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Abstract: The main purpose of the paper is to present a methodical approach to differences in changes
in intra-national potential accessibility. Research concerns level of accessibility and its dispersion,
both for freight and passenger transport regarding four transport modes. The main added value of
the paper is an indication of how to monitor changes in the accessibility of many modes of transport
at the municipal level, as a result of investment processes, while taking into account the available data
sources, both on the land use data and travel times, with the support of regional and central offices.
We focus on the intensive development of transport infrastructure after Poland’s accession to the EU.
We conclude that outcomes of reducing territorial differences in accessibility are diverse depending on
the transport mode: from a generally positive effect in passenger transport to varied effects in freight
transport, including particularly highly polarising effects in rail transport. The research method
provides the possibility of analysing multimodal changes in accessibility concerning numerous
transport modes for any large country or group of countries. Certain development opportunities of
the model to be implemented in the future are discussed.

Keywords: potential accessibility; road network; railway network; airport capacity; inland water-
way; Poland

1. Introduction

The accession of new countries to the European Union has usually been associated
with the intensive development of transport infrastructure and an improvement in acces-
sibility. This was particularly the case with the 2004, 2007 and 2013 enlargements [1-6],
but also with earlier ones, including Spain [7-9], Portugal [10-12] and Greece [13]. Most
of the aforementioned studies focused on changes in accessibility concerning one selected
mode of transport. This is mostly because the comprehensive evaluation of multimodal
accessibility changes is difficult due to its complexity and the multidimensionality of the
analysis, which needs to include road, rail, air and inland waterway developments which,
additionally, are interconnected, influencing one another. Moreover, the big push to trans-
port infrastructure may be associated with the need to implement key intra-agglomeration
and inter-agglomeration investment projects, resulting in an uneven distribution of invest-
ments, increased spatial polarisation and less balanced development [14-17]. As a result, all
changes should be evaluated multidimensionally, including spatial as well as intermodal
differences in the impacts of the changes that are implemented.

The difficulty in properly evaluating the impact of transport infrastructure develop-
ment on accessibility is related to the fact that the big push to roads, railways, airports or
ports is usually carried out (1) within a fairly short timescale compared to the programming
period/periods of the European Union, calculated in years rather than decades, (2) simul-
taneously in many modes of transport, and (3) simultaneously in passenger and freight
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transport. It is true that some modes are almost exclusively important in the transport of
goods, e.g., inland waterway transport, while in other modes, passenger transport still
dominates, e.g., in air transport. However, road and rail transport serve both passengers
as well as goods, which is often omitted in road and rail accessibility analyses with some
important exceptions such as the ESPON TRACC report [18].

Continuous monitoring of accessibility indicators raises questions related not only
to the mode and type of transport, but also other dimensions of accessibility, such as
impedance, origins, destinations or spatial equity [19]. For example, on the same category
of road, e.g., on motorways, we are dealing with different speeds in truck and individual
transport. Similarly, different speeds of passenger and freight trains should be considered
as a result of a rail investment project. The densities of networks of particular modes also
differ between each other. As a result, the same change in transport infrastructure might
have a completely different impact, depending on the dimension of accessibility being
analysed. Moreover, in order to provide insightful conclusions for sustainable strategy
planning, all results should be provided in a potentially detailed spatial scale. Another
challenge in the evaluation of multidimensional accessibility is related to the quantification
of the attractiveness of destinations, and particularly differences between passenger and
freight transport.

All the above-mentioned challenges show the complexity of the multidimensional
analysis of changes of accessibility level and its spatial pattern. Thus, the main aim of
the paper is to present a methodical approach to differences in changes in intra-national
potential accessibility, its level and dispersion. This is applied to both freight and passenger
transport simultaneously for four modes during the intensive development of transport
infrastructure stimulated by EU funding in the post-accession period, with particular
emphasis on the 2007-2013 programming period in Poland (with forecasts concerning
the 2014-2020 programming period until 2023). The results include both ex post and ex
ante evaluation of changes in accessibility, taking into account three modes of passenger
transport (road, rail and air) and three modes of freight transport (road, rail and inland
waterways). In the case of each transport mode and type, we consider (1) the percentage
change in accessibility level at the municipal level, (2) the absolute and relative change in
accessibility at the national level and (3) the change in regional dispersion in accessibility
(both in percentage and absolute terms).

