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ABSTRACT

In the modern industrialized society, a long commuting time is becoming more and

more common. However, commuting results in a number of different costs, for exam-

ple, external costs such as congestion and pollution as well as internal costs such as

individual time consumption. On the other hand, increased commuting opportunities

offer welfare gains, for example via larger local labor markets. The length of the com-

mute that is acceptable to the workers is determined by the workers’ preferences and

the compensation opportunities in the labor market. In this thesis the value of travel

time or commuting time changes, has been empirically analyzed in four self-contained

essays.

First, a large set of register data on the Swedish labor market is used to analyze the

commuting time changes that follow residential relocations and job relocations. The

average commuting time is longer after relocation than before, regardless of the type

of relocation. The commuting time change after relocation is found to differ substan-

tially with socio-economic characteristics and these effects also depend on where the

distribution of commuting time changes is evaluated.

The same data set is used in the second essay to estimate the value of commuting time

(VOCT). Here, VOCT is estimated as the trade-off between wage and commuting time,

based on the effects wage and commuting time have on the probability of changing jobs.

The estimated VOCT is found to be relatively large, in fact about 1.8 times the net

wage rate.

In the third essay, the VOCT is estimated on a different type of data, namely data from

a stated preference survey. Spouses of two-earner households are asked to individually

make trade-offs between commuting time and wage. The subjects are making choices

both with regard to their own commuting time and wage only, as well as when both

their own commuting time and wage and their spouse’s commuting time and wage are

simultaneously changed. The results show relatively high VOCT compared to other

studies. Also, there is a tendency for both spouses to value the commuting time of the

wife highest.

Finally, the presence of hypothetical bias in a value of time experiment without schedul-

ing constraints is tested. The results show a positive but not significant hypothetical

bias. By taking preference certainty into account, positive hypothetical bias is found

for the non-certain subjects.

Keywords: Value of time; Value of travel time; Commuting; Commuting time changes;

Value of commuting time; Register data; On-the-job search; Revealed preferences;

Stated preferences; Hypothetical bias; Scheduling constraints; Relocations; Certainty

calibration; Quantile regression; Mixed logit; Gender differences.
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1 Introduction

In modern society with specialized occupations, travel time to work i.e. commuting,

takes up a large part of the individual’s daily schedule. Commuting opens up a lot

of areas for economic research. Problems associated with increased commuting are, for

example, external costs such as road congestion, traffic noise and pollution. 1 In contrast

there is the utility to the individual from traveling. A main objective of transport

policy is accessibility. The transport system is required to serve the individual’s travel

demands and often longer commuting is presented as the solution to regional problems

of decreasing population and increasing unemployment (SKL, 2008).

Nevertheless, commuting is time consuming for the individual. Without commuting,

this time could have been used in other activities. Therefore individuals are often will-

ing to pay for reducing commuting time or, analogously, require compensation for longer

commuting time. This particular value of commuting time (VOCT) is individual-specific

since preferences differ between individuals. VOCT is also an important characteris-

tic of the individual’s commuting decision when it comes to modal choice, job search

and residential location. The function of the labor market is therefore to some extent

dependent on the individual values of commuting time.

Investments and operations in the transport sector are often evaluated by cost benefit

analysis (CBA), where all costs and benefits are monetized to calculate the net present

value. In many of these analyses, the travel time saved is the outstanding benefit. For

instance, Hensher and Brewer (2001, p. 85) note that more than 70 percent of total user

benefits in many transport investments relate to travel time savings, while in a Swedish

survey (Persson and Lindqvist, 2003), the travel time savings make up about 46 percent

of the total benefits of road investments. For the planned investments in Sweden from

year 2010 to year 2021, improved accessibility, of which reduced individual travel time is

a major part, amounts to about 90 percent of total benefits (Vägverket and Banverket,

2009). Therefore it is important for the credibility of CBA that the travel time is valued

as correctly as possible and reflects the preferences of the individuals. To elicit such

values, we first need a theory of the value of travel time.

2 Theory of the value of travel time

The formalized theory of time allocation and how time is valued is often referenced to

Becker (1965). His main contribution was to define the source of utility not as consump-

tion of final goods, but as consumption of final commodities where both market goods

and time are used together as inputs. Becker’s model implies that a time constraint is

added to the usual budget constraint in the microeconomic utility maximization prob-

lem. Furthermore, time allocated to an activity is, in this model, valued as the marginal

product of labor, i.e. the wage rate. Any other allocation of working time and leisure

1 External costs are in this case costs for individuals other than the commuter.
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means an opportunity of reallocation to increase the individual utility. It should also

be noted that this result hinges on the strong assumption of endogenous working time.

Further developments of Becker’s model and the application of the value of time are at-

tributed to, among others, Johnson (1966), Oort (1969), DeSerpa (1971), Evans (1972),

McFadden (1974), Truong and Hensher (1985), and Jara-Diaz (1990).

The models of Johnson (1966), Oort (1969), and Evans (1972) incorporated the working

time as a direct argument of utility functions, i.e. they stated that working time may

be pleasant or unpleasant relative to other activities. Hence the value of time for all

leisure activities was equal, and consisted of the wage rate plus the value of working

time from the direct utility. Intuitively, for most individuals, working is considered as

unpleasant relative to other activities, which leads to an average value of time spent

in other activities that is lower than the average wage rate. Kahneman et al. (2004)

however, report the opposite result for commuting time, which is considered to be

stressful. Moreover these models still assume that all uses of time, other than working

time, are equally pleasant for the individual and also that there are only two types of

activities, working and leisure.

DeSerpa (1971) developed a seminal time allocation model where time spent in different

activities is allowed to affect utility in different ways, which also implies different values

of time for different activities. In this model, the utility maximization problem consists

of a budget constraint, a total time constraint and a minimum time constraint per

activity. Furthermore, DeSerpa’s model implies that when the minimum time constraint

of a given activity i binds, activity i involves disutility and the individual would be

willing to pay for reducing the time spent in activity i. Deriving the marginal utility of

total time yields a parameter defined as µ, while the marginal utility for time spent in

the particular activity i is equal to µ−Ψi. This follows since the time spent in activity

i is an argument in both the total time constraint as well as in the minimum time

constraint for activity i. Assuming that the marginal utility of income is denoted as λ,

the following distinct value of time definitions are derived from DeSerpa’s model; value

of time as a resource, µ/λ; value of time on activity i, (µ − Ψi)/λ; and value of time

savings on activity i, (−Ψi)/λ. Since the time constraint of a given activity i binds, Ψi

will be negative in this case and the value of time on activity i, (µ−Ψi)/λ, will be larger

than the value of time as a resource, µ/λ. On the other hand, assume that the minimum

time constraint does not bind for another activity j. Then the individual experiences

positive utility from spending time in activity j, and consequently the individual would

not be willing to pay anything to reduce the time spent in activity j. Ψj is then equal

to zero which also means that in this case the value of time on activity j, (µ−Ψj)/λ,

collapses to the value of time as a resource, µ/λ. Activities like j are referred to as pure

leisure activities according to DeSerpa’s terminology.

During the last decades a development of the traditional model, is the activity-based

model. The basis for activity-based models is that trips are made in order to participate

in activities; for example working, sports activities, going to school or shopping. The

willingness to take part in these activities, which entail increased utility, is the main

reason for traveling. Thus, most traveling can be treated as an intermediate service
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that is not a utility source on its own, whereby individuals have a positive willingness

to pay for reducing such traveling.

Furthermore, activity-based models take into account the fact that there are restrictions

on the sequential order in which these activities may take place (Mattsson et al., 2005).

For example, if you are going to pick up your children from school, you must first leave

them at school. Also, you have to leave your workplace before you pick up the children.

However the requirement of more advanced data compared to traditional models and

that they are difficult and time-consuming to estimate, is among others, a limitation

of activity-based models (Mattsson et al., 2005). In the empirical analysis of this thesis

such models will not be used.

Another topic in the value of time research that has attracted increased attention lately,

is the value of reliability. Especially in urban areas where congestion is common, many

travelers consider it more important to decrease the uncertainty of the travel time than

to reduce the travel time itself (see e.g. Fosgerau and Karlström, 2007; Bates et al.,

2001, for studies of this topic). However, the focus of this thesis will be on the value of

time and not on the value of reliability.

3 Data sources

To estimate individual preferences, we need data on the behavior of individuals. In nat-

ural sciences, the conventional data source is experimental data. By using experimental

data, the researcher can isolate the effect under consideration and control all other

correlated effects. In principle, experiments can also be replicated numerous times. In

social sciences, on the other hand, the traditional data source is observational data. In-

dividuals are free to make their own choice and therefore social science researchers have

to observe their behavior and collect data based on these observations. Observational

data has a number of problems that do not exist in experimental data. For exam-

ple difficulties in determining casual effects, difficulties in controlling for unobserved

effects, variables that are strongly correlated, measurement errors and difficulties in

determining the individual’s available choice opportunities.

In recent decades, we have begun to use both lab and field experiments in social sciences.

The lab experiments do not suffer from the problems of observational data but can be

criticized for a lack of realism since they cannot fully mimic situations in the real world.

Therefore field experiments are a good data source for social science, but to get such

data, policy makers have to implement some changes that influence the conditions for

individual choices. In transport economics, the Stockholm congestion charge trial can

be seen as such a field experiment.

In transportation research, the common term for observational data is revealed prefer-

ences (RP) data, whereas the most common experimental data is based on hypothetical

choices with the generic term stated preferences (SP) data. RP data has the clear ad-

vantage of being based on actual behavior, while SP data is based on hypothetical

choices. SP valuation studies of fields other than time (e.g. Cummings et al., 1995; List
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and Gallet, 2001; Murphy et al., 2005) as well as time valuation studies (Brownstone

and Small, 2005; Isacsson, 2007) suggest that respondents act differently in hypothet-

ical contexts as compared to real contexts. This phenomenon, known as hypothetical

bias, is a severe problem in SP valuation. Nevertheless, SP has become increasingly

popular over the last decades. The main advantages with SP are the opportunities to

control the choice set and correlated effects and lack of endogeneity problems. In these

aspects, RP suffer from the problems that generally hold for observational choice data,

for example multicollinearity, undefined choice sets, only one single choice from each

individual and difficulties in isolating the effect under consideration.

The use of register data takes the RP methodology one dimension further. To collect

register data there is no survey needed, instead the data is collected from registers ad-

ministered by authorities. The main advantages with register data are the opportunities

to use a large number of observations and the absence of non-response bias. In surveys,

non-responses can be a substantial part of the total sample, which may imply that the

analyzed sample is not representative of the population (see e.g. Korinek et al., 2007).

Some disadvantages with register data are that sample restrictions may be necessary

and that it is impossible to ask respondents for specific preferences. As an anecdotal

example to highlight this difference, from register data one can tell to whom you are

married, but not with whom you are in love. In a survey however, one can ask these two

different questions separately but one cannot be sure that the answers are correct. One

way to overcome this problem is to combine survey data with register data, although

the advantage with a huge number of observations in register data is lost in such cases.

4 Estimation of the value of travel time

The basic statistical method in estimating causal effects is regression analysis, which

estimates how a dependent variable is influenced by a number of explanatory variables

also denoted as independent variables or covariates. The most widely used type of

regression analysis is ordinary least squares (OLS). In transportation analysis, however,

we are usually interested in the individual choice given a defined choice set, i.e. available

choice opportunities. The dependent variable is then a choice indicator and thus OLS

is not an appropriate statistical model. Instead, non-linear discrete choice models such

as logit or probit have to be used.

The discrete choice model to estimate values of travel time is mostly derived in a random

utility (RU) framework. This idea was first proposed by McFadden (1974) and has been

common practice in transportation choice analysis ever since. 2 The RU model can be

appropriately generalized to an indirect utility function with travel cost and travel time

as arguments. This indirect utility function can then be estimated consistently with a

discrete choice model.

2 Although the concept of discrete choice modeling for transportation choices with the pur-
pose of estimating the value of travel time was already outlined graphically by Beesley (1965).
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Since the value of travel time (VTT) is defined as the marginal rate of substitution

between travel time and money, it is also defined as the ratio between the marginal

utility of travel time and the marginal utility of money. In the indirect utility function,

travel cost and travel time are explanatory variables of which the estimated parameters

determine the estimated marginal utility of money, λ in DeSerpa (1971), and estimated

marginal utility of travel time, µ−Ψ in DeSerpa (1971), respectively. Thus the VTT, as
given by the marginal rate of substitution between money and travel time, is calculated

as

V TT = −µ−Ψ
λ

, (1)

which is usually estimated by a conventional discrete choice model such as a bivariate

logit or a conditional logit.

Nonetheless, conditional logit models suffer from restrictive assumptions. Therefore sev-

eral developments of the methodology to estimate VTT have been introduced. Mixed

logit models, as first applied in transportation analysis by Ben-Akiva et al. (1993),

relaxes the assumption of fixed parameters in conditional logit models by allowing the

parameters to vary across individuals. With this relaxation, unobserved heterogeneity

is taken into account more accurately, which generally results in models with a better

fit, compared to logit models. Furthermore, the independence of irrelevant alternatives

(IIA) assumption is not needed in a mixed logit model, which is considered a major

restriction of conditional logit models. Also, with panel data, no assumption of inde-

pendence between choices of the same individual is required. However, mixed logit also

has shortcomings. One important problem to deal with is the choice of distribution for

the parameters (Hensher and Greene, 2003).

Fosgerau (2007) formulated the model in terms of WTP, i.e. directly on the value of

time offer, which is a framework first introduced to WTP studies in another valuation

context by Cameron (1988). 3 This means that time and cost do not appear separately

in the model, therefore no marginal utilities of time and money can be estimated.

On the other hand, the distribution of VTT can be directly estimated based on one

single parameter and not by a function of two random parameters as in a mixed logit

approach, which is an advantage of the Fosgerau-approach.

5 Essays in the thesis

Four self-contained essays are included in the thesis and a short summary of each essay

follows. Essay II is a joint work with Gunnar Isacsson and Essay III is a joint work

with Staffan Algers.

3 Actually, Hultkrantz et al. already used this approach in 1996 to estimate the value of
travel time, but that paper is not published.
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5.1 Essay I - Commuting time changes following residential relocations and job relo-
cations

This essay focuses on empirical analysis of commuting time changes for workers who

relocate residence, relocate job, or relocate both of these. Theory based on urban eco-

nomics suggests, for metropolitan areas, that workers who relocate job are more likely

to decrease their commuting, whereas workers who relocate residence are more likely

to increase their commuting (Zax and Kain, 1991). The rational locator hypothesis on

the other hand, posits that individuals will maintain approximately steady commut-

ing times over time since they will choose to adjust their residences and workplaces

(Levinson and Wu, 2005).

A large register data set of individuals on the Swedish labor market, which includes

travel times, is studied. This data set provides a good feature for analyzing commuting

time changes as the individuals can be followed over time. Also, problems with non-

response bias, which is common in survey data, do not exist in register data.

The results show that workers do not necessarily seek to decrease their commuting time

when they relocate job and/or residence. In fact, the average commuting time is longer

after a change than before, thus suggesting that workers trade between a better job,

a better residence and commuting time. In other words, the results neither support

the urban economics theory nor the rational locator hypothesis. The only exception

is the group consisting of workers which have a new child during the same period as

they relocate jobs. This particular group is not changing their average commuting time,

which may indicate an increased value of commuting time at the time of a child birth.

Finally, the essay presents results from a set of econometric models suggesting that

the commuting time changes differ substantially with respect to socio-economic char-

acteristics. The effect of the covariates is also sensitive to the part of the distribution

of commuting time changes that is analyzed, which is shown by the use of quantile

regression models.

5.2 Essay II - The value of commuting time in an empirical on-the-job search model
- Swedish evidence based on linked employee-establishment data

The purpose of this study is to estimate the average value of commuting time (VOCT)

from the trade-off between wage and commuting time in a dynamic duration model,

applied to a large set of register data on the Swedish labor market. This study builds on

previous work by Gronberg and Reed (1994), Van Ommeren et al. (2000) and Van Om-

meren and Fosgerau (2009).

The travel time variable is measured by using the travel time between relatively small

geographic areas. The travel time is imputed into the data by using a mode choice model

of the Swedish National Travel Survey and actual travel times by car and public trans-

port. The duration model is estimated by ordered probit on a sample of approximately

100 000 employed men.
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The estimated average VOCT for the full sample is about 155 Swedish Crowns (SEK)

which is about 1.8 times the net wage rate. Furthermore, the sample is split with respect

to city-residing and marital status. City-residing workers and non-city-residing workers

have more or less the same VOCT. Marital status, on the other hand, has a large impact

on the estimated VOCT. Single workers have an average VOCT close to the net wage

rate whereas cohabiting workers have an average VOCT larger than twice the net wage

rate.

5.3 Essay III - Willingness to accept commuting time for yourself and for your spouse:
Empirical evidence from Swedish stated preference data

In this study, Swedish stated preference data is used to derive estimated values of com-

muting time (VOCT). The spouses in two-earner households are asked to individually

make trade-offs between commuting time and wage; both with regard to their own

commuting time and wage only, as well as when both their own commuting time and

wage and their spouse’s commuting time and wage are simultaneously changed. Thus

we are also able to compare how male spouses and female spouses value each other’s

commuting time.

Mixed logit models are estimated. Furthermore, both a specification with separate wage

and commuting time variables and the approach to estimate the VOCT directly on the

offer price, are used.

When only the respondent’s own commuting time and wage are attributes, the empirical

results show that the estimated VOCT is plausible with a tendency towards high values

compared to other studies. The results also show that VOCT does not differ significantly

between men and women.

When decisions affecting commuting time and wage of both spouses are analyzed, both

men and women tend to value the commuting time of the wife highest. A possible

interpretation is that women take more responsibility for household work and therefore

the marginal value of commuting time is higher for women. However, these results are

not completely robust over different models and sample specifications.

For policy implications, this study provides additional support for the practice of valu-

ing commuting time higher than other private travel time. In addition, if VOCT were

to be gender specific, the value might be higher for women than for men in two-earner

households.

5.4 Essay IV - Hypothetical bias of value of time choices without scheduling constraints

This study is the first to test for hypothetical bias in a value of time (VOT) experiment

when scheduling constraints are removed by the experimental design. When there are

scheduling constraints, previous studies have found a negative hypothetical bias of

VOT.
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In the experimental setting, the subjects are given the option to leave the experiment in

advance on payment of a predetermined amount of money, i.e. the subjects are making

a discrete choice, which measures the trade-off between money and time. There were

two treatments; real and hypothetical.

The theoretical prediction suggests that there will be either no hypothetical bias or a

positive hypothetical bias in this study. This prediction is supported by the estimated

results, which show a positive but not significant hypothetical bias of the probability

of leaving the experiment.

Certainty calibration is applied as an extension by using information from a follow-up

question where subjects are self-stating the preference certainty of their hypothetical

choice. When the hypothetical group is split into two subgroups, there is a significant

positive hypothetical bias for non-certain subjects whereas there is no hypothetical bias

for certain subjects. This result suggests that using a hypothetical sample of certain

subjects for WTP estimates, leads to a more credible result compared to WTP estimates

based on all hypothetical subjects.

6 Policy implications and future research

In two of the essays of this thesis, the value of commuting time (VOCT) is estimated.

Compared to the values used in CBA in Sweden today, these estimates are relatively

high. The current Swedish CBA-practice does not distinguish between the value of

travel time (VTT) for commuting trips and other private trips (SIKA, 2008). Previous

Swedish practice valued commuting time higher than other private travel time, but

this distinction was removed in 1999. As noted by Bruzelius (2002), trips with different

purposes might have different VTT since different trips carry different levels of disutility.

Bruzelius (2002) suggested that commuting time should have a 20 percent higher VTT

than other private trips. The reason for not adopting this recommendation in Swedish

policy was that there is no Swedish evidence that clearly supports this distinction and

that findings in other countries might not be generalized to Swedish policy (SIKA,

2002).

With these conditions in mind, the relatively high VOCT can mean two different things

or a combination of these two. First, the VTT for commuting may be too low and

should be adjusted upwards to a value that is higher than the value of other private

trips. Arguments for such a policy are that commuting is more stressful and often less

adjustable with respect to departure times, compared to other private trips. Second,

the VTT for all private trips may be too low and should therefore be adjusted upwards.

Keep in mind that the two essays in this thesis that estimate VOCT, do not compare

these values to estimates of the VTT for other private trips. However, more research on

this topic is requested. Also, if VOCT were to be gender-specific, there is some support

for a higher value for women than for men in two-earner households.

Furthermore, more research is required on the severity with hypothetical bias of VOT.

Previous research suggests that this bias might be substantial when there are scheduling
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constraints. On the other hand, the problem is found to be less severe when there are

no scheduling constraints. However scheduling constraints, at least to some extent, will

more or less always exist in the real world. Also, WTP estimates based on certain

subjects may be more credible compared to WTP estimates based on all subjects.

More research on hypothetical bias of the VTT can also address the claims in a recent

paper by Hensher (2009) that using the reference trip as one choice alternative in a

stated choice experiment can reduce or eliminate hypothetical bias. Therefore running

an experiment in a travel context where the travelers are used to traveling, would be

an interesting alternative.

Finally, using register data to analyze more questions of transportation research would

be a nice contribution. The advantage with register data would adequately complement

the research based on other data sources.

7 Notation

This section aims to clarify the different notations and abbreviations used through-

out this thesis and the way in which these relate to the literature regarding different

concepts of value of time.

In this thesis, value of time or VOT for short is used when the time is not travel time

or another type of transport related time. This is particularly relevant for Essay IV,

where the choice for subjects in the experiment is to leave an experimental session of

questionnaire answering earlier than pre-arranged, on the payment of a monetary cost.

Thus, although the value is actually the ”value of questionnaire answering time”, VOT

is consequently the term used.

In Essay II where register data of wages and commuting time on the individual level is

used, the term savings is consequently avoided. The reason is that the models in this

essay do not distinguish between the value of time that is saved or increased, given

the reference point. To make the notation consequent, savings is not used in Essay III

either. This also means that previous research cited in these two essays is denoted in

the same way. Therefore, to avoid confusion in my thesis, the specific term of the value

of time does not necessarily coincide with the term that is used in the cited paper.
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7.1 Abbreviations

Below is a list of the abbreviations that are frequently used in the thesis:

CBA - Cost benefit analysis

RP - Revealed preferences

SP - Stated preferences

VOCT - Value of commuting time

VOT - Value of time

VTT - Value of travel time

WTA - Willingness to accept

WTP - Willingness to pay
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VTI - Swedish National Road and Transport Research Institute, Box 55685,
SE-102 15 Stockholm, Sweden

Tel: +46 8 555 770 28. E-mail address : jan-erik.swardh@vti.se

Abstract

This paper focuses on empirical analysis of commuting time changes for workers who

relocate residence, relocate job, or combine both residence and job relocation. A large

register data set of individuals on the Swedish labor market, including travel times, is

studied. Workers are not necessarily seeking to decrease their commuting time when

they relocate job and/or residence. In fact, the average commuting time is longer after

a relocation than before, thus suggesting that workers trade between a better job, a

better residence and commuting time. The paper also presents results from a set of

econometric models suggesting that commuting time changes differ substantially with

respect to socio-economic characteristics as well as with respect to the part of the

distribution of commuting time change that is analyzed.

Keywords: Commuting time; Commuting time changes; Relocations; Register data;

Longitudinal; Quantile regression

1 Introduction

In this paper, commuting time changes in Sweden are analyzed. Changes in commuting

distances and commuting times result from individual or household decisions on where

to live and work. Therefore, the focus in this study is particularly on analyzing com-

muting time changes that follow three different types of relocation: relocation of where

to work, relocation of where to live and a combination of these two. Throughout this

paper, these types of relocation will be denoted residential relocation, job relocation

and combined residential and job relocation.

In the modern industrialized society, a long commuting time is becoming more and more

common. In a number of studies around the world, the average commuting distance or

average commuting time, has been analyzed over time to entail policy recommendations

in the transport sector. Without considering any potential trade-offs, commuting dis-

tance or time above a certain minimum level can be seen as wasteful and workers would

therefore be expected to seek to minimize commuting. At least over time the commut-

ing would converge towards the minimum level, i.e. over time the excess commuting

would move towards zero.
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In other words, since commuting time entails disutility, to be accepted by the worker

excess commuting has to be compensated by other utility-increasing factors. Compensa-

tions in this sense are better housing characteristics, for example a larger house, and/or

better job characteristics, for example a higher wage. However, full compensation is not

always the case since there are search imperfections in the labor and housing markets

(Deding et al., 2009) and also since two-earner households have a more complex choice

of commuting. Furthermore, workers may be indifferent when comparing a very short

commuting time and an extremely short commuting time. For example, workers may

not care if they commute two minutes per trip or five minutes per trip although in

the former case they save more than 20 hours compared to the latter, during a year

of working. Thus, small time changes in the commuting trip duration may, in the long

run add up to considerable changes in total commuting time.

The results of several empirical studies show that the change in commuting time is

negatively influenced by the commuting time prior to the change (Clark et al., 2003;

Krizek, 2003; Prillwitz et al., 2007). An interpretation of this result has been that

workers seek to reduce commuting time (Clark et al., 2003). However, Rouwendal (2004)

shows that such an empirical result can be found from a sequence of non-correlated

commuting times resulting from a job search model. Since the expected commuting

time in a job search model is the same in every search, longer commutes are likely to

be followed by shorter commutes, while shorter commutes are likely to be followed by

longer commutes. Thus the negative relation between commuting time changes and the

commuting time prior to the change is an example of regression towards the mean and

cannot be interpreted as workers acting rationally by reducing their commuting time

when it is initially large (Rouwendal, 2004).

Zax and Kain (1991) suggest that for metropolitan areas workers who relocate jobs are

more likely to decrease their commuting, whereas workers who relocate residence are

more likely to increase their commuting. This prediction, based on urban economics

theory, assumes negative wage and house pricing gradients, which means that these

variables decrease with the spatial distance to the metropolitan center. The rational lo-

cator hypothesis, on the other hand, posits that individuals will maintain approximately

steady commuting times over time since they will choose to adjust their residences and

workplaces (Levinson and Wu, 2005). This hypothesis was inspired by the empirical

finding that the commuting time was remarkably stable between 1957 and 1988 in the

metropolitan area of Washington DC despite an increase in commuting distance and

congestion (Levinson and Wu, 2005). The rational locator hypothesis is also empirically

supported by studies such as Wachs et al. (1993) and Kim (2008).

