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Abstract
Background: Regions at the level of NUTS 3, which is a system used in the EU for various
analyses and statistical reports, can be defined as functional regions in terms of labour
markets, education areas, and supply markets. Objectives: This study analyses the
functional regions of Slovenia, differentiated by gender, and their correspondence
with the statistical regions at the level of NUTS 3. Methods/Approach: Functional
regions are analysed as labour market areas, which are modelled according to the
CURDS method, and evaluated using the fuzzy set approach. Results: The analysis of
functional regions resulted in ten regions for male commuters and fourteen regions for
female commuters. Only four of the twelve functional regions for commuters relate to
the corresponding statistical regions. Functional region Ljubljana is much larger than
the corresponding statistical region, mainly at the expense of neighbouring regions. In
recent decades, two new functional regions have been created which are becoming
candidates for inclusion in the system of NUTS 3 regions. Conclusions: A detailed
analysis showed that functional region Velenje is becoming an important local labour
market and should be included in the system of NUTS 3 regions of Slovenia, while the
Central Sava Statistical Region should be removed from it.
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Introduction
The Nomenclature of Territorial Units for Statistics (NUTS) is a system for the collection,
compilation and dissemination of European statistics at different territorial levels of the
European Union (EU). The nomenclature NUTS divides the economic territory of the
Member States hierarchically into territorial units. It divides each Member State into
NUTS territorial units at level 1, each of which is subdivided into NUTS territorial units at
level 2, which are in turn subdivided into NUTS territorial units at level 3 (EC, 2019). The
current NUTS 2016 classification is valid from 1 January 2018 to 31 December 2020 and
lists 104 regions at NUTS 1, 281 regions at NUTS 2, and 1348 regions at NUTS 3 (Eurostat,
2020a). The NUTS 2021 classification, which will be valid for data transmissions to
Eurostat from 1 January 2021, lists 104 regions at NUTS 1, 283 regions at NUTS 2, and
1345 regions at NUTS 3 (Eurostat, 2020b). According to the NUTS regulation (EC, 2019),
changes in the scope and number of NUTS regions are only possible every three years.
The changes are usually based on changes in the territorial structure of a Member
State.
For statistical purposes at local level, Eurostat maintains a system of Local
Administrative Units (LAU) that is compatible with NUTS. LAU units, like municipalities
and communes, are the building blocks of NUTS regions (Eurostat, 2020c).
According to the criterion for the number and size of these regions, each region at
the NUTS 3 level must have between 150,000 and 800,000 inhabitants, based on the
average population (EC, 2019). In practice, this means that Slovenia can have a
maximum of thirteen statistical regions at this level.
Slovenia includes twelve regions at the NUTS 3 level that are mainly used for
statistical reporting, which is why they are also called “statistical regions”. Twelve
Slovenian statistical regions are as follows (SORS, 2020a; Wikipedia, 2020): SI031 Mura
Statistical Region, SI032 Drava Statistical Region, SI033 Carinthia Statistical Region,
SI034 Savinja Statistical Region, SI035 Central Sava Statistical Region, SI036 Lower Sava
Statistical Region, SI037 Southeast Slovenia Statistical Region, SI038 Littoral–Inner
Carniola Statistical Region, SI041 Central Slovenia Statistical Region, SI042 Upper
Carniola Statistical Region, SI043 Gorizia Statistical Region, SI044 Coastal–Karst
Statistical Region. Figure 1 shows twelve regions at the NUTS 3 level and 212
municipalities at the LAU level in Slovenia in 2020.
Regions at the NUTS 3 level can also be defined as functionally connected areas,
i.e. functional regions, in terms of labour markets, education areas, and supply markets
(Drobne, 2016). In this study, we analysed functional regions, differentiated by gender,
at the level of twelve statistical regions (NUTS 3) in Slovenia. We tested the hypothesis
that there are differences in gender-specific functional regions of Slovenia. We
discussed also the differences between NUTS 3 regions and the corresponding
functional regions (FRs) and between men and women within FRs.
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Figure 1
Twelve regions at the NUTS 3 level and 212 municipalities at the LAU level in Slovenia
in 2020

Source: Author’s work, SMARS (2020)

