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Institute of Geography and Land Management, Faculty of Geodesy, Geospatial and Civil Engineering,
University of Warmia and Mazury in Olsztyn, 10-719 Olsztyn, Poland
* Correspondence: ada.wolny@uwm.edu.pl

Received: 1 August 2019; Accepted: 2 September 2019; Published: 6 September 2019
����������
�������

Abstract: The improvement in a regions’ accessibility that accounts for various means of inter-regional
transport and inter-regional communication is one of the main determinants of sustainable regional
development. This study focuses on road accessibility in rural areas where an insufficient number
and scope of international and domestic investments can lead to an imbalance in the transport
infrastructure. Therefore, the aim of this study was to evaluate road accessibility at the level of the
NUTS4 units in view of their sustainable development and their divergence from rural units that
are less distant from the main transport routes. The studied area—a province—is situated in the
northeast of Poland. Data concerning the travel time, condition, and density of the road network
were analysed to develop and compare the measures of road accessibility in individual units and
to perform an overall assessment of the NUTS4 units. Partial indices were calculated with the
support of the QGIS and ArcGIS software. Peripheral regions in post-socialist countries appear to be
particularly underinvested in terms of the transport, including at the local and regional level. The
applied methodology supported the presentation of problem peripheral areas that are underinvested
and threatened with exclusion.

Keywords: accessibility; road network; sustainability; regional development; transport policy;
exclusion

1. Introduction

The main determinants of regional cohesion and sustainable regional development, including
an improvement in a region’s accessibility based on various means of transport and inter-regional
communication, should be taken into account in regional cohesion and sustainability analyses.
A poorly-developed transport network compromises a town’s, city’s or region’s opportunities for
dynamic socio-economic growth. In addition, accessibility has become the most important factor in
the landscape change, which contributes to urbanisation even in the most remote rural areas when a
region gains access to a transportation system [1].

The concept of sustainable development should be defined in detail before attempts are made
to determine the way in which transport accessibility is harmonised with sustainable development.
The concept was introduced to the literature in the second half of the twentieth century, but it
was popularised only in the late 1980s due to increasing interest from politicians and international
organisations. Humanity has the ability to make development sustainable by ensuring that it ‘meets the
needs of the present generations without compromising the ability of the future generations to meet
their own needs’. Intergenerational equity is a central element of sustainability [2].
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Every transport system plays a role in the sustainability of the planet Earth. Sustainable transport
is also essential to provide all people with access to the economic and social opportunities necessary for
a meaningful life [3]. Therefore, societies living in towns and rural regions strive to develop sustainable
transport systems, especially road networks, which will allow them to achieve a sufficient level of
economic, social, and environmental growth. However, environmental considerations and natural
barriers pose significant challenges in the process of designing transport networks.

Good road accessibility is usually associated with a well-developed network of fast-traffic roads,
especially motorways, international transport corridors and an international transport network.
The influence that transport capacity and transport improvements have on the economies of societies,
whether they have underdeveloped or developed road networks, has long been debated [4].

In this article, road accessibility has been analysed at the micro-level, i.e., closer to local and
sub-regional communities of mostly rural regions. Road accessibility is understood to denote ensuring
sufficient comfort of travel aimed at satisfying the basic needs of a community by both public
(education, healthcare, administration, and culture) and commercial services (use of business facilities,
services, craftsmen, etc.). There is more demand for roads to transport people from rural to urban
areas. With the increase in the urbanisation process “more roads with high accessibility are required to
fulfil daily travel needs” [5].

The aim of this study was to evaluate road accessibility in counties (i.e., level of NUTS4 units) in
terms of their sustainable development. Particular attention was paid to the exclusion of peripheral
rural regions caused by infrastructural underinvestment—mainly with regard to the construction and
repair of roads. The study was conducted in a region situated in Poland because the development of
transport systems has been one of Poland’s development priorities since its accession to the EU.

The approach to accessibility adopted in the article combines popular measures, such as travel time
or distance, with the characteristics and categories of transport routes. The partial indices calculated
for the needs of this study may be expressed in different units; therefore, they have been standardised
and compared using modern GIS tools. There are no comprehensive systems for analysing entire road
networks, whether at the local, regional or national level, which would be helpful for investigating the
availability of goods and services and for identifying regions with barriers to sustainable transport
development. The results of the study can be used in the decision-making process before further
investments are made or the effects of the completed projects are assessed.

2. Literature Review

2.1. Literature Overview

In the literature, accessibility has been defined as the ease with which goods can reach other
destinations, which is measured in terms of the time, cost, seasonality, and type of the provided
transport services [6,7]. Investments in transport infrastructure have an effect on core-peripheral
relations in geography [8,9].

In view of the different levels and areas of development where accessibility plays an important
role, the analysis can begin with regional cohesion in a union of countries, such as the European
Union. The relationship between the transport infrastructure and regional cohesion has played
a key role in the policies and actions of the European Commission related to the Trans-European
Transport Networks (TEN-T, 2005). The main goal of these networks is to serve the entire European
continent, while effectively reducing the cost of transport between various geographical and economic
regions of the EU [10]. Most authors also emphasised the importance of the concept of accessibility
which influences the locational landscape, where investments in the transport infrastructure have
been adopted as a tool for improving the outlook of lagging regions. A growing demand for road
infrastructure, both new projects and the modernization of the existing infrastructures, has also been
observed in many countries [11].
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Accessibility is an important determinant of sustainable development in provinces, agglomerations,
and cities [12–15]. However, this concept has also received recognition from regional and
international authorities.