Nevertheless, the most common empirical result in the literature when commuting is

analyzed over time, is an increase in the averages of both commuting time and com-

muting distance (Zax and Kain, 1991; Rouwendal and Rietveld, 1994; Vandersmissen

et al., 2003; Prillwitz et al., 2007; Sandow, 2008; Yang, 2008). Workers who are willing

to accept a longer commuting time/distance can more easily get good job matching and

an attractive residence location since the search area is extended. It is often claimed

that larger local labor markets enhance regional growth and the opportunity to sustain

living in non-urban areas (see e.g. Sandow, 2008). Many local politicians realize the

importance of connecting their region to a larger labor market area to decrease the
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vulnerability in case of a structural labor market decline (SKL, 2008). 1 There may

also be negative effects of regional expansion such as the increase of road congestion

and pollution, increased stress due to tighter time schedules and deterioration of gender

equality since it is the husband of a two-earner household who most often has the longer

commute (Boverket, 2005). Longer average commuting times may also be caused by

suburbanization, which means that individuals move from urban city centers to live in

outer suburbs within the same metropolitan area. Thus, the workers still belong to the

same local labor market and most have a longer commute since most jobs are located

in the city center.

Many of the contributions of the commuting behavior literature during the last decades

are based on access to good data. Most earlier empirical exercises used aggregate data

that could not be used to model individual behavior. More recently, studies that use

disaggregate data have been more common. Also, the use of register data provides a

new approach to this field (Sandow, 2008; Deding et al., 2009; Isacsson and Swärdh,

2009).

Another important issue in the commuting time literature is changes over time, which

may have important policy implications for the transport sector regarding such issues

as demand, congestion and environmental effects. Some studies, such as Vandersmissen

et al. (2003) and Levinson and Wu (2005), have compared different survey samples

of the same area in different years to see how the commuting behavior changes over

time. Longitudinal data, where the same individuals are observed over time provides

additional information on this. A limitation of longitudinal data however is the difficulty

in following the same individual over a long time period and therefore in stating how

the commuting behavior changes in the long run. Among the longitudinal studies in this

field, some focus only on a single metropolitan area (e.g. Zax and Kain, 1991; Wachs

et al., 1993; Clark et al., 2003; Krizek, 2003; Kim, 2008) whereas others focus on the

determinants of the level of commuting time (e.g. Sandow, 2008).

In this study the commuting time changes that follow from relocations, are analyzed.

Three different types of relocation that result in a change of commuting time 2 are

defined: residential relocation, job relocation or combined residential and job reloca-

tion. Previous studies that analyze commuting time changes following different types

of relocation are Clark et al. (2003), Krizek (2003), Prillwitz et al. (2007), Kim (2008)

and, in this case on aggregated data, Yang (2008).

This previous research is extended here by a study of a whole country instead of a

single metropolitan area as in Clark et al. (2003), Krizek (2003) and Kim (2008), of

whom used data from the greater Seattle area. A large set of register data on the

Swedish labor market, combined with travel time data between small administrative

areas in Sweden, is used. The commuting time of the worker is given as the travel time

between the worker’s residential area and the worker’s workplace area. In total, 183 641

1 This particular reference refers to Swedish politics.
2 Strictly speaking a change in commuting distance. This follows since a change in commuting
distance theoretically might be counterbalanced by a travel speed change, such that the result
will be an unchanged commuting time.
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observations where the individuals relocate either job, residence or both, are used in

the estimated models.

To my knowledge, this is the first time register data is used to analyze commuting

time changes following relocations. Register data provides a lot of important socio-

economic characteristics and does not suffer from the problem of non-response bias

that is common for survey data. In addition, there is no risk that the respondents give

incorrect information regarding their socio-economic characteristics or their commuting

time, since these variables are taken from registers. However, measurement errors of

other types may exist in register data, for example imputation errors or coding errors.

Furthermore, the large number of observations gives an opportunity to split the sample

into subsamples each of which will still have a substantial number of observations. One

relevant division of the data is to analyze the commuting time changes separately for

different regions, since most previous studies focus on metropolitan areas. An exception

is Prillwitz et al. (2007), who use data from all areas in Germany, however, Germany

is much more densely populated than Sweden, therefore this study on Swedish data is

more relevant for non-metropolitan areas. Also, the number of daily commuters used

for final estimation is only 3188 in that study, i.e. less than two percent of the number

in this study.

Another contribution to the literature is made by estimating quantile regression mod-

els on the change of commuting time. These models, unlike OLS, are not based on

the conditional mean function and therefore provide a more complete picture of the

relationship between the covariates and the commuting time change at different points

of the conditional distribution of the commuting time changes (Cameron and Trivedi,

2009). Here, the intuition is that socio-economic characteristics might influence the

commuting time change differently in different parts of the distribution of commuting

time changes. One reason is that commuting time changes are distributed around zero,

which implies that the commuting time changes are negative at the lower tail while the

commuting time changes are positive at the upper tail. For example, this is important

if a certain characteristic implies a small commuting time change regardless of whether

the change is negative or positive. Then, the effect of this characteristic on commuting

time changes will be negative at the upper tail and positive at the lower tail.

The rest of the paper is outlined as follows. In the next section, the data, including vari-

able definitions and sample restrictions, and econometric models are described. Then

follows the empirical results with interpretations. A concluding discussion is presented

at the end of the paper.

2 Method

In this section, the data, including variable definitions and sample restrictions, is briefly

described. This section is concluded with a subsection describing the econometric mod-

els.
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2.1 Data

The data consists of Swedish longitudinal matched employee-establishment register

data. The individuals were randomly stock sampled in 1998 including also observations

from 1993, 1990 and 1986. The establishment-level data identifies different establish-

ments, i.e. workplaces, and their characteristics. Also, from this matched data a small

geographical area (SAMS 3 ) is observed for both the residence and the establishment.

From this information, all workers’ commuting times are imputed in the data by the use

of travel-time matrices for the road network of all possible combinations of SAMS areas.

These travel times correspond to the fastest car route between the central points of each

SAMS area in accordance with the speed limit. The matched employee-establishment

data is provided by Statistics Sweden while the travel time matrices are provided by

the Swedish Road Administration. See Isacsson and Swärdh (2009) for a more detailed

description of the data used in this study.

The four different years of observation can be combined into three different intervals

of time; 1986-1990, 1990-1993 and 1993-1998. In the following, within each pair, the

earlier observation will be denoted t − 1 and the later observation will be denoted t.

This means, for example, that for the interval 1986-1990, 1986 is denoted t − 1 and

1990 is denoted t.

Note that the potential bias from sample selection will not be considered in this paper.

As noted by Deding et al. (2009), workers with long commutes are probably more likely

to leave the labor market. Workers who leave the labor market between t− 1 and t will

not be observed in period t. However, as Deding et al. (2009) conclude for Denmark,

the labor force participation rates of Sweden are high for both men and women in an

international perspective, which probably leads to a negligible problem with sample

selection bias.

2.1.1 Variable definitions

The definition of a residential relocation is when someone is living in another SAMS area

in period t than in period t−1. This definition means that individuals who have moved
within a SAMS area are not considered to have relocated their residence. However,

since these areas are relatively small, moving within a SAMS area is most likely not

motivated by a desire to adjust the commuting time. Similarly, a job relocation is when

an individual is coded to a different workplace in period t than in period t− 1.

The commuting time variable is the travel time of the car route between the central

points of each SAMS area in accordance with the speed limit, plus one additional

minute. This extra minute is included for two reasons. First, according to the defini-

tion of travel times, those workers who work and live in the same SAMS area have a

3 SAMS is short for Small Area Market Statistics. Sweden has 9230 SAMS areas. Although
the population is not equally distributed among the SAMS areas, the Swedish population
of approximately 9 000 000 citizens means that each SAMS area has on average about 1000
citizens.
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commuting time of zero. 4 This is not completely realistic since the time to transport

oneself from the residence to the workplace is always positive unless you work at home

but such cases are likely to be rare. 5 Therefore, this extra minute can be seen as a

start-up time for the commuting. The other reason for the extra minute is practical. A

positive commuting time for all workers offers the attractive opportunity to calculate

the logarithm of the commuting time, which, following Deding et al. (2009), will be

used in the empirical models. Note also that the commuting time difference will be the

same regardless of this added minute.

The income variable used is the sum of employment income, self-employment income

and payments from labor-related insurances. To be comparable with the income in

t, with respect to general wage increases, the income variable in t − 1 is inflated by

a within-sample inflator, which is specific for each of the three time intervals 1986-

1990, 1990-1993 and 1993-1998. Also, this inflated wage is calculated after excluding

observations where the individual is assumed to be working part-time. 6 Finally, since

there are three distinct time intervals in the sample, the income variable is adjusted to

the income value of 1998 by using the average wage increase between the observation

years in the total sample.

Accessibility to other jobs might be an important explanatory factor for the commuting

time change. The accessibility measure in this study is SAMS-specific and is for SAMS

area j in period t defined as

Accessibilityjt =
K
k=1

e−cjkt(Xkt), (1)

where cjkt is the commuting time between SAMS area j and k in period t and Xkt is

the number of jobs in area k in period t.

2.1.2 Sample restrictions

In the empirical analysis only full-time workers who commute on all working days will

be included. Since these cannot be observed directly in the data some kind of proxy

has to be constructed, using the income and commuting time variables.

For income, a lower limit of the annual income is set to exclude most part-time workers.

The lower limits of the non-inflated annual incomes are set to 75 700 Swedish Crowns

(SEK 7 ) in 1986, 120 300 SEK in 1990, 134 700 SEK in 1993, and 157 100 SEK in 1998.

4 This holds for approximately 9 percent of the total sample.
5 Notice that these workers with a commuting time of zero are not teleworkers, since such
workers are coded to a workplace but actually works at home and, therefore, their commuting
time will be based on their coded workplace. The problem of dealing with potential teleworkers
is further described in subsection 2.1.2. However, in a Swedish study, the number of teleworkers
in a sample of 8211 workers collected in 1999-2001 was only 391, i.e. about 4.8 percent
(Haraldsson, 2007).
6 The sample restrictions are explained in more detail in subsection 2.1.2.
7 1 Euro is approximately equal to 10 SEK.
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These shares are calculated by within-sample truncation based on knowledge of the

share of part-time workers. 8 By the use of a within-sample truncation and these shares

of part-time workers, the lower limits of the non-inflated annual incomes as given above,

are calculated. Note, however, that the restricted sample still includes some part-time

workers who have a sufficiently high hourly wage rate to exceed the lower limits of

income despite part-time working.

The commuting time variable takes values that are in some cases, totally unrealistic

for daily commuters. This is so because some workers commute weekly, have double

residences, are teleworking, or may be registered to a workplace that is not their actual

place of work. Thus an upper limit of commuting time is used to reduce the probability

that the workers do not commute this distance every working day. This limit is set to

90 minutes per one-way trip between the residence and the workplace. Also, in Marion

and Horner (2007) one-way commuting times above 90 minutes is denoted as extreme

commuting.

2.2 Econometric models

The model specification uses a dependent variable that measures a change in commuting

time between time periods t − 1 and t. The explanatory variables can be divided into

two types: level variables and change variables. 9 The level variables are measured in

t − 1, whereas the change variables denote a change between t − 1 and t, that is the

value in t, minus the value in t − 1. Level variables are included since the effect of a

change may depend on the starting levels of the variables (Krizek, 2003).

Level variables included are commuting time; income; age; marital status; number of

children aged 0-6; number of cars in the household coded as 2 if the number of cars is

2 or more; gender; interaction between number of children aged 0-6 and gender; high

school education completed; university education completed; time periods; accessibility

to other jobs, and county of residence. Change variables included are income change;

getting married; getting divorced or becoming a widow(er); more children aged 0-6;

less children aged 0-6; more cars in the household; less cars in the household; change of

education level; change of accessibility to other jobs, and change of county of residence.

The models are estimated in two ways. First, OLS models are estimated separately for

residential relocations, job relocations and combined residential and job relocations.

In addition, quantile regression models are estimated (see e.g. Koenker, 2005). Such

models are not based on the conditional mean function as OLS is. Instead, quantile

regression can be used to estimate models based on conditional quantile functions at

any quantile. For a continuous random variable y, the qth quantile is the value µq such

8 According to data from Statistics Sweden, the share of all employed individuals who nor-
mally worked less than 35 hours per week was 22.5 percent in 1998, 24.9 percent in 1993 and
23.3 percent in 1990. For 1986, there is no value obtainable so instead the average value of
the shares in 1985 and 1987, which is calculated to 24.7 percent, is used. These shares of the
workers in each year are assumed to be working part-time.
9 This follows the approach of both Krizek (2003) and Prillwitz et al. (2007).
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that y is less or equal to µq with probability q. Where OLS uses squared error losses

for the estimation, quantile regression uses asymmetric absolute losses with median

regression that uses absolute error losses as a special case. The advantages of quantile

regression are, among others, that it provides a more complete picture of the relationship

between the covariates and the dependent variable and that it is more robust to outliers.

(Cameron and Trivedi, 2005)

All models are estimated in Stata. For the OLS models, the estimated standard errors

are robust and adjusted for clusters, which are more than one observation belonging

to the same individual. For the quantile regression models, the standard errors are

computed by 400 bootstrap replications.

3 Results

In this section, the empirical results are presented and interpreted. First, the distribu-

tion of commuting time for the complete sample in the different observation years, is

analyzed. Then follows the analysis of commuting time changes that follow residential

relocations and job relocations. Finally, the results from the econometric models are

presented.

3.1 Commuting time over time

In Table 1, some information on the distribution of the commuting time for all workers in

the sample of each respective year is presented. As can be seen, the average commuting

time has increased monotonically during the observation period of 1986 to 1998, from

11.43 minutes in 1986 to 12.92 minutes in 1998. This is in contrast to the findings by

Levinson and Wu (2005) of a constant average commuting time in Washington DC

1957-1988.

Table 1
Distribution of one-way commuting time in minutes over the years

1986 1990 1993 1998
Mean 11.43 11.76 12.26 12.92
Lower quartile 4.31 4.43 4.60 4.75
Median 8.39 8.71 9.16 9.83
Higher quartile 15.31 15.80 16.37 17.34
No. of observations 114 975 131 671 140 401 139 519

Furthermore, the whole distribution of commuting time seems to have shifted towards

longer commuting times over these twelve years. The median as well as the lower and

higher quartiles also increased monotonically from 1986 to 1998. Note also that the

mean commuting time is much higher than the median commuting time, suggesting a

distribution of commuting time that is heavily skewed with a lot of observations fairly

close to zero and some observations with very long commutes.
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3.2 Commuting time changes following relocations

The average commuting time for all workers was found to be trending upwards. But

what happens if the workers are split into the three different types of relocation? In

Table 2, the average commuting time before the relocation and after the relocation

are compared. For all types of relocation, the average commuting time increases and

these changes are all strongly significant with p-values less than 0.001. When all time

periods are considered, the size of the increase of the average commuting time is largest

for combined residential and job relocations and smallest for job relocations, although

there is only a small difference between job relocations and residential relocations.

These results falsify the rational locator hypothesis that predicts stable commuting

times over time. Also, the prediction of Zax and Kain (1991) that states an average

decrease in commuting time when workers relocate jobs, is falsified. Nevertheless, for

residence relocations, the increase in average commuting time supports this prediction

of Zax and Kain (1991). This may be a result of suburbanization where workers move

out from the cities to live in the outer suburbs but still commute to the same jobs.

Also, when the sample is split into the different time periods, the commuting time is

significantly longer after the relocation than before the relocation, regardless of the type

of relocation. In addition, job relocators and combined job and residential relocators

tend to have longer commuting times before the relocation as compared to residential

relocators.

Also in Table 2, a test of the change of commuting distance between t − 1 and t is

presented. This result is presented since most previous research focuses on distance

instead of time. However, the pattern for distance is more or less the same as for time,

including a significant increase of commuting distance after all types of relocation.

Finally in Table 2, the commuting time change is analyzed for the subsample where

workers with imputed SAMS areas for their workplace and/or residence are excluded. 10

Despite substantial decreases of about 30 percent in the number of observations, the

results are remarkably stable. The average commuting times are lower in this subsample

whereas the increase of average commuting time after the relocations is fairly similar

to the complete sample. Therefore, the complete sample will be used for all analyses

throughout the paper.

In Tables 3 to 6, the commuting time changes following relocations are analyzed for

different subsamples with respect to socio-economic characteristics.

First, in Table 3, these socio-economic characteristics are gender, marital status, chil-

dren aged 0-6 in the household and car accessibility in the household. For all these

subsamples the earlier result is confirmed, that is all types of relocation result in a

significant increase of the average commuting time. Furthermore, men, married work-

ers and workers with young children have longer average commuting times than their

counterparts. This result holds both before and after the relocations as well as for all

10 For some observations, the SAMS area of residence or workplace is not observable. However,
the municipality is observable so the SAMS area is imputed to be the SAMS area in which
the population midpoint of the municipality is located.
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Table 2
Change in average one-way commuting time in minutes or one-way commuting distance in
kilometers by type of relocation

Residential Job Residential and
Period relocations relocations job relocations

Before After Before After Before After
All periods - time 11.22 12.15 13.21 14.05 12.54 13.86
p-value <0.001 <0.001 <0.001
No. of observations 52 557 87 691 43 393

1986-1990 - time 10.50 11.55 12.62 12.91 11.87 12.85
p-value <0.001 <0.001 <0.001
No. of observations 14 271 30 235 16 976

1990-1993 - time 11.58 12.35 12.81 13.76 12.59 13.75
p-value <0.001 <0.001 <0.001
No. of observations 18 330 25 124 9146

1993-1998 - time 11.39 12.39 14.07 15.35 13.17 14.90
p-value <0.001 <0.001 <0.001
No. of observations 19 956 32 332 17 271

All periods - distance 13.38 14.65 16.12 17.44 15.32 17.16
p-value <0.001 <0.001 <0.001
No. of observations 52 557 87 691 43 393

Excl. imputed SAMS - time 10.84 11.77 12.70 13.50 12.17 13.41
p-value <0.001 <0.001 <0.001
No. of observations 36 927 55 286 26 918
Note: The p-values correspond to two-tailed t-tests of the hypothesis that the average com-
muting time/distance is the same after the relocations as before the relocations.

types of relocation. Also presented in this table is the result for the workers who have

at least one car in the household. As the commuting time is based on car trips, the

reason for this exercise is to check the sensitiveness of assuming travel time based on

car trips for all workers. The result for this group is the same as for all individuals

regarding the significant increase in commuting time following all types of relocation.

The average commuting time before relocation is slightly higher for the group of car

owners compared to the complete sample, although the difference is relatively small.

In Table 4, the sample is split into subsamples with respect to income. Five different

subsamples are defined by the different quintiles of the income distribution. The results

show that for all types of relocation and for all income quintiles the commuting time

increases significantly. Furthermore, there is a clear relationship between income group

and average commuting time. For all types of relocation, the higher the income quintile,

the higher the average commuting time. Despite this clear pattern, all income quintiles

indicate an increased average commuting time following all types of relocation.

In Table 5, the sample is split into seven groups with respect to age. The previous result

of significant increases in commuting time after relocation also holds for all these groups.

10



11

Table 3
Change in average one-way commuting time in minutes by type of relocation with respect to
different socio-demographic characteristics

Residential Job Residential and
Group relocations relocations job relocations

Before After Before After Before After
Women 10.80 11.69 11.74 12.52 11.63 12.94
p-value <0.001 <0.001 <0.001
No. of observations 18 834 33 985 16 430

Men 11.45 12.41 14.14 15.02 13.10 14.42
p-value <0.001 <0.001 <0.001
No. of observations 33 723 53 706 26 963

Married 11.72 12.42 13.59 14.50 13.22 14.44
p-value <0.001 <0.001 <0.001
No. of observations 18 487 52 499 14 543

Not married 10.94 12.00 12.63 13.38 12.20 13.56
p-value <0.001 <0.001 <0.001
No. of observations 34 070 35 192 28 850

Children aged 0-6 11.57 12.78 14.19 14.69 13.26 14.87
p-value <0.001 <0.001 <0.001
No. of observations 9993 21 706 8452

No children aged 0-6 11.13 12.00 12.89 13.84 12.37 13.61
p-value <0.001 <0.001 <0.001
No. of observations 42 564 65 985 34 941

Car in household 11.41 12.53 13.69 14.55 13.02 14.40
p-value <0.001 <0.001 <0.001
No. of observations 34 454 65 742 25 849
Note: The p-values correspond to two-tailed t-tests of the hypothesis that the average com-
muting time is the same after the relocations as before the relocations.

Here, on the other hand, there is no clear pattern regarding the average commuting

time across the age groups.

In the tests presented in Table 6, the sample is restricted to include only workers who

had no children of age 0 to 6 in period t − 1 but at least one child of age 0 to 6

in period t. Also, this sample is split with respect to gender. When there are only

residential relocations or combined residential and job relocations, the result shows a

relatively large and significant increase of the average commuting time for both men and

women. However, when there are only job relocations, there is no significant commuting

time change between t − 1 and t. For residential relocators, a child birth may cause

a demand for a larger residence and/or a residence located further away from the

city center. Therefore, a residential relocation that implies a longer commuting time is

acceptable since it also offers other attractive characteristics. Regarding job relocations,

workers who have young children may be more sensitive to longer commuting times and

11
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Table 4
Change in average one-way commuting time in minutes by type of relocation with respect to
different incomes

Residential Job Residential and
Income quintile relocations relocations job relocations

Before After Before After Before After
Lower quintile 10.38 10.91 11.55 12.23 11.60 12.52
p-value <0.001 <0.001 <0.001
No. of observations 11 971 16 912 10 796

Second quintile 10.68 11.57 12.24 12.97 11.91 13.20
p-value <0.001 <0.001 <0.001
No. of observations 11 781 16 089 8913

Third quintile 11.06 12.16 12.94 13.75 12.34 13.83
p-value <0.001 <0.001 <0.001
No. of observations 10 874 17 088 8256

Fourth quintile 11.60 12.80 13.63 14.63 13.10 14.69
p-value <0.001 <0.001 <0.001
No. of observations 9969 17 382 7633

Upper quintile 13.01 14.04 15.23 16.21 14.23 15.66
p-value <0.001 <0.001 <0.001
No. of observations 7962 20 220 7795
Note: The p-values correspond to two-tailed t-tests of the hypothesis that the average com-
muting time is the same after the relocations as before the relocations.

require more compensation for an increase in commuting time compared to workers

without young children. This result may therefore reflect the fact that the value of

commuting time becomes higher for workers after a child birth due to more restrictions

in their daily schedule. Also, note that the average commuting time level before the

relocations is much higher for job relocations than for residential relocations, which

may be conducive to this result.

The large sample used in this paper offers the opportunity of splitting the sample into

many subsamples without having too small a number of observations in each subsample.

Also, since most previous research is based on metropolitan areas it is interesting to

analyze the commuting time changes in different regions. Here the 21 counties of Sweden

are used to this end. 11 In this exercise, there are no longer only significant increases in

the commuting time following relocations. Therefore, in Tables 7, 8 and 9, the counties

are listed with respect to their results of the commuting time change after relocations,

i.e. if the average commuting time significantly increases, if the average commuting time

significantly decreases, or if the average commuting time change is non-significant. The

significance level is set to five percent.

In Table 7, the counties are listed for the commuting time changes following residential

relocations. Here, the counties of Uppsala and Södermanland both indicate a significant

11 In Figure 1, a map showing the counties of Sweden is found.
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Table 5
Change in average one-way commuting time in minutes by type of relocation with respect to
different age groups

Residential Job Residential and
Age group relocations relocations job relocations

Before After Before After Before After
Age 20-24 11.24 12.23 13.36 14.03 12.40 13.58
p-value <0.001 <0.001 <0.001
No. of observations 10 692 8054 10 708

Age 25-29 11.14 12.65 13.58 14.30 12.46 14.15
p-value <0.001 <0.001 <0.001
No. of observations 9081 11 999 8726

Age 30-34 10.97 12.02 13.30 14.03 12.54 13.95
p-value <0.001 <0.001 <0.001
No. of observations 7616 15 307 6386

Age 35-39 11.49 12.01 13.20 14.19 13.06 14.31
p-value <0.001 <0.001 <0.001
No. of observations 7341 18 141 5479

Age 40-44 11.75 12.48 13.33 14.25 12.89 14.12
p-value <0.001 <0.001 <0.001
No. of observations 6732 18 017 4359

Age 45-49 10.88 11.97 12.71 13.65 12.08 13.10
p-value <0.001 <0.001 0.004
No. of observations 3662 10 062 2136

Age 50-64 10.90 12.21 11.92 12.77 11.30 12.78
p-value 0.001 <0.001 0.029
No. of observations 1109 3247 543
Note: The p-values correspond to two-tailed t-tests of the hypothesis that the average com-
muting time is the same after the relocations as before the relocations.

decrease in commuting time. These two counties have in common the fact that they are

the only counties in Sweden that have a land border to the county of Stockholm, which

is the largest metropolitan area in Sweden. In these counties, a substantial number

of workers commute to Stockholm so this result can possibly be explained by some

workers moving to Stockholm to live closer to their jobs. Furthermore, most counties

have a significant increase in commuting time but there are also six counties where this

average commuting time change is non-significant.

Table 8 presents the corresponding results pertaining to job relocations. There is no

county that exhibits a significant decrease in the average commuting time as a result

of job relocations. As for residential relocations, most of the counties show a signif-

icant increase but there are eight counties that show no significant commuting time

change. Note that in Uppsala and Södermanland, where residential relocators signifi-

13
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Table 6
Change in average one-way commuting time in minutes for workers with young children in t
but without young children in t− 1 by type of relocation with respect to gender

Residential Job Residential and
Gender relocations relocations job relocations

Before After Before After Before After
Men 10.73 12.77 14.32 14.61 12.70 14.68
p-value <0.001 <0.178 <0.001
No. of observations 6248 4315 6089

Women 10.42 12.95 13.42 12.93 12.42 14.27
p-value <0.001 <0.197 <0.001
No. of observations 2365 1174 2168
Note: The p-values correspond to two-tailed t-tests of the hypothesis that the average com-
muting time is the same after the relocations as before the relocations. The definition of young
children is children aged 0-6.

Table 7
Significant and non-significant changes in average one-way commuting time following residen-
tial relocation with respect to different counties of residence

Significant increase Significant decrease Non-significant
Stockholm Uppsala Kronoberg
Östergötland Södermanland Kalmar
Jönköping Gotland
Blekinge Halland
Sk̊ane Jämtland

Västra Götaland Norrbotten
Värmland
Örebro

Västmanland
Dalarna
Gävleborg

Västernorrland
Västerbotten

Note: The significance is determined by two-tailed t-tests of the hypothesis that the aver-
age commuting time is the same after the residential relocations as before the residential
relocation. The significance level is five percent.

cantly decreased their average commuting times, job relocators significantly increased

their commuting times on average.

In Table 9, commuting time changes following both residence and job relocation are

studied. Most counties have a significant increase in average commuting times. Once

again, and in this case as the only county, Uppsala has a significant decrease in av-

erage commuting times. For five of the counties, including Södermanland, there is no

significant change.

