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Introduction
The separation of residential location and location of working places has led to complex commuting 
patterns, which have been extended in geographical scale over the past decades. Consequently, home-
job-home trips have adopted multi-regional network configurations and have led to complex interactive 
networks. Commuting has become an important study field in geography, transportation science and 
regional science (Rouwendal and Nijkamp, 2004), and nowadays, it is an important source of information 
for physical planners.

Models of commuting flows have become an important topic within regional science (Gorman et 
al., 2007; Rouwendal and Nijkamp, 2004). The importance of such models is among the others in making 
predictions about how changes in the spatial distribution of jobs and workers, or the infrastructure 
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connecting the residential location and location of working places, might affect the region’s economy. A 
variety of models have been developed with the aim of modelling and analysing commuting flows. One 
of the popular classes of models, which is the subject of this paper, is the class of gravity models (Haynes 
and Fotheringham, 1984). According to Sen and Smith (1998), the analogy of gravity forces in social 
sciences can be dated back to Carey and his studies, published in 1858, on the sociological phenomena 
of group behaviour. In modern times, the gravity model has many applications. It is mostly used in areas of 
transportation, physical planning, environmental studies, regional economics and geographical analysis 
(Taylor, 1975; Rich, 1980; Gitlesen and Jörnsten, 2000). This paper focuses on its use in the local policy 
implementation.

Labour commuting in Slovenia has been analysed by several authors in the last fifteen years: Bogataj and 
Drobne (1997, 2005) analysed inter-regional labour commuting flows and migration flows in Slovenia; Pelc 
(1988) and Dolenc (2000) presented »daily migration« in Slovenia in an empiric manner, Pavlin and Sluga 
(2000) studied the employment power of Ljubljana; Bole (2004) analysed labour commuting in Slovenia 
using Census 2002 data; Drobne and Bogataj (2005) analysed inter-municipal labour commuting flows 
using gravity approach; Drobne and others (2011a) analysed spatial interactions influenced by European 
corridors and the shift of the Schengen border regime in 2004; Bole (2011) analysed changes in labour 
commuting to major Slovenian employment centres from 2000 to 2009 – the results showed that both, the 
scope of labour commuting and number of routes, had been significantly increased; Drobne and Bogataj 
(2011) made comparative analysis of migration flows and labour commuting flows between statistical 
regions as well as between municipalities in Slovenia in 2000 – 2009 having analysed the endowment 
factors which influence attractiveness and stickiness of the analysed areas.

The main goal of this research is to study the stickiness and the attractiveness of Slovenian municipalities for 
labour commuters regarding the selected analysed parameters, which are population of the municipality, 
travel time by car between municipalities’ centres, employment rate in the municipality, and average 
gross earnings in the municipality. The influence of the analysed parameters to the labour commuting flows 
is studied in the extended gravity model, separately for each year and in general for the whole analysed 
period between 2000 and 2009. The results of the study of the dynamics of the analysed parameters are 
implemented in the case study at the local level.

The introduction is followed by description of the methodology and used data. In the third part of the 
paper the results of modelling labour commuting flows in the extended gravity model as well as their 
application to the local policy are presented and evaluated for the case of Slovenia. The conclusion is 
earmarked for some suggestion for state, regional and/or local development policies using the results of 
our research.

Methodology and data

In this paper, the dynamics of parameters in the gravity model of inter-municipal labour commuters in 
Slovenia for the period 2000 – 2009 is analysed. For this purpose, the extended gravity model was calculated 
for each year. The change of the impacts of parameters on commuting flows were studied separately for 
each year and in general for the whole analysed period. 

Parameters, that have been included in our study, are: population of the municipality, travel time by car 
between municipalities’ centres, employment rate in the municipality and average gross earnings in the 
municipality. Data on labour commuting flows among municipalities, population, employment rate and 
workforce population, average gross earnings in the municipality and in the state were collected by the 
Statistical Office of the Republic of Slovenia (SORS) and published at SI-STAT Data Portal (SORS, 2011a) and/
or in the Statistical Yearbook (SORS, 2011b). Geographic data on municipalities and municipalities’ centres 
are maintained by The Surveying and Mapping Authority of the Republic of Slovenia (SMA, 2011). Data on 
the state road network for each year of the study period were acquired from The Slovenian Road Agency 
(SRA, 2010), which is responsible for collecting and maintaining data on state roads. 

