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Abstract: 

 

This thesis analyzes how a decrease in the commuting time affects the region’s 

productivity and accessibility on the targeted area Jönköping, Vaggeryd and 

Värnamo. Numerous municipalities that surround the railway, within a one-hour time 

range have been included to determine whether an investment on the railway is 

efficient. The potential growth effects and productivity are measured in wages, and 

the accessibility is measured as population accessibility. The accessibility is 

calculated with an accessibility measure, also known The Potential of Opportunities. 

Additionally, the study includes four control variables.  Out of these, four of the six 

variables proved to significantly influence the regions accessibility and productivity 

whereas multicollinearity is present in the remaining two. The study differentiates 

from other similar reports in such way that it investigates a brand new area, different 

municipalities and finally through the control variables that have not been explicitly 

used for this specific purpose. The investment is shown to have a substantial effect on 

the municipalities, especially the smaller ones close to the railway. Shorter time 

distances, better accessibility and increased productivity all contribute to economic 

growth and agglomeration. 
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1.   Introduction  
For a city to grow and become denser, the simplicity of commuting between different 

cities and regions is very important. The simplicity of commuting between two 

localities exerts an influence on the attractiveness of the city, or municipality, as a 

region to both live and work in. An improvement of the infrastructure and the 

transport system has been observed to result in both macroeconomic effects, such as 

contributing to an increased GDP growth (Aschauer, 1989), but also advantages from 

a microeconomic viewpoint. Throughout the thesis, the focus will be not on the 

macroeconomic effects, but on the microeconomic effects and its impact on the 

economy in terms of productivity. 

In order to decide whether the investment effects with the purpose of reducing 

commuting time - in this case an expansion of the railway - are efficient, numerous 

papers and articles have been presented. To name a few: Aschauer (1990), 

Lakshmanan and Anderson (2002), Ciccone and Hall (1996), Andersson and Larsson 

(2014), Andersson (2008), Johansson, Klaesson and Olsson (2002; 2003), Glaeser 

(2010), Rosenthal and Strange (2001). 

These authors show different theoretical as well as different empirical evidences on 

the importance of commuting. Improvements in the infrastructure result in a decrease 

in time distances. As the time distance decreases, it brings effects, known as 

agglomeration effects (Rosenthal and Strange, 2001). 

According to Marshall (1920), there are three specific effects considered to have an 

impact on the agglomeration economies, known as:  

Ø Knowledge spillovers  

Ø Labor market pooling  

Ø Input sharing 

 

Moreover, as observed in the report “Commuters’ non-linear response to time 

distances”, Johansson et al. (2003) state that a commuting time of one hour has been 

estimated as a kind of limit: if more time is needed for commuting between the home 

and the workplace, people tend to be less willing to commute. 

 



2 

 

Knowing this, and with focus on the targeted area: Jönköping, Vaggeryd and 

Värnamo, and a one-way journey of approximately sixty minutes, I decided that 25 

communities were of certain interest for this study.  

The purpose of the thesis is to investigate the effects an investment of the railway 

between the communities Värnamo and Jönköping will have on the commuting time 

and what a decrease in time would do for the region’s accessibility and productivity. 

The study differs from other studies by using different types of specific variables for 

determining the effects on accessibility and productivity in terms of wages, due to a 

decrease in time. The accessibility is measured in population, i.e. population density. 

Moreover, the study is conducted in a small area in the middle of the southern half of 

Sweden. To estimate the growth effects of the region, an Ordinary Least Squares 

regression model is used. 

To conduct the analysis, data from the Bureau of Statistics in Sweden (SCB) was 

collected for wages, population, number of highly educated people, employment, and 

industry structure (SNI/SIC codes). 

The data is then processed with an accessibility formula, known as a potential of 

opportunity measure, found in multiple studies, e.g. in the previously mentioned paper 

by Johansson et al. (2002) and others like Weibull (1980), Hansen (1959), Reggiani 

(1998). 

Although the model used is accepted as an established measure, it has a number of 

problems, such as aggregation, expansions, and summarized supply, pointed out by 

Klaesson, Larsson and Norman (2014). 

 

Initially, the thesis will discuss the background of the infrastructure, the density of 

regions and the enlargement of those in Section 2. The section also covers the 

productivity effects that an investment of the infrastructure brings on. Subsequently, 

Section 3 discusses the theoretical framework and hypotheses, which include 

knowledge spillovers, labor market pooling and input sharing. In Section 4, the 

applied model is presented together with two short sub-sections that discuss the 

problems at hand, and also the empirical design. Section 5, presents the data in the 

empirical section and explains the current situation. Section 6 presents the results and 

an analysis followed by the situation after the investments in Section 7. The 

conclusion is presented in Section 8. 
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2.  Background  

This section covers the background of the infrastructure and explains why 
improvements are useful. Further, the section explains the concepts of density and 
enlargement of regions while it stresses the importance of those. 
Finally, the paper will show productivity effects on the regions and also how 
productivity connects to infrastructure investments.  

2.1  Infrastructure  

With a constantly rising demand for transports, the infrastructure is playing an 

important role in the development of economies.  

Even though infrastructure investments tend to be capital intensive and expensive 

they are considered to be attractive and important (Nurske, 2011). This can be 

observed in the characteristics of infrastructure, where the advantages of the 

investment in many cases exceed the costs. Such advantages are for instance a better-

integrated labor market and increased productivity with related welfare improvements 

for the population. Therefore, despite the high costs, the positive effects are large 

enough to make it well worth spending capital on these types of investments. For 

instance, recent discoveries in India show that investments in the infrastructure, 

mainly transports and communication, are a major determinant for enhancing the 

growth within the region (Lall, 2006). 

 

Another argument for improving the transport system is the fact that network based 

infrastructure, such as railways, is seen as a public service. Public service means that 

it is accessible to a large amount of people. Infrastructure is also considered to be a 

non-rival good (Aschauer, 1990). Non-rival means that it is available to many 

different users at the same time. Another important advantage of infrastructure 

development is that it has a very long durability compared to other investments. 

Although the time to pay for the investment is long, it is of great use for a much 

longer time (Nurske, 2011). A third aspect is that these types of investments have a 

very broad area of use. Instead of only having one sole purpose it can be used for 

many different purposes such as transferring people to and from work, shopping, and 

recreational purposes. Moreover, it facilitates the transportation of goods to and from 

customers. 
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Previous studies and research within the field show that investments in infrastructure 

tend to have numerous positive impacts. Aschauer (1990) shows that it may lead to 

increases in health, improvements in safety that may result in fewer accidents1 and 

improved accessibility to different activities. Additionally, it improves the 

accessibility to cities and surrounding areas. These improvements have been reviewed 

recently by (Lakshmanan and Anderson, 2002). They claim transport infrastructure 

improvements have two main outcomes: reducing the distance between locations and 

lowering the congestion. Improving roads and railways and the means of 

transportations primarily achieve a reduction in the distance between two sites. 

Congestion is mainly reduced in two ways: i) adding new links to an existing network 

or ii) expand the capacity of the existing links (Lakshmanan and Anderson, 2002). 

The expansion in the capacity is often made in order to attain a reduced travel time. 

Regardless of which alternative that is chosen, investments that change the current 

number of links or capacity may also result in the transportation services to be both 

less expensive and more reliable. These effects will result in the firms charging lower 

costs and, thus, increase the efficiency. 

  

As time distances and travel times decrease, people are more willing to commute 

between places that used to be considered too remote. As the accessibility to a region, 

and also within it, increases, the improved ability of moving between the places will 

contribute to an increased urban density. Although the density concept will be 

discussed later on, it can be mentioned that Ciccone and Hall (1996) say, ”By density 

we mean simply the intensity of labor, human, and physical capital relative to 

physical space”.  

 

Lakshmanan and Anderson (2002), further explain that the investments in 

infrastructure have more effects on the economy than those described above. There 

are improvements for logistics, consolidation and localization, and effects improving 

the transport service, and production. All these effects result from less expensive and 

more reliable services as mentioned previously occurring when the distances and 

                                                
1 This is particularly interesting for investments related to cars, such as roads, highways, and bridges. 



5 

 

congestion decrease. Andersson and Larsson (2014) summarize these effects as: i) the 

location effect, ii) the market effect and iii) the input effects. 

