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CHAPTER 1

INTRODUCTION
1.1 Labour-related urban
transport problems
Commuting has become a ‘daily exercise’ for many workers. Individuals do not
commute because they like to travel, but because they need to travel to work. The last
century, and particularly the last decades, has seen a persistent growth in commuting.
An important factor in this growth has been improvements in transportation
technology. Such improvements include the introduction of the horse-drawn streetcar
in 1850, followed by the electric streetcar in 1890, and the automobile in 1910 (Gin
and Sonstelie, 1992). Since World War II, in the US and Western Europe, and, more
recently in newly industrialised countries (e.g. South Korea and Taiwan), car
ownership has increased due to increased prosperity and socio-economic changes
(Ingram and Liu, 1999; Dargay and Gately, 1999; Zhang et al., 2008).1
As modes of transport become faster and costs of travel are reduced, a constant timebudget allocation for commuting stimulates suburbanisation and car commuting
(Newman and Kenworthy, 1996), and more generally, the number of car kilometres.2
In the last decades, in most parts of the world, the (average) commuters’ total daily
travel distance has strongly increased, while (average) daily travel time has remained
rather stable (Van Ommeren and Rietveld, 2005).3 Suburbanisation not only affects
workplace and residence locations, and may affect type of job, but it also promotes car

1 For instance, the (average) annual growth rate in per-capita car ownership between 1970 and 1992
varies from 1.2 percent in the US, 3.1 percent in the Netherlands to 18 percent in South Korea and
Taiwan (Dargay and Gately, 1999).
2 For instance, in the Netherlands, the number of car kilometres increased by more than 43 percent
between 1985 and 2001, and the commuting distance increased from 13 to 17 kilometres (Statistics
Netherlands, 2002).
3 For instance, in 1981 the average commuting time in Sweden was 39.7 minutes, ten years later it was
39.4 minutes; see Eriksson and Aberg (1987).
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usage, in particular for commuting (Cervero and Landis, 1992; Cervero and Wu, 1998;
Wang, 2001).
The increase in car ownership and usage has generated traffic congestion, which is a
negative externality, as car drivers impose (uncompensated) time costs on each other.
The most severe congestion problems are usually related to commuting. Particularly
in the more densely urbanised areas, congestion has become a widespread and severe
problem, as the current infrastructure cannot support the rapid growth in car usage of
the last decades. The number of car kilometres is increasing faster than road capacity
so that roads are being used more intensively (Ministry of VROM, 2007; Van Exel and
Rietveld, 2009). The growth of traffic congestion, well beyond what has been
considered acceptable, is perceived as a problem by travelers, policymakers and the
society at a large. It is without doubt one of the ‘curses of daily life’.4 This tendency
towards ‘unsustainable’ congestion (Langmyhr, 1999; Australian Infrastructure
Report Card, 2001) is often discussed in the public arena. Its detrimental impacts are
not only increases in travel times, but also other notable external costs such as air
pollution, noise and accidents (De Jong, 1990; Ekström et al., 2004; O’Mahony and
Finlay, 2004; Downs, 2004; Edlin and Karaca-Mandic, 2006).
The main reason for traffic congestion is that most commuters travel in the same
direction at the same time of day, that is, during morning and evening peak hours.
Peak hours nowadays last longer than ever (Downs, 2004; Van Exel and Rietveld,
2009). By flattening the peak, governments may be able to reduce the problems
associated with traffic congestion. So, there are gains related to alleviating the peak. A
first-best policy for alleviating peak congestion is argued to be road pricing, which has
been implemented in many places around the world, including Singapore,
Trondheim, Stockholm, Oslo, and London. However, it is often infeasible in practice
due to technological constraints or political opposition (Langmyhr and Sager, 2010),
as occurred for instance in New York City and in the Netherlands.

For instance, in the Netherlands, the growth in car usage over the last decade has resulted in a more
than 50 percent increase in time loss due to congestion (Kennisinstituut voor Mobiliteitsbeleid, 2007).
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As a possible second-best policy, governments may impose a staggering-work-hours
program for some industries or types of firms (e.g. large firms), encouraging off-peak
start times. Staggered work hours have been implemented (on a voluntary basis) in
many places and by many employers around the world, including the Port Authority
of New York and New Jersey, Singapore and downtown Honolulu. But this secondbest policy comes at a cost: by reducing the overlap of working hours, it reduces
interaction (face-to-face) economies (Weiss, 1996). Furthermore, it may induce costs
to workers due to non-optimal start times.
Traffic peak congestion increases the travel time of workers. Through its effect on
travel time, workers’ labour supply may also be affected by congestion and may even
induce some workers to stay home one more day to recover from sickness, as argued
by Koslowsky et al. (1995). Since most travel during peak hours is generated by car
commuters, the interplay between congestion and the labour supply decision is
interesting to study. It has been considered in a series of papers in the literature (e.g.
Calthrop et al., 2000; Parry and Bento, 2001).
Recent years have seen an increasing concern over the interplay between congestion
and so-called firm mobility management (e.g. Calthrop et al., 2000). Firm mobility
management includes the chosen workplace as well as the supply of transport-related
fringe benefits (e.g. company cars, employer-paid parking, travel subsidies) that affect
the worker’s travel behaviour (commuting, business travel and private travel). For
example, there is some evidence that the increased availability of company cars
increases daily travel and worsens traffic congestion (Prevedouros and Schofer, 1992).
This calls for policy intervention via taxation.
In order to understand the economic consequences of congestion and the related
policy debate, one needs to consider a number of aspects, as discussed in the fields of
transport, urban, and labour economics. This dissertation discusses research at the
intersection of these fields.
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1.2 The intersection of transport,
labour and urban economics
Transport economics is the study of behaviour of individuals in their choices to move
themselves and freights from an origin to a destination, and its interplay with the
supply of infrastructure. Labour economics is the study of behaviour of workers and
employers in response to changes in prices, profits, wages, and working conditions.
Urban economics is the study of the location choices of households and firms, and the
consequences of these choices over space (e.g. suburbanisation, emerging of business
districts, multimodal transport hubs). Table 1.1 shows five real world phenomena that
are studied in this dissertation and the link with these three fields.
Table 1.1 Main links with transport, labour and urban economics.
Real world phenomena
Congestion/ road pricing
Worker behaviour
Employer behaviour
Fringe benefits
Government policies/ taxation

Labour
√
√
√
√
√

Transport
√
√
√
√
√

Urban
√
√
√

Congestion due to commuting is at the intersection of labour and transport
economics. Congestion is mainly seen as a transport issue, but may have effects on
workers’ labour behaviour (e.g. start time, labour supply, teleworking). These effects
are not taken into account within the traditional transport economics view. One may
apply the same reasoning to fringe benefits. Typically research on fringe benefits is
carried out in the field of labour economics. However, a prime example of fringe
benefits – the company car – is strongly related to the demand for transport.
Therefore, it is promising to look at some phenomena using an integrative approach
combining insights from the fields of labour, transport and urban economics.
The study of labour supply in all its dimensions – the amount of labour supplied by an
individual per period of time, participation in the labour market, the use of time
outside the labour market – has attracted a great deal of attention from economists.
Knowledge about labour supply is informative about the functioning of labour
markets. Labour is supplied during certain hours per day and number of days per
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week. The distribution of labour over the week affects workers’ fixed costs of work.
Commuting costs per hour or distance unit are examples of fixed costs of work of
commuting, and are directly relevant to the decision about how many hours to work
(Cogan, 1981). For instance, increased congestion may decrease labour force
participation and influence decisions concerning supply of labour.
Transport economists make a big effort analysing the effects of road pricing on the
welfare on the economy, whereas labour market economists focus on the effects of
income/wage taxation. A general claim is then that income taxation reduces the
incentive to work. To the extent that income taxation reduces net wages, it may make
workers decide to work less than they would optimally do in the absence of the tax.
This has been at the centre of tax policy debates for the past decades and constitutes
an extensive literature. Next to existing distortive labour taxes, road taxes are likely to
reduce labour supply even further.
In most parts of the world, road taxes are not implemented, but road taxes and
distance are both part of the generalised commuting price. Thus, to understand how
road pricing affects labour supply, the effect of an increase in commuting distance on
labour supply may be empirically examined. This effect may be theoretically examined
in the context of a standard labour supply model and commuting fixed costs. One may
then assume that the number of workdays is chosen and the number of workhours per
day is fixed (Cogan, 1981). However, the opposite assumption might also be made: the
number of workdays is fixed and the number of workhours per day is chosen (Parry
and Bento, 2001; Calthrop, 2001). Because of the existing divergence in the literature,
this dissertation aims to bring these literatures together by relaxing the assumptions
regarding workdays and workhours per day. The welfare consequences of road taxes
on commuting depend on which of the above assumptions is relevant. Hence, the
interplay between labour supply and commuting is of interest to researchers who are
interested in the optimal setting of taxes on labour income and road pricing.
Absenteeism from work for sickness reasons is another aspect of labour supply. The
relationship between workplace absenteeism and commuting has received remarkably
little attention from economists, but also by other social scientists. It seems
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reasonable to assume that there is a relationship between commuting and
absenteeism. For example, the psychologists Koslowsky et al. (1995, p. 16) state:
“Some of us awakening to a snowstorm or heavy rain and thinking
about the long commute to work have pulled the blankets back over
our heads. At times the length of a commute […] can help convince us
to stay home one more day to nurse a cold or backache”.
Several studies in the psychology literature present suggestive evidence of this
relationship, relying on descriptive statistics (see, e.g., Koslowsky et al., 1995).
Economists too have paid some attention to this issue. One may think of several
reasons relating commuting to absenteeism and sick leave. For example, workers with
long commutes are more likely to fall ill due to increased tiredness and are therefore
more likely absent for sickness reasons than workers with short commutes, as argued
by Zenou (2002). Anticipating this behaviour, firms may not hire remote workers. It
is also likely that part of the absenteeism linked to commuting is more indirect, as
commuting is yet another obstacle to overcome to go to work when an individual
already suffers from physical or mental illness. Workplace absenteeism may result in
production losses for a firm, and thereby reduce welfare (Koopmanschap et al., 1995).
In this respect, workplace absenteeism attracts not only the attention of employers,
but also of policymakers and researchers interested in the interaction between firm
and worker’s choice to attend work or not.
When examining how an increase in commuting distance affects workplace
absenteeism, one may worry about endogeneity of distance, as the location of both
households and workplace determines the length of the commute. The implication is
that a change in distance may be the choice of the worker in response to her
preferences and, in this sense, distance can be regarded as endogenous. A
methodological contribution of the present dissertation to the literature is the
introduction of an innovative approach to deal with this endogeneity. The idea is that
changes in commuting distance with a given residence and job are caused by
exogenous changes in workplace location. Furthermore, this method is not only useful
in the context of absenteeism, but potentially also in many other applications where
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one examines the causal effect of distance on economic outcomes, and where it is
thought that distance is endogenously determined (e.g. job and residential mobility,
Zax, 1991; wages, Manning, 2003). This is relevant because the (urban) literature
emphasises that it is frequently difficult to find instruments for commuting distance,
as it is related to labour and residence locations behaviour (Manning, 2003; Gubits,
2004).5 Therefore, we also apply this approach when studying the effect of distance on
labour supply patterns.
A small, but growing, literature in transport economics now signals that staggeredwork-hours programs may be effective in alleviating dynamic traffic congestion (e.g.
Giuliano and Golob, 1990; Arnott et al., 2005), because traffic congestion is directly
related to workers’ distribution of start times. When workers’ start times are spread
out (i.e. by employers), peak congestion is flattened. Since not only the government
but also workers (and therefore firms) care about congestion, one may observe that
firms already spread start times. To attract workers in a competitive labour market,
and given the nature of job constraints, firms may offer work start times that differ
from their competitors. One may get some insight into how start times that are
induced by staggered-work-hours policies affect wages by examining how wages
adjust to changes in start time.
The labour supply literature focusing on the relationship between wages and job
attributes has largely ignored workers’ start times as a job attribute, although the start
time is an important part of the overall package of rewards and costs that individuals
obtain from their work. Thus examining this relationship might also be viewed
relevant for policymakers as part of the study of the distribution of economic welfare.
Although start times have received little attention as potential job attributes, dynamic
congestion models emphasise its importance of when to arrive at work, and hence
when to start work. For instance, in the standard bottleneck model based on Vickrey’s

5 For example, due to the lack of instruments, Black et al. (2008) interpret their estimated relationship
between female labour market participation and commuting as equilibrium correlations and state that
finding good instruments is a useful goal for future research.
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(1969), all users have the same preferences and the same desired arrival time.6 There
is remarkably little information in surveys on starting time; and, unsurprisingly, little
empirical research has been done on this issue. Some attention has been given to the
extent of shift work in manufacturing and the distribution of timing of work over the
day with emphasis on incidence of evening and night work (Hamermesh, 1999). In
this dissertation we combine both views – labour supply literature and dynamic
congestion models – by estimating a hedonic wage regression including start time as a
job attribute.
Besides wages, it is well-known in the labour supply literature that employers may
also attract (or retain) individuals by providing fringe benefits – such as company cars
– as part of their remuneration package. In Europe, company cars have become an
important category of fringe benefits non-mandated by governments. In the
Netherlands, 43 percent of new automobiles, 12 percent of all automobiles, and about
20 percent of all automobiles on the road at any given time are company cars
(Economist Intelligence Unit, 1996). During peak hours, the proportion of company
cars on roads is even higher: it is about one out of five cars. Therefore, the market for
company cars is not negligible. Whether a worker has a company car is mainly
determined by the employer (Tillema et al., 2008). For example, public organisations
typically do not offer company cars, whereas some private organisations provide them
to about 90 percent of their workforce.
When individuals are provided with a company car, income taxes on the costs of the
car are reduced, so that expenditure on such a car may exceed what individuals
otherwise would have spent on this car. For example, one consequence is that
company cars tend to have bigger engines than private cars. Drivers of company cars
are often relieved of all running costs of the car: the employer pays for these (Wuyts,
2009). As a result it is usually thought that company cars drivers travel more than
other drivers. If this view is correct, one should find that the overall incidence of

6 A remarkable result in this model is that half of the total costs in a no-toll equilibrium are associated
with the cost of arriving at a less desirable arrival time, whereas travel time costs are the other half.
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having a company car on individual travel is positive, regardless of whether the
company car is productive for the employer.7
While most governments recognise the problems of traffic congestion due to
additional travel associated with company car taxation, few are recognising the
problem of overconsumption of cars (in terms of expenditure and ownership).
Because most company cars are not, or hardly, used for firms’ business purposes, and
are only used for private usage, the company car tax is set inefficiently low so that it
distorts the car consumption choice as well as it encourages travel implying a welfare
loss. In this dissertation we study the welfare effects of the current tax regime in the
Netherlands.

1.3 Research questions
The main analyses of this dissertation can be summarised as follows:
(i) the effect of commuting costs on labour supply;
(ii) the effect of commuting costs on absenteeism;
(iii) the relationship between wages and start times; and
(iv) the consequences of company car taxation for society.
These analyses lead to the formulation of a number of research questions in this
dissertation:
Does commuting distance affect total labour supply?
Are workers with longer commuting distances more absent than those
with shorter distances?

The average commuting distance driven with a company car is about 50 percent longer than with the
private car. However, any causal relationship between the usage of company cars and commuting
distance is not clear, as company cars are offered particularly to those workers with long distances (Van
Ommeren et al., 2006).
7
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What is the effect of workers’ morning start times on their wages? Should
the government push further the already on-going spreading out of start
times by firms?
What is the welfare loss of distortionary company car taxation? What is
the welfare gain resulting from an increase in company car taxation?

1.4 Research topics and outline
Regarding the above mentioned research analyses, this dissertation is structured into
six chapters. In particular, our analyses are carried out following three distinct – but
interrelated – research topics. Figure 1.1 gives a general overview of the chapters and
topics of the dissertation.

Time aspects of
labour supply

Introduction
(CHAPTER 1)

Commuting
and labour
supply
(CHAPTER 2)

Theory:
1) Optimal road tax
2) Urban efficiency
3) Optimal car tax

Commuting
and workplace
absenteeism
(CHAPTER 3)

Wages and
start times
(CHAPTER 4)

Figure 1.1 Structure of the dissertation.

Tax distortion
and policy

Company car
and travel
(CHAPTER 5)

Conclusions
(CHAPTER 6)
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The chapters of this dissertation can be linked to subsequent topics.
(a) Time aspects of labour supply: Chapter 2 distinguishes between
weekly labour supply, number of workdays and daily labour supply,
defined as the number of workhours per day; Chapter 3 focuses on the
choice to supply labour or not; Chapter 4 focuses on work start times.
(b) Theory on optimal road tax, urban efficiency, and optimal car tax:
Chapters 2 and 3 look at changes of components of urban form,
namely changes of workplace location; Chapter 5 examines taxation of
company cars inherent in the tax system of the Netherlands.
(c) Tax distortions and policy recommendations: the study in Chapter
2 may help to evaluate policies that affect commuting, such as road
pricing; the study in Chapter 4 may help to evaluate policies aiming at
the spreading of traffic, such as staggered-work-hours policies; and the
study in Chapter 5 may help to evaluate tax policies regarding the
provision of fringe benefits by employers.
In empirical applications, to explain aspects of labour supply, absenteeism, wages and
car consumption, it is frequently useful to apply fixed-effects approaches. This
dissertation uses several sets of panel data, and employs individual fixed effects,
where individual refers to either worker or household. Panel data, which contain
repeated measurements on the same individuals, are highly valued for research
because they offer controls for unobserved individual heterogeneity that might
otherwise bias results. Chapters 2–4 analyse data for Germany, whereas Chapter 5 on
company cars analyses data for the Netherlands. Germany is one country for which
there is an easily accessible data set – the German Socio-Economic Panel (SOEP)
survey – that provides information on days, daily hours and commuting on a broad
sample of workers, also providing information on wage rates and start times. For the
Netherlands, we have information on the presence of company cars, their usage and
car expenditure. For this, we use three different surveys. The annual DNB (Dutch
Central Bank) household survey covers the car consumption data; the PAP survey
(Dutch Car Panel Survey) contains information on three months car usage
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distinguishing between private and business use; the NTS (National Travel Survey)
contains information on daily travel behaviour.
Chapter 2 investigates how decisions about amount of labour to supply respond to
changes in workers’ commute travel. In the literature (Gibbons and Machin, 2006), it
is emphasised that there are actually no direct estimates of the causal effect of
commuting on labour supply. We explain why the effect of commuting on labour
supply is relevant from a theoretical and policy perspective. Then, we explain that the
relation between commuting and labour supply is not necessarily negative, although
most economists think it is. The case of female workers deserves special attention in
line with the idea that females are more sensitive to changes in labour conditions.
Commuting also affects the supply of labour through number of days absence from
work for sick reasons. Chapter 3 investigates how absenteeism responds to changes in
workers’ commuting distance. It stands as the second empirical study supporting the
basic model of Ross and Zenou (2008) that urban unemployment might be
attributable to the operation of efficiency wages in a world where shirking is a
substitute for leisure time and firms cannot fully observe commutes; but the current
study employs a more direct proxy for shirking.
Next, Chapter 4 looks at the effect of workers’ morning start times on their wages for
Germany, as staggered work hours are a matter of great interest in Germany (Bauer et
al., 2007). The work of Wilson (1988) is the only empirical study of wages and start
times we are aware of. However, this study has been criticised by Arnott (2007, p.
190). We aim to contribute to the transport literature by taking into account Arnott’s
criticism and improving upon Wilson’s work.
Chapter 5 studies the relevant social cost of the under-taxation of company cars. It
makes a contribution to the literature on the taxation of fringe benefits. This chapter
first introduces a hedonic price model that aims to highlight the difference in car unit
expenditure of a household with or without a company car, in order to determine the
welfare effects of the tax treatment of the company car. Two essential elements of the
model are that a non-distortionary tax treatment of company cars requires that the
consumption component, but not the productivity component, is taxed as labour
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income. In the empirical part, the focus lies on the effect of company car possession
on car consumption, commuting or private travel and determine the subsequent
welfare implications of current company car taxation in the Netherlands.
Finally, in Chapter 6 we summarise our findings of the dissertation and provide
conclusions as well as a discussion of implications for policy.

CHAPTER 2

LABOUR SUPPLY AND COMMUTING
2.1 Introduction 8
The main objective of this chapter is to examine the effect of commuting distance on
labour supply patterns. As emphasised in the study by Gibbons and Machin (2006),
there is essentially no direct empirical evidence on the causal effect of commuting
costs on labour supply.
The outline of the chapter is as follows. First, we explain that the relationship between
commuting and labour supply is not necessarily negative, although most economists
think it is. Second, we develop a labour supply model which includes commuting and
we compare the theoretical results of this model with those obtained in the literature.
Third, we introduce an innovative approach to account for the endogeneity of distance
– employer-induced changes in commuting distance (see also the next chapter, where
the effect of commuting distance on absenteeism is examined). Then, we focus on the
empirical effect of commuting on labour supply patterns. Finally, we conclude.

2.2 The labour supply-commuting
relationship
In examining the effect of commuting distance on labour supply, the distinction
between weekly labour supply, number of workdays per week and daily labour supply
is essential in the context of commuting, because commuting distance travelled is a
fixed cost for daily supply, but a variable cost for weekly supply through the chosen
number of workdays. This issue has been mentioned in numerous theoretical papers
8 The present chapter is based on Gutiérrez-i-Puigarnau and van Ommeren (2010), published in
Journal of Urban Economics, and on Gutiérrez-i-Puigarnau and van Ommeren (2009), a working
version of the paper.
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(e.g. Cogan, 1981; Parry and Bento, 2001; Calthrop, 2001, Black et al., 2008). One of
the main issues we are concerned with is that distance may be endogenous with
respect to labour supply, so that we employ employer-induced changes in commuting
distance that are exogenous. Most information we have about this relationship is
indirect: most studies find that the commuters’ value of travel time is rather low
(about 50 percent of their wage), suggesting that the effect of the length of the
commute on labour supply may be rather weak.
There are a number of reasons why the effect of (monetary and time) commuting
costs on labour market behaviour and more specifically labour supply is of interest to
economists (for a review see Gibbons and Machin, 2006). One reason is that policy
makers aim to know whether congestion as well as (publicly-provided) transport
infrastructure affects the decision of individuals with regard to how much time they
spend on work (Hymel, 2009). A second reason is that it may help us to understand
long-run developments in working patterns and commuting (Gin and Sonstelie, 1992;
Van Ommeren and Rietveld, 2005). For example, an interesting question is whether
century-long increases in (female) labour supply are due to the reduction in
commuting costs, as a result of improvements in transportation technology and
changes in residential location patterns (as suggested by Black et al., 2008).
A third reason is that there are divergent theoretical views on how to model the
relationship between commuting costs and labour supply. These theoretical
differences are in particular relevant because it appears that the optimal taxation of
labour and commuting in the economy depends on the view taken. Some studies
assume that the number of workdays is fixed and the number of workhours per day is
freely chosen (e.g. Cogan, 1981), whereas in other studies, the opposite assumption is
made (e.g. Parry and Bento, 2001; Calthrop, 2001). Given the latter assumption,
revenues of road pricing must be used to reduce distortionary income taxes in order
to increase welfare (Parry and Bento, 2001), but this is not necessary given the former
assumption.
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We believe it is fair to say that most economists think that higher commuting costs
decrease labour supply (e.g. Bovenberg and Goulder, 1996; Mayeres and Proost, 2001;
Parry and Bento, 2001), although most models allow for the possibility that
commuting time has a positive effect on labour supply (Cogan, 1981; Parry and Bento,
2001; Black et al., 2008). For example, Black et al. (2008) argue that it is negative
using a static labour supply model, but ambiguous using a dynamic one. In the
context of the current chapter, it is emphasised that increases in labour supply are a
possible outcome when workers have the option to vary both the number of hours
worked per day and the number of workdays. A positive effect is also possible when
travel time costs vary over the day due to congestion and workers have the flexibility
to choose their work start hour (see e.g. Vickrey, 1969; Arnott, 2005, p. 135). If
workers with higher commuting costs arrive earlier at work and leave later from work
in order to avoid congestion (or congestion charges), they simultaneously increase the
number of hours worked (Arnott et al., 1993).

2.3 Theoretical setting
2.3.1 Literature overview
Our empirical study on the relationship between commuting behaviour and labour
supply is closely related to the theoretical literature. Theoretical urban models
essentially assume that the residence location is endogenous (e.g. Wales, 1978; White,
1988), whereas labour models assume that it is given (e.g. Gubits, 2004; Black et al.,
2008). We will keep residence location constant in our empirical study, so we focus
on the static labour supply literature (and also ignore transport mode choices).
One important issue is the choice of the period of time over which labour supply is
measured. Cogan (1981) establishes that when fixed costs of employment are present
(the main example is commuting), the period of time over which the fixed costs are
incurred determines the ideal modelling choice of the period of time of labour supply.
That is, if fixed costs are per day, such as commuting costs, and these daily costs are
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important, then the appropriate measure of labour supply is daily labour supply.9
From this point of view, it is useful to assume that labour supply is optimally chosen
per day (e.g. 7.7 h per day).10 Given the additional assumption that the number of
workdays is fixed, labour supply models imply then, in general, that both daily and
total labour supply decline with an increase in commuting time, but increase with an
increase in monetary commuting costs (see e.g. Manning, 2003; Gubits, 2004).
This view is not undisputed though. Studies such as Parry and Bento (2001) and
Calthrop (2001) make the opposite assumption that workers choose the number of
workdays per week (e.g. 5 days), whereas daily hours are assumed to be fixed, so the
commuting distance travelled per week is a variable cost. There is even a strict
complementarity between the distance travelled per week and labour supply: workers
may only adapt their commuting costs by adapting labour supply. It can then be
shown that monetary and time commuting costs decrease number of workdays and
therefore labour supply.
A priori, both views have some merit. In the next section, we have combined both
views in a labour supply model that allows workers to choose both daily labour
supply and number of workdays per week, which determine total (weekly) labour
supply (e.g. 40 h per week).

