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Abstract: This article is a two-case study, enriched with theoretical context, aimed at
assessing access to the railway network in the Masovian and Warmian-Masurian
voivodeships from the perspective of transport exclusion. The theoretical section includes
a literature review on transport accessibility, with particular emphasis on its importance
for socio-economic development and the shaping of territorial cohesion. In the empirical
section, cartographic and spatial analysis methods using GIS tools were applied, covering
both active and decommissioned railway infrastructure. The results reveal significant
disparities in access to rail transport at both the interregional level and within individual
voivodeships. The identified spatial inequalities indicate the need for a more balanced and
territorially sensitive transport policy, as well as further local-scale research to support
decision-making in the revitalisation of railway infrastructure.
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Introduction with analysis of the state of the problems

As part of the work carried out under the Integrated Railway Network project,
commissioned by the Ministry of Infrastructure and implemented by Central
Communication Port (CPK) in cooperation with Polish State Railways Polish Railway
Lines (PKP PLK) and the Institute for Urban and Regional Development (Integrated
Railway Network, 2024), it became necessary to identify municipalities and districts that
require special attention in the next stages of railway network planning beyond 2035.

It was already apparent at the initial stage of the research that Poland is characterised
by an uneven distribution of railway infrastructure (Office of Rail Transport, 2024), with
many regions—especially peripheral ones—facing limited access to public transport
(Kwarcinski, 2019). Previous studies have primarily focused on the railway network at
national and supra-regional scales or on the availability of connections between major
urban centres (Bochenski, 2016; Mroz & Straub, 2024). However, there is a lack of in-
depth comparative analyses of accessibility at the municipality and district levels within
regional or even local contexts.

This study adopts a research perspective focused on analysing access to the railway
network at the level of local government units. This approach enabled the identification
of administrative areas most at risk of transport exclusion. A detailed inventory of railway
infrastructure was conducted, taking into account both existing lines used for passenger
traffic and those used exclusively for freight or decommissioned for various reasons, as
well as the availability of active passenger railway stations, which in practice determine
the actual feasibility of using rail transport by residents.

The study encompassed two voivodeships: Masovian and Warmian-Masurian.
Following the inventory, a comparative analysis of these regions was conducted, taking
into account differences in the development of railway infrastructure: the generally less
developed Warmian-Masurian Voivodeship (Biatobrzeska, 2023) and the better-
developed, yet still facing challenges, Masovian Voivodeship (Kosciniska et al., 2021). As
a result, municipalities and districts with the lowest level of access to the railway network
were identified.

The aim of the study was to assess access to the railway network in the Masovian and
Warmian-Masurian Voivodeships from the perspective of transport exclusion and to
identify areas requiring planning or organisational interventions (Gérny, 2016). The
methodology adopted, focused on analysing access at the level of local government units,
leads to the following research questions that structure the empirical part of this work:

- What s the current level of access to the active railway network and active passenger
stations at the municipality and district levels in the two analysed voivodeships? The
study conducted a detailed inventory of railway infrastructure and sought to identify
administrative areas most at risk of transport exclusion.

- What significant spatial disparities exist in railway accessibility between the two
voivodeships and within them, particularly affecting rural and peripheral areas? The
results revealed significant disparities in access to rail transport at both the interregional
level and within individual voivodeships.
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- How does the picture of access to the railway network change when considering
existing, yet non-operational, infrastructure compared to the currently operational
network? The empirical section of the study included both active and decommissioned
railway infrastructure.

Transport accessibility is crucial for sustainable regional development, spatial
integration, and equalising development opportunities (United Nations, 2015). An
insufficient level of accessibility may lead to reduced mobility, social exclusion, and
slower local development (Majewski, 2021). In this study, access to the railway network
is understood as the presence of railway lines and stations at two spatial levels: district
and municipality.

Literature. Transport exclusion is a phenomenon that has gained increasing
attention in recent years, particularly in the context of sustainable development
(Majewski, 2021) and spatial planning (Wilkosz-Mamcarczyk et al., 2020; Koto$§ &
Taczanowski, 2018). Research on transport accessibility shows that lack of access to the
transport network significantly limits residents’ mobility, thereby affecting their quality
of life and development opportunities (Lucas, 2012). Transport exclusion has been
identified as one of the key drivers of socio-spatial marginalisation, especially in
peripheral regions (Shergold & Parkhurst, 2012), such as the north-eastern parts of the
Warmian-Masurian Voivodeship or the eastern areas of the Masovian Voivodeship.

