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1. Introduction

There is a large literature which shows the impuar¢éaof distance of students regarding
educational choices, but the cost of commutingufoiversity workers has been completely
ignored. This is rather surprising because many-higality universities in the world are
located at expensive locations (e.g. in the cewitieondon). Presumably, these locations are
attractive to students but for workers, who mayldss willing to pay a premium to work at
expensive locations; this usually implies that eitthousing or commuting costs are high
compared to alternative jobs. In many (Europeanintées where wage scales are set at a
national level, universities in expensive city eesthave little possibility to compensate
workers for high commutes which, at least theoadijyc results in a misallocation of
(potential university) workers over jobs.

In the current paper, we aim to estimate the usityerworkers’ time cost of
commuting by using a dynamic methodology approael tise revealed preference data and
derives this cost from the effects of commutingtatise and wages on workers’ quitting
behaviour. We apply this approach to workers foomhthe monetary costs of travel are
largely reimbursed. Our methodology avoids the gdion of a competitive labour market,
which is important in the context of universiti@gjich have been shown to have monopsony
power (Ransom, 1993, Barbezat, 2004). Given a ctiiyeelabour market, hedonic wage
approaches are widely applied, but have been showrduce biased estimates, in particular
in environments where workers search for other {blvgang et al., 1992; 1998).

Compared to previous studies that use a similahogetogy (e.g. Manning, 2003a;
2003b; van Ommeren and Fosgerau, 2009), our applicaffers two methodological
advantages. First, we focus on workers from oneeausity who share the same workplace
location, so many — difficult to observe — diffeces related to employer’ industry and

workplace location are controlled for (see, ZaxX@LLQVillanueva, 2007; Gruetter and Lalive,



2009). Second, we uselministrative data that contain detailed information about wages
we largely avoid the measurement-in-wage problesmmon in survey data, which biases
the estimates (Van Ommeren and Hazans, 2008)elndhtext of commuting, it is important
that our data are also informative about the presef other transport-related fringe benefits
(monetary travel subsidies, on-site parking pepntitat determine largely the monetary cost
of commuting, and precise information about jobe (type of function, career opportunities).
Furthermore, we have rather precise informatioruaiee hours worked per day (as well as
number of days per week). This is relevant as theoedicts that workers with few daily
work hours have a higher time cost of commutingrfMag, 2003a). To test this theory is not
only relevant as it explains why (female) workeighwew working hours commute less, it
also helps us to understand the relationship betwabour supply and commuting, a
relationship which has received much attentiorhi theoretical literature (Parry and Bento,
2001; Arnott, 2007; Gutiérrez-i-Puigarnau and vanr@eren, 2010).

The structure of the paper is the following: Satti2 provides the theoretical
methodology to derive workers’ willingness to pay tommuting time. Section 3 contains
the data description. The empirical analysis is@need in Section 4, while Section 5 offers

concluding remarks.

2. Theory

In the current paper, we will use a dynamic seamelthodology approach to identify workers'
willingness to pay for job attributes (e.g. commagttime), introduced in the seminal paper by
Gronberg and Reed (1994).lt is essentially assumed that employed workergeho search

for other jobs that are offered with a certain @oibty given an endogenously chosen search

! We follow Van Ommeren and Fosgerau (2009) who hextended this approach by relaxing some
of the underlying assumptions. For empirical amgians, see, among others, Manning (2003a,
2003b), Dale-Olsen (2006) and Isacsson and Swa@bv{.
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effort. Each worker has a job which provides a wage job attributes and workers know the
distribution of wages and job attributes of otheyy. Given an offer, workers have to accept
or reject jobs.

The main idea of this approach is to use infornmaibout employeegbb quitting
behaviour (or job search behaviour). Given stationarity agstions on the search
environment, the employees' marginal willingnespdg for a job attribute is then obtained
from the ratio of the marginal effect of the joltridute on the probability to quit and the
marginal effect of the wage on the probability tatdVan Ommeren and Fosgerau, 2009).

More formally,

_ 0v/ox _ 0Pr(job quit)/ 0 Pr(job quit
" ov/ow ox ow

1)

where MWR is the workers' marginal willingness to pay fotriatite x, v is the workers'
current utility of a job, which is a function ofhoattributex and wagew (év/ow>0), and
Pr(job quit) denotes the probability that a worketuntarily leaves the organization. This
result is intuitive: employees attach a certairs)dility to job attributes as well as to wages,
which is revealed through the likelihood that enyples quit if workers are confronted with a
marginal change iw andx. We will now focus on one job attribute: commagtitime.

