
 

 
 

Michael Olsson 
 

Studies of Commuting and 
Labour Market Integration  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

 
Jönköping International Business School 
P.O. Box 1026 
SE-551 11 Jönköping 
Tel.: +46 36 15 77 00 
E-mail: info@ihh.hj.se  
www.jibs.se 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Studies of Commuting and Labour Market Integration  
JIBS Dissertation Series No. 016 
 
 
 
 
© 2002 Michael Olsson and Jönköping International Business School Ltd. 
 
ISSN 1403-0470 
ISBN 91-89164-39-3 

 
Printed by Parajett AB, 2002 
  



 

 

Acknowledgements 
Writing a thesis is a process of rewriting and reformulating models 
and then rewriting again. I do not believe that there is a single 
sentence that has not been altered due to comments and discussions. 
The chapters in this thesis have been seriously screened on many 
occasions. I am indebted to my supervisors professors Börje 
Johansson and Charlie Karlsson and the many hours they have spent 
with me on this work. 

Moreover, the Friday seminars administered by professor Bo 
Södersten have been efficient combat training, forcing me to 
reconsider both problem formulations and solutions. Also, the major 
comments given by Lars-Göran Mattsson during what I refer to as 
Bloody Tuesday brought new ideas into the work. In this process the 
thesis has been much improved, and the text has been rewritten almost 
beyond recognition. In addition, these seminars made the outside 
world look like a better place. My English, made in Västergötland, has 
been checked by Lars-Olof Nilsson. 

It has taken quite some time for me to finalise this thesis. In the 
really early stages (the course part) I benefited from financial support 
by the University of Skövde. During the writing phase I have been 
supported by the project �New economic life in the Fyrstad region�. I 
thank Jönköping International Business School for additional financial 
support in the critical stages. Also, Hans-Olof Hagén at The Swedish 
Institute for Growth Policy Studies has given me moral support to 
finalise my work. 

Finally, I would also like to thank my mother for the support in the 
arduous task of writing my thesis. 
 
Stockholm 
April 2002 
Michael Olsson 
 



 

 

Abstract 
This thesis consists of four individual essays, and a joint introduction. 
The theme of these essays is interaction in and integration of regional 
labour markets. In view of this theme it is observed that economic 
activities are unevenly distributed across space. In the regional labour 
market workers� supply of labour and firms� demand for labour are 
matched. At the core of this thesis is the idea that the spatial structure 
of regions described, for example, by separation and accessibility 
measures, is important for the daily interaction pattern of workers and 
workplaces. Firms/workers all have a location, and given the 
associated spatial distribution, the accessibility to workers/workplaces 
differs between the locations. Consequently, analysis of spatial 
interaction aims at incorporating some form of spatial structure into 
the modelling framework. In the first essay, methods for identification 
of functional regions using commuting data are applied to Sweden in 
general and to the Fyrstad region in particular. In the second essay, a 
specific change in the commuting infrastructure is analysed. The 
possible effects on total wages earned, and the distribution of these 
benefits among classes of workers (identified by gender and 
education) are assessed. Essay number three examines whether in 
addition to differences in commuting behaviour between classes of 
workers there also exist regional variations. The fourth essay 
investigates barriers to commuting that can be associated with county 
borders. 
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1. Introduction and summary of the studies 
1.1 Introduction 
The prosperity and welfare present in today�s society is due to 
specialisation of production. There is a strong separation between 
what an individual produces and what he/she consumes. The same 
tendency is present at the regional as well as the national level. 
Transportation of factors of production, final goods and consumers are 
basic elements of a country�s efficient use of productive resources. 
Moreover, such a separation hinges on well-defined property rights. 
Also the distribution of the results has important welfare implications. 

From a labour market perspective, further increases of welfare can 
be deduced from better matching of demand for and supply of labour. 
To mention two examples: both increased ICT usage and improved 
commuting conditions may increase welfare. A worker with large 
flexibility concerning where to live and work is very likely to reach 
his/her potential productivity. At the same time this person has a better 
chance to combine the chosen place of work with a preferred 
residential location. This thesis should be read with this in mind: A 
better understanding of and functioning of the labour market may 
increase welfare in Sweden. 

This introductory chapter serves several purposes. First, it will 
present the problem focus of this thesis and show which areas of 
economic analysis the thesis relates to and builds upon. Second, the 
modelling approach applied is outlined and discussed. Third, the 
purpose of the project New Economic Life in the Fyrstad Region is 
described. Finally, the four subsequent chapters are summarised. 

1.2 Spatial economics: Location and interaction 
This thesis consists of four focused studies of commuting and labour 
market integration, and belongs to the wide field of spatial economics. 
In broad terms spatial economics deals with distances and areas 
(Blaug, 1997). One may also add interaction between areas. Another 
definition is given by Krugman (1991), who considers �economic 
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geography� to be �the location of production in space�. The study of 
spatial economics has a long tradition in economics. This literature 
examines and tries to explain the uneven distribution of economic 
activity across space. The fact that prosperity and unemployment are 
unevenly distributed across locations raises many questions which 
have stimulated a lot of research. 

The work of von Thünen, Launhardt, Weber, Palander, Christaller, 
Lösch and Isard form the foundation of spatial economics according to 
Blaug (1997). At first location theory was in focus, and the theories of 
von Thünen, Weber and Christaller together form a unity (Bradford 
and Kent, 1981). Von Thünen studied the location of agricultural 
production, but his results are today recognised especially in the 
analysis of urban land use. Weber�s main interest is the location of 
industries, and Christaller�s contribution has been characterised as the 
�theory of location of urban trades and institutions� (Christaller, 
1933). According to Bunge (1966), Christaller is the father of 
theoretical geography, while Friedmann and Alonso (1975) consider 
Christaller and Lösch the founders of modern spatial theory. At that 
time the concept of market areas was separated from the location 
theory. Up to this point in time, the focus had been on the cost-
minimising location of activities, with no specific discussions of how 
regions are formed in the location process. When the location of firms 
and households and their interaction patterns are projected on the 
geographical space one may identify individual, separated functional 
economic regions. Lösch developed one theory that explains why 
regions come about (Lösch, 1938; Cheshire and Evans, 1991). Also, 
the work of Ohlin (1933) contributes in several ways to the analysis of 
international and interregional trade theory as well as the comparative 
advantages of urban regions. 

Although urban and regional economics have considered space all 
along, mainstream economics has seldom put spatial aspects at the 
forefront. For decades, spatial economics lay fallow. During this 
period, mainstream economics was spaceless, due to the extreme 
focus on constant returns to scale. A revival of space came from 
models with increasing returns to scale and imperfect competition. 
Economic activities are concentrated, rather than dispersed. Krugman 
(1991) started a new interest in the field, often referred to as the new 
economic geography. Related literature includes Beckmann and 
Thisse (1986), Johansson and Leonardi (1986), Rivera-Batiz and 
Romer (1991), Fujita and Thisse (1996), Krugman (1998a, 1998b), 
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Ottaviano and Puga (1998), Venables (1998), Fujita, Krugman and 
Venables (1999), Baldwin (1999), and Schmutzler (1999). A recent 
example that demonstrates the importance of location phenomena in 
economic analysis is Klaesson (2001). All this literature helps to 
explain why (urban) regions arise and how they improve productivity 
and allocation of resources as well as the welfare of the inhabitants in 
a region. One core idea is that differences in accessibility to economic 
resources both within a region and between regions are important. 

1.3 The local labour market 
The chapters of this thesis have a very clear common focus. They all 
analyse various aspects of household behaviour on a local labour 
market. The general description of the local labour market in this 
section can be supplemented by, for example, Topel (1986), Clark and 
Van Lierop (1986), Beckmann (1993, 1996), Beatty and Fothergill 
(1996) and Martin (1997). 

The regional labour market has two sides, the supply of and the 
demand for labour, and the geographic extension of the market is 
determined by how far the supply and demand forces reach. Firm and 
household behaviour and public policies affect the regional labour 
market. An individual offers his services on the labour market. In the 
labour market, the skills supplied have to match the skills demanded 
by the firms. The supply of skills changes over time, for many 
reasons. In a regional context, some individuals retire from the labour 
force, others move away, and still others move to the region, some 
study again, and the skills are upgraded while working through on the 
job training. Moreover, the choices made by a household depend 
partly on whether the household is a one-person household or a two-
income household. Choices also depend on whether there are children 
in the household or not. In the short run, a household lives in a given 
place and a decision to move requires efforts and expenditure, because 
a house may have to be sold or a rental contract to be discontinued, a 
new dwelling has to be found or a house may have to be bought. 
Moreover, the household member(s) need new job(s) and the 
household may lose part of its old social network. If necessary, a 
person can tolerate long commuting time for a short period, to get a 
job. Commuting exists because the rewards outweigh the negative 
effects, i.e. the costs of commuting. Productivity differences create 
wage differences across space and a person would commute if a 
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higher wage increases the utility more than what is lost in utility due 
to commuting efforts (Blum, Haynes and Karlsson, 1997). In the 
medium term, a move may be preferred to a long commuting time. 
The demand for labour is derived from the volume production of 
goods and services. The moving, shutdown and establishing of firms 
affect the demand side. The number of employed persons working in a 
region (a municipality or a functional region) is equal to the number of 
employed persons living in the region plus the workers commuting 
into the region minus the ones commuting out of the region. 

Functional regions are formed in a self-organised way as the result 
of how households and firms behave. This thesis is limited to and 
concentrates on commuting, and for that reason many issues regarding 
the labour market are suppressed or simply not studied. The 
commuting patterns form regions that are highly connected in the 
sense that the interaction intensity is much higher within each region 
than between regions. 

1.4 Spatial interaction modelling 
The theoretical foundation of spatial interaction models is discussed in 
for example Batten and Boyce (1986), de la Barra (1989), Sen and 
Smith (1995) and Bjurklo (1995). The role of face-to-face contacts in 
spatial interaction models is discussed extensively in Hugoson (2001). 
All economic entities have a location and an interaction pattern. A 
household�s choice of location, i.e. where to live, is necessarily a 
choice of interactions, i.e. where to work and where to shop. The 
individual choice of where to commute, given a residence location, 
can be related to the attraction of a specific workplace location, jβ , 
and the commuting costs, both monetary costs, ijm , and commuting-
time related costs, ijt . Note that commuting distance may be important 
in itself, but in this study spatial impedance is primarily related to 
commuting time alone. The individual utility derived from living in 
municipality i and working in municipality j, ijU , is assumed additive 
in the following way, ijijtijjij tmU εµβ +−−=  (Johansson, Klaesson 
and Olsson, 2002). Assuming that the monetary commuting costs are 
proportional to commuting time, i.e. ijmij tm µ= , the individual utility 
can be expressed as ijijjij tU ελβ +−= , where mt µµλ += . The 
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conditional probability, ijP , that a worker commutes from 
municipality i to municipality j is (e.g. Mattsson, 1984; Batten and 
Boyce, 1986; Bjurklo, 1995) 
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The attraction of a workplace location can be determined by the 

wage premium, ( )ijjj ww −= δβ . In that case the conditional 
probability, ijP , that a worker commutes from municipality i to 
municipality j is 
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Note that ( ) ijijjijjij twwU ελβδ +−+−= ~  is not particularly useful. 

Such a utility expression gives the following statement: 
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In essence, the attraction of location j is measured as jjjw βδ ~+ , 

which without loss of generality can be changed to jβ . Moreover, it is 
reasonable to assume that jj   ∀= δδ . 

Aggregate commuting behaviour may be analysed with 
unconstrained, singly constrained or doubly constrained gravity 
models. The gravity models all try to relate the commuting, ijC , from 
a municipality i to another municipality j to some origin, destination, 
and network information, iO , jD  and )( ijtf , respectively. For 
example, the commuting can be related to the number of workers (in 
i), the number of workplaces (in j) and the commuting time on the 
connecting link. The unconstrained gravity model combines the 
information in this way, )(21

ijjiij tfDOC ββα= . Often the network 

effect is defined as ijt
ij etf λ−=)( . The constrained modelling 

framework is exemplified by the doubly constrained gravity model 



Jönköping International Business School 

 12

described in the form of the Lagrangian [1]. The number of workers 
living in municipality i is �=

j
iji CO , and the number of persons that 

work in municipality j is �=
i

ijj CD . Moreover, the total commuting 

time is ��=
i j

ijij tCT . In this thesis entropy is maximised. The 

maximisation of entropy subject to the origin constraint, the 
destination constraint and the time constraint, i.e. optimisation of [1], 
has the solution ijji t

ij eC λβα −+−= . Alternatively, the solution can be 

stated as �
−−=

k

tt
iij

ikkijj eeOC λβλβ . 
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Note the equivalence with the conditional probability, ijP , derived 

for each individual commuter. Anas (1983) and Mattsson (1984) show 
that the solution to the doubly constrained model (entropy model) is 
equivalent to a discrete choice model of logit type. Of course, there 
may be aggregation bias, since no individual information is used in the 
aggregate models (Batten and Boyce, 1986). The solution to [1] is 
often expressed as ijt

jjiiij eDBOAC λ−= , where the two balancing 
factors can be expressed as 
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Additional labour market information can be incorporated into the 

models. A constraint on the amount of intra-municipality commuting 
can be included to capture barrier effects (Thorsen and Gitlesen, 1998; 
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Johansson, Klaesson and Olsson, 2002). In Chapter 5 of this thesis the 
number of border passages is incorporated into the model per se. 
Moreover, information about wage levels or wage differentials in the 
municipalities may be included in the constraint set. The models 
would then incorporate the effects of wage differentials on 
individuals� behaviour as described by formula [2]. Such a model 
would reflect the choices of individuals whose discrete-choice 
preference function contains the wage level as an argument, and 
municipalities with a high wage level would attract commuting flows 
stronger than other municipalities. In other words the spatial variation 
in wages is allowed to influence commuting. 

 

( ) +��
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The solution to [2] can be described as 
 

�
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twtw
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Note that the wage constraint in [2] is equivalent to the destination 

constraint in [1], and only one of them can be used at a time. This is 
seen by jj

i
ijj

i
ijjj DwCwCwW === �� . 

The solution to discrete-choice and singly-constrained models can 
be used to derive accessibility measures. Several scholars have used 
such accessibility measures as additional information in gravity 
models. Both firms and workers have options, and these options vary 
across space. A worker living in municipality i and working in 
municipality j has intervening opportunities. Firms in municipality j 
with a worker from municipality i has workers from other locations to 
hire. As a matter of fact, such (local) accessibility measures, i.e. the 
accessibility to workers, �

≠

−

jik

t
k

kjeO
,

λ , and the accessibility to 

workplaces, �
≠

−

jik

t
k

ikeD
,

λ , are really important in this thesis. Related 
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papers are for example Baxter and Ewing (1979), Fotheringham 
(1981, 1983a, 1983b, 1984, 1985, 1986), Ledent (1985), Ishikawa 
(1987), Jayet (1990a, 1990b), Lo (1990, 1991, 1992), Pooler (1992), 
Sen and Yun (1994), Fik and Mulligan (1992, 1998), Thorsen and 
Gitlesen (1998). In particular, such accessibility measures can be 
altered through, for example, infrastructure investments, (see 
Spiekermann, Vickerman and Wegener, 1999). 

An alternative to maximising entropy given a total commuting time 
(and other constraints) would be to minimise commuting time given a 
level of entropy (and other constraints). See Erlander (1977, 1980) for 
an entropy-constrained approach, as a contrast to entropy 
maximisation. The minimisation of commuting time subject to the 
origin constraint, the destination constraint and the entropy constraint, 
i.e. optimisation of [3], has the solution 

 
ijji t

ij eC λβα −+−= , where φαα ii �= , φββ jj
�=  and φλ 1= . 
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1.5 The purpose of the project New economic life in the 
Fyrstad region 
The analyses in the subsequent chapters focus on one particular 
functional region in Sweden, labelled the Fyrstad region. A common 
objective of these studies has been to characterise the labour market of 
the Fyrstad region. How are different parts of this labour market 
integrated and how does integration differ for different education 
groups, specified for male and female workers? The region is also 
related to other surrounding regions, and it is compared with regions 
of equal size, located elsewhere in Sweden. Why this focus on a single 
region? The following paragraph provides a background and presents 
a major project, of which the present thesis is a part. A subsequent 
paragraph will discuss how the results in the study contribute to a 
general understanding of Swedish labour market regions. 
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The Fyrstad region is a region that has faced rough structural changes. 
The region has had high unemployment and an educational level 
lower than the national average, and public transfers amount to a high 
share of total household incomes. Moreover, the region has well-
known infrastructure problems. The European Union and the Swedish 
government have channelled special funds to the region. These aspects 
of the Fyrstad region have not been thoroughly analysed. Examples of 
earlier studies, with an overview character, are Nordström et al 
(1988), Johansson (1989) and Andersson and Johansson (1991). 

The theories and modelling approaches used in this thesis are 
general and not specifically attached to a specific region. The Fyrstad 
region empirically exemplifies the theoretical reasoning and 
modelling of different phenomena. Note that many findings may be 
general and relevant for most regions. Moreover, new information 
concerning a special geographic region adds to the total knowledge 
about intra- and inter-regional interaction processes. Also, 
comparisons of regions can be addressed more readily. Moreover, the 
methods applied in this thesis may be applied to other regions. 

In the description of the project (Johansson and Karlsson, 1996) 
three main research areas are identified. They are 1) the industrial life, 
2) the labour market, and 3) evaluation of policy. This thesis consists 
of four chapters subsequently summarised. They have very focused 
research problems in mind, and all belong to the analysis of the labour 
market. Chapters 2-5 address issues identified in the project 
description, but obviously many other aspects could have been 
studied. So far, the project has resulted in the following 
complementary books: Johansson, Karlsson, and Stough (2001), 
Johansson and Enlund (2001), Nilsson (2001) and Johansson (2002). 

1.6 Summary and suggestions for further research 
All chapters of this thesis are interrelated by analysing different 
aspects of labour market integration and commuting behaviour of the 
Fyrstad region. In this way the thesis generates specific information 
about the region brought into focus, while at the same time producing 
results that are of a general nature and of which the Fyrstad region is 
an example. This section contains a short presentation of the ideas 
behind each of the studies and their main results. The chapters are: 
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• Methods for Identifying Functional Regions � Theory and 
Applications, 

• Gender and Educational Class Differences in Commuting 
Behaviour, Infrastructure Investments and Regional Growth, 

• Differences in Commuting Behaviour across Regions and 
Educational Classes, and 

• Spatial Barriers in Labour Market Commuting. 
 

Methods for Identifying Functional Regions � Theory and 
Applications: The municipalities that are tied together by commuter 
flows form functional regions. The purpose of Chapter 2 is to analyse 
various methods to identify functional regions, using labour market 
data. The interest in functional regions and their evolution is based on 
the welfare implications. The background assumption is that a well 
functioning local labour market has a larger production and higher 
welfare. The chapter starts with a theoretical description of the 
delimitation of regions. In doing so, several alternative methods are 
defined and assessed against each other. In this chapter Swedish data 
are used to analyse Swedish regions in general, but with special 
attention paid to the Fyrstad region. The application of these methods 
makes it possible to deliberate upon questions about the number of 
functional regions in Sweden and their size, in the years 1986 and 
1996. The analysis of functional regions has a particular relevance for 
the Fyrstad region in several ways. The study identifies which 
municipalities are highly connected, and if the connectivity has 
changed over time. Moreover, the analysis of functional regions 
results in a delimitation of the Fyrstad region, which is a basis for the 
following chapters. This chapter also gives insight into the power of 
these relatively simple methods. 

The analyses in Chapter 2 contribute to the understanding of how 
different methods and criteria affect the separation of regions from 
each other and the clustering of municipalities to each particular 
region. The results that are obtained from different approaches and 
criteria are compared and assessed. One result is that a certain 
municipality in certain respects belongs to one region, whereas in 
certain other respects it has a stronger association with another region. 
In this way the results in Chapter 2 help to specify how municipalities 
in a region can be classified as core and peripheral parts of the region. 
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The results are that for Sweden as a whole the number of functional 
regions decreased during the period from 1986 to 1996. In other 
words, most of the remaining functional regions increased their 
geographical extent. Regarding the Fyrstad region, it is shown that 
connectivity has increased over time, i.e. the municipalities are more 
intertwined in 1996 than in 1986. However, the Fyrstad region did not 
expand geographically during this period. The Fyrstad region in that 
sense deviates from the average Swedish functional region. These 
results are clearly related to the study in Chapter 4, in which the 
commuting patterns in four regions in Sweden are compared, one of 
which is Fyrstad. Moreover, until very recently the municipalities in 
the Fyrstad region belonged to three different counties. In view of this 
the thesis investigates to what extent these administrative borders may 
have acted as barriers preventing the Fyrstad region from getting 
integrated and hence expanding. Linked to this issue are the studies 
presented in Chapters 3 and 5. In Chapter 3, integration through 
infrastructure investments is evaluated. Chapter 5 is a more direct 
evaluation of the barriers per se. 

Gender and Educational Class Differences in Commuting 
Behaviour, Infrastructure Investments and Regional Growth: The 
third chapter analyses the commuting behaviour for three educational 
classes for men and women, respectively. A special concern of this 
chapter is to analyse if an improvement of the road connecting 
Uddevalla to Trollhättan and Vänersborg to normal Swedish highway 
standard would have any influence on commuter flows and if it would 
be economically sound. The evaluation has a labour-commuting 
perspective, and the results differ a great deal between the different 
models applied and with different model assumptions. Nevertheless, it 
is argued that the results indicate support in favour of improving 
commuting conditions in the Fyrstad region in the suggested way. The 
commuting behaviour for classes of workers is analysed. A part of the 
chapter is used to analyse the distribution of the benefit among the 
different educational classes and municipalities. The distribution 
favours women, and favours classes with low and medium education. 
These results are especially clear for one of the alternative model 
versions, i.e. the approach that uses an accessibility model to predict 
aggregate commuting out of and into a municipality. 

The third chapter provides a detailed examination of how gender on 
the one hand and education level on the other hand affect commuting 
behaviour. Differences in behaviour have implications for how large 
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the geographical labour market area is for different groups. In the 
various models applied in the analysis, it is shown that the time 
sensitivity of different groups varies in a systematic and robust way. A 
consequence of this is that the impact on the volumes of changing 
time distances should be predicted for specific groups of the labour 
force. Another consequence is that welfare effects can be better 
understood and assessed when gender and education levels are taken 
into consideration.  

Differences in Commuting Behaviour across Regions and 
Educational Classes: Differences in commuting behaviour between 
men and women, and between workers with different length of 
education is readily documented. In the fourth chapter the question 
investigated is if there in addition exist regional variations in 
commuting behaviour. In other words, is it possible to identify 
differences between regions as regards commuting behaviour when 
gender and education factors have been accounted for? Moreover, 
how can such differences be measured and interpreted? The purpose 
in this chapter is to investigate whether the commuting patterns in the 
Fyrstad, the Jönköping, the Karlstad and the Skövde regions are 
similar. The analysis uses three models to this end, and in the 
assessment regional differences are verified. The level of commuting 
in the Fyrstad region is shown to be relatively high, and this result is 
(in principle) model invariant. This may imply that models for 
prediction and policy analysis need to have a structure and 
parameterisation that can capture such aspects. In the analyses in this 
chapter it is shown that commuting differences reveal themselves in 
the form of both region-specific general propensities to commute and 
region-specific time sensitivities. This type of result represents a 
strong challenge to future theoretical and empirical research. 

Spatial Barriers in Labour Market Commuting: The final chapter 
investigates to what extent historical county borders may continue to 
act like barriers and thus reduce the level of commuting across the 
borders. A barrier in the local labour market limits the geographical 
area in which a worker accepts a job offer and an employer finds 
workers. Moreover, a barrier constrains the possibilities for market 
expansion over time. In essence, the effect of a barrier is reduced 
efficiency and lower total production. A barrier is said to be in place 
when the commuting frequency on a cross-border link is below the 
expected level of commuting, given all other characteristics. In the 
analysis of the Fyrstad region barrier effects are verified. However, 
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the barrier estimates are significantly reduced when spatial 
information about accessibility patterns is added to the models. 
Consequently, commuting models with too schematic spatial 
specification might exaggerate barrier effects. 

The chapter also contains a discussion about how a barrier should 
be represented in a spatial interaction model. From the analysis it is 
evident that a misrepresentation of time distances on specific links 
gives rise to estimation effects that are similar to barrier effects. In this 
way the method suggested in the analysis may be used as a means to 
indirectly detect a not recorded friction on a link, for example time 
delays due to congestion and the like. 

Suggestions for further research: This thesis has made an effort to 
shed some light on the commuting pattern in the Fyrstad region. 
Obviously, there exists a large number of other possible studies of this 
regional labour market. Just to mention a few: moving patterns, 
unemployment issues, and perhaps a combined analysis of the 
regional labour market and the regional composition of industries as 
well as the performance of industrial sectors. A supplementary study 
of, for example, shopping trips, recreational trips, on-the-job travels, 
and freight transportation is clearly relevant. Moreover, the studies 
included in this thesis are strictly focused on the Fyrstad region. New 
studies of related issues employing cross-section information from all 
Sweden�s regions are already on the way. For example, the indication 
of barriers in the Fyrstad region may not be that special. On the 
contrary such barriers could very well be present in many places. 
Some issues could also be studied using less aggregate data. It would, 
for example, be very interesting to extend the analysis of functional 
regions in such a way. The commuting data used in this thesis are 
classified into level of education and gender. In this way the thesis 
manages in a significant way to add to previous studies of regional 
labour markets and their integration. The analyses show that gender 
and education specifications help to improve the understanding of 
regional labour market integration and the prediction of commuting 
behaviour. Such improvements are shown to be essential for all sorts 
of impact studies. 
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2. Methods for Identifying Functional 
Regions - Theory and Applications 
Co-authored with Charlie Karlsson, Jönköping International Business 
School, Jönköping University, P.O. Box 1026, SE-551 11 Jönköping, 
Sweden, Telephone: +4636156956, Fax: +4636165069, 
charlie.karlsson@jibs.hj.se. 
 
Abstract: A functional region is characterised by a high frequency of 
intra-regional interaction. The text analyses how functional regions 
can be identified, using labour market data. Three approaches are 
applied in this task, named the local labour market, commuting zone, 
and accessibility approach, respectively. The text includes an 
application using Sweden as a whole, and one application using the 
Fyrstad region. The situation is also studied at two points in time, and 
the chapter contrasts the Swedish with the Fyrstad experience. The 
outcomes using the different approaches are compared, and the results 
combined have a richer flavour. 
 
JEL classification: R12 
 
Key words: Functional region, local labour market, commuting zone, 
accessibility 

2.1 Introduction 
In Sweden, the daily average mobility of persons has increased from 
half a kilometre in the year 1900 to 45 kilometres in the year 1999 
(Andersson and Strömquist, 1988; SIKA, 2000). Moreover, the 
average daily mobility for men and women in the age group 25-44 is 
77 and 59 kilometres, respectively (SIKA, 2000). Although the daily 
commuting region has expanded, economic activities are spatially 
concentrated. In particular, this is true for production activities. 
According to Krugman (1991), geographical concentration is the most 
striking feature of economic reality. Consumers� daily activities, 
including work, tend to be performed close to their residence. Firms
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hire workers living relatively close to the firm, buy services from 
firms located nearby and often sell their products in close proximity. 
This means that short-distance spatial interaction dominates for most 
households and firms. For each centre of economic activities, there 
exists a hinterland dominated by interactions with the centre. In the 
subsequent analysis, an economic functional region consists of one or 
more centres and the appurtenant hinterland (Karlsson, 1994). A 
functional region is characterised by a high frequency of intra-regional 
economic interaction (Johansson, 1998), such as intra-regional trade in 
goods and services, labour commuting and household shopping. 
Hence, the essence of a functional region is a system of highly 
connected smaller and larger places. 

Given the rather general definition the question arises, how do we 
delimit functional regions in geographical space? The answer to this 
question is of considerable interest, since it has important analytical 
and planning implications. Functional regions often contain several 
administrative regions. This creates tensions and causes planning 
problems, since in the generic case several local governments are 
responsible for the planning of the functional region as a whole. The 
administrative regions need to co-operate in order to support the 
functional region. For labour market analysis and infrastructure 
planning, the functional region is the relevant geographic concept. 

The purpose of this paper is to analyse various methods for 
identifying functional regions and to apply them, using Swedish data, 
with a focus on the Fyrstad region in western Sweden. In forming 
functional regions, the aim is to aggregate areas with high economic 
interaction. There are many types of interaction that one may consider, 
such as population flows (migration and commuting), trade in goods 
and services, communication, traffic flows, goods flows, service 
connections, newspaper circulation and financial flows (Vanhove and 
Klaassen, 1987). In this paper, we make use of commuting data, since 
the pattern of daily interaction in the labour market can be assumed to 
be a good proxy for the functional region. The interest in economic 
regions started with Christaller (1933) and Lösch (1938). Moreover, a 
restrictive list of related publications are Micklander (1971), Hay and 
Hall (1978), SCB (1992), Killian and Tolbert (1993), Johnston (1995) 
and Johansson (1998). 

The major contribution of this chapter is the comparison of 
methods to delineate functional regions. Moreover, the chapter 
contrasts the Swedish experience to the situation in one specific 
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region. The text discusses what is the core part of the Fyrstad region. 
Moreover, the peripheral Fyrstad is identified. The text argues that the 
Fyrstad region consists of ten municipalities: Färgelanda, Grästorp, 
Lilla Edet, Lysekil, Mellerud, Munkedal, Sotenäs, Trollhättan, 
Uddevalla and Vänersborg. The text offers discussions of relevant 
policy issues, and provides information that is important to decision 
making and model building. Moreover, the chapter performs the task 
of being the breeder of ideas used in the following chapters. 

Theoretical and practical methods for identifying functional regions 
using labour market data are presented in Section 2.2. In Section 2.3 
one method is applied to Swedish data for the years 1986 and 1996. 
This general application is followed up in Section 2.4, where 
alternative methods are applied to the Fyrstad region. Conclusions and 
suggestions for future research are presented in Section 2.5. 

2.2 Methods for identifying functional regions based 
upon labour market data 
The purpose of this section is to present and discuss alternative 
methods for identifying functional regions using labour market data. 
In this chapter, three delineation alternatives will be applied; these are 
(i) the local labour market, (ii) the commuting zone and (iii) the 
accessibility approach. Moreover, in this section the ways these 
methods are applied will be explained. 