To summarize the results of splitting the sample into regions, the three counties that

contain the three largest metropolitan areas of Sweden, that is Stockholm, Västra

Götaland and Sk̊ane all show a significant increase in commuting time for all types

14
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Fig. 1. The 21 counties of Sweden. Source: National Atlas of Sweden, www.sna.se

of relocation. 12 The non-significant counties are mainly counties that are relatively

sparsely populated and without large cities. The largest city in the counties that are

non-significant, is Ume̊a which is the twelfth largest city in Sweden. 13

3.3 Linear regression models of commuting time changes

Presented in Table 10 are the results of the linear regression models where change in

commuting time is the dependent variable. As described in subsection 2.2, the covariates

12 Stockholm, the largest city in Sweden, is the main city in the county of Stockholm.
Göteborg, the second largest city in Sweden, is the main city in the county of Västra Götaland.
Malmö, the third largest city in Sweden, is the main city in the county of Sk̊ane. These cities
are also the ones marked in their respective counties on the map found in Figure 1.
13On 31st of December 2005 according to Statistics Sweden.
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Table 8
Significant and non-significant changes in average one-way commuting time following work-
place changes with respect to different counties of residence

Significant increase Significant decrease Non-significant
Stockholm Kalmar
Uppsala Gotland

Södermanland Blekinge
Östergötland Gävleborg
Jönköping Västernorrland
Kronoberg Jämtland
Sk̊ane Västerbotten
Halland Norrbotten

Västra Götaland
Värmland
Örebro

Västmanland
Dalarna

Note: The significance is determined by two-tailed t-tests of the hypothesis that the average
commuting time is the same after the workplace relocations as before the workplace reloca-
tions. The significance level is five percent.

Table 9
Significant and non-significant changes in average one-way commuting time following both
residential relocation and workplace change with respect to different counties of residence

Significant increase Significant decrease Non-significant
Stockholm Uppsala Södermanland
Östergötland Kalmar
Jönköping Gotland
Kronoberg Halland
Blekinge Jämtland
Sk̊ane

Västra Götaland
Värmland
Örebro

Västmanland
Dalarna
Gävleborg

Västernorrland
Västerbotten
Norrbotten

Note: The significance is determined by two-tailed t-tests of the hypothesis that the average
commuting time is the same after the residential and workplace relocations as before the
residential and workplace relocations. The significance level is five percent.

of the linear models are either level or change variables. The level variables are all

defined in period t− 1, while the change variables denote a change between t− 1 and

t. 14

14Note, however, that Krizek (2003) focuses on distance and number of trips and not on travel
time. Also, the analysis in Krizek (2003) covers all travel purposes and not just commuting.
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The commuting time level in period t shows a strongly negative effect on the change

in commuting time regardless of the type of relocation. This result is similar to the

results of Krizek (2003) and Prillwitz et al. (2007). As noted in the literature review

of Prillwitz et al. (2007, p. 66-68), this result is expected. Nevertheless, this result

cannot be interpreted as in Krizek (2003) and in Clark et al. (2003), that workers

tend to decrease long commutes over time. For such an interpretation, as explained

by Rouwendal (2004), average commuting time/distance has to decrease significantly

over time. Empirical support for such a phenomenon, however, is difficult to find in the

literature. Also in this study, as can be seen from the results in Table 1, the average

commuting time for all workers is found to increase over time.

Also in all types of relocation models, the effect of the income variable is found to be

positive and significant. This means that income not only influences the commuting

time but also commuting time changes. An interpretation is that workers with higher

incomes have specific occupations and to increase their wage considerably, they have

to search for jobs in a larger region. This could also explain why the effect of income is

much larger for workplace relocators than for residential relocators.

The results of the rest of the level variables are mixed for the different relocation models.

Age, for example, is positive for residential relocation and negative for job relocation.

Women tend to increase the commuting time less than men when they relocate job. For

the other types of relocation, the negative effect for women appears only when there

are young children in the household. Also, a higher education level entails a larger

commuting time increase when there are job relocations. Finally, the commuting time

changes are increasing over time for all types of relocation. This means that, controlling

for other effects, the commuting time change during periods 1990-1993 and 1993-1998

is significantly larger than the commuting time change during period 1986-1990. The

commuting time change during period 1993-1998 is also larger than the commuting

time change during 1990-1993.

Turning to the change variables, the effect of income change is positive for job relo-

cations. It seems that workers accept longer commuting time since they are, to some

extent, compensated by a higher wage. For residential relocations, the effect of the in-

come change is negative but only weakly significant. The negative sign may reflect that

workers with a wage increase that is larger than the average, use their increased rela-

tive purchase power on a more expensive residence located closer to their workplace. 15

Thus, the negative coefficient for the income change may reflect a positive income ef-

fect for housing. A variable that measures the change in some housing characteristics

would be attractive in this case, unfortunately, no such variable is accessible in the

data. In addition, education change shows a substantial positive effect when there are

job relocations. Higher educated workers are probably more specialized and therefore

they might have to search for a job further away from home.

15 Recall that the income variable is inflated with regards to the average income increase
between the observation years. Thus, the higher the income change, the higher the income
increase relative to other workers.
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Table 10
OLS regressions of commuting time changes following relocations

Residential Job Residential and
Variable relocations relocations job relocations

Coeff. (S. err.) Coeff. (S. err.) Coeff. (S. err.)
Level
Commuting time -6.91∗∗ (0.095) -7.79∗∗ (0.081) -11.3∗∗ (0.119)
Income 0.951∗∗ (0.217) 2.88∗∗ (0.181) 3.39∗∗ (0.271)
Age 0.020∗∗ (0.006) -0.018∗∗ (0.006) -0.011 (0.009)
Married -0.348∗∗ (0.113) -0.201∗ (0.097) 0.133 (0.184)
No. of children 0.225∗ (0.105) -0.090 (0.106) 0.214 (0.189)
No. of cars 0.611∗∗ (0.092) 0.109 (0.078) -0.489∗∗ (0.138)
Women 0.063 (0.105) -0.405∗∗ (0.097) 0.072 (0.149)
Children×women -0.279∗ (0.142) -0.186 (0.121) -0.454∗ (0.216)
High school 0.079 (0.104) 0.655∗∗ (0.105) 0.498∗∗ (0.184)
University 0.218† (0.131) 1.18∗∗ (0.125) 0.438∗ (0.207)
1990-1993 0.270∗ (0.113) 0.605∗∗ (0.107) 0.904∗∗ (0.183)
1993-1998 0.465∗∗ (0.112) 1.48∗∗ (0.102) 1.92∗∗ (0.157)
Accessibility -1.49∗∗ (0.042) -1.15∗∗ (0.028) -1.89∗∗ (0.056)

Change
Income/100 000 -0.184† (0.102) 0.707∗∗ (0.096) 0.378∗∗ (0.073)
Getting married 0.275† (0.142) -0.063 (0.206) 0.415∗ (0.206)
Divorced -0.101 (0.190) 0.522† (0.272) -0.172 (0.303)
More children -0.061 (0.115) -0.584∗∗ (0.162) -0.197 (0.177)
Less children -0.321† (0.191) 0.049 (0.177) -0.058 (0.332)
More cars 1.29∗∗ (0.118) 0.580∗∗ (0.119) 0.979∗∗ (0.172)
Less cars -0.754∗∗ (0.148) -0.389∗∗ (0.150) 0.363† (0.218)
Education 0.307† (0.187) 0.714∗∗ (0.165) 0.780∗∗ (0.226)
Accessibility -2.05∗∗ (0.034) -0.635∗∗ (0.082) -1.86∗∗ (0.041)
County of residence 5.45∗∗ (0.655) -0.486∗ (0.196)
R-square 0.327 0.195 0.345
No. of observations 52 557 87 691 43 393
Note: For the coefficients, ∗∗, ∗ and † denote difference from zero at the one, five and ten
percent significance level respectively. The model for residential relocation also includes level
dummy variables for the county of residence. For simplicity, these coefficients are not shown in
the table. All models also includes an intercept, which is more or less non-interpretable. The
standard errors are robust and also adjusted for clusters, i.e. that some observations belong
to the same individual. The level variables of commuting time and income are given in the
natural logarithm. No. of cars is the number of cars in the household but defined as 2 if the
actual number is 2 or more. No. of children is the number of children aged 0-6.

Regarding a comparison with the results of Krizek (2003), he did not have access to as

many different variables as in this study, so a relevant comparison can only be made for

commuting time, income and number of children. For the level of commuting time the

similarity across these studies has already been mentioned. Furthermore, the income

variables of both the level and the change are positive and significant in Krizek (2003)

so in this case there seems to be a robustness across the different data and the different

commuting variables. Finally, the number of children in level, is non-significant in this

study as well as in that of Krizek (2003).
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3.4 Quantile regression models of commuting time changes

In Tables 11 through 13, the results of quantile regression models of the commuting time

changes are presented. For all three types of relocation, models are estimated for the

0.1, 0.5 (median) and 0.9 quantile. Thus, the effect of the covariates at points relatively

far out in each of the tails, as well as the middle point of the distributions of commuting

time changes, is analyzed. At the 0.1 quantile, the commuting time change is negative

while at the 0.9 quantile, the commuting time change is positive. The covariates will

be the same as for the OLS models presented in the former subsection. The attention,

however, will mainly be at the variables where the effect is different at different points

of the distribution of the commuting time changes.

In Table 11, the quantile regression results for residential relocations are presented.

Among the level variables, income has a much higher positive influence at the 0.9

quantile compared to at the other quantiles. Income seems to be an even more important

factor for the commuting time change when the change is an increase compared to

when the change is a decrease. Furthermore, the effect of age and the effect of the

number of cars in the household are positive only at the upper tail of the distribution

of the commuting time changes. The effect of number of young children is positive and

significant at the 0.1 and 0.5 quantiles.

Regarding the change variables, the effect of a residential change across a county border

on the commuting time change, has reversed signs at the lower and upper tail of the

distribution of the commuting time changes. A move to another county without a job

change suggests a substantial absolute change in commuting time. Therefore, moves to

another county plausibly imply commuting time changes further out in the tails of the

distribution, ceteris paribus.

Similar quantile regressions for job relocations are presented in Table 12. Here, the effect

of the income level is strongly positive at both tails of the distribution. The effect for

women has a negative sign at the upper tail of the distribution of the commuting time

changes and a positive sign at the lower tail of the distribution of the commuting time

changes. These reversed signs mean that women increase their commuting time less at

the upper tail of the distribution and decrease their commuting time less at the lower

tail of the distribution, as compared to men. In other words, men tend to have larger

commuting time changes in absolute terms than women, and thus the distribution of

commuting time changes has a larger variance for men than for women. One reason

could be that men also have a larger variance in commuting times, which may lead

to larger commuting time changes in absolute terms. This finding may be a reflection

of a larger commuting time tolerance among men than among women. At the upper

tail, the gender effect is even larger if there are young children in the household. Also,

the results show a significant positive time trend of the commuting time changes at all

quantiles but the effect is largest at the upper tail. Increases of commuting time later

on during this observation period seem to be larger on average.

The change variables that show the most interesting results here are more children and

education. More children is strongly negative only at the upper tail of the distribution

19
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Table 11
Quantile regressions of commuting time changes following residential relocations
Variable 0.1 quantile 0.5 quantile 0.9 quantile

Coeff. (S. err.) Coeff. (S. err.) Coeff. (S. err.)
Level
Commuting time -7.24∗∗ (0.093) -3.21∗∗ (0.066) -3.90∗∗ (0.115)
Income 0.692∗∗ (0.225) 0.442∗∗ (0.102) 1.72∗∗ (0.416)
Age -0.009 (0.006) 0.001 (0.003) 0.036∗∗ (0.011)
Married 0.069 (0.111) -0.078 (0.052) -0.830∗∗ (0.210)
No. of children 0.322∗∗ (0.115) 0.159∗∗ (0.048) -0.281 (0.205)
No. of cars -0.295∗∗ (0.096) 0.076† (0.041) 1.41∗∗ (0.184)
Women 0.194† (0.104) -0.017 (0.051) 0.007 (0.196)
Children×women 0.031 (0.156) -0.089 (0.071) -0.698∗ (0.274)
High school -0.042 (0.101) 0.049 (0.051) 0.135 (0.224)
University 0.032 (0.125) 0.158∗ (0.064) 0.581∗ (0.266)
1990-1993 0.044 (0.115) -0.118∗ (0.049) 0.278 (0.212)
1993-1998 -0.066 (0.111) 0.216∗∗ (0.051) 0.530∗∗ (0.205)
Accessibility -0.645∗∗ (0.053) -0.817∗∗ (0.023) -2.21∗∗ (0.071)

Change
Income/100 000 0.044 (0.093) 0.031 (0.036) -0.371∗∗ (0.141)
Getting married 0.366∗ (0.152) 0.227∗∗ (0.078) 0.076 (0.315)
Divorced -0.002 (0.208) -0.064 (0.083) -0.201 (0.306)
More children 0.289∗ (0.123) 0.040 (0.056) -0.236 (0.239)
Less children -0.059 (0.214) -0.187∗ (0.081) -0.520 (0.362)
More cars 0.234∗ (0.111) 0.545∗∗ (0.056) 2.30∗∗ (0.255)
Less cars -0.620∗∗ (0.166) -0.263∗∗ (0.061) -0.666∗ (0.278)
Education -0.013 (0.193) 0.140† (0.078) 0.753∗ (0.335)
Accessibility -1.18∗∗ (0.032) -1.78∗∗ (0.017) -2.83∗∗ (0.053)
County of residence -20.0∗∗ (1.48) 6.10∗∗ (0.739) 30.7∗∗ (2.01)
R-square 0.352 0.189 0.206
No. of observations 52 557
Note: For the coefficients, ∗∗, ∗ and † denote difference from zero at the one, five and ten
percent significance level respectively. The models also includes level dummy variables for the
county of residence. For simplicity, these coefficients are not shown in the table. All models
also includes an intercept, which is more or less non-interpretable. The standard errors are
obtained by bootstrapping with 400 repetitions. The level variables of commuting time and
income are given in the natural logarithm. No. of cars is the number of cars in the household
but defined as 2 if the actual number is 2 or more. No. of children is the number of children
aged 0-6.

of commuting time changes. This means that a new child between t−1 and t influences

the commuting time change negatively if the commuting time change is an increase.

This can be seen as a confirmation of the result in Table 6 and may depend on a

reduction of the commuting time tolerance after a child birth. Education change is

positive and significant at all these three quantiles. However, the effect is strongest at

the upper tail of the distribution of the commuting time changes.

In Table 13, the results of the quantile regression models for combined residential and

job relocations are presented. The results of these models are fairly similar to the re-

sults of the models on job relocation. This holds in particular for income, number of

20



21

Table 12
Quantile regressions of commuting time changes following job relocations
Variable 0.1 quantile 0.5 quantile 0.9 quantile

Coeff. (S. err.) Coeff. (S. err.) Coeff. (S. err.)
Level
Commuting time -8.30∗∗ (0.098) -1.85∗∗ (0.042) -7.31∗∗ (0.124)
Income 2.84∗∗ (0.234) 0.948∗∗ (0.059) 3.175∗∗ (0.441)
Age 0.015† (0.008) -0.002 (0.002) -0.067∗∗ (0.014)
Married -0.360∗∗ (0.136) -0.066∗ (0.031) -0.619∗∗ (0.241)
No. of children 0.033 (0.153) -0.039 (0.032) 0.052 (0.290)
No. of cars -1.26∗∗ (0.117) -0.110∗∗ (0.027) 1.68∗∗ (0.176)
Women 1.21∗∗ (0.141) 0.085∗∗ (0.033) -1.70∗∗ (0.249)
Children×women -0.091 (0.173) -0.027 (0.047) -0.632∗ (0.269)
High school 1.20∗∗ (0.159) 0.191∗∗ (0.034) 0.865∗∗ (0.239)
University 1.41∗∗ (0.168) 0.244∗∗ (0.039) 3.06∗∗ (0.288)
1990-1993 0.183 (0.139) 0.026 (0.031) 1.05∗∗ (0.233)
1993-1998 0.472∗∗ (0.141) 0.650∗∗ (0.035) 2.79∗∗ (0.251)
Accessibility -1.11∗∗ (0.049) -0.343∗∗ (0.010) -1.12∗∗ (0.063)

Change
Income/100 000 0.730∗∗ (0.087) 0.279∗∗ (0.028) 0.709∗∗ (0.018)
Getting married -0.507∗ (0.257) -0.065 (0.057) -0.173 (0.458)
Divorced 0.571 (0.359) 0.054 (0.096) 0.709 (0.497)
More children -0.355† (0.210) -0.061 (0.050) -1.03∗∗ (0.376)
Less children 0.440† (0.240) 0.031 (0.054) -0.527 (0.400)
More cars -0.668∗∗ (0.153) 0.111∗∗ (0.036) 2.34∗∗ (0.270)
Less cars -0.132 (0.199) -0.010 (0.047) -0.737∗ (0.336)
Education 0.610∗∗ (0.194) 0.285∗∗ (0.062) 1.79∗∗ (0.365)
Accessibility -0.504∗∗ (0.139) -0.342∗∗ (0.024) -0.778∗∗ (0.207)
R-square 0.239 0.017 0.075
No. of observations 87 691
Note: For the coefficients, ∗∗, ∗ and † denote difference from zero at the one, five and ten
percent significance level respectively. The models also includes level dummy variables for the
county of residence. For simplicity, these coefficients are not shown in the table. All models
also includes an intercept, which is more or less non-interpretable. The standard errors are
obtained by bootstrapping with 400 repetitions. The level variables of commuting time and
income are given in the natural logarithm. No. of cars is the number of cars in the household
but defined as 2 if the actual number is 2 or more. No. of children is the number of children
aged 0-6.

cars, gender, the interaction variable between gender and the number of young children

and the time intervals. These similarities suggest that the results following combined

residential and job relocations are mostly driven by the job relocation. A further in-

terpretation is that the residential relocation here is adjusted in such a way that the

commuting time change is similar, compared to a situation where the job is changed

without a change of residence. Remember, however, that combined relocations of jobs

and residences might be interregional and therefore impaired by more restrictions com-

pared to job relocations only, which most likely are intraregional.
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Table 13
Quantile regressions of commuting time changes following combined residential and job relo-
cations
Variable 0.1 quantile 0.5 quantile 0.9 quantile

Coeff. (S. err.) Coeff. (S. err.) Coeff. (S. err.)
Level
Commuting time -11.8∗∗ (0.142) -7.63∗∗ (0.113) -8.91∗∗ (0.233)
Income 3.05∗∗ (0.300) 2.81∗∗ (0.193) 3.66∗∗ (0.634)
Age -0.054∗∗ (0.011) -0.029∗∗ (0.006) 0.046∗ (0.021)
Married 0.487∗ (0.243) 0.035 (0.131) -0.810† (0.492)
No. of children 0.246 (0.227) -0.023 (0.141) 0.430 (0.465)
No. of cars -1.53∗∗ (0.183) -0.915∗∗ (0.099) 1.59∗∗ (0.330)
Women 0.686∗∗ (0.197) 0.378∗∗ (0.103) -0.972∗ (0.399)
Children×women -0.141 (0.253) -0.200 (0.157) -1.83∗∗ (0.562)
High school 0.301 (0.234) 0.158 (0.122) 1.28∗∗ (0.411)
University 0.048 (0.270) 0.252† (0.141) 2.20∗∗ (0.470)
1990-1993 0.046 (0.220) 0.479∗∗ (0.118) 1.97∗∗ (0.435)
1993-1998 0.830∗∗ (0.192) 1.34∗∗ (0.104) 3.26∗∗ (0.367)
Accessibility -1.29∗∗ (0.078) -1.39∗∗ (0.037) -2.36∗∗ (0.129)

Change
Income/100 000 0.294∗∗ (0.066) 0.364∗∗ (0.082) 0.388∗∗ (0.119)
Getting married 0.692∗∗ (0.238) 0.434∗∗ (0.136) -0.247 (0.540)
Divorced -0.247 (0.387) -0.317† (0.186) 0.425 (0.785)
More children -0.089 (0.210) -0.039 (0.119) -0.586 (0.366)
Less children 0.059 (0.407) 0.078 (0.228) 0.062 (0.852)
More cars -0.358† (0.197) 0.390∗∗ (0.120) 3.50∗∗ (0.442)
Less cars 0.528∗ (0.263) 0.684∗∗ (0.137) -0.892† (0.486)
Education 0.781∗ (0.318) 0.465∗∗ (0.164) 0.880† (0.509)
Accessibility -1.02∗∗ (0.057) -1.86∗∗ (0.029) -2.54∗∗ (0.091)
County of residence -2.85∗∗ (0.246) -1.22∗∗ (0.138) 4.41∗∗ (0.536)
R-square 0.369 0.179 0.113
No. of observations 43 393
Note: For the coefficients, ∗∗, ∗ and † denote difference from zero at the one, five and ten
percent significance level respectively. The models also includes level dummy variables for the
county of residence. For simplicity, these coefficients are not shown in the table. All models
also includes an intercept, which is more or less non-interpretable. The standard errors are
obtained by bootstrapping with 400 repetitions. The level variables of commuting time and
income are given in the natural logarithm. No. of cars is the number of cars in the household
but defined as 2 if the actual number is 2 or more. No. of children is the number of children
aged 0-6.

4 Concluding discussion

In this study, the objective was to analyze commuting time changes that follow resi-

dential relocation, job relocation and combined residential and job relocation. A large

set of register data on the Swedish labor market combined with car route travel times

between small homogeneous areas, are used to this end.
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First, the empirical results show that the average commuting time of all workers has

steadily increased in Sweden between 1986 and 1998. This result falsifies the rational

locator hypothesis (Levinson and Wu, 2005), which posits that workers adjust their

workplace and/or residence in such a way that the average commuting times over time

are stable.

Further results that also falsify the rational locator hypothesis are found when the av-

erage commuting time change following relocation is analyzed. Here, in more or less all

subsamples and for all types of relocation, the commuting time increases significantly

after relocations. After a job relocation and a child birth, however, the average commut-

ing time change is non-significant, which may reflect a higher value of commuting time

for this group compared to others. When the sample is split with respect to counties,

a significant decrease in average commuting time is found in three cases out of 63. In

19 cases, no significant commuting time change is found. In the latter cases, a small

sample size may be the reason for at least some of the counties.

This result partly supports and partly contradicts the theory stating that workers who

relocate job will be more likely to decrease their commuting, whereas workers who

relocate residence will be more likely to increase their commuting. One objection here

might be that this theory is claimed to hold for metropolitan areas only and that most

previous empirical studies are based on metropolitan areas. The results of this study,

however, hold for the Stockholm region as well as for the regions with the second and

third largest cities in Sweden.

The results of the econometric regressions for changes in commuting time show that

socio-economic characteristics have a large influence on the commuting time changes

following workers’ relocations. Furthermore, quantile regressions show that several co-

variates influence the commuting time differently at the upper tail of the distribution of

commuting time changes compared to the lower tail of the same distribution. The com-

muting time level has a strong negative impact on the commuting time change, which

should not be interpreted as workers seeking to decrease commuting time when they

relocate (see Rouwendal, 2004). Also, the commuting time change following relocations

tends to become larger over time during this observation period. For job relocations,

the commuting time changes that are already positive tend to become even larger over

time. These last findings may, if the trends continue in the future, have large policy

implications. For example, gender equality may worsen given that regional expansion

entails a longer commuting time only for the husband of two-earner households. Also,

environmental effects such as increased road congestion, traffic noise and increased

emissions of greenhouse gases may be the result.

This study is the first attempt to analyze commuting time changes following reloca-

tions by the use of register data. Therefore, the analysis is kept relatively simple and

descriptive. This implies a number of opportunities for refining this type of analysis in

future research. First, it would be interesting to analyze commuting time changes with a

household dimension. The choice to relocate residence is clearly a household choice, and

the choice to change jobs that influences the commuting time is most likely a decision

based on discussion within the household. Nevertheless, the analysis of commuting time

changes split into married and non-married individuals presented in Table 3, shows no
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clear difference between these two groups. Second, it would be attractive to incorpo-

rate the characteristics of the direction of the relocations in the analysis. For example,

no consideration is taken of the length of a relocation. Including such characteristics

may also help to explain whether suburbanization is the correct explanation for the

increase in average commuting time after residential relocations. Finally, it would be

interesting to analyze other classifications of the region. Here, the definitions of the lo-

cal labor markets is a possible suggestion, since these classifications are actually based

on commuting flows.
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Abstract

The purpose of this paper is to estimate the average value of commuting time (VOCT)

in an empirical on-the-job search model. To this end a large Swedish sample of employee-

establishment linked data obtained from administrative registers is used. The sample

contains detailed information on the individual’s place of residence and place of work.

We also have detailed information on travel times and travel distances for three dif-

ferent modes of transport, which we combine with the administrative data. Since the

administrative registers lack information on mode choice for the journey to work, we

estimate a mode choice model on the Swedish National Travel Survey which is used to

link the employee-establishment data to the relevant set of travel times and distances.

The results indicate an average VOCT of about 1.8 times the net hourly wage rate in

the sample.

Keywords: Commuting time; Value of commuting time; Register data; On-the-job

search

JEL codes: C41; C81; J60; R41

1 Introduction

One of the most important components in cost benefit analyses (CBA) of investments

in the transport infrastructure is the individual’s willingness to pay for reductions in

travel time. 1 Although this would seem to imply that individuals would aim at reduc-

1 Hensher and Brewer (2001, p. 85) note that travel time savings usually amount to more
than 70 percent of the total user benefits in many transport investments.
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ing their travel times, it is hard to establish any secular reductions in the population’s

average commuting times, which is a significant part of total travel time. One possi-

ble explanation is that individuals use improved commuting opportunities within and

between regions to get a better job, e.g. change to a job that is located further away

but has a better wage. Hence reductions in commuting times between different nodes

in a transportation network may induce people to commute over larger geographical

areas. Such changes in the time restrictions facing an individual may thus increase the

geographical size of the individual’s local labor market.

The previous line of argument is based on the idea that the individual considers a

short commuting time as a desirable job attribute, like a high wage or a good work-

ing environment; in other words, the shorter the commuting time and the higher the

wage, the better the job. In general, if the individual is prepared to exchange longer

commuting time for a higher wage, the theory of compensating wage differentials 2

suggests that we can obtain estimates of the individual’s valuation of commuting time.

The argument also hinges on the theory of on-the-job search, i.e. the presumption that

employed individuals search for new and better jobs in the labor market. Gronberg

and Reed (1994) suggest that when the labor market is characterized by search, com-

pensating wage differentials should be obtained from an empirical search model. In a

pioneering application, Van Ommeren et al. (2000) demonstrate the usefulness of an

empirical on-the-job search model to obtain estimates of the value of commuting time

(VOCT). 3 They estimate a job duration model on Dutch data using commuting dis-

tances and hourly wages. Combining the estimated model with external information

on the relationship between commuting distances and commuting times, they arrive at

an estimated marginal willingness to pay for commuting time, amounting to around

two-thirds of the hourly net wage rate.

