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Abstract: Transport and mobility in cities are important factors in the sustainability of the urban-
ized world. This article investigates one type of intra-urban transport: railway transport and the
surrounding areas along the railway, i.e., whether railway corridors can be a factor in the sustainable
development of cities in the 21st century. The aim of the article is to determine specific characteristics
of railway corridors and identify problems and cultural-historical specifics related to the industrial
cultural heritage of the railway. The article examines the importance of an integrated approach to
the planning of railway corridors and emphasizes the importance of multicriteria analyses in the
decision-making process for corridor areas. As a case study, the city of Osijek is selected because in
the past the railway strongly influenced its economical and urban development. Concretization and
specification methods applied to the city of Osijek prove that railway corridors can become factors of
the sustainable development of cities. The article proves that railway corridors have the potential to
transform sustainable urban development because they pass through central, often historical, city
areas, they occupy large surfaces and have a long linear spatial continuity. The scientific contribution
of the article is the identification and systematization of the contribution of the transformation of
railway corridors to the sustainable development of cities.

Keywords: sustainable urban development; transformation of railway corridors; cultural heritage

1. Introduction

According to United Nations forecasts, in 2050, 68% of the world’s population will
live in cities, hence the sustainability of urban spatial growth is inextricably linked to
the total sustainability of the urbanized world. Reflecting on the development of cities
in the 21st century goes beyond planning the functional needs of its inhabitants. Cities
are becoming globally relevant to issues of environmental protection and resilience to
climate change. The key question is how to achieve the spatial, ecological, economic
and social sustainability of cities and, thus, the sustainable development of mankind.
The consensus in the scientific and professional references is that there are three basic
sustainability indicators (three pillars) in urban planning: economic sustainability, social
welfare and environmental sustainability [1,2]. The following features of a sustainable city
are emphasized by many authors: intensive land use, higher and/or lower population
density, centralization, compactness, diversity of uses, social justice and quality of urban
life. The assumption is that the physical form of the city and its spatial structure can be
improved to be less harmful to the environment [3]. The concept of a sustainable city is
also linked to the concept of a Sustainable Smart City, in which the primary aim is the
intelligent and instantaneous exchange of data between city services and citizens, made
possible by an intensive and interactive use of information and communication technology
(ICT). The purpose of employing ICT technology in a Sustainable Smart City is the flexible
use of resources, energy savings, more efficient management and raising the quality of life
in cities [4,5].
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Due to the intensification of traffic and mobility at the end of the 20th century and the
beginning of the 21st century, the approach to traffic planning within cities changed sig-
nificantly. Transport systems, including rail, cannot be planned only sectorally, separately
from the purpose of the surrounding area, but rather multidisciplinary and integrally with
other purposes in the city and with special care for the environment [6]. The European
Union established a traffic strategy aimed at encouraging the use of railway networks
due to the fact that the railway traffic system is spatially, ecologically and economically
more sustainable than the road [7,8]. Railway systems are widely acknowledged to be
environmentally sustainable and energy-efficient because they are electric-powered, and
energy consumption per passenger is even lower than that of other electric-powered vehi-
cles, such as electric cars [9]. Exhaust pollution in railway transport is almost insignificant
compared to road transport, so the use of railway significantly contributes to the reduction
of pollutants of exhaust gases and particles (carbon (II) oxide, nitrogen and sulfur oxides,
and solid particles) [10].

The first railway in Croatia was built in 1860. The construction of railways during the
19th century and the beginning of the 20th century initiated the development of industry
and trade, as well as the economic and urban development of Croatian cities. The railway
network established during that time, in its spatial form within the cities, still exists today.
At the beginning of its construction, the railway was ahead of the growth dynamics of
cities, then the growth dynamics of cities and railways was proportional, and after World
War II this relationship became disproportionate, which continues today (Figure 1).

Iy RIVER DRAVA

(a) (b)

T BUILT-UP AREA OF
CITY BOUNDARIES RAILWAYS @ THE CITY OF OSIJEK

Figure 1. Schematic representation of the spatial relationship between the built-up area of the city of Osijek and the railway:
built railways and the built-up area of the city of Osijek, situation in (a) 1912; (b) 2019.

In many cities, railways, as a rigid inherited infrastructure, represent a physical
obstacle to the integration of the city, and while the areas along the railway are not fully
built and urbanized, it is necessary to reuse existing inadequate purposes (for example:
Zagreb, Rijeka, Osijek, Vinkovci) [11,12]. Although the Republic of Croatia is far from the
construction of high-speed trains in terms of the level of economic and traffic development,
it is necessary to consider existing railway routes that have been unchanged in Croatian
cities for more than a century. Railway corridors should be planned for future spatial and
traffic situations when high speed trails are developed, including whether current railway
lines will be retained or abandoned, and how to integrate these areas into the city structure
in both scenarios.