When we take into consideration the “sparseness of regional road networks and the dispersed
population in rural or remote regions”, it may even be more useful to consider the inverse of
accessibility—the remoteness, which is measured by “the difficulty in accessing services and facilities
while using the road network” [16].

In the European context, the importance of accessibility has been considerably emphasised and
has been adopted institutionally as part of the EU’s explicit strategies of regional unification. The EU’s
policies have generated a demand for research to broaden our understanding of the links between
the accessibility and achievement of regional policy goals [10]. In practice, numerous factors have
to be taken into account in the infrastructure planning. While many policies and plans focus on
optimising traffic, the practical outcomes of such policies could compromise environmental protection
measures. The achievement of both goals would require the integration of the two fields. However,
“infrastructure policy and planning in particular are strongly sectoral in nature”, which contributes
to fragmented policy actions. In fact, both policy sectors have developed their own goals that are
implemented regardless of the potentially conflicting objectives formulated in other policy sectors [17].
“Although an integrated planning approach to the transportation development has been introduced,
this particular approach to the transportation system is viewed in relation to land use and environmental
systems, with each of the systems exerting direct and indirect effects on the others. This means that all
related aspects of mobility are considered, with conflicts and complementarities among the various
policy fields are taken into account” [17].

An efficient and reliable transport system is the backbone of any national or regional economy [18].
Improvements in transport systems undeniably affect development at the regional, sub-regional
and even local level. In addition, urban neighbourhoods have a higher population density,
road density, transit use, non-motorised transport use, and greater access to local jobs than less
urban neighbourhoods [19]. The direct effects of road improvements include “reduced journey time,
reduced costs and improved reliability”. The resulting benefits will, in particular, be transferred
to road users, passengers, and companies. The general expectation is that these effects will deliver
“further benefits for the communities” affected by the roads [20].

The applied measures of accessibility focus on one or more components of accessibility, depending
on the adopted perspective. Infrastructure-based measures denote the (observed or simulated)
performance or service level of the transport infrastructure, such as the ‘level of congestion’ and the
‘average travel speed on the road network’ [21]. Such measures are typically used in the transport
planning. Measures of road accessibility at various levels constitute a separate issue.

Since this study focuses on local and sub-regional levels, such measures are important for
determining accessibility across relatively short distances. The measures that support the determination
of road accessibility include the time of travel to the urban core and the time of travel to a county
town via different categories of roads [15]. This study relies mainly on the Polish road classification
system, which identifies trunk roads, regional roads, county roads, and municipal roads, depending
on the entity responsible for managing a given type of road. The “Vehicle velocity in Poland in 2014”
report [22] lists the average vehicle speeds on different categories of roads and reveals that vehicle
speeds differ by up to 10 km/h on various types of roads, in particular in undeveloped areas where the
50 km/h speed limit does not apply. Analyses of road accessibility should also account for the density
of the road network and the international classification of the road.

In historical traffic data, network impedances are known aa a priori for all departure times, whereas
in live traffic, network impedances may change when the vehicle is already on the way; therefore,
the “shortest path needs to be recalculated from time to time as new traffic data is acquired” [23].
It should also be noted that the travel time for the private transport is determined by multiple
factors, including the weather, unforeseen road incidents (e.g., accidents), and the drivers’ personality
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characteristics, and that daily, weekly, and annual fluctuations have also been observed [24]. Different
activities may use transport very differently, and hence a given improvement in accessibility may
have very different impacts under different circumstances [25]. Analyses that take into account the
relationships between the condition of a society and the travel frequency of community members may
rely on factors such as low income, limited mobility, young age (non-driving age), old age (over age 62),
and ethnic minorities [26].

One of the methods that lead to assessing accessibility is by calculating remoteness—measured by
the difficulty in accessing services and facilities while using the road network. This method considers
the changes in accessibility/remoteness of different locations in the region under different states for the
transport network, e.g., the intact network and a degraded network. This can be done for specified
locations and for the entire region. The conceptual models use both an accessibility index (A) and
a remoteness index (R) [16]. However, data considering changes in the transport network state are
essential to adapt this model. Some of the specific accessibility indices consider the attractiveness of
location (city) [13], but it has no effect at the local and sub-regional level, were only one attractive
centre has been identified. Finally, one of the most popular standard CBA-approaches makes use of
information about how different categories of travellers value reductions of transportation time, waiting,
and queuing time, as well as a decrease in the frequency of accidents [27]. Still, this kind of approach is
more appropriate when the accessibility is measured within the city borders, where congestion and
accidents are more popular problems.

Due to the complexity of road accessibility measures and the multitude of interpretations that
affect the topicality of the problem, the condition of the road surface has also been taken into account
in the present research. However, it should be noted that this parameter is not assessed consistently
or systematically. Yet, taking data availability and research area into consideration an original set of
indices has been used in this study.

In countries where transport services are not well developed, are being introduced or are not
widely used, the relevant services are planned mostly with the use of ad hoc procedures. Ad hoc
methods are commonly applied if the data necessary for “sophisticated planning are not readily
available or are inaccurate” [28]. This problem is encountered by the Polish researchers on a daily basis.
Optional and unobvious accessibility indicators should be developed to address the issue.