Literature review
The first version of the classification of Slovenian statistical regions was prepared in the
mid-1970s. It was based on a detailed gravity analysis of labour markets, educational
areas and supply markets in twelve regional and sub-regional centres (Vrišer, 1974,
1978; Rebec, 1983, 1984; Vrišer & Rebernik, 1993). From this time onwards, statistical
regions were used for regional planning and cooperation in various fields. This is why
Slovenian regions at the NUTS 3 level have been very consistently stable (Drobne,
2016). However, labour and supply markets are changing all the time, especially
during economic and/or financial crises, like the one that arose in 2008. For that
reason, OECD (2002) and Eurostat (Coombes et al., 2012) suggested the more
frequent analysis of labour market areas. However, labour market areas are good
approximations of so-called functional regions (OECD, 2002) that could be the basis
for regions at the NUTS 3 level in the EU.
There are many definitions of functional regions (FRs). One of the first definitions
describes a FR as an area surrounding a strong economic centre that attracts residents
from the near and far hinterland (Berry & Garrison, 1958), whereas the centre of FR is
understood as a location as defined in Christaller's theory of central places (Christaller,
1933), the size of which depends on the supply of goods and services to the residents.
Today, a FR is the most often understood as a territorial area characterised by the high
frequency of intra-regional economic interaction, such as intra-regional trade in
goods and services, labour commuting, and household shopping. Even though it is
characterised by its agglomeration of activities and by its intra-regional transport
infrastructure, according to many researchers (e.g., Vanhove & Klaassen, 1987;
Karlsson & Olsson, 2006; Cörvers et al., 2009; Coombes et al., 2012), the fundamental
characteristic of FR is the integrated labour market, where commuting and job search
and demand are much more intense than their counterparts outside of the region.
This is why FRs are most frequently analysed by flows of commuters. From this point of
view, FRs are understood also as areas delimitated by generalized patterns of
commuting flows (Drobne et al., 2020).
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Commuting to work is not just a daily or weekly movement in space, but also a
personal experience that men and women experience differently (Prashker et al.,
2008). Commuting is influenced by various factors that have different effects on each
gender. Studies by White (1977) and Fanning-Madden (1981) have shown that gender
and occupation form the basis for differences in wages, working hours, places of work,
and household duties, which also leads to differences in the distance and time spent
commuting among genders. On the other hand, many authors (e.g. White, 1977;
Green et al., 1986; Tkocz & Kristensen, 1994; Sang, 2008; Prashker et al., 2008; Roberts
et al., 2011; Nafilyan, 2019) note that the commuting distance and time to work
increases for both genders. However, men have always commuted on average
longer distances to work and spent more time commuting, which the researchers cite
as a consequence of cultural standards regarding restrictions on female domestic
work and childcare. Roberts et al. (2011) explicitly pointed out that childcare is one of
the strongest factors that significantly influence the choice of time and distance to
commute among women.
A gender-specific comparison of the distance and time spent commuting by age
group showed that women in almost all age groups were less inclined to commute for
longer periods, except during the first years of employment (Nafilyan, 2019). The
willingness to commute longer to work increases and is very similar for both sexes up
to the age of 25. For women, it remains constant until the age of 35, when it begins to
decline. For men, on the other hand, the willingness to commute to work for longer
periods increases until the age of 35 and remains at a similar level until the age of 45,
after which it begins to decrease.
The choice of place of residence is influenced by many different factors, such as
socio-economic characteristics, life cycle, place of work, and other important factors
such as school, family, friends, shopping centres, property value, and characteristics
of the working and living environment. Some choose to live by their place of work,
and some choose to work by their place of residence, or both at the same time
(Prashker et al., 2008). It is also known that, as incomes and specialisation increase, so
does the average distance and travel time to work (ibid.). However, Roberts et al.
(2011) showed that daily commuting to work affects mental health and leads to stress
and greater social isolation. With benefits such as higher income, better living
environment, and more favourable working conditions, daily commuting has an
impact on the mental health of women, while it has almost no effect on men (ibid.).
Despite lower wages, women tend to choose to replace more remote jobs with
nearby ones (Sang, 2008; Nafilyan, 2019).
However, analysis of the spatial distribution of occupations by gender in the urban
environment revealed a higher proportion of male jobs in more developed urban
areas, while women are employed equally throughout the urban area (Blumen, 1994).

Methodology
The basic data source for the study of functional regions (FRs) included the average
annual flows of commuters between 212 municipalities in Slovenia over the three years
of 2016-2018, obtained from the SI - Stat Data Portal and taken from Statistical Register
of Employment (SORS, 2020b). These resources provided the place of residence and
work and the gender of the worker. The flows of commuters were considered in a
quadratic matrix of interactions of the dimension 𝑛 × 𝑛, 𝐹,
𝐹 = [𝑓𝑖𝑗 ], 𝑛 × 𝑛 matrix, 𝑛 = 212,
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where 𝑓𝑖𝑗 ≥ 0 is the value in the 𝑖-th row and the 𝑗-th column, i.e. the flow from the
municipality of origin 𝑖 to the municipality of destination 𝑗.
Spatial data on municipalities and statistical regions at the NUTS 3 level in Slovenia
were obtained from the "Free Access Database" of the Surveying and Mapping
Authority of the Republic of Slovenia (SMARS, 2020).
We modelled FRs with the use of the CURDS method, which comes from the Centre
for Urban and Regional Development Studies, from Newcastle University, UK. The
method was first introduced in the mid-1980s by Coombes et al. (1986) and was later
improved several times. We used the third version of the method, which was presented
by Coombes and Bond (2008). The method is also called the EURO method because
it has been tested by EUROSTAT and several research groups in Europe (Coombes et
al., 2012).
FR was modelled according to an iterative procedure of the third version of the
method CURDS (Coombes & Bond, 2008) in the R software tool with the library
LabourMarketAreas 3.0 (Franconi et al., 2016a, 2016b, 2017). When modelling FR, we
follow the principle of maximizing internal flows (flows within FR) and minimizing
external flows (flows across the boundaries of FR). For commuter flows, we monitor
these two principles with FR self-sufficiency, which is treated as supply-side selfcontainment (𝑆𝑆𝑆𝐶) and demand-side self-containment. 𝐷𝑆𝑆𝐶). 𝑓ℎ𝑘 is the flow of
commuters from the group of municipalities ℎ to the group of municipalities 𝑘 or 𝑓ℎ𝑘 is
the number of workers living in origin ℎ and working in destination 𝑘.
𝑆𝑆𝑆𝐶 =
and
𝐷𝑆𝑆𝐶 =