In a more recent paper, Van Ommeren and Fosgerau (2009) estimate a dynamic search

model on data for the Netherlands. They present models both for job search and ac-

tual job switching. From the estimated effects of wages and commuting times in these

models, Van Ommeren and Fosgerau present an estimate of the marginal cost of com-

muting. This cost reflects time costs, monetary costs as well as other restrictions that

are relevant to the individual. Their results suggest the marginal cost of commuting to

be around twice the net hourly wage rate.

The purpose of this paper is to estimate the average value of commuting time (VOCT)

in Sweden in an empirical search model. To this end, we use a large Swedish sam-

ple of employee-establishment linked data obtained from administrative registers that

contains detailed geographical information on household and establishment locations.

This data set thus allows us to estimate models of actual job switching. Our employee-

establishment linked data set is, in turn, combined with administrative data on travel

times, travel costs and travel distances for three modes of transport: walking or cy-

2 Also known as equalizing differences. See Rosen (1986) for a comprehensive overview of the
theory.
3 Note that the VOCT is often obtained in a mode choice context where the individual
chooses between different modes for a particular trip and where the modes in the choice set
differ in terms of time and cost (see e.g. McFadden, 1974; Truong and Hensher, 1985).
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cling or use of moped, car or motorcycle, and public transport. Since the employee-

establishment data does not contain information on the individual’s mode choice for

the journey to work, we also propose a method for linking this type of data to the

data on travel times, travel distances and travel costs. To this end we use the Swedish

National Travel Survey.

The present paper builds primarily on the previous work by Van Ommeren et al. (2000)

and Van Ommeren and Fosgerau (2009). It should be noted that the Netherlands is a

much more densely populated country than Sweden and that this may have an effect

on job search behavior. For this reason, we also believe it is interesting to estimate

the effects of commuting times and wages on job duration in an empirical on-the-job

search framework for Sweden. In addition, we have a substantially larger sample than

Van Ommeren et al. (2000) and Van Ommeren and Fosgerau (2009). This implies that

we can investigate in some detail how the results depend on various individual and

household characteristics that are likely to affect the restrictions facing an individual’s

commuting. Our models also aim to control for mode choice and associated travel times,

and monetary costs, which would make it possible to isolate the effect of commuting

times on job duration.

In addition, linked employee-establishment data has recently received substantial at-

tention among labor economists (see Abowd and Kramarz, 1999, for a survey). But to

the best of our knowledge, we are not aware of any previous attempts to use this type

of data to estimate VOCT. Hence, the paper also provides an empirical assessment of

the usefulness of this type of data in a transport setting.

The paper is organized as follows. Section 2 presents the theoretical framework and

section 3 presents the empirical models. The data is presented in section 4 and the

results in section 5. Finally, section 6 concludes the paper.

2 Theoretical framework

To set the stage for a discussion on what we may estimate on the available data set,

this section presents a simple theoretical model of utility maximization on the current

job and by changing jobs. Thus the main purpose of outlining this model is to define

the value of commuting time, and to facilitate the discussion of the limitations of our

data set. Let us therefore begin by assuming that the individual maximizes utility by:

(i) choosing optimal working hours and mode of commuting, conditional on the current

hourly wage rate and the current commuting distance, which are both characteristic of

the current job; and (ii) by searching for new jobs that are characterized in terms of

hourly wage rates and commuting distances. By choosing mode of commuting we will

assume that the individual implicitly chooses commuting time. Furthermore, one main

reason for commuting longer distances, other than those motivated by a job “around

the corner” from where you live, is probably the fact that commuting improves the

individual’s outcome both on the labor market as well as the housing market. However

we will, throughout, take the choice of where to live as exogenous in the model. One

motivation is that changes in place of living are less frequent than changes of workplace.

3
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2.1 The individual’s current job

More specifically, we assume that the individual’s utility function during an ordinary

working day is defined over consumption of goods (G), leisure (L) and commuting time

(T ). We also define two functions that determine T and the cost of commuting in terms

of travel mode (m) and distance (d) for a trip, from home to work and back. The

former function defines a minimum restriction on the time it takes to get to work for

each mode. 4 The current job is defined in terms of the after tax hourly wage rate (w)

and the distance (d). Conditional on w and d, we assume that the individual maximizes

the following utility function with respect to hours of work and commuting time

U = u(G,L, T ) s.t. (1)

G = wH − C(m, d), (R1)

τ = H + L+ T and (R2)

T = f(m, d), (R3)

where H denotes hours of work, C is the cost of commuting which depends on mode

and distance, τ is the total amount of time to be divided among hours of work, leisure

and commuting time, and T is thus assumed to be a function of mode and distance. It

is important to note at this stage that both C(m, d) and f(m, d) may vary in a cross

section of the population. Travel time by car, for example, will inter alia depend on

maximum speed limits and congestion in different parts of the road network.

Clearly, if the individual faces no restrictions on how to choose H, optimal working

hours will be a function of w, d and mode choice which in turn determines the cost of

commuting and commuting time. Let g(w, d,m) denote this function. Now the optimal

mode choice is defined by

argmax
m

u(wg(w, d,m)− C(m, d), τ − g(w, d,m)− f(m, d), f(m, d)). (2)

Let m(w, d) denote the optimal mode choice so that the indirect utility function is a

function of w and d,

V (w, d) = u(wg(w, d,m(w, d))− C(m(w, d), d),

τ − g(w, d,m(w, d))− f(m(w, d), d), f(m(w, d), d)).
(3)

To see how this indirect utility function relates to the empirical model, it is useful

to outline how marginal changes in some variables affect the indirect utility function.

In the following we let uj denote the partial derivative of u with respect to its j:th

4 This would thus be similar to the general framework of DeSerpa (1971).

4



5

argument evaluated at the optimal choice of mode and hours of work. First, if the net

hourly wage rate (w) does not have an effect on mode choice and if working hours are

optimally chosen we have

∂V

∂w
= u1g(w, d,m). (4)

In other words, the marginal effect of varying the net hourly wage rate is equal to the

product between the marginal utility of income and (daily) working hours. Furthermore,

if we hold mode choice constant and differentiate the indirect utility function with

respect to commuting distance (d) we obtain

∂V

∂d
= −u1

∂C(m, d)

∂d
− (u2 − u3)

∂f

∂d
, (5)

that is, minus the marginal utility of money times the marginal cost of commuting

with the chosen mode of transport, minus the marginal (dis)utility of spending time

commuting (u2 − u3) times the marginal effect of changing distance on time. With

constant speed the marginal effect of changing distance on time is the inverse of the

speed.

Now consider the following thought experiment. We ask the individual to state the

amount of money that would compensate him for a “small” increase in commuting

time so that he becomes indifferent to the increase. This would give us the value of

commuting time (VOCT). Since the indirect utility function (3) only depends on w

and d, we consider this as a change in the function that relates commuting time to

mode of transport and distance, T = f(m, d). Thus, if we differentiate the indirect

utility function with respect to commuting time, holding all other variables constant

we obtain

∂V

∂T
= −u2 + u3. (6)

The value of commuting time (VOCT) is thus obtained as

V OCT =
u2 − u3

u1

, (7)

2.2 Searching for a better job

By searching for a new job the individual can improve his welfare by accepting job

offers that are considered to be better than the current job. This is the basic idea of the

on-the-job search framework where workers continuously search for new jobs, and job

offers are assumed to arrive exogenously from some distribution. 5 Jobs are, further-

5 See for example Mortensen (1986) or Devine and Kiefer (1991) for earlier surveys of this
literature.
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more, characterized in terms of wage and non-wage characteristics that are assumed

to affect the utility of the individual. 6 When search is a more accurate description

of the individual’s behavior in the labor market, Gronberg and Reed (1994) suggest

that compensating wage differentials for various non-wage attributes of a job should be

estimated in a framework that explicitly takes this behavior into account.

If we denote the vector of wage and non-wage characteristics by x and assume a quasi-

concave utility function V (x), the search model suggested by Gronberg and Reed (1994)

may be summarized by the following relationship

φ(x) = δ + θs∗(V (x))[1− F (V (x))], (8)

where x is a vector of covariates and φ(x) is the hazard rate, i.e. the probability of an

individual quitting or being laid off from his job in time t conditional on the job lasting

up until t; δ is the exogenously determined job separation rate, θ is a market determined

search efficiency parameter, s∗(V (x)) is the optimal search effort and F (V (x)) is the

cumulative distribution function of jobs faced by a worker. Thus, the last term on the

right-hand side of the above equation is simply the product between the probability of

receiving a job offer and the probability of accepting the job offer.

From this model it follows that the marginal rate of substitution between a specific

non-wage job characteristic, i, and money (the willingness-to-pay, or WTP for short)

may be obtained as the ratio between the marginal effect of that attribute on the hazard

rate and the marginal effect of the wage on the hazard rate; that is, 7

WTPi(x) =
∂V (x)

∂xi


∂V (x)

∂w
=

∂φ(x)

∂xi


∂φ(x)

∂w
. (9)

In sum, by estimating the relevant parameters of the hazard model we can obtain an

estimate of the VOCT, i.e. the WTP to reduce commuting time.

3 Empirical model

To estimate the parameters of the empirical model of the hazard rate we turn to survival

analysis like Gronberg and Reed (1994) and Van Ommeren et al. (2000). There are two

particular features of our sample that need specific consideration. The first is that the

employee-establishment data is obtained from the stock of ongoing job spells, and that

6 In many applications, only wage characteristics are considered so that the offer distribution
is simply a wage offer distribution.
7 In the case of a deterioration of the non-wage job characteristic we can define the cor-
responding willingness to accept (WTA) as the wage gain required for the individual to be
compensated for the utility loss. In a conventional utility model WTP and WTA should be
equal if the income effects and the substitution effects are small (see Randall and Stoll, 1980;
Hanemann, 1991).
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all observations are right-censored. The second is that the data set lacks information

on the individual’s mode choice for the journey to work. In the following we discuss the

implications of these two features for the analyses and how we have dealt with them.

It is well-known that stock-sampled duration data implies that observed durations

are length-biased (see for example Flinn, 1986). In the present application this means

that the probability of including longer job spells is greater than the probability of

including shorter spells. 8 In addition, the data used here is right-censored; i.e. we only

have information on the duration of ongoing spells up until the point in time where

the sample is generated. This is not necessarily a major restriction on our model if

we assume an accelerated failure time model (see Yamaguchi, 2003). Note also that

we are only interested in estimating how the set of covariates affects the hazard rate

rather than recovering the population distribution of job spells (cf. Flinn, 1986). More

specifically, we assume that the hazard rate (equation (8)) takes the particular form

φ(t | x) = λ0(texp(−xβ))exp(xβ), (10)

where λ0(•) is the baseline hazard. It is well known that the regression parameters of
an accelerated failure time model may be obtained from regressing the logarithm of the

duration on the covariates (see for example Cameron and Trivedi, 2005, pp. 591-592).

The true duration of ongoing job spells in our data set is unobserved however, and

the data only records the intervals within which each spell started. Thus we model the

probability that the unobserved spell falls into one of four distinct intervals as

P (yi = j | xi) = αj + x

iβ + ui, (11)

where j = 2, . . . , 4; y = 1 if 0 years < t < 5 years, y = 2 if 5 years < t < 8 years, y = 3

if 8 years < t < 12 years, y = 4 if 12 years < t; i denotes individual i = 1, 2, . . . , N

and ui conditional on the covariates xi is assumed to be normally distributed with

homoscedastic variance.

This model would be straightforward to estimate as an ordered probit model using the

maximum likelihood estimator (see e.g. Cameron and Trivedi, 2005, pp. 519-520). The

likelihood for each individual would then be based on (11). However, as noted above,

using the administrative data on employees and establishments, is a limitation in that

it lacks information on mode choice. Obviously, commuting time and commuting cost

vary with mode.

We address this problem by estimating a mode choice model on another data set (the

Swedish National Travel Survey, or hereafter SNTS for short) and use this model to pre-

8 Flinn (1986) demonstrates how to adjust right-censored length-biased data to estimate the
population density of completed spells. In addition, Lancaster (1990) shows that when em-
ployment is in stationary equilibrium and the duration of completed job spells is exponentially
distributed, the expected value of observed ongoing spells will equal the expected value of
complete spells (see Lancaster, 1990, sections 5.3 and 8.3).
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dict the mode choice probabilities for each individual in the administrative data set. 9

The predicted mode choice probabilities are subsequently used to calculate the expected

counterpart of (11) with the expectation taken over the predicted mode choice prob-

abilities. We then estimate the parameters of the model by maximizing the expected

likelihood function. More specifically, we first estimate the following multinomial logit

model of mode choice for the journey to work, on the SNTS

pim =
exp(ziδm)M
m=1 exp(z


iδm)

, (12)

where pim is the probability that individual i chooses mode m; here M = 3 and the

modes we consider are the following. Mode 1 is walking or cycling or using moped,

mode 2 is car or motorcycle and mode 3 is public transport. The covariates in zi are:

the distance (kilometers) of a trip from home to work and back; a dummy variable for

owning one car; a dummy variable for owning two or more cars; a dummy variable for

living in a county that contains one of the three major cities of Sweden, i.e. Stockholm,

Göteborg or Malmö; a dummy variable for being married; a dummy variable that takes

the value one, if the individual’s highest attained education is secondary school; a

dummy variable that takes the value one, if the individual’s highest attained education

is university; and a quadratic expression for the individual’s age. The reference category

when estimating (12) is public transport.

The estimated mode choice model (12) is then used to obtain predicted mode choice

probabilities in the administrative data. We assume that these predicted probabilities

are unbiased estimates of the true probabilities and compute the expected counterpart

of (11) with the expectation taken over mode choice; i.e.

M
m=1

p(zi)mP (yi = j | xim), (13)

where m refers to mode, p(zi)m is the predicted probability that individual i chooses

mode m and includes the relevant commuting time and commuting cost for mode m

together with a set of control variables that do not depend on mode of commuting. To

obtain an estimate of the VOCT from (13) we use a quadratic expression for the net

daily wage minus daily commuting costs (we denote this by W in the following) and a

linear expression for commuting time (T ) among the covariates. The control variables

are: years of schooling, age and the number of children aged 0-6 years. We also include

a set of dummy variables for the county in which the individual lives, to account for

unobserved regional differences in labor market outcomes (there are 21 distinct counties

in the data set used here). To control for establishment heterogeneity we also include

the median net daily wage in the establishment in which the individual works. This

variable may also be related to potential preferences defined over relative earnings (cf.

Clark and Oswald, 1996; McBride, 2001; Ferrer-i-Carbonell, 2005).

9 Angrist and Krueger (1992), Arellano and Meghir (1992), and Isacsson (2004) are earlier
examples of this method of linking information between different samples.
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We base the likelihood of each individual in the sample on (13) and use the maximum

likelihood estimator to estimate the parameters of the model. Furthermore, since the

model in (13) is partly based on estimated variables the standard errors need to be

adjusted for this additional source of sampling error. To this end we use a bootstrapping

procedure where we first resample the SNTS sample used to estimate (12) 100 times

and re-estimate the model for each of these samples. We then use this set of estimates

to generate 100 unique estimates of the predicted mode choice probabilities for each

individual in the administrative data. This then gives us a data set, which is 100 times

larger than the original one. We then resample this larger data set 100 times and

re-estimate the empirical search model (13) for each of these samples. Each of these

samples is one percent of the larger sample. The standard deviation of the 100 unique

estimates of each parameter in (13) is our estimated standard error. This procedure

therefore takes into account the sampling variation in both of the samples used to

estimate (13).

In sum, our estimation equations are (12) and (13) and we use a bootstrap procedure

to obtain the standard errors. An estimate of the average VOCT is obtained from (13)

as follows

V OCT = − βT

βW + 2βW 2W
,

where subscripts denote the parameter of the corresponding variable in (13) and the

“bar” over W implies that the marginal utility of money is evaluated at the mean of

the variable. We also apply the bootstrapping procedure outlined above to obtain the

standard error of the VOCT.

We also estimate separate search models for different subsamples defined in terms of

cohabiting status and urban residence. The purpose of estimating these separate models

is to investigate how unobserved restrictions and other unobserved aspects of commut-

ing affect the results. Thus the idea is that such unobservable factors are related to

these observable characteristics. Besides commuting and working, cohabiting men may

face different time restrictions to single men. Furthermore, commuting in an urban area

may be perceived to be more stressful than outside urban areas. Hence, the disutility

of commuting time may be different in urban areas than elsewhere. We have also con-

ducted a number of sensitivity tests of this basic model. They are outlined at the end

of section 5 together with the corresponding results.

4 Data

We use three data sets to estimate our empirical search model. The first is based

on administrative records on individuals and establishments, from Statistics Sweden

(SCB). We collected information on a sample of individuals and the population of

all establishments in Sweden. The sample of individuals was taken from the stock of

ongoing job spells and covers nearly 10 percent of all employed individuals in 1998. The

9
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sampling unit was the establishment and the sample was stratified with respect to the

size-distribution of establishments.

Information on the individuals was collected in four different years: 1998, 1993, 1990

and 1986. In this paper we use the individual’s gross annual earnings, educational

attainment, age, gender, cohabiting and marital status, number of children between 0

and 6 years of age, information on the location of the place of residence, car ownership

(0, 1 and 2 or more cars) and a unique identification number for his/her establishment(s)

in 1998, 1993, 1990 and 1986, respectively. 10 The information on the establishments

includes, inter alia: a unique identification number, mean and median gross annual

earnings and detailed geographic information on the location of the establishment.

The duration variable is obtained by linking each individual to his/her establishment

in each of the four years. Thus, if the individual was not employed in the same es-

tablishment in 1993 as in 1998 we take this to imply that the duration of the current

job spell was between 0 and 5 years. Furthermore, if the individual was employed in

the same establishment in 1998 and 1993 but not in 1990 we assume that the current

job spell lasted between 5 and 8 years. By using the establishment number in 1986

in a similar manner we can also determine the length of the current job spell to be

in the intervals 8-12 years and 12 years or more. Thus we effectively assume that the

individual does not quit an establishment and then return to the same establishment

within each interval.

Information on the individual’s gross annual earnings was collected from tax records.

Since the empirical model is defined in terms of the net daily wage, we assessed net

annual earnings, number of weeks worked and weekly hours to arrive at an assessed

net daily wage. Thus, the individual’s net annual earnings were obtained by using the

municipality tax rates pertaining to the relevant year and the corresponding national

tax rate. Here we assumed that no individuals deducted their potential car commuting

costs from taxable income. To convert net annual earnings to a net daily wage we assume

that each individual had 5 holiday weeks per year and assess the average weekly hours

of work in 1998, 1993, 1990 and 1986 from information in the Swedish Labor Force

Survey. The latter piece of information was obtained for males and females separately,

and for the following age-intervals: 16-19, 20-24, 25-34, 35-44, 45-54, and 55-64 years. 11

The administrative data also contains detailed geographical information on the location

of the individual’s place of residence and place of work (the location of the establish-

ment). We use this information to define the origin and destination of each individual’s

journey to work. The geographical information is given in terms of so-called SAMS ar-

eas of which there are 9230 distinct units. 12 The information on place of residence and

10 We convert the information on educational attainment to years of schooling by using the
1991 wave of the Swedish Level of Living Survey (see Erikson and Åberg, 1987; Fritzell and
Lundberg, 1994; Isacsson, 2004).
11 We have tried different approaches to obtain the net daily wage and hours of work. The
results of these approaches are reported at the end of section 5.
12 SAMS is short for Small Area Market Statistic and is defined by Statistics Sweden in
collaboration with the Swedish municipalities. The intention of this geographical unit of mea-
surement is to obtain homogeneous neighborhoods within the municipalities. Some 20 percent

10
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place of work thus allows us to assess each individual’s travel time, travel distance and

travel cost of the three different modes of transport that we consider in the analysis.

To this end we use a second data source, which is a travel time database that contains

most of the relevant information. 13 The database is part of the so-called SAMPERS

system, which is used both for evaluating various transport policies and for forecasting

(see Algers and Beser, 2000). The information pertains to 2001 rather than 1998, which

might be problematic if there are major changes in travel times, costs and distances

between these two years. 14 We use travel time by car during peak hours, travel distance

by car, travel time by public transport (in-vehicle-time and waiting time) and the cost of

a commuter card for travel by public transport, from this database. 15 The information

on car distance is used to compute a cost of commuting by private car. To this end

we use the tax rules pertaining to commutes by own car. In 1998, these rules allowed

a deduction by 1.5 Swedish Crowns (SEK 16 ) per kilometer if the individual fulfilled

certain criteria. Hence, the cost of commuting 10 kilometers, for example, is assessed

to be 15 SEK. The daily cost of commuting by public transport is obtained by dividing

the cost of a commuter card by the number of workdays per month (21 days per month

on average). The third mode of commuting considered here is walking or cycling or

using a moped. We assume that the cost of this mode is zero. To obtain an assessment

of the time it would take the individual to use this mode for the journey from home to

work, we use the distance by car and multiply this distance with an estimated speed

of this mode, which we obtain from our third data source. The estimated speed of this

mode is some 10 kilometers per hour. 17

The third data source is the Swedish National Travel Survey (SNTS), which is also used

to estimate the mode choice model. This particular survey was conducted by Statistics

Sweden in 1994-1998 and pertains to travel behavior and journeys (SCB, 2000). The

survey was conducted by telephone, and the population was made up of Swedish citizens

of the estimation sample lacks information on the SAMS area in which their establishment is
located. But all individuals have information on the municipality in which the establishment
was located (there are some 290 municipalities in Sweden). For these individuals we impute
the establishment’s SAMS area as the area in which the population midpoint of the munici-
pality is located. We have tested whether the results are sensitive to this imputation and the
results suggest that they are not.
13 We thank Anders Karlström for providing us with this information.
14 To see whether the results are sensitive to this potential problem we also use a different
database on travel times and distances (see the end of section 5 where we focus on various
sensitive tests of the basic model).
15 Clearly, public transport is not available in all origin-destination-pairs. In particular this is
true of origin-destinations outside urban areas. Since the estimated mode choice probabilities
are non-zero for all modes, this implies that some individuals have missing information for
travel time and cost for public transport. For these individuals we constrain the probability of
choosing public transport, to zero and raise the probability of going by car by the estimated
probability of choosing public transport. This pertains to some 18 percent of the estimation
sample. However the average estimated probability of public transport in this group is some
6 percent, which is relatively low.
16 1 Euro is approximately equal to 10 SEK.
17 The bootstrap procedure outlined above also deals with both sources of sampling error in
walking time.
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aged between 6 and 84. In our study, we use data from all quarters of 1998, for which the

response rate was 76 percent. Furthermore, we use information pertaining to journeys

with the primary purpose of traveling from place of living to workplace (or vice versa),

self-reported information on the chosen mode, the distance and the time of this journey.

We convert the information on distance and time to correspond to a return trip. This

survey also contains the relevant individual characteristics used to estimate the mode

choice model; i.e. number of cars, educational attainment, marital status, county where

the individual lives and his/her age.

We now turn to the restrictions that we place on the sample used to estimate the

empirical search model. Since females are more likely to work part time than men, the

imputation of hours of work will probably be more restrictive for women than for men.

For this reason we restrict the estimation sample to men only. We also exclude men

who had gross annual earnings below 100 000 SEK or above 1 000 000 SEK in 1998.

The motivation is related to hours of work that we do not directly observe in the data.

Men who earn less than 100 000 SEK are likely to be working part time or to be weakly

attached to the labor market. They could, for example, be students with a part-time

job. Men earning above 1 000 000 SEK might be exempted from overtime compensation

so their high annual earnings might result from working many hours. Additionally the

sample is restricted to include only individuals aged between 20 and 65 years in 1998.

The motivation for the lower age limit is to exclude younger individuals who still may

not be truly established on the labor market. The motivation for the upper age limit is

that this is the mandatory age of retirement in Sweden. Furthermore, we have excluded

individuals who have an expected commuting time exceeding a total of 4 hours per day,

since such individuals may have two different places of residence and it may be the case

that they do not commute this long distance every working day. 18 We also excluded

individuals for whom the difference between net daily wages and expected commuting

costs was below 100 SEK, since such values could reflect some kind of distance or

part-time work.

We use the following restrictions on the sample from the SNTS used to estimate the

mode choice model. First, we only include men of age 20 to 65. We also exclude observa-

tions with missing information on mode choice, distance, number of cars, or educational

attainment.

Table 1 presents descriptive statistics regarding the variables that are relevant to the

mode choice model. From this table we see that among the individuals in the SNTS

some 21 percent walk, cycle or use a moped to get to work. The corresponding shares

for car or motorcycle, and public transport are 68 and 11 percent, respectively. We

also see that the average distance in the SNTS for a trip from home to work and back

is 31 kilometers and the average duration of this trip is 46 minutes. After using the

mode choice model (the results of which are presented in section 5) to predict mode

choice probabilities in the administrative data set, we find that the average probabil-

ity for walk/bicycle/moped is 15 percent. The corresponding average probabilities for

18 The expected commuting time is obtained by taking a weighted average of the commuting
times with the three modes of transport. The weights are thus based on the estimated mode
choice probabilities.
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Table 1
Descriptive statistics of the variables in the mode choice model

Swedish National Statistics Sweden’s
Variable Travel Survey Administrative Data
Travel mode: Walk, Bicycle or Moped 0.207 0.146
Travel mode: Car or Motorcycle 0.682 0.685
Travel mode: Public transport 0.112 0.158
Distance home to work, return trip 30.6 32.8

(48.1) (37.2)
Time home to work, return trip 45.6 44.5

(42.5) (34.4)
Number of cars = 1 0.592 0.597
Number of cars = 2 or more 0.303 0.212
Residence in a city county 0.480 0.522
Married 0.501 0.488
Secondary school 0.507 0.506
University education 0.254 0.286
Age 42.3 41.3

(11.5) (11.2)
No of observations 1738 99 877
Note: Mean values with standard deviations in parenthesis. Standard deviations of indicator
variables are not presented since they are determined by the mean according to


µ(1− µ),

where µ is the mean. The means of the travel modes in the administrative data are predicted
values. For the administrative data, distance home to work is in kilometers based on the road
network and time home to work is expected value in minutes based on predicted mode choice
probabilities and travel times for each of the three modes. City counties are the counties
containing the municipalities of Stockholm, Göteborg and Malmö.

car/motorcycle and public transport are 68 and 16 percent, respectively. We also see

that the average distance in the road network of the trip from home to work and back

is 33 kilometers in the administrative data and that the expected time, conditional on

the predicted mode choice probabilities and travel times from the travel time database,

is 45 minutes. Hence the means in the two samples appear rather similar with respect

to the characteristics of the journey to work. The standard deviations of distance and

time appear smaller in the administrative data, however. This is primarily an effect of

the restriction on the maximum expected commuting time imposed on the administra-

tive data. We also see from Table 1 that the two samples appear to be rather similar

in terms of the averages for the individual characteristics. There are two exceptions to

this. First, the share owning two or more cars appears larger in the SNTS than in the

administrative data. Second, the share living in a “city” county seems somewhat larger

in the administrative data.

