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ABSTRACT  1 

Commuting distances and the complexity of commuter flows have increased steadily over the 2 

years, effecting transport emission and urban sprawl. This paper measures and visualises the 3 

explicit spatial impact of commuting. Based on human activity space and market area concepts, 4 

three measures of commuting regions, average commuting distance (I), commuting intensity 5 

(II), and confidence interval ellipse (III) are developed. A commuting region is not static. It 6 

changes over the years. The determinants of spatial change of commuting regions are modelled 7 

across all communities of Switzerland to evaluate the three measures. To better understand the 8 

complex commuting structure, the spatial effects of in-commuting and out-commuting are 9 

analysed separately. The independent variables of the two explorative models are organised into 10 

socio-demographic characteristics of the residential community, economic characteristics of the 11 

workplace, and morphological structure. The resulting effects vary between decades and 12 

commuting direction, mainly influenced by spatial structure, the distance to the nearest urban 13 

centre, large, medium or small, and by the neighbouring communities. This approach 14 

contributes to a better understanding of the behaviour of a functional region, a delimitation 15 

approach that is becoming more important next to traditional administrative regional 16 

boundaries.  17 
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INTRODUCTION 1 

Generally, functional regions are a combination of different social, economic, or political flows 2 

focusing on the concept of market areas (1). However, a commuting region is a functional region 3 

according to its interzonal commuting flows. Functional areas exist on local, national, or even 4 

global levels, in different hierarchies and shapes and sizes, but mainly have been used to define 5 

catchment areas of large urban centres, the so-called metropolitan areas in Switzerland (2).  6 

The concept of a functional region worldwide calls for more attention; because of increasing 7 

mobility, previously delineated administrative boundaries are being exceeded. Therefore, the 8 

existing boundaries are often neither the appropriate scale for analyses, nor reasonable for efficient 9 

spatial planning. This paper’s central idea is the development of functional commuting regions, 10 

adaptable to different hierarchies, for analysing the growth of the impact and the increasing 11 

complexity of commuting over the years. This approach contributes to a better understanding of the 12 

change of a functional region. Additionally, spatial commuting behaviour is an important spatial 13 

factor reflecting urban sprawl. To reduce emissions by achieving a better workplace-housing 14 

balance would be a direction for the politics of land use planning. However, there is a lack of 15 

consensus about the real impact of commuting. 16 

 17 

SPATIAL AND TEMPORAL CHANGE OF COMMUTING IN SWITZERLAND 18 

In Switzerland, the temporal change in commuting has been analysed because of the availability of 19 

suitable commuting data in several studies (e.g., 3; 4). The average distance of car commuting 20 

nearly doubled between 1970 and 2000 from 6.60 km (4.1 miles) to 11.50 km (7.1 miles). Distance 21 

travelled in public transport increased only slightly (3). The share of motorized individual traffic 22 

rose to 56% in the year of 2000 and slow modes decreased. The share of out-commuting increased 23 

at the expense of internal regional commuting of all commuting trips. Furthermore, while distance 24 

of commuting grew between 1970 and 2000, travel time is nearly unchanged. In 1970, more than 25 

60% travelled twice a day, which was down to 34% in 2000 (4).  26 

Growth of catchment areas of large-sized urban centres and their adjacent agglomerations is 27 

undisputed (see figure 1). The catchment areas of large urban centres often merge with their 28 

adjacent medium and smaller urban centres. Diffuse and overlapping commuting areas of an unclear 29 

hierarchical status are emerging.  30 
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 1 

FIGURE 1  Growth of commuting catchment areas, 1970–2000. 2 

 3 

Figure 2 confirms the increase in commuting distance over time in combination with rising 4 

commuting intensity. However, the change is not uniform. Job-commute trips were traditionally 5 

directed towards the urban cores where jobs and economic activity are concentrated. Commuters are 6 

living more frequently in suburban/rural municipalities at a distance from the workplace. 7 

Residential suburbanization has been associated with the rise in commuting trip distances and 8 

increasing pressure on radial roads since the 1960s. More people commute into large urban centres 9 

than in the opposite direction. The 1980s witnessed an arrival of jobs in the suburbs, in particular 10 

white-collar office and service jobs, in what has been called the second wave of suburbanization. 11 