𝑅𝑊𝑖
𝑅𝑖

𝑅𝑊𝑖
𝑊𝑖

is supply-side self-containment

(2)

is demand-side self-containment,

(3)

where 𝑅𝑖 = ∑𝑘 𝑓𝑖𝑘 is the number of workers living in 𝑖, 𝑊𝑖 = ∑ℎ 𝑓ℎ𝑖 is the number of workers
working in 𝑖, and 𝑅𝑊𝑖 = 𝑓𝑖𝑖 is the number of workers living and working in 𝑖.
Supply-side self-sufficiency (𝑆𝑆𝑆𝐶) indicates the extent of employment opportunities
for the local population. The high level of 𝑆𝑆𝑆𝐶 indicates a relatively closed FR (a large
part of the local population finds employment in FR). Conversely, a low 𝑆𝑆𝑆𝐶 rate
indicates a relatively open FR (a large part of the local population works in other FRs).
Demand-side self-sufficiency (𝐷𝑆𝑆𝐶) provides a range of housing options for FR
employees. The high 𝐷𝑆𝑆𝐶 rate, therefore, means that a large proportion of FR
employees have found accommodations there, and at the same time, this may also
indicate a lack of jobs in FR (Drobne, 2016). Van der Laan and Schalke (2001) therefore
suggest that, when assessing FRs, 𝑆𝑆𝑆𝐶 should always be confronted with 𝐷𝑆𝑆𝐶. In
addition to self-containment, an important criterion in the evaluation or modelling of
FRs according to the CURDS method is also the number of workers or employed active
population (𝐸𝐴𝑃). Before performing an iterative procedure of the CURDS method, we
must therefore define the four parameters with which we model the FRs; these are the
minimum number of 𝐸𝐴𝑃 in FR (𝑚𝑖𝑛𝐸𝐴𝑃), the target number of 𝐸𝐴𝑃 in FR (𝑡𝑎𝑟𝐸𝐴𝑃), the
minimum self-sufficiency of FR (𝑚𝑖𝑛𝑆𝐶) and the target self-sufficiency of FR (𝑡𝑎𝑟𝑆𝐶); we
consider self-sufficiency to be the smaller of the two self-sufficiencies considered:
𝑆𝐶 = 𝑚𝑖𝑛(𝑆𝑆𝑆𝐶, 𝐷𝑆𝑆𝐶).

(4)

The CURDS algorithm groups the basic spatial units (BSUs), in our case municipalities,
step by step into the FRs. The algorithm treats each municipality as a FR. The algorithm
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checks the validity of the FR in the aggregation process using the defined parameters
(𝑚𝑖𝑛𝐸𝐴𝑃, 𝑡𝑎𝑟𝐸𝐴𝑃, 𝑚𝑖𝑛𝑆𝐶, and 𝑡𝑎𝑟𝑆𝐶) that define the criteria function 𝑓𝑣 :
𝑓𝑣 (𝐸𝐴𝑃, 𝑆𝐶) = (1 − (1 −

𝑚𝑖𝑛𝑆𝐶
𝑡𝑎𝑟𝐸𝐴𝑃−𝐸𝐴𝑃
𝑚𝑖𝑛(𝑆𝐶,𝑡𝑎𝑟𝑆𝐶)
) 𝑚𝑎𝑥 (𝑡𝑎𝑟𝐸𝐴𝑃−𝑚𝑖𝑛𝐸𝐴𝑃 , 0))
.
𝑡𝑎𝑟𝑆𝐶
𝑡𝑎𝑟𝑆𝐶

(5)

A group of municipalities becomes an FR if the condition is met:
𝑓𝑣 (𝑊𝑃, 𝑆𝐶) ≥

𝑚𝑖𝑛𝑆𝐶
.
𝑡𝑎𝑟𝑆𝐶

(6)

The validity condition of FR is checked after each merge step. Namely, the algorithm
merges step-by-step municipalities (groups of municipalities), between which the
strongest link, 𝐿ℎ𝑘 , is defined by labour mobility flows:
𝑓2

𝑓2

𝐿ℎ𝑘 = 𝑅 ℎ𝑘
+ 𝑅 𝑘ℎ
,
𝑊
𝑊
ℎ

𝑘

𝑘

ℎ

(7)

where 𝑓ℎ𝑘 is the number of active population living in a municipality or group of
municipalities ℎ and working in a municipality or group of municipalities 𝑘; 𝑓𝑘ℎ is the
number of active population living in a municipality or group of municipalities 𝑘 and
working in a municipality or group of municipalities ℎ; 𝑅ℎ is the number employed
active population in a municipality or group of municipalities ℎ; and 𝑊𝑘 is the number
of jobs in a municipality or group of municipalities, 𝑘. The algorithm of the third version
of the method CURDS, implemented in the library LabourMarketAreas 3.0 for use in the
software tool R, is described in detail in Franconi et al. (2016a).
A specific feature of the CURDS method is the possibility of disaggregating FR into
BSUs, in our case municipalities, if FR does not meet the validity condition (6), and we
include them on the reserve list with the possibility of reuse in the merging process. The
final result of modelling FRs using the CURDS method is determined by the parameters
𝑚𝑖𝑛𝐸𝐴𝑃, 𝑡𝑎𝑟𝐸𝐴𝑃, 𝑚𝑖𝑛𝑆𝐶, and 𝑡𝑎𝑟𝑆𝐶, but they depend mainly on the size (population)
of the area under consideration and the size of the labour market in that area.
Recommendations for the above parameters can be found in the literature (e.g.
Coombes and Bond, 2008; Franconi et al., 2016a, 2016b), but they generally apply to
modelling FR at the micro and mezzo levels. However, for all levels of treatment, the
target of self-sufficiency should be greater than 0.65 (𝑡𝑎𝑟𝑆𝐶 ≥ 0.65), and the minimum
of self-sufficiency should be greater than 0.60 (𝑚𝑖𝑛𝑆𝐶 ≥ 0.60), while the target (𝑡𝑎𝑟𝐸𝐴𝑃)
and the minimum number of the employed active population (𝑚𝑖𝑛𝐸𝐴𝑃) in FR depend
on the characteristics of BSUs, in our case municipalities, the flows of labour mobility,
and other characteristics of the area under consideration, especially population
density. The parameter 𝑚𝑖𝑛𝐸𝐴𝑃 has a significant impact on the size of the modelled
FRs. Coombes and Bond (2008) recommend at least a generalised knowledge of FR
at a selected level of an analysed area.
By changing the parameters 𝑚𝑖𝑛𝐸𝐴𝑃, 𝑡𝑎𝑟𝐸𝐴𝑃, 𝑚𝑖𝑛𝑆𝐶, and 𝑡𝑎𝑟𝑆𝐶, we initially
modeled twelve FRs for all commuters in Slovenia. In the separate analyses of labour
mobility flows by gender, we used the same parameters 𝑚𝑖𝑛𝑆𝐶 and 𝑡𝑎𝑟𝑆𝐶 as in the
analysis for all commuters, while 𝑚𝑖𝑛𝐸𝐴𝑃 and 𝑡𝑎𝑟𝐸𝐴𝑃 were calculated concerning the
number of women and men in the analysed population and rounded for hundreds,
as proposed by Arnuš (2020).
Three final sets of functional regions, i.e. twelve FRs for commuters together, ten FRs
for male commuters, and fourteen FRs for women, were evaluated using the Fuzzy Set
Theory (FST) approach proposed by Feng (2009) and Watts (2009, 2013) and improved
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by Drobne (2020) and Drobne et al. (2020). The membership function values of each
municipality were calculated as the geometric mean of the membership function
values of municipality 𝑖 concerning fuzzy residential functional region 𝑚, 𝑀′𝑖𝑚 =
∑𝑗∈(𝑔)𝑚 𝑓𝑗𝑖 ⁄𝑓∙𝑖 , and to fuzzy local employment functional region 𝑚, 𝑀′′𝑖𝑚 = ∑𝑗∈(𝑔)𝑚 𝑓𝑖𝑗 ⁄𝑓𝑖∙ :