2.2. Research Approach and Objectives

The analysis of the literature indicates that analyses and assessments of road accessibility as a
determinant of sustainable development are still important. Their importance is evident in Central
and Eastern European countries where the infrastructure development has been a priority since the
political transformations of the 1990s and the enlargement of the European Union, and where the
infrastructure development is one of the main stimulants of socioeconomic growth. Those countries
have implemented numerous road infrastructure projects, with major investments in express road
networks. The aim of these measures was to attract foreign investors, tourists as well as important
cultural and sporting events. This was certainly the case in Poland, especially between 2004 and 2015,
and the infrastructure development would not have been possible without subsidies from dedicated
programmes, especially those financed by the EU. The undertaken projects have improved accessibility,
mainly in the largest Polish cities and urban areas, which were the main beneficiaries (ring-roads,
motorways, and express roads). This study analyses areas with fewer and less extensive international
and domestic investments in road development. These areas were discussed not only in terms of
interregional connections, but also at the local level, including journeys that are made every day
or several times a week. The location-based accessibility model considers the core components of
accessibility (people, transport, and activity locations) [29]. At the sub-regional level these activities
are usually located in the nearest town within the same county. It was assumed that residents of rural,
municipal, and rural-municipal areas travel frequently (commute daily to work), or with an average
frequency (to visit a doctor, specialist, service provider, office or to shop), or rarely (to a cultural or
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sporting event). People attending cultural or sporting events are prepared to travel long distances,
including on a regional scale (between counties), but these types of journeys are not covered by the
study, which focuses on trips that are made frequently or with average frequency.

However, researchers investigating frequent trips are burdened with the lack of data or
incomparability of data relating to the different categories of routes. In Poland, only the primary
roads are classified based on their technical condition. The reports on changes in the road condition,
published by the General Directorate for National Roads and Motorways (GDfNRM) in 2004 and
2015 [30], have different descriptions of four road condition scores (A, B, C, and D, where D is the
worst condition). Scores A (good condition) and B (acceptable condition) have a common description.
However, the above scores are not applied to assess the condition of secondary and tertiary roads,
which are often used for daily and weekly trips. In particular, the county-level roads play a major role
in the spatial distribution of rural settlements and create the transportation network system constructed
to strengthen the spatial connections between the townships [31]. Unfortunately, the county-level
roads condition can be only assessed based on the fact that they have been recently repaired or by
field studies.

Despite the fact that the travel time appears to be the most widely used measure of accessibility,
the condition of the road surface is an equally important consideration. However, this parameter can
combine different partial indices where data are insufficient or unreliable.

The aim of this study was to evaluate road accessibility in counties (i.e., level of NUTS4 units) in
view of their sustainable development and their divergence from units that are less distant from the
main transport routes. The reliability of the relevant data varies considerably. Particular attention was
paid to the exclusion of peripheral regions caused by infrastructural underinvestment—mainly the
construction and repair of roads.

The specific goals of the study were to:

• determine transport accessibility in selected sub-regions in relation to the completed
road investments;

• determine the impact of EU subsidies on the modernisation and construction of regional roads for
local use;

• identify threats to regional cohesion resulting from the isolation of areas situated far from the
main roads.

This study attempts to answer the following key questions: Are peripheries doomed to
infrastructure underinvestment? How can historical and political factors affect travel comfort?
Are areas of great natural value and areas attractive to tourists best protected by giving up
infrastructure investments?

3. Materials and Methods

3.1. Area of Research

The area being analysed lies within the province of Warmia and Mazury. It is a region in the
north-east of Poland, whose northern border forms the EU-Russia border (Figure 1). Since this area was
incorporated into Poland after World War II, the development of settlements and transport connections
has been affected by historical factors (solutions and a network developed earlier in Eastern Prussia,
the settlement of repatriates and incoming population, mainly from the central and eastern part of the
country, in former Prussian towns and villages), as well as the great natural value (with numerous lakes,
rivers, forests, and protected landscape areas). The province of Warmia and Mazury has 1.44 million
inhabitants and it covers an area of 24,173.47 km2. The average population density is among the lowest
in the country and is 60 people/km2 [32].

Basic data on the population status and migrations are included in Table 1. Population
characteristics include the population density—number of people per km2, change in the number of
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citizens (per 1000 people)—the rise or loss in the number of population year to year and differences in
the population caused by migration—difference between the number of persons having entered the
territory and the number of persons having left the territory in the course of the year.
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Table 1. Characteristics on the population in the counties making up Warmia and Mazury.

County

Population Characteristics

Population
Density

Change in the Number of
Citizens (Per 1000 People)

Balance of
Internal Migration

Balance of Foreign
Migration

2016 2016 2016 2016

People/km2 Number of People Number of People Number of People

Bartoszyce 45 −8.3 −352 −18
Braniewo 35 −6.0 −248 2
Działdowski 69 −1.5 −210 2
Elbląg 41 −2.2 −123 −29
Ełk 81 5.6 206 30
Giżycko 51 −2.5 −120 18
Iława 67 0.0 −124 11
Kętrzyn 53 −7.5 −345 −1
Lidzbark 45 −5.4 −131 −8
Mrągowo 47 −3.7 −102 −29
Nidzica 35 −6.7 −185 2
Nowe Miasto 64 −3.5 −234 7
Olecko 40 −3.9 −75 −4
Olsztyn 44 5.9 584 −40
Ostróda 60 −3.9 −314 −156
Pisz 32 −4.8 −306 −10
Szczytno 36 −1.5 −164 −48
Gołdap 35 −4.7 −159 1
Węgorzewo 34 −7.4 −146 3
the city of Elbląg 1.518 −3.7 −180 −14
the city of Olsztyn 1.958 −2.6 25 10