Whether deconcentration of work and home locations leads to shorter commuting trips is discussed 12 

contradictorily in the literature (5; 6) and has not been analysed conclusively for Switzerland. The 13 

changes are visualised in figure 2 by the change of median commuting intensity to large urban 14 

centres, middle or small urban centres, or suburban municipalities.  15 

The rise in in-commuting intensity to large urban centres (Zurich, Bern, Basel, Lausanne and 16 

Geneva) shows the effect of the first suburbanization process from 1970 to 1980, and an outward 17 

movement of the intensity change in the following years. The second stage of suburbanization, the 18 

change in out-commuting intensity, peaks between 1990 and 2000 in a range of 30 km (18.75 miles) 19 

from large urban centres. Both processes are accompanied by decreases in proximity to the centre. 20 

But, if the development is also characterized by a shift from a “radial versus core” to a tangential or 21 

diffuse commuting, which is not visible in this figure, then the total effect for suburban communities 22 

might be small. 23 



Veronika Killer, Kay W. Axhausen 5 

1970 - 1980

work

1980 - 1990 1990 - 2000

in-commuting intensity = commuters from home to work

         total employee

out-commuting intensity = commuters from home to work

                     total active population

home

0 20 60 100

-6
-4

-2
0

2
4

6

Large 

sized urban centres
M

e
d

ia
n

 c
h

a
n

g
e

 

o
f 

in
-c

o
m

m
u

ti
n

g
 i

n
te

n
s

it
y

 [
%

]

0 20 60 100
-6

-4
-2

0
2

4
6

Middle and small 

sized urban centres

 

0 20 60 100

-6
-4

-2
0

2
4

6

Suburban 

communities

 

0 20 60 100

-4
-2

0
2

4

k ilom etres

M
e

d
ia

n
 c

h
a

n
g

e

o
f 

o
u

t-
c
o

m
m

u
ti
n

g
 i

n
te

n
s

it
y

 [
%

]

0 20 60 100

-4
-2

0
2

4

k ilom etres

 

0 20 60 100

-4
-2

0
2

4

k ilom etres

 

 1 

FIGURE 2 Changes in commuting intensity in distance from workplace or home. 2 
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METHODS OF MEASURING SPATIAL IMPACTS OF COMMUTING 4 

Several concepts to define functional commuting regions of different degrees of generalization, 5 

from a morphological to an a-priori circular shape of the commuting region, detached from 6 

administrative boundaries, have been employed in previous studies (7). This study expands on that 7 

work with a model of in- and out-commuting flows for all of Switzerland in order to better 8 

understand complex commuting structures. Traditional approaches delimit an urban area by a circle 9 

(I) or by a threshold level of commuting intensity (II). Additionally, the concept of the confidence 10 

ellipse (III) used for human activity spaces has been tested. 11 
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I  Average Commuting Distance 1 

In the literature, fixed values of 11 km radius up to 60 km are suggested (8) to delimit a circular 2 

commuting region. Defining the geographical area for his analysis of the job-housing balance, Peng 3 

(9) discussed a range between 4 and 15 kilometres and suggests a floating catchment area, buffering 4 

the administrative boundaries by 8 kilometres (5 miles). However, a fixed value can be applied only 5 

to cities in the same hierarchy or in case studies. Using standard distance (sd) as the appropriate 6 

radius at different hierarchical levels is an acceptable alternative. Standard distance is a bivariate 7 

extension to the standard deviation of a univariate distribution (10). In this study, the average of the 8 

Euclidian commute distance (
de ) for each community has been calculated. Different from the 9 

standard distance, the centre here is the home or workplace ( jj yx , ) instead of the spatial mean 10 

( yx, ).  11 
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While standard distance provides a useful summary measure of spatial dispersion, it has 13 

certain limitations. First, it cannot accommodate directional bias in the arrangement of point events. 14 

