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Abstract: Sustainable Development Goals require holistic actions, including activity at
the intersection of urban planning and environmental engineering. Turning
our cities towards transit-oriented development might help in reducing pollut-
ant emissions caused by individual transportation modes that rely on crude oil.
This research presents how the use of geospatial network analysis can support
local decision makers in the evaluation of potential public transport accessibil-
ity by citizens in the case of a Central European city — Wroclaw (Poland). The
obtained results indicate differentiation in access to railway stations and stops,
which results from pedestrian path networks and the number of entrances to
railway stations. The visualization of serve area shows which parts of the city
are excluded from comfortable access to public transport and in that way high-
light where future actions should be taken.
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1. Introduction

Current global challenges connected with climate change force decision makers
at both the international and local level to strengthen activities aimed at adapting
the built environment to natural hazards [1]. In order to set a pathway for these
actions, on the 25" of September 2015 over 150 countries agreed to new 17 ambi-
tious Sustainable Development Goals (SDGs) within the Transforming our World:
the 2030 Agenda for Sustainable Development [2]. SDGs focus on topics which are
widely studied by researchers from different domains, such as end of inequality
and poverty [3, 4], take action on climate change and prevent the degradation of
the environment [5-9], ensure access to affordable and clean energy [10-12], pro-
mote health and face ageing society challenges [13-15], build strong institutions and
partnerships [16, 17], etc. The broad context of these goals shows that countries and
regions should not only focus on one selected issue, but implement integrated ac-
tions in order to improve the quality of life [18]. However, taking into account the
complexity of socio-environmental systems connected with the fact that the change
of one element cause effects in many other elements, as well as the modifications
to many elements that have to be made to reach one goal, the achievement of a few
SDGs might be connected with specific sectors of the global economy [19].

In the same year that the SDGs were announced, the Partnership on Sustainable,
Low Carbon Transport released its report on “Contribution of Transport Commit-
ments to Global Goals on Sustainable Development”. According to this report, sus-
tainable transport may enable all 17 of the SDGs to be reached. One of the modes
of sustainable transport mentioned was rail transport [20]. This domain was also
the focus of specialists in the following years. On the 14" of March 2017, during the
Centre for Regional Development of the United Nations forum, one of the pivotal
sectors discussed as influencing SDGs in transportation was the rail system. The
background paper titled “Railways as the Backbone of Environmentