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IDENTIFICATION OF ‘WASTEFUL COMMUTING’
USING SEARCH THEORY

Abstract

In this paper, we employ search theory as a micomemic foundation for the wasteful

commuting hypothesis. It is argued that the comnatfitthe self-employed is the result of a
search process for vacant workplaces, whereas gegsdosearch for vacant jobs through
space. Because the arrival rate of workplaces shnhigher than the arrival rate of jobs, the
self-employed essentially may minimise the commwiggreas employees accept jobs with a
longer commute. In the empirical analysis, the mixtef the ‘wasteful commuting’ is

identified by estimating the difference in the couien of employees and self-employed
individuals with fixed workplaces. Our estimatedicate that about 40 to 50% of the
observed commute may be considered ‘wasteful’ duyeli search imperfections. We reject
alternative hypotheses why the self-employed hasbaaater commute (self-selection of not
working from home, different residence locations).line with the theoretical model, the

excess commute is shown to be less in areas vhiigjh&r urban density.

KEYWORDS: commuting, search, mobility, self-empldye
JEL classification: R20, R64, J64;



1. Introduction

The ‘wasteful commuting’ literature tests the asptiom that workers optimally choose their
residence or workplace location so that the cedtged to commuting are minimised. Given
the existence of a simplified static world with feet labour or housing market markets, such
an assumption would be plausible. In an economig wiiperfections, however, this will not
be the case (Weinberg et al., 1981; Zax, 1991; ¢tpl994). In the wasteful commuting
literature, market imperfections are defined as ghesence of job and residential moving
costs and lack of perfect information about job @pynities and vacant residences. Moving
costs are relevant because they prevent emploger®ve job or workplace to reduce the
commute, because the discounted moving costs exbeetlenefit of a reduced commute.
Imperfect information implies that employed (ana&mployed) workers decide to accept jobs
and residences, which do not minimise the commutivgfs, because they do not have full
information about all jobs and residences and hav&earch for vacant jobs and residences.
The theoretical literature suggests that the lergftithe commute is increased by market
imperfections. For example, Crane (1996) shows timaertainty concerning job locations
combined with positive residential moving costsré@ases the ratio of actual-to-minimum
commuting in urban areas.

Although the wasteful commuting literature staréeda test of the monocentric urban
model (Hamilton, 1982, 1989; White, 1988), it iswamlays used to test the minimizing
commuting costs assumption. A large number of estidise data on (intraregional and
interregional) commuting flows to test this assuiomt For exampleCropper and Gordon
(2991), Small and Song (1992), Manning (2003), Rpehz (2004) and Kim (1995) provide
evidence that more commuting occurs than the mimnamount required for workers to
commute given the spatial distribution of job amdidences. The best evidence based on
regional commuting flows suggests that the ratiaaifial-to-minimum commuting is at least
two, so about 50% of the observed commute is ‘ialster ‘excess’. Tests based on regional
commuting flows are thought to be contaminated ghoun particular because they rely on
the strong assumption that workers are homogenadthsrespect to jobs and residences

(Kim, 1995; Manning, 2003) Because jobs and residences are heterogenousalthgated

! The standard procedure is to calculate the negessmimum amount of commuting between regions if
workers were assigned to job locations given tlgtoreal distribution of jobs and residences usingtandard
linear-programming problem.

2 Studies such as Cropper and Gordon (1991) and(k@85) use addidional micro information such as bem
of workers in household to add additional restoitsi, but the number of additional restrictionslanéted, so the
criticism of homogeneity still applies.



minimum commuting distance must exceed the actiminmm distancé.Hence, it is often
thought that taking heterogeneity into account thatexcess commute is more likely to be
lessthan 50%' °

In the current paper, we aim to employ an entidiferent micro-economic approach.
Our approach is to compare the commute of a reptasee group of workers with another
group of workers for which it is plausible that thgcess commute is negligible. We will
argue that the excess commute must be much lazvgeniployeeshan for theself-employed
In fact, we will argue that for theelf-employedexcess commute is more plausible to be
absent.

This paper starts from the basis that the lackilbiriformation about job opportunities
implies thatemployeesvho search for jobs are confronted with a spalfiatribution of
acceptable job opportunities. Reformulating a séamhdob search model into a commuting
model, we see that if the arrival rate of jobsimgté then the average commute exceeds the
minimum commute, in line with the ‘wasteful commngi hypothesis. We argue further that
the self-employedsearch for vacant workplaces (and not for jobey the arrival rate of
workplaces is essentially infinite relative to #ival rate of jobs, so the excess commute for
the self-employed should be negligible. We show tha results are robust if we relax some
of the restrictive assumptions. In addition, wevwghwow the excess commute depends on
spatial structure.

The aim of this paper is to estimate the extentwaisteful commuting’ employing
micro-economic data about the length of the commaftemployees and self-employed
workers. For both groups of workers, we use obgemg for which hold that the workers
commute to theifixed workplaceon a daily basigand therefore do not work from home). We

use two measures for the length of the commulestance and time and show that for both

% This issue ipartially addressed by focusing on commuting flows of sutysd(e.g. different age classes), but
this is unlikely to capture even a small part & tieterogeneity. Maybe surprisingly, studies sweiManning
(2003) find that the excess commute using subgraiptose to using the aggregate group, probabtalmee
subgroups tend to work and live at the same logatés other subgroups.

* Rodriguez (2004) addresses the heterogeneity @stiéocuses on a micro sample of bank tellers windk at
different branches of theamefirm within the same city. Hence, this study reelithe heterogeneity by focusing
on a very specific subgroup with (almost) identieaiployment conditions except for location. In tbligdy it is
also reported that the excess commute is about 38& main disadvantage of focussing on excess caimgnu
within a homogeneous group of workers is that the reswéidifficult to generalize. Note that in the stuzly
Rodriguez (2004) it is ignored that bank tellersymaduce their commute by finding employmentogter
banks. Further, it is unclear to what extent tHessek tellers may move residence to locations notpied by a
bank teller.

® Another difficulty with the usual tests is the @t of the size of the region, because the excessmute
depends negatively on the size of the region (Samall Song, 1992), whereas the optimal size ofeh®n is at
least theoretically zero. Hence, by definition,iodg are not as small as might be theoreticallyired.



measures, the excess commute is about 40 to 5@€ observed commute. The implications
of the search model regarding urban density arérooed.

One may argue that the methodology proposed issasp, because employees and
self-employed operate in different (labour) markatsl have many different household and
location characteristics, which are difficult toselove. We deal with this criticism by using
the Dutch 1998 labour force survey which contairayncontrol variables related to sector
and profession as well as multiple observationsefwh household. The results appear to be
robust when we control for selection effects of waoirking from home as well as when we
include household fixed effects to control for hags location and household characteristics.

The outline of the paper is as follows. In Secti@rend 3, we introduce a basic search
model for employees and self-employed. In Sectibrend 5, we will show the empirical

results and in Section 6 we conclude.

2. A commuting model for employees

2.1 The basic model

A key assumption in the ‘wasteful commuting’ litena is that matches in the labour market
and housing market are not unique. In other woedsployees can be replaced by other
employees who are equally productive and receigesttime wage. We follow this literature
by assuming that all jobs are identical and paysdrae wagev but differonly with respect to
the distance to the residence location, and thexefith respect to the commuting costs. The
commuting costs are proportional to the commutirsgadcet and can be written agt (see
also Manning, 2003). A priori, all workers are itleal and face the same environment.

The assumption that all workers face the samear@mment essentially implies the
absence of spatial structure and therefore thenabsef house prices in the economy, in
contrast to standard urban economic models whigdsymne that the commute is fully
compensated by lower house prices. The model usesl thay be interpreted as a model
where house prices only weakly compensate for tmenaute, in line with most empirical
results. More importantly, in the empirical anasysive will estimate household fixed effects
models, so wdully control for house attributes including the residetacation and house
price. By construction, workers within the samedehold face the same spatial structure.

Each worker is either unemployed (state 0) or eygzoas an employee (state 1). At
random time intervals, an unemployed receives jidr®randomly from each point in space
at a rateh. We initially assume that employees do not recgoke offers. The commuting

distance implied by a job offer is assumed to beealisation of a random draw from a



cumulative employment density functidf(t), where F(t) is the proportion of vacancies

(employment offers) at a commuting distance notgrethant. We initially assume tha(t)

is continuous differentiable and strictly increasin t. The unemployed accept or reject job
offers as soon as they arrive. Given this set lup,unemployed accept jobs with a certain
range, defined by the maximum acceptable commutistance T (see, similarly, Van den

Berg and Gorter, 1997). We initially assume thatk&cs do not move residence.

We assume that employees are dismissed and thambamemployed at rade Any
unemployed worker receives utility floi per instant i can be interpreted as an
unemployment benefit). All individuals discount dt¢ income at rate. Given the above
assumptions, the expected discounted lifetime ircarnen an individual is unemployeds,V

can be expressed as the solution to the followieinBn equatiof:
v, = b+A[I max{V,,V, (X)}dF(x) -V,] . (1)

In words, lifetime income is equal to the flow atbome while unemployed (the benefit) plus
the expected gain in income attributable to findaageptable jobs, where acceptance only
occurs if the value of employment(¥), exceeds that of continued search Similarly, the

expected lifetime income of an employee who traeelmmuting distancesolves:
IV, () = W=7t + 3V, =V, (1), 2)

V1(t) is decreasing i, whereas Y is independent of it, which implies that theresexia
maximum acceptable commuting distance T, such Wt) <V, ast>T andV,(t) >V, as
t<T.

Derivation of T is straightforward, since T is defd by (T) = V. Equation (1) can

be written as:

Vo =b+/‘}[\/1(x) ~VoldF(x), 3)

® Readers familiar with the labour market literatwi#l recognize that the model presented is a siehdearch
model, the only difference being that in the curnerodel workers face a distribution of commutingtdices,
whereas the standard assumption is that workeesfaegage distribution.



and, therefore equations (2) and (3) imply, usitiggration by parts, that:
T =

WT_b _r/]Té'-[ F (x)dx 4)

It can be easily seen that ¥ becomes larger, then the maximum acceptable
commuting distanc@ is reduced, so the unemployed worker becomes oiwresy and more
job offers are rejected. In the extreme case ihapproaches infinity] approaches zero.
According to this reformulated standard search dde employee's commuting distands
positive (and less thah) due to search frictions because the arrival odjebsA is finite. In
equation (4), the employment densitt) is proportional to the arrival rate’ We will focus
therefore on differences in keepingF(t) constant. The expected average commute is equal
to E¢ft < T).® It can be shown that ft(< T) is decreasing i, because Ef < T) is
decreasing in T, and T is decreasing ifsee (4)).

Let us presume now the absence of search frictems,is infinite. So, the employee
will effectively be able to choose tloptimal commuting distance. In the current model, the
optimally chosen commuting distance is the minimdistance, which is equal to zero. This
can be easily seen, becalkds decreasing ihandF is differentiable everywherélence, in
the current model, a positive commuting distaricean be interpreted as ‘wasteful
commuting’ and the average wasteful commute is letpu&(ft < T). Given the spatial
distribution of jobsF(t), T is defined by (4), so B(< T) is defined. This result also holds

when allowing for on-the-job mobilit}’

" Hence a change in the arrival rater a change in the employment densift) has the same effect an
T

®E(tt<T) :J[l— F(tt <T)]dt. In the current modefF(tjt < T) = F(t)/F(T), but this is not the case when we
0

allow for on-the-job mobility.

° For example, suppose that firms are distributeddgenously over two-dimensional spaceFé) = at?, then
E(tlt < T) =2/3T.

9We have presumed above that on-the-job mobiligbisent. Let us extend the basic model introdubesde
by allowing for on-the-job mobility. Jobs are as&do arrive to the employed with arrival rate> 0. Jobs are
accepted by employees when the commuting distamigeduced. It can then be shown that (following the
methodology by Burdett and Mortensen (1998t < T) = (F(t)+ A.F(t)/(1+AF(t)/d). HenceF(tlt < T) is
increasing i,/ WhenA,/d approaches infinityF(t|t < T) approaches one for dl> 0, soE(t|t < T) = 0. Note
that in most markets, is of the same magnitude gshence this condition is never met in reality. Ssuently,
given on-the-job mobility, the job search modesti#l consistent with excess commuting as long mshe-job
mobility rates are finite.



The search model indicates that excess commutendsymm the job arrival rate which
may not be the same for all individuals. By assumptiom,rfiore specialized jobs, the mean
job arrival rate (within a certain area) is lesarttior less specialized jobs. For example, the
arrival rate for cleaning jobs within one kilomefrem the residence must be much less than
the job arrival rate for plumbing. Because speraion is strongly related to the degree of
education, we hypothesize a positive relationslgfwben the worker's excess commute and

the worker’s degree of education.

2.2 Relaxing assumptions on F(t)

We have assumed above tRét) is continuous and strictly increasingtift = 0). This is not
very realistic. One of the consequences of thisrapsion is that the minimum, and therefore
optimal, commuting distance is equal to zero. Wik ne@lax this assumption now by assuming
that F(t) = H(t — 7) fort > z andF(t) = O for t < 7, where H is strictly increasing in its
argument. In this case,is the minimum commuting distance (the distancthéonearest job)
andt —t is the extent of wasteful commuting. Hence, therage excess commute is equal to
E(tlt < T) —t > 01 Hence, given more realistic assumptions on F{®,minimum commute

is positive, and the average excess commute caalbelated as the average commute minus

the minimum commute. In our empirical applicatiare will follow such an approach.

2.3 Residential mobility

We have presumed that residential mobility is zeo, implicitly it is assumed that the
residential moving costs are infinite. Let us prasunow that the moving costs are finite, so
workers will move residence when the commuting £@&stceed a certain optimally chosen
threshold T*. For simplicity, suppose that the loma of the residence is optimally chosen by
the employee and will be equal to zero. It cantme that T* =m / (r + §), wherem are the
moving costs. T* is therefore equal to the discednnhoving costs. Clearly, as longras> 0,
then T* > 0, and~(t|t < T*) = F(t)/F(T*), soE(t|t < T*) > 0 and the excess commuting is
positive for employee¥. This underlines that the excess commute is thebawtion of

uncertainty about the location of joasd positive residential moving costs.

1 Let us give an example. Suppose that the neaaesin place is at distanceFurther, we presume that space
is homogenous and two-dimensional, so H(t)t% It can then be easily shown that E(t|t < T)+2/3(T-T), and
2/3(T) is the average size of the wasteful commutinghtnspecific case that T =,2hen the average excess
commute is equal to 2/3so the excess commute as a share of the avavagauting distance is equal to 40%.
2|n case T* exceeds T then the worker would neveverresidence, so the moving costs are esseritiéithjte.



2.4. Heterogeneous spatial structure

In the previous sections we ignored heterogenepasas structure as we presumed that all
employees face the same spatial struck(t¢ This assumption is in contrast to the idea,
essential in the wasteful commuting literature,t tamployees commute to other regions,
because employment and population are not evemirilited over space. In empirical
studies, it is usually found that employment is enepatially concentrated than population.
Suppose therefore the existence of two regiongjoélesize in terms of population, but not in
terms of employment. Of the total employment, thare of employment in region 1 is equal
to o £ % and in region 2 the employment share is. Buppose that the regions are at a
distance of each other such that the interregiooals are less than T and that the distances
within the region are negligible. Hence, we haveeesially rewritten the job search model in
a way that job offers are always accepted in begjions, but workers prefer to receive a job
offer from their region of residence. We standadlze distance between the two regions and
the total size of the population to one.

Assuming the absence of search imperfections, themam average commuting costs
in the two-region economy can easily be seen tedl ton(¥2-c). Hence, the minimum
commute depends negatively erwhich measures the distribution of employmenttietato
population over space. Only whers 2, so employment is homogeneously distributegr ov
space, then the minimum average commute is zerbn@nwith the assumption of the basic
model of Section 1). Now suppose the presence afckeimperfections. Presume that the
probability of receiving a job offer in a region fisoportional to the size of the regithln
this case, the average commuting costs can easihbwn to be equal torf2Consequently,
the excess commute due to search perfections, meehby the average commute minus the
minimum average commute, is equabtp The implication is that thexcess commute due to
search imperfections is increasing dn indicating that the excess commutdessin urban
economies where employment is spatially concerdrageich as is common in strongly
agglomerated areas with high employment densitigghis result is intuitive: the excess
commute is the result of accepting jobs that domioiimize commuting costs due $patial

uncertainty about future job offers. This unceraimlepends negatively on the spatial

13 This assumption seems a reasonable approximatidrcan be derived from the assumption that jobessek
search randomly over spaaedthe number of regional vacancies is proportioaahe number of regional jobs.
4 Note that the empirical literature tends to foonsthese areas, suggesting that empirical studidsrastimate
the average excess commute.



employment concentratiofi. The excess commute obtains it's maximum when gm#at is
relatively homogeneously distributed over spacasasore common in rural areas with low
employment densitie’$. Hence, the testable implication is that the exaessmute depends

negatively on employment density.

3. A commuting model for the self-employed

In the previous section, we have focused on emplay&/e will focus now on the self-
employed. The self-employed search for suitablekplaces, not for jobs. Hence, we analyse
the search process of a self-employed who is lapton a suitable vacant workplace location
for her company. So, we can use a similar searafeiras used for the employee (see Section
2), the main difference being that the self-emptbgearches for a vacant workplace (and not
for a job). Another distinction between employerd aelf-employed is that a large proportion
of the self-employed work from home. The decisian viork from home is plausibly
exogenous with respect to the search process ftabge workplaced! This decision is
determined by factors such as the suitability ef tbsidence as a workplace (restrictions due
to type of work, the presence of subordinates). Wileconcentrate here on self-employed
who do not work from hom¥.

The main distinction between the search processgdloyees and self-employed is
that the arrival rate of suitable workplacesischhigher than the arrival rate of suitable jobs.
The main reason is that the job searcher looks fob which matches her skills. The density
of workplaces is much higher than the density @sjthat match her skillS.Hence, from a
search perspective, the workplace arrival ratddsecto infinite, so the excess commute due
to search frictions should largely disappead (#pproaches infinity, then the excess commute

is zero). Hence, the difference between the commiltmployees and self-employed can be

5 In the extreme case that employment is concentiat®ne point, then each worker knows where thvin
job will be located.

% In the case of isolated small settlements, thesxcommute will also be small, because theredsoftion to
commute somewhere else”. This case will be relef@néxample for the US, but not for countries sashthe
Netherlands where such settlements are absentylzer@ employment density is relatively high evergven

It seems less likely that working from home is thecome of an unsuccessful search process fambbeit
workplaces, where workplaces are not suitable ex#ue commuting length to the workplace is comsidi¢éo
be too long.

18 Note that in the empirical analysis, we will s¢lenly workers who do not work from home and weetéthis
selection effect into account.

9 For example the spatial density of suitable warkps may easily be thousand times larger than tfoj®s
for any occupation which require a standard off@ther reasons are that the job searcher hasadodapted for
the job by the employer and that office vacancggaend to exceed job vacancy rates.

10



interpreted as the excess commute due to job-séampirfections’ This result also holds
allowing for changes in the workplace location loéd firm of the self-employed and allowing
for residential mobility. The results of Sectiod 2n heterogeneous spatial structure indicate
that if the self-employed systematically locateirthesidence in other locations than the
employees, then our measure of the excess comrautiawed. We will show however

empirically by employing household fixed effectsat this isnot the case.

4. Descriptive data

In this paper, we use the Dutch labour force sufid®®8). It distinguishes between those
who commute and those who work from home. Furtlaer this is essential for our
application, it contains information about whetkiee worker has commuted on a daily basis
to afixed workplace location (for a period of at least thmeenths before the interview date).
It also includes essential background informatioohsas the number of working hours, size
of firm and detailed information about sector armtupation. In total, we analyse 44,260
observations of workers with a fixed workplacethie whole sample, 11% is self-employéd.
In Tables 1 and 2, we give the basic descriptifdh@main variables of interest (descriptives
of other explanatory variables can be found in Agplpe 1). As can be seen from Table 1, the
self-employed are much more likely to work from heothan the employees (47.3 % versus
0.8 %), and their average commuting time is muchlkemn(14.4 minutes versus 22.5 minutes
for workers who do not work from hom&)Further, they have a shorter commuting distance
(see Table 2). The preferred measure of the leafjthe commute is commuting distance,
because commuting time is influenced by the endoggly chosen speed which may differ

between employees and self-emplof&tlevertheless, both measures have their merits, so

20 Another implication is that employees are morelljkthan the self-employed to move residence toedese
the commute. It implies for example that the prolitgtio search for another residence depends ipesjton the
commuting time for employees, but this effect sslstrong for the self-employed.

L For a few observations the distinction between leyges and self-employed is ambiguous. Self-employe
who work for a firm owned by their spouse or paseare therefore excluded in the analysis.

2 In the survey, we do not have information abowt éxact commuting time if it exceeds 60 minutessTh
occurs in 7% of the observations. We initially pree that the commuting time for these observatiens0
minutes.

23 One may argue that workers search over spaceritstef distance and then choose the optimal conmyuti
speed endogenously. The self-employed are morby ltkeuse a car, which may result in a higher spaed
therefore a smaller commuting time which biasesntteasure of excess commute. We will show laterhat t
this is the case. On the other hand, one may d@hgué¢ime is a more accurate measure of costaeélirbecause
of differences in speed levels available to workerg. due to differences in road networks, congesttc.
Another argument is that time is usually more welsi reported by workers. Hence, measurement eamars
likely to be smaller for commuting time as a profgr commuting costs. For commuting distance, the
measurement error is likely larger, but less likejstematically different for employees and seljptoyed.
Because measurement error in the dependent vadabknot affect the estimated effects, commuting distance
is the preferred measure.

11



we will use both measures. It appears that bothsarea render similar estimates of the
average excess commute. The descriptive data duihgeshe excess commute is on average

36%, measured in minutes, and about 31% measuwdidtance”

5. Results

5.1 Main results

We have selected those workers who do not work filome, commute on a daily basis, have
a fixed workplace and have a positive commutingtamd distanc®. This guarantees that the
commute of employees and self-employed are comfgarabe endogenous variables are the
logarithm of commuting time and distance. We inelua large number of explanatory
variables including size of the firm, address dgmsducational level, gender, occupation,
industry, age, presence of children, number of fiamorked, and presence of spouse and
some interactions with gend®&rWe employ OLS for commuting tinfé.We estimate the
effect on commuting distance, taking into accobat distance is reported in classes (interval
regression). The empirical results for commutimgetiand distance can be found in Tables 3
and 4%

On average, the commuting time and distance ofs#ieemployed is considerably
less than those of the employees. This result iBnm with the theoretical model, which
predicts that the self-employed have shorter comsjuliecause they are not confronted with
job search imperfections. Accordingly, the extehttlee excess commute is equal to the
difference in the average commute of employeessaffdemployed. Based on the results of

columns 1 of Tables 3 and 4, about 40 to 50% ottdmamute of workers is due to job search

4 The average commuting distance is calculated kipgathe mid-points for all categories, and presugrs0
km for the last category. The average commutingadee is then 15.4 km for employees (in line witheo
studies for the Netherlands) and 10.6 km for thieeseployed.

% For a few workers, reported commuting time is zaltbough they state that they do not work from Bom
These observations are deleted.

%6 We do not have information about income. It hasrbghown that ceteris paribus, the self-employed e@re
(see e.g. Taylor, 1996). Further, it is generatiyrfd that there is a weak, bpositive association between
income and commuting time (see e.g. Manning, 2008hsequently, our estimates are a slight underatstiof
the extent of the excess commute. Note that Rouateardl Rietveld (1994) include income and do nad fimy
effect for the Netherlands, so the potential bsdgkely negligible.

2" We have re-estimated the effect on commuting tirsieg Tobit models taking into account that for som
observations we observe only that it exceeds 6Qitei The results are identical.

28 A large number of micro-economic studies is conedrwith the empirical analysis of commuting disewor
time (e.g. White, 1986; Rouwendal and Rietveld, 4t ®enito and Oswald, 1999; Van Ommeren et al., 1999
notable result of the current as well as theseiesig that the reported”Rs typically low. This suggests that
commuting is mainly an outcome of a stochastic @ssdn which the lack of information plays an intpot
role.
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imperfections, and therefore ‘wasteftil’ We consider this to be our main basic result. This
result seems to be in line with most studies basedggregate data. This suggests that the
heterogeneity issue is of less importance thanlilystreought in the literature, for example
because heterogeneous workers tend to work atathe svorkplace locations and live in the
same neighbourhoods (as shown by Manning (2003%.wil now continue by examining

extensions as suggested by theBry.

5.2 Excess commute and specialization

According to the job search model, the excess cammiepends negatively on the arrival rate
of jobs within a certain area and therefore deperadmtively on the employment density of
jobs. The higher educated search for more speed|iabs for which the employment density
is much lower, so the excess commute should beshifgln this subgroup. Therefore, we re-
estimate models with the interaction of differeendls of education and self-employed. The
results can be found in the second columns of BaBland 4. For commuting distance, the
results are in line with the job search model. Bed-employed with a university degree

commute about about 40% less than self-employel avily a basic educatioh.

5.3 Urban density

In the theory, we have hypothesized that the excelssnute may depend on the employment
density. We examine this hypothesis by includingraeraction effect between self-employed
and addressdensity. Address density measures the average ewaitaddresses per square
kilometre (within one kilometre of each residenfme)each municipality. Addresses may refer
to residences, firms, schools, shops etc. Notedtdtess density is a mixture of population
and employment density, the latter being the ideahsure. We observe address density in
classes. To avoid multicollinearity, we measurerags density by means of a continuous
variable which is equal to the logarithm of the spuints of the address density classes. In
line with the theoretical model, we find that th&eess commute is larger iessurban areas.
As can be see in column (3) of Table 2, the eligtiof address density on the excess

commute is 0.109 (with a standard error of 0.0ZH)s turns out to be a sizeable effect. For

2 The difference in excess commute between meabasesd on distance and time is rather small, inwiitl
Small and Song (1992).

% The effect of explanatory variables is in line lwitther studies in the literature (see e.g. Rouwleadd
Rietveld, 1994). For example, also in line with theoretical model, the commuting distance and tngemuch
longer for workers with a higher educational degree

31 For commutingime, this particular prediction of the search modegsinot seem to hold, but we will see later
on that when we include household fixed effectspttihe prediction does hold.
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example, when we use commuting time, the excessnaenin areas with an address density
of 2500 is about 30%, whereas in areas with anesddiensity of 500, the excess commute is
about 50%. When we use commuting distance, the samelusion is drawn. The implied
excess commute in Amsterdam, the largest city énNletherlands (with a density of about
6000) is around 20%, so the estimatesndoimply that the excess commute disappears in

large urban areas.

5.4 Sensitivity analysis

5.4.1 Self-selection

One potential bias of our results is that the asialis based on a sample of workers who do
not work from home. Self-selection of working fradrome may bias our resuftsWe control
therefore for the selection of working from homengsa standard Heckman procedure. As
additional instruments in the selection equation, wgeinteractionsof being self-employed
with a number of variables: gender, children, sifdirm, working hours™® Correcting for
self-selection appears to have no effect on thelteeghe results remain unchanged. Results

can be received upon request from the authors.

5.4.2 Housing market controls

Our analysis is based on a labour force surveyaosdrols for labour market variables are
abundantly available, but we essentially lack geodtrols related to the residence, and in
particular the residence location of the househlildnay be argued that the self-employed
live systematically at different residence locatidhan the employees, so our measure of the
excess commute is seriously biased. We therefoestimate the above models including
household fixed effects models. This implies floateach householdne dummy is included,
hence the estimates are essentially based on ffieeedces of the length of the commute of
workerswithin the household only. It can be seen from the lastdolumns of Table 3 that
the results remain essentially the same for cormguime. The only difference, as can be

seen in the last column, is that, now in line witikory, it appears that the excess commute is

%2 For example, it may be the case that the self-eyenl are more likely to work from home when the imim
distance at which they can find a workplace iséarg

% These instruments can be justified on the grobatiworking from home is common for the self-empldyut
not for the employees. Note that these additiomstriments are not necessary in the case of comgntithe
because of identification via the functional form.
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larger for the highly educatédWe lack enough variation in commuting distancestimate

the effect on distance using household fixed efféct

5.4.3 Labour market controls

Many employees are in sectors in which the selfleygal are not present, for example the
public sector etc. Although we control for the typiesector, it may be the case that due to
interactions with other explanatory variables ostireates of the effect of being self-
employed on the commute are biased. We have theredeestimated the models selecting
observations of workers employed in sectors in Wwhat least 1% of the workers is self-
employed. It appears that the results are essigrttial same. The results can be received upon
request from the authors.

We have also estimated additional models whichaaflor interaction effects of self-
employed with other explanatory variables. In gaitr, the interaction effect of gender turns
out to be relevant. A priori, it is not clear whethithe excess commute should be larger, or
smaller, for males than for females, because ieddg on gender differences in the job arrival
rate A and the value of not workinlg. In particular, gender differences in the valuenot
working are considered to be large. Given the common assamthat the value of not
working is higher for females due to alternativee ud time in the household, the excess
commute of males should exceed the excess comniutenles. Our empirical results
suggest that this may be the case: the excess cariordfemales is 27%, whereas for males
it is 40% when using commuting time. Based on commmgudistance, the females' excess

commute is 30%, whereas the males' excess commb&s.

5.4.4 Differences between time and distance

Note that the reported extent of excess commutinggua measure based on commutinge

is slightly higher then using a measure baseddmtance suggesting that the average
commutingspeedof the self-employed is slightly higher than tiwer@age speed of employees.
One reason maybe that the self-employed use théocahort distances, because they are

more likely to need the car during work hours, veaer for longer distances, the choice in

% Remark that explanatory variables that are the sameorkers within a household such as addressitjeare
not identified, but the interaction of address dgnsith self-employed is identified.

% Recall that commuting distance is measured in fdasses. The effect of being self-employed is tifled
based on observations of households where at de@semployee andt least one worker are presamid both
the employee and worker report a commuting distasfcdifferent length. For other explanatory varebla
similar condition holds. It appears that thereds tittle variation in the data to estimate the $ehold fixed
effects model for distance measured in classes.
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mode between employees and self-employed is smallppendix 2, we show that the self-
employed commute slightly faster - about 9% - wbee controls for commuting distante.
Hence, plausibly, the measure of excess commutasgd on commuting distance is more
reliable, but, most likely, the potential bias sing time is small, in line with Small and Song
(1992).

6. Conclusion

The assumption that labour markets are perfectbess frequently criticised (e.g. Anas,
1982; Hamilton, 1982, 1989). In particular, it mas argued that imperfect information about
job opportunities are ignored. An essential charstic of the labour market is therefore that
individuals have to search for jobs so jobs areeptad that do not minimize the commuting
costs, inducing an excess commute.

In this paper we have analysed the extent of ‘vimsmommuting’ using a micro-
economic approach which is essentially based amgarison of the commute of employees
and self-employed individuals. We have argued fitiathe self-employed workers, the excess
commute may be thought to be absent. Our main gsiwtl is that about 40 to 50% of the
commute is due to job search imperfections, antetbee ‘wasteful’. The results are in line
with results reported in the literature based ogregate commuting flows, which ignores
heterogeneity among workers. This is a bit sumpgidbecause it is generally thought that
heterogeneity causes an upward bias, which is paligriarge (see Manning, 2003).

Our theoretical and empirical analyses further gaté that the excess commute is
smaller in more urban areas, suggesting that stuslieh as White (1988) and Hamilton
(1989) that focus on large urban areas may be dandhiased. One tentative interpretation
of our study is then that by focusing on urban sreach studies underestimate the excess
commute, but by ignoring heterogeneity, they ouareste the excess commute, so the
overall bias may be not so large. Another integiren is that heterogeneity is not so much a
problem, as argued by Manning (2003), so aggregate micro data analysis should find

estimates of excess commute of similar magnitude.

% Note that the analysis of speed is structuralffecént from the separates analyses of commutimg tand
distance, because in the speed analysis, we cdatrobmmuting distance. This small effect is notpising in
the light that forshort commuting distances the differences in speed lmiwear and bicycle (the main
alternative to the car in the Netherlands) is smé&in Ommeren and Dargay (2006) report for the Wkne
smaller differences between the average traveldspetemployees and the self-employed. Note theaumse
distance is observed in classes, also speed isunegiais classes. For the explanatory variable digtawe use
the mid-point of the classes.

16



Reference

Altmann, J.L. and J.S. DeSalvo (1981), Test andresions of the Mills-Muth simulation model
of urban residential land us#gurnal of Regional Scienc2l, 1-21.

Anas, A. (1982),Residential location markets and urban transpodiati economic theory,
econometrics and policy analysis with discrete cbainodels Academic Press, New
York.

Benito, A. and A.J. Oswald (1999), Commuting in &@r8ritain in the 1990’s. University of
Warnick.

Blanchflower, D. and B. Meyer (1994), A longitudiramalysis of the young self-employed in
Australia and the United Stat&mall Business Economids 1, 1-19.

Buliung, R. and P.S. Kanaroglou (2002), Commuteimizzation in the Greater Toronto Area:
applying a modified excess commuleurnal of Transport Geographi0, 177-186.

Burdett, K. and D.T. Mortensen (1998), Wage diffgéi@ls, employer size, and
unemploymentinternational Economic Review89, 2, 257-293.

Crane, R. (1996), The influence of uncertain jotatin on urban form and the journey to
work, Journal of Urban Economi¢c87, 342-56.

Cropper, M. & Gordon, P. (1991), Wasteful commutiagre-examinationJournal of Urban
Economics29, 2-13.

Hamilton, B.W. (1982), Wasteful commutinggurnal of Political Economy90, 1035-1053.

Hamilton, B.W. (1989), Wasteful commuting agaimurnal of Political Economy97, 1497-
1504.

Holzer, H. J. (1994), Work, search and travel amohge and black youthlournal of Urban
Economics 35, 320-345.

Kim, S. (1995), Excess commuting for two-worker selolds in the Los Angeles
metropolitan areaJournal of Urban Economi¢c88(2), 166-182.

Manning, A. (2003), The real thin theory: monopsanymodern labour market&.abour
Economics10, 105-131.

Rodriguez, D. (2004), Spatial choices and excessmuating: a case study of bank tellers in
Bogota, Colombiajournal of Transport Geograph$2, 49-61.

Rouwendal, J. and P. Rietveld (1994), Changesmmneoting distances of Dutch households,
Urban Studies31, 09, 1545-1557.

Small, K. & S. Song (1992), Wasteful commutingeaalution.Journal of Political Economy
100, 888-898.

17



Taylor, M. (1996), Earnings, independence or unesmpent: why become self-employed?,
Oxford Bulletin of Economics and Statistié8, 2, 253-266.

Van den Berg, G.J. and C. Gorter (1997), Job searah commuting timeJournal of
Business and Economic Statisfit§, 2, 269-281.

Van Ommeren, J.H., P. Rietveld and P. Nijkamp (3998b moving, residential moving and
commuting: a search perspectiveurnal of Urban Economi¢cgl6, 230-253.

Van Ommeren J.H. and J. Dargay (2006), The optictadice of commuting speed:
consequences for commuting time, distance and ,cakigrnal of Transport
Economics and Poli¢gyorthcoming.

Weinberg, D.H., J. Friedman, and S.K. Mayo (198tyaurban residential mobility: the role of
transaction costs, market imperfections and houdehsequilibrium Journal of Urban
Economics9, 332-348.

White, M. J. (1986), Sex differences in urban cortingupatternsAmerican Economic Review
76, 368-372.

White, M.J. (1988), Urban commuting journeys ard hweasteful”, Journal of Political
Economy96, 1097-1110.

Zax, J.S. (1991), Compensation for commutes inrlabd housing marketdournal of Urban
Economics 30, 192-207.

18



Table 1: Means

Employee Self-employed
Work from home 0.8% 47.3 %
Commuting time * 22.5 min. 14.4 min.
Commute by car * 57.8 % 70.8 %

Note: * only for those who work outside the home.

Table 2: Commuting distance

Commuting distance Employee Self-employed
1)0-7 km 45.4 % 66.1 %
2)8-17 km 25.0 % 17.6 %

3) 18 - 32 km 16.9 % 9.1%

4) > 32 km 12.7 % 7.2%

Note: only for those who work outside the home.
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Table 3: Commuting time

) 2 (3 4 (5)
log (time) log (time) log (time) log (time) log (time)
Self-employed -0.387 -0.431
(0.030) (0.065)
Basic education * Self-employed -0.445 -0.498 -0.387
(0.088) (0.089) (0.183)
Lower secondary education * Self-employed -0.322 -0.354 -0.184
(0.055) (0.053) (0.109)
Higher secondary education * Self-employed -0.416 -0.441 -0.402
(0.038) (0.039) (0.081)
Higher vocational education * Self-employef -0.324 -0.379 -0.422
(0.051) (0.053) (0.102)
University * Self-employed -0.429 -0.487 -0.703
(0.054) (0.055) (0.1112)
Lower secondary education -0.015 -0.020 -0.022 -0.024 -0.030
(0.019) (0.020) (0.020) (0.039) (0.040)
Higher secondary education 0.052 0.051 0.050 0.044 0.046
(0.019) (0.019) (0.019) (0.040) (0.040)
Higher vocational education 0.170 0.165 0.165 0.100 0.107
(0.022) (0.022) (0.022) (0.045) (0.046)
University 0.300 0.301 0.312 0.196 0.223
(0.025) (0.025) (0.025) (0.055) (0.057)
Address densitg 2500 per krh 0.083 0.083
(0.016) (0.016)
Address density 1500 - 2500 perkm -0.008 -0.009
(0.013) (0.013)
Address density 1000 - 1500 perkm -0.015 -0.015
(0.013) (0.013)
Address density 500 - 1000 perkm -0.032 -0.030
(0.013) (0.013)
Log (address density) 0.011
(0.006)
Self-employed * log (address density) 0.109 0.190 0.205
(0.025) (0.055) (0.056)
Male 0.017 0.017 0.013 -0.130 -0.128
(0.019) (0.019) (0.019) (0.057) (0.057)
Couple 0.047 0.047 0.043 0.041 0.041
(0.015) (0.015) (0.015) (0.058) (0.058)
Children < 18 years 0.035 0.035 0.032
(0.012) (0.012) (0.012)
Couple* Female -0.020 -0.021 -0.023 -0.189 -0.188
(0.022) (0.022) (0.022) (0.057) (0.057)
Child * Female -0.061 -0.061 -0.061 -0.040 -0.040
(0.018) (0.019) (0.019) (0.024) (0.024)
Age < 30 0.027 0.027 0.028 0.113 0.115
(0.015) (0.015) (0.015) (0.052) (0.052)
Age 30- 50 0.027 0.027 0.028 0.033 0.032
(0.013) (0.013) (0.013) (0.038) (0.038)
Workhours/10 0.200 0.198 0.198 0.234 0.229
(0.018) (0.018) (0.018) (0.032) (0.032)
Workhour$/1000 -0.233 -0.230 -0.230 -0.263 -0.254
(0.024) (0.024) (0.024) (0.043) (0.044)
Size firm < 10 -0.279 -0.279 -0.282 -0.262 -0.261
(0.016) (0.016) (0.016) (0.029) (0.030)
Size firm 10-99 -0.177 -0.177 -0.178 -0.119 -0.117
(0.010) (0.010) (0.010) (0.020) (0.020)
17 sectors Included Included Included Included luded
Occupations (83) Included Included Included Inctbide  Included
Household fixed effects Included Included
R? 0.115 0.115 0.113 0.708 0.708
Standard error 0.773 0.773 0.773 0.700 0.700
Number of observations 34634 34634 34634 21612 2161