𝑀𝑖𝑚 = √𝑀′𝑖𝑚 ∙ 𝑀′′𝑖𝑚 .

(8)

To evaluate the entire sets of FRs, geometric mean membership values were
calculated for each FR and also for the whole system of FRs. The calculation of
membership function values was performed in Mathematica 11.3 with the programme
code developed by Drobne and Lakner (2016) and Drobne (2020).
In addition to the modelled FRs, we also calculated some interesting statistics. Of
particular interest is the weighted average distance between home and work
municipalities obtained by multiplying the commuter flow by the Euclidean distance
between the municipal centres.

Results
Between 2016 and 2018, an average of 829,626 people was employed in Slovenia, of
which 448,976 (54.1%) were men and 380,366 (45.9%) women. Of those in
employment, slightly less than half (398,258; 48%) worked in the municipality of
residence and the rest (431,368; 52%) in another municipality. Comparison by gender
shows a slightly higher proportion of women who found a job in their home
municipality (48.3%) than men (47.8%); see Table 1.
Of the 44,944 interactions between 212 municipalities, less than a third (13,915; 31%)
were non-empty interactions in matrix 𝐹. A comparison between the sexes shows that
employed men commuted to work in more different municipalities (11,582; 25.8% of
interactions) than employed women (9,363; 20.8%). This statement is also confirmed
by the fact that the non-empty interactions include interactions 𝑖𝑖, (i.e. interactions of
the municipality with itself) and that a higher proportion of women than men worked
in their home municipality.
The capital of Slovenia Ljubljana (code 61 in Figures 2) is the country's most
important centre of employment, providing more than a quarter (220,779; 26.6%) of
jobs. Of all jobs in the country by gender, relatively more women (27.9%) than men
(25.5%) found employment in the municipality of Ljubljana. Also, out of a total of 99,681
persons in employment, more women (12.9%) than men (11.3%) were employed in
their home municipality of Ljubljana compared to Slovenia. The most intensive
interaction in daily labour mobility is between Ljubljana and the neighbouring
Domžale (code 23 in Figures 2), where just over 7,000 workers from the municipality of
Domžale come to work in the municipality of Ljubljana every day. Again, this region
includes relatively more women (1% of all employed women) than men (0.8% of all
employed men in Slovenia).
The above data shows that, regarding the number of jobs by gender in Slovenia,
relatively more women than men stay in their home municipality or commute to work
mainly in neighbouring municipalities. This statement is also confirmed by the results of
the analysis of the weighted average distance to work, according to which
commuters travelled an average of 16 km to work every day from 2016 through 2018,
16.8 km for men and 14.9 km for women (see Table 2).
Analysis of the functional regions performed by the CURDS method and parameters
listed in Table 2 revealed twelve FRs for all commuters, ten for men, and fourteen for
women.
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Table 1
Employed active population and labour commuting interactions for 2016-2018 in
Slovenia
Employed active population (𝑬𝑨𝑷)
Work in residential municipality
Work in another municipality
Number of full interactions
Number of empty interactions

Together

Men

Women

829,626
(100%)
398,258
(48.0%)
431,368
(52.0%)
13,915
(31%)
31,029
(69%)
220,779
(26.6%)
99,681
(12%)
7,083
(0.9%)

448,976
(100%)
214,584
(47.8%)
234,392
(52.2%)
11,582
(25.8%)
33,362
(74.2%)
114,484
(25.5%)
50,553
(11.3%)
3,415
(0.8%)

380,366
(100%)
183,673
(48.3%)
196,693
(51.7%)
9,363
(20.8%)
35,581
(79.2%)
106,300
(27.9%)
49,129
(12.9%)
3,668
(1%)

Maximum number of working places in the
municipality (Ljubljana)
Maximum number of employed active population
in the residential municipality (Ljubljana)
Maximum volume of interaction between
municipalities (Domžale-Ljubljana)
Source: Authors’ work.
Note: The proportions in the table are calculated according to the starting point of the column.