Corridor planning, the integrated planning of the linear transport system and the
surrounding space, as an applicable model of sustainable spatial development of cities is
pointed out by various authors [13-15]. The definition of a corridor includes infrastructure,
economy, space and environment, and a large number of stakeholders are involved in
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the planning and decision-making process [16-18]. Corridors are defined as areas of
infrastructural development of the network of passenger transport and the transport of
goods [19], and can become an urbanization axis depending on their importance and
impact [16].

In addition to the three basic indicators (pillars) of sustainable development, culture
is emerging as a fourth indicator [20]. Culture brings “thoughtfulness and openness,
and contributes to a world with complementary, pluralized visions of development” [20].
Industrial heritage is a part of cultural identity, and a great part of industrial heritage is
railway heritage. The research also analyzes the role and the impact of railway corridors to
sustainable cultural development of Croatian cities.

This paper investigates whether the railway transport system that generated the
spatial development of Croatian cities in the 19th century and early 20th century can
serve, once again, as the carrier of new sustainable urban development of cities in the
21st century. It is our hypothesis that the transformation of existing railway corridors
can contribute to the sustainable development of Croatian cities. The article investigates
the role of railway corridors in achieving higher densities and activities along linear lines
and the role of corridors in the (dis)integration of urban space. The aims of the paper are
to determine specific characteristics of railway corridors, identify the problems in areas
of railway corridors and determine the most adequate methods to be used in making
decisions about the areas of railway corridors.

The structure of this paper is as follows. The first section discusses the characteristics
of the corridor as a spatial concept, explains the need for an integrated approach to the
planning of railway corridors and advocates the use of multicriteria analysis in decision
making. In the second section, in the central part of the article, the spatial and traffic
specifics of railway corridors are presented, problems are identified and the specifics of
railway cultural heritage are presented. In the final part of the article, the researched
specifics of railway corridors are discussed, the set hypotheses are proven on the example
of the city of Osijek, and conclusions and guidelines for further research are given.

2. Materials and Methods

Corridors are spaces in which transport, economic and demographic processes are
linearly articulated [19] and integrate infrastructure, urbanization and economic develop-
ment [16]. The primary goals of corridor planning within the city are:

— Sustainable (linear) composition of the city along traffic routes.
—  Public (intercity and suburban) transport within the corridor.
— Formation of different purposes along the main traffic routes.
— Residents meet most needs without using a car.

2.1. The Area of Railway Corridors

For the purposes of this article, the area of railway corridors in cities was determined as
follows. They were structurally divided into three types of space (Figure 2): space required
for infrastructural traffic functioning, space adjacent to abandoned railways due to railway
technology advancement or abandoned due to industrial relocation and joint space to rail
reached or may be affected by railway influences (spatial, traffic, safety, sensory) [21].

The railway corridors identified in this way indicated a multidisciplinary integrated
approach to solving traffic problems in cities. The transport system is redefined as a set of
transport infrastructure, mode of transportation and organizational structures designed
to provide accessibility and connections between activities in space, including the mutual
influences of the transport system and its environment [22]. In other words, the transport
system cannot be viewed isolated from the total activities of an area, because traffic not
only arises from the need to satisfy these activities, but it also has a reciprocal influence
on them [22]. An integrated approach to traffic-spatial planning implies knowledge and
insight into several aspects of urban planning: traffic, ecology, social relations, management
and institutional organizations.
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Figure 2. Schematic representation of the determination of the area coverage of railway corridors in cities.

An integrated approach to railway corridor planning includes three key characteristics:
comprehensive, continuing and coordinated, which is known in planning practice as “3C”
planning. Integral traffic planning is characterized by a complex process that can be divided
into five main groups of activities: setting goals and constraints, analyzing the current
situation, anticipating future development, evaluating alternative solutions, choosing the
best solution and implementation [17].

Arguments in support of the corridor as a planning concept emphasize the integrated
planning of the transport system and the surrounding land, as well as the traffic, spatial,
institutional and economic level of the corridor. An integrated approach ensures the
synergy of transport and other purposes, which provides additional development value.

2.2. Decision-Making Process about the Areas of Railway Corridors

Cost-benefit analysis (CBA) is considered insufficient for decision making on railway
corridors. A more modern multidisciplinary approach is required, one that is based on a
methodology that views problems integrally. The goals of the decision-making process are
first identified on the basis of the present situation, then variant solutions are developed,
evaluated and tested, and finally the best option is approved, which is then elaborated
economically and in stages. Due to the multidisciplinary nature of railway corridors, it is
assessed that contemporary methods are applicable for decision making on the transfor-
mation of corridors, which enable structured decision making based on several criteria
and selection of the best solution between several variants. These methods are called
multicriteria analysis methods (MCA) because they consider both quantitative and qualita-
tive criteria. The multicriteria analysis method is a mathematical technique for analysis
and decision making that is appropriate for issues with complex, frequently ambiguous,
or uncertain goals. The decision-making method based on multi-territorial analyses is
consistent with the contexts of sustainable urban development of urban mobility [23]. The
most commonly used methods in making decisions about transport infrastructure in urban
areas are AHP and PROMETHEE [24]. When deciding on the transformation potential
of railway corridors in cities, scientifically based techniques of multicriteria analysis are
considered appropriate for application, since it determines between several alternative
options based on numerous qualitative and quantitative criteria. Methods of multicriteria
analysis contribute to improving the quality of the decision-making process on urban
spaces, ensure objectivity, transparency and the ability to control the decision-making
process [24].

