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IZVLECEK

V prispevku obravnavamo povprecno prometno dostopnost
obcin Slovenije do najbliZjega prikljucka avtoceste ali
hitre ceste. V ta namen najprej razlozimo pojem prometne
dostopnosti, izvedemo pregled teoreticnih pristopov
modeliranja prometne dostopnosti in izpostavimo
pomembnejse dejavnike pri modeliranju. Nadaljujemo s
pregledom avtorjev modeliranja prometne dostopnosti v
Sloveniji. Predlagani rastrski model nadgrajuje dosedanjo
prakso modeliranja prometne dostopnosti v Sloveniji z
vkljucitvijo vplivov obsega prometa (zastoji), naklona in
gostote rabe tal na potovalno hitrost. Rezultati modeliranja
kazejo na velje razlike v dostopnosti slovenskih obcin.
Rezultate dostopnosti smo primerjali z rezultati prejsnjih
modelov. V' splosnem se povprecna prometna dostopnost
obtin v obdobju 2009-2013 ni bistveno spremenila; se
vedno ostajajo najbolj problematicne Stevilne obmejne
obine.
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ABSTRACT
This paper deals with the car accessibility of the Slovenian

municz;balitie: to the nearest motorway or expressway access
point. 1o this end, we review the accessibility measures used
in transport planning strategies and highlight important
Jactors in modelling transport accessibility. Further, an
overview of the studies of transport accessibility modelling
in Slovenia is presented. The suggested raster model upgrades
the current practice of modelling transport accessibility in
Slovenia by considering the influence of average traffic
volume (congestion), road gradient, and land use density
on travel speed. The model results reveal a large disparity in
the accessibility among Slovenian municipalities. The paper
also compares the proposed model results with the earlier
model results. In general, average transport accessibility in
Slovenian municipalities did not change in 2009-2013;
our model suggested the list of problematic municipalities
in border areas similar to the one identified in the earlier
models.
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1 INTRODUCTION

In recent years, accessibility is gaining importance in planning land use and transport infrastructure,
and has become a good indicator of spatial cohesion (Schiirmann et al., 1997; Lopez et al., 2008), as
well as social and economic spatial development (Rietveld and Nijkamp, 1993). Along with investments
and spatial policy, accessibility influences the organization and dynamics of regions, and consequently
the spatial distribution of activities and the population (Bavoux et al., 2005). Accessibility is directly
related to mobility, economic development, and social prosperity; therefore, measuring accessibility
is an important tool to be directly used by spatial planners and policy makers when assessing various
spatial planning strategies (Geurs and van Wee, 2004; Vandenbulcke et al., 2009; Gutierrez et al.,
2010). Accessibility measures mostly differ by purpose, calculation complexity, and interpretation
of results. In this paper, we are focused on the accessibility measures used for planning land use and
transport infrastructure planning. In evaluating spatial development and transport infrastructure policy,
accessibility is usually estimated using easily interpretable and understandable accessibility measures
to both researchers and policy makers. In these strategies, the so-called infrastructure or transport ac-
cessibility measures are most frequently found; in this group, several measures are used to evaluate the
performance of transportation system, such as travel time, travel speed, and the level of congestion

(Geurs and van Wee, 2004).

In Slovenia, the issues concerning transport accessibility are included in strategic spatial documents
as well as legislation. Strategic spatial documents covering transport accessibility are the Regional
Development Strategy of Slovenia (SRRS, 2001), Spatial Development Strategy of Slovenia (SPRS,
2004), and Development Strategy of Slovenia (SRS, 2005). Over the past decade, improving transport
accessibility in Slovenia has been one of the key strategic spatial planning objectives, as laid down in
the Spatial Development Strategy of Slovenia (SPRS, 2004). As for legislation, the Promotion of Bal-
anced Regional Development Act (ZSRR-2; Official Gazette of the RS, 20/2011, 57/2012), inter alia,
defines the measures for problematic border areas. These areas include border municipalities and the
municipalities directly adjacent to border municipalities. According to ZSRR-2 (ibid.), problematic
border municipalities have more than 50% of their residents living in a zone within 10 km from the
border, where there is a lack of jobs and a below-average population density. According to this act, the
municipalities that are adjacent to border municipalities and included in problematic border areas also
include the municipalities with more than 45-minute average accessibility to the nearest motorway or
expressway access point or the municipalities with a high proportion of Natura 2000 areas. A detailed
review of including transport accessibility issues into strategic documents and legislation was conducted

by Kozina (2009, 2010d).

The Decree Determining Problematic Border Areas (UDOPO; Official Gazette of the RS, 22/2011)
lays down that every two years the Government Office of the Republic of Slovenia for Local Self-
Government and Regional Policy — now the Ministry of the Economic Development and Technol-
ogy (MGRT; Ofhicial Gazette of the RS 97/2012), Regional Development Directorate, Sector for
Regional Development Planning — shall check the values of the measures from the decree and, in the

event of different classifications of municipalities into problematic border areas, propose appropriate

amendments of the Decree. This includes any advances in methodology development and setting
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up of databases.! According to UDOPO, the average transport accessibility of a municipality to the
nearest motorway or expressway access point is calculated as an average access time by car on the road
network. This analysis includes the most recent data from public records (Official Gazette of the RS
22/2011). The University of Ljubljana, Faculty of Civil and Geodetic Engineering, participated in
calculating the average transport accessibility of municipalities to a motorway or expressway access
point: (Poga¢nik et al., 2010) for the 2011 Decree (Official Gazette of the RS 22/2011), (Drobne,
2012) for the 2012 Decree (Official Gazette of the RS 97/2012), and (Drobne, 2014) for the situ-
ation at the end of 2013.

In the Slovenian literature, relevant discussions on accessibility are found in (Bole et al., 2010; Ceh et
al., 2008; Cerne, 1986; Drobne, 2003, 2005, 2012, 2014; Drobne and Bogataj, 2005; Drobne et al.,
2004; Guli¢ and Plevnik, 2000; Kozina, 2008, 2009, 2010a, b, ¢, d; Kozina and Plevnik, 2009; Paliska
etal., 2000, 2004; Pelc, 1989; Setinc et al., 2006; Zavodnik Lamoviek et al., 2010). Two in-depth works
by Kozina stand out (2008 and 2010d).

This paper focuses on the analysis of the average infrastructure accessibility of municipalities to the
nearest motorway or expressway access point in Slovenia. These roads, which are of key importance
for long-distance freight transport, are important road connections with neighbouring countries, while
they also connect the national major urban centres of regional significance in the country. The study is

limited to individual (car) transport only.

1.1 Definition of the term accessibility and measuring accessibility in a geographic
information system

In the literature, there is no single definition of accessibility, consequently, several different definitions and dif-
ferent approaches to measure it exist (Hagerstrand, 1970; Moseley, 1979; Cerne, 1986; de Jong and van Eck,
1997; Harris, 2001; Ho, 2011). One of the first definition of accessibility was given by Stewart (1948) and
Hansen (1959), who defined accessibility as the “potential of opportunities”. Morris and colleagues (Morris et
al., 1979) defined accessibility as the ease with which spatially separated activities may be reached from a given
location using a particular transportation system. Focusing on transport, the definition of accessibility by Geurs
and Ritsema van Eck (2001) should be mentioned as well. According to the authors, accessibility expresses the
“extent to which a land-use transport system enables individuals or goods to reach activities or destinations by
means of a (combination of) transport mode(s)” (ibid., p. 36). Conceptually, this last definition (Geurs and
Ritsema van Eck, 2001) is broader than the previous one (Morris et al., 1979), as it includes four interdependent
components (Vandenbulcke etal., 2009), i.e. “a transport component (transport system), a land-use component
(the magnitude, quality and characteristics of activities found at each destination), a temporal component (time
availability of activities), and an individual component (needs, abilities, and individual’s opportunities)” (p. 40).

' Taking into account the official and available data on measure values, in 2011 problematic border areas included the following municipalities (Official
Gazette of the RS 22/2011): Bistrica ob Sotli, Ajdovs¢ina, Apace, Benedikt, Bohinj, Bovec, Brda, Brezice, Cankova, Cerkno, Cirkulane, Crensovci, Crna
na Koroskem, Crnome{j, Divaca, Dobrovnik, Dolenjske Toplice, Dravograd, Gorje, Gornji Petrovci, Grad, Hodos, Hrpelje Kozina, Illirska Bistrica,
Jezersko, Kanal, Kobarid, Kobilje, Kocevie, Komen, Kostanjevica na Krki, Kostel, Kozje, Kranjska Gora, Kungota, Kuzma, Lendava, Loska dolina,
Loski Potok, Lovrenc na Pohorju, Luce, Majsperk, Metlika, MeZica, Miren Kostanjevica, Moravske Toplice, Muta, Ormoz, Osilnica, Pesnica, Pivka,
Podetrtek, Podlehnik, Podvelka, Postojna, Preddvor, Prevalje, Puconci, Radlje ob Dravi, Ravne na Koroskem, Ribnica, Ribnica na Pohorju, Rogasovci,
Rogatec, Ruse, Selnica ob Dravi, Semic, Slovenj Gradec, Soléava, Sredisce ob Dravi, Sveta Ana, Sveti Jurij v Slovenskih goricah, Sveti Tomaz, Salovci,
S'mtjermy', S'mmje pri Jelsah, Tolmin, Trzic, Velika Polana, Videm, Vipava, Vuzenica, Zavré, Zetale, and Zirovnica. A year later, the Municipality of
Zirovnica was removed from this list (Official Gazette of the RS 42/2004).
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Since there is no consensus about the best approach to measure the accessibility, mostly because different
situations require different approaches (Handy and Niemeier, 1997; Gudtierrez, 2001), different acces-

sibility measures can be found in the literature.

Handy and Niemeier (1997) classified the existing approaches of measuring accessibility into three
categories: isochrones (which indicate the number or proportion of destinations reachable within the
given travel time/distance/cost from a selected origin), gravity-based measures (which assume the gradual
decrease in accessibility as the travel time to destinations increases), and utility-based measures (which
estimate the accessibility at the level of the individual). Baradaran and Ramjerdi (2001) distinguish be-
tween five (general theoretical) approaches to measure accessibility: (1) travel-cost approach, (2) gravity
or opportunities approach, (3) constraints-based approach, (4) utility-based surplus approach, and (5)
composite approach. Similarly, different approaches of measuring accessibility were proposed by Geurs
and van Wee (2004), who identified four groups: infrastructure-based measures, location-based measures,
person-based measures, and, finally, utility-based measures. Different groups of accessibility measures
require different data and are related to different operationalization and communicability; more detailed
information about this topic is found in Bruinsma and Rietveld (1998), Geurs and van Wee (2004),
and Vandenbulcke et al. (2009).

In this paper, the motorway and expressway network access of municipalities is estimated. Due to the
limitations in the available data, we focus our study on evaluating infrastructure-based accessibility mea-
sures. These indicators have many advantages, of which the ease to operationalize and interpret, and the
requirements of fewer inputs are the most important. However, these measures have also some important
shortcomings. Guers and Vee (2004) argued that the infrastructure-based measures do not satisfy most of
the theoretical criteria; are not sensitive to changes in supply of and demand for opportunities (land-use
component), in temporal constraints (temporal component), and in individual needs and preferences
(individual component). Consequently, these measures cannot be used for evaluating the accessibility
impact on land use policy due to the lack of measuring the location quality, and temporal and individual
elements (Bruinsma and Rietveld, 1998; Geurs and van Wee, 2004; Vandenbulcke et al., 2009). Despite
these shortcomings, infrastructure-based accessibility measures are widely used for evaluating national

transport policies in the United States and European countries (Guers and van Wee, 2004).

The flexibility of geographic information systems (GIS) allows for a detailed illustration and evaluation
of infrastructure-based accessibility indicators. Travel time and travel costs can be analysed on transport
infrastructure in both raster and vector based data models. For many years, there has been the discussion
about the most appropriate model; however, similarly to the lack of a consensus about the definition
of accessibility, no consensus has been reached about using a model as well. Therefore, authors make
different decisions, based on needs, data availability, data processing capabilities, etc. (Couclelis, 1992;
van Bemmelen et al., 1993; Goodchild et al., 2007; Delamater et al., 2012). The two approaches differ
significantly in terms of the conceptual model of space, data formats, processing algorithms, and the
method of evaluating accessibility, but the calculations of travel time and cost in both data models are
similar. Travel time is calculated based on travel distance and speed, and is conceptually characterised as
the “cost of movement”. Such interpretation allows for the use of various algorithms (e.g. the “minimum

cost path” in the raster model, and the “shortest path” in the vector data model) of accessibility estimates.
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Donnay and Ledent (1995) described two important shortcomings of calculating accessibility in an
object-based vector data model. First, since in the vector data model the transport networks are rep-
resented as a constellation of nodes and connecting links, the accessibility can only be calculated for
the nodes (accessibility for any point at the connection line between two nodes has to be interpolated)
and, second, the accessibility for the off-network locations cannot be calculated. Unlike in the vector
data model, in the raster data model we deal with transport accessibility as a spatially continuous vari-
able, meaning that the accessibility can be calculated for any given point in the area in question (Juliao,
1999; Drobne, 2003; Drobne et al., 2004; Goodchild et al., 2007; Delamater et al., 2012). Similarly to
the vector data model approach, also the raster approach has several disadvantages, e.g. the difficulty of
defining the connections in nodes (at-grade crossings, grade-separated crossings, turn directions) and the
problem of flow direction (one-way and two-way traffic flows). Details about the differences, advantages,
and disadvantages of both data models are found in van Bemmelen et al. (1993), Donay and Ledent
(1995), Goodchild et al. (2007) and Delamater et al. (2012). Although in some cases, the vector data
model performs better and produces results that are more reliable, it still has its shortcomings due to
which the raster approach was adopted in this study.