2.3.2 The model
We extend a standard labour supply model by allowing for commuting costs and by
distinguishing between daily work time and number of workdays.11 For an individual
who participates in the labour market there are two essential decisions to be made

There is little known about daily labour supply. The few studies known to us ignore commuting
(Hamermesh, 1996; Costa, 2000).
10 In most of the labour supply literature, it is not discussed explicitly whether labour supply is per day
or per week, but since commuting costs are assumed to be fixed, labour supply must be per day,
otherwise commuting cost would be a variable cost. We ignore issues such as teleworking.
11 We ignore income taxes, which obviously affect the net wage, as well as road taxes, which directly
affect the monetary and indirectly the time costs of commuting (through reduced congestion).
Introducing these taxes, as well as government budget restrictions, is necessary for welfare analyses
(Parry and Bento, 2001). In the current chapter however, we are mainly concerned with the effect of
changes in commuting costs on labour supply, so we abstract from taxation issues.
9
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each period (e.g. defined by a week or a year): (i) how much work-time per day, H,
and (ii) how many days, D, she would like to work. So, total labour supply per period
is defined by DH. The number of days D and daily work time H are assumed to be
continuous variables.12 It is assumed that the labour supply preferred by employed
individuals can also be realised. Participation in the labour market implies that
DH > 0, so that H > 0, and D > 0. Workers face time commuting costs, t, and

monetary commuting costs, kc, that are both proportional to distance.13
Suppose that workers derive utility from income Y and leisure time L, and that there
are only two possible uses of time: labour and leisure. The workers’ utility function v
can then be written as v = V (Y0 + w ( H ) D − Dkc , L − DH − Dt ) , where L is the worker
time endowment per week (or maximum leisure time), Y0 is non-labour income and
w(H) is the daily wage, which depends on the number of daily hours worked.14
Workers maximise utility derived from net income, Y = Y0 + w ( H ) D − Dkc , and
leisure time, L = L − DH − Dt , which are normal goods. The daily wage is increasing
and concave in number of hours worked per day.15 So, w'(H) > 0 and w''(H) < 0,
where w'(H) denotes the marginal effect of H on the wage. The utility function v is
assumed to be twice-differentiable and concave (so, the first derivatives are positive,
the second derivatives are negative and the cross-derivatives are positive). This
assumption is reasonable when income and leisure are both normal goods. When
DH > 0, then w(H) > kc, so participation in the labour market implies that the daily

wage exceeds the daily monetary commuting costs. It is assumed that workers
maximise their utility by choosing daily work time H and days D.

If the period is a year, it is clear that the number of days is continuous. If it is a week, then the
assumption that the number of days is continuous is still plausible if the worker is able to vary the
number of days per week over time. For example, let us suppose that an individual prefers to work 1.2
days per week. She will work 1 day per week for a period of 4 weeks and the fifth week she will work 2
days.
13 This assumption can be relaxed by assuming that commuting time and monetary costs increase with
commuting distance, see for example, Van Ommeren and Fosgerau (2009).
14 If workers are paid a monthly wage depending on monthly hours instead of a daily wage depending
on daily hours, the results are similar assuming that individuals chose an optimal distribution of hours
over the week.
15 This assumption is plausible when the worker becomes less productive the more hours she works.
12
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The optimally chosen daily work time is defined by (see Appendix 2A.1):

w '( H ) [ H + t ] = w( H ) − kc.

(2.1)

This expression implies that workers choose labour supply such that net income of
working one additional day equals the wage of working one hour more per day times
the loss of leisure time per day. Furthermore, it implies that non-labour income does
not directly affect daily supply. This is a valuable result for the empirical analysis
because it implies that non-labour income can be used as an instrument of weekly
labour supply when one controls for weekly supply in a daily labour supply analysis.16
Here, we focus on the case that speed is exogenously given, so a change in commuting
distance implies an equivalent increase in commuting time. Hence, we assume that
t = d / s, where speed s is given. This case allows us to understand the overall effect of

distance on labour supply when workers face a constant commuting speed. The
overall effect of distance on labour supply involves then effects through increases in
commuting time and monetary costs. This is relevant as in our empirical analysis, we
observe commuting distance, but are not able to distinguish between the effect of
commuting time and monetary costs separately.
We then obtain three conclusions on the labour supply effects of commuting distance
(see Appendix 2A.2).17 First, commuting distance increases daily supply. This result
is intuitive because workers have an incentive to reduce the number of workdays to
avoid additional commuting costs, and then to increase daily supply to avoid a
reduction in weekly income. Second, the effect of distance on number of workdays as
well as total labour supply is ambiguous. The ambiguity arises because an increase in
monetary costs has both an income and a substitution effect. Third, conditional on
total labour supply, commuting distance increases daily labour supply and
decreases number of workdays. The last conclusion is useful because it allows us to
In Appendix 2A.2, it is shown that the second-order conditions are fulfilled.
It is also possible to model the effects of commuting time and monetary costs as independent
exogenous variables. In Appendix 2A.3, comparative static analysis entails then that an increase in
commuting time increases daily labour supply, decreases the number of workdays, whereas it has an
ambiguous effect on total labour supply. The effect of monetary costs on daily labour supply is positive,
whereas it is ambiguous on number of workdays and total labour supply.
16
17
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interpret behaviour of workers who may freely choose daily labour supply and
number of workdays, but are not able to freely choose total labour supply. This is
relevant because constraints on total labour supply set by employers, collective
bargaining agreements, as well as by European Union labour laws, are quite common.
One view may be that these constraints are only short-run restrictions for workers,
but it is equally possible that many workers see these constraints as permanent, for
example, because their occupation restricts them to work within certain collective
bargaining agreements.18

2.4 Empirical strategy
2.4.1 Identification strategy
Our empirical study aims to investigate the causal effect of distance on labour supply,
measured by weekly workhours, number of workdays and daily workhours. The
worker’s commuting distance is defined by the residence and the workplace location
that are usually self chosen by the worker. However, quite regularly, the workplace
location is changed by the employer so the distance change is employer-induced and
therefore involuntary from the perspective of the worker. Workplace relocation as a
source of change in commuting distance is quite common.19 We identify the effect of
distance employing changes in commuting distance that are employer-induced
through a change of workplace location. In essence, we use within-workers’ variation
in distance and further control for all residence and job moves using fixed effects.
Importantly, by controlling for job moves, we control for worker’s voluntary
workplace location changes, because it seems impossible for workers to voluntary
move to another workplace location without moving job (except maybe for workers

18

Rather obviously, conditional on total labour supply, it is true that H [ ∂D ∂k ] + D [ ∂H ∂k ] = 0; so,

∂ log( D ) ∂k = −∂ log( H ) ∂k . Hence, in the empirical application, when we control for total labour
supply, it is not only convenient to use logarithms of D and H, but, given a correct specification of the
model, it is arbitrary to use log(H) or log(D) as the dependent variable. We will focus on log(H), as for
this variable it is easy to find a variable to instrument the endogenous explanatory variable DH.
19 About 7–8 percent of Dutch firms are each year involved in relocation decisions (Weltevreden et al.,
2007).
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who belong to top management of organisations).
The idea to use workplace relocation as a source of exogenous change in commuting
distance is also exploited in Zax (1991) and Zax and Kain (1996), who analyse the
effects of a relocation of one single firm on job and residential moving behaviour. We
emphasise that in the SOEP survey, there is no information whether firms move their
workplace. However, by controlling for residence and job moves, we infer that
changes in commuting distance are caused by a (presumably exogenous) relocation of
the workplace by the firm (in our sample, about 10 percent of changes in commuting
distance are employer-induced using this approach).20 So, we observe changes in
commuting distance when the worker does not change residence and at the same
time keeps the same job at the same employer. Hence, our methodology is quite
general and easy to implement while the data requirements are quite minimal.
Our approach (based on exogenous changes in distance for workers who do not
change job or residence, while remaining with the same employer) may create a
selection bias because the worker’s reaction to employer-induced workplace
relocation is endogenous.21 This does not imply that our estimates are invalid, but it
means that the estimates only hold for the selected group of workers who do not move
residence or job when the workplace is relocated (see Angrist et al., 2000). Hence, the
generality of our estimates depends on the proportion of workers who change job or
residence as their employer relocates their workplace, and more generally about the
incidence of job and residential moving behaviour. The literature indicates that the
effect of distance on mobility is rather weak (Van Ommeren et al., 1997, 1999; for a
review, see Van Ommeren, 2004). Furthermore, and this is typical for Europe, and in
particularly Germany, job and residence moving rates are low also suggesting that few
workers would move job or residence (within the period of observation which is one

Information about worker's moving behaviour is available in many surveys, which typically ask
questions about previous moves. For example, a job move can be measured based on the answers to the
question “Whether the worker has changed job since last year”, or based on information about reported
changes in elapsed job durations.
21 In Great Britain, in each year, 0.5 percent of workers state that they change residence because of an
employer-induced workplace move (National Statistics, 2002).
20

23

Labour Supply and Commuting

year) given an exogenous change in distance.22 Hence, it is plausible that the effects
identified hold for the whole German worker population.

2.4.2 Model specification
More formally, our approach entails estimating a worker’s first-differences model
which controls for the fixed effects. So, let Zit denote either weekly hours, number of
workdays or daily hours for a worker i in a unique residence and job combination in
year t. The particular definition of worker i implies that when a worker moves from
residence i to residence i', then εi ≠ εi'. The same holds for job moves. Following the
labour supply literature (see e.g. Borjas, 1980; Costa, 2000; Bell and Freeman, 2001),
we assume a double-log specification:
log Z it = α 0 + α 1 log kit + α 2 X it + ε i + uit ,

(2.2)

where α1 is the elasticity of labour supply Zit with commuting distance kit, the matrix
Xit includes exogenous time-varying controls for household and work characteristics,
uit is the overall error, and εi is time-invariant unobserved heterogeneity. We estimate
all models in terms of first-differences, that is, variables are formulated as changes
from one time period to another implying that:

log ( Z it ) − log ( Z it −1 ) = α 1  log ( kit ) − log ( kit −1 )  + α 2 [ X it − X it −1 ] + vit ,

(2.3)

where vit = uit − uit −1 . Consistent estimation of α1 requires that the change in
commuting distance, log ( kit ) − log ( kit −1 ) , is not related to vit. This is the case because
the change in commuting distance is the result of employer-induced workplace
relocation as group i only includes observations of one worker with the same
residence and the same job at the same employer. Hence, observations of the same
worker belong to different groups if the worker moves residence or changes job.

22 In our data set, the sum of the annual job and residence moving rates is only 7 percent. By
comparison, for the US, the sum of these rates is about 35 percent.
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2.5 Empirical analyses
2.5.1 The data
Our study is based on information from the SOEP survey for the years 1997−2007
(which includes about 48,000 observations). The SOEP data are used by many
researchers (e.g. Hamermesh, 1996; Bell and Freeman, 2001). For details of these
data, see Haisken-DeNew and Frick (2005). For each year, we have information on
one-way commuting distance and weekly workhours. For eight out of eleven years, we
also have information on daily hours and workdays per week. For the years 1998,
2001 and 2003, information on daily hours and workdays per week is missing.23 For
the years 1997, 1999 and 2000, the exact commuting distance is unknown for workers
who commute to a workplace location within the residence municipality. This is
unproblematic as distances of these workers are small and do not vary much. Hence,
for these years, we imputed a value of 5 km for these workers.24

2.5.2 Selection of sample and descriptive statistics
We focus on samples of employed workers aged between 20 and 60 with a positive
commute, who work at least two hours per day, maximally 100 hours per week, and
who report the number of workdays per week.25 The data also contains information
on age, gender, workplace region, net hourly wage, other household monthly
earnings, household members and children. Data on elapsed residence duration and
job change in the previous year allow us to identify annual changes of residence and
job, which allows us to construct residence and job fixed effects for each worker. Data
on workhours per week refer to all hours worked, including overtime. The analyses
are based on a data set of 41,611 annual observations for 11,749 employed workers. So,

23 The number of workdays is usually, but not always, the same as the number of commuting days, for
example because of teleworking. The latter information is not available.
24 Sensitivity analyses show that the results are insensitive to the imputed value (e.g. 1 or 6 km) as well
as whether these waves are included.
25 The survey does not provide information about workdays for workers who vary the number of
workdays per week (27 percent in our sample). The selection sample bias will be small, because we
include workers’ fixed effects.
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on average, each worker is observed at least three times. In our analysis, we focus on
changes in variables over time.26
The mean one-way daily commuting distance is 15.3 km and increases by 0.1 km per
year. This is in line with a range of other studies. Table 2.1 shows the bivariate
relationship between workers’ changes in commuting distance when we keep the
residence and job combination constant. For 1,341 workers the commute decreases
by more than 5 km, whereas for 1,499 workers the commute increases by more than 5
km. So, we have a sufficient number of ‘large’ exogenous changes in the commute.
When the commuting distance increases by more than 5 km, workdays decrease by
0.2 percent, daily hours increase by 1.5 percent, weekly hours increase by 1.4 percent.
A decrease in distance that exceeds 5 km has the opposite effects. This suggests that
daily and weekly workhours increase with distance, and that workdays slightly fall
with distance.
Table 2.1 Mean employer-induced change in commuting distance (1997, 1999–2000, 2002, 2004–2007 SOEP).
Change in commuting distance
│∆ km│< 5
∆ km ≤ –5
–0.003 (0.166)
0.002 (0.140)
∆ Daily hours
0.006 (0.146)
–0.001 (0.111)
∆ Workdays
∆ Weekly hours
–0.003 (0.218)
0.002 (0.172)
No. observations
1,341
16,563
Notes: Daily workhours, workdays per week and weekly workhours in logarithm.
Standard deviations are in parentheses.

∆ km ≥ 5
0.015 (0.166)
–0.002 (0.110)
0.014 (0.210)
1,499

Measurement error in reported distance may be important in our set up. For example,
it is quite common that workers report a small change in commuting distance. So, for
example, one year they report 63 km and next year a distance of 62 km. The reported
change in distance may be due to misreporting, and therefore measurement error, or
may be due to workplace relocation. If measurement error is white noise, it implies
that our results for commuting distance are biased towards zero (and therefore
conservative). In our data set, for 51 percent of workers, the commuting distance
changes (conditional on the job and residence combination). This percentage drops to

26

Time refers to period of time, where period 1= 1997, period 2 = 1999, …, period 8=2007.
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10.2 percent when we only consider changes in distance that exceed 5 km. These
changes are much less likely due to measurement error.
Table 2.2 shows patterns of workhours per day and workdays: 85 percent of the
workers work exactly 5 days per week, which seems the ‘norm’,27 only 8 percent of the
workers work more than 5 days and 7 percent less than 5 days. These percentages
suggest that either employers restrict the number of workdays or there is little
variation in workers’ preferences for workdays. In contrast, there is much more
variation in workhours per day. For example, only 40 percent of all workers work
exactly 8 hours.
Table 2.2 Distribution of daily hours and workdays per week (percent) (1997, 1999–2000, 2002, 2004–2007
SOEP).

1–4

5

Workdays per week
6–7

All days

Daily hours
Less than or equal to 4 h
More than 4 or less than 7 h
Exactly 7 or less than 8 h
Exactly 8 h
More than 8 or less than 10 h
Exactly or more than 10 h
All hours

1.5
2.3
0.9
1.1
0.7
0.4
7.1

Less than or equal to 4 h
More than 4 or less than 7 h
Exactly 7 or less than 8 h
Exactly 8 h
More than 8 or less than 10 h
Exactly or more than 10 h
All hours

0.1
0.2
0.4
0.4
0.3
0.3
1.8

Less than or equal to 4 h
3.2
More than 4 or less than 7 h
4.8
Exactly 7 or less than 8 h
1.6
Exactly 8 h
2.0
More than 8 or less than 10 h
1.2
Exactly or more than 10 h
0.6
All hours
13.4
Note: Totals do not add to 100 percent because of rounding.

Workers
4.0
8.0
14.0
31.5
18.3
9.0
84.8
Male workers
0.2
1.0
15.2
37.3
22.5
13.0
89.2
Female workers
8.6
16.3
12.5
24.6
13.3
4.3
79.6

(N= 19,403)
0.5
6.1
1.0
11.3
1.0
15.9
2.2
34.6
1.3
20.4
2.3
11.7
8.1
(N= 10,548)
0.0
0.3
0.3
1.5
0.9
16.6
2.6
40.3
1.7
24.6
3.4
16.7
9.0
(N= 8,855)
1.0
12.9
1.8
22.9
1.1
15.2
1.4
27.9
0.8
15.3
0.9
5.8
7.0

27 The proportion of individuals working exactly 5 days has fallen over time (86 percent in 1997 vs. 83
percent in 2007), in line with the idea that the German labour market has become more flexible
(Hamermesh, 1996; Ostner et al., 2003).
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The correlation coefficient between workdays and daily hours is 0.22 (see Table 2.3).
The correlation between daily hours and weekly hours is 0.38, which is much larger
than the correlation between workdays and weekly hours that is 0.18. These
correlations also suggest that variation in the daily hours is more important than
variation in days in determining variation in weekly hours (see also Hamermesh,
1996). It appears also that there is large difference in the distribution of workdays and
daily hours between males and females, which suggests that the effect of commuting
costs on labour supply differs by gender.
Table 2.3 Correlations of dimensions of labour supply (1997, 1999–2000, 2002, 2004–2007 SOEP).
Daily hours
Workdays per week
All workers
(N= 19,403)
Workdays per week
0.218
Weekly hours
0.381
0.185
Male workers
(N= 10,548)
Workdays per week
0.154
Weekly hours
0.258
0.083
Female workers (N= 8,855)
Workdays per week
0.156
Weekly hours
0.422
0.217
Notes: Pearson correlations; all correlations are significant at 0.05 level (2-tailed).

2.5.3 Endogenous wage rate
We now discuss the specification of the wage rate that must be included as a control
variable in (2.3) according to labour supply theory. Hourly wage rates are calculated
by dividing net monthly earnings by monthly hours. Such a calculation introduces a
form of measurement error, known as ‘division bias’, because measurement error in
hours enters both the left and right hand-sight of (2.3). This results in a spurious
negative correlation between hours and the wage rate (Borjas, 1980; Abowd and Card,
1989; French, 2004). We calculate the wage rate using contractual hours instead of
observed hours, because the division bias in hourly wage rates using contractual
hours is less than using observed hours.
A common estimation strategy to deal with the endogeneity of wage rate is to
instrument changes in the wage rate. Economic theory suggests that human capital
variables, such as age, which are correlated with wage growth, are candidates to be
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used as instruments (e.g. Lee, 2001). These instruments are frequently used in the
labour supply literature, and are often claimed to be exogenous (see e.g. MaCurdy,
1981; Lee, 2001). We instrument the change in wage rate using age and its square (we
find a negative effect of age on wage rate growth in line with the literature). As is
shown in Appendix 2B, Table 2B.1, these instruments are strong. However, some
studies argue that changes in worker preferences for labour supply are related to age,
which means that age is an invalid instrument (Altonji, 1986). For this reason, we will
not only provide IV estimates, but also estimates for other specifications when we do
not control for wage. Furthermore, we examine whether our results hold for different
age samples.

2.6 Empirical results
The econometric results of several first-differences models based on equation (2.3)
are shown in Table 2.4.28 The first three columns show the results for weekly labour
supply for three specifications. Including all time-varying explanatory variables and
instrumenting wage, the effect of commuting distance on weekly hours is positive and
statistically significant (at the 5 percent level). The elasticity estimate is 0.009 (s.e.
0.002).29 This indicates, for example, that if the distance increases from 20 to 40 km,
individuals increase their supply by about 15 min per week. We consider this a small,
but not negligible, effect, as it refers to about 10 workhours per year. Whether we
control for time-varying variables, including or excluding the wage, does not appear to
be essential: the estimated effects for different specifications are almost identical.30

28 We also estimated fixed-effects models (instead of first-differences models) and obtained similar
results, but the instrumentation of the wage is more complicated in that setting, so we prefer the firstdifferences results.
29 Our instruments of wage are strong. The Kleibergen-Paap F-statistic for instrument strength exceeds
70.
30 The finding that controlling for wage does not affect our results is in line with studies that show that
the correlation between commuting distance and wages is low (e.g. Manning, 2003). Other estimates
are as expected: labour supply decreases with other household income and having children, especially
for women.
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Our focus is on the effect of distance. So, we have experimented with other
specifications for distance, but results are very similar to the results using the
logarithm of distance. For example, given a linear specification of distance, the point
estimate is 0.0005 (s.e. 0.0001), which corresponds to an elasticity of 0.008
(evaluated at the mean commuting distance of 15.3 km).
Most theoretical models assume that workers freely choose labour supply, which may
not be true because of employer restrictions. There is an empirical literature which
combines information on stated preferred labour supply with information on revealed
labour supply to identify these restrictions on weekly hours.31 We therefore also
analyse the effect of commuting distance on preferred weekly supply (see Table 2.4).
Preferred weekly supply is the answer to the following question in the survey: “If you
could choose your own number of working hours, taking into account that your
income would change according to the number of hours, how many hours (per week)
would you want to work?”.32 The effect of distance on preferred weekly supply is
insignificant (0.003 with an s.e. of 0.003). We have also estimated the effect of
commuting distance on the difference between log preferred and log (reported)
weekly supply. The estimate of distance on this difference is −0.006 (s.e. 0.003),
consistent with the results reported in columns 2 and 5 in Table 2.4. This suggests
that workers react stronger to changes in commuting distance than they would
without employer restrictions. This result is seemingly a paradox, but one explanation
is that employers set arrival and departure work time restrictions (Henderson,
1981). So, although workers with long commutes may prefer to leave later in the
evening and to arrive later in the morning to avoid peak congestion, employers may
require them to be at work at certain times. Hence, they are ‘forced’ to come early and
to leave late, so that they work more hours per day.

See Ilmakunnas and Pudney (1990), Dickens and Lundberg (1993), Stewart and Swaffield (1997), and
Euwals and van Soest (1999); for Germany see, for example, Holst and Schupp (1998) and Wolf (1998).
32 Note that this question is slightly ambiguous, because it may not specifically be related to the current
job. For 29 percent of workers, preferred weekly labour supply is missing, and these observations were
excluded.
31
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Columns 7–13 of Table 2.4 show the results of the effect of commuting distance on
number of workdays and daily hours.33 In line with theory (and the descriptive
statistics in Table 2.1), the elasticity of daily hours with distance is positive (0.010
with an s.e. of 0.002). This elasticity is essentially the same as the elasticity of weekly
hours. So, workers with long commutes appear to increase their weekly hours mainly
by increasing their daily labour supply. The theoretical setting discussed in section 2.3
offered little insight into the expected effect of commuting distance on workdays,
because an increase in the commute costs induces a substitution and income effect.
We estimate an insignificant elasticity of workdays with commuting distance (0.001
with an s.e. of 0.002).
Column 13 of Table 2.4 shows the results for daily hours controlling for the logarithm
of weekly hours, which is relevant when workers are not free to choose their weekly
supply.34 One statistical difficulty is the possible endogeneity of weekly hours (as
workers are likely heterogeneous in their preference for leisure time and therefore
weekly hours). We therefore instrument the worker’s weekly hours with other
household income. This instrument was suggested by our theoretical setting.35 We
show the results in column 13 of Table 2.4. The effect of distance on daily supply is
positive and equal to 0.006, but its standard error (0.004) is too large to precisely
interpret this effect. So, controlling or not controlling for weekly supply does not
fundamentally change the distance effect on daily supply.
It has been argued that the effect of changes in commuting distance on labour market
behaviour is gender-specific (White, 1986; Singell and Lillydahl, 1986; Hersch and
Stratton, 1994) in line with the general idea that females are more sensitive to changes
in labour conditions (Blau and Kahn, 2007). The descriptive statistics in Table 2.2,
also show that labour supply patterns differ strongly between males and females.
Hence, we estimate separate models for males and females. As the results are not
33 We treat the number of days as a continuous variable, but treating it as a discrete count variable
generates identical results. In the analysis of daily hours, we exclude other household income in line
with section 2.3.
34 We use the logarithm of daily supply (rather than number of workdays), as for this variable one may
use non-labour income to instrument weekly labour supply.
35 The first step of the 2SLS is presented in Table 2B.2. We tested for instrument strength using the
Kleibergen-Paap test; the instrument appears to be sufficiently strong with an F-test of about 10.

0.039
(0.034)
–0.009
–0.009
(0.003)** (0.003)**
–0.035
–0.039
(0.011)**
**
(0.012)
–0.053
–0.053
(0.005)** (0.005)**
–0.019
–0.018
(0.005)** (0.005)**
–0.004
–0.004
(0.002)** (0.002)**
168.92

–0.044
(0.010)**
–0.003
(0.008)
–0.008
(0.003)**
73.13

–0.012
(0.014)

–0.090
(0.068)
–0.000
(0.004)

–0.044
(0.007)**
–0.006
(0.007)
–0.008
(0.003)**

–0.004
(0.015)

–0.001
(0.005)

[4]
[5]
[6]
OLS
2SLS
OLS
Preferred weekly hours
0.003
0.003
0.003
(0.003) (0.003) (0.003)

–0.007
(0.004)

–0.022
(0.009)**
–0.013
(0.006)**
–0.002
(0.002)
97.65

–0.022
(0.004)**
–0.013
(0.004)**
–0.002
(0.002)

–0.026
–0.027
(0.008)** (0.010)**

0.009
(0.033)
–0.007
(0.004)

[7]
[8]
[9]
OLS
2SLS
OLS
Workdays per week
0.001
0.001
0.001
(0.002) (0.002) (0.002)
0.010
(0.002)**

[10]
OLS

–0.027
(0.009)**
–0.013
(0.006)**
–0.001
(0.002)
98.00

–0.027
(0.005)**
–0.012
(0.005)**
–0.001
(0.002)

[11]
[12]
[13]
2SLS
OLS
2SLS
Daily hours
0.010
0.010
0.006
(0.003)** (0.002)** (0.004)
0.374
(0.245)
0.029
0.029
(0.036)
(0.036)
–0.013
–0.013
–0.005
(0.006)** (0.005)** (0.008)

–0.009
(0.015)
–0.004
Child
(0.009)
0.000
Household
members
(0.003)
F (instr. wage)
97.65
F (instr. weekly hours)
12.822
No. obs.
41,611 41,611
41,611
29,376 29,376
29,376
19,403 19,403
19,403
19,403 19,403
19,403
19,403
Notes: Year dummies included. Weekly workhours, preferred weekly workhours, workdays per week, daily workhours, commuting distance, net hourly wage
rate and monthly net income of other household members in logarithm. Note that for some workers information on preferred weekly hours is missing. F-test =
Kleibergen-Paap weak identification test.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively. Standard errors are in parentheses. Net hourly wage
in columns [2], [5], [8], [11] and [13] is instrumented using the first step of Table 2B.1; weekly hours in column [13] is instrumented using the first step of Table
2B.2.

