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Abstract

This paper studies the interaction between job mobility and housing mobility by considering the
duration of commutes. Conventional models assume that the employment location has priority
over the residential location and that the latter is adapted to the former. This implies that the
duration of commutes that start with a job change is often short, because of a related house
change that follows soon. In the paper we distinguish commutes on the basis of the mobility types
that started and ended their existence. The empirical analysis of this paper shows that both job
mobility and housing mobility are often followed by repeat-mobility, but also by mobility of the
other type. These empirical results refer to a sample of Dutch workers who reported changes on
the housing and labor market between 1990 and 1998.

In order to capture these empirical findings in a formal model, we specify duration models that
focus on the time during which employment-housing arrangements (hence, commutes) remain
unchanged. We start with estimating univariate duration models for commutes and proceed to
competing risks models. Estimation results for these models confirm that commutes that start
with housing mobility and those that start with job mobility have similar characteristics with
respect to induced future mobility. Moreover, we find that the commuting distance has a limited
effect on job mobility, that there is no evidence for the existence of a critical commuting distance
and that workers belonging to dual earner households are more mobile on both markets than
others.
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1 Introduction

The commuting distance is the result of work location and residential location. A change
in either of the two will usually imply a change in the commuting distance. In the course
of their life most people change job or house a number of times. Sometimes these
changes are motivated, at least in part, by a desire to shorten the commute. Although
changes in job location and residential location may coincide, usually one changes while
the other remains unchanged. Even if, for instance, a change in residential location is
motivated by a preceding change in job location, a time period of some months may
elapse between the two moves. This suggests that the development of commutes over
time should be considered as a process of sequential adjustments of housing and
employment to changing needs and opportunities. This is the basic idea of the present
paper.

The bulk of the relevant economic literature on commuting presupposes a much simpler
mechanism that generates commuting distances. For instance, in the early versions of the
monocentric model of an urban economy, all employment is located in the center of the
city. Job changes will therefore never imply a change in work /ocation and in commuting
distance. Moreover, the workers have constant preferences and there is therefore no need
to adapt the residential location in response to changes in family size or other socio-
economic factors. Later versions of the model of the urban economy have relaxed many
of the original assumptions. However, it is well known since the publication of
Hamilton’s (1982) article on wasteful commuting and the subsequent discussion in the
literature (see Small and Song 1992 for a possibly definitive statement) that these models
predict actual commuting patterns badly. The introduction of more realistic assumptions
about the functioning of the labor market allows for an explanation of excess commuting
in terms of optimizing behavior (cf. Rouwendal, 1998).

The focus of urban economics models is on the major characteristics of an urbanized area
in a long run equilibrium or steady state. In contrast, recent literature has suggested that
commuting behavior is influenced considerably by variables operating at the individual
or household level such as the number of workers in a household, the presence of young
children (see e.g. Rouwendal and Rietveld, 1994). Indeed, preferences with respect to
housing, employment and commuting exhibit substantial heterogeneity (Rouwendal and
Meijer, 2001). This suggests that it is important to gain more insight into the behavior of
individual workers or households with respect to commuting (cf. Hanson and Pratt,
1988). Accordingly we study in this paper the behavior of individual workers with
respect to commuting, without paying explicit attention to the mutual coordination of
their decisions by the distribution of housing and employment over the urban area in
which they live. This allows us to focus on the micro-aspects of changes in commutes
and therefore to avoid the strong a priori hypothesis about the interaction between labor
and housing markets that are often associated with a macro-approach.

The approach we use in this paper is based on the idea that workers are adapting their
residential and work situations to changing circumstances. Since changing house or job is
costly, small changes in circumstances will usually not lead to changes in either house or
job. However, small changes may have cumulative effects, for instance when gradually
obtained job experience improves the possibilities for a worker to move to a job that
requires more human capital and offers higher earnings. On the other hand, there may
also be substantial changes in circumstances, such as the threat of becoming unemployed,



that make it desirable to find another job. Similar remarks can be made for the desire to
change house. A researcher is usually not informed about all the reasons an individual
can have for changing residential or work location. It seems therefore attractive to
construct a model in which the possibility that a change in residential or work location
takes place is analyzed as a stochastic process. This means that our model should be
concerned with the probability that an individual worker with a particular set of
characteristics will change house or job in a specific period. The statistical models that
analyze such processes are called duration models. Probably the best known of these is
the proportional hazard model developed by Cox (1972) and made popular in the
econometric literature by Lancaster (1979). In this paper we apply such models to
analyze changes in the commute. Duration models have been applied repeatedly to
analyze the duration of job spells and residential spells (see the literature review below).
Since commutes change when either the job location or the residential location changes,
it seems natural to use this approach for studying the dynamics of commutes as well.

It may be expected that changes in residential and job location are influenced differently
by variables such as being an owner-occupier or the wage rate. If one wishes to
disentangle the effects of the explanatory variables on changes in the labor and housing
market, one has to take into account explicitly that there are two possibilities for
changing a commute, viz. a change in the residential and work location. Statistical
models that are able to deal with such a situation are known as competing risks models
(see Flinn and Heckman, 1982, for an early econometric application). We will apply such
a model as well.

We proceed as follows. In section 2 an overview of some relevant literature is provided.
It concludes with the observation that the relation between mobility on the labor and
housing market is not well understood. In section 3 we discuss the duration models that
we use later in the paper. Section 4 discusses the data. In section 5 we provide a
preliminary non-parametric analysis of the hazard rates for ending a commute. We focus
on the question whether commutes that start because of job mobility differ from those
that start because of housing mobility in their effects on later mobility. According to
traditional insights, job mobility would trigger housing mobility, but not the other way
around. We find little support for this view. In order to give a more complete analysis in
which the role of other explanatory variables such as worker characteristics can be
studied, we estimate flexible parametric duration models. Results are presented in section
6 and 7. We pay some attention to the effect of the commuting distance on the hazard for
ending a commute. Somewhat surprisingly, we only find a significant effect on job
mobility. Moreover, we are unable to detect a threshold effect. Section 8 discusses the
implications for the duration of commutes for workers with particular characteristics,
such as belonging to a dual earner household. Section 9 concludes.