2.2.1 A theoretical model delineating commuting regions 
This first section analyses factors that determine where persons with a 
fixed place of residence choose to work. These ideas can be found in 
Beckmann (1996). This is a reasonable framework for the short term. 
In the medium term, people may move and then the framework should 
be modified. In a short-run analysis, the following simplified 
assumptions can be made. All workers have perfect information about 
jobs, wages and travel costs. All jobs are concentrated in two centres, i 
and j (Figure 2.2.1). All wages are the same in i and the same applies 
to j, but wages in j are assumed to be higher than in i, i.e. ij ww > . 

Wages can be higher in j due to higher productivity in j. All jobs 
are equal in terms of the skills they demand and all workers have the 
same skills. All workers are assumed to live on a linear strip between i 
and j. Travelling from any point between i and j is associated with 
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travel costs, ic  and jc , that increase with the distance to i and j, 
respectively. 

Given this we now assume that the objective of the workers is to 
maximise the real wage )(w  net of the generalised travel cost )(c . 
This net wage we refer to as ω . The net wage that is obtained from 
working in centre i and j, respectively, is illustrated in Figure 2.2.1 
below as iω  and jω . The net wage at any location between the two 
centres is { }  ,max ji ωω . 

Given that the net wage is higher than the reservation wage all 
workers to the left of k will commute to centre i and all workers to the 
right of k will commute to centre j. Workers living in k are indifferent 
since ji ωω = . Hence, k is the border between the two functional 
regions, i and j. The two functional regions consist of the locations (x), 
which satisfy either 

 
{ }  )()(: xxx jii ωω >=FR  or 

 
{ }  )()(: xxx ijj ωω >=FR . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2.1: The real wage less transportation costs between two 
centres (i and j). 
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In the sequel, we will analyse what happens to the border k when the 
basic conditions change. First, we analyse what happens when there is 
a change in the commuting costs. Assume that travel costs to centre j 
decrease due to investments in infrastructure or improvements in the 
public transport system. This will lead to a shift upward in the 
function jω . The border between the two functional regions in Figure 
2.2.1 will shift to the left and hence functional region j will be 
extended and functional region i will become smaller. Moreover, there 
will be an increase in the net wages and thus an improvement in 
economic welfare, given that the tax cost of the improvements is 
lower than the wage increase. There will also be an increase in the 
supply of workers since fewer people will have reservation wages that 
are higher than the net wage. 

In a second step we analyse what happens if the real wage in j, jw , 
increases compared to the real wage in i, iw . The driving force behind 
such an increase can be productivity improvements in j due to e.g. 
capital investments and/or an increase of agglomeration economies in 
j. The effects of a comparative real-wage increase are the same as 
those of a reduction of the generalised travel costs. The reach of the 
region j will be extended as the border k is shifted to the left. 

In reality, the border between two functional regions is always 
fuzzy. Workers do not have perfect information about job offerings in 
different centres. Not all jobs are concentrated in the centre. Different 
jobs demand different skills and offer different wages. Different 
workers have different skills. 

A further complication arises from the fact that many households 
contain two or more persons that are working. As the persons have 
different skills, it can be expected that even if they live in a given 
functional region not all of them work in the region. 

An alternative approach when delineating functional regions is to 
use commuting frequencies. Even if the real wages are not the only 
things valued by workers, they have a strong influence on behaviour. 
Hence, one can assume that commuting is attracted by the places with 
the highest net wage. Rouwendal (1998) defines the optimal area from 
which a person would accept the first job-offer, as *A . The job-
acceptance area is defined based on an assumption that each worker 
maximises the net present value of income. In Rouwendal�s model 
job-search takes time, because of incomplete information about vacant 
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jobs. The probability for a job offer from centre i is iγ . The place of 
residence and the place of work are by definition in the job-acceptance 
area1. Therefore, the (conditional) probability of working in centre i is 

*
j jii , iγγP ** A

AA ∈= � ∈∈
. 

This probability can explain the empirical regularity (Bradford and 
Kent 1981) that commuting frequencies to a centre decline with 
increasing distance to the centre in question (Figure 2.2.2). Assume 
that the household choice of location reveals the job-acceptance area 
in consideration. Assume that a household is located in a centre, since 
the members prefer to live and work in the same centre. A choice of 
living outside the large centre reveals that if the household members 
have to work in the centre they will do so, but they will not live there. 
The household located outside the centre has already accepted longer 
commuting (on average). The size of the job-acceptance area therefore 
increases with the distance from the centre in question. Outside the 
centre, there are small towns, with some job offers, which the 
household automatically takes into consideration. This enlarged job-
acceptance area increases the sum of job-offer probabilities and causes 
the commuting probability (to centre i) to decline. 

2.2.2 Taking the models closer to empirical observations 
The distance interval that is observed in everyday commuting for a 
majority of the working population in Sweden is 15-60 minutes. When 
the distance gets too long other solutions than everyday commuting 
are usually preferred, such as weekly commuting, moving or 
teleworking (some or all of the time). 

Johansson (1998) uses a distance-dependent cost function to 
explain that the interaction frequency declines with the distance 
(Figure 2.2.2). The sum of all costs that depend on geography 
(distance) is called Geographical Interaction Costs. The geographical 
interaction costs include costs for transportation, communication and 
transactions. 

                                                 
1 The accessibility to alternative workplaces varies across space. A part of this 
variation may be caused by differences in distance friction. This is not a main idea in 
this thesis, but using the data and models from Chapter 5 (with some adjustments) 
indicates that the distance friction is larger for larger towns. The presentation of the 
models estimated and the results are saved for another paper. 
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Figure 2.2.2: The Geographical Interaction Cost and the Commuting 
Frequency (Johansson, 1998). 
 

Products differ in their distance-sensitivity. Non-standardised 
production such as service production is of a local nature and the cost 
curve is very distance-sensitive. Standardised products have very flat 
cost curves. According to Johansson, it is possible to identify the 
border of the functional region when a large share of all distance-
sensitive products has approximately the same distance barrier 
(approximately the distance where the interaction frequency is 
significantly reduced). One may argue that for a product it is 
interaction costs per unit value of the product that matter. A similar 
argument may be made with regard to type of labour and the pertinent 
wage level associated with each commuting link. 

In the labour market, such barriers exist because of frictions in the 
transport system. The infrastructure and the functioning of the 
transport system give rise to discontinuous travel costs (including the 
value of time). The tariff system, when crossing an administrative 
border, often causes the costs to take a leap. During commuting, a 
change of means of transport induces waiting time. The reliability of 
the transport system is important and a change of transport mode may 

GIC, 
Commuting 
frequency 

Commuting  
frequency 

GIC 

Distance to 
work 



Jönköping International Business School 

 32

lower reliability. The infrastructure may cause traffic congestion and 
the unpredictability of commuting time is costly. 

The local labour market approach: There are three different levels 
of interaction that may be used in estimating the extension of a 
functional region. Assume two centres indexed i and j located in a 
region represented by a line. The left endpoint is signified by i and the 
right by j, as illustrated in Figure 2.2.3. Moreover, x denotes an 
intermediate point between i and j. At a location (x) the commuting 
frequency to centre i is (x)fi . The functional region consists of all 
geographic locations that satisfy one of the following three conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2.3: The commuting frequencies to the two centres (i and j). 
 
The first condition would be to include all locations with any 
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A second alternative condition would be to use a cut-off frequency 
(larger than zero) for inclusion, { }0>≥= f(x)x:fiiFR . The cut-off 
frequency gets rid of the very few long distance commuters. This rule 
does not allow extremely low interaction and the border is at 2k . With 
the second condition one obtains a smaller functional region than 
when using the first condition. 

The third criterion for defining a functional region is to consider 
neighbouring central places and to calculate the breakpoint between 
the different central places. A point on the border 3k  is found where 
the attraction is equal to both of the closest cores. This is formally 
described by { }(x)f(x)x:f jii ≥=FR . 

In theory, the borders are exactly defined and the theoretical 
borders will not necessarily follow administrative borders. In practice, 
the functional region will consist of smaller areas that have been 
aggregated. This means that the smallest geographical area for which 
there exist commuting data (usually municipalities2) influences how 
close the estimated functional region will be to the theoretical 
functional region. 

Several attempts have been made to delineate functional regions 
with the help of commuting data. One method to create the official 
local labour markets can be found in SCB (1992). As a first step of 
this method, municipalities that are strongly self-sufficient are 
identified. A municipality is considered strongly self-sufficient if less 
than 20 per cent of the working population commute (from the 
municipality) and if no more than 7.5 per cent of the working 
population commute to any specific municipality. SCB has examined 
different breakpoint values and found these values to be acceptable 
approximations. During the 1990�s the above-presented values have 
been used in a number of studies (CERUM, 1993; Kullenberg and 
Persson, 1997; NUTEK, 1997). The second step in this method is to 
add municipalities to the strongly self-sufficient ones. The 
municipalities that are not strongly self-sufficient are added in a chain 
to the municipality to which most commuters direct themselves. The 
chain is allowed to have three links (NUTEK, 1997). If more links 
exist, the link is broken at the weakest point. The cut-off municipality 
is added to the municipality which receives the second largest flow of 
                                                 
2 A municipality is the smallest civil jurisdiction in Sweden. Counties consist of 
several municipalities, which include both urban and non-urban areas. 
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commuters. In SCB (1992) one more rule is presented, but not used. If 
two municipalities are not strongly self-sufficient, but the largest 
commuter flow in each municipality goes to the other, they 
themselves form a local labour market. 

Killian and Tolbert (1993) estimate commuting zones. This second 
approach is less focused on urban cores than the methods mentioned 
above. The commuting zones are built from the existing mutual 
dependency of municipalities, rather than from one-way dependency. 
The number of commuters from municipality i (j) to municipality j (i) 
is measured by ijC  ( jiC ), and iP  ( jP ) measures the working 
population in municipality i (j). A measure of the strength of the two-
way commuting ties is calculated by ( ) { }jijiij ,PPCC min+ . With such 
a measure, two municipalities with a large one-way commuter-flow do 
not necessarily qualify as a region. 

The third delineation approach makes use of the accessibility 
concept, and two versions will be used here. The first investigates the 
employers� access to workers and the second investigates the workers� 
access to jobs. Moreover, the importance of these accessibility 
measures comes from the implications for the commuting patterns. 

We want to find out which municipalities are the most important 
regarding potential labour supply for the employers in a municipality 
labelled i . To calculate the accessibility measure we use the number 
of workers that live in a municipality (identified by j), jO , the 
commuting time between the two municipalities, ijt , together with the 
distance friction, λ . The employers� worker-accessibility can be 
calculated by �

−=
j

t
j

w
i

ijeOA λ . The contribution to the accessibility 

by a single municipality k is ikt
k eO λ− . The process starts by ranking 

these accessibility increments from large to small. In the following 
step, municipalities are added in that order, until a cut-off point is 
reached. When the n most influential municipalities are included, the 

accessibility is ( ) �
=

−=
n

j

t
j

w
ni

ijeOA
1

λ . The nth municipality is included if 

the accessibility increment is sufficiently large, ( ) %1 xAA w
ni

w
i >−∆ , 

where ( ) ( )
w

ni
w

ni
w
i AAA 1−−=∆  and x is the chosen limit. This procedure 

results in a list of the most important municipalities from an employer 
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perspective. The accessibility approach puts more focus on the needs 
of the core municipalities than the other approaches do. 

Moreover, the same approach will be applied to the workers� 
accessibility to jobs, �

−=
j

t
j

j
i

ijeDA λ , where the number of jobs in a 

municipality is measured by jD . This procedure results in a list of the 
most important municipalities from a worker perspective. 

2.2.3 Conclusions 
There are several ways to delineate functional regions. In this section, 
three somewhat different approaches have been presented. The local 
labour market approach uses one-way commuter flows. In the 
commuting zone approach we calculate the connection among 
municipalities, using commuter flows in both ways. With the 
accessibility approach we form a region based on the potential 
interaction between locations. These differences in how to define 
regions have consequences for the outcome, which will be seen in the 
following sections. 

2.3 Functional regions in Sweden 
The purpose of this section is to describe the changes of the 
characteristics of functional regions in Sweden during the period 1986 
to 1996. The characteristics used are the number and sizes of 
functional regions. This section makes use of the local labour market 
approach. 

Statistics Sweden collects commuting data (ÅRSSYS), and in this 
application, data from 1986 and 1996 are used. In this section, the 
following rule is used for the separation of municipalities into self-
sufficient and non-self-sufficient municipalities. Self-sufficiency is 
defined as the share of persons employed who work in the 
municipality where they live. The result from identifying and counting 
all municipalities with self-sufficiency over a chosen limit is 
illustrated in Figure 2.3.1 (and Table 2.3.1). In this case, the number 
of functional regions in Sweden is equal to the number of self-
sufficient municipalities, since the municipalities that are not self-
sufficient are added to the self-sufficient ones. This procedure has 
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been repeated for 1986 and 19963. In Figure 2.3.1 the curve for 1986 
lies above the curve for 1996 (except for extremely low self-
sufficiency requirements). This shows that the number of functional 
regions has decreased from 1986 to 1996, according to the above 
criteria. 

Figure 2.3.1: The number of local labour markets in 1986 and 1996. 
 
Table 2.3.1: The number of functional regions at different self-
sufficiency limits (1986 and 1996). 

Self-sufficiency 
(%) 

Number 
1986 

Number 
1996 

90 42  22  
80 138  113  
70 204  165  
60 228  215  
50 249  242  
40 262  256  
30 281  280  
20 284  287  

                                                 
3 The number of municipalities increased from 284 (1986) to 288 (1996). The new 
municipalities are Bollebygd, Gnesta, Lekeberg and Trosa. 
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The size of a functional region is an important indicator of local 
market size, which is an important variable in the decision whether to 
start a firm or not. The threshold market size is different between 
industries, and the bigger the local market, the more industries there 
are in the region. The size of the functional region also has 
implications for worker flexibility. A worker in a larger functional 
region has more to choose from, regarding both workplace and type of 
occupation. For a thorough description of these ideas and many 
references see Nilsson (2001). 

Hence, it is important to ask what has happened to the size of the 
functional regions in Sweden between 1986 and 1996. The number of 
persons working in the municipalities, belonging to a functional 
region, is here used as a measure of the size of a functional region 
(summary statistics are given in Table 2.3.2). Here we define a self-
sufficient municipality as a municipality with less than 25 per cent 
out-commuting, i.e. the self-sufficiency limit is set to 75 per cent4. 
The rank-size distribution of functional regions in Sweden for 1986 
and 1996 is plotted in Figure 2.3.2. The results from an estimation of 
the model εβα ++= )ln()ln( ranksize  are presented in Table 2.3.3. 
The slope parameter ( β ) has decreased from -1.11 in 1986 to -1.22 in 
1996. The effect of rank on the size of the functional regions is more 
negative in 1996 than in 1986. The α -parameter is 14.1 in 1996 and 
13.9 in 1986. The parameter measures the estimated size of the 
functional region with rank 1, i.e. 0)ln( =rank . 

The regression results indicate that the largest regions are larger in 
1996 than in 1986. One important conclusion that can be drawn is that 
the number of functional regions has decreased and a majority of them 
have decreased in size. Only large functional regions have grown in 
size. One must in this context recognise that in these ten years the 
number of persons employed decreased by about 500,000 to about 
3,820,000. 

                                                 
4 Here we define self-sufficiency by choosing the 25 per cent limit as the only 
criterion. When defining Local Labour Markets (SCB, 1992) the limit is set to 20 
per cent, but with additional criteria (and considerations) (Section 2.2.2). The simple 
reason for raising the limit from 20 per cent to 25 per cent is that we here just use 
one criterion and the fact that at the 20 per cent limit, for example, Stockholm, is not 
self-sufficient. To better reflect reality and to get relevant information using only 
one criterion, the limit had to be increased (but the actual level chosen is to some 
degree arbitrary). 
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Table 2.3.2: Summary statistics on the functional regions in Sweden 
1986 and 1996. The size of a region is measured by the number of 
persons working in the region. 
 1986 1996
Number 172 142
Max 860,523 871,733
Min 1,463 1,176
Mean 25,076 26,851
Median 10,048 9,332
Standard deviation 75,117 82,664
 

Figure 2.3.2: The rank-size distribution of the functional regions 1986 
and 1996. 
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Table 2.3.3: The estimated parameters, when 75 per cent self-
sufficiency limit is used. t-values are given in parentheses. 
 1986 1996 
Constant 13.9 

(147.1) 
 

14.1 
(128.5) 

)ln(rank  -1.11 
(50.1) 

-1.22 
(45.4) 

2
.adjR  0.936 0.936 

2.3.1 Conclusions 
The conclusions from this section are that the number of functional 
regions in Sweden decreased between 1986 and 1996. An implication 
of the smaller number of regions is that several functional regions 
have grown in geographical space. We found that the median value of 
the working population in the functional regions decreased during 
1986 to 1996. The functional regions that have increased their 
working population are the large functional regions. It has to be 
remembered that the total number of workers decreased by almost 
500,000 persons in the period 1986 to 1996. 

2.4 The Fyrstad region as a functional region 
The purpose of this section is to use the tools from Section 2.2 to 
analyse the Fyrstad region in Western Sweden. The Fyrstad region is 
mostly used as the name for the region formed by four neighbouring 
municipalities: Uddevalla, Trollhättan, Vänersborg and Lysekil 
(Figure 2.4.1). However, if we look upon the Fyrstad region as a 
functional region it also contains a number of neighbouring 
municipalities. The location of the core Fyrstad region is shown in a 
map of the county of Västra Götaland (Appendix, Figure A.2.1). In 
Table 2.4.1 we list all municipalities in the larger Fyrstad region and 
illustrate the situation in 1986 and 1996 in terms of self-sufficiency. 
The self-sufficiency values are lower in 1996 than in 1986, for all 
municipalities that belong to the larger Fyrstad region5. This is a sign 
of increasing regional integration. 

                                                 
5 Marginally lower for Sotenäs. 
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Table 2.4.1: Self-sufficiency in 1986 and 1996 in the larger Fyrstad 
region. 
Municipality 1986 1996 
Trollhättan 0.87 0.84 
Lysekil 0.84 0.81 
Sotenäs 0.79 0.79 
Uddevalla 0.83 0.79 
Mellerud 0.78 0.73 
Färgelanda 0.69 0.67 
Munkedal 0.67 0.62 
Vänersborg 0.77 0.61 
Essunga 0.64 0.60 
Orust 0.60 0.56 
Grästorp 0.59 0.51 
Lilla Edet 0.56 0.50 

 
 

Figure 2.4.1: A map of the core of the Fyrstad region. Source: The 
county administration of Västra Götaland. 
 

The local labour market approach: Trollhättan is the only self-
sufficient municipality at a self-sufficiency level higher than 81 per 
cent in 1996. Non-self-sufficient municipalities with commuter flows 
greater than 5 per cent to a self-sufficient municipality are added to 
Trollhättan to form the functional region (with the self-sufficient 
municipality as the core). According to this definition, the 
municipalities of Uddevalla, Mellerud, Vänersborg, Lilla Edet, 
Grästorp and Essunga belong to the functional region of Trollhättan. If 
the self-sufficiency criterion is set at 80 per cent Lysekil becomes self-
sufficient. Sotenäs is added to the functional region of Lysekil as a 
non-self-sufficient municipality with a commuter flow to Lysekil 
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larger than 5 per cent. The larger Fyrstad region now consists of two 
functional regions: the Trollhättan region and the Lysekil region 
(Figure 2.4.2). 
 

Figure 2.4.2: The Trollhättan and Lysekil functional regions (Self-
sufficiency limit is 80 per cent, 1996). Source: The county 
administration of Västra Götaland. 
 

Trollhättan, Lysekil and Sotenäs are self-sufficient municipalities 
when the limit is set at 79 per cent. Sotenäs is excluded from Figure 
2.4.3, since Sotenäs no longer belongs to the Fyrstad region. When the 
limit for self-sufficiency is lowered to 73 per cent, two municipalities, 
Uddevalla and Mellerud, are classified as self-sufficient 
municipalities. Mellerud is excluded from Figure 2.4.3, since at this 
level it becomes self-sufficient and therefore no longer belongs to the 
Fyrstad region. Munkedal, Färgelanda and Orust have more than 5 per 
cent of the workers commuting to Uddevalla and are therefore 
included in the Uddevalla functional region. The larger Fyrstad region 
now consists of the three functional regions, the Trollhättan region, 
the Lysekil region and the Uddevalla region (Figure 2.4.3). 
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Figure 2.4.3: The Trollhättan, Lysekil and Uddevalla functional 
regions (Self-sufficiency limit is 73 per cent, 1996). Source: The 
county administration of Västra Götaland. 
 

If the self-sufficiency criterion is set to 65 per cent Färgelanda 
becomes self-sufficient. When the limit is 60 per cent Vänersborg, 
Munkedal and Essunga are classified as self-sufficient. Färgelanda, 
Munkedal and Essunga are self-sufficient and do not at this level 
belong to the Fyrstad region (Figure 2.4.4). The larger Fyrstad region 
then consists of four functional regions: the Trollhättan region, the 
Lysekil region, the Uddevalla region and the Vänersborg region. 
 

Figure 2.4.4: The Trollhättan, Lysekil, Uddevalla and Vänersborg 
functional regions (Self-sufficiency limit is 60 per cent, 1996). 
Source: The county administration of Västra Götaland. 
 

If the requirement for self-sufficiency is lowered to 50 per cent 
then Orust, Grästorp and Lilla Edet become self-sufficient. This is 
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seen in Table 2.4.1, and the Fyrstad region then consists of the four 
municipalities Uddevalla, Trollhättan, Vänersborg and Lysekil (Figure 
2.4.1). 

The definition of the official local labour markets (SCB, 1992) can 
be used to classify the municipalities in the Fyrstad region. The self-
sufficient municipalities (close to the Fyrstad region) are Lysekil, 
Strömstad, Bengtsfors, Trollhättan, Lidköping and Skövde. The result 
of using the local labour market criterion is that the Fyrstad region 
consists of two local labour markets: Trollhättan and Lysekil. The 
municipalities included in these local labour markets are presented in 
Table 2.4.2 and Figure 2.4.56. 
 
Table 2.4.2: The local labour markets in the Fyrstad region (1996). 
Trollhättan Lysekil 
Uddevalla 
Vänersborg 
Grästorp 
Munkedal (through Uddevalla) 
Färgelanda (Uddevalla) 
Mellerud (Vänersborg) 

Sotenäs 

 

Figure 2.4.5: The Uddevalla and Lysekil Local Labour Markets 
(1996). Source: The county administration of Västra Götaland. 

                                                 
6 The other surrounding municipalities, not included in the Fyrstad region are: Orust 
(largest commuter flow to Göteborg [G]), Tjörn (G), Stenungsund (G), Lilla Edet 
(G), Ale (G), Alingsås (G), Vårgårda (Alingsås), Herrljunga (Borås), Essunga 
(Vara), Vara (Lidköping), Falköping (Skövde), Skara (Skövde), Åmål (Bengtsfors), 
Dals-Ed (Bengtsfors), Tanum (Strömstad). 
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The commuting zone approach: A two-way commuter-flow measure 
(Section 2.2) has also been calculated for the municipalities in the 
larger Fyrstad region. The Fyrstad region would then consist of two 
areas with strong mutual commuter flows (Table 2.4.3 and Figure 
2.4.6). Lilla Edet is a municipality with interesting characteristics. 
Lilla Edet sends most of its commuters to Göteborg so Lilla Edet 
belongs to the Göteborg functional region using a one-way flow 
measure and, therefore, does not belong to the Fyrstad region (Figure 
2.4.5). Very few people commute from Göteborg to Lilla Edet. Lilla 
Edet sends almost as many commuters to Trollhättan as to Göteborg 
but more people commute from Trollhättan than from Göteborg to 
Lilla Edet. Using a two-way flow measure Lilla Edet would be 
included in The Fyrstad region (through Trollhättan), because the two-
way flow measure between Lilla Edet and Trollhättan was 0.21 which 
is larger than 0.19 that was the two-way flow measure between Lilla 
Edet and Göteborg. 
 

Figure 2.4.6: The Fyrstad region as two functional regions in 1996. 
Source: The county administration of Västra Götaland. 
 

We now continue by analysing how the situation has changed 
between 1986 and 1996 in the larger Fyrstad region. 

The local labour market approach: If the self-sufficiency limit is 
between 87 per cent and 84 per cent, only Trollhättan was self-
sufficient in 1986 (Table 2.4.1). In 1986, four municipalities 
(Grästorp, Essunga, Vänersborg and Lilla Edet) had more than 5 per 
cent commuting into Trollhättan. The Trollhättan functional region in 
1986 did not contain Mellerud and Uddevalla, which was the case in 
1996 (Figure 2.4.2). Lysekil becomes self-sufficient at 84 per cent and 
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Uddevalla at 83 per cent. Sotenäs is added to Lysekil and Orust, 
Munkedal and Färgelanda belongs to the functional region of 
Uddevalla (Figure 2.4.7). The larger Fyrstad region at this self-
sufficiency level consists of three functional regions: the Trollhättan 
region, the Lysekil region and the Uddevalla region. 
 

Figure 2.4.7: The Trollhättan, Lysekil and Uddevalla functional 
regions (Self-sufficiency limit is 83 per cent, 1986). Source: The 
county administration of Västra Götaland. 
 

Lowering the limit to 79 per cent makes Sotenäs self-sufficient. 
When the level is set to 78 per cent Mellerud becomes self-sufficient. 
Because of that, Sotenäs and Mellerud do not belong to the Fyrstad 
region. Vänersborg turns self-sufficient at 77 per cent. No 
municipality is added to the functional region of Vänersborg.The main 
difference compared to 1996 is that in 1986 Vänersborg is much less 
connected to the neighbouring municipalities. The larger Fyrstad 
region then consists of four functional regions: the Trollhättan region, 
the Lysekil region, the Uddevalla region and the Vänersborg region 
(Figure 2.4.8). 
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Figure 2.4.8: The Trollhättan, Lysekil, Uddevalla and Vänersborg 
functional regions (Self-sufficiency limit is 77 per cent, 1986). 
Source: The county administration of Västra Götaland. 
 

As the requirement for self-sufficiency gets lower, more 
municipalities become self-sufficient and are excluded from the 
Fyrstad region. Färgelanda is lost at 69 per cent, Munkedal at 67 per 
cent and Essunga at 64 per cent. Orust becomes self-sufficient at 60 
per cent, Grästorp at 59 per cent and Lilla Edet at 56 per cent. The 
Fyrstad region at this self-sufficiency level consists of the core 
municipalities (Figure 2.4.1). 

In 1996, the Fyrstad region consisted of two local labour markets 
(Figure 2.4.5). Repeating the procedure for 1986 shows that in 1986, 
the region contained three local labour markets. From 1986 to 1996, 
the region did not change, but the labour markets became more 
interwoven. The local labour markets of Uddevalla and Trollhättan 
were 1996 joined into the Trollhättan local labour market (Figure 
2.4.9). Lysekil and Sotenäs were a separate local labour market in 
1986. 
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Figure 2.4.9: The Trollhättan, Uddevalla and Lysekil local labour 
markets in 1986. Source: The county administration of Västra 
Götaland. 
 

The commuting zone approach: If the two-way commuter-flow 
measure used for 1996 is used for 1986 it can be shown that the 
Fyrstad region has not changed over these ten years. Figure 2.4.6 is 
valid for both 1986 and 1996. However, during these ten years, there 
has been an increase in the connectivity between the municipalities 
(Table 2.4.3), but the Fyrstad region has not expanded to include other 
municipalities. 

 
Table 2.4.3: Two-way flow measures in 1986 and 1996. 
Municipality Municipality 1986 1996 
Vänersborg Trollhättan 0.26 0.37 
Munkedal Uddevalla 0.19 0.22 
Lilla Edet Trollhättan 0.21 0.21 
Färgelanda Uddevalla 0.17 0.18 
Grästorp Trollhättan 0.15 0.18 
Mellerud Vänersborg 0.11 0.14 
Lysekil Uddevalla 0.08 0.10 
Sotenäs Lysekil 0.07 0.08 

 
The accessibility approach: The accessibility procedure is repeated 

for each municipality in the core Fyrstad region, i.e. Lysekil, 
Trollhättan, Uddevalla and Vänersborg. The distance friction used in 
all calculations is 0.11. This distance friction originates from 
estimation of a gravity model. Moreover, the distance friction serves 
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as a discounting factor and the results would principally be the same 
for other values too. The results for year 1996 are summarised in the 
Appendix in Tables A.2.1-A.2.4 for the worker accessibility measure. 
Tables A.2.5-A.2.8 contain the results for the job accessibility 
measure. 

The Fyrstad region is a concept, but is it really a region? The 
analysis using the local labour market and commuting zone 
approaches indicates that the region is divided into (two) parts. 
Trollhättan, Uddevalla and Vänersborg all are important suppliers of 
jobs and workers to each other. Moreover, this is especially true for 
Trollhättan and Vänersborg, which really are highly mutually 
dependent. Uddevalla has no neighbour municipality that is very 
important either as a supplier of workers or of workplaces. Figure 
2.4.10 shows that the neighbour municipalities contribute to 
Uddevalla, but the importance of the most accessible neighbours are 
lower than is observed in, for example, Vänersborg. 
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Figure 2.4.10: Incremental worker accessibility for Uddevalla and 
Vänersborg. 

 
Even with this approach Lysekil is a loner, and hence a 

questionable core member. Lysekil�s contribution to the other core 
members is very limited. Lysekil is neither an influential source of 
potential labour supply nor an important source of potential labour 
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demand. Uddevalla is important for Lyskeil as a supplier of jobs and 
workers. In this respect, it is also worth noting that infrastructure 
investments shortening commuting times from Uddevalla (or Lysekil) 
to Trollhättan and Vänersborg would increase the mutual accessibility 
significantly, connecting the municipalities into a real core of the 
region. Observe that with a narrow cluster definition we get a region 
that consists of Trollhättan, Uddevalla and Vänersborg. These three 
municipalilties are included in each others set of the most accessible 
municipalities (Table 2.4.4). 

In the next step, we create a region for these four municipalities 
considered together. To begin with, we include municipalities until the 
added accessibility is less than four per cent, %4=x . In essence, such 
a region consists of all municipalities that are (that) important to at 
least one of the core municipalities. Using the employers� accessibility 
to workers, the Fyrstad region is presented in Table 2.4.4. The region 
that is constructed using the workers� accessibility to jobs is presented 
in Table 2.4.5. Since the results are very much the same, only the 
results in Table 2.4.4 are commented upon. 