Female ×
children

Other hh
income/10

New state

Hourly wage

Weekly hours

Commuting
distance

[1]
[2]
[3]
OLS
2SLS
OLS
Observed weekly hours
0.008
0.009
0.009
(0.002)** (0.002)** (0.002)**

Table 2.4 Estimates of logarithm of changes in labour supply with changes in commuting distance (1997–2007 SOEP).
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particular to specification, we show only the results for one specification (the
specification when we do not control for wage). See Table 2.5 for the full results.
The commuting distance elasticity of weekly hours for female workers is 0.015 (s.e.
0.003). This elasticity is a factor 4–5 larger than the one for male workers, which
equals 0.0035 (s.e. 0.0017). The distance effect on daily hours is also about three
times larger for females. So, our estimates indicate that the effect of commuting
distance on labour supply patterns is (much) stronger for female workers. Note,
however, that the effect is still quite small for females. For example, when a female’s
commuting distance doubles, then this increases female’s labour supply by 25 min
per week.
Table 2.5 Estimates of logarithm of changes in labour supply with changes in commuting distance for male
and female workers (1997–2007 SOEP).
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
Observed Preferred
Observed Preferred
Workdays Daily
Workdays
Daily
weekly
weekly
weekly
weekly
per week hours
per week
hours
hours
hours
hours
hours
Male workers
Female workers
–0.002
0.001
0.005
0.015
0.008
0.001
0.016
Commuting 0.0035
distance (0.0017)** (0.003)
(0.001)
(0.002)**
(0.003)** (0.005)*
(0.003)
(0.004)**
–0.005
0.004
–0.002
–0.007
–0.012
–0.004
–0.012
–0.018
New state
(0.004)
(0.005)
(0.004)
(0.005)
(0.006)** (0.008)
(0.008)
(0.010)*
Other hh
–0.008
0.003
–0.007
–0.096
–0.012
–0.062
income/10 (0.010)
(0.014)
(0.008)
(0.024)** (0.032)
(0.024)**
–0.026
–0.023
Number of
–0.004
–0.010
children
(0.008)** (0.011)** (0.007)
(0.009)
–0.064
–0.041
–0.043
–0.041
–0.005
0.006
–0.003
–0.002
Child
(0.011)** (0.016)** (0.010)**
(0.012)**
(0.004)
(0.007)
(0.003)
(0.004)
–0.005
–0.001
–0.000
–0.015
–0.015
–0.006
–0.006
Household –0.000
members (0.002)
(0.003)
(0.001)
(0.002)
(0.004)** (0.006)** (0.003)*
(0.004)
No. obs.
22,445
16,033
10,548
10,548
19,166
13,343
8,855
8,855
Notes: Year dummies included. Weekly workhours, preferred weekly workhours, workdays per week, daily
workhours, commuting distance and monthly net income of other household members in logarithm.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Standard errors are in parentheses.

As a sensitivity analysis, we re-estimate models excluding observations that most
likely refer to measurement error in the commuting distance (changes in distance
that are less than 2 km), but the results remain robust. Further, we re-examine the
role of age to instrument wage rates, because one may argue that age is endogenous
to labour supply patterns and therefore an invalid instrument. In particular, older
people may work a different amount of hours because of lifecycle labour supply
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considerations. This is less likely the case for workers between 25 and 50 years old.
We therefore re-estimate models for this subsample of workers, but the effects of
commuting distance remains the same.
We also estimate worker first-difference models using all changes in commuting
distance rather than employer-induced changes in distance. This estimation
approach ignores the endogeneity of distance. The signs of the effect of distance are
the same, but the sizes of these effects are about 50 percent larger than the ones
discussed above. This relatively large bias does not affect the main conclusion in the
current application, because we find small distance effects on labour supply patterns
in Germany, but in other applications such a bias may have large consequences.

2.7 Conclusion
This chapter analyses the effect of commuting distance on labour supply patterns
using panel data for Germany between 1997 and 2007. One novelty is that we
distinguish between daily supply, weekly supply and number of days worked per
week. We deal with the endogeneity of commuting distance by means of an
innovative approach using employer-induced changes in commuting distance.
Although one may have intuitive feelings about the effects of commuting distance on
total labour supply, the theoretical model developed in section 2.3 demonstrates
that empirical analysis is needed, as it is not clear what the direction of the effect is
in reality.
We demonstrate that commuting distance slightly increases daily and weekly labour
supply, and that the number of workdays is not affected. The estimated positive
effect of distance on daily labour supply and an insignificant effect on the number
workdays is consistent with our labour supply model that allows workers to choose
daily labour supply and number of workdays per week. It is, however, also
consistent with a range of other models discussed in section 2.2.
Our findings have a number of implications. A small effect of commuting distance
on overall labour supply implies that, when evaluating policies that affect
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commuting (De Borger and van Dender, 2003; Borck and Wrede, 2008, 2009),
arguments related to changes in labour supply are likely not fundamental to the
discussion to what extent these policies affect welfare.36 For example, when
introducing a road tax, a budget-neutral reduction in the income tax, as advocated
by some studies (Parry and Bento, 2001; Mayeres and Proost, 2001), may not be
necessary in order to increase welfare. This is relevant as in countries where the
introduction of road pricing is discussed (for example the Netherlands) one of the
main politically sensitive issues is the use of the revenues of road taxes. Our findings
also seem to suggest that congestion as well as infrastructure do not have strong
effects on the decisions of employed workers with regard to labour supply.
Another implication of our results is that long-term developments in the number of
days worked are likely quite unrelated to long-run developments in commuting
costs, for example induced by improvements in transport infrastructure.
Nevertheless, it may possibly contribute to the explanation of the strong decrease in
the length of the workday observed between 1880 and 1920 in the US (Costa, 2000).
The horse-drawn streetcar was introduced in 1850, before that time commuters
walked to work (Gin and Sonstelie, 1992). This was followed by the introduction of
the electric streetcar in 1890 and the automobile in 1910. This reduction in
commuting due to improvements in transportation technology may have reduced
daily labour supply depending on the induced changes in residence and workplace
locations (Van Ommeren and Rietveld, 2005). Such an explanation is ignored in the
literature (Costa, 2000).

We excluded the effect on labour market participation, which may differ from the effect on labour
supply conditional on labour market participation.

36
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Appendix 2A: Theoretical model
2A.1 First-order conditions
Using standard microeconomic techniques (see e.g. Varian, 1992), we derive the
workers’ optimally chosen daily work time H and days D by maximising v, implying
the following two first-order conditions:
VY w '( H ) D − VL D = 0,

(2A.1)

and

VY [ w( H ) − kc ] − VL [ H + t ] = 0.

(2A.2)

The first condition (2A.1) states that the worker’s marginal utility of leisure time
equals the marginal opportunity cost of leisure time. The second condition (2A.2)
states that the worker’s marginal utility of working one day equals the marginal
opportunity costs of working one day. Equation (2.1) in the main text is obtained by
combining (2A.1) and (2A.2).

2A.2 Comparative statics of distance
We label F1 and F2 as the two first-order conditions (2A.1) and (2A.2) of the worker’s
optimisation problem for H and D. The Hessian matrix M of the first-order
conditions can be written as:

 ∂F1
 ∂H
M =
 ∂F2
 ∂H

∂F1 
∂D 
,
∂F2 
∂D 

where:
∂F1
2
= VY w ''( H ) D + VYY [ w '( H )D ] − VYL w '( H )D 2 − VLY w '( H )D 2 + VLL D 2 < 0,
∂H

36

Chapter 2

∂F1
= VY w '( H ) − V L + Dw '( H ) VYY [ w( H ) − kc ] − V LY [ H + t ] − V LY [ w( H ) − kc ] D
∂D
+VLL D [ H + t ] < 0,
∂F2
= VY w '( H ) + [ w( H ) − kc ] D [VYY w '( H ) − VYL ] − VLY w '( H ) D [ H + t ] + VLL D [ H + t ]
∂H
−VL < 0,
∂F2
2
= VYY [ w( H ) − kc ] − (VYL + VLY
∂D

) [ w( H ) − kc ][ H + t ] + VLL [ H + t ]

2

< 0.

The sign of the derivatives follows from the assumptions regarding v and w(H). The
determinant of M is positive, which implies a global maximum. We proceed now by
using the restriction that t = k/s, where s is exogenous (s > 0).
Partial effects are usually determined based on Cramer’s rule. However, the effect of
commuting distance k on workhours H is more easily determined by totally
differentiating (1) with k and putting this expression equal to zero. Then, ∂H ∂k can
be expressed by:

− [ sc + w '( H )]

2

∂H/∂k =

Hw ''( H )sc [ sc + w( H ) H ]

> 0,

(2A.3)

where the inequality in this expression follows from the concavity of w(H). The
denominator and the numerator in this expression is negative, so ∂D/∂k is
unambiguously determined and is positive.
We apply Cramer’s rule to obtain the partial effects of k on D:
∂F1
∂D ∂H
=
∂k
∂F2
∂H

∂F1
∂k
M −1 ,
∂F2
−
∂k
−

(2A.4)
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where:
2
2
∂F1
= −VYY w '( H ) D 2 c − VYL w '( H ) D + VLY D 2 c + VLL D ,
s
s
∂k

∂F2
V
V
= − [ w ( H ) − kc ] D VYY c + YL  − L + V LY  H + k  Dc + V LL  H + k  D
s 
s
s
s s


∂k

−VY c,
the signs of two out of four derivatives are ambiguous (because time and monetary
commuting costs have opposite effects on F1 and F2).
The expression for ∂D/∂k is complicated and not insightful. However, it can be
easily shown that the sign of ∂D/∂k is indeterminate. For example, if only time costs
of commuting exist (c = 0), the effect of k is equal to the partial effect of t, which has
a negative effect on D. However, if only monetary costs exists (t = 0), the workers’
utility function is v = log (Y ) + f ( L ) , so VYL = VLY = 0, VY =1/Y, VYY = –VY/Y, and kc
is small relative to w (H), it can be easily shown that ∂F2 /∂k = 0. Hence, an increase
in monetary costs has a positive effect on D (meaning that workhours increase to
compensate for the loss in income), so ∂ ( DH ) ∂k > 0.

2A.3 Comparative statics of time and monetary commuting costs
It is also possible to model the effects of commuting time and monetary costs as
independent exogenous variables. Given equation (2.1), it follows that both time t
and monetary commuting costs kc increase the daily work time H, because:

∂H/∂t = − w ' ( H )   w ( H ) − kc  w '' ( H ) 
2

and
∂H/∂ ( kc ) = −  w '' ( H ) [ H + t ]

−1

> 0.

−1

> 0,
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The effect of commuting time t on workdays D is determined by totally
differentiating F2 with t, and putting this expression equal to zero. Then, ∂D ∂t can
be expressed by:
∂H
 V Y w ''( H ) + w '( H ) {V YY D w '( H ) − V YL D } − V YL D w '( H ) + V LL D 
∂D
= − ∂t
∂t
w '( H ) {V YY w ( H ) − V YL ( H + t )} − V LY w ( H ) + V LL ( H + t )

+

VYL Dw '( H )

w '( H ){VYY w( H ) − VYL ( H + t )} − VLY w( H ) + VLL ( H + t )

< 0,

where the inequality in this expression follows from the concavity of the utility
function v, concavity of w(H) and ∂H ∂t . The denominator in this expression is
negative, whereas the numerator is positive, then the sign of the partial effect of
time on workdays ∂D/∂t is unambiguously determined and is negative.
To see the effect of kc on D, it is more straightforward to focus on expression (2A.2).
Carrying out the calculation of the determinant in (2A.2), the sign of ∂D/∂ ( kc ) is
indeterminate, depending on the size of VY. If VY → ∞, then ∂F2 ∂ ( kc ) < 0,
so ∂D ∂ ( kc ) < 0. In contrast, if VY → 0, then ∂F2 ∂ ( kc ) > 0, so ∂D ∂ ( kc ) > 0.
It is then shown that workers may react quite differently to an increase in monetary
commuting costs than to a decrease in wages (in contrast to studies that assume that
these effects are identical). We demonstrate that an increase in commuting time
decreases D, whereas the effect of a change in t on total labour supply DH turns out
to be ambiguous. The effect of monetary costs on D and DH are also ambiguous,
because the income effect of an increase in monetary costs may, or may not,
dominate the substitution effect.
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Appendix 2B: Tables
Table 2B.1 First step results of the logarithm of changes in the net hourly wage rate IV procedure (1997–2007
SOEP).
Variables

Workers

Male workers

Female workers

–0.020 (0.001)**

–0.020 (0.001)**

–0.019 (0.002)**

0.017 (0.001)**

0.016 (0.001)**

0.017 (0.002)**

Instruments
Age/10
Age2/100
Control factors
Change in commuting distance
Change in new state

–0.002 (0.002)

–0.000 (0.003)

–0.005 (0.003)

0.004 (0.004)

0.002 (0.005)

0.005 (0.006)

Change in other household income/10

–0.095

Change in female × children

–0.007 (0.006)

Change in child

0.018

(0.013)**
(0.006)**

–0.066

(0.015)**

0.023

(0.006)**

–0.152 (0.026)**
0.003 (0.008)
0.003 (0.012)

Change in household members

–0.003 (0.002)

–0.002 (0.003)

–0.005 (0.004)

No. observations

41,611

22,445

19,166

Notes: Year dummies included. Commuting distance, weekly workhours, net hourly wage rate and monthly
net income of other household members in logarithm.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Standard errors are in parentheses.

Table 2B.2 First step results of the logarithm of changes in weekly hours IV procedure (1997, 1999–2000,
2002, 2004–2007 SOEP).
Workers

Variables
Instrument
Other household income/10

–0.047 (0.016)**

Control factors
Change in commuting distance

0.012 (0.003)**

Change in new state

–0.021 (0.007)**

Change in female × children

–0.049 (0.006)**

Change in child

–0.025 (0.006)**

Change in household members

–0.003 (0.003)

No. observations

19,403

Notes: Year dummies included. Commuting distance, weekly workhours, net hourly wage rate and monthly
net income of other household members in logarithm.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Standard errors are in parentheses.

CHAPTER 3

ARE WORKERS WITH A LONG COMMUTE LESS
PRODUCTIVE? AN EMPIRICAL ANALYSIS OF
ABSENTEEISM
3.1 Introduction 37
Although conventional urban economics theory assumes that worker’s productivity is
independent of their commute, this view is challenged by urban efficiency wage theory
that allows workers’ work effort to be a function of the length of the commute. In
particular, Zenou (2002) assumes that workers involuntarily provide less work effort
due to larger commutes. In addition, Ross and Zenou (2008) demonstrate that if
shirking and leisure time are substitutes in the worker’s utility function, then one may
expect a positive effect of commuting on shirking. Despite the growing theoretical
body of work, there is only one study, by Ross and Zenou (2008), which provides
empirical support in this regard. To be more precise, Ross and Zenou (2008)
demonstrate, as predicted by theory, that the expected length of the commute
positively affects urban unemployment, also when accounting for endogeneity of the
expected commute. Further, they demonstrate that wages positively vary across
commutes, which is consistent with firms being able to partially observe commutes
and minimise shirking by setting wages conditional on the length of the commute.
In this chapter, we employ a more direct measure of shirking, absenteeism – the
number of days absent from work for sickness reasons during a certain period.
Absenteeism is closely related to shirking behaviour, as argued by Barmby et al.
(1994); and is, therefore, a reasonable (inverse) measure of worker’s productivity. We
then focus on the effect of commuting distance on worker’s absenteeism. We
hypothesise and test a negative effect of the length of the commute on worker’s
The present chapter is based on Van Ommeren and Gutiérrez-i-Puigarnau (2010), forthcoming in
Regional Science and Urban Economics.
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productivity, by examining whether the commute has a positive effect on absenteeism.
Gibbons and Machin (2006) emphasise that there is a lack of evidence regarding the
effect of commuting on absenteeism. Since commuting and absenteeism are both
choice variables, the strategy is the same as in the previous chapter: to identify
changes in commute distance that are employer-induced, in the sense that the worker
does not change residence or job, but the commute distance has changed.

3.2 Urban literature
The detrimental effect of commuting distance on worker’s productivity may concern
employers, as there are many claims that workers with long commuting distances are
more absent and arrive late for work (RCI, 2001). This issue cannot be analysed
within standard urban economics models. In the standard urban economics model,
the labour market is relatively undeveloped, as it is assumed that the labour market is
fully competitive and productivity is given, so that unemployment is absent. This is at
odds with most of the labour market literature, which allows for unemployment. One
of the most important labour economic theories accounting for unemployment and
productivity differences is efficiency wage theory, which incorporates workers’
shirking behaviour (e.g. reducing work effort, absenteeism) and wage setting by
employers (Cahuc and Zylberberg, 2004).38 Hence, a logical step forward is to
combine urban economics models with efficiency wage theory, the so-called urban
efficiency wage models. A range of urban efficiency wage models have been developed
over the last years: for an overview, see the recent book by Zenou (2009).
In urban efficiency wage models, workers’ shirking behaviour and employers’ wage
setting is combined with an explicit spatial housing market with endogenous house
prices. Hence, urban efficiency wage models allow one to study the relationship
between workers’ shirking behaviour, which negatively affects productivity, and the
In the efficiency wage model, initially developed by Shapiro and Stiglitz (1984), workers may shirk
(i.e. reduce effort levels) and employers observe shirking with a certain probability. Workers who are
caught shirking are fired and become unemployed. The worker's shirking decision depends on the level
of unemployment (which determines the re-employment probability) and the wage. Given this setup,
employers optimally determine the wage level, and unemployment is endogenously determined.
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length of the commute taking into account the endogenous choice of residence
location (Zenou and Smith, 1995; Zenou, 2002; Brueckner and Zenou, 2003; Ross
and Zenou, 2008; Zenou, 2008, 2009). Importantly, this contrasts with a large
literature in urban economics which assumes that workers’ productivity is
independent of their commute.
The urban efficiency wage literature employs two distinct behavioural mechanisms to
analyse how the length of the commute may affect worker’s absenteeism. The first
mechanism is that there is an involuntary relationship between workers’ productivity
and commuting (a relationship which is not under the control of workers). So, one
may argue that workers with long commutes are more likely to fall ill – for example,
due to increased fatigue (Koslowsky et al., 1995) – and are therefore more likely
absent for sickness reasons than workers with short commutes. In this case,
involuntary absenteeism is a positive function of the length of the commute (see
Zenou, 2002).
The second mechanism is based on a voluntary relationship and receives much more
attention in the literature (e.g. Ehrenberg, 1970). The idea is that the worker’s utility
derived from a job depends on the length of the commute, because worker’s net wage
(the wage minus monetary commuting costs) and leisure time are reduced when
monetary commuting costs respectively commuting time increase. So, workers who
have longer commutes might be considered to have lower ‘cost’ of absence as they
save on commuting costs by not attending work. The worker’s shirking decision
depends then on the length of the commute and local unemployment rate, which both
depend on the chosen residence location. One important question is then whether
(and how), in equilibrium, the length of the commute affects workers’ shirking
behaviour (so given endogenously determined wages, the urban unemployment rate
and house prices).
The answer to this question depends on the ability of employers to observe workers’
commuting costs (Ross and Zenou, 2008). One may assume that employers observe
workers’ commuting costs, so employers are able to prevent (or reduce) shirking by
varying wages. An alternative assumption is that employers do not fully observe these
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costs. This seems a useful assumption for two reasons. First, employers may be able to
observe the physical aspects of the worker’s commute but not the worker’s valuation
of her commute, so some of the commuting costs will be unobserved. Second,
employers may not have the legal means to adapt the wage as a function of residence
location (after hiring), so they behave myopically with respect to commuting costs
when hiring. When commuting costs are not fully observed, shirking behavior varies
with the length of the commute, and the nature of this relationship depends on the
exact form of the worker’s utility function. When leisure time and at home leisure
(shirking behaviour of workers) are substitutes,39 then the relationship between
shirking and the length of the commute is positive: see Ross and Zenou (2008,
proposition 1). When they are complements,40 the relationship is negative. The
empirical results by Ross and Zenou (2008) – which is the only study we are aware of
that attempts to test the predictions of urban efficiency wage models by showing that
expected longer commutes imply higher levels of unemployment and higher wages –
support the assumption that leisure time and work effort are substitutes and therefore
that absenteeism and the length of the commute are positively related. To deal with
endogeneity of the expected commute, Ross and Zenou (2008) use an innovative
approach employing across metropolitan area differences in the individual attributes
effects on the expected commute of workers, but they do not employ a direct measure
of shirking or productivity. In the current chapter, we aim to use a more direct
measure.
The above discussion implies that both behavioural mechanisms (an involuntary and
a voluntary one) support the idea that worker’s absenteeism depends positively on the
endogenously chosen commuting. As far as we know, there are no convincing direct

39 This is a reasonable assumption. For example, because lower at home leisure may imply that the
worker has less time for rest and, as a result, the benefit from taking leisure while at work rises, see
Zenou (2009, p. 225).
40 This seems also a reasonable assumption. For example, if someone’s leisure time at home is reduced,
social life may suffer substantially which, in turn, reduces the benefits derived from at home leisure.
The decline in quality of social life may reduce overall demand for personal time. As a result, the
benefit from being at home falls because a substantial amount of time at home is already available for
relaxation, see Zenou (2009, p. 225–226).
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empirical tests of this hypothesis.41 To test the causal effect of commuting on
absenteeism, as implied by urban efficiency wage theory, we take into account that
residence location is endogenously chosen with respect to shirking. We address this
endogeneity issue by including residence fixed effects (as well as worker and job fixed
effects), so we keep residence location constant. In urban models with one central
business district, there is a one-to-one relationship between residence location and
the length of the commute, so that given residence fixed effects, the effect of the
length of the commute on absenteeism cannot be identified. In a more realistic setting
with multiple workplace locations, commuters do not commute to a central location.
Therefore, one may control for the worker’s residence location and still observe
variation in commuting distances, but it is then important to deal with the
endogeneity of commuting distance due to endogenous choice of the workplace
location. We address this issue by using changes in commuting distance that are
employer-induced, which guarantees that commuting distance is exogenous.42

3.3 Empirical approach
3.3.1 Empirical results
To study the effect of commuting on absenteeism we use ten waves of the 1999–2008
SOEP survey (which includes about 41,165 observations). Absenteeism refers to the
number of days reported absent during the year before the interview date.43
Commuting distance, our main explanatory variable of interest, is measured at the
interview date.44

However, there are several studies with suggestive evidence that relies on descriptive statistics (see
Koslowski et al., 1995). Allen (1981) examines this issue but ignores endogeneity of residence location
and uses cross-section data.
42 Ose (2005) estimates the effect of observed firm relocations on absenteeism, whereas our study
focuses on the effect of the change in the commuting distance induced by a workplace relocation.
43 Workers who are absent are immediately obliged to inform their employers about their sick leave,
but are obliged to obtain a doctor’s certificate from the fourth day of the sickness spell.
44 For the first two waves, information about distance is not available if the worker's workplace is in the
residence municipality, so, as in the previous chapter, we have imputed a value of 5 km. Sensitivity
analyses show that results are insensitive to the imputed value as well as whether these waves are
included.
41
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We use a combination of residence, job and workers’ fixed effects to estimate the
effect of distance on absenteeism, as we did in the previous chapter in the context of
labour supply and commuting (see section 2.4.1). To use worker fixed effects is
recommended in the absenteeism literature to deal with workers’ unobserved
heterogeneity (Dionne and Dostie, 2007). To use job and residence fixed effects is not
standard, but is useful, as explained later on, to use variation in commuting distance
that is due to exogenous workplace relocations. Thus, the effect of distance on
absenteeism is identified using the worker’s change in reported distance on the
worker’s change in absenteeism (within-worker variation in absenteeism is quite
large and equals to 35 percent of all variation). When worker’s commuting distance
has changed during the year before the interview (due to a workplace move), the
commuting distance reported at the interview date will only apply to part of the year
for which absenteeism is reported, which creates a measurement error and therefore a
bias in the estimates. In Appendix 3B, we show that given fixed effects, the bias in the
estimated effect of distance is substantial, and given stationarity assumptions, equal
to 50 percent of the unbiased effect. We remove this bias by excluding observations of
workers for which the commuting distance changed during the year before the
interview date (while keeping the other observations of these workers).45 This is
unlikely to create a selection bias, because the use of worker fixed effects implies that
worker-specific time-invariant selection effects are controlled for. Furthermore, the
descriptive statistics for the full and selected sample are almost identical, also
suggesting that sample selection is not an issue (see Appendix 3C, Table 3C.1). We
also ignore a small number of observations with zero commutes. We are then left with
20,281 annual observations for 4,774 workers.
We now focus on the dependent variable of interest: the annual number of days
absent. The mean number of days absent is 6.62, with a standard deviation of 11.75
(the full distribution can be found in Appendix 3A, Figure 3A.1). For 45 percent of the
observations, the worker has not been absent at all during the whole year. The

45 If distance changes in year t, then year t is dropped. If the distance does not change for years t − 1
and t + 1, then the coefficient of distance is identified by comparing the distance change between t − 1
and t + 1 with the change in absenteeism between years t − 1 and t + 1.
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number of days absent is a count variable (0, 1, 2, 3, etc), so we estimate fixed-effects
count models. We focus on fixed-effects negative binomial regression models.
We include a large number of (time-varying) explanatory variables including
commuting distance, year dummies, annual workhours, presence of children, wage,46
region dummies, firm size and industry dummies (see also Barmby et al., 1991;
Barmby, 2002; and Barmby et al., 2002). The mean commuting distance is 14.37 km,
2.13 in logarithm (the full distribution can be found in Appendix 3A, Figure 3A.2). We
have experimented with several functional forms for distance. The main results are
hardly sensitive to the exact form chosen. We report log-linear specifications of
commuting distance. Furthermore, we include a number of subjective and objective
health indicators. These indicators include a self-reported description of current
health (very good, good, satisfactory, poor and very bad), and an objective indicator:
number of trips to the doctor in the last three months. For ease of interpretation, we
annualise the doctor trip data.
For the negative binomial model with panel data, for each observation which belongs
to group i at time t holds that log E ( Ait ) = β X it + α i , where log E ( Ait ) denotes the
logarithm of the expected number of days absent, Xit are the explanatory variables
and β refers to parameters to be estimated. The definition of group i is essential to our
identification strategy, because we aim to use changes in commuting distance that are
employer-induced and therefore exogenous – thus group i only includes observations
of one worker with the same residence and the same job at the same employer.
Hence, observations of the same worker belong to different groups if the worker
moves residence or changes job. In our data set, we have 4,774 workers and 1,055
(residential or job) moves. The total number of groups is therefore 5,829 (4,774 +
1,055). See Figure 3A.3, in Appendix 3A, which provides the distribution of these
employer-induced changes.

46 In Germany, workers who are absent for less than six weeks (30 uninterrupted workdays) keep the
same wage. Durations of absenteeism that exceed this threshold occur infrequently. In our data set,
only 4 percent of all workers are absent uninterruptedly for six weeks.
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The estimation of non-linear models is usually not trivial, especially when it involves
more than one type of fixed effect. Importantly, our definition of group i implies that
we deal with one type of fixed effect so we essentially have a one-way model.47 In this
chapter, we discuss several methods to estimate the appropriate fixed-effects models.
Estimation of the one-way fixed-effects negative binomial is straightforward when
using a conditional maximum likelihood method, which circumvents the problem of
estimating the fixed effects (in fact, the fixed effects are not identified). This method is
applicable in a limited number of parametric non-linear models (the most well-known
example is the logit model, but it excludes, for example, the probit model). In case of a
count model, this method involves the maximisation of the log likelihood conditional
on the sum of the number of counts during the whole period which the worker is
observed.
Using the conditional method, Table 3.1 column 1 shows that the effect of commuting
distance on the number of days absent is positive and statistically significant at the 5
percent level. This result is consistent with Ross and Zenou (2008), where a positive
relationship is an outcome of the theoretical model, as well as with Zenou (2002),
where a positive relation between absenteeism and commuting is assumed. The point
estimate, and therefore the elasticity, is 0.095 (s.e. 0.009). This indicates, for
example, that the (expected) number of days absent is 15 percent higher for workers
with a (one-way) commuting distance of 50 km than for workers with a distance of 10
km. Commuting distance is used in many studies as a proxy for commuting time as
well as monetary costs. In the context of absenteeism, it is relevant to observe that the
reduction in monetary costs of commuting while staying at home is small, as a large
part of these costs are fixed (e.g. purchase of car, rail discount cards). This seems to
imply that the effect is identified mainly through the time component of commuting
costs.