We propose an innovative study to fill a research gap in the context of monitoring
sustainable and territorially balanced development. To the best of the authors” knowledge,
there is no country in Europe where there would be constant monitoring of changes
in accessibility, taking into account land use data and changes in travel times, which
would enable accessibility analysis at the commune level. The innovative approach to
the discussed issue has great application value. Our model was applied by the Ministry
of Funds and Regional Policy, and the results of the accessibility monitoring are used to
supply the STRATEG database (Statistics Poland), which collects annual indicators, and are
used for the purposes of monitoring the effects of, inter alia, the Strategy for Sustainable
Transport Development until 2030. Summing up the paper’s novelty, it is focused on a
descriptive and explanatory model based on available data sources.

The paper is divided into five sections. The Section 2 presents the methods of ac-
cessibility measurement applied and defines the potential accessibility dispersion index
(PAD) and mean centre of potential accessibility distribution. Section 2 also focuses on the
methods applied in relation to the analysis of the land use and transport components of the
accessibility indicator. Moreover, in this section, we describe our study area, including an
analysis of accessibility and its spatial patterns for particular modes and types of transport.
In the Section 3, we discuss the results regarding both spatial differentiation in changes
in accessibility and change in the level of accessibility and its dispersion. The Section 4
discusses the pros and cons of our approach and shows the avenues for future research.
The Section 5 summarises the results.
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2. Materials and Methods
2.1. Model

Accessibility is one of those parameters that has not been given one universal definition.
As Gould [20] indicates, accessibility is a term many times used, but which hardly anyone
can ultimately define or measure. Therefore, the multidimensional character of accessibility
implies the possibility of studying this phenomenon using different methods [21-23].
Due to the lack of appropriate data, the dynamic approach to accessibility analysis at
the national scale excludes the application of advanced research methods, such as utility-
based measures (see an overview of the variety of accessibility indicators in Geurs and van
Wee [24], Bruinsma and Rietveld [25], and Spiekermann and Neubauer [19]). In turn, simple
accessibility methods such as infrastructure-based measures and geographical measures
are mainly suitable for research on a small spatial scale. As a result, the most common
method for evaluating changes resulting from the implementation of individual projects or
investment programmes is potential accessibility [18].

Potential accessibility is based on the assumption that destination attractiveness in-
creases with size of opportunity (land use component of Formula (1)) and decreases with
increasing distance, travel time or cost (transport component of Formula (1)). The decrease
in destination attractiveness with increasing distance is described by the distance decay
function. If one assumes the most frequently used exponential function of a distance decay
measure (see Rosik et al. [26], Beria et al. [27], Stepniak and Jacobs-Crisioni, [28], and
Reggiani et al. [29]), and time as a distance decay element, we obtain the basic accessibility

formula: M) (.00
’ n 7’
AT = Y Ojexp (1) )

where AET’M) is the accessibility of transport zone i by transport type T and mode M, O, is
the attractiveness of zone j drawn from a set of a total of n zones in the study area (j#i),
and tl(]-T’M) is the travel time from i to j with transport type T and mode M. The value of
Aj; is further increased by the term O;t;;, which is the self-potential, reflecting zone i’s own
attractiveness O; and the average intra-zonal travel time #; [14,30].

Depending on the transport mode and type, there are different ways of assessing the
attractiveness of the destination. In accessibility surveys at national level, regardless of
the transport mode or type, the opportunity is usually understood as the total population
living in a transport zone or its total GDP [18]. Nevertheless, it is particularly difficult
to measure destination attractiveness for air or inland waterway accessibility. For this
reason, researchers often rely on simple measures. For example, Sellner and Nagl [31]
define air accessibility by the total number of passengers within a country divided by
the population. Generally, access to airports is understood mainly as accessibility using
individual transport [32] or also using rail [13]. In the case of inland waterway transport, we
mostly find studies comparing travel times in a multimodal way, e.g., with truck transport,
as in Nam and Win [33]. The relationship between inland waterway transport and truck
transport in the context of industrial accessibility is also described in Button et al. [34]. To
the best of the authors” knowledge, there is a lack of comprehensive research combining
accessibility by inland waterway transport with accessibility by other modes. This type of
accessibility analysis of the transport of goods by water is much more frequently applied to
sea transport (compare Spiekermann et al. [18]).