Table 2 presents descriptive statistics of the sample used to estimate the empirical

search model. The share of individuals with a job spell between 0 and 5 years is 53

percent. The share with a job spell between 5 and 8 years is 11 percent. 15 percent have

a job spell between 8 and 12 years and 20 percent have been employed at the same

establishment for 12 years or more. The average daily wage after tax net of expected

commuting cost in 1998 is 661 SEK. The sample’s average net hourly wage in 1998 is

88 SEK, which was approximately equal to 10 Euros in 1998. The average expected

commuting cost is 43 SEK per commuting day and the average commuting time is

13
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Table 2
Descriptive statistics of the variables in the empirical search model
Variable Mean Std. deviation
0 years ≤ Job duration < 5 years 0.534
5 years ≤ Job duration < 8 years 0.113
8 years ≤ Job duration < 12 years 0.149
12 years ≤ Job duration 0.204
Net daily wage (SEK) 661 224
Net hourly wage (SEK) 88.0 26.9
Daily commuting cost (SEK) 42.7 54.6
Daily commuting time (hours) 0.741 0.574
Residence in urban area 0.377
Cohabiting 0.589
Age 41.3 11.2
Years of schooling 11.8 2.61
Number of children 0.290 0.624
Median net daily wage of establishment 645 126
No of observations 99 877
Note: Standard deviations of indicator variables are not shown since they are determined by
the mean according to


µ(1− µ), where µ is the mean. Net daily wage is net of expected

commuting cost. Commuting cost is expected value based on predicted mode choice probabil-
ities and travel costs for each of the three modes. Commuting time is expected value based on
predicted mode choice probabilities and travel times for each of the three modes. Urban areas
are the Stockholm, Göteborg and Malmö metropolitan areas. Number of children is between
0 and 6 years of age.

0.74 hours. We also see that the share living in an urban area is 38 percent and the

share cohabiting is 59 percent. Furthermore, “the average individual” has 12 years of

schooling, he is 41 years of age, and has 0.29 children aged 0 to 6 years. Finally, the

average of the median net daily wage in the individual’s establishment is 645 SEK.

5 Results

Table 3 presents the results of the mode choice estimated on the SNTS. The reference

commuting mode is public transport.

Table 3 suggests that a longer distance to work increases the probability of using public

transport relative to either of the other alternatives. We also see that car ownership

decreases the probability of using public transport relative to either of the two other

alternatives. Living in a county containing one of Sweden’s largest cities increases the

probability of choosing public transport. There is no significant effect of marital status

on the mode choice probabilities, however. But the probability of using public transport

seems to be higher, the higher the educational attainment of the individual. Finally,

age does not have any significant effect on the mode choice probabilities.

The results of the empirical search models are presented in Table 4. Starting with

the model estimated on the complete sample (the second column of the table), we

see that the linear wage and commuting time variables have the expected signs and

14
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Table 3
Multinomial logit model of mode choice
Variable Walk, Bicycle or Moped Car or Motorcycle
Intercept 4.49∗∗ 3.22∗

(1.64) (1.44)
Distance home to work -0.257∗∗ -0.008∗∗

(0.019) (0.002)
Number of cars = 1 1.14∗∗ 2.87∗∗

(0.300) (0.286)
Number of cars = 2 or more 2.98∗∗ 5.54∗∗

(0.536) (0.494)
Residence in a city county -2.04∗∗ -1.74∗∗

(0.270) (0.230)
Married 0.272 0.003

(0.259) (0.210)
Secondary school -0.750∗ -1.18∗∗

(0.356) (0.320)
University education -1.673∗∗ -2.08∗∗

(0.375) (0.330)
Age 0.023 -0.041

(0.081) (0.071)
Age squared divided by 100 -0.052 0.017

(0.095) (0.082)
-2*Log likelihood 1707
No of observations 1738
Note: For the coefficients, ∗∗, ∗ and † denote difference from zero at the one, five and ten
percent significance level respectively. Standard errors are given in parenthesis. Reference
mode is public transport. City counties are the counties containing the municipalities of
Stockholm, Göteborg and Malmö.

are significantly different from zero at the one percent level. A higher after tax daily

wage net of commuting cost implies, ceteris paribus, a longer job spell, whilst a longer

commuting time is related to shorter job durations. The squared wage variable is also

significant at the one percent level of significance and it has the expected sign, namely

the opposite of their corresponding linear term.

These estimates are combined to produce an estimate of the average VOCT, which is

reported in the second last row of the table. This estimate suggests that the average

VOCT is 155 SEK, which is some two times the average net hourly wage in the sample.

It is actually above the gross hourly wage in the sample, which is 138 SEK.

Furthermore, the remaining results in the second column suggest that the control vari-

ables in the basic model are all significantly different from zero. First, older employees

tend to have longer durations than younger ones. Second, more educated workers have

shorter expected job spells, whereas the opposite is true for workers with young chil-

dren. The median net daily wage in the establishment where the individual works, has

a negative effect on the job spell.

In columns three to six of Table 4, we report the results for the model when restricting

the sample with respect to cohabiting status (single or cohabiting) and urban residence

15
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Table 4
Empirical search models

All Single Single Cohabiting Cohabiting
Variable City Non-city City Non-city
Net daily wage 0.293∗∗ 0.287∗∗ 0.483∗∗ 0.165∗∗ 0.313∗∗

(0.009) (0.019) (0.028) (0.014) (0.016)
Commuting time -0.180∗∗ -0.087∗∗ -0.148∗∗ -0.124∗∗ -0.278∗∗

(0.007) (0.019) (0.016) (0.018) (0.012)
Net daily wage -0.266∗∗ -0.257∗∗ -0.526∗∗ -0.133∗∗ -0.302∗∗

squared (0.010) (0.021) (0.042) (0.013) (0.019)
Age 0.041∗∗ 0.044∗∗ 0.050∗∗ 0.031∗∗ 0.033∗∗

(<0.001) (0.001) (0.001) (0.001) (0.001)
Years of schooling -0.081∗∗ -0.080∗∗ -0.099∗∗ -0.052∗∗ -0.069∗∗

(0.002) (0.005) (0.004) (0.003) (0.002)
Number of children 0.067∗∗ 0.092 0.134† 0.017 -0.023∗∗

(0.005) (0.089) (0.070) (0.014) (0.009)
Establishment wage -0.114∗∗ -0.345∗∗ 0.660∗∗ -0.549∗∗ 0.472∗∗

(0.038) (0.087) (0.093) (0.064) (0.074)
Intercept 0 -3.10∗∗ -3.19∗∗ -4.19∗∗ -2.17∗∗ -2.84∗∗

(0.042) (0.097) (0.133) (0.083) (0.087)
Intercept 1 -2.57∗∗ -2.63∗∗ -3.59∗∗ -1.64∗∗ -2.33∗∗

(0.042) (0.099) (0.130) (0.083) (0.087)
Intercept 2 -2.23∗∗ -2.31∗∗ -3.23∗∗ -1.33∗∗ -1.96∗∗

(0.043) (0.099) (0.129) (0.082) (0.088)
-2*Log likelihood 215 003 27 368 48 193 45 086 91 801
Average VOCT 155 74.9 81.8 207 237

(8.43) (17.7) (10.5) (32.2) (17.2)
No of observations 99 877 16 844 24 252 20 813 37 968
Note: For the coefficients, ∗∗, ∗ and † denote difference from zero at the one, five and ten
percent significance level respectively. Bootstrapped standard errors are given in parenthesis.
All models also include a set of dummy variables for the county in which the individual lives.
Net daily wage is net of commuting cost and also divided by 100. Net daily wage squared is
multiplied by 0.5 and divided by 100 000. Establishment wage is divided by 1000.

(city or non-city). The effects of the wage and commuting time variables have the

expected signs in all subsamples. We also note that the control variables have the same

qualitative effects, in general, as in the model estimated on the complete sample. The

exception is the median establishment wage that has a differently signed effect in cities

as compared to non-cities.

More importantly, cohabiting status appears to be significant in explaining the rather

high estimate found in the complete sample. On the other hand, the city versus non-city

difference tends to be relatively small. More specifically, in the sample of single men

residing in cities, the VOCT is seen to be around 75 SEK. This is almost equal to the

net hourly wage rate in this subsample. Furthermore, in the sample of single non-city-

residing men, the average VOCT is found to be 82 SEK, which is also almost equal

to the net hourly wage rate in this subsample. The VOCTs are substantially higher

in the samples of cohabiting men. These are found to be 207 SEK in the sample of

city-residing men (which is slightly more than twice the net hourly wage) and 237 SEK

in the sample of non-city-residing men (more than 2.5 times the net hourly wage). Thus
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the difference between single and cohabiting men may reflect differences in unobserved

restrictions pertaining to commuting when cohabiting.

5.1 Sensitivity tests

We have performed a number of sensitivity tests on the basic results presented above.

The qualitative result of a relatively high VOCT in the total sample remains, however.

These tests are outlined in the following.

First, to see whether our results were sensitive to the particular choice of travel time

database used in the basic analysis, we used another data set on travel times and travel

distances. However this second source of travel time data is limited to off-peak travel

times by car only. Furthermore, in this second data set the road network is restricted

to the part of the network administered by the central government. An advantage of

this data set is, however, that the information is longitudinal and pertains to 1998,

1993 and 1990. Using this data set on travel times therefore amounts to assuming that

the individual chooses car as the mode of transport. Clearly, this may seem a rather

restrictive assumption. For this reason we also restricted the data set to men owning at

least one car since they have a relatively high probability of choosing car as their mode

of commuting. But even in this group of men some 25 percent choose a different mode

than the car according to the SNTS. Nonetheless, the basic results are qualitatively

similar to those reported above and the average VOCT in this exercise was found to

be some 209 SEK.

We also tested a discrete time binary-choice model where we modeled the probability of

changing jobs between two consecutive periods; i.e. between 1993 and 1998, 1990 and

1993 and between 1986 and 1990. Here we used the values of the covariates in 1993,

1990 and 1986, respectively. Thus one advantage with this approach is that we also deal

with the variation in the covariates over time (see for example Cameron and Trivedi,

2005, pp 602-603). To account for the longitudinal change in travel times we based

this sensitivity test on the secondary data source on travel times that pertain to car

only (see the last paragraph). 19 The qualitative results of the basic analysis remained,

however. In other words, the results from this sensitivity test were also rather high

estimates of the VOCT.

We have also tested different specifications for how commuting time and net daily wage

affect the probability of changing jobs. These include specifications with a quadratic

specification for time, logarithmic specifications for time and wage. All of them tend to

produce relatively high estimates of the VOCT.

We have also tested other ways of estimating net annual earnings from the available

information on gross annual earnings. First, we assumed that all car-owning individuals

did deduct their potential car commuting costs to reduce their taxable income. Second,

we used the 1991 wave of the Swedish Level of Living Survey to estimate a model

19 We used travel times by car in 1990 to estimate the model for job changes between 1986
and 1990.
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between net annual earnings and gross annual earnings and used this model to impute

net annual earnings in our sample. However, the empirical results were not specifically

sensitive to the way in which we assessed net annual earnings.

Finally, we also tried another way of assessing the individuals weekly hours of work by

using information from the Swedish Level of Living Survey on weekly hours of work and

gross annual earnings within each of the twelve different gender-age groups mentioned

in the text. But the results were not specifically sensitive to how we assessed hours of

work.

6 Conclusions

The purpose of this paper was to estimate the average value of commuting time in an

empirical on-the-job-search model. We estimated this model on a large sample of men

who are likely to be well established in the labor market and for whom the limitations

of our data set is likely to be less problematic. The model suggested that the value of

commuting time (VOCT) evaluated on the sample averages was 155 SEK per commut-

ing hour. This estimate seems quite high since the mean net hourly wage rate in the

sample is equal to some 88 SEK (the gross hourly wage is 138 SEK). In addition, the

estimated VOCT indicates a substantially higher willingness to pay for commuting time

than the value of travel time used in cost benefit analysis of infrastructure investments

in Sweden today, which is about 50 SEK per hour.

Our large sample size also allowed us to estimate separate models for different groups

of men who were defined in terms of cohabiting status (single or cohabiting) and ur-

ban residence (non-city or city). These two observable characteristics are likely to be

correlated with unobserved aspects of commuting and the corresponding restrictions.

Commuting in cities may be perceived as more stressful than outside cities, and co-

habiting men may face different time restrictions than single men, for example due to

children in the household. The main impression of the VOCT-estimates in these four

subsamples is that they vary systematically with cohabiting status. But the difference

between city-residing and non-city-residing men tended to be low.

Is the estimated value of commuting time in the total sample at odds with previous esti-

mates in this field? The average (and median) VOCT have been estimated in numerous

studies. Small (1992) provides a survey of the literature based on estimates obtained in

a mode choice context and concludes that a reasonable estimate of the average value of

time is around 50 percent of the average gross hourly wage rate. But he also notes that

the average value varies between different cities and is within a range of 20 and 100

percent of the gross hourly wage rate. Our estimate is thus on the high side compared

to Small’s survey.

There are therefore examples of studies reporting both high and low estimates of the

average value of travel time. Calfee and Winston (1998) report relatively low estimates

for the average value of congested time in a US sample based on stated preferences.

Their estimates range from 3.17 to 5.47 US dollars per hour, which is in the range
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14 to 26 percent of the gross hourly wage rate. Brownstone and Small (2005) report

substantially higher estimates that are in the interval 20 to 40 US dollars per hour

for commutes by car in a US sample based on revealed preferences. Vredin Johansson

et al. (2006) also report relatively high estimates of the VOCT in a Swedish revealed

preference data set. This is also the case in Rouwendal and Meijer (2001) who use a

Dutch stated preference data set. Vredin Johansson et al. (2006) report two estimates

of 224 and 175 SEK, and Rouwendal and Meijer (2001) find that a commuter is willing

to pay about the equivalent of 190 SEK to avoid one hour of commuting. Furthermore,

Van Ommeren and Fosgerau (2009) who use a similar framework to the one used in the

present paper find a relatively high marginal cost of commuting, amounting to some

two times the net hourly wage rate in their sample.

In sum, our estimate obtained for the complete sample does not seem to be totally at

odds with the previous literature in this field. We conclude that this seems encouraging

for the use of this type of administrative data to estimate the value of commuting time.
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Jan-Erik Swärdha and Staffan Algersb

aVTI - Swedish National Road and Transport Research Institute, Box 55685,
SE-102 15 Stockholm, Sweden

Tel: +46 8 555 770 28. E-mail address : jan-erik.swardh@vti.se

bTransport and Location Analysis, Royal Institute of Technology (KTH), Teknikringen
78 B, SE-100 44 Stockholm, Sweden

E-mail address : algers@infra.kth.se

Abstract

In this study, Swedish stated preference data is used to derive estimated values of com-

muting time (VOCT). Both spouses in two-earner households are individually making

trade-offs between commuting time and wage; both with regard to their own commut-

ing time and wage only, as well as when both their own commuting time and wage

and their spouse’s commuting time and wage are simultaneously changed. Thus, we are

able to compare how male spouses and female spouses value each other’s commuting

time. When only ones own commuting time and wage are attributes, the empirical

results show that the estimated VOCT is plausible with a tendency towards high val-

ues compared to other studies, and that VOCT does not differ significantly between

men and women. When decisions affecting commuting time and wage of both spouses

are analyzed, both spouses tend to value the commuting time of the wife highest. For

policy implications, this study provides additional support for the practice of valuing

commuting time higher than other private travel time. In addition, if VOCT were to

be gender specific, the value might be higher for women than for men in two-earner

households.

Keywords: Value of time; Commuting; Value of commuting time; Stated preferences;

Two-earner households; Gender differences; Mixed logit

JEL codes: C25; H54; J16; J30; R41

1 Introduction

The value of time (VOT) has been analyzed or estimated in a large number of studies

beginning with the seminal theoretical work of Becker (1965) followed by extensions by

1
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DeSerpa (1971) and Truong and Hensher (1985), for example. The policy interest of

VOT in transportation analysis mainly originates from the large portion of benefits of

transport infrastructure investment that is due to decreased travel time. In fact, up to

80 percent of the benefit side of a road investment may follow from travel time savings

(Mackie et al., 2001).

Since there is no market for time, we cannot observe the VOT from a market price.

Instead, other indirect methods have to be used to determine a valuation and, con-

ventionally, the data sources for estimating the value of any non-market goods are

categorized into two types. First, there is the method of revealed preferences (RP)

where actual observed behavior is used to estimate an implicit value of the non-market

good. Usually in RP, the inquired estimate is derived indirectly by using other types of

real markets.

In the other method, subjects respond to hypothetical scenarios on how they would

behave in a corresponding real environment. This type of data is then assumed to elicit

the individuals’ underlying preferences and hence measure the value of the particular

non-market good. Advantages of the latter method, also known as stated preferences

(SP), are opportunities to set relevant scenarios, control for correlated effects, and

no endogeneity problems. In these aspects, RP usually has several problems with the

data collection and structure, for example multicollinearity, undefined choice sets, and

difficulties in isolating the effect under consideration.

The main criticism when it comes to SP valuation is its hypothetical nature and the

fact that individuals tend to act differently in a real context as compared to their

statements in an analogous hypothetical scenario. This phenomenon is referred to as

hypothetical bias, which is claimed to be the most important issue to deal with in

SP studies (Harrison, 2006). Empirical studies of fields other than VOT suggest that

hypothetical bias might be a severe problem (e.g. Cummings et al., 1995; List and

Gallet, 2001; Murphy et al., 2005), while studies of VOT have found mixed results

regarding hypothetical bias (Brownstone and Small, 2005; Isacsson, 2007; Smith and

Mansfield, 1998; Swärdh, 2008). In addition, a recent study finds that hypothetical bias

exists when a public good is valued but is not a significant problem when a private good

is valued (Johansson-Stenman and Svedsäter, 2008). However it is not clear whether

this result can be generalized to the private good of time.

The empirical approach to estimating the value of travel time (VTT) is usually based

on either between-mode choices or within-mode choices in a random utility framework.

Between-mode choices reveal a trade-off between travel time and travel cost, for example

between a car and a bus. Regarding within-mode choices, on the other hand, the mode

is constant across alternatives and the trade-off between time and cost is revealed from

different routes, lanes or destinations. Since these types of trade-offs exist in the real

world, individuals are assumed to be familiar with them and therefore mode choices,

both as within- and between-, are frequently used as scenarios in SP surveys.

There are, however, trade-offs made in other markets which can be used to derive a

value of a specific type of travel time. For commuting time, the trade-off between time

and money, where the latter is measured as wage or housing costs, can be revealed

2
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in the labor market or in the housing market. In the housing market this trade-off is

recognized since houses with greater distances to services, central business districts, and

clusters of establishments have a lower price, ceteris paribus. Another related trade-off

is found in the labor market, where workers who are willing to commute a greater

distance are able to search for jobs in a larger geographical area and hence, with access

to a larger number of potential employers, increase the probability of experiencing a

better matching process. Estimated models of these kinds that derive an implicit value

of commuting time (VOCT) are usually based on RP data (e.g. Isacsson and Swärdh,

2009; Rouwendal, 1999; Tse and Chan, 2003; Van Ommeren and Fosgerau, 2009; Van

Ommeren et al., 2000; Van Ommeren et al., 2002).

In the present study, the estimated VOCT is based on stated choice experiments where

the respondents receive offers including a longer commuting time and a higher wage

compared to their present situation. The data is taken from a survey distributed in

year 2005 to two-earner households in the Stockholm region of Sweden. This study

contributes to the literature where VOCT is estimated through the trade-off between

commuting time and wage in the labor market, in several different ways.

This study makes an important contribution in that we are able to analyze whether

there are any gender difference in how the respondents value an increase in their own

commuting time compared to how they value an increase in the commuting time of their

spouse. This is possible since all respondents are parts of a two-earner household where

both spouses individually answer separate parts of the questionnaire. In particular,

the respondents are treated with two different stated choice experiments regarding the

trade-off between wage and commuting time.

In the first choice experiment, respondents make choices on their willingness to accept

longer commuting time for themselves, i.e. choose to accept or reject an offer where both

wage and commuting time are increased. In the second choice experiment, respondents

choose to accept or reject offers where both themselves and their spouse simultaneously

receive wage increases as compensation for longer commuting times.

Another contribution is that to our knowledge no SP study of this type has been

previously realized in Sweden and with an SP approach it is possible to control for

effects that are not observable or are difficult to control for in RP studies. Especially

the effect of residence-moving behavior, which is expected to cause an overestimation

of VOCT if it is not taken into account (see Van Ommeren et al., 1997, p. 408).

Rouwendal and Meijer (2001) use Dutch SP data to estimate the trade-off between

money and commuting time in both the housing market and the labor market. Their

motivation for an SP approach is that choices in the labor and housing markets may

have been dictated more by restrictions imposed in these markets than by individual

preferences (Rouwendal and Meijer, 2001, p. 480). If these markets are out of equilib-

rium, it will be difficult to model economic behavior consistently and instead an SP

experiment where all other effects are being held constant is an attractive alternative

approach to estimating underlying preferences. The main drawback of SP data however,

is its hypothetical nature and the prominent risk of hypothetical bias.

3
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The rest of the paper is organized as follows. In section 2, a brief literature review of

papers that estimate the trade-off between wage and commuting time is given. Sub-

sequently, in section 3, the SP survey and the data are described. In section 4, the

empirical models are presented. Section 5 consists of descriptive statistics and empiri-

cal results, followed by sensitivity analyses. Finally, a concluding discussion is presented

in section 6.

2 Estimating the trade-off between wage and commuting time

By assuming that commuting time is a negative job attribute, the theory of com-

pensating wage differentials, also known as equalizing differences 1 , can be applied to

estimate the value of commuting time (VOCT). According to this theory, a particular

job is characterized by a number of attributes, some of which are propitious from the

workers’ aspect whereas others are not. In equilibrium, where workers are assumed to

be homogeneous, negative working conditions must offer higher wages to compensate

the workers, whereas jobs with positive working attributes will offer lower wages, ceteris

paribus. In other words the assumption that commuting time is a negative job attribute

means that workers require a higher wage to compensate for longer commuting time.

There are several previous studies of the labor market where VOCT is derived from the

trade-off between wage and commuting time. Most relevant for our study is Rouwendal

and Meijer (2001), to our knowledge the only study of this kind that is based on SP

data. In the stated choice experiments of Rouwendal and Meijer (2001), commuting

time is traded against both wage and housing attributes and analyzed by mixed logit

models. Their empirical results suggest that a reduction in commuting time by one

minute per trip would be worth almost 30 Dutch guilders (approximately 13.5 EUR)

per month. Compared to the wage rate, this implies the somewhat high VOCT of 20

EUR per hour assuming 20 working days, thus 40 working trips per month.

Van Ommeren et al. (2002) formulate a bivariate duration model for two-earner house-

holds including a mutual dependence of job mobility choice of the workers within a

household. In the empirical application based on RP data, the most important find-

ing is that the marginal willingness to pay for reduced commuting time is greater for

two-earner households than for single-earner households. This result is consistent with

the theory claiming that single-earner households are more flexible in choice situations

in the housing market. Also, in Van Ommeren et al. (2002), the marginal willingness

to pay for a reduction in commuting time is estimated to about 87 percent of the net

wage rate.

Stutzer and Frey (2008), on the other hand, use German individual-level data to con-

clude that workers with longer commuting time tend to report lower subjective well-

being. This finding is interpreted as a commuting paradox signifying that the com-

muting time is a disutility that is not compensated by other job attributes in the labor

market. However, the analysis of Stutzer and Frey (2008) is based on a static framework,

1 See Rosen (1986) for an overview of this theory.
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which assumes that the labor market is in equilibrium. This is a strong assumption that

may affect the results considerably.

Another approach to estimating compensating wage differentials for commuting time

is derived from duration analysis and has, to our knowledge, been performed in three

applications; Van Ommeren et al. (2000), Van Ommeren and Fosgerau (2009) and

Isacsson and Swärdh (2009). This framework is based on the result of Gronberg and

Reed (1994), wherein the authors show that conventional hedonic wage regressions

lead to biased estimates of job attribute compensations when the labor market is not

in equilibrium. Instead, Gronberg and Reed (1994) develop an on-the-job search model

where the duration of a job spell is determined by a vector of job attributes so that

the marginal willingness to pay for a certain job attribute is given by the ratio of the

parameter for this certain job attribute and the parameter of the wage.

Van Ommeren et al. (2000) apply this model to a sample that consists of 370 observa-

tions from a household survey in the Netherlands. Only males who worked on average

more than 20 hours per week are included in the estimated model. Their result sug-

gests that the marginal willingness to pay is about 0.40 Dutch guilders per commuting

kilometer, which corresponds to approximately 3 EUR per commuting hour or about

one-third of the pre-tax wage rate.

Isacsson and Swärdh (2009) perform a similar analysis on a sample of more than 100 000

observations taken from register data of the Swedish labor market. In contrast to Van

Ommeren et al. (2000) where the commuting time is zero for about 40 percent of

the sample, the commuting time in Isacsson and Swärdh (2009) is observed in more

detail by using imputed travel times between the center points of small geographical

homogeneous areas. Additionally in this application, only men are used, based on the

argument that working time, which is not observable in data, is sufficiently homogeneous

among men but is not among women. Furthermore, the estimated result of the model

that mimics Van Ommeren et al. (2000) shows an average VOCT that is about 155

Swedish Crowns (SEK 2 ) or about 1.8 times the net hourly wage rate.

In a recent study, Van Ommeren and Fosgerau (2009) in a similar approach use an

on-the-job searching indicator and a job moving indicator as the dependent variable.

Their estimated VOCTs are fairly high and about 17 EUR per hour on average, which

is a VOCT that coincides with the estimates found in Isacsson and Swärdh (2009).

An SP study such as this one contributes to the literature since all attributes that

are not included in the scenarios are assumed to be constant across the alternatives.

Hence, an SP study controls for all other effects that are influencing commuting choices.

Still, as far as we are aware the only SP study, where the trade-off between wage and

commuting time is analyzed, results in a VOCT that is high compared to most other

studies (Rouwendal and Meijer, 2001). A source for the high VOCT in Rouwendal

and Meijer (2001) may be that commuting time is valued higher than other private

2 1 Euro is approximately equal to 10 SEK.
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travel time. Compared to other travel purposes, commuting time might imply a larger

disutility due to congestion and other bad travel conditions (see e.g. Wardman, 1998;

Shires and De Jong, 2006).

3 Data

The data is taken from a postal questionnaire survey sent to 6000 randomly selected

households in the Stockholm region of Sweden. The criteria for a household to be eligible

were that; it would consist of a married couple of one woman and one man, each of the

spouses had to be either employed or a student, one of the spouses would be between

25 and 50 years old, and in total 4000 spouses would have at least one child while the

other spouses would have no children.

The questionnaire was sent out in April and May 2005. The total number of returned

questionnaires was 2433, which implies a response rate of about 41 percent. Two re-

minders were sent out and a copy of the questionnaire was attached to the second

reminder. Furthermore, no compensation was paid to the respondents.