Note that, in principle, any multiple-way fixed-effects model is encompassed by a one-way model.
For example, a balanced panel data set of N workers observed during T periods is encompassed by a
one-way model with NT fixed effects, whereas the two-way model contains N+T fixed effects. To
estimate the one-way fixed-effects model is less efficient (if the two-way specification is the correct
model).
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0.003 (0.001)**
0.046 (0.012)**
0.195 (0.024)**

Annual hours/52

No. children

Hourly wage

0.317 (0.043)**
0.058 (0.002)**

Poor/very bad health

Annual no. doctor visits

5,829

5,829

20,281

0.168 (0.024)**

0.026 (0.012)**

0.001 (0.001)

0.101 (0.009)*

1.295 (0.019)**

5,829

20,281

0.063 (0.004)**

0.689 (0.091)**

0.464 (0.076)**

0.205 (0.068)**

0.046 (0.105)

0.035 (0.030)

0.002 (0.004)

0.074 (0.044)*

1.231 (0.018)**

5,829

20,281

0.012 (0.112)

0.042 (0.032)**

0.001 (0.004)

0.085 (0.047)*

[3]
[4]
Unconditional fixed-effects negative
binomial

4,746

16,223

0.037 (0.003)**

0.421 (0.066)**

0.273 (0.055)**

0.115 (0.049)**

0.034 (0.075)

–0.001 (0.021)

0.002 (0.003)

0.075 (0.035)**

4,746

16,223

0.037 (0.077)

0.0001 (0.022)

0.002 (0.003)

0.084 (0.038)**

[5]
[6]
Conditional fixed-effects Poisson quasigeneralized pseudo-maximum likelihood

Notes: Year dummies, 5 residence region, 6 industry and firm size controls are also included. Commuting distance and net hourly wage rate in logarithm.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively. Corrected or robust standard errors are in
parentheses. Fixed effects are induced for workers, residences and jobs. Hence, groups are defined such that a group includes only observations of one worker
with the same residence and job.

Overdispersion parameter

No. groups

20,281

0.216 (0.037)**

Satisfactory health

No. observations

0.108 (0.036)**

Good health

Very good health

0.095 (0.009)**

Commuting distance

[1]
[2]
Conditional fixed-effects negative
binomial

Table 3.1 Estimates of fixed-effects count data models: number of days absent (1999–2008 SOEP).
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To understand the magnitude of the effect, let us focus now on a hypothetical firm
that actively starts to redline workers who do not live within 1 km of the workplace,
such that after a certain time all workers will live at about 1 km from the firm (in the
spirit of Zenou, 2002).48 In this case, the average logarithm of commuting distance,
2.13 in our data, falls to about 0, and absenteeism within this firm will fall by about 20
percent (0.095 × 2.13), on average, by 1.3 working days per year. Clearly, the results
are economically significant.
Although until recently the conditional fixed-effects negative binomial method is
frequently used (and included in most econometric packages), it has been criticised
because the conditional negative binomial model is not a ‘true’ fixed-effects model as
it does not condition out the fixed effects (Allison and Waterman, 2002; Greene,
2007), or more precisely, only given restrictive assumptions (Guimarães, 2008).49 An
alternative approach is to estimate an unconditional negative binomial model, which
yields unbiased estimates. A potential problem with the unconditional fixed-effects
negative binomial model is that the standard errors are likely underestimated. It is,
however, possible to correct the standard error upward by multiplying the square root
of the ratio of the deviance-based dispersion statistic to its degrees of freedom
(Allison and Waterman, 2002). In our data, the square root of this ratio is 1.50. We
report corrected standard errors. Using the unconditional method, Table 3.1 column 3
shows that the effect of commuting distance is positive and statistically significant,
although only at the 10 percent level, with an implied elasticity of 0.074 (s.e. 0.044).
So, although the conditional method does not allow for ‘true’ fixed effects, the above
estimates are about the same, suggesting that the bias in the conditional method is
minimal with our data.
To examine the direction of the possible bias of the conditional fixed-effects negative
binomial estimates, we estimate a negative binomial model without any fixed effects.
We find a much lower estimate of distance (0.030), which is statistically significant at

Note that such a recruitment rule is only hypothetical as it is counterproductive to the firm, because
such a rule strongly reduces the supply of workers.
49 These restrictions can, in principle, be tested, but as we have short panel data, the test has limited
power and cannot be applied.
48
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the 5 percent level (s.e. is 0.013).50 So, if there is any bias in the estimates of the
conditional method, it is a downward bias. Hence, the conditional method estimates
reported here are conservative.
We also estimate a count data model using a conditional fixed-effects Poisson quasigeneralized pseudo-maximum-likelihood estimator, because, apart from being
computationally straightforward, it allows the variance to exceed the mean by a
proportional factor yielding consistent estimates of the parameters to be estimated
and it allows for robust standard errors (Wooldridge, 1997). However, for workers
who have some extreme high absenteeism rates (e.g. 30 days), this factor is unlikely a
constant. We therefore estimate this model selecting only workers for which
absenteeism is less than 30 days in all years of observation, about 75 percent of all
workers (Table 3.1, columns 5). The implied elasticity is roughly about the same as the
above estimates (and is statistically significant at the 5 percent level).
A conditional fixed-effects logit model where we only distinguish between zero and
positive absenteeism rates is also estimated. We find a positive (but statistically
insignificant) estimate (0.073 with an s.e. of 0.061). This also supports the hypothesis
that distance positively affects absenteeism, although by ignoring inter-annual
variation in absenteeism for workers with a positive absenteeism rate, one does not
expect to find a statistically significant relationship.
Strictly speaking we cannot exclude the possibility that commuting causes a decrease
in (physical or mental) health which is unobserved and not captured by our health
indicators and therefore increases absenteeism (e.g. a minor flu may neither affect the
number of doctor visits nor affect subjective health measures). However, our results
are insensitive to the inclusion of these health indicators (see Table 3.1), so it is
plausible that the effect of distance is also orthogonal to unobserved health indicators.
50 Hence, cross-section estimation of the effect of commuting on absenteeism negatively biases the
results. The most plausible explanation for this bias is that workers with unobserved positive attitudes
to work are more likely to accept jobs at long distances and are also less likely to be absent. Recall that
we estimate models on a selected sample of workers to avoid a bias that may occur as absenteeism is
measured over a period, whereas distance is measured at a point in time. To see the importance of this
selection, we also estimate models on the full sample. For this sample, the coefficient of commuting
distance is about 25 percent lower than the ones reported here, consistent with our theoretical claim of
a downward bias (see Appendix 3B).
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This suggests that the effect identified is predominantly through voluntary
absenteeism.51

3.3.2 Sensitivity analyses
We subject the results of the conditional fixed-effects negative binomial estimator, as
it has more pronounced results than the unconditional method, to a number of
sensitivity analyses. The sensitivity analysis results are summarised in Table 3C.2 in
Appendix 3C. We estimate the same models as discussed above for males and females
separately as the effect of distance may be gender-specific (see Vistnes, 1997). Results
for males and females are almost exactly the same, indicating that the distance-effect
identified is not gender specific (Table 3C.2, columns 1 and 2).
Further, we examine the effect of possible ‘outliers’ of the dependent variable. This
may be important for two reasons. First, a well-known feature of count models is that
estimates are not consistent given random measurement error in the dependent
variable (Winkelman, 2003). One can imagine that measurement error may be
particularly large for workers with a large number of days absent. Second, workers
who are absent for more than 30 working days may receive a wage reduction (this
applies to about 4 percent of the workers). Hence, we estimate the same models
selecting only observations for which absenteeism is less than 30 days. For this
sample, which contains about 96 percent of the full sample, the (unreported) results
are almost identical to the ones reported above. The results of a model selecting only
observations of workers for which absenteeism is less than 30 days in all years are
also similar (Table 3C.2, column 3). Hence, the results are robust, and not due to a
few outliers, and unobserved wage reductions due to long absenteeism do not affect
our estimates. Furthermore, it appears that controlling for explanatory variables does
not appear to be essential for the estimated effect of distance (Table 3C.2, column 4).

We also investigate the effect of distance on health indicators, but we do not find that a longer
commute leads to a deterioration of health (in contrast to claims by Koslowsky et al., 1995), in line with
the above interpretation.

51
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We also re-estimate models excluding observations that refer to changes in distance
that are less than 5 km (Table 3C.2, column 5). In particular, changes in distance less
than 5 km will more likely refer to measurement error in the commuting distance (as
respondents in one year will, for example, report 36 km and in the next year 38 km
without changing commuting distance). The results remain robust.
Finally, we also analyse the effect of interactions of distance with health indicators.
This is relevant as one may imagine that the marginal costs of the commute are higher
for unhealthy workers or for workers that visit doctors more frequently. We find
evidence that the interactions of distance with health indicators have an effect on the
logarithm of the expected number of days absent. However, the effect on the expected
number of days absent (so not in log) is almost perfectly identical for the different
health groups (for example, for workers with a very good health the effect of distance
on log absenteeism is larger, but for this group absenteeism rates are lower). This
strongly suggests that workers’ marginal costs of commuting do not depend on the
workers’ health.

3.4 Conclusion
A common assumption in the urban economic literature is that private costs of
commuting are fully borne by the worker and do not affect the worker’s productivity.
This assumption is challenged by urban efficiency wage theories that allow that
worker’s work effort is a function of the length of the commute. In particular, Zenou
(2002) assumes that workers involuntarily provide less work effort due to larger
commutes. In addition, Ross and Zenou (2008) demonstrate that if shirking and
leisure time are substitutes in the worker’s utility function, then one may expect a
positive effect of commuting on shirking. Despite the growing theoretical body of
work, there is only one study, by Ross and Zenou (2008), which provides empirical
support in this regard. To be more precise, the authors demonstrate, as predicted by
theory, that the expected length of the commute positively affects urban
unemployment, also when accounting for endogeneity of the expected commute.
Further, they demonstrate that wages positively vary across commutes, which is
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consistent with firms being able to partially observe commutes and minimise shirking
by setting wages conditional on the length of the commute. We employ a more direct
measure of shirking, absenteeism, and focus on the effect of commuting distance on
absenteeism. To deal with endogeneity, the effect identified is based on changes in
distance that are employer-induced (derived from changes in commuting distance for
workers who do not change residence or job).
Our results indicate that, ceteris paribus, commuting distance has a strong positive
effect on absenteeism, with an elasticity of about 0.07 to 0.09. In the hypothetical
case that all workers in the economy have a negligible commute, absenteeism would
be about 15 to 20 percent lower, roughly one day per year, so the results are
economically relevant. Our favoured interpretation is that the effect identified is
predominantly through an effect of the time component of commuting costs on
voluntary absenteeism in line with Ross and Zenou (2008), but we cannot completely
exclude the possibility that some of the effect is through an effect on health and
therefore on involuntary absenteeism, as argued by Zenou (2002).
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Figure 3A.1 Frequency distribution of number of days absent (1999–2008 SOEP).
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Figure 3A.3 Frequency distribution of employer-induced changes in distance (1999–2008 SOEP).
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Appendix 3B: Bias in the estimate
of commuting distance
Suppose one has observations at discrete time intervals (e.g. t − 1, t, t + 1). We denote
At,t−1 as the worker’s number of days absent between time t − 1 and t, so for a period of
length 1. At t the worker has a commute of dt; at t − 1 the worker has a commute of
dt−1. If dt ≠ dt−1, then the worker has changed commuting distance within the period
from t − 1 until t. Distance Dt,t−1 denotes the weighted average of distances dt and dt−1,
so:

Dt ,t −1 = λt dt + (1 − λt )dt −1 ,

(3B.1)

where 0 ≤ λt ≤ 1 and λt measures the proportion of the period that the distance is equal
to dt. For example, when the worker does not change distance between t − 1 and t,
then λt = 1 and Dt,t − 1 = dt. It is assumed that dt and dt−1 are observed, but λt and Dt,t−1
are not observed. We denote absenteeism between t − 1 and t as At,t-1. The relationship
between At,t −1 and distance Dt,t−1, is assumed to be linear, so:
At ,t −1 = α + β Dt ,t −1 + ut ,

(3B.2)

where α, β are parameters to be estimated and ut is random error. Suppose now that
the worker’s distance changes between t − 1 and t (e.g. due to a residence move), but
remains the same between t − 2 and t − 1, so Dt −1,t −2 = dt−1. A fixed-effects estimator is
then based on the following expression:
At ,t −1 − At −1,t −2 = λt β (dt − dt −1 ) + ut − ut −1 .

(3B.3)

It follows that if one uses dt and dt−1 (which are observed) instead of Dt,t−1 (which is
unobserved), then the estimated value of βˆ equals λt β , so βˆ ≤ β . The weighting
variable λt differs per observation. Given uniform distribution of λt, βˆ = 0.5 β . This
result also holds for the reversed situation, when there is no change in distance
between t − 1 and t, but a change between t − 1 and t − 2.
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Appendix 3C: Tables
Table 3C.1 Descriptive statistics of variables (1999–2008 SOEP).
Full sample
mean

Selected sample (without
absenteeism outliers)

Selected sample
sd

mean

sd

mean

sd

Annual no. days absent

6.75

12.04

6.62

11.75

4.44

6.45

Commuting distance

2.19

1.09

2.13

1.10

2.14

1.11

Annual hours/52

38.85

10.97

38.69

11.20

38.65

11.47

No. children

0.52

0.84

0.53

0.85

0.54

0.86

Hourly wage

2.12

0.49

2.11

0.50

2.11

0.51

Good health

0.49

0.50

0.49

0.50

0.52

0.50

Satisfactory health

0.31

0.46

0.31

0.46

0.29

0.46

Poor/very bad health

0.10

0.30

0.10

0.29

0.08

0.27

Annual no. doctor visits

4.73

4.13

4.75

4.13

4.53

4.09

No. observations

41,165

20,281

16,223

Notes: Selected sample refers to a sample excluding observations of workers for which the commuting distance
changed during the year before the interview date; selected sample (without absenteeism outliers) refers to the
same sample of workers for which absenteeism is less than 30 days in all years.

Table 3C.2 Sensitivity analyses: effects of long distance on number of days absent (1999–2008 SOEP).
[1]
Male workers

[2]
Female workers

[3]
Selected sample (without
absenteeism outliers)

[4]
No controls

[5]
│ ∆ km│> 5

0.163 (0.039)**

0.116 (0.014)**

0.102 (0.010)**

0.118 (0.009)**

0.080
(0.011)**

No. obs.

10,696

9,585

16,223

20,281

12,095

No. groups

3,022

2,807

4,746

5,829

3,465

Notes: Same controls as Table 3.1.
** indicates that estimates are significantly different from zero at the 0.05 level. Standard errors are in
parentheses.

CHAPTER 4

START TIME AND WORKER COMPENSATION:
IMPLICATIONS FOR STAGGERED-HOURS
PROGRAMS
4.1 Introduction 52
Traditionally, most of the labour supply has been structured following a set worktime
pattern under which all workers start and end work at the same time. Henderson
(1981) reports that, in 1979, 75 percent of workers arrive within a time interval of 15
minutes. This situation causes a large volume of traffic around work start and end
times. One way to mitigate the lengthening of the commute time due to peak
congestion has been by diversifying start times.53 Nevertheless, heavy morning and
evening peak congestion (e.g. Arnott et al., 1993) are still a major worry not only for
policymakers, but also for employers as it increases the travel costs of workers to
arrive at work.
Commute time induced by traffic congestion is directly related to the workers’
distribution of start (and therefore end) times (Vickrey, 1969; Henderson, 1974; Chu,
1995; Fosgerau, 2008). When workers’ start times spread out, peak congestion is
flattened. The present chapter examines workers’ compensation through variation in
wages related to spread in morning start times, allowing us to get more insight about
the effects of mandatory staggered-hours programs, which induce firms, and
therefore workers, to vary the time workers arrive at and leave from the workplace.54

The present chapter is based on Gutiérrez-i-Puigarnau and van Ommeren (2012), forthcoming in
Journal of Transport Economics and Policy.
53 Other ways to diversify work schedules include a compressed week work, where a worker works her
usual number of hours over a fewer number of workdays, or flextime, where a worker has some choice
in establishing her work schedule.
54 A small number of dominant (extremely large) employers may voluntarily internalise the external
costs of commuting by staggering work hours (see e.g. Safavian and McLean, 1975; Giuliano and Golob,
1990).
52
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The number of firms adopting staggered work hours has been increasing in recent
years in many countries (see e.g. Mun and Yonekawa, 2006). In Germany, which is
the focus of our analysis, staggered work hours are a matter of great interest and have
become widespread, utilised by one out of three firms (Bauer et al., 2007). Arnott
(2007) argues that it is a priori not clear that the government’s intervening to
internalise only the negative externalities of congestion would be welfare-enhancing.
It is therefore key to understand the effect of mandatory staggered-hours programs on
welfare. By focusing on the effect of start times on wages, we are able to see whether
these programs affect productivity and workers’ disutility.
The large empirical labour economics literature focusing on the effect of job attributes
on wages, known as hedonic wage theory, has largely ignored workers’ start time. See
Cahuc and Zylberberg (2004) for an exposition of hedonic wages theory. In the urban
transportation literature, the relationship between workers’ departure time, travel
time and work start time has received much attention (e.g. Small, 1982; Arnott et al.,
1993). This relationship has become more relevant with the increasing popularity of
flexible work-hours (Yoshimura and Okumura, 2001; Li, 2007). However, this
literature ignores compensation in the labour market for the chosen start time by
taking the wage as given (an exception is Wilson, 1989). Furthermore, the bulk of
transport literature generally takes the start-time of the job as given. The urban
transport literature focuses on travel time valuation and activity-scheduling
behaviour. In this literature, the start-time of the job is a key variable of interest and
assumed to be (endogenously) determined by (endogenous) activity preferences and
(exogenous) employer restrictions. This chapter aims to reduce the existing
divergence between labour and transport economics literature by using the insights
about start time of the job (importance), as studied in detail in the transport
literature, and apply them into the field of labour economics.
In this chapter, we examine the effect of workers’ morning start times on their wages
for Germany. The work of Wilson (1988) is the only empirical study of wages and start
times we are aware of. However, this study has been criticised. In particular, the
critical remarks by Arnott (2007, p.190) inspired us to improve on the work of Wilson
(1988): “Wilson found that […] the daily average wage is on average twice as high for
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workers with a peak work start-time […] than for those with an off-peak work starttime. Intuition suggests that this difference is too large to be explained by intra-day
productivity effects alone, and that sorting of workers across start times, on the basis
of ability attributes observable to employers but not to the empirical researcher, must
play an important role too”.

4.2 Worker compensation
analysis for start time
The relationship between wages and start times is the result of the effect of start time
on workers’ preferences and productivity (assuming a constant workday, so workers’
schedule is fully described by start time, see Wilson, 1989). With preferences, we refer
to the worker’s utility derived from start time which may involve scheduling
preferences for the timing of leisure activities (e.g. family responsibilities – to have
breakfast together – or socialising with friends after work; see Mahmassani and
Chang, 1990; Wang, 1996) and commuting time preferences, as there is a strong
relationship between start time and time length of the commute due to congestion
(see Chu, 1995; Wang, 1996).
Commuting time costs are always higher at peak congestion, but a priori, it is not
clear how scheduling preferences relate to peak congestion.55 Some workers may
prefer to start working before the peak, whereas others may prefer to start after the
peak.56 It is, however, plausible that most workers prefer to synchronise leisure
activities with others, and therefore synchronise work times (Bernheim, 1994). This is
consistent with the study of Emmerink and van Beek (1997) where respondents report
that they travel at peak times, and not at non-peak times, (mainly) due to their own
scheduling preferences, and not due to constraints set by employers. So, workers’
scheduling preferences likely cause peak congestion.

Work start time has been traditionally set by external factors such as daylight and temperature,
which may affect current preferences (Weiss, 1996).
56 The relationship between scheduling preferences and peak congestion is much clearer though given
the assumption of identical preferences.
55
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Worker’s productivity may also depend on the worker’s start time (Golembiewski et
al., 1974; Shepard et al., 1996). It is usually assumed that workers’ productivity
increases with the number of workers that are active at a certain time within a firm57
or even within the economy (Henderson, 1981; Arnott, 2007).58 So, start times will be
concentrated during the day and wages will be higher at peak times. Another reason
that worker’s productivity may depend on start time is due to diminishing marginal
returns of labour when capital costs are fixed, see Lucas (1970).59 If workers prefer to
start working at peak hours, the number of workers hired will then be lower outside
peak hours, so wages outside peak hours will be higher (such that wage equals
marginal productivity).
So, in a competitive labour market, a variety of start times may be offered to workers
at different wages reflecting preferences and productivity of workers varying by work
start time and an equilibrium locus of wages and start times exists (see Henderson,
1981). We aim to estimate this equilibrium locus. In equilibrium in a competitive
market, by assumption, workers maximise their utility and firms maximise profits,
and wages equal marginal productivity. We focus now on two possible (stereotype)
equilibria that may arise. In the first equilibrium, wages are a U-shaped function of
start time, and wages obtain a minimum at peak time. In this case, workers prefer to
start at peak time but accept jobs outside the peak because they are compensated by
higher wages (so, the worker’s productivity is increased enough to compensate for
inconvenient start times). In the second equilibrium, wages are an inverse U-shaped
function of start time. Thus, workers prefer to work at non-peak times (e.g. because of
large savings in commuting time), and demand higher wages at peak times (so,
workers must be more productive at peak times, for instance due to the nature of their
job, as otherwise employers are not willing to pay a higher wage).

For example, workers that start on different times may reduce opportunities for scheduling meetings,
workers interaction and inhibits responsiveness to clients (Weiss, 1996). Examples of jobs for which
this may be relevant are classroom teaching, police and fire services and emergency-medical services.
58 If productivity depends on the number of workers outside the firm, then this implies the existence of
an externality (Mills, 1967; Brainard, 1997).
59 Examples of such jobs include assembly-line manufacturing.
57
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Wilson (1988) reports that the relationship between wages and start times is strongly
inverse U-shaped. So, workers starting at a peak time are paid much more than those
starting later or earlier. However, this interpretation is controversial, because the
study does not control sufficiently for worker characteristics (e.g. the study does not
control for weekly hours which is important, at least theoretically, see Kinoshita,
1987) and relies on cross-section data. One contribution of the present chapter is that
we use panel data and control for many worker characteristics and unobserved timeinvariant worker characteristics using a workers’ fixed-effects methodology. So we are
able to examine the effect of changes in start time on wages which are induced by
hypothetical policies that encourage off-peak start times to mitigate traffic congestion
(see e.g. Giuliano and Golob, 1990; Arnott et al., 2005). The first-best policy to reduce
peak congestion is by road pricing, which may be infeasible in practice. As a secondbest policy, governments may induce firms to stagger work hours.

4.2.1 The data
Our study is based on information from the SOEP survey for the years 2004, 2006
and 2008. Our data set contains 14,108 annual observations for 8,364 workers of
which 7,355 are observed in two years and 6,524 in three years. The sample is
restricted to workers aged 20-60, who (usually) work at least 10 hours per week and
between 4 to 12 hours per day.
A work schedule is either flexible or fixed (when it does not change from day to day).
When it is fixed, which applies to the large majority (77 percent), then we know the
start time. We focus on morning start times between five and twelve o’clock (which
applies to 97 percent of those with a fixed schedule). The choice of a 5–12 a.m.
interval or a smaller one does not appear to be essential. We prefer the former to
capture the whole relevant distribution of start times.
Figure 4.1 shows the frequency distribution of morning start times. Although start
time is, in principle, a continuous variable, most workers report to start work at a
whole or half hour. Many workers report that they start at exactly 8:00 a.m. (23
percent), 7:00 a.m. (20 percent) and 7:30 a.m. (14 percent); most workers start within
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a one hour interval: 63 percent start between 6:59 and 8:01 a.m., which we call the
peak interval. The proportion of workers that starts before the peak is roughly the
same as after the peak (17 percent respectively 18 percent). The mean and median
start times occur at 7:32 and 7:30 a.m. respectively, so in the middle of the peak
interval. The maximal rounding error in the start time value is small and only five
minutes, since start time is measured in ten-minute intervals. We therefore may

15
10
0

5

Frequency (%)

20

25

assume that rounding does not affect the consistency of the estimates.

5

6

7

8

9

10

11

12

Start hour
Figure 4.1 Frequency distribution of start time (SOEP 2004, 2006, 2008).

In our analyses we focus on the workers’ (bi-annual) changes in start time. Many
workers do not change their start time (substantially), but 4.8 percent change their
morning start time by more than one hour. Hourly wage, our main dependent
variable, is calculated by dividing net monthly earnings by monthly contractual hours
of work. It ranges from €3 to €64, with a mean of €11.2. Figure 4.2 plots wage levels
(in log) by start hour. It clearly shows that wage levels strongly decrease at non-peak
times, but it can be easily seen that this relationship is largely spurious: Figure 4.3
plots workers’ (bi-annual) changes in log wage by changes in start hour, and shows
that changes in wage are rather independent of changes in start hour. In Figure 4.2,
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wages and start hour seem correlated with each other possibly because they are both
correlated with a third causal variable that is unobserved, such as unobserved ability
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Figure 4.2 Wage levels (in log) by start hour (SOEP 2004, 2006, 2008).
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Figure 4.3 Bi-annual changes in log wage by changes in start hour (SOEP 2004, 2006, 2008).
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4.2.2 Econometric model
The approach we use to estimate the effect of start time on wages is standard in the
hedonic wage literature (see e.g. Duncan and Holmlund, 1983). This wage equation is
not an explicit supply or demand wage equation (Rosen, 1974), but rather the wage
change associated with any given start time change is a market-determined
compensating differential. The hedonic wage literature assumes a competitive labour
market, so the variables (including start time) can be assumed to be exogenous in the
estimation procedure, because employers set wages as a function of work start time.
We estimate the logarithm of the wage, W, as a function of start time and control
variables. For example, we control for the size of the firm, which captures variation in
productivity. We further control for other variables, such as presence of a child, which
may be correlated with omitted variables (e.g. childcare start time) that are correlated
with our main variable of interest, work start time. Start hour changes may include
observations where the worker’s occupation also changes. So, by not controlling for
occupation we allow that occupation is an endogenous choice.
Because the hedonic wage literature generally allows wage rates to vary with hours of
work (Kinoshita, 1987; Trejo, 1991; Hartog and Oosterbeek, 1993; Dustmann and van
Soest, 1998), we control for (contractual) weekly hours. Hourly wage rates are
calculated by dividing monthly earnings by monthly hours.60 Such a calculation
introduces a well-known form of measurement error, known as ‘division bias’,
because measurement error in hours enters both the left and right hand-sight of the
equation that we will estimate. This results in a spurious negative correlation between
hours and the wage rate (Hartog and Oosterbeek, 1993; Dustmann and van Soest,
1998), because overreporting of hours would lead to an underreporting of the hourly
wage rate. So, we calculate the wage rate using contractual hours instead of usual
hours, because the division bias in hourly wage rates using contractual hours is
substantially less than using usual hours.
We emphasise that we also include (the usual) daily hours of work (in line with
This variable is the average hourly wage during one year. We set €3 as minimum hourly wage,
though no general legal minimum wage exists in Germany (Immervoll, 2007).
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Zhang et al., 2005), so start time captures the effect of start and end times (because
end time equals start time plus daily hours). Because we control for daily hours and
weekly hours, we also control for number of days worked per week (as the number of
days worked is fully determined by the number of daily and weekly hours).
Furthermore, by controlling for daily hours of work and weekly hours, we also control
for work flexibility over the week, which may be relevant from a transportation
perspective as the literature points out a relationship between type of workweek and
commuting (see e.g. Hung, 1996).
Using control variables may not be sufficient to generate consistent estimates of start
time (Arnott, 2007). So, we include worker fixed effects, which controls for
unobserved time-invariant worker characteristics. In the estimation procedure, only
within-worker’s differences in variables are employed.