Source: Own study using data from the Central Statistical Office in Poland.
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A simple comparison of the data collected in Table 1 leads to the conclusion that only the county of
Ełk has a population density rate above average, significant population growth, and positive balances.
Despite their high density, Olsztyn and Elbląg are losing their citizens. Unfavourable migration and
depopulation trends can be seen in the Pisz and Bartoszyce county (low values of balance of internal
and foreign migration). Most counties (outside of major cities) are sparsely populated, 13 out of
21 counties have a population density below the Polish average. In addition, current migration trends
have caused a decrease in their population, only the Ełk and Olsztyn counties have gained significantly
(most of the values of ‘change in the number of citizens per 1000 people’ are negative).

The province of Warmia and Mazury comprises 21 NUTS4 units—19 counties and two cities;
the latter include Olsztyn—the capital of the region—and Elbląg, which has the second largest
population (Table 1). Due to the fact that the borders of these two cities coincide with the borders
of highly urbanised areas with a dense transport network, they were excluded from the research
conducted for this study.

The choice of the study area was affected by both the features of the region and its proximity—it is
an area close to us because this is where we work and live, and because we can conduct extensive and
specific studies in the selected location. In addition, it should be mentioned that the road accessibility
of the province has been analysed, though the analyses focused mainly on the intensity of traffic on
various roads, the length of roads of various categories and their condition [33], and the identification
of districts with a favourable position along the main trunk roads. Unfortunately, it is one of these
regions that has “the limited visibility and lobbying power to place infrastructural and transport
connectivity on the national political and policy agenda” [34]. The transport system in the province is
shown on the map used in the Land Use Plan for the province of Warmia and Mazury (Figure 2).
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In view of the main goals of this study, the procedure of analysing road accessibility was conducted
in several stages:

Stage 1 —selection of factors that affect road accessibility in the evaluated units based on a review of
the literature and statistical analyses;
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Stage 2 —selection of the area for analyses with regard to the aim of the study;
Stage 3 —acquisition of data from the available sources, including the Central Statistical Office (CSO),

other statistical reports, OpenStreetMap, General Directorate for National Roads and Motorways
(GDfNRM), Head Office of Geodesy and Cartography (HOGC), Road Authority of the Region
of Warmia and Mazury (WMRA), Regional Operational Programmes (ROP);

Stage 4 —development of methods for calculating partial indices for accessibility assessments based
on selected data and the adopted parameters;

Stage 5 —integration of data in the GIS software and presentation of maps;
Stage 6 —accessibility assessments in various counties based on the analyses of pooled data in the

GIS software;
Stage 7 —interpretation of the results.

3.2. Main Indicators of Road Accessibility in Selected Districts (Counties) and Calculation Methods

The indicators of road accessibility were determined and compared in individual units to perform
an overall assessment of the selected countries. Due to the lack of consistent and complete data,
the study focused on the travel time, the condition, and density of the road network. For this purpose,
source data were transformed into six partial indices, which were then used to create the final (summary)
index. The partial indices were calculated with the support of the QGIS software, and the accumulated
data were visualised in the ArcMap component of the ArcGIS software. The calculation method for
each indicator is described below:

I1—mean time of travel to a county town (in minutes) from the most distant points in the county

I1 =
N∑

i=1

ti/N (1)

where:

N—number of directions in which the road graph (for an optimal road) was calculated
ti—travel time in a chosen direction * (minutes)—recalculated from hours (h)
* based on the average speed in the analysed section of the road (km/h) and the length of the analysed
section (km) (sections were analysed separately for every road class)

Travel time has been one of the most popular measures of accessibility since this issue became
the subject of diverse research in land use planning [36,37], social studies and health care [38,39],
and studies investigating the consequences of transport development [14,40].

In this study, the following specific conditions were taken into account when measuring travel time:

• the distance from a county town was measured to the northernmost, southernmost, easternmost,
and westernmost points in that county,

• counties are Polish administrative units that were created as a result of the 1999 public
administration reform with the aim of decentralisation; counties have designated areas and borders,

• the average driving speed on trunk, county, and regional roads, and their proportion in the total
length of the journey in a given direction, assuming that the mean vehicle speed (in the built-up and
non-built-up areas) was set at: Seventy km/h—on trunk and regional roads, 60 km/h—on county
roads, 80 km/h—on partially one-lane and partially two-lane trunk roads (expressways where the
maximum speed is increased from 90 km/h to 120 km/h); the mean vehicle speeds were based on
the national report [22],

• the data on the existing road network were acquired from the OpenStreetMap portal and
supplemented with the data published by the GDfNRM and the WMRA,

• the methods for calculating the route and travel time were specified for the ‘road graph’ function
(‘optimal road’), which accounts for changes in the road category, where ‘road graph’ calculates
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the shortest path between the two points, and plots this path over the road network (taking into
consideration a certain road category), and uses the definition of optimisation criterion.

I2—density of the main road network in a county, i.e., the length of primary, secondary and
tertiary roads per km2.