In the case of the simultaneous analysis of multiple modes of transport (a multimodal
approach), there are three possible approaches to calculating accessibility: (1) unimodal
indices calculated independently for each transport mode; the possibility of integration
in a synthetic indicator, e.g., on the basis of shares in transport performance of particular
modes [35]; (2) multimodal indicator obtained using, (a) the fastest or least costly transport
mode for each OD relation, irrespective of the other modes, (b) the average time or travel
cost for different modes, and (c) a composite generalised cost [36]; (3) an intermodal
indicator, taking into account the possibility of transfers between two or more modes of
transport during a journey, particularly important in freight transport (logistics chains) and
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in passenger transport over longer distances [19]; this approach requires the calculation of
the shortest travel paths for the intermodal generalised cost taking into account the time,
cost and discomfort associated with transfers and access and egress links [37].

A dynamic approach in accessibility studies is increasingly related to spatial diver-
sity [15,17,38—41]. This is particularly important for countries in a stage of rapid develop-
ment, both in economic as well as in infrastructural terms. The aim of cohesion policy is to
reduce the backlog of infrastructure, including the remoteness of peripheral areas [42]. One
of the possible methodological approaches is to use the dispersion indicator PAD (potential
accessibility dispersion), which is created through the ratio of the standard deviation of
the accessibility indicator to the average weighted by the population indicator value at the
level of the commune (see Formula (2)):

T LAD 2

where A; is the value of the potential accessibility indicator calculated for unit i, P; is
the population of unit i, and SD(4;) is the standard deviation of A; values weighted by
population. The higher the indicator value, the higher the accessibility differences, and
the lower the indicator, the lower the differences. If dynamics are taken into account, a
decrease in spatial polarisation occurs as a result of the indicator value decreasing in time,
while there is an increase in polarisation as a result of the indicator increasing.

The spatial distribution of potential accessibility concerns not only accessibility dis-
persion but also the weighted mean centre. The weighted mean centre gives interesting
information about the direction of the trajectory of the centroid point. In general, the
weighted mean centre, also called the geographic centre, is a two-dimensional average
weighted by a variable, and for accessibility, it is calculated according to the following
formula:

NV IV 5
oA T Al
where X, iy represents the centre (centroid), A; is accessibility of transport zone I by transport
type T and mode M, x;, y; are the coordinates of a transport zone i, and » is number of
transport zones (2321). For the calculation, we used the mean centre [43] tool in the QGIS
Desktop 3.6.0 application with GRASS 7.6.0.

2.2. Data Source and Processing

The land use component reflects the land use system, including the spatial distribution
of opportunities [24]. The need for continuous monitoring forces the researcher to only
use those variables that are available on a regular basis in the public statistics. In order
to simplify the procedure, the number of variables determining the attractiveness of the
destination for road and railway transport was limited to two, i.e., population and GDP. The
calculation of indicators of population accessibility was adopted for passenger transport
by road and rail. For freight transport by road and rail, population accessibility was also
used, but in order to take into consideration the economic (market) element, the additional
supplementation of the GDP data on the sub-regional level was added. We assume that
in 2004, which is the year of accession into the EU, the share of the market element (GDP)
determining the attractiveness of all destinations in Poland equals 25% of the total sum
of opportunities. For freight transport, it is particularly evident that if the attractiveness
of the destination changes quickly both at the national and local scale, then when testing
the accessibility in dynamic terms, this can have a big impact on the final results of the
study [16,44].