The international literature also emphasises the role of public transport access in
combating social exclusion (Delbosc & Currie, 2011). Some scholars argue that transport
equity requires not only an assessment of spatial accessibility, but also consideration of
infrastructure quality and the actual usability of the transport system for various social
groups (Martens, 2016). Studies from the UK (Preston & Rajé, 2006), Australia (Currie &
Delbosc, 2010), and China (Zou et al., 2022) clearly show that lack of effective public
transport access leads to the social exclusion of rural and suburban populations
(Burakowski & Lizinska, 2024).

In the Polish context, transport accessibility has been addressed in the works of,
among others, Komornicki & Stepniak (2015), who developed detailed maps of
accessibility in Poland, focusing mainly on access to large urban centres and time-based
analyses for road transport. The research of Rosik et al. (2014) also analysed changes in
spatial accessibility in Poland but omitted detailed coverage of the railway network and
access to passenger stations at the local level. Rosik et al. (2017) focused on multimodal
accessibility by public transport across Polish municipalities, but rail transport did not
play aleading role in that publication. Bochenski (2018) addressed transport accessibility
with particular attention to railways; however, his study of railway access in Warsaw was
conducted on a national and supra-regional scale, lacking a holistic view of local and
regional disparities. The access of Polish communes to rail transport has been examined
in contemporary research, although such studies remain relatively scarce (Bochenski,
2024; Ciechanski, 2023). It is worth noting that, in the context of transport exclusion, not
only the operation of public transport services is of significance, but also the nature and
quality of the transport offer itself (Bochenski 2021; Bochenski, 2011).

237



Michat Bijata

Cartographic analyses on the OpenRailwayMap web portal (2025) show that the
density of railway infrastructure in Poland is significantly lower than in neighbouring
Western European countries, which may lead to a growing number of areas affected by
transport exclusion. Despite substantial infrastructure investments financed by EU funds,
many regions still lack access to convenient railway connections (Komornicki & Goliszek,
2021).

Analyses of the quality of railway and related utility infrastructure (Sirbu & Cujba,
2022) - such as the number of tracks, electrification, and the availability of platforms,
Park & Ride facilities, or bicycle paths - are an important complement to studies on
transport accessibility (Arunkumar et al., 2025; Zoli et al., 2025; Kowalczyk, 2019; Massel,
2018; Brons et al,, 2008). These works indicate that the mere presence of a railway line
does not guarantee actual accessibility if the infrastructure’s quality does not allow for
efficient passenger service.

The present study aims to partially fill the existing gap in the literature by focusing
on a detailed analysis of railway accessibility, including the actual number of available
passenger stations at the municipality and district level in the two selected voivodeships.
It also serves as a prelude to a more thorough and comprehensive study of the mentioned
regions.

Material and methods

Study area. The Masovian Voivodeship (Fig. 1) is the largest administrative unit in
Poland in terms of both area and population. It covers almost 36,000 km? and is inhabited
by approximately 5.5 million people, resulting in an average population density of 155
inhabitants per km? (Statistical yearbook of the Masovian Voivodeship, 2024).
Administratively, the voivodeship comprises 37 districts and 5 cities with district rights,
including Warsaw, Radom, Ptock, Siedlce, and Ostroteka. At the lower administrative
level, there are 314 municipalities: 35 urban, 64 urban-rural, and 215 rural (ibid.). The
urbanisation rate of the voivodeship is 64.8% (Ludno$¢:...,, 2025). Thanks to its location
and the presence of the national capital, Masovian plays a key role in both national and
international transport systems, serving as a road, rail, and air hub (Rosik, 2021).
However, the region also faces challenges typical of large-scale spatial units, such as
dispersed and concentrated development (Yang et al, 2021; Sudra, 2020), internal
disparities in development, uneven transport accessibility, and exclusion of peripheral
municipalities (Masovian Office of Regional Planning, 2022). The Masovian Voivodeship
thus combines metropolitan functions with vast, often less urbanised areas, making it one
of the most complex and demanding regions in Poland in terms of spatial planning.
Located in north-eastern Poland, the Warmian-Masurian Voivodeship (Fig. 2) is among
the country’s largest in terms of area, covering about 24,000 km?. Despite its size, it has
arelatively low population - nearly 1.5 million - resulting in a density of just
56 inhabitants per km? (Statistical yearbook of the Warmian-Masurian Voivodeship,
2024). This places the region among the least densely populated in Poland. The
administrative structure includes 19 districts and 2 cities with district rights: Olsztyn, the
voivodeship capital, and Elblag, both of which serve key administrative, economic, and
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transport functions. The voivodeship is divided into 116 municipalities: 16 urban, 34
urban-rural, and 66 rural (ibid.). The urbanisation rate is 58.8% (Ludnos¢:...,, 2025). The
region’s transport infrastructure has been shaped by both geographic and historical
factors, with its current layout reflecting centuries of settlement and trade route
development (Guzik et al., 2021). Current strategies for transport development focus on
improving public transport, cycling infrastructure, and electromobility - complementing
the region’s distinctive “blue-green” identity (Strategic Planning Task Team..., 2020).