4.2.3 Empirical results
We focus on the effect of the morning start time (measured in hours), which we
observe for fixed schedules. We control for other work schedules by including
dummies for flexible schedules, evening work (starting after 12:00 a.m.) and night
work (starting before 5:00 a.m.). As emphasised in the introduction, it is plausible
that the wage is a non-linear function of start time, so we employ a range of nonlinear specifications (quadratic and piecewise linear functions; interval dummies).
The results given a quadratic specification (see Table 4.1, column 1a) indicate that the
relationship between wages and start times is inverse U-shaped: the effect of start
time on wage is positive and the square of start time is negative, with a maximum
around 7:41 a.m. (s.e. 1.29). The use of a quadratic specification may not be
appropriate, because it allows for an (inverse) U-shaped function, but it does not
allow for any other functional form. Therefore, we also estimate a model using six
morning start time dummies: two before the peak (5:00–5:59 a.m. and 6:00–6:59
a.m.) and three after the peak (8:01–8:59 a.m., 9:00–9:59 a.m. and 10:00–12:00
a.m.), where peak time (6:59–8:01 a.m.) is the reference category. The results (see
column 2) suggest that wages are slightly lower before 7 a.m. and after 9 a.m., but
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these effects are statistically insignificant using an F-test, reported at the bottom of
the table.
Table 4.1 Estimates of net hourly wage in log (in euros) (SOEP 2004, 2006, 2008).
[1a]
Quadratic
function

[2]
Worker fixed effect
6 start time dummies

[3]
Piecewise linear
function

[1b]
OLS
= [1a] except
no fixed effect

Morning start time variables
Start time (hours)
0.089 (0.035)**
0.225 (0.033)**
Start time squared (hours)
–0.006 (0.002)**
–0.013 (0.002)**
Start time 5:00–5:59
–0.015 (0.020)
Start time 6:00–6:59
–0.006 (0.008)
Start time 8:01–8:59
0.001 (0.008)
Start time 9:00–9:59
–0.022 (0.011)**
Start time 10:00–12:00
–0.023 (0.027)
Start time (hours)/10 (before peak)
0.002 (0.016)
Start time (hours)/10 (peak interval)
0.008 (0.011)
Start time (hours)/10 (after peak)
–0.014 (0.019)
Start time control variables
Flexible schedule
–0.007 (0.006)
–0.004(0.006)
–0.004 (0.006)
0.012 (0.006)**
Night work
–0.028 (0.038)
–0.027(0.038)
–0.025 (0.038)
–0.145 (0.034)**
Evening work
–0.049 (0.021)**
–0.046(0.021)**
–0.045 (0.021)** –0.036 (0.019)*
Other controls
Daily working hours in log
0.158 (0.018)**
0.157(0.018)**
0.158 (0.018)**
0.422 (0.017)**
Weekly working hours in log
–0.532 (0.018)**
–0.533(0.018)**
–0.532 (0.018)** –0.252 (0.015)**
Self-employed
0.025 (0.016)
0.025(0.016)
0.025 (0.016)
0.170 (0.015)**
White collar
0.030 (0.010)**
0.030(0.010)**
0.030 (0.010)**
0.144 (0.006)**
**
*
*
Civil servant
0.038 (0.019)
0.038(0.019)
0.038 (0.019)
0.347 (0.011)**
Firm size < 20
0.013 (0.008)
0.012(0.008)
0.012 (0.008)
–0.165 (0.011)**
Firm size from 20 ≤ 200
0.002 (0.007)
0.002(0.007)
0.002 (0.007)
–0.107 (0.010)**
Firm size from 200 ≤ 2000
0.004 (0.007)
0.004(0.007)
0.003 (0.007)
–0.047 (0.010)**
Firm size unknown
0.018 (0.012)
0.018(0.012)
0.018 (0.012)
–0.006 (0.018)
Other household income in log
–0.036 (0.003)**
–0.036(0.003)**
–0.036 (0.003)** –0.037 (0.003)**
Other hh income unknown or zero
0.089 (0.007)**
0.089(0.007)**
0.089 (0.007)**
0.104 (0.008)**
Partner
0.056 (0.008)**
0.056(0.008)**
0.056 (0.008)**
0.072 (0.006)**
Child
0.060 (0.008)**
0.060(0.008)**
0.061 (0.008)**
0.133 (0.007)**
**
**
**
Female × child
–0.061 (0.015)
–0.061(0.015)
–0.062 (0.015)
–0.089 (0.011)**
Primary and lower education
–0.286 (0.010)**
(Upper) secondary education
–0.258 (0.006)**
Post-secondary non tertiary
–0.213 (0.010)**
education
First stage of tertiary education
–0.189 (0.009)**
Education unknown
–0.242 (0.022)**
Age/10
0.081 (0.003)**
Female
–0.177 (0.006)**
Constant
1.526 (0.137)**
Worker fixed effect
Yes
Yes
Yes
p-value (F-test start time)
0.011
0.117
0.838
0.000
Adjusted R2
0.917
0.917
0.917
0.520
No. observations
14,108
14,108
14,108
14,108
No. workers
8,364
8,364
8,364
8,364
Notes: Year, industrial sector and firm location controls are also included. Usual daily hours of work,
contractual weekly hours of work, firm size is number of workers.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Standard errors are in parentheses.
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One disadvantage of a time-interval dummy specification is that it ignores variation
within intervals. This seems restrictive, as the difference in congestion or scheduling
preferences within these intervals may be quite large. So, we also use a piecewise
linear specification with four predefined knots at 5:00, 6:59, 8:01 a.m. and 12:00
a.m., so we estimate three different slopes (Pindyck and Rubinfeld, 1991, pp. 126–7).
The piecewise linear function we estimate is standard and has three different time
intervals ruling the effect of start time on wage by specifying the model, in general
notation, in the following way: β1 ( S − 5 ) D1 + β2 ( S − 5 ) D2 + β 3 ( S − 5 ) D3 + 2 β1 ( D2 + D3 )
+ β2 D3, where βi, i = 1, 2, 3, refers to the coefficient to be estimated in interval i, S is
start time (in hours) between 5:00 and 12:00 a.m., D1, D2 and D3 are before-peak,
peak and after-peak start time dummies. As can be seen from the F-test at the bottom
of Table 4.1, column 3, this specification also does not support any relationship. We
also examine other knots, but the results are the same.
These results do not support the conclusion of Wilson (1988), who reports that the
relationship between wages and start times is strongly inverse U-shaped, as our
results indicate that there is maybe a weak inverse U-shaped relationship. This may
not even be true, as in the flexible specifications, we are not able to find any
statistically significant effect. The results of an analysis without fixed effects can be
compared to the results of Wilson (1988), who does not use these effects. The results
without fixed effects (see Table 4.1, column 1b) imply that the relationship between
wages and start times is strongly inverse U-shaped (with a maximum at 8:40 a.m.), in
line with Wilson (1988) (and Figure 2). As emphasized above, it is plausible that
relevant unobserved variables are correlated with start time, and these estimates are
therefore spurious.
We also estimate separate models distinguishing between workers with and without
young children (aged below 14 years), because the inconvenience of work schedules
may be different for these different groups, see Table 4.2. For example, workers with
young children may have a higher level of family responsibility to meet child-care
schedules in the morning or family gatherings in the evening (another motivation
could be that the presence of children is the main determinant of start times, as
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shown in separate analysis not reported here). In our data, 31 percent of workers have
a young child.61
Given a quadratic specification of start time (columns 1 and 4), the results suggest
that the relationship between wages and start times is U-shaped for workers with
children (with a minimum at 7:19 a.m.; s.e. 6.36), and inverse U-shaped for workers
without children (with a maximum at 7:35 a.m.; s.e. 6.05). The results suggest
therefore that workers with a child have to be compensated by higher wages if they
start work at an off-peak time. However, the estimated minimum and maximum start
times are not well-identified due to the large standard errors. Therefore, one may
raise doubt on the validity of this interpretation.
A specification using six dummies (columns 2 and 5) also suggests a different
relationship by worker: a U-shaped for workers with children and inverse U-shaped
for workers without children. A U-shape relationship implies that, at least for some
jobs, workers are more productive when they start outside the peak (as it is
implausible that employers compensate for an inconvenient work schedule unless the
worker is more productive); in addition, the benefits of starting at a non-peak time are
relatively lower (e.g. because higher inconvenience in scheduling times) and workers
therefore demand higher wages. However, these results are only suggestive as they are
not statistically significant. Furthermore, given a piecewise linear function (columns 3
and 6) – which is our preferred specification due to above-mentioned arguments –
effects are also statistically insignificant. So, overall, our findings suggest that the
relationship between wages and start times do not strongly differ by workers with and
without children.
As sensitivity analyses, we re-estimate all models using a more narrow definition of
morning start time (between six and ten o’clock) and add controls (commuting
distance, job tenure and interactions of start time with self-employed), but the results
remain the same. In our main analyses, we do not control for commuting distance
because commuting distance does not affect the workers’ productivity and therefore

61 It is not possible to identify effects based on models of workers with children with and without a
partner due to too small sample sizes.

Child
6 start time
dummies

Quadratic
function

Piecewise linear
function

[3]
Quadratic
function

[4]

[5]
No child
6 start time
dummies

Piecewise linear
function

[6]

Morning start time variables
Start time (hours)
–0.124 (0.067)*
0.103 (0.041)**
Start time squared (hours)
0.009 (0.004)**
–0.007 (0.003)**
Start time 5:00–5:59
0.068 (0.046)
–0.021 (0.021)
Start time 6:00–6:59
0.008 (0.014)
–0.003 (0.009)
Start time 8:01–8:59
–0.007 (0.015)
0.012 (0.010)*
Start time 9:00–9:59
0.023 (0.021)
–0.041 (0.013)**
Start time 10:00–12:00
0.095 (0.048)**
–0.046 (0.032)
Start time (hours)/10 (before peak)
0.011 (0.030)
0.010 (0.020)
Start time (hours)/10 (peak)
–0.011 (0.021)
0.001 (0.013)
Start time (hours)/10 (after peak)
0.046 (0.034)
–0.012 (0.022)
Start time control variables
Flexible schedule
0.021 (0.011)*
0.019 (0.011)*
0.016 (0.011)
–0.010 (0.007)
–0.008 (0.007)
–0.005 (0.007)
Night work
0.026 (0.070)
0.024 (0.070)
0.022 (0.070)
–0.050 (0.045)
–0.051 (0.045)
–0.046 (0.045)
Evening work
0.065 (0.034)*
0.063 (0.034)*
0.029 (0.034)*
–0.112 (0.030)**
–0.118 (0.030)**
–0.115 (0.030)**
Other controls
Daily working hours in log
0.180 (0.033)**
0.180 (0.033)**
0.178 (0.033)**
0.175 (0.022)**
0.176 (0.022)**
0.177 (0.022)**
Weekly working hours in log
–0.599 (0.035)**
–0.598 (0.035)**
–0.596 (0.035)**
–0.605 (0.024)**
–0.604 (0.024)**
–0.602 (0.024)**
Self-employed
–0.016 (0.027)
–0.016 (0.027)
–0.017 (0.027)
0.069 (0.020)**
0.069 (0.020)**
0.069 (0.020)**
White collar
0.012 (0.018)
0.013 (0.018)
0.012 (0.018)
0.032 (0.012)**
0.032 (0.012)**
0.033 (0.012)**
Civil servant
0.015 (0.036)
0.015 (0.036)
0.014 (0.036)
0.062 (0.024)**
0.061 (0.024)**
0.062 (0.024)**
Firm size < 20
0.020 (0.016)
0.021 (0.016)
0.020 (0.016)
0.016 (0.010)
0.016 (0.010)
0.015 (0.010)
Firm size from 20 ≤ 200
–0.005 (0.013)
–0.005 (0.013)
–0.005 (0.013)
0.018 (0.008)**
0.019 (0.008)**
0.019 (0.008)**
Firm size from 200 ≤ 2000
–0.006 (0.013)
–0.006 (0.013)
–0.005 (0.013)
0.016 (0.008)*
0.016 (0.008)*
0.016 (0.008)*
Firm size unknown
–0.001 (0.023)
–0.000 (0.023)
0.000 (0.023)
0.027 (0.014)*
0.027 (0.014)**
0.027 (0.014)**
Other household income in log
–0.046 (0.005)**
–0.046 (0.005)**
–0.046 (0.005)**
–0.027 (0.003)**
–0.027 (0.003)**
–0.026 (0.003)**
Other hh income unknown or zero
0.111 (0.013)**
0.110 (0.013)**
0.111 (0.013)**
0.077 (0.008)**
0.077 (0.008)**
0.077 (0.008)**
Partner
–0.007 (0.025)
–0.009 (0.025)
–0.007 (0.025)
0.062 (0.009)**
0.061 (0.009)**
0.061 (0.009)**
Worker fixed effect
Yes
Yes
Yes
Yes
Yes
Yes
p-value (F-test start time)
0.065
0.021
0.198
0.012
0.040
0.952
Adjusted R2
0.925
0.966
0.925
0.921
0.921
0.921
No. observations
4,410
4,410
4,410
9,698
9,698
9,698
No. workers
2,831
2,831
2,831
6,016
6,016
6,016
Notes: Year, industrial sector and firm location controls are also included. Usual daily hours of work, contractual weekly hours of work, firm size is number of
workers.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively. Standard errors are in parentheses.

[2]

[1]

Table 4.2 Estimates of net hourly wage in log (in euros) by workers with and without children (SOEP 2004, 2006, 2008).
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wages in a competitive labour market. However, according to the job search theory
literature, distance is positively correlated to wages (see Manning, 2003). Excluding
weekly hours, the signs of the effect of start time on wage are the same for all
specifications, but the sizes of these effects are somewhat smaller than the ones
discussed above, so all effects are statistically insignificant. We find a negative effect
of weekly hours of work. A negative effect is also found in other German studies
(Dustmann and van Soest, 1998). Excluding any other variable than weekly hours
(including daily hours) generates almost identical results.
The welfare effects of a program that requires firms to stagger work hours (e.g. the
government may regulate the distribution of firms’ start times) are theoretically
unclear. The benefits of these programs (a reduction in external congestion costs) are
relatively easy to determine; for example, the external savings in commuting time by
starting at 9 a.m. instead of 8 a.m. (peak time) are estimated to be €2.45 per day.62
However, there is little or no information on the costs in terms of productivity losses
(or gains) and workers’ disutility, so that the net effect is unknown.
Our results imply a weak (or no) relationship between wages and start times, which
indicates that the start time of workers has relatively little effect on wages (and
therefore productivity and workers’ disutility) suggesting that staggered-hours
programs that induce workers to start work at non-peak times are welfare-enhancing
due to the reduction in external costs. This is in contrast to Arnott et al. (2005) who,
on theoretical grounds, conclude that it is better that governments do not interfere
with the work schedules of firms.
Now suppose that governments impose a staggering-work-hours program for some
industries or type of firms (e.g. large firms) and also impose that wages remain fixed
(which may be feasible in the short-run). For example, staggering can be done by
regulating the distribution of work start times of firms with at least 1,000 employees.

The latter estimate is based on an external congestion cost of €0.068 per km (see Small and Verhoef,
2007, p. 99) and a mean one-way commuting distance of 18 km. This estimate is likely a maximum as it
is based on the assumption that a commute for job starting at 9 a.m. does not induce any congestion.
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Alternatively, governments may stagger the work start times of civil servants.63 If one
believes the difference suggested by our results by type of worker, such programs
enhance the surplus of workers without children, but decrease the surplus of workers
with children, but induce opposite effects on the firms’ surpluses.64

4.3 Conclusion
Transport economists have been interested in workers’ work start time for many
years, as start (and therefore end) times are closely related to morning (afternoon)
peak congestion. Staggered-hours programs to mitigate congestion also affect
worker’s preferences and productivity, and are then an interesting policy tool. Little is
known about the effect of these programs on productivity and workers’ preferences
(Arnott, 2007). One (indirect) way to get more information about this is to estimate
the effect of start times on wages. In this chapter, we examined the effect of workers’
morning start (and end) times on wages for Germany.
Arnott (2007) emphasised that it is important in hedonic wage studies to control for
worker sorting based on unobserved variables. We take this issue into account by
estimating worker fixed-effects models. Wages are a slight inverse U-function of start
time, although some specification may imply that wages are constant when work
starts before peak time (7–8 a.m.) and only slightly lower after peak time. However,
wages are more likely U-shaped for workers with a child when work starts after peak
time.
It has been emphasised that staggering of work hours by governments in order to
mitigate congestion must be well designed in order not to reduce social welfare
(Arnott, 2005). The benefits of staggering work hours are clear (a reduction in
external congestion costs), but there is little or no information on the costs in terms of
productivity losses and workers’ disutility. Although our data does not allow us to
This is a second-best policy so that it is not clear a priori what happens at the peak period to trips
that are made for other purposes than commuting.
64 This suggests that these programs may enlarge the negative effect of having children on female’s
labour supply (see Chapter 2).
63
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distinguish between productivity and workers’ disutility effects of start times on wages
(since data on worker productivity is required), we still can speculate. Our results
imply that the start time of workers has relatively little effect on wages (and therefore
productivity and workers’ disutility) suggesting that staggered-hours programs that
induce workers to start work at non-peak hours, maybe even when introduced on a
large scale, may be beneficial. So, in this respect, we are slightly more optimistic than
Arnott et al. (2005) who recommend that governments should not use these
programs.

CHAPTER 5

WELFARE EFFECTS OF DISTORTIONARY
FRINGE BENEFITS TAXATION: THE CASE OF
EMPLOYER-PROVIDED CARS
5.1 Introduction 65
Many economists discuss the optimal setting of taxes. Labour market economists
spend much time analysing the effect of income taxation on welfare in the economy.
The majority of this research focuses on the distortionary effect of taxation of wages.
Although the supply of and demand for fringe benefits have received much attention
in economic textbooks (e.g. Ehrenberg and Smith, 2003), the effect of fringe benefits
taxation has received little attention in the recent empirical literature (one exception
is healthcare benefits in the US, see Gruber, 2001; Gruber and Lettau, 2004). This
lack of attention may be justifiable, since older studies found that the distortionary
effect of fringe benefits taxation is small (Turner, 1987). However, these studies
ignored the provision of cars by employers. Known as company cars, in Europe they
have become an important category of fringe benefits non-mandated by governments.
The main objective of the current study is to examine welfare effects of company car
taxation.
The large majority of the company cars are not used for business purposes (about 80
percent in our data set), so company cars are predominantly provided to workers for
private use. The employer pays for the user cost of the company car, including
insurance, repairs, taxes and, almost always, fuel consumption (Wuyts, 2009). Most
company cars are nowadays leased by the employer. Workers may then freely choose
the type of car given a maximum lease cost (e.g. €1,000 per month) and are required
to hold on to the company car for the length of the lease contract, which is typically
65 The present chapter is based on Gutiérrez-i-Puigarnau and van Ommeren (2011), forthcoming in
International Economic Review.
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three years. Whether a worker has a company car is mainly determined by the
employer’s company car policy (Tillema et al., 2008). For example, public
organisations typically do not offer company cars, whereas some private organisations
provide company cars to about 90 percent of their workforce.
Company cars are common in Europe. For example, in the Netherlands, which is the
focus of our analysis, about 1 in 10 employed workers have a company car (Statistics
Netherlands, 2003). About 15 to 20 percent of two-adult households have a company
car. Compared with other European countries, the Netherlands takes an average
position in this respect. In Belgium and the UK, company cars are more common
(Wuyts, 2009).
Company car taxation, which is an important topic in the political arena of European
countries (but also in Israel and New Zealand, among others), was already described
as distortionary in the 1980s (Ashworth and Dilnot, 1987). Nevertheless, we know of
no attempt to estimate the welfare effects of the taxation of this fringe benefit.
Economic theory is clear about the optimal taxation of fringe benefits (Clotfelter,
1983; Katz and Mankiw, 1985). A company car should be accounted for as worker’s
income and taxed according to the costs of providing the car net of the productivity
effect of the car’s expenditure.
Tax treatment of company cars is quite similar across European countries. A common
characteristic is that workers who use a company car avoid paying value added tax
(VAT) on the purchase price of the car, which they would have to pay as consumers.
In the Netherlands, VAT is 19 percent, which is non-negligible. Furthermore, in most
countries, fringe benefits taxation implies that the additional taxable income derived
from company cars is (about) proportional to the car’s purchase price. In the
Netherlands in the period up to 2008, 22 percent of the purchase price was added to
taxable annual income. For example, given a purchase price of €17,000, which is
about the average purchase price of a company car, taxable annual income increases
by €3,700. This is much less than the employer’s average cost of providing a company
car (about €8,700, see Appendix 5A.1). As a result of the value added tax advantage
and the fringe benefit tax advantage, company cars are provided to workers for
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private use at an implicit unit price that is about 30 percent below the car market
price (the derivation can be found in Appendix 5A; the exact percentage depends on
the workers’ marginal income tax rate).66 Because the large majority of company cars
are offered for purely consumption purposes, it is not so hard to see that in the
Netherlands, and similarly in other European countries, the tax system is far from
optimal.
Tax treatment of the provision of company cars to workers may affect welfare through
three behavioural reactions. First, it will induce households to demand a more
expensive car than if it were bought privately, so expenditure on cars is increased.
Second, it will induce workers with a company car to drive longer distances privately
(as the marginal monetary costs of private travel are zero). Third, it may induce
households to increase the number of cars. This third reaction will be ignored in the
current chapter.67 By ignoring the latter, our reported welfare loss is an
underestimate.
We identify the deadweight loss of distortionary company car taxation through
increased car expenditure by estimating the effect of company car possession on the
market value of the most expensive car in the household. This deadweight loss is
shown to be substantial and much larger than the welfare loss due to tax-induced
increases in private travel.
Our research fits within the literature that examines the welfare effects of car taxation.
For example, Craft and Schmidt (2005) examine the welfare effects associated with
car property taxes. Most car taxation studies, however, focus on the effects of gasoline
taxes (e.g. Bento et al., 2009). Our study is complementary to car demand studies
(Train and Winston, 2007; Bento et al., 2009) that estimate price elasticities of
demand. These studies show that the demand for cars is price elastic, suggesting that

Company cars are fully exempted from income tax when they are not privately used, except for
commuting purposes. The tax-induced price reduction is then 50 to 60 percent. Tax authorities suggest
that this applies to about one quarter of company cars.
67 The main reason is that we lack data to control for the possibility that the use of a company car for
business purposes increases worker’s productivity, which increases the demand for the number of cars
in the economy.
66
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the company cars’ tax-induced price reductions will have large negative effects on
welfare.68

5.2 The model
5.2.1 Theory
We assume a household with at least one car. Expenditure on this car exceeds
expenditure on any other car in the household. Following the hedonic price literature,
the car’s expenditure, px, is equal to the number of car units, x, which captures the
implicit market value of car’s hedonic characteristics (size, horsepower, etc) that are
bundled together in that particular car, multiplied by the implicit market price per
unit, p. The labour and car markets are perfectly competitive, and the car market has
a horizontal supply curve. Car costs and pre-tax prices (and prices of other goods) are
not affected by company car taxation. We do not consider market power by car
suppliers (see Berry et al., 1995; Verboven, 1996).
The household has a demand for car units x and one other composite good y (which
comprises all goods other than the most expensive car in the household), with a price
equal to 1. The household’s after-tax income is m(1− τ), where m is gross income and τ
is the income tax rate (τ > 0). The household maximises U(x, y) given
px + y = m(1 − τ ), so Ux/ Uy = p. The function x(p, m(1− τ)) is then the Marshallian car

unit demand function for the most expensive car in the household.
In the household there is one worker who considers alternative employment with an
employer that offers (company) car units, xc, as a fringe benefit and gross income, mc.
Each household receives maximally one company car. This assumption is empirically
justified: in our data set, only 0.5 percent of households have two company cars (DNB
– Dutch Central Bank, 1995–2006). Only 22 percent of employed workers with a
company car use it for business purposes and only half of them travel for more than

Cars are important consumption goods, so there is also a sizeable literature using car expenditure
data to measure diverse issues such as price discrimination, the permanent income hypothesis and
credit constraints (e.g. Bernanke, 1984; Goldberg, 1996; Attanasio et al., 2008).
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100 km per week (PAP– Dutch Car Panel Survey, 1990–1993). So, although the large
majority of workers receive a company car purely for consumption reasons, for some
workers productivity may increase when expenditure on company cars increases. For
example, salespersons may be able to increase their sales when driving a more
expensive car.69 Therefore, we allow for the possibility that the employer’s
productivity, R, is a positive function of the number of car units xc.70
The tax system allows employers to supply maximally one company car per worker,
which is assumed to be the most expensive car in the household. This assumption
holds in our data set for 99 percent of households. The tax system values each car unit
at a price H.71 The profit-maximising employer offers then mc and xc, such that

(

)

U x c U y = p − Rx c − τ p − H − Rx c , where the right-hand side of the equation can be

interpreted as the workers’ effective company car unit price (see similarly, Katz and
Mankiw, 1985). A non-distortionary tax treatment of company cars requires that the
consumption component, but not the productivity component, is taxed as labour
income. Consequently H = p – Rxc , where H refers to the car unit net costs, and

(

−τ p − H − Rx c

)

can be interpreted as the price reduction due to company car

(

(

)

taxation. So, x c p − Rx c − τ p − H − Rx c , m c ( 1 − τ )

)

is the Marshallian car unit

demand function for a company car. Our welfare analysis will be based on the
estimates of the difference between xc and x.
Company car taxation may also affect the household’s demand for private travel,

69 However, if this effect is through an increase in status then this will have no effect on productivity of
the economy, as status is a positional good (e.g. Hirsch, 1976; Frank, 1999), so its effect must be
ignored. Workers may enjoy luxurious cars during business trips, which may be a reason why
employers offer more expensive cars, but this refers to on-the-job consumption, and not to an increase
in productivity.
70 It is plausible that the company car’s business use increases productivity (independent of the number
of car units). For example, a salesperson with a company car may generate more sales. This will not
affect the choice of the number of car units but it will affect household car ownership. So, the estimated
effect of company car possession on household car ownership also captures any effect on productivity,
which prevents us from estimating the welfare effect of company car taxation through increased car
ownership.
71 Tax authorities use the purchase price of the car, and not car expenditure px (e.g. the annual lease
costs). We ignore this distinction here. In the welfare analysis in section 5.2.3, we do make the
distinction.
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which we ignored up to now. We assume that household utility is additive-separable
in private travel and other goods (including cars). This assumption allows us to
examine the welfare effects of company car taxation through increased car
expenditure and private travel separately.