 

Ø The location effect: Regional changes in the accessibility lead to improved 

productivity and lower the transportation cost. This results in increased sales 

opportunities and influences the localization of firms and households. 

  

Ø The market effect: The market potential improves which lowers the 

manufacturing costs of goods. This results in increased production due to scale 

economies, which leads to an improved labor market and matching.  

 

Ø The input effect: The input costs are lowered as more firms locate in the 

region. This improves the options of choosing the supplier for the firms. 

Hence a greater variety is achieved. 

 

The above effects relate to the decrease in time distances between and within regions, 

which in turn leads to a denser region. The next section focus on, and will further 

explain, the concepts of density and enlargement of regions.  

2.2  Density  and  Enlargement  of  Regions  

As discussed before, the infrastructure is of great importance for improving the 

connections between different cities and regions within a country. Very briefly, it can 

be stated that improved infrastructure contributes to facilitating traveling. Naturally, 

this will decrease the time distances between two sites. It must also be noted that even 

if the geographical distance between two cities is small, it does not necessarily mean 

that the cities per se have good accessibility. Negative externalities, such as 

congestion, can be a hindrance (Tabuchi, 1997). 

When the infrastructure improves and the time distances decrease, the area with the 

“one-hour-commuting-time” will grow larger, and, at the same time, denser. 

Ciccone and Hall (1996) provide a commonly used definition of density: the higher 

the concentration of people and firms are in an area, the denser it is. A rather dazing 

observation regarding the density shows that approximately 68 percent of the 

population in the US utilized only 1.8 percent of the land area by the year of 2009 
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(Glaeser and Gottlieb, 2009). They also provide a well-known explanation for urban 

density: people and firms being located close to each other. 

 

The improvements in infrastructure and the decrease in the time distances also lead to 

increased commuting between cities or regions, implying that the geographical area 

expands. The number of functional regions has declined during the years as a result. 

For instance, Sweden has experienced a constant decrease of the number in functional 

regions during the past 40 years, which has resulted in 72 regions today (Andersson & 

Larsson, 2014). In the empirical part (Section 5), the focus will be on two regions, 

namely Värnamo and Jönköping. These regions will be the basis for the study. The 

empirical section will also consider a number of surrounding regions and 

municipalities that are of interest to the analysis. 

A functional region is an economically integrated geographical area that shares 

different markets locally. These markets are: i) labor market, ii) housing market, iii) 

service market and iv) shared home market (Andersson, 2008). Shared home market 

means that firms localize, and locate the production of the goods, close to its largest 

market in order to minimize the transportation costs (Krugman, 1980). It is further 

discussed by Rosenthal and Strange (2001) that firms that experience high 

transportation costs locate closer to their largest market. Within a functional region 

there are many intra-regional interactions that have an effect on the economic 

environment. When time distances decrease, resulting in lower transportation costs, 

commuting tends to increase (Andersson, 2008). 

 

As mentioned before, the geographical area of a functional region can vary in size, 

depending on how easy or difficult it is to move and travel within a region or between 

the regions. The functional region on average consists of 4-5 municipalities that are 

clustered in an area (Johansson et al., 2002). The commuting for the labor force 

depends, in other words, on the willingness to move between the work place and 

home. The better the communications are, the greater the incentive for the labor force 

to commute. Studies have shown three different time estimations for the labor force 

that can be seen as critical levels when commuting2. The first considers the traveling 

                                                
2 See Figure 1. 
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within the municipality, the second considers the intra-regional traveling and the third 

considers the inter-regional traveling, i.e. traveling outside the functional region.  

It has been shown that the commuting pattern tends to be non-linear and the critical 

time limit for inter-regional commuting is estimated to 60 minutes. For commuting 

within the region the time interval is 40-45 minutes. Within the municipality the time 

interval is significantly lower, 5-20 minutes (Johansson et al. 2002; 2003; Weibull, 

1980). An important observation is that the time levels show the traveling time only, 

not the time needed to get to and from the departure and arrival place (Hansen, 1959). 

 
Figure 1: Willingness to commute, Source: Johansson et al. (2003) 

Figure 1 depicts the non-linear relationship between the travel time and the 

willingness to commute inside the municipality, the region and outside the region. 

Johansson et al. (2003) stress that a constant increase in the expansion of the 

geographical size of the regions due to decreased time distances is a significant factor. 

Furthermore, there are evidences that labor with high education is more likely to 

commute longer distances than those with low education. This is due to the increased 

matching difficulty within a specific municipality (Johansson et al., 2003). 

2.3  Productivity  

Infrastructure improvements have been shown to have a positive effect on the 

accessibility of a region, mainly through decreased time distances between the 

municipalities. The concentration in the region, due to the number of firms and the 

amount of workers, brings on advantages known as agglomeration effects and occurs 

mainly from the diminished transport costs (Glaeser, 2010). This facilitates a number 

of interactions between the regions that may be related to the agglomeration, such as 
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knowledge spillovers, labor market pooling and input sharing (Section 3). This will 

foster positive effects on the productivity within the region in a cumulative process 

(Figure 2) (Cochrane, Grimes, McCann, and Poot, 2010; Johansson and Klaesson, 

2007).  

 

 
Figure 2: Cumulative Process, Source: Johansson and Klaesson (2007) 

According to Glaeser (2010), the productivity and success of an urban region tend to 

be reflected in the wage level, house prices and the population of an area. The house 

prices, in particular, tend to be higher in high-income areas (Glaeser and Gottlieb, 

2009). Despite the relationship between the productivity of the urban area and the 

population, it should be noted that the re-location is a process that takes rather a long 

time (Johansson et al. 2002) 

 

The relationship between productivity and population density has been shown to be 

very strong. This is due to both increased competition and improved simplicity for 

people to interact with others (Combes, Duranton, Gobillon, Puga, and Roux, 2012). 

The authors also stress that the productivity of a firm is influenced by the city size and 

that firms in cities are more productive than firms in rural areas. Combes et al. (2012) 

also confirm that the wages tend to be higher in dense regions, a relationship that is 

shown to be consistent with a discovery by Maré and Glaeser (2001). They found 

empirical evidence that workers in urban areas in the US earn as much as 25 percent 

more than workers in non-urban areas. A similar pattern is observed in Yankow 

(2006), where labor in large urban areas also are seen to have significantly higher 

wages, although not as extreme as in the case of Maré and Glaeser (2001). Despite the 

higher costs of living in larger areas, workers choose to live there because they earn 

substantially more than in rural areas (Yankow, 2006). Further, it is argued that larger 

cities tend to attract more skilled workers, who are assumed to be more productive 
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(Hershberg, Nabeshima, and Yusuf, 2007; Yankow, 2006). The larger the area is, the 

more likely it is to attract large firms, which are more inclined to pay higher wages to 

its workers, and hence the region is assumed to become more productive (Brown and 

Medoff, 1989). Moreover, it is perceived that the productivity increases with the city 

size and the wages increase on par with the productivity (Moomaw, 1981). In a more 

recent article, Wheeler (2005) stresses that workers in larger urban areas are more 

likely to anticipate faster growth in the wages compared to workers in smaller areas, 

due to the matching and learning effects. These effects are a part of the 

microeconomic foundations, developed by Marshall (1920), and more recently, 

expressed by Rosenthal and Strange (2001). The following section covers the 

theoretical framework and will further elaborate and explain the microeconomic 

foundations: knowledge spillovers, labor pooling and input sharing. 
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3.  Theoretical   Framework  

This section covers the theoretical framework and discusses the microeconomic 
foundations assumed to influence the agglomeration economies: Knowledge 
Spillovers, Labor Pooling and finally Input Sharing.  

3.1  Knowledge  Spil lovers  

As a region becomes denser, the increased amount of people and firms tends to 

facilitate the exchange of ideas, which strongly favors the innovation rate within the 

region (Carlino, 2001). There are two definitions of knowledge spillovers at hand: 

Research and Development (R&D) and Technological Spillovers. 

The R&D spillovers are often defined as an unintentional leak of information to 

competitors. It can, however, in other cases be defined as an exchange of 

technological information. The latter is often considered an intentional act (Steurs, 

1994).  

Nelson (1992) argues that knowledge spillovers are costly and therefore an incentive 

for firms within a region to increase their co-operation. Nelson (1992) claims that 

more co-operations will lead to accelerated knowledge flows and spillovers, as well as 

productivity increase, within the region. 