 
Table 2.4.4: The Fyrstad region using employers� accessibility to 
workers in 1996 ( )%4=x . 
Core member Most accessible municipalities 
Lysekil Uddevalla, Munkedal and Orust. 
Trollhättan Vänersborg, Lilla Edet, Uddevalla and Göteborg. 
Uddevalla Trollhättan, Vänersborg, Stenungsund and Göteborg.
Vänersborg Trollhättan and Uddevalla 

 
Now we can compare the results from using the accessibility 

measures to the results from the other approaches used. In Table 2.4.6, 
the results from the commuting zone and accessibility approaches are 
compared. When the accessibility approach is used Färgelanda, 
Grästorp, Mellerud and Sotenäs are excluded from the region. Sotenäs 
has a low accessibility but lack of options force workers in this 
municipality to commute to Uddevalla and Lysekil � in spite of the 
time distance. Moreover, Orust, Stenungsund and Göteborg are added 
to the region. In other words, Stenungsund is accessible but has 
Göteborg as a better option. 
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Table 2.4.5: The Fyrstad region using workers� accessibility to jobs in 
1996 ( )%4=x . 
Core member Most accessible municipalities 
Lysekil Uddevalla and Munkedal. 
Trollhättan Vänersborg, Uddevalla, Göteborg and Lilla Edet. 
Uddevalla Trollhättan, Göteborg, Stenungsund and Vänersborg.
Vänersborg Trollhättan and Uddevalla 

 
Table 2.4.6: A comparison of the commuting zone and the 
accessibility approaches in 1996. 
Approach Municipalities included in the functional region 
Commuting zone Färgelanda, Grästorp, Lilla Edet, Lysekil, 

Mellerud, Munkedal, Sotenäs, Trollhättan, 
Uddevalla and Vänersborg. 

Accessibility Göteborg, Lilla Edet, Lysekil, Munkedal, Orust, 
Stenungsund, Trollhättan, Uddevalla and 
Vänersborg. 

 
Using the accessibility approach we obtain a region that is located 

to the south of the region that we obtain when using the commuting 
zone approach. Because, the accessibility approach puts more 
emphasis on the situation in the core municipalities, the shift 
southward is not surprising, since Göteborg (the second largest city in 
Sweden) acts like a magnet. Stenungsund, for example, is included in 
the Fyrstad region using the accessibility approach. This is the case, 
since Stenungsund is sufficiently large as a potential source of both 
workers and jobs. Nevertheless, the interaction between the Fyrstad 
region and Stenungsund is not large enough to include Stenungsund in 
the Fyrstad region, when the commuting zone approach is used. In 
other words, when actual commuting rather than potential is used to 
delineate a region, the flows to and from Stenungsund are not large 
enough. The accessibility approach ignores the intervening 
opportunities available for workers living and firms located in 
Stenungsund. Göteborg has a very strong attracting effect pulling 
Stenungsund away from the Fyrstad region. Moreover, the same 
analysis is relevant for Lilla Edet, which in spite of being accessible to 
the Fyrstad region gradually has developed more and more interaction 
with Göteborg. 
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This idea can of course also be used in a reversed way for a 
municipality such as Sotenäs, which due to a lack of large-city 
attraction is rather pushed to the Fyrstad region. In other words, 
Sotenäs has a high enough interaction with the core municipalities to 
be included into the region when the local labour market and 
commuting zone approaches are applied, even though the accessibility 
would suggest the opposite. Moreover, one evident drawback of the 
accessibility approach is that the region can consist of parts 
geographically disconnected. 

This analysis suggests an option to use the accessibility approach in 
a different way. If accessibility measures were calculated for all 
municipalities, not just for the municipalities in the core of Fyrstad, 
there is a possibility to divide Sweden into regions using cluster 
analysis based on the accessibility figures. 

Raising the inclusion limit to seven per cent ( )%7=x  reduces the 
Fyrstad region to Lilla Edet, Lysekil, Trollhättan, Uddevalla and 
Vänersborg. If the inclusion level is set to nine per cent or higher 
( )%9≥x  the Fyrstad region consists of the core municipalities only. 

The Fyrstad region had (in 1996) parts in three counties (now 
joined into the county of Västra Götaland). 
 

Figure 2.4.11: The Fyrstad region had parts in three counties. Source: 
The county administration of Västra Götaland. 
 

In the Fyrstad region the borders of the functional regions tend to 
follow the former county borders (Figures 2.4.6 and 2.4.11). 
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Municipalities are relatively more connected inside counties than 
across counties. The exceptional municipalities are Grästorp and 
Färgelanda. Färgelanda belonged to the county of Älvsborg but to the 
Uddevalla functional region. Grästorp belonged to the county of 
Skaraborg but to the functional region of Trollhättan. These cross-
county functional regions created planning problems and might have 
been the main reason for the relative stability of the Fyrstad region 
between 1986 and 1996. This also suggests that barriers to crossing 
county borders exist. Note the possibility that the low interaction may 
be due to the relatively long commuting time alone, without any extra 
barrier effects. Using local labour markets instead, in principle, leads 
to the same conclusions, except that Lilla Edet is not included in the 
Fyrstad region (Figures 2.4.9 and 2.4.11). The Fyrstad region consists 
of ten municipalities: Färgelanda, Grästorp, Lilla Edet, Lysekil, 
Mellerud, Munkedal, Sotenäs, Trollhättan, Uddevalla and Vänersborg. 
We include Lilla Edet, even though Fyrstad seems to gradually lose 
Lilla Edet to Göteborg. The two-way flow measure between Lilla Edet 
and Göteborg increased from 0.14 in 1986 to 0.19 in 1996 while the 
two-way flow measure between Lilla Edet and Trollhättan was 
unchanged at 0.21, and hence still larger than the 1996 Göteborg 
index measure (Table 2.4.3). 

2.4.1 Conclusions 
We conclude that the main change during the period from 1986 to 
1996 is the increased connectivity between municipalities in the 
Fyrstad region (Table 2.4.3). Self-sufficiency was lower in 1996 than 
in 1986 (Table 2.4.1). Increased commuting has extended the 
Trollhättan region using the local labour market approach (Figures 
2.4.5 and 2.4.9). Using measures that take other core municipalities 
into consideration the Fyrstad region in 1996 is exactly the same as in 
1986. Using the official local labour market definition, the Fyrstad 
region in 1996 (Figure 2.4.5) is the same area as the Fyrstad region 
was in 1986 (Figure 2.4.9). Using the commuting zone approach, the 
Fyrstad region in 1986 and 1996 is the same (Figure 2.4.6). Note that 
the functional region is almost the same if the official local labour 
market or commuting zone approaches are used. The division of the 
core is verified using the accessibility approach too. Moreover, when 
the accessibility approach is used the Fyrstad region is located more to 
the south than when the other approaches are used. We argue that the 
functional region should be formed from actual commuting patterns, 
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rather than potential commuting. However, discrepancies between 
commuting patterns and accessibility patterns indicate a potential for 
change processes in the future. For further research, we consider the 
Fyrstad region to consist of ten municipalities: Färgelanda, Grästorp, 
Lilla Edet, Lysekil, Mellerud, Munkedal, Sotenäs, Trollhättan, 
Uddevalla and Vänersborg. We have also found an indication that 
administrative borders may have acted to create barriers to 
commuting. 

2.5 Conclusions and suggestions for future research 
Between 1986 and 1996 the self-sufficiency of Swedish municipalities 
decreases. At the national level, there are fewer functional regions, 
and at the same time, the size of the median region has decreased, 
measured by number of workers. This is due to the general decrease in 
employment in Sweden in the early 1990s. 

A general reflection regarding the municipalities in the Fyrstad 
region is that their mutual connectivity has increased over the study 
period. It is noteworthy that this has had limited effects on which 
municipalities are members of the constructed region. This is in 
contrast to what has happened in the rest of Sweden. For the Fyrstad 
region, the commuter flows have become more intertwined among the 
municipalities, but the geographical extension of the region has not 
grown. Based upon our analysis we consider the Fyrstad region to 
consist of Färgelanda, Grästorp, Lilla Edet, Lysekil, Mellerud, 
Munkedal, Sotenäs, Trollhättan, Uddevalla and Vänersborg. 

This study of functional regions and labour markets suggests a 
need for further research. This paper was based on total commuter 
flows. The commuting distances for men are on average longer than 
the commuting distances for women, and the distance commuted tends 
to increase with the commuters� level of education. Hence, the 
functional regions for males are larger (in geographical space) than the 
functional regions for females, and people with a high education have 
a larger functional region than people with a lower education. Since 
the main motivation for this study is labour market integration and 
infrastructure planning, it is not enough to have knowledge of the 
functional regions based only on total flows. It would be of value to 
perform an analysis of gender differences and to study the connection 
between commuting behaviour and educational level. 
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We also found that the functional regions in the Fyrstad region 
behaved as if they were prevented from growing geographically, 
because of the prevailing county borders. This matter is serious. To 
measure the sizes of these apparent barriers to commuting is 
important, since such barriers contribute to welfare losses. Another 
issue for future research is to examine how the relative wage levels 
change in municipalities as these become more connected and form an 
integrated labour market. 
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Appendix 

Figure A.2.1: The position of the Fyrstad region in the county Västra 
Götaland. Source: The county administration of Västra Götaland. 
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Table A.2.1: Worker-accessibility measures for Lysekil in 1996. 
n  Municipality 

( )
w

niA  
( )

w
ni

w
i AA 1−∆  

1 Lysekil 2,004  
2 Uddevalla 2,983 0.489 
3 Munkedal 3,188 0.069 
4 Orust 3,347 0.050 
5 Sotenäs 3,466 0.036 
6 Trollhättan 3,558 0.027 
7 Vänersborg 3,624 0.019 
8 Stenungsund 3,684 0.017 
9 Tanum 3,742 0.016 

10 Göteborg 3,792 0.013 
 

Table A.2.2: Worker-accessibility measures for Trollhättan in 1996. 
n  Municipality 

( )
w

niA  
( )

w
ni

w
i AA 1−∆  

1 Trollhättan 7,084  
2 Vänersborg 8,826 0.246 
3 Lilla Edet 9,600 0.088 
4 Uddevalla 10,238 0.066 
5 Göteborg 10,662 0.041 
6 Grästorp 10,891 0.021 
7 Alingsås 11,117 0.021 
8 Ale 11,327 0.019 
9 Stenungsund 11,498 0.015 

10 Lidköping 11,648 0.013 
 
Table A.2.3: Worker-accessibility measures for Uddevalla in 1996. 

n  Municipality 
( )
w

niA  
( )

w
ni

w
i AA 1−∆  

1 Uddevalla 6,441  
2 Trollhättan 7,143 0.109 
3 Vänersborg 7,656 0.072 
4 Stenungsund 8,117 0.060 
5 Göteborg 8,516 0.049 
6 Lysekil 8,820 0.036 
7 Orust 9,024 0.023 
8 Munkedal 9,210 0.021 
9 Lilla Edet 9,366 0.017 

10 Kungälv 9,519 0.016 
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Table A.2.4: Worker-accessibility measures for Vänersborg in 1996. 
n  Municipality 

( )
w

niA  
( )

w
ni

w
i AA 1−∆  

1 Vänersborg 5,162  
2 Trollhättan 7,553 0.463 
3 Uddevalla 8,194 0.085 
4 Lilla Edet 8,365 0.021 
5 Mellerud 8,525 0.019 
6 Grästorp 8,664 0.016 
7 Färgelanda 8,780 0.013 
8 Göteborg 8,874 0.011 
9 Lidköping 8,965 0.010 
10 Alingsås 9,042 0.009 

 
Table A.2.5: Job-accessibility measures for Lysekil in 1996. 

n  Municipality 
( )
j
niA  

( )
j

ni
j

i AA 1−∆  

1 Lysekil 1,936  
2 Uddevalla 2,952 0.525 
3 Munkedal 3,115 0.055 
4 Trollhättan 3,232 0.038 
5 Sotenäs 3,347 0.036 
6 Orust 3,453 0.032 
7 Göteborg 3,514 0.018 
8 Stenungsund 3,574 0.017 
9 Vänersborg 3,628 0.015 
10 Tanum 3,682 0.015 

 
Table A.2.6: Job-accessibility measures for Trollhättan in 1996. 

n  Municipality 
( )
j
niA  

( )
j

ni
j

i AA 1−∆  

1 Trollhättan 9,004  
2 Vänersborg 10,414 0.157 
3 Uddevalla 11,076 0.064 
4 Göteborg 11,592 0.047 
5 Lilla Edet 12,097 0.044 
6 Alingsås 12,293 0.016 
7 Stenungsund 12,464 0.014 
8 Grästorp 12,619 0.012 
9 Lidköping 12,766 0.012 
10 Ale 12,883 0.009 
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Table A.2.7: Job-accessibility measures for Uddevalla in 1996. 
n  Municipality 

( )
j
niA  

( )
j

ni
j

i AA 1−∆  

1 Uddevalla 6,687  
2 Trollhättan 7,579 0.133 
3 Göteborg 8,065 0.064 
4 Stenungsund 8,525 0.057 
5 Vänersborg 8,941 0.049 
6 Lysekil 9,235 0.033 
7 Munkedal 9,383 0.016 
8 Orust 9,519 0.014 
9 Kungälv 9,634 0.012 

10 Lilla Edet 9,735 0.010 
 

Table A.2.8: Job-accessibility measures for Vänersborg in 1996. 
n  Municipality 

( )
j
niA  

( )
j

ni
j

i AA 1−∆  

1 Vänersborg 4,178  
2 Trollhättan 7,217 0.727 
3 Uddevalla 7,882 0.092 
4 Mellerud 8,015 0.017 
5 Göteborg 8,129 0.014 
6 Lilla Edet 8,240 0.014 
7 Grästorp 8,334 0.011 
8 Färgelanda 8,426 0.011 
9 Lidköping 8,515 0.011 

10 Alingsås 8,582 0.008 
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3. Gender and Educational Class 
Differences in Commuting Behaviour, 
Infrastructure Investments and Regional 
Growth 
Abstract: This paper analyses the commuting behaviour for three 
education classes for men and women, respectively. Given the 
commuting pattern in these classes, the paper investigates a specific 
infrastructure project from a commuting and labour market 
perspective. Moreover, the commuting effects and the economic 
effects following a reduction of commuting time are studied by means 
of several models. The analysis compares and assesses alternative 
estimates of the benefits generated by the project. These benefits are 
shown to vary within a wide range for different model assumptions. 
The assessment also considers the distribution of the estimated 
economic benefit among the different education classes and 
municipalities. From the set of exercises we learn about the relative 
importance of a range of specifications that have to be decided upon 
when predicting labour market consequences of transport system 
changes. 
 
JEL classification: H43, R12, R41 
 
Key words: Commuting pattern, spatial interaction, infrastructure 
investment, cost benefit, distribution, gender, education 

3.1 Introduction 
It is a stylised fact, well established in earlier studies that men on 
average commute both longer distance and time than women do. 
Hanson and Hanson (1980) studied travel behaviour in Uppsala in 
1971. They calculated the one-way average trip-length to be 17.5 
kilometres for working men and 11 kilometres for working women. 
Turner and Niemeier (1997) report one-way average commuting times 
for married men and women with children in US metropolitan areas to 
be 23.06 and 17.64 minutes, respectively. In Sweden, the average 
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daily mobility (not just commuting) is 53 kilometres for men and 38 
kilometres for women (SIKA, 2000). Moreover, women have lower 
commuting frequency than men have, and consequently women have 
smaller local labour markets than men have. This implies that the 
labour market for women is fragmented into smaller local areas than 
for men. In 1994, Sweden had 124 local labour markets for women 
and 95 for men (Kullenberg and Persson, 1997). Another stylised fact 
is that workers with a long education (on average) commute longer 
than workers with a short education do. Kullenberg and Persson 
(1997) found that Sweden in 1994 had 138 local labour markets for 
workers with less than 10 years in school, and 82 local labour markets 
for workers with at least three years of university studies. 

The literature offers several explanations to these empirical 
observations. The longer average commuting distance for men can 
partly be explained by the larger commuting premiums for men (Zax, 
1991). Other explanations are that men tend to work full-time and 
women part-time. Moreover, men more often use cars and women 
commute to a larger extent by public transportation, and men have 
fewer responsibilities at home than women (Hanson and Hanson, 
1980). Moreover, men and women often choose different occupations, 
and workers with long education choose other occupations than 
workers with short education do. Given this, the spatial distribution of 
jobs in each occupation helps to explain the existing commuting 
pattern (White, 1986; Hwang and Fitzpatrick, 1992). 

In a small local labour market, an employer faces a limited supply 
of labour, and a worker meets a limited demand for his/her skills. This 
tends to lower marginal productivity and wages. In a national 
perspective, this causes an unrealised productivity potential, since 
marginal productivity differs between local labour markets (Blum, 
Haynes and Karlsson, 1997). Consequently, the national total 
production is below what it could be. 

The willingness to commute is determined on the one hand by the 
wage premium (including various types of fringe benefits) that is 
possible to realise by commuting and on the other hand by the 
generalised commuting costs. The generalised commuting costs 
consist of the commuting time (i.e. the value of the commuting time) 
and the money outlays for travelling. The generalised commuting 
costs may be reduced by means of infrastructure investments. 
However, such investments are expensive. The profitability of such 
investments is partly determined by the production expansion that 
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such investments might induce via increased commuting and thereby 
improved resource allocation. 

It might very well be the case that men and women differ in their 
sensitivity to reductions in generalised commuting costs. It is also 
possible to imagine that workers with long education are affected 
differently by infrastructure improvements than workers with short 
education are. Hence, any attempt to estimate the increases in 
production that a reduction in commuting times might induce must 
consider the effects of gender and education. 

The purpose of this chapter is to analyse the differences in 
commuting behaviour patterns between men and women with short, 
medium and long education, respectively. Moreover, the text 
investigates to what extent improvements in regional infrastructure 
will increase commuting in the region, and assess whether this 
productivity improvement can motivate the costs associated with the 
infrastructure investment. The evaluation process takes gender and 
education differences in commuting behaviour into consideration, and 
examines the distribution aspects. Moreover, the evaluation is carried 
out by means of four different models, each based on a specific set of 
assumptions. In the text, the corresponding assessment results are 
compared and interpreted. This chapter�s main contribution is that it 
shows that small changes in model assumptions may bring about large 
differences in the labour market consequences that transport system 
investments can have. 

The plan of the paper is to first present a theory explaining (i) the 
currently existing differences in commuting behaviour, and (ii) the 
effects of infrastructure improvements on labour market integration, 
commuter flows, wage sums, job distribution and total number of jobs 
in the region (Section 3.2). Section 3.3 contains a description of the 
region and the data used. Section 3.4 presents the infrastructure 
project and the models that are used to predict commuter flows. 
Section 3.5 describes the method to assess the effects of reduced 
commuting time. In Sections 3.6 and 3.7, the specific infrastructure 
investment is evaluated. At the same time the different approaches are 
assessed. Section 3.8 contains a summary and suggestions for further 
research. 
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3.2 Differences in commuting, infrastructure 
investments and regional growth 
In this section, the empirically observed differences in commuting 
behaviour patterns are analysed. Earlier studies (Madden, 1977 and 
1981; White, 1977 and 1986; Singell and Lillydahl, 1986; Freedman 
and Kern, 1997) analyse gender differences in commuting behaviour 
by applying a utility maximisation approach. It is assumed that 
workers in a household decide about place of residence and place of 
work to maximise household utility. Papers analysing the 
simultaneous choices of where to live and where to work are Mattson 
(1994a and 1994b), Crane (1996), van Ommeren, Rietveld and 
Nijkamp (1997 and 1998) and Rouwendal (1998). Moreover, the 
framework is adapted to include improved commuting conditions due 
to infrastructure investments. As a subsequent step, the links between 
commuting, infrastructure investments and regional production are 
presented. 

3.2.1 The individual choice of where to work 
Assume to begin with that the place of residence is given. In a one-
worker household the direct individual utility ( )lxvv ,=  increases with 
the amount consumed of a composite good x and leisure l, 0>∂∂ xv  
and 0>∂∂ lv . This direct utility is limited by an income constraint 
and a time constraint. Assuming the price of the composite good 
consumed to be unity, the amount consumed depends on the daily 
wage w earned and the daily monetary cost m of commuting, 

mwx −= . The amount of leisure consumed is ttl w −−= 24 , where 

wt  denotes the hours at work and t is the time used to commute. To 
highlight the issue of commuting we simplify by assuming the hours 
worked to be constant. Consequently, the indirect utility is a function 
of income net of monetary commuting costs and commuting time, 

( ) ( )lxvtmwuu ,, =−= . The indirect utility increases when the wage is 
raised, 0>∂∂ wu . Moreover, the utility increases when the monetary 
commuting cost and/or the commuting time are reduced, 

0 and 0 <∂∂<∂∂ tumu . 
The reservation wage *w  is the wage (or government subsidy, e.g. 

benefits from unemployment insurance) received without commuting 
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(point A in Figure 3.2.1), and the reservation utility is defined as 
)0,( ** wuu = . 

Given the model outlined, a job offered to a worker not commuting 
is accepted, if the utility achieved **u  exceeds the reservation utility. 
We assume that a job offered a worker is accepted with certainty, if 

0*** >− uu . Instead, it would be possible to assume that the 
probability of acceptance increases as *** uu −  increases. Assume that 
an individual can choose from a set S  of n jobs identified by their 
wage net of monetary commuting costs and commuting time, 

( ){ }nitmw i ,..,1:, =−=S . 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2.1: The individual choice of place of work. 

 

In Figure 3.2.1, this is illustrated by the job set { }A,B,C=S� . If a 
worker can choose two part-time jobs instead of a full-time job, all 
linear combinations of A, B and B, C would be included in the choice 
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set, represented by the straight line connecting A with B and B with C. 
Moreover, the individual maximises the utility by selecting job offer 
B, commuting time Bt  and consumption level BB mw − . 

In a two-worker household, the utility is defined as 
),,,( 212211 ttmwmwUU −−= . Assume that worker 1 in the 

household can choose from 1n  jobs and that worker 2 can choose from 

2n  jobs, all identified by their wage net of monetary commuting costs 
and commuting time. Then the household has a job set HS  to choose 
from, ( ){ }21212211 ,..,1:,,, nnittmwmw iH ⋅=−−=S . Moreover, the 
household maximises utility given the job set available. 

The shapes of the utility function and the job set are likely to differ 
between individuals, households, groups of individuals or groups of 
households with similar characteristics. There may, for example, exist 
differences between men and women in the labour market. It is also 
reasonable to expect that there exist differences between people who 
have different length of education. To what extent these imaginable 
differences exist is an empirical matter. 

The literature suggests that men are more likely than women to 
work full-time and that women on average earn less per hour than men 
do. Gender differences in home responsibility may be an important 
explanation of observed gender differences in willingness to work 
full-time (Hanson and Hanson, 1980). There also exist gender 
differences regarding type of occupation, and furthermore the spatial 
distribution of jobs differs between occupations (Hwang and 
Fitzpatrick, 1992; White, 1986). An example of this is that women 
more often than men work in the public sector. The conclusions that 
can be drawn are that men tend to have larger commuting premiums 
than women have (Zax, 1991) and that men on average tend to 
commute longer distances than women do. Moreover, many studies 
find that on average people with longer education commute longer 
time than people with shorter education do. 

Given a place of residence, households supplying labour in the 
labour market try to find the best place to work. However, taking a 
longer perspective, households may also try to optimise their welfare 
by moving. Moving behaviour does not need to have an optimal 
commuting situation as top priority. Moving behaviour is rather driven 
by a wish to get access to a larger job market and/or better housing 
(van Ommeren, Rietveld and Nijkamp, 1997). 
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3.2.2 The individual choice when infrastructure is improved 
The total commuting time of all commuters depends on the number of 
commuters and their individual commuting times. On the one hand, 
there is no a priori reason to assume that investments in infrastructure 
should reduce total commuting time, since it can be the case that a 
previously totally isolated town (without inter-town commuting) 
becomes connected with other towns through commuting, as 
infrastructure integrates the towns. New infrastructure can increase 
opportunities and thereby increase both commuting intensity and 
aggregate commuting time. On the other hand, it is not certain that 
improved infrastructure increases total commuting time, since in a 
region with well integrated towns, improved infrastructure might lead 
to more commuters, with on average shorter commuting times and 
shorter total commuting time. 

Infrastructure improvements tend to alter the monetary commuting 
costs and/or affect the time to commute a certain distance. Using the 
framework from the previous section, the improvement of the 
infrastructure changes an individual�s choice set of job opportunities 
from S  to S′ . The new job set influences the individual and can result 
in three different outcomes, where the individual commuting time is 
left unchanged, shortened or lengthened by the investment. 

As an example, assume that the road between the place of residence 
(job offer A) and the town with job offer C is improved. This results in 
a new job set for the (one-worker) household, { }CA,B, ′=′S� . Working 
in the town of residence (job offer A) is one option, which is 
unaffected by the investment in inter-municipality infrastructure. In 
Figure 3.2.2 the new job set represented by the line between A and C ′  
dominates job offer B, since ***** uu > . The outcome in this example 
is that the individual chooses to change jobs from B to C ′ . In this 
example, the commuting time is increased from Bt  to Ct ′ . Moreover, 
the consumption level is increased to CC mw ′′ − . The cases where 
investments in infrastructure leave an individual�s commuting time 
unchanged or reduced are easily imagined, and therefore not discussed 
further. 

So, infrastructure affects individuals differently. Some persons will 
benefit from shorter commuting time, but will commute exactly the 
same route as before. Others will alter their commuting route and/or 
their commuting target. Infrastructure investments increase the 



Studies of Commuting and Labour Market Integration 

 67

individuals� access to jobs and services, and increase firms� access to 
workers and customers. As such, improved infrastructure changes the 
attractiveness of places, and will affect the moving behaviour of firms 
and workers. Moreover, unemployment and the degree of labour 
market participation may be affected. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.2.2: Improved commuting conditions that increase the 
individual commuting time. 

3.2.3 Commuting and regional production 
In this section, a model of infrastructure investments and their effects 
on marginal productivity, wages and regional production is discussed. 
Blum, Haynes and Karlsson (1997) present a short-run model for 
inter-town commuting. They build a model analysing commuting 
behaviour patterns for homogeneous groups of workers. 

In Figure 3.2.3, the total labour supply available in the two towns (i 
and j) equals the number of workers living in these towns. Those on 
the left (right) of the border live in town i (j). The demand for workers 
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by the industries is equal to the marginal productivity of the workers. 
The industries� labour demands in towns i and j are labelled DI and 
DJ, respectively. 

The equilibrium without commuting costs is where the marginal 
productivity curves intersect. The commuting is then at the maximum 
and equal to ijC  persons. Moreover, the labour force in a town 
consists of the workers living in the town plus commuters to the town 
minus commuters from the town. This solution leads to the maximum 
production possible in the economy. If commuting costs are larger 
than or equal to z, commuting vanishes and the marginal productivity 
differences are at its maximum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2.3: In equilibrium, the commuting premium equals the 
commuting cost. A reduction in commuting cost increases commuting 
and total production. Source: Blum, Haynes and Karlsson (1997). 
 

In Figure 3.2.3 a reduction of commuting cost induces commuting 
until the wage differential is reduced and becomes equal to the new 
lower commuting cost. In the process total production is increased, 
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since the persons changing their workplaces increase their 
productivity. Figure 3.2.3 depicts the situation for one type of 
workers, and in the described case commuting occurs from town i to 
town j. Other groups, facing different demands for their labour, may 
have the reversed commuting direction. A common feature for all 
groups is that commuting increases when commuting costs are 
lowered. Infrastructure investments have several effects. Of course, 
the lowered commuting times due to infrastructure investments may 
also have effects on labour market participation rates, unemployment 
rates and moving behaviour. Moreover, there is a literature 
investigating the causal relationship between infrastructure 
investments and economic growth (Talley, 1996; Fernald, 1999). 
However, in this paper we only study the direct commuting effects of 
infrastructure investments. 

3.3 Description of the region and the data 
The purpose of this section is to describe the region that was studied 
and the data that was used. The study focuses on the Fyrstad region in 
western Sweden. The core of the Fyrstad region consists of four 
towns: Lysekil, Trollhättan, Uddevalla and Vänersborg (Table 3.3.1). 
In this region, each municipality has one dominating town and 
municipalities are chosen as the elementary geographical units. 
Moreover, the local labour market of the Fyrstad region can be 
approximated by the following ten municipalities: Färgelanda, 
Grästorp, Lilla Edet, Lysekil, Mellerud, Munkedal, Sotenäs, 
Trollhättan, Uddevalla and Vänersborg (See Chapter 2). 

 
Table 3.3.1: The municipalities in the region studied. 
Region Municipalities 
Core Fyrstad Lysekil, Trollhättan, Uddevalla and 

Vänersborg. 
Periphery Fyrstad Färgelanda, Grästorp, Lilla Edet, Mellerud, 

Munkedal and Sotenäs. 
Surrounding Fyrstad Ale, Alingsås, Bengtsfors, Essunga, Göteborg, 

Herrljunga, Härryda, Kungälv, Lidköping, 
Lerum, Mölndal, Partille, Orust, Skara, 
Stenungsund, Tanum, Tjörn, Vara, Vårgårda 
and Åmål. 
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In the present analysis, a macro region is delineated. It includes all 
locations with less than one-hour travel time (by car) to the core of the 
Fyrstad region. In this way, a set of 20 municipalities is added to the 
region. All 30 municipalities included in the macro region are listed in 
Table 3.3.1. Figure A.2.1 in the appendix of Chapter 2 provides a map 
of the region. 

The Fyrstad region is interesting to study, since it has faced 
structural economic changes, and has been considered one of the 
problem areas of Sweden (Nordström et al, 1988). Beyond the 
structural problems, it has documented infrastructure problems. The 
road between Uddevalla and Trollhättan-Vänersborg is, at times, very 
congested, and therefore commuting times are relatively long during 
certain peak periods. Because of the quality of the road, the Fyrstad 
region can almost be described as consisting of two halves (Chapter 
2). Improvements of this road would increase workers� accessibility to 
employers and increase firms� accessibility to labour supply. 
Consequently, the region would become more integrated, but possibly 
also enlarged if the actual road was upgraded. In this connection, it 
can also be noted that Trollhättan, Uddevalla and Vänersborg by 
themselves, if integrated perfectly, would become one of the biggest 
cities in Sweden. Therefore, the infrastructure is utterly important for 
the region to realise the existing potential of becoming a large urban 
region. 