5.2.2 Estimation of Marshallian car unit demand functions
We aim to estimate the demand for car units, x, which we treat as a single good. We
assume that:

xi = h ( pi ) + k ( M i ) + j ( si ) ,

(5.1)

where subscript i denotes household i; pi denotes the (implicit) car unit price faced by
household i;72 Mi is after-tax income; and si denotes (observed and unobserved)
variables that affect car unit demand (e.g. number of children) and h, k and j denote
functions. When household i has a company car, then pi = pc, where

(

)

p c = p − Rx c − τ p − H − Rx c , otherwise pi = p. The difference in car unit demand of a
household with or without a company car, ∆xi, is then:

(

)

∆x i = x ic − x i = ∆h + k M ic − k ( M i ) ,

(5.2)

where ∆h = h(pc) − h(p) is the difference in car units, given the difference in income.
When expenditure on company cars has no effect on productivity, so Rx c = 0, ∆h is
purely tax induced. This chapter aims to estimate the average tax-induced value of ∆h.

5.2.3 Welfare analysis
It is now possible to determine the welfare effect of the tax treatment of the company
car using (5.2). When income is given, consumer’s surplus is a reasonable

Any qualitative feature (e.g. the age or the interior design of the car) that affects the car unit price is
captured in pi.
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approximation of welfare (Varian, 1992, p. 167).73 Given a linear demand function and
a horizontal supply curve, the reduction in welfare, ∆W, can be measured by
1

2

∆h ∆p , where ∆p = pc – p. We identify ∆h by assuming that car expenditure px is

proportional to the car’s market value V, which we observe in our data set. So
px = α V , where α can be interpreted as the ratio of car expenditure and the market
value, so, conditional on income, ∆h = α∆V/p. Thus,
∆W = 1

2

|α ∆V ∆p / p |,

(5.3)

where ∆p/p can be interpreted as the price reduction for company cars induced by
taxation (in percentage terms). In our empirical application, we estimate ∆V. For
∆p/p and α, we use market averages.

5.3 Car expenditure analyses
5.3.1 The data
We aim to estimate the effect of company car possession on car expenditure of the
most expensive car in the household. Car expenditure is measured using the car’s
market value using two surveys. Our empirical analyses are mainly based on
information from the annual 1995–2006 DNB household panel survey of more than
5,000 observations. In this survey, 14 percent of the households use a company car,
which is consistent with other sources. We also use the 1990–1993 PAP survey that
includes almost 10,000 observations. This is a cross-section car survey that contains
information about business use of cars for a period of three months. This kind of
information is lacking in the DNB survey.
In all analyses, we employ samples of households which contain at least one full-time
employed adult and that possess at least one car (given an unconstrained choice of
cars, the statistical analysis becomes cumbersome, as the presence of a company car is
The welfare analysis relies on the assumption of competitive markets which may not hold in the
labour market, because employers may have monopsonistic power. The results by Zax (1988) suggest
that monopsony has little effect on the welfare effects of fringe benefits taxation, so this will be ignored.
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then endogenous). There are two reasons why it is not problematic to use the selective
sample. First, in the population of households with full-time employed adults, only 6
percent of households do not own a car. Therefore, the non-selected sample is rather
small. Second, workers of households without a car hardly ever belong to the group of
workers who may receive a company car from their employer. For example, workers
with a company car have a higher income than those without any car (Statistics
Netherlands, 2000). To facilitate the interpretation of our results, we also exclude a
few observations referring to households that have two company cars.

5.3.2 DNB survey
In our empirical application, the value of the most expensive car in the household is
the dependent variable. In the DNB survey, the car value is the market value as
reported by the respondent, who is usually the head of the household.74 For company
cars, only the purchase price is reported. We use the latter price and the average age
of company cars, which is 1.5 years, to estimate the market value using the
assumption that company and private cars depreciate at the same rate.75 The
depreciation rate can be derived from the survey, as for private cars less than three
years old, both the purchase price and the market value were reported.
Table 5.1 provides information about the descriptive statistics for the value of the
most expensive car, showing that in households with company cars, the mean value is
about €10,000 higher than in other households. When the households’ most
expensive car is a private car, the mean value is €8,964; when it is a company car, the
mean value is €19,195, so 114 percent higher than for private cars. The difference in
median values is the same, but the median value of the company car is as much as 142
percent higher. These are economically meaningful differences.
This value may exceed the sale’s value in the second-hand market as owners of cars usually attach a
higher value to their cars than other consumers. For example, if the survey asks a respondent about the
value of her car which was bought only the day before, it is likely that the respondent will report the
purchase price, and not the much lower second-hand sale price (Murray and Sarantis, 1999).
75
More expensive cars depreciate at a higher rate. So, it is plausible that in the empirical analysis we
underestimate the effect of company car on car expenditure, and welfare estimates are therefore
conservative.
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Table 5.1 Sample averages.
Car Value
(1995–2006 DNB)
mean median s.d.
Whole
sample
Company car
No company
car
No. obs.

Commuting Distance
Weekend Private
(2001–2006 DNB)
Travel (1996 NTS)
mean median s.d. mean median s.d.

Workdays Private
Travel (1996 NTS)
mean median s.d.

10,947

9,076

8,595

46.4

30

47.2

37.3

16

54.1

10.0

0

26.3

19,195

17,561

8,610

82.8

64

67.4

42.2

20

57.5

10.3

0

28.3

8,964

7,260

7,317

39.9

30

39.8

36.0

16

53.1

9.9

0

25.8

4,890
6,226
5,602
13,899
Notes: Car value is the market value of the most expensive car in the household in euros; commuting and
domestic private travel (excluding commuting) in km per day.

We estimate linear as well as log-linear specifications. We use a large number of timevarying control variables, including number of children, household income,
population density in the municipality of residence, head of household’s employment
status, head’s working hours per week, current head’s job duration, and total
employment duration in the labour market (both in years). Further, we control for
year and 12 region dummies. We estimate specifications without household fixed
effects (OLS) and with household fixed effects (FE).76 By controlling for household
effects, which capture time-invariant unobserved car preferences of households and
by including many time-varying demand variables, such as income and children, we
avoid arguments that households with high tastes for cars sort themselves into jobs
with company cars.
However, one may argue that the presence of time-varying unobserved demand
variables creates an estimation bias. This argument is not so convincing, also not on
empirical grounds, because if unobserved car preferences play an important role, then
one expects that the use of time-varying control variables and fixed effects would
result in a much lower estimate than implied by analyses without any controls, which
we do not find for any specification: the OLS without controls and FE estimates with
controls imply almost identical effects.
Nevertheless, we also estimate models where we instrument (IV) possession of a
company car. We use two estimation procedures which are both based on the idea

76 When we do not control for household fixed effects, we also control for the head’s age and education
(note that given year dummies and household fixed effects, the head’s age is not identified).

Car Value

[2]

[3]
Car Value (Log)

[4]

OLS
FE
OLS
FE
Company car
10,807** (294)
11,137** (734)
1.108** (0.032)
0.961** (0.075)
1 Child
84.636 (359)
–345.7
(590)
–0.087** (0.039)
–0.090 (0.060)
2 Children
–131.1
(341)
1,810** (764)
–0.055 (0.037)
0.135* (0.078)
Children ≥ 3
–1,528** (402)
–6,099** (1,173)
–0.290** (0.044)
–0.462** (0.119)
Net household income in log
2,686** (253)
899.3**
(253)
0.311** (0.028)
0.048* (0.026)
Head permanently employed
(568)
335.5
(489)
–109.5
–0.079 (0.054)
0.001 (0.057)
Head working hours
–65.52 (89)
204.4**
(96)
–0.004 (0.010)
0.015 (0.010)
Head working hours squared/100
42.91 (166)
–506.0
(186)
–0.005** (0.018)
–0.044** (0.019)
Head working hours unknown
–463.5
(1,292)
–669.7
(1,388)
–0.015 (0.142)
–0.462** (0.141)
Head job duration
125.0**
(41)
9.404 (65)
0.015** (0.005)
0.009 (0.007)
Head job duration squared/10
–27.51** (11)
6.968 (18)
–0.002** (0.001)
–0.002 (0.002)
Head job duration unknown
–96.80 (1,052)
2,131* (1,144)
0.198* (0.116)
0.511** (0.116)
Head employment duration
–47.87 (42)
–87.89
(55)
–0.003 (0.005)
–0.017** (0.006)
Head employment duration squared/10
20.37** (8.931)
24.82** (12)
0.002** (0.001)
0.005** (0.001)
**
Two-earner household
–22.21 (259)
–1,095 (504)
–0.001 (0.028)
–0.055 (0.051)
Head female
969.9
(1,201)
–0.012 (0.132)
Head female works full-time
–1,064 (1,495)
4,171 (4,448)
0.048 (0.164)
0.717 (0.453)
Head age
23.397 (20)
–0.002 (0.002)
Head elementary and high school
106.2
(350)
0.072* (0.038)
Head vocational training
428.9
(341)
0.055 (0.037)
Head polytechnic college
1,070** (275)
0.137** (0.030)
Head education unknown
3,227** (978)
0.399** (0.107)
Constant
–23,871** (3,326)
4.835** (0.366)
Adjusted R2
0.28
0.74
0.26
0.77
No. observations
4,890
4,890
4,890
4,890
No. households
1,081
1,081
1,081
1,081
Notes: Year dummies, 12 residence region and residence municipality density controls are also included. Car value is the most expensive car in the household in
euros. Working hours are per week according to contract, current head’s job duration in years, and employment duration in the labour market in years. The
reference category for head’s education is ‘university’.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively. Standard errors are in parentheses.

[1]

Table 5.2 Marginal effects on the value of the most expensive car in the household (1995–2006 DNB).
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that the type of sector is a valid instrument as it strongly determines the supply of
company cars for reasons unrelated to the demand for car units by employees. In
particular, in industries where cars are used during business hours, it is more
economical to provide company cars. In the first procedure, we use only public sector
as an instrument. Our assumption which validates this procedure is that the public
sector strongly differs in its supply of company cars for reasons that are unrelated to
the demand for car units by employees. For example, according to theory, public
sector organisations are not willing to offer company cars, because the external effect
of the tax treatment of company cars (the reduction in taxes paid to the tax
authorities) is internalised by these organisations. Another reason may be that
company cars are usually seen as environmentally unfriendly. In our data, the number
of employees who move between sectors and for whom changes in the presence of
company cars is observed is almost negligible, which precludes the use of FE when
instrumenting the company car, so we estimate random-effects (RE) models.
Our main finding is that the possession of a company car strongly increases the value
of the (most expensive) car in the household.77 The OLS and FE estimates are almost
identical. Given FE, the linear specification generates an increase in the value of a car,
∆V, of €11,137, whereas the log-linear specification implies an increase of 0.96, so of
67 percent (see Table 5.2). The 95 percent confidence intervals of these estimates are
not too wide: from €9,669 to €12,605, and from 0.81 to 1.11 in logarithm, respectively.
As possession of a company car implies a price reduction of about 30 percent for most
company car drivers, the implicit price elasticity of demand is about –2. This elasticity
holds for the most expensive car in the household. The magnitude of this elasticity is
higher than the magnitude suggested by older studies, which is about unity (Hess,
1977; McCarthy, 1996), but fully in line with recent studies. For example, Bento et al.
(2009) report an elasticity of –1.97 for new cars. Train and Winston (2007) find

When a worker receives a company car, there may be an income and a substitution effect on car
demand. Given a competitive labour market, the income effect of providing a company car is absent (as
employers that offer company cars reduce wages) suggesting that we predominantly identify the
substitution effect induced by company car taxation.
77
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elasticities ranging from –1.7 to –3.2.78
The OLS and FE estimates imply effects of company car that are very similar to the
effects indicated by the descriptive statistics, which implies that the results are
extremely robust to the inclusion of control variables and fixed effects. We conduct
several other analyses to evaluate the sensitivity of the reported effect. The effect of
household income on car demand may be non-linear, so we add the square (and also
the cube) of income in log as controls, but find that the results remain the same.
Furthermore, we re-estimate the models adding a control for the head’s commuting
distance. This may be useful because workers with company cars have a longer
commute (as shown later on), and the demand for travel may be correlated with the
car’s market value. We find that the effect of the company car remains the same when
controlling for distance.79
The estimate of the IV-RE model for the effects of company car is somewhat below the
results presented above, but essentially the same results are obtained (see columns [1]
and [3] of Table 5.3).80 In the second procedure, we estimate the same model using
the type of sector of employment as an instrument (and not only the public sector)
and obtain almost identical results (see columns [2] and [4]). Summarising, using FE
or IV-RE estimators generates almost the same results as standard regression analysis
indicating that unobserved household preferences play only a minor role.
We also re-estimate the models by splitting the sample into low-income (2/3 of the
sample) and high-income households (the remaining 1/3).81 Splitting the sample may
be useful, because the marginal income tax rate increases with income and the
elasticity of car demand may differ by income. For both samples we get roughly the

Note that these studies identify the elasticity explicitly (and not implicitly) using information on
different car models, so their approach is entirely different than our approach. One important
difference is that our approach (similar to hedonic price studies) does not make any assumptions
regarding the distribution of unobserved quality of cars.
79 We are not able to control for other private kilometres travelled as these are unobserved in this data
set. However, this is less relevant as private travel (other than commuting) is about the same for
households with and without a company car, as shown later on.
80 The first step results of the IV procedures can be found in Table 5B.1; the instrument is strong with
an F-value that exceeds 150.
81 Low-income households are less likely than high-income households to have a company car, so we
have chosen a larger sample for the former group.
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Car Value

[2]

[3]
Car Value (Log)

[4]

IV(1)-RE
IV(2)-FE
IV(1)-RE
IV(2)-RE
Company car
10,581** (913.0)
9,565** (858.6)
0.863** (0.109)
0.813** (0.102)
1 Child
656.9**
(304.6)
766.4**
(309.0)
0.041 (0.036)
0.049 (0.037)
**
2 Children
714.2
(365.0)
798.4**
(370.4)
0.072 (0.044)
0.079** (0.045)
Children ≥ 3
–2,293** (487.0)
–2,254** (492.7)
–0.250** (0.060)
–0.249** (0.060)
Net household income in log
159.1
(144.7)
230.1
(146.1)
0.004 (0.017)
0.007 (0.017)
Head permanently employed
–388.8
(540.1)
–399.9
(514.4)
0.038 (0.060)
0.032 (0.061)
Head working hours
421.3**
(89.89)
381.9**
(90.56)
0.036** (0.011)
0.034** (0.011)
Head working hours squared/100
–8.139** (1.724)
–7.242** (1.728)
–0.073** (0.020)
–0.069** (0.020)
Head working hours unknown
–1,874 (1,239)
–1,861 (1,262)
–0.341** (0.146)
–0.339** (0.148)
Head job duration
89.81** (37.20)
75.49** (37.53)
0.859* (0.441)
0.792* (0.443)
Head job duration squared/10
1.425 (0.966)
1.578 (0.981)
0.159 (0.114)
0.164 (0.116)
Head job duration unknown
6,991** (1,228)
6,393** (1,238)
1.109** (0.145)
1.080** (0.146)
Head employment duration
–30.97
(30.48)
–30.40
(31.04)
–0.002 (0.004)
–0.002 (0.004)
Head employment duration squared/10
1.339** (0.671)
1.284* (0.684)
0.014* (0.008)
0.013 (0.008)
Two-earner household
215.9
(238.8)
215.7
(242.6)
0.008 (0.28)
0.005 (0.29)
Head female
–3,301* (1,816)
–3,484* (1,831)
–0.356 (0.229)
–0.386 (0.231)
Head female works full-time
5,402** (1,843)
4,290** (1,855)
0.585** (0.226)
0.529** (0.227)
**
**
**
Head age
–73.71
(22.08)
–74.56
(22.21)
–0.009 (0.003)
–0.009** (0.003)
Head elementary and high school
–1,028** (354.7)
–1,013** (360.1)
–0.094** (0.043)
–0.091** (0.043)
Head vocational training
–2,437** (300.5)
–2,443** (305.3)
–0.322** (0.036)
–0.321** (0.036)
Head polytechnic college
–337.2
(302.5)
–327.0
(306.8)
0.088** (0.036)
0.089** (0.037)
Head education unknown
4,136** (778.7)
3,962** (790.7)
0.420** (0.093)
0.408** (0.094)
Constant
–960.7**
(2,380)
–11,030** (2,973)
7.845** (0.288)
7.845** (0.291)
No. observations
4,890
4,890
4,890
4,890
No. households
1,081
1,081
1,081
1,081
Notes: Year dummies, 12 residence region and residence municipality density controls are also included. Car value is the most expensive car in the household in
euros. Working hours are per week according to contract, current head’s job duration in years, and employment duration in the labour market in years. The
reference category for head’s education is ‘university’.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively. Standard errors are in parentheses. Company car
possession is instrumented using the first step of Table 5B.1.

[1]

Table 5.3 Marginal effects on the value of the most expensive car in the household: IV regression (1995–2006 DNB).
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same results. For high-income households, the effect of the company car is €11,462
(s.e. €1,038), whereas for low income households, the estimate is slightly lower and
equal to €10,487 (s.e. €1,116). The difference between these estimates is, however,
statistically insignificant (€975 with an s.e. of €1,524).
Finally, we estimate the effect of company car possession on a different dependent
variable. One may criticise our dependent variable (car market value), as our
assumption that car expenditure is proportional to the market value (px = αV) may
not hold.82 We therefore estimate the effect of company car possession on the total
annual variable expenditure of the most expensive car in the household (in terms of
depreciation, repair, and insurance costs).83 Given that individuals spend more on
new cars, and company cars are almost always new cars, annual costs of car
ownership are expected to increase. The effect of the company car is €3,561 (s.e.
€955), see Table 5B.2. Using a value of 0.40 for the ratio of annual car expenditure
and market value α (see Appendix 5A for details), car expenditure seems to be
proportional to the market value.

5.3.3 PAP survey
We also employ the PAP car survey, which gives us information about business use of
(company and private) cars during a period of three months. This may be relevant,
because a higher expenditure on company cars that are used for business may
increase productivity of the worker, so we aim to control for business use. We show
results for the 1990–1993 PAP, so the time period of sampling differs from the DNB
survey, which starts in 1995. This difference is essential because leasing has strongly

82 Company cars are typically lease cars, and therefore typically new cars with a high market value not
just because their quality but also because of the expected remaining life time.
83 We calculate total annual costs for a representative car, so controlling for type of car, kilometers
driven and price of fuel. Depreciation costs (depreciation of the car times the purchase value of the car)
are the largest of the total annual costs; on average, these costs account for about 85 percent of total
annual costs, followed by insurance costs, which account for about 13 percent of total annual costs.
Depreciation costs decrease with the age of the car (the older the car gets, the slower the decrease in its
value), whereas repair as well as insurance costs increase with the age of the car. Cars younger than
three years however have no repair costs, as these are covered by the guarantee within this time period.

Welfare Effects of Distortionary Company Car Taxation

89

increased during the 90s (Wilmink et al., 2002).84 Presumably, the development of a
large competitive leasing market has made the supply of company cars more efficient
(in terms of costs, but also in terms of the range of cars provided by the employer).
This suggests that workers are more capable of making use of the tax advantage
associated with company cars, implying larger welfare losses with the DNB than with
the PAP survey.85
In the Netherlands, cars are required by law to be registered. The PAP survey is based
on a data set of random draws from number-plate car registrations by the Dutch
Statistical Office. A company car is registered not by the driver but by a firm: either a
lease company or the driver’s employer. The driver of the car is interviewed by
telephone who, in the case of company cars, can only be contacted if the firm that has
registered the car cooperates by providing the telephone number of the driver (Korver
and Vanderschuren, 1995). This may create a selection in the sample of company cars,
because lease companies and employers may differ in their inclination to provide the
names of the drivers of their cars. Indeed, in our data set, lease cars are
underrepresented by about one third (18 percent instead of 27 percent of company
cars), which seems acceptable.
The survey also contains information about the number of cars in the household. This
is useful as, in car surveys, households with more cars are overrepresented. Hence, we
use weights to make the sample representative for a sample of households (estimates
without weighting provide almost identical results). In the analysis, we control for
business use using a dummy variable indicating whether the car is used for business
and also control for the number of business kilometres using a quadratic specification.
Information on the market value of the car is provided in eight categories, but there is

The proportion of company cars has been rather stable over the last 20 years (from about 10 percent
in 1985 to about 12 percent nowadays). Car leasing was introduced in 1986, but was still relatively
unimportant in 1990−1993 (27 percent of company cars), whereas in the period 1995−2005 the
majority of company cars were leased (70 percent of company cars). Car leasing directly to consumers
(and not through employers) is extremely uncommon in the Netherlands. By comparison, in the US,
about 30 percent of private cars are leased directly to consumers (Mannering et al., 2002).
85 During 1990–1993, small firms were less likely to lease (Wilmink et al., 2002). Small firms’ workers
have lower wages and lower income tax rates, which provides another reason why the tax-induced
welfare effect is smaller using the PAP.
84
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no information about the value of other cars in the household (values are given in
euros for 2001, using a car price deflator). So, the value of the most expensive car in
the household is unknown when there is more than one car in the household. In this
case, we only know that the value of the most expensive car is higher than or equal to
the value of the car that is in the sample. Hence, we estimate a (grouped) regression
model, where we (left) censor the value of the car in case of multiple car ownership.
Another issue is that the value of the car provided by the respondent is not the current
market value, but the original purchase price at the moment of the purchase (on
average about three years before the interview date). Therefore, we control for the
(logarithm of the) time spell of owning this car (however, the mean difference in the
time spell of owning the car between company and private cars is less than five
months, so this control variable turns out to be not essential for our results).
In this survey, we are not able to control for unobserved household preferences by
means of household fixed effects, as the survey is a cross-section, so the effect of the
company car may be biased. For this reason, we also focus on the self-employed. A
difference with employed workers is that all self-employed have the option to make
use of company car tax advantages. Given the assumption that employed workers and
the self-employed do not differ in their preferences for cars, the chosen market value
of the (most expensive) car in the household must be the same for the self-employed
as for the employed workers with a company car. So if we find that the effect of having
a company car and the effect of ‘being self-employed’ on the market value of the (most
expensive) car are the same, then it is unlikely that sorting on unobserved variables
plays a large role in our estimates.
Table 5.4 shows the effect of company car possession on the value of the (most
expensive) car in the household, given both a linear and a log-linear specification.86
We first discuss the results for a sample of employed workers (see columns 1, 2, 4 and
5). When we do not control for business use, we find that increased car value for
company cars, ∆V, is, respectively, €7,112 and 0.65 in logarithm. When we control for

86 We present the results for the years from 1990 to 1993. Before 1990, the survey lacks information
about some controls. Estimates based on the years from 1986 to 1993 using fewer controls show a
slightly higher effect.
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Table 5.4 Effects on the value of the most expensive car in the household (1990–1993 PAP): grouped
regression.
[1]

[2]
Car Value

[3]

[4]

[5]
[6]
Car Value (Log)
Employees +
Employees +
Variables
Employees
Employees
Employees
Employees
self-employed
self-employed
Company car
7,112**
3,933**
0.654**
0.255**
(590)
(616)
(0.064)
(0.067)
Company car ×
3,589**
0.333**
employee
(635)
(0.067)
Self-employed
3,502**
0.283**
(253)
(0.027)
Car used for
366.3
–46.83
0.046
0.012
business
(250)
(232)
(0.028)
(0.025)
Business km ×
915.2**
1,218**
0. 088**
0.108**
10–3
(143)
(112)
(0.016)
(0.012)
Business km
–276.5
–724.4**
–0.032
–0.064**
square × 10–6
(279)
(199)
(0.028)
(0.020)
Car own. time
–49.24**
–50.19**
–54.80**
–0.004*
–0.004**
–0.004**
spell/10
(20)
(20)
(19)
(0.002)
(0.002)
(0.002)
Income in log
2,335**
1,918**
2,510**
0.266**
0.224**
0.275**
(198)
(197)
(183)
(0.022)
(0.022)
(0.020)
Income
1,889**
1,796**
1,962**
0.183**
0.174**
0.193**
unknown
(256)
(251)
(236)
(0.028)
(0.028)
(0.025)
Weekly hours
113.0
42.53
0.021
0.014
> 38
(223)
(219)
(0.025)
(0.024)
Female
781.3**
825.1*
895.7**
0.103**
0.107**
0.110**
(218)
(214)
(196)
(0.024)
(0.024)
(0.021)
Age 25–30
–377.3
–325.2
–640.3*
0.031
0.034
0.012
(350)
(343)
(350)
(0.039)
(0.039)
(0.038)
Age 30–40
–294.6
–297.7
–594.6*
0.045
0.041
0.024
(327)
(321)
(325)
(0.037)
(0.036)
(0.036)
Age 40–50
1,061**
971.6**
751.1**
0.198**
0.187**
0.172**
(336)
(329)
(331)
(0.038)
(0.037)
(0.036)
Age 50–60
2,268**
2,200**
1,895**
0.329**
0.321**
0.296**
(369)
(361)
(359)
(0.041)
(0.041)
(0.039)
Age 60–65
3,453**
3,518**
2,577**
0.429**
0.433**
0.338**
(857)
(840)
(654)
(0.093)
(0.092)
(0.070)
Age >65
3,218
3,475
1,850**
0.333
0.356
0.257**
(2,331)
(2,281)
(954)
(0.253)
(0.249)
(0.102)
Constant
–13,344**
–9,495**
–15,252**
6.867**
7.252**
6.762**
(1,987)
(1,974)
(1,880)
(0.221)
(0.221)
(0.204)
Wald-statistic (p-value)
0.366
0.527
Log likelihood
–12,739
–12,597
–14,481
–12,844
–12,738
–14,524
No. obs.
8,203
8,203
9,593
8,203
8,203
9,593
Notes: Year dummies, 12 residence province and 12 work province controls are also included. Car value is the
most expensive car in the household in euros. Car ownership time spell is in years in logarithm. The reference
category for age is ‘18–25’. The Wald statistic tests whether the effect of self-employed and the interaction
effect of the company car and the employee are equal to each other.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Standard errors are in parentheses.
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business use, the increase in car value for company cars is, respectively, €3,933 and
0.25 in logarithm. We emphasise that the latter estimate, although still substantial, is
likely to be an underestimate, as it is plausible that employed workers who use a car
for business prefer more valuable cars during working hours for consumption and
status reasons which is captured by business use.
The results for a sample of employed workers and self-employed are also given in
Table 5.4. For both the linear and the log-linear specification, the effect of the
company car (for employed workers) and the effect of the self-employed are about the
same, and the implied restriction that these effects are exactly the same is not rejected
(the p-values of a Wald test are 0.366 and 0.527, respectively). This provides evidence
that the effects of the company car as reported for employed workers can be
interpreted as causal, and are not due to sorting.