Multicriteria decision making should include cultural and historical values of the
railway. In the first decades of the 20th century, the approach to protecting cultural heritage,
including industrial heritage, was modified to include significance, symbolic and aesthetic
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values, as well as new uses of historic urban spaces. In literature, this approach is referred
to as a values-centered planning approach [25].

3. Theoretical Background

Transport corridors of land transport (roads, railways) are, or tend to be, as linear
as possible. Therefore, the transport corridor is generally defined as a linear transport
space in which the transport of people and goods takes place. In a broader sense, it is
defined as a unified common space of the transport system and the surrounding land
(Figure 2). Corridors are spaces in which transport, economic and demographic processes
are linearly articulated and integrate traffic infrastructure, urbanization and economic
development [19]. The limitations of the spatial development of the corridor are precisely
in its emphasized one-dimensionality (linearity), which can become a spatial and traffic
obstacle within the city.

The research procedure focused on the specific spatial and traffic characteristics of
railway corridors within Croatian cities. Based on the determined specifics, the basic
problems in the areas of railway corridors were identified and the goals that were to be
achieved by the transformation of railway corridors were determined.

3.1. Spatial Specifics of Railway Corridors within the Cities

The details of railway corridors spatially follow the basic linear form of the railway
transport system as well as the surrounding space [21]:

— The railway has a pronounced linear or radial extension in the structure of the city,
from the center to the edges (Figure 3a—d).

— Railway corridors occupy significant areas in cities and occupy city central real estate.

— Stations and railway facilities are located in the central city areas.

— The railway has generated multiple (spatial, traffic, social, mental) barriers to the
connection of parts of the city (Figure 1a,b).

— The railway generated the location of industrial plants next to it.

— In the second half of the 20th century and at the beginning of the 21st century, the
retention of the entire system of the existing railway in cities was not sustainable from
the safety and technological point of view of traffic (Figure 1a,b).

— Changes along the railway, even on a smaller scale, are visible and affect the image of
the city.

3.2. Traffic Characteristics of Railway Corridors

The transformation potential of railway corridors is also influenced by the following
traffic characteristics of the railway as a transport system:

—  Fast, safe, economically and environmentally friendly transport system.

— High-capacity rail transport system.

—  Transport system with the possibility of separating freight and passenger traffic and
the possibility of building a suburban light rail.

— Land transport system independent of weather conditions.

3.3. Cultural-Historical Specifics

Railway heritage is the legacy of railway industrial culture that includes tracks, lo-
comotives, buildings, amenities, districts and villages [26]. Modernization of the railway
infrastructure and dislocation of the railways outside of cities may result in many lines
leaving a series of railway buildings (which are architectural and civil engineering elements
of great value), with their use already obsolete or without the main function they were
intended for [27].

The following are cultural and historical aspects of railway heritage in cities:

—  During the 19th century and at the beginning of the 20th century, the railway initi-
ated the location of industrial plants next to it, typically in city centers. Today they
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are partially abandoned areas (brownfields) with the potential to be converted into
cultural facilities.

Railway heritage is part of industrial heritage (historical, urban, architectural), with a
pronounced memory of the place and linear provision in city structure.

ZAGREB T RIJEKA
(a) (b)
OSIJEK VINKOVCI
(c) (d)

Figure 3. Railway hub scheme: (a) Zagreb; (b) Rijeka; (c) Osijek; (d) Vinkovci.

The definition of industrial archeology complements the concept of industrial heritage.
It defines industrial archeology as an interdisciplinary method of studying all tangible and
intangible traces, documents, objects, structures and stratigraphy, human settlements and
natural or urban landscapes created for, or by, the industrial process. It covers periods from
prehistory, the pre-industrial period, the era of the industrial revolution to the present day,
and uses the history of technology, labor and working techniques in its study. Industrial
heritage is part of the national cultural heritage. Industrial heritage includes the tangible
and intangible parts, such as technical knowledge, skills, work organization and the social
and cultural context of industrial heritage [26]. In the segment of industrial (technical)
heritage, railway heritage has great potential as both a movable and immovable cultural
good. The specificity of railway heritage is that this heritage is located in railway complexes
that occupy larger areas or are located in important locations.