Source data. The basis for the analysis was the Topographic Objects Database (BDOT
10k) (Table 1), obtained from the Geoportal service (2025), and supplemented with open
data from OpenStreetMap (2025), the Polish Railway Database (2025), and data made
available by the Office of Rail Transport and Polish State Railways Polish Railway Lines
(PKP PLK), specifically from the Interactive Railway Line Map (2025). Detailed
information on the routes of railway lines and the locations of railway stations and
passenger stops in the Masovian and Warmian-Masurian Voivodeships was collected and
compiled. Additionally, geographic data on municipality borders, available from the
National Official Register of the Territorial Division of the Country (TERYT), was used to
assign railway stations precisely to administrative units. The integration of data from
multiple sources and different time periods may have affected the accuracy and detail of
the railway line classifications and the status of stations which is a common problem, as
many places in Poland have not been inventoried in detail (Bieda et al., 2020).

Biatystok

Mepsa

Legenda:
— Railway line

Public road / 0 20 40 60 80 km
[ Voivodeship border
[ Powiat border
[] Gmina border

Fig. 1. Map of the rail and road infrastructure of the Masovian Voivodeship
Source: own study
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Fig. 2. Map of the rail and road infrastructure of the Warmian-Masurian Voivodeship
Source: own study

For the first analysis, only data on active railway lines and their respective passenger
stations, served by scheduled services as of April 18, 2024, were considered. The second
analysis also included freight lines, impassable sections, decommissioned railway
segments, and stations or stops closed to passenger traffic. In both cases, railway sidings
and most station tracks were excluded, with the exception of the mainline tracks. To
ensure data reliability, station locations and railway routes were verified using online
mapping services and timetables published by PKP PLK, as well as mobile applications
such as PKP INTERCITY - Buy tickets, Masovian Railways, Howtogetthere - timetables
and tickets, KOLEO - PKP timetable and tickets, and Google Maps. Manual verification of
the generated maps was also conducted.

Table 1. Table of used data derived from BDOT 10k and OSM

BDOT10k (Baza Danych Obiektéw ADJA (Administracyjne jednostki), BUIB (Budynki
Topograficznych w skali 1:10 000) i budowle), KUKO (Komunikacja kolejowa), OIKM
(Obiekty infrastruktury komunikacyjnej
miejskiej), SKTR (Sie¢ komunikacji transportowej
drogowej)

OSM layers (OpenStreetMap) Primary, Public Transport

Source: own study
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Analysis methods. Spatial analyses in this study were conducted using QGIS 3.40
Bratislava. Spatial data were downloaded from the Geoportal in shapefile format
(separately for the Warmian-Masurian Voivodeship - 28_SHP, and the Masovian
Voivodeship - 14_SHP), then manually compiled from the previously mentioned sources.
The data were processed, cleaned, and aligned to the PUWG 1992 coordinate system and

saved in GeoPackage vector format.