I2 = (lnr + lpr + ldr )/AC (2)

where:

lpr—length of regional (secondary) roads in a particular county (km)
lnr—length of national (primary) roads in a particular county (km)
ldr—length of district (tertiary) roads in a particular county (km)
AC—area of a particular district (km2)

The density of the road network was calculated based on:

• the data on the existing road network acquired from the OpenStreetMap portal and supplemented
with the data published by the GDfNRM and the WMRA,

• the rules applicable to the “line length in a polygon” function in the GIS software (Sum line
lengths tool (QGIS)—summarises each input polygon vector layer feature by the length of the
input line vector layer. As some of the roads are in more than one district, the tool “cuts” them at
the point when they are crossing with polygon boundaries).

• division of the length of roads of various categories by the area of polygons (i.e., counties) and the
sum of individual partial indices.

I3—the length of roads under construction or under repair in a county (km).
The construction and exploitation of artery roads seems an adequate policy and accessibility

measure as it favours the creation of new infrastructures [41]. Road repairs may increase the travel
time, decrease travel comfort, cause route narrowing, and detours. However, they are necessary for
road improvements. The analysis was based on a selection of roads with the “under construction”
status, and the line length was calculated within a polygon with the “line length in a polygon” function,
which summarises each input polygon vector layer feature by the length of the input line vector layer
and “cuts” these lines at the point when they are crossing with polygon boundaries. The data were
acquired mainly from the OpenStreetMap service and the GDfNRM.

I3 = lcr − limr (3)

where:

lcr—length of roads under construction (km)
limr—length of modernised roads (km)

The following factors were taken into account in the calculation process:

• The length of roads that would be transformed from one-lane to two-lane trunk roads; these roads
are partially two-lane roads with reduced speed sections,

• the length of “temporary” roads that will not be included in the future road network,
• the general classification of roads (where the roads under construction will be future speedways

or primary/national roads),
• partial traffic obstruction of varied duration caused by the long-term construction process.

I4—proportion of the length of regional roads whose repair was subsidised by the EU in the
total length of regional roads (within a county)

I4 = lmpr/lpr (4)
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where:

lmpr—length of modernised regional (secondary) roads in a district (km) (which the repair was
subsidised by the EU funds—with a use of data published by WMRA)
lpr —length of regional (secondary) roads in a district (km)

Secondary roads have not been assigned categories, which is why their condition is assessed
based on the road upgrade plan, where modernised roads are characterised by high-quality surfaces
and suitable conditions for developing medium speeds. In terms of the transportation policy, it can
be seen that investments aimed at reducing congestion, travel time, also tend to increase reliability,
resulting in the reduction of transportation costs [42].

That is why the relevant calculations were based on the data acquired from the Regional Road
Authority as part of the schedule for road upgrade projects subsidised by the EU in the 2007–2013
perspective. The scale of repairs subsidised by the EU, based on their location, is shown in Figure 1.

I5—increase/decrease in the length of county roads with an improved surface (other than
bitumen or concrete).

The length of county roads with an improved surface was compared between 2007 and 2014 based
on the regional statistical data published by the Regional Statistical Office (for counties in the Region
of Warmia and Mazury). This alternative measure indicates the actual possibility of reaching average
speeds by analysing the improvements in the surface of tertiary roads.

I5 = lidr2014 − lidr2007 (5)

where:

lidr2014—length of district (tertiary) roads with improved surface in 2014 (km)
lidr2007 —length of district (tertiary) roads with improved surface in 2007 (km)

I6—proportion of the length of trunk roads whose repair was subsidised by the EU in the total
length of trunk roads

I6 = lmnr/lnr (6)

where:

lmnr—length of modernised national (primary) roads in a particular district (km) (which the repair was
subsidised by the EU funds—with a use of data published by GDfNRM)
lnr—length of national (primary) roads in a particular district (km)

The calculations were based on data from a progress report on the implementation of the
Infrastructure and Environment Operational Programme (POIS.06) in the 2007–2013 perspective in the
Region of Warmia and Mazury. The length of modernised national roads denotes the length of roads
that have been transformed from one-lane to two-lane trunk roads with a maximum speed raised to
120 km/h and significantly reduced travel times between the towns.

IF—final index

IF =
N∑

i=1

Ii/PD ∗ 100 (7)

where:

Ii—the sum of partial indices that were unified and standardised with the use of the GIS tools
PD—population density specified in Table 1.

In the calculation of the final index, the population density was used as a weight for the predicted
‘request’ for accessibility, where the daily congestion would be also reduced in less populated counties.
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Simple statistical methods, including the average and the weighted average, as well as the spatial
analysis functions in the GIS software were used in the study.

Due to differences in the form, the indices were analysed separately, and each index was
divided into five equal classes. Vector data were replaced with a raster data with the Feature To
Raster tool (with cell size 10). This tool converts features to a raster dataset. Any feature class
(geodatabase, shapefile, or coverage) containing point, line, or polygon features can be converted to a
raster dataset. This tool always uses the cell centre to decide the value of a raster pixel.

Then the ‘Raster Calculator’ (ArcGIS) was used. This tool builds and executes a single Map
Algebra expression using the Python syntax in a calculator-like interface. The Raster Calculator tool
generally follows the standard connectivity behaviour of models in the Model Builder, with some
exceptions resulting from the requirements to formulate a valid Map Algebra expression.

The tool supports simple algebraic operations (addition, subtraction, multiplication, division),
complex functions (exponential, logarithmic, trigonometric, etc.) as well as the development of
algebraic and logical operations by overlapping several maps (typical operations: Addition, subtraction,
multiplication, division, normalized ratio, alternative, conjunction, etc.) to obtain a results map. If data
are visualised, a decision can be made on how to classify and define the ranges and classification for
the classes. A larger amount of data enables a larger number of classes to be used. The method of
defining the ranges and borders of classes (the highest and the lowest values in each class) determines
the classification of an object into a class and the appearance of the thematic layer. The general aim is
to guarantee that objects with similar values are placed within the same class [43].