The questionnaire was designed to study behavior, attitudes, and interactions between

household members in their choice of transport journeys and modes. Since these inter-

actions are difficult to study and generalize when data consists of answers from only one

household member, this study questioned both spouses in the households. The ques-

tionnaire consisted of three different parts, where the first part collected background

characteristics of the household. The second and third parts consisted of two separate

but similar questionnaires, one of which was directed at the male spouse and the other

at the female spouse. In the instructions, it was also stated that these second and third

parts of the questionnaire should be answered individually by the man and the woman,

respectively. In total, the questionnaire consisted of about 200 questions per household,

which implies a somewhat heavy and time consuming exercise that may have affected

the response rate negatively. However, the priority in the survey process was to increase

the number of total respondents, which was why no drop-out analysis was carried out.

The motivation for sending the questionnaires only to households in the Stockholm

region was that a sufficiently large number of the respondents would have access to

public transport and consequently they would have a realistic choice between different

transport modes. Stockholm is the largest urban area in Sweden with a population of

approximately two million, most of whom have access to public transports.

A report including analysis of this survey can be found in Swedish (Transek, 2006).

In the survey, two stated choice experiments of the trade-off between wage and com-

muting time were included. In this study, these choice experiments are used for a more

fundamental empirical analysis.
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3.1 Stated choice experiments

In the first stated choice experiment, the respondents were given the hypothetical sce-

nario that their workplace would be moved to a location that would imply a longer

commuting time and that this disutility would be compensated by a higher monthly

net wage. All other characteristics, including commuting cost, commuting mode, other

work characteristics, and housing characteristics, were assumed to remain unchanged. 3

Two levels of each attribute were used in all possible combinations and always compared

to the respondents’ present situation. These levels were 10 minutes and 25 minutes per

one-way commuting trip and 500 SEK 4 and 1000 SEK in net wage per month. Hence,

this design implied four choice situations where two alternatives were available in each

situation. Since the present situation in all cases was compared to an alternative where

both commuting time and wage are increased, these scenarios measure the willingness

to accept (WTA) commuting time. Furthermore, to calculate a commuting time mea-

sure that is comparable with the monthly wage, the usual number of working days per

week stated by the respondents themselves is used. In addition, 4.33 weeks per month

implies that a respondent who states five working days per week is assumed to have

43.3 working trips per month. 5

In the second stated choice experiment, the respondents were given choice scenarios

where four attributes in each alternative were changed compared to the present situa-

tion. These attributes were; own commuting time, own wage, the spouse’s commuting

time, and the spouse’s wage. In these scenarios, both their own workplace and that of

their spouse, were assumed to be relocated, which influences these four attributes but

no other work characteristics. Note, however, that there is still an individual choice to

accept or reject the offer.

The levels used in the second choice experiment were also 10 and 25 minutes with

regard to the commuting time and 500 and 1000 SEK with regard to the monthly

net wage. These attributes and levels were combined into nine different offers that

were divided into two different questionnaire versions. Thus one of the questionnaire

versions consisted of five choice situations while the other version consisted of four choice

situations. Within a household, the man and the woman received different versions of

the second choice experiment. The procedure to calculate the monthly commuting time

is the same as in the first choice experiment, which is described above.

3 That the commuting cost is unchanged when the commuting time is increased is realistic for
public transport commuters who pay a fixed fee for a season ticket, but probably not realistic
for car commuters. In subsection 5.3, the result is analyzed when the sample is split with
respect to car commuters and non-car commuters, which is one way to check the sensitiveness
of this assumption.
4 1 Euro is approximately equal to 10 SEK.
5 As an example, the offer where commuting time is increased by 10 minutes implies in
the case of five stated working days per week, a monthly commuting time increase of 433
minutes, i.e. 7 hours and 13 minutes. In the offer where this level of commuting time increase
is combined with 500 SEK higher net wage, the VOCT offer is approximately 69.28 SEK per
hour.
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The questionnaires included many questions and to answer these appropriately might

have been a relatively heavy and time consuming exercise. This is a probable cause

of the relatively low response rate but may also affect the quality of the completed

answers. Fatigue effects during the completion process might lead to an “easy way out”,

which can be indicated for instance by some respondents always choosing the present

situation or always choosing the alternative situation. However, we do not know if these

respondents take the “easy way out” or actually make trade-offs between the wage and

the commuting time. How to deal with these type of answers in the analysis is therefore

not clear, although a straightforward way is to check the sensitiveness of excluding these

respondents. This is done in the subsection 5.3, which deals with sensitivity analysis.

If the results are to be credible it is important that the scenarios seem realistic to the

respondents. Since the choice experiments used in this study assume a relocation of the

workplace, both spouses have to be employed to be included in the estimated models.

There was also an alternative labeled “equivalent” in both choice experiments. All

observations where the respondent chose the equivalent option were excluded from the

estimation samples.

The wording of these two stated choice experiments taken from one of the questionnaire

versions, is given in the Appendix.

4 Empirical approach

The stated choice experiments of the trade-off between commuting time and wage,

are analyzed within a random utility (RU) framework (McFadden, 1974). In the RU

model, the individual is assumed to choose the alternative that gives her the highest

utility, where the utility consists of a deterministic part and a stochastic part that

is unobserved by the analyst. The utility of alternative k for individual i in choice

situation t is formulated as

Uikt = x
iktβ + ikt, (1)

where x
iktβ is the deterministic part and ikt is the stochastic part. In this study,

there are always two alternatives per choice situation, which means that k = 1, 2.

The traditional way to estimate an RU model would therefore be a bivariate discrete

choice model as logit or probit. However, in recent years, the mixed logit model 6 is

most frequently used to estimate RU models (see e.g. Algers et al., 1998; Hensher and

Greene, 2003; Hess et al., 2005). The first study that proposed this kind of model in

transportation analysis was Ben-Akiva et al. (1993), while Revelt and Train (1998)

extended the mixed logit model to take repeated choices from the same individual into

account. Contrary to the logit model, the parameter vector in mixed logit is individual-

specific and the utility of model (1) is then reformulated as

6 Other terms for this type of model are random parameters logit or error components logit.
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Uikt = x
iktβi + ikt. (2)

The more flexible mixed logit model has several advantages over a conventional logit

model. First, independence of irrelevant alternatives (IIA) does not have to be assumed,

which is a restrictive assumption for the logit model. Furthermore, mixed logit models

are more efficiently and accurately estimated on panel data since a mixed logit does not

assume independence of choices within a panel. Finally, the individual-specific parame-

ters imply that more heterogeneity is explained in the model. A drawback of mixed

logit is that the integral that determines the unconditional probability cannot be cal-

culated analytically, therefore the probability is approximated through simulation and

the simulated log-likelihood function is maximized (Revelt and Train, 1998).

In the first choice experiment, individual i chooses between the present situation and a

workplace relocation that would imply higher wage and longer commuting time. Hence,

the only attributes in the model are wage, w; commuting time, τ ; and an indicator

variable for the reference alternative, i.e. the present situation, ref. The utility function

can then be formulated as

Uikt = βref
i refk + βw

i wikt + βτ
i τikt + ikt. (3)

In model (3), βref
i is capturing the inertia effect of the individuals’ willingness to change

from the present situation, βw
i is the marginal utility of wage, and βτ

i is the marginal

utility of commuting time, where all of these parameters are individual-specific. Since

wage is assumed to be a positive job attribute while commuting time is assumed to be a

negative job attribute, βw
i and β

τ
i are expected to be positive and negative, respectively.

Therefore, the distributions of the wage parameter and the commuting time parameter

are both assumed to be lognormally distributed. This means that the marginal utility

of wage and commuting time is restricted to having its expected sign for all individuals.

The inertia parameter is assumed to be normally distributed and can therefore take a

positive or a negative value. Note also that economic theory suggests no inertia term,

whereas most applications of VTT have found a positive inertia term (e.g. Algers et al.,

1995; Hensher and Greene, 2003).

Meijer and Rouwendal (2006) recommend reporting the median of a lognormal dis-

tribution, since the mean may be inflated due to the heavily skewed characteristic of

the lognormal distribution. Let βw, and βτ denote the estimated coefficients of the re-

spective distribution, then the median of the underlying distribution and also what is

interpreted as the estimated marginal utility of the corresponding variable is given by

exp(βw) and exp(βτ ). The ratio of two lognormally distributed variables is also lognor-

mally distributed and the median VOCT, defined as the marginal rate of substitution

between wage and commuting time, is estimated according to

V OCT ≡ mrsw,τ = −
∂U

∂τ


∂U

∂w
=
exp(βτ )

exp(βw)
= exp(βτ − βw). (4)

9
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Note that the definition of VOCT in equation (4) is not based on a simulation approach

to estimate the VOCT. According to Hensher and Greene (2003, p. 163), a simulation

approach is preferred when valuation estimates are derived. However, the main objective

of this study is not to establish VOCT for policy use, but to examine gender differences

of VOCT. Also, generating random draws of βτ and βw for each observation and then

calculating the VOCT for each individual, leads to a very similar result of the median

VOCT, which holds for all estimated models.

An alternative approach would be to follow for example Fosgerau (2006) and estimate

the model directly on the VOCT offer. If the main purpose is to estimate the willingness

to accept commuting time, the model is preferably formulated directly in terms of

willingness to accept. This means that the marginal utilities of commuting time and

wage are not observable, instead the utility function in equation (2) can be written as

Uikt = βrefrefk + βV
i Vikt + ikt, (5)

where Vikt = VOCT-offerikt = wikt/τikt. Also in this model, a lognormal distribution

is assumed for βV
i since it is assumed to be strictly positive. The expected positive

sign follows, since V is a WTA offer and the higher the compensation for increased

commuting time, the higher the expected probability of accepting the offer. The VOCT

of model (5) is derived as

V OCT =
βref

exp(βV )
. (6)

To analyze the second choice experiment where both spouses’ commuting time and

wage are affected, the individual wage and commuting time in the models above are at

first replaced by the household values of these variables. The models will now be given

as

Uikt = βref
i refk + βw

i (wikt + wjkt) + βτ
i (τikt + τjkt) + ikt, (7)

and

Uikt = βrefrefk + βV
i (Vikt + Vjkt) + ikt, (8)

where j denotes i’s spouse. In these cases, the estimated VOCT will be measuring

a household effect and not an individual effect. Note, however, that this household-

level VOCT will still be derived from individual i’s utility function and preferences.

Consequently, all stated choices are made at the individual level, although the wage

and commuting time of the spouse are included as attributes in the choice sets. Also,

note that the VOCT derived from model (8) has to be divided by two since there is

the sum of two VOCT offers included in the offer variable

10
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V OCT h =
1

2

βref

exp(βV )
, (9)

where h denotes the household level.

Finally, models are estimated with separate variables for the spouses, based on the

second choice experiment. This alteration implies the opportunity to estimate the dif-

ferent preferences of men and women with respect to both their own VOCT and their

spouse’s VOCT. In these cases the utility functions will be formulated as

Uikt = βref
i refk + βw,i

i wikt + βw,j
i wjkt + βτ,i

i τikt + βτ,j
i τjkt + ikt, (10)

and

Uikt = βrefrefk + βV,i
i Vikt + βV,j

i Vjkt + ikt. (11)

Here the median estimated VOCT for the individuals themselves based on model (10)

is given by

V OCT i = exp(βτ,i − βw,i), (12)

and the median estimated VOCT for the spouse by

V OCT j = exp(βτ,j − βw,j). (13)

Based on model (11) and using the same argumentation as for model (8) 7 , estimated

VOCT for the individuals themselves is given by

V OCT i =
1

2

βref

exp(βV,i)
, (14)

and the estimated VOCT for the spouse by

V OCT j =
1

2

βref

exp(βV,j)
. (15)

The second choice experiment is primarily designed to analyze gender differences and

not policy values of commuting time per se. However, there will be no opportunity to

compare the marginal utilities between their own attributes and the attributes of their

spouse in the second choice experiment when the model is formulated directly in terms

7 The difference between model (8) and model (11) is that in the former the parameters of
own offer and spouse’s offer are restricted to be equal. Hence, to be comparable the VOCTs
of model (11) have also to be divided by two.

11
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of willingness to accept, as in model (11). On the other hand, for model (10) where

the marginal utility of wage and the marginal utility of commuting time are estimated

separately, tests of the following hypotheses are accomplished

βτ,i = βτ,j, (16)

βw,i = βw,j, (17)

i.e. if the individual experiences a difference between marginal utility of their own

attributes and marginal utility of their spouse’s attributes.

All models presented up to this point will be estimated in this study. In addition,

as sensitivity analyses, different sample segmentations will be used for the models.

These sensitivity analyses are described in subsection 5.3. Furthermore, the models are

estimated in Stata by the mixlogit command (Hole, 2007). The bias of simulating the

maximum likelihood is decreasing in the number of repetitions, therefore 500 Halton

draws are used as recommended by Revelt and Train (1998). In Hensher and Greene

(2003), the results are also found to be stabilized after about 500 Halton draws.

5 Results

5.1 Descriptive statistics

In Table 1, descriptive statistics of variables that are relevant for this study are pre-

sented. For the household-specific variables, the average number of children per house-

hold is about 1.6, while 54 percent of the households have at least one child aged 0-11.

Furthermore, about 80 percent of the households claim to have a completely shared

household economy.

Since the main objective of this study is to examine gender differences, descriptive

statistics of variables that are individual-specific are presented separately for men and

women.

The average age is about three years higher for men than for women, while the education

level is on average slightly higher for women than for men. Furthermore, the wage class

variables show that men on average belong to a higher monthly pre-tax wage class than

women. Women are most frequent in the wage classes between 15 000 and 25 000 SEK

per month, while men are most frequent in the wage classes between 20 000 and 40 000

SEK per month. Note also that about 12 percent of the men have a monthly pre-tax

wage of more than 50 000 SEK whereas only 2.6 percent of the women achieve this

highest wage class.

Regarding commuting time, there does not seem to be a difference between men and

women, which is a bit surprising since on average, men usually commute further than

12
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Table 1
Descriptive statistics
Variable Household Men Women
Number of children 1.608

(1.025)
Children aged 0-11 0.543
Shared household economy 0.801
Age 43.20 40.24

(8.582) (7.062)
Education - compulsory school 0.107 0.074
Education - high school 0.316 0.303
Education - university 0.536 0.594
Monthly pre-tax wage < 7500 0.024 0.078
Monthly pre-tax wage 7500 - 15 000 0.050 0.118
Monthly pre-tax wage 15 000 - 20 000 0.102 0.198
Monthly pre-tax wage 20 000 - 25 000 0.206 0.229
Monthly pre-tax wage 25 000 - 30 000 0.166 0.162
Monthly pre-tax wage 30 000 - 40 000 0.206 0.129
Monthly pre-tax wage 40 000 - 50 000 0.102 0.038
Monthly pre-tax wage > 50 000 0.119 0.026
Commuting time < 20 0.276 0.287
Commuting time 20− 40 0.424 0.394
Commuting time > 40 0.300 0.319
Mode - public transport 0.213 0.287
Mode - car driver 0.443 0.250
Mode - car passenger 0.010 0.022
Mode - car and public transport 0.018 0.017
Mode - motorcycle 0.005 0.002
Mode - bicycle 0.046 0.054
Mode - walking 0.028 0.064
Mode - home working 0.012 0.008
Accept offer - CE 1 0.270 0.280
Accept offer - CE 2 0.235 0.229
No of observations 2296 2296 2296

Note: The figures are mean values and in parenthesis standard deviations. Standard deviations
of indicator variables are not shown since they are determined by the mean according to

µ(1− µ), where µ is the mean. The figures of the income class variables are given in SEK.
The figures of the commuting time class variables are minutes per working trip and based
on a weighted average between both travels to work and travels from work based on public
transport users and car users. Missing values are the reason that the sum of the means of the
class variables in some cases do not add up to one.

women in two-earner households. Nevertheless, the answer to this puzzle may be found

in the data of travel mode for the commuting trip. Car driving is far more frequent

among men than among women. Women, on the other hand, more frequently use public

transport. Hence, the reason may be that women travel a shorter distance but use, on

average, more time consuming modes, which will result in similar commuting times

across the genders. Another possible explanation is that more men than women have

very long commuting times which is not observed in this data because all commuting

times that are longer than 40 minutes per trip are brought together into the same class.
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Finally, the offers of the first experiment are accepted in 27 percent of the choices by the

men and in 28 percent of the choices by the women. In the second choice experiment,

the corresponding figures are 24 percent for the men and 23 percent for the women.

A lower acceptance rate in the second choice experiment is expected since it should

be more difficult for a two-earner household to adjust to a new situation that implies

increased commuting time for both spouses.

5.2 Estimated models

In Table 2, the results of the estimated models for the first choice experiment are

presented. Keep in mind that this choice experiment means choices that only regard

own commuting time and own wage. For the lognormally distributed variables, i.e.

wage, commuting time, and VOCT offer, the presented coefficients are the medians of

the distributions according to the recommendation of Meijer and Rouwendal (2006).

Also, the variables of wage and commuting time are divided by 100 in all estimated

models, which lead to a scale of the coefficients that is easy to interpret.

The estimated results of model (3) are found in columns 2 and 3 of Table 2. The

commuting time and wage coefficients are highly significant for both men and women.

Furthermore, the reference alternative coefficient is significantly positive, although only

at the ten percent level for women, which indicates inertia effects in these cases. The

VOCT based on the median values of the distributions of the commuting time and

wage coefficients is estimated to about 93 SEK per hour for men and about 97 SEK

per hour for women. These estimates of VOCT are not significantly different from each

other.

Regarding the distribution of the estimated parameters, both commuting time and

the reference alternative are significantly different from a fixed parameter specification,

whereas wage is not. Also, a chi-square test of the model fit compared to a conditional

logit model is highly significant in favor of the mixed logit specification 8 . This last

finding also holds for all forthcoming models and will not be specifically indicated

hereafter.

In columns 4 and 5 of Table 2, the estimated results of model (5) are given, i.e. the model

where the VOCT offer appears directly as one explanatory variable. The coefficient of

VOCT offer is strongly significant and also varies significantly across the individuals.

Estimated VOCT are found to be 118 SEK per hour for men and 115 SEK per hour

for women. These estimates are significantly higher than the estimates of model (3).

Presented in Table 3 are the estimated results of models (7) and (8), i.e. where com-

muting time and wage variables are given at the household level. Here, the variables

are defined at the household level so the estimated effects are restricted so as to be

equal for both spouses.

8 These tests are not presented in the tables.
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Table 2
Estimates of own VOCT
Variable Model 3 Model 5

Men Women Men Women
Median/Mean
Wage 0.501∗∗ 0.561∗∗

(0.027) (0.029)
Commuting time -0.774∗∗ -0.910∗∗

(0.047) (0.066)
VOCT offer 2.81∗∗ 3.16∗∗

(0.119) (0.124)
Reference alternative 0.671∗∗ 0.441† 5.54∗∗ 6.05∗∗

(0.196) (0.262) (0.186) (0.193)
Standard deviation
Wage <0.001 0.018

(0.005) (0.018)
Commuting time 0.333∗∗ 0.343∗∗

(0.043) (0.066)
VOCT offer 2.31∗∗ 2.34∗∗

(0.152) (0.141)
Reference alternative 2.09∗∗ 2.20∗∗

(0.141) (0.168)
VOCT - SEK per hour 92.7 97.3 118 115

(4.13) (5.34) (2.31) (2.06)
No of observations 6671 6799 6671 6799
Simulated log-likelihood -2634 -2618 -2645 -2642

Note: Standard errors are given in parenthesis. For the coefficients, ∗∗, ∗ and † denote signifi-
cance at the one five and ten percent level respectively. The parameters of wage, commuting
time, and VOCT offer are lognormally distributed whereas the parameter of the reference
alternative is normally distributed. The coefficients of the lognormally distributed variables
are the medians and the coefficient of the normal distributed variable is the mean. VOCT is
calculated according to exp(βτ − βw) × 60 and (βref/exp(βV )) × 60, respectively and their
standard errors according to the delta method. The variables of commuting time and wage
are divided by 100 before the estimation.

First of all, the result shows no significant difference across the genders, which holds

for both of the model formulations. Furthermore, for the model with separate wage and

commuting time variables, the result is higher VOCT on the household level compared

to the results of the models based on own commuting time and wage, although only

at the ten percent significance level for women. For the model estimated directly on

the offer, there is no significant difference between the household-level model and the

individual-level model.

In particular, the estimated household-level VOCT is 137 SEK per hour for men and

125 SEK per hour for women in model (7) and 118 SEK per hour for men and 111 SEK

per hour for women in model (8). The result of the model with separate attributes might

be viewed as support for the result of Van Ommeren et al. (2002), where two-earner

households are found to have a higher VOCT than single-earner households. Still, the

choices that influence only own commuting time and wage are made by members of

a two-earner household and therefore may not be completely comparable with choices

15
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Table 3
Estimates of household VOCT
Variable Model 7 Model 8

Men Women Men Women
Median/Mean
Wage 0.271∗∗ 0.314∗∗

(0.029) (0.023)
Commuting time -0.621∗∗ -0.655∗∗

(0.044) (0.032)
VOCT offer 1.84∗∗ 1.99∗∗

(0.105) (0.090)
Reference alternative -0.952∗ -1.31∗∗ 7.20∗∗ 7.34∗∗

(0.428) (0.366) (0.318) (0.265)
Standard deviation
Wage 0.173∗∗ 0.003

(0.020) (0.007)
Commuting time 0.185∗∗ 0.216∗∗

(0.044) (0.024)
VOCT offer 1.12∗∗ 0.951∗∗

(0.064) (0.047)
Reference alternative 1.42∗∗ 1.86∗∗

(0.259) (0.166)
VOCT - SEK per hour 137 125 118 111

(13.7) (9.11) (2.37) (1.76)
No of observations 6456 7390 6456 7390
Simulated log-likelihood -2498 -2811 -2711 -3083

Note: Standard errors are given in parenthesis. For the coefficients, ∗∗, ∗ and † denote signifi-
cance at the one five and ten percent level respectively. The parameters of wage, commuting
time, and VOCT offer are lognormally distributed whereas the parameter of the reference
alternative is normally distributed. The coefficients of the lognormally distributed variables
are the medians and the coefficient of the normal distributed variable is the mean. VOCT is
calculated according to exp(βτ − βw)× 60 and (βref/exp(βV ))× 60/2, respectively and their
standard errors according to the delta method. The variables of commuting time and wage
are divided by 100 before the estimation.

of individuals in single-earner households. Intuitively, however, it would be easier for a

two-earner household to adjust to a situation where only one of the spouses increases

his/her commuting time compared to both spouses increasing their commuting time.

Interestingly, the parameter of the reference alternative in model (7) has a negative

estimated mean for both men and women, which is not the expected sign of an iner-

tia effect. However, the estimated standard deviations are large and highly significant

which indicates strong heterogeneity of these parameters. The wage and commuting

time coefficients have significant standard deviations in these models, except the wage

coefficient for women.

Next, the results of models (10) and (11) are presented. Here, the commuting time

and wage variables are treated separately with the consequence that the respondent’s

valuation of their own VOCT and their spouse’s VOCT are allowed to be different.

Keep in mind however, that this second choice experiment is not explicitly designed to

16



17

derive policy values of commuting time. Instead, the focus of the analysis of the second

choice experiment is more on analyzing differences across the genders.

Columns two and three of Table 4 show the estimated results of model (10), where

the wage and commuting time variables appear separately. The marginal utility is

significantly higher for own wage than for the spouse’s wage and this result holds for

both men and women. One reason for this result may be that a higher wage does not

only imply a utility effect from the opportunity to increase consumption per se, but also

a utility effect from the increased status of a higher wage or from greater bargaining

power within the household.

More interesting, though, is that for men the marginal disutility is significantly higher

for the spouse’s commuting time compared to own commuting time. Women, on the

other hand, do not experience significantly different marginal disutility of own com-

muting time and spouse’s commuting time. This result means that men would rather

increase their own commuting time than that of their spouse. A possible interpretation

might be that on average, women within a two-earner household take more responsi-

bility for household work as cooking, cleaning, and accompanying children to school.

Also in model (10), the inertia effect has the non-expected negative sign and most of

the commuting time and wage coefficients have a significant standard deviation.

For model (11), the results of which are presented in columns 4 and 5, the distributions

of the parameters of own VOCT offer and the spouse’s VOCT offer are allowed to

be correlated. This estimated correlation is positive and significant for both men and

women, which means that if the respondent places a relatively high value on their own

commuting time, the respondent will also place a high value on the commuting time of

their spouse, and vice versa.

Furthermore the results show that their own VOCT is significantly higher than the

spouse’s VOCT for women, whereas there is no such difference for men. Hence, there is

support for the interpretation that both men and women tend to experience a higher

marginal disutility from the commuting time of the female spouse. However, this result

is not consistent across both model formulations (10) and (11) and will therefore be

further analyzed in the sensitivity analyses regarding the second choice experiment.

5.3 Sensitivity analyses

In this subsection, sensitivity analyses by splitting the sample into different subsam-

ples, are described. None of these estimated results are presented in tables but can be

provided by the authors on request. The focus here is to compare the results of the

estimated VOCT regarding the first choice experiment and to compare the results of

the tests of different marginal utilities regarding the second choice experiment.

The first choice experiment is sensitivity analyzed with respect to “yes” and “no”

respondents and travel mode. Respondents that always accept or always reject the

offer might be a problem in stated choice experiments. One problem is that we do
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Table 4
Estimates of own and the spouse’s VOCT
Variable Model 10 Model 11

Men Women Men Women
Median/Mean
Wage - own 0.304∗∗ 0.354∗∗

(0.030) (0.031)
Wage - spouse 0.086∗ 0.147∗

(0.035) (0.059)
Commuting time - own -0.549∗∗ -0.798∗∗

(0.074) (0.068)
Commuting time - spouse -0.681∗∗ -0.709∗∗

(0.054) (0.062)
VOCT offer - own 1.79∗∗ 1.92∗∗

(0.109) (0.097)
VOCT offer - spouse 1.88∗∗ 2.17∗∗

(0.118) (0.101)
Reference alternative -1.81∗∗ -2.79∗∗ 7.20∗∗ 7.54∗∗

(0.636) (0.484) (0.318) (0.274)
Standard deviation
Wage - own 0.003 0.006

(0.050) (0.011)
Wage - spouse 0.550∗∗ 0.433∗∗

(0.195) (0.119)
Commuting time - own 0.100 0.312∗∗

(0.154) (0.078)
Commuting time - spouse 0.225∗∗ 0.389∗∗

(0.056) (0.113)
VOCT offer - own 1.17∗∗ 1.52∗∗

(0.108) (0.126)
VOCT offer - spouse 0.054 0.003

(0.113) (0.008)
Correlation VOCT offers 0.485∗∗ 0.220∗∗

(0.035) (0.033)
Reference alternative 2.06∗∗ 0.350

(0.262) (0.530)
VOCT - own 108 135 121 118

(15.0) (11.8) (3.83) (3.39)
VOCT - spouse 473 289 115 105

(199) (114) (3.37) (1.91)
Eq. MU of wage <0.001 <0.001
Eq. MU of com. time 0.034 0.350
No of observations 6456 7390 6456 7390
Simulated log-likelihood -2493 -2779 -2768 -3060

Note: Standard errors are given in parenthesis. For the coefficients, ∗∗, ∗ and † denote signifi-
cance at the one five and ten percent level respectively. The parameters of wage, commuting
time, and VOCT offer are lognormally distributed whereas the parameter of the reference
alternative is normally distributed. The coefficients of the lognormally distributed variables
are the medians and the coefficient of the normal distributed variable is the mean. VOCT is
calculated according to exp(βτ − βw)× 60 and (βref/exp(βV ))× 60/2, respectively and their
standard errors according to the delta method. The variables of commuting time and wage
are divided by 100 before the estimation.
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not know whether these respondents are actually making trade-offs with respect to the

attributes or answer in the same way to all scenarios due to other reasons, such as

fatigue, or to protest against the scenarios. In the first choice experiment, 33 percent of

the men and 31 percent of the women are “yes” or “no” respondents and of these, 87

percent of the men and 88 percent of the women always choose the present situation,

i.e. always reject the offer of a higher wage as a compensation for longer commuting

time.