The circular shape is an oversimplification. In reality, areas are shaped by morphology, e.g., 15 

mountains and lakes. Second, spatial outliers lead to excessive estimates of spatial dispersion. In 16 

this study, commuting trips are weighted as a function of distance in order to avoid the distorting 17 

impact of long distance or weekly commuting.  18 

 19 

II  Commuting Intensity 20 

The commuting intensity of municipalities was used in previous studies to delimit Swiss statistical 21 

agglomerations (11) or metropolitan regions (2). In these studies, different cutoff values from 3% up 22 

to 10% of an active population were chosen. Both cutoff values have been tested for in-commuting 23 

and out-commuting regions (see figure 3). The cutoff value determines the size of the functional 24 

commuting region, as well as the number of regions existing. A municipality only has a commuting 25 

region if it is linked to three other municipalities with an intensity above the given threshold. The 26 

3% cutoff value is chosen for further analyses. 27 

 28 

III  Confidence Ellipse 29 

A two-dimensional confidence ellipse or standard deviational ellipse is an explorative method to 30 

investigate spatial relationships. Confidence ellipses are defined as the smallest possible area in 31 

which the true value of the population should be found with a certain probability (70% in this study) 32 

around the geographical mean of the flow vectors. The method has been used to characterise human 33 

activity spaces (12; 13). This method has the advantage that attributes besides the size of the 34 

catchment area can be measured and quantitatively compared, such as the shape, shift or angle with 35 

regard to the next centre. This method is also marked by the difficulties discussed above. First, the 36 
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point data should be weighted by weekly commuting frequency and normalized by total active 1 

population or number of employees (commuting intensity). Additionally, interzonal commuting has 2 

to be included in the calculations. Second, the cutoff value of significance level of the confidence 3 

interval has to be chosen. The 70% confidence level was chosen as the point that balances two 4 

criteria best: total share of commutes versus the number of municipalities without commuting flows 5 

to the municipality for which the ellipse is calculated.  6 

First, the regions were inspected visually (see figure 3 for method II and III). Municipalities 7 

with a commuting region smaller than its administrative area are considered to have no spatial 8 

impact and are excluded from further analysis. Second, as mentioned above, the total share of 9 

commuters to the respective municipality and the share of municipalities with no commute to the 10 

municipality of interest, but within the ellipse were calculated. An average of 62% of the in-11 

commuters live within the 70% confidences ellipse (region) of their destination community 12 

(n=2608; 2000). 38% of communities considered to belong to a commuting region have no 13 

functional connection with it. These measures differ strongly for the different types of 14 

municipalities. 88% of the in-commuters live in the respective catchment region of large urban 15 

centres and only 2% of the communities within their commuting region sent no commuters to the 16 

centre. 17 

 18 

FIGURE 3 Visual comparison of two concepts of commuting regions – commuting 19 

intensity 3% or 10% (II) and confidence ellipse 70% (III). 20 
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Comparison of the three approaches 1 

The differences in sizes of the catchment areas for the three approaches are shown in figure 4 for the 2 

year 2000. First impressions are gained of the behaviour of functional regions not centred in large 3 

urban communities. Therefore, the official community classification of Switzerland (11) is 4 

simplified into five groups: large urban centre, middle and small urban centre, suburban 5 

communities, specialized communities, (e.g., tourist or industrial communities), and agricultural 6 

communities. The confidence ellipse 70% (III) measures nearly the same effects as the average 7 

commuting distance (I) in both directions (in-commuting and out-commuting). In principle, the 8 

spatial impact of suburban municipalities in method III is overestimated in comparison to method II. 9 

For a community within a commuting region of a higher hierarchy (large urban centre), it is less 10 

likely to reach the 3% level as an alternative suburban destination community. However, the 11 

commuting regions of small and middle centres (e.g., Martigny, Naters, Chur, and Altdorf) beyond a 12 

large urban centre are large. Moreover, the method based on commuting intensity (II) produces 13 

large size differences between in-commuting and out-commuting areas. Method II actually produces 14 

regions with an equal intensity. Method III better captures the spatial extent of highly varying 15 

intensity within the region. 16 

 17 
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FIGURE 4  Commuting area size of the approach. 2 

 3 

Additionally, regarding the size of a functional region, it is necessary to discuss the question 4 

of which community really produces a spatial commuting impact, namely a functional in-5 

commuting region or a functional out-commuting region. Normally, the procedure of defining 6 

functional regions starts with identifying the core cities by a population threshold value (2; 11). 7 

However, this study starts with the assumption that every community can produce a spatial impact. 8 

