not establish the relationship foichv we are looking. Such a relationship may
be the consequence of low-income workers livingnmall houses close to their jobs, and high-
income earners living in spacious houses in theidash It is therefore important to note that our
analysis focuses explicitly on the size of the tmimsement, which is observed as a separate

component of respondents’ income, in our data set.

18



The data we use are based on a survey that wasdcaut bi-annually by the OSA
(Organisation for Strategic Labour Market Researdhe focus on employees. The survey
contains the following question:

“Over the last 12 months, did you receive a reisbarent of commuting expenses on top

of your normal wage?”

In the case of a positive answer, respondents asked for the monthly net reimbursem&ht.
We focus on answers to this question, that is, batvone might call explicit reimbursement.
Therefore, in the present section, we will distishubetween reimbursement and wages. This
does not imply that we exclude the possibility@fnrbursement of travel cost through the normal
wage. We will also consider the possibility of suetplicit reimbursement (e.g., reimbursement
through wages), where this is appropriate. It maydxralled that the ‘wage’, in the theoretical
model of the previous section, refers here to then ®f the normal wage and the explicit

reimbursement.
Tablel here

Until section 4.4, we concentrate on 1998, the mestnt year for which the data are at
our disposat? From a sample with 2349 observations, we excludsevations referring to
workers with a company cdrand to respondents reporting to work less tharof&ore than 60,
hours per week. Further, we exclude observatioasate likely outliers! This leaves us with
2078 observations.

18 We assume that respondents interpreted net refmiment as referring to the amount of money paidhlejr
employer as reimbursement of commuting expensegsrihgiple, the question could also be interpreaedeferring
to the amount of cost reimbursement that remainsr afs effect on the income tax has been subtiadte
respondents have chosen the other interpretatian i€, have computed the reimbursement that remzdtar taking
into account the effect on income taxation), tHifecs the magnitude of estimated reimbursement,not our
conclusions.

91n section 4.4, we extend the analysis, with diaten 1994 and 1996, in order to conduct a panel daglysis.

% |n the large majority of cases, the company carsisd for commuting. However, reimbursement of caimg
cost is difficult to identify in these cases, asahnot be distinguished from the compensatiorrével for business
purposes.

%l Hence, we exclude workers who receive more tha®01Dutch guilders per month as a reimbursement for
commuting expenses, those who commute more thamdwcs (one way), and respondents who reportedviegea
reimbursement, but stated that the reimbursemergied.
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Table 1 shows the most relevant descriptive siedi&t We distinguish between workers
with and without reimbursement. Workers who receaveeimbursement (36% of the sample)
have an average commuting time that is twice ag,land earn, on average, 19% more, than
other workers. The average reimbursement amounfs83oDutch guilders (approximately 60
euros) per month, in 1998 prices, approximatelyd%he net monthly wage.

In order to interpret the numbers shown in tablednsider a representative full-time
worker who travels half an hour from home to waakd vice versa, five days per week. His
monthly commuting time is then 20 hours, approxehal2.5% of total monthly working hours.
The reimbursement of commuting cost is therefopg@pmately one-third of the wage rate. The
average reimbursement amounts to 6.5 Dutch guijgréiour of travel time. If we interpret this
reimbursement as compensation for travel time, wstrmonclude that it is slightly lower than
the value of travel time suggested by transponasimdies, which often find values of time that
equal about 50% of the wage rate (see, for instaBo®ll, 1992). However, this ignores the
monetary costs of travel (fuel and maintenancector drivers, or public transport expenses),
which are about one-third of the total commutingtspso reimbursement is about 50% of the
workers' commuting costs. Hence, the descriptiaéissics indicate that the reimbursement, on

average, does not cover all commuting costs, gwith our theoretical model.