How to deal with individuals that always accept or reject the offer in the analysis, varies

in the literature. Furthermore, in this study the offer vector is relatively narrow which

means that some respondents might have a VOCT that is lower than the lowest VOCT

offer or higher than the highest VOCT offer. Nevertheless, models that exclude these

respondents are estimated. The results show that the VOCT is lower for both men

and women compared to the model where these individuals are included. This result

follows, since a large majority of the excluded respondents choose the present situation.

The first choice experiment is also analyzed separately for car commuters and non-car

commuters. The reason is that the assumption of the same monetary commuting cost

when the commuting time increases, seems unrealistic for car commuters. However,

the estimated results for both men and women shows no difference in VOCT for car

commuters and non-car commuters.

The second choice experiment is sensitivity analyzed with respect to “yes” and “no”

respondents, shared household economy, young children, income, female spouses in full-

time work, the number of Halton draws used for the maximum simulated likelihood,

and correlation structure.

Here also the sensitivity of excluding “yes” and “no” respondents is analyzed. In the

second choice experiment 22 percent of the men and 18 percent of the women belong

to this group and of these, 84 percent of the men and 86 percent of the women always

choose the present situation. Thus a lower portion are “yes” or “no” respondents in the

second choice experiment than in the first choice experiment. The only difference in this

estimated model compared to the one presented in table 4 is that men experience no

significant difference between own commuting time and the spouse’s commuting time.

Another sensitivity analysis is to include only spouses who claim to have a shared

household economy. This exercise is undertaken with the objective of exploring whether

spouses with separated household economy have caused the gap between marginal

utility of own wage and marginal utility of the spouse’s wage. For women, this sample

restriction has only negligible effects of the results and the marginal utility is still higher

for own wage compared to the spouse’s wage. For men, however, the expected result

occurs and there is no longer a significant difference between the marginal utility of

own wage and the marginal utility of the spouse’s wage.

Next, the sample is split with respect to young children in the household. When the

sample consists of spouses with at least one child that is younger than twelve years old,

men do not experience a higher marginal disutility of the spouse’s commuting time than

for own commuting time. On the other hand, when the estimated sample is spouses
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without children aged between zero and eleven, the result for men is similar to the

model with young children. Hence, the effect that men experience a higher marginal

disutility of the spouse’s commuting time does not seem to be driven by young children

in the household. For women, however, there is a significantly higher marginal utility

of own commuting time compared to the marginal utility of the spouse’s commuting

time when there are no young children in the household, whereas this difference is

nonsignificant for the women with young children.

Usually, VOCT is found to be positively related to income. To test this, the sample is

split into four subsamples which are defined as all combinations between low-wage and

high-wage men and low-wage and high-wage women. High wage is defined as individuals

who have a pre-tax wage of at least 25 000 SEK per month. The most striking result

here is that in the group of low-wage men and low-wage women, both men and women

experience a higher marginal disutility of the commuting time of the female spouse

compared to the marginal disutility of the commuting time of the male spouse.

Whether the female spouse works full-time or part-time might influence the tests of

equal marginal (dis)utilities of wage and commuting time. However, the difference is

negligible and men still experience a higher marginal disutility of the spouse’s commut-

ing time compared to the marginal disutility of own commuting time, whereas there is

no such significant difference for women.

Finally, the sensitivity with respect to two different mixed logit model specifications is

checked. First, the results when 2000 Halton draws instead of 500 Halton draws are used

for the maximum simulated likelihood are only slightly changed. In fact, the estimated

VOCT changes by only a few SEK per hour. Including a correlation structure of the

parameter distributions in model (10) is also tested, which unfortunately has difficulties

in converging. In fact when the model converges for women, there is strong correlation

between most of the attribute coefficients. The correlation between the coefficients of

own wage and the spouse’s wage as well as the correlation between the coefficients of own

commuting time and the spouse’s commuting time are positive, which seems plausible.

However, the results of the tests of equal marginal (dis)utilities are not changed when

a correlation structure is included in the model.

6 Concluding discussion

In this paper, the objective was to estimate the value of commuting time (VOCT)

based on stated choice experiments where the respondents receive offers comprising of

a longer commuting time and a higher wage as compared to their present situation.

Two choice experiments were given to all respondents; one where own commuting time

and own wage were attributes, and another where own commuting time, own wage, the

spouse’s commuting time and the spouse’s wage were attributes. Mixed logit models

were estimated, both in a model formulation with separate wage and commuting time

variables and in another model formulation with the VOCT offers directly as explana-

tory variables. The results show that mixed logit models are significantly better than

conventional logit models in all model specifications.
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The results of the first choice experiment show that, in general, the estimated VOCT is

plausible with a tendency towards high values compared to most other studies of VTT.

In particular, Small (1992) argues that a reasonable estimate of the average VTT is

around 50 percent of the gross hourly wage rate. Small (1992) also claims that the

average value varies across different studies within a range of 20 and 100 percent of the

gross hourly wage rate.

To calculate an approximate VOCT share of the wage rate in this paper, assume that

the average monthly pre-tax wage for the men in this sample is 28 500 SEK. As given

by the income class variables in Table 1, a monthly pre-tax income of 25 000 SEK

corresponds to the 38th percentile while 30 000 SEK corresponds to the 55th percentile,

therefore this is a reasonable assumption. By further assuming an average of 181 working

hours per month derived from the average of the self-reported working hours per week

multiplied by 4.33, the average pre-tax hourly wage rate for men in this sample is

approximately 157 SEK. Estimated VOCT for men based on the first choice experiment,

i.e. from scenarios that affect only own commuting time and wage, is found to be

between 93 and 118 SEK. In other words, this means a share of 59 - 75 percent of the

gross wage rate. 9

Which characteristics of this study would have important influence on the estimated

VOCT and in what direction are the VOCT estimates expected to be influenced? One

characteristic is that VOCT in this study is measured in the willingness to accept

(WTA) context. There is strong evidence in the literature of non-market goods valua-

tion that WTA values exceed willingness to pay (WTP) values (see e.g. Horowitz and

McConell, 2002). This pattern is also found in most value of time studies (e.g. Algers

et al., 1995; De Borger and Fosgerau, 2008; Hultkrantz and Mortazavi, 2001).

Another characteristic is the hypothetical nature, which in most studies of valuation

contexts other than time, lead to a positive hypothetical bias (e.g. Cummings et al.,

1995; List and Gallet, 2001; Murphy et al., 2005). However, of the small number of

value of time experiments that test this issue, a negative hypothetical bias is the most

frequent result (Brownstone and Small, 2005; Isacsson, 2007). Note also that the in-

terpretation of this negative hypothetical bias are scheduling constraints. Scheduling

constraints may not be that important when decisions of commuting time and wages

based on workplace relocations are analyzed because these types of choices are proba-

bly made with a more distant time horizon in mind and individuals should have better

opportunities to reschedule in the long-run than in the short-run. Thus the direction

of any hypothetical bias is unclear although previous studies suggest a negative bias.

The SP study of Rouwendal and Meijer (2001) results in a relatively high VOCT that is

equivalent to approximately 220 SEK per hour. A similarity between the present study

and Rouwendal and Meijer (2001) is that the alternatives of the hypothetical choices are

based on trade-offs between wage and commuting time. One source of relatively high

VOCT may therefore be that the valuation is derived from choices incorporating the

9 By assuming an average monthly pre-tax wage of 22 000 and an average of 161 working
hours per month, similar patterns occur for women with a VOCT share of about 71 - 84
percent of the gross wage rate.
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wage, and not the cost of travel time, which is most frequently used to estimate VOCT.

In scenarios based on wage, the respondents might be well aware that the change is

persistent and these new commuting times may be difficult to incorporate in their daily

life. For the respondents, this understanding may not be complete if only a mode or

route choice scenario of a single trip is used.

The use of a wage variable may also imply the opposite effect of decreased VOCT if

the individuals’ marginal utility of wage is inflated by the increased status of a higher

wage. However, the marginal utility of some travel cost attributes may also be affected

by sources other than pure marginal utility of income. For example, car drivers might

be more willing to pay driving costs than toll costs.

Empirical results of VTT studies suggest that in-vehicle time is valued lower than

walking time and waiting time (see e.g. Mackie et al., 2001; Perez et al., 2003). In

this study, the commuting time for some respondents consists of a mixture of these

different types of time. In the choice experiment scenarios, it is stated that the additional

commuting time is assumed to be additional time in the mode that is currently used

but this may still be misinterpreted by the respondents. However this effect is probably

not influential in this study since the sensitivity analysis done by splitting the sample

with respect to commuting mode, shows no difference in the estimated VOCT.

Finally, another characteristic is that commuting time might be valued higher than

other private time, which is a result found in some meta studies of estimated VTT (see

e.g. Wardman, 1998; Shires and De Jong, 2006). This interpretation is also supported

by other recent studies such as Isacsson et al. (2008), Isacsson and Swärdh (2009),

Van Ommeren and Fosgerau (2009), and Vredin Johansson et al. (2006). Note, however,

that the result of these latter studies is relatively high VOCT compared to the VTT of

other studies and that these studies do not perform intra-study comparisons between

VOCT and the VTT of other private trips. Furthermore, a calculation exercise in

Stutzer and Frey (2008, p. 355) suggests that complete compensation for one hour of

commuting time would be equivalent to approximately 300 SEK. Thus these results

together support the argument that commuting time has a higher value than other

private travel time.

To summarize this particular discussion, there are several characteristics that are ex-

pected to influence the estimates of VOCT. Here, we have listed four reasons why the

VOCT is expected to be relatively high and two reasons why the VOCT is expected

to be relatively low in this study. Without discussing the magnitude of these effects,

estimated values of commuting time that are slightly higher than the expected average

of values of travel time according to Small (1992), seem adequate.

The results from the second choice experiment show that in one of the model spec-

ifications the estimated household-level VOCT is significantly higher as compared to

the individual-level VOCT. This result can be interpreted as it being easier to adjust

commuting time upwards for an individual than for both individuals of a two-earner

household.
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When different VOCTs of the spouses are allowed, the most interesting result is that

both men and women, based on individual preferences, tend to value the woman’s com-

muting time higher than the man’s commuting time. As stated earlier, the most likely

explanation for this result is that women take a larger responsibility for household work

in two-earner households, which is a finding that can be viewed as a confirmation of the

household responsibility hypothesis (HRH). According to Turner and Niemeier (1997,

p. 398-99), HRH entails that employed women tend to have greater household and

child care responsibilities and, as a result, face greater time constraints and ultimately

choose shorter commutes than employed men. In this study, greater time constraints for

women is exactly what is found, and furthermore, this view holds from the perspective

of both men and women.

Sensitivity analyses of the estimated results with respect to different subsamples show

that the estimated VOCTs of the first stated choice experiment seem relatively robust.

For the second choice experiment, however, there is more variation in the results. To

sum up, there is still a tendency that both men and women value the commuting time of

the female spouse highest, but this result is not consistent across all estimated models.

An important consideration is that the respondents answer these stated choice experi-

ments at the individual level. This means that it is individual i’s preferences based on

their own utility function that are estimated in all cases. Furthermore, all estimated

marginal utilities and VOCTs from the second choice experiment should be interpreted

as if individual i has the right to determine both own commuting time and spouse’s

commuting time. As a critique against this assumption of the decision process, this is

unlikely to be the case in reality where these types of choices, are most likely made

at the household level. However, choices where only own commuting time and wage

are attributes, as in the first choice experiment, will in reality be decisions that are

probably also based on household bargaining. Hence, all previous studies of individ-

ual value of time, based on individual hypothetical choices where the individual is a

part of a two-earner household, might be criticized in the same way. Also, one of the

most interesting results of this study shows that men and women seem to agree that

increased commuting time of the female spouse is valued higher than increased com-

muting time of the male spouse. Thus decisions made by bargaining at the household

level will probably not lead to a different result in this aspect.

A policy suggestion from this study is that VTT recommended in cost benefit analysis

(CBA) today may be too low, especially with regard to commuting time. For example,

Swedish policy recommends in-vehicle VTT of 51 SEK per hour in the price level of

2006 for all private trips, including commuting trips, shorter than 100 kilometers (SIKA,

2008). By using the 2006 Swedish average monthly wage of about 25 000 SEK provided

by Statistics Sweden and by assuming 171 working hours per month, this implies a

VOCT to wage ratio of about 35 percent, which is in the low tail of plausible VTT-

shares of the wage according to Small (1992) as well as much lower than the VOCT

estimates of this study.

Finally, relying on the analyses of the second choice experiment where both spouses’

commuting time and wage are included as attributes, gender-specific VOCT may imply

a higher value for women than men in two-earner households. Since this type of VTT
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distinction with respect to gender is seldom the practice in CBA, a realization of this

type will increase the benefits of public transport investment relative to the benefits

of road investment given that women are more frequent users of public transport than

men.

Acknowledgements

We are grateful to Gunnar Isacsson, Lars Hultkrantz, Maria Börjesson, and Anders

Karlström for valuable suggestions to improve the paper. We would also like to thank

seminar participants at the Department of Economics, VTI Stockholm for their fruitful

comments on the paper. This study has been conducted within the Centre for Transport

Studies (CTS). Any remaining errors are solely ours.

Appendix

Here, the parts of the questionnaire that are used in this empirical analysis of this paper

are reproduced freely translated from Swedish.

Choice experiment 1

In the following questions you are required to choose between alternative locations of

your workplace. Assume that your employer is considering moving to another location

- how would you prefer your employer to choose in the following choice scenarios?

Assume that you would still use your present mode of transport to travel to work and

that access to public transport and car communications are similar to those at your

present workplace.

You are to choose between two alternatives per choice scenario. Imagine that these

alternatives only differ with respect to what is given in the scenarios and that they are

equivalent in all other aspects.

The alternatives differ with respect to:

• Travel time - one-way trip

• Wage

Choose the alternative that you prefer and want your employer to choose.
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1. Which alternative would you prefer for the location of your workplace?

Alternative 1 Alternative 2

Present travel time 10 minutes longer travel time than today

Present wage 1000 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives

2. Which alternative would you prefer for the location of your workplace?

Alternative 1 Alternative 2

Present travel time 25 minutes longer travel time than today

Present wage 1000 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives

3. Which alternative would you prefer for the location of your workplace?

Alternative 1 Alternative 2

Present travel time 10 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives

4. Which alternative would you prefer for the location of your workplace?

Alternative 1 Alternative 2

Present travel time 25 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives
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Choice experiment 2

In the following questions you are required to choose between alternative locations of

both your workplace and your spouse’s workplace. Assume that both your employer

and your spouse’s employer are considering moving to another location - how would

you prefer your employers to choose in the following choice scenarios?

Assume that you and your spouse would still use your present mode of transport to

travel to work and that access to public transport and car communications are similar

to those at your present workplaces.

You are to choose between two alternatives per choice scenario. Imagine that these

alternatives only differ with respect to what is given in the scenarios and that they are

equivalent in all other aspects.

The alternatives differ with respect to:

• Travel time - one-way trip

• Wage

Choose the alternative that you prefer and want your employers to choose.

1. Which alternative would you prefer for the location of your workplaces?

Alternative 1 Alternative 2

You You

Present travel time 10 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

Your spouse Your spouse

Present travel time 10 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives
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2. Which alternative would you prefer for the location of your workplaces?

Alternative 1 Alternative 2

You You

Present travel time 25 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

Your spouse Your spouse

Present travel time 10 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives

3. Which alternative would you prefer for the location of your workplaces?

Alternative 1 Alternative 2

You You

Present travel time 10 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

Your spouse Your spouse

Present travel time 25 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives

4. Which alternative would you prefer for the location of your workplaces?

Alternative 1 Alternative 2

You You

Present travel time 10 minutes longer travel time than today

Present wage 1000 SEK higher net wage per month than today

Your spouse Your spouse

Present travel time 10 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives
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5. Which alternative would you prefer for the location of your workplaces?

Alternative 1 Alternative 2

You You

Present travel time 25 minutes longer travel time than today

Present wage 1000 SEK higher net wage per month than today

Your spouse Your spouse

Present travel time 10 minutes longer travel time than today

Present wage 500 SEK higher net wage per month than today

 Alternative 1  Alternative 2

 Equivalent alternatives
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Abstract

This study is the first to test for hypothetical bias in a value of time (VOT) experi-

ment when scheduling constraints are removed by the experimental design. Theoretical

prediction suggests a non-negative hypothetical bias, which is empirically supported

by the estimated results that indicate a positive but not significant hypothetical bias.

As an extension, certainty calibration is applied by splitting the hypothetical group

into certain subjects and non-certain subjects. Now there is a significant positive hypo-

thetical bias for non-certain subjects, whereas there is no hypothetical bias for certain

subjects.

Keywords: Value of time; Hypothetical bias; Scheduling constraints; Certainty calibra-

tion; Preference certainty

JEL codes: C20; C91; D80

1 Introduction

During the last decades, different stated preference (SP) techniques have become in-

creasingly used methods to value goods where no market price is available. Better

computational resources, the opportunity to set relevant scenarios, opportunities for

multiple observations of the same individual, and problems with, or even absence of,

revealed preference data are all characteristics that works in favor of SP techniques.

Nevertheless, there are also shortcomings in the SP methods. The main criticism is

the prominent risk of hypothetical bias caused by the fact that individuals tend to

act differently in a real context as compared to their statement in a corresponding

hypothetical context. The reason is that individuals who make hypothetical choices do

not have to commit themselves to make the same real choices. Also, Harrison (2006)

argues that hypothetical bias is the main problem to consider when SP data is used.

Consequently, hypothetical bias has been the focal point of a large number of studies

in different fields, where this type of bias is usually found to be positive and in many
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cases, extensive (for example Cummings et al., 1995; List and Gallet, 2001; Murphy

et al., 2005). In addition, Venkatachalam (2004) provides a good overview of studies of

hypothetical bias.

These studies, however, either value public goods, for example environmental improve-

ments, or private goods where the demand is derived from a utility maximization prob-

lem that has only one constraint, namely a budget constraint. If the budget constraint

is not fully considered when individuals are making hypothetical choices, any existing

hypothetical bias is expected to be positive.

Considering the value of time (VOT), there are only a few experimental studies of

hypothetical bias and the result is quite different from results reported in other fields.

Studies like Brownstone and Small (2005), Ghosh (2001), and Isacsson (2007) all find

negative hypothetical bias, meaning that estimated VOT is higher in a real context

than in a hypothetical context. The explanation for these results is that a utility max-

imization problem to derive VOT not only has a budget constraint, but also a time

constraint. In a hypothetical decision you do not need to consider that paying for time

necessarily implies that less money can be spent on other goods and services. Thus, the

implication of a non-binding budget constraint of hypothetical VOT choices is similar

to the implication of hypothetical choices regarding other private goods; that is a pos-

itive hypothetical bias would be expected. Similar argumentation regarding the time

constraint implies that increased time in a hypothetical choice does not lead to some

other activity being foregone which would be the consequence in a real choice. This

type of effect does not exist in SP valuations of other fields.

Hence, these two constraints will cause hypothetical bias in different directions if they

are not fully considered in a hypothetical context and the sign of the hypothetical bias

is then determined by the effect that dominates. Which effect dominates, is an empirical

question that, in the studies cited above, resulted in a dominating effect from the time

constraint. The result of negative hypothetical bias in VOT studies has been explained

by scheduling constraints, meaning that individuals have already devoted their time to

other activities which cannot be changed at short notice and this is not fully considered

when hypothetical choices are made.

The main objective of this study is to test the existence of hypothetical bias of VOT in

an experimental setting where scheduling constraints are removed by the experimental

design. Hence, the design of this study will be different in comparison to the previous

studies that find a negative hypothetical bias (Brownstone and Small, 2005; Isacsson,

2007) and, as the theoretical prediction of section 2 will show, any hypothetical bias is

expected to be non-negative when scheduling constraints are removed. This hypothe-

sis is also supported by the empirical results of Isacsson (2007) where the scheduling

constraints are removed by a latent variable approach.

As a second objective, the method of certainty calibration is applied to a VOT experi-

ment for the first time. The method of certainty calibration to reduce any hypothetical

bias is accomplished by asking the subjects of the hypothetical group a follow-up ques-

tion about the self-stated preference certainty. This method has been shown to eliminate
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a significant hypothetical bias in stated preference studies of other valuation contexts

(for example Blumenschein et al., 2008; Champ et al., 1997; Johannesson et al., 1998).

Students were recruited as subjects and were informed that the experiment would take

one hour and that they would receive a cash compensation of 100 Swedish Crowns

(SEK 1 ) after their participation in the experiment. During the experiment, the sub-

jects were offered the option to leave the experiment in advance, on payment of a

predetermined amount of money. The sample was randomly assigned to two groups

where one was given a real offer and the other was given a hypothetical offer. The

hypothetical subjects were then given a follow-up question where they were asked to

state their preference certainty of the hypothetical choice. Note also that, since all sub-

jects had agreed to participate in the one-hour experiment, scheduling constraints were

removed by the design of this experiment.

The issue studied in this paper is policy relevant since VOT is one of the largest benefits

of investment in new transport infrastructure. Hensher and Brewer (2001) note that

more than 70 percent of total user benefits in many transport investments correspond

to travel time savings. A biased VOT in cost benefit analysis may imply that resources

are not used in the optimal way, which would be a contradiction to the policy objective

of efficiency in the transport sector.

The paper is outlined as follows. In section 2, a theoretical framework is presented where

the hypothetical bias of a VOT experiment without scheduling constraints is predicted.

Section 3 is a review of previous studies of hypothetical bias in VOT experiments. Then,

in section 4, the experimental design is presented. The empirical results are given in

section 5 and, finally, there is a concluding discussion in section 6.

2 Theoretical framework

Assume that individuals maximize their utility over goods (G) and leisure (L) subject

to a budget constraint and a time constraint as follows

U = u(G, L), subject to (1)

G = wH + i and (C1)

τ = H + L+ T, (C2)

where w is the hourly wage rate, H is working hours, i is unearned income, τ is total

available time, and T is time spent in other activities. For simplicity, assume that there

is only one other activity besides work and leisure. The result of the analysis will not

change if this assumption is relaxed and more than one activity is incorporated into T .

1 1 Euro is approximately equal to 10 SEK.
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Assume also that individuals want to minimize this activity, which means that it is not

a pure leisure activity in the terminology of DeSerpa (1971).

From this maximization problem the optimal values of goods and leisure, denoted as

G∗(w, H, T ) and L∗(w,H, T ), can be derived. Substituting these into the utility function

yields the following indirect utility function

V = v(w,H, T ). (2)

From the indirect utility function we can derive the value of time (VOT) spent in

activity T , which will be the marginal rate of substitution between money and time

spent in activity T

V OT = −∂V

∂T


∂V

∂w
= −V3

V1

≡ −Ψ
λ

. (3)

In equation (3), Vi denotes the marginal utility of the ith argument in the indirect

utility function (2) and Ψ and λ denotes the corresponding shadow prices of time spent

in activity T and money, respectively.

To distinguish between hypothetical choices and real choices, the crucial assumption is

that the constraints of the utility maximization problem will be less or equally taken

into account in a hypothetical choice as compared to a real choice. This gives rise to the

following relationships between the different shadow prices with respect to real choices

and hypothetical choices

|Ψreal| ≥ |Ψhyp|, (4)

|λreal| ≥ |λhyp|. (5)

From these conditions it is not possible to predict whether the hypothetical VOT or

the real VOT will be of greater value. Instead, this will result in an empirical issue

which might be determined by the grade of scheduling constraints that is incorporated

into the choice scenario.

Therefore, two different types of scheduling constraints are introduced in the model.

In type 1, there are scheduling constraints in the choices, which is the case in the

Brownstone and Small (2005) and Isacsson (2007) experiments. In these experiments,

the difference between the shadow prices will be given as in equations (4) and (5)

whereby this theoretical model cannot predict the sign of the bias. For the other type,

denoted 2, the scheduling constraints will be removed by the experimental design, which

is precisely the case in the experiment of this study. Thus assume equation (4) to be

reformulated as

|Ψreal,2| = |Ψhyp,2|. (6)
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Since the difference between real choices and hypothetical choices regarding the shadow

price for money will still be the same as in equation (5), the result is the following

prediction of the relationship between hypothetical VOT and real VOT when there are

no scheduling constraints

V OT 2
real,2 ≤ V OT 2

hyp,2. (7)

As equation (7) shows, the theoretical prediction in this study is either, no hypothetical

bias, or a positive hypothetical bias. This result is determined by the fact that the

budget constraint is not fully considered in hypothetical choices. Hence, this prediction

is similar to the prediction that would result from other valuation contexts where there

is no time constraint in the utility maximization problem.

Whether the budget constraint is fully considered in a hypothetical choice, i.e. whether

there is an equality sign in equation (5), may depend on the type of good that is

valued. A recent study finds that hypothetical bias exists when a public good is valued,

but is not a significant problem when a private good is valued (Johansson-Stenman

and Svedsäter, 2008). If this result were generalized to the private good of time, it

would mean that the model presented above predicts no hypothetical bias in this study.

Nevertheless, Blumenschein et al. (2008) finds a significant positive hypothetical bias

of the willingness to pay for a private good. Thus, an empirical approach is needed

to determine whether hypothetical bias is a significant problem in a VOT experiment

without scheduling constraints.

3 Previous research

Brownstone and Small (2005) summarize different stated preference (SP) and revealed

preference (RP) studies carried out on two different highway routes in California. In

the quasi-experimental setting, drivers have the opportunity to use a tolled lane of the

highway to avoid congestion, and consequently experience shorter travel time compared

to the travel time of the non-tolled lanes.