Methods II and III (see figure 5) show an increasing number of rural communities over the years – 9 

out-commuting (+20%) and in-commuting (+5-10%). The two methods show the same tendencies 10 

with varying starting points over the years.  11 
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FIGURE 5 Share of municipalities with an in- or out-commuting region by the type of 2 

municipality. 3 

HYPOTHESES FOR CHANGES IN COMMUTING REGION SIZE 4 

Several spatial changes in commuting impacts have been discussed in the literature. Which factors 5 

are driving this change? Which characteristics of a community are causing an expansion or 6 

contraction of their commuting region? Charron (14) argues that the impact of the morphological 7 

and behavioural components of commuting impacts can be separated. We assume that socio-8 

demographic characteristics mainly influence the out-commuting region and economic workplace 9 

characteristics the in-commuting region. The morphological structure is essential for commuting in 10 

both directions.  11 

 12 

Socio-demographic characteristics 13 

Population changes should have an obvious impact on commuting regions. Nordbeck (15) used the 14 

concept of organism growth (A = CPk) (A = area, P = population) to analyse urban functional 15 

boundaries. The allometric relationship relating the areal extend of a spatial unit to its population 16 

size has been validated in different studies. However, the exponent values are specific to different 17 

cultures. 18 

A rising income in a municipality is often accompanied by a social structural change and can 19 

influence the commuting area. A higher share of inhabitants with higher education affects the 20 

commuting region positively. Craviolini (16) shows that commuter distance increases with rising 21 
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social status. Increasing individual motorized transport availability increases the commuting region. 1 

This effect is measured by the variable car ownership per tausend inhabitants. The share of female 2 

commuters has been increasing constantly (+11%) since 1970. A higher share of woman in an active 3 

population has a negative effect on the size of the commuting region because woman suffer spatial 4 

entrapment due to a range of factors, including the constraints of family responsibilities, argues 5 

Fröhlich (3). However, we assume that a higher share of children (0–14 years old) enlarges the 6 

commuting regions, mainly because families are less flexible in moving residence and are therefore 7 

willing to commute longer distances.  8 

 9 

Workplace characteristics 10 

The number of employees produces, analogously to total population, a larger commuting region, 11 

assuming also that the number of employees working in the service sector has a greater impact than 12 

employees in the industrial sector.  13 

A meaningful indicator for the evaluation of commuting is the independence index (17), 14 

which can be computed as the quotient of the number of internal commuters and the sum of 15 

out- and in-commuters. This index is higher when more interzonal commuting exists and lower 16 

with fewer border-crossing flows. A higher independence index should reduce the commuter 17 

region of a municipality. A change in the independence index indeed correlates strongly with a 18 

change in commuting area, therefore cannot be included in further modelling. Instead, the 19 

workplace centrality index, a simple measure of the proportion of in-commuters and out-20 

commuters, is calculated.  21 

Highly qualified jobs are strongly concentrated spatially. Does this lead to an expansion of 22 

the commuting region? The answer requires a data set with detailed industry categories over the 23 

years, but this is not available at the municipal level. To obtain a first impression, a simple 24 

specialization index (Si) has been calculated for the industrial and service sectors, where yi is the 25 

share of the respective sector of a community and y is the average share of the whole of Switzerland 26 

(18)  27 

∑ −=
k

kk

ii yyS
2

1
 28 

Morphological characteristics 29 

The languages, French, Italian and German, and the language borders are of political 30 

importance in Switzerland. A language border used to be recognized as a dividing line. In the 31 

90s, however, border-crossing commuting relations were observed by Treina and Zwiauer (19) 32 

(5 km buffer). There is big structural difference between the flatlands and mountain regions in 33 

Switzerland (see figure 1). Even the lakes could have a barrier effect on commuting. This is 34 

implemented as a dummy variable of a 2 km buffer.   35 
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Accessibility should affect the commuting region positively. The accessibility at 1 

community i is composed of the number of opportunities in this community (here, population and 2 

employment) and an exponential function of distance weight and travel time (generalized costs) 3 

between municipality i and municipality j. If a higher share of attainable jobs are present outside 4 

a destination municipality, employees would rather leave their residential community for 5 

working. However, the effect of accessibility is reduced over time. Development is closely 6 

linked with infrastructure improvement (20). Accessibility by car is included in the model 7 

structure. 8 

The commuting area change is linked to the functional role of a municipality as measured 9 

by the community classification. The number of commuters living in smaller, rural 10 

municipalities or in suburban areas has increased since 1970. The trend for small urban centres 11 