Table2 here

Table 2 shows the relationship between commutimg tand the explicit reimbursement
for commuting costs. The share of workers receidaghmuting reimbursement increases from
less than 13% for those with a commute of at m@stinutes, to more than 60% for those who
travel at least 30 minutes from home to work. #ree that the commute must exceed a threshold
value before a worker receives a commuting reimduent®> The amount of compensation
received increases with commuting time, but dodsappear to be proportional to commuting
time?* The table also shows that compensation for cormgutost is a substantial share of net

22 \We use information about commuting time. We latfloimation about commuting distances. Both meashaee
their advantages, in the current context.

% The reason for this threshold may be found in aistrative costs associated with reimbursementceSihe
median commute is 17 minutes, a substantial fracifovorkers is unable to claim reimbursement.

2 The amount of compensation received per minuteoaimuting time is highest for those with short canmes,
and decreases with the length of the commute. fsikes sense when compensation for commuting expésise
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monthly wage for longer commutes, and comes clos®% for those who travel more than one

hour from home to work®

4.2 Cross-section analysis
To gain additional insight into the determinantsreteiving a commuting reimbursement, we
estimate a standard probit model. To allow for meedr effects of commuting time, we also
included its square and cube. Further, we intedactenmuting time with permanent positith.
Table 3 reports the results, including only a ledithumber of explanatory variables. There
appears to be a significant effect of commutingetion the reimbursement probability. For
commutes between 30 and 90 minutes, the probablityeceiving reimbursement is an
increasing convex function of commuting time. Tipigttern is consistent with the use of a
threshold value for reimbursement claims, and withinformation detailed in tables 1 and 2.
Further, we find that having a permanent positiogatly increases the probability that
compensation will be received, but it does notuefice the effect of the commute on this
probability. Note that the theoretical model preésedrabove refers to jobs that are permanent. For
temporary jobs, vacancy costs may be lower, andiderations with respect to the effect of
reimbursement on the quit rate are probably abseigesting less compensation. Employment
in the public sector implies a significantly lowprobability of receiving compensation for
commuting cost. This result is consistent with idhea that public organisations must internalize
the external effects of commuting (e.g., conge$temd offer less reimbursement than private

employers. Further, we find that employment at m@dafirm implies a significantly larger

proportional to the length of the commute in kildras, with a threshold value below which no compéina can be
claimed. Such a reimbursement scheme implies tbatnuters who use a fast mode (car) will receive enor
compensation per minute of commuting time thandhalso use a slow mode (bike or public transport).

% There are substantial differences between theeshair workers receiving compensation for commutnost, in
various industries. Almost 50% of those employedhim financial sector receive such compensatiohphly 28%
of workers in the trade and retail industry; 33%cnil servants receive a reimbursement of theimgwting cost.
The differences between industries cannot be exgdaby tax incentives, since these are equal fondlstries.
Other explanations, related to the geographicaltlon of firms in the various industries, have &itbwvoked. It may,
for instance, be noted that companies in the tesnderetail industry are more likely to be locatéabse to residential
areas, whereas companies in the financial sectdr manufacturing are usually located in businessricks.
Approximately one quarter of the workers employgdatfirm with less than 20 employees receive reirsboment
for commuting cost, but more than 45% of those eygd in a firm with more than 100 employees doSiace
large firms are more likely to have a monopsonigtsition in local labour markets, this pattercassistent with an
explanation of reimbursement of commuting cost&tas monopsonistic behaviour.

% We have included the monthly wage as a contrahbe, in alternative specifications. If reimbursathbehaviour
is (partly) driven by tax incentives, this variablél be endogenous. However, the coefficient foe twvage was
small, and statistically insignificant. Results fbe model, excluding the wage, are almost idehticthose reported
here.
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probability of receiving reimbursemefitThe latter result suggests that larger firms haeee
monopsonistic power, but other explanations cameotuled out (see Burdett and Mortensen,
1998).

Tables3 and 4 here

To examine the effect of commuting time on the teinsementevel we estimated a
linear equation, selecting only the observationsvofkers who receive a (positive) commuting
reimbursement (710 observations). We employ a atandeckman (1979) two-step procedure,
to account for possible selection effedhe column denoted as ‘Model I' gives the resafta
model with travel time as the only explanatory s&hhke. It appears that workers receive a
compensation of approximately 2.5 Dutch guildensrpgute of commuting time.