5.4 Welfare effects through
changes in car expenditure
To examine the welfare effects of company car tax distortion, we use (5.3), a taxinduced price reduction of 30 percent (∆p/p = 0.30) and a value of 0.40 for the ratio
of annual car expenditure and market value α. This implies that ∆W = 0.06 ∆V, where
∆W measures the annual deadweight loss per company car, and ∆V the tax-induced
increase in the market value of the most expensive car in the household.
Using the DNB survey estimates, ∆V is about €11,000. The 1990–1993 PAP survey
estimates are between €4,000 and €7,000, but the higher value has been argued to be
more accurate. Furthermore, it is likely an underestimate of the current value for ∆V
in which we are more interested. For our welfare analysis, we suppose for now that ∆V
equals €10,000, implying that the annual deadweight loss per company car equals
€600. In the Netherlands, there are 795,000 company cars (RDC, 2002), so the
annual deadweight loss of distortionary company car taxation through increased
household car unit demand is about €480 million. Clearly, the deadweight loss of
distortionary company car taxation is sizeable.
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The welfare loss of €600 per company car is our preferred point estimate, but it is
also useful to consider the plausible range of the deadweight loss, because the loss
depends on the marginal income tax rate, and because the exact value of ∆V is
unknown.87 Using a low value of the tax advantage (28.5 instead of 30 percent) and an
extremely low value of ∆V (€4,000, which is the lowest PAP estimate), the loss per
company car is €228, which is still a sizeable figure. Using a high value of the tax
advantage (33.5 percent) and of ∆V (€13,000, which is the DNB point estimate plus 2
times the standard error of the estimate), the deadweight loss is €871. We will now
consider levels of price reduction other than 30 percent. Note that this will affect the
value ∆V, which depends on the worker’s price elasticity of demand. We use the
(implicit) elasticity of –2 implied by the DNB estimate (see section 5.3.2).
For the group of company car drivers who do not pay any tax (those who do not use
the company car privately, except for commuting), the implicit price reduction is 50
percent, so 20 percent higher than for the calculations discussed above. These drivers
choose a company car that is even 40 percent more expensive, so ∆V equals €14,000.
Using (5.3), the loss is then close to €1,400. In 2008, the income tax rate on the
company car’s value was slightly increased, so the price reduction induced by taxation
decreased. To be more precise, ∆p/p decreased from 30 to 28 percent, so by about 2
percent (so ∆V decreased to €9,600). The welfare loss is then €538 per company car,
so about €62 less than before 2008.
In 2009, the tax on the company car’s value was reduced for a small set of energyefficient company cars (such as Smart Toyota Prius, Honda Civic). For these cars,
∆p/p increased from 30 to 38 percent, so by about 8 percent of the car price. If a
household would anyway choose a company car from this set, then an additional loss
of about €282 per company car is incurred because the household would choose a
more valuable car from this set.88 The welfare gain associated with a reduction in
energy externalities will only exceed this loss if one accepts extreme external effects of
We also consider non-linear demand functions, because the functional form is not identified.
Assuming a logarithmic demand function and using the estimate of the company car on the log of the
car's value, we obtain a deadweight loss of €892. So, our results assuming a linear demand function are
conservative.
88 ∆V is then €11,600, implying a loss of €882 so that the additional loss is €282 (€882 – €600).
87
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CO2 emission, as most estimates are far below €282 per car.89 However, if this policy
stimulates workers to demand cheaper cars (which is possible because the choice set
of these energy-efficient cars is limited), then this energy-friendly tax policy will be
welfare-improving through a decrease in car overconsumption and through a decrease
in CO2 externalities.

5.5 Welfare effects: sensitivity
analyses
One objection to our analysis may be that employers who lease a large number of cars
receive bulk discounts. Bulk discounts are typically less than 10 percent, but precise
figures are unknown to us. If we assume that employers provide company cars at an
average reduction of 5 percent (and that these reductions are due to a reduction in
transaction cost and not due to market power), then the welfare loss due to the tax
distortion is about €540 (instead of €600), so essentially the same result is obtained.
In our calculation of welfare effects, we assumed a world in which company car
taxation is the sole tax distortion in the economy and ignored negative externalities
related to car size, which are known to be substantial (White, 2004). So, a priori, our
estimates may be upward or downward biased. Car taxes entail taxes on purchase, use
and fuel. The aggregate revenues from these taxes are considerable, so, in principle,
they cannot be ignored.90 Arguably, fuel and user taxes may be justified as secondbest instruments to finance road maintenance costs, to address congestion and other
externalities associated with fuel consumption (Vickrey, 1963; Small and Bento, 2005;

89 Parry et al. (2007) conclude that the annual external CO costs are about €30 to €360 per car. Meta2
analyses suggest a value of €60. If we accept the latter estimate, and assume that energy consumption
is reduced to zero, then the reduction in externalities is only €60. Only if one accepts a higher estimate
(e.g. €360), and the reduction in energy use is substantial, then this policy may be (just) welfareimproving.
90 The labour supply effect of fringe benefits taxation may be important (Parry and Bento, 2001), but
this occurs mainly through variation in female labour market participation. We ignore this issue
because few females with part-time jobs, who are most likely to leave the labour market, have a
company car (about 0.5 percent in our data set).
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de Palma et al., 2006; Small and Verhoef, 2007).91 However, this is less plausible for
purchase taxes, which apply to new-car purchases.
During the period of observation, apart from a fixed purchase subsidy of €1,540, the
marginal purchase tax was (maximally) 45.2 percent on the pre-tax sales price of the
car manufacturer, which corresponds to a marginal purchase tax of 31 percent of the
(after-tax) price faced by the consumer and used above. About 40 percent of the
overall car expenses relate to the purchase of the car, so the purchase tax
disadvantage in terms of overall expenses is 12 percent (0.40 × 0.31), which is
substantially less than the 30 percent tax advantage obtained from the provision of a
company car. When the marginal purchase tax is fully distortionary (and ignoring
negative externalities related to car size), the net company car tax advantage is 18
percent (rather than the 30 percent used above). Therefore, our results are
qualitatively robust with respect to the presence of distortionary purchase car taxes,
although it suggests that the above-mentioned deadweight loss is an overestimate.
However, purchase taxes are not fully distortionary: purchase taxes address a number
of negative car externalities, because the market value of a car is strongly related to its
size. In particular, car size is related to accident externalities (larger cars cause more
damage to others) and parking externalities (larger cars need more space that is
usually provided for free), see Parry et al. (2007), Lemp and Kockelman (2008). Both
externalities are, in principle, the result of a combination of car use and car size, and
are therefore not, or hardly, captured by fuel taxes. Importantly, these externalities
are closely related to car expenditure. A recent study in the literature concludes that
“regardless of how the [external] costs are estimated, they are considerable in
magnitude, and nearly on par with vehicle purchase prices”, see Lemp and
Kockelman (2008).
Company cars are 18 percent larger in weight (we have calculated this using the PAP
survey) and therefore about 18 percent larger in size.92 Average annual parking costs
Company cars are slightly more fuel-efficient, conditional on car size (Korver and Vanderschuren,
1995), which suggests that there may be positive externalities, but this is less likely, unconditional on
size. The latter is the relevant measure because company cars are much larger, and larger cars are
usually less fuel-efficient.
91
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are about €2,250 per car.93 Assuming that parking space and car size are
proportional, the tax-induced annual costs of parking are €405 per company car (18
percent of €2,250), so 4.7 percent of its average annual cost.94 Average annual car
accident externalities are about €342 per company car (implied by studies such as
Parry et al., 2007). Car weight and accidents externalities are usually thought to be
proportional, so about €58 will be tax induced because of an increase in accident
externalities (18 percent of €320).95 It is more difficult to provide a precise estimate of
other external costs induced by the size of company cars. Congestion externalities
related to car size have not been empirically quantified but are likely substantial
within cities, because larger cars are more likely to block streets, and reduce the
‘green time’ at signalized intersections (Lemp and Kockelman, 2008). For
convenience, we assume that these additional costs are only €62 per year, 0.6 percent
of the average annual cost of company car. Hence, the net company car tax advantage
is 24 percent (rather than the 30 percent assumed above). Given a net company car
tax advantage of 24 percent, the deadweight loss per company car is €422, about 30
percent less than the €600 estimate discussed in the previous section (which ignores
other tax distortion and externalities of car size). We will consider the €422 estimate
as our most conservative estimate. Note however that when the purchase tax is
abolished (which is likely to occur in 2016), €600 will be an underestimate of the
deadweight loss (because it ignores externalities of car size).
If we use total annual variable expenditure of the most expensive car in the household
instead of car’s market value, then the welfare loss due to the tax distortion is about
€540, where ∆V is about €3,600. Hence, about the same result is obtained.

We have examined the relationship between weight and size for several car models, and it turns out
that weight and size are roughly proportional, as the variation in the height of cars is small.
93 Per car there are at least 3 parking spaces. Van Ommeren and Wentink (2010) show that the average
parking costs for the employer are €750 per year in the Netherlands. On-street parking costs have
estimated to be of the same order of magnitude (Van Ommeren et al., 2009). In the US, parking supply
is strongly oversupplied through minimum parking requirements, which reduces parking prices. This
may explain why US studies (such as Lemp and Kockelman, 2008) report low parking prices.
94 This calculation ignores any additional parking costs through increased employer parking demand
because of increased car use or any other increases in parking space demand due to increased car
ownership. It also ignores that larger cars induce larger standardised parking places, which increases
the externality as smaller cars occupy also more land.
95 This excludes the additional car accident externalities because of longer distances travelled.
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5.6 Welfare effects through
changes in travel behaviour
Company car taxation may increase private travel, because private use of the company
car is not taxed, which provides an incentive for the employer to fully subsidise
private travel. The monetary costs of private travel, about €0.15 per km, are almost
always fully paid by the employer. These include fuel consumption as almost all
company car users receive a fuel card for domestic private use (Wuyts, 2009). Time
costs of travel are not directly affected by tax facilities, so our welfare analysis is based
on travel distance (which reflects monetary costs) and not on travel time. We
distinguish between effects on (i) commuting distance; (ii) private travel for car trips
on workdays (excluding commuting); and (iii) private travel for car trips during
weekends (including few other nonworking days). We use two surveys to estimate
these effects.
To analyse the effect on commuting distance, we use the DNB panel survey. To
analyse the effect on private travel (excluding commuting), we use the 1996 NTS
survey, which is a (cross-section) national travel survey based on travel behaviour of
all members in the household for one day (excluding foreign travel). This survey does
not provide information about which member drives the company car. We solve this
issue by noting that 80 percent of the company cars are used by males (Statistics
Netherlands, 2003). Hence, we analyse the effect of company car on male workers’
travel behaviour. The survey contains about 5,600 observations on weekend travel
and 13,900 on workdays travel.
The descriptive statistics (see Table 5.1) imply that on workdays workers hardly drive
privately: on average, only 10 km per day. Further, they indicate that on workdays,
there is no difference in the extent of private travel between drivers with and without
company cars. This makes sense as, given the time involved in work and commuting,
there is little time left for additional private travel. However, during weekends,
workers drive, on average, about 36 km per day and drivers with a company car drive,
on average, 6 km more per day, suggesting a moderate effect of company cars on
weekend private travel. The mean daily commuting distance of employed workers
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with a company car is 83 km, which exceeds the distance of other workers by 43 km,
suggesting that the company car may have a large effect on the length of the commute
in absolute and relative terms.
Using the DNB survey and a worker-fixed-effects approach with many controls, the
effect of the company car on log commuting distance is 0.138, with an s.e. of 0.04 (see
Appendix 5B, Table 5B.3).96 So a company car driver has, on average, a commuting
distance that is about 5 km longer per workday than a private car driver. The
estimated effect implies an annual increase in distance travelled of about 1,000 km,
about 13 percent of annual commuting distance. The annual deadweight loss through
increased commuting, using the rule of half (as discussed in section 5.2), is estimated
to be about €75 (0.5 × 1,000 km × 0.15 €/km).97
We emphasise that this deadweight loss estimate ignores equilibrium effects, so it
only holds given the assumption that company car taxation does not affect commuting
behaviour of workers without company cars. This assumption may not hold, at least
theoretically, as workers without company cars may sort into the jobs/residences left
vacant by workers with company cars, so the €75 deadweight loss is an
overestimate.98 The bias of the estimate is likely small, because, at the aggregate level,
workers are hardly able to sort into the workplace-residence combination which
minimises aggregate commuting costs.99 There is a substantial empirical literature
which demonstrates that about half of the commuting distance is in excess of the
distance which would emerge given perfect sorting, see, among others, Manning
(2003), Van Ommeren and van der Straaten (2008). Ignoring equilibrium effects
may, however, also induce an underestimate, because it ignores that most firms offer

The use of worker fixed effects is important here: the cross-section estimate is several times larger.
However, the use of other controls does not affect this result. Given a linear specification, we find
similar results.
97 In the car expenditure analysis, we control for commuting distance, so the welfare effects of
increased commuting are not captured by the welfare effects of increased car expenditure.
98 Given rather extreme assumptions on the spatial figuration of jobs – all employment is in the central
business district of monocentric cities – and allowing for perfect sorting based on commuting costs in a
housing market where the stock of housing is fixed, it is even possible that, at the aggregate level, the
increase in commuting induced by company car taxation is fully compensated by a reduction in the
length of the commute by other workers.
99 This sorting may not occur because of search frictions: residential moving costs are substantial and
labour markets are characterised by uncertainty about future job openings.
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company cars to a share of their workforce, but workers who do not receive a
company car will be affected if the firm’s workplace location is affected. Due to
company car taxation, firms with company cars will likely demand new workplace
locations that are relatively far from residential areas, so workers that are not
provided with company cars are also confronted with a longer commute.
The effect on private travel during weekends is estimated using a Tobit analysis with
many controls (e.g. income) on a sample of 5,602 males from the NTS survey (see
Appendix 5B, Table 5B.4). We find a positive, but small effect of the company car: 3.1
km per day (with a standard error of 1.5), so about 300 km per year, 8.5 percent of
annual weekend travel. The welfare losses through increased private travel during
weekends are rather small and around €22 per company car, using the rule of half.
A similar analysis for travel on workdays (using the same explanatory variables as
reported in Table 5B.4) based on 13,899 males from the NTS survey, implies that
there is no positive effect of company car on private travel (excluding commuting)
during workdays. This is in line with the descriptive statistics. So, the welfare loss of
additional travel on workdays is negligible.100 The total annual welfare loss through
increased travel is therefore €97 (€75 + €22). A relatively small loss through
increased private travel makes sense, despite the full subsidy of monetary travel costs,
as travel elasticities with respect to variable costs are small, in particular for highincome groups (Jørgensen and Dargay, 2007; Small and Verhoef, 2007).
The above estimate ignores the increase in externalities due to additional driving,
mainly because of additional congestion and externalities of accidents during
commuting. According to Small and Verhoef (2007), the external costs per km are
about €0.08 for commuting. Our estimates imply then that the annual external costs
increase by about €80 per company car (as these external costs are not addressed by a
road pricing scheme). Consequently, the annual welfare costs due to additional
driving (the sum of the private deadweight loss, and the external costs) are about

100 In this analysis, which can be received upon request, we even find a slight (but quantitatively
unimportant) negative effect of company car. But, as we do not control for the number of working
hours, one may not interpret this as a causal effect.
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€180 per company car, which is substantial, but much less than the welfare loss
through increased car expenditure identified earlier on.

5.7 Conclusions
Economic theory is quite clear on how fringe benefits such as company cars should be
optimally taxed. In Europe, company cars are common, but the welfare effects of the
current tax system in Europe are unknown. We study the welfare effects of company
car taxation through increases in car expenditure, commuting and other private
travel. We identify the increased car expenditure effect by examining the effect of
having a company car on the market value of the household’s most expensive car. Our
results for the Netherlands imply that, depending how other taxes and external costs
are accounted for, the tax treatment of company cars induces an annual welfare loss
per company car of €600 as a result of a shift towards more expensive cars. The
welfare loss because of increases in commuting and other private travel (including
associated external costs) is about €180 per company car. The annual welfare loss per
company car ranges from €600 to €780. The estimated total welfare loss due to
distortionary company car taxation for the Dutch economy ranges from €470 to €612
million per year. Our finding that the welfare loss is mainly due to a shift towards
more expensive cars rather than a shift towards more travel is consistent with the
literature that indicates that car demand is price elastic (Bento et al., 2009), whereas
the demand for travel is price inelastic (Small and Verhoef, 2007).
Company cars are predominantly taxed in Europe on the basis of the company car’s
purchase price. The employer’s costs of company car provision are much less than if
the worker would have bought this car privately, which creates a distortion in the
decision making of households regarding car expenditure and travel. It is theoretically
possible that tax advantages given to company cars may improve welfare given the
presence of purchase taxes on personal cars that are distortionary. Our results show,
however, that current Dutch company car taxation reduces welfare, despite the high
level of purchase taxes currently present. In most other European countries, car
purchase taxes are lower than in the Netherlands (see European Commission, 2002),
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so our conclusion for the Netherlands that company car taxation is distortionary can
be generalised to other European countries with similar company car tax rules.101
In the EU–15, there are about 172 million workers. The European percentage of new
personal cars bought by firms is almost identical to the Dutch average of 43 percent
(Economist Intelligence Unit, 1996). This suggests that the European ratio of
company cars to workers equals the Dutch ratio (0.12) so there are roughly 20 million
company cars in Europe. The average level of company car taxation in Europe is
comparable to the Dutch level, but the level of purchase tax is lower, so we use the
higher Dutch estimates of the tax-induced welfare loss. Applying the assumptions as
used for the Dutch economy, the European welfare loss due to distortionary company
car taxation is in the order of €12 billion per year. Our study implies that the
distortion caused by company car taxation in Europe is substantial.
One obvious conclusion of our study is that tax authorities must increase the tax on
company cars. Nevertheless, we emphasise that economic theory indicates that
optimal taxation must not be based on the company car’s purchase price, which is
standard in Europe, but must be derived from the employer’s costs of providing a
company car net of costs related to business use (Katz and Mankiw, 1985), as is
current taxation practice in the US (IRS, 2008). In the US, workers receive a (taxable)
monetary contribution from their employers to lease a car and a compensation for
business mileage. However, the latter tax policy requires differentiation between
business and private kilometres for tax purposes, which entails higher monitoring
costs for tax authorities.

This conclusion may not hold, however, for Denmark and Norway, where purchase taxes are,
respectively, 180 and 100 percent of the car’s purchase price, so several times higher than in the
Netherlands. For these countries, it is likely that favourable company car taxation generates welfare
benefits as purchase taxes on personal cars can be argued to be too high in these countries, so that
company car taxation corrects for the purchase tax distortion.
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Appendix 5A: The company car tax advantage
5A.1 Employer’s annual costs of providing a company car
To estimate the annual costs of providing a company car, we focus on company cars
that are not used for business purposes (the average costs of a company car that is
also used for business purposes are 9 percent higher). We obtained from a Dutch lease
firm the lease price for a representative company car that will drive 17,000 km, which
is the average annual number of private kilometres of company car drivers (PAP,
1990–1993). The average purchase price for this car was €17,000 and the
corresponding annual lease price was €6,200 (in 2007). This lease price includes fuel
expenditure, but excludes insurance that is paid for by the employer. We use an
annual insurance premium of €1,700, which applies to a one-year-old car of €17,000
for a 40-year-old driver. The annual vehicle user tax is about €800. The total annual
costs are then €8,700 (€6,200 + €1,700 + €800). In (5.3), we need a value for α. The
average annual value is about 0.50 (€8,700 / €17,000). Fuel costs are, however, less
than proportional to the purchase price, so we use α = 0.40 in equation (5.3).

5A.2 Tax-induced price reduction
The tax authorities set the annual income derived from a company car to 0.22 times
the purchase price. The average company car’s purchase price is €17,000, so each year
about €3,700 (€17,000 × 0.22) is added to the workers’ taxable income when a
company car is provided, €5,000 less than the employer’s average annual costs
(€8,700).
Most company car users are taxed at a marginal income tax rate of 42 or 52 percent.
So, the annual price reduction due to a fringe benefits tax advantage is €2,100 (0.42
× €5,000) or €2,600 (0.52 × €5,000), so 24.1 percent (€2,100 / €8,700) or 29.9
percent (€2,600 / €8,700) of the car costs. Users of company cars avoid paying 19
percent VAT on the costs involved with the purchase of the car that are about 40
percent of the total costs of owning and running a car. VAT is paid after paying
income tax, so the VAT tax advantage is either 4.4 percent ((1 – 0.42) × 0.40 × 0.19)
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or 3.6 percent ((1 – 0.52) × 0.40 × 0.19). Consequently, the total tax advantage is
28.5 percent (24.1 + 4.4) or 33.5 percent (29.9 + 3.6) of the car costs. We use an inbetween value of 30 percent for most of our welfare calculations, but also consider
lower and higher values.
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Appendix 5B: Tables
Table 5B.1 First step results of company car possession IV-probit procedure (1995–2006 DNB).
[1]
[2]
Instruments
Head works for public sector
–1.138 (0.072)**
–1.112 (0.074)**
Head works in metal sector
0.129 (0.088)
Head works in construction industry
0.577 (0.131)**
Head works in graphic industry
0.568 (0.190)**
Head works in retail
–0.290 (0.177)
Head works for electronic company X
–0.813 (0.220)**
Head works in bank sector
0.097 (0.100)
Control factors
1 Child
0.059 (0.077)
0.090 (0.078)
2 Children
–0.010 (0.073)
0.018 (0.074)
Children ≥ 3
0.036 (0.084)
0.068 (0.084)
Net household income in log
0.525 (0.069)**
0.539 (0.070)**
**
Head permanently employed
0.566 (0.181)
0.626
Head working hours
–0.127 (0.031)**
–0.135 (0.032)**
Head working hours squared/100
0.325 (0.051)**
0.340 (0.052)**
Head working hours unknown
0.914 (0.563)
0.880 (0.565)
Head job duration
–0.056 (0.009)**
–0.059 (0.009)**
Head job duration squared/10
0.009 (0.002)**
0.011 (0.003)**
Head job duration unknown
–3.240 (0.387)**
–3.288 (0.387)**
Head employment duration
0.013 (0.012)
0.009 (0.012)
Head employment duration squared/10
–0.008 (0.024)
0.002 (0.024)
Two-earner household
–0.043 (0.056)
–0.041 (0.057)
Head female
1.240 (0.301)**
1.299 (0.301)**
**
Head female works full-time
–1.372 (0.348)
–1.418 (0.349)**
Head age
–0.005 (0.006)
–0.004 (0.006)
Head elementary and high school
–0.019 (0.083)
–0.045 (0.085)
Head vocational training
–0.140 (0.076)*
–0.163 (0.078)**
Head polytechnic college
–0.057 (0.064)
–0.048 (0.065)
Head education unknown
–0.743 (0.282)**
–0.742 (0.284)**
Constant
–5.659 (0.939)**
–5.772 (0.952)**
Log likelihood
–1,816
–1,790
No. observations
4,890
4,890
No. households
1,081
1,081
Notes: Year dummies, 12 residence region and residence municipality density controls are also included. Car
value is the most expensive car in the household in euros. Working hours are per week according to contract,
current head’s job duration in years, and employment duration in the labour market in years. The reference
category for head’s education is ‘university’.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Standard errors are in parentheses.

Car Value

[2]

[3]
Car Value (Log)

[4]

OLS
FE
OLS
FE
Company car
3,261** (380)
3,561** (955)
0.334** (0.022)
0.308** (0.049)
1 Child
390.9
(474)
–805.8
(661)
0.028 (0.028)
–0.020 (0.034)
2 Children
–871.3
(442)
–1,812** (832)
–0.057** (0.026)
–0.018 (0.043)
Children ≥ 3
–1,846** (524)
–4,172** (1,303)
–0.123** (0.031)
–0.159** (0.067)
Net household income in log
4,585** (346)
723.0*
(367)
0.322 (0.020)
0.072** (0.019)
Head permanently employed
–1,234* (651)
518.4
(633)
–0.035 (0.038)
0.046 (0.032)
Head working hours
243.6**
(117)
–143.5
(113)
–0.008 (0.007)
0.002 (0.006)
Head working hours squared/100
249.6
(220)
–441.5
(224)
–0.005 (0.013)
–0.020* (0.011)
Head working hours unknown
–2,321 (1,651)
–7,141** (1,515)
–0.063 (0.097)
–0.387** (0.078)
Head job duration
231.7**
(54)
28.074 (72)
0.017** (0.003)
0.006 (0.004)
Head job duration squared/10
–3.892** (1.444)
1.365 (1.951)
–0.003** (0.001)
–0.003 (0.010)
Head job duration unknown
536.8
(1,336)
4,189** (1,268)
0.058 (0.079)
0.319** (0.065)
Head employment duration
–22.853 (54)
25.75
(60)
–0.004 (0.003)
–0.007** (0.003)
Head employment duration squared/10
12.572 (11)
4.920** (13)
0.002** (0.001)
0.022** (0.007)
Two-earner household
194.3
(337)
–266.5
(546)
–0.009 (0.020)
–0.043 (0.028)
Head female
–2,163 (1,721)
–0.087 (0.102)
Head female works full-time
560.8
(2,099)
5,770 (4,545)
0.041 (0.124)
0.238 (0.233)
Head age
37.905 (26)
0.003* (0.001)
Head elementary and high school
–127.2
(453)
0.031 (0.027)
Head vocational training
298.0
(434)
0.020 (0.026)
Head polytechnic college
1,506** (352)
0.091** (0.021)
Head education unknown
2,388* (1,340)
0.199** (0.079)
Constant
–31,895** (4,529)
5.809** (0.267)
Adjusted R2
0.19
0.79
0.24
0.85
No. observations
4,278
4,278
4,278
4,278
No. households
952
952
952
952
Notes: Year dummies, 12 residence region and residence municipality density controls are also included. Total annual variable costs of the most expensive car in
the household in euros. Working hours are per week according to contract, current head’s job duration in years, and employment duration in the labour market
in years. The reference category for head’s education is ‘university’.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively. Standard errors are in parentheses.

[1]

Table 5B.2 Marginal effects on the total annual variable costs of the most expensive car in the household (1995–2006 DNB).
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Table 5B.3 Marginal effects on the logarithm of commuting (2001–2006 DNB).
Company car
0.138 (0.040)**
1 Child
–0.083 (0.045)*
2 Children
–0.157 (0.056)**
Children ≥ 3
–0.238 (0.077)**
Net income in log
–0.029 (0.015)*
Permanently employed
–0.285 (0.039)**
Working hours
–0.035 (0.007)**
Working hours squared
0.054 (0.013)**
Working hours unknown
–0.727 (0.140)**
Two-earner household
–0.141 (0.035)**
Head female works full-time
–0.046 (0.068)
Worker fixed effect
Yes
Adjusted R2
0.89
No. observations
6,226
No. workers
1,221
Notes: Year dummies, residence region, residence density, current head’s job duration in years, and
employment duration in the labour market in years controls are also included. Note that for years 1995–2000
information on the head’s commuting distance in km is missing.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Standard errors are in parentheses.