Results and discussion

Results. In the Warmian-Masurian Voivodeship, both cities with district rights
(Olsztyn and Elblag) and 14 out of 19 districts have access to an active railway network -
understood as the presence of both railway lines and passenger stations (Fig. 3). This
situation may improve after the modernisation of Line 38 on the Korsze-Elk section,
which would integrate the Gizycki district into the active network (Modernisation of the
Railway Line in the Voivodeship, 2024).

However, when shifting from the district to the municipality level, significantly lower
access to the railway network becomes evident. Out of the 116 analysed municipalities,
as many as 50 have no active passenger station within their territory. Moreover, direct

access to an active railway line was recorded in only 52 municipalities, meaning that more
than half of the voivodeship’s municipalities lack passenger railway infrastructure in

operation (Table 2).
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Fig. 3. Map of the operational rail infrastructure of the Warmian-Masurian Voivodeship

Source: own study
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A different picture emerges when examining existing, but currently non-operational,
railway lines (Fig. 4). In this scenario, all districts in the Warmian-Masurian Voivodeship
have at least one passenger station within their area. At the municipality level, access to
an existing passenger station was found in 71 out of 116 municipalities, which is
significantly higher than for currently operational infrastructure. Access to existing
railway tracks was recorded in 81 municipalities, indicating that 10 municipalities have

railway tracks within their boundaries but no passenger station (Table 2).

In summary, districts in the north-eastern part of the voivodeship, as well as many
rural and urban-rural municipalities throughout the region, remain most affected by

railway transport exclusion in terms of physical access to the network.
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Fig. 4. Map of existing railway infrastructure of the Warmian-Masurian Voivodeship

In the Masovian Voivodeship, all five cities with district rights - Ostroteka, Ptock,
and Warsaw - as well as 32 out of 37 districts have access to an actively
operated railway network, meaning both railway lines and passenger stations are present
(Fig. 5). Notably, Sokotowski district currently has only a freight railway line, which is
planned for restoration to passenger service under the Rail+ programme (PKP PLK,
2023). When moving from the district level to that of the municipality, access to the
railway network is significantly reduced. Out of 314 municipalities, 124 do not have a
single active passenger station, while 140 municipalities have access to a railway line
(Table 2). This means that more than half of the voivodeship's municipalities lack access
to an operational railway network. Notably, seven municipalities bordering Warsaw -
Marki, Lomianki, [zabelin, Raszyn, Konstancin-Jeziorna, Stare Babice, and Wigzowna - do

Radom, Siedlce,

Source: own study
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not have any railway access. Additionally, two Warsaw city districts - Wilanéw and
Bielany - are also without access.

Legend

® Railway station
+~++ Railway line
3 Voivodeship border
[ Powiat border
___| Gmina border
Powiat with access to railway station
Commune with access to railway station

80 km

Fig. 5. Map of the operational rail infrastructure of the Masovian Voivodeship
Source: own study

The situation changes when analysing existing, yet non-operational, railway lines

(Fig. 6). In this scenario, four districts in the Masovian Voivodeship remain without
a passenger station. At the municipality level, 132 out of 319 municipalities have access
to at least one existing passenger station - considerably more than those with access to
operational infrastructure. Furthermore, 159 municipalities have existing railway tracks,
meaning 27 municipalities contain railway lines but lack any passenger stations. Among
municipalities bordering Warsaw, five - Marki, Lomianki, [zabelin, Raszyn, and Wigzowna
- still lack railway access, as does the Wilanow city district of Warsaw (Table 2).
In contrast to the Urban Functional Area of the capital city of Warsaw, all municipalities
bordering the voivodeship capital of Olsztyn in the Warmian-Masurian Voivodeship have
access to the operational railway network - although they are isolated from neighbouring
municipalities.

The railway network density in the Warmian-Masurian Voivodeship (with a total of
1,099 km of railway lines) averages 4.55 km of railway per 100 km?. In comparison, the
Masovian Voivodeship (1,797 km of railway lines) has a slightly higher density - 5.05 km
per 100 km?. In the Warmian-Masurian Voivodeship, nearly 73% of all railway lines are
single-track and 55% are non-electrified. In contrast, in the Masovian Voivodeship, single-
track lines account for 38%, and non-electrified lines 20% (Office of Rail Transport, 2024).
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Fig. 6. Map of existing railway infrastructure of Masovian Voivodeship
Source: own study

Table 2. Classification of Districts according to their accessibility to the railway network