To estimate (1), one has to put some restrictionthe functional form of Pr(job quit).

If it is assumed thaPr(job quit)= f (B, logx+ S, logw |, wherepy andBy < O are parameters

to be estimatedpgx is the logarithm of commuting time logw is the logarithm o, andf is

an arbitrary continuous function (increasing inatgument), then:

MWP, =%";V )

Hence, to derivIWP, and therefore the workers' cost of commutings gufficient to obtain

estimates oy andfy.



The above specification dfignores interaction effects between commuting tand
other variables. According to theory, the lengthitef working day is important, because the
MWPx is proportional to the inverse of the daily hoafsvork, denoted by (see, Manning,
2003a). This is intuitive as workers with few war§i hours per day apparently have high
opportunity costs of working. To capture this, welude also the ratio of log distance and
daily hours inf, so Pr(job quit)= f (B, logx+ S, logx h+ S, logv |, wheref, < 0 andBy +

Bw /h < 0. The MWR must be changed accordingly and now it reads|ksvis

MWP, _Bw, Ba W @3)

So, to estimate MW one must estimafg, fw andpxn.

3. Data Description

We focus on employees of the VU University in Amndtam, which is (accidentally) located
at the most expensive location in the Netherlén@li;employees work at the same workplace
location. One of the main characteristics of tbisakion, relevant to the current application, is
that it is at walking distance from a train stafiah cycling distance from the city centre and
many suburbs of Amsterdam and only a couple of msurive from a major, although
heavily congested, highway. We use detailed adinatige data for employees who are
younger than the compulsory retirement age (65sye&o limit the impact of involuntary
transitions into retirement, and who are on a peenacontract. As the involuntary quit rate
of personnel on permanent contracts is negligisie,may safely assume that all quits are

voluntary, as required by the theoretical framewaekailed in Section 2. The data refer to the

%2 We believe the choice of an expensive locationtesn accidental. When the VU university was efstaédl as
this location was not expensive.
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month February in the years 2003 until 2010, whitbws us to calculate annual quit rates.
In total, we have 19,554 observations about qgjttiehaviour from 5,303 employeés.

We have information on a range of workers’ chamasties: age, commuting distance,
gender and hourly gross wage. Most studies focugzages to derive the workers' marginal
willingness to pay but one may also use otimenetary job attributes. In our application,
employees who travel by public transport receiveimbursement of about 50% to 70% of
the travel cost, whereas other employees, if timengoting distance exceeds 10 km, receive a
reimbursement of € 0.04 per one-way km per daytougp maximum of € 65 per month. One
might consider to use a reimbursement is an addititactor in the quit decision. However,
since the reimbursement is small relative to thargaabout 4% of the gross wage, we have
included it in the gross wage. Distinguishing beswehese monetary components does not
change the results.

Furthermore, we use weekly hours, number of daysked per week as control
variables’ We also use information on daily hours worked \mhige use to interact with
commuting distance. We derive average daily hoyrdibiding weekly hours by number of
workdays. This creates some measurement errorubedar some workers daily hours vary
per day of the week (e.g. they work 4 days 8 hams one day 4 hours). For the last two
waves of the sample, we have detailed informatiothe exact number of hours worked per
day of the week. It appears that only 8% of workeny daily hours over the week. Thus, the

average number of daily hours is a rather accumat@sure’®

® The 2010 wave is merely used to determine quistt® dummy variablguit, is 1 when worker is
observed in wavebut not in wave+ 1.

* We exclude few observations with a commute lorthan 150 km, a commuting reimbursement
above 20% of the salary, daily working hours lésmnt1.5 or in excess of 10 or a hourly wage above
€100.

® Using daily hours rather than weekly hours or nunibelays worked per week generates identical
results to the results presented here.

® We also lack information about the start time (Gagiérrez-i-Puigarnau and van Ommeren, 2012).
However, as a rule, most workers and in particiaenlty members are quite flexible regarding time.

6



Administrative data usually do not contain inforroat about workers’ educational
level. Fortunately, the university’s personnel gileontain information about the workers’
academic title. We were thus able to infer educatidevel, distinguishing between workers
without university degree, with a Master degrea &hD’

We know workers' job title, which allows us to digfuish betweetiaculty members,
academic support staff (teaching and research support functions, inclyditudent relations)
andadministrative staff.2 We have also incomplete information about (the arse eligibility
of) parking permits, which we use as a control alsle. Parking permits are provided to
eligible employees (at a cost of less than € 1dpg), but as only 30% of the employees who
are eligible apply for it, the policy is not restive for most workers and few workers travel
by car who don't receive a parking perfhitve also control for the use of public transprt.
These data indicate that at least half of workersraute by bicycle.