1.2 Travel speed and travel time in transport accessibility studies

Travel speed and travel time are the key factors in evaluating transport accessibility. However, travel
speed is influenced by various factors and its estimation can be a rather complex task. According to the
HCM-2000 methodology (Highway Capacity Manual; HCM, 2000), the capacity and level of service
(including travel speed and time) of a road generally depend on the road parameters, traffic flow char-
acteristics, and the traffic control. For the estimation of vehicle speed on urban streets the HCM-2000
methodology further defines the road adjacent land use type, roadside activity, and the street environ-
ment, etc., as the influencing factors. In addition to this, many previous studies reported that the travel
speed is also influenced by the vehicle’s and driver’s characteristics.

Although in some studies, conclusions about the influence of various factors on travel speed are mixed,
it is generally accepted that the travel speed is influenced by the road category, horizontal curvatures,
road section length, grade, number of junctions, density of access points, number of lanes, road surface,
sight distance, lateral clearance (Oppenlander, 1966; Polus et al., 1984; Kanellaidis, 1995; Gattis and
Watts, 1999; HCM, 2000; Ericsson, 2000; Ottesen and Krammes, 2000; Wang, 2006; Lay, 2009), the
proximity of buildings, nearby commercial development, road adjacent land use (Rowan and Keese,
1962; Poe et al., 1996; Warren, 1982; Tignor and Warren, 1990; HCM, 2000; Wang, 2006; Ewing and
Cervero, 2010), traffic regulation and speed limits (Zwahlen, 1987; Poe and Mason, 2000; Fitzpatrick
et al., 2001; HCM, 2000), traffic-calming strategies (Ewing, 1999; Barbosa et al., 2000; Comte and
Jamson, 2000), traffic flow composition (Poe et al., 1996; HCM, 2000; Donnell et al., 2001), the driver’s
personality and the vehicle’s characteristics (Poe et al., 1996; Elslande and Faucher-Alberton, 1997; Kang,
1998; Smiley, 1999; Gibreel et al., 2001).2 Another relation that should be mentioned is the relationship
between traffic flow volume and travel speed. Polus and colleagues (Polus et al., 1984) reported that at
the macro level, apart from average road curvature and average road grade, the volume of traffic flow

negatively correlates with travel speed. A similar conclusion was drawn by Lamm and colleagues (Lamm

2 Besides, in the literature there are many other factors that influence travel speed; however, further discussion of these factors is beyond the scope of this paper.
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etal., 1988, 1990), who used the Average Annual Daily Traffic (hereinafter: AADT) as a traffic volume
estimator. Their two-lane rural highways model showed that AADT volume explains 5.5% of the total
variability in the travel speed.> AADT variable was also used by other authors who reported similar
conclusions: the influence is negative, relatively small, and it varies in relation to the road category, and
road section characteristics (Jessen et al., 2001; Schurr et al., 2002). In transport modelling, particularly
when analysing road congestion, we use various resistance functions to estimate travel speed and time as
a function of the road of congestion (volume/capacity ratio) of a given road section. The cases of using

AADT/capacity ratio as a direct indicator of road congestion are found in the National Cooperative
Highway Research Program (NCHREP, 1997), Erlingson et al. (2006) and Zupanci¢ (2006).

A short and selective review of the factors influencing travel speed revealed that many different approaches
exist that enable a very precise estimate of the average travel speed. However, apart from the cases where the
authors obtain the data on travel time from the transport model, in a macroscopic transport accessibility
modelling the authors mostly do not use complex methodologies, but rather simple ones to estimates
average travel speed, time, or costs. In most cases travel speed for each road segment is estimated using
posted speed limits, which is then reduced according to road characteristics, nearby population size and
density, the number of jobs in the area, land use type, etc. (Gutierrez and Urbano, 1996; Gutierrez,
2001; Vandenbulcke, 2009; Delamater et al., 2012).

In the next sections of this paper, we first present the methodology for evaluating average transport
accessibility of Slovenian municipalities to the nearest motorway or expressway access ramp. We de-
scribe and discuss the use of official data, and explain the method used to estimate the travel speed in
the raster analytical cartographic model. Next, the results are presented, followed by the interpretation
and the discussion of the used model and the results. In conclusion, we summarize our research find-
ings and discuss the implications of the modelling approach for further practice in evaluating national
strategic transport and land use strategies. Hereafter, the shorter term “accessibility” will be used to refer

to “transport accessibility”.

2 METHODOLOGY

In this paper, the accessibility is evaluated only for individual transport. It is assumed that individual
trips are carried out only by car. Thus, the few general assumptions present in most GIS accessibility
models must be made. First, we assume that an individual’s personal experience and travel habits can
be described and estimated using general (average) data and a general spatial model (Delamater et al.,
2012), e.g. that individuals in a population have comparable cars, driving knowledge, and driving char-
acteristics, and comparable travel conditions (weather conditions, time of day/week, congestion, etc.)
and, second, the model assumes that individuals choose the shortest path in terms of length/time/costs
between the origin and the destination.

Although the calculations of accessibility measures in both, raster and vector data models, heavily depend
on the level of detail and accuracy, calculations in the raster data model are additionally affected by the
level of abstraction occurring when converting vector road data to raster representation (Delamater et

al., 2012). Low raster grid resolution may increase the probability that several roads segments fall within

3 The percent of explained variance was very high (R*=0.842; Lamm et al., 1990).
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each raster cell, while only a single value can be assigned to each cell (e.g. average travel speeds). In the
models with smaller cell size (few metres only), this probability is minimalized; however, the smaller cell
size leads to a substantial increase in data storage requirements and processing time of each step in the
model (Delamater et al., 2012). Consequently, the choice of cell size is very important since it influences
the accuracy of the results (calculations may be either overestimated or underestimated, depending on the
adopted decision rule in assigning cell values). After evaluating earlier models of transport accessibility
in Slovenia (Drobne, 2003, 2012, 2014; Drobne et al., 2004), the availability of data, and considering
that the new model should be comparable to older ones, the raster-based model of accessibility seemed
to be the best choice. ArcGIS 10.2 software was used to build a raster data model of accessibility.

2.1 Databases

In modelling the accessibility to the nearest motorway or expressway access ramp this study used different
digital data; data on public roads, motorway or expressway access points, data on Average Annual Daily
Traflic, digital elevation model data, land use data, and records from the national digital Building Cadastre.

Public roads in the Republic of Slovenia (RS) are classified into state roads and municipal roads. The data
on state roads for 2013 were obtained from the Slovenian Roads Agency (DRSC, 2014a), and the data on
municipal roads for 2013 were obtained from the Surveying and Mapping Authority of the Republic of
Slovenia, i.e. from the collection cadastre of public infrastructure works (GJI; GURS, 2014a).* In the acces-
sibility analysis the following municipal roads were used: local roads, main urban roads, collection urban or
local roads, and urban or local roads. The point data on motorway (AC) or expressway (HC) access points
at the end of 2013 were captured manually using DRSC's linear data (2014a) on motorway or expressway
access points. The AADT data were obtained from the database of DRSC (2014b).> The terrain elevation
model data and the data on built-up areas were provided by the Surveying and Mapping Authority of the
Republic of Slovenia (DMV 100; GURS 2014b and GURS, 2014c, respectively).® The data on household
residents in a building with a house number were acquired at the Ministry of Internal Affairs (MNZ), In-
ternal Administrative Affairs, Migration and Naturalization Directorate, Office for Internal Administrative
Affairs and Naturalization, Sector for Population Registration and Authentic Instruments (MNZ, 2014).

2.2 Working method

Most of the input data layers were in vector format, and they first had to be converted to raster format.
Resolution of 100 m was used for the area of Slovenia. The conversion of data to a raster format was fol-
lowed by modelling cost surfaces and an accessibility analysis in a cartographic modelling environment.”

The key problem in modelling accessibility using the raster approach is defining the cost surface (East-
mann, 1989, 2001). The cost surface is defined by the cost (usually time) distance from destinations (in

7 The GJI database contains only the data on municipal roads that were provided by municipalities.

> The Average Annual Daily Traffic (AADT) is a value calculated to indicate the traffic volume at a given road transport section, which expresses the average
number of vehicles each day and all days annually ar a road section in both ways (DRSC, 2014b).

A building is a structure that a person can enter and is intended for a person’s permanent or temporary residence, performance of their business and other
activities, or protection, and cannot be moved without damage to its substance (GURS, 2014c).

For our purposes, the raster model of calculating transport accessibility was broad in scope. The model was designed in such a way to also allow for,
with smaller amendments, the calculation of accessibility to any given location in the state (e.g. urban centres at different levels of investigation, tourist
attractions, economic zones, etc.).
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our case from motorway or expressway access ramps). The cost surface calculation is based on the friction
surface, which is defined by the relative cost of crossing the raster cell. In our case, the cost was defined

as the travel time needed for the perpendicular movement across the raster cell using a car.

The average travel speeds by the road categories are written in Table 1. The initial values of the friction

surface are calculated using the travel time model for crossing one raster cell using a car:

CPC = L'GO, (1)
PPH -1000
where CPC'is the time needed for crossing the raster cell in minutes, VC is the size of the raster cell in
metres, and PHP is the average travel speed in kilometres per hour. In the model we treated eight dif-
ferent categories of state roads (DRSC, 2014a) and four road categories from GJI (GURS, 2014a). In
the areas outside the road network, we assumed an average travel speed of 5 km/h. In this way, all the

missing connections from buildings to the roads in question were included in the analysis.

When calculating travel speed we took into account the following road, traffic flow, and environmental
characteristics:

(a) inital travel speeds separately for each road category as well as for locations outside the road network;

(b)  terrain ruggedness based on which we corrected the average travel speed on the roads in question;

(c)  the volume of Average Annual Daily Traffic,

(d) and the influence of the built environment, which was used to reduce the average travel speed in
the built environment.

The initial travel speeds were estimated based on previous studies (Drobne et al., 2004) and calculations
in (Zupandi¢, 2006) for level terrain road sections. These two studies differ from our study by taking
into account various factors influencing travel speed; therefore, we estimated, drawing on our experience,
slightly lower average travel speeds than those in the two studies. As a result, we corrected the travel
speeds upwards or downwards, depending on the estimated impact of the individual factor.

Table 1:  Averagetravel speed and the time needed for the perpendicular movement across the raster cell according to the road category.

Average travel Time needed for the
Type of road Label  speed (PPH, in perpendicular movement across
km/h) the cell (, in min)
main road I Gl 65 0.0923
main road II G2 65 0.0923
regional road I R1 55 0.1091
regional road IT R2 55 0.1091
regional road IIT R3 45 0.1333
regional road III — tourist road RT 35 0.1714
local road 9 35 0.1714
main urban road 11 35 0.1714
collection urban or local road 12 30 0.2000
urban or local road 13 15 0.4000
Slovenian territory outside the road network - 5 1.2000
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In the HCM (2000) the influence of terrain grade on free-flow speed is well documented and quantified,
particularly for the different degrees of gradient but also for the length of the up-grades/down-grades.
However the methodology adopted in HCM (2000) is far too detailed to be used in a macroscopic level
model. More simplified relationship can be found in Lay (2009). He reported that, typically, a 1% increase
in grade results in a 3 km/h decrease in free flow speed for cars, and 6 km/h for heavy vehicles. The rate
of speed reduction is even greater for down-grades of over 8% and for up-grades of over 5% (ibid.). Our
model initially used lower speed values than the free-flow speed, thus we decided to reduce speed only
for grades higher than 10 degrees. Accordingly, for greater magnitudes of grades, smaller corrections than
the recommended ones were used.® The corrections of the off-network speed were determined arbitrarily.
Speed reduction values are listed in Table 2.

Table 2:  Correction of average travel speeds at roads and outside the road network in relation to terrain gradient.

. Correction of average Correction of average
Terrain grade
(in degrecs) travel speeds travel speeds
& in the road network outside the road network
[0-10) without correction without correction
[10-20) - 5% -20%
[20-30) -10% -40%
30 and more -20% -70%

In estimating the impact of road congestion on travel speed the Average Annual Daily Traffic (AADT)
was used as the indicator of congestion for all vehicles. We tried to capture the generalised conclusions
published in Zupanci¢ (2006) by a simplified model adapted to the available data and modelling level.

The interval was determined for each state road category

[lul’LDPi ~ O popi> Mpropi T O propi ]’ @

where u,, . is the average AADT value for all vehicles for a road category, 7, is the standard deviation
of AADT for all vehicles for a road category, and index 7 represents the investigated state road categories
(i = Gl1, G2, R1, R2, R3, RT). For each state road section we checked whether the AADT value was
below, at, or above the interval (2). The travel speeds were corrected in relation to AADT on the road

section in question. Table 3 shows the correction of the average travel speed on a state road section in

relation to AADT.

Table 3:  Correction of average travel speeds at state roads in relation to Average Annual Daily Traffic for all vehicles.

Average Annual Daily Traffic (AADT) Correction of average travel speeds on the state road
PLDP < (luPLDl’i - O-PLDPi) +5%

PLDP: [Hpy 1, = Oprppp Hpropi + Oprppid 0%
PILIDPS (W 53 T -5%

The impact of built-up areas on travel speed was taken into account in two ways: first, in areas where
building density GS, was greater than one standard deviation, &, above the average value of building

density in Slovenia, U OF:

¢ Correction - 20% was considered only at 0.012% (720 m) of state road sections, of which most were regional tourist roads III or
tourist roads.
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GS> (U o+ O (3)

the average travel speed was reduced by a third; building density was calculated using the kernel density
method within a 5500-m radius’; secondly, in a 100 x 100 m size area in the field where the buildings
were in the immediate vicinity of the road, we assumed that the average travel speed was lower by a
third. Both conditions of the “built-up area” criterion are written in Table 4. The built-up area criterion
was taken into consideration for all types of roads.