Model Il is a more elaborate version that also ams control variables. The marginal
effect of commuting time on reimbursement is nowuwlthe same. In line with the theoretical
model, these results imply that reimbursemergagial. The implied reimbursement for a one-
hour commute is about one-fourth of the wage rabe workers' costs of a one-hour commute
are estimated to be considerably higher. Reimbuegséns about one-third of the workers'
commuting costs, and is therefopartial. In ‘Model III’, we add interactions between
commuting time and a number of control variablesurs worked, industry and firm size.

Interaction effects turn out to be less relevant.

4.3 Panel data analysis

Using the panel data, we report the results ofrapigcal investigation into the validity of the
hypothesis that travel cost reimbursements arerebntitax-induced. If reimbursement of
commuting cost is entirely tax-induced, changeshim commute of employees who changed

residence but did not change their employer woakllt in a shift in the composition of total

2" None of the other control variables included ia fnobit model has a significant coefficient. Fustance, working
on Saturday or Sunday does not appear to havetorahip to reimbursement of commuting cost, afsh, those
with flexible working hours do not have a signifitly smaller probability of receiving a reimbursame
Introduction of the hourly wage rate as a dependanéable does not result in a significant coeéfiti

% The squared and cubed commutes have been udeel finst step, but not in the second step. This@ggh can be
justified, as these commutes are less likely taehaveffect, given a positive reimbursement. Weelaso estimated
tobit models. However, if employers use a (posjtiveeshold value for the compensation of commutiosgts, then
the tobit specification is misspecified.
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payment: a larger commuting time would imply a leighompensation for commuting cost, but a
lower normal wage. In a cross-section, differenogbe composition of total payments could be
the result of heterogeneity between employer anple&yees. Panel data allow us to control for
such difference®’

The data for 1998, used in the previous subsectimna single wave from a larger panel
data set, and therefore they allow us to carrytlusttest. Every two years, a new wave is added
to the OSA panel. We have combined the data fro@4 Hhd 1996 with those of 1998. The total
number of observations in these three waves is.7B7&se data allow us to measure the effect of
a change in the commute, while keeping the chaiatits of the worker, and his employer,
constant. In order to keep employer characteristiosstant, we select workers who were
observed at least twice and did not change empldyence, as argued in the introduction, we
fully control for firm characteristics (such as eiand location). Moreover, we selected
observations in which the employee received a pesgmount of reimbursement (similar to the
previous subsection). The remaining 1112 annuaémwhsions refer to 488 individuals. We have
estimated workers' fixed effects regression modeisg these data. Since we control for worker-
specific fixed effects, we also control for worlsgrecific selection effects, so correction

approaches are not necessary, given fixed effects.
Table5 here

In Table 5, we report the effect of the (time-vag)i explanatory variables on three
income components. The second column of table Svsh® marginal effect of 2.13 Dutch
guilders on the level of reimbursement, per mirofteommuting time? This effect is close to —
but somewhat smaller than —the earlier cross-seatstimate. It is still highly statistically

significant. As noted above, the size of the efiegtlies that reimbursement is partial, in line

2 |t may be noted that the residential moving betxaviof workers, and the way it is potentially affst by
commuting cost reimbursement, was not includediintieeoretical model. However, the possible existenf such a
relationship is immaterial for the purpose of tln@l data analysis: to show that reimbursemenbofnouting cost

is real and related to commuting distance, andardsvice to avoid the income tax on part of theavag

% The data do not allow us to identify, directlypse workers who moved residence, but changes imeuimg time
are registered, and this is the variable that lesveamt for our purpose. It is plausible, howevlgttsome workers
report changes in commuting time that are causedhayges in infrastructure or congestion. In suabes, we
expect the compensation for commuting cost (whiehpérhaps more related to commuting distance tban t
commuting time) to remain constant, in most caftels. probable that this introduces a bias towarés, in the
estimated marginal effect of commuting time ond¢bepensation. So, our results are conservative.
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with the theoretical model. Recall that it is assdrnthat the workers' productivity/added value (in
the theoretical model measured )ys not related to the length of the commu@ne may argue
however that workers with longer commutes lk&ss productive. Workers with long commutes
may arrive late more often than others, may berdhsere or exhibit less concentration during
the working day. This effect can be incorporatet ithe theoretical model, by rewriting the
value added;, as a negative function of the commute.