Unlike road and rail, in the case of air transport, destination attractiveness was as-
sumed to be analogous to airport capacity. Therefore, air accessibility results on one hand
from the car travel time to all airports in the country and, on the other hand, from airport
capacity (see Table 1). For inland waterway transport, the investments included those
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significantly improving technical conditions on the Oder Waterway, the lower course of
the Vistula, and Note¢ as a waterway linking the Vistula with the Oder. River harbours
were assigned, analogously as in the case of airports, a specific “capacity” following from
the class of waterway that was indicated as “mass” in the accessibility model. Thus, the
accessibility change followed on from the improvement of the class of waterways or the
improvement of HGV access to waterways resulting from road investments (see Table 1).

Table 1. Transport type and mode, land use data and travel times.

Land Use Data (“Masses” in

Transport Type Transport Mode Accessibility Model) Source of Travel Times
Road Population IGSO PAS speed model
Maximum technical speeds for
P ¢ " Railway Population passenger trains (data from PKP
assenger transpor PLK S.A.)
. . . IGSO PAS speed model—access
Air Airport capacity to the airports
Road Population and GDP IGSO PAS HGV speed model
Maximum technical speeds for
Freight transport Railway Population and GDP freight trains (data from PKP PLK
S.A.)
Water inland Class of waterway IGSO PAS HGV speed

model—access to the waterways

Summing up, the land use component determining the attractiveness of the destination
has been defined depending on transport mode and type: (a) in passenger transport (road
and rail), population; (b) in freight transport (road and rail), population and GDP; (c) in air
transport, airport capacity; (d) in inland waterway transport, waterway classes assigned to
river ports.

The transportation component describes the transport system including the time,
cost or effort involved in using a specific transport mode and type to cover the distance
between an origin and a destination [24]. We assume the exponential function f (c;) = exp
(—Bt;) as the measure of distance decay, where the appropriate parameter was indicated as
3 = 0.023105 (see Spiekermann et al. [18], Stepniak and Rosik [38], and Rosik et al. [45,46]),
which means that destination attractiveness decreases by half for a travel time amounting
to exactly 30 min, while for about 100 min the attractiveness reduces to ca. 10%. In order
to enable a comparative analysis in dynamic terms, the same parameter was used for all
modes of transport.

For road transport we use the speed model developed at IGSO PAS, which indirectly
takes into account both regulations (speed limits on a dozen categories of road, a lower
speed in a location within built-up areas) and travel conditions (population density in the
5 km buffer around the road section and topographic impediments). The speed model for
both individual and heavy good vehicles (trucks with trailers) is based mainly on earlier
works [47]. The major investments on the national and voivodeship road network and, in
exceptional cases, on key poviat roads were taken into account. We cooperated with both
the General Directorate for National Roads and Motorways (GDDKiA) on investments on
national roads and with the 16 Marshal’s Offices on investments on voivodeship roads and
asked them to provide the relevant data characterising the investment including the exact
courses and location of the nodes.

For the railway network managed by the Polish railway infrastructure manager PKP
PLK S.A., we base our analysis on the maximum technical speeds for passenger and freight
trains. The change in speed results from either network degradation (reduction in speed)
or infrastructural investment (increase in speed). If there was no railway station in the
municipality or the station was located outside the municipal town, the model allows
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access to the station by the road network with the use of the adjusted speed model with
correspondingly reduced car speeds. Analysis was carried out in cooperation with PKP
PLK S.A. and the 16 Marshal’s Offices, which resulted in us obtaining information on all the
largest investments carried out on the railway network, including information on changes
in the maximum technical speeds resulting from the investments carried out.

Furthermore, all major investments carried out at airports and inland waterway ports
and sections designed to increase the capacity of terminals and waterways were taken into
consideration. The most important investments affecting the spatial pattern of accessibility
are described in the next subsection of the paper.

2.3. Study Area

Poland in general is one of the largest beneficiaries of structural aid. In the 2007-2013
perspective alone, the total value of transport projects exceeded PLN 99 billion, with most
of the money allocated to road investments. The investment process started earlier, i.e.,
at the beginning of the 2000s, initially as part of the pre-accession ISPA programme, and
after accession within the programming period 2004-2006. However, the infrastructure
development was of a limited range and had a random character, mainly due to the lack of
environmental decisions and problems with land purchase (Rosik et al. [39], 2015). The next
programming period (2007-2013) brought a really big push to provide infrastructure, with
the main road investments concentrated within the Operational Programme Infrastructure
and Environment. The peripherally located macro-region of Eastern Poland was designated
for special assistance under the cohesion policy within the separate Development of Eastern
Poland Operational Programme. Furthermore, the reform of administrative divisions
created the conditions for implementing a more sustainable spatial policy within the
16 Regional Operational Programmes targeting intraregional transport networks.