2 A review of related literature

There is a large literature on residential mobility and dynamic labor market analysis. We
make no attempt to survey this literature as a whole, but concentrate on studies that
consider the relation between both or that use duration analysis.



Residential mobility

Most studies that use duration analysis concentrate exclusively on either the labor or the
housing market. The separation between the two branches of the literature is well
illustrated by the fact that Ginsberg (1979a,b) introduced the statistical techniques of
duration analysis in the study of residence histories at the same time when Lancaster
(1979) did so for unemployment histories.

Ginsberg (1979) deals with heterogeneity by estimating separate models for various
groups. He finds that, except for singles and people with high incomes, a constant hazard
rate is not supported by the data. The duration effects for the other groups can be
described by a Gompertz distribution. His study seems to have gone largely unnoticed.
Henderson and loannides (1989) develop a model that explains tenure, length of stay as
well as housing consumption simultaneously. They use lognormal distributions for the
completed spells of renters and owners and estimated separate equations for both.' This
study inspired that of Gronberg and Reed (1992), which concentrates on residential
spells. It assumes constant hazard rates for renters and owners and find that increases in
education, age, and being married all decrease the expected length of stay for both
owners and renters. These studies hardly pay attention to linkages between labor market
and housing market. Income is usually included as an explanatory variable, but other
variables, such as the commuting distance or indicators of job mobility are absent.
From other contributions to the literature on residential mobility, we know that residential
mobility is related to stages in the life course of households, summarized by the age of
the head, the size of the household and the amount of space in the dwelling (cf. Deurloo
et al., 1987; Clark and Dieleman, 1996). Some recent contributions also include the
commuting distance (Van Ommeren, 2000; Van der Vlist et al., 2002) or regional labor
market factors (Henley, 1998) into the analysis of residential mobility.

Labor mobility

There have been numerous applications of duration analysis on labor market issues, most
of them focusing on the duration of unemployment (see Devine and Kiefer, 1990), which
is of less interest for the purposes of the present paper. There are only a few studies of the
duration of employment in a particular job. One of these is Van den Berg (1992) who
finds (among other things) that transition rates from one job to another increase with the
home/work distance, and with education and decrease with age, whereas married workers
have lower transition rates than others. He also estimates the cost associated with moving
to another job and finds them to be higher for workers with a small commute and for
those who expect it to be difficult to sell the present house or to rent another one after
moving job. These findings point to important interactions between mobility on the
housing and on the labor market and are supported by later work (cf. Van den Berg and
Gorter, 1997; Van den Berg and Van Vuuren, 1998). A number of papers dealing with
the estimation of equilibrium search models have also reported results on the duration of
employment (see e.g. Van den Berg and Ridder, 1998).

Interaction between both types of mobility
The connection between housing tenure structure and labor mobility has been subject to a
long standing interest from labor economists. Hughes and McCornick (1987) and

"It is well known that homeowners tend to be less mobile than renters.



Muellbauer and Murphy (1991) find that the owner-occupier housing market in the UK
account for regional labor mismatches, a low level of labor mobility and other
inefficiencies in the British labor market. Regional commuting then can help to overcome
the imperfections on the housing market (see also Jackman and Savouri, 1992; Meen and
Andrew, 1998; Cameron and Muellbauer, 1998; Whitehead, 1999). These studies focus
on an aggregate level of analysis, and are therefore of less interest for the purposes of the
present paper.

A number of micro-oriented studies that focus on the relation of the housing and the labor
market take either employment fixed or study mobility on the housing market after a
change in the job location has occurred.

Wachs et al (1993) study the development of the commuting pattern of some 30.000
employees of a Californian firm during the period 1984-1990. A major finding of this
largely descriptive study is that work trip lengths had on average not grown. Since most
of the people involved in the study did not change their work location” attention was
focused on the determinants of residential relocations. The analysis by and large confirms
the authors’ hypothesis that the length of the commute is only of secondary importance in
the choice of a residential location. They find that workers that commute over longer
distances are more inclined to move than others, which suggests that long commutes
induce workers to move closer to their workplace. However, they also find that those that
move to an owner-occupied house tend on average to increase the length of their
commute.

Van Leuvenstein and Koning (2000) use duration analysis to consider a number of
hypotheses about the relation between labor market and housing markets. They find that
employed workers are less likely to move to another house if they are owner-occupiers,
but note also that the positive effect of job mobility on housing mobility is especially
high for home owners. Unemployed homeowners and homeowners that do not have a job
are more likely to move than renters. Homeowners are less likely to move to another job,
but are also less likely to become unemployed or to end participation on the labor market.
These results are obtained on the basis of estimating separate duration models for the
housing and labor markets.

An attempt to take the simultaneity between durations on the housing and labor market
explicitly into account is given by Van Ommeren, Rietveld and Nijkamp (1999). They
present estimation results for a bivariate model for job-to-job and residential mobility and
interpret the results from the viewpoint of a (conceptual) model of simultaneous search.
A main result of the empirical analysis of this paper is that residential and labor mobility
are unrelated if the effect of the commuting distance on both is taken into account. In
their model there is no duration dependence (i.e. the probability of moving job or house is
constant, conditional on the values of the explanatory variables). The correlation between

* Since the firm involved had various locations, some workers changed their job location without a change
of employer.



the residential and job durations is found to be insignificant. This finding is somewhat
surprising, and Van Ommeren et al. themselves seem to be somewhat skeptical about it.?
It is well known that changes in residence (jobs) are often followed by other changes in
residences (jobs) due to, for instance a division of the population in groups with a high
and a low propensity to move. Such heterogeneity introduces duration dependence,
because people who have held the same residence (job) for a long period are more likely
to belong to the ‘stayers’. Clark and Whithers (1999) have analyzed the effect of job
mobility on residential mobility and find that the former often ‘triggers’ residential
mobility. This effect is most pronounced for single renters. This suggests that it might be
important to take into account the possibility that a change on the labor or housing market
influences the propensity to move on the same or the other market immediately after the
move. This can be done by incorporating the commuting distance as an explanatory
variable for mobility on both markets, but this is not necessarily the only way in which
the two markets are interrelated.