Knowledge spillovers can also be considered a measure of human capital. Schultz 

(1961) argues about the importance of investing in human capital. He describes the 

effects that investing in human capital has on productivity and innovations. This leads 

to spillover effects for nearby firms, cities and regions. 

Romer (1990) discusses that knowledge spillovers in agglomeration economies are 

endogenous. When considering the endogenous growth it is emphasized that 

knowledge spillovers affect the amount of innovations, as the above-mentioned R&D.   

These spillover effects tend to be geographically localized (Jaffe, Trajtenberg, & 

Henderson, 1992). They also argue that although knowledge spillovers by some 

authors are described as “invisible”, Jaffe et al. (1992) do not agree. Instead, they 

claim that patent citations are a visible proof of knowledge spillovers and innovations. 

Jaffe et al. (1992) emphasize that the number of citations has a negative relationship 

to the distance. The more concentration, in terms of firms, competence, population 

and knowledge, to an area, the more likely it is that there will be more patent 

citations. Silicon Valley is an outstanding example on that. 
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3.2  Labor  Market  Pooling  

As regions grow larger, one of the effects that influence the agglomeration economies 

is known as labor pooling. This effect tends to take place in larger markets due to 

specialization. Kim (1989) discovered there is a cumulative effect meaning that large 

markets experience improved productivity and wage levels. According to Kim (1989), 

a larger region simultaneously leads to larger labor market that will attract more 

specialized, i.e. skilled, labor. As the labor market grows, more firms are attracted to 

the area and the market. Therefore, the number of jobs will increase, and there will be 

a greater variety of jobs. The increase in number of firms may, on the other hand, lead 

to a reduction in the individual firm’s selection of labor. Firms tend to train and 

educate their own workers. In most cases, this will lead to an increase in both 

productivity and wages in the firm. The specialization, and increased wages, in larger 

markets has been further evaluated by Baumgardner (1988). He found that smaller 

regions suffer from a smaller labor market. Hence, there is a lack of specialization, 

which is reflected in wage levels and productivity. The positive relationships between 

larger regions, wages and education have more recently been observed by Wheeler 

(2001), where improved matching and productivity effects from a larger market is 

confirmed.  

 

For instance, if population is doubled, US Metropolitan data estimates that, on 

average, highly educated workers are expected to experience 4 percent higher wages 

than workers with lower or no education (Wheeler, 2001).  

 

The pattern of educated workers moving to larger cities has additionally been 

observed by Costa and Kahn (2000). They found that couples, holding at least a 

college degree, tend to move to densely populated areas. Costa and Kahn (2000) 

claim that the reason is that the return on their investment, in this case education, is 

greater in cities. For example shops, restaurants, theaters, and sport activities are 

easily accessed.  

Costa and Kahn (2000), also show, that when the well-educated unmarried person 

find his or her match, the couple is very likely to stay in the larger cities. 

Consequently, as the larger regions prosper from the immigration of highly educated 

workers, the smaller regions will suffer and grow less productive. 
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Furthermore, specialized workers and firms in larger regions expect to be matched 

together to a higher degree that will favor the productivity of the city or region 

(Helsley and Strange, 1990). They also claim that there are two externalities that may 

lead to the city experiences abundance, but also scarcity of firms at free entry. The 

scarcity occurs when a firm enters a city; hence improving the productivity of the 

workers, but in reality only cares for its own profit. In contrast the abundance occurs 

when firms enter and reduces the profits, as the labor market gets smaller for the 

current firms. The latter may lead to migration (Helsley and Strange, 1990).  

Moreover, the unemployment level may increase as firms wait for the worker with the 

appropriate specialization, resulting in an increasing wage gap (Wheeler, 2001). 

3.3  Input  Sharing  

When discussing input sharing one has to distinguish between manufactured and non-

manufactured inputs. The latter include services as counseling in legal and financial 

matters, described by Rosenthal and Strange (2001). They state that the manufactured 

inputs have a larger positive effect on the agglomeration, on the specification of the 

different industries and the scale economy, compared to non-manufactured inputs. 

Furthermore, the input sharing that occurs when a city grows larger, imply that the 

fixed costs are shared between the individuals in the population. Therefore, they 

participate in the growth of a city or a region. This may, for instance, include shared 

costs for consumer related activities such as shopping malls, restaurants, leisure 

activities, e.g. cinemas and theaters but also facilities such as sports centers, airports 

and other investments that are too costly for a sole individual (Duranton & Puga, 

2004). A condition for the inputs to be successful is of course that they are easy to 

access, as they are located in favorable places in order to improve the integration 

(Goldstein & Gronberg, 1984). Moreover, it has been shown that as more people 

move to the cities, the labor market grows as well, and more firms are drawn towards 

the city. As a result this tends to lead to a greater co-operation between the firms. 

Firms that operate in an agglomeration economy tend to benefit from their rivals. In 

addition, a region tends to grow more rapidly if input sharing is present. Firms take 

advantage of previous innovations that are made by other firms in the creating process 

of new innovations (Helsley & Strange, 2001). As the number of firms increases in a 

region and the area becomes more concentrated, it leads to less subcontractors and 
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suppliers. This last phenomenon is described as a “vertical disintegration” in locations 

where firms are highly concentrated (Holmes, 1999). 

3.4  Hypotheses  

According to the discussed theory, two hypotheses are now ready to be composed: 

- H0: The decreased commuting time does not have any effect on the region’s 

accessibility and productivity. 

- HA:  The decreased commuting time has a positive (negative) effect on the 

region’s accessibility and productivity. 
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4.  Method  
This section covers the method and explains why it was chosen. Moreover, the 
variables included in the model will be explained. The section also briefly covers the 
similarities between the Gravity Model and the model used is known as Accessibility 
Measure. 

4.1  The  Model  

The model used derives from the Gravity Model that is used to determine e.g. the 

trade flows of various goods and factors between countries, regions and other borders 

(Anderson, 1979), migration flows (Ravenstein, 1885), influences of urban areas 

(Carroll, 1955), income potential depending on population and distance (Isard & 

Freutel, 1954). In Hansen (1959), the Accessibility Measure (also known as the 

Potential of Opportunity Measure) is used to explain spatial differences, and how the 

accessibility is determined between two places in a region. There are a variety of 

ways to express the potential of opportunity and one of the simplest forms used is 

derived by (Reggiani, 1998): 

𝐴𝑐𝑐! = 𝑂!𝑓 𝑡!"!     (1) 

 

Equation 1 has been further developed by e.g. Ingram (1971), Hansen (1959), 

Johansson et al. (2002; 2003) and Larsson et al. (2014). The developed equation that 

has been used is:  

 

 𝐴𝑐𝑐! = 𝑂!𝑒!!!!!"!    (2) 

 

In Equation 2, accessibility (Acc) measures the location of a municipality i with 

respect to the time distance. Large municipalities have high accessibility and small 

municipalities gain from the proximity to these large municipalities (Johansson, 

Klaesson, Andersson, Forslund, and Strömquist, 2010). The independent variable Oj 

demonstrates a specific variable of interest in municipality j, in this case population. It 

may, however, be substituted to e.g. employment, income depending on the aim of the 

analysis. Unlike Equation 1, the model includes a negative relationship to the time 

distance decay, where λ shows the time sensitivity depending on the time distance t. 

The distance decay is a concept to explain that distance associates negatively to the 

number of interactions in an economy (Klaesson, Larsson & Norman, 2014). 
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The foundations in Equation 2 are the same as those in Equation 1. The time 

sensitivity variables are gathered from Johansson et al. (2003), and are considered to 

be constant, i.e. they are the same for all commuters regardless of whether their place 

of residence is located in northern or southern Sweden. The time sensitivities are 

expected to have the values of λ1=0.02, λ2=0.1 and λ3=0.05. The theoretical 

assumption behind the time sensitivity parameters is that the accessibility between 

regions and municipalities is expected to decrease as the parameter (λ) increases. The 

table below shows the values for the time sensitivities: 
Table 1: Time Sensitivities, Source: Johansson et al. (2003) 

 

 
 

 

The parameter t in Equation 2 relates to the time distances between municipality i and 

j. The time distances show commuting times by train between each of the considered 

municipalities, a total of 25. Since commuters travel both ways, the number of travel 

times corresponds to a total of 625, which is the square of the number of 

municipalities.  