Table 4:  Correction of average travel speeds at roads in relation to built-up areas.

Building from the Building Cadastre Correction of average

travel speeds for all roads
is in a 100-m raster cell -33%
is not in a 100-m raster cell without correction
(and at the same time)
GS> (p s+ 0,9 -33%

GS< (u,+ 0, without correction

Average travel time to the nearest motorway or expressway access point in the municipality was analysed
in the following three ways:

—  average travel time from all building locations from the municipal Building Cadastre,
—  average travel time from locations of all buildings with a house number in a municipality,
—  average travel time from locations of all buildings with permanent residence (i.e. from locations

of buildings with a house number with at least one permanent resident).

To make the comparability of the results easier, we ranked the municipalities by reference to the average
accessibility to a motorway or expressway access point. The general steps of the analytical cartographic
model in ArcGIS software to calculate accessibility are:

1. Calculation of the friction surface (the surface of the time needed for crossing one raster cell by
car):

l.a) conversion of linear vector data of state (excluding motorways or expressways) and municipal
roads to raster format (the attribute is the road category),

1.b) conversion of Slovenia’s state border polygon to binary raster format,

l.c) reclassification of raster data on roads according to the road category into average travel speeds
(Table 1),

1.d) reclassification of data on other areas in Slovenia into an average travel speed of 5 km/h (Table
1),

l.e) calculation of terrain gradients from the Digital Elevation Model,

1.f) calculation of correction of average travel speeds on roads and off-roads in relation to terrain
gradient (Table 2),

l.g) calculation of AADT intervals according to state road categories using model (2),

1.h) calculation of correction of the average travel speed on state roads in relation to AADT (Table

3))

7 The 5500-m radius was determined from the average municipality size in Slovenia in 2013, i.e. 95.6312 kn’.
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1.i) conversion of point vector data from the Building Cadastre to a binary raster format,

1.j) calculation of correction of the average travel speed on roads as regards the presence of a building
in the raster cell (Table 4),

1.k) calculation of building density from the Building Cadastre,

1.1) calculation of correction of the average travel speed on roads in relation to building density (Table
4),

1.m) combining raster data on roads and Slovenian areas into a raster data layer of average travel speeds
(PPH),

1.n) calculation of the time needed for crossing one raster cell (CPC) using model (1);

2. Calculation of the cost surface, i.e. the surface of travel time to the nearest motorway or expressway
access point;

3. Calculation of average travel time from the locations in question in Slovenian municipalities to
the nearest motorway or expressway access point:

3.a) preparation of polygon vector data regarding municipal areas (the key attribute is the unique
identifier of a municipality),

3.b) conversion of point vector data of buildings from the Building Cadastre to a binary raster format,

3.c) conversion of point vector data of buildings with a house number to a binary raster format,

3.d) conversion of point vector data of buildings with a house number and with permanent residence
to a binary raster format,

3.¢) calculation of the average travel time in a municipality from building locations from the Building
Cadastre,

3.f) calculation of the average travel time in a municipality from locations of buildings with a house
number,

3.g) calculation of the average travel time in a municipality from locations of buildings with a house
number and permanent residence.

3 RESULTS

Figure 1 shows travel times to the nearest motorway or expressway access point in 2013. The data on

average accessibility in a municipality were dealt with in three ways: as the average travel time from

building locations from the Building Cadastre, as the average travel time from locations of buildings with

a house number, and as the average travel time from locations of buildings with a house number and

with at least one permanent resident. The average travel time was ranked. Due to the space restrictions

of this paper, we show below only the average travel time in a municipality from locations of buildings

with a house number and with at least one permanent resident, and the ranking of the municipalities

in relation to the analysed average time in a municipality (see Figure 1).

e, Dejan Paliska | POVPRECNA PROMETNA DOSTOPNOST SLOVENSKIH OBCIN DO NAJBLIZJEGA PRIKLJUCKA NA AVTOCESTO ALI HITRO CESTO

SIBILTY OF THE SLOVENIAN MUNICIPALITIES TO THE NEAREST MO OR EXPR S POINT| 486-519




GEODETSKIVESTNIK | 59/3 |

=
[}

Figure 1: Travel time by car to the nearest motorway or expressway access point (Slovenia, 2013).

Figure 2:  Average travel time and ranking of average access time by car from locations of buildings with permanent residence
in a municipality to the nearest motorway or expressway access point (Slovenia, 2013).

Let us assume that we are interested in a quarter of the most distant, and a quarter of the nearest, mu-

nicipalities using the three criteria concerning built-up areas (see Table 5). For a quarter of the most
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distant municipalities we see that, according to the different approaches to dealing with built-up areas,
we get slightly, but not significantly, different results: average travel time from locations of buildings with
permanent residence in most municipalities is up to 6% shorter than that from locations of all buildings,
except for two municipalities in the hilly parts of Slovenia: in the Municipality of Bohinj the average
travel time is shorter by 21%, i.e. by just over 10 minutes, and in the Municipality of Jezersko by 13%,
i.e. almost 7 minutes. There are greater differences in a quarter of the nearest municipalities, where the
average travel time from the locations of buildings with permanent residence is shorter by 13% than
that those from the locations of all buildings in most municipalities. There are a few exceptions where
the differences are more significant: the biggest difference, a 33% (by 3.4 minutes) shorter average travel
time is in the Municipality of Jesenice, while in Radovljica, Vipava and Postojna it is shorter by 16%

(i.e. approx. 1.5 minutes).

The comparison of average travel time of the middle 50% of municipalities also reveals a few excep-
tions, where the travel time is significantly reduced when looking at accessibility from the locations of
buildings with permanent residence. The time is reduced by up to 13% for most of these municipali-
ties, with the exception of the municipalities Gorje (by 42% or 9.2 minutes), Zirovnica (by 41% or
5.6 minutes), Bled (by 34% or 5.4 minutes), Trzi¢ (by 29% or 4.6 minutes), and Kranjska Gora (by
18% or 4.7 minutes).

There are also a few exceptions, i.e. the municipalities where the average travel time from the locations of
all buildings — including those without a house number — is the shortest out of all analysed travel time.
Such a result is obtained in municipalities Trzin (by 2% or 0.2 minutes), Senéur (by 2% or 0.1 minutes),
Menge$ (by 1% or 0.2 minutes), and Beltinci (by 1% or 0.1 minutes). All these municipalities have a
good average accessibility to access points (less than 18 minutes) and are located in Slovenia’s lowlands.
Most buildings without a house number, which are located near motorway or expressway access points,

are located in these municipalities.

The treatment of the municipalities intersected by the motorway cross is interesting as well. These
municipalities include those where the average accessibility from the locations of buildings with
permanent residence is 20 minutes or more. They are the following (starting from the worst acces-
sibility): Kamnik, Kranjska Gora, Nova Gorica, Sentjur, Zagorje ob Savi and, conditionally, Ivan¢na
Gorica. This result is understandable in the case of the Municipalities of Kamnik, Kranjska Gora,
and Zagorje ob Savi, where the motorway is only partially in contact with, or intersects the edges
of, the municipal area. In Nova Gorica, Sentjur, and Ivanéna Gorica the motorway or expressway
divides the municipality almost in half. In these cases, the result can be interpreted by the settlement
pattern in a municipality according to the locations of origins, i.e. access points to the Slovenian

motorway Ccross.
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The most distant and the nearest municipalities using the criteria concerning built-up areas (average accessibility

of a municipality to a motorway or expressway access point, Slovenia, 2013).

25% of the most distant municipalities

(ranked if starting from the most distant municipality)

25% of the nearest municipalities

(ranked if starting from the nearest municipality)

from locations of all buildings from the Building Cadastre

Osilnica, Kostel, Prevalje, Vuzenica, Muta, Bovec,
Sol¢ava, Mezica, Kobarid, Ribnica na Pohorju, Ravne
na Korogkem, Crna na Korogkem, Cerkno, Radlje ob
Dravi, Dravograd, Kocevje, Crnomelj, Tolmin, Loski
Potok, Podvelka, Kuzma, Luce, Grad, Slovenj Gradec,
Jezersko, Bohinj, Salovci/Salovci, Lovrenc na Pohorju,
Hodo$/Hodos, Radece, Gornji Petrovci, Ribnica,
Gorenja vas — Poljane, Sodrazica, Ljubno, Pod¢etrtek,
Rogasovci, Zelezniki, Logka dolina, Sredid¢e ob Dravi,
Semi¢, Kozje, Ilirska Bistrica, Metlika, Mislinja,
Bistrica ob Sotli, Idrija, Rogaska Slatina, Rogatec,
Selnica ob Dravi, Bloke, Puconci, Gornji Grad

Naklo, Sempeter - Vrtojba, Turni$¢e, Miklavz na
Dravskem polju, Hajdina, Vodice, Sv. Trojica v Slov.
goricah, Lendava/Lendva, Cerkvenjak, Starse, Sentur,
Murska Sobota, Ra¢e - Fram, Lukovica, Kidric¢evo,
Vipava, Mirna Pe¢, Ljubljana, Radovljica, Ankaran,
Odranci, Smarjeéke Toplice, Domzale, Lenart,

Rence - Vogrsko, Log - Dragomer, Vrhnika, Skoﬂjica,
Hoce - Slivnica, Sveti Jurij, Verzej, Postojna, Vransko,
Jesenice, Skocjan, Divaca, Grosuplje, Komenda, Trzin,
Trnovska vas, Braslovée, Prebold, Krizevci, Trebnje,
Celje, Sezana, Pesnica, Radenci, Zalec, Koper/

Capodistria, Polzela, Slovenske Konjice, Ajdovsc¢ina

from locations of buildings with a house number

Osilnica, Kostel, Vuzenica, Prevalje, Muta, Mezica,
Ribnica na Pohorju, Bovec, Kobarid, Sol¢ava, Ravne
na Koroskem, Radlje ob Dravi, Dravograd, Cerkno,
Crna na Korokem, Kocevje, Crnomelj, Loski Potok,
Tolmin, Podvelka, Kuzma, Luce, Grad, Slovenj
Gradec, Salovci/Salovci, Lovrenc na Pohorju, Hodos/
Hodos, Radeée, Gornji Petrovci, Bohinj, Jezersko,
Sodrazica, Gorenja vas - Poljane, Ribnica, Rogasovci,

Pod¢etrtek, Ljubno, Zelezniki, Sredisée ob Dravi,

Sempeter - Vrtojba, Naklo, Turnis¢e, Miklavz na
Dravskem polju, Hajdina, Vodice, Sv. Trojica v Slov.
goricah, StarSe, Lendava/Lendva, Cerkvenjak, Vipava,
Jesenice, Sencur, Lukovica, Ra&e - Fram, Murska
Sobota, Mirna Pe¢, Ankaran, Kidri¢evo, Radovljica,
Ljubljana, Postojna, Smarjeske Toplice, Odranci,
Vrhnika, Domzale, Renée - Vogrsko, Lenart, Hoce -
Slivnica, Vransko, Skoﬂjica, Divaca, Log - Dragomer,

Verzej, Braslovce, Grosuplje, Skocjan, Prebold, Sveti

Kozje, Semi¢, Mislinja, Loska dolina, Metlika, Bistrica  Jurij, Komenda, Tizin, Trnovska vas, Trebnje, Krizevci,

ob Sotli, Ilirska Bistrica, Rogaska Slatina, Rogatec,
Idrija, Bloke, Puconci, Selnica ob Dravi, Brda

Celje, Sezana, Zirovnica, Pesnica, Polzela, Koper/

Capodistria, Radenci, Zalec, Slovenske Konjice

from locations of buildings with permanent residence

Osilnica, Kostel, Prevalje, Vuzenica, Muta, Mezica,
Bovec, Ribnica na Pohorju, Kobarid, Ravne na
Koroskem, Sol¢ava, Dravograd, Radlje ob Dravi,
Cerkno, Crna na Koroskem, Kocevje, Crnomelj,
Loski Potok, Tolmin, Podvelka, Kuzma, Grad, Lude,
Slovenj Gradec, Salovci/Salovci, Lovrenc na Pohorju,
Hodo$/Hodos, Gornji Petrovci, Radece, Sodrazica,
Ribnica, Rogasovci, Gorenja vas - Poljane, Pod¢etrtek,
Jezersko, Ljubno, Zelezniki, Sredis¢e ob Dravi,
Kozje, Bohinj, Metlika, Semi¢, Loska dolina, Bistrica
ob Sotli, Mislinja, Ilirska Bistrica, Rogaska Slatina,
Rogatec, Bloke, Idrija, Puconci, Brda, Selnica ob
Dravi

Sempeter - Vrtojba, Naklo, Turnis¢e, Miklavz na
Dravskem polju, Hajdina, Vodice, Jesenice, Lendava/
Lendva, Sv. Trojica v Slov. goricah, Vipava, Lukovica,
Star$e, Radovljica, Cerkvenjak, Mirna Pe¢, Race -
Fram, Senéur, Zirovnica, Ankaran, Murska Sobota,
Ljubljana, Kidri¢evo, Postojna, Smarjeske Toplice,
Hoée - Slivnica, Vrhnika, Domzale, Odranci, Skocjan,
Prebold, Lenart, Renée - Vogrsko, Divaca, Skoﬂjica,
Vransko, Verzej, Log - Dragomer, Trebnje, Braslovée,
Grosuplje, Bled, Sveti Jurij, Komenda, Trnovska vas,
Krizevci, Celje, Trzin, Koper/Capodistria, Polzela,
Pesnica, Se¥ana, Tri&, Zalec
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4 DISCUSSION AND CONCLUSIONS

This paper focuses on presenting a raster-based model for measuring the car accessibility of Slovenian
municipalities to a motorway or expressway access ramp. The proposed model upgrades the earlier models
for evaluating accessibility to highways by applying a more detailed method for estimating travel speed.
Specifically, the current model upgrades the raster model used in Drobne (2003, 2005) and Drobne et
al. (2004) by taking into account the influence of traffic density, the built environment, and the road
gradient on travel speed. Accessibility to access ramps was calculated from three sets of origins, as recorded
in the Building Cadastre; from the locations of each buildings, from the locations of buildings with a
house number, and from the locations of buildings with permanent residence. The new model results
suggested that accessibility to the Slovenian motorway network did not change in the last four years (the
list of problematic border areas remains the same).