Railway cultural heritage may bring value to the city’s cultural and tourism offerings,
but it must be maintained sustainably [27], therefore railway heritage must be included in
the city’s development and urban planning.

The historical and cultural significance of the railway, its tangible and intangible
heritage, should be integrated into sustainable urban strategies and plans.
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3.4. Identification of Problems within Railway Corridors

Based on the previous research [21] and relevant literature [13-18], two types of prob-
lems can be identified in the areas of railway corridors within the cities. The first group of
problems is related to technologically obsolete equipment and devices used by the railway
as a transport system, such as problems of safe traffic, insufficient financing and mainte-
nance of the railway. The second set of problems is spatial and environmental. Existing
railways within Croatian cities usually have negative effects on the urban environment
and land development, railways block traffic and divide urban space (Figure 4) and quality
of life near the railways is poor [11].

Figure 4. Conflicting linear direction of the railway and the housing estate Sjenjak in Osijek, Croatia.

3.5. Aims of Railway Corridor Transformations

The aims of sustainable railway corridor transformation have been formed based on
previous research and relevant literature [2,7,20,21] and can be divided into general and
specific aims.

The general aims are economic, socio-cultural and physical-ecological:

—  Reconstruction and revitalization of parts of the city according to the principles of
spatial, traffic and environmental sustainability.

— Connecting separate parts of the city.

— Solving traffic and safety problems (conflict points).

— Restoration and revitalization of neglected brownfield areas.

—  Construction of new public facilities next to railway stations and railway stations that
are becoming new urban centers.

— Infrastructural and technological renewal of the railway as a transport system.

The specific objectives of railway corridor transformation are related to the linear
railway transport system’s uniqueness [28]:

—  Ensuring the permeability of railway corridors, in which the railway ceases to be a
barrier to the connection of parts of the city, whether it is the relocation of railways to
other locations, its burial or lifting on poles.

—  The transport corridor becomes the development corridor of the city, the corridor of
sustainable urban mobility and the linear urban connector.

— Connection with other city transport systems (road, bicycle).
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—  Preservation of railway cultural (industrial) heritage.

If the benefits of the transformation of railway corridors are accompanied by appropri-
ate social interaction activities, the quality of life inevitably increases. There are two main
contributions to the transformation of railway corridors to improve the city’s quality of life:

—  Strengthening public transport by intra-city and intercity railways as an environmen-
tally friendly means of transport.

— Annulment or reduction of the influence of the railway as a barrier to the connection
of separated parts of the city.

4. Results

The city of Osijek was chosen as an example for a case study since it was characterized
by spatial and economic processes as a result of the construction of the railway. Osijek is a
railway traffic hub (Figure 3c), the construction of the railway influenced the industrial-
ization and growth of the economy, and today the railway is a barrier to connecting the
separated parts of the city.

Determining the Railway Corridors of the City of Osijek

The area of railway corridors was determined by geographic, morphological and
planning factors. The area is depicted via cartography (Figure 5a) and tabular data, as
previously discussed (Table 1) [21]. The area of the city of Osijek’s railway corridors was
drawn on a map from the General Urban Plan of Osijek (GUP Osijek), which was adopted
in 2006, and had been updated multiple times since.

Table 1. Quantified indicators of Osijek railway corridors (RC) area, 2019.

Total Area of RC % Coverage of the Area of GUP-a Total Linear Length of RC Average Width of RC
486.85 ha 14.93% 16.5 km 350 m

By analyzing the planned purpose of the space within the railway corridors from the
GUP of the city of Osijek (Figure 5b), as well as the railway, road (motor) and public urban
and suburban traffic, and based on quantified indicators (Table 2) [21], it was possible to
conclude that in corridors:

— The most represented areas were residential, mixed and industrial use.

—  The least represented were public and social purpose, greenery, sport and recreation
and natural lakes.

— The purposes were not uniformly distributed. In the western and central parts of the
city, along railway lines, residential and mixed purposes were more prevalent, while
only the intended economic purpose was planned in the eastern part.

Table 2. Quantified indicators of the purpose of the space of railway corridors (RC) in accordance with the GUP Osijek, 2019.

Residential Areas Mixed Purpose Areas  Public and Social Purpose Industrial Areas Business Areas
129.50 ha 53.15ha 3.98 ha 83.72 ha 63.93 ha
26.59% of RC 10.91% of RC 0.81% of RC 17.19% of RC 13.13% of RC
Sport and recreationareas Green areas Cemeteries Infrastructure T;;?::Lil;:)s
10.74 ha 11.93 ha 7.15ha 119.92 ha 2.83 ha
2.21% of RC 2.45% of RC 1.46% of RC 24.67% of RC 0.58% of RC

Total area of Osijek railway corridors: 486.85 ha (100%)

This data can be a guide for the transformation of corridors. Namely, the lack of public
and social use and greenery, sports and recreation were visible. GUP of the city of Osijek
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was not planned in the manner of integrated planning of the city and transport system, nor
along the railway, where in the immediate vicinity of future railway stations, public and
business purpose was planned (city subcenters, railway stations as new urban points, etc.).

i AREA OF
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i} OSIJEK 2006.