The third column shows that there is no discernitdgative effect of commuting time on
the normal wage. The coefficient is small and hyghsignificant. If there is any effect, it is more
likely to be positive. This implies that there is support for the view that a portion of regular
earnings will be switched to a compensation for wwiting cost, in order to realize a tax benefit
— for the employer or the worker — when the comninteeases’ These results suggest that if a
reduced tax on reimbursement has any effect oretred of reimbursement, then the implicit
subsidies accrue to workers and not to firms,ria vith monopsony (see Zax, 1988).

The fourth column shows that the sum of normal wagg reimbursement increases when
a worker’'s commuting time increases. The coefficfentravel time is larger than that estimated
for the reimbursement equation (second column)stémdard error is of similar size to that
estimated for the travel time coefficient in theemal wage equation (third column), reflecting
the larger noise component in this variable. Thsult illustrates the relevance in distinguishing
commuting costs reimbursement from other incomepmmants.

The results are consistent with the panel dataystydManning (2003a), for the U.K.,
which also shows a positive relationship betweegesand commuting. In this study however, it
is not possible to distinguish between ‘normal ve&agad explicit reimbursement, and the study
does not control for workplace (by selecting woskarho do not change employer). Manning
(2003a) convincingly points out that the positiedationship between wages and the commute
cannot be explained by the presence of wage diftexe within or between urban areas, viz. the
presence of a wage gradient. The latter interpogtdtas been common in the urban economics
literature, but is based on cross-section studmsety. In the current panel data analysis, we
control for workplace location (by selecting workevho do not change workplace), hence our

result may alsmot be interpreted as the result of a wage gradient.

31 Note that the normal (after-tax) wage may chafigfeei worker moves residence, as income tax ir\iinerlands
depends on the tenure of the residence and theokim®rtgage (interest payment are deductible).akeptly, this
effect is not systematically related to the lengitthe commute.
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Until now, we have assumed that the effect of tlemmute on the level of
reimbursement, and on the normal wage, is causalvb have ignored the possibility that this
causal effect could be the other way around. Adtld@eoretically, it is possible that high-income
workers have a longer, or a shorter, commute. kamele, in a standard monocentric city
model, high-income workers prefer to live in a largsidence, when residential space is a normal
good (Fujita, 1989). As a result, low-income wogkive in small residences close to their jobs,
whereas high-income workers live in larger resiésnan the suburbs. In the time-extended
monocentric city model, where the time costs of swrting are positively-related to income, the
result may be reversed: high-income workers livenmall residences close to their jobs, whereas
low-income workers live in larger residences, ie 8uburbs (see Fujita, 1989). We emphasise
here that the reversed effect of the level of reimbment on commuting time can be easily
excluded. Recall that we include only workers wbhmain with the same firm. It is extremely
implausible that firms (systematically) change léneel of reimbursement, and therefore workers
change residence. Given the current data, it asgéttforward to show that the reversed effect of
the (normal) wage on commuting time can be excluoieestimating a worker's fixed-effects
model, with commuting time as the dependent vagiald the normal wage as the independent
variable. Similar to the results shown in tabletfgre appears to be no statistical relationship
between the normal wage and commuting time.

Summarizing, the results presented in table 5 oonbur hypothesis that employees
receivepartial compensation from their employers when they haleege commute. Since the
reimbursement of commuting costs increases anddireal wage doesot decrease, this implies
that labour cost increases with the commute. Asuedgabove, this is consistent with

monopsonistic behaviour, but not with a competitatmour market.

