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Abstract 

Previous studies suggest that economic reasons play an important role in self-selection of 

individuals to be commuters. Assuming that the commuting distance is one of the job factors 

included in the job offer, individual takes this into account during the job search process. 

Consequently, the selection to be commuters is directly related to the individuals’ utility choice 

conveyed by a job offer. This choice is affected by a set of characteristics such as: human capital 

characteristics, job specific characteristics, overall macroeconomic situation on the labour market 

and unobserved latent propensity of being a commuter. The aim of this thesis is to examine the 

potential role of the earnings in the decision-making period on the choice of being a commuter and 

covariance between unmeasured traits in the earning and commuting equations. Understanding 

reasons of selectivity might help to avoid the selection bias, which leads to inconsistent estimation 

of results and policy misapplications. The analysis of the male and female samples of the population 

that start commuting, from either urban or rural areas, was carried by the joint maximum likelihood 

estimation of the earning equation and commuting equation in the subsequent period. The results 

indicate positive selection based on the observable characteristics and a negative selection based on 

the unobserved traits for the female subsamples. 
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Introduction 
 

The development of an infrastructure and commuting channels has significantly increased the 

number of commuters in many developed countries over the last decades (Rouwendal, 1999). 

Sweden also experienced an increment in the number of commuters during this period (Lundholm, 

2008). Commuting is a very important instrument in achieving upward social mobility or at least 

avoiding unemployment. Commuting distances might also affect the productivity of a labour force, 

employment process and frequency of quitting jobs (Wasmer and Zenou, 2006). The nature of 

commuting and its relation with migration was studied before by Evers and Van Der Veen (1985). 

They defined substitution and complement interrelation between the interregional  migration and 

commuting. Since migration and commuting partly have common determinants and consequent 

mechanism of realization, they could be studied using similar approaches. 

The aim of this paper is to identify an explicit role of earnings in the decision-making period of the 

self-selection to be a commuter in the subsequent period and determine possible correlation 

between unobserved factors in the earning and commuting equations. These ideas are realized 

through the construction of the joint maximum likelihood function and evaluation of the coefficient 

of earning in the decision-making period, and the measurement of the covariance coefficient 

between the unobservable traits affecting both commuting and earning equations. 

The actuality of this paper is in the development of the approach that allows identifying distinctions 

between two aspects that cause people to be  commuters. On one hand, commuters might have 

unobservable characteristics such as broad network connections, special family conditions, or 

unobserved talent. On the other hand, the decision to be a commuter might be directly based on the 

earning in the previous year. Consequently, identification of these reasons might help to understand 

what reasons cause people to be commuters. This understanding is very important in the analysis of 

selection to be a commuter in non-experimental data. Without taking into consideration the 

selection bias, analysis produces inadequate and biased estimates. Therefore, the results of the 

analysis might lead to the wrong conclusions and policy misapplications. 

 The literature review presents a brief description of the previous studies that were used during the 

development of the theoretical part and construction of the model in the thesis. The theoretical part 

contains a description of the self-selection mechanism of being a commuter from the aspect of the 

job-search theory as well as some models proposed by the previous studies within this field. The 

empirical part is followed by the approach of the estimation of the joint maximum likelihood 

function of the earning equation and the migration equation in a subsequent time period suggested 
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by the article “Migration and self-selection: measured earning and latent characteristics” written by 

the Nackosteen et al. (2008). This choice of model is explained by the similar nature and role in the 

job-search theory of immigration and commuting. The evaluation of the earning selection 

coefficient and the covariance between unobservable traits is realized through the estimation of the 

joint maximum likelihood function of earning equation and commuting equation
1
. The data are 

from Statistics Sweden (LOUISE)
 2 

and Swedish National Tax Board (Income data). It is a 

longitudinal micro-database with information about individual characteristics of all populations in 

ages from 16 to 64 (Westerlund and Lindgren, 2003). The study captures earning and commuting 

equations for free time periods: 1994─1995, 2001─2002 and 2007-2008 respectively. 

This thesis is organized in the next way. Section 1 offers a brief literature review of relevant studies. 

Section 2 contains theoretical background. Section 3 discusses main determinants of commuting. 

Section 4 presents description self-selection. Section 5 provides estimation strategy with the 

description of the variables. Section 6 contains the results from the empirical analysis. Section 7 

presents conclusions and discussion about obtained results.  

                                                           
1
 The analysis was carried with utilizing of the SPSS and STATA software which is appropriate software for this type of studies. 

Particularly SPSS was used to make important aggregations of data and get rid of dummy variables. STATA was run estimation of 

main part of the regression analysis and evaluation of results.  

2
 It was kindly given to me by the Department of Economical Geography and Professor Urban Lindgren. 
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Literature review 
 

This section is devoted to the description of some previous studies done within the field of 

measuring the effects of different human capital and labour market indicators of commuting time 

and choice. They are similar in terms of results although different in proposed methodologies. 

In the article written by Nakosteen et al. (2008) “Migration and self-selection: measured earning 

and latent characteristics” the authors provided an analysis of self-selection choice to be migrants 

on the basis of the individual’s observed characteristics and unobserved traits. In the theoretical 

section, the authors developed a model for estimating of observed and unobserved selection 

mechanisms in the joint maximum likelihood model. They used a sample of approximately 60 000 

single male and female employees collected by Statistics Sweden and Labour Market Board of 

Sweden in 1994─1995. The analysis was done through the estimation of the joint maximum 

likelihood function of earning and immigration equations. The authors found that for the males  the 

coefficient based on the earning is middle significant and negative while the coefficient of 

unobservable latent characteristics is strongly significant and positive for the females both 

coefficients are similar in direction and significance. 

The article, written by Lundholm (2008), studied the interregional migration and commuting issues 

in Sweden between 1970 ─ 2001. The goal of the analysis was to study of the labour market 

situation, tendencies of the interregional migration and the relationship between the interregional 

migration and commuting. The author used as a sample all population of Sweden in the working 

age 18 ─ 64 during the years 1970, 1985 and 2001. A threshold range for the migration of 150 km 

or more was installed with the purpose of avoiding residential mobility and gravitation paradox. 