Zax (1991) concentrates on the effect of a specific ‘shock’ in the housing employment
arrangement of households on their decisions with respect to job and residential
locations. He studies the effects of a relocation of a firm from the CBD of Detroit to the
suburbs on the residential and work locations of its workers by means of a bivariate
probit model. As a consequence of the relocation, the commute of some workers
decreased, whereas that of others increased. The ‘losers’ tended either to move house or
to change their job, but the occurrence of one reaction diminished the probability of
observing the other. Moves and quits should therefore be regarded as substitutes. Zax
argues that the costs of mobility on either market, and the possibility to change the
commute to any desired length by means of a single move explains this behavior.

Clark and Withers (2001) notice an apparent contradiction in the recent literature on
commuting by Dutch authors:*

‘On the one hand they identify a correlation between residential and labor-market
mobility and on the other they downplay the trigger effect of a job change’”’

In this paper we attempt to shed more light on this issue by analyzing the duration of
commutes, while focusing explicitly on the interrelation between job changes and
residence changes. We start our analysis by focusing on the effects of a move on the
housing or labor market on the probability of subsequent moves on either market. We
continue with estimating some flexible duration models that allow us to take into account
the effect of explanatory variables such as the commuting distance and the correlation
between the length of employment and housing spells after a change in either job or
house.

? They state that ‘there might be a good reason why our model does not reject theindependenc hypothesis
even when it does not hold. Statistical models do not predict very well residential or job mobility. The
regressors [..] are poor approximations.” (Van Ommeren et al., 1999, p. 249).

* They mention Van Ommeren et al. (1997, 1999), Rouwendal and Rietveld (1994) and Rouwendal (1999).
® Clark and Withers (2001), p. 5



Throughout the paper we use a reduced form approach. This is in line with most of the
literature discussed above. The development of a full-fledged structural model would (if
possible at all) probably require us to introduce restrictive additional assumptions, which
can now be avoided. The reduced form approach allows us to concentrate on the
properties of the data.

3 Duration models

In this section we present the statistical models that will be used in the empirical analysis
of the next section. We start with a brief general introduction of the models and continue
with a more detailed discussion of two approaches to competing risks models.

Hazard rates

The time that a commute exists can be regarded as a random variable 7. Its distribution
depends on the characteristics z of the commuter, and we write it as F(¢|z) The vector z
refers to characteristics of the household, the job, the house and the comute. The
distribution function determines the probability that a commute will end in a particular
time interval. It is common in econometric analysis to analyze the duration of phenomena
by means of the hazard rate A(¢ |z), which is defined as:

Atlz)=lm,  Prt<T <t+A|T >tz)

_ f]2) (1)
C1-F(t|2)’

where f{#|z) is the density function of T (i.e. f{t|z)=dF(t|z)/df).° For a small time interval
the product A(¢ |z)A is approximately the probability that the duration will end during A
after 7, conditional upon it not having ended earlier. If 7'is a discrete random variable,
with its mass points referring to periods, the discrete hazard is defined as:

(Z
AT 5=—LD
1-2.£(t]2)
J<i
In this equation 7 is an index for periods. In the next section we will make use of (2) in
order to give an exploratory analysis of commuting spells. For a more in-depth analysis
we will rely on the more advanced models that will be discussed below.

)

Generalized Accelerated Failure Time models
We can consider the length of a (commuting) spell 7 as a random variable, which may be
analyzed by specifying a convenient distribution for it. For instance, we may assume:

In(t)=¢ (3)

with &normal distributed. This implies that the length of a spell is lognormal distributed.

® See e.g. Kiefer (1988) for a more elaborate discussion.



Explanatory variables may be introduced in this model by assuming that they accelerate
or decelerate the failure time, i.e. by generalizing (3) to:

In(a(z)t) =& 4)

with a(z) a function of the explanatory variables. It is conventional to assume a(z)=exp(-
[z). After substitution in (4), this results in:

In(t)=fz+¢ (5)

This equation is defines the so-called Accelerated Failure Time Model. Henderson and
Ioannides (1989) used this model in their analysis of housing spells, with & normal
distributed.

A further generalization can be obtained by replacing time ¢ in (5) by an increasing
function of time. Denoting this function as , we arrive at:

In(A(?))=fz+¢ (6)

This equation characterizes the class of Generalized Accelerated Failure Time (GAFT)
models (see Ridder, 1990), to which most — if not all - duration models used in
econometric analysis belong.

The probability that a duration ends between ¢, and #, can, according to the GAFT
specification, be written as:

Pr(t, < T <1,) = Pr(In(A(,)) - Bz < T < In(A(t,)) - f5)
In(A(ty))-f= (7)

= |1

In(A(t)-f
where fis the density function of &.

The model proposed by Han and Hausman

The function A(7) can be related to the hazard rate in the following way. Without loss of
generality, we can measure z in terms of deviations from a reference value z*, for
instance its mean. It can be shown that for the case in which z=0, A() is equal to the
integrated hazard rate. We denote this baseline hazard as Ay(2)=A(¢0):

t
A(t)=] Ao (2)d7 (8)
0

Han and Hausman (1990) observe that in economic analysis the data often refer to
discrete time periods in which spells and not to exact points in continuous time. They



argue that it is therefore not restrictive to interpret the baseline hazard as a step function. ’
They define new variables ¢; that refer to the log of the integrated baseline hazard as
follows:

5 = h{ [, (T)df), i=12,.,T ©)
0

where the #,’s are the endpoints of the time periods. From now on we will assume that
these periods are of unit length, i.e. t=i, i=1,2,.. .