_ AREA OF
4 || RAILWAY
by CORRIDORS
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Figure 5. GUP Osijek, 2019: (a) area of railway corridors; (b) purpose of space of railway corridors.

In the second half of the 19th century and the beginning of the 20th century, the
railway was the initiator of industrialization, transport connections and urbanization of
Osijek. Railways played an important role in shaping the spatial whole of the city and its
urban formation.

Industrial heritage is part of the national cultural heritage. Part of the railway corridor
is located in the historic urban ensemble of the city of Osijek, and part in the archaeological
area of ancient roman town called Mursa (Figure 6).
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Figure 6. Spatial relationship of protected historical-urban areas and railway corridors, 2021.

The railway heritage in Osijek, regardless of whether it is formally protected or
not, includes:
e  Station buildings: Gornji grad Station (1870, 1898), Donji grad Station (1872), Dravski
most Station (1911), Gutmann Narrow Gauge Railway Station (1908) (Figure 7).
Water tower (1908).
Residential buildings.
Warehouses and workshops.
Traces of Gutmann Narrow Gauge Railway: material and intangible traces.

:\ o - &r
s

Figure 7. Historic Gutmann Narrow Gauge Railway Station today-east facade.

It can be established that the cultural heritage of the railway in Osijek was not fully
valorized, in the historical and architectural, as well as in the social and cultural sense. The
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railway heritage was not activated for a new (public, social, cultural) purpose nor was it
part of the tourist offer.

In conclusion, the railway corridors of the city of Osijek, determined according to the
given spatial and planning criteria, occupy 14.93% of the area covered by the GUP of the
city of Osijek. The spatial distribution of the corridor in the city structure was radial in five
directions that intersect at the former Gonji grad Station. Railway corridors were located in
the central and peripheral parts of Osijek. The transformation potential of Osijek’s railway
corridors arises from the large area they occupy in the structure of the city and from the
specifics and characteristics of the space of the railway corridors in the city of Osijek:

— Radial provision of railway corridors in five different directions (Figure 3c).

— Railway corridors located in the city center.

— The areas along the railway, from its construction until today, were not completely
urbanized or architecturally completed and consolidated [21].

It was determined that the transformation potential of the railway corridors of the city
of Osijek was manifested in:

— Possibilities of establishing public inner-city and suburban public railway transport,
which contribute to the reduction of road (motor) traffic and contribute to the mobility
of the population.

— Variety of possible sizes, shapes and scales of interventions within the space of railway
corridors (individual transformations, transformations of linear strokes and territorial
transformations) [21].

— Possibilities of staged urban, traffic and architectural interventions within the rail-
way corridors.

—  Possibilities for the Gornji grad Station and railway stations to become new points of
urbanity and the formation of the identity of certain parts of the city.

— Creating a new cityscape along the corridor, changing the image of the city along
the railway.

5. Discussion

Scientific articles list many areas of Europe and the world where railways have been
a factor in the spatial transformation of cities and regions, e.g., Cinque Terre in Italy in
history or Chinese Urban Agglomeration nowadays [28,29]. Many scholars focus on the
transformation potential of railways, whether the railway is relocated (abandoned lines)
or the railway remains, but the spaces along it need to be regenerated and redeveloped to
become an integral part of the city. For abandoned railways, the most common transforma-
tion strategy has been to transform it into trails for cycling and walking or transform it into
parks and public spaces. The most famous project in the United States was the High Line
Park, the conversion of abandoned elevated railways into parkways for pedestrian usage.
After the success of High Line Park in New York, the missions and visions of Rail-to-Trails
Conservancy [30] spread across the World, from Europe to China.

Due to the economic situation in Croatia, it is not realistic to expect the construction of
high-speed trains soon. However, it is necessary to start a scientific approach to the research
of the potential of the railway corridors in Croatian cities, in order to be ready for the
future revitalization of railway traffic. According to the results of theoretical and practical
research, the most important contributions of the transformation of railway corridors to
the sustainable development of cities can be identified (Table 3).

Table 3 shows that the transformation of railway corridors has the greatest potential
in solving environmental problems, increasing the quality of intra-city railway traffic
and improving the life in the city in general. The contribution of the transformation of
railway corridors is the smallest in relation to solving the social issues of citizens. Table 3
proposes a contemporary approach to understanding the historical significance of the
railway industrial heritage and its present-day potential [25].
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Table 3. Contribution

In the last year, the possibility of forming sub-centers with common functions along
railway corridors can be added to these contributions. This potential for polycentric organi-
zation of cities services is assessed as an important factor in post-COVID-19 cities [31,32].

of the transformation of railway corridors (RC) to the sustainable development of cities.