 

Equation 2 has been used to calculate the accessibility before and after the time 

reduction3, which is a result of the investment. To decide the effects of the investment 

on the railway, the commuting between two municipalities that use the railway has 

been taken into consideration and it is assumed that the traveling time will decrease. 

 

The accessibility calculations are quite similar to each other, including the same 

foundation. Note that the variable O varies, and shows the accessibility in terms of 

population before and after the investment is made.  

                                                
3 The time reduction is further covered in the empirical section (Section 5) where an explanation is 

provided regarding the reasoning behind the choices of time reductions. 

Time sensitivities for commuting λ 

Municipality (λ1) 0.02 

Intra-regional (λ2) 0.1 

Extra-regional (λ3) 0.05 
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4.2  Problems  with  the  Model  

Aggregation is considered to be a problem since all concerned individuals are 

assumed to have equal accessibility to the different municipalities, nodes or whatever 

the aim is.  

Expansion is a problem because improvements within the specific node or 

municipality are not considered; thus a skewed result may occur.  

Summarized supply problems occur since changes within different municipalities are 

neglected (Klaesson, Larsson and Norman, 2014). 

4.3  Empirical   design  

In this thesis an Ordinary Least Square (OLS) regression model has been used in 

order to demonstrate the relationship between wages, accessibility and other market 

determinants. The data in the regression model is from 25 municipalities in the 

vicinity of the railway running between the municipalities Jönköping, Vaggeryd and 

Värnamo. The majority of the data is gathered from the Bureau of Statistics in 

Sweden. When additional sources for data assembling are used it is mentioned. 

To compose the model the following variables have been constructed: 
Table 2: Definition of Variables 

Dependent Variable Description         
Wages (Y) Wage level per capita 

   Independent Variables 
     AccPop (X2) Accessibility to population 

  Education (X3) Share of the municipality's work-force with >3 years degree 
Employment (X4) Labor market participants in the municipality 

 Manufacturing (X5) Share of the municipality's employment in manufacturing 
KIBS (X6) Share of the municipality's employment in KIBS 

 

The regression model used is demonstrated below: 

𝑙𝑛𝑊𝑎𝑔𝑒𝑠! = 𝛽1 + 𝛽2𝑙𝑛𝐴𝑐𝑐𝑃𝑜𝑝! + 𝛽3𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛! + 𝛽4𝐸𝑚𝑝𝑙𝑜𝑦𝑚𝑒𝑛𝑡! + 𝛽5𝑀𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔! + 𝛽6𝐾𝐼𝐵𝑆! +   𝜀! 

 

Where i represent the municipalities before and after the investments. 

Note: AccPop is defined as the accessibility to population. 

 

The independent variables relate to the data found in the empirical section (Section 5). 

Each of the independent variables is assumed to have an influence on the dependent 

variable (Wages).  
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The dependent variable (Wages) and the independent variable for population 

accessibility (AccPop) are used as natural logarithms. The elasticity of Wages with 

respect to population accessibility is β2. Hence, a 1 percent increase in population 

accessibility corresponds to a 1 percent increase in Wages (Gujarati and Porter, 2009). 

All the remaining independent variables, β3, β4, β5 and β6 are calculated as shares of 

an entirety; thus a 1-unit increase in any β corresponds to a change in wages by βx100 

(Gujarati and Porter, 2009)  
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5.  Empirical   Study  and  Data  
This part covers the empirical study and explains the situation for the investigated 
municipalities as of today. Tables that are not shown in the text are placed in the 
Appendix (A.2). 
 

This part of the thesis builds on an already conducted study4 made by the municipality 

of Jönköping regarding the expansion of the railway in question. The report deals with 

analysis, calculations, and improvements of the route, conducted in order to allow for 

several improvements in the timetable (e.g. reduced traveling time) as well as striving 

for a higher and more efficient traffic, and also a higher capacity utilization. The 

investment on the route is part of a larger project with the purpose that all residential 

cities should have connections between each other. 

In the mentioned study, there are two prerequisites of making the expansions possible. 

These are: 

Ø Increased speed limit to 140 km/h 

Ø Electrification of the railway system 

 

The following empirical study contains the 25 municipalities that are located within 

approximately one-hour’s traveling time by road from the railway stations. This 

means, that the municipalities that are considered, are located one hour’s traveling 

time from Jönköping, Vaggeryd and Värnamo. The time distance is set to one hour 

because of the previously described critical time distance (Section 2.2).   

 

Limiting the area of analysis to one hour commuting, results in municipalities located 

in other counties to appear within the sample. Two municipalities are located in the 

county of Östergötland, four municipalities in the county of Kronoberg and six 

municipalities in the county of Västra Götaland, in addition to the 13 municipalities in 

the county of Jönköping. Note that the one-hour limit is not exactly strict, as some of 

the cities located e.g. one hour and five minutes outside either Jönköping, Vaggeryd 

or Värnamo, were considered to be large enough to have an effect on the outcomes 

and are therefore included. 

 

                                                
4 For the complete report see “Idéstudie Jönköpingsbanan och Y:et, (2012)“ composed by Trafikverket. 
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The next section explains the situation in the regions today regarding population, 

income, employment rate, commuting, education and finally industry structure. 

Thereafter, a short section describes the effects after the investments, including 

calculations when the time distance is reduced.  

5.1  The  current  situation  

The basis for the investment plans and the subsequent expansions is the capacity 

utilization, which has almost reached its maximum. Today, the distance between 

Jönköping and Vaggeryd is approximately 40 kilometers. The route is operated daily 

by 2,500 people to and from Jönköping and approximately 600 commute within the 

municipality (City Council, 2011). The railway is considered to be outdated. There 

are minor parts, close to southern Jönköping, which are considered to be of rather 

good quality. The current single-track route, to most parts not electrified, and lacking 

automatic block signals and multiple joints, is in great need of a restoration 

(Trafikverket, 2012). 

The speed limit on the track between Jönköping and Vaggeryd is 100 km/h. Since it is 

single-track simultaneous entries at the stations are not possible, e.g. trains have to 

wait for one another. Currently, there are only two places where a meeting is possible 

and only one of these allows for trains longer than 157 meters to meet. The route 

between Vaggeryd and Värnamo also has a speed limit of 100 km/h. This latter route 

has, unlike the Jönköping-Vaggeryd route, simultaneous entries to all stations except 

for Värnamo. The current capacity utilization on the route is the following: 
Table 3: Capacity Utilization of the Railway 

Route Freight Trains 
Passenger 
Trains Service Trains Total 

Jönköping-Vaggeryd 8 (8) 22 (26) 2 (-) 32 (34) 
Vaggeryd-Värnamo 1 (1) 30 (32) 1 (-) 32 (33) 

 Note: Forecasted number of trains by the year 2021 in the parentheses. Source: Trafikverket, (2012). 

 

In order for the investment to be feasible and efficient, it is necessary that the 

traveling time will decrease from the current time down to 55 minutes. This 

corresponds to a decrease by 24 minutes between Jönköping and Värnamo; 13 

minutes between Jönköping and Vaggeryd; and finally 8 minutes between Vaggeryd 

and Värnamo. If the traveling time fails to reach the target, the investment will not 

result in an increase in the traffic. This would subsequently lead to a less convenient 
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route with more stops. Additionally, if the route is not electrified, there is a great risk 

that the main thoroughfare goes via Nässjö instead (Trafikverket, 2012). 

To reach the target of 55 minutes, the investments are expected to lead to an increase 

in speed limit, allowing train traffic every half hour. The travel time of 55 minutes is 

feasible through simultaneous entries at the stations and expanding from single-track 

to dual-track. The alternative is to make fewer stops. 

The investments aim at allowing trains to meet in Hörle, at making the station in 

Båramo remote controlled, i.e. the train-drivers do not have to control it manually, 

and at establishing block signals between Jönköping and Månsarp as well as Månsarp 

and Vaggeryd (Trafikverket, 2012). 

  

5.1.1  Population  

Table 10 (Appendix A.2.1) describes the current population in the municipalities that 

are of concern for this study. Jönköping is the municipality with the largest 

population, approximately 25,000 more than the second largest (Borås) and 45,000 

more than the third largest (Växjö). An interesting reflection is that Jönköping is the 

residential city in the county of Jönköping and Växjö is the residential city in the 

county of Kronoberg. Borås, however, is not a residential city. In total, these three 

municipalities account for almost 46 percent of the total population in the area 

studied. 