The author used logistic regressions where the migration propensity was examined by a set of 

independent variables such as size of labour market zones and individual characteristics of 

migrants. Lundholm had drawn out a few important conclusions: the latent migration propensity 

decreases with the age, marriage and the presence of children; higher job density of the municipality 

decreases the probability of migration as well. It is possible to say that currently commuting plays a 

substitution role for the intersectional migration for those who live in higher job availability areas, 

whereas individuals who live in lower job availability areas are forced to migrate with the purpose 

of increasing their chances to be employed. 

Rouwendal (1999) proposed an implication of the job search theory in terms of explanation of 

spatial search strategies for workers, observable patterns of the wage rate, commuting and other 

relevant characteristics through the analysis of reservation utility strategy in the aspect of the job 
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search theory. The analysis was realised with the utilization of data from Dutch Housing Demand 

Survey which contains 50 000 observations from 1989/90. The author used a sample of married 

female and cohabitant employees from Netherland. The model was estimated by maximizing the 

sum of logarithms of the likelihoods of individual observations. Conclusions suggest that with an 

age or appearance of young children, propensity to be a commuter for a chosen sample decreased. 

The author also found a spatial relationship between an employer and a job searcher. 

Rupert, Wasmer and Stacanelly (2010) analysed the effect of the commuting distance on the labour 

market outcomes. In the theoretical section they developed a job offer model which incorporates a 

productivity component and a commuting distance component. In the empirical part they utilized a 

simultaneous equation system of models to estimate wages, commuting time and employment 

decision. The authors also developed the estimation of reservation strategy for the agents using data 

collected from1998-1999 French Time Use Survey. The analysis was carried out with utilization of 

a cross-sectional data with information about employment, wages and commuting time. With the 

purpose to control the fact that commuting time and wages are available only for people who are 

employed, they ran the recursive mixed process model. The traditional Heckman model and 

Ordinary Least Square model were also used for the estimation of the parameters. The authors 

found a negative correlation coefficient between residuals in selection equation and commuting 

equation. They also derived the conclusion using the theory of bargaining power, which suggests 

that male employees have higher bargaining power than female ones. Generally, they proved that 

wages and distances have the mutual direction due to the fixed reservation wage for each distance 

and reservation distance for each wage level. 

van Ommeren (2004) analysed commuting density function given the assumption that individuals 

face spatial distributions of job offers. The author examined the conditions of existence of a 

unimodal commuting density function. He concluded that a necessary condition is two-dimensional 

space. The other conclusion was that the residential mobility does not explain commuting density 

function. The author proved that job seekers are more focused on the job search in the areas that are 

closer to their places of residence. Thus job-seekers are limited by certain commuting areas. 

Another paper, written by van Ommeren and Forsgerau (2008), analysed commuting costs in the 

aspect of actual on-the-job search and job-moving behaviour. They derived marginal willingness to 

pay (MWP) for the additional hour of commuting time as a ratio of the marginal effects of 

commuting time and distance on the commuting distance. Therefore as result, they proved that 

MWP for the commuting time could be derived from the job-search behaviour as well as from job- 

moving behaviour. In the interpretation of the results, they followed the previous studies and 

defined the worker’s Marginal Commuting Costs (MCC) as a multiplication of MWP and the 
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number of hours worked. In the empirical analysis they used data from the biannual Dutch Labour 

Supply Panel Survey. Estimation on-the-job behaviour was done with the application of the 

standard probit and random effect probit models. The result was essentially the same for both 

models. Their main conclusion was that the MCC associated with the time of commuting is about 

twice the net wage. The MCC evaluated at the mean wage was 18€ with standard errors 4€ or 3€. 

For the on-the job mobility the MCC varies from 13€ to 17€. A robust analysis was run by 

repeating the procedure of the estimation of different sets of independent variables. Their main 

conclusion was that the marginal commuting costs are about twice as much as net hourly wage. 

van Ham, Mulder and Hooimeijer (2001) investigated workplace mobility taking into consideration 

the job access. They discussed common trends in the job mobility via the theory of human capital 

and main determinants of the workplace mobility such as individual characteristics of employee, 

specific features of offered position and overall economic conditions of the particular labour 

market. They formulated a number of hypotheses of testing age, employment status, education, 

presence of children and gender as important factors determining job mobility. The authors also 

took into the consideration a number of working place characteristics such as a number hours 

worked, level of position and commuting distance. The sample included population in the age 

between 15 and 54 years excluding students, militants, temporary workers and disabled persons. 

The data was collected from the Netherlands Labour Force Survey during the years 1994─ 1997. 

The analysis was carried separately for males and females due to the fact that many of the 

characteristics are gendered. The authors used logistic regression to analyse the job and workplace 

mobility by gender. The results showed that the probability of finding a job decreases with the age 

but increases with the education for both genders while marriage increases it for males and 

decreases for females. Immigrants and descendants are less mobile in comparison with the native 

employees. The results also showed that the workplace mobility decreases with the age for both 

genders. At the same time probability of accepting jobs over greater distance increases with the 

level of education. The presence of children does not decrease the workplace mobility. They also 

proved that the relationship between branch of employment, number of hours worked and 

unemployment history has also a positive impact on the workplace mobility.  

McQuaid and Chen (2011) analysed the role of children, gender and number of hours worked in the 

estimation of the commuting time. They offered the analysis of the previous studies in this field and 

theoretical explanation of the role of these factors in determining of the commuting time. The data 

utilized in this paper was collected from the UK Labour Force Survey. It was a quarterly data with 

information about approximately 53 000 households. The authors used the binary logit model to 

estimate the commuting time. The dependent variable takes value of 1, in the case when commuting 
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time exceeds 30 minutes and 0 otherwise. The results indicated a higher probability for male to a 

long-distance commuter than a female. It was also showed a relationship between the presence of 

children, their age and commuting time. Employees who have a higher salary are more likely to 

travel. The transport mode also played a crucial role in determining the commuting distance. 

Finally, an article written by the van Ommeren and Gutierrez-i-Puigarnau (2010) examined the 

impact of the commuting distance on the patterns of labour supply. After analysing the theoretical 

background the authors come to a few important conclusions. Firstly, the commuting distance 

increases a daily supply of labour whereas the effect on the total supply of labour and number of 

days worked is ambiguous. Secondly, conditional upon the total labour supply, the commuting 

distance increases the number of hours worked per day and decreases the number of days worked. 