The reclassification process was necessary to unify the indices: The Reclassify tool was used,
and all six indices were divided into five new classes (where five and the black colour denote the
highest value, and one and the white colour denote the lowest value).

In order to sum up the rasters’ values, the Spatial Analyst tools were needed. They are accessed
through an algebraic format—an object whose name is identified to the left of an equal sign is created
based on a tool or operator stated to the right of the equal sign. Even more complexity can be
incorporated by adding logic and combining multiple process models with the Map Algebra or
ModelBuilder. One of the most basic Spatial Analyst operations is the addition of two rasters (Figure 3).
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Figure 3. Summing the values of the rasters with a use of the Spatial Analyst tool. Source: [43,44].

The final indicator is created by summing up the results from the previous rasters (for indicators
from one to six) one by one to generate the final matrix. The final indicator is divided by the population
density and expressed in percentage terms to determine the transport accessibility in the selected
sub-regions. The method supports the analyses and comparisons of different indicators without
developing a complex model.

4. Results

In the first stage, individual partial indexes were calculated for selected counties, taking the
average speed on the section of the road (km/h) and the length of the section (km) into consideration
(sections were separated according to the road classification). The journey time measurement took
into account the distance from the county town to the northernmost, southernmost, easternmost,
and westernmost points. The journey time was measured using a ‘road graph’, with the speed on each
stretch of the route indicated by the use of the GIS software, assuming that the mean vehicle speed
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is: Seventy km/h—on trunk and regional roads, 60 km/h—on county roads, 80 km/h—on partially
one-lane and partially two-lane trunk roads (an expressway on which the maximum speed is increased
from 90 km/h to 120 km/h). Still, there were no routes covered only by expressways and the portion
of the county, regional, and one-lane trunk road varied due to differences in the road system of each
county. The average time of a journey is an index calculated in minutes (rather than hours).

Subsequently, the index data were marked on a map of the province of Warmia and Mazury.
Further, the distribution of values for partial indexes was determined, taking into account the values
calculated for individual units. The results are presented on maps. The scale of assessment was unified
by classifying the values into five intervals, from one to five, where five means the best, desired values
and one means the poorest results.

The I1 index, i.e., the average time of a journey to a county town, in minutes (taking into account
the extreme points) ranged between 17 and 40 min. The shortest time was calculated for the county of
Nidzica and the longest was for the county of Ostróda. However, this means that the average journey
time is the shortest for the county of Nidzica, and it needs improvement in the county of Ostróda.
It is significant that the county is elongated longitudinally, which increases the journey time from the
southern and the northern ends of the county. Overall, apart from the county of Nidzica, four counties
were in the highest range of classification, with journey times of between 17 and 22 min (Figure 4).
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Source: Own study.

Within their administrative borders some of the NUTS4 units are more elongated (and the routes
to the northernmost or southernmost locations in a certain county might be much further than the
easternmost and westernmost points. However, the I1 values not only depend on the county’s shape,
but also on a county town’s location within a county borders, as well as the road category (and average
speed associated with this category).

The I2 index—the density of the main roads in a county, i.e., the length of trunk roads, regional
roads, and county roads per 1 km2 lay within the range from 0.11 (in the county of Gołdap) to 0.45
(in the county of Nowe Miasto). Class 5 also included the county of Działdowo. Considerably lower
values of the indexes were calculated for the northern part of the province, close to the border, where the
density of trunk, regional, and county roads (despite the diverse area of the counties) is unsatisfactory.
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The situation is the worst in the county of Gołdap (Figure 5). The road density is low in only one of the
counties in the south of the province (Pisz).
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Figure 5. Density of the main road network in a county, i.e., the length of the road (primary, secondary,
and tertiary) per km2. Source: Own study.

It should be emphasised that the results do not depend on a size of counties. The largest counties
like Olsztyn receive a similar result as more than two times smaller Ełk or Mrągowo and results for
smaller counties like Nowe Miasto Lubawskie, Gołdap, and Lidzbark Warmiński differ a lot (Figure 5).

Another partial index—I3—the length of roads under construction or under repair (in km) refers
mainly to the roads being expanded and modernised, including the construction of two-lane trunk
roads. As the transport modernization in Poland is identified as a long term and multistage proccess it
was found worth considering. The index ranges from 0.00 km (for nine counties in the province) up to
179.21 km (in the county of Olsztyn); however, it must be stressed that over 99% of the total length of
roads under construction or under repair in the province are situated in four counties—Elbląg, Nidzica,
Ostróda, and Olsztyn (Figure 6). It is in these counties that the fast-traffic S7 road and the modernised
trunk roads number 16 and 51 are being constructed. After the projects are completed, the comfort of
the journey will be much higher than now, and since the work is close to completion, a higher length of
roads under construction and modernisation will be better for the county.