Using this, the probability that a spell ends in period # can, on the basis of (7), be written
as:

6—f
Pr(t—1<T <t)= j f(e)de. (10)
S~ f

The &’s can be considered as parameters to be estimated jointly with the £’s. Han and
Hausman propose the use of the normal distribution for /. The model can then be
estimated as an ordered probit model. This provides a flexible and convenient
specification for a duration model, which will be used in the empirical work reported
below.

Generalization to competing risks models

In the context of the present paper, we have to deal with two hazard rates, one referring to
job changes, the other to changes in the residential location. In the presence of two
possibilities for ending the duration of a commute, one can distinguish 77, the time until a
change in job location takes place, from 75 the time until a change in the residential
location takes place. The minimum of the realizations of these two determines the
observed duration of a commute. This is the bivariate competing risks model.

We should allow for the possibility that the random variables 7; are dependent and denote
their joint distribution function as F(#,,¢;|z) and the associated density as f{?;,2;|z). Only
the minimum u of #; and #, is observed by the researcher. The hazard A(u|z) can be written
as the sum of two conditional hazards (see the appendix):

Aw|z)=24*W|z,T, >u)+ A, *(u|z,T, > u) (11)

If time is measured as a discrete variable, a discretized version of (11), which is
analogous to (2), should be used.

We conclude this section with a brief description of the generalization of the univariate
model of Han and Hausman described above to the competing risks case. We use suffixes
for the two risks, 1 refers to residential mobility, 2 for job mobility. This is easily done if
the two risks are independent. If there are two independent competing risks, both can be

7 See Ridder (1990) for a discussion of identification of the model in situations in which only the time
periods in which durations end are observed.



modeled in the way described above. For instance, the probability that a commute ends in
period i because of a change in residence is equal to:

o —piz ©
Prt-1<T,<t.T,>T,|2)= [ [f(e)f(e,)ds, de, (12)

Opa=piz my(e)

where m(¢;) 1s the lower bound for the integration over & which should coincide with
t;=t>. The determination of the value of m(¢;) is discussed in the appendix. The equation
for the case in which the commute ends because of a change in workplace is similar.

The generalization to dependent competing risks that is suggested by equation (12) is to
substitute a bivariate normal density function for the product of the two univariate normal
density functions. This is exactly what Han and Hausman (1990) (see also Sueyoshi,
1992) have done to formulate a flexible and relatively easy-to-handle parametric
specification of a competing risks model. Equation (12) then becomes:

—51,1—/512 ©
Pr(t-1<T, <t,T,>T,|2)= | [ f(e1.6,)de, de, (13)

=S a—Pz my(e)

where fnow denotes the bivariate normal density function. The correlation coefficient p
can be estimated jointly with the f’s and J's.

4 Data

The data we use in the empirical analysis have been collected in 1998 in order to
document and better understand the changes in commutes, and possible interrelations
between the commuting, residential relocation and job relocation decisions of households
(see MuConsult, 1999). The 456 respondents of this survey were a subset of the
respondents of the 1995 Dutch Time Use Survey (in Dutch: TijdsBestedings-Onderzoek,
abbreviated as TBO) (CBS, 1995) who had indicated to be willing to be involved in
further surveys. When these respondents were again contacted in 1998, a short
preliminary questionnaire was used in order to find out which respondents had
experienced at least one change on either the labor or housing market. Since the survey
was focused on changes in commutes, respondents who had realized at least one move on
either the labor or the housing market were deliberately over-represented in the survey. It
also turned out that the potential respondents who had moved between 1995 and 1998
(i.e. who could not be contacted in 1998 on their 1995 address) were underrepresented in
the survey because it was in some cases impossible to figure out their new address. We
corrected for the effects of these two types of selectivity in our database by constructing
weights.®

In the survey, individuals were asked to report in which month changes took place, and
whether the change was a residential or a job relocation. This information enables us to

¥ The relative probability of being incorporated in the sample was .38 for those who moved house between
1995 and 1998 and .25 for those who did not move at all between 1990 and 1998. The weights are the
inverses of the relative probabilities. The weights were scaled in order to keep the number of weighted
observations equal to the number of unweighted observation (456).



Table 1 Changes on the housing and labor markets per year

Housing market Labor market
Year JobtoJob Jobless to Job  Job to Jobless
1990 41 35 2 5
1991 42 30 1 3
1992 52 35 3 2
1993 48 30 5 3
1994 43 36 3 11
1995 45 33 3 6
1996 39 43 6 9
1997 45 47 2 2
1998 24 28 2 1
Average per year 44.7 38.4 3.4 4.6

Computations based on weighted observations. The figures for 1998 refer to approximately half a year (the
survey was conducted during the summer). Computation of the averagesused the 1998 figures multiplied
by 2.

construct the number of transitions, and the associated spells in labor, housing and
commuting states for the complete 1990-1998 period.

We start with some descriptive information. Table 1 gives the number of moves on the
housing and labor market in the years 1990-1998.

Table 2 provides information about the numbers of housing, job and commuting spells.
Most of the spells that are incompletely observed because their start, completion or both
are outside the observation period 1990-1998. In the analysis that follows we concentrate
on the spells that start in the observation period, i.e. on spells that are either completely
observed or right-censored. Commuting spells are time intervals between moves on either
the housing or the labor market. They are therefore on average shorter than either housing
or job spells. However, from the third panel of Table 2, we observe that the average
completely observed commuting spell is just a little bit shorter than the analogous job
spell. A similar phenomenon can be observed for right censored spells, whereas for left-
censored commuting spells we the difference with the analogous housing spell is small.
Note also that the total number of (partially) observed commuting spells, 1074, is
substantially less than the sum of the total number of housing en employment spells (835
and 721, respectively).