We use commuting data for 1996 supplied by Statistics Sweden. 
The data contain information concerning the number of commuters for 
each pair of origin and destination municipalities, distributed between 
sex and length of education. The original data contain seven education 
levels, which were aggregated to three levels: ten (or less) years in 
school, gymnasium (upper secondary school), and post-gymnasium 
studies. Class ML (FL) consists of males (females) with the lowest 
level of education, class MM (FM) males (females) with medium-
level education, and the highest education class is MH (FH) for men 
(women). Tables 3.3.2 and 3.3.3 present the number of persons living 
and the number of persons working in the Fyrstad region and in the 
macro region, excluding commuting to and commuting from the 
macro region. 

The share of persons with a high education (classes MH and FH) in 
the Fyrstad region is relatively low, compared to the corresponding 
values for the macro region. An example of this is that only 14.8 per 
cent of males with high education (class MH) in the macro region 
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work in the Fyrstad region, whereas the corresponding figure for 
males with low education (class ML) is 21.3 per cent. In all male 
categories, there is a net flow of commuters out of the Fyrstad region. 
For example 9,274 male workers with high education (class MH) live 
in (Table 3.3.3) and 9,137 work in the Fyrstad region (Table 3.3.2), 
creating a net flow of 63 workers out from the region. For women 
with low or high education the opposite holds. For women with high 
education (class FH) 10,770 work in and 10,438 live in the Fyrstad 
region, causing a net inflow of 332 workers to the region. 
 
Table 3.3.2: The number of persons working in the Fyrstad region 
and in the macro region 1996. 
Class Fyrstad Fyrstad 

(%) 
Macro Macro 

(%) 
Fyrstad/Macro

(%) 
ML 11,711 14  54,906 12 21.3
MM 22,214 27  110,356 25 20.1
MH 9,137 11  61,940 14 14.8
FL 8,682 10  42,129 10 20.6
FM 21,245 25  106,249 24 20.0
FH 10,770 13  67,058 15 16.1
Sum 83,759 100  442,638 100 18.9

 
Table 3.3.3: The number of workers living in the Fyrstad region and 
in the macro region 1996. 
Class Fyrstad Macro Fyrstad/Macro

(%) 
ML 12,207  54,906  22.2
MM 23,342  110,356  21.2
MH 9,274  61,940  15.0
FL 8,646  42,129  20.5
FM 21,345  106,249  20.1
FH 10,438  67,058  15.6
Sum 85,252  442,638  19.3

 
Commuting frequency can be measured as the number of 

commuters divided by the number of potential commuters, i.e. the 
number of workers who live in the relevant area. The commuting 
frequency differs between classes. Inside the Fyrstad region, the 
commuting frequency is low for those with low education (classes ML 
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and FL) and high for those with high education (classes MH and FH). 
For example, Table 3.3.4 shows that the commuting frequency for 
women in the low education class (FL) is 10.3 per cent and the 
commuting frequency for women in the high education class (FH) is 
20.5 per cent. Moreover, the male commuting frequency is higher than 
the female commuting frequency (classes MH, MM and MH versus 
FL, FM and FH). An example is the commuting frequency for men 
and women with low education, where the commuting frequency for 
men (class ML) is 16.2 per cent and the commuting frequency for 
women (class FL) is 10.3 per cent. The differences between education 
classes are not equally obvious when commuting to and from the 
Fyrstad region is included, which has to do with the fact that workers 
with high education is relatively underrepresented in the Fyrstad 
region (Table 3.3.5). 

 
Table 3.3.4: The commuting pattern inside the Fyrstad region, 
including all workers living and working in the region (1996). 
Class Frequency� 

(%) 
Mean 

(minutes) 
Median 

(minutes) 
Std. Dev. 
(minutes) 

ML 16.2 26.4 27.1  65.3 
MM 20.5 26.2 27.1  61.6 
MH 23.6 26.3 27.1  59.6 
FL 10.3 26.1 27.6  58.6 
FM 14.7 24.8 19.9  43.9 
FH 20.5 25.2 19.9  50.2 
Total 17.7 25.8 26.4  56.7 

�The commuting frequency is the number of commuters as a share of all workers 
living in the Fyrstad region. 
 

The National [Swedish] Road Administration (Vägverket) supplied 
another data set containing information on travel times. The data 
consist of travel time by car between locations. Although a very large 
number of all commuting trips are made by car, there are also small 
flows by means of other modes. However, the travel times used here 
are still good indicators of commuting distances. 

In Table 3.3.5, we see that the mean commuting time for men is 
longer than the mean commuting time for women. An illustration is 
that the mean commuting time for men with high education (class 
MH) is 34.5 minutes and the mean commuting time for women with 
high education (class FH) is 29.8 minutes. Moreover, the mean 
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commuting time is longer for men with high education (class MH) 
than for men with low education (class ML). The mean commuting 
time for women does not increase with the length of the education. 
The median commuting time is shorter for women than for men. For 
example, we can see that the median commuting time for men in the 
high education class (MH) is 31.0 minutes, whereas the median 
commuting time for women in the high education class (FH) is 27.1 
minutes. Moreover, the standard deviation of the commuting times is 
smaller for women than for men. The conclusion is that on average the 
female commuting time is shorter and has a smaller variance. 
 
Table 3.3.5: The commuting pattern when the commuter lives and/or 
works in the Fyrstad region (1996). 
Class Frequency� 

(%) 
Mean 

(minutes) 
Median 

(minutes) 
Std. Dev. 
(minutes) 

ML 5.5 32.6  29.1 221.3
MM 6.4 32.7  29.1 230.3
MH 5.3 34.5  31.0 267.2
FL 2.8 30.0  28.5 151.2
FM 3.9 29.2  27.6 162.3
FH 4.1 29.8  27.1 175.9
Total 4.9 31.7  28.5 213.7

�The commuting frequency is the number of commuters as a share of all workers 
living in the macro region. 

3.4 Infrastructure investment and commuting 
predictions 
This section starts with a definition of the investment project studied. 
Next to come is a description of the four models that are used to 
estimate the effects of an infrastructure investment on commuting and 
where workers live and work. In Section 3.5, the cost benefit 
evaluation procedure is presented. The rationale of this is twofold. 
First, the properties of the different model formulations are compared. 
Second, the alternative simulations reveal the cost-benefit 
consequences of different assumptions. 
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3.4.1 Infrastructure investment 
Blum, Haynes and Karlsson (1997) and Lakshmanan, Nijkamp, 
Rietveld and Verhoef (2001) describe the wide range of effects 
ensuing an infrastructure investment. This chapter concentrates on the 
labour market effects. 

Infrastructure investments have the potential to bring about reduced 
commuting times between the municipalities in a region. A better road 
between two municipalities does not only affect commuting between 
these two municipalities, since neighbouring municipalities are also 
affected by shorter commuting times. Moreover, infrastructure 
investments can improve the predictability and reliability of 
commuting time, because reduction in congestion lowers the variation 
in commuting time (Noland, 1997). We consider only investments on 
inter-municipality roads, i.e. we assume that travel time inside a 
municipality is not affected. Observe, that this is a simplification, 
since some of the intra-municipality commuting will use the improved 
road too. 

The infrastructure investment considered is a cut in travel time on a 
specific road, reducing the travel time on the road connecting 
Uddevalla with Trollhättan and Vänersborg from 31 to 19 minutes. 
This change corresponds to an upgrading of the road to normal 
Swedish highway standard. 

In Section 3.2, the individual choice of where to work was 
analysed. In this chapter, four models are used to analyse aggregate 
commuting flows: i) the open gravity model, ii) the doubly 
constrained gravity model, iii) the accessibility model, and iv) the 
status quo model. Each of these models differ by making succinct 
assumptions about the possibilities of changes in origin and 
destination nodes. Moreover, the open gravity model and the 
accessibility model will be presented in three versions: i) one 
expansive, ii) one average, and iii) one restrictive. The calculations are 
repeated for each education category for both men and women. For 
each class, the data set consists of information about the number of 
workers who live in municipality i ( iO ), the number of persons who 
work in municipality j ( jD ), and the commuting times between the 
municipalities in 1996 ( ijt ). Moreover, the infrastructure investment 
reduces commuting times to ijt~ , and changes the number of persons 
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who live in municipality i and work in municipality j, from ijC  to ijC~ . 
The number of workers who live in a municipality can change due to 
either changes in the degree of labour market participation, or 
migration. The number of persons who work in a municipality (i.e. the 
number of jobs) can change due to either general economic growth, 
firm growth or migration. In this respect, general economic activity 
will also have an influence on the outcome. Moreover, note that in all 
of the following models the destination pattern of commuting flows is 
influenced by time distances and job opportunities. In the models 
applied subsequently, wage differentials do not explicitly play the role 
of a driving force behind the changes in location and flow patterns. In 
spite of this, the improved commuting conditions have a positive 
impact on the wage income (net of commuting costs) in the different 
municipalities in all but one of the model simulations. 

3.4.2 Commuting prediction using the open gravity model 
The expansive open gravity model: This model relates the commuter 
flow from municipality i to another municipality j  ( )ij ≠ , ijC , to the 
number of workers who live in municipality i, iO , the number of 
persons who work in municipality j, jD , and the commuting time 
between the two municipalities, ijt , in the following way, 

ijijt
jiij eDOC ελββα +−= 21 . It is obvious from the form of this model that 

large changes in time distances, ijt , can have dramatic effects on the 
commuting flows. With this in mind, the expression is estimated for 
each class of workers, and the commuting prediction is expressed by 

ijt
jiijij eDOkC

~
21

~ λββα −= , where ijijij CCk =  and ijt
jiij eDOC λββα −= 21 . 

Alternatively, the prediction can be formulated as ( )ijij tt
ijij eCC −−=

~~ λ . 
The goodness of fit matrix, { }ijk=k , is introduced to guarantee more 
accurate predictions. For example, commuting should not change 
between locations unaffected by the reduction of commuting times. 
The number of workers that commute from a specific municipality i 
increases by iL∆ , i.e. from �

≠

=
ij

iji CL  to �
≠

=
ij

iji CL ~~ . The number of 

workers that commute into a municipality j increases by jI∆ , i.e. from 
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�
≠

=
ji

ijj CI  to �
≠

=
ji

ijj CI ~~ . In all simulations, commuting inside a 

municipality is assumed to take ten minutes. Moreover, this 
commuting time is unaffected by improvements in the infrastructure. 
In the expansive version of the open gravity model, commuting inside 
a municipality i is left unchanged, iiii CC =~ . In other words, the 
increase in out-commuting iL∆  and in-commuting jI∆  has no effects 
on the commuting inside a municipality. Moreover, the predicted 
commuting flows imply a change in the number of workers who live 
in each municipality and a change in the number of persons who work 
in each municipality, �=

j
iji CO ~~  and �=

i
ijj CD ~~ . In the assessment 

of this model, we will be able to show that the predicted changes may 
easily violate constraints for the entire system of municipalities. These 
results are presented in order to illustrate this phenomenon. 

An alternative would be to include intra-municipality commuting 
in the model, so that commuting within a municipality i can be 
described by iiiit

iiii eDOC ελββα +−= 21 . In Table 3.6.1, the distance 
friction from both types of models is presented. 

The average and restrictive open gravity models: The only 
difference that exists in these two versions, compared to the expansive 
version, is the treatment of commuting inside a municipality. In these 
two versions, the increase of commuting into and out of a municipality 
leads to a proportional reduction, ς , of commuting inside a 
municipality i, ( )iiiiii ILCC ∆∆ς +−=~ . In the average version and the 
restrictive version, commuting inside a municipality is reduced by 20 
per cent ( )2.0=ς  and 50 per cent ( )5.0=ς  of the increased in-
commuting and out-commuting, respectively. Hence, the average and 
restrictive model versions assume that there is a substitution process in 
the labour market of each municipality. The more modest this form of 
substitution is, the larger the growth of employment will be. 
Moreover, in the expansive version there is no substitution, i.e. 0=ς . 
The reader may observe that if ii IL ∆∆ = , a municipality�s increase in 
out-commuting flows is matched by an equally large reduction of 
intra-municipality commuting in the restrictive version. 

The problem with the open gravity model that was hinted at before 
remain in the average and restrictive versions. However, these two 
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alternative versions shed some light on the importance of substitution 
between intra-municipal and inter-municipal commuting. 

3.4.3 Commuting predictions using the doubly constrained gravity 
model 
Batty (1978) contains many references and derives the doubly 
constrained gravity model. Persson (1986) explains the estimation 
method. A modestly modified version of a program originally 
constructed by Persson7 has been used in the calculations/simulations. 

The model described in equation [1] is the one that resembles the 
description of individual choices in Section 3.2 the most. The 
commuter flows, ijC , are determined by optimising the Lagrangian in 

equation [1], where �=
i

jijj wCW  and ��=
i j

ijij tCT  is the wage 

sum earned by persons working in municipality j and the total one-
way commuting time in 1996, respectively. In this model the given 
number of workers and where they live is considered as given. 
Moreover, the wage level in a municipality acts as an attraction factor, 
whereas the commuting time acts as an obstacle, as seen in the 
solution to the model ijjji tw

ij eC λδα −+−= . 
 

( ) � ��� +��
�

�
�
�
�

�
−+−−=

i j
ijii

i j
ijij COCC αΛ 1ln  

�
�
�

�
�
�
�

�
−+�

�

�
�
�

� −+ ��� �
i j

ijij
j i

jjijj tCTWwC λδ  [1] 

 
The equivalent alternative to equation [1] is to use the number of 

jobs in a municipality as the attraction factor instead of the wage level, 
as seen in equation [2]. The doubly constrained gravity model in 
equation [2] is used to analyse all commuting flows. The commuter 
flows, ijC , are determined by optimising the Lagrangian in equation 

[2], where ��=
i j

ijij tCT  is the total one-way commuting time in 

1996. Observe that satisfying the destination constraints in equation 
[2] implies that the wage constraints in equation [1] are satisfied as 
                                                 
7 Håkan Persson, Associate Professor (ESA, Örebro University) 
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well, i.e. when j
i

ij
i

ij DCC �� ==  then j
i

jij
i

jij WwCwC ==�� . By 

comparing the solutions to equations [1] and [2] we can see that they 
yield the same result as jjj wδβ =  for all j. 
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i j
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j i

jijj tCTDC λβ  [2] 

 
In equation [3] the model in equation [2] is applied to inter-

municipality commuting only. The commuter flows, ijC , are 
determined by optimising the Lagrangian in [3], where 

��
≠

=
i ij

ijij tCT . The model generates a solution with very high λ -

values for the different labour categories (See Table 3.6.6). As a 
consequence, the effects of improved commuting conditions, ijt~ , as 

predicted by ijji t
ij eC

~~ λβα −+−=  become unrealistically high. 
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j ji
jijj tCTIC λβ  [3] 

3.4.4 Commuting predictions using the accessibility model 
The expansive accessibility model: In the first step, two regional 
interaction equations [4] and [7] are estimated for each education class 
with regard to the commuting flows in 1996. Each education class is 
also separated into males and females. The number of persons that 
commute from a municipality i to other municipalities, the out-
commuting flow (i.e. the number of persons that leave a municipality 
for work) iL , is expected to be a function of (i) the internal 

accessibility to workers inside the municipality, ( )w
insideiA , and (ii) the 

external accessibility to jobs in the surrounding municipalities, 
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( ) job
outsideiA . These two accessibility measures are defined by equations 

[5] and [6], respectively. In the same spirit, the number of persons that 
commute to a municipality j, the in-commuters jI , is expected to be a 
function of (i) the internal accessibility to jobs in the municipality, 

( ) job
insidejA , and (ii) the external accessibility to workers in the 

surrounding municipalities, ( )w
outsidejA . These two accessibility 

measures are defined by equations [8] and [9], respectively. 
 

job
outside

w
insidei iAiAL )()( 210 φφφ ++=  [4] 

 
iit

i
w
inside eOiA λ−=)(   [5] 

 

�
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j
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ijeDiA λ)(   [6] 

 
w
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job
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jjt
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job
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w
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As shown in Tables A.3.1 and A.3.2 in Appendix 3, the estimated 

equations are characterised by high 2R -values and significant 
parameters. Hence, they may be considered as good predictors of 
inter-municipality commuter flows. In the second step these estimated 
equations are used to calculate where workers will live and work after 
commuting times have changed to ijt~  using equations [10] and [11]. 
The reduced time distances change the accessibility measures, which 
alter commuting patterns through the relations estimated by equations 
[4] and [7]. Specifically, the increase in commuting out of 
municipality i is ( ) job

outsidei iAL ∆φ∆ 2= , and the increase in commuting 

into municipality j is ( )w
outsidej jAI ∆ϑ∆ 2= . Moreover, in the expansive 
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version the commuting inside a municipality i is left unaffected, 

iiii CC =~ . 
 

iiii LCO ~~~ +=   [10] 
 

jjjj ICD ~~~ +=   [11] 
 
Note, that in general the total number of workers living in the 

region is not equal to the number of jobs in the same region. In other 
words, there may be a net in-commuting to or out-commuting from 

the macro region equal to � �−
i j

ji DO ~~ . Therefore, the rest of the 

world (ROW) is introduced as an additional commuting node. In a 
final step, the predicted in-commuting and out-commuting flows are 
used in a doubly constrained gravity model, to predict the inter-
municipality commuting pattern as shown in equation [12]. 

 

( ) � ��� +��
�
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�
�
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�
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≠≠ i ij
ijii

i ij
ijijijij CLtkCC ~~~ln1~ln~ αλΛ  
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�
−+

≠j ji
jijj IC ~~β   [12] 

 
Equation [12] can be interpreted as an ordinary doubly constrained 

model as specified in equation [3] with the additional constraint that 
the solution should satisfy that ijji t

ijij ekC
~~ λβα −+−= . This means also that 

commuting from one municipality i to another j can be calculated as 
ijji t

ijij ekC
~~ λβα −+−=  and commuting inside a municipality i is left 

unaffected, iiii CC =~ . This assumption of unchanged intra-
municipality commuting is basic for the expansive accessibility model 
( )0=ς . Given this, how can one interpret the simulation result from 
equation [12]? First, the distance friction parameter λ , which is 
specific for each labour category, is assumed to be unchanged. Hence, 
the λ -values in equations [3] and [12] are the same. Second, the 
correction coefficients, ijk , are assumed to be unchanged in the same 
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way. Third, the new time distance structure is allowed to change total 
commuting time, iT~ , which appears as a result from the solution to 
equation [12]. These assumptions have determined the formulation of 
the Lagrange function in equation [12]. Alternatively, the new 
commuting pattern could be estimated by a doubly constrained gravity 
model that incorporates the prior commuting pattern. 

The average and restrictive accessibility models: These two 
versions are based on an assumption that increased in-commuting and 
out-commuting lead to a proportional reduction of the commuting 
inside the municipality, ( )iiiiii ILCC ∆∆ς +−=~ . In the average 
version, commuting inside a municipality is reduced by 20 per cent of 
the increased in-commuting and out-commuting ( )2.0=ς . In the 
restrictive version there is a 50 per cent reduction ( )5.0=ς . 

3.4.5 The status quo model 
In the status quo model, commuting is left at the 1996 level 
( )ijij CC =~ , and the gains from improving the road connecting 
Uddevalla with Trollhättan and Vänersborg are defined as the value of 
the saved commuting time, given that commuters do not change their 
behaviour. 

3.5 Cost-benefit evaluation procedure 
The predicted commuting flows will be used in an assessment of the 
infrastructure project that reduces the time distance on a link that 
connects Uddevalla with Trollhättan and Vänersborg. The assessments 
attempt to define the benefits from a commuting or labour market 
point of view. For a complete evaluation, other aspects of transport 
flows need to be incorporated in the analysis, such as environmental 
and traffic safety effects as well as effects on freight transport and 
consequences of regional economic integration and improved market 
accessibility. 

3.5.1 Annual wage calculation 
By commuting from municipality i to municipality j the commuter 
earns the wage jw , and incurs commuting costs. Due to the type of 
wage data we have, the wage level for workers in each class is not 
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directly observable. The only wage information available is in the 
form of total wages jW  earned by all workers in a municipality. The 
wages for each class are estimated using the set of equations [13]-[18]. 
For a small number of persons there is no educational level specified, 
and for them the average wage level is used. They are included in the 
calculations, but left out from the presentation of the equation system. 
For each municipality, the total wage sum earned is the total of the 
wage sums earned by each class as seen in equation [13]. In this 
equation, the wage sum earned by men with low education is given by 
the number of men in that class MLn  multiplied by their average wage 
level ML

jw  for municipality j. Moreover, the relations between the 
wages earned in the classes are given by equations [14]-[18]. A 
medium-educated worker is assumed to have three more years of 
schooling than a worker with low education. Moreover, it is assumed 
that a worker with a high education has studied for another four years. 
The Swedish education premium pe  is approximately 4 per cent, i.e. 
the wages tend to increase by 4 per cent for an extra year of schooling 
(Henreksson, 1992). Moreover, men earn approximately 12 per cent 
more than women do (Edin and Richardson, 1999). This gender 
difference is denoted as pg . 
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3.5.2 Wage sum effects following improved commuting conditions 
To simplify, we assume that the marginal labour productivity equals 
the firms� wage costs, which include various types of payroll taxes 
paid for by employers, captured by the factor 38.1=τ , which should 
be multiplied by the wage level. Moreover, the employers� total wage 
costs can also be seen as the workers� wage incomes. In the following, 
the term wage is used for the total wage costs. The total value added 
generated consists of the wage costs plus gross profits, and 
consequently the estimated increase in wages is a conservative 
estimate of the benefits of the actual infrastructure investment. 

In equation [19], we calculate the annual increase in wages net of 
commuting costs, W∆ , accruing to a class. This calculation is 
repeated for each of the six classes. Together the workers that 
commute from municipality i to municipality j earn jij wC τ  and jij wC τ~  
before and after the road improvement, respectively. The commuting 
costs are calculated by valuing the commuting time. Let us specify the 
daily commuting costs before and after improved commuting 
conditions as 602 jijij htc ϕ=  and 60~2~

jijij htc ϕ= , respectively. 
Note that with this formulation the commuting costs are proportional, 
ϕ , to the money value of the commuter time. The commuting costs 
consist of both the value of time spent on commuting and money 
outlays. In all estimations presented below 1=ϕ . Moreover, the 
hourly wage jh  is calculated from the wages estimated by equations 
[13]-[18]. In these calculations, it was assumed that the standard 
working-day of commuters is 8 hours long. Moreover, it is assumed 
that there are 231 working-days a year. 

 
( ) ( )( )�� −−−=

i j
ijjijijjij cwCcwCW 231~231~ ττ∆  [19] 

 
The reduced commuting costs from ijc  to ijc~  increase commuting 

from ijC  to ijC~ . The evaluation of user benefit in equation [19] 
incorporates area A, but ignores the grey area in Figure 3.5.1. Note 
that area A is the user benefit in the status quo model. 
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Figure 3.5.1: Commuting demand (D), and the user benefit of 
reduced commuting costs (Neuburger, 1971). 

 
Generally, it is to be noted that this total benefit for the region is 

partly a redistribution from other regions and only partly a generated 
net effect (Lakshmanan, Nijkamp, Rietveld and Verhoef, 2001). In 
this respect, the models used in this paper differ. In the open gravity 
models, there are no redistribution effects. The reason for this is that 
all persons live and work inside the macro region. Moreover, in the 
restrictive version of the gravity model the number of workers in the 
macro region is unchanged, �� =

i
i

i
i OO~  and �� =

j
j

j
j DD~ . 

Therefore, in the restrictive open gravity model the economic effects 
are expected to be relatively small. 

In the expansive version of the accessibility model, the number of 
persons with a job grows considerably. Some of these additional 
workers find their job outside the macro region. These workers� 
income bring about an increase in the benefit to the region, whereas 
the effects on the rest of the world are negligible ( )0=ς . Hence, there 
is no redistribution of welfare between the macro region and the rest 
of the world. On the other hand, in the average and restrictive versions 
of the accessibility model the increase in the net benefit of the region 
is partly obtained as a redistribution from the rest of the world outside 
the macro region. 

In the calculation of the redistribution effect the average wage in 
the macro region ( )w  is used because we only know that the out 

Cost 

ijC~ijC

ijc~

ijc

A 
D 

Commuting 
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commuters work somewhere in the rest of the world. Therefore, the 
redistribution is calculated by �

i
iROWCw ~ςτ . Note that even in the 

restrictive version of the accessibility model the number of workers is 
increased, �� >

i
i

i
i OO~  and �� >

j
j

j
j DD~ , which does not happen 

in the restrictive version of the open gravity model. Hence, it is mainly 
because of such redistributed income from commuters to the rest of 
the world that the restrictive version of the accessibility model is able 
to generate a net increase in regional benefit. To be precise, in the 
restrictive version almost all of the economic benefits are redistributed 
from outside the macro region to the Fyrstad region. In the average 
version, the redistribution is considerably reduced, and in this version 
most of the economic benefits are based on income from jobs inside 
the region. 

3.5.3 Gradual adaption to the new situation 
According to Johansson, Klaesson and Olsson (2001) the commuting 
pattern adapts to relatively small changes in commuting times during 
an eight-year period. In the present paper, the infrastructure project is 
relatively large, and the adjustment is assumed to be almost complete 
after thirteen years. Note that in the open gravity model and in the 
accessibility model commuting flows change as infrastructure is 
improved. The commuting pattern is assumed to change gradually. 
The size of the impact in the year y is described by 

( ) ( ) 140035.01 −+= yyχ , where y indicates the number of years since 
the change in commuting conditions occurred (Figure 3.5.2). 
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Figure 3.5.2: The size of the impact at different points in time of 
reduced commuting time. 

 
Given the yearly income value calculated for each model, the net 

present value of wages, PVW , is calculated as ( ) ( )�
=

+
Y

y

yrWy
1

1∆χ . 

The interest rate r is set at 4 per cent, the economic lifetime Y is set at 
40 years. In Figure 3.5.3, the yearly contribution to net present value 
dPVW  is illustrated. 

Note that this gradual increase is used to calculate the total effect 
and thus also the pure time savings effect. The missing timesavings 
effect is 23 per cent of the total time savings effect as calculated in the 

status quo model ( ) ( ) ( ) �
�
�

�
�
�
�

�
≈++− ��

==

23.01111
11

Y

y

y
Y

y

y rrχ . Note that 

in the open gravity model and in the accessibility model, this 
timesavings effect is by no means dominating. In the status quo model 
the timesavings effect is everything, since commuting flows are left 
unaffected. Moreover, note that letting the economic value of 
timesavings be exactly measured by the wage value, i.e. 1=ϕ , may 
be an overestimation of this effect. Therefore, in the status quo model 
the impact, χ , is set at one, always. Finally the benefits of improved 
commuting conditions are compared to the investment costs. 
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Figure 3.5.3: The addition to net present value each year. The impact 
increases each year, but the discounting eventually reduces the 
economic effect. Also, 22.15)1( ≈=WPVW ∆ . 

3.6 User benefits 
This section presents the results from the four different models. In 
Table A1.1 in Appendix 1, the wages used in the evaluation are 
presented. These are the wages that follow from solving the set of 
equations presented in Section 3.5.1. The predicted commuting flows 
affect the distribution of where workers live and work. For some 
model versions, the appendices report the relative changes in the 
number of workers who live and the number of persons who work in 
each municipality. The changes are represented by the ratios ii OO~  

and jj DD~ . Also, for these versions, the effects on total wages (net 
of commuting costs) earned by the workers who live in each 
municipality can also be found in the appendices. These effects are 
represented by ii WW~  and are calculated as 
 

( ) ( )�� −−
j

ijjij
j

ijjij cwCcwC 231~231~ ττ . 

3.6.1 User benefits using the open gravity model 
In this chapter, the open gravity model is used to analyse inter-
municipality commuting. The presentation of results from this model 
mainly serves to illustrate that it is inadequate for analysing effects 
from non-marginal impacts. Morover, the open gravity model based 
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on only inter-municipality commuting flows is complemented by one 
model based on all commuting flows. In Table 3.6.1, the distance 
friction for each class is presented. We note that the distance friction 
is higher for persons with lower education than for persons with 
higher education. Moreover, the distance friction for men is below that 
of women. The distance friction is higher when intra-municipality 
commuting is included in the regressions, since a stronger reduction of 
the commuting flow is needed to handle the large drop in the 
commuting flow as commuting time increases. New commuting flows 
from municipality i to all other municipalities j  ( )ij ≠  are predicted 
using the relevant open gravity model, that is the one based on inter-
municipality commuting only. 

In the expansive version presented in Appendix 2, it can be seen 
that the economic effects are largest in the municipalities closest to the 
improved road, which is revealed by examining the ratios 

iijjii WW, and DD,OO ~~~ . Effects are strong when these ratios are 
larger than unity. Observe that growth is not negative in any location. 
The male commuting flow tends to go from Uddevalla to Trollhättan 
and Vänersborg. The female commuting flow tends to go in the other 
direction. The model strengthens the existing pattern. All these 
changes reflect an improved allocation (assignment) of workers to 
jobs. In the initial situation, these changes were prevented by too long 
time distances. Moreover, there seems to be a positive effect on the 
average wages earned for workers in some classes living in Mellerud, 
Munkedal, Orust, Tanum and Uddevalla ( )iiii OOWW ~~ > . 

 
Table 3.6.1: The estimated distance friction, using the open gravity 
model. 

Distance friction Class 

All commuting Only inter-municipality 
commuting 

ML 0.0712 0.0542 
MM 0.0646 0.0513 
MH 0.0564 0.0447 
FL 0.0817 0.0561 
FM 0.0718 0.0549 
FH 0.0683 0.0539 
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For the expansive version, the economic effects are summarised in 
Table 3.6.2. The present value of the increase in wages is 12,824.4 
million SEK. An investment in infrastructure can be considered as 
class neutral if the increase in wages follows the existing pattern 
before the investment. Table 3.6.3 presents a calculation of the share 
of total income that corresponds to each class before the investment in 
infrastructure. 

 
Table 3.6.2: The estimated increase in wages, using the expansive 
version of the open gravity model. 
Class Yearly increase 

in wages 
 

(MSEK) 

Present value of 
the increase in 

wages 
(MSEK) 

Contribution
 
 

(%) 
ML 86.2  1,311.3 10.2
MM 267.3  4,068.8 31.7
MH 151.5  2,306.0 18.0
FL 64.2  976.4 7.6
FM 167.1  2,543.2 19.8
FH 106.4  1,618.7 12.6
Sum 842.7  12,824.4 100.0

 
Note that 59.9 per cent of the total effect on wages (net of 

commuting costs) is earned by men in the expansive version of the 
open gravity model, when 54.9 per cent would be class neutral. This is 
caused partly by the fact that men have higher wages, but also by the 
fact that the number of commuters in each class is affected differently. 
Men with medium education as a group increase their wages the most, 
whereas the opposite holds for women with high education. For 
example, men with medium education earn 31.7 per cent of the new 
wages, when 26.0 per cent would be class neutral. 