Sustainability Indicator:
(Four Pillars) in Urban Plan:

S Contribution of the Transformation of
ning RC to the Sustainable Development of Cities

economic sustainability

increase in land prices along RC
achieving higher building density and higher population density
the railway is a high-capacity intra-urban transport system

environmental sustainabil

the railway is an environmentally friendly means of transport
ity residents meet most of their needs without using a car
corridor planning implies an integrated approach

social welfare

increasing the quality of life along railway corridors
involvement of citizens in decision making on the premises of RC

cultural sustainability

preservation of railway cultural heritage
revitalization and reconstruction of brownfield areas
presentation of cultural heritage for tourist purposes

The use of interactive matrices is proposed for the further research of complex relations
within railway corridors. Matrices can be used to determine the intensity of the relationship
between problems and goals, and the correlations between sustainability indicators set out
in the Table 3.

Railway corridors as a potential for sustainable development of cities were analyzed
theoretically. The spatial framework of the practical research was limited to one city as a
case study, the city of Osijek. Hence, it is proposed in further research that the theoretical
setting is checked practically in other cities that are also railway hubs (Figure 3a,b,d). It
is also proposed as further research to provide a synthetic interpretation of the results
for major Croatian cities that are railway hubs (Figure 3a,b,d), resulting in the synthetic
interpretation of the results for the main Croatian towns.

The research was also limited to theoretical analysis and practical verification of one
type of linear transport system: railways. The results of our research can be further used
for analysis of other linear transport systems (road, river) as development corridors of
cities. We therefore propose to analyze the potential that other linear transport systems can
have in the sustainable development of cities (road, river) in further research.

Further research, especially in post-COVID-19 urbanization (post-COVID-19 cities),
should focus on exploring sustainable urban mobility within rail corridors.

6. Conclusions

The railway, as part of the infrastructure system and the urban environment, generates
an urban standard, accessibility and quality of public transport, promotes mobility, and
affects the safety of road and pedestrian traffic. The peculiarities of the necessary transfor-
mation of railway corridors are in the traffic and technical characteristics of the railway
as a transport infrastructure, as well as in the consequent processes that the railway has
generated in the spatial and economic development of Croatian cities since its construction.
As a consequence of the spatial, traffic specifics and characteristics of the railway, the
most important possibilities for the transformation of railway corridor areas are those that
contribute to the sustainable development of cities. The article identifies the specifics of the
corridor space, the most important spatial and traffic issues, and the transformation’s goals.

Given the multiple impacts caused by the railway in the area, it is deemed important
to apply multicriteria analysis methods when making decisions on railway corridor areas.

The findings provide insights for future research of procedures that will contribute to
the sustainable transformation of the space of railway corridors. Further research is pro-
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posed to investigate the types, scales and types of urban and architectural transformations
that will contribute the most to city sustainability within the space of railway corridors.

Author Contributions: Conceptualization, Z].; methodology, Z]., M.H.-N. and D.L.; validation, Z]. ;
investigation, Z.J.; resources, D.L.; writing—original draft preparation, 7.J.and M.H.-N; writing—
review and editing, 7J,MH-N.and D.L; supervision, M.H.-N.; project administration, M.H.-N. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. United Nations Economic and Soscial Council (UNESC). Promoting Sustainable Development. Available online: https://www.
un.org/ecosoc/en/content/promoting-sustainable-development (accessed on 23 March 2021).

2. Purvis, B.; Mao, Y.; Robinson, D. Three pillars of sustainability: In search of conceptual origins. Sustain. Sci. 2019, 14, 681-695.
[CrossRef]

3. Frey, H. Designing the City, Towards a More Sustainable Urban Form; Spon Press: London, UK; New York, NY, USA, 1999.

4. Schipper, R PJ.R;; Silvius, A.J.G. Characteristics of Smart Sustainable City Development: Implications for Project Management.
Smart Cities 2018, 1, 75-97. [CrossRef]

5. Wahab, N.S.N.; Seow, T.W,; Radzuan, 1.5.M.; Mohamed, S. A Systematic Literature Review on The Dimensions of Smart Cities.
IOP Conf. Ser. Earth Environ. Sci. 2019, 498, 012087. Available online: https:/ /iopscience.iop.org/article/10.1088/1755-1315/498 /
1/012087 /pdf (accessed on 25 March 2021). [CrossRef]

6. Letnik, T.; Marksel, M.; Luppino, G.; Bardi, A.; BoZi¢nik, S. Review of policies and measures for sustainable and energy efficient
urban transport. Energy 2018, 163, 245-257. [CrossRef]

7. Commission of the European Communities. Action Plan on Urban Mobility. Available online: https:/ /ec.europa.eu/transport/
sites/default/files /2021-mobility-strategy-and-action-plan.pdf (accessed on 1 May 2021).