5 Are job mobility and housing mobility related?

In this section we take a first look at the relation between mobility on the housing market
and mobility on the labor market by computing a number of hazard rates from our data.
Figure 1 presents the hazard rates for all observations. The hazard rate in year ¢ is equal to
the ratio between the number of commuting spells that have been completed in the #-th
year of their existence and the number of observed commutes started after 1989 that have
lasted at least -1 years. Left censored commuting spells therefore do not play a role in
these computations. Right censored spells are contained in the denominator. This
computation follows (2).
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Table 2 Observed housing, job and commuting spells

Housing spells
Length Started after 1989  Started after 1989  Started before Started before
(years) Completed Uncompleted 1990 1990
Completed Uncompleted
0-1 35 37 56 -
1-2 25 40 34 -
2-3 23 32 36 -
34 27 24 25 -
4-5 19 28 21 -
5-6 9 21 22 -
6-7 5 19 17 -
7-8 3 19 21 -
8-9 0 15 5 221
Total 146 233 235 221
average length of 2.68 3.75 3.29 8.50
observed spell
Job spells
Length Started after 1989  Started after 1989  Started before Started before
(years) Completed Uncompleted 1990 1990
Completed Uncompleted
0-1 67 48 32 -
1-2 37 38 23 -
2-3 24 27 25 -
34 20 13 19 -
4-5 6 15 18 -
5-6 8 11 11 -
6-7 5 10 13 -
7-8 1 8 17 -
8-9 0 13 13 201
Total 168 182 170 201
average length of 1.98 3.12 3.75 8.50
observed spell
Commuting spells
Length Started after 1989  Started after 1989  Started before Started before
(years) Completed Uncompleted 1990 1990
Completed Uncompleted
0-1 181 68 76 -
1-2 94 57 42 -
2-3 65 46 33 -
34 43 22 26 -
4-5 24 22 22 -
5-6 11 17 12 -
6-7 13 11 20 -
7-8 2 11 16 -
8-9 2 15 8 116
Total 435 268 255 116
average length of 1.90 291 2.98 8.50

observed spell

Legend All figures are based on weighted observations.
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Figure 1 here

Figure 1 shows that the hazard decreases over time. The probability that a commuting
spell ends in year ¢, given that it is still in existence at the end of period -1 is therefore
decreasing in . Commutes that are ‘young’ have a relatively high probability of being
completed, whereas for commutes that are ‘old’ this probability is low. This development
of the hazard rate over time may be caused by heterogeneity in the population, related for
instance to the existence of groups with high and low probabilities for ending a
commuting spell. Another possibility is that the move that starts a commute often triggers
a next move. We noted earlier that Clark and Withers observe that job mobility gives rise
to increased residential mobility. However, it should be clear that this is not the only
possible explanation of the pattern shown in Figure 1. Repeat-mobility may also occur on
the market where the first move took place.

If the job location has primacy over the residential location as is often supposed in the
literature, one would expect that commutes that started with job mobility to be often soon
completed because of an adjusting move on the housing market. On the other hand,
commutes that started with a move on the housing market should not be expected to give
rise to further mobility on either the labor or the housing market. In order to see whether
this view is correct, we have split our population of commutes into those that started by a
move on the housing market and those that started with a move on the labor market. This
resulted in Figure 2. The most important feature of this figure is that the two curves are so
close to each other. It appears that there is little difference between the repeat-mobility
caused by moves on the housing and labor market. During the first years commutes that
started with labor mobility seem to give rise to more mobility than those that started with
housing mobility, but the difference seems to be too small to interpret the figure as a
confirmation of the conventional view discussed above.

Figure 2 here

In order to analyze this issue still further, we have computed different (conditional)
hazard rates for completing a commuting spell by either job mobility or residential
mobility. Figure 3 gives the two hazard rates for commutes that started with residential
mobility. The most salient aspect of the figure is that residential mobility is often
followed by renewed changes on both the housing and the labor market. It might of
course be the case that some of the residential moves are made in anticipation of a job
change. However, it seems unlikely that this explanation, which defends the primacy of
the work location, is able to account completely for the high hazard for job mobility in
the first year.

Figure 3 here
Figure 4 shows the two hazard rates for commutes that started with job mobility. A

striking aspect of the picture is that it shows that a change in employment is often
followed by another change in employment. The hazard rate for residential mobility is
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much lower than that for job mobility in the first year of the commute's existence. The
decrease in job mobility over time is also much more pronounced than that in residential
mobility.

Figure 4 here

Figure 4 confirms the finding of Clark and Withers (1999) that job mobility triggers
residential mobility. Figure 3 shows that there is a comparable effect of residential on job
mobility that is, at least in the first two years, of the same order of magnitude. Both figure
suggest that a move one market gives rise to an increase in the hazard of moving on the
other market. These relations are hard to measure with a bivariate duration model as used
in Van Ommeren et al. (1999). If it is assumed in such a model that the hazard rates are
constant, they will certainly not be measured. Even if the (baseline) hazard rate would be
allowed to change over time, this is usually done by relating it to the ‘own’ elapsed
duration. The pictures just presented strongly suggest that it should also be related to the
elapsed duration in the other market. If these dynamic effects are not correctly
incorporated, the model seems to be misspecified, and the coefficients estimated for the
other variables, such as the commuting distance and the correlation between the two
spells might be biased. In order to avoid these problems, the duration models that will be
used in the next sections concentrate on the length of commuting spells, i.e. on the time
during which a particular housing-employment arrangement remains unchanged.

6 Estimation results of the single risk model

In order to make inferences into the importance of explanatory variables such as the
commuting distance for ending commutes, we now proceed to a more formal analysis.
We do so first by estimating the single risk model proposed by Han and Hausman (1990)
that has been discussed in section 3. The model allows us to estimate the parameters of a
flexible baseline hazard, as well as of the influence of a number of explanatory variables.
The model is estimated on the completely observed and right censored commuting spells
for respondents who provided the necessary information for all the explanatory variables.
These two requirements reduced the number of (unweighted) observations that we could
use to 453. Incomplete spells less than one year must also be deleted, and this reduces the

Table 3 Descriptive statistics

Variable Mean
Commuting distance (km, one-way)  20.5
Man 0.54
Age (in years) 354
Owner-occupier 0.57
Net wage rate (Dfl/hour) 23.23
Working hours (per week) 31.2
Dual earner 0.17
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number of observation further to 398.” Table 3 gives descriptive statistics for the
explanatory variables that we use.