The essence of their approach is in identification of the local treatment effect on workers that 

experience an exogenous change in the commuting distance. Generally saying, they utilized the first 

difference estimation of the labour model with the control for the fixed effect. The data was 

collected for the German Socio-Economical Panel for years 1997─ 2007. The main conclusion of 

their analysis was that the commuting distance has an impact on the number of daily and weekly 

hours but it does not affect the number of days worked. 
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Theoretical background 
 

The studies of commuting and migration have a long history. They began in the 19th century by 

developing gravity models. The vast majority of them were rather general models which did not 

capture the main patterns of the flow of individuals. The flow Tij from place i to place j was 

postulated as: 

Tij=ViWjFij                                                                                                                                                                                   (1) 

where V indicates the size of the original municipality i, W indicates the size of the recipient 

municipality j and F indicates the transport facility between these two regions
3
. Later contribution 

to this topic was represented by the family of Spatial Interaction Models (SIM). The main 

advantage of these models was a possibility to use broader choice of tools to model spatial 

interrelations (de Vries et al., 2000).  

At the same time Alonso developed a more flexible approach with the introduction of the Alonso 

Theory of Movements (ATM). This model was developed to predict and analyse the main 

demographic movements and policy impact in the context of migration. The main advantage of this 

model is in the allowance of the substitution effects and consequently new specifications of the 

empirical mobility model (de Vries et al., 2000).  

The opportunities have a negative impact on the competition in ATM since opportunities increase 

outflow and competition increases inflow. Despite all the advantages, theory proposed by Alonso is 

difficult to explain, basically due to the existence of systemic variables and defining weight factors: 

the relative importance of the connecting factors in the municipality of the origin and relative 

importance of the connecting factors in the municipality of the destination. The OLS method of 

estimation is inappropriate since it leads to inconsistent and biased estimations. Instrumental 

Variable and Maximum Likelihood methods could be used for the evaluation of this model. One 

interesting application of  ATM is the study of commuting. Its main contribution is providing 

interrelation between housing and labour market over different regions. Therefore, it enables 

interaction between characteristics of the municipality of the origin and of the destination (de 

Vrieset al. 2000).  

                                                           
3
 The notation was borrowed from the paper by de Vries et al. (2001) “Alonso’s Theory of movements: development in 

the Spatial interaction model”. 
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Due to the hardship of estimation and evaluation it is particularly difficult to apply this approach to 

the modelling commuting distance. Therefore, later approaches and particularly the job search 

theory might be used in the evaluation of commuting issues. These approaches allow explanation of 

various issues connected to the labour market situation such as unemployment, immigration and 

commuting. It is also possible to explain the self-selection of the individuals to be a commuter with 

the application of these approaches (Hou, 1999).  

In the real life, workers experience the choice of being unemployed and receiving unemployment 

benefits or being employed and receiving a wage. In extreme cases, workers would accept offers if 

net wages are higher than unemployment benefits or they would receive a wage which is maximal 

for the particular region. However, in intermediate cases they will face the choice of accepting the 

position or continue the job-search process. In the case of the acceptance, they would be excluded 

from the job-search process. They might adjust their earning by changing their place of residence to 

one that is closer to the place of employment (Rouwendal, 1998).  

Workers instantaneous utility from a job offer is: 

u=u(w,r,x)                                                                                                                   (2) 

Where w is a wage, r is the commuting distance and x is a set of other relevant job characteristics
4
. 

It is an increasing function of wages w and a decreasing function of the commuting distance r. If 

worker is unemployed or employed in an unsatisfactory position, he experiences the instantaneous 

utility u0. All vacancies are offered with the constant arrival rate λ. All offers are treated as random 

drawings from the simultaneous probability density function f(w,r,x) Since all jobs might be 

evaluated by the mean of u, it is possible to obtain a density function of utilities of job offers f*(u): 

f*(u)=
 

   
∫∫ ∫ (     )       

 (     )  
                                                               (3) 

All individuals are assumed to be lifetime maximizers. Therefore, lifetime utility is a net present 

value of the stream of the instantaneous utilities. It is also assumed that all workers have a minimum 

utility u
res 

for any position with particular characteristics. If the offer provides a utility which is 

higher than the offered utility, then the offer will be accepted. On the opposite side, if the offered 

utility is lower than provided, offer will be declined (Rouwendal, 1999). These considerations are 

expressed mathematically by the following equation: 

u
res

=u0+
 

 
∫ ∫ ∫( (     )      ) (     )      

 (     )  
                                (4) 

                                                           
4
 Here, the notation was changed to that, proposed by Rouwendal (1999) in his paper “Spatial job search and 

commuting distances”.  
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Consequently, the distribution of acceptable jobs g(w,r,x) is a truncated version of the job offers 

distribution. It could be expressed by the next equation: 

g(w, r, x)={
                                                            (     )

 (     )

∫ ∫ ∫ (     )       (     )  

                 (     )                                (5) 

It is possible to derive the reservation wage rate w
res

 based on the reservation utility properties: 

u
res

=u(w
res

(r,x),r,x)                                                                                                      (6) 

Abovementioned considerations give the possibility to conclude that the increase of commuting 

distance decreases the reservation utility. Hence, workers have to experience an appropriate 

increase in the wage level to compensate for the increase of the reservation utility (Rouwendal, 

1999). 

Since individuals adjust their utilities of an accepted job by adjusting their housing location, it is 

necessary to incorporate housing-search theory after the acceptance of the offered position. The 

crucial assumption is a random proposition of accommodation and losses of utility due to moving 

costs and changes in the accommodation expenses discounted for the whole period of life 

(Rouwendal, 1999). 

In the extension to this model we suggest the following since an individual’s accommodation 

expenses could differ the previous, it is reasonable to introduce by introducing Δc
5
. It might be 

viewed as a sum of the discounts for the lifetime period moving costs and differences in 

accommodation costs before and after moving. 