Table 2
Population, weighted mean commuting distance, and parameters for modelling
functional regions for 2016-2018 in Slovenia
Employed active population (𝑬𝑨𝑷)

Together

Men

Women

829,626
(100%)
16.0
10,000

448,976
(54.1%)
16.8
5,400

380,366
(45.9%)
14.9
4,600

Weighted mean commuting distance [km]
Minimum number of the employed active
population in a functional region (𝒎𝒊𝒏𝑬𝑨𝑷)
Target number of employed active population in
50,000
27,000
23,000
functional region (𝒕𝒂𝒓𝑬𝑨𝑷)
Minimum self-sufficiency of a functional region
0.6
0.6
0.6
(𝒎𝒊𝒏𝑺𝑪)
Target self-sufficiency of a functional region
0.7
0.7
0.7
(𝒕𝒂𝒓𝑺𝑪)
Source: Authors’ work.
Note: The values for the employed active population in the table are calculated according to
the starting point of the row.

A comparison of twelve FRs and twelve statistical regions at the NUTS 3 level (see Figure
2a) shows that only four FRs are fully consistent with the statistical regions. These are
the FRs of Murska Sobota, Slovenj Gradec, Krško, and Kranj. These are naturally
delimited and historically known regions and/or important employment areas in
Slovenia. FR of Ljubljana is much larger than an adequate statistical region; it also
contains the whole Central Sava Statistical Region and parts of three other
neighbouring statistical regions (Southeast Slovenia Statistical Region, Coastal–Karst
Statistical Region, and Gorizia Statistical Region). Other FRs are much smaller than
adequate statistical regions. In the western part of Slovenia, FRs occur at the expense
of FR Ljubljana, or they simply do not exist compared to the statistical regions. Much
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smaller are the FRs of Maribor and Ptuj and the FRs of Celje and Velenje, which cover
the territory of two statistical regions (two FRs for each NUTS 3 region) and FR Novo
mesto and FR Nova Gorica, which are smaller at the expense of FR Ljubljana.
Surprisingly, there are no FRs of Trbovlje and Postojna in Slovenia, which has been listed
as statistical regions at the NUTS 3 level for 40 years. These are mainly covered by the
FR in Ljubljana and that of Koper.
The modelling of gender-specific functional regions at the NUTS 3 level revealed ten
male and fourteen female FRs in Slovenia (see Figures 2b and 2c). In general, this
indicates that men commute longer distances and women shorter distances.
Figure 2
Functional regions at the NUTS 3 level in Slovenia in 2020: (a) twelve functional regions
for common commuter flows, (b) ten functional regions for male commuting flows,
and (c) fourteen functional regions for women commuting flows
Figure 2a

Figure 2b

53

Business Systems Research | Vol. 12 No. 1 |2021

Figure 2c

Source: Author’s work, SORS (2020a,b), SMARS (2020)

A comparison of twelve FRs for all commuters and ten FRs for men shows the
specificities of labour mobility for men in the eastern part of Slovenia, while the regions
in the western part correspond exactly to the general FRs. The male commuters form
a single FR of Maribor (excluding FR of Ptuj for all commuters), which corresponds to a
particular statistical region. Similarly, a single male FR for Novo mesto is formed,
including the already-mentioned FR of Krško for all commuters. In southeastern
Slovenia, more precisely in the Lower Sava Statistical and Southeast Slovenia Statistical
Regions, the areas of labour mobility for men thus differ significantly from the
corresponding regions at the NUTS 3 level. As with the general FR, other areas of labour
mobility for male commuters are considered more important than the areas around
Trbovlje and Postojna, where statistical regions have been nominally defined.
As previously mentioned, fourteen FRs for women appeared at the level of twelve
NUTS 3 regions in which ten FRs for male commuters were found, which indicates that
women generally commute shorter distances than men. Three FRs for women are fully
aligned with the statistical regions: those of Murska Sobota, Slovenj Gradec, and Krško.
However, in contrast to the general FRs, women commuters form two FRs in the Upper
Carniola Statistical Region, i.e. FR of Kranj and FR of Jesenice. In addition to this
specificity, another specificity for women is found in the FR of Postojna, which covers
the entire territory of the adequate statistical region and most of the Coastal-Karst
Statistical Region. At the expense of the FR of Postojna, two other FRs (the FR of
Ljubljana and FR of Koper) are much smaller than the adequate FRs in the system of
twelve FRs for all commuters together.
Functional regions should be delimited so that as only few labour mobility flows as
possible cross their borders. This basic principle of delimiting FRs is already built into the
method CURDS itself, which we used to model FRs. Nevertheless, in the study, we
analyzed the final sets of FRs using an FST approach. We calculated the membership
value of each municipality belonging to FR, and at the same time, we calculated the
average membership value of all municipalities in FR (i.e. the average membership
value of FR), and the average membership value of all municipalities in the system of
all FRs (i.e. the average membership value of FR systems in the country). It is
understood that a higher number of FRs will result in lower average fuzzy membership
values and vice versa. Nevertheless, some common features can be drawn from the
results in Table 3.
Of all three FRs systems, ten FRs system for men have the highest average fuzzy
membership value of the municipalities belonging to FRs, i.e. 0.84, while the system for
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women and the system for all commuters have the same average membership
values, i.e. 0.82. In all three compositions of FRs, the FR of Ljubljana has the highest
average membership value, i.e. 0.9, and the FR of Krško has the lowest. In the case of
the common FR system, the average fuzzy membership value of belonging to FR of
Krško is low, i.e. 0.67, and higher in the case of female FRs, i.e. 0.73. The latter indicates
that many more women than men have found work in the home FR of Krško. A similar
situation can be observed in the case of FR of Ptuj, where the average membership
value of municipalities to FR is 0.73 for all labour commuters, while it is 0.77 for women.
Table 3
Mean membership values of the functional regionalization in 2016-2018 in Slovenia
ID
11
41
50
52
54
61
70
80
84
85
94
96
112
133