We also control for recemromotions. This is relevant in a search context but usually
difficult to control for. We are able to do so, hase the wage policy of the university is
based on 10 broad wage scales; wage scales dnerfgubdivided into maximally 12 steps.
Advancementithin a scale is, almost always, automatic: one stepyear. Advancement
between scales, however, is not automatic: passage optodkt wage scale is conditional on

a successful job evaluation. Hence, each progressiscale implies a promotidn.

" We also know if the field of study was technicaé.( engineering) or law, but distinction by field
appeared not to be relevant for the results predent

8 Faculty members, academic support and adminigtratiaff represent respectively 26, 17, and 57%
of the workforce on a permanent contract.

° Eligibility depends on the ratio of car and puliansport travel times. In addition, some parking
permits are allocated by faculties. Unfortunateb/were not able to recover complete information on
permits allocated by faculties as information fog first years of our sample was particularly poor.

1% Information about public transport is derived framnual commuting reimbursements that depend
on the mode of transport. Probably this understaidsic transport use by several percentage points.
Company cars are important fringe benefits in thethsrlands (Gutiérrez-i-Puigarnau and van
Ommeren, 2011), but not provided by public orgaivosa such as universities.

' The dummy variableromotion; is 1 when workersis observed in wage scdtein t-1 and in wage
scaleH+1 (or higher) at time.



In addition, we aim to control for tHack of promotion opportunities. Normal career
progression entails that workers move to the neateswhen they are between tHeahd 7
step. Hence, most workers that are relatively highin the step level are either less
productive than it may have been expected a poohave attained a scale level such that
promotions are difficult to realise within the uargity. In particular, workers at the very top
of the scale are likely to have been passed omr@mmotion many times in a row, and it is
thus very unlikely that they will be promoted inetliuture. Since the lack of promotion
possibilities will affect the workers’ expectatiohwage increases with the current employer,
we have included a dummy variable signalling whemoaker is at the top of the scale (e.qg.
step 10 to 12).

The average one-way commuting distance of worker22 km, so the daily
commuting distance travelled is 44 RfiThe average full-time equivalent gross yearly wage
is €47,665, above the average gross salary of Dutwkers (about €32,000). The average
gross hourly wage is €26.5, which amounts to amraae gross daily wage of €212. Most
workers face a marginal income tax rate of abo@ 56onsequently net average daily wage
is about €106 and the net hourly wage is just alidd Summary statistics of other variables

used in the analysis are provided in the appendix.

4. Empirical Analysis

To estimate the workers’ marginal willingness tg @ commuting time, we have estimated
the workers’ probability to quit, using a workendom effects logit model (Model 1). The

results are presented in Table 1 in columns 1 ficomits) and 2 (marginal effects). It appears
that the distance to daily hours variable has atipeseffect (0.844 with a standard error of

0.444), although it is imprecisely estimated. Tfiea of distance itself is highly insignificant

2 1n the Netherlands, the average one-way commutisgnce is about 17 km, it raises to 21 km
among workers with university degrees.



(t-value is 0.15). Because a standard likelihodib reest shows thaboth distance variables
are jointly highly significant §*(2) = 12.42), we present the results of a model drdy
includes the distance to daily hours variable (Md)e This is equivalent to setting=0 so
that the entire first term in equation 3 equal®zé&he difference in the log likelihood of both
models is trivial and in terms of interpretatioe tlesults are identical.

We find a negative effect of wagg, = -1.216 (s.e. 0.169), whereas the effect of the
ratio of commuting distance to daily houps,, is positive (0.889 with a standard error of
0.219)" This implies that the workers' willingness to payavoid a longer commute is
decreasing in daily working hours, in line with Mmmg (2003a). The specification implies
that the MWR for a full-time worker who works 8 hours a dayhaslf the MWR for a part-
time worker who works only 4 hours a day.

Equation (3) implies, evaluated at the mean, thataverage MWJPto reduce the
commute by one kilometre is €0.490 (s.e. 0.130),€6245 (s.e. 0.065) per kilometre
travelled** Given an average commuting speed of 40 km/h, dbisesponds to an average
willingness to pay of about €9.80 to avoid one houcommuting (with a standard error of
2.59), about 75% of the average net hourly wage.

It is plausible that this estimate predominantljere to time losses. Usually, it is
thought that monetary costs and the monetary vafuthe time losses are of the same
magnitude (van Ommeren and Fosgerau, 2009). Howewenkers who travel by public
transport receive an imbursement between 50 to gf0¥e expenses, so for these workers the
costs predominantly refer to time losses. Also wotheorkers received a monetary

compensation (up to € 60 per month), as parkingsare quite small (less than € 1 per day).