(Lyss or Langenthal) is relatively constant (4). 12 

 13 

EXPLAINING COMMUTING CHANGE 14 

Data 15 

The data used in this study comes from the journey-to-work flow data sets, collected by the Swiss 16 

Census. The commuter matrices of the years 1970, 1980, 1990, and 2000 have been validated by 17 

Fröhlich (3). Census participants, all resident in Switzerland, were asked about their workplaces. 18 

The point data set has a spatial resolution of each municipality’s centroid, providing only flows 19 

inside Swiss territory. This fact generates a bias for communities near the Swiss border. For the year 20 

2000, data on border in-coming commuters are available (total 138,678 commuters), the number of 21 

out-commuters is negligible (total 11,722 commuters). The flows particularly affect the 22 

municipalities along the French and German borders. This knowledge is integrated as a continuous 23 

weight to estimate the model of in-commuting regions. In the Swiss Census, modes and socio-24 

demographic and economic characteristics are also collected. Data on the number of employees in 25 

the second sector (industry) and third sector (service), the educational levels of the inhabitants, the 26 

number of employed women, and the total number of economically active individuals in the 27 

population were all obtained from census data for the appropriate years. 28 

 29 

Modelling commuting change 30 

The factors behind the change in spatial impact are modelled across all communities of Switzerland. 31 

The three approaches presented (I-III) are tested. Two separate models of in- and out-commuting 32 

are estimated with the independent variables organized into three groups: socio-demographic 33 

characteristics, economic characteristics, and morphological structure. Both models are influenced 34 

by the morphological structure of Switzerland. Additionally, in-commuting regions are determined 35 

by workplace characteristics and out-commuting regions by socio-demographic characteristics. 36 
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Several variables, discussed above, cannot be included in the model because of multicollinarity. The 1 

final set of variables is shown in table 1. 2 

The model of change (difference in commuting region) involves the absolute size of the 3 

commuting region in the starting year, the difference in the variables, accessibility change, and 4 

unchanging structural components (see equitation (1)-(3)). Regarding the sample and variance (f-5 

statistics), the model of change is not satisfying for regions defined by the commuting intensity (II) 6 

approach. Different linear, ordinary, least square regression models have been tested to verify the 7 

hypotheses of change in commuting regions. First, the absolute difference of the variables (1.1) is 8 

considered. Second, a regression applying the log differences or growth rates for all variables (1.2) 9 

is run. A positive value of a parametre (e.g., population growth) is associated with growth of the 10 

commuting region. The in-commuting model is weighted to account for the border effect (see 11 

above). 12 

 13 

OLS-C: ∆y = α + commuting area (t-1) + β ∆ X + β(morphological structure)t2000                         (1.1) 14 

LN-OLS-C: ∆lny = α +ln (commuting area) (t-1) + β ∆lnX + β (morphological structure) t2000     (1.2) 15 

 16 

Models for average commuting distance have been estimated, mainly for one direction, as 17 

Sydney (21). When sample data have a location component, then the problem of spatial auto-18 

correlation occurs. As a consequence, spatial correlation of the ordinary, least square estimations 19 

have to be accounted for, either in the independent variable (spatial lag model) or by correcting the 20 

spatial error term (spatial error model) (22). A neighbourhood matrix has to be determined in 21 

advance. Neighbours can be defined on the polygonal structure, contiguity-based, or by the nearest 22 

Euclidean distance. The Euclidean matrix of the five nearest neighbours is constructed for each 23 

community. A Lagrange multiplier test is applied to see whether the process is a spatial error (SEM) 24 

or a spatial lag (SAR). The spatial error model seems to be more appropriate as it removes the 25 

spatial auto-correlation better, as measured by the Moran I spatial auto-correlation test (23): 26 