 

Mjölby is a good example, due to its location along the route E4 and located rather 

close to Linköping and Jönköping. As the railway station in the city of Mjölby was 

modernized and expanded, the whole surrounding community benefitted. All of 

Mjölby experienced an increase in population, due to the improvement in accessibility 

to the city center. 

 

Both Nässjö and Värnamo have experienced a large population increase. Figure 3 

shows that the two municipalities are among the six municipalities that have seen the 

largest growth in population between 1968 and 2013. Värnamo is located along the 

route of the highway E4 and has rather well developed industries, mainly within 

manufacturing (Section 5.1.6). Moreover, the municipality has very good 

communications, both by rail and road. 
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Nässjö is located east of Jönköping and not directly affected by the highway E4. The 

municipality is an important junction for trains. In total, there are six different 

railways running through Nässjö, and the municipality is the center of many job 

opportunities within the area.  

The reason for the significant decrease in population for Borås in the years 1992 and 

1993 is a consequence of the municipality splitting up and Bollebygd being 

established. 

 

 
Figure 3: Top Population 1968-2013 

Among the six municipalities with the smallest population (Figure 4), Ödeshög has 

suffered from negative population growth (19.25 percent) during the past 45 years. 

This trend is due to its unfavorable location, and relatively bad connections. The 

municipality is located on the verge of the critical time distance. 

In contrast, Aneby and Mullsjö have seen an increase in population, where especially 

the development by 44.4 percent in Mullsjö is remarkable. The development is 

possibly related to the proximity to Jönköping. Jönköping has a great influence on the 

surrounding municipalities and increase their attractiveness. Aneby has also 

experienced an increasing population but only by 0.89 percent. This is probably 

related to the same pattern as seen in Ödeshög. 
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Figure 4: Bottom Population 1968-2013 

5.1.2  Income  

In Table 11 (Appendix A.2.2) the incomes for the 25 municipalities are illustrated. 

There has been an increase for all municipalities in 2011 and 2012 both for the core 

and for the peripheral municipalities.  
 

Habo is the municipality with the largest median income, followed by Gnosjö and 

Värnamo. Table 4 shows the percentage by which their median income exceeds the 

country’s. 
Table 4: Percentage above the Country's Median Income 

Municipality 2011 2012 

Habo 9,27 10,26 

Gnosjö 4,42 4,82 

Värnamo 4,86 4,73 

 

Table 5 shows the two municipalities with the lowest incomes during the years 2011 

and 2012.  
Table 5: Percentage below the Country's Median Income 

Municipality 2011 2012 

Markaryd -12,77 -12,98 

Ödeshög -11,63 -12,65 
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5.1.3  Employment  

Table 12 (Appendix A.2.3) presents the employment in all the municipalities. The 

employment rate corresponds to the amount of people, aged 20-64, which works in 

relation to all people within that age group. The table also shows the daytime and 

nighttime workers.  

 

Habo is the municipality with the highest employment rate, 87.2 percent. A 

reasonable explanation is its nearness to larger communities as Jönköping and 

Falköping.  

Moreover, Markaryd has the lowest employment rate (75.7 percent). Considering the 

size of the municipality, Borås has a relatively low employment ratio, 77.3 percent. 

  

5.1.4  Commuters  

Table 13 (Appendix A.2.4) shows the number of inter-municipal commuters, as well 

as the intra-municipal commuting. In total, there are 10 municipalities with a larger 

number of commuters in to the municipality than commuting out of it. For Jönköping, 

Borås and Växjö the number of commuters in to the municipality exceeds the number 

of commuters out of it, which is consistent with the theories that larger regions attract 

more workers and offer more work opportunities. Gnosjö, a small municipality fairly 

close to Värnamo, has a larger amount of workers commuting in to the region than 

out. This is possibly due to its strong history of having many manufacturing firms 

located within the region, leading to many job opportunities.  

 

Additionally, Värnamo, as Jönköping, is one of the municipalities with more 

commuting in to the region than out from it. This is consistent with data from 2011 in 

Table 45, showing that Jönköping was the municipality with the largest amount of 

passengers boarding (22 percent of the total number of passengers) and also 

disembarking (22 percent). The amount of boarding passengers in Värnamo is 22 

percent and the disembarking passengers are 21 percent. The commuting data is 

obtained for Krösatågen i.e. the trains that run on this railway (Krösatågen, 2012). 

                                                
5 For the full report with complete tables and descriptions see “Linje Jönköping-Växjö, 

Resandeundersökning oktober-november 2012” 
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Växjö, on the third place in this comparison, has 13 percent boarding and 9 percent 

disembarking. 
Table 6: Boarding and Disembarking Commuters as Percent of Total Number of Commuters 

Municipality Boarding Disembarking 

Jönköping 22,00 22,00 

Värnamo 22,00 21,00 

Växjö 13,00 9,00 

  

5.1.5  Education  

Table 14 (Appendix A.2.5) summarizes the share of skilled labor, i.e. the population 

with a university degree. Therefore, it considers people in the age group 25-64.  

The table shows the number of graduates in each of the municipalities in 2013, then 

the total amount workers for the municipality, and finally a share of the skilled labor 

within each municipality.  

 

As expected, the largest regions Jönköping, Borås and Växjö have the largest share of 

high-educated people, consistent with the literature that larger regions attract more 

skilled labor and human capital. This is related to increased specialization and 

matching opportunities. These municipalities have in common that they have 

universities, hence the great effect on the education level. Eksjö and Habo are two 

additional municipalities with a share that exceeds 20 percent. Both of these smaller 

municipalities have a greater share of high-educated workers than Borås.  Habo, in 

particular, is assumed to realize a great effect on the education level, due to the short 

distance to Jönköping. 

 

Vaggeryd and Värnamo have a share of 17 and 15 percent respectively, numbers 

which are fairly close to the other municipalities in the vicinity of larger regions with 

good accessibility to universities. 

 

In general it can be observed that municipalities further away from large regions, e.g. 

Tidaholm, Gnosjö, Gislaved and Markaryd, have a lower share of high-educated 

people. This can, of course, be related to a number of reasons, e.g. a smaller share of 

jobs requiring high education. 



25 

 

5.1.6  Industries  

Table 15 (Appendix A.2.6) presents all 25 municipalities’ industries, which are 

divided into two categories: Manufacturing and KIBS6  

 

The largest share of workers within the manufacturing sector is, not surprisingly, to be 

found in Gnosjö, Tranemo and Gislaved. Especially Gnosjö and Gislaved have a long 

history of being centers for manufacturing industries, and both are part of the region 

where the well-known “Gnosjö spirit” is dominating. On the other hand, Vaggeryd 

has the smallest share of workers within the manufacturing sector. Furthermore, the 

municipalities with the smallest share of workers within the sector are the 

municipalities that are among the larger ones. This supports the theory that firms in 

these industries are located in rural areas (Carlino, 2001) 

 

As expected, the largest share of KIBS is located in the largest municipalities, 

supporting the theory that higher-skilled labor tends to move to larger regions 

(Hershberg et al. 2007; Costa et al. 2000). Värnamo and Vaggeryd have 

approximately 7-10 percent of the total numbers allocated in the KIBS sector. The 

lowest share is found in smaller peripheral municipalities, located outside the larger 

municipalities, e.g. Markaryd, Sävsjö, Tranemo, Gnosjö, and Aneby. 

 

 
Figure 5: Shares of Employees in Each Sector  

                                                
6 Knowledge Intensive Businesses and Services 
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6.  Results  and  Analysis   
This section provides an explanation of the descriptive statistics before the 
investments. The descriptive statistics for the dependent and independent variables 
are provided. 

6.1  Descriptive  Statist ics  

The following table presents the descriptive statistics for the dependent variable and 

the independent variables before the investments are made. 
Table 7: Descriptive Statistics 

Variable Minimum Maximum Mean Median Std. Dev. 