In a spatial context, the European Union funds were used for, among other purposes,
the building of most of the sections of the A2 and A4 motorways linking the Polish—
German with the Polish—-Belarussian and Polish—Ukrainian borders. In addition, over a
thousand kilometres of express roads were built, not differing a lot in parameters from
motorways. With the railway infrastructure, the largest investment projects lasted for a very
long time, and were continued through consecutive financial perspectives. Such projects
included modernisations of the Warsaw—Gdarisk, Warsaw-t.6dz and Wroclaw-Krakow
lines. A specific feature of the utilisation of European Union funds in the transport sector
in Poland was a considerable share of projects in conurbations, including the underground
in Warsaw [48], new tram lines, intra-urban road routes, port projects (facilities in Gdansk,
Gdynia, Szczecin and Swinoujécie), modernisation of almost all the airports operating
in the country, as well as the construction of three new airports in Modlin, Lublin and
Szymany. Inland waterway transport is a bit neglected, although in this case, there were
also a few investments that improved the class of sections of waterway, in particular on the
River Oder.

As a result, a large proportion of the investments made over the last two decades
have been realised with the participation of European Union funds. Thus, the periods of
time covered by the evaluation analyses are determined by the programming periods. In
Polish conditions, apart from the first, relatively short period of 2004-2006, this is above all
2007-2013. The possibility of spending funds up to two years after the close of the period,
which is permitted due to the “n+2 rule” applied to the annual allocation provided in the
EU programming period 2007-2013, means that the spending can take place up to the end
of 2015. Last but not least, one should not forget the current period of 2014-2020 (2023).
As a result, our study consists of ex post as well as ex ante analysis, although we focus
more on the 2007-2013 programming period. We use a unified set of 2321 transport zones
which correspond to Polish municipalities. In order to provide background information
to our readers, we present the spatial pattern of potential accessibility at the end of the
programming period analysed (2015) for three modes of passenger transport and three
modes of freight transport (Figure 1).
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Figure 1. Potential accessibility at the end of the EU programming period (2015). Multimodal
comparison.

The spatial differentiation of accessibility in Poland for road (individual and truck), rail
(passenger and freight) and air transport is of a bipolar pattern, which results in the highest
accessibility level in: (1) the Warsaw—Lodz pole in central Poland and (2) the Krakéw—
Katowice pole in southern Poland. The other cities within the so-called hexagon, i.e., the
network metropolis, Wroctaw, Poznar and the Tri-City, have a good, but correspondingly
lower level of accessibility. In general, a higher level of accessibility is associated with
inter-metropolitan sections of all the main transport corridors including the Baltic-Adriatic
and North Sea-Baltic TEN-T corridors as well as the third Pan-European transport corridor
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in the south of Poland. The importance of the location of the corridors is visible in particular
between Warsaw and the Tri-city, where the municipalities along the A2 motorway and
E65 railway line create a corridor of better accessibility. At the intranational level, the least
accessible areas are border municipalities, in particular in northern Poland, although the
range of extreme periphery in terms of distance to the border varies depending on the
mode and type of transport [49]. The accessibility pattern for inland waterway transport
looks different and is much more west-oriented due to its dependence on the classes of
sections of waterway on the Oder and lower Vistula rivers.

3. Results
3.1. Spatial Patterns of Change in Accessibility

As far as relative (percentage) change in road accessibility is concerned, the effect is
in general spatially widespread in some parts of the country, but relative increments are
concentrated in the direct neighbourhood of the nodes of new motorways and expressways
(Figure 2). The widespread impact found in, among other regions, eastern Poland, is in
part an effect of investments implemented outside that macro-region, and in part the result
of a low base-point and very poor accessibility in 2007. The areas that gained least from the
road investments in 2007-2015 were: Central Pomerania, the Lithuanian borderland and
the eastern part of Lubelskie [46]. In general, the surpluses of the positive effects on truck
transport over individual transport are visible around agglomerations and cover, e.g., the
whole of the Mazowieckie Voivodeship. This is caused by the concentration of GDP in the
largest metropolises.