Consequently, the acceptance of the housing offer leads to the sufficient reduction in the travel 

distance but not a very high change in the accommodation costs. It might be expressed in the 

mathematical form: 

u(w,r,x)                                                                                         (7) 

The instantaneous utility of the accepted vacancy without changes in the residential location is 

expressed in the left-hand side of the equation. The right-hand side of the equation contains 

information about utility after changes in the residential location due to the reduction of the 

commuting distance and changes in the accommodation costs. The net present value of the utility 

                                                           
5
 The changes in the housing costs might occur not only because of the monetary change in the housing costs but also 

due to the changes of accommodation conditions. 
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for the accepted vacancy for which a housing search is desired or required could be expressed by 

the following equation without changes in the residential location: 

U
1
=                                                                                             (8) 

If the change in residence location was realized τ periods of time after acceptance of the job offer 

than the previous equation could be rewritten as: 

U
2
=                                  (9) 

Logically, if the a worker is aware of the possibility of a housing search after the acceptance of the 

job offer he would increase his reservation utility to the level of the reservation utility after moving. 

So, the instantaneous utility will take a value: 

 u*(w,r,x)=u(w,r,x)+Δu.                                                                                            (10) 

Change in the utility Δu due to changes in the residential location be derived from the equation of 

the expected value of the U
2: 

E(U
2
)=                                                                          (11) 

Based on these considerations, it is possible to proceed to factors that determine the optimal 

commuting distances and the characteristics of commuters.  
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Determinants of the commuting 
 

There is a broad variety of factors that affect decision-making of individuals to be commuter. All 

determinants of the commuting distance and choice to be a commuter could essentially be divided 

into two categories: individual and local labor market characteristics.  

There exist some stylized facts about the commuting patterns of employees. One being that, the 

commuting distance decreases with the age and experience (van Ham et al. 2001). The previous 

studies, such as Booth (2009), showed that young people are more prone to commute than older 

people. The explanation could be that older people obtain more firm-specific capital and subsequent 

return from job-to-job changes is lower than for younger people. Since, the previous studies 

revealed substantial fixed costs of the commuting; the expenses induced by the long-distance 

commuting could be unacceptably high for them. On the other hand, older people have more 

experience than younger in one educational category of labor market, so they have more career 

opportunities and as a result, higher return from the commuting. Due to the fact that, commuting 

becomes more costly, more skilled employees are able to commute due to higher earning (Osth, 

2007). It is reasonable to assume that there is an age threshold. Before achieving the threshold age, 

commuting increases but after passing the threshold, commuting decreases.  

It is shown by Dargay and Clark (2012) that the length of the commuting distance is reasonably 

affected by the population density in the particular region of residence. Therefore people who live 

in the rural area travel more than those who live in the metropolitan areas. Another important factor 

affecting the commuting intensity is a concentration of firms and enterprises in the region. Van 

Ham (2001) proved that the accessibility of the employment is an important characteristic which 

affects on the probability of the job acceptance over a greater distance. 

The effect of education on commuting distance is obvious. The previous studies such as Bartel and 

Lichtenberg (1987) argued that more educated people have a faster developing career and as a 

result, are required to commute more. Borsch-Supan (1990) supports them by explaining it by the 

decreasing effect of transaction costs. Since higher education is assumed to lead to higher return, 

the commuting cost will be lower on margin. Better-educated individuals are able to carry the job-

search process more efficiently, probably due to their job-searching skills and network obtained 

during the years of education. It is also worthy to mention that jobs requiring higher education are 

often more specialized and less spatially dispersed than those that require less qualification.  

Gender is an important determinant in the selection of the commuting distance. It is a stylized fact 

that women on average commute less than men. Young single women approximately take the same 
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commuting distance as a single men. The evidence proposed by van Ham et al. (2001) states that, a 

highly educated unmarried woman has a higher probability of accepting jobs over a greater distance 

than man with the same characteristics. The age effect has a more significant impact on the 

probability of being a long-distance commuter for women. Having a partner who works has no 

effect on the commuting distance for men however decreases this distance for women. The 

explanation of this result could be an additional work load on the woman in household production. 

It supports the theory of “traditional family” with one working spouse. As expected, the presence of 

children has an impact on both partners by making them less spatially mobile than single or 

unmarried people. The likelihood of commuting for a long distance is directly proportionate to the 

number of children in the family (McQuaid and Chen 2012). Contrary to all these arguments 

Carmsta (2005) showed that gender effect is almost absent for the modern groups of the population.  

The sector of employment has also an important effect on the commuting distances. Workers 

employed in the financial, business, and construction sectors commute more than those who are 

employed in health care or education sectors (van Ham et al. 2001). Most of jobs in the financial, 

industrial, and banking sectors are relatively concentrated spatially while vacancies in social 

services are more evenly geographically dispersed.  

Another important factor which increases the probability of commuting for a long distance is the 

choice of transportation mode. McQuaid and Chen (2012) showed that people who use private 

transport are more likely to commute for a long distance than those who use public transport.  
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Self-selection to be a commuter 
 

The potential selection bias arises in the observable and unobservable traits that are not mutually 

exclusive. The selection of being a commuter on the observed characteristics occurs when measured 

or unmeasured traits are based on the observable characteristics of individuals. The selection based 

on the unobservable traits occurs when the unobservable characteristics are correlated with 

unobservable factors which regulate the presence of individuals in the selection group (Nakosteen et 

al. 2008). In the real world, the presence of individuals in a group of long distance commuters might 

be explained by the manner in which they searched for jobs, interpersonal abilities or particular 

qualifications.  

Consider a population of employed individuals observed in two periods of time t and t+1. In the 

time period t she commutes to the place of employment. The earning in time period t is represented 

by the earnings equation:  

yit=β'Xit+εit.                                                                                                                                                                              (12) 

In this equation yit represents the earning of the individual i in the time period t, Xit is a set of the 

observable exogenous characteristics, εit denotes residuals and β is a vector of unknown coefficients 

to be estimated. In the second time period, the individual chooses to be a long distance commuter. 

For the alternative of long distance commuting, the individual expects the increment of earnings to 

be sufficient to cover commuting distance expenses. His earning in the second period will be: 

yit+1=yit+wit+1                                                                                                                                                                         (13) 

where, wit+1 represents the increment of the earning or other benefits due to the adjustment of the 

utility function. So, it is possible to summarize as a difference between the expected earning if the 

individual becomes a long distance commuter (c=1) and if he will choose not to do this (c=0, see 

Nakosteen et al. , 2008). 