5. Conclusion
This paper documents the widespread presence ahating cost reimbursement, for workers in
the Netherlands. Approximately one-third of workerghe Netherlands receive a compensation

for commuting costs. A wage-posting model is usedhow that reimbursement of commuting
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cost may be interpreted as an instrument of a nsmTOgtic employer's recruitment policy, and is
an example oihtra-firm wage differences for equally-productive workéfs.

It is noted that the country-specific tax treatmehsuch reimbursement may have strong
effects on the marginal reimbursement level offdsgdhe firm, as well as on the reduction in
other labour-income components offered by the fihmterestingly, it is shown that it may be
optimal for monopsonistic firms to offer a commugtireimbursement — taking full advantage of
the lower income taxes on commuting reimbursemebtit- at the same time, not adjust other
labour payments to the worker.

The empirical analysis of the current paper is =test with the notion of intra-firm
discrimination based on worker's commute. A pargh dnalysis demonstrated a positive effect
of commuting time on reimbursement, but showedwidesice of an offsetting reduction in other
labour-income components, which one would expec iperfectly-competitive labour market
with tax-induced reimbursement of commuting co$ts.

In the Dutch labour market, the average reimbursgroe commuting is about 5% of net
monthly income, with one out of three workers recgy this reimbursement. Hence, up to 1.7%
of average employer payments to workers may beaggid by intra-firm wage variation, due to
the spatially monopsonistic behaviour of employéfEhe level of reimbursement depends on the
length of the commute. For workers with a minimahenute (e.g., less than ten minutes one-
way; about 30% of the workforce), average reimbuesa is 0.3% of net income, and therefore
almost negligible. For workers with a one-way contentlnat exceeds one hour (about 7% of the

workforce), reimbursement is approximately 6.9% rmd#t income, and therefore clearly

% There exists a large literature on wage disperaimhproductivity, which essentially argues thagagerintra-firm
wage disparity may reduce team performance, as disgarity is seen as not being fair (e.g., Akedofl Yellen,
1988; Depken, 2000). In this literature, individuabge differences are based on individual diffeesnin
productivity. In contrast, we focus on the wagdedidnces of workers who are equally productive,difier (only)
in their commuting costs. Note that reimbursemedntammuting expenses is in line with (economic)ioms of
fairness (e.g., Feldman and Kirman, 1974), sinosdgtwho are worse off receive a higher level aghlrirsement.

3 Our study has consequences not only for labounausts interested in the competitiveness of theua market,
but it also has implications for the setting ofioyl taxes. In particular, a large number of stadiave shown that
the external costs of commuting are substantiad, tducongestion and negative environmental imp&stenomists'
natural response to external costs is the intrécluaf a Pigouvian road tax. The general welfafeat$ of such a
tax must be evaluated, given the presence of dimtary labour taxes; it has been argued that taads only
welfare-improving when tax revenues are reducedyrder to reduce taxes on labour income (see Ragry and
Bento, 2001). Our study points out that it is moplausible that a road tax partially reimbursed by employers, an
element which is missing in these models. Our stadggests that up to one-third of a worker's exgens
reimbursed via a road tax. As far as we know, ffeceof road-pricing schemes on compensation bgleyers has
received little explicit attention.

% The descriptive data and the panel data analystisate reimbursement effects of about the sameroofl
magnitude, so we may interpret the above-menti@iéds a causal effect.
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substantial. Such an estimate of monopsonisticceffés not unreasonable, in the light of
previous studies, which show that gross wages laoeita20% less than marginal productivity
levels (e.g., Card and Krueger, 1995). Our ressiltggest therefore that workers with a long
commute are able to reduce the gap between wagegraductivity levels up to one quarter. In
light of our monopsonistic model, applicants withiomg commute are able to substantially
reduce the monopsonistic power of the employerabse, for these applicants, employmant
this firmis less valuable.