With rail transport, in the percentage view, areas of accessibility improvement are
particularly noticeable in some peripheral areas of the country. The greatest beneficiaries
are the Lubelskie and Podkarpackie Voivodeships, where the improvement in railway
accessibility stems both from investments co-financed by the European Union and other
speed increases, including the restoration of passenger traffic, undertaken as a result of
PKP PLK works. The smallest changes in railway accessibility, only slightly above 7%, are
exhibited by the Matopolskie Voivodeship.

The capacity of the largest airports in the country in 2015 exceeded 60 M and has at
least doubled, and in certain cases tripled, since 2007 [35]. Due to numerous infrastructural
investments, both at the airports themselves and on the access routes to the airports, the
level of air accessibility has increased significantly all over Poland and, at the national scale,
is much higher than for other modes. Eastern Poland benefited the most in percentage
terms (an over threefold increase).

The effect on inland waterways, in percentage terms, shows that between 2007 and
2015 a beneficiary is, paradoxically, the area of south-eastern Poland, which stems from the
effects of the very low base of accessibility to river ports in 2007, relatively few investments
on the Oder Waterway and a significant improvement in access to those ports for heavy
good vehicles coming from eastern Poland via the A4 motorway.

The weighted mean centres of potential accessibility distribution are all located near
L6dz in central Poland (Figure 3). In contrast to the weighted mean centre of population
distribution, which is located close to the western border of the city, all weighted mean
centres of potential accessibility, regardless of the mode and type of transport, are located
to the south (road and rail) or west (air) of L.odz.

The even spatial distribution of road investments in the northern, western, eastern and
southern peripheries of the country results in the lack of a large movement of the centroid
point of road potential accessibility. In the case of rail, the centroid is located a little to the
north, which is a consequence of a relatively better rail infrastructure in the former Prussian
territory of northern and western Poland. The investments undertaken in the 2007-2013
programming period moved the centroid for passenger rail accessibility even further
northwards. Nevertheless, if one analyses the forecast until 2023 for road (both travel and
freight) and air, the mean centre trajectories are Warsaw suburban and north-eastern Poland
oriented, but in the case of rail, a westerly direction prevails. In general, the weighted mean
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centres of potential accessibility are more sensitive to investments at airports, while a large
number of road and railway investments in all parts of the country result in more balanced
development and only slight changes of mean centres of accessibility distribution.
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Figure 2. Potential accessibility: changes in 2007-2015. Multimodal comparison.
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Figure 3. Trajectories of the mean centre of population and potential accessibility distribution, for the
period 2004-2023.

3.2. Change in the Level of Accessibility and Its Dispersion

The construction of motorways and expressways results in an increase in travel speed,
which predominantly affects individual transport. With heavy goods transport, these
effects are not so spectacular since heavy goods vehicles cannot drive faster than 90 km/h,
even on motorways [50]. Therefore, in the case of road PAD index, a gradual increase
occurred during the years 2004-2012, primarily in freight transport (Table 2). A further
general spatial polarisation took place in 20102012 as a result of the opening of the sections
of motorways located in central Poland (A2 and A1l motorways) in 2012. In the following
period, i.e., in 2012-2015, the dispersion decreased slightly, mainly due to the construction
of a long section of A4 motorway towards peripherally located in south-eastern Poland
as well as the opening of sections of some other expressways in peripherally located
voivodeships in western and northern Poland. By 2023, the situation concerning regional
differences in road accessibility should have improved, at least in the case of individual
vehicles. Plans include the construction of a section of the 519 expressway between Lublin
and Rzeszow and sections of the S61 towards the Polish—Lithuanian border, which will
significantly improve the situation of peripheral areas.
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Table 2. Results of the analysis of the level and dispersion of accessibility for four modes broken
down into passenger and freight transport in the period 2004-2023.