Table 4 presents estimation results for two versions of the model. Model I (columns 2 and
3) is a basic version, model II (columns 4 and 5) shows the results of adding two
additional variables. In the basic version of the model there is no significant influence of
the commuting distance on the propensity to end a commute by either moving house or
job. The figures in the table show that commuting spells tend to become longer if the
commuter is a man, is older, is owner-occupier or has a higher net wage rate. Commuting
spells tend to be shorter if the commuter works longer hours per week, or belongs to a
dual earner household. The latter results are somewhat surprising. It is often thought that
workers belonging to dual earner households have more difficulty in adjusting their
residential location to the needs of both workers. The same reasoning would probably
lead one to expect that these workers tend to become less mobile as soon as a satisfactory
match has been found. The higher mobility of workers belonging to dual earner
households might indicate the difficulties they have in finding a more or less permanent
employment/housing arrangement. However, it might on the other hand be interpreted as
indicating that the workers belonging to this group are more mobile on the labor and/or
housing market'® and, for this reason, can more easily adapt to changing circumstance
than others.

The second model introduces two additional variables: a dummy for the origin of the
commute, and the squared commuting distance. These will now be discussed.

The figures presented in the previous subsection suggest that commutes that started
because of residential mobility do not have different hazard rates than those that started
with job mobility. This is confirmed by the highly insignificant coefficient for the dummy
indicating this characteristic, which was introduced as an additional variable in model II
(see Table 4).

A second variable specific to model Il is the squared commuting distance. This variable
was added in order to find out if there are non-linear effects present. It has, for instance,
been suggested by Getis (1969) that commuters are indifferent with respect to the length
of their commute, as long as it is below a certain threshold level. If the threshold is
exceeded, longer commutes provide an incentive to change either work or housing
location (see also Clark and Withers (2001) for recent research using this hypothesis). If
there were indeed such a critical commuting distance, we would expect to find a
significant coefficient for the squared commuting distance in model II. In fact we find a
negative an insignificant coefficient (see Table 4)."' Threshold effects thus seem to be
absent in our data.

One possible explanation of these results is that long commutes are not necessarily a
disequilibrium phenomenon. It is probable that workers are willing to trade off various

? The likelihood that a commute exists for less than a year is equal to 1 and these observations therefore do
not contain information that can be used for estimating the model.

' For instance, because they are less firmly rooted in the residential community if the two earners work full
time, or because they can take risksy steps on the labor market somewhat easier because if one earner loses
his or her job, the other still has it and the associated income loss is relatively small (note that the
Netherlands have a relatively well developed system of social security).

" Introduction of the squared commuting distance as an explanatory variable results in much higher
standard errors for the coefficients of the baseline hazard.
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Table 4 Estimation results for the single-risk model

Model I Model 11
Coéfficiént Variable Estimate  St.error Estimate  St. error
il Commuting 0.0399 0.031 0.0989 0.072
distance (x 10 km)
Ji ,, squared -0.000506 0.00061
B Man -0.403 0.17 -0.403 0.17
B Age -0.119 0.11 -0.131 0.10
Bs Owner-occupier -0.500 0.15 -0.511 0.15
s Net wage rate -0.234 0.037 -0.241 0.037
(Dutch guilders/hr)
yo Hours per week 1.00 0.38 0.970 0.38
(/40)
o3 Dual earners 1.03 0.20 1.00 0.20
o Started by -0.0329 0.14
residential mobility
o - 755 0.15 -2.97 2.7
& - .259 0.15 -2.47 2.7
5 Log of integrated 189 0.16 -2.02 2.7
o baseline hazard .500 0.18 -1.71 2.7
Os 814 0.19 -1.40 2.7
% 1.04 0.23 -1.17 2.7
& 1.48 0.28 -0.74 2.7
Loglikelihood -395.26 -394.62

N 398

aspects of their housing-employment arrangements and long commuting distances may
therefore be acceptable if compensation can be found by means of, for instance, a nice
residential environment or less expensive housing of good quality. Since shorter
commuting distances may be associated with other unsatisfactory aspects of employment-
housing arrangement, there is a priori little reason to assume that commuting spells will
tend to be shorter if the commuting distance is long.

7 Estimation results of the competing risks model

We continued our empirical analysis by estimating the competing risks models suggested
by Han and Hausman (see (12) and (13))."? As we noted in the previous section, this
model provides a flexible and relatively easy-to-handle way of dealing with the
competing risks for ending a commuting spell: residential and job mobility. We started
with a model in which the two risks were assumed to be independent, and used the same
explanatory variables as in the single risk model. Estimation results are presented in table
5. We also estimated the model in which the two risks were allowed to be correlated.
However, the correlation coefficient was insignificant (standard error approximately .6)

2 Some details about the way we handled the model can be found in the appendix.
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Table 5 Estimation results for the competing risks model

Coéfficiént Variable Estimate St err.
Residential mobility
B Commuting -0.0136 0.055
distance (x10 km)
i3 Man -0.285 0.22
P4 Age -0.242 0.13
Bis Owner-occupier -0.541 0.23
Bis Net wage rate -0.419 0.13
Bi7 Hours per week 1.49 0.65
(/40)
Bis Dual earners 1.47 0.27
o -1.32 0.24
o1 -0.92 0.23
o3 Log of integrated -0.41 0.24
014 baseline hazard -0.0037 0.27
O1s 0.32 0.30
Oi6 0.55 0.36
o7 0.74 0.39
Job mobility
o3 Commuting 0.0761 0.035
distance
P Man -0.841 0.21
in Age -0.233 0.15
s Owner-occupier -0.440 0.20
P Net wage rate -0.158 0046
P Hours per week 1.03 0.44
s Dual earners 1.35 0.28
51 -0.861 0.20
o -0.251 0.21
M Log of integrated 0.131 0.23
S baseline hazard 0.309 0.24
&5 0.573 0.26
5 0.742 0.27
57 1.20 0.37
Loglikelihood -435.59
N 398
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and the loglikelihood remained virtually unchanged. We therefore only present the results
of the model with uncorrelated risks.