Wages 9.780 10.010 9.894 9.895 0.054 

AccPop 9.080 11.810 10.463 10.369 0.705 

Education 0.080 0.312 0.174 0.168 0.052 

Employment 0.757 0.872 0.806 0.806 0.025 

Manufacturing 0.061 0.550 0.281 0.279 0.119 

KIBS 0.038 0.188 0.082 0.076 0.038 

Note: Wages and AccPop are log transformed 

 

The standard deviations are close to one third of the mean value; hence there is no 

reason to believe that heteroscedasticity or skewness is present due to dispersed 

values7. The reported data contains rather small standard deviations and the difference 

between the mean and median values is small. 
Table 8: Bivariate Correlation Matrix 

  Wages AccPop Education Employment Manufacturing KIBS 

Wages 1.00 

     AccPop 0.595*** 1.00 

    Education 0.316 0.558*** 1.00 

   Employment 0.692*** 0.098 0.184 1.00 

  Manufacturing 0.050 -0.269 -0.576*** 0.213 1.00 

 KIBS 0.169 0.582*** 0.458** -0.385 -0.645*** 1.00 

*** = Significant at 0.01 level  

    ** = Significant at 0.05 level         

Note: Wages and AccPop are log transformed 

Table 8 shows the bivariate correlation matrix that presents the relation between the 

variables. AccPop shows rather a high correlation with the Wages variable at the 1 

                                                
7 See Appendix A.1.2 for the heteroscedasticity test. 
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percent significance level. The high correlation between the variables indicates that 

the wages will increase as the accessibility grows. Furthermore, Wages show a high 

correlation with the Employment variable, indicating a very high positive relationship 

between the variables, i.e. an increase in Employment increases the Wages. 

The Education variable shows an insignificant correlation with the Wages, although 

still rather high. The correlation coefficient for Education is 0.316. The industry 

variables Manufacturing and KIBS show very low insignificant correlation with the 

dependent variable Wages.  

AccPop shows to be relatively high correlated at a 0.01 significance level with 

Education (0.558) and KIBS (0.582). The correlation indicates that there is a 

relationship between the share of highly educated people and more densely populated 

areas.  

The positive correlation between Wages and KIBS also indicates that the industries 

that are knowledge intensive tend to be attracted to larger cities and regions. 

Employment (0.098) and Manufacturing (-0.339) show very small, but insignificant, 

positive respectively negative correlations. 

Education is negatively associated with Manufacturing at 0.01 significance level, and 

positively related with KIBS at a 0.05 significance level, stressing the importance of 

education in the KIBS sector, whereas the trade-off between education and 

employment in the manufacturing industry is emphasized. 

The relationship between Manufacturing and KIBS has rather a high negative 

correlation at a 0.01 significance level, indicating a trade-off between the industries. 

By employing an additional KIBS worker, the manufacturing sector will suffer.  

Employment, Manufacturing and KIBS, prove to be insignificant. 

 

The correlation matrix reveals that numerous variables are strongly correlated, mainly 

the variables for accessibility, education and KIBS. Beforehand, each of the variables 

is assumed to impact the wage level. An additional factor is that the variables are 

expected to have an influence on the size of a municipality. 

Although there are values exceeding 0.6, they do not violate the rule of thumb level of 

0.8. Nevertheless, the variable Education shows rather a high correlation with a 

number of variables, e.g. AccPop, Manufacturing and KIBS. Hence, Education may 

be suffering from multicollinearity. Manufacturing proves to be relatively high 
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correlated with KIBS, thus there may be a multicollinearity problem. The remaining 

variables are considered not to be high enough to propose a problem of 

multicollinearity. The possible multicollinearities are determined by tests8 measuring 

the Variance-Inflating Factor (VIF) and Tolerance Level (TOL). The TOL is attained 

by inversing the VIF value (Gujarati and Porter, 2009). 

6.2  Regression  Model  

The regression models in Table 9 present the coefficients for the five independent 

variables and the constants before and after the investment is made. The standard 

errors are provided in the parentheses under each coefficient. 
Table 9: Regression Model 

Variables Wages 

Constant 8.127*** 

 

(0.198) 

AccPop 0.030** 

 

(0.011) 

Education -0.156 

 

(0.147) 

Employment 1.746*** 

 

(0.257) 

Manufacturing 0.081 

 

(0.067) 

KIBS 0.617** 

 

(0.244) 

R2 0.831 

F 18.742 

*** = Significant at 0.01 level 

** = Significant at 0.05 level 

Note: Wages and AccPop are log transformed 

 

The R2-value indicates that the model has a very good fit before the investment. The 

value of 0.831 implies that more than 83 percent of the specified model explains the 

variation in Wages. Furthermore, the regression model has a few parameters with 

standard errors that could be considered large. These relatively large standard errors 

                                                
8 See Appendix A.1.1 for TOL and VIF test 
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need to be carefully valued, since the predictions for the parameters become less 

precise and accurate the larger the standard error. The variables are expected to have 

some relation to each other. For instance, a change in the employment level in a 

region will most likely be reflected in the region’s income level. Like the R2-value, 

the F-value is provided to validate the regression model. The F-value expresses the 

overall significance, and since the critical level is exceeded, the null hypothesis that 

states that the coefficients for the independent variables have equal variances, can be 

rejected.  

 

The regression model shows that four out of six variables are significant at either 

0.01, 0.05 or 0.1 level, before the investment. One of the two insignificant variables, 

Manufacturing, is related to the industries and the other is Education. Education is 

expected to be suffering from some multicollinearity, causing the insignificance. It 

can be observed in the regression table that the accessibility to population (AccPop) is 

highly significant, i.e. significant at the 0.01 level, thus the null hypothesis is rejected 

as the variable is expected to influence the accessibility and productivity. 

The positive relationship between the accessibility and wages is presumed to be valid 

and consistent with the writings by Combes et al., (2012); Maré et al., (2012); 

Yankow, (2006); Glaeser, (2010). This implies that when the accessibility within a 

region increases, i.e. the region becomes denser; it can be observed, from the results 

that the productivity in a region will increase. The productivity is measured in wages. 

As the wages increase, and the workers subsequently experience an increase in their 

income, they are expected to be better off. The results suggest that the consumption 

behavior can change, which leads to an expected economic growth of the region. 

These results are further supported by the findings by Moomaw, (1981), who infer 

that a greater accessibility, i.e. larger cities and regions, attracts large firms that pay 

higher wages, hence the region becomes more productive. The results are also 

consistent to the findings by Brown and Medoff, (1989). 

 

Unlike the findings by Schultz, (1961); Baumgartner, (1988); Kim, (1989); Wheeler, 

(2001); Costa and Kahn, (2000), Education turns out to be insignificantly related to 

the Wages, hence the null hypothesis cannot be rejected as the variable fails to have 



30 

 

any influence on the dependent variable. The insignificant coefficient is very likely 

caused by multicollinearity between the variables, as shown in Table 12.  

 

Employment, on the other hand, is seen to have a substantial positive effect on the 

Wages. The implication is that Wages increase as the amount of Employment 

increases in the region. The projected increase in Wages, and thus the productivity 

due to an increased employment level, is consistent with the findings by Helsley and 

Strange (1990) regarding labor pooling. The results suggest that the region may 

experience a higher degree of matching between the workers and firms. Therefore, the 

workers in the region are more specialized, inducing the wages to increase in line with 

the findings by Kim, 1989 and also Wheeler, 2001. Moreover, this may suggest that 

the increase in employment is due to more firms locating in the region. Thus, more 

labor is attracted, which improves the choice of labor and subsequently fosters the 

productivity in the region, which is consistent with the theory by Cochrane et al., 

(2010). As the variable is significant we reject the null hypothesis since it is expected 

to influence the wages, and thus the productivity. 

 

The industry variables show different signs regarding the significance, where the 

Manufacturing, like the Education variable, fails to influence the dependent variable. 

Thus the null hypothesis cannot be rejected. Contrary to the Manufacturing variable, 

the other industry variable, i.e. KIBS, has a significant influence on the dependent 

variable (Wages). Not surprisingly, KIBS has rather a large influence (0.617) on the 

wages. The positive coefficient suggests that an increase in KIBS, i.e. industries with a 

high demand of skilled labor, will lead to the region becoming more productive. As 

the productivity in the region improves, the wages will increase as well. The results 

are consistent with the findings made by Hershberg et al., (2007) regarding clustering 

of knowledge intensive businesses and services in Asian urban areas, leading to an 

increase in the wages and productivity. Moreover, the improvement in wages and 

productivity due to an enlarged KIBS industry in the region is consistent with the 

findings by Schultz (1961), where the amount of human capital influences the 

innovation rate and productivity. Since the variable for KIBS is significant the null 

hypothesis is rejected. 
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7.  Effects  of  the  Investments  
This section provides a description of the effects in the accessibility and productivity 
that a decrease in commuting time has for the municipalities. 
To determine the effects that the investments would have on the region, a difference 

equation has been used. There are four equations considered where Equation 3 is 

before the investments, Equation 4 after, Equation 5 the difference between Equations 

3 and 4 and Equation 6 the difference in the wage level: 

𝑌! = 𝛼 + 𝛽𝑋!    (3) 

𝑌!!! = 𝛼 + 𝛽𝑋!!!    (4) 

∆𝑦/𝑌! =
(!!!!!!!)