Level (Acc) and

Calculation for the End of the Year Calculation of Change
2007-2015 (One EU 2004-2023 (Three EU

Type Mode Di?[lzglgi)on 2007-2015 Programming Period Programming Period) Programming Periods)
2023 Change Change Change Change

2004 2006 2008 2010 2012 2015 (Forecast) (%) (abs) (%) (abs)

Road Acc 29.07  30.49 30.87 31.63 34.11 35.90 40.28 18% 5.42 39% 11.21

oa PAD 0376  0.389 0.384 0.383 0.390 0.386 0.384 —0.91% 0.00 2.06% 0.01

Travel Rail Acc 30.09 29.42 29.97 29.69 31.41 35.20 44.70 20% 5.78 49% 14.61
rave ai PAD 0430 0438 0.437 0.432 0.426 0.431 0.407 ~1.68% —0.01 -5.24% -0.02
Al Acc 4187 7107 86.29 8789 12574 19715 234.91 177% 126.08 461% 193.04

ir PAD 0.656  0.670 0.716 0.711 0.589 0.632 0.633 —5.66% —0.04 -3.41% -0.02

Road Acc 26.77 2859 30.24 31.38 33.61 35.86 43.49 25% 7.27 62% 16.72

oa PAD 0.397  0.405 0.407 0.407 0.415 0.415 0.421 2.38% 0.01 6.16% 0.02

Freight Rail Acc 2290 23.69 25.15 25.81 27.36 30.23 45.81 28% 6.54 100% 22.90

relg ai PAD 0452  0.454 0.471 0.468 0.472 0.478 0.459 5.23% 0.02 1.53% 0.01
Water Acc 1819  18.97 19.80 20.07 20.82 21.72 32.32 14% 2.74 78% 14.14

inland PAD 1.034  1.000 0.983 0.982 0.958 0.945 0.932 —5.50% -0.05 -9.89% -0.10

The railway network is not as dense as the road network and this alone is an important
factor contributing to much greater disproportions in railway accessibility than in road
accessibility. Furthermore, at the time of the access of Poland to the EU, the railway network
was heavily degraded. There were differences in accessibility between central regions,
connected to the relatively faster inter-urban lines, and peripheral regions, where the
railway lines were mainly degraded. Between 2006 and 2012, a slow process of decreasing
interregional differences in passenger transport took place as a result of investments
improving the accessibility of peripheral areas, e.g., the line towards Siedlce. On the other
hand, long-term investments in connections between major urban centres, e.g., on the
line between Warsaw and Gdarnsk, were finished in the years 2012-2015 which led to
an increase in regional differences in this period. By 2023, as a result of the investments
planned by PKP PLK, interregional disproportions will have decreased significantly, which
is related primarily to the planned improvement and reactivation of regional railway lines
in peripheral areas, but also to an increase in the radius of influence of large cities. In
general, the process of eliminating interregional differences in accessibility in railway
transport will be more spectacular than in road transport, which means that both modes
will converge in terms of level of dispersion in accessibility.

The lower was the density of the transport network, the greater were the differences
in accessibility. It should be of no surprise, then, that road transport exhibits the smallest
differences, followed by railway transport, while air transport and inland water transport
exhibit much greater differences (Figure 4). Thanks to the development of regional airports,
where particularly large investments took place in 2010-2012, and improvements in vehicle
access to the airports, a decrease occurred in the disproportions in air accessibility between
regions. However, large investments in airports in the two biggest cities in Poland—Warsaw
and Krakéw—in 2012-2015 result in a reversal of this positive trend towards cohesion.
Nevertheless, the lack of larger investments in the period up until 2023 results in the
maintenance of relatively large differences in regional accessibility in both air and inland
waterway transport.