Appendix
A.1 Derivation of the optimal wage

To find a wage offer at an arbitrary locatioywe rewrite (1) as:

Ny ==K+ ] T OOH (w, ~B[V,, =V, ]dx. (A1)

The probabilityd that a job-seeker will accept a job offer is eqtmIH:If(x)H(vx)dx.

Rearranging terms and using the definitio®,ofA1) becomes:

-k + yj f (X)H (W, —tx)V, dx

V, = . A2
0 o+ 18 (A2)

The employer maximize¥, by choosing the offered wage, as a functiorx.of he first-order

condition implies then that for evexyoVo/owy = 0. Elaboration of this condition gives:

(o+wub)ut (><)[h(wx — )V, + H(w, —tx) %} -

} ’ (A3)
{— K+ ,uJ- f(2)H (w, —tz)VlZdz},uﬂ =0.
5 ow

X

To simplify this expression, we observe that theosd expression in square brackets equals

(0 + 16V, Vo and that:
96 = f(x) h, (w, —tx). (A4)
ow,

X
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This allows us to rewrite (A3) as:

h(w, —tx)(V,, —V,)+H (w, —tx)‘;V—lx =0. (A5)
W,

X

The next step is to compute the partial derivatlye /dw.. We start by rewriting (2) as:

_r-w, +)l(wx —tx)\/0

Vo 0+ A(w, —tx) (A6)
and use this to derive:
oV, _ _1+(aA(w, —tx)/ow, ) (v, —VO)' (A7)
ow, p+A(w, —tx)
and substitute this result into (A5). After reaigang terms, we get:

_ H (g ~19 ’8)

V, =V, + :
(o +A(w, —tx)) h(w, —tx) = (0A(w, —tx)/ow, )H (w, —tX)
After substitution ol from (A6) into (A8), we can derive the following@ression fom:
1

W= T R —h) aA(w, 190w,
H(w, -tx) p+A(w, —tx) (A9)
=r-pV, - 1
° 9InH(w, -tx) _aIn{p+A(w, -tx))

ow

X

ow

This is equation (3) in the main text (note thgtwv,-tx).

This derivation assumes thdtis positive. As noted in the main text, this regsaithat the
net wage is at least equallipthe lower bound of the supportlaf
w, 2b+1tx. (A10)

It follows then that the third term on the rightAdaside of (A9) is defined only for wages that
satisfy condition (A10). If this condition is noatssfied, no wage can be set. This can be
interpreted as saying that commuting distanceswibich (A10) is violated are outside the
recruitment area of the firm.

The assumptions made about the distribution ofrédservation utility and the quit rate
imply that the third term on the right-hand-side(A®), and therefore the whole right-hand-side
of this equation, is decreasing wy. The left-hand-side is, of course, increasinghvétslope

equal to 1. Therefore, we can conclude that theltdoesa value ofwy that satisfies (A10) if and
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only if the left-hand-side of (A9) is smaller théme right-hand-side fow,=b+tx, that is, if and
only if:
B 1
dInH(v,) dIn(p+A(v,)
ow, ow,

X X

r— oV, )zwx if w, =b+tx . (A11)

A.2 The relationship between the optimal wage &eccommuting distance

To determine the sign afw, / dx, we rewrite (A9) as:

WXZI’—,OVO—%, (Alz)

where

N2 dINH) _ain(p+Aw,)) (A13)
ow ow,

X X

From (A12) we derive:
1

Further,

_0%InH(v,)

dN
ow’

(dw, —tdx)

) PE |n(p +2/1 (Vx)) (dw, —tdX). (A15)
oW,

If we substitute this result into (A14) and reagarnerms, we obtain:

dw. tM

 _ A16
dx N?+M A1)
where:
2 2
y = 0% Hz(vx) ,9°In(p +2/1(vx)). (A17)

ow

X

ow

X

A.3 A non-homogeneous labour market

We now generalize the model studied in section Ari2] apply it to the situation described by
equations (10) and (11) in the main text. Takingp iaccount that the distribution of the
reservation wagél and the quit raté are now both dependent on the commuting distance
instead of (A9), we derive:
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1