Another index (I4) refers to the effect that EU subsidies had on improvements to the road
condition in the province. Regional roads, which condition was improved with a use of EU subsidies,
are visualised on Figure 2 (marked in green and blue). These regional roads are localised in 11 out of
20 counties in the province. The proportion of the length of regional roads whose repair was subsidised
by the EU in the total length of regional roads (within a county) ranged from the lowest of 0.00 (in seven
counties) to the highest of 0.91 (in the county of Węgorzewo). It was also high in the county of Gołdap,
but since this is also a result of a low density of trunk roads in this county, the modernisation of even
such a relatively short section was significant (Figure 7).
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It should be emphasised that before the repair programme subsidised by the EU most of the
regional roads, which are quite narrow and tortuous, were also in poor condition. While most of the
routes are modernised and repaired, the travel time reduces and the average speed and safety is likely
to rise.

The I5 index is an increase or a decrease in the length of county roads with an improved surface
(i.e., better than a dirt road and worse than a bitumen road). The index lay within a broad range,
from −66.9 (the county of Olsztyn) to 37.6 (the county of Pisz). Except for the county of Pisz, high
values of the I5 index were noted also for the counties of Szczytno, Olecko, and Iława in the eastern
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and southern part of the province. On the other hand, the decrease in the length of county roads with
an improved surface was reported in most of the northern and central counties.

An increase in the length of county roads is not a bad thing, but in this case, it results in travelling
on worse, less durable surfaces, which translates into lower comfort of travel. For trunk or regional
roads, an improved surface is not permanent, and it can be used temporarily (e.g., during expansion or
repair work). Hence, the analyses were restricted to third-class roads (Figure 8).
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The last partial index—I6—refers to the proportion of the length of trunk roads whose repair was
subsidised by the EU in the total length of trunk roads. It is close or equal to 0.00 in 14 counties; the
highest index (0.65) was calculated for the county of Elbląg in the western part of the province (Figure 9).
Its value was also high in the county of Nidzica, where the S7 road was being constructed during the
time period under study, which had its bearing on the calculation results. Similarly, the index has
considerable values for the counties of Ostróda, Olsztyn, and Mrągowo, where the largest EU-funded
road investment projects were being carried out. Other counties located on the north and east, as well
as three counties on the south-west received results in a first class (very close to zero) due to the lack of
investment of this kind within the county.

It should be also emphasized that there is a strong positive correlation between some indicators.
The results for indice I3—the length of roads under construction or under repair in a county (km)
are highly correlated with results I6—the proportion of the length of trunk roads whose repair was
subsidised by the EU in the total length of trunk roads (correlation coefficient above 0.5). This indicates
that some of the modernization processes initiated in the previous EU perspective were still ongoing
or continued by other programmes from the 2014–2020 perspective.

Moreover, the index I3 is highly negatively correlated with I5. With the rise of construction works
the length of county roads with an improved surface (i.e., better than a dirt road and worse than
a bitumen road) decreases. We may assume that the road network in a certain county should be
improved at different levels.
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In the next stage, the summary index was calculated, using the functions and tools of the GIS
software, by introducing a unified classification. It helped to sum up all the indexes with the Raster
Calculator tool, and, in effect, to present all the indexes on one sheet (after reclassification with the
Reclassify tool, into another five intervals). Due to the fact that the data were not raster, each of the
indicators was presented in a vector form and then using the Feature To Raster tool (with a cell size of
10), the vector data was converted into a raster data. It was necessary to perform the reclassification in
order to unify the coefficients. Then, the Reclassify tool was used, thanks to which all six indicators
were divided into new five classes (where five and black are the highest value, and one and white are
the lowest). The unified classification allowed to sum up all the indicators with the Raster Calculator
tool, and as a result to present all the indicators on one sheet (after re-classification with Reclassify
on the same principles, into new five intervals). Each reclassified map presenting a partial index was
added and one map with a summary index of the internal accessibility of counties was obtained.

Subsequently, the indexes were divided by the population density multiplied by 100, in order to
compare the final indexes of transport accessibility in the counties. The results showed that the county
of Ostróda had the highest summary index (Figure 10). It is surprising that a relatively high accessibility
was also calculated for the county of Węgorzewo, which stands out from the underinvested northern
region. This may be attributed to the favourable spatial outlay (equal distance of the extreme points of
the county to its capital—Węgorzewo, and its below-average area), as well as a favourable effect of the
modernisation of regional roads. The level of accessibility decreases (the majority in class 1) as we
move to the east and north. In addition, the county of Działdowo received a result in one class. It is
also noteworthy that, even though results are diverse, we did not receive any results higher than 50.
It means that the level of accessibility should be improved in the whole region.
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5. Discussion, Summary and Conclusions

This study focuses on road accessibility in areas where an insufficient number and scope of
international and domestic investments can lead to an imbalance in the transport infrastructure. We
have moved from the level of interregional connections to the local level, which involves trips that
are made daily or several times a week. The transport infrastructure facilitates the personal contacts
of rural and urban, which are still valuable and irreplaceable for rural residents [45]. The mobility
is a facilitating factor in social exclusion, which exclusion has been seen to vary across services and
facilities—often as a consequence of distance, or individual levels of this mobility [46]. Assuming that
the county residents commute to work and travel to local shops or healthcare facilities, the internal
accessibility of the county towns has been determined in view of the local inhabitants’ basic needs and
the trips made with medium and high frequency.

A set of indices relevant to the assumptions and goals of the present study have been adopted in
view of the availability of data and the existing data processing options. The list of six partial indices
was also created due to the specificity of the analysed area. The results for I3 and I6 are positively
correlated while I3 is negatively correlated with I5.