As stated earlier, one shall expect the open gravity model to 
exaggerate the effects on commuting caused by a reduction of 
commuting time, since the commuting from municipality i to 
municipality j  ( )ij ≠  is predicted by ( )ijij tt

ijij eCC −−=
~~ λ  (Section 

3.4.2), and this formula allows the total flow �
j

ijC~  to expand beyond 
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reasonable limits, given the assumption that the intra-municipality 
commuting is unaffected, iiii CC = . 
 
Table 3.6.3: The class-neutral wage shares. 
Class Wage share

(%) 
ML 11.2  
MM 26.0  
MH 17.7  
FL 7.4  
FM 21.5  
FH 16.2  
Sum 100.0  

 
As the degree of substitution of external for internal workers 

increases, the economic benefit is reduced. This is readily seen by 
comparing the expansive version to the average and restrictive 
versions (Tables 3.6.2, 3.6.4 and 3.6.5). Even the total economic 
benefit is negative in the restrictive version of the open gravity model 
(Table 3.6.5). This overall negative outcome is caused by two facts. 
First, in the restrictive version the number of workers in the region is 
unaffected by the infrastructure improvements. Second, the inter-
municipality commuting is increased, which brings about reductions 
in intra-municipality commuting. Taken together, this means that a 
number of workers change jobs with each other, making the negative 
economic value of increased commuting outweigh the positive value 
of time savings. 

In the average version the distribution between men and women is 
almost class neutral, but there still exist distribution differences 
between education classes. In the restrictive version, only women with 
either low or medium education gain economic value, but the negative 
economic effects in the other classes dominate. So, the improved 
commuting conditions would be especially beneficial to women with 
either low or medium education in the restrictive version of the open 
gravity model. In these two classes increased commuting with the 
given number of workers is economically beneficial. 
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Table 3.6.4: The estimated increase in wages, using the average 
version of the open gravity model. 
Class Yearly increase 

in wages 
 

(MSEK) 

Present value of 
the increase in 

wages 
(MSEK) 

Contribution
 
 

(%) 
ML 46.4  706.7 9.7  
MM 145.7  2,216.7 30.5  
MH 78.0  1,187.1 16.4  
FL 40.8  621.6 8.6  
FM 109.8  1,671.5 23.0  
FH 56.1  854.4 11.8  
Sum 476.9  7,258.0 100.0  

 
Table 3.6.5: The estimated increase in wages, using the restrictive 
version of the open gravity model. 
Class Yearly increase 

in wages 
 

(MSEK) 

Present value of 
the increase in 

wages 
(MSEK) 

ML -13.2  -200.2  
MM -36.9  -561.5  
MH -32.3  -491.2  
FL 5.9  89.3  
FM 23.9  364.0  
FH -19.2  -292.0  
Sum -71.7  -1,091.6  

3.6.2 User benefit using the accessibility model 
The accessibility model uses the distance frictions and the ijk -values 
estimated by the doubly constrained gravity model as specified in 
equations [2] and [3]. The estimated distance friction presented in 
Table 3.6.6 shows the same tendencies as we can see in the open 
gravity model (Table 3.6.1). The female distance friction is higher 
than the male distance friction. The distance friction is reduced as the 
educational level is increased. Moreover, including intra-municipality 
commuting raises the distance friction in this model too. 
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Table 3.6.6: The estimated distance friction, using the doubly 
constrained model. 

Distance friction 
Equation [2] Equation [3] 

Class 

All commuting Only inter-municipality 
commuting 

ML 0.1734 0.1018 
MM 0.1506 0.0949 
MH 0.1106 0.0735 
FL 0.2291 0.1154 
FM 0.1964 0.1133 
FH 0.1454 0.0931 

 
The accessibility model is based on the two regional-interaction 

equations, described in equations [2] and [5]. In Appendix 3, the 
parameter estimates are presented for the out-commuting and the in-
commuting equations in Tables A3.1 and A3.2, respectively. The 
effect of accessibility to jobs in the surrounding municipalities on out-
commuting is reduced with the length of the commuters� education 
(Table A3.1). Moreover, this accessibility has smaller effects on the 
male out-commuting than on the female out-commuting. In addition, 
the out-commuting equation explains the pattern with increasing 
precision as the education level increases. For the high education 
class, the in-commuting is less affected by the internal accessibility to 
jobs than is the case in the other education classes (Table A3.2). The 
effect of accessibility to workers in the surrounding municipalities on 
in-commuting is reduced with the length of the commuters� education. 
Moreover, the effect of accessibility to workers in the surrounding 
municipalities on the in-commuting is smaller in the male classes than 
in the female classes. Note that the equations fit the data well, and 
accordingly the resulting commuting predictions are likely to be 
reliable. Given these estimates, improved commuting conditions will 
produce larger effects on commuting in the female classes than in the 
male classes. Moreover, the effects on commuting will be larger, the 
shorter the education of the class is. 

In this expansive version of the accessibility model, growth is more 
local than in the expansive version of the open gravity model. Here, 
only municipalities located in the proximity of the improved road 
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experience growth ( )1~~~ >iijjii WW and DD,OO . Related to this 
result, we see that Lysekil is almost unaffected. This follows from the 
fact that Lysekil is not well integrated with the core of the Fyrstad 
region. As a consequence improved commuting conditions have 
limited effects on Lysekil. Moreover, in the municipalities, k, where 
effects are found, in most classes the increase of the number of 
workers exceeds the increase of the number of new jobs, 
( )kkkk DDOO ~~ ≥ , creating a tidal wave effect. In other words, the 
workers in the centre of the macro region prompt those living closer to 
the edge of the macro region to take a job outside the region. 

The economic effects of the expansive version of the accessibility 
model are summarised in Table 3.6.7. The present value of wages 
amounts to 5,395.6 million SEK. The effects using this approach are 
smaller than the effects resulting from the open gravity model (Table 
3.6.2). Moreover, note that the share of this new income that is earned 
by women is 56.4 per cent, when 45.1 per cent would be class neutral. 
Thus, using the accessibility approach leads to smaller economic 
effects, but these effects are distributed in favour of women and in 
favour of the low and medium education classes. 
 
Table 3.6.7: The estimated increase in wages, using the expansive 
version of the accessibility model. 
Class Yearly increase 

in wages 
 

(MSEK) 

Present value of 
the increase in 

wages 
(MSEK) 

Contribution
 
 

(%) 
ML 39.2  596.6 11.1  
MM 84.9  1,291.6 23.9  
MH 30.7  467.1 8.7  
FL 48.5  737.6 13.7  
FM 113.4  1,725.3 32.0  
FH 37.9  577.5 10.7  
Sum 354.5  5,395.6 100.0  

 
A higher degree of substitution of external for internal workers on 

the labour market reduces the economic benefit for the macro region, 
and a larger fraction of the benefit is redistributed from the rest of the 
world (Tables 3.6.7-3.6.9). Even in the restrictive version of the 
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accessibility model the project creates a positive net benefit for the 
region, which is in contrast to the restrictive version of the open 
gravity model (Table 3.6.5). In the restrictive version, however most 
of the benefit is redistributed to the region from the rest of the world. 

 
Table 3.6.8: The estimated increase in wages, using the average 
version of the accessibility model. The redistribution effect is 
presented in parentheses. 
Class Yearly increase 

in wages 
(MSEK) 

Present value of the 
increase in wages 

(MSEK) 

Contribution 
 

(%) 
ML 28.0 (3.7) 425.4 (55.6) 10.8 (10.0)
MM 62.5 (7.5) 951.0 (113.9) 24.1 (20.4)
MH 23.4 (2.0) 356.8 (29.7) 9.1 (5.3)
FL 35.4 (6.9) 538.8 (105.7) 13.7 (18.9)
FM 82.5 (13.9) 1,254.9 (211.3) 31.9 (37.8)
FH 27.0 (2.8) 411.2 (42.5) 10.4 (7.6)
Sum 258.8 (36.7) 3,938.1 (558.8) 100.0 (100.0)

 
Table 3.6.9: The estimated increase in wages, using the restrictive 
version of the accessibility model. The redistribution effect is 
presented in parentheses. 
Class Yearly increase 

in wages 
(MSEK) 

Present value of the 
increase in wages 

(MSEK) 

Contribution 
 

(%) 
ML 11.1 (9.1) 168.7 (139.1) 9.6 (10.0)
MM 28.9 (18.7) 440.0 (284.8) 25.1 (20.4)
MH 12.6 (4.9) 191.5 (74.2) 10.9 (5.3)
FL 15.8 (17.4) 240.6 (264.2) 13.7 (18.9)
FM 36.1 (34.7) 549.3 (528.3) 31.4 (37.8)
FH 10.6 (7.0) 161.6 (106.3) 9.2 (7.6)
Sum 115.1 (91.8) 1,751.7 (1,397.0) 100.0 (100.0)

 
The status quo model: When commuting is unaffected by reduced 

commuting times, the present value of wages, i.e. the present value of 
time saved while commuting, amounts to 419.9 million SEK (Table 
3.6.10). Men gain much more than women in this model, since their 
savings are 69.1 per cent of the total. Men with low education and all 
female classes earn less than what could be considered as class neutral 
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(Table 3.6.3). Men with medium and men with high education are the 
two groups that reap the benefits. 
 
Table 3.6.10: The estimated increase in wages, using the status quo 
model. 
Class Yearly increase 

in wages 
 

(MSEK) 

Present value of 
the increase in 

wages 
(MSEK) 

Contribution 
 
 

(%) 
ML 2.7  40.7 9.7  
MM 9.4  143.9 34.3  
MH 6.9  105.6 25.1  
FL 1.2  19.0 4.5  
FM 3.7  56.9 13.6  
FH 3.5  53.7 12.8  
Sum 27.6  419.9 100.0  

 
It is evident that the status-quo model could be elaborated further. 

However, in the present analysis the main intention is to show the 
overall differences between this approach and the accessibility model. 

3.7 Cost-benefit evaluation 
What is the investment cost needed to upgrade the road from 
Uddevalla to Trollhättan and Vänersborg to normal Swedish highway 
standard? The infrastructure investment R is (roughly) estimated to be 
945 million SEK (The National [Swedish] Road Administration). In 
the calculations we have only valued the increase in wages net of 
commuting costs. These calculations do not include an evaluation of 
effects on other types of transport flows, such as goods transports, on-
the-job-trips and recreation trips. Moreover, environmental and road-
safety effects are not included. 

Table 3.7.1 summarises the results from all the model versions that 
have been estimated. In some versions the infrastructure project is 
extremely profitable, while in other versions it is not. In the status quo 
model, nothing happens to the commuting flows. In the status quo 
model the value of timesavings amounts to 44 per cent of the 
investment cost. Note also the possibility that this estimate may be too 
high, since it is based on the assumption that 1=ϕ , which means that 
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the generalised travel costs equal the travel time multiplied by the 
wage level. In the other models, the improved infrastructure increases 
the amount of commuting. As an overall judgement, the results from 
the accessibility model have a much stronger empirical support than 
those from the open gravity model. In the accessibility model the 
predicted inter-municipality commuting flows are based on strong 
regression equations. Moreover, the accessibility model does not give 
as large increases in the number of inter-municipality commuters as 
the open gravity models does. It is also worthwhile to remember that 
the accessibility model is based on two interaction equations that 
describe the observed commuting data with much better fit than what 
the open gravity model does. In view of this, the open gravity model is 
assessed as being definitely inferior to the accessibility model. In the 
sequel, the latter remains the reference of the analysis. 

 
Table 3.7.1: The road investment and the present value of the total 
increase in wages earned of the infrastructure investments. The 
redistribution effect is presented in parentheses. 

Present value of the 
increase in wages 
(PVW), (MSEK) 

PVW/R 
 

Model 

Total Redistr. Total Redistr.

Expansive open gravity 12,824.4 (0) 13.57 (0)
Average open gravity 7,258.0 (0) 7.68 (0)
Restrictive open gravity -1,091.6 (0) -1.16 (0)
Expansive accessibility 5,395.6 (0) 5.71 (0)
Average accessibility 3,938.1 (558.8) 4.17 (0.59)
Restrictive accessibility 1,751.7 (1,397.0) 1.85 (1.48)
Status quo 419.9 (0) 0.44 (0)

 
Some substitution on the labour market is reasonable, i.e. 0>ς , 

but it does not have to be complete, i.e. 5.0<ς . In the open gravity 
model the total net economic benefit PVW can be related to the degree 
of substitution on the labour market in the following way, 

ς832,274.824,12 −=PVW  as seen in Figure 3.7.1. Therefore, a 
degree of substitution at 0.427 or lower would make the infrastructure 
project profitable, that is, RPVW ≥ . 
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Figure 3.7.1: The total economic effect using the open gravity model. 
 
In the accessibility model the wages generated within the macro 

region by the infrastructure project, G, equal the total increase in 
wages PVW net of the redistribution from the rest of the world, and 
can be related to the degree of substitution in the following way, 

ς065,106.395,5 −=G  as seen in Figure 3.7.2. A degree of 
substitution at 0.442 or lower would make the road project 
economically worthwhile, that is RG ≥ , using the accessibility 
model. Still, with a higher degree of substitution the road project is 
good for the region, but at the expense of others. Thus, even with the 
somewhat limited commuting perspective, the numbers indicate 
support for improving the commuting conditions by means of 
upgrading the actual road to normal Swedish highway standard. 
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Figure 3.7.2: The total economic effect and the redistribution effect 
using the accessibility model. 

 
Moreover, there are other types of dynamic effects of investments 

in infrastructure than those considered here. For example, an 
infrastructure investment enlarges the market, and one effect is that 
new types of firms (with economies of scale) can enter the market 
(Johansson and Karlsson, 2001). These dynamic effects should not be 
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together such efforts would be economically welcome in the region. In 
the longer perspective, several other issues affect the region. There is 
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the effects of such scenarios on commuter flows and the value of a 
better infrastructure. 

3.8 Summary and suggestions for further research 
This chapter analyses the commuting pattern for classes of workers. 
Differences in the commuting behaviour of these classes manifest 
themselves in different forms in the text. The data for 1996 were 
divided into six classes: men and women with low education, with 
medium education, or with high education. Men in the region (on 
average) have higher wages than women. People with high education 
are underrepresented in the Fyrstad region relative to the macro 
region. Men commute more frequently and commute longer distances 
than women do. Men with high education on average commute longer 
distances than men with low education do. This effect of education on 
commuting times cannot be found in the female commuting pattern. 
Moreover, the female commuting times have lower variability than the 
male commuting times have. 

In this study several models were applied. In the estimation of both 
the open gravity model and the doubly constrained gravity model, the 
distance friction differs among the classes. The distance friction in all 
male classes is below the female corresponding estimates. Moreover, 
there is a negative relation between the commuters� length of 
education and their associated distance friction. In other words, the 
longer the education, the lower the distance friction. 

In the accessibility model one in-commuting and one out-
commuting equation was estimated for each class. There are 
differences between the classes as regards how well the different 
accessibility measures explain the in-commuting and out-commuting 
pattern, varying from high to very high 2R -values. 

In the model assessment it has been concluded that the so called 
accessibility model provides reliable predictions of how commuting 
flows into and out of a municipality change in response to alterations 
in time distances. Moreover, it has been demonstrated that it is of 
great importance to dwell on how intra-municipal commuting 
responds to inter-municipal commuting changes. Hence, the study 
signals that future empirical studies of this phenomenon are of great 
interest. 
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A special concern of the chapter is whether an upgrading of the road 
from Uddevalla to Trollhättan and Vänersborg to normal Swedish 
highway standard is economically sound. The main model used to 
predict the new commuting pattern, the accessibility model, appears in 
three versions labelled expansive, average, and restrictive, 
respectively. The cost benefit evaluations differ quite a lot between 
the three versions of the accessibility model. Nevertheless, in the text 
it is argued that the estimated numbers indicate that there is support 
for improving commuting conditions in the Fyrstad region by means 
of upgrading the road connecting Uddevalla to Trollhättan and 
Vänersborg. Another important message is that even small variations 
in model assumptions have significant consequences in terms of 
benefits. Hence, the model variations in this chapter show that labour 
market consequences may be of great importance in the assessment of 
road improvements. 

With these differences between classes in mind, the effects of 
improved commuting conditions are likely to differ between the 
classes. This becomes an important aspect of the evaluation of the 
infrastructure investment. A part of the chapter is used to analyse the 
distribution of the benefit. The distribution of the net benefit is class 
neutral if the project preserves the relative importance of the 
contribution of each class to the regional economy. The distribution 
favours women, and favours the classes with low and medium 
education using the accessibility model. Not surprisingly, suggestions 
to improve the commuting conditions are more widely welcomed in 
some classes than in others. 

We estimated the wages of people with low, medium and high 
education in a municipality by using a 4 per cent education premium 
per extra year of schooling. Moreover, the calculations also assumed 
that men earn 12 per cent more than women do. It would be 
interesting to use better wage data, i.e. the wages that are actually paid 
to each educational class in each municipality. It would also be of 
interest (if possible) to investigate how the length and number of 
workdays differ between persons who commute and persons who do 
not commute between municipalities. Moreover, the study could be 
repeated with commuting and wage data separated into different 
occupations rather than using education length as a divider. 

This type of calculations should be interpreted as indicative, 
providing a measure of the order of magnitude of the effects. The 
main target was not to present a total cost-benefit evaluation of the 
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actual infrastructure investment. One way to improve the calculations 
in that direction would be to include returns to firms but also 
consequences for other types of household travel. The roads are used 
for other purposes than commuting, such as transportation of goods, 
on-the-job travels, and recreation trips. The paper presented values 
concerning the economic value of an infrastructure investment valuing 
only changes in commuting and the connected changes in production. 
A complete evaluation must include other forms of transport too. The 
evaluation should also include an economic evaluation of the 
environmental and safety effects of the investment in infrastructure. 
Moreover, there are long-run effects of infrastructure investments. The 
region would become more integrated, forming a larger market for 
goods and services. The larger market would attract and create new 
firms. However, we believe that a specific focus on labour market 
allocation effects has a clear value in itself. 
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Appendix 1: Wages 
Table A1.1: Estimated annual wage per person employed (SEK). 
Municipality ML MM MH FL FM FH 
Uddevalla 155,173 174,549 204,197 138,547 155,847 182,319
Trollhättan 173,900 195,614 228,841 155,268 174,655 204,322
Vänersborg 154,296 173,562 203,043 137,764 154,966 181,288
Lysekil 157,459 177,120 207,206 140,589 158,143 185,005
Härryda 158,280 178,044 208,286 141,322 158,968 185,970
Partille 160,415 180,445 211,095 143,228 161,112 188,478
Stenungsund 180,830 203,409 237,959 161,455 181,615 212,464
Tjörn 143,229 161,113 188,479 127,883 143,851 168,285
Orust 136,299 153,318 179,360 121,696 136,891 160,143
Sotenäs 143,674 161,614 189,066 128,281 144,298 168,809
Munkedal 144,424 162,458 190,052 128,950 145,051 169,690
Tanum 128,250 144,264 168,769 114,509 128,807 150,687
Göteborg 179,168 201,540 235,773 159,971 179,946 210,511
Mölndal 181,649 204,331 239,038 162,187 182,438 213,427
Kungälv 151,254 170,140 199,039 135,048 151,910 177,714
Färgelanda 144,004 161,985 189,500 128,575 144,630 169,196
Ale 164,129 184,623 215,983 146,544 164,842 192,842
Bengtsfors 163,956 184,428 215,755 146,389 164,668 192,638
Mellerud 141,235 158,870 185,856 126,103 141,849 165,943
Lilla Edet 151,191 170,069 198,957 134,992 151,848 177,640
Alingsås 150,789 169,617 198,428 134,633 151,444 177,168
Grästorp 126,849 142,688 166,925 113,258 127,400 149,040
Essunga 138,056 155,294 181,672 123,264 138,655 162,207
Vara 142,358 160,133 187,334 127,105 142,976 167,262
Lidköping 155,655 175,091 204,831 138,978 156,331 182,885
Lerum 141,496 159,164 186,199 126,336 142,110 166,249
Vårgårda 153,487 172,652 201,979 137,042 154,154 180,338
Herrljunga 144,718 162,788 190,439 129,212 145,346 170,035
Skara 153,349 172,496 201,796 136,918 154,014 180,175
Åmål 153,424 172,581 201,896 136,986 154,091 180,264
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Appendix 2: The expansive version of the open gravity 
model 
Note that more information is available for both the average version 
and the restrictive version of the open gravity model, but the nature of 
the solutions obtained with the open gravity model is best illustrated 
by the expansive version. Hence, the expansive version is used as an 
illustration of the effects and of the results from the open gravity 
model, which relates the commuter flow from municipality i to 
another municipality j  ( )ij ≠ , ijC , to the number of workers who 
live in municipality i, iO , the number of jobs located in municipality j, 

jD , and the commuting time between the two municipalities, ijt , in 

the following way: ijijt
jiij eDOC ελββα +−= 21 . This expression was 

estimated for each class using 1996 data. The infrastructure project 
changes the time distances between locations to ijt~ , and the 

commuting prediction is expressed by ijt
jiijij eDOkC

~
21

~ λββα −= , where 

ijijij CCk =  and ijt
jiij eDOC λββα −= 21 . In the expansive verision of the 

open gravity model it is assumed that intra-municipal commuting is 
unaffected, iiii CC =~ . Moreover, the predicted commuting flows imply 
a change in the number of workers who live in each municipality and 
a change in the number of jobs in each municipality, �=

j
iji CO ~~  and 

�=
i

ijj CD ~~ . In Tables A2.1 and A2.2 the predicted relative changes 

in the number of workers who live in each municipality and number of 
jobs located in each municipality are presented, respectively. 
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Table A2.1: The relative effect on where workers live, ii OO~ , using 
the expansive version of the open gravity model. 
Municipality ML MM MH FL FM FH 
Uddevalla 1.06 1.09 1.11 1.03 1.03 1.05 
Trollhättan 1.02 1.02 1.02 1.03 1.02 1.03 
Vänersborg 1.02 1.04 1.03 1.03 1.03 1.05 
Lysekil 1.01 1.02 1.02 1.01 1.02 1.01 
Härryda 1.00 1.00 1.00 1.00 1.00 1.00 
Partille 1.00 1.00 1.00 1.00 1.00 1.00 
Stenungsund 1.01 1.01 1.02 1.00 1.01 1.01 
Tjörn 1.00 1.01 1.02 1.01 1.01 1.01 
Orust 1.01 1.01 1.03 1.02 1.02 1.02 
Sotenäs 1.02 1.02 1.03 1.01 1.01 1.01 
Munkedal 1.02 1.03 1.05 1.03 1.03 1.02 
Tanum 1.02 1.02 1.02 1.02 1.02 1.02 
Göteborg 1.00 1.00 1.00 1.00 1.00 1.00 
Mölndal 1.00 1.00 1.00 1.00 1.00 1.00 
Kungälv 1.00 1.00 1.00 1.00 1.00 1.00 
Färgelanda 1.01 1.01 1.01 1.03 1.04 1.01 
Ale 1.00 1.00 1.00 1.00 1.00 1.00 
Bengtsfors 1.00 1.01 1.01 1.01 1.01 1.00 
Mellerud 1.02 1.02 1.02 1.04 1.03 1.02 
Lilla Edet 1.00 1.00 1.00 1.01 1.01 1.00 
Alingsås 1.00 1.00 1.00 1.01 1.01 1.00 
Grästorp 1.00 1.02 1.00 1.02 1.02 1.01 
Essunga 1.01 1.01 1.01 1.02 1.01 1.00 
Vara 1.00 1.00 1.00 1.01 1.01 1.00 
Lidköping 1.00 1.00 1.00 1.01 1.01 1.00 
Lerum 1.00 1.00 1.00 1.00 1.00 1.00 
Vårgårda 1.00 1.00 1.00 1.01 1.01 1.00 
Herrljunga 1.00 1.01 1.00 1.01 1.01 1.00 
Skara 1.00 1.01 1.00 1.01 1.01 1.00 
Åmål 1.01 1.02 1.01 1.03 1.02 1.00 

 



Studies of Commuting and Labour Market Integration 

 107

Table A2.2: The relative effect on where persons work, jj DD~ , 
using the expansive version of the open gravity model. 
Municipality ML MM MH FL FM FH 
Uddevalla 1.04 1.05 1.05 1.05 1.04 1.05
Trollhättan 1.05 1.05 1.06 1.02 1.02 1.03
Vänersborg 1.03 1.03 1.05 1.01 1.02 1.04
Lysekil 1.00 1.01 1.01 1.00 1.00 1.00
Härryda 1.00 1.00 1.00 1.00 1.00 1.00
Partille 1.00 1.00 1.00 1.00 1.00 1.00
Stenungsund 1.01 1.01 1.01 1.00 1.00 1.00
Tjörn 1.00 1.00 1.01 1.00 1.00 1.01
Orust 1.00 1.01 1.01 1.00 1.00 1.01
Sotenäs 1.01 1.01 1.00 1.01 1.00 1.01
Munkedal 1.01 1.01 1.02 1.00 1.01 1.01
Tanum 1.01 1.01 1.02 1.01 1.01 1.01
Göteborg 1.00 1.00 1.00 1.00 1.00 1.00
Mölndal 1.00 1.00 1.00 1.00 1.00 1.00
Kungälv 1.00 1.00 1.00 1.00 1.00 1.00
Färgelanda 1.00 1.00 1.00 1.00 1.00 1.00
Ale 1.00 1.00 1.00 1.00 1.00 1.00
Bengtsfors 1.00 1.00 1.00 1.00 1.00 1.00
Mellerud 1.00 1.00 1.01 1.00 1.00 1.01
Lilla Edet 1.00 1.00 1.00 1.00 1.00 1.00
Alingsås 1.00 1.00 1.00 1.00 1.00 1.00
Grästorp 1.00 1.00 1.00 1.00 1.00 1.01
Essunga 1.00 1.00 1.01 1.00 1.00 1.00
Vara 1.00 1.00 1.00 1.00 1.00 1.00
Lidköping 1.00 1.00 1.01 1.00 1.00 1.00
Lerum 1.00 1.00 1.00 1.00 1.00 1.00
Vårgårda 1.00 1.00 1.00 1.00 1.00 1.01
Herrljunga 1.00 1.00 1.00 1.00 1.00 1.00
Skara 1.00 1.00 1.00 1.00 1.00 1.00
Åmål 1.00 1.00 1.00 1.00 1.00 1.00

 
The infrastructure project reduces commuting costs from ijc  to ijc~ , 

and increases commuting from ijC  to ijC~ . The annual increase in 
wages net of commuting costs can be calculated by 

( ) ( )( )�� −−−=
i j

ijjijijjij cwCcwCW 231~231~ ττ∆ . 
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The geographic distribution of this net benefit is calculated by 
( ) ( )�� −−

j
ijjij

j
ijjij cwCcwC 231~231~ ττ  for each class and each 

municipality i, and is presented in Table A2.3. 
 
Table A2.3: The relative effect on earnings net of commuting costs, 
using the expansive version of the open gravity model. 
Municipality ML MM MH FL FM FH 
Uddevalla 1.06 1.10 1.13 1.03 1.03 1.05 
Trollhättan 1.02 1.02 1.02 1.03 1.02 1.03 
Vänersborg 1.02 1.04 1.03 1.03 1.03 1.04 
Lysekil 1.01 1.02 1.02 1.01 1.02 1.01 
Härryda 1.00 1.00 1.00 1.00 1.00 1.00 
Partille 1.00 1.00 1.00 1.00 1.00 1.00 
Stenungsund 1.01 1.01 1.01 1.00 1.01 1.01 
Tjörn 1.00 1.01 1.02 1.01 1.01 1.01 
Orust 1.01 1.02 1.04 1.03 1.02 1.02 
Sotenäs 1.03 1.02 1.03 1.01 1.01 1.01 
Munkedal 1.03 1.03 1.06 1.04 1.03 1.02 
Tanum 1.03 1.03 1.03 1.02 1.03 1.02 
Göteborg 1.00 1.00 1.00 1.00 1.00 1.00 
Mölndal 1.00 1.00 1.00 1.00 1.00 1.00 
Kungälv 1.00 1.00 1.00 1.00 1.00 1.00 
Färgelanda 1.01 1.01 1.01 1.03 1.04 1.01 
Ale 1.00 1.00 1.00 1.00 1.00 1.00 
Bengtsfors 1.00 1.01 1.01 1.01 1.01 1.00 
Mellerud 1.02 1.02 1.03 1.05 1.04 1.02 
Lilla Edet 1.00 1.00 1.00 1.01 1.01 1.00 
Alingsås 1.00 1.00 1.00 1.01 1.01 1.00 
Grästorp 1.01 1.02 1.00 1.02 1.02 1.01 
Essunga 1.01 1.01 1.01 1.02 1.01 1.00 
Vara 1.00 1.00 1.00 1.01 1.01 1.00 
Lidköping 1.00 1.00 1.00 1.01 1.01 1.00 
Lerum 1.00 1.00 1.00 1.00 1.00 1.00 
Vårgårda 1.00 1.00 1.00 1.01 1.01 1.00 
Herrljunga 1.00 1.01 1.00 1.01 1.01 1.00 
Skara 1.00 1.01 1.00 1.01 1.01 1.00 
Åmål 1.01 1.02 1.01 1.03 1.02 1.00 
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Appendix 3: The expansive version of the accessibility 
model 
The information presented below for the expansive version of the 
accessibility model is also available for the average version and the 
restrictive version as well. The expansive version provides a sufficient 
illustration of the results. The number of persons who commute from a 
municipality i to other municipalities, iL , is expected to be a function 

of the accessibility to workers in the municipality, ( )w
insideiA , and the 

accessibility to jobs in the surrounding municipalities, ( ) job
outsideiA , such 

that job
outside

w
insidei iAiAL )()( 210 φφφ ++= . The number of persons who 

commute to a municipality j, jI , is expected to be a function of the 

accessibility to jobs in the municipality, ( ) job
insidejA , and the 

accessibility to workers in the surrounding municipalities, ( )w
outsidejA , 

such that w
outside

job
insidej jAjAI )()( 210 ϑϑϑ ++= . These equations were 

estimated for each class, and the results are presented in Tables A3.1 
and A3.2. Both the out-commuting and the in-commuting equations 
have high 2R -values, but one may observe that the in-commuting 
equations are almost perfect. 