In the competing risks model we find that the commuting distance has a significant effect
on the length of commuting spells, but only because it increases the probability of job
mobility. Men are less mobile on the labor market. Age, does not have a significant
negative effect on either type of mobility. Owner-occupiers and those with a higher wage
are less mobile on both the labor and housing market. Part time workers end a commuting
spell less often than others. Workers belonging to dual earner households are more
mobile both on the labor and housing market.

We have also experimented with other specifications. The squared commuting distance
was used as an explanatory variable. This resulted in a negative coefficient for job
mobility and a positive one for residential mobility, but both were very small and
statistically insignificant. Dummies for commuting spells that start with residential
mobility also gave rise to insignificant coefficients. These results therefore confirmed
those of the single risk model.

8 Implied hazard rates for commutes

The competing risks model offers a framework for a more detailed analysis of the
processes that determine the length of the commuting spells. However, it is less readily
interpretable in terms of the hazards for ending a commute. For this reason we pay some
attention to the hazard rates implied by this model.

It is relatively easy to compute the (unconditional) hazards for ending the commutes by a
change on the housing market or on the labor market. These unconditional hazards can be
interpreted as referring to the situation in which there were only one risk.

The probability f;, that a commute ends in its z-th year of existence because of risk i for a
worker with characteristics z is equal to:

S+ Bz

fi= [fle)de, (14)

SiitbBiz
where f denotes the standard normal distribution. The implied hazard is:

h,.tzL. (15)
1=

In order to compute the hazard /,, that a commute ends in the #-th year of its existence,
we first compute the probability f; that it will end in its z-th year. This is the probability
that the minimum U of the two durations lies between #-1 and ¢:
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—01.=hiz ©
Prt-1<U<t|z)= | [f(e.e, e, de, +
Gea-BiE m(a)
—6y . ~hiz ©
J. J.f(‘gl’gZ)d‘gl de,
bz m(a)
=61, ~Piz ©
= I jf(el,ez Yde, de, +
=01,-1— bz =0y 1= Pz
—6y.~hiz ©
[ 1(51.8)dz, de, - (16)
=0y 1= Pz =0y 1Bz
=01~ Pz =0, .~ Pz
If(glagz)dgl de,
=01 1Pz =03, c1— Pz
= f, Pr(T, >t=1)+ f,, Pr(T;, >t —-1)—
Pr(t-1<T, <t,t-1<T, <t)

In order to interpret this derivation, consider Figure 5. The integral determines the
probability mass above the shaded area in this figure. The first right-hand-side of (16)
splits this area into two parts: one above CD and the other to the right of CD. The second
right hand side gives the same area as the sum of the part above CD and the part to the
right of 4C, minus the square ABCD (in order to correct for the double counting). The
third right hand side rewrites the second so as to relate it to the unconditional
probabilities derived earlier.'® This third line shows that the probability that a commute
will end in the #-th year of its existence is smaller than the sum of the probabilities f;, that
the commute would end by either of the two risks if the other were not existing. This is
intuitively appealing.

The probability derived in (16) may be denoted as a total probability of ending the
commute, f;. It can be used to compute a total hazard 4, is the same way as was done for
the unconditional hazards for housing and job mobility in (15).

In order to illustrate this, we have computed the two unconditional hazards as well as the
conditional hazards for four particular cases:

- a full time working male single earner (case 1)

- a full time working male dual earner (case 2)

- apart time working female dual earner (case 3)

- a full time working female dual earner (case 4).

With respect to the values of the explanatory variables we assumed that each of these
workers has the average commuting distance, age and net wage rate and owns the house.
For cases 1 and 2 the dummy for man is equal to 1, for the others to 0. For cases 1,2 and
4 the number of working hours is equal to 40, for case 3 to 20. The dummy for dual
earners is in case 1 equal to 0, in the other three cases to 1. Results of the computation
hazard rates using the coefficients estimated for the competing risks model are shown in
Figures 6-9.

" The transition from the second to the third right-hand-side uses the independence of the tworiskss.
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Figure 5 Determination of the probability of ending a commute by competing risks

Figures 6-9 here

Perhaps the most remarkable thing about these figures is that the are so different. For
single male earners hazard rates for job and house mobility are both very low
immediately after the start of a commute (i.e. a change in the employment-housing
arrangement), but they rise gradually in later years. Figures 7 and 8 show that the hazard
remains almost constant over time for the male and part time working female dual
earners. This is the result of job mobility that tends to decrease somewhat over time, and
housing mobility that tends to increase. Finally, for the full time working female dual
earner we find a hazard rate that decreases over time, due in large part to decreasing job
mobility. The Figures illustrate the flexibility of the model and suggest that various
groups of workers are markedly different with respect to their propensity to change either
housing or employment.

However, some caveats are in order. The first is that our results are based on a sample of
limited size, in which the interesting group of dual earners is a minority. The second is
that the Han and Hausman competing risks model does not allow for complete flexibility
with respect to the time variation of the hazard rates. The limits of the integrals that are
used in the computation of the probabilities that a hazard rate will be ended in a particular
period because of risk i all change with the same amount Az if we shift attention from
one type of individual to another. A more flexible structure would allow these boundaries
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to shift differently.'* However, our results suggest that the popular proportional hazard
framework imposes potentially important restrictions on the specification of duration
models.

8 Conclusion

In this paper we analyzed commuting spells. Since such spells can end by either
residential or job mobility, the relationship between both had to be taken into account.
The analysis started with a simple computation of the hazard rates. The resulting pictures
strongly suggest that ending a commuting spell is followed by an increase in the
propensity to move both on the housing and the labor market. The increase occurs for
commuting spells that started with job mobility as well as for those that started with
residential mobility.