Accessibility in selected sub-regions in relation to the completed road investments has been
determined and the highest results have been received for two counties lying on opposite sides of the
region—the county of Węgorzewo and the county of Ostróda. In the county of Węgorzewo, the final
result has been determined by one of the least travel times (I1) and the impact of EU subsidies on the
modernisation and construction of regional roads for local use (I4). On the other hand, the result for
the county of Ostróda are mostly caused by the investments on trunk roads subsidised also by EU
funds. Among the county of Węgorzewo, the north-eastern part does not have a good accessibility
level. These are counties situated far from the main roads, that may cause threats to regional cohesion
resulting from the isolation of areas situated.

The authors are aware that in many online services (Google Maps, Targeo, etc.), the travel
time is estimated with the use of algorithms in view of various factors, whereas the professional
GIS software relies on, for example, a graph theory to find the best route based on the minimum
spanning tree, solve the travelling salesman problem, or find the shortest path with the PERT and
CPM tools. However, unlike the GIS software, online services do not support full comparisons within
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sub-regions or administrative units of a country based on the existing potential and the prospects for
road development. Road networks constitute the basic components of the OpenStreetMap database.
Road network representations are useful for many applications, but their “quality can vary between
locations” [47].

The findings of this study revealed variations in the accessibility levels in regions. It should be
noted that the following factors have contributed to the current state of affairs:

(1) Historical—before World War II, roads were designed to account for military needs and offer
protection for columns of infantry and artillery through frequent changes in direction (road bends)
and dense trees planted along the road shoulder;

(2) economic—the Region of Warmia and Mazury is not highly industrialised and it might be
identified as a rural region. In the past, most incomes were derived from agriculture, whereas at
present, tourism, especially the seasonal tourism, and natural resources (forests) play increasing
roles in the regional economy;

(3) social—the majority of local residents are (from the long-term perspective) migrants from other
parts of the country. Significant changes in migration and local employment patterns have been
observed since the political transformations of the 1990s.

Despite the above, the applied methodology supported the description of areas that are
underinvested and threatened with exclusion (in the northern part of the region). Some areas
in the analysed region are situated in the proximity of the EU border, and their development is strongly
affected by the political situation (cross-border trade, restrictions in the transport of goods or changes
that facilitate cross-border exchange). Such areas were also identified in counties with satisfactory
road accessibility and favourable development prospects, and the local authorities and businesses can
rely on those advantages in promotional and marketing campaigns. Accessibility has a significant
impact on local development by increasing the attractiveness of sub-regional markets [48]. However,
the development of the road transport network in the Region of Warmia and Mazury is fraught
with certain problems, even in areas where express roads are being developed. These include the
time-consuming and conflict-generating process of land acquisition for investment projects, including
by expropriation of rural land [33]. Moreover, the development of road infrastructure could affect
the environment by fragmenting and altering animal habitats, as well as different kinds of pollutions.
It must be emphasized that the Region of Warmia and Mazury is known for its priceless nature and the
Great Masurian Lakes are among the World Wonders of Nature.

This study has a potential for development, and other determinants of accessibility, including the
travel comfort, safety, and time (across seasons) can be analysed in the future to make our findings
more comprehensive and universal. Other possible determinants include road width, the condition of
road shoulders, number of road bends, terrain in the vicinity of a road, trees on the road shoulder,
limitations on transit traffic or agricultural traffic, traffic separation at crossroads, annual and daily
traffic fluctuations. These factors can be linked with detailed demographic analyses to determine the
user profiles and needs. This paper was focused just on the road network properties, so the conclusions
are valid from the point of view of private car owners primarily. However, they are important also for
the youth without driving licenses or elderly people who have to use public bus transportation taking
approximately the same routes. Yet, these kinds of analyses should take the transport means frequency
into consideration and these kinds of travels duration, for example, by calculating the public transport
efficiency index weighted by a certain coefficient [49].

This study analysed a selected area in Poland, but the adopted solutions can be extrapolated
to address similar problems in other rural and peripheral regions in Europe and the world that lack
sustainable policies for the development of transport networks. According to Janelle and Beuthe [50],
“globalisation may favour the concentration of economic power and transport resources at major
hubs, and the increasingly inequitable distribution of wealth and greater orientation towards regional
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specialisation in trade pose significant concerns”. The lower accessibility of peripheral rural regions
will compromise their economic development.

Peripheral regions in post-socialist countries appear to be particularly underinvested in terms
of transport, including at the local and regional level. Despite the fact that political transformations
in Central-Eastern Europe had occurred nearly three decades ago, most of these countries are still in
need of regionally-oriented investments. The remoter rural areas, where income levels are generally
low and economic opportunities limited are in most need of initiatives to increase accessibility [51].
Similar analyses could be conducted in the peripheral regions of countries along the eastern and
southern borders of the EU, where the decision makers are likely to “provide inaccurate, vague or
ambiguous assessments due to the incomplete information or inability of their processing in the given
circumstances” [52]. The applied methodology, including the measures of the presented indices, can be
applied to draft regional and sub-regional transport policies, plan transport services, and introduce an
integrated planning approach to the transport development.
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and M.O.; Validation, A.W., M.O., and R.Ź.; Formal analysis, A.W. and M.O.; Investigation, A.W. and M.O.; Data
curation, M.O.; Writing—original draft preparation, A.W.; Writing—review and editing, A.W.; Visualization,
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24. Wiśniewski, S. Zmiany dostępności miast województwa łódzkiego w transporcie indywidualnym w latach
2013–2015 (Changes in the accessibility to private transport of towns in Poland’s Łódź voivodship in the
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