The references are: employees, basic educatioressldensity < 500 per Knfemale, single, no children, age0, size
firm > 99. The number of observations of the hoote:fixed effects model is the number of househalidh at least two

workers.
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Table 4: Commuting distance

D 2 3
log (distance) log (distance) log (distance)
Self-employed -0.494
(0.052)
Basic education * Self-employed -0.341 -0.423
(0.169) (0.170)
Lower secondary educ * Self-employed -0.284 -0.333
(0.098) (0.099)
Higher secondary educ * Self-employed -0.454 -0.493
(0.067) (0.068)
Higher vocational educ * Self-employed -0.492 -0.577
(0.089) (0.091)
University * Self-employed -0.725 -0.804
(0.093) (0.096)
Lower secondary educ -0.011 -0.013 -0.014
(0.034) (0.034) (0.034)
Higher secondary educ 0.156 0.161 0.161
(0.033) (0.033) (0.033)
Higher vocational educ 0.370 0.380 0.379
(0.037) (0.038) (0.038)
University 0.567 0.594 0.595
(0.042) (0.043) (0.043)
Address densitg 2500 per krh -0.482 -0.484
(0.027) (0.027)
Address density 1500 - 2500 perkm -0.411 -0.412
(0.022) (0.022)
Address density 1000 - 1500 perkm -0.301 -0.302
(0.022) (0.022)
Address density 500 - 1000 perkm -0.152 -0.153
(0.022) (0.022)
Log (address density) -0.209
(0.009)
Self-employed * log (address density) 0.169
(0.044)
Male 0.156 0.158 0.156
(0.032) (0.032) (0.032)
Couple 0.116 0.116 0.118
(0.026) (0.026) (0.026)
Children < 18 years -0.016 -0.014 -0.014
(0.021) (0.021) (0.021)
Couple* Female 0.041 0.042 0.040
(0.037) (0.037) (0.037)
Child * Female -0.030 -0.031 -0.030
(0.031) (0.031) (0.031)
Age <30 0.147 0.146 0.147
(0.025) (0.025) (0.025)
Age 30- 50 0.150 0.149 0.150
(0.022) (0.022) (0.022)
Workhours/10 0.358 0.359 0.356
(0.032) (0.032) (0.032)
Workhour$/1000 -0.372 -0.373 -0.370
(0.042) (0.042) (0.042)
Size firm < 10 -0.395 -0.392 -0.393
(0.027) (0.027) (0.027)
Size firm 10-99 -0.242 -0.240 -0.239
(0.018) (0.018) (0.018)
17 sectors Included Included Included
Occupations (83) Included Included Included
Log Likelihood -40766 -40760 -40759
N 34004 34004 34004

The r%ferences are: employees, female, basic edncsingle, no children, age50, size firm > 99, address density < 500
per knf.
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Appendix 1: Descriptives

Mean
Employed Self-employed
Basic educ. 0.066 0.053
Lower sec. educ 0.199 0.163
Higher sec. educ 0.448 0.461
Higher voc. educ 0.195 0.170
University 0.092 0.153
Address densitg 2500 per krf 0.172 0.167
Address density 1500 - 2500 perkm 0.253 0.222
Address density 1000 - 1500 perkm 0.220 0.217
Address density 500 - 1000 per km 0.205 0.227
Address densitg 500 per krf 0.151 0.168
Male 0.579 0.789
Single 0.160 0.123
Couple 0.738 0.850
Children < 18 years 0.531 0.547
Age < 30 0.283 0.084
Age 30 - 50 0.559 0.616
Age > 50 0.058 0.147
Working hours 34.44 51.81
Size firm < 10 0.100 0.812
Size firm 10 -99 0.272 0.174
Size firm > 99 0.628 0.014
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Appendix 2: Speed

(1)
In (speed)
Ln (commuting distance) 0.788
(0.006)
Self-employed 0.090
(0.025)
Lower secondary education 0.005
(0.015)
Higher secondary education 0.015
(0.015)
Higher vocational education -0.016
(0.017)
University -0.068
(0.019)
Address densitg 2500 per krh -0.245
(0.118)
Address density 1500 - 2500 perkm -0.154
(0.010)
Address density 1000 - 1500 perkm -0.098
(0.009)
Address density 500 - 1000 perkm -0.042
(0.009)
Male 0.034
(0.015)
Couple 0.038
(0.012)
Children < 18 years -0.044
(0.009)
Couple* Female 0.028
(0.017)
Child * Female 0.043
(0.014)
Age < 30 0.013
(0.011)
Age 30- 50 0.032
(0.010)
Workhours/10 -0.014
(0.015)
Workhourg/1000 0.037
(0.020)
Size firm < 10 0.055
(0.012)
Size firm 10-99 0.046
(0.008)
17 sectors Included
Occupations (83) Included
Log Likelihood -10880
N 33902

Note: The explanatory variable Ln(commuting disgris the midpoint of the commuting
distance class as reported in Table 2. Estimatebaged on an interval regression because
speed is observed in classes.
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