Using data on state roads, we developed GIS-network models, which were the basis for calculation of 
optimal (shortest) time-spending distances between the municipal centres of Slovenia (travelling by car). 
Ten origin-destination matrices were calculated considering conditions on state roads, separately for each 
year from the study period (construction of new highways per year, toll stations on highways and abolition 
of the toll system in 2008). It has to be mentioned, that in the analysed period 2000 – 2009, the number of 
Slovenian municipalities, as the territorial units of our study, was changed from 192 in 2000 to 193 in 2002 
and to 210 municipalities in 2009. The change was reflected in the statistical research next year (one year 
after introduction of new municipalities).

The stickiness and attractiveness for the labour commuters’ flows between Slovenian municipalities for 
the period 2000 – 2009 have been studied using gravity modelling approach. The basic concept of using 
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the gravity model in social sciences suggests that two separate groups of people, say in two cities or 
regions, generate a mutual interaction in proportion to the product of the sizes of the cities or regions, and 
that this interaction is impeded by the frictional effect of the intervening distance over which it must take 
place. In other words, the volume of interaction between the two cities or regions is a positive function of 
their population sizes and an inverse function of the distance between them. Use of the gravity models in 
social sciences had different forms; for examples see (Haynes, Fotheringham, 1984). In our research, we 
use the extended gravity model where basic model is extended by two economic variables, employment 
and gross earnings in the municipalities of origin and destination. Model (1) defines the gravity model for 
labour commuters, which was calculated separately for each of ten analysed years and the same model 
was used for calculating the average powers for the whole analysed period:

1 2 1 2 1 2
, , , ,( )ij i j ij EMP i EMP j GEAR i GEAR jDC P P d t K K K Kβ β δ δ ε εγα= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ (1)

where we denote with i  the municipality of origin and with j  the municipality of destination ijDC
,
  is the 

number of inter-municipal labour commuters, iP  and jP  are the populations in the municipality of origin 

respectively destination,  ijtd )( is travel time by car between the municipality of origin and municipality of 

destination, iEMPK ,  and jEMPK ,  are the coefficients of employment in the municipality of origin respectively 

destination, 
iGEARK ,
 and  jGEARK ,  are the coefficients of gross salary in the municipality of origin 

respectively destination. α , which is the constant, and 212121  , , , , , , εεδδγββ , which are the powers, 

are estimated in the regression analysis. Coefficients of the extended gravity model for commuting were 

calculated as follows:

SISI

munmun
EMP WFPEMP

WFPEMPK = (2)

SI

mun
GEAR GEAR

GEARK = (3)

where munEMP  is the number of employed persons in the municipality, SIEMP  is the number of employed 
persons in Slovenia, munWFP  is the number of workforce population in the municipality, SIWFP   is the 
number of workforce population in Slovenia,  munGEAR  is the average gross earnings in the municipality, 
and SIGEAR   is the average gross earning in Slovenia. 

In the model (1), powers 111  , , εδβ  measure stickiness of the municipality, 222  , , εδβ  measure 

attractiveness of the municipality, and accessibility is measured by  γ . Coefficients  ••,K  are relative 
indicators for municipalities of origin and/or destination (Drobne, Bogataj, 2011).

When measures for stickiness and attractiveness (powers) in model (1) are estimated in the regression 
analysis, their dynamics can be studied. The results of the study of their dynamics were basis for a case 
study at the local level. In an application for the case study at local level, we show that some factors in the 
gravity model can be compensated with the change of the others and vice-versa.