A A TTe H, (W, —t) _an(p+A, (W, —tx)) (AL8)
ow, ow,
Substitution of (10) and (11) gives:
. B 1
=T Yo S, (W, — (= a()5)_dIn(o+ A, (w, = 1= BX)B)) (A19)
ow, ow,
DefiningN’ as:
o 9 Holu, = (=) _ain(o+A, (v~ (- A(x)) -
ow, ow,
we now write:
ow, =L aw. (A21)
Proceeding in the same way as in section A.2, aleoehtedN’ as:
2
one= M) (4, (1 () (e
W,
g (A22)

0" In(0+ A)) 4y — ((1- B(x) - 5 (e,

oW,

whereo’ andf’ denote the first-order partial derivatives cofand g8, respectively. Since both
functions are assumed to be non-increasing, thes@atives are non-positive. Rearranging

terms, we now derive:

dw, _ 1 t{_ 0”In :40 (1-a(x)- a-(x))J,Mf/‘x)(l_ B(x)-p (x))} (A23)

dx NZ2+M' oW oW
whereM’ is similar toM in (A17), but now fox-specificH andA.

From (A23), it is easy to verify thatw/dx=0, whena and g are always equal to O
(monocentric case), and that we obtain the samétra@s derived in section A.2, whenandp
are always equal to 1 (homogeneous labour market)intermediate cases, (A23) implies that,
under the assumptions made with respedd,td, a andg, dw/dx>0 if « or # (or both) are less
than zero. Note, however, that we can no longesuse that there is partial compensation only:
there may be full, or even more than complete, aarsgtion of the cost of an additional

commuting kilometre, when the derivativésandp’ are large in absolute value.
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A.4 The effect of taxes
The consequences of using (13) instead of (2) twelan equation for the optimal wage, similar
to (A9), are modest. Equations (A1)-(A5) remainhartged, but (A6) becomes:

_r-w, -T(w, )+ A(w, —tx)

V, : A24

1x ,0+/1(Wx —tX) ( )
Taking the partial derivative with respectwg, instead of (A7), we find:
OV, _1+9T/dw, +(0A(w, —tx)/ow, )V, V] (A25)
ow, o+ A(w—tx) '
Substitution of this result into (A5) then gives:

H (W— tx)(1+ aT(gWXX)]

V, =V, + X (A26)

(0 + A{w—tx))h+ (0 (w—tx)/ow, JH (w-tx)’

which should extend (A8). Further elaboration tighds an equation that is analogous to (A9):

1+ OT(gWX,x)
WX
W, =1 = Vo =T W, X) =5 W, -)_omn(p+ AW, —%)) (A27)
ow, ow,
Using the same notation as in section A.3, we caiew
2 2
aw, == 2" awg, - T k-2 | [ 9T gw, + 2T ax|n—| 1+ 2T |an |. (A28)
ow, OX N“ || 0w, ow, 0X ow,
Further elaboration gives an equation that is anaisg¢o (A9):
2
| tM(1+:Tj— Nng— N aa ;
W, X W, OX
C\le — X . X (A29)
SN (NEFUV) EPRULI PNl
ow, ow’

This looks considerably more complicated than eqond#d in the main text. However, it is easy
to verify that the equation simplifies to (4) if all pattderivatives of the taX are equal to zero.
If we restrict attention to taxes that are lineahia two parametems, andx, the second-

order partial derivatives are all equal to zero, and (A2@pmes:
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tM(1+aTj—N26T

ow, ox
d(;’;’(x g x . (A30)
(N2+M™ {1+ aTJ
ow,

This is equation (14) in the main text.
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Table 1. Descriptive statistics.

Workers with reimbursement Workers without

reimbursement

Number of observations 739 1339
Average commuting tinte 31.37 15.85
Average net monthly wage 2861.96 2402.23
Average monthly reimbursemént 132.93 -
Reimbursement/monthly wage 0.051 -

" Minutes, one-way trip
2 Dutch guilders, at current (1998) prices

Table 2. Commuting reimbursement and commuting time.