To test for normality the estimated skewness, ( ) ( )�=
n

n sN 3
1 1 εη , 

and kurtosis, ( ) ( )�=
n

n sN 4
2 1 εη , of the residuals were calculated. 

The normality assumption is tested by 
( )( ) 2

2
2

2
2

1 2436 χηη ≈−+= NW  (Ramanathan, 1993). If the 
calculated Wald-statistic is below the critical value, the hypothesis of 
normally distributed errors cannot be rejected. The 5 per cent 
significance level is chosen, and the critical value used is 5.99. In 
more than half of the regressions the assumption of normal distributed 
residuals is violated (Tables A.3.1 and A.3.2). 

To test for homoscedasticity, the data were first sorted in order of a 
specific variable, w

insideiA )(  and job
insidejA )(  for the out-commuting 

equation and the in-commuting equation, respectively. Second, the 
middle part was omitted. The two remaining groups labelled 1 and 2 
are used in the test. For every observation the residual is used to 
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calculate the group average squared residual N
n

n�
2ε . The null 

hypothesis is that the difference D between the two groups� average 
squared residual is zero, i.e. 0:0 =DH . The reported P-value is the 
probability that an equally extreme difference, as the actual difference, 
is observed given 0H . If the probability of the observed difference, 
given 0H  is very low, the assumption of homoscedasticity is rejected. 
Homoscedasticity is rejected in all male classes regarding the out-
commuting regression. Given the test results there may be room for 
improvements of the model specification. In particular, one should 
observe that the 2R -values in Table A3.1 may overstate the actual 
goodness of fit. Moreover, the high t-values in the table inform us that 
the employed specification captures an essential structure in a fairly 
acceptable way. 
 
Table A3.1: The accessibility parameters from the out-commuting 
equation [2]. t -values in parenthesis. The equations were estimated 
using OLS, for the year 1996. 
Class Constant w

insideiA )( job
outsideiA )( 2

.adjR  P W 

ML 189.079
(3.87)

0.444
(5.84)

0.396
(6.30)

0.733 0.004 2.85

MM 379.511
(3.47)

0.422
(7.32)

0.333
(7.51)

0.809 0.035 3.89

MH 107.113
(2.13)

0.405
(17.44)

0.202
(12.29)

0.947 0.034 5.08

FL 94.731
(3.22)

0.471
(5.10)

0.779
(7.15)

0.746 0.111 21.04

FM 262.841
(3.18)

0.494
(6.91)

0.579
(8.05)

0.814 0.062 11.66

FH 98.377
(2.50)

0.553
(21.89)

0.282
(12.79)

0.962 0.087 13.34
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Table A3.2: The accessibility parameters, from the in-commuting 
equation [5]. t -values in parenthesis. The equations were estimated 
using OLS, for the year 1996. 
Class Constant job

insidejA )(  w
outsidejA )( 2

.adjR  P W 

ML -157.118 
(5.86) 

1.731 
(53.07) 

0.212
(5.22)

0.990 0.756 11.72

MM -217.960 
(3.65) 

1.424 
(58.82) 

0.156
(5.60)

0.992 0.671 3.26

MH -29.218 
(0.44) 

0.851 
(33.58) 

0.099
(4.32)

0.976 0.548 2,450

FL -73.593 
(5.89) 

2.043 
(61.29) 

0.287
(5.73)

0.993 0.586 3.74

FM -186.085 
(4.43) 

1.757 
(58.55) 

0.227
(5.68)

0.992 0.271 6.97

FH -4.347 
(0.073) 

0.947 
(27.71) 

0.164
(4.79)

0.967 0.721 103.45

 
The infrastructure project reduces commuting times to ijt~ , and 

changes the accessibility measures more or less in all municipalities. 
Consequently, new commuting flows are predicted, which alter the 
number of workers who live in each municipality and the number of 
jobs in each municipality to iiii LCO ~~~ +=  and jjjj ICD ~~~ += , 
respectively. Tables A3.3 and A3.4 present the relative changes in 
where workers live and where they work. 
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Table A3.3: The effect on where workers live, ii OO~ , using the 
expansive version of the accessibility model. 
Municipality ML MM MH FL FM FH 
Uddevalla 1.03 1.02 1.01 1.05 1.04 1.02 
Trollhättan 1.02 1.01 1.01 1.03 1.02 1.01 
Vänersborg 1.02 1.01 1.01 1.04 1.03 1.01 
Lysekil 1.00 1.00 1.00 1.01 1.01 1.00 
Härryda 1.00 1.00 1.00 1.00 1.00 1.00 
Partille 1.00 1.00 1.00 1.00 1.00 1.00 
Stenungsund 1.02 1.02 1.01 1.03 1.02 1.01 
Tjörn 1.00 1.00 1.00 1.00 1.00 1.00 
Orust 1.00 1.00 1.00 1.00 1.00 1.00 
Sotenäs 1.00 1.00 1.00 1.00 1.00 1.00 
Munkedal 1.01 1.01 1.01 1.01 1.01 1.01 
Tanum 1.00 1.00 1.00 1.00 1.00 1.00 
Göteborg 1.00 1.00 1.00 1.00 1.00 1.00 
Mölndal 1.00 1.00 1.00 1.00 1.00 1.00 
Kungälv 1.00 1.00 1.00 1.00 1.00 1.00 
Färgelanda 1.00 1.00 1.00 1.00 1.00 1.00 
Ale 1.00 1.00 1.00 1.00 1.00 1.00 
Bengtsfors 1.00 1.00 1.00 1.00 1.00 1.00 
Mellerud 1.00 1.00 1.00 1.00 1.00 1.00 
Lilla Edet 1.00 1.00 1.00 1.00 1.00 1.00 
Alingsås 1.00 1.00 1.00 1.00 1.00 1.00 
Grästorp 1.01 1.01 1.01 1.03 1.02 1.02 
Essunga 1.00 1.00 1.00 1.00 1.00 1.00 
Vara 1.00 1.00 1.00 1.00 1.00 1.00 
Lidköping 1.00 1.00 1.00 1.00 1.00 1.00 
Lerum 1.00 1.00 1.00 1.00 1.00 1.00 
Vårgårda 1.00 1.00 1.00 1.00 1.00 1.00 
Herrljunga 1.00 1.00 1.00 1.00 1.00 1.00 
Skara 1.00 1.00 1.00 1.00 1.00 1.00 
Åmål 1.00 1.00 1.00 1.00 1.00 1.00 
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Table A3.4: The effect on where persons work, jj DD~ , using the 
expansive version of the accessibility model. 
Municipality ML MM MH FL FM FH 
Uddevalla 1.01 1.01 1.01 1.02 1.01 1.01
Trollhättan 1.01 1.00 1.00 1.01 1.01 1.01
Vänersborg 1.01 1.01 1.01 1.01 1.01 1.01
Lysekil 1.00 1.00 1.00 1.00 1.00 1.00
Härryda 1.00 1.00 1.00 1.00 1.00 1.00
Partille 1.00 1.00 1.00 1.00 1.00 1.00
Stenungsund 1.01 1.01 1.00 1.01 1.01 1.01
Tjörn 1.00 1.00 1.00 1.00 1.00 1.00
Orust 1.00 1.00 1.00 1.00 1.00 1.00
Sotenäs 1.00 1.00 1.00 1.00 1.00 1.00
Munkedal 1.00 1.00 1.01 1.01 1.01 1.01
Tanum 1.00 1.00 1.00 1.00 1.00 1.00
Göteborg 1.00 1.00 1.00 1.00 1.00 1.00
Mölndal 1.00 1.00 1.00 1.00 1.00 1.00
Kungälv 1.00 1.00 1.00 1.00 1.00 1.00
Färgelanda 1.00 1.00 1.00 1.00 1.00 1.00
Ale 1.00 1.00 1.00 1.00 1.00 1.00
Bengtsfors 1.00 1.00 1.00 1.00 1.00 1.00
Mellerud 1.00 1.00 1.00 1.00 1.00 1.00
Lilla Edet 1.00 1.00 1.00 1.00 1.00 1.00
Alingsås 1.00 1.00 1.00 1.00 1.00 1.00
Grästorp 1.01 1.01 1.01 1.01 1.01 1.01
Essunga 1.00 1.00 1.00 1.00 1.00 1.00
Vara 1.00 1.00 1.00 1.00 1.00 1.00
Lidköping 1.00 1.00 1.00 1.00 1.00 1.00
Lerum 1.00 1.00 1.00 1.00 1.00 1.00
Vårgårda 1.00 1.00 1.00 1.00 1.00 1.00
Herrljunga 1.00 1.00 1.00 1.00 1.00 1.00
Skara 1.00 1.00 1.00 1.00 1.00 1.00
Åmål 1.00 1.00 1.00 1.00 1.00 1.00

 
The annual increase in wages net of commuting costs can be 

calculated from ( ) ( )( )�� −−−=
i j

ijjijijjij cwCcwCW 231~231~ ττ∆ . The 

geographic distribution of this net benefit is calculated by 
( ) ( )�� −−

j
ijjij

j
ijjij cwCcwC 231~231~ ττ  for each class and each 

municipality i, and is presented in Table A3.5. 
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TableA3.5: The effect on earnings net of transport costs, using the 
expansive version of the accessibility model. 
Municipality ML MM MH FL FM FH 
Uddevalla 1.03 1.03 1.02 1.05 1.04 1.02 
Trollhättan 1.02 1.01 1.01 1.03 1.02 1.01 
Vänersborg 1.02 1.02 1.01 1.04 1.03 1.02 
Lysekil 1.00 1.00 1.00 1.01 1.01 1.00 
Härryda 1.00 1.00 1.00 1.00 1.00 1.00 
Partille 1.00 1.00 1.00 1.00 1.00 1.00 
Stenungsund 1.02 1.02 1.01 1.03 1.02 1.01 
Tjörn 1.00 1.00 1.00 1.00 1.00 1.00 
Orust 1.00 1.00 1.00 1.00 1.00 1.00 
Sotenäs 1.00 1.00 1.00 1.00 1.00 1.00 
Munkedal 1.01 1.01 1.01 1.01 1.01 1.01 
Tanum 1.00 1.00 1.00 1.00 1.00 1.00 
Göteborg 1.00 1.00 1.00 1.00 1.00 1.00 
Mölndal 1.00 1.00 1.00 1.00 1.00 1.00 
Kungälv 1.00 1.00 1.00 1.00 1.00 1.00 
Färgelanda 1.00 1.00 1.00 1.00 1.00 1.00 
Ale 1.00 1.00 1.00 1.00 1.00 1.00 
Bengtsfors 1.00 1.00 1.00 1.00 1.00 1.00 
Mellerud 1.00 1.00 1.00 1.00 1.00 1.00 
Lilla Edet 1.00 1.00 1.00 1.00 1.00 1.00 
Alingsås 1.00 1.00 1.00 1.00 1.00 1.00 
Grästorp 1.01 1.01 1.01 1.03 1.03 1.02 
Essunga 1.00 1.00 1.00 1.00 1.00 1.00 
Vara 1.00 1.00 1.00 1.00 1.00 1.00 
Lidköping 1.00 1.00 1.00 1.00 1.00 1.00 
Lerum 1.00 1.00 1.00 1.00 1.00 1.00 
Vårgårda 1.00 1.00 1.00 1.00 1.00 1.00 
Herrljunga 1.00 1.00 1.00 1.00 1.00 1.00 
Skara 1.00 1.00 1.00 1.00 1.00 1.00 
Åmål 1.00 1.00 1.00 1.00 1.00 1.00 
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4. Differences in Commuting Behaviour 
across Regions and Educational Classes 
Abstract: There are differences in commuting behaviour between 
men and women, and between workers with short and long education. 
The question addressed in this paper is whether there are also regional 
differences in commuting behaviour. The paper uses three models in 
an investigation of whether there are systematic differences in the 
commuting patterns between four Swedish regions. Morever, the 
prediction accuracy of these models is examined and the effect of 
bringing additional spatial information into the models is studied. 
With the accuracy criterion applied, all three model types show a 
similar degree of failure (or success) in replicating observed flows. In 
the assessment regional differences are identified, but these 
differences are not identical when each of the three models are 
applied. This may imply that policy analysis has to be based at several 
model exercises of the kind shown in this chapter. 
 
JEL classification: R23 
 
Key words: Commuting, spatial interaction, accessibility, regional 
differences, education 

4.1 Introduction 
Commuting behaviour differs between men and women, and between 
workers with short and long education (Hanson and Hanson, 1980; 
White, 1977 and 1986; Zax, 1991; Hwang and Fitzpatrick, 1992; 
Turner and Niemeier, 1997; Kullenberg and Persson, 1997; Chapters 2 
and 3 of this thesis). Therefore, the effects of (for example) 
investment in physical infrastructure differ between commuter groups 
(Chapter 3). The question raised in this chapter is whether there also 
exist regional differences in commuting behaviour. In 1994, Sweden 
could be divided into 110 local labour markets (Kullenberg and 
Persson, 1997). These labour markets were defined using a standard 
procedure that is described in Chapter 2 of this thesis (SCB, 1992; 
Kullenberg and Persson, 1997). Still, commuting behaviour in these 
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local labour markets is not necessarily the same, although the method 
to delineate labour markets intends to consider such aspects. 

A region can be described by the pattern of time distances between 
the locations of labour supply and job opportunities. If the time 
sensitivity of commuters is lower in one region than in another, this 
observation indicates that the first region has a stronger labour market 
integration. Hence, by identifying systematic differences in 
commuting behaviour we get incentives to go further and investigate 
how the function of particular labour markets can be improved. 
Moreover, when regional differences are not explained and captured 
by a model, this is a clear signal that one should attempt to improve it. 

Labour commuting stems from the spatial distribution of workers 
with certain skills and the spatial distribution of jobs requiring certain 
skills. In addition, in theory commuting from a city to another city 
should increase with the size of the cities, given that the cities are 
located a specific distance apart. Moreover, the commuting time 
affects the level of commuting, i.e. there is a distance friction. 
Furthermore, in theory commuting from city i to city j will be reduced 
if workers have alternative jobs in the proximity of city i, and if 
employers have access to alternative workers in the proximity of city 
j. In this chapter, we examine if and how four Swedish regions differ 
with regard to these model characteristics. 

The four regions differ with regard to the educational structure of 
the workforce, the announced educational requirement for each job 
category, the geographical distribution of workplaces, the 
geographical distribution of workers, and the quality of the 
infrastructure connecting workers to workplaces. The model 
formulations in the subsequent analysis take these features into 
account. Moreover, the economy is constantly changing, and this 
process has affected the four regions differently. In some regions, the 
transition over time is relatively continuous and smooth, while in 
other regions the transition is more discontinuous and disruptive. 

This is a study of regional differences in commuting behaviour and 
an evaluation of the importance of including spatial information when 
estimating commuting models. With this purpose, the paper makes use 
of the open gravity model, the competing origin and competing 
destination model, and the doubly constrained gravity model. The 
question is whether there exist regional differences in commuting 
behaviour when the spatial distribution of workers with certain 
education, and the spatial distribution of jobs demanding certain 
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education have been taken into account. The intervening opportunity 
of each municipality is introduced into the open gravity model, in the 
form of two accessibility measures. The first expresses the 
accessibility to jobs in surrounding municipalities. The second 
measure expresses firms� accessibility to labour supply in surrounding 
municipalities. By adding these two types of measures to the original 
model, we obtain a model with which structural differences between 
regions could be revealed in a more pronounced and stringent way. In 
this way the commuting differentials become more precise. The 
constrained gravity model is an alternative way to introduce additional 
spatial information. Moreover, an assessment of the prediction 
capability of the models, concerning where workers live and work, 
and the commuting flows is included in the text. 

In a following step, the commuting behaviour of three educational 
classes is examined. In these estimations, one can investigate the 
regional shift parameters for each class. The purpose is to study if 
there are any regional differences for each class. 

Until recently, regional differences in commuting behaviour have 
been disregarded in Swedish transport-assessment studies. Regional 
policy (and planning) must have a sound foundation. Can it be 
assumed that policy effects are similar in all regions? Policy effects on 
the local labour markets will not be similar in all regions if the actual 
commuting behaviour differs. One may conjecture that policy effects 
will differ between regional labour markets with relatively low and 
high level of commuting. This paper finds that the commuting patterns 
differ between regions. These differences are verified in all of the 
three model types applied. In general, it is easier to understand the 
effects of e.g. petrol taxes and infrastructure investments when more 
information is available. Information concerning regional 
characteristics and differences can indeed be useful for policymakers. 

Section 4.2 provides a theoretical description of the relationship 
between commuting behaviour and the distribution of workers and 
workplaces. Moreover, in Section 4.2, the three models to be 
estimated are presented. The four chosen regions are briefly described 
in Section 4.3. The results from the model estimations for 1996 are 
presented in Section 4.4. In Section 4.5, it is assessed how well the 
models predict the actual in- and out-commuting. Finally, Section 4.6 
contains a summary and presents some ideas for further research. 
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4.2 Detecting regional differences in three commuting 
models 
This section contains a description of those gravity type models that 
will be used in the study of the commuting behaviour. In Section 4.2.1 
the open gravity model and the competing origin and competing 
destination model are presented. In Section 4.2.2 the constrained 
gravity model is described. In addition to the theoretical presentation, 
the model versions actually estimated are presented. Moreover, it is 
shown how these models can be used to estimate structural regional 
differences in commuting. 

4.2.1 The open gravity model and the competing origin and 
competing destination model 
In theory, commuting from municipality i to municipality j, ijC , 
increases with the size of the origin municipality i, iO , the size of the 
destination municipality j, jD , and as the commuting time, ijt , 
between i and j decreases. In the following commuting time is used in 
itself as a measure of separation between locations. Note that 
commuting time, commuted distance and commuting costs are related. 
A worker has to choose where to work, and in the commuting area a 
worker can often reach several possible workplaces. Moreover, other 
persons compete to get the vacant jobs. In other words, firms search 
for workers, and workers search for jobs. However, firms/workers 
have intervening opportunities, i.e. they could hire someone else/work 
somewhere else. In this paper, these opportunities are determined by 
two accessibility measures. In theory commuting from a municipality i 
to a specific municipality j is less extensive if the employers in 
municipality j have a large labour supply in the proximity to choose 
from. This effect is represented by the competing origin variable, 

ijCO . It is also expected that commuting from municipality i to 
municipality j will decrease with the number of jobs available in the 
proximity of municipality i. This effect is represented by the 
competing destinations variable, ijCD . 

In a definition of the labour force, unemployed persons should be 
included, since these persons compete for vacant jobs, but they are 
often left out of the analysis. Also in this paper, only people actually 
working are included. The origin variable is measured by the number 
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of workers who live in the municipality, and the destination variable is 
measured by the number of persons who work in the municipality. 
The reasons for including spatial information in the model are 
discussed in Fik, Amey and Mulligan (1992), Lo (1992), Raphael 
(1998) and Thorsen and Gitlesen (1998). 

In this paper, an open gravity model defined by equation [1] will be 
compared to a competing origin and competing destination model 
defined by equation [2]. In the competing origin and competing 
destination model the competing origin variable is defined by equation 
[3]8 and the competing destination variable is defined by equation 
[4]9. Most of the daily interaction takes place within a 45 minute 
radius from the place of residence and therefore the maximum 
commuting time is set to 45 minutes: 450 << ijt . Observe that the 
access to jobs and workers beyond a 45-minute time radius differs in 
the four regions, and this study may for that reason be supplemented 
by an extended time limit. Moreover, only commuting between 
municipalities is analysed in these two models, i.e. ij ≠ . The reason 
is that inter-municipality commuting differs much from intra-
municipal commuting, and it was decided that the focus should be on 
inter-municipal commuting. Still, the models could be extended to 
incorporate intra-municipal commuting. 

 
ijijt

jiij eDOC ελββα +−= 21   [1] 
 

ijijt
ijijjiij eCDCODOC ελββββα +−= 4321  [2] 

 

minutes 45    1 <∀= �
≠

kj
i,jk

-
kjkij tktOCO  [3] 

 
                                                 
8 Alternatively the accessibility to workers could be calculated by 

minutes  45  
,

<∀= �
≠

−
kj

jik

t
kij tkeOCO kjλ

, where the time distance 45 minutes 

approximates a limit, beyond which commuting is very infrequent. 
9 Alternatively the accessibility to alternative workplaces could be calculated by 

.minutes 45   
,

<∀= �
≠

−
ik

jik

t
kij tkeDCD ikλ  
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minutes 45   
,

1 <∀= �
≠

ik
jik

-
ikkij tktDCD  [4] 

 
Dummy structure: How are regional differences introduced into the 

model? Assume two municipalities i and j, with the descriptive 
characteristics ijijijji tCDCODO  and , , , , . What would be the expected 
levels of commuting between these two municipalities? The Fyrstad 
region is chosen as the reference region. If the two municipalities were 
located in the Fyrstad region, the expected level of commuting 
( )

FyrstadijC  is equal to ijt
ijijji eCDCODO λββββα −4321 , using the competing 

origin and competing destination model. The corresponding 
expectation for the Jönköping region ( )

JönköpingijC  is 
14321 αλββββα +− ijt

ijijji eCDCODO . Consequently, the regional difference can 

be interpreted by calculating ( ) ( ) 1α−= eCC
JönköpingijFyrstadij . In other 

words, 1α  is a measure of the difference between the commuting 
patterns in the Fyrstad region and in the Jönköping region. This 
regional difference is seen in Figure 4.2.1 as the vertical difference in 
commuting level. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.2.1: The regional difference. 
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ijt
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In the same manner, the differences between the Fyrstad and the 
Karlstad region, and between the Fyrstad and the Skövde region are 
expressed by 2α−e  and 3α−e , respectively. Moreover, the difference 
between the Jönköping and the Karlstad region is expressed as 21 αα −e . 
Additionally, the relative difference between the commuting in the 
Jönköping and the Skövde region, and in the Karlstad and the Skövde 
region are 31 αα −e  and 32 αα −e , respectively. 

The following model formulations [5] and [6] are estimated. The 
only differences from the original expressions [1] and [2] are the 
inclusion of three regional dummies and the fact that the equations 
here are presented in logarithmic form. All three regional dummies are 
set to zero for the Fyrstad region. Consequently, the estimated α′  is 
estimated for the Fyrstad region. The dummy structure (Table 4.2.1) 
means that the extra effect in the Jönköping, the Karlstad and the 
Skövde region are 321  and  , ααα , respectively. 
 
Table 4.2.1: The regional dummies. 
 1R  2R  3R  
Fyrstad 0 0 0 
Jönköping 1 0 0 
Karlstad 0 1 0 
Skövde 0 0 1 

 

�
=

+−+++′=
3

1
21 lnlnln

r
ijijjirrij tDORC ελββαα  [5] 

 

�
=

+++++′=
3

1
321 lnlnlnln

r
ijjirrij CODORC βββαα  

ijijij tCD ελβ +−+ ln4   [6] 
 
Obviously, these two models are not able to perfectly replicate the 

actual commuting patterns. Accordingly, these two models will not 
accurately predict in- and out-commuting. How well they perform in 
these respects is assessed in Section 4.5. 
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4.2.2 The constrained gravity model 
The solution to the open gravity model and the competing origin and 
competing destination model can be contrasted with the solution to the 
doubly constrained gravity model. The doubly constrained gravity 
model described in equation [7] analyses inter-municipality 
commuting. The number of workers that commuted out of a 
municipality, into a municipality, and the total commuted time in 1996 
are �

≠

=
ij

iji CL , �
≠

=
ji

ijj CI , ��
≠

=
i ij

ijij tCT , respectively. 

 

( ) +��
�

�
�
�
�

�
−+−−= � ���

≠≠ i ij
ijii

i ij
ijij CLCC αΛ 1ln  

�
�
�

�
�
�
�

�
−+��

�

�
�
�
�

�
−+ ��� �

≠≠ i ij
ijij

j
j

ji
ijj tCTIC λβ  [7] 

 
Commuting from a municipality i  to another municipality j ( )ij ≠  

can be described by ijji t
ij eC λβα −+−= . The optimisation produces one 

distance-friction parameter. With this model, no direct parameter 
indicating the regional level of commuting is estimated, since 

ji βα +−  is link specific. Given this downside of the model, what is 
the upside? A main reason for using this version of the doubly 
constrained model would be that (by construction) the model outcome 
is consistent with actual in- and out-commuting. However, this does 
not imply that all commuting flows are accurately predicted. In this 
study, regional differences are considered to be everything and for that 
reason the ability to accurately predict where people live and work is 
less important, and can be sacrificed. 

In this paper, the Lagrangian [8] is optimised for each region. In 
1996 the total number of commuters and their commuting time are 
calculated by ��

≠

=
i ij

ijCC , and ��
≠

=
i ij

ijij tCT , respectively. Note 

that � ��� ===
≠i j

j
i

i
ij

ij ILCC . Observe that intra-municipality 

commuting is left out of the analysis. The commuting from a 
municipality i  to another municipality j ( )ij ≠  can be described by 

ijt
ij eC λσ −= . Each optimisation results in a regional level of 
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commuting parameter (at 0=ijt ), σ , and a distance friction 

parameter, λ . In other words, σe  represents a general propensity to 
commute. Observe that such a pair of parameters, ( )RR λσ , , is 
estimated for each region, { }SKJF ,,,=R , where SKJF  and ,,  
identify the Fyrstad, the Jönköping, the Karlstad and the Skövde 
region, respectively. The model is applied both to total commuting 
data and to educationally separated commuting data. Formula [8] is 
employed separately for each of the four regions. 
 

( ) �
�
�

�
�
�
�

�
−+��

�

�
�
�
�

�
−+−−= ������

≠≠≠ i ij
ijij

i ij
ij

i ij
ijij tCTCCCC λσΛ 1ln

  [8] 
 

In the above version of the constrained model [8], the distance 
friction was allowed to vary between the regions. In equation [9] the 
distance friction, λ , is estimated to be the same in all four regions. In 
this version, the regional levels of commuting are directly revealed by 
the estimated Rσ , { }SKJF ,,,=R . The total commuting time in 1996 
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For example, the level of commuting in the Fyrstad region divided 

by the level of commuting in the Skövde region equals 

ij
tt teee SFijSijF    ∀= −−− σσλσλσ . 
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4.3 Description of the data and the selected regions 
The regions selected for the analysis are Fyrstad, Jönköping, Karlstad 
and Skövde. These four regions are all located in the south of Sweden. 
In Table 4.3.1, a list of all municipalities included in each region is 
presented. All four regions are geographically constrained by the two 
big lakes, Vänern and Vättern. 

 
Table 4.3.1: The municipalities in the regions studied. 

Region Municipalities 
Fyrstad Local Labour 

Market 
Essunga, Färgelanda, Grästorp, 
Lysekil, Mellerud, Munkedal, 
Sotenäs, Trollhättan, Uddevalla and 
Vänersborg. 
 

Jönköping Local Labour 
Market 
 
Added 
municipalities 

Jönköping, Habo, Mullsjö and 
Vaggeryd. 
 
Aneby, Eksjö, Falköping, Gislaved, 
Hjo, Nässjö, Sävsjö, Tidaholm, 
Tranås, Ulricehamn and Vetlanda. 
 

Karlstad Local Labour 
Market 
 
Added 
municipalities 

Forshaga, Grums, Hammarö, 
Karlstad, Kil, Kristinehamn and 
Munkfors. 
Arvika, Degerfors, Filipstad, 
Gullspång, Hagfors, Karlskoga, 
Storfors, Sunne and Säffle. 
 

Skövde Local Labour 
Market 

Falköping, Gullspång, Hjo, 
Karlsborg, Mariestad, Skara, Skövde, 
Tibro, Tidaholm and Töreboda. 

 
The original plan was to use the Fyrstad, Jönköping, Karlstad and 

Skövde Local Labour Markets (NUTEK, 1998). However, some Local 
Labour Markets (as identified by NUTEK, 1998) include too few 
municipalities to be usable. For estimation purposes the number of 
municipalities in a region must not be too small, since this renders too 
few commuter flows. This is the case for the Jönköping and the 
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Karlstad region. The Karlstad Local Labour Market consists of seven 
municipalities. The natural approach is to extend the Karlstad region, 
by including the municipalities surrounding the Karlstad Local Labour 
Market. By doing this, the number of municipalities in the Karlstad 
region increases from seven to sixteen. The Jönköping Local Labour 
Market is very small. It includes only four municipalities and 
therefore the Jönköping region is extended to include eleven 
surrounding municipalities. 

As can be seen from Table 4.3.1, Gullspång is included in both the 
Karlstad and the Skövde region. Moreover, three municipalities, 
Falköping, Hjo and Tidaholm, are included in both the Skövde and the 
Jönköping region. This has no direct importance for the estimation, 
since only commuting inside each region is studied. 

The original commuting data set for the year 1996 has seven 
educational categories. Here they are aggregated into three 
educational classes: Comprehensive school, secondary school and 
university studies, labelled low, medium and high education, 
respectively. 

The National [Swedish Road Administration often gives 
commuting times from more than one location in a municipality]. The 
commuting time used is the ordinary average commuting time 
between municipalities. The 1998 travel time information is used in 
the analysis of commuting flows during 1996. This procedure is 
relevant, since only minor changes have occurred in this period. In 
Table 4.3.2, the maximum commuting time from the central place in 
the region to another municipality in the region is presented for each 
region in the study. The four regions are not equally large, and have 
different geographical shapes. 
 
Table 4.3.2: The maximum time distances from the central place to 
another municipality in the region. 
Region ijt  

(minutes) 
Fyrstad 63.74 
Jönköping 63.65 
Karlstad 62.29 
Skövde 47.79 
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The Jönköping region is the largest of the four regions, with 149,542 
persons working in the region (Table 4.3.3). The Skövde region is the 
smallest and has only 76,001 persons working in the region. Workers 
commute more to than from the Skövde region, which distinguishes 
this region from the other three regions. Regarding the educational 
structure, the Jönköping region has the highest share and the Karlstad 
region the lowest share of low-educated workers. The Fyrstad region 
has the highest and the Karlstad region has the next highest share of 
workers with a high education working in the region. There is a 
university or university college in each of the selected regions. 