Our results also revealed a large disparity in the accessibility among Slovenian municipalities. The two
small rural municipalities, Osilnica and Kostel, have an average accessibility of more than 85 minutes,
while Naklo and Sempeter - Vrtojba have an average accessibility of less than 5 minutes. The worst acces-
sibility is found in the rural areas of northern Koroska and its border areas, in alpine areas at the western
border with Italy, and to the south, at the border with Croatia; accessibility in these municipalities is
more than an hour. These findings are not surprising, given that most of these municipalities eagerly
await the start of construction of the Third Development Axis, which will significantly improve their

accessibility to Slovenia’s regional centres.

Through using different sets of origins, we estimated the difference between the residential buildings’
accessibility and all buildings’ accessibility (including economic activity buildings and ancillary buildings
like garages, sheds, huts, woodsheds, etc.). The modelling results showed that travel times slightly differ
in relation to the different approaches to dealing with the origins — but, on average, they are similar. The
average access time differs the most in hilly areas, where residences are on average by 10 minutes closer

to the motorway than the locations of all buildings.

As noted earlier, the raster cell size is important since it influences the accuracy of the results and the
possibility of errors in calculations. Our model estimates travel time using a 100 m cell resolution, which
turned out to be a satisfactory (in terms of results accuracy and presentation, probability of errors and

processing time) resolution for modelling accessibility in Slovenia.

Beside the methodological simplicity of estimating the car accessibility on the road network, our limitation
to cars only finds arguments also in the national modal split of passenger journeys. Gabrovec and Bole
(2009) found that according to the data of the 2002 Census, 85% of commuting in Slovenia was made
by car'’. Mostly for practical reasons (comparability of results with earlier models and readily available
data, simplicity of calculation, interpretability and communicability of the indicator) we choose to use
travel time as an indicator of transport accessibility. However, as noted earlier, the infrastructure-based
accessibility measures have some important shortcomings (Geurs and van Wee (2004, p. 136) argued
that such measures “are not very useful to evaluate the accessibility impacts of land-use and transport
policies plans since the measure lack the land use component, and temporal and individual elements”).

10" Unfortunately, the occupancy of motor vebicles is low: 78% of commuting is conducted by drivers only, with only 7% passengers (Gabrovec and Bole,
2009).
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Consequently, the authors recommended the use of potential accessibility measures to evaluate transport
and land use policies, as such measures can be relatively easily computed and interpreted by researchers
and policy makers and require a modest amount of data (Geurs and van Wee, 2004). Another important
shortcoming of the proposed model is associated with the selection of destinations. In our model, the
accessibility is evaluated from the municipalities to the nearest motorway or expressway access point.
Such an approach evaluates accessibility only partially; motorway or expressway access points usually
do not represent an individual’s final destination — they are not the locations of activities (destination
are usually areas with a high density of population and activities). The performance of the model could
be also improved by using the temporal dimension component (time of day, week), attractiveness of

destination, impact of congestion on travel speed in large cities, etc. Most of these shortcomings could

be overcome by using potential accessibility measures.
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POVPRECNA PROMETNA DOSTOPNOST OBCIN SLOVENIJE - g
DO NAJBLIZJEGA PRIKLJUCKA AVTOCESTE ALI HITRE CESTE

OSNOVNE INFORMACIJE O CLANKU:
GLEJ STRAN 486

1 UVOD

Dostopnost postaja v zadnjih letih vse bolj pomemben dejavnik pri naértovanju rabe tal ter prometne
infrastrukeure in je odli¢en kazalnik prostorske kohezije (Schiirmann et al., 1997; Lopez et al., 2008)
ter druzbene in ekonomske razvitosti prostora (Rietveld in Nijkamp, 1993). Skupaj z investicijami in
prostorsko politiko vpliva na organiziranost in dinamiko regij, posledi¢no pa na razporeditev dejav-
nosti in prebivalstva v prostoru (Bavoux et al., 2005). Dostopnost je tesno povezana z mobilnostjo,
ekonomskim razvojem in druzbenim blagostanjem, zato je njeno merjenje pomembno orodje, ki ga
lahko neposredno uporabljajo prostorski naérrovalci in politi¢ni odlodevalci pri sprejemanju najra-
zli¢nejsih strategij prostorskega razvoja (Geurs in van Wee, 2004; Vandenbulcke et al., 2009). Merila,
s katerimi merimo dostopnost, se razlikujejo predvsem po podro¢jih uporabe, zapletenosti izra¢unov
in razlagah rezultatov. -
V tem prispevku se omejujemo na merila dostopnosti, ki se uporabljajo pri naértovanju prostorskih in pro-

metnih strategij. V razli¢nih strategijah razvoja prostora in prometne infrastrukeure je dostopnost obi¢ajno

vrednotena z merili, ki jih enostavno razlagamo in so razumljiva tako raziskovalcem kot politi¢nim odloce-

valcem. V navedenih strategijah najpogosteje najdemo tako imenovana merila infrastrukturne ali prometne

dostopnosti, kot so ¢as voznje, hitrost voznje in stopnja zasi¢enosti prometa (Geurs in van Wee, 2004).

V Sloveniji je problematika prometne dostopnosti vklju¢ena v strateske prostorske dokumente
in tudi zakonodajo. Strateski prostorski dokumenti, ki obravnavajo prometno dostopnost, so
Strategija regionalnega razvoja Slovenije (SRRS, 2001), Strategija prostorskega razvoja Slovenije
(SPRS, 2004) in Strategija razvoja Slovenije (SRS, 2005). V strategiji prostorskega razvoja Slovenije
(SPRS, 2004) je eden izmed temeljnih strateskih ciljev urejanja prostora v zadnjem desetletju ravno
izbolj$anje prometne dostopnosti v drzavi. Primer zakona pa je Zakon o spodbujanju skladnega
regionalnega razvoja (ZSRR-2; Ur. L. RS, §t. 20/2011, 57/2012), ki med drugim opredeljuje ukrepe
za obmejna problemska obmocja. To so obmejne ob¢ine in obéine, ki neposredno mejijo nanje.
Obmejne problemske obéine so po ZSRR-2 (prav tam) ob¢ine, v katerih ve¢ kot 50 % prebival-
cev zivi v desetkilometrskem obmejnem pasu in ki imajo primanjkljaj delovnih mest, hkrati pa
izkazujejo podpovprecno gostoto poselitve. Med ob¢ine, ki neposredno mejijo na obmejne ob¢ine
in so vkljudene v obmejna problemska obmod¢ja, pa po navedenem zakonu spadajo obéine z ve¢
kot 45-minutno povpre¢no dostopnostjo do najblizjega prikljucka na avtocesto ali hitro cesto ali

ob¢ine z visokim delezem povrsine, vklju¢ene v obmodéje Nature 2000. Podroben pregled vkljuce-

nosti problematike prometne dostopnosti v strateske dokumente in zakonodajo je opravil Kozina
(2009, 2010d).
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Uredba o dolo¢itvi obmejnih problemskih obmoc¢ij (UDOPO; Ur. 1. RS, $t. 22/2011) doloca, da Sluzba
Vlade Republike Slovenije za lokalno samoupravo in regionalno politiko — po novem Ministrstvo za
gospodarski razvoj in tehnologijo (MGRT; Ur. 1. RS, $t. 97/2012), Direktorat za regionalni razvoj,
Sektor za nalrtovanje regionalnega razvoja — vsaki dve leti preverja vrednosti meril iz uredbe in ob
morebitnih druga¢nih uvrstitvah ob¢in med obmejna problemska obmod¢ja predlaga ustrezne spre-
membe uredbe. V ta okvir spada tudi morebitni napredek pri razvoju metodologij in vzpostavljanju
baz podatkov.' Po UDOPO se povpre¢na prometna dostopnost v ob¢ini do najblizjega prikljucka na
avtocesto ali hitro cesto izra¢una kot povpre¢ni dostopni ¢as z avtomobilom po mrezZi cest. Pri tem se
v analizo vkljucijo najnovej$i podatki iz uradnih evidenc (Ur. 1. RS, $t. 22/2011). Pri izra¢unih pov-
precne prometne dostopnosti ob¢in do priklju¢ka na avtocesto ali hitro cesto je sodelovala Fakulteta
za gradbenistvo in geodezijo Univerze v Ljubljani, in sicer: Pogacnik et al. (2010) za uredbo iz leta
2011 (Ur. 1. RS, $t. 22/2011), Drobne (2012) za uredbo iz naslednjega leta (Ur. L. RS, $t. 97/2012)
ter Drobne (2014) za stanje konec leta 2013.

Pomembnejso obravnavo dostopnosti v slovenski literaturi zasledimo v Bole et al. (2010); Ceh et al.
(2008); Cerne (1986); Drobne (2003, 2005, 2012, 2014); Drobne in Bogataj (2005); Drobne et al.
(2004); Guli¢ in Plevnik (2000); Kozina (2008, 2009, 2010a,b,c,d); Kozina in Plevnik (2009); Paliska
et al. (2000, 2004); Pelc (1989); Setinc et al. (2006); Zavodnik Lamovéek et al. (2010). Pri tem posebe;j
izstopata poglobljeni deli Kozine (2008 in 2010d).

V prispevku analiziramo povpre¢no dostopnost ob¢in do najblizjega prikljucka na avtocesto ali hitro cesto
v Sloveniji. Te ceste, ki so klju¢nega pomena za daljinski promet tovornih vozil, so sestavni del (avto)
cestnih povezav s sosednjimi drzavami, hkrati pa omogocajo daljinski promet med najpomembne;jsimi

sredis¢i regionalnega pomena v drzavi.

1.1 Opredelitev pojma dostopnosti in merjenje dostopnosti v geografskem informacijskem
sistemu
Stevilni avtorji ugotavljajo, da je natanéna opredelitev pojma dostopnosti oteZena predvsem zaradi
raznolike vsebinske obravnave (Higerstrand, 1970; Moseley, 1979; Cerne, 1986; de Jong in van Eck,
1997; Harris, 2001; Kozina, 2008, 2010d; Ho, 2011). Eno S$irsih definicij sta podala Stewart (1948)
in Hansen (1959), ki sta dostopnost opredelila kot »sposobnost doseganja priloznosti«. Morris in sode-
lavci (Morris et al., 1979) so dostopnost opredelili kot »lahkotnoste, s katero z dane prostorske lokacije
dosegamo v prostoru razpriene dejavnosti s posameznim na¢inom prevoza. Avtorji posebej izpostavijo
dva elementa dostopnosti: prostorsko dimenzijo (lokacijo izvora glede na ponor) in prometno dimenzijo
(lastnosti prometnega omrezja). V vrsti razli¢nih pojmovanj dostopnosti velja omeniti $e opredelitev,
ki sta jo podala Geurs in Ritsema van Eck (2001). Po njunem dostopnost odraza »stopnjo, do katere

Ob upostevanju takratnibh uradnib in razpolozljivib podatkov o vrednostih meril so se leta 2011 med obmejna problemska obmocja uvrstile obcine
(Ur. L RS, $t. 22/2011): Bistrica ob Sotli, Ajdovicina, Apace, Benedikt, Bohinj, Bovec, Brda, Brezice, Cankova, Cerkno, Cirkulane, Crensovci, Crna
na Koroskem, Crnomelj, Divaca, Dobrovnik, Dolenjske Toplice, Dravograd, Gorje, Gornji Petrovci, Grad, Hodos, Hrpelje - Kozina, Ilirska Bistrica,
Jezersko, Kanal, Kobarid, Kobilje, Kocevie, Komen, Kostanjevica na Krki, Kostel, Kozje, Kranjska Gora, Kungota, Kuzma, Lendava, Loska dolina,
Loski Porok, Lovrenc na Pohorju, Luce, Majiperk, Metlika, Mezica, Miren - Kostanjevica, Moravske Toplice, Muta, Ormo, Osilnica, Pesnica, Pivka,
Podetrtek, Podlehnik, Podvelka, Postojna, Preddvor, Prevalje, Puconci, Radlje ob Dravi, Ravne na Koroskem, Ribnica, Ribnica na Pohorju, Rogasovci,
Rogatec, Ruse, Selnica ob Dravi, Semié, Slovenj Gradec, Soléava, Sredisée ob Dravi, Sveta Ana, Sveti Jurij v Slovenskib goricah, Sveti Tomaz, Salovei,
Sentjernej, Smarje pri Jelsab, Tolmin, Trzic, Velika Polana, Videm, Vipava, Vuzenica, Zavré, Zetale in Zirovnica. Eno leto kasneje so s tega seznama
obéin értali obéino Zirovnica (Ur. . RS, 5t. 97/2012).
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raba tal in prometni sistem omogocajo posameznikom ali dobrinam doseganje dejavnosti ali destinacij
v prostoru z enim ali ve¢ nacini prevoza« (prav tam). Zadnja opredelitev (Geurs in Ritsema van Eck,
2001) je konceptualno $irsa od predhodne (Morris et al., 1979), saj vkljucuje $tiri medsebojno neodvisne
komponente (Vandenbulcke et al., 2009), in sicer promet (prometni sistem), rabo tal (obseg, kakovost in
znacilnost dejavnosti na posamezni destinaciji), ¢as (¢asovna razpolozljivost dejavnosti) in individualno

komponento (potrebe, zmoznosti in priloznosti posameznikov).