 27 

LN-SEM-C: ∆lny = α +ln (commuting area) (t-1) + β ∆lnX + β (morphological structure) t2000 + u 28 

             u = λWeu +ε               (2) 29 

 30 

Finally, absolute size commuting area at the start of the decade determines the change in 31 

commuting region. Therefore, an ordinary regression of the effective size of the commuting 32 

areas depending on time, where the total population, the total number of employees and the 33 

accessibility is log-transformed, completes this analysis. 34 

 35 

OLS-T: y = α + βtime + βX                        (3) 36 

 37 
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RESULTS 1 

Because of the small difference from LN-OLS-C (1.2) and LN-SEM-C (2), mainly the 2 

morphological characteristics, final results of the LN-SEM-C model (see table 1 for change in in-3 

commuting areas, table 2 for change in out-commuting areas) are discussed only. To compare both 4 

models I and III and choose the better one, the Akaike information criterion (AIC) could be 5 

considered. Better models are those with lower values for the AIC. Hence, there is no clear winner, 6 

because the effect varies for the three decades. In any case, the model fits are not satisfying, but the 7 

models give us a clue about whether to accept or reject our hypotheses. The variables have an 8 

influence on the change of functional commuting regions, where both models are significant. 9 

The explanation of change in a functional commuting region is not very obvious and varies 10 

from year to year. The previous commuting area has a small, but significant influence on an in-11 

commuting and out-commuting region. Large commuting regions were growing more in the 1970s, 12 

but this tendency is inverted after 1980 when smaller regions grew in size. An assumed population 13 

growth has a strong impact on the expansion of out-commuting regions in all decades. The two 14 

significant variables influencing all decades of in-commuting regions are workplace centrality and 15 

employees of the third sector. The hypothesis that the share of children would enlarge the in-16 

commuting area is probably a hypothesis for the near future, when workers are willing to commute 17 

longer distances with a slowly growing time budget. However, commuting regions of 18 

municipalities, often of agricultural classification, were contracting between 1970 and 1990. The 19 

share of higher education residents has a significant and positive effect after 1990. The accessibility 20 

of individual transport has a big impact on change of in-commuting regions from 1970 to 1990, 21 

caused by the motorway building that started in 1959. 22 

The spatial error term (λ) explains a significant spatial autocorrelation. Within 23 

morphological characteristics, the community classification loses significance, while a stronger 24 

influence of the proximity to an urban centre becomes visible. For out-commuting regions, all 25 

centres are important, but for in-commuting regions, only the distance to large urban centres has 26 

an impact. The lake areas show an indirect increase in the 1980s because economically 27 

flourishing communities are situated along the lakes of Zurich and Geneva. 28 

 29 
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TABLE 1 Change in size of in-commuting area (Model LN-SEM-C) 1 

Independent variables I III I III I III

λ 0.184 *** 0.044 ** 0.175 *** 0.137 *** 0.195 * 0.155 ***

ln(previous commuting area) 0.174 ** 0.235 ** -0.311 *** -0.495 *** -0.174 *** -0.428 ***

∆ln(working place centrality) 0.106 *** 0.126 *** 0.040 0.471 *** -0.051  0.204 ***
∆ln(specialisation index) -0.005  0.033  0.011  0.013  0.020 * 0.012  
∆ln(total employee 3. sector) 0.362 *** 0.561 *** 0.096 ** 0.044 ** 0.205 *** 0.285 ***

∆ln(accessibility) 1.680 *** 2.425 *** 2.892 * 3.615 ** -4.547 ** -5.505  
boundary of language 0.202 ** -0.045  -0.049 -0.210 *** -0.068 * -0.095  
boundary of lakes -0.103 -0.139  0.097 ** 0.227 *** 0.040  0.101
montain region -0.101 -0.118  -0.009  -0.018  -0.045 -0.169 *
middle and small centres 1.062 ** 2.467 * -0.175 -0.106 0.028 -0.091  
suburban communities 1.639 ** 3.662 * -0.119 -0.359 -0.113  -0.338
specialised communities 1.423 ** 3.362 -0.339 -0.747 -0.208  -0.640
agricultural communities 1.380 ** 3.423 -0.444 -0.942 -0.366  -0.978
distance to large centre 0.002 * -0.001  -0.003 *** -0.006 *** -0.003 *** -0.004 ***

distance to middle or small centre 0.008 ** 0.001 -0.001 -0.004 -0.001 -0.005 *
LogLik -2603 -2644 -2162 -2633 -2204 -2805
AIC 5241 5323 4357 5300 4441 5644
MoransI 0.000 -0.007 0.005 -0.002 -0.002 -0.001
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ < 0.05  ' ' ≥ 0.05 Bold indicates significance for both methods