!!
    (5) 

𝜔 =   ∆𝑦 𝑌! ∗ 𝛽    (6) 

In the equations above, 𝛼 corresponds to the constant β1. The variable β corresponds 

to an elasticity and is equal to β2; hence its coefficient equals 0.0309. Subsequently, Xt 

relates to the accessibility before the investments, and Xt+1 is the accessibility after the 

investments. The difference, measured as growth in wages, is symbolized by ω. 

 
Note: The figures are rounded.  

Figure 6: Wage Growth after the Investments 

Figure 6 shows the estimated effects that the investments would have on each 

municipality and the particular region10. An improved accessibility, as a result of a 

decrease in the traveling time, would lead to a substantial increase in the wages 

for Vaggeryd. Värnamo and Jönköping are also expected to experience increases 

                                                
9 The coefficient is received from Table 9: Regression Model in Section (6.2.)  
10 For full table see Table 16 (Appendix A.2.7). 
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in the accessibility by 8.645 percent respectively 3.381 percent, if the accessibility 

is doubled. This corresponds to increases in the wage levels by 0.259 percent 

respectively 0.101 percent for Värnamo and Jönköping. Vaggeryd is expected to 

experience an improvement in the accessibility of 87.277 percent since it is a 

relatively small municipality, located in the center of the considered area. Because 

of this, the municipality is influenced from the municipalities both above it and 

below it; hence a larger effect is achieved. Additionally, Vaggeryd is located 

rather close to municipalities such as Jönköping, Värnamo, Nässjö and Gnosjö; a 

fact that is expected to have a large influence. The improvement in accessibility 

will correspond to an increase in the wage level by 2.618 percent. For the 

remaining municipalities on the route, Jönköping experiences the smallest effect 

of the investments. However, the improved accessibility of 3.381 percent is 

similar to previous observations in a vast amount of literature e.g. Louri, 1988; 

Ciccone and Hall, 1996; Wheeler, 2001; Ciccone 2002; Rice, Venables and 

Patacchini, 2006. Jönköping experiences an increase that is significantly larger 

than other municipalities considered being relatively large, e.g. Borås, Falköping 

and Nässjö. Larger communities generally experience smaller relative effects and 

this is explained by the fact that these communities are already densely populated. 

Communities that experience a smaller effect in the study are located further away 

from the railway. Hjo, a small municipality located far away from the railway 

with only one large municipality close, is expected to realize an almost non-

existent improvement in accessibility, slightly more than 0.142 percent if the 

accessibility is doubled. This would in turn lead to a minor increase in the wage 

level of 0.004 percent. 

In general, the municipalities experiencing the largest growth are relatively small 

compared to their surroundings. Very likely, their growth is due to larger labor 

markets as a result of the reduction in time distances and the enlargement in 

regions. Additionally, the decreased time distances makes it possible for the labor 

to live in a smaller, and less expensive, municipality and commute to a larger 

municipality for work. 

Sävsjö, Vetlanda, and Tranemo are municipalities that are rather centrally located 

and close to the railway, with a substantially larger share in the manufacturing 
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industry compared to KIBS, which could explain their high growth effects, shown 

in Figure 6.  

 

These results strongly support the theories that better infrastructure and shorter 

traveling times improve the accessibility, leading to the regions getting larger. As the 

region grows, smaller municipalities benefit of being included; hence, there are an 

increased number of firms, of supply for labor and of households (Figure 2).
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8.  Conclusion  

The aim of the thesis has been to investigate whether the planned investments and the 

decreased commuting time will have the expected effects on the accessibility and 

productivity for the Jönköping-Värnamo region.  

To determine the accessibility, measured in wages, a widely used accessibility 

measure, the Potential of Opportunities, which is derived from the Gravity Model, has 

been used. To complete the study, four control variables that originate from the data 

selection is tested with the population accessibility to estimate the effects on wages. 

These variables are education, employment rate, and two industrial variables; 

manufacturing and KIBS. The study includes 25 municipalities located in different 

counties that surround the targeted railway with time distances ranging up to 

approximately one hour. The results from the regression model show that four 

variables, including the constant, have a significant positive influence on the wages, 

i.e. productivity, and thus the null hypothesis is rejected for these variables. The 

variables are: population accessibility, employment, and KIBS, whereas education 

and manufacturing proves to be insignificant. The insignificances are very likely the 

result of multicollinearity.  

Moreover, investments that decrease the traveling time will have substantial effects on 

wages and productivity for the municipalities that surround the railway. The further 

away from the railway, the smaller the effect is. Vaggeryd is expected to experience 

an increased wage level by approximately 2.618 percent. This is probably due to its 

relatively small size, central location, and short time distances to larger communities.  

Värnamo will experience a 0.259 percent increase and Jönköping an increase in 

wages and productivity of 0.101 percent, if the accessibility is doubled. The reason for 

Jönköping’s smaller increase is due to it being a larger municipality that is surrounded 

by smaller, hence a smaller effect is achieved. 

 

To further investigate this topic, future research should consider whether comfort 

(parking, Wi-Fi, and security) has a significant effect on the choice for commuting. 

Also effects of fares and timetable changes could be of interest. Future research could 

concentrate on local, intra-regional and extra regional accessibility and investigate the 

effects of each specific measure. Moreover, studies could investigate a larger area 

including more municipalities and also over a longer period of time, using panel data.  
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Appendix  

A.1  Regression  Diagnostics  

A.1.1.  Multicollinearity  Tests  

The table provides the results for the Tolerance Level (TOL) and Variance-Inflating 

Factor (VIF) tests to determine the degree of multicollinearity between the variables. 
  TOL VIF 

AccPop 0.430 2.324 

Education 0.431 2.319 

Employment 0.621 1.609 

Manufacturing 0.405 2.472 

KIBS 0.296 3.374 

 

There is generally a rule of thumb stating that if the VIF-value exceeds 10 it indicates 

a serious degree of multicollinearity (Gujarati and Porter, 2009). The VIF value for 

KIBS indicates that there may be traces of multicollinearity present.  

The TOL level is consistent with the VIF-values. A TOL value closer to zero 

indicates collinearity between the variables (Gujarati and Porter, 2009).  

  

A.1.2  Heteroscedasticity  Tests  

The following table provides the results for White’s Heteroscedasticity Test to 

determine if the data is homoscedastic. 

Heteroscedasticity Test: White’s 

H0: Homoscedasticity HA: Heteroscedasticity 

Obs*R-squared   22.83092 

Prob. Chi-square   0.2972 

 

White’s General Heteroscedasticity Test concludes that the data is homoscedastic as 

0.2971 exceeds the probability level of 0.05. 
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A.2  Descriptive  Tables  

A.2.1  Population  

Table 10: Population 

Municipality Total Women Men 

Alvesta 19 280 9 428 9 852 

Aneby 6 375 3 098 3 277 

Borås 105 995 53 641 52 354 

Eksjö 16 464 8 263 8 201 

Falköping 31 988 16 022 15 966 

Gislaved 28 713 14 202 14 511 

Gnosjö 9 406 4 591 4 815 

Habo 10 975 5 432 5 543 

Hjo 8 805 4 443 4 362 

Jönköping 130 798 65 869 64 929 

Ljungby 27 277 13 473 13 804 

Markaryd 9 515 4 709 4 806 

Mjölby 26 313 13 055 13 258 

Mullsjö 7 039 3 523 3 516 

Nässjö 29 516 14 598 14 918 

Sävsjö 10 969 5 376 5 593 
Tidaholm 12 565 6 252 6 313 

Tranemo 11 531 5 615 5 916 

Tranås 18 197 9 079 9 118 

Ulricehamn 23 211 11 501 11 710 

Vaggeryd 13 209 6 548 6 661 

Vetlanda 26 419 12 986 13 433 

Värnamo 33 155 16 555 16 600 

Växjö 85 822 42 763 43 059 

Ödeshög 5 174 2 589 2 585 
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A.2.2  Income  