Tezavnost natan¢ne opredelitve dostopnosti se Se posebej pokaze v razli¢nih poskusih kvantifikacije
meril. Gudierrez (2001) piSe, da dostopnosti ni mogoce preprosto kvantificirati, prav tako ne obstaja
najbolj$i nacin merjenja. Izbira kazalnika in metodologije vpliva na konéni rezultat, zato je glede na
podroéje obravnave pomembno izbrati primeren kazalnik in nac¢in merjenja (Talen in Anselin, 1998;
Vandenbulcke et al., 2009). V strokovni literaturi se pojavljajo razli¢ni kazalniki dostopnosti, vezani
predvsem na udinkovitost in razvitost prometnega omrezja ter dosegljivost dejavnosti v prostoru za

razli¢ne druzbeno-ekonomske skupine (Kwan, 1998).

Handy in Niemeier (1997) sta obstoje¢e nadine merjenja dostopnosti razvrstila v tri skupine in tako
opredelila tri na¢ine: izohronega (kaze $tevilo ali delez dosegljivih lokacij v izbranem ¢asu potovanja/
razdalji/stroskov iz izbranega izvora), gravitacijskega (predpostavi postopno zmanj$evanje dostopnosti
s povecevanjem casa potovanja do destinacije) in pristop koristi (ocenjuje dostopnost na ravni posa-
meznika). Baradaran in Ramjerdi (2001) locita pet (splo$nih teoreti¢nih) nadinov merjenja prometne
dostopnosti: (1) pristop potovalnih stroskov, (2) gravitacijski oziroma potencialni pristop, (3) pristop z
omejitvami, (4) pristop koristi in (5) sestavljeni pristop. Podobno sta nacine merjenja opredelila Geurs
in van Wee (2004), ki predlagata $tiri skupine: v prvo spadajo merila, s katerimi se meri dostopnost
po infrastrukturi, v drugo spadajo merila, s katerimi se meri stopnja dejavnosti lokacij, v tretji skupini
so merila, s katerimi se meri dostopnost na ravni posameznika, v zadnji, ¢etrti skupini pa so merila, s
katerimi se merijo koristi. Navedene skupine se medsebojno mo¢no razlikujejo predvsem po obsegu in
naboru potrebnih vhodnih podatkov, nadinu izra¢una in razlagi rezultatov. Bolj podroben pregled meril
dostopnosti najdemo v Bruinsma in Rietveld (1998), Baradaran in Ramjerdi (2001), Geurs in van Wee
(2004) ter Vandenbulcke et al. (2009).

V tem prispevku obravnavamo povpre¢no prometno dostopnost ob¢in do najblizjega prikljucka na avtocesto
ali hitro cesto. Glede na vsebino prispevka in razpolozljivost podatkov smo se v nadaljevanju osredoto¢ili
na skupino meril, s katerimi se meri dostopnost po prometni infrastrukturi. Kazalniki iz te skupine me-
rijo u¢inkovitost prometne infrastrukture z opazovanjem ali simulacijami. Primeri taksnih kazalnikov so:
mrezna ali zra¢na razdalja, potovalni ¢as, potovalni stroski, stroski zastojev in podobni. Ti kazalniki imajo
Stevilne prednosti, med najpomembneje Stejemo enostavnost razumevanja in racunanja ter majhen nabor
potrebnih vhodnih podatkov. Kot pomanjkljivost pa velja omeniti predvsem dejstvo, da niso uporabni
za vrednotenje vpliva, ki ga ima dostopnost na lokacijo (v izra¢unu niso upostevane prostorske, ¢asovne
in individualne komponente), zanemarjajo raznolikost glede kakovosti lokacij in vrednotenja ¢asa (med
razli¢nimi potniki), so ob¢utljivi za znacilnosti obravnavanega obmodja ter zanemarjajo vedenjske vzorce
posameznih potnikov (Bruinsma in Rietveld, 1998; Geurs in van Wee, 2004; Vandenbulcke et al., 2009).

Prilagodljivost geografskih informacijskih sistemov (GIS) omogoca podroben prikaz in izra¢un razli¢nih

kazalnikov dostopnosti. Cas potovanja ali stroske potovanja po prometni infrastrukturi lahko analiziramo
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v rastrskem in vektorskem podatkovnem modelu. Razprava, kateri model je bolj primeren, traja ze vrsto
let, vendar podobno kot pri opredelitvi in merilih dostopnosti ni enotnega mnenja. Zato se avtorji, glede
na potrebe in razpoloZljivost podatkov, odlocajo razli¢no (Couclelis, 1992; van Bemmelen et al., 1993;
Goodchild et al., 2007; Delamater et al., 2012). Pristopa se v formatih zapisa, algoritmih procesiranja in
nacinu izratunu dostopnosti precej razlikujeta, v osnovi pa sta izratuna ¢asa potovanja zelo podobna. Cas
potovanja izra¢unamo na podlagi dolzine in hitrosti potovanja ter ga konceptualno oznacimo kot strosek
premikanja (angl. cost of movement). Tak$no pojmovanje omogoca uporabo razli¢nih algoritmov (npr.

»minimum cost path« v rastrskem modelu ali »shortest path« v vektorskem modelu) ocene dostopnosti.

Donnay in Ledent (1995) sta opisala dve pomembni pomanjkljivosti pri izratunu dostopnosti v vek-
torskem podatkovnem modelu. Izratunamo jo lahko samo za vozlis¢a v grafu (izracun dostopnosti za
poljubno to¢ko na povezavi med dvema vozlis¢ema je mogoce izvesti le z interpolacijo vrednosti), ravno
tako je nemogoce izracunati dostopnost za lokacije zunaj mreze povezav (grafa). V rastrskem podatkov-
nem modelu (rastrskem pristopu) pa lahko obravnavamo prometno dostopnost kot prostorsko zvezno
spremenljivko, kar pomeni, da lahko izratunamo dostopnost za poljubno to¢ko na obravnavanem
obmodju (Julio, 1999; Drobne, 2003; Drobne et al., 2004; Goodchild et al., 2007; Delamater et al.,
2012). Podobno kot vektorski ima tudi rastrski pristop izra¢una dostopnosti nekatere pomanjkljivosti:
na primer, zelo tezavno opredelitev povezanosti v vozlis¢ih (nivojska, izvennivojska krizis¢a, smeri zavi-
janja) in obravnavo smeri prometnih tokov (enosmerni in dvosmerni prometni tok). Podrobno obrav-
navo razlik, prednosti in pomanjkljivosti obeh pristopov najdemo v delih van Bemmelen et al. (1993),
Donay in Ledent (1995), Goodchild et al. (2007) in Delamater et al. (2012). V tem prispevku smo
se, predvsem zaradi zgoraj navedenih pomanjkljivosti vektorskega pristopa, odlo¢ili uporabiti rastrski
pristop modeliranja dostopnosti.

1.2 Hitrost in ¢as voznje v raziskavah prometne dostopnosti

Potovalna hitrost in ¢as voznje sta klju¢na dejavnika pri oceni prometne dostopnosti. Na potovalno hit-
rost vplivajo razli¢ni dejavniki, zato je njena ocena zapletena in zahtevna. Po metodologiji HCM-2000
(Highway Capacity Manual; HCM, 2000) sta zmogljivost in raven storitve (kamor spadata potovalna
hitrost in ¢as voZnje) za posamezno cesto v splosnem odvisna od lastnosti ceste, lastnosti prometnega
toka in nacina regulacije prometa. Poleg splosnih dejavnikov se v metodologiji HCM-2000 pri oceni
potovalne hitrosti na urbanih cestah predvideva $e upostevanje kategorije rabe tal in gostote poselitve
v bliZini ceste, vrste dejavnosti na cesti itd. Poleg navedenih fizi¢nih lastnosti ceste in okolja so razli¢ne

Studije pokazale, da na potovalno hitrost vplivajo Se znacilnosti vozila in voznika.

Pri dolo¢anju dejanske hitrosti voznje razli¢ni avtorji na razli¢nih ravneh proucevanja prihajajo do ugoto-
vitev, ki si v¢asih tudi nasprotujejo. V stroki pa v splosnem velja, da na potovalno hitrost vpliva kategorija
ceste, radij cestnih krivin, dolZina cestnega odseka, naklon, $tevilo kriZis¢, gostota vstopnih tock, $tevilo
voznih pasov, podlaga cestis¢a, preglednost ceste (Oppenlander, 1966; Polus et al., 1984; Kanellaidis,
1995; Gattis in Watts, 1999; HCM, 2000; Ericsson, 2000; Ottesen in Krammes, 2000; Wang, 2000;
Lay, 2009), blizina zgradb, gospodarska dejavnost v bliZini ceste (Rowan in Keese, 1962; Poe et al., 1996;
Warren, 1982; Tignor in Warren, 1990; Wang, 2006; Ewing in Cervero, 2010), regulacija prometa in
omejitev hitrosti (Zwahlen, 1987; Poe in Mason, 2000; Fitzpatrick et al., 2001; HCM, 2000), razli¢ni
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nacini umirjanja prometa (Ewing, 1999; Barbosa et al., 2000; Comte in Jamson, 2000), delez tezkih
tovornih vozil v prometnem toku (Poe et al., 1996; HCM, 2000; Donnell et al., 2001) ter osebnostne
lastnosti voznika in vozila (Poe et al., 1996; Elslande in Faucher-Alberton, 1997; Kang, 1998; Smiley,
1999; Gibreel et al., 2001).?

Zaradi metodologije, ki je uporabljena v tem ¢lanku, je treba poleg navedenih dejavnikov omeniti Se
vpliv obsega prometnega toka na potovalno hitrost. V vrsti Stevilnih modelov na makro in mikro ravni,
ki opisujejo odnose med hitrostjo in obsegom prometnega toka oz. pretokom vozil, navajamo le nekaj
za na§ model pomembnih izsledkov. Polus in sodelavci (Polus et al., 1984) pravijo, da na makro ravni
poleg povpreéne vijugavosti ceste in povpre¢nega naklona ceste znacilno negativno korelira s potovalno
hitrostjo tudi obseg prometnega toka. Podobno so ugotovili tudi Lamm in sodelavci (Lamm et al.,
1988, 1990), ki so za spremenljivko obsega prometnega toka uporabili povpre¢ni dnevni letni pretok
(v nadaljevanju: PDLP). Ugotovili so, da je na dvopasovnih podezelskih cestah s spremenljivko PDLP
mogoce razloziti 5,5 % skupne variabilnosti v potovalni hitrosti.> PDLP kot spremenljivko v modelu
za oceno potovalne hitrosti so uporabili tudi drugi avtorji, ki so prisli do podobnih ugotovitev: vpliv
je negativen, relativno majhen ter se spreminja glede na kategorijo cest in lastnosti cestnih odsekov
(Jessen et al., 2001; Schurr et al., 2002). V prometnem modeliranju, predvsem v postopku analize
obremenitve cest, uporabljamo razli¢ne funkcije upora, s katerimi ocenjujemo potovalno hitrost in ¢as
voznje v odvisnosti od stopnje obremenitve (razmerja med pretokom in zmogljivostjo odseka ceste.
Primere uporabe PDLP kot neposrednega kazalnika obremenitve cest oziroma razmerja med PDLP
in zmogljivostjo cest najdemo v National Cooperative Highway Research Program (NCHRP, 1997),
Erlingson et al. (2006), Zupancic¢ (2006). V teh $tudijah so za razli¢ne kategorije cest ocenjeni parametri
razli¢nih funkcij upora, ki omogocajo neposredno oceno povpreéne potovalne hitrosti za posamezne

cestne odseke na podlagi vrednosti PDLP.

Po kratkem pregledu dejavnikov, ki vplivajo na potovalno hitrost, ugotavljamo, da obstajajo Stevilni pristopi,
ki omogocajo tudi zelo natanéno oceno povpreéne potovalne hitrosti. Ce izvzamemo primere, pri katerih
avtorji pridobijo podatke o ¢asu voznje iz transportnega modela, pri modeliranju prometne dostopnosti
na makro ravni avtorji ve¢inoma ne uporabljajo podrobno razdelanih metodologij, ampak preproste ocene
povpredne potovalne hitrosti in asa voznje ali stroskov potovanja. Najveckrat ocenijo potovalno hitrost
na podlagi dovoljene hitrosti na cestah posamezne kategorije, ki jo pavsalno reducirajo na podlagi znacil-
nosti ceste, Stevila ali gostote prebivalcev ali Stevila delovnih mest po obravnavanih obmogjih, rabe tal v
blizini ipd. (Gutierrez in Urbano, 1996; Gutierrez, 2001; Vandenbulcke, 2009; Delamater et al., 2012).