8.  Sustainable Urban Mobility Plans. Available online: https://www.ubc-sustainable.net/sites/www.ubc-environment.net/files /
publications/guidelines_for_developing_and_implementing_a_sump.pdf (accessed on 29 March 2021).

9.  D’Acierno, L.; Botte, M. Railway System Design by Adopting the Merry-Go-Round (MGR) Paradigm. Sustainability 2021, 13, 2033.
[CrossRef]

10. Uherek, E.; Halenka, T.; Borken-Kleefeld, J.; Balkanski, Y.; Berntsen, T.; Borrego, C.; Gauss, M.; Hoor, P.; Juda-Rezler, K.; Lelieveld,
J.; et al. Transport impacts on atmosphere and climate: Land transport. Atmos. Environ. 2010, 44, 4772-4816. [CrossRef]

11.  Andrijevi¢, S.; Basi¢, S.; Tutek, I. Railway System in Physical Plans of Zagreb. Prostor 2005, 13, 175-186. Available online:
https:/ /hrcak.srce.hr/10725 (accessed on 15 March 2020).

12.  Jurkovié, 7.; Lonéar-Vickovié, S. Positioning of The Railway System in Osijek’s Spatial Plans 1912-2019. e-GFOS 2019, 10, 23-35.
[CrossRef]

13.  Warnich, S.; Verster, B. The Answer is: Corridor Development, but What Is the Question? In Proceedings of the 24th Southern
African Transport Conference (SATC2005), Pretoria, South Africa, 11-13 July 2005; Document Transformation Technologies CC:
Irene, South Africa, 2005; pp. 343-351, ISBN 1-920-01712-7.

14. Berger, P; Pech, N.; Descroux, T.; le Gac, M.; Boisset, C. “Corridor” designs in town planning: Sustainable planning for large
cities in developed countries, Challenges of implementation in emerging and developing countries. In Proceedings of the Codatu
XIII Conference of Urban Transport, Ho Chi Minh City, Vietnam, 12-14 November 2008; Codatu: Lyon, France, 2008. Available
online: http:/ /www.codatu.org/wp-content/uploads/Corridor-designs-in-town-planning-Patrice-BERGER-Nicolas-PECH-
Thibaut-DESROUX-Marie-LE-GAC-Claire-BOISSET.pdf (accessed on 2 April 2021).

15. Karlson, M.; Karlsson, C.S.J.; Mortberg, U.; Olofsson, B.; Balfors, B. Design and evaluation of railway corridors based on spatial
ecological and geological criteria. Transp. Res. D Transp. Environ. 2016, 46, 207-228. [CrossRef]

16. Priemus, H.; Zonneveld, W. What are corridors and what are the issues? Introduction to special issue: The governance of
corridors. |. Transp. Geogr. 2003, 11, 167-177. [CrossRef]

17.  Chapman, D.; Pratt, D.; Larkham, P.; Dickins, I. Concept and definitions of corridors: Evidence from England’s Midlands. .
Transp. Geogr. 2003, 11, 179-191. [CrossRef]

18.  Witte, P.A. The Corridor Chronicles—Integrated Perspectives on European Transport Corridor Development. Ph.D. Thesis,
Utrecht University, Utrecht, The Netherlands, 2014. [CrossRef]

19. Hesse, M.; Rodrigue, ].-P. The transport geography of logistics and freight distribution. J. Transp. Geogr. 2004, 12, 171-184.

[CrossRef]


https://www.un.org/ecosoc/en/content/promoting-sustainable-development
https://www.un.org/ecosoc/en/content/promoting-sustainable-development
http://doi.org/10.1007/s11625-018-0627-5
http://doi.org/10.3390/smartcities1010005
https://iopscience.iop.org/article/10.1088/1755-1315/498/1/012087/pdf
https://iopscience.iop.org/article/10.1088/1755-1315/498/1/012087/pdf
http://doi.org/10.1088/1755-1315/498/1/012087
http://doi.org/10.1016/j.energy.2018.08.096
https://ec.europa.eu/transport/sites/default/files/2021-mobility-strategy-and-action-plan.pdf
https://ec.europa.eu/transport/sites/default/files/2021-mobility-strategy-and-action-plan.pdf
https://www.ubc-sustainable.net/sites/www.ubc-environment.net/files/publications/guidelines_for_developing_and_implementing_a_sump.pdf
https://www.ubc-sustainable.net/sites/www.ubc-environment.net/files/publications/guidelines_for_developing_and_implementing_a_sump.pdf
http://doi.org/10.3390/su13042033
http://doi.org/10.1016/j.atmosenv.2010.01.002
https://hrcak.srce.hr/10725
http://doi.org/10.13167/2019.19.3
http://www.codatu.org/wp-content/uploads/Corridor-designs-in-town-planning-Patrice-BERGER-Nicolas-PECH-Thibaut-DESROUX-Marie-LE-GAC-Claire-BOISSET.pdf
http://www.codatu.org/wp-content/uploads/Corridor-designs-in-town-planning-Patrice-BERGER-Nicolas-PECH-Thibaut-DESROUX-Marie-LE-GAC-Claire-BOISSET.pdf
http://doi.org/10.1016/j.trd.2016.03.012
http://doi.org/10.1016/S0966-6923(03)00028-0
http://doi.org/10.1016/S0966-6923(03)00029-2
http://doi.org/10.13140/RG.2.1.4652.7841
http://doi.org/10.1016/j.jtrangeo.2003.12.004