Table 11: Income 

Municipality Year 2011 Year 2012 

Sweden 237 186 242 736 

Alvesta 229 653 233 638 

Aneby 230 638 234 526 

Borås 236 078 240 401 

Eksjö 234 514 237 984 

Falköping 224 813 230 283 

Gislaved 243 325 249 309 

Gnosjö 247 675 254 446 

Habo 260 261 267 704 

Hjo 224 937 228 376 

Jönköping 242 618 248 582 

Ljungby 230 364 235 463 

Markaryd 206 887 211 238 

Mjölby 231 486 237 556 

Mullsjö 240 816 245 221 

Nässjö 229 597 234 988 

Sävsjö 224 614 228 369 

Tidaholm 224 308 227 842 

Tranemo 237 690 242 946 

Tranås 221 802 224 675 

Ulricehamn 235 474 239 629 

Vaggeryd 245 811 249 737 

Vetlanda 234 886 238 691 

Värnamo 248 749 254 218 

Växjö 240 631 245 423 

Ödeshög 209 596 211 786 
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A.2.3  Employment  

Table 12: Employment 

Municipality 
Day time 
workers 

Night time 
workers 

Employment 
rate 

Alvesta 7 663 9 137 0,788 

Aneby 2 606 3 275 0,821 

Borås 55 187 50 656 0,773 

Eksjö 9 516 7 978 0,810 

Falköping 13 893 15 037 0,788 

Gislaved 14 606 14 275 0,813 

Gnosjö 5 847 4 817 0,820 

Habo 3 758 5 608 0,872 

Hjo 2 990 4 187 0,806 

Jönköping 68 426 64 472 0,794 

Ljungby 13 569 13 653 0,815 

Markaryd 4 949 4 283 0,757 

Mjölby 11 924 12 616 0,799 

Mullsjö 2 796 3 379 0,818 

Nässjö 12 737 13 768 0,784 

Sävsjö 4 755 5 221 0,794 

Tidaholm 4 796 6 063 0,804 

Tranemo 5 914 5 763 0,834 

Tranås 8 312 8 152 0,776 

Ulricehamn 9 181 11 437 0,822 

Vaggeryd 5 824 6 724 0,840 

Vetlanda 12 652 12 927 0,821 

Värnamo 17 338 16 854 0,829 

Växjö 45 041 41 644 0,775 

Ödeshög 1 871 2 422 0,789 
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A.2.4  Commuting  

Table 13: Commuting 

Municipality Commuting in Commuting out 

Alvesta 2 363 3 823 

Aneby 833 1 457 

Borås 12 431 8 074 

Eksjö 3 286 1 929 

Falköping 2 833 3 993 

Gislaved 3 090 2 889 

Gnosjö 2 126 1 105 

Habo 1 475 3 295 

Hjo 619 1 855 

Jönköping 12 134 7 985 

Ljungby 1 976 2 093 

Markaryd 1 662 900 

Mjölby 4 152 5 140 

Mullsjö 944 1 652 

Nässjö 3 058 4 200 

Sävsjö 976 1 436 

Tidaholm 820 1 963 

Tranemo 1 837 1 702 

Tranås 1 902 1 675 

Ulricehamn 1 543 3 802 

Vaggeryd 1 354 2 249 

Vetlanda 2 057 2 351 

Värnamo 3 600 3 240 

Växjö 9 627 6 302 

Ödeshög 401 948 
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A.2.5  Education  

Table 14: Education 

Municipality Graduated 2013 Workers 2013 
Share of 

education 

Alvesta 1358 7663 0,17721519 

Aneby 438 2606 0,168073676 

Borås 10942 55187 0,198271332 

Eksjö 1661 9516 0,174548129 

Falköping 2447 13893 0,176131865 

Gislaved 1650 14606 0,112967274 

Gnosjö 467 5847 0,079870019 

Habo 1172 3758 0,311868015 

Hjo 764 2990 0,255518395 

Jönköping 16594 68426 0,242510157 

Ljungby 2043 13569 0,150563785 

Markaryd 486 4949 0,098201657 

Mjölby 2133 11924 0,178882925 

Mullsjö 530 2796 0,189556509 

Nässjö 2029 12737 0,159299678 

Sävsjö 706 4755 0,148475289 

Tidaholm 744 4796 0,155129274 

Tranemo 707 5914 0,119546838 

Tranås 1246 8312 0,149903754 

Ulricehamn 1891 9181 0,205968849 

Vaggeryd 1011 5824 0,173592033 

Vetlanda 1708 12652 0,134998419 

Värnamo 2644 17338 0,152497405 

Växjö 11907 45041 0,264359139 

Ödeshög 309 1871 0,165152325 
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A.2.6  Industries  

Table 15: Industries 

Municipality Manufacturing % KIBS % 

Alvesta 27,94 6,19 

Aneby 32,83 3,80 

Borås 11,22 18,79 

Eksjö 14,88 5,29 

Falköping 24,97 7,32 

Gislaved 43,51 7,90 

Gnosjö 55,04 4,55 

Habo 33,16 6,88 

Hjo 21,11 8,20 

Jönköping 13,56 15,08 

Ljungby 31,79 7,58 

Markaryd 40,72 4,92 

Mjölby 28,48 7,97 

Mullsjö 40,15 5,08 

Nässjö 23,26 10,40 

Sävsjö 37,32 4,90 

Tidaholm 26,59 6,63 

Tranemo 46,10 4,80 

Tranås 29,30 10,20 

Ulricehamn 22,05 9,00 

Vaggeryd 6,07 7,88 

Vetlanda 33,12 6,87 

Värnamo 27,59 10,34 

Växjö 11,30 17,31 

Ödeshög 20,33 8,10 
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A.2.7  Growth  Effects  

Table 16: Growth Effects 

Municipality Yt Yt+1 Yt-Yt+1 
Accessibility 

increase (Δy/ Yt) 
Wage level 

increase (ω) 

Alvesta 17733,42051 18427,70063 694,2801192 0,039150942 0,117452826 

Aneby 6900,129374 7192,23463 292,1052558 0,042333301 0,126999904 

Borås 27925,44977 28034,73737 109,2876012 0,003913548 0,011740645 

Eksjö 5255,225856 5434,361775 179,1359196 0,034087197 0,102261591 

Falköping 8675,208829 8698,312283 23,1034539 0,002663158 0,007989475 

Gislaved 7763,177078 7838,814737 75,63765891 0,009743132 0,029229396 

Gnosjö 8719,074585 9027,689 308,614415 0,035395318 0,106185953 

Habo 18936,42482 19121,11712 184,692306 0,009753283 0,029259848 

Hjo 6402,376966 6411,518805 9,141838536 0,001427882 0,004283646 

Jönköping 27450,38402 28378,35234 927,9683158 0,033805294 0,101415883 

Ljungby 9256,656654 10851,39353 1594,736876 0,172280007 0,516840022 

Markaryd 2818,040291 2944,130426 126,0901346 0,044743908 0,134231723 

Mjölby 6774,174114 6876,707208 102,5330949 0,015135881 0,045407644 

Mullsjö 12189,5456 12306,29974 116,7541405 0,009578219 0,028734658 

Nässjö 9229,392927 9243,869103 14,4761759 0,001568486 0,004705459 

Sävsjö 4637,188828 5392,363551 755,1747236 0,162851838 0,488555514 

Tidaholm 3981,311666 4004,48694 23,17527433 0,005821015 0,017463045 

Tranemo 5055,965309 5460,960658 404,9953494 0,080102478 0,240307434 

Tranås 6901,126671 7095,246577 194,1199059 0,028128727 0,08438618 

Ulricehamn 32767,59802 32996,95266 229,3546397 0,006999434 0,020998302 

Vaggeryd 5299,487616 9924,746075 4625,258459 0,872774652 2,618323955 

Vetlanda 5298,61867 5781,600436 482,9817659 0,091152392 0,273457176 

Värnamo 10780,5143 11712,52413 932,0098352 0,086453189 0,259359566 

Växjö 19631,95507 19994,2633 362,3082292 0,018455025 0,055365076 

Ödeshög 2150,530379 2253,063474 102,5330949 0,04767805 0,14303415 

 