Railway Access

Warmian-Masurian
Voivodship

Masovian Voivodship

Districts which have access
to the operating railway
network

bartoszycki, braniewski,
dziatdowski, elblaski,
etcki, itawski, ketrzynski,
lidzbarski, nidzicki,
nowomiejski, olsztynski,
ostrédzki, piski,
szczycienski

biatobrzeski, ciechanowski, garwolinski,
gostyninski, grodziski, gréjecki, kozienicki,
legionowski, tosicki, minski, mtawski,
nowodworski, ostrotecki, ostrowski, otwocki,
piaseczynski, ptocki, ptoniski, pruszkowski,
przasnyski, przysuski, puttuski, radomski,
siedlecki, sochaczewski, szydtowiecki,
warszawski zachodni, wegrowski,
wotominski, wyszkowski, zyrardowski

Districts without access to
an operational railway
network

gizycki, gotdapski,
mragowski, olecki,
wegorzewski

lipski, makowski, sokotowski, zwolenski,
zurominski

Districts with access to the
existing railway network

bartoszycki, braniewski,
dzialdowski, elblaski,
efcki, gizycki, gotdapski,
itawski, ketrzynski,
lidzbarski, mragowski,
nidzicki, nowomiejski,
olecki, olsztynski,
ostroédzki, piski,
szczycienski,
wegorzewski

biatobrzeski, ciechanowski, garwolinski,

gostyninski, grodziski, gréjecki, kozienicki,

legionowski, tosicki, minski, mtawski,
nowodworski, ostrotecki, ostrowski, otwocki,

piaseczynski, ptocki, ptonski, pruszkowski,

przasnyski, przysuski, puttuski, radomski,
siedlecki, sochaczewski, sokotowski,

szydtowiecki, warszawski zachodni,
wegrowski, wotominski, wyszkowski,
zyrardowski

Districts without access to
the existing railway network

lipski, makowski, zwolenski, zurominski

Source: own study
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Discusion

The analyses conducted revealed both significant differences and noteworthy
similarities in railway network accessibility between the Warmian-Masurian and
Masovian Voivodeships. Addressing our first research question regarding the current
level of access to operational rail networks and passenger stations, the study confirmed
major differences between the two regions. Specifically, more than half of the
municipalities in the Masovian Voivodeship (124 out of 314) lack a single active passenger
station. In the Warmian-Masurian Voivodeship, this figure stands at 50 out of 116
municipalities. This highlights that a vast number of administrative units face limited
physical access to infrastructure, forming the basis of transport exclusion.

The spatial analysis results show that in both regions, certain areas experience
limited access to rail transport, and that accessibility to railway stations in rural areas of
both Warmia and Masovia is noticeably lower than in urban areas. Furthermore, not all
city districts of Warsaw or municipalities neighbouring the capital have access to the
railway network - indicating that even proximity to major urban centres does not
guarantee good railway access.

In response to the second research question concerning disparities in access and
transport exclusion, the results show that the most significant differences in railway
accessibility occur at the municipality and district levels. The Warmian-Masurian region
is at a disadvantage not only due to fewer railway stations but also because of a higher
proportion of single-track (73%) and non-electrified lines (55%) compared to Masovia
(38% and 20%, respectively). This quality deficit limits the development potential of rail
transport. The analysis confirms that the north-eastern part of the Warmian-Masurian
Voivodeship and districts in Masovia, such as Lipski, Makowski, Zwolenski, and
Zurominski, are the most affected by exclusion in terms of physical access to the network.

Regarding our third research question on the impact of considering existing but non-
operational infrastructure, the findings suggest that the nature of transport exclusion
differs significantly between the two regions. In the Warmian-Masurian Voivodeship, the
issue is primarily organisational, as the existing railway infrastructure is not sufficiently
utilised. The number of municipalities with access to a station rises from 50 active to 71
existing, revealing significant potential for revitalization. In contrast, in the Masovian
Voivodeship, the problem is more infrastructural - many districts lack even disused
infrastructure. The minor increase in accessible municipalities (from 124 to 132)
confirms that the potential for expansion through revitalization is more limited here.