From both highway routes, the results of Brownstone and Small (2005) are robust and

show that estimated value of travel time (VTT) in the RP context is approximately

twice the estimated VTT in the SP context. This difference is interpreted as scheduling

constraints that the drivers face when they make real lane choices in the car, but

that are not in focus when subjects make hypothetical lane choices. This means that

when real decisions are made the time constraint is relatively more important than the

budget constraint. Hence, any difference between real and hypothetical choices is more

affected by the time constraint than by the budget constraint with the result that the

hypothetical bias is negative.

Isacsson (2007) compares real and hypothetical VOT by using two different experi-

ments. In the first experiment, the last 15 minutes of a lecture at a college in Sweden

were devoted to a questionnaire that the students answered on a voluntary basis. When

5
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the scheduled lecture ended, the students were offered monetary compensation to stay

another 15 minutes and answer one more questionnaire, which implies that the esti-

mated VOT is in the willingness to accept (WTA) context, and even more importantly,

that this experimental design gives rise to scheduling constraints.

In Isacsson (2007), the result of the first experiment shows that the average real VOT

is about twice the average hypothetical VOT, which supports the result of Brownstone

and Small (2005) for a different type of activity context. An argument for the interpre-

tation that the result is caused by scheduling constraints is that the size of the monetary

compensation offered did not influence the fraction of students who accepted the offer

in the real treatment; which can be interpreted as “either I have the time or I have

other plans for this period of time regardless of the compensation”. Another argument

is that an estimated model in Isacsson (2007) where the effect of scheduling constraints

at this particular time is eliminated by a latent variable approach, shows a real VOT

that is lower than the hypothetical VOT, but the difference is not significant, which is

consistent with the prediction of the theoretical model of section 2 in this paper.

Furthermore, Isacsson’s (2007) second experiment was a quasi-experiment where stu-

dents at the same college in Sweden, going to participate in a lecture in a nearby town,

were offered two different buses, one bus being both slower and cheaper than the other

one. This means that, in contrast to the first Isacsson (2007) experiment, the valued

activity is travel time. Since all students actually needed a bus, control groups for

the hypothetical treatment were created by a matching technique. Also in this exper-

iment, the result shows about twice the average VTT in the real group compared to

the hypothetical group. However, since the subjects chose the bus a few days before

the trip actually took place, scheduling constraints do not seem to be as important

as in Isacsson’s WTA experiment and that of Brownstone and Small (2005). Still, the

hypothetical bias is found to be negative and of approximately the same magnitude as

in these previous experiments. An interpretation of this result might be that the differ-

ence between the shadow prices of money in the real choice and hypothetical choice is

indeed small in a VOT experiment.

Smith and Mansfield (1998), on the other hand, do not find evidence of hypotheti-

cal biased VOT in an experiment where subjects in a telephone survey were offered

monetary compensation for participating in another survey at a later date. Smith and

Mansfield’s interpretation of the result, is that both treatments experience the offer as

real, which could be seen as support for the use of SP techniques to value non-market

goods. The main focus of their study, however, is to compare the result with studies of

hypothetical bias in other fields where this type of bias is mostly found to be positive

and severe.

Smith and Mansfield (1998) are not pointing out the specific feature of VOT with both

the budget constraint and the time constraint, which are expected to affect any hypo-

thetical bias in different directions. There was no binding agreement for the subjects

in the real treatment of their experiment and those who accepted the real offer were

not committed to actually participate in the survey when it was to be carried out. The

private time that the researcher wanted to buy for survey purposes was also unspeci-
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fied as some time in the future. Hence, the constraints might not have been considered

as binding in the real treatment whereby both equation (4) and equation (5) would

have been satisfied with equality signs. Under such conditions, all differences in VOT

between the two treatments would then follow from random variation. Another circum-

stance was that the forthcoming telephone survey was not realized because the research

project ran out of money. If their real group had made a choice with no opportunity

to regret it, that is with constraints that actually bind, the result might have been

different. Accordingly a possible interpretation of the results in Smith and Mansfield

(1998) is that both groups might have perceived the offer as hypothetical, which would

cause the result to be different to Brownstone and Small (2005) and Isacsson (2007).

The results of previous VOT experiments where there were scheduling constraints,

suggest a negative hypothetical bias of VOT. This means that there is a larger difference

for the shadow price of time than for the shadow price of money when hypothetical

choices and real choices are compared. Another interpretation of these results is that

the shadow prices of money might not differ considerably between hypothetical VOT

choices and real VOT choices. This interpretation is also supported by the result of the

bus experiment (Isacsson, 2007), which suggests a negative hypothetical bias of VOT

although the grade of scheduling constraints should be relatively low. If this were the

case, the prediction of the result in this experiment would be a hypothetical bias close

to zero.

3.1 Certainty calibration

The method of certainty calibration, based on information of self-stated preference

certainty from a follow-up question, will be applied in this study. This method has

been found to eliminate or mitigate the problem of hypothetical bias in other valuation

contexts (for example Blumenschein et al., 2008; Champ et al., 1997; Johannesson et al.,

1998). Basically, there are two types of follow-up questions that have been used in the

literature; a ten point scale where the subjects are asked to grade their preference

certainty (for example Champ et al., 1997), and binary qualitative alternatives for the

preference certainty (for example Blumenschein et al., 2008).

Furthermore, there are different methods of dealing with the preference certainty in-

formation in the empirical analysis. Some studies exclude all uncertain subjects (for

example Hultkrantz et al., 2006; Svensson, 2006), whereas other studies recode un-

certain yes-answers to no-answers (for example Blumenschein et al., 2008). For studies

using a certainty scale, the cut-off point where hypothetical yes-answers that are treated

as certain yes-answers are corresponding to real yes-answers, also varies across studies.

Most common is a cut-off point of ten (for example Champ et al., 1997) or a cut-off

point of eight (for example Champ and Bishop, 2001). Finally, other studies try to in-

corporate the preference certainty into the estimated model through different variable

recoding approaches (for example Loomis and Ekstrand, 1998).

7
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4 Experimental design

The experiment was carried out between 4:15 and 5:15 p.m. on April 22, 2008, at the

main campus of the Royal Institute of Technology (KTH) in Stockholm, Sweden. 160

students voluntarily participated in the experiment with the following prior informa-

tion: the experiment would be carried out at a given time and last for exactly one hour;

the subjects would receive cash compensation of 100 SEK 2 immediately after the ex-

periment; the experiment would consist of a series of questionnaires; an experimental

setting was required to secure the order in which the subjects answered the question-

naires and there would be no interaction between the subjects during the experiment.

During the recruiting process, I attended a large number of lectures at KTH and Stock-

holm University (SU) to inform the students about the experiment. Interested students

received an information notice stating all the conditions of the experiment as well as

requesting the students to send me an e-mail if they were interested in participating.

In addition, I also put up information notices on bulletin boards around the campuses

of KTH and SU. In total, 168 students signed up for the experiment. Thus, only eight

students did not show up.

The experiment began with brief information and then the subjects answered a ques-

tionnaire on individual characteristics followed by a questionnaire about their attitudes

to security issues in public transports. Up to this point, the experiment was carried out

on an equal basis for all subjects.

When the experiment had lasted for exactly 10 minutes, the subjects were offered the

option to leave the experiment, with 45 minutes still to go, on payment of a prede-

termined amount of money. The subjects had been randomly assigned to six different

rooms at the KTH campus. In three of the rooms the offer was real and in the other

three rooms the offer was hypothetical. The offer prices, that is the predetermined

amount of money the subjects had to pay to leave the experiment in advance, were

the same within a given room and varied between prices of 10, 30, and 50 SEK across

the different rooms within a treatment. This means that the hourly offer prices of time

were 13.33, 40, and 66.67 SEK, respectively. The questionnaire also informed subjects

that the price would be deducted from the cash compensation of 100 SEK if they ac-

cepted the offer. The Appendix outlines the wording used in presenting the offer to the

subjects.

Subjects were asked to indicate their choice in the questionnaire to avoid the possibility

that some subjects might be influenced by other subjects when making their choice.

After the choice was made, those in the real treatment who had accepted the offer,

received their cash compensation, that is 100− x where x is the offer price that varied

between 10, 30, and 50, and thereafter they were allowed to leave the experiment.

Subjects remaining in the real treatment and all subjects in the hypothetical treatment

continued to answer two more questionnaires during the rest of the experiment and

2 1 Euro is approximately equal to 10 SEK.
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after the complete one-hour experiment they received the promised cash compensation

of 100 SEK.

The motivation to use this approach instead of paying the show-up fee at the begin-

ning of the experiment, was to negate the risk of someone leaving the experiment in

advance without paying the monetary cost. With this approach, no participant had

the incentive to cheat in the experiment. At the same time, this experimental design

means that it is not certainly the willingness to pay (WTP) for time that is valued.

Although the approach seems to be in the WTP context, and not in the WTA context

if compared with the Isacsson (2007) WTA experiment, it is a well known fact from

other experiments (for example List, 2004) that what the subjects actually receive in

their hands is important for the determination of the subjects’ reference points.

However, the important difference between the Isacsson (2007) WTA experiment and

that of Brownstone and Small (2005) compared with this experiment, is that scheduling

constraints are removed by the experimental design in this study. Hence, this approach

is unique among the experimental analyses of hypothetical bias of VOT.

A possible objection might be that the subjects still had some other activities planned

for this hour of the experiment, which would imply that the scheduling constraints were

not removed. However, the conditions for participating in the experiment at the moment

of recruitment were clear, in as much as the experiment would last for exactly one hour,

so any other such planned activity is not likely. In addition, the recruitment process

started about one month before the experiment, so for most subjects participation in

the experiment was not an event that had suddenly arisen.

4.1 Certainty calibration

This experiment is the first to apply the method of certainty calibration in a VOT

context. Subjects in the hypothetical group were given a follow-up question that asked

whether they were certain that they would have made the same choice if it had been

real and not hypothetical. Two qualitative alternatives were available; “yes, completely

certain” and “no, not completely certain”. This approach is inspired by Blumenschein

et al. (2008), where certainty calibration was found to eliminate the hypothetical bias

of the WTP for a private good. In addition the ten point scale for preference certainty

more frequently used in the literature, is not used in this study with the motivation

that such a scale makes it ad-hoc for the researcher to decide which stated certainty

values to treat as certain. Instead, with only two alternatives, there is only one possible

coding of the certainty.

Note that the subjects did not know about this follow-up question when they made

their hypothetical choice. Thus, there is no risk that the mere existence of a preference

certainty question will influence the hypothetical choice and hence also the test of hy-

pothetical bias. This is also the preferred approach to increase the accuracy of certainty

calibration according to Blumenschein et al. (2008). The wording of this follow-up ques-

tion is outlined in the Appendix.

9
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5 Results

It is important for the reliability of the result that the real group and the hypothetical

group are comparable with respect to their characteristics and therefore a random

assignment of the subjects into each treatment was used. Descriptive statistics of socio-

economic variables of the treatment groups by different offer prices are presented in

Table 1. These variables are defined in the following way; Age is the age of the subject

given in years, Female is a variable indicating that the subject is a woman, Cohabitant

is a variable indicating that the subject is married or cohabitant, Income is the subject’s

net income in SEK per month, and Univ1sem is a variable indicating that the subject

has completed at least one semester of university studies.

To test whether there are significantly different variable means across the real treatment

and the hypothetical treatment, two-tailed t-tests were used. In total, 20 different tests

were carried out, the p-values of which can be found in the last column of Table 1.

At the ten percent level, two tests are significant; Age when offer price is 50 SEK and

Cohabitant when offer price is 30 SEK. Two significant tests out of 20 at the ten percent

significance level are exactly what are expected given that the assignment into real and

hypothetical treatment is random. Furthermore, one of these tests, Age when offer

price is 50 SEK, is significant at the five percent level, which is also according to the

expectation given a random assignment. Hence, there is no reason to believe that the

two treatment groups are systematically different with respect to their characteristics.

In Table 2, the number of subjects accepting the offer at different prices, is presented.

There is a weak tendency toward more subjects in the hypothetical treatment accept-

ing the offer. However, tests to establish whether different proportions accept the offer

across the treatments, are far from significant at conventional significance levels regard-

less of whether the offer prices are pooled or treated separately. Note that these tests

are not parametric tests of equal mean values (t-test or χ2-test), but rather Fisher’s

exact test. The motivation for using this test is that the outcome is unbalanced and

asymptotic methods tend to produce unrealistic results in these cases (Fisher, 1935).

The probability of accepting the offer may also depend on variables other than treat-

ment. Hence, a logit model is estimated according to the following specification 3

Pr(accept offer|x) = Λ(xβ) =
exp(xβ)

1 + exp(xβ)
, (8)

where in this application

3 The complementary log-log model would be a more adequate discrete choice model in this
case since that model is asymmetric around zero and is therefore preferred when one of the
outcomes is rare (see e.g. Cameron and Trivedi, 2005, p. 466). However, the results obtained
with complementary log-log models as well as the results of probit models are sufficiently
similar to the results of the presented logit models.
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Table 1
Descriptive statistics of individual characteristics at different offer prices by real and hypo-
thetical treatment

Real Hypothetical p-value
Variable Mean Std. Error Mean Std. Error

Offer price = 10 SEK
Age 21.4 0.39 22.0 0.57 0.42
Female 0.45 0.11 0.39 0.09 0.67
Cohabitant 0.23 0.09 0.21 0.08 0.91
Income (SEK/month) 6599 816 6009 540 0.53
Univ1sem 0.86 0.07 0.86 0.07 0.95
No. of observations 22 28

Offer price = 30 SEK
Age 22.6 1.03 21.8 0.55 0.45
Female 0.46 0.10 0.53 0.10 0.60
Cohabitant 0.29 0.09 0.11 0.06 0.10
Income (SEK/month) 4954 484 6032 543 0.14
Univ1sem 0.86 0.07 0.82 0.07 0.72
No. of observations 28 28

Offer price = 50 SEK
Age 23.3 1.18 21.0 0.35 0.05
Female 0.44 0.10 0.34 0.09 0.48
Cohabitant 0.12 0.07 0.14 0.07 0.85
Income (SEK/month) 7596 1850 7172 844 0.83
Univ1sem 0.80 0.08 0.79 0.08 0.95
No. of observations 25 29

All offer prices pooled
Age 22.5 0.56 21.6 0.29 0.13
Female 0.45 0.06 0.42 0.05 0.71
Cohabitant 0.21 0.05 0.15 0.04 0.33
Income (SEK/month) 6317 689 6413 383 0.90
Univ1sem 0.84 0.04 0.82 0.04 0.78
No. of observations 75 85

Note: The p-values correspond to two-tailed t-tests of the hypothesis of equal means across the
real and hypothetical treatment. The offers correspond to the price of 45 minutes signifying
an hourly price of the offers as 13.33, 40, and 66.67 SEK respectively.

xβ = β0 + β1Price+ β2Hypothetical + β4Age+ β5Female

+ β6Cohabitant+ β7Income+ β8Univ1sem.

The results of the logit model are presented in Table 3. The estimated parameter of

offer price is negative and significant at the five percent level meaning the demand curve

of time is downward sloping as expected for a private good. Furthermore, the estimated

effect of the hypothetical treatment is positive with a p-value of about 0.2, which implies

that this hypothetical bias is not different from zero at conventional significance levels.

Hence, this result from the empirical analysis suggests no significant hypothetical bias
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Table 2
Accepted offers at different offer levels by real and hypothetical treatment

Real Hypothetical p-value
Offer price Outcome Mean Outcome Mean
10 SEK 3/22 0.14 6/28 0.21 0.71
30 SEK 1/28 0.04 4/28 0.14 0.35
50 SEK 1/25 0.04 1/29 0.03 1.00
All pooled 5/75 0.07 11/85 0.13 0.29
Note: The p-values correspond to two-tailed Fisher’s exact tests of the hypothesis of equal
proportions accepting the offer across the real and hypothetical treatment. The offers cor-
respond to the price of 45 minutes signifying an hourly price of the offers as 13.33, 40, and
66.67 SEK respectively.

in this experiment, which is consistent with the prediction of the theoretical model of

section 2. No other control variables in this model are significant.

Table 3
Logit estimates of the probability of acceptance of the offer to leave the experiment
Variable Coefficient Std. Error
Offer price -0.044∗ 0.020
Hypothetical 0.710 0.562
Age -0.031 0.066
Female -0.025 0.550
Cohabitant -0.094 0.885
Income (given in 1000 SEK/month) 0.035 0.052
Univ1sem -0.240 0.814
Intercept -0.807 1.657
No. of observations 160
Pseudo-R2 0.078
Note: ∗ indicates difference from zero at the five percent significance level. Standard errors
are robust.

One possible objection might be that there is indeed a weak tendency to a positive

hypothetical bias in the empirical results and that the hypothetical bias might be sig-

nificantly positive in an experiment with a larger sample size. Therefore, the method

of certainty calibration is applied in such a way that a distinction is made between

the two subgroups of hypothetical treatment with respect to the self-stated prefer-

ence certainty. The proportion of accepted real offers is therefore compared with the

proportion of accepted offers of the two respective hypothetical subgroups. Note that

uncertain yes-answers are not recoded as no-answers, as in Blumenschein et al. (2008).

Instead of recoding non-certain yes-answers, I split the hypothetical group into two

subgroups with respect to their stated preference certainty. This allows that the effect

of hypothetical treatment is different for certain subjects and non-certain subjects.

Also in this case, the difference between the proportions that accept the offer across the

groups is tested with Fisher’s exact test and the tests are only carried out for the pooled

sample including all offer prices. The results of these tests, presented in Table 4, show

that there is a weak tendency to positive hypothetical bias for non-certain hypothetical

subjects since the p-value is about 0.11. For certain hypothetical subjects, however, a

p-value of about 0.54 indicates no support at all for hypothetical bias.
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Table 4
Accepted offers where real subjects are compared to certain hypothetical subjects and non-
certain hypothetical subjects respectively

Real Certain hypothetical p-value
Offer price Outcome Mean Outcome Mean
All pooled 5/75 0.067 6/60 0.100 0.54

Real Non-certain hypothetical
Outcome Mean Outcome Mean

All pooled 5/75 0.067 5/25 0.200 0.11
Note: The p-values correspond to two-tailed Fisher’s exact tests of the hypothesis of equal
proportions accepting the offer across the real subjects and certain hypothetical subjects and
non-certain hypothetical subjects respectively.

To incorporate the information from the preference certainty follow-up question in the

logit model, a variable indicating a “yes, completely certain” response to the follow-up

question, Certain, is included. In this case, xβ of model (8) is given by

xβ = β0 + β1Price+ β2Hypothetical + β3Certain+ β4Age

+ β5Female+ β6Cohabitant+ β7Income+ β8Univ1sem.

Here, β2 is the effect of hypothetical treatment for non-certain subjects while β2 + β3

is this effect for certain subjects.

Table 5
Logit estimates of the probability of acceptance of the offer to leave the experiment where
the hypothetical effect is allowed to be different for certain subjects and non-certain subjects
Variable Coefficient Std. Error
Offer price -0.049∗ 0.020
Hypothetical 1.570∗ 0.750
Certain -1.268∗ 0.641
Age -0.037 0.072
Female 0.097 0.555
Cohabitant -0.283 0.943
Income (given in 1000 SEK/month) 0.035 0.058
Univ1sem 0.146 0.726
Intercept -0.888 1.741
Hypothetical effect of non-certain subjects 1.570∗ 0.750
Hypothetical effect of certain subjects 0.301 0.603
No. of observations 160
Pseudo-R2 0.105
Note: ∗ indicates difference from zero at the five percent significance level. The hypothetical
effect of certain subjects is calculated as the sum of the coefficients of Hypothetical and
Certain.

The results of this estimated model are presented in Table 5. The offer price is still

negative and significant at the five percent level. More interesting, though, is that the

effect of hypothetical treatment is positive and significant at the five percent level for
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non-certain subjects whereas there is no significant effect of hypothetical treatment

for certain subjects. Also, the indicator variable of certainty is significant at the five

percent level, which means that there is a difference between certain subjects and non-

certain subjects. Hence, this model suggests a positive hypothetical bias for non-certain

subjects but no difference in the probability of acceptance of the offer across certain

subjects of the hypothetical group and subjects of the real group.

Finally the estimated hourly values of time (VOT) of the different groups are presented

in Table 6. These VOT estimates are the mean willingness to pay estimates derived

from the formulas given below which follow Blumenschein et al. (2008, p. 126) and are

based on logit estimates where all other explanatory variables are excluded from the

model 4

V OTreal = (−1/β1)× ln(1 + exp(β0))× 4/3,

V OTnon-certain hypothetical = (−1/β1)× ln(1 + exp(β0 + β2))× 4/3,

V OTcertain hypothetical = (−1/β1)× ln(1 + exp(β0 + β2 + β3))× 4/3,

where β1 is the price coefficient whereas β0, β0+ β2 and β0+ β2+ β3 are the intercepts

for the different groups, respectively.

Table 6
Hourly value of time estimates for real treatment and hypothetical treatment by certain and
non-certain subjects

Value of time estimates
Real subjects 6.12

(2.62)
Non-certain hypothetical subjects 20.77

(8.36)
Certain hypothetical subjects 8.29

(2.99)
Note: The value of time estimates are given per hour and in Swedish Crowns (SEK). Standard
errors based on the delta method are given in parenthesis.

As expected, VOT is highest for the non-certain hypothetical group, whereas the VOT

for the real group and the certain hypothetical group are very close to each other. Note

also that these VOT estimates are low compared to other studies of VOT. This depends

on several factors such as no scheduling constraints, a restrictive sample of students

with low income, and a selected sample that have already agreed to sell their time to

the full-hour experiment for 100 SEK. However, the objective of this paper is to test

4 This model is only used for the calculation of VOT and is therefore not presented in the
paper. Note, however, that the estimated result is not different in any important way from
the model, the estimated results of which are presented in Table 5.
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for hypothetical bias in a VOT experiment without scheduling constraints and not to

produce values of time for policy use.

6 Concluding discussion

This paper is the first study that tests the existence of hypothetical bias in a value of

time (VOT) experiment where scheduling constraints are removed by the experimental

design.

The theoretical prediction suggests either a positive hypothetical bias or no hypothetical

bias at all. The empirical results are consistent with the theory and show a hypothetical

bias with a positive sign but it is far from significant at conventional significance levels.

However, a criticism of the result may be that the sample is too small to conclude

whether there are problems with hypothetical bias in a VOT experiment without

scheduling constraints.

Therefore, the method of certainty calibration was, for the first time in a VOT ex-

periment, applied as an extension of the test for hypothetical bias. In this method,

the information from a follow-up question of preference certainty is used in the esti-

mated model. The result of certainty calibration suggests a positive hypothetical bias

for non-certain hypothetical subjects whereas no hypothetical bias is found for certain

hypothetical subjects. This result corroborates the findings in other valuation contexts

where the method of certainty calibration through a follow-up question has been shown

to reduce problems with hypothetical bias.

Thus, to counteract the objection to a small sample size, assume that the result of

significant hypothetical bias for the non-certain group holds in the population in gen-

eral. Then, given the assumption of a positive fraction of non-certain individuals in the

population, there will be a positive hypothetical bias in the population as well. The

possibility of finding a significant positive hypothetical bias in an experiment that does

not take preference certainty into account, will then depend on the share of non-certain

individuals in the population and on the sample size of the experiment. The result of

applying certainty calibration in this study suggests that this problem might be miti-

gated by assuming that certain hypothetical subjects behave as real subjects whereas

non-certain hypothetical subjects do not.

As predicted in the theoretical model, the hypothetical bias for non-certain subjects is

in the opposite direction when compared to the result of Brownstone and Small (2005)

and Isacsson (2007). The explanation is that subjects did not experience scheduling

constraints in this experiment because when the choice was made, the subjects had

already devoted time to the experiment. The planning horizon for time should be im-

portant and it may be difficult to use the released time in this experiment for another

valuable activity as the subjects have already planned their activities with the com-

pleted experiment hour in their minds. Thus, subjects of both groups put equal focus on

the time constraint, which is exactly the prediction made in equation (6). Nevertheless,
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according to equation (5), subjects of the hypothetical group tend to put less focus on

the budget constraint compared to subjects of the real group and the consequence will

be positive hypothetical bias. Without a binding time constraint in the real group, the

direction of the bias in this study is caused by a similar mechanism as in experiments

of hypothetical bias in the valuation of other types of goods where there is no time

constraint in the utility maximization problem.

Another possible explanation of the result that only a few subjects of the real treat-

ment, despite the relatively low offer price, did accept the offer may be related to sunk

costs. The subjects have actually devoted transportation time to participate in the

experiment and their response to the offer may be like “as I have already made an

effort to participate in this experiment, I am not willing to pay any money in order

to leave it earlier”. In economic terms, this type of behavior is not rational but may

still influence actual behavior. However, this sunk cost effect is not able to explain the

difference between real choices and hypothetical choices.

The opportunity to reschedule activities to face exogenous changes in travel time should

be easier in the long-run than in the short-run. This means that with a more distant

time horizon, there will still be scheduling constraints but these might be of a relatively

low level. To analyze hypothetical bias of VOT with a longer time horizon is, if not

impossible, at least very problematic in an experimental setting. A possible approach

to shed some light on this issue, is an experiment that releases time further into the

future but such an approach would raise the requirements for the experimental design

considerably. The Isacsson (2007) bus experiment partly tests this issue and still finds a

negative hypothetical bias although scheduling constraints should not be as important

in that particular experiment as in the first Isacsson (2007) experiment and that of

Brownstone and Small (2005). An interpretation of this result might be that the dif-

ference between the shadow prices of money with respect to hypothetical choices and

real choices is small in VOT contexts. Smith and Mansfield (1998), moreover, might

have been able to test this approach, but since no binding agreement existed in their

experiment, their real treatment may not be considered as real. However more research

on this topic is requested.
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Appendix

Below are given the formulations of the offer questions for the real and hypothetical

treatment. Both examples correspond to the offer price of 10 SEK and are freely trans-

lated from Swedish. Finally, the follow-up question on preference certainty is presented.

Real treatment:

You are now going to choose whether you want to leave this study 45 minutes early on
payment of 10 SEK, which will be deducted from the cash compensation you have been
promised for participating in the study. During the last 45 minutes of the experiment
there will be more questionnaires like questionnaire 2.

What do you choose? Circle your answer!

Leave 45 minutes early and pay 10 SEK Finish the study

Hypothetical treatment:

Suppose that you were now going to choose whether you want to leave this study 45
minutes early on payment of 10 SEK, which would then be deducted from the cash com-
pensation you were promised for participating in the study. During the last 45 minutes
of the experiment there will be more questionnaires like questionnaire 2.

What would you choose? Circle your answer!

Leave 45 minutes early and pay 10 SEK Finish the study

Follow-up question:

Are you completely certain that you would have chosen as you did in the last question
if the choice had been real and not hypothetical? Circle your answer!

Yes, completely certain No, not completely certain
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