Comparison of the results for passenger and freight transport shows that accessibility
via freight transport exhibits greater differences than accessibility via passenger transport
in both road and railway transport. This is related to two issues. First, the speeds achieved
in heavy goods transport via road and by freight trains are much slower than in the
case of individual transport or passenger trains for each mode, respectively. This means
that the radius of influence of large cities, e.g., cities with large populations or areas of
high gross domestic product, is much smaller than in passenger transport. This in turn
implicates larger differences in accessibility between central and peripheral regions in terms
of freight transport. The second issue essential to understanding the reasons for greater
accessibility differences in freight transport is the inclusion of GDP as a factor influencing
the attractiveness of travel destinations. GDP is generated primarily in major built-up



Sustainability 2022, 14, 10044

12 0f 15

PAD
1.050

0.950

0.850

0.750

0.650

0.550

0.450

0.350

areas, which determines the higher concentration of “mass distribution” in freight transport
than in passenger transport. Furthermore, the dynamic process of absolute divergence of
regional accessibility also takes place, both in the economic and demographic sense, which
results in increasing differences in the distribution of opportunities to the benefit of central
regions, and at the cost of peripheral areas. The distribution of planned investments leads
to a more or less stable PAD index for road transport until 2023. In the case of railways,
a change in trend occurs and it is becoming a positive one. Nevertheless, the decrease in
polarisation will only happen if all the currently planned railway investments are fully
completed. In the case of air and inland waterway transport, we should not expect glaring
changes in the distribution of accessibility between regions. Still, interregional differences
for these two modes of transport will be much larger than for the dense road and rail
networks.

\

o ——————— L ——
}<
2004 2006 2008 2010 2012 2015 2023

——Road - individual =———Rail - passenger = Air

= Road - freight - Rail - freight — \Water inland

Figure 4. Potential accessibility dispersion (PAD) during the three EU programming periods
2004-2023. Multimodal comparison.

4. Discussion

Like any model, the potential model used in this paper to evaluate the impact of the
development of infrastructure in many transport modes on changes in accessibility is not
without opportunities for development in the future. A certain disadvantage of the model
used is the fact that it only concerns infrastructure, and not, in particular, as regards rail
and air transport, real timetables, which would certainly make the model more attractive
from the point of view of the reality of the results. On the other hand, one advantage
of using infrastructure-based data is their direct connection with investments, and not
with traffic management (timetables). Moreover, certain development opportunities of the
model used in the future are related to the following: (a) the use of synthetic indicators,
e.g., independently for passenger and freight transport according to the share of particular
modes in the transport undertaken [35]; (b) the use of intermodal indicators enabling
transfers; (c) the use of generalised cost, which is especially important in freight transport
where time is one of the many factors affecting the modal choice. The effect of the impact
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of changes in accessibility on regional income, location of enterprises, etc. is also worth
studying. The rich dataset, allowing the study of changes in accessibility in multimodal
and dynamic terms at a low level of data aggregation, could lead to interesting results
concerning the relationship between transport and land use (see Rokicki and Stepniak [51]).
Another interesting development of the model is the inclusion of uncertainties in the
research [52].

The research method presented gives the opportunity to analyse multimodal changes
in accessibility for many modes of transport for any large country or group of countries.
In Europe, an analogous analysis would be indicated in all countries with an intensively
developing infrastructure, especially among the new member states from Central and
Eastern Europe in the context of spatial changes, the rate of growth and the dispersion
of accessibility. Assessment of the spatial differentiation of the level of accessibility in
multimodal terms is also indicated for other large countries, such as Germany, France, Italy
or Spain. It is advisable to put more emphasis on the differences between passenger and
freight transport in the context of the speed model and the attractiveness of the destination.

5. Conclusions
The conclusions regarding the study area are as follows:

e  The effects of the increase in accessibility following Poland’s accession to the European
Union are rapid and, during only one programming period 20072013, reach from 14%
for inland waterway transport to as much as 177% for air transport.

e  Inthe same period, the effects of eliminating territorial differences in accessibility are
quite different depending on the transport mode: from a generally positive effect in
passenger transport to varied effects in freight transport, including particularly highly
polarising effects in rail transport.

e In the near future, i.e., up to 2023, the situation in this respect should improve as a
result of rail investments in peripheral areas.

The research method applied gives the opportunity to check, both for freight and pas-
senger transport, the effects of the development of transport infrastructure in multimodal
terms during its period of intensive development. This effect can be interpreted as:

e  The rate of increase in the overall accessibility level;
e  Spatial differentiation;
e  Cohesive changes (dispersion).
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