¥ We have also estimated models including a quadtatim in log wage. Although the latter term
appears significant, within the relevant wage ratige effect on the probability to quit is negative

4 Standard errors are calculated using the delthodefThe average daily net wage is €106, daily
work hours is 7.27, and one-way commuting distan@2 km.
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Tablel: Random effects logit estimates of the poditato quit

Model 1 Model 2
Marginal Marginal
Dependent variable: quit Coefficients |Effects Coefficients |Effects
log wage -1.216* -0.105* -1.216* -0.105*
(0.169) (0.015) (0.169) (0.015)
log distance 0.010 0.001
(0.074) (0.006)
log distance/daily hours 0.844 0.073 0.898* 0.078*
(0.444) (0.038) (0.219) (0.019)
no promotion opportunities 0.154* 0.013* 0.154* 0.013*
(0.076) (0.007) (0.076) (0.007)
recent promotion -0.682* -0.059* -0.682* -0.059*
(0.108) (0.009) (0.108) (0.009)
public transport -0.427* -0.037* -0.425* -0.037*
(0.085) (0.007) (0.082) (0.007)
parking permit -0.107 -0.009 -0.105 -0.009
(0.156) (0.013) (0.155) (0.013)
Work hours
Hours worked per week / 38 1.098* 0.095* 1.140* 0.099*
(0.498) (0.043) (0.397) (0.034)
1 day per week 1.939* 0.168* 1.968* 0.170*
(0.394) (0.034) (0.332) (0.029)
2 days per week 1.452* 0.126* 1.475* 0.128*
(0.317) (0.027) (0.268) (0.023)
3 days per week 0.912* 0.079* 0.928* 0.080*
(0.220) (0.019) (0.186) (0.016)
4 days per week 0.302* 0.026* 0.310* 0.027*
(0.123) (0.011) (0.108) (0.009)
Education
master degree -0.514* -0.045* -0.514* -0.044*
(0.102) (0.009) (0.101) (0.009)
no university degree -0.857* -0.074* -0.856* -0.074*
(0.127) (0.011) (0.127) (0.011)
Type of job
faculty -1.340* -0.116* -1.339* -0.116*
(0.115) (0.010) (0.115) (0.010)
administrative -0.718* -0.062* -0.719* -0.062*
(0.097) (0.008) (0.097) (0.008)
Number of observations 19,554 19,554
Number of individuals 5,303 5,303
Rho 0.301* 0.301*
(0.031) (0.031)
Log likelihood -6273.493 -6273.502

Note: Standard errors in parentheses, *: significain5%. The model also contains controls for ygar
dummies), civil status (4 dummies), gender, age, sguared and a dummy for two jobs at the uniyersit
Reference groups of the variables in parenthesgaber of working days (5), education (PhD), typeafeer
(teaching support).
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Furthermore, our sample contains a rather high (outthe Netherlands quite
common) proportion of bicycle users for whom marginal mamgt costs of travel are
negligible!®

We have tested this result using many alternapeeifications. For example, we have
tested if the disutility of commuting and the uyiliof wages vary among workers using a
random coefficient specification (that is we lek tkoefficient of the wage and of the
commuting distance to vary among workers). We fotlvat the implied distribution of the
coefficients is degenerate (has a variance versecto zero). We have also estimated models
with other interactions and controls (e.g. weekbyiis rather than daily hours; the logarithm
of daily hours rather than daily hours), but tl@sult remains robust.

The MWR differs strongly between full-time and part-timeonkers, because of
differences in the hours workeer day. For full-time workers, MWPRis 0.222 (with a s.e. of
0.059). The MWR for workers on part-time jobs with 20 week houes pontract is almost
twice as high: 0.396 (with a s.e. of 0.105). Weéhalso estimated the model interacting both
wage and the distance to the daily hours varialile part-time status. Both the interaction
terms are far from statistically significant (withvalues of 0.25 and 0.70 respectively).
Consequently, we are not able to detect any adaitidifference in the MWPbetween part-
time and full-time workers when accounting for th#erence in the daily number of working
hours.

We have also estimated models allowing for differiempacts of wages and distance
for faculty and non-faculty staff. We find that tkeéect of distance is somewhat higher for

non-faculty worker$® For non-faculty workers, MWPequals 0.292 (s.e. 0.081), about 20%

!> The coefficient on distance remains positive agdiicant also when wage is not included in the
quit regression, which implies that workers auw# fully compensated for their commuting losses
(Manning, 2003a; Stutzer and Frey, 2008).