Functional region / Slovenia
Slovenia
Celje
Jesenice
Koper
Kranj
Krško
Ljubljana
Maribor
Murska Sobota
Nova Gorica
Novo mesto
Postojna
Ptuj
Slovenj Gradec
Velenje

Together

Men

Women

0.82
0.79
N.A.
0.80
0.81
0.67
0.90
0.82
0.87
0.87
0.81
N.A.
0.73
0.83
0.80

0.84
0.79
N.A.
0.78
0.81
N.A.
0.90
0.87
0.86
0.88
0.82
N.A.
N.A.
0.82
0.77

0.82
0.80
0.78
0.85
0.71
0.73
0.89
0.84
0.88
0.89
0.82
0.72
0.77
0.85
0.80

Source: Authors’ work.
Note: N.A. means that it does not apply to a particular case in question (there is no FR).

Discussion and conclusions
The study examined whether the statistical regions, i.e. the regions at the level NUTS 3
in Slovenia, still correspond to the gravitational zones around the more important
regional centres as defined more than 40 years ago (Vrišer, 1974, 1978; Rebec, 1983,
1984; Vrišer & Rebernik, 1993). We analysed the gravitational areas of all labour
commuters together and separately for men and women. Separately for both sexes,
we also estimated the average distance between home and work. The results of our
study are in line with the literature (White, 1977; Green et al., 1986; Tkocz & Kristensen,
1994; Sang, 2008; Prashker et al., 2008; Roberts et al., 2011; Nafilyan, 2019), since in
Slovenia, the average distance between home and work is also shorter for women
(14.9 km) than for men (16.8 km).
The number and extent of gravitational areas at the NUTS 3 level were analysed
based on areas of functional urban regions, i.e. functional regions around the main
employment centres in Slovenia. FRs were modelled using the CURDS method
(Coombes & Bond, 2008), whereby generalized areas of commuter flows were
identified at the level considered, which was defined by the population and selfsufficiency of the regions.
A comparison of the statistical and functional regions of all commuters showed that
2/3 of FRs do not correspond to the statistical regions, that FR Ljubljana is much larger
55

Business Systems Research | Vol. 12 No. 1 |2021

and FR of Novo mesto much smaller than the corresponding statistical regions, and
that two new and important employment centres have emerged in eastern Slovenia,
i.e. Ptuj and Velenje. At the level of twelve regions in Slovenia, these employment
centres replace the previously defined centres (and their gravitational areas) of
Postojna and Trbovlje.
The FRs were modelled also separately for both sexes using the corresponding
parameters of employed men or women and regional self-sufficiency. Using such an
FR modelling approach resulted in ten FRs for males and fourteen FRs for female
commuters. The generalisation of commuter flows for men thus leads to a smaller
number of larger labour market areas for men (ten male FRs), while for women, a
larger number of smaller labour market areas (fourteen female FRs) are formed for
Slovenia. Given the shorter commuting distances for women, such a result can be
expected.
A comparison of general FRs and FRs separately for both sexes reveals some
interesting facts. While the new FR Velenje is shaped by flows of labour mobility of men
and women, the FR around Ptuj is mainly created because of the flows of labour
mobility of women. In comparison to men, women form two additional FRs, i.e. FR
Postojna and FR Kranj, which are less important if all flows are generalized at the level
of NUTS 3 regions. All three maps of FRs show a decline in the importance of Trbovlje
as a regional employment centre in Slovenia at the level in question. Based on this
result, it would be useful to reconsider the inclusion of the Central Sava Statistical
Region (SI035) in the system of NUTS 3 regions in Slovenia.
In our study, we also investigated the self-sufficiency of FRs using a fuzzy set
approach. In the system of twelve FRs for all commuters together, the average value
of the municipality's membership of FR is 0.82. FRs with lower values are regions from
which on average relatively more workers commute to another FR than from others.
These FRs are FR Celje, FR Koper, FR Kranj, FR Novo Mesto, and FR Krško. These results
are consistent with the findings of Bole (2011), who found that, from 2000 through 2009,
commuting flows from the municipalities of the Littoral–Inner Carniola Statistical Region
(SI038) and of Coastal–Karst Statistical Region, and also from the municipalities from
Southeast Slovenia Statistical Region to Ljubljana increased by more than 100%. In this
period until 2009, important sections of the motorway in all directions were completed,
making Ljubljana, Slovenia's main employment centre, more accessible.
The inclusion of FR in the system of statistical regions can also be based on the
average membership values of Slovenia's functional regionalisation. In this case, it is
useful to consider the possibility of excluding Southeast Slovenia Statistical Region from
the system of NUTS 3 regions, as the average value of municipalities in FR Krško, which
is fully consistent with the Southeast Slovenia Statistical Region, is relatively low (0.67).
A similar consideration is offered in the case of adding a new region to the system. In
this case, FR Ptuj has a low average value of municipality membership (0.73), while FR
Velenje has a much higher value (0.8); this means that FR Velenje is more suitable for
inclusion in the NUTS 3 system than FR Ptuj.
We consider the lack of analysis of the gravitational regions in the educational
systems and the regional supply systems to be an important shortcoming of our study.
Therefore, it makes sense to investigate additional FRs in the future that has a
significant impact on the creation of functional urban regions around regional
centres. These are mainly FRs in secondary and higher education, as primary
education is usually provided in the home municipality and FRs of regional supply
systems.
Functional regions, as discussed in this article, are formed based on labour mobility
of the working population. Europe, and Slovenia in particular, is faced with a rapidly
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ageing population. According to Eurostat population projections, the age structure of
the Slovenian population is expected to change very significantly in the coming
decades, but not in the structure by gender (Eurostat, 2019). Therefore, we expect
that the change in the demographic composition of the population will not
significantly affect the formation of FRs in the coming years, but new jobs related to
the care of the elderly population will have an impact on the formation of FRs in the
coming decades.