E(y'i|ci=1) - E(y'i|ci=0)= E(wi|ci=1) - E(wi|ci=0)                                                     (14) 

Consequently, the self-selection to be a long distance commuter occurs if the individual who 

chooses to commute possesses unobservable talent that effects his expected earning estimation 

before starting to commute. Ingram and Neumann (2006) showed that an experience or talent 

heterogeneity, such as mathematical skills, or hand-eye coordination, or simply family motivation 

plays an important role in the earning determination even within one educational class. This 

unobserved skill predisposes individuals to be located in the group of high earners. Recognition of 



18 
 

these skills by the individual might lead to higher wage demand. Since the probability of finding a 

job inversely proportionate to the increase in demand for higher wages, this individual might apply 

different job-search strategy to find a position with an adequate wage. These unobserved talents or 

skills might be reflected in the commuting distance as one of the job characteristics (Gronau, 1974). 

Frankly saying, individuals who possess skills or talent might commute over greater distance to 

achieve their wage expectations or they might stick to the local labour because of the ease of 

finding a job with adequate earning characteristics or low commuting cost. On the other hand, there 

are reasons to believe that the choice to start commuting is based on the observable characteristics. 

They might arise from earning in the previous period. The individual with a low earning in time t 

might start the commuting for a longer distance with either expectations of increasing his earning 

function, the shortage in the places of employment in his local labour market or the prices of 

accommodation. So, individuals with a high earning might be long distance commuters due to the 

fast developing career and upward mobility.  

There are some methods of dealing with the selection bias as a cause of incorrect estimation. One of 

them is “matching cells”, which aims to reduce the selection bias arising from the unobservable 

heterogeneity by matching treated group (here commuters) and comparisons using the observed 

characteristics to ensure comparability in all measured characteristics. The main idea of this method 

is to select individuals from the control group who possess similar characteristics with those in the 

treatment group (Cahuc and Zylberger, 2004). Another class of models is the Heckman type, which 

is based on the selectivity on the unobserved characteristics (e.g. Heckman and Vytlacil, 2000) 
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Estimation strategy 
 

The estimation of the individual’s commuting propensity  is carried through the joint maximum 

likelihood estimation of a two equations model. This approach was previously used to define the 

unobservable propensity to migrate based on the earning of an individual in the previous period by 

Nakosteen et al. (2008). Due to the fact that, the interregional migration and the commuting have 

partly similar reasons and consequences, they are often considered to be substitutes or complements 

to each other (Lundholm, 2008). The first equation represents the earning of the individual in the 

time period t. The second equation contains the commuting choice of the individual in the time t+1. 

Consequently, one’s choice to be a commuter is based on the unobservable propensity c. If this 

propensity exceeds 0 ( >0) he will choose to be a long distance commuter.  

Taking into account presented consideration about the self-selection and the commuting propensity, 

the joint model has this form: 

yit=β
’
Xit+εit                                                                                                                                                                                                           (15) 

=α yit +δ
’
zit+1+wit+1                                                                                                                                                                           (16) 

In this model zit+1 is a vector of the unobservable characteristics, δ is an estimation parameter of the 

vector of unobservable characteristics and wit+1 is a potential increment in the earnings after starting 

commuting. So, this empirical approach will make it possible to define the presence of observable 

or unobservable characteristics that affect the self-selection to be a commuter. Since the commuting 

propensity is not observable, it is only possible to see a dichotomous choice of the individual in the 

post-commuting period: 

 

 

The error term εi is assumed to follow a bivariate normal distribution with mean 0 and variance σ
2 

while wi has the same mean and variance 1.  

The coefficient α in this model is indicates that the selection to be a commuter is based on the 

observed earnings. α>0 is an evidence of the positive selection based on the earnings. Namely, 

individuals who have higher earnings are more inclined to be long-distance commuters than those 

who possess low earnings. The situation is reversed if α=<0. In this case, individuals choose to be a 

commuter if they are located in the lower earning group. The presence of the unobservable traits 

that affect commuting is identified by the covariance between residuals wi and εit. If the covariance 
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σεw is higher than 0, then individuals having higher earnings in the period t are more inclined to be 

long distance commuters due to the unobservable characteristics. If the coefficient σεw is less than or 

equal to 0, then individuals with the low earnings due to the unmeasured traits in the previous 

period are more inclined to commute.  

The empirical model contains two equations: the earning equation in the time t and the commuting 

equation in the time t+1. The choice of exogenous variables was based on previous studies in this 

field (Nakosteen et al, 2008; van Ham et al, 2001; Lundholm, 2008; Rupert et al, 2009; Weiss, 

1995).  

The specification of the model is presented below: 

Table 1: Specification of the empirical model 

Earning equation Commuting equation 

Constant Constant 

Age Age 

Squared age Occupation 

Education Branch of employment 

Branch of employment Family type 

 

Family type 

Branch of employment 

 Regional employment rate 

 

Regional median of wages 

Dummies for labour market 

areas 

 

The commuting variable represents the real observed choice of the individual to be a commuter 

across the borders of the Labour Market Areas or not. It was calculated as a binomial variable and 

takes the value of 1 if the LA of residence and the LA of work is different and 0 otherwise. All 

places of work and residence are geocoded at the individual level and given on LA identifier 

according to the definitions of the LA by Statistics Sweden. . The earnings variable measures the 

particular earnings of the individual in the decision-making period. The main reason for using the 

earnings instead of hourly wages is that the model contains other regressors that indirectly explain 

the labour supply such as education and age—indirect control variables for the difference in hours. 

Moreover, the male and female subsamples were estimated separately, since the gender is the main 

determinant of the amount of supplied hours. A set of dummies for education represents the level of 

education of individuals in the sample. It is a common fact that higher educated individuals 
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commute a longer distance than individuals with less education. This could be explained by a higher 

earnings or limitations of the local labour market. Dummies for the branch of employment represent 

the industry where the individual is employed. Jobs in the manufacturing or construction sectors are 

less spatially distributed than services or retailing Dummies for family type indicate marital status 

and presence of children. They specify the type of the individual’s family. All variables specifying 

earnings were transformed into a log form. The age of individuals was included in the model since 

it is one of the most important patterns of the commuting. The quadratic term of the age was also 

included in the model to observe possible concavity of the age profile. In addition, variables that 

explain particular patterns of the area of residence and work were installed in the model, such as 

employment rate and average earnings. The particular specification of the model was used because, 

other more extensive specifications fail to converge.  
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Data and descriptive statistics 
 

The data used in the empirical part of this study is administered by the Statistics Sweden (LOUISE) 

and Swedish National Tax Board
7
. LOUISE is a longitudinal panel data with information about 

employment status, sources of earning, family conditions and education for the whole population. 