 
Table 4.3.3: Summary statistics for the Fyrstad, Karlstad, Skövde and 
Jönköping regions (1996) 
 Fyrstad Jönköping Karlstad Skövde 
Workers living in 82,394 152,094 121,982 74,982 
Low education (%) 24.5 29.1 22.7 27.6 
Medium education (%) 52.4 50.0 53.6 51.7 
High education (%) 23.1 20.9 23.7 20.7 
 
Persons working in 

 
82,299 

 
149,542 

 
121,690 

 
76,001 

Low education (%) 24.3 29.1 22.7 27.6 
Medium education (%) 51.9 49.8 53.7 51.6 
High education (%) 23.8 21.1 23.6 20.8 

 
Economic activity is more or less centralised to the largest 

municipality in each of the regions. This is readily seen from Table 
4.3.4, which shows the degree of centralisation in each region by 
relating the number of jobs and workers in the most influential 
municipality to the number of jobs and workers in each region, 
respectively. In all four regions job distribution is more centralised 
than worker distribution. At one end of the spectrum we have the 
Jönköping region which is the most monocentric of the four regions. 
At the other end of the spectrum we have the situations in the Fyrstad 
and the Karlstad region. Moreover, the Jönköping region is special in 
that the share of workers who live in the Jönköping municipality is as 
high as 32.88 per cent. 
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Table 4.3.4: The relative importance of the largest municipality of 
each region. 
Region Job share 

(%) 
Worker share 

(%) 
Fyrstad 32.75 26.40 
Jönköping 35.09 32.88 
Karlstad 32.31 26.48 
Skövde 34.34 28.93 

 
The models (Section 4.2) were estimated using the regions as 

defined in Table 4.3.1. In the following section, the results for 1996 
are presented. 

4.4 Estimation results and regional comparisons 
In this section, the results from the empirical estimations are 
described. First, the results from the open gravity model and the 
competing origin and competing destination model are presented and 
compared in Section 4.4.1. Second, the estimates resulting from the 
constrained gravity model are presented in Section 4.4.2. 

4.4.1 The open gravity model and the competing origin and 
competing destination model 
The model is estimated by means of OLS regression. Because of the 
approach taken, i.e. to limit the analysis to commuting times less than 
45 minutes, few zero commuting flows exist. The few remaining zero-
observations that were found in the data set were simply deleted. For a 
discussion of alternative estimation methods see Fik and Mulligan 
(1998). 

From the theoretical discussion in Section 4.2, the expectations 
(regarding the signs of the parameters) are that 1β , 2β  and λ  are 
positive and that 3β  and 4β  are negative. Moreover, regional 
differences are present if 0≠rα . 

Alternative model specifications were also estimated. For example, 
it was investigated if, in addition to the regional shift parameters, there 
are any regional differences in distance friction. This attempt did not 
result in any significant differences. Moreover, educational dummies 
were tested in different ways, but the main results in such versions are 
similar to those presented below. 
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Regional differences using total commuting flows: Some regional 
differences are found when equations [5] and [6] are estimated. The 
estimates from the models when total commuting flows were used are 
presented in Table 4.4.1. 

The open gravity model [1] does not reveal different levels of 
commuting in the Fyrstad and Jönköping regions. Moreover, no 
difference in the level of commuting in the Fyrstad and Karlstad 
regions is verified. A statistically significant difference in the level of 
commuting in the Fyrstad and Skövde regions is detected. The 
commuting flows in the Fyrstad region exceed the flows in the Skövde 
region by 77 per cent. In other words, the levels of commuting in the 
Fyrstad, Jönköping and Karlstad regions are similar. Moreover, the 
commuting in the Skövde region is on a lower level. 

The competing origin and competing destination model does not 
verify different levels of commuting in the Fyrstad and Jönköping 
regions. However, different levels of commuting in the Fyrstad and 
Karlstad regions are verified. Adding spatial information leads to a 
difference between the Fyrstad and the Karlstad regions that is not 
verified elsewhere. The commuting flows in the Fyrstad region are 42 
per cent above the flows in the Karlstad region. A difference in the 
level of commuting in the Fyrstad and Skövde regions is verified. The 
commuting flows in the Fyrstad region exceed the flows in the Skövde 
region by 61 per cent. 

No certain differences in the level of commuting in the Karlstad 
and Skövde regions are verified, since the confidence intervals for 

32  and αα  overlap. Nevertheless, 32 αα >  in all regressions. In other 
words, the levels of commuting in the Fyrstad and Jönköping regions 
are similar. Moreover, the levels of commuting in the Karlstad and 
Skövde regions are also similar, but on a lower level. 

The number of workers who live in a municipality and the number 
of available jobs in a municipality both have a positive effect on 
commuting. Accessibility to both alternative workers and alternative 
workplaces reduces commuting. Moreover, both models 
approximately have the same distance friction. For example, using the 
competing origin and competing destination model the estimated 
distance friction is 0.117. 
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Table 4.4.1: Model estimates. t -values are given in parentheses. 
 Open 

gravity 
Competing origin and competing 

destination 
Education  Total Total 

Low Medium High 
Constant -7.129 

(8.33) 
 

-0.999 
(1.01) 

 

-0.967 
(0.92) 

0.064 
(0.07) 

-0.403 
(0.65) 

Jönköping 
1R  

-0.042 
(0.29) 

 

-0.090 
(0.73) 

 

-0.128 
(0.92) 

-0.105 
(0.81) 

-0.034 
(0.32) 

Karlstad 
2R  

-0.008 
(0.05) 

 

-0.349 
(2.61) 

 

-0.246 
(1.57) 

-0.453 
(3.28) 

-0.279 
(2.53) 

Skövde 
3R  

-0.572 
(3.85) 

 

-0.480 
(3.80) 

 

-0.357 
(2.44) 

-0.493 
(3.71) 

-0.287 
(2.69) 

iOln  0.631 
(9.66) 

 

0.602 
(10.83) 

 

0.456 
(6.29) 

0.536 
(9.16) 

0.626 
(16.57) 

jDln  1.128 
(19.75) 

 

1.073 
(21.90) 

 

1.106 
(17.42) 

1.045 
(20.27) 

0.860 
(24.70) 

ijCOln   -0.252 
(4.21) 

 
 

-0.164 
(2.13) 

 

-0.257 
(3.95) 

 

-0.304 
(6.26) 

ijCDln   -0.464 
(8.02) 

 
 

-0.527 
(6.98) 

 

-0.507 
(8.02) 

 

-0.353 
(7.56) 

ijt  0.118 
(18.30) 

0.117 
(21.53) 

0.107 
(16.75) 

0.118 
(20.29) 

0.093 
(19.92) 

N 226 226 211 217 213 
2

.adjR  0.768 0.833 0.738 0.808 0.859 

P 0.709 0.736 0.328 0.913 0.363 
W� 1.94 4.49 2.49 10.02 1.92 

� The normality assumption is rejected if W > 5.99. 
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The residuals have been tested for normality and homoscedasticity. To 
test for normality the estimated skewness ( ) ( )�=

n
n sN 3

1 1 εη  and 

kurtosis ( ) ( )�=
n

n sN 4
2 1 εη  of the residuals were calculated. The 

normality assumption is tested by the Wald-statistic 
( )( ) 2

2
2

2
2

1 2436 χηη ≈−+= NW  (Ramanathan, 1993). If the 
calculated W-statistic is below the critical value, the hypothesis of 
normally distributed errors cannot be rejected. The 5 per cent 
significance level is chosen, and the critical value used is 5.99. 
The calculated W-statistics for the open gravity model and the 
competing origin and competing destination model are 1.94 and 4.49, 
respectively. Therefore, based on these results, normality cannot be 
rejected for the models. 

To test for homoscedasticity, we first sort the data in order of a 
specific variable. The chosen variable in this case is the size of the 
origin municipality ( iO ). Second, we divide the data into three parts, 
and omit the middle part. The two remaining groups labelled 1 and 2 
are used in the test. For every observation (in each group), the 
estimated error is used to calculate the group average squared error 

N
n

n�
2ε . The null hypothesis is that the difference D between the 

two groups� average squared error is zero, i.e. 0:0 =DH . The 
reported P-value is the probability that an equally extreme difference, 
as the actual difference, is observed given 0H . If the probability of the 
observed difference, given 0H , is very low, the assumption of 
homoscedasticity is rejected. The P-values for both models indicate 
that homoscedasticity cannot be rejected. 

The results from estimating the competing origin and competing 
destination model on data separated with regard to three educational 
groups are presented below for workers with low, medium and high 
education, respectively. Moreover, the open gravity model has been 
applied in all classes, but the results are left without comments. 

Regional differences for workers with low education: The 
estimated regional differences in this group are smaller than the 
estimated differences in the aggregated data set (Table 4.4.1). The P-
values indicate that the error structure is homoscedastic. The 
normality assumption can not be rejected. For workers with low 
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education no difference in the level of commuting in the Fyrstad and 
Jönköping regions is detected, just as the case in the total data set. 
Moreover, no difference between the Fyrstad and Karlstad regions in 
the level of commuting is verified. When commuters are not separated 
into education classes the model indicates such a difference, which is 
not detected for the group of commuters with low education. For this 
group, the level of commuting is similar in the Fyrstad, Jönköping and 
Karlstad regions. The level of commuting in the Fyrstad region is 
estimated to be 43 per cent above the commuting in the Skövde 
region. Moreover, the distance friction is estimated at 0.107. 

Regional differences for workers with medium education: 
Homoscedasticity cannot be rejected. The normality assumption is 
rejected. Since, in such circumstances (homoscedastic and non-normal 
errors), the OLS-estimates are unbiased, the major regional 
differences that are found are interpreted. The estimated parameter 
corresponds to 57 per cent more commuting in the Fyrstad region than 
in the Karlstad region. Moreover, the estimated difference between the 
levels of commuting in the Fyrstad and Skövde regions is 64 per cent 
additional commuting in the Fyrstad region. The competing origin and 
competing destination model seems to indicate that the level of 
commuting in the Fyrstad and Jönköping regions are similar. The 
level of commuting in the Karlstad and Skövde regions seems similar, 
but with a lower level of commuting. The distance friction equals 
0.118. The distance friction is highest in this group, which is not a 
standard result. The expectation is that the distance friction is highest 
in the low education class. This result may be related to the definition 
of the accessibility measures. 

Regional differences for workers with high education: The regional 
differences for the group of workers with high education are larger 
than in the total data set (Table 4.4.1). In this class, the hypotheses of 
normality and homoscedasticity can not be rejected. There is no 
difference in the level of commuting in the Fyrstad and Jönköping 
regions. A difference in the level of commuting in the Fyrstad and 
Karlstad regions is detected. The level of commuting in the Fyrstad 
region exceeds the level in the Karlstad region by 32 per cent. There is 
a difference in the level of commuting in the Fyrstad and Skövde 
regions. This is similar to the result in the total data set. The level of 
commuting in the Fyrstad region is estimated to be 33 per cent above 
the level in the Skövde region. The distance friction is estimated at 
only 0.093. 
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Conclusions: First, including accessibility measures into the 
commuting model improves the results in several ways. The 
explanatory power is higher for the competing origin and competing 
destination model than for the open gravity model. Consequently, the 
prediction of where workers live and work using the competing origin 
and competing destination model fits reality better than the predictions 
given by the open gravity model. Moreover, dividing the data into 
education classes reveals that the regional differences are to a large 
degree the same in all classes. The largest regional differences are 
verified in the medium education class. Overall, the level of 
commuting in the Fyrstad region and the Jönköping region is similar. 
Moreover, the level of commuting in the Karlstad region and the 
Skövde region is similar, but on a lower level. This can also be stated 
in the following way, ( ) ( ) ( ) ( )

SkövdeijKarlstadijJönköpingijFyrstadij CCCC =>= . 

4.4.2 The constrained gravity model 
In Table 4.4.2, the results from estimating equation [8] are presented. 
The regional level of commuting parameter, σ , is to some degree 
dependent on the number of commuters. This is evident when one 
aggregates data in a region. In all regions the level of commuting 
parameter based on the total data exceeds the parameters based on 
educational classes. However, this size effect is not necessarily 
present when comparisons are made between regions, or of classes in 
a region. A comparison of classes across regions indicates that σ  and 
λ  walk hand-in-hand, i.e. when σ  is relatively high so is λ . This is 
seen in Figure 4.4.1 where the results from using total data are 
presented. We can see that the level of commuting is lowest in the 
Skövde region. The Fyrstad region has the highest level of commuting 
in the time interval 360 << ijt , while the level of commuting is 
highest in the Jönköping region when 36≥ijt . The Karlstad region 
has a relatively high level of commuting over the whole commuting-
time interval. These results are very much in line with the results from 
the open gravity model. Moreover, the same structure of regional 
differences in the level of commuting can be seen in the three 
education classes. 
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Table 4.4.2: The results from the constrained model [8]. 
Region Class σ  λ  
Fyrstad Low 6.8149 0.094855 
 Medium 8.0587 0.103569 
 High 7.5864 0.108468 
 Total 8.7002 0.103320 
Jönköping Low 5.6840 0.061824 
 Medium 6.6384 0.066442 
 High 5.7999 0.056373 
 Total 7.2238 0.062370 
Karlstad Low 6.1815 0.080810 
 Medium 7.4472 0.089131 
 High 6.6910 0.081935 
 Total 8.0005 0.085366 
Skövde Low 6.0383 0.085669 
 Medium 6.9525 0.088899 
 High 6.1665 0.078764 
 Total 7.5635 0.085157 

 

Figure 4.4.1: The commuting pattern in the four regions, using 
equation [8] at total commuting data (1996). 
 

When comparisons are made between classes in a region the hand-
in-hand relationship between σ  and λ  is weaker. It has to be 
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remembered that this model version uses limited spatial information, 
i.e. no origin or destination constraint and no accessibility measures 
are incorporated. 

In Tables 4.4.3 and 4.4.4 and in Figure 4.4.2 the results from 
estimating equation [9] are presented. Note that it is not a mistake that 
the distance friction in the low and high education classes are the 
same. It is just a rare coincidence. Here the distance friction is 
assumed the same in all regions. When the distance friction is higher 
using equation [9] than using equation [8] the level of commuting 
parameter is higher. When a higher distance friction is enforced (in a 
class in a region) the propensity to commute has to be increased to fit 
the data. Such adjustments are largest in the Fyrstad and the 
Jönköping region. One may finally observe that the λ -values in Table 
4.4.2 are somewhat, but not much lower than the corresponding values 
for the unconstrained version of the gravity model. 
 
Table 4.4.3: The regional levels of commuting, using the constrained 
model [9]. 
Region Class σ  
Fyrstad Low 6.3439 
 Medium 7.5665 
 High 6.7631 
 Total 8.1118 
Jönköping Low 6.1700 
 Medium 7.2049 
 High 6.4656 
 Total 7.8073 
Karlstad Low 6.0797 
 Medium 7.3303 
 High 6.5576 
 Total 7.8798 
Skövde Low 5.8211 
 Medium 6.8496 
 High 6.1267 
 Total 7.4576 

 
In Figure 4.4.2, it is seen that the level of commuting is highest in 

the Fyrstad region and lowest in the Skövde region. The results are the 
same when the data are divided into education classes. Using the total 
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data, the level of commuting in the Fyrstad region is 92 per cent above 
the level in the Skövde region. 

Figure 4.4.2: The commuting pattern in the four regions, using 
equation [9] at total commuting data (1996). 
 

Moreover, the level of commuting in the Fyrstad region exceeds 
the level of commuting in the Jönköping region and the Karlstad 
region by 35 and 26 per cent, respectively. Moreover, the levels of 
commuting in the Karlstad region and in the Jönköping region are 
quite similar. 

In other words, ( ) ( ) ( ) ( )
SkövdeijJönköpingijKarlstadijFyrstadij CCCC >≈> . 

This ordering of the regions is similar to the ordering in Section 4.4.1. 
In other words, this ordering is almost model invariant. 
 
Table 4.4.4: The estimated distance friction using the constrained 
model [9]. 
Class λ  
Low 0.077226
Medium 0.084841
High 0.077226
Total 0.081021
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4.5 Assessment of the predictive power of the models 
With the regression result from the open gravity model and the 
competing origin and competing destination model, and the solution to 
the constrained model it is possible to calculate predicted in- and out-
commuting, as �

≠

=
ji

ijj CI  and �
≠

=
ij

iji CL , respectively. Given that 

the fit is not perfect, there will be deviations between these estimates 
and the reality, that is 0≥− jj II  and 0≥− ii LL , respectively. The 
average absolute deviation and the average relative deviation for both 
variables are reported in Table 4.5.1 for the open gravity model, the 
competing origin and competing destination model, and the 
constrained gravity model using aggregate commuting data. The 
measures are calculated for the four regions considered together. 
Moreover, there are N municipalities in the four regions totally. In 
other words, Table 4.5.1 presents the average deviation in both 
absolute number and relative proportion for both in- and out-
commuting. 
 
Table 4.5.1: The average absolute and relative deviations of in- and 
out-commuting. 
 Model 
 Open 

gravity 
[1] 

Competing origin and 
competing destination 

[2] 

Constrained 
gravity 

[9] 

NLL
i

ii� −  942.5 768.7 945.7 

( )� −
i

iii NLLL  0.507 0.399 0.473 

NII
j

jj� −  465.0 338.3 514.85 

( )� −
j

jjj NIII  0.358 0.271 0.647 

 
The competing origin and competing destination model predicts in- 

and out-commuting better than the open gravity model and the 
constrained gravity model do. The competing origin and competing 
destination model on average predicts in-commuting and out-
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commuting by 338.3 and 768.7 commuters off the mark, respectively. 
In relative terms, the competing origin and competing destination 
model misses the actual in and out-commuting by 27.1 per cent and 
39.9 per cent, respectively. None of the three models used in this 
paper replicates in- and out-commuting very well. In this paper, the 
predictive ability of the models has not been put at the forefront. 

4.6 Summary, comments and suggestions for further 
research 
The purpose of this chapter was to investigate whether the commuting 
patterns in the Fyrstad, Jönköping, Karlstad and Skövde regions (all 
located in the south of Sweden) are similar. 

Three models were estimated to investigate structural differences in 
the level of commuting in the four regions. The first is an open gravity 
model, with regional intercepts. The second is a competing origin and 
competing destination model, which incorporates a measure of the 
firms� accessibility to workers and includes a measure of the workers� 
accessibility of workplaces into the model. The third is a so called 
constrained gravity model. 

First, the open gravity model and the competing origin and 
competing destination model were estimated on total commuting data 
for 1996. Using these data the open gravity model detects regional 
differences in the level of commuting. Moreover, the competing origin 
and competing destination model finds additional regional differences. 
By adding spatial information regional differences are verified. The 
commuting pattern differs for commuters with short or long education. 
Therefore, the models were also applied on data subdivided by the 
workers� length of education. The level of commuting was ordered in 
the following way: ( ) ( ) ( ) ( )

SkövdeijKarlstadijJönköpingijFyrstadij CCCC =>= . 

The ordering is ( ) ( ) ( ) ( )
SkövdeijJönköpingijKarlstadijFyrstadij CCCC >≈>  using 

the constrained gravity model, so the ordering is in principle model 
invariant. In this paper, regional differences are verified, and the 
Fyrstad region has been shown to have a relatively high level of 
commuting. Consequently, models for prediction and policy analysis 
may need to have a structure and parametrisation so as to capture such 
differences. Given regional differences in commuting behavior, 
general policies (such as gasoline taxes) have different impact across 
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regions. In other words, modeling these regional variations may lead 
to regionally tailor-made policies. 

It would be interesting to repeat this study using occupational and 
industrial-mix data instead of just length of education. It is also 
reasonable to expect that one-income households behave differently 
from two-income households. Thus, a possible extension would be to 
divide the data set in this regard. Moreover, incorporating other 
accessibility formulations as well as using alternative functional forms 
is a way to continue this work. 
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5. Spatial Barriers in Labour Market 
Commuting 
Abstract: The paper studies to what extent (former) county borders 
are barriers that reduce the level of commuting across such borders. 
This type of barrier exists when the commuting frequency on a cross-
border link is below the expected level of commuting given all other 
characteristics. This research applies three different models to the 
Fyrstad region, for which earlier studies have indicated the existence 
of commuting barriers. The analysis shows that barrier effects can be 
verified. However, the estimated barrier effects are significantly 
reduced when spatial information about accessibility patterns is added 
to the models. This means that commuting models with too schematic 
spatial specification run the risk of exagerrating barrier effects. 
 
JEL classification: R41 
 
Key words: Commuting, spatial interaction, adminsitrative borders, 
spatial barriers, accessibility, education, gender 

5.1 Introduction 
Over time the number of Swedish local labour markets has declined10. 
For example, Sweden had 110 local labour markets in 1994 
(Kullenberg and Persson, 1997), and 81 in 1998 (NUTEK, 1998). 
When the number of regions declines, the geographical extension of 
some regions must increase. However, the Fyrstad region in western 
Sweden has remained unchanged for quite some time (Chapter 2). 
One may then ask what are the factors that prevent the region from 

                                                 
10 A local labour market is based on commuting flows. A detailed description of the 
procedure is found in SCB (1992), Kullenberg and Persson (1997), and Chapter 2 of 
this thesis. 
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becoming more integrated and from expanding geographically. It has 
been suggested that this rigidity to change reflect old administrative 
(county) borders. 

Barriers to interaction constrain a region�s economic development, 
since barriers have a negative impact on, among other things, the 
functioning of local labour markets. A consequence of a barrier is that 
workers have to work, and employers have to find their workers, in a 
region that is reduced geographically by the barrier. The reduced size 
of the region also affects its industrial structure. Industries with 
economies of scale need a critical market size to enter a region. 
Karlsson and Nilsson (2001) investigate how the number of different 
types of industries grows as the size of the region becomes larger. The 
barrier has effects on the location choices made by firms and workers, 
as well as their spatial interaction patterns. Therefore, labour 
productivity is reduced, and as a consequence the total production in a 
region is restrained from expanding. 

Barriers are often considered to be discontinuous interaction costs, 
where a discrete shift in costs occur at the barrier (Nijkamp, Rietveld 
and Salomon, 1990; Batten and Törnqvist, 1990; Berglund, 1998). 
Alternatively, barriers are often seen as located where an unexpected 
decline in interaction takes place (Nijkamp, Rietveld and Salomon, 
1990; Batten and Törnqvist, 1990; Berglund, 1998). 

The border and barrier concepts are intertwined. A border does not 
necessarily have to imply a barrier to interaction. Nevertheless, it is 
most likely that a border to some degree hinders interaction. Barriers 
to interaction are of many types, including natural, cultural, political, 
adminstrative, and technological barriers. One may also consider that 
barriers can come into existence as well as disappear over time. 
Congestion is an obvious example of such a barrier to interaction. 
Moreover, a barrier may give rise to other barriers (Nijkamp, Rietveld 
and Salomon, 1990). Unfortunately, removing one barrier does not 
necessarily lead to a removal of the rest of the barriers. For example, 
connecting two former isolated areas by a bridge would remove the 
natural barrier, but many other barriers may remain, such as languange 
and culture. 

An adminstrative barrier can result from lack of co operation 
between administrative regions. Without co operation between 
regions, investments in inter-regional infrastructure are less likely to 
happen. This may lead to relatively low interaction between two 
municipalities or two groups of municipalities, because the connecting 
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roads and public transport systems are congested or have a low quality 
(Nijkamp, Rietveld and Salomon, 1990; Berglund, 1998). Using the 
words of Nijkamp, Rietveld and Salomon (1990, p. 243) �Even when 
the border would be removed, the transportation network will continue 
to be biased towards intraregional transport�. An effective removal of 
an administrative border must therefore often be followed by 
appropriate infrastructure investments and reorganisation of public 
transport to have any substantial effect on commuting. Infrastructure 
investments may improve safety, reduce the number of traffic 
accidents, reduce congestion, reduce travel times, and give workers 
the opportunity to get more productive and better paid jobs in a city 
that previously had too long commuting time to allow for this. 
Moreover, upgrading the infrastructure would increase the 
geographical size of the region, thereby increasing the market size and 
attracting new industries. 

The purpose of this chapter is to investigate the existence and 
importance of spatial barriers in a regional labour market by applying 
three models, the open gravity model, the competing origin and 
competing destination model, and the constrained gravity model. In 
each of the models, barriers are assumed to be detected if commuting 
on cross-border links are unexpectedly low, given other model-
specific characteristics. In the chapter two measures of the size of the 
barriers are reported. The first is a measure of how large the effects on 
commuting would be if the barriers were to be removed. The second is 
a measure of the extra commuting time on cross-border links that 
would explain the low level of interaction. This latter measure 
captures all causes of low interaction in a measure of time delay as if 
the barriers were caused by, for example, congestion alone. 

The results obtained by using the open gravity model indicate that 
county borders reduce inter-county commuting dramatically. With the 
competing origin and competing destination model and the 
constrained gravity model it is shown that the estimated barrier effect 
in the open gravity model to a large extent can be explained by the 
spatial distribution of workplaces and workers. In this chapter, it is 
shown that one gets a better understanding of barrier effects, if the 
spatial distribution of workers and workplaces is taken into 
consideration. Moreover, other aspects of search and choice behaviour 
are important too, for example newspaper circulation. In this latter 
case there are quite obvious barriers, with newspaper markets that are 
separated by former county borders. 
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At the beginning of Section 5.2, barriers are defined and explained. 
This section also describes the three models that are later used in 
estimating the barrier effects. Model 1 is an open gravity model. Two 
versions of the open gravity model are applied, one with and one 
without barrier adjustments. Model 2 is of the competing origin and 
competing destination type, with a barrier specification. The third 
model is a constrained gravity model, with a limited number of border 
passages. The subsequent section presents the region and the data used 
(Section 5.3). The results are presented and discussed in Section 5.4. 
Section 5.5 offers a summary, comments, and suggestions for further 
research. 

5.2 Spatial barriers in theory and in the three models 
In this section, the barrier concept and the effects of barriers on the 
functioning of the labour markets are discussed. The reasoning and the 
models used in the rest of the paper are explained and motivated. 

Examples in the literature that explain barriers to interaction are 
Batten and Törnqvist (1990), Nijkamp, Rietveld and Salomon (1990), 
and Berglund (1998). Barrier theory has been applied to a variety of 
topics. For example, the barrier concept was used in an analysis of 
international trade by Bröcker and Rohweder (1990) and of 
communication by Rietveld and Janssen (1990), and Rossera (1990). 
Berglund (1998) represents an example of a labour market application. 
Generally, barriers are often considered to be located where some 
form of interaction is unexpectedly low and/or where interaction costs 
increase sharply (Nijkamp, Rietveld and Salomon, 1990; Batten and 
Törnqvist, 1990; Berglund, 1998). Berglund (1998) studies barriers in 
labour markets, using an interaction cost approach. This chapter 
studies interaction per se. 

A spatial barrier in a regional labour market is recognised by a 
lower than expected commuter flow between two municipalities. 
Although some interaction exists across the barrier, most of the labour 
force is geographically constrained. The bottom line is that workers 
have to find a job, and firms have to find workers, in spatially 
constrained areas. Geographically, the barriers also limit the market 
for perishable products and services. This is important, since smaller 
regions generally have fewer industries (Karlsson and Nilsson, 2001). 
The reason for this is that economies of scale are important, and 
demand in a small region is often not sufficiently large for many 
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products for a profitable establishment of a production. Consequently, 
the barriers make it less likely that a worker will find the job that suits 
him or her best, and therefore barriers reduce labour productivity. 
Moreover, employers are affected in a similar way. As a consequence, 
the barrier reduces total production. 

In the sequel, three different models are introduced. The first model 
is an open gravity model. The second model is of the competing origin 
and competing destination type. The third model is a constrained 
gravity model. 

5.2.1 The open gravity model 
The open gravity model to be estimated is presented in equation [1]. 
In the open gravity approach, interaction (here commuting) depends 
on origin, destination and network attributes (Berglund, 1998). The 
commuting flow from a municipality to another municipality depends 
on many things, but the sizes of the municipalities, and the commuting 
time between them, are naturally important explanatory variables. The 
commuting data consist of the number of workers that commute from 
municipality i to municipality j, ijC . A more detailed description of 
the data set is given in Section 5.3. Moreover, the commuting data 
provide information about the number of workers that live in a 
municipality, iO . The commuting data also give the number of 
persons that work in a municipality, jD . iO  can be interpreted as 
realised labour supply in the origin municipality i and jD  as the 
realised labour demand in the destination municipality j. A 
supplementing data set includes the commuting time, ijt , between the 
residence and the workplace municipalities. In the application only 
inter-municipality commuting is analysed, i.e. ij ≠  (Section 5.4.1). 

 
ijijt

jiij eDOC ελββα +−= 21    [1] 

 
The bigger the residence municipality (measured by the number of 

workers who live there), the larger the number of expected out-
commuters. The number of workers that commute to another 
municipality increases with the number of jobs in that municipality. 
Moreover, the commuting time has a negative impact on the number 
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of commuters. The simple logic is that if two municipalities are 
located further apart (time-wise) from each other, fewer workers can 
be expected to commute between the municipalities. Long commuting 
time makes a workplace unattractive, at least if there exist alternatives. 
This relationship is illustrated as the smoothly declining expected 
level of commuting, ijC , in Figure 5.2.1. 

In this chapter, a barrier is said to exist if commuting between two 
municipalities is lower than the expected level, i.e. lower than the 
level predicted by the model (without a barrier specification). If a 
barrier is present, the curve will shift downward at the border. The 
size of the shift is a measure of the size of the barrier. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.2.1: The barrier effect on commuting. 

 
The second version of the open gravity model used in the analysis 

is introduced in equation [2]. The barrier dummy ijB  is set to one if 
the commuter flow passes a border, and zero if not. As a consequence 
equation [2] is designed as a method to detect and measure the effects 
of county and other borders. 

 
ijijij Bt

jiij eDOC εγλββα ++−= )(21   [2] 

Observed pattern

Model prediction

ijt

ijC

Barrier effect 

Border 
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Bröcker and Rohweder (1990), Rietveld and Janssen (1990), Rossera 
(1990), and Berglund (1998) also use versions of the gravity model 
when estimating barrier effects. The estimated barrier parameter, γ , is 
just one way of representing the barrier effect. Note that this 
formulation renders a barrier parameter expressed in the commuting-
time dimension. If the barrier is caused by congestion alone, this is an 
estimate of the delay caused by the congestion. However, there is a 
clear possibility that there are other causes (than just congestion) for 
the low interaction, such as the established choice and search 
behaviour, newspaper circulation and so on. A removal of the barrier 
(or barriers) is expected to generate a proportional increase in 
commuting, equal to 1−λγe , since ( ) ( ) λγ

ijijijij eBCBC === 10 . In 
other words, λγδ =  is also an estimate of the barrier. 