References
1. Arnuš, D. (2020), “Analiza funkcionalnih regij v Sloveniji po spolu delovno aktivnega
prebivalstva« (Analysis of functional regions in Slovenia by gender of persons in
employment), BSc thesis University of Ljubljana, available at: https://repozitorij.unilj.si/IzpisGradiva.php?lang=slv&id=117357 (15 November 2020).
2. Berry, B. J. L., Garrison, W. L. (1958), “The Functional Bases of the Central Place Hierarchy”,
Economic Geography, Vol. 34 No. 2, pp. 145–154.
3. Blumen, O. (1994), “Gender Differences in the Journey to Work”, Urban Geography, Vol.
15, No. 3, pp. 223–245.
4. Bole, D. (2011), “Changes in employee commuting: a comparative analysis of employee
commuting to major Slovenian employment centers from 2000 to 2009”, Acta geographica
Slovenica, Vol. 51, No. 1, pp. 93–108.
5. Christaller, W. (1933). Die zentralen Orte in Süddeutschland. Gustav Fischer, Jena, pp. 327331.
6. Coombes, M. G., Green, A. E., Openshaw, S. (1986), “An efficient algorithm to generate
official statistical reporting areas: the case of the 1984 travel-to-work-areas revision in
Britain”, Journal of the Operational Research Society, Vol. 37 No. 10, pp. 943-953.
7. Coombes, M., Bond, S. (2008), “Travel-to-Work Areas: the 2007 review Office for National
Statistics”,
London,
available
at:
https://www.ncl.ac.uk/media/wwwnclacuk/curds/files/TTWA%20report.pdf (15 August
2020).
8. Coombes, M., Casado-Díaz, J. M., Martínez-Bernabeu, L., Carausu, F. (2012), “Study on
comparable labour market areas - Final research report”, available at:
http://www.istat.it/it/files/2014/12/Final-Report_LMA-v1-0-17102012.pdf (15 August 2020).
9. Cörvers, F., Hensen, M., Bongaerts, D. (2009), “Delimitation and coherence of functional
and administrative regions”, Regional Studies, Vol. 43 No. 1, pp. 19–31.
10. Drobne, S. (2016), “Model vrednotenja števila in območij funkcionalnih regij” (A model
evaluating the number and areas of functional regions), PhD thesis, University of Ljubljana,
available at: https://repozitorij.uni-lj.si/Dokument.php?id=97829&lang=slv (7 November
2019).
11. Drobne, S. (2020), “Kakovost funkcionalne regionalizacije po metodah CURDS in Intramax
na makro ravni: študija primera za Slovenijo” (The quality of functional regionalisation by
using CURDS and Intramax methods at the macro level: a case study for Slovenia),
Geodetski vestnik, Vol. 64 No. 1, pp. 13–32.
12. Drobne, S., Garre, A., Hontoria, E., Konjar, M. (2020), “Comparison of Two Network-TheoryBased Methods for Detecting Functional Regions”, Business Systems Research, Vol. 11 No.
2, pp. 15-29.
13. Drobne, A., Lakner, M. (2016), “Use of constraints in the hierarchical aggregation procedure
Intramax”, Business Systems Research, Vol. 7 No. 2, pp. 5-22.
14. EC (2019), “Regulation (EC) No 1059/2003 of the European Parliament and of the Council
of 26 May 2003 on the establishment of a common classification of territorial units for
statistics (NUTS), Consolidated text 13/11/2019”, European Commission (EC), Brussels,
available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02003R105920191113 (15 October 2020).
15. Eurostat (2019), “Ageing Europe, Looking at the Lives of Older People in the EU, 2019
Edition”, available at: https://ec.europa.eu/eurostat/documents/3217494/10166544/KS02-19%E2%80%91681-EN-N.pdf/c701972f-6b4e-b432-57d2-91898ca94893 (19 March 2021).