Data from the Swedish National Tax Board contains information about labour and non-labour 

earnings of individuals over an analysed period. The sample represents information about all 

individuals from four Northern counties: Vasterbotten, Norrbotten, Jampland and Vasternorrlands. 

The sample contains information about all individuals in the labour from ages 16 to 64. The 

analysis reflects the earnings and the commuting during three time periods: 1994─1995 2001─2002 

and 2007─2008. . The information about an individual’s place of residence and place of 

employment is calculated with fair accuracy. It is represented by the county code, municipality code 

and parish code. Apparently, individuals could change their place of employment during the year, 

but this source of error is almost impossible to exclude from the analysis (Lindgren & Westerlund, 

2003). Table 2 gives descriptive statistics for commuters and non-commuters by gender and place 

of residence.  

Table 2: Descriptive statistics for commuters and non-commuters by gender and area of residence 

Variable Males Females 

Urban area Rural area Urban area Rural area 

Logarithm of earnings in 2007 7.915    

(0.634) 

7.730     

(0.995) 

7.440     

(0.9872) 

7.400    

(1.047) 

Age in 2007 47.469 

(11.422) 

45.783     

(10.861) 

47.269     

(10.248) 

45.756     

(10.791) 

Age squared in 2007 2383.801     

(1150.225) 

2214.075     

(1029.954) 

2339.41     

(977.059) 

2210.064     

(1015.451) 

Education in 2007 

Gymnasium level of education  0.604    

(0.488) 

0.523      

(0.499) 

0.486     

(0.499) 

0.472     

(0.499) 

After gymnasium education <2 

years 

0.049     

(0.201) 

0.059     

(0.236)          

0.037       

(0.189) 

0.039     

(0.194) 

After gymnasium education >2 

years 

0.114     

(0.318) 

0.275     

(0.446) 

0.395      

(0.488) 

0.406     

(0.491) 

University education 0.013     

(0.114) 

0.014       

(0.119) 

0.011     

(0.106) 

0.007     

(0.083) 

Family type in 2007 

Married 0.250     

(0.433) 

0.427     

(0.494) 

0.528     

(0.499) 

0.456 

(0.498) 

Sambo 0.417    

(0.493) 

0.175     

(0.380) 

(0.155)     

(0.362) 

0.179     

(0.383) 

Single father (0.019)      

(0.139) 

0.042     

(0.201) 

0.006      

(0.025) 

0.001     

(0.037)           

                                                           
7
 This data is in the database ASTRID that was kindly made available to me by the Department of Social and Economic 

Geography, Umeå University.  
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Table 2: Continued 

Single mother 0.003     

(0.061) 

0.012     

(0.110) 

0.111     

(0.314) 

0.113     

(0.317) 

Commuting choice in 2008 0.066     

(0.249) 

0.746    

(0.434) 

0.079     

(0.270) 

0.671    

0.469 

Age in 2008 48.469    

(11.422) 

46.783     

(10.861) 

48.269      

(10.248) 

46.756     

(10.791) 

Education in 2008 

Gymnasium level of education 0.604     

(0.488) 

0.522     

(0.499) 

0.484     

(0.499) 

0.470     

(0.499) 

After gymnasium education <2 

years 

0.041     

(0.200) 

0.059     

(0.236) 

0.037     

(0.189) 

0.038     

(0.192) 

After gymnasium education >2 

years 

0.115   

(0.319) 

0.277     

(0.447) 

0.397     

(0.489) 

0.409     

(0.491) 

University education 0.013      

(0.116) 

0.014     

(0.121) 

0.012     

(0.111) 

0.007     

(0.086) 

Family type in 2008 

 Married 0.254    

(0.435) 

0.438     

(0.496) 

0.534      

(0.498) 

0.464     

(0.498) 

Sambo 0.416     

(0.492) 

0.174     

(0.379) 

0.149     

(0.356) 

0.176     

(0.381) 

Single father 0.020    

(0.141) 

0.044     

(0.205) 

0.006     

(0.025) 

0.001     

(0.035) 

Single mother 0.003     

(0.059) 

0.012     

(0.109) 

0.109     

(0.311) 

0.112     

(0.316) 

Branch of employment in 2008 

Manufacturing 0.232     

(0.422) 

0.188     

(0.391) 

0.055     

(0.229) 

0.052     

(0.223) 

Construction 0.465     

(0.498) 

0.132     

(0.339) 

0.017     

(0.131) 

0.013      

(0.113) 

Retailing  0.095     

(0.293) 

0.188     

(0.391)           

0.113     

(0.317) 

0.122     

(0.327) 

Services 0.069     

(0.253) 

0.161     

(0.367) 

0.105     

(0.307) 

0.124     

(0.330) 

Employment rate in LA 0.921     

(0.016) 

0.917     

(0.029) 

0.923     

(0.020) 

0.916     

(0.034) 

Average wages in LA 2737.764     

(89.528) 

2633.663     

(270.064) 

2698.856     

(95.883) 

2652.164     

(271.889) 

Number of observations 95020 49139 68188 55902 

 

The long-distance commuting was defined as a commuting across the Labour Market Areas (LA). 

Since the labour market area is an artificial unit which binds municipalities with the most intensive 

streams of commuting, individuals have to cover a longer distance and/or accept higher costs to be a 

commuter across LA (Lindgern & Westerlund, 2003). A problem which immediately arises from 

this definition of long distance commuting is the commuting from boarder municipalities. 