This research contributes new insights into the detailed spatial distribution of railway
stations and accessibility to the railway network, a topic not thoroughly examined at the
municipality level in either voivodeship. Previous studies, such as those by Guzik (2014)
or Sztapacki (2024), focused primarily on accessibility at national or regional scales,
without addressing local disparities. The study also aligns with other research
highlighting transport exclusion affecting seniors (Bialobrzeska, 2023) and children and
youth (Komornicki, 2024), but supplements those insights with detailed spatial data and
visualisations that pinpoint the areas most affected.
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The findings also highlight that in both voivodeships, districts lacking access to
operational railway infrastructure often rely on less energy-efficient modes of transport
(ProRail Foundation, 2021), which may exacerbate demographic (Sirbu & Cujba, 2020;
Bieganska, 2013), social (Kaniowski & Pyptacz, 2025), and economic (Qi et al,, 2023;
Bacior et al,, 2022; Zdzistaw, 2018) challenges. Future research should include network-
based accessibility analyses, such as walking or public transport distances to the nearest
railway station and comparisons based on population size. Additionally, qualitative
studies exploring residents’ opinions and perceptions (Szopinska et al.,, 2022) would help
identify real transport needs and perceived barriers.

In summary, the results of this study not only confirmed initial research assumptions
but also provided in-depth knowledge about the scale and nature of transport exclusion
in access to the railway network in the Warmian-Masurian and Masovian Voivodeships.
Addressing this problem will require both infrastructure investments and more
sustainable spatial and transport planning at the regional level.

Conclusions

1. Conclusions on Comparative Case Study Results and Transport Exclusion.
1.1. Disparities in Municipal Access: The study confirmed that accessibility to railway
stations in rural areas of both Warmia and Masovia is noticeably lower than in urban
areas:
1.1.1. In the Masovian Voivodeship, the problem is widespread, as more than
half of the municipalities (124 out of 314) lack a single active passenger station.
This exclusion affects even highly urbanized areas, including seven municipalities
bordering Warsaw (Marki, Lomianki, Izabelin, Raszyn, Konstancin-Jeziorna,
Stare Babice, and Wigzowna) and two Warsaw city districts (Wilanéw and
Bielany). Four districts in Masovia (Lipski, Makowski, Zwolenski, and
Zurominski) lack access even to existing passenger stations.
1.1.2. In the Warmian-Masurian Voivodeship, 50 out of 116 municipalities
have no active passenger station. The north-eastern part of the voivodeship is
particularly characterized by limited access to the railway network.
1.2. Nature of Exclusion (Organizational vs. Infrastructural): A key finding of the
comparative study is that access to the existing railway network is not equivalent to
access to the operational railway network. The analysis suggests that the nature of
transport exclusion differs between the regions:
1.2.1. In the Warmian-Masurian Voivodeship, the issue is primarily
organizational, as the existing infrastructure is not sufficiently utilized. This is
evidenced by the fact that the number of municipalities with access to a station
rises significantly from 50 (active) to 71 (existing).
1.2.2. In the Masovian Voivodeship, the problem is more infrastructural, as the
inclusion of existing, non-operational lines only slightly improves accessibility,
with the number of municipalities with a station rising from 124 (active) to 132
(existing).
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1.3. Infrastructure Quality Disadvantage: The Warmian-Masurian region is at
a disadvantage not only due to fewer railway stations but also due to poorer
infrastructure quality. The region has a much higher proportion of non-electrified
lines (55%) compared to Masovian (20%). Furthermore, 73% of lines in Warmia-
Masuria are single-track, contrasting with 38% in Masovia. This poor quality limits
the development potential of rail transport and underscores the need for territorial
sensitivity in transport planning.

2. Methodological Conclusions on the Utility of GIS Tools.
2.1. Identification and Management: GIS tools allow for accurate inventorying and
management of the railway network. The use of cartographic analyses made it
possible to identify administrative areas most vulnerable to transport exclusion,
providing detailed spatial data and visualisations.
2.2. Filling the Research Gap: By focusing on the municipality and district level, this
study partially fills the existing gap in the literature, which previously lacked in-depth
comparative analyses at these local scales.
2.3. Decision Support: By mapping both active and decommissioned infrastructure,
the GIS methodology provided data essential for supporting decision-making in the
revitalisation of railway infrastructure and identifying areas requiring planning or
organizational interventions.
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