Results

In the analysed period 2000 – 2009, there were 348,339 labour commuters between the Slovenian 
municipalities on average. Labour commuter is person in employment whose territorial unit of workplace 
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is not the same as that one of residence. The source of data was the Statistical Register of Employment 
(SRDAP), which was kept by the Statistical Office of the Republic of Slovenia (SORS). SRDAP covers persons 
in paid employment and self-employed persons who are at least 15 years old and who have on the basis of 
the employment contract compulsory social insurance or are employed on the territory of the Republic of 
Slovenia. Employment can be permanent or temporary, full time or part time (SORS, 2011a). The territorial 
unit in our study is the municipality. 

Table 1 shows that the number of labour commuters was increased from 299,188 in 2000 to 390,500 in 2009 
(the average increase per year was 10,146 for 2000 – 2009 and 13,263 inter-municipal labour commuters 
for the period 2000 – 2008). Until the end of 2008 only permanent residence was taken into account for 
citizens of the Republic of Slovenia and only temporary residence for foreigners. In 2009 the methodology 
changed. If a person in employment has a registered temporary residence, this residence is taken into 
account firstly and only later his or her permanent residence. The mentioned methodological change 
has a certain impact on data dissemination; at the end of 2009 8.6% (slightly fewer than 70,000) persons in 
employment (excluding farmers) had only temporary or both temporary and permanent residence (SORS, 
2011a). 

From Table 1 it can be seen that the numbers of inter-municipal labour commuters in 2000 – 2009 
was increasing for the travel time intervals of 0 – 150 minutes, but it was decreasing for the travel time 
intervals higher than 150 minutes; see also Table 2, where linear trend coefficients of labour inter-municipal 
commuters by travel time interval are given.

Table 1
Number of labour commuters between the Slovenian municipalities by travel time intervals and by the year 
in the period 2000 – 2009 
Travel time 
(min) 

Year 
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

[0-15) 116,116 117,047 117,425 117,959 118,086 118,441 120,803 130,243 135,905 127,374 
[15-30) 115,058 119,197 122,953 126,535 131,871 136,433 141,973 150,024 152,615 151,006 
[30-45) 31,114 31,097 33,235 34,658 35,805 39,624 41,345 44,380 46,514 46,693 
[45-60) 12,159 13,805 16,167 17,598 17,936 19,497 21,547 24,229 26,489 25,972 
[60-75) 8362 9213 9447 10,839 13,947 14,002 16,342 18,407 18,029 16,455 
[75-90) 6028 5614 7629 8134 7662 8796 9824 10,867 11,685 10,422 
[90-105) 3804 4590 3222 3515 4030 3887 4342 5041 5155 4766 
[105-120) 2461 2105 1812 2050 2312 2392 2627 3267 5238 4581 
[120-135) 1230 1195 1175 1285 1306 1966 2251 2525 1917 1331 
[135-150) 905 1216 1345 1682 1841 1511 1685 1901 1066 1189 
[150-165) 1109 1020 1081 892 834 754 830 922 325 444 
[165-180) 571 454 192 203 210 174 161 194 276 220 
[180-195) 125 116 115 118 130 127 129 179 61 43 
[195-210) 69 62 59 84 81 85 90 104 12 3 
[210-225) 46 48 29 40 30 23 25 25 2 1 
[225-240) 23 18 18 12 9 2 3 2 0 0 
 > 240 8 9 3 1 1 1 1 1 0 0 
Slovenia 299,188 306,806 315,907 325,605 336,091 347,715 363,978 392,311 405,289 390,500 

Source: (SORS, 2011a) and own calculation

Table 2
Linear trend coefficients of labour inter-municipal commuters by travel time intervals in Slovenian in the 
period 2000 – 2009
Travel time (min) <15 [15-30) [30-45) [45-60) [60-75) [75-90) [90-105) [105-120) [120-135) 
Linear trend 
coefficients 1856.4 4507.2 1986.3 1617.1 1187.4 633.0 145.7 303.6 98.6 

Travel time (min) [135-150) [150-165) [165-180) [180-195) [195-210) [210-225) [225-240) >240   
Linear trend 
coefficients 24.0 -72.2 -27.6 -4.7 -4.2 -4.8 -2.7 -0.9   

Source: (SORS, 2011a) and own calculation
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Table 3 shows the share of labour commuters between the Slovenian municipalities by travel time intervals 
for each year in the study period 2000 – 2009.