Individuals from another LA could commute to the neighbouring area but could not cover 

extremely big distances. This fact will slightly distort the picture of long distance commuting.  
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The sample was divided into male and female subsamples. This division was made because the 

earnings and the commuting patterns of male and female population are significantly different. The 

male and female subsamples are also divided according to those who start commuting from the 

urban or rural areas. The choice of the urban areas was based on the selection from four biggest 

cities in North of Sweden: Ostersund, Umea, Skeleftea and Lulea. This division was motivated by 

the significant difference in the macroeconomic characteristics of the urban and rural areas and well 

developed commuting facilities within the Labour Market Area.  

 

  



25 
 

Empirical results 
 

Table 3 shows the empirical results from the estimation of the joint maximum likelihood model for 

the male subsample of the population that starts commuting from the urban areas.  

Table 3. Estimation results, earnings and commuting equations (male subsample that starts 

commuting from urban areas):2007-2008 

Variable Earning equation Commuting equation 

Coefficient z-value Coefficient z-value 

Constant 3.4121 24.55 7.6079 9.50 

Age 0.1927 30.76 -0.0166 -13.15 

Age Squared -0.0020 -31.23   

Education 

Gymnasium level of education 0.3326 39.34 -0.1076 -2.86 

After gymnasium education <2 years 0.2406 9.38 0.0872 1.53 

After gymnasium education >2 years 0.2819 17.07 0.3972 8.60 

University education 0.7643 24.07 0.7137 7.66 

Family type 

 Married -0.2437 -15.34 0.0683 2.35 

Sambo 0.0273 1.78 -0.6853 -16.05 

Single father -0.3282 -10.15 0.0911 1.49 

Single mother -0.4594 -6.03 0.2447 1.97 

Branch of employment 

Manufacturing   -0.3023 -7.82 

Construction   -0.3306 -7.01 

Retailing    0.3880 9.98 

Services   0.1077 2.52 

Employment rate in LA 

 

  10.7603 10.09 

Average wages in LA   -0.0064 -33.36 

N 95020 

   0.0816 1.48 

α   -0.1745 -4.06 

 

The results of the estimation of the earning equation reveal familiar patterns from the previous 

studies done in this field. The earnings increase with age, suggesting that age is a proxy for previous 

experience. The coefficient of the squared term of age is negative. It is evidence of the concave age 

profile. The return of education is represented by the significant ascending increment in the 
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estimated coefficients of dummy variables, explaining educational achievements in comparison 

with the reference category. The reference category was considered a group of individuals whose 

education is below the gymnasium level. The presence of family and children has a significant 

negative impact on the individuals earning. It represents the additional load of housework that 

individuals have to take on being in a relationship. This load forces them to work fewer hours and 

spend more time with the family.  

The estimation of the commuting equation also revealed common patterns studied in the literature 

before. Age has a significant negative impact on the individual’s probability of being a commuter. 

Older employees have a greater investment of human capital into the firm. Therefore, with a change 

of the place of employment, they have less return to job shifts than those who are younger. The 

estimation showed a significant ascending impact of education on the probability of being a long 

distance commuter. The presence of a family has a positive impact suggesting that individuals with 

the purpose of increase the earning are forced to commute over greater distance. Industry dummy 

variables reveal expected results such as wider spatial distribution of the branches such as retailing 

or services and particular concentration of manufacturing and construction industries in specific 

regions. The employment rate has a significant positive impact on the probability of the individual 

to be a commuter. These considerations suggest that with the increase of the employment rate, the 

number of opportunities in particular regions decreases. This reason forces individuals to commute 

over greater distances. The average wage level has a significantly negative impact on the 

commuting probability. The explanation of this particular result could be a decreasing motivation to 

commute over greater distances with the increase of earnings in the home region. 

As it was stated before, the coefficients of the main interest are those that capture the selection to 

the group of long-distance commuting over the earning in the preceding year α and the covariance 

coefficient of selection of the unobserved talent . The estimation suggests that the earning in the 

decision–making period (α = -0.1745; z = -4.06) has a significant and negative impact on the 

probability of being a long-distance commuter. Consequently, the higher-earning individual 

possesses in the decision-making period, the less likely she will start to commute over a greater 

distance. Meanwhile, the covariance parameter (  = 0.0816; z = 1.48) does not play a significant 

role in the selection to be a long-distance commuter. Taken together, it is reasonable to say that a 

negative selection occurs on the basis of the previous earning and no selection occurs on the basis 

of unobserved talent.  

This estimation procedure was replicated for the male subsamples that reside and commute from the 

rural areas. These results are presented in Table 4.  
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Table 4. Estimation results, earnings and commuting equations (male subsample who starts 

commuting from rural area): 2007-2008 

Variable Earning equation Commuting equation 

Coefficient z-value Coefficient z-value 

Constant 2.8582 25.44 3.3630 35.79 

Age 0.2281 43.75 -0.0057 -18.96 

Age Squared -0.0026 -45.57   

Education 

Gymnasium level of education 0.1196 6.44 -0.0408 -4.47 

After gymnasium education <2 years 0.2654 10.14 0.0622 4.62 

After gymnasium education >2 years 0.4130 20.52 0.1847 17.85 

University education 0.7616 20.59 0.3293 22.49 

Family type 

 Married 0.0442 3.71 -0.0366 -6.20 

Sambo -0.0075 -0.55 -0.0326 -4.39 

Single father -0.0826 -3.15 -0.0258 -1.91 

Single mother -0.2519 -5.03 -0.1659 -5.79 

Branch of employment 

Manufacturing   -0.1099 -13.56 

Construction   -0.0166 -1.81 

Retailing    0.0710 9.51 

Services   0.893 13.34 

Employment rate in LA 

 

  -2.5082 -33.68 

Average wages in LA   0.0009 10.81 

N  

   0.0891 7.82 

Α   -0.0519 -6.47 

 

The estimated variables revealed a similar magnitude and significance to estimated coefficients of 

variables in the male sample that started commuting from urban areas. The coefficients of the 

control variables in the commuting equation are also generally similar in direction, magnitude and 

significance to the coefficients in the previous sample apart from the variables indicating type of 

family. The impact of the presence of a family or children is significantly negative. The explanation 

of this result could be the difficulties of long-distance commuting in rural areas.  

 The selection coefficient based on the decision-period earning (α = -0.0519; z = -6.47) suggests a 

negative impact on the probability of being a commuter. The covariance coefficient (  = 0.0891; 
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z = 7.82) is positive and significant. It provides support to the hypothesis that individual who has 

unobserved talent which induce him to be high earner also possesses unobserved traits that increase 

of the probability of being a commuter. The covariance coefficient in an estimated sample of the 

male who start commuting from the rural area is different in significance from the one in the urban 

sample.  