Commuting timé % receiving reimbursement  Average amount of Reimbursement/
reimbursement Net monthly wage

0 0 - -

1-5 8 70.36 0.025

6-10 13 79.87 0.033

11-15 27 83.64 0.037

16-20 49 109.22 0.048

21-25 54 157.57 0.064

26-30 53 121.35 0.047

31-45 73 159.04 0.054

46-60 74 190.56 0.068

>60 65 275.59 0.095

" Minutes, one-way trip
2 The average refers only to workers who receivepmsation for commuting cost, expresseBimch guilders at
current prices
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Table 3. Probit estimates for receipt of reimbursement for commuting costs.

Variable

Coefficient (st. err.)

Commuting time
(Commuting timey10°
(Commuting timey10’

0.124 (0.011)

-0.182 (0.028)
0.0804 (0.019)

Permanent position 0.578 (0.14)
Hours worked per week -0.002 (0.004)
Metal manufacturing 0.211 (0.16)
Other manufacturing 0.104 (0.16)
Trade and retalil -0.240 (0.13)
Transport -0.0740 (0.16)
Financial sector 0.160 (0.14)
Public sector -0.383 (0.11)
20-100 employees 0.113 (0.09)
More than 100 employees 0.350 (0.09)
Control variables Yes

Number of observations 1987

Log likelihood -974.24

In addition to the variables reported in the takle,include a constant and controls for gender, wgge, education,
type of work (dangerous, dirty, etc.), job levelnthaies, working on Saturday or Sunday, flexible viegkhours,

and the presence of a partner. The reference fstry is a remainder category containing agricaltumining,

construction and public utilities; the referenceffam size is firms with less than 20 employeas] a small number
of observation for which firm size was not report®#¢hen only a constant is estimated the likelihae1352.49.
The pseudd?® equals .25. Standard errors are reported in fases.
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Table 4. Deter minants of reimbur sement of commuting costs.

Variable Model | Model Il Model Ill
Constant 55.44 (16.69) -18.20 (15.34) - 57@D1)
Commuting time 2.55 (0.26) 2.68 (0.28) 452 (1.19)
Hours worked per week 2.62 (0.51) 3.4281p
Comm. time*Working hours - 0.034 (0.025)
Comm. time*Metal -0.78 (0.87)
Comm. time*Other Man. -0.71 (1.06)
Comm. time*Trade and retail -0.68 (0.74)
Comm. time*Transport -0.42 (0.88)
Comm. time*Financial sect. -0.28 (0.66)
Comm. time*Public sector -1.16 (0.60)
20-100 empl. -25.23 (10.14) 3.60 (19.1)
More than 100 empl. -14.66 (10.06) -27.7 (18.5)
Comm. time*20-100 empl. -0.97 (0.52)
Comm. time* More than 100 empl. 0.33 (0.49)
Control variables No Yes Yes
A (inverse Mill's ratio) -4.36 (12.5) -10.04 (15.07) 12.71 (15.28)

Number of observations

710

Heckman'’s two-step procedure has been applied:derdo correct for possible selectivity effecttielprobit model
of the previous subsection has been used as thetisel equation. In models Il and Ill, all the \adoies used in this
probit model, except the squared and cubed comphaws been added as control variables. Withostdbirection,
linear regression gives almost identical results dach of the three models. Standard errors arertegp in

parentheses.

Tableb5. Fixed effectsresultsfor threeincome components.

Variable Reimbursement Wage Reimbursement + wage
Commuting time 2.13(0.27) 0.925 (1.2) 2.79 (1.2)

Hours worked 1.33(0.87) 45.07 (4.0) 47.34 (4.2)
Dummy for 1996 8.33 (4.3) 224.81 (19.8) 232.42%30.
Dummy for 1998 10.23 (5.5) 280.98 (25.2) 293.41126

R between 0.20 0.32 0.35

Standard errors are reported in parentheses.
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