The above is the outcome if the open gravity model accurately 
captures the commuting behaviour. The expected increases in 
commuting estimated by the open gravity model, following a removal 
of the barrier, can at best be considered as the maximum possible 
effect. Commuting between two municipalities is negatively effected 
if workers have high accessibility to alternative workplaces, and if 
employers have high accessibility to alternative sources of labour 
supply. Consequently, differences in accessibility to workers and 
workplaces may be an important explanation of the barriers that are 
found when applying the open gravity model in equation [2]. 

5.2.2 The competing origin and competing destination model 
According to the conclusion in the preceding subsection one should 
consider spatial distribution effects. Hence in order to investigate the 
effects of the barriers in a comprehensive way, the spatial distribution 
of workplaces and workers should be added to the model. In view of 
this, the second model is of the competing origin and competing 
destination type. This model can be assumed to take better care of 
distributional aspects of job opportunities and labour supply than the 
open gravity model. 

Most of the daily interaction takes place within a radius of 45 
minutes from the place of residence. Employers� accessibility to 
alternative labour supply (excluding workers in city i and city j) is 
measured by the competing origin variable, ijCO . Workers� 
accessibility to alternative workplaces (excluding workplaces in city i 
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and city j) is measured by the competing destination variable, ijCD . 
The definition of the competing origin and competing destination 
variables is given by equations [4] and [5], respectively. These two 
measures of accessibility are calculated by using the distance friction 
λ�  estimated by the open gravity model expressed in equation [1]. 

The competing origin and competing destination model in equation 
[3] has the same barrier formulation as the open gravity model in 
equation [2]. The barrier is estimated at γ  minutes, and a removal of 
the barrier is expected to generate a proportional increase in 
commuting, equal to 1−λγe . In Section 5.4.2 this model is applied to 
inter-municipality commuting, i.e. ij ≠ . 
 

( ) ( ) ijijij Bt
ijijjiij eCDCODOC εγλββββα ++−= )(4321  [3] 

 
minutes 45     

�
<∀= �

≠

−
kj

i,jk

tλ
kij tkeOCO kj  [4] 

 
minutes 45    � <∀= �

≠

−
ik

i,jk

tλ
kij tk eDCD ik  [5] 

 
The difference in commuting behaviour for men and women, with 

short or long education, is well documented (Hanson and Hanson, 
1980; White, 1977 and 1986; Zax ,1991; Hwang and Fitzpatrick, 
1992; Turner and Niemeier, 1997; Kullenberg and Persson, 1997). 
Chapters 3 and 4 of this thesis explore the gender differences in 
commuting behaviour, as well as differences between different 
educational classes in the Fyrstad region. Men have a higher 
commuting frequency, and on average they commute longer distance 
than women. Moreover, the commuting wage premium is higher for 
men than for women. The commuting wage premium measures the 
amount of extra income a worker (on average) earns by commuting 
from one municipality to another. The spatial distribution of 
workplaces and workers is the foundation of commuting. Often a 
worker with high education cannot expect to find a job in a small 
town, while a less educated worker possibly can. Therefore, workers 
with long education on average commute longer than other workers 
do. One class containing commuters without (with) university 



Jönköping International Business School 

 148

education labelled low (high) education was created for men and 
women, respectively. The estimated model includes gender (G) and 
education (E) dummies, and is given by equation [6]. The dummy 
structure used is given in Table 5.2.1. The definitions of the 
competing origin and competing destination variables are found in 
equations [4] and [5], respectively. 

 
( ) ( ) ( ) ijijij BtEG

ijijjiij eCDCODOC εδλλλββββα +−++−= 104321  [6] 

 
Table 5.2.1: The dummy structure. 
Class G E 
Women with low education 0 0 
Women with high education 0 1 
Men with low education 1 0 
Men with high education 1 1 

 
The estimated distance friction for women with low education is 

λ , the additional male distance friction is 0λ , and the extra distance 
friction related to higher education is 1λ . It is assumed that the barrier 
causes an equal percentage drop in commuting in all classes. Other 
model versions have been estimated, and in no regression were 
differences in the relative effect of the barrier verified between 
classes. Consequently, ( )( ) ( )( ) ≈++=++== 1100 γγλλγγλλλγδ  

( )( )1010 γγγλλλ ++++≈  (see Appendix). The deduced barrier 
effect (measured in minutes) for women with low education is γ , the 
additional male barrier effect is 0γ , and the extra barrier effect related 
to higher education is 1γ . Two important observations follow from 
this expression. First, there is an inverse relationship between the 
distance friction and the barrier effect measured in minutes. For 
example, if 00 <λ  then 00 >γ . Hence, if a barrier exists its effects on 
commuting time will be largest in the classes of workers with the 
lowest distance friction. Second, since the barrier effect measured in 
minutes differs between the classes of workers, all of the barrier effect 
is unlikely to be caused by congestion. 

Since the competing origin and competing destination model 
includes worker and firm alternatives, it should provide a better 
description of the commuting behaviour. It is expected that the 
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estimated barriers are smaller when the competing origin and 
competing destination model is used than when the open gravity 
model is used. 

5.2.3 The constrained gravity model 
The open gravity model does not incorporate the spatial distribution of 
workers and workplaces, whereas the competing origin and competing 
destination model does. The constrained gravity model described in 
equation [7] is another way to incorporate spatial information. The 
actual number of border passages Π  is calculated as ��

i j
ijij CB , 

where the border dummy variable, ijB , is set to one if a border is 
passed and zero if not (Table 5.2.2). Intra-municipality commuting is 
left out of the analysis in Section 5.4.3, i.e. ij ≠ . Moreover, 

�
≠

=
ij

iji CL , �
≠

=
ji

ijj CI  and ��
≠

=
i ij

ijij tCT . The Lagrangian is 

optimised, and the solution is described by ( )ijijji Bt
ij eC γλβα +−+−= . This 

model is applied to aggregate data as well as for each class of workers 
separately. 

 

( ) � ��� +��
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i j
ijijCBΠλγ   [7] 

 
Table 5.2.2: The actual number of passages. 
Class Π  
ML 648 
MH 855 
FL 1,149 
FH 594 
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The results cannot be used as predictions of a future equilibrium, since 
none of the models includes moving behaviour (of firms and 
households). In the longer run, firms and workers will relocate and/or 
change their spatial interaction patterns. People and firms will relocate 
in accordance with the new situation without a barrier. However, this 
is not a rapid process. Therefore, the results can be seen as a 
description of an early transition towards a new equilibrium. 

After a short presentation of the region in focus and the available 
data set (Section 5.3), the models are applied to total-commuting data 
and to commuting data separated into (two) educational classes, as 
well as into males and females (Section 5.4). 

5.3 Description of the region and the data 
The Fyrstad region, i.e. the local labour market of the Fyrstad region, 
consists of ten municipalities. According to NUTEK (1998), the 
municipalities are Essunga, Färgelanda, Grästorp, Lysekil, Mellerud, 
Munkedal, Sotenäs, Trollhättan, Uddevalla and Vänersborg. The map 
in Figure 5.3.1 gives an overview of the geographical structure. 
 

Figure 5.3.1: A map of the Fyrstad region, including the added 
municipalities. Source: The county administration of Västra Götaland. 
 

In 1996, these ten municipalities were parts of three different 
counties: Göteborg and Bohus, Skaraborg and Älvsborg (Table 5.3.1). 
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Since then the administrative structure has changed, and with some 
exceptions the municipalities in the Göteborg and Bohus, Skaraborg 
and Älvsborg counties now form the county of Västra Götaland. 

 
Table 5.3.1: The counties and the municipalities in the Fyrstad region. 
Added municipalities are presented in parentheses. 
County Municipalities 
Göteborg and Bohus Lysekil, Munkedal, Sotenäs and Uddevalla. 
Skaraborg Essunga, Grästorp, (Lidköping) and (Vara). 
Älvsborg Färgelanda, (Lilla Edet), Mellerud, Trollhättan 

and Vänersborg. 
 

The definition of the Fyrstad region given by NUTEK can be 
contrasted to the findings in Chapter 2. In Chapter 2 it was shown that 
the Fyrstad region did not expand geographically in the period 1986 to 
1996, as most other Swedish regions did. Moreover, the Fyrstad 
region is found to consist of the municipalities in Figure 5.3.2, when 
the two-way flow measure is used (See Figure 2.4.6). 

Figure 5.3.2: The Fyrstad region as two functional regions in 1996. 
Source: The county administration of Västra Götaland. 

 
The region has two parts that seem to be trapped by county borders. 

Hypothetically, the county borders prevent regional integration, as 
well as geographical expansion. To be specific, in 1996 the Fyrstad 
region in Figure 5.3.2 consisted of two geographical parts, the western 
and eastern part. The western part included Sotenäs, Lysekil, 
Munkedal, Uddevalla and Färgelanda. The eastern part included 
Mellerud, Vänersborg, Trollhättan, Lilla Edet and Grästorp. By 
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comparing Figure 5.3.1 to Figure 5.3.2, it is seen that most 
municipalities in the western part of the Fyrstad region are located in 
the former county of Göteborg and Bohus. Most municipalities in the 
eastern part are located in the Älvsborg county. Only Färgelanda and 
Grästorp are exceptional. Färgelanda is located in the county of 
Älvsborg, but is a municipality in the western part of the Fyrstad 
region. Grästorp is located in the county of Skaraborg, but is a 
municipality in the eastern part of the Fyrstad region. The borders of 
the western and the eastern part do not strictly follow the county 
borders, but indicate that the historical administrative borders may 
have caused barriers to interaction. 

In this paper, three municipalities have been added to the Fyrstad 
region as defined by NUTEK; they are Lidköping, Lilla Edet and Vara 
(Table 5.3.1 and Figure 5.3.1). Note that this larger Fyrstad region 
geographically covers the Fyrstad region as identified in Chapter 2. 
The addition of municipalities serves two purposes. The first positive 
effect (for the ensuing estimations) is that the number of observations 
is increased, and the second is that there are at least four 
municipalities in each of the three counties. The point is that by 
adding these municipalities more observations of cross-border 
commuting are obtained. 

The National [Swedish] Road Administration supplied the 
commuting time (by car) between municipalities. The theoretical 
commuting time is based on the distance between locations and the 
theoretical speed (given by the road signs) on the connecting roads. 
All other commuting information originates from Statistics Sweden, 
and the year 1996 is used. The travel time information from 1998 is 
used in the analysis of commuting flows. The time distance data from 
1998 can safely be applied, since only minor changes have occurred 
between 1996 and 1998. To get a sense of the size of the region, the 
commuting time from Sotenäs to Lidköping is 94.17 minutes, and 
commuting from Lilla Edet to Mellerud takes 54.79 minutes. 

Table 5.3.2 contains the number of workers living, and the number 
of people working, in the municipalities in the Fyrstad region in 1996. 
Trollhättan, Uddevalla and Vara have a net inflow of commuters, 
whereas the other municipalities have a net outflow. Trollhättan has 
the largest net in-commuting, which equals 5,794 persons. Vänersborg 
has the largest net out-commuting, equal to 2,929 persons. The region 
as a whole has a net outflow of 2,214 persons. 
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Table 5.3.2: Summary statistics for the municipalities, 1996. 
Municipality Workers living in 

the municipality 
( )iO  

People working in 
the municipality 

( )jD  
Essunga 2,467  2,011  
Färgelanda 3,052  2,437  
Grästorp 2,549  1,718  
Lidköping 15,941  15,486  
Lilla Edet 5,325  3,471  
Lysekil 6,024  5,824  
Mellerud 3,928  3,271  
Munkedal 4,293  3,403  
Sotenäs 3,866  3,725  
Trollhättan 21,306  27,100  
Uddevalla 19,370  20,200  
Vara 6,938  7,128  
Vänersborg 15,539  12,610  
Total 110,598  108,384  

 
The commuting data contain information on the number of men 

and women who pass a municipality border. The commuting data also 
contain information on the educational level of these men and women. 
The data set has seven educational classes, ranging from elementary 
school to PhD education. Here these seven classes were merged into 
two classes, called low and high education. Workers with a university 
education are grouped together in the high education class. Workers 
without a university degree are aggregated to the low education class. 

Table 5.3.3 gives the number of workers in each class. Female 
workers represent 47 per cent of all workers. Women (men) with high 
education amount to 25 (20) per cent of all working women (men). 

 
Table 5.3.3: The number of male and female workers living in the 
Fyrstad region, with low or high education in 1996. 
 Men Women Total 
Low ed. 46,916 38,971 85,887 
High ed. 11,597 13,079 24,711 
Total 58,513 52,085 110,598 
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The roads concerned are, with few exceptions, single-lane roads that 
are more or less accident-prone. People tend to take risks and hence 
accidents happen, occasionally leading to severe congestion. 
Moreover, on these roads the presence of trucks has a speed-reducing 
effect. It is also worth noting that the coastal region is a popular 
summer time recreation area. During the summer months tourists clog 
the roads, effectively bringing the transport system to a halt. In this 
paper, commuters that do not pass a municipality border are left out of 
the analysis, but still all commuters meet on the roads. 

5.4 Barrier estimations 
The models presented in Section 5.2 were used to assess to what 
extent any barriers (at the location of the then existing administrative 
borders) to commuting can be verified. In Section 5.4.1 the results 
from using the open gravity model are presented. Section 5.4.2 
contains the estimates produced by using the competing origin and 
competing destination model. The outcome of the constrained gravity 
model is discussed in Section 5.4.3. 

5.4.1 The open gravity model 
In the estimation procedure applied here one takes logarithms of the 
original model and runs regular OLS regressions. The same approach 
can be found in Rossera (1990) and Rietveld and Janssen (1990). In 
the aggregated data set, there is no occasion where no workers 
commuted from one municipality to another. 

In this section, the estimated models are repeated to simplify the 
interpretations of the tables. The only difference is that in this section, 
the models are given in logarithmic form. The open gravity models are 
given by equations [8] and [9]. 

 
ijijjiij tDOC ελββα +−++′= lnlnln 21  [8] 

 
( ) ijijijjiij BtDOC εγλββα ++−++′= lnlnln 21  [9] 

 
The results from using the open gravity model to aggregated data 

(1996) are presented in Table 5.4.1. The residuals have been tested for 
normality and homoscedasticity. To test for normality the estimated 
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skewness ( ) ( )�=
n

ij sN 3
1 1 εη  and kurtosis ( ) ( )�=

n
ij sN 4

2 1 εη  of 

the residuals were calculated. The normality assumption is tested by 
( )( ) 2

2
2

2
2

1 2436 χηη ≈−+= NW  (Ramanathan, 1993). If the 
calculated Wald-statistic is below the critical value, the hypothesis of 
normally distributed errors cannot be rejected. The 5 per cent 
significance level is chosen, and the critical value used is 5.99. In 
Table 5.4.1, all W-statistics are below the critical value. Therefore, in 
all cases normality cannot be rejected. The test for homoscedasticity 
consists of several steps. First, the data are sorted in order of a 
variable. The chosen variable in this case was the size of the origin 
municipality ( iO ). Second, the data are divided into three parts, and 
the middle part is omitted. The two remaining groups labelled 1 and 2 
are used in the test. For every observation (in each group), the 
estimated error is used to calculate the group average squared error 

N
n

ij�
2ε . The null hypothesis is that the difference D between the 

two groups� average squared error is zero, i.e. 0:0 =DH . The 
reported P-value is the probability that an equally extreme difference 
as the actual difference is observed given 0H . If the probability of the 
observed difference, given 0H  is very low, the assumption of 
homoscedasticity is rejected. In Table 5.4.1 the P-values indicate that 
homoscedasticity cannot be rejected. 

Including a barrier dummy increases both the effect of the number 
of workers who live in a municipality (labour supply) and the effect of 
the number of jobs (labour demand) in a municipality. Moreover, 
incorporating the barrier dummy reduces the estimated distance 
friction. The distance friction is reduced from 0.126 to 0.108 by 
including the barrier effect. This is an expected result, because the 
negative impact of the barrier affects the distance friction. 

The barrier effect in 1996 is estimated at 6.741 minutes. Hence, the 
open gravity model indicates the existence of substantial barriers. 
Commuting is estimated to increase by 107 per cent on border-
crossing links if the barrier would disappear. 
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Table 5.4.1: The estimated parameters for 1996 using the open 
gravity model. t-values are given in parentheses. 

The open gravity model  
Without 
barrier 

With barrier

Constant -5.018 
(3.19) 

 

-6.042 
(4.15) 

iOln  0.421 
(3.43) 

 
 

0.479 
(4.25) 

jDln  1.098 
(10.56) 

 

1.141 
(11.97) 

ijt  0.126 
(10.23) 

 

0.108 
(9.52) 

ijBλ   6.741 
(3.78) 

N 
 

2
.adjR  

 
P 
 
W� 

68 
 

0.728 
 

0.568 
 

0.71 

68 
 

0.775 
 

0.291 
 

1.58 
� The normality assumption is rejected if W > 5.99. 

 
The estimated barrier effects are astonishingly high, which 

provides arguments for alternative approaches. The open gravity 
model has been criticised for its lack of other spatial considerations 
than distance. As a way to remedy this problem, the subsequent 
analysis will apply models developed to better describe interaction 
behaviour. Hence, the conjecture is that the barriers are overestimated, 
because the open gravity model assumes equal accessibility of labour 
supply and demand at all locations. Consequently, the results may be 
misleading. 
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5.4.2 The competing origin and competing destination model 
To study the importance of the spatial distribution of workplaces and 
workers, this subsection employs the competing origin and competing 
destination model to estimate potential barrier effects. The competing 
origin and competing destination model is described in equation [10]. 
The definitions of the competing origin and competing destination 
variables are found in equations [4] and [5], respectively. 
 

++++′= ijjiij CODOC lnlnlnln 321 βββα  
( ) ijijijij BtCD εγλβ ++−+ ln4   [10] 

 
The normality and homoscedasticity assumptions regarding the 

error structure cannot be rejected (Table 5.4.2). When the spatial 
structure of workplaces and workers are added to the models, the 
estimated distance friction increases. First, we observe that the barrier 
coefficient, γ , is much lower with the model in [10] than in the 
previous model. Moreover, the t-value is low, which means that γ  is 
not significantly different from zero. Hence, the estimation of [10] 
reveals no barrier effects. At this level of aggregation, the results 
indicate that the barrier effects estimated by the open gravity model 
are captured by the spatial distribution of workplaces and workers. 
Thus, the spatial distribution of workplaces and workers and 
commuting time are the main reasons for low inter-county interaction. 
So, overall there is little empirical evidence (at this level of 
aggregation) to support the existence of a barrier effect. The earlier 
county division seems to be in line with economic reality. Thus it can 
be argued that the earlier county borders matched the existing 
accessibility pattern fairly well. 

So far, the analysis has been based on total commuting flows, and 
it can be suspected that information is lost by using aggregated data. 
Therefore, the commuting data are divided into four classes, men and 
women with low or high education, respectively. At the aggregate 
level of analysis there are no significant barriers. This unimportance 
of the county (administrative) borders may be too optimistic. Equation 
[11] presents a less aggregated model that incorporates a gender 
dummy, G, and an education-level dummy, E. 
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+++++′= ijijjiij CDCODOC lnlnlnlnln 4321 ββββα  
( ) ijijij BtEG εδλλλ +−++− 10 , 

 where ( )( ) ( )( )1100 γγλλγγλλλγδ ++=++==  [11] 
 
The W-statistic is below the critical value, so normality cannot be 

rejected. At the 5 per cent level homoscedasticity is rejected. The male 
distance friction is lower than the female, since 0λ  is negative and 
statistically significant. Moreover, workers with high education have a 
lower distance friction than workers with low education, since 1λ  is 
negative and statistically significant. This is likely to be the net effect 
of two opposing factors. The stronger effect is due to the fact that the 
job markets for highly educated workers are more spatially dispersed, 
which dominates the effect of high time values, due to higher wages. 
In other words, the commuting wage premium is larger for workers 
with high education. Moreover, concerning the gender difference the 
commuting wage premium may be an important explanation, since 
women (on average) make less extra income by commuting to another 
municipality. 

The barrier parameter for women with low education is estimated 
at 1.333 minutes. The additional male barrier effect is 0.149 minutes. 
The extra barrier effect for workers with high education is estimated at 
0.112 minutes. This implies that a removal of the barrier induces 19 
per cent additional commuting on border-crossing links in each class. 

Using the competing origin and competing destination model on 
disaggregated data, barrier effects are confirmed, but the estimated 
barrier effects are much smaller than those estimated by the open 
gravity model on aggregate data (Section 5.4.1). 

So far a link with no commuters has been ignored. In the aggregate 
data set no observation had to be deleted for this reason, but in the 
disaggregated data set 22 zero commuter observations were deleted. 
An absolute barrier would reduce commuting to zero. Therefore, the 
links with no commuting may contain important information. 

The way chosen to analyse this was to presume a commuter where 
none exists. A value of one is put in the place of a value of zero, to 
make the use of logarithms possible. The results from inclusion of 
these links are expected to increase the effects of the barriers. 
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Table 5.4.2: The estimated parameters for 1996 using the competing 
origin and competing destination model. t-values are given in 
parentheses. 

The competing origin and competing destination model  
Total flows Dummy version Dummy version, with 

presumed commuters 
Constant 2.392 

(1.68) 
 

0.867 
(1.49) 

 

0.990 
(1.67) 

 

iOln  0.465 
(5.91) 

 

0.488 
(11.90) 

 

0.507 
(12.21) 

 

jDln  1.093 
(16.38) 

 

0.945 
(25.98) 

 

0.967 
(26.55) 

 

ijCOln  -0.410 
(4.42) 

 

-0.268 
(5.08) 

 

-0.284 
(5.29) 

 

ijCDln  -0.545 
(6.03) 

 

-0.445 
(8.76) 

 

-0.471 
(9.07) 

 

ijt  0.133 
(15.61) 

 

0.129 
(23.26) 

 

0.134 
(23.95) 

 

ijGt   -0.013 
(5.39) 

 

-0.012 
(5.26) 

 

ijEt   -0.010 
(2.56) 

 

-0.009 
(2.14) 

 

ijBλ  0.865 
(0.76) 

 

1.333 
(1.98) 

1.455 
(2.19) 

ijGB0λ   0.149 
(1.98) 

 

0.143 
(2.19) 

ijEB1λ   0.112 
(1.98) 

0.105 
(2.19) 

N 
 

2
.adjR  

 
P 
 
W� 

68 
 

0.893 
 

0.819 
 

0.23 

250 
 

0.827 
 

0.049 
 

1.73 

272 
 

0.840 
 

0.123 
 

1.89 

� The normality assumption is rejected if W > 5.99. 
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The assumptions of normality and homoscedasticity cannot be 
rejected. The barrier parameter for women with low education is 
estimated at 1.455 minutes. The additional male barrier effect is 0.143 
minutes. The extra barrier effect for workers with high education is 
estimated at 0.105 minutes. This corresponds to a 22 per cent increase 
of commuting on the border-crossing links if the barriers were 
somehow to be removed. 

The results are more reliable than the results given by the open 
gravity model. Most of the barrier effect estimated by the open gravity 
model is captured by the competing origin and competing destination 
variables. 

5.4.3 The constrained gravity model 
The open gravity model does not incorporate the spatial distribution of 
workers and workplaces. We have seen that the introduction of 
intervening opportunities in the open gravity framework reduced the 
size of the estimated barrier effects. It was even the case that when the 
competing origin and competing destination model was used to 
analyse aggregated data no significant barriers could be verified. In 
that case time distances provided a satisfactory explanation of flow 
patterns. 

Another approach is to use the constrained gravity model described 
by the Lagrangian in equation [12]. This model was optimised using 
aggregate data and data for each commuter class to obtain the 
parameters presented in Table 5.4.3. 

 

( ) � ��� +��
�

�
�
�
�

�
−+−−=

≠≠ i ij
ijii

i ij
ijij CLCC αΛ 1ln  

+��
�

�
�
�
�

�
−+��

�

�
�
�
�

�
−+ ��� �

≠≠ i ij
ijij

j ji
jijj tCTDC λβ  

�
�
�

�
�
�
�

�
−+ ��

i j
ijijCBΠλγ   [12] 

 
The constrained model verifies a barrier effect at 1.988 minutes 

using aggregate data. Were the barrier for some reason removed, 
commuting would be expected to rise by 30 per cent on these border-
crossing roads. 



Studies of Commuting and Labour Market Integration 

 161

The distance friction is higher for female than for male workers, and 
higher for workers with low education than for workers with high 
education. This is in line with what we have seen earlier. Note that for 
the highly educated workers the distance friction is relatively low and 
the estimated barrier is relatively high. 

There is a large barrier effect for workers with high education (both 
female and male workers) using the constrained gravity model. The 
barrier effect is estimated at 4.029 and 3.706 minutes for women and 
men with high education, respectively. Here, no significant barrier 
effects are verified for workers with low eduaction. The estimated 
barrier effects differ considerably between workers with low and high 
education, but the gender differences are not that prominent using the 
constrained gravity model. 

 
Table 5.4.3: The time sensitivity and barrier estimates, using the 
constrained gravity model. 
Class λ  γ  
ML 0.1403 0.385 
MH 0.1043 3.706 
FL 0.2079 0 
FH 0.1280 4.029 
All 0.1326 1.988 

5.5 Summary, comments and suggestions for further 
research 
Nijkamp, Rietveld and Salomon (1990, p. 239) write �Hence, barriers 
in communication may be interpreted as all obstacles in space or time 
that � apart from normal average distance frictions costs in spatial 
communication � impede a smooth transfer or free movement of 
information-related activities; or in other words, barriers have a 
distinct, often stepwise, disruptive influence on spatial flows.� In this 
paper, a barrier is defined as an unexpected low level of commuting. 
A barrier in the context of a regional labour market limits the 
geographical area in which a worker accepts a job offer and an 
employer finds workers. Moreover, the size of the market is also 
reduced, i.e. firms meet a reduced demand. Since many industries 
have economies of scale, firms in these industries are not profitable in 
too small regions. Consequently, in such a labour market, workers are 
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less likely to reach their potential productivity. Therefore, the effect of 
the barriers is reduced total production. 

A barrier in the labour market that prevents freedom of movement 
of commuters could be caused by lengthened commuting times due to 
congestion, bad public transportation, or roads of such inferior 
standard that people avoid commuting. Moreover, other aspects of 
established search and choice behaviour could also be of importance, 
such as newspaper circulation. 

In this paper, three different models were used to analyse the 
effects of administrative borders on commuting. The Fyrstad region, 
in the south-west of Sweden, was chosen, since earlier studies indicate 
that barriers to commuting at the (now former) county borders might 
be present in that region (Chapters 2). The first model is an open 
gravity model with (and without) adjustments to capture barrier 
effects. The results show that substantial barriers are statistically 
verified using aggregate data. Consequently, the effects of a removed 
barrier are estimated to be large. The barriers are estimated to increase 
commuting times by 6.741 minutes (Table 5.5.1). Hence, removing 
the barrier would lead to a 107 per cent increase in commuting on 
border-crossing links. This is the outcome if the open gravity model 
accurately captures the commuting behaviour pattern. 

 
Table 5.5.1: Barrier estimates using aggregate data. 
Model γ  

(minutes)
Open gravity 6.741 
Competing origin and 
competing destination 

 
0.865� 

Constrained gravity 1.988 
�Not significant. 

 
The competing origin and competing destination model 

incorporates the accessibility to workplaces and workers. When this 
model is used on aggregate data, no barrier effect is verified. The 
constrained gravity model is an alternative approach to incorporate 
additional spatial information. A barrier is estimated at 1.988 minutes 
using the constrained gravity model to aggregate data. Hence, the 
barrier effect of the open gravity model can be said to consist at least 
partly of the spatial distribution of workplaces and workers. 
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Men and women have different commuting behaviour patterns. The 
same can be said for commuters with short and long education. There 
is a strong probability that information is lost in the aggregation of 
data. Therefore, the data were separated into two education classes for 
men and women, respectively. The barriers estimated from the 
competing origin and competing destination model using dis 
aggregated data are much smaller than the barriers estimated by the 
open gravity model using aggregated data. The barrier is estimated to 
raise commuting times by 1.455 to 1.725 minutes (Table 5.5.2). 
Removing the barrier would lead to a 22 per cent increase in 
commuting on border-crossing links, which is a significant increase 
overall. 

 
Table 5.5.2: Barrier estimates using dis aggregated data. 

Model  
 
 
Class 

Competing origin and 
competing destination 

(minutes) 

Constrained gravity
 

(minutes) 
ML  1.598 0.385  
MH  1.725 3.706  
FL  1.455 0  
FH  1.560 4.029  

 
The constrained gravity model verifies substantial barriers to a 

smooth commuting pattern for highly educated female and male 
workers. Small or no barriers are found for workers with low 
education. 

The anlysis shows that the level of commuting on cross-border 
links in the Fyrstad region is lower than expected indicating the 
existence of a border effect. These barriers harm the efficiency of the 
labour market. However, this paper has not analysed reasons for these 
barriers. Such reasons would be a relevant topic for a continued study 
of the Fyrstad region. Moreover, the verification of the assumption 
that administrative borders act as barriers to commuting may not be 
exceptional. This study can be complemented by studies of other 
regions, and their particular administrative borders. Moreover, other 
forms of borders could be analysed, e.g. local labor market borders. 
This analysis could also be extended to cover all of Sweden. 
Moreover, models that incorporate intra-municipal commuting could 
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be estimated. Additionally, other model versions could be applied in 
the attempt to estimate border effects. 
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Appendix 
The regression of equation [6] produces estimates of λ , 0λ  and 1λ . 
Consequently, the distance friction for women with low education, 
women with high education, men with low education, and men with 
high education are estimated at λ , 1λλ + , 0λλ + , and 10 λλλ ++ , 
respectively. It is assumed that the barrier reduces commuting in equal 
proportions in all four classes. In equation [6] it is seen that the 
reduction of commuting is expressed as δ−e . For each class, the 
barrier effect measured in minutes is deduced from 

( )( ) =++== 00 γγλλλγδ ( )( )11 γγλλ ++ . Note that both distance 
friction and barriers are assumed to diminish commuting, i.e. 

0,,, 1010 ≥++++ λλλλλλλλ  and 0,,, 1010 ≥++++ γγγγγγγγ . 
 

( )( ) ( )( )00000 λλλγγγγλλλγ +−=�++=  [13] 
 

( )( ) ( )( )11111 λλλγγγγλλλγ +−=�++=  [14] 
 

http://www.o.lst.se/
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( )( ) ( ) ( )( )101010 λλλλλγγλλλλγ +++−=�+++= xx  [15] 
 

Given [13]-[15] it is easily verified that x can be approximated by 
10 γγ +  if 010 ≈λλ . 
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