1970-1980 1980-1990 1990-2000

 2 

 3 

 4 

TABLE 2 Change in size of out-commuting area (Model LN-SEM-C) 5 

Independent variables I III I III I III

λ 0.282 * 0.173 * 0.230 *** 0.251 *** 0.193 *** 0.151 ***

ln(previous commuting area) 0.090 *** 0.118 *** -0.415 *** -0.563 *** -0.197 *** -0.499 ***

∆ln(total population) 0.534 *** 0.761 *** 0.233 * 0.487 ** 0.213 *** 0.230 ***

∆ln(share of children) -0.231 ** -0.223 ** -0.026 *** -0.210 * 0.036  0.078  
∆ln(share of woman employee) 0.083  0.060  -0.081  -0.152  -0.155  -0.429 *
∆ln(share of higher education) 0.010  -0.045  -0.038 * -0.121 * 0.141 ** 0.292 ***

∆ln(car ownership) 0.060  0.057  0.028  0.047  -0.030  -0.076  
∆ln(income) -0.297 ** -0.050  -0.162  -0.447  -0.037  -0.032  
∆ln(accessibility) 0.189  0.605 * 0.580 * 3.540 * -1.995  -0.549  
boundary of language 0.064  -0.081  -0.050  -0.030  -0.048  -0.113 *
boundary of lakes -0.049  -0.010  0.076 ** 0.144 ** 0.007  0.092 *
mountain region -0.088  -0.052  0.046 0.042 * 0.037  0.005  
middle and small centres 1.317 * 2.286 -0.333 -0.867 -0.066 -0.806
suburban communities 1.524 ** 2.828 * -0.388 -0.985 -0.220 -1.144
specialised communities 1.501 ** 2.889 * -0.537 * -1.269 -0.357 -1.488
agricultural communities 1.352 ** 2.768 * -0.607 ** -1.486 * -0.527 -1.820 *

distance to large centre 0.001  -0.002  -0.003 *** -0.005 *** -0.003 *** -0.005 ***

distance to middle or small centre 0.005  -0.004  -0.003 ** -0.008 *** -0.003 * -0.006 **

LogLik -2518  -2271  -1729  -2111  -2134  -2428  
AIC 5077  4582  3498  4261  4307  4896  
Morans I -0.007  0.000  -0.001  -0.004  -0.002  -0.002  
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ < 0.05  ' ' ≥ 0.05 Bold indicates significance for both methods

1970-1980 1980-1990 1990-2000

 6 

 7 

 8 

 9 

 10 

 11 



Veronika Killer, Kay W. Axhausen 16 

The model of effective size (OLS-T, (3)) results’ for the three methods (I-III) differs 1 

(see table 3 and 4). Several variables show similar effects for the effective size models as for the 2 

models of change. Total population and total employee of third sector produce large sized 3 

commuting regions by all methods. A specialisation in industry or service, and the accessibility 4 

explicitly indicates larger out-commuting areas. Others significant variables are different signed 5 

by the three methods (e.g. share of children and morphological characteristics).  6 

Additional information is gained about the general model fit: better fits for method II 7 

for out-commuting regions, but method III does better for in-commuting regions. This can be 8 

explained in method II by the difference in the size of suburban communities, on one hand, 9 

where regions strongly linked to the city centre (e.g., Bonstetten, Muri, or Prilly) produce 10 

smaller out-commuting areas. On the other hand, method III produces outliers in rural 11 

communities’ out-commuting regions, when a small number of commuters have relatively long 12 

commuting distances. The spatial difference of the three methods shows the changing sign of 13 

morphological characteristics. For example, the surprising positive influence of the mountain 14 

regions on the size of out-commuting regions for method II can be explained by the missing 15 

competition effect, producing large commuting regions (e.g., Chur or Naters) in the mountains.  16 