To draw a reliable conclusion about the selection parameters, the estimations using data for the 

whole sample from 1994 to 2008 were carried out. This sample was divided by gender and area of 

residence where they start to commute. There were chosen three time periods: 1994-1995, 2001-

2002 and 2007-2008. The results from the estimations are presented below.  

Table 5. Selectivity coefficients to be a commuter based on the earning in previous period and 

unobservable traits in 1994─1995  

 Male subsamples Female subsamples 

Urban commuters Rural commuters Urban commuters Rural commuters 

Coef. z-test Coef. z-test Coef. z-test Coef. z-test 

α 0.6643 1.82 0.0863 3.23 -0.43416 -13.20 -0.1654 -5.47 

 -0.5148 -10.31 -0.0767 -1.76 0.2741 5.58 0.1296 3.01 

 

Table 6. Selectivity coefficients to be a commuter based on the earning in previous period and 

unobservable traits in 2001─2002  

 Male subsamples Female subsamples 

Urban commuters Rural commuters Urban commuters Rural commuters 

Coef. z-test Coef. z-test Coef. z-test Coef. z-test 

α -0.1161 -4.22 -0.0114 -0.35 -0.5732 -6.32 -0.6976 -15.07 

 -0.1158 -3.21 0.0053 0.11 0.3210 -4.65 0.7887 11.33 

 

Table 7 . Selectivity coefficients to be a commuter based on the earning in previous period and 

unobservable traits in 2007─2008  

 Male subsamples Female subsamples 

Urban commuters Rural commuters Urban commuters Rural commuters 

Coef. z-test Coef. z-test Coef. z-test Coef. z-test 

α -0.1745 -4.06 -0.0519 -6.47 -0.1362 -14.94 -0.162 -14.94 

 0.0861 1.48 0.0891 7.82 0.1250 5.44 0.1750 13.44 
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The estimation of the selectivity coefficients over three time periods, namely: 1994-1995, 2001-

2002, and 2007-2008 revealed that the magnitude and value of the selection coefficients for the 

male subsamples changed over time. The coefficient of selection to be a commuter on the previous 

earning was positive and middle significant for the urban subsample (α = 0.6643; z = 1.82) and 

highly significant for the rural subsample (α =-0.0863; z = 3.62). At the same time, the covariance 

coefficient which identifies selection on the unobserved talent was negative and highly significant 

for the urban subsample (  = -0.5148; z = -3.21) and middle significant for the rural subsample (

 = 0.0767; z = -1.76). Results from the estimation of the male subsample in 2001-2002 suggest 

that the magnitude and direction of the selectivity coefficients have been changed. The coefficients 

of selection based on the previous earning (α =-0.1161; z = -4.22) and unobserved characteristics (

 = -0.1158; z = -3.21) were both significant and negative. The selectivity coefficients of the 

rural subsample of the male population were insignificant. In the 2007-2008 time period the 

selection coefficients based on previous earning were similarly significant and negative for 

individuals who start to commute from the urban and rural area. The covariance coefficient was 

insignificant for the urban subsample; meanwhile it was strongly significant and positive for the 

rural subsample. The interpretation of these results is presented above. These results are somewhat 

dissimilar from those obtained in previous studies. The explanation of these differences could be 

unlike macroeconomic conditions or dynamic social processes. The estimation of the female 

subsample revealed the time invariant character of the behaviour of both selection coefficients. The 

selection coefficients based on previous earnings α is permanently significant and negative for the 

urban and rural subsamples over the three time periods. The covariance coefficient which represents 

selection to be a commuter on the unobserved talent is positive and significant in all subsamples. 

Taking into account the value and magnitude of both selection coefficients, these results suggest 

that females, who are higher earners, are less likely to be long-distance commuters. An alternative 

interpretation is that females who possess traits that predispose them to be higher earners also 

restrain them from long-distance commuting. These results are consistent with the results in 

Nakosteen et al. (2008).  



27 
 

Discussion 
 

This thesis is an attempt to observe a possible endogenous selection of individuals to be long 

distance commuters. This issue is particularly important since the problem with the self-selection in 

the non-experimental studies often leads to biased, inconsistent and inefficient estimates of the main 

parameters. The incorrect estimation of the models with selection bias may lead to the policy 

misapplications. The approach used in this study makes some important contribution to the existing 

literature. Firstly, it describes a selection of being a commuter based on the recommitting period. 

Therefore, it allows avoiding contaminated by the labour market outcomes consequences in the 

post-commuting period. Secondly, similar to Nakosteen et al. (2008), it involves the estimation of 

the selection bias based on the observable characteristics and latent traits. Thirdly, it incorporates a 

conception of the Labour Market Areas ─ the areas with the most intensive and facilitated streams 

of the internal commuting. So, individuals have to cover comparatively long distances/high costs to 

commute over the borders of the Labour Market Areas. It is an important advantage in comparison 

with the similar studies that use a traditional geographical division such as municipalities or 

counties.  

The main conclusion of this study derived from the estimation of the empirical model is a 

significant role of the previous earning in the selection to be a commuter as well as a significant 

correlation between the unobserved traits in the earning equation from the preceding period and 

commuting equation for the female subsample. The results showed that women who are higher 

earners in the initial period are less prone to commute than those who are lower earners. Regarding 

the unobserved traits the females with the unobserved talent that makes them prone to be high 

earners possess also the unobserved features to be long-distance commuters. The estimation of the 

male sample showed some changes in the magnitude and direction of the selection coefficients. In 

the first time period, the selection on the previous earning was positive while in the last period it 

was negative. The significance level was noticeably different in the urban and rural population. 

These results indicate possible weaknesses in the empirical model and particularly presence of 

omitted variable correlated with the error term.  

This study gives a framework for the additional extensions. Firstly, this study might be improved by 

the increment in the number of the control variables such as housing market situation, number of 

children and country of origin. Another improvement could be done by adding an extra time period 

and unemployed population in the employment age. So, the decision to commute could be made 

jointly together with accepting a job offer.  
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