57

Business Systems Research | Vol. 12 No. 1 |2021

16. Eurostat (2020a), “NUTS – Nomenclature of territorial units for statistics. History of NUTS”,
available at: https://ec.europa.eu/eurostat/web/nuts/history (15 October 2020).
17. Eurostat (2020b), “NUTS – Nomenclature of territorial units for statistics. Background”,
available at: https://ec.europa.eu/eurostat/web/nuts/background (12 October 2020).
18. Eurostat (2020c), “NUTS – Nomenclature of territorial units for statistics. Local Administrative
Units (LAU)”, available at: https://ec.europa.eu/eurostat/web/nuts/local-administrativeunits (11 October 2020).
19. Fanning-Madden, J. (1981), “Why Women Work Closer to Home”, Urban Studies, Vol. 18 No.
2, pp. 181-194.
20. Franconi, L., D'Alò, M., Ichim, D. (2016a), “Istat Implementation of the Algorithm to Develop
Labour
Market
Areas,
Technical
Report”,
Istat,
available
at:
https://www.istat.it/en/files/2016/03/Description-of-the-LabourMarketAreas-algorithm.pdf,
(15 September 2020).
21. Franconi, L., Ichim, D., D'Alò, M., Cruciani, S. (2016b), “Guidelines for Labour Market Area
Delineation Process: From Definition to Dissemination”, Istat, available at:
https://ec.europa.eu/eurostat/cros/system/files/guidelines_for_lmas_production08082017
_rev300817.pdf (15 September 2020).
22. Franconi, L., Ichim, D'Alò, M. (2017). Labour Market Areas for Territorial Policies: Tools for a
European
Approach.
Istat,
available
at:
https://content.iospress.com/download/statistical-journal-of-theiaos/sji160343?id=statistical-journal-of-the-iaos%2Fsji160343 (15 September 2020).
23. Feng, Z. (2009), “Fuzziness of travel to work areas”, Regional Studies, Vol. 43 No. 5, pp. 707720.
24. Green, A. E., Coombes, M. G., Owen, D. W. (1986), “Gender-Specific Local Labour Market
Areas in England and Wales”, Geoforum, Vol. 17 No. 3, pp. 339–351.
25. Karlsson, C., Olsson, M. (2006), “The identification of functional regions: theory, methods,
and applications”, The Annals of Regional Science, Vol. 40 No. 1, pp. 1-18.
26. Van der Laan, L., Schalke, R. (2001), “Reality versus policy: the delineation and testing of
local labour market and spatial policy areas”, European Planning Studies, Vol. 9 No. 2, pp.
201-221.
27. Nafilyan V. (2019), “Gender Differences in Commute Time and Pay”. Office for National
Statistics,
London,
United
Kingdom,
available
at
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/earningsandworkin
ghours/articles/genderdifferencesincommutetimeandpay/2019-09-04#toc (9 September
2020).
28. OECD (2002), Redefining territories - The functional regions. OECD Publishing, Paris.
29. Prashker, J., Shiftan, Y., Hershkovitch-Sarusi, P. (2008), “Residential Choice Location, Gender
and the Commute Trip to Work in Tel Aviv”, Transport geography, Vol. 16 No. 5, pp. 332–
341.
30. Rebec, J. (1983), Razvoj naselij mestnega značaja z več kot 2000 prebivalci v SR Sloveniji,
1971–1981. Prikazi in študije, Ljubljana. No. 28.
31. Rebec, J. (1984). Funkcijska klasifikacija mestnih naselij z več kot 2000 prebivalci v SR
Sloveniji, 1981. Prikazi in študije, No. 29.
32. Roberts, J., Hodgson, R., Dolan, P. (2011), “It’s Driving her Mad: Gender Differences in the
Effects of Commuting on Psychological Health”, Journal of Health Economics, Vol. 30 No.
5, pp. 1064–1076.
33. Sang, S. M. A. (2008), “Examining Commuting Patterns and Spatial Mismatch by
Occupation and Gender: Disaggregate Journey-to-Work Model”. PhD thesis, Ohio State
University, Columbus.
34. SMARS (2020), “Spatial data on municipalities, 2019”, the Surveying and Mapping Authority
of the Republic of Slovenia, available at: https://egp.gu.gov.si/egp/ (10 August 2020).
35. SORS (2020a), “Slovene Statistical Regions and Municipalities in Figures”, Statistical Office
of the Republic of Slovenia, Ljubljana, available at https://www.stat.si/obcine/en (12
October 2020).
36. SORS (2020b), “SI-Stat data portal”, available at:
http://pxweb.stat.si/pxweb/dialog/statfile1.asp (25 August 2020).

58

Business Systems Research | Vol. 12 No. 1 |2021

37. Tkocz, Z., Kristensen, G. (1994), “Commuting Distances and Gender: A Spatial Urban
Model”, Geographical analysis, Vol. 26 No. 1, pp. 1–14.
38. Vanhove, N., Klaassen, L. H. (1987). Regional Policy: A European Approach, 2 Edition.
Gower Publishing Company Limited, Aldershot.
39. Vrišer, I. (1974), “Mesta in urbano omrežje v SR Sloveniji. Značilnosti njihovega razvoja in
družbeno gospodarskega pomena s posebnim ozirom na mala mesta”, Geografski zbornik,
Vol. 14 No. 3, pp. 179–337.
40. Vrišer, I. (1978), Regionalno planiranje. Mladinska knjiga, Ljubljana.
41. Vrišer, I., Rebernik, D. (1993), »Družbenogospodarska in dejavnostna usmeritev slovenskih
mest«, Geografski zbornik, No. 33, pp. 9–40.
42. Watts, M. (2009), “Rules versus hierarchy: an application of fuzzy set theory to the
assessment of spatial grouping techniques”, in Kolehmainen, M., Toivanen, P., Beliczynski,
B. (eds), 9th International Conference on Adaptive and Natural Computing Algorithms, 2325 April, Springer-Verlag, Berlin Heidelberg, pp. 517-526.
43. Watts, M. (2013), “Different spatial grouping algorithms: an application to the design of
Australia’s new statistical geography”, Spatial Economic Analysis, Vol. 8 No. 1, pp. 92-112.
44. White, M. J. (1977), “A Model of Residential Location Choice and Commuting by Men and
Women Workers”, Journal of Regional Science, Vol. 17 No. 1, pp. 41–52.
45. Wikipedia (2020), “Statistical Regions of Slovenia”, Wikipedia Free Encyclopedia, available
at https://en.wikipedia.org/wiki/Statistical_regions_of_Slovenia (12 October 2020).

About the author
Samo Drobne is an Assistant Professor and the vice dean of educational affairs within
the Faculty of Civil and Geodetic Engineering, University of Ljubljana (Slovenia). He
teaches courses on statistics, geographical information systems (GIS), and spatial
analyses in GIS. His main research fields include regional development and planning,
spatial interaction models, functional regions, commuting, migration, spatial analysis
in GIS, and operational research in spatial systems. Currently, he is a member of the
narrow working group for concepts and legislative bases for establishing provinces in
Slovenia where he helps develop the concepts of functional regions as bases for
provinces. He is actively involved in several international and national research
projects. Further information is available at http://fgg-web.fgg.uni-lj.si/~/sdrobne/. The
author can be contacted at samo.drobne@fgg.uni-lj.si

59