 17 

 18 

TABLE 3 Size of in-commuting area (Model OLS-T) 19 

Independent variables
year 1980 -0.164 * -0.17 -0.506
year 1990 1.646 * 4.05 *** -1.373 ***
year 2000 1.131 *** 6.739 *** -1.263 ***
ln(total employee 3. sector) 0.94 *** 3.07 *** 3.179 ***
working place centrality 0.008 -0.005 -0.002
specialisation index 0.79 *** 2.072 *** 3.204 ***
ln(accessibility) 0.538 *** 0.757 *** 1.728 ***
boundary of language 0.09 -0.421 *** 1.005 ***
boundary of lakes 0.538 0.098 -1.216 ***
mountain region -0.253 *** -0.713 *** 2.191 ***
middle and small centres -4.24 *** -4.526 *** -18.191 ***
suburban communities -4.25 *** -1.771 -25.192 ***
specialised communities -5.12 *** -4.373 *** -23.526 ***
agricultural communities -5.645 *** -4.23 *** -23.561 ***
distance to large centre -0.027 -0.077 *** 0.218 ***
distance to middle or small centre 0.376 *** 0.604 *** 0.461 ***
Rsq 0.407 0.589 0.680
LogLik -84937 -29288 -7498.973
AIC 169909 58611.5 15033.947
Morans I 0.078 *** 0.193 *** 0.109 ***
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ < 0.05  ' ' ≥ 0.05

II
3% Intensity 
area (root)

III
70% Confidence 

ellipse area
(root) 

I
Average 

commuting 
distance

 20 

 21 
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TABLE 4 Size of out-commuting area (Model OLS-T) 1 

Independent variables
year 1980 -0.288 *** 1.481 *** -0.251
year 1990 1.249 *** 2.518 *** 4.934 ***
year 2000 1.883 *** 3.582 *** 6.908 ***
ln(total population) 0.987 *** 2.679 *** 3.605 ***
share of children -0.057 *** 0.052 *** -0.132 ***
share of woman employee -0.001 -0.023 -0.024 *
share of higher education -0.006 -0.118 *** 0.033
car ownership 0.000 0.026 -0.026
income -0.011 -0.002 *** 0.001
ln(accessibility) 0.105 * -1.854 *** -0.300 **
boundary of language -0.037 0.530 *** -0.286 *
boundary of lakes 0.039 -0.253 *** 0.000
mountain region -0.133 1.147 *** 0.116
middle and small centres -4.331 *** -5.801 *** -9.140 ***
suburban communities -5.390 *** -9.535 *** -9.667 ***
specialised communities -5.862 *** -8.451 *** -10.534 ***
agricultural communities -5.966 *** -8.590 *** -10.750 ***
distance to large centre 0.488 *** 1.337 *** -0.299 *
distance to middle or small centre 0.011 0.475 *** -0.192
Rsq 0.318 0.673 0.563
LogLik -28390.4 -10125 -32137.43
AIC 56822.8 20292.6 64316.866
Morans I 0.078 *** 0.171 *** 0.07 ***
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ < 0.05  ' ' ≥ 0.05

II
3% Intensity 
area (root)

III
70% Confidence 

ellipse area
(root) 

I
Average 

commuting 
distance

 2 

 3 

CONCLUSION AND OUTLOOK 4 

This paper reports on models of the growth of functional regions. Understanding the factors 5 

behind a functional commuting region remains important for future methods to delimit regions. 6 

Not only socio-demographic characteristics or economic characteristics, but even more, the 7 

spatial organization and hierarchy influence the change in spatial size in commuting regions. 8 

Particularly in polycentric regions, one region influences another, producing a competition 9 

effect on commuting intensity more than on size. In further investigations, intensity inside a 10 

commuting region and the overlaps will be analysed in order to better understand and model 11 

these complex competitive interactions.  12 

This analysis highlights the spatial distribution of strong effects on the size of a 13 

commuting region. However, the community characteristics are probably not appropriate in all 14 

cases and less significant after 1980. Therefore, a rethinking of the categories of the distances to 15 

the nearest large urban centre will be a next step. Afterwards, the model has to be adapted for 16 

these subgroups and could be modelled using a multilevel modelling approach. The point of 17 

multilevel modelling is that a statistical model should explicitly recognize a hierarchical 18 

structure where one is present (24). 19 
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Although even non-urban communities produce a functional commuting region, they are 1 

dependent on the nearest urban centre. The concept of centrality, discussed in traditional urban 2 

geography literature (25), still effects dispersed commuting flows today. 3 

 4 
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