Table 3
The percentage of labour commuters between the Slovenian municipalities by travel time intervals in the 
period 2000 – 2009

Travel time 
(min) 

Year 
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 

[0-15) 38.8% 38.2% 37.2% 36.2% 35.1% 34.1% 33.2% 33.2% 33.5% 32.6% 
[15-30) 38.5% 38.9% 38.9% 38.9% 39.2% 39.2% 39.0% 38.2% 37.7% 38.7% 
[30-45) 10.4% 10.1% 10.5% 10.6% 10.7% 11.4% 11.4% 11.3% 11.5% 12.0% 
[45-60) 4.1% 4.5% 5.1% 5.4% 5.3% 5.6% 5.9% 6.2% 6.5% 6.7% 
[60-75) 2.8% 3.0% 3.0% 3.3% 4.1% 4.0% 4.5% 4.7% 4.4% 4.2% 
[75-90) 2.0% 1.8% 2.4% 2.5% 2.3% 2.5% 2.7% 2.8% 2.9% 2.7% 
[90-105) 1.3% 1.5% 1.0% 1.1% 1.2% 1.1% 1.2% 1.3% 1.3% 1.2% 
[105-120) 0.8% 0.7% 0.6% 0.6% 0.7% 0.7% 0.7% 0.8% 1.3% 1.2% 
[120-135) 0.4% 0.4% 0.4% 0.4% 0.4% 0.6% 0.6% 0.6% 0.5% 0.3% 
[135-150) 0.3% 0.4% 0.4% 0.5% 0.5% 0.4% 0.5% 0.5% 0.3% 0.3% 
[150-165) 0.4% 0.3% 0.3% 0.3% 0.2% 0.2% 0.2% 0.2% 0.1% 0.1% 
[165-180) 0.2% 0.1% 0.1% 0.1% 0.1% 0.1% <0.0% <0.0% 0.1% 0.1% 
[180-195) <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% 
[195-210) <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% 
[210-225) <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% 
[225-240) <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% 0.0% 0.0% 
 > 240 <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% <0.0% 0.0% 0.0% 
Slovenia 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Source: (SORS, 2011a) and own calculation

Comparing Table 3 and linear trend coefficients of share of labour inter-municipal commuters by travel 
time intervals in Table 4, one can notice that the percentage of labour commuters was slightly decreasing 
for travel times of less than 15 and more than 135 minutes. It is also evident that the percentage of labour 
commuters for the time-spending distances between 30 and 90 minutes was generally increasing in the 
study period. The percentage of labour commuters in the intervals between 30 to 75 minutes increased 
the most.

Table 4
Linear trend coefficients of percentage of labour inter-municipal commuters by travel time intervals in 
Slovenia in the period 2000 – 2009

Travel time (min) <15 [15-30) [30-45) [45-60) [60-75) [75-90) [90-105) [105-120) [120-135) 

Linear trend 
coefficients -7*10-03 -6*10-04 2*10-03 3*10-03 2*10-03 1*10-03 -3*10-05 5*10-04 1*10-04 

Travel time (min) [135-150) [150-165) [165-180) [180-195) [195-210) [210-225) [225-240) >240   

Linear trend 
coefficients -5*10-05 -3*10-04 -1*10-04 -2*10-05 -2*10-05 -2*10-05 -9*10-06 -3*10-06   

The dynamics of construction of new highways in Slovenia and abolition of toll system in the analysed 
period are the main reasons for reduction of travel costs of inter-municipal labour commuters. Consequently, 
this could influence the number and the structure of inter-municipal labour commuters when analysing 
them by travel time. Table 5 shows the cumulative length of new highways ( CLNH ) and the mean travel 
time between the municipalities’ centres ( MTT ) in Slovenia in the study period.
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