V nadaljevanju prispevka najprej predstavimo metodologijo za analizo povpre¢ne prometne dostopnosti
ob¢in Slovenije do najblizjega priklju¢ka na avtocesto ali hitro cesto. Pri tem obravnavamo uporabo
uradnih podatkov, posebej pa razlozimo gradnjo ter postopek delovanja rastrskega analitiénega karto-
grafskega modela. Sledita predstavitev rezultatov modeliranja z vrednotenjem in sklep. V nadaljevanju

prispevka namesto zveze prometna dostopnost uporabljamo krajsi izraz dostopnost.

2 Poleg navedenega se v strokovni literaturi pojavija se vrsta drugih dejavnikov, ki vplivajo na potovalno hitrost, vendar njihova obravnava presega namen
tega Clanka.
3 Delez pojasnjene variance je bil zelo velik (R? = 0,842; Lamm et al., 1990).
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2 METODOLOGIJA

Za pravilno razumevanje metode dela in rezultatov kartografskega modela dostopnosti najprej predstavimo
omejitve in predpostavke, s katerimi smo sestavili model. Model dostopnosti temelji na izra¢unu ¢asa
potovanja z osebnim avtomobilom na mreZi javnih cest. Osnovna predpostavka pri modeliranju prometne
dostopnosti je bila, da je mogoce posameznikove osebnostne izku$nje in potovalne navade dovolj dobro
opisati in oceniti s splo§nimi (povpre¢nimi) podatki in splo$nim prostorskim modelom (Delameter et
al., 2012). Iz tega sledijo Se nekatere druge predpostavke, da imajo posamezniki v populaciji primerljive
avtomobile, voznisko znanje in znacilnosti voznje, da so razmere, ki vplivajo na ¢as voznje (vremenske
razmere, ¢as v dnevu/tednu, zastoji itd.), primerljive ter da med izvorom in ponorom potovanja izberejo

dolzinsko/¢asovno/stroskovno najugodnejso pot.

Zanesljivost izracuna potovalnih ¢asov med razli¢nimi lokacijami v prometni mrezi je v okolju GIS
pogojena s stopnjo podrobnosti (natan¢nostjo) in stopnjo zanesljivosti (to¢nostjo) vhodnih podatkov
(lokacij izvora in ponora, dolZine cestnih odsekov, ocene hitrosti voznje itd.). Poleg tega, da v rastrskem
modelu Ze konceptualno ni mogode u¢inkovito modelirati smeri voznje in krizanja, se zaradi postopka
abstrakeije (velikosti rastrske celice) $e dodatno izgubijo topoloske znadilnosti prometne mreze. V
postopku rasterizacije vektorske mreze cest lahko ena rastrska celica prekrije ve¢ osi cest razli¢nih vrst,
celici pa lahko pripiemo le eno vrednost (na primer povpreéne potovalne hitrosti). Ce je rastrska celica
manjsa od razdalje med najbliZjima osema cest, se tej tezavi izognemo — vendar to pomeni, da mora biti
rastrska celica velika le nekaj metrov. Na makro ravni modeliranja, ko modeliramo dostopnost z manjso
lo¢ljivostjo (velikost rastrske celice 100 metrov in vec), pa se zaradi tega pojavljajo napake v izra¢unih,
ki so bodisi precenjeni ali podcenjeni. Velikost rastrske celice je povezana s koli¢ino podatkov, ki jih
procesiramo, ta pa posledi¢no s procesnim ¢asom podatkov v vsakem koraku. Ceprav smo pri izratunih
uporabljali zmogljiv racunalnik, so bili ¢asi izratuna posameznih korakov pri nekajmetrski locljivosti
funkcionalno predolgi, zato smo se odlo¢ili za manj$o lo¢ljivost izracunov (rezultatov). Modeliranje
dostopnosti ter izracun povprecne dostopnosti v obéini smo izvedli po rastrskem pristopu modeliranja
v GIS-orodju ArcGIS 10.2. Pri tem smo izhajali iz del Drobne (2003), Drobne et al. (2004), Drobne
(2012, 2014).

2.1 Podatkovne podlage

Pri gradnji rastrskega modela dostopnosti do najblizjega prikljuc¢ka na avtocesto ali hitro cesto v Sloveniji
smo izhajali iz naslednjih uradnih podatkov: podatkov o javnih cestah, prikljuckih na avtoceste oziroma
hitre ceste, povpre¢nem dnevnem letnem prometu, razgibanosti terena, grajenih povrsinah ter o $tevilu

prebivalcev s stalnim prebivalis¢em v stavbi s hisno Stevilko.

Javne ceste v Republiki Sloveniji (RS) delimo na drzavne ceste, ki so v lasti RS, in ob¢inske ceste, ki
so v lasti ob¢in. Razdelitev temelji na pomenu javnih cest za povezovanje in potek prometa v nekem
prostoru. Kategorizacijo javnih cest v RS dolo¢a Uredba o merilih za kategorizacijo javnih cest (Ur.
1. RS, $t. 49/1997). Podatke o drzavnih cestah za leto 2013 smo pridobili na Direkciji Republike
Slovenije za ceste (DRSC, 2014a), podatke o ob¢inskih cestah za leto 2013 pa iz zbirnega katastra
gospodarske javne infrastrukture (GJI; GURS, 2014a)* na Geodetski upravi RS. V analizi dostop-

7 Vbazi GJI so le podatki o obcinskib cestah, ki so jih posredovale obcine.
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nosti smo obravnavali naslednje obéinske ceste: lokalne ceste, glavne mestne ceste, zbirne mestne
ali krajevne ceste in mestne ali krajevne ceste. To¢kovne podatke o prikljuckih na avtoceste (AC)
oziroma hitre ceste (HC) konec leta 2013 smo zajeli ro¢no na podlagi linijskih podatkov DRSC
(2014a) o prikljuckih na avtocesto in hitro cesto. Zajem smo kontrolirali s podatki o prikljuckih na
AC in HC Druzbe za avtoceste Republike Slovenije (DARS, 2014). Podatke o povpre¢nem dnev-
nem letnem prometu po cestnih odsekih na drzavnih cestah za leto 2013 smo pridobili na DRSC
(2014b).> Podatke o razgibanosti terena smo pridobili na Geodetski upravi RS (DMV 100; GURS
2014b). Podatke o grajenih povrsinah smo pridobili iz katastra stavb (GURS, 2014c).° Podatke o
Stevilu prebivalcev s stalnim prebivalis¢em v stavbi s hi$no $tevilko na dan 31. 12. 2013 pa smo
pridobili na Ministrstvu za notranje zadeve (Direktorat za upravne notranje zadeve, migracije in
naturalizacijo, Urad za upravne notranje zadeve in naturalizacijo, Sektor za registracijo prebivalstva
in javne listine; MNZ, 2014).

2.2 Metoda dela

Vecina vhodnih podatkovnih slojev je bila v vektorskem zapisu. Te je bilo treba najprej pretvoriti v
rastrski zapis. Obmodje Slovenije smo obravnavali z lo¢ljivostjo 100 metrov. Pretvorbi podatkov v
rastrski zapis je sledilo modeliranje stroskovnih ploskev ter analiza dostopnosti v okolju za kartografsko
modeliranje.”

Klju¢na tezava pri modeliranju dostopnosti po rastrskem pristopu je opredelitev stroskovne ploskve
(Eastmann, 1989, 2001). Stroskovna ploskev je opredeljena s stroskovno (obi¢ajno ¢asovno) razdaljo
od ponorov (v nasem primeru od priklju¢kov na avtocesto ali hitro cesto). Izracun stroskovne ploskve
temelji na ploskvi trenja, ki je opredeljena z relativnimi stroski premika ¢ez rastrsko celico. V nasem
primeru je bil ta strosek opredeljen kot potovalni ¢as, potreben za pravokotni prehod rastrske celice z

osebnim vozilom.

Povpreéne potovalne hitrosti po obravnavanih kategorijah cest so izpisane v preglednici 1. Zacetne vred-
nosti ploskve trenja so izratunane po modelu potovalnega ¢asa za prehod ene rastrske celice z osebnim

vozilom:

CPC = _Vc-60 )
PPH -1000
kjer je CPC ¢as, potreben za prehod rastrske celice, v minutah, VC je velikost rastrske celice v metrih,
PPH pa je povprecna potovalna hitrost v kilometrih na uro. V modelu smo obravnavali osem razli¢nih
kategorij drzavnih cest (DRSC, 2014a) in $tiri kategorije cest iz GJI (GURS, 2014a). Na obmog¢jih

Slovenije zunaj mreze obravnavanih cest smo predvideli povpre¢no potovalno hitrost 5 km/h. Tako smo

v analizo vkljudili vse manjkajoce prikljucke od stavb do obravnavanih cest.

> Povprecni dnevni letni promet (PDLP) je vrednost, izracunana za obremenjenost cestnega prometnega odseka, ki pove, koliko vozil poprecno vsak dan

in vse dni v letu prevozi odsek v obe smeri (DRSC, 2014b).

Stavba je objekt, v katerega lahko lovek vstopi in je namenjen njegovemu stalnemu ali zacasnemu prebivanju, opravijanju poslovne in druge dejavnosti

ali zastiti ter ga ni mogoce prestaviti brez skode za njegovo substanco (GURS, 2014c).

7 Rastrski model izratuna prometne dostopnosti smo zasnovali irse, kot je bilo potrebno za naso rabo. Model je zasnovan tako, da omogoca, z ustreznimi
manjsimi dopolnitvami, tudi izracune dostopnosti do poljubnih lokacij v drzavi (na primer do urbanih sredis¢ na razlicnih ravneh obravnave, turisticnih
zanimivosti, gospodarskih obmocij itd.).

6
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Pri izracunih potovalne hitrosti smo upostevali naslednje znacilnosti ceste, prometnega toka in okolja:

(a) izhodiS¢ne potovalne hitrosti za vsako obravnavano kategorijo cest posebej ter tudi za lokacije
zunaj mreze cest,

(b)  razgibanost terena, na podlagi katere smo korigirali povpre¢no potovalno hitrost na obravnavanih cestah,

(c)  obseg povpre¢nega dnevnega letnega prometa,

(d) invplivgrajenega okolja, v skladu s katerim smo zmanjsali povpre¢no potovalno hitrost v grajenem
okolju.

Izhodis¢ne potovalne hitrosti smo ocenili na podlagi predhodnih raziskav (Drobne et al., 2004) in iz-
ra¢unov v Zupanci¢ (2006) za ravninske cestne odseke. Navedeni raziskavi se razlikujeta od sedanje po
upostevanju razli¢nih dejavnikov, ki vplivajo na potovalno hitrost, zato smo izkustveno ocenili nekoliko
nizje povpre¢ne potovalne hitrosti od tistih v navedeni literaturi. Posledi¢no smo se odlo¢ili, da, glede

na ocenjen vpliv posameznega dejavnika, povpre¢ne potovalne hitrosti popravimo navzdol ali navzgor.

Preglednica 1:  Povprec¢na potovalna hitrost in ¢as, potreben za pravokotni prehod rastrske celice glede na kategorijo ceste.

. Cas, potreben za
Povpre¢na potovalna

Vrsta ceste Oznaka hitrost (PP, v km/h) pravokotni preh(-)d celice
(CPC, v min)
glavna cesta 1. reda G1 65 0,0923
glavna cesta 2. reda G2 65 0,0923
regionalna cesta 1. reda R1 55 0,1091
regionalna cesta 2. reda R2 55 0,1091
regionalna cesta 3. reda R3 45 0,1333
regionalna cesta 3. reda — turist. cesta RT 35 0,1714
lokalna cesta 9 35 0,1714
glavna mestna cesta 11 35 0,1714
zbirna mestna ali krajevna cesta 12 30 0,2000
mestna ali krajevna cesta 13 15 0,4000
obmodje Slovenije zunaj mreze cest - 5 1,2000

Za posamezne kategorije cest in strukturo prometnega toka HCM (2000) precej natanéno obravnava
vpliv razgibanosti terena na hitrost prometnega toka. V metodologiji HCM (2000) se poseben pomen
pripisuje vplivu dolzine naklona in stopnji naklona na hitrost tezkih vozil, lo¢eno za voznjo navzdol po
strmini in voznjo navzgor. Ta metodologija je preve¢ podrobna za uporabo v modelu na makro ravni,
zato smo se odlocili za posploSitev vpliva razgibanosti terena na potovalno hitrost. Lay (2009) navaja, da
se v splo$nem z vsakim odstotkom povecanja naklona hitrost prostega prometnega toka osebnih avtomo-
bilov zmanj$a za 3 km/h, hitrost tezkih tovornih vozil pa za 6 km/h. Zmanjsanje hitrosti je $e vec¢je na
klancih z nakloni, ki presegajo osem stopinj, pri voznji navzdol, in pri naklonih, ve¢jih kot pet stopinj,
pri voznji navzgor (prav tam). V naSem modelu smo Ze v izhodi$¢u uporabili nizje hitrosti od hitrosti
prostega prometnega toka, zato smo se odlo¢ili, da pri naklonih, manjsih od 10 stopinj, popravkov ne

upostevamo. Podobno smo za vegje naklone upostevali manjse popravke od priporocenih.® Popravke

5 Popravek — 20 % smo upostevali le na 0,012 % (720 metrih) cestnih odsekov drzavnih cest, od katerih je bila vecina regionalnih cest 3. reda ali
turisticnibh cest.
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povprec¢ne potovalne hitrosti zunaj mreZe cest smo dolo¢ili izkustveno. Uporabljeni popravki potovalnih

hitrosti so navedeni v preglednici 2.

Preglednica 2:  Popravek povprecne potovalne hitrosti na cestah ter zunaj mreze cest glede na naklon terena.

Naklon terena Popravek povpreéne Popravek povpreéne
o potovalne hitrosti potovalne hitrosti
(v stopinjah) na mrezi cest zunaj mreze cest
0-10 brez popravka brez popravka
10-20 -5% -20%
20-30 -10 % —40 %
30 in ve¢ -20% -70%

Pri oceni vpliva obremenjenosti ceste na potovalno hitrost smo kot kazalnik obremenjenosti uporabili
povprecni dnevni letni promet za vsa vozila (PDLP). Posplosene ugotovitve, objavljene v Zupanci¢
(2006), smo poskusali zajeti s poenostavljenem modelom, ki je prilagojen razpolozljivim podatkom in
ravni modeliranja. Za vsako posamezno kategorijo drzavne ceste smo opredelili interval

|:ll'l PLDPi O-PLDPI" K PLDPi + O-PLDPi] (2)

kjer je p,, .. srednja vrednost PDLP za vsa vozila za posamezno kategorijo cest, 0, je standardni
odklon PDLP za vsa vozila za posamezno kategorijo cest, indeks 7 pa predstavlja obravnavane kategorije
drzavnih cest (i = G1, G2, R1, R2, R3, RT). Za vsak cestni odsek drzavnih cest smo preverili, ali lezi
vrednost PDLP na intervalu (2), ali izven njega. Potovalne hitrosti smo popravili glede na vrednost PDLP
na posameznem cestnem odseku. V preglednici 3 je prikazan popravek povpre¢ne potovalne hitrosti na

cestnem odseku drzavne ceste glede na PDLP.

Preglednica 3:  Popravek povprecne potovalne hitrosti na drzavnih cestah glede na povpre¢ni dnevni letni promet za vsa
vozila.

Popravek povpre¢ne
Povpre¢ni dnevni letni promet (PDLP) P . p P .
potovalne hitrosti na drzavni cesti

PLDP < (lLlPIDPx PIDPz) +5%
PLDP: [ty 1,5, = Oy Fpsos + Opropid 0 %
PLDP > (luPIDP PlDPz) -5%

Vpliv obmodij grajenih povrsin na potovalno hitrost smo upostevali na dva na¢ina: prvi¢, na obmogjih,
kjer je bila gostota stavb (GS) vecja od enega standardnega odklona (o) nad srednjo vrednostjo gostote

stavb v Sloveniji (¢ ) oziroma:

GS > (sz-‘r O (3)

smo povpre¢no potovalno hitrost znizali za tretjino; gostoto stavb smo izracunali po metodi jedrne gostote
v polmeru 5500 m’; drugi¢, na obmod¢ju velikosti 100 x 100 metrov v naravi, kjer so stavbe v neposredni
blizini ceste, pa smo predpostavili za tretjino niZjo povpre¢no potovalno hitrost. Obe merili grajenih
povrsin sta zapisani v preglednici 4. Merilo grajenih povr$in smo upostevali za vse ceste.

7 Polmer 5500 metrov je bil dolocen iz povprecno velike obéine v Sloveniji leta 2013, katere povrsina je znasala 95,6312 kn’.
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Povprecne potovalne ¢ase do najbliZjega prikljucka na avtocesto oziroma hitro cesto v ob¢ini smo ana-

lizirali na tri nadine; in sicer kot:

—  povprecni potovalni ¢as z lokacij vseh stavb iz katastra stavb v ob¢ini,
—  povprecni potovalni ¢as z lokacij stavb s hi$no Stevilko v ob¢ini,
—  povprecni potovalni ¢as z lokacij stavb s stalnim prebivali$¢em (tj. z lokacij stavb s hi$no Stevilko,
v katerih je bil prijavljen s stalnim prebivalis¢em vsaj en prebivalec).
Preglednica 4: Popravek povprecne potovalne hitrosti na cestah glede na grajeno okolje.

Popravek povpreéne
Stavba iz katastra stavb P . b . b
potovalne hitrosti za vse ceste

je v rastrski celici loc¢ljivosti 100 m -33%
ni v rastrski celici lo¢ljivosti 100 m brez popravka
(in hkrati)
GS> (u e+ 0o, -33%
GS < (u o+ 0 brez popravka

Za lazjo primerjavo rezultatov smo ob¢ine razvrstili glede na povpre¢no dostopnost do prikljucka na
avtocesto ali hitro cesto. Splosni koraki analiti¢nega kartografskega modela za izratun dostopnosti v

programskem orodju ArcGIS so:

1. Izralun ploskve trenja (ploskve ¢asa, potrebnega za prehod ene rastrske celice z osebnim vozilom):

l.a) pretvorba linijskih vektorskih podatkov drzavnih (brez avtocest in hitrih cest) in ob¢inskih cest
v rastrski zapis (atribut je kategorija ceste),

1.b) pretvorba poligona drzavne meje Slovenije v binarni rastrski zapis,

l.c) reklasifikacija rastrskih podatkov o cestah glede na kategorijo ceste v povprecne potovalne hitrosti
(preglednica 1),

1.d) reklasifikacija podatkov o ostalih obmogjih Slovenije v povpre¢no potovalno hitrost 5 km/h
(preglednica 1),

l.e) izracun naklonov terena iz digitalnega modela visin,

1.f) izradun popravka povpre¢ne potovalne hitrosti na cestah in zunaj cest glede na naklon terena
(preglednica 2),

l.g) izralun intervalov PDLP po kategorijah drzavnih cest po modelu (2),

1.h) izracun popravka povpre¢ne potovalne hitrosti na drzavnih cestah glede na PDLP (preglednica 3),

1.i) pretvorba tockovnih vektorskih podatkov katastra stavb v binarni rastrski zapis,

1.j) izracun popravka povpreéne potovalne hitrosti na cestah glede na prisotnost stavbe v rastrski
celici (preglednica 4),

1.k) izraun gostote stavb iz katastra stavb,

1.I) izradun popravka povpreéne potovalne hitrosti na cestah glede na gostoto stavb (preglednica 4),

1.m) kombiniranje rastrskih podatkov o cestah in obmodja Slovenije v rastrski podatkovni sloj pov-
pre¢nih potovalnih hitrostih (PPH),

l.n) izralun Casa, potrebnega za prehod ene rastrske celice (CPC po modelu (1);

2. Izracun stroskovne ploskve, tj. ploskve potovalnih ¢asov do najblizjega prikljucka na avtocesto

in hitro cesto;
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3. Izradun povpre¢nih potovalnih ¢asov z obravnavanih lokacij po ob¢inah Slovenije do najblizjega
priklju¢ka na avtocesto ali hitro cesto:

3.a) priprava poligonskih vektorskih podatkov o obmodjih ob¢in (klju¢ni atribut je enoli¢ni identi-
fikator ob¢ine),

3.b) pretvorba tockovnih vektorskih podatkov stavb iz katastra stavb v binarni rastrski zapis,

3.c) pretvorba tockovnih vektorskih podatkov stavb s hisno $tevilko v binarni rastrski zapis,

3.d) pretvorba tockovnih vektorskih podatkov stavb s hisno Stevilko in s stalnim prebivali$éem v
binarni rastrski zapis,

3.¢) izradun povpreénega potovalnega casa v ob¢ini z lokacij stavb iz katastra stavb,

3.f) izradun povpreénega potovalnega ¢asa v ob¢ini z lokacij stavb s hisno Stevilko,

3.g) izratun povpre¢nega potovalnega ¢asa v ob¢ini z lokacij stavb s hisno $tevilko in s stalnim prebi-

vali$¢em.

3 REZULTATI

Na sliki 1 so prikazani potovalni ¢asi do najbliZjega priklju¢ka na avtocesto oziroma hitro cesto v
letu 2013. Rezultat je pogojen z izbrano lo¢ljivostjo modeliranja, vhodnimi podatki in merili, oprede-
ljenimi v prej$njem poglavju. Podatke o povpre¢ni dostopnosti v ob¢ini smo obravnavali na tri na¢ine:
kot povpre¢ni dostopni ¢as z lokacij stavb iz katastra stavb, kot povpre¢ni dostopni ¢as z lokacij stavb s
hi$no $tevilko in kot povpre¢ni dostopni ¢as z lokacij stavb s hisno $tevilko, v katerih je bil prijavljen s
stalnim prebivali$¢em vsaj en prebivalec. Povpre¢ne dostopne ¢ase smo ustrezno razvrstili. Zaradi prostor-
ske omejitve tega prispevka v nadaljevanju prikazujemo zgolj povpre¢ni potovalni ¢as v ob¢ini z lokacij
stavb s hisno $tevilko, v katerih je bil prijavljen s stalnim prebivalis¢em vsaj en prebivalec, in razvrstitev
obdine glede na analiziran povprecni ¢as v ob¢ini (glej sliko 2).

Slika 1: Potovalni ¢as z osebnim vozilom do najblizjega prikljucka na avtocesto ali hitro cesto (Slovenija, 2013).
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Slika 2: Povprecni potovalni ¢as in razvrstitev povpre¢nega dostopnega ¢asa z osebnim vozilom z lokacij stavb s stalnim
prebivalis¢em v obcini do najblizjega prikljucka na avtocesto ali hitro cesto (Slovenija, 2013).

Vzemimo primer, da nas zanima Cetrtina najbolj oddaljenih ter ¢etrtina najblizjih ob¢in po treh merilih
obravnave grajenega okolja (glej preglednico 5). Za ¢etrtino najbolj oddaljenih ob¢in opazimo, da, glede
na razli¢no obravnavo grajenega okolja, dobimo nekoliko — toda ne bistveno — razli¢ne rezultate: pov-
pre¢ni potovalni ¢asi z lokacij stavb s stalnim prebivali§¢em so v vedini ob¢in do 6 % krajsi kot z lokacij
vseh stavb; izjemi sta ob¢ini v hribovitem predelu Slovenije: v ob¢ini Bohinj je povpre¢ni potovalni ¢as
kraj$i za 21 %, tj. za dobrih 10 minut, v ob¢ini Jezersko pa za 13 %, kar pomeni skoraj 7 minut. Vegje
razlike se pokaZejo v Cetrtini najblizjih ob¢in, kjer so povpreni potovalni Casi z lokacij stavb s stalnim
prebivalis¢em v vecini ob¢in do 13 % krajsi kot z lokacij vseh stavb. Tukaj se pojavi ve¢ izjem z ve¢jimi
razlikami: najvedja razlika, za 33 % (za 3,4 minute) krajsi povpre¢ni potovalni ¢as, je v ob¢ini Jesenice,

v Radovljici, Vipavi in Postojni pa je krajsi za priblizno 16 %, (priblizno 1,5 minute).

Primerjava povprec¢nih potovalnih ¢asov srednjih 50 % ob¢in pokaze, da se tudi tukaj pojavljajo izjeme,
pri katerih se potovalni ¢as bistveno skrajsa, ko obravnavamo dostopnost z lokacij stavb s stalnim pre-
bivalis¢em. Za vecino teh ob¢in se ¢as skrajsa do 13 %, izjeme so obcine Gorje (za 42 % oziroma za 9,2
minute), Zirovnica (za 41 % oziroma za 5,6 minute), Bled (za 34 % oziroma za 5,4 minute), Tr#i¢ (za

29 % oziroma za 4,6 minute) in Kranjska Gora (za 18 % oziroma za 4,7 minute).

Omeniti velja $e nekaj izjem, to je obéin, pri katerih je povpre¢ni potovalni ¢as z lokacij vseh zgradb v
obdini — torej tudi zgradb brez hisne $tevilke — najkrajsi od vseh analiziranih potovalnih ¢asov. Taksen
rezultat se pojavi v ob¢inah Tizin (za 2 % oziroma za 0,2 minute), Sencur (za 2 % oziroma za 0,1 mi-
nute), Menges (za 1 % oziroma za 0,2 minute) in Beltinci (za 1 % oziroma za 0,1 minute). Za vse te

obdine velja, da imajo dobro povpre¢no dostopnost do prikljuc¢kov (manj kot 18 minut) ter da lezijo
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v ravninskem svetu Slovenije. V teh ob¢inah lezi vecina stavb brez hi$ne Stevilke blizu priklju¢kov na

avtocesto oziroma hitro cesto.
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Preglednica 5:  Najbolj oddaljene in najblizje obcine po treh merilih obravnave grajenega okolja (povpre¢na dostopnost

obcine do priklju¢ka na avtocesto ali hitro cesto, Slovenija, 2013).