® This finding also holds if we interact distancettwieducational level. The effect of wage is
statistically insignificant for faculty workers, wdhm prevents us from interpreting the MWkr
faculty workers, but the results suggest that thBWP, is (much) lower.
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higher than the population-average MW\Eported above. The effect of wage is statistcall
insignificant for faculty workers, which prevents from interpreting the MWPfor faculty
workers, but the results suggest that their MVgRmuch) lower-’

Men and women usually experience different pattefiabour market transitions, so
we have paid special attention to gender. We haxestimated the models interacting wage
and distance with gender. Using an average dailgewaistance) of €99 (38.74km) for
women and of €116 (45.64km) for men, we obtain a R{\WW 0.122 (s.e. 0.073) for men and
of 0.675 (s.e. 0.183) for women. The differencéh@ MWR;, across the gender dimension is
substantial, 0.553 (s.e. 0.193), and statisticailgnificant. These results indicate that,
consistent with Van Ommeren and Fosgerau (2009, aatarge labour market literature
which shows that women react stronger to changeldarlabour market than men, women
have a higher MWPto pay than men.

Control variables have the expected effects onptimbability to quit. For example,
career concerns are an important determinant dfiruidecisions: recently promoted workers
are less likely to quit and workers who have nonpotion opportunities are more likely to
quit. In addition, workers with a PhD are more hk#o quit. We also find that the likelihood
of quitting decreases almost linearly with the nembf days worked. The probability to quit
increases with the length of the working week, the effect is only significant at 10%
confidence level. Workers with two jobs at this amgzation are characterized by a lower
likelihood of quitting. The effect of having a parg permit is not strong enough to be
properly identified with our data. Workers commagtiby public transport tend to quit less.
This result makes sense when it is recognisedyiliah short distances Dutch workers tend to

use the bicycle whereas workers with long commutes do not use public transport usually

" This makes sense, because faculty members a@nhohigher educated than the average worker,
they have also more specialized jobs and have ftexbility with regard to teleworking as well as
work start hours, which is relevant to avoid peakgestion. Thus their characteristics mirror long-r
trends towards increasing education, specializatiahflexibility, which one observes nowadays.
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live at residence locations where the supply oflipubansport is poor, so they have to rely on
the car, but as the highways close to the uniyees# highly congested, these workers face

an unusual inconvenient commute.

5. Conclusion

The current paper estimates the university workeilingness to pay for commuting using
data from the personnel files of a Dutch universty means of a dynamic job search
approach based on job quitting behaviour. So, vemntity the willingness to pay using
revealed preferences data, whereas the majorityudies rely on stated preferences (e.g. De
Borger and Fosgerau, 2008). The approach doesehobn the restrictive assumption of a
static fully-competitive labour market, see Hwanglke (1998), which has been shown not to
apply to university workers.

Our preferred estimate, robust to alternative mapacifications, implies that the
university workers' willingness to pay to avoid meokilometre increase in the commute is
€0.245. Given assumptions on speed, and notingtlieae workers hardly pay for monetary
costs of travel, this suggests a cost of commtutimeg of about 75% of the workers' average
(net) hourly wage. The cost is strongly decreasgintpe number oflaily hours worked in line

with theory, and is higher for female and non-fgcworkers.
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Appendix 1: Summary statistics

Mean Standard Deviation
quits 0.124 0.330
annual wage (thousand Euro) 47.652 18.349
log wage 3.796 0.362
commuting distance (km) 22.073 23.032
log commuting distance 2.684 0.970
no promotion opportunities 0.704 0.456
recent promotion 0.109 0.312
public transport 0.255 0.436
parking permit 0.053 0.224
Job characteristics
two jobs (at the organization) 0.021 0.144
number of weekly hours / 38 0.829 0.234
number of daily hours 7.269 0.901
Number of working days
1 0.035 0.184
2 0.044 0.206
3 0.107 0.310
4 0.213 0.410
5 0.601 0.490
Personal characteristics
men 0.603 0.489
age 45.493 10.260
age squared (/100) 21.748 9.240
Civil status
married 0.514 0.500
living together 0.141 0.348
single 0.280 0.449
widow (er) 0.008 0.089
divorced 0.056 0.229
Education
PhD 0.328 0.470
master degree 0.246 0.431
no university degree 0.426 0.495
Job type
teaching support 0.166 0.373
faculty 0.262 0.439
administrative 0.572 0.495

Number of observations
Number of individuals

19,554
5,303
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