Sustainability 2021, 13, 6928 14 of 14

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Duxbury, N.; Cullen, C.; Pascual, J. Cities, Culture and Sustainable Development. In Cultural Policy and Governance in a New
Metropolitan Age; The Cultures and Globalization Series; Anheier, H.K., Isar, Y.R., Hoelscher, M., Eds.; Sage: London, UK, 2012;
Volume 5, pp. 73-86.

Jurkovié, 7. Evaluation Model of the Transformation Potential of Railway Corridors within Cities. Ph.D. Thesis, University of
Zagreb, Zagreb, Croatia, 2019.

Wright, PH.; Ashford, N.J. Transportation Engineering, Planning and Design; John Wiley and Sons: New York, NY, USA, 1989; p. 228.
Awasthi, A.; Omrani, H.; Gerber, P. Investigating ideal-solution based multicriteria decision making techniques for sustainability
evaluation of urban mobility projects. Transp. Res. Part A Policy Pract. 2018, 116, 247-259. [CrossRef]

Deluka-Tibljas, A.; Karleusa, B.; Dragic¢evi¢, N. Review of multicriteria-analysis methods application in decision making about
transport infrastructure. Gradevinar 2013, 7, 619-631. [CrossRef]

Shirvani Dastgerdi, A.; de Luca, G. Specifying the Significance of Historic Sites in Heritage Planning. Conserv. Sci. Cult. Herit.
2018, 18, 29-39. [CrossRef]

The International Committee for the Conservation of Industrial Heritage (TICCIH). The Nizhny Tagil Charter for the Industrial
Heritage. In Proceedings of the TICCIH XII International Congress, Nizhny Tagil, Russia, 17 July 2003.

Llano, U.; Azkarate, A.; Sanchez-Beitia, S. The value of railway heritage for community development. WIT Tranactions Built
Environ. 2013, 131, 61-72. [CrossRef]

Zgang, C.; Dai, S.; Xia, H. Reuse of Abandoned Railways Leads to Urban Regeneration: A Tale from a Rust Track to a Green
Corridor in Zhangjiakou. Urban Rail Transit 2020, 6, 104-115. [CrossRef]

Li,J.; Qian, Y,; Zeng, J.; Yin, F; Zhu, L.; Guang, X. Research on the Influence of a High-Speed Railway on the Spatial Structure
of the Western Urban Agglomeration Based on Fractal Theory—Taking the Chengdu—Chongqing Urban Agglomeration as an
Example. Sustainability 2020, 12, 7550. [CrossRef]

About Rails-to-Trails Conservancy. Available online: https://www.railstotrails.org/about/ (accessed on 29 March 2021).
Pisano, C. Strategies for Post-COVID Cities: An Insight to Paris En Commun and Milano 2020. Sustainability 2020, 12, 5883.
[CrossRef]

Pierantoni, I.; Pierantozzi, M.; Sargolini, M. COVID 19—A Qualitative Review for the Reorganization of Human Living
Environments. Appl. Sci. 2020, 10, 5576. [CrossRef]


http://doi.org/10.1016/j.tra.2018.06.007
http://doi.org/10.14256/JCE.850.2013
http://doi.org/10.6092/issn.1973-9494/9225
http://doi.org/10.2495/STR130061
http://doi.org/10.1007/s40864-020-00127-2
http://doi.org/10.3390/su12187550
https://www.railstotrails.org/about/
http://doi.org/10.3390/su12155883
http://doi.org/10.3390/app10165576

	Introduction 
	Materials and Methods 
	The Area of Railway Corridors 
	Decision-Making Process about the Areas of Railway Corridors 

	Theoretical Background 
	Spatial Specifics of Railway Corridors within the Cities 
	Traffic Characteristics of Railway Corridors 
	Cultural-Historical Specifics 
	Identification of Problems within Railway Corridors 
	Aims of Railway Corridor Transformations 

	Results 
	Discussion 
	Conclusions 
	References