25 % najbolj oddaljenih ob¢in

(razvrstitev od najbolj oddaljene ob¢ine)

25 % najblizjih ob¢in

(razvrstitev od najblizje ob¢ine) =

z lokacij vseh stavb iz katastra stavb

Osilnica, Kostel, Prevalje, Vuzenica, Muta, Bovec, Sol¢ava,
Metzica, Kobarid, Ribnica na Pohorju, Ravne na Koroskem,
Crna na Korogkem, Cerkno, Radlje ob Dravi, Dravograd,
Kocevje, Crnomelj, Tolmin, Loski Potok, Podvelka, Kuzma,
Luce, Grad, Slovenj Gradec, Jezersko, Bohinj, Salovci/
Salovci, Lovrenc na Pohorju, Hodo§/Hodos, Radece, Gornji
Petrovci, Ribnica, Gorenja vas - Poljane, Sodrazica, Ljubno,
Podéetrtek, Rogasovci, Zelezniki, Loska dolina, Sredis¢e

ob Dravi, Semi¢, Kozje, Ilirska Bistrica, Metlika, Mislinja,
Bistrica ob Sotli, Idrija, Rogaska Slatina, Rogatec, Selnica ob
Dravi, Bloke, Puconci, Gornji Grad

Naklo, Sempeter - Vrtojba, Turnii¢e, Miklavz na Dravskem =
polju, Hajdina, Vodice, Sv. Trojica v Slov. goricah, Lendava/
Lendva, Cerkvenjak, Starfe, Sen¢ur, Murska Sobota,

Race - Fram, Lukovica, Kidri¢evo, Vipava, Mirna Pe¢,
Ljubljana, Radovljica, Ankaran, Odranci, Smarjeske Toplice,
Domzale, Lenart, Rence - Vogrsko, Log - Dragomer,
Vrhnika, Skofljica, Hoce - Slivnica, Sveti Jurij, Verzej,
Postojna, Vransko, Jesenice, Skocjan, Divaca, Grosuplje,
Komenda, Trzin, Trnovska vas, Braslov¢e, Prebold, Krizevci,
Trebnje, Celje, Sezana, Pesnica, Radenci, Zalec, Koper/
Capodistria, Polzela, Slovenske Konjice, Ajdovi¢ina

z lokacij stavb s hi$no Stevilko

Osilnica, Kostel, Vuzenica, Prevalje, Muta, MeZica, Ribnica
na Pohorju, Bovec, Kobarid, Sol¢ava, Ravne na Koroskem,
Radlje ob Dravi, Dravograd, Cerkno, Crna na Korokem,
Kocevje, Crnomelj, Loski Potok, Tolmin, Podvelka, Kuzma,
Luce, Grad, Slovenj Gradec, Salovci/Salovci, Lovrenc na
Pohorju, Hodo$/Hodos, Radece, Gornji Petrovci, Bohinj,
Jezersko, Sodrazica, Gorenja vas - Poljane, Ribnica,
Rogaovci, Podéetrtek, Ljubno, Zelezniki, Sredii¢e ob Dravi,
Kozje, Semi¢, Mislinja, Loska dolina, Metlika, Bistrica ob
Sotli, Ilirska Bistrica, Rogaska Slatina, Rogatec, Idrija, Bloke,
Puconci, Selnica ob Dravi, Brda

Sempeter - Vrtojba, Naklo, Turnii¢e, Miklavz na Dravskem

ol

polju, Hajdina, Vodice, Sv. Trojica v Slov. goricah, Starse,
Lendava/Lendva, Cerkvenjak, Vipava, Jesenice, Senéur,
Lukovica, Race - Fram, Murska Sobota, Mirna Pe¢, Ankaran,
Kidri¢evo, Radovljica, Ljubljana, Postojna, Smarjeske
Toplice, Odranci, Vrhnika, Domzale, Rence - Vogrsko,
Lenart, Hoce - Slivnica, Vransko, Skofljica, Divaéa,

Log - Dragomer, Veriej, Braslove, Grosuplje, Skocjan,
Prebold, Sveti Jurij, Komenda, Tizin, Trnovska vas, Trebnje,
Krizevci, Celje, Sezana, Zirovnica, Pesnica, Polzela, Koper/

Capodistria, Radenci, Zalec, Slovenske Konjice

z lokacij stavb s stalnim prebivalis¢em

Osilnica, Kostel, Prevalje, Vuzenica, Muta, Mezica, Bovec,
Ribnica na Pohorju, Kobarid, Ravne na Koroskem, Sol¢ava,
Dravograd, Radlje ob Dravi, Cerkno, Crna na Korokem,
Kocevje, Crnomelj, Loski Potok, Tolmin, Podvelka, Kuzma,
Grad, Luce, Slovenj Gradec, Salovci/Salovci, Lovrenc na
Pohorju, Hodo$/Hodos, Gornji Petrovci, Radeée, Sodrazica,
Ribnica, Rogasovci, Gorenja vas - Poljane, Pod¢etrtek,
Jezersko, Ljubno, Zelezniki, Sredis¢e ob Dravi, Kozje,
Bohinj, Metlika, Semic¢, Loska dolina, Bistrica ob Sotli,
Mislinja, Ilirska Bistrica, Rogaska Slatina, Rogatec, Bloke,

Idrija, Puconci, Brda, Selnica ob Dravi

Sempeter - Vrtojba, Naklo, Turnii¢e, Miklavz na Dravskem
polju, Hajdina, Vodice, Jesenice, Lendava/Lendva, Sv.
Trojica v Slov. goricah, Vipava, Lukovica, Star$e, Radovljica,
Cerkvenjak, Mirna Pe&, Race - Fram, Senéur, Zirovnica,
Ankaran, Murska Sobota, Ljubljana, Kidri¢evo, Postojna,
Smarjeske Toplice, Ho¢e - Slivnica, Vrhnika, Domzale,
Odranci, Skocjan, Prebold, Lenart, Renée - Vogrsko,
Divaca, Skofljica, Vransko, Verzej, Log - Dragomer, Trebnje,
Braslovce, Grosuplje, Bled, Sveti Jurij, Komenda, Trnovska
vas, Krizevci, Celje, Trzin, Koper/Capodistria, Polzela,
Pesnica, Sezana, Trzi¢, Zalec

Zanimiva je tudi obravnava ob¢in, prek katerih je speljan avtocestni kriz. Med njimi najdemo tudi taksne,

katerih povpre¢na dostopnost z lokacij stavb s stalnim prebivali$¢em je 20 minut in ve¢. Te ob¢ine so

(urejeno od najslabse dostopnosti): Kamnik, Kranjska Gora, Nova Gorica, Sentjur, Zagorje ob Savi in

pogojno $e Ivanéna Gorica. Za obéine Kamnik, Kranjska Gora in Zagorje ob Savi je taken rezultat

razumljiv: avtocesta se le delno dotakne obmod¢ja obéine ali ga precka na robu. V Novi Gorici, Sentjurju
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in Ivané¢ni Gorici pa avtocesta oziroma hitra cesta ob¢ino skoraj prepolovi. V tem primeru najdemo

pojasnilo za takSen rezultat v prostorskem vzorcu poselitve.

4 RAZPRAVA IN SKLEP

V prispevku smo predstavili koncept izratuna prometne dostopnosti, razli¢ne pristope k modeliranju ter
pomembnejse parametre v modeliranju prometne dostopnosti. V praktiénem delu prispevka smo zasnovali
kartografski model izra¢una povpre¢ne prometne dostopnosti izbranih lokacij po ob¢inah Slovenije do
priklju¢kov na avtocesto ali hitro cesto. V ta namen smo po pristopu potovalnih stroskov nadgradili in
dopolnili rastrski pristop modeliranja dostopnosti (Drobne, 2003, 2005; Drobne et al., 2004) z uposte-
vanjem vpliva gostote prometa, grajenega okolja in razgibanosti terena na potovalno hitrost (Drobne,
2012, 2014). Povprec¢ne ¢ase dostopa v obéini smo ra¢unali z lokacij vseh stavb iz katastra stavb, stavb
s hi$no Stevilko ter stavb s stalnim prebivali$¢em. Rezultate modeliranja povprecne dostopnosti obéin z
lokacij stavb s stalnim prebivali$¢em do najblizjega prikljucka na avtocesto ali hitro cesto za stanje konec
leta 2013 je uporabilo MGRT za preverbo uvrstitve ob¢in med obmejna problemska obmogja (Ur. 1. RS,
§t. 97/2012). Glede na dostopnost do avtocestnega kriza v Sloveniji se seznam obmejnih problemskih

ob¢in glede na leto 2011 ni spremenil.

Slovenija je glede dostopnosti do prikljuckov na avtocesto ali hitro cesto zelo raznolika, razlike med naj-
bolj in najmanj dostopnimi ob¢inami so velike: ob¢ini Osilnica in Kostel imata povpre¢no dostopnost,
ki je ve¢ja od 85 minut, medtem ko je povpre¢na dostopnost za Naklo in Sempeter - Vrtojbo boljsa od
5 minut. Ob¢ine z najslab$o dostopnostjo najdemo predvsem v severnih, obmejnih obmogjih koroske
regije, v alpskem svetu na meji z Italijo in na jugu, na meji s Hrvasko. Njihova dostopnost je slabsa od
ene ure. V vecini teh ob¢in Ze nestrpno pric¢akujejo zacetek gradnje 3. razvojne osi, s katero se bo bistveno

izboljsala njihova dostopnost in ki bo povezala regionalna sredis¢a Slovenije.

Rezultati modeliranja so pokazali, da se potovalni ¢asi, glede na razliéno obravnavo izvorov, nekoliko
razlikujejo — vendar so si v povpredju podobni. Najbolj se povpre¢ni dostopni ¢asi razlikujejo v hribovi-
tem svetu, kjer so lokacije prebivali$¢ povprecno tudi za 10 minut blizje avtocestnemu krizu kot lokacije

vseh stavb iz katastra stavb.

V prispevku smo uporabili rastrski pristop modeliranja dostopnosti, katerega bistvena pomanjkljivost
so topolosko neurejeni vhodni podatki. Pri tem moramo izpostaviti, da podatkov o avtocestah in hitrih
cestah — razen priklju¢kov nanje — v modelu ne upostevamo. Tako smo resili teZzavo topoloskega mode-
liranja podatkov o nadvozih ter cestah, ki so vzporedne na avtoceste in hitre ceste. V rastrskem pristopu
modeliranja so rezultati tudi mo¢no pogojeni z izbrano lo¢ljivostjo. V nasem primeru smo uporabili

lo¢ljivost 100 metrov v naravi, kar se je na makro ravni pokazalo kot popolnoma zadovoljivo.

Glede na vsebino raziskave in ugotovitve v Gabrovec in Bole (2009), kjer sta avtorja ugotovila, da se je
po podatkih popisa prebivalstva iz leta 2002 v Sloveniji 85 % delovne mobilnosti izvajalo ravno z mo-

tornim vozilom?!

, smo se v raziskavi omejili le na enomodalni transport, tj. prevoz z lokacij v ob¢inah
do prikljuc¢ka z osebnim vozilom. V modelu smo uporabili eno izmed osnovnih meril prometne dosto-

pnosti. Argument za tako odloditev je predvsem preprosto razumevanje, dostopnost ustreznih vhodnih

10 Zal je zasedenost motornega vozila slaba: 78 % delovne mobilnosti se opravi v 0bliki voznika, le 7 % je sovoznikov (Gabrovec in Bole, 2009).
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podatkov in primerljivost sedanjih rezultatov (Drobne, 2014) s predhodnimi (Drobne, 2012). Glede

na namen izra¢unavanja dostopnosti in $irSo problematiko bi v prihodnje veljalo razmisliti o uporabi
katerega izmed boljsih meril dostopnosti. Kot pomanjkljivost tukaj uporabljene metodologije gotovo =
lahko $tejemo dejstvo, da smo obravnavali dostopnost le delno (do najbliZjega avtocestnega prikljuc-

ka). Avtocestni prikljucki obi¢ajno niso lokacije dejavnosti prebivalcev in zato niso konéne destinacije =
potnikov. Tak nacin obravnave dostopnosti ni popoln in lahko v posameznih primerih pokaze mo¢no =
precenjeno dostopnost prebivalstva neke obdine do posameznih dejavnosti (npr. delovnih mest). Za iz-
boljsavo modela bi bilo bolje uporabiti »potencialni pristop« merjenja dostopnosti. Merila iz te skupine
so Se vedno dovolj preprosta za razumevanje in zahtevajo zmerno koli¢ino vhodnih podatkov, hkrati pa
upostevajo privladnost destinacije in posameznikovo dojemanje potovalne razdalje, ki jo modeliramo z
uporabo funkcije upadanja z razdaljo (Geurs in van Wee, 2004). Model bi lahko izboljsali tudi v drugih
segmentih. V sedanjem modelu dostopnosti ne upostevamo ¢asa v dnevu (oziroma celo v tednu). Zastoje,
ki se pojavljajo predvsem v ve¢jih mestih med prometnimi konicami in lahko, navkljub dobri prometni
infrastrukeuri, bistveno zmanjsujejo dostopnost z osebnim avtomobilom, smo upostevali le delno s po-
pravki ¢asa voznje na podlagi obsega prometnega toka. Ceprav rezultati kazejo, da je uporabljeni pristop
glede na raven modeliranja zadovoljiv, pa bi ga Zeleli v prihodnje nadgraditi z metodologijo, pri kateri
bi se bolje upostevale posebnosti posameznih cestnih odsekov.

ol

Literatura in viri:

Glej literaturo na strani 501.

Drobne S., Paliska D. (2015). Povprecna prometna dostopnost obcin Slovenije do najblizjega prikljucka avtoceste ali hitre ceste. Geodetskivestnik, 59 (3): 489-
522.001: 10.15292/geodetski-vestnik.2015.03.486-519

vis. pred. mag. Samo Drobne, univ. dipl. inZ. geod. dr. Dejan Paliska, univ. dipl. inZ. prom.
Univerza v Ljubljani, Fakulteta za gradbenistvo in geodezijo Frenkova 3, 5I-6280 Ankaran
Jamova cesta 2, SI-1000 Ljubljana e-naslov: dejan.paliskal@gmail.com
e-naslov: samo.drobne@fgg.uni-j.si

Samo Drobne, Dejan Paliska | POVPRECNA PROMETNA DOSTOPNOST SLOVENSKIH OBCIN DO NAJBLIZJEGA PRIKLIUCKA NA AVTOCESTO ALI HITRO CESTO
RAGE TRANSPORT ACCESSIBILTY OF THE SLOVENIAN MUNICIPALITIES TO THE NEAREST MOTO ( SS POINT |486-519| [519]

L