Table 5B.4 Marginal effects on private travel distance during weekends (1996 NTS): Tobit analysis.
Company car
3.075 (1.517)**
Child < 12
–2.306 (1.845)
Married
–0.453 (2.016)
2 Household members
0.938 (2.873)
3 Household members
0.212 (3.145)
4 Household members
–2.350 (3.208)
Household members ≥ 5
–2.118 (3.517)
Net income 25–32
4.218 (3.235)
Net income 32–40
7.431 (3.296)**
Net income 40–55
6.656 (3.404)**
Net income >55
10.80 (3.559)**
Net income unknown
–4.744 (4.383)
Net household income in log
3.936 (3.739)
Age 20–25
8.088 (3.883)**
Age 20–30
8.412 (2.496)**
Age 30–40
6.274 (2.009)**
Age 40–50
6.303 (1.815)**
Education – primary
–11.30 (3.306)**
Education – low secondary
–3.923 (1.668)**
Education – advanced secondary
–1.721 (1.509)
Education – unknown
–13.27 (7.260)*
Saturday
7.692 (1.180)**
Residence density
–0.341 (0.462)
Constant
1.038 (6.170)
Log likelihood
–25,647
No. observations
5,602
Notes: Private travel distance of males (excluding commuting) per day in km; income in thousand euros. The
reference category for income, age and education are ‘16–25’, ‘25–30’ and ‘higher’.
**, * indicate that estimates are significantly different from zero at the 0.05 and the 0.10 level, respectively.
Heteroscedastic standard errors are in parentheses.

CHAPTER 6

CONCLUSIONS AND DISCUSSION
6.1 Summary
This dissertation consists of four empirical studies which provided new insights into
the relationship between urban, transport, and labour economics.
Chapter 2 analysed the causal effect of commuting on labour supply. Here, the
emphasis was on the question of whether the number of hours worked depends on the
worker’s commuting distance. This question is relevant because commuting is often
related to road congestion. Economists usually advocate the use of road pricing to
address the external costs of congestion. In an economy with distortionary income
taxes, workers supply less hours than without these taxes. It is nowadays believed
(e.g. Parry and Bento, 2001) that road pricing may not be a good idea if revenues of
road pricing are not used to reduce distortionary income taxes, because the road tax
further reduces the number of hours worked. Using data on a panel of German
workers, our innovative way to deal with the endogeneity of commuting distance is to
identify changes in distance that are employer-induced, that is, the worker does not
change residence or job, but the commuting distance changes. Our main finding is
that higher commuting costs do not reduce the number of hours worked per week. We
find evidence that workers that face high commuting costs slightly increase the
number of hours worked per day, but that the number of workdays is not affected.
This finding is consistent with our labour supply model developed in section 2.3.2
that allows workers to choose daily labour supply and number of workdays per week.
It is, however, also consistent with a range of other models discussed in section 2.2.
Our finding suggests that congestion does not have strong effects on the decisions of
employed workers with regard to labour supply.
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Subsequently, Chapter 3 studied the causal effect of commuting distance on
absenteeism, where absenteeism is related to worker’s productivity. A common
assumption in the urban economics literature is that worker’s productivity and the
length of commute are independent, which is challenged by urban efficiency wage
theories that allow for a relationship between them. To the best of our knowledge,
there is only one other study – Ross and Zenou (2008) – that provides empirical
support for this relationship. To be more precise, the authors demonstrate that urban
unemployment and the expected length of the commute are positively related.
Further, they demonstrate that wages vary across commutes, which is consistent with
firms being able to partially observe commutes and minimise shirking by setting
wages conditional on the length of the commute. We employ measures of
absenteeism, which is a more direct measure of shirking and therefore of worker’s
productivity. Using data for Germany and the same identification strategy of Chapter
2, we find evidence that workers with high commuting costs are more voluntary
absent, that is, they shirk more than those with shorter distances. We, however,
cannot exclude the possibility that a part of this effect is channelled through health
and therefore affects involuntary absenteeism as well.
Next, Chapter 4 looked at the relationship between wages and work start times, which
is relevant for transport economists as start times are closely related to morning peak
congestion. Traffic congestion is a major problem in most modern societies. A
(plausible) way to alleviate this problem is by using staggered-work-hours programs.
By focusing on the effect of start times on wages, we are able to assess whether
staggered-hours programs affect productivity and workers’ disutility. But the
transport literature ignores compensation in the labour market for the chosen start
time, by taking wages as given. The only exception – as far as we are aware of – is
Wilson (1988). This study, however, has been criticised because it does not control
sufficiently for worker characteristics, relying on cross-sectional data (Arnott, 2007).
An important contribution of this chapter is that we improve upon the study of Wilson
(1988) by taking into account Arnott’s criticism. We control for (unobserved) worker
characteristics by using worker panel data for Germany. Our results suggest that
Wilson’s empirical conclusion is unfounded; our main finding is that wages are a
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slight inverse U-shaped function of start time. This is an interesting example of the
setting of efficiency wages in a world where firms cannot fully observe the (private)
costs of commuting, such as the workers’ valuation of private time. Furthermore, our
findings provide useful information on the costs of staggered-hours programs
(productivity and worker’s disutility), while the benefits of these programs are
relatively easy to determine (a reduction in external congestion costs).
Finally, Chapter 5 estimated the welfare loss to society of favourable tax treatment of
company cars in the Netherlands. Using household panel data on car expenditure, our
analysis shows how the provision of company cars distorts household demand for cars
and, in particular, expenditure on the most expensive car. Because the estimated
effect on car expenditure is large, the welfare loss is substantial and economically
meaningful. Furthermore, the distortion of company car taxation on the intensity of
car use was also examined. We studied whether workers that hold company cars drive
longer distances, and we calculated the resulting welfare loss. Using worker data on
kilometres driven, the estimated welfare effect on the intensity of car use is smaller
than the afore-mentioned effect on car expenditure. This indicates that the main
distortion from taxation is through expenditure on cars and not the intensity of car
use. The tax treatment of company cars may also affect welfare through an increase in
household car ownership. This latter issue is ignored, and as a consequence our
reported welfare loss may be expected to be downward biased.

6.2 Implications for policy
Chapter 2 finds evidence that workers that face high commuting costs do not reduce
their labour supply. This finding suggests that, when evaluating policies that affect
commuting, arguments related to changes in labour supply are likely to be not critical
in discussing to what extent these policies affect welfare. For example, our findings
suggest that recycling road pricing revenues in order to decrease the level of income
taxes is not essential for increasing welfare when road pricing is introduced, which is
in contrast to the common assumptions in the literature (see e.g. Parry and Bento,
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2001; Calthrop, 2001).
In Chapter 3, we find a negative effect of commuting distance on worker’s
productivity through absenteeism. This finding suggests that policies aiming to reduce
commuting, such as investment on infrastructure, may increase worker’s productivity.
Chapter 4 finds hardly any effect of start times on wages. Our results suggest that
staggered-hours programs that induce workers to start work at non-peak hours, even
when introduced on a large scale, may be beneficial. Therefore, in this respect, we are
slightly more optimistic than Arnott et al. (2005), who recommend that governments
should not use these programs in order to mitigate congestion. We find that the
relationship between wages and start times differs marginally by workers with or
without children. Elaborating on this marginal difference – a U-shaped for workers
with children and inverse U-shaped for workers without children – congestion may
enlarge the negative effect of having children on the labour supply of females,
suggesting staggered-hours programs may affect different groups of workers in
different ways, which should be taken into account when designing such programs.
Many countries have distortionary tax structures regarding the provision of fringe
benefits by employers. In Chapter 5, we looked at the case of company cars. This is
relevant, as company cars are common in Europe. The current tax policy results in
workers owning overly expensive cars, though the effect on the number of trips is
relatively small. One obvious conclusion of our study is that tax authorities must
increase the tax on company cars, at least from 22 (the current rate) to 40 or 50
percent. Furthermore, we emphasise that economic theory indicates that optimal
taxation must not be based on the company car’s purchase price, which is standard in
Europe, but must be derived from the employer’s costs of providing a company car net
of costs related to business use (Katz and Mankiw, 1985), as it is current taxation
practice in the US (IRS, 2008). In the US, workers receive a (taxable) monetary
contribution from their employers to lease a car and a compensation for business
mileage. However, the latter tax policy requires differentiation between business and
private kilometres for tax purposes, which entails higher monitoring costs for tax
authorities.
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6.3 Directions for further
research
As in any research, the analyses undertaken in this dissertation rely on several
implicit assumptions. In this dissertation, we usually assume competitive markets
(e.g. for labour, cars, housing), except in Chapter 3. A possible research agenda deals
with the implications of the above assumptions for policies concerning welfare in the
fields of transport, labour and urban economics. For example, parking policies
addressing traffic congestion may take into account market power by private parking
suppliers (Arnott and Rowse, 2009). These policies may benefit from new insights by
changing or relaxing the above (competitive markets) assumptions. For example, in
the literature on non-competitive car markets, distortionary company car taxation is
ignored.
Applying the same kind of reasoning, well-known market failures in the urban
literature (e.g. planning; restrictive zoning policies) could also be incorporated into a
combined study of market structures including transport and labour. We are less
aware of such an effort in the literature. Allowing for different market structures
increases the demand for extensive data sets, and requires the usage of more
complicated models.
Another underdeveloped topic in the literature is the study of the effect of non-wage
components on productivity. Labour contracts, independent of market structure, are
the outcome of a bargaining process between employers and workers. Labour
contracts contain both wage and non-wage components. In this dissertation we
discussed start times and fringe benefits; both are part of the non-wage agreement in
the labour contract. One may then study the productivity effects of this non-wage job
compensation (e.g. company cars). To study these effects, one should look at the
labour market but as well incorporate transport and urban economic views. For
example, start times do not only play a role within labour economics due to being a
job attribute, but also in transport economics due to congestion issues and in urban
economics due to location of firms. It is well-known and well-studied in the labour
economics literature that fringe benefits are distortionary regarding income taxation.
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The distortions in the other two fields – transport and urban economics – are
(usually) not researched. Hence, the total effects on productivity cannot be
determined by focusing exclusively on the labour field, but only by integrating the
three fields. In this dissertation, we did not look at the productivity effects because we
lack explicit data.
The considerations of market structure as well as productivity influence the current
views of first- and second-best welfare policies. This dissertation is just a step towards
integrating transport, labour and urban economics views and policies.
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SAMENVATTING (SUMMARY IN DUTCH)
Arbeidsmarkten, woon-werkverkeer en auto's van de zaak
In dit proefschrift worden aan de hand van vier empirische onderzoeken gericht op
verkeerscongestie en bijbehorende economische effecten, nieuwe inzichten getoond in
de samenhang tussen transport, stedelijke en arbeidseconomische vraagstukken.
Hoofdstuk 2 analyseert het causale effect van woon-werkverkeer op het
arbeidsaanbod. Woon-werkverkeer wordt vaak gezien als één van de belangrijkste
oorzaken van verkeerscongestie. Om de externe kosten van deze congestie te
verminderen stellen deskundigen (onder andere economen) beprijzing van het
wegverkeer voor. Anderen beargumenteren dat het beprijzen van het wegverkeer
zonder de opbrengsten te investeren in het verminderen van inkomstensbelasting een
onverstandige maatregel is (bv. Parry en Bento, 2001). In een economie waarin
inkomstensbelasting de verhouding verstoort tussen vraag naar en aanbod van arbeid
bieden werknemers minder arbeid aan dan zonder deze belastingen. Het beprijzen
van wegverkeer leidt in deze situatie tot een verdere verstoring, en daarmee daling,
van het arbeidsaanbod (in uren). Om deze theorie te toetsen, kijken we in dit
hoofdstuk hoe het arbeidsaanbod afhangt van de relatie tussen woon-werkafstand en
arbeidsaanbod. In dit onderzoek introduceren we een nieuwe manier om endogeniteit
van de woon-werkafstand te ondervangen. We identificeren enkel de veranderingen in
woon-werkafstand die worden veroorzaakt door de werkgever. Hiermee sluiten we
endogene veranderingen, veroorzaakt door de werknemer (bv. andere baan), uit. Deze
identificatiestrategie passen we toe op panel data betreffende Duitse werknemers. Het
belangrijkste resultaat is dat hogere kosten voor woon-werkverkeer niet leiden tot een
afname in het aantal gewerkte uren per week. We tonen aan dat werknemers met
hoge kosten voor woon-werkverkeer de gewerkte uren per dag marginaal verhogen,
maar dat het aantal gewerkte dagen per week niet verandert. Dit resultaat impliceert
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dat congestie, resulterend in hogere kosten, geen sterk effect heeft op het
arbeidsaanbod van al werkende personen.
Hoofdstuk 3 vervolgt met een studie naar het causale effect van de woon-werkafstand
op het ziekteverzuim van werknemers. Het ziekteverzuim van de werknemers wordt
hierbij gerelateerd aan de productiviteit. Er bestaan twee tegenstrijdige theoretische
opvattingen over de relatie tussen de woon-werkafstand en productiviteit van de
werknemer. Binnen de theorie van urban economics wordt verondersteld dat woonwerkafstand en productiviteit onafhankelijk van elkaar zijn, terwijl de theorie van
urban efficiency wage een relatie tussen de twee niet uitsluit. Er is ons slechts één
studie – Ross en Zenou (2008) – bekend waarin empirisch bewijs wordt geleverd
voor het bestaan van deze relatie. De auteurs tonen aan dat loon varieert met de
woon-werkafstand. Dit is consistent met het idee dat werkgevers slechts gedeeltelijk
het

woon-werkverkeer

observeren

en

strategisch

(verzuim)gedrag

kunnen

minimaliseren door het loon afhankelijk te maken van de woon-werkafstand. Het in
Hoofdstuk 3 door ons uitgevoerde onderzoek maakt gebruik van een andere maatstaf
voor verzuim door Ross en Zenou (2008). Deze maatstaf is sterker gerelateerd aan
strategisch (verzuim)gedrag en daardoor ook aan de productiviteit van de
werknemers. Dezelfde dataset en identificatie strategieën als in Hoofdstuk 2 worden
gebruikt. We tonen aan dat werknemers met hoge kosten voor woon-werkverkeer een
hoger vrijwillig verzuim hebben, dus een hoger strategisch (verzuim)gedrag
vergeleken met werknemers met lagere kosten voor woon-werkverkeer. We kunnen
niet geheel uitsluiten dat dit effect gedeeltelijk wordt veroorzaakt door verschillen in
de gezondheid van werknemers.
Vervolgens, wordt in Hoofdstuk 4 de relatie tussen het loon en de werkaanvangstijd
bestudeerd. Aangezien beprijzen van het wegverkeer, het first-best beleid ten aanzien
van congestie, vaak vanwege technische en politieke redenen niet te realiseren is,
worden verschillende second-best beleidsmaatregelen voorgesteld en toegepast. Het
invoeren van een gefragmenteerd werkaanvangstijden systeem is hier een voorbeeld
van. Een gefragmenteerd werkaanvangstijden systeem houdt rekening met het
dynamische karakter van congestie, de ochtend- en avondspits, en wordt door
werkgevers wereldwijd al op vrijwillige basis toegepast. De effecten van zo een
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systeem op de productiviteit van werknemers worden onderzocht in Hoofdstuk 4.
Aangezien directe data over de productiviteit niet beschikbaar zijn, bestuderen we de
relatie tussen werkaanvangstijden en het loon. Via het effect van werkaanvangstijden
op

het

loon

kunnen

we

onderzoeken

of

en

hoe

een

gefragmenteerd

werkaanvangstijden systeem productiviteit en (dis)nut van de werknemers
beïnvloedt. Dit effect wordt door transporteconomen vaak buiten beschouwing
gelaten door loon als exogeen te beschouwen. Er is ons slechts één studie – Wilson
(1988) – bekend waarin dit effect wordt onderzocht. Kritiek op deze studie geeft aan
dat, door het gebruik van cross-sectionele data, dit onderzoek niet voldoende
controleert voor individuele eigenschappen van werknemers (Arnott, 2007). In onze
analyse, gebaseerd op Wilson (1988), houden we rekening met deze kritiek. We
controleren voor niet-geobserveerde individuele eigenschappen van werknemers door
de in de vorige paragrafen genoemde panel data te gebruiken. Op basis van onze
resultaten kan worden geconcludeerd dat de eerdere empirische conclusie van Wilson
(1988) niet correct is; wij tonen aan dat het loon een zwakke inverse U-vormige
functie is van de werkaanvangstijd. Dit resultaat illustreert hoe efficiënte loonvorming
wordt toegepast als de (private) kosten van woon-werkverkeer niet geheel door de
werkgever kunnen worden geobserveerd. Ook geven onze resultaten inzicht in de
kosten, in termen van productiviteit en (dis)nut van werknemers, van een
gefragmenteerd werkaanvangstijden systeem.
De wijze waarop bedrijven de mobiliteit van hun werknemers beïnvloeden, heeft ook
een effect op verkeerscongestie. Dit effect krijgt de laatste jaren steeds meer aandacht
in de literatuur. Een belangrijk aspect van mobiliteitsmanagement van bedrijven
omvat secundaire arbeidsvoorwaarden gerelateerd aan mobiliteit zoals: een auto van
de zaak, reisvergoeding en parkeervoorzieningen nabij de werkplek. In Hoofdstuk 5
onderzoeken we het effect van de huidige belastingregels ten aanzien van het
privégebruik en –bezit van de auto van de zaak op de welvaart in Nederland. In deze
analyse tonen we aan dat het bezit van een auto van de werkgever de vraag, op het
niveau van het huishouden, naar auto’s verstoort. Hierbij definiëren we de vraag naar
auto’s als de uitgaven voor de duurste auto binnen een huishouden. Voor deze analyse
gebruiken we een panel dataset betreffende bestedingen aan auto’s. Het geschatte
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effect op de uitgaven voor de duurste auto is groot waardoor het welvaartsverlies
substantieel is. Naast het verstorende effect van de huidige belastingen op het bezit
van auto’s, hebben we ook het effect op het gebruik van auto’s onderzocht. De vraag is
of werknemers met een auto van de werkgever meer kilometers maken en wat de
welvaartseffecten hiervan zijn. Door gebruik te maken van informatie over de gereden
kilometers door werknemers met of zonder een auto van de werkgever, hebben we dit
welvaartseffect geschat. Het welvaartseffect is aanwezig en negatief, maar kleiner dan
de eerder genoemde welvaartseffecten gebaseerd op de bestedingen aan auto’s. Dit
geeft aan dat het belangrijkste deel van de verstoring van de huidige
belastingregelingen betreffende auto’s van de werkgever ontstaat via de bestedingen
aan en niet via het gebruik van auto’s. Aangezien we enkel kijken naar de bestedingen
aan de duurste auto, en dus niet naar het totale autobezit per huishouden, is het
getoonde welvaartsverlies waarschijnlijk een onderschatting van het werkelijke
welvaartsverlies.

Beleidsimplicaties
Uit het onderzoek in Hoofdstuk 2 volgt dat hogere kosten voor woon-werkverkeer
voor werknemers geen aanleiding zijn om hun arbeidsaanbod aan te passen. Dit
suggereert dat binnen beleidsevaluatie argumenten gerelateerd aan veranderingen in
het arbeidsaanbod geen cruciale rol spelen in de vraag hoe en in welke mate woonwerkverkeer beleid de welvaart beïnvloedt. Ook tonen onze resultaten aan dat de wijze
waarop de opbrengsten van wegbeprijzing worden besteed, met name aan verlaging
van inkomstensbelastingen, niet essentieel is voor verhoging van de welvaart. Dit is
een duidelijke tegenstelling met de aannames die hierover vaak gemaakt worden in de
literatuur (zie Parry en Bento, 2001; Calthrop, 2001).
In Hoofdstuk 3 vinden we een negatief effect van de woon-werkafstand op de
productiviteit, gemeten als ziekteverzuim, van de werknemer. Hieruit kan worden
afgeleid dat beleid gericht op het verlagen van de inspanning die werknemers moeten
ondernemen voor woon-werkverkeer, zoals investeringen in infrastructuur, de
productiviteit van de werknemer kan verhogen.
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Uit Hoofdstuk 4 blijkt dat er nauwelijks een effect van werkaanvangstijden op lonen
aanwezig is. Onze resultaten geven aan dat een (grootschalig) gefragmenteerd
werkaanvangstijden systeem, gericht op het stimuleren van aanvangstijden buiten de
spits, de welvaart mogelijk bevordert. Arnott et al. (2005) raadt overheden af deze
systemen te gebruiken in de strijd tegen verkeerscongestie. In vergelijking met Arnott
et al. (2005) staan wij positiever tegenover een gefragmenteerd werkaanvangstijden
systeem en de te verwachten effecten. We tonen aan dat de relatie tussen
werkaanvangstijden en het loon slechts marginaal verschilt tussen werknemers met of
zonder kinderen. Uitgaande van de door ons gevonden verschillen tussen
verschillende type werknemers – een U-vormige functie voor werknemers met en een
inverse U-vormige functie voor werknemers zonder kinderen – kan verkeerscongestie
het negatieve effect van kinderen op het arbeidsaanbod van vrouwen vergroten.
Gefragmenteerde werkaanvangstijden systemen beïnvloeden verschillende type
werknemers op verschillende manieren. Bij het ontwikkelen van zulke systemen dient
men rekening te houden met deze mogelijke verschillen.
Veel landen hebben marktverstorende belastingsmaatregelen met betrekking tot
secundaire arbeidsvoorwaarden. Hoofdstuk 5 behandelt het voorbeeld van het
privégebruik- en bezit van de auto van de werkgever, een veelvoorkomende
secundaire arbeidsvoorwaarde in Europa. Een gevolg van het huidige belastingstelsel
is dat werknemers in het bezit zijn van te dure, luxueuze auto’s, terwijl het effect voor
het gebruik van deze auto relatief klein is. Een voor de hand liggende conclusie uit
deze studie is dat belastingsautoriteiten het belastingpercentage voor de auto van de
werkgever moeten verhogen, van 22 (het huidige percentage) tot minimaal 40
procent. Verder benadrukken we dat vanuit theoretisch oogpunt de optimale belasting
niet gebaseerd moet zijn op de aanschafprijs van de auto, de huidige Europese
standaard, maar moet worden vastgesteld op basis van de kosten van het aanbieden
van zo een auto door de werkgever minus de kosten van het niet-privégebruik van de
auto (Katz en Mankiw, 1985). Deze laatste methode wordt toegepast in de Verenigde
Staten (IRS, 2008). Werknemers in de Verenigde Staten ontvangen een (belastbare)
financiële bijdrage van de werkgever voor het leasen van een auto en een bijdrage
voor de niet-privé gereden kilometers. Echter, om deze methode te kunnen toepassen

128

Samenvatting

moet worden gedifferentieerd tussen privé- en niet-privé gereden kilometers wat leidt
tot hogere kosten van toezicht bij de uitvoering van het belastingstelsel.

Aanbevelingen voor vervolgonderzoek
De in dit proefschrift gepresenteerde studies en bijbehorende resultaten bieden volop
mogelijkheden tot vervolgonderzoek. Enerzijds moet vervolgonderzoek zich richten
op de huidige, impliciete veronderstellingen en de implicaties voor beleid op het
terrein van ruimtelijke en arbeidseconomie, anderzijds kunnen ook nieuwe thema’s
op dit terrein worden onderzocht met behulp van de in dit proefschrift ontwikkelde en
gebruikte methoden. De studies zoals uitgevoerd in dit proefschrift zijn gebaseerd op
verschillende veronderstellingen. Zo veronderstellen we in ons gehele onderzoek,
behalve in Hoofdstuk 3, competitieve markten voor onder andere de arbeids- en
woningmarkt. Een concreet voorbeeld voor vervolgonderzoek in deze richting is
parkeerbeleid. Parkeerbeleid gericht op het terugdringen van verkeerscongestie zou
rekening moeten houden met mogelijke marktmacht van aanbieders van privé
parkeervoorzieningen (Arnott en Rowse, 2009). Een ander voorbeeld is de literatuur
over de marktimperfecties in de markt voor auto’s. In deze literatuur worden
verstorende belastingen voor het privégebruik- en bezit van de auto van de werkgever
genegeerd. In beide gevallen geldt dat beleidsinzichten veranderen, en mogelijk
verbeteren, als gevolg van onderzoek.
Hetzelfde principe kan worden toegepast op de bekende marktimperfecties in de
literatuur betreffende ruimtelijke (met name stedelijke) economie, zoals restrictieve
bestemmingsplannen. Deze marktimperfecties kunnen worden bestudeerd in
samenhang met marktimperfecties in de transport- en arbeidsmarkten. Wij zijn niet
bekend met het bestaan van dit soort overkoepelend onderzoek. Overkoepelend
onderzoek, waarbij verschillende marktstructuren worden geanalyseerd, vergt een
stap voorwaarts in het gebruiken van zowel data (gedetailleerder) als modellen
(gecompliceerder).
Een

onderbelicht

thema

in

de

literatuur

is

het

effect

van

secundaire

arbeidsvoorwaarden op de productiviteit van werknemers. Arbeidscontracten zijn een
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direct resultaat van onderhandelingen tussen werkgever(s) en werknemer(s). Deze
contracten bevatten primaire- (loon) en secundaire arbeidsvoorwaarden. In dit
proefschrift worden werkaanvangstijden en de auto van de werkgever, beide
onderdeel van de secundaire arbeidsvoorwaarden, behandeld. Vervolgonderzoek kan
zich richten op het bestuderen van de effecten op de productiviteit van deze
secundaire arbeidsvoorwaarden. Bij het bestuderen van deze effecten moet men, in
het kader van dit proefschrift, rekening houden met inzichten vanuit zowel de arbeids
als de ruimtelijke economie. Zo zijn werkaanvangstijden niet enkel belangrijk vanuit
het oogpunt van arbeidseconomie via de secundaire arbeidsvoorwaarden, maar zeker
ook vanuit transporteconomie via verkeerscongestie en vanuit de stedelijke economie
via het locatiegedrag van bedrijven. Het is algemeen bekend, en vaak bestudeerd in de
arbeidseconomie, dat secundaire arbeidsvoorwaarden verstorend werken op
inkomstensbelasting. De verstoringen in de twee andere deelgebieden – transport en
stedelijke economie – zijn niet vaak onderzocht. Wij benadrukken dat het totale effect
op productiviteit van secundaire arbeidsvoorwaarden niet kan worden vastgesteld
enkel op basis van onderzoek in de arbeidseconomie, maar dat het integreren van de
drie

deelgebieden

noodzakelijk

is.

In

dit

proefschrift

hebben

we

de

productiviteitseffecten niet kunnen onderzoeken omdat de beschikbare data niet
toereikend zijn.
De overwegingen betreffende marktstructuur en productiviteit beïnvloeden de huidige
opvattingen over ‘first-best’ en ‘second-best’ beleid. Dit proefschrift is slechts een stap
richting het integreren van transport, stedelijke en arbeidseconomische inzichten en
bijbehorend beleid.
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