We thus find that the two types of mobility are closely connected in the sense that
observing one type of mobility makes it more likely to observe the other as well. One
possible explanation is that long commutes have a small possibility of being observed for
a long period. Long commutes might only be acceptable temporarily and for that reason
tend to have shorter spells. The traditional view according to which households adapt
their residential location to the work location implies increased housing mobility after job
mobility. However, it is less able to explain the increased job mobility that occurs after
housing mobility.

In order to take these interdependencies into account in a formal analysis, we choose to
focus on the duration of commutes (housing-employment arrangements), instead of
employment and housing spells. This allows us to model the increased mobility after a
change in the commute easier than alternative model specifications would do. Moreover,
the Han and Hausman model that we apply allows for flexible modeling of the baseline
hazard and has a convenient extension to the competing risks case. The latter allows us to
distinguish the two risks of ending a commute explicitly.

We found only limited evidence for an effect of the length of the home-work distance on
the length of the commuting spell. Long commuting distances increase the propensity to
change job, but not that to change house. Closer investigation learned that our data do not
support the hypothesis that home-work distances are unimportant when below a threshold
level, but important once it is exceeded.

There were no significant differences between commutes started by residential mobility
and job mobility with respect to the additional mobility they generate. Workers belonging
to dual earner households appear to be much more mobile than others. More generally,
workers with different characteristics can be substantially different in their mobility on
housing and labor market.

Since the sample on which our results are based is of limited size, further research is
needed to confirm (or reject) these conclusions. We hope this paper can act as a stimulus
to such research.

'“ This can be done in the context of the Han-Hausman model by making the parameters &, functions of z.
We felt implementation of this extension not worthwhile, given the limited number of observations that
could be used.
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Appendix

Al The hazard of the minimum of both durations

We take the simultaneous density function f{?,,¢,|z) as our starting point and define the
distribution function of U=min(7},T3) as:

Fw)= [ [ £ty | s, +

0u

T]ﬂf(tl’tz | z)dt,dt, +

f(tlatZ |Z)dt1dt2-

O = =
O = O

It follows that:

oF
S () —g

= [ Sty | 2ty + [ £ u] 2)dt,
and, applying the definition of a hazard :

[ty | 2)de,+ | £t 2,
O(u) =+ — -
[[ra.t,12andr,

=0,*w|z,T,>u)+06,*(u|zT, >u)

where 6;*(u|z, T,>u) is a conditional hazard defined as:
0, *(w|zT,>u)=lim,, Pr(u<T, <u+A|T,T, >u,z)

[t | 2,

[ 71 ),

and an analogous definition applies to & *(u|z, T;>u).
The unconditional or marginal hazard ;(u|z) is defined as:
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O, (ulz)=lim, Pr(u<T <u+A|T, >u;T, =0;z)

T CIBA

[ .01 21,

and similar definition applies to é(u|z). It is now easy to verify that the conditional
hazard is equal to the unconditional one if 7; and 7, are independent, that is if:

St 12)= /21,0, ] 2).
A2 Estimation of the competing risks model

The determination of my(e;)
Our problem is to determine the value of m,(e;,v,) in the double integral in (12) and (13).
Simplifying the notation in an obvious way, we rewrite this integral as:

a1

If(glagz Ydede, .

a,  my(&)

Observe that m;(e;) should be equal to ay,;=-0,,;-pz if e;=a;,; and to a,,=-0, -,z if
g;=ay,. Linear interpolation leads to the following expression:

& —ay

m, (81) =da;, + (aZ,t - az,z—l)

which is used in estimating the model. This follows Han and Hausman (1990, p. 8) .

Elaboration of the double integral
In order to deal with the double integral in (6) we constructed a simulation algorithm. The
integral can, with an obvious simplification in the notation, be rewritten as:

j). Tf(gl,gz)dgzdsz =j O_‘?fl(gl)f(g2 | €,)de,de,

a my (&) a my (&)

[ e [ fesl e, de,

m; (&)
Where f; denotes the marginal density of ¢; and f(e;| &;) the conditional density of &, The

former is standard normal, the formula for the latter can be found in many statistics
textbooks. Now define:
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Gle) = [f(e, |&)de,

my (&)

and observe that the value of G can easily be computed by widely available computer
routines. Using this definition, we can rewrite the integral further as:

j). Tf(gl,gz)dgzdgz = jﬁ(gl)G(gl)dgl

a my(&)
\ ffl(sl)Gwl )de,
= [ fi(e)de, “—
“ [ £i(e)de,

= j f.(¢)de, E(G(g, | a <&, <b).

Simulation

The expected value in the last line of this expression can be simulated as follows. We
take a large number (250) of draws from the uniform distribution on [0,1]. We transform
these to random draws from the truncated standard normal distribution on [a,b] by
inversion (cf. Gouriéroux and Montfort, 1996, p. 16). We do so by solving the following
equation for & :

D(g,)—D(a)
ob)-d(a)

The left hand side of this equation give the values of the truncated standard normal
distribution function for &, the right hand side is the k-th draw from the uniform
distribution.

The expected value of G(.) can now be approximated as the average of the values of
G(&) over all draws:

> G(")
E(G(8|a<8<b)sz

where k indexes the drawings and K is their total number.

The approximation of the integral by this simulation method introduces bias in the
loglikelihood. This bias disappears when the number of draws is large (see e.g. Stern,
1997).
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Further remarks

The formulation of the likelihood is based on (12) (and, for the model that allows for
correlation between the two risks on (13)). The expression given in (12) is the likelihood
of a commute ended by residential mobility in its z-th year of existence. The likelihood of
an observation ended by job mobility is analogous. The likelihood of a right-censored
commuting spell at ¢ is also given by a double integral with lower limits equal to &; .1+ /%,
i=1,2 and upper limits o. For the computation of this integral no simulation is necessary.
We have weighted the loglikelihoods of the individual observations by the weights
constructed to correct for the under-representation of the households that changed their
residential location between 1995 and 1998 (see the discussion at the beginning of
section 4). This attempts to correct for the choice based element contained in this sample
selectivity. The weighted estimator is consistent, but asymptotically less efficient than the
non-feasible true maximum likelihood estimator (cf. Manski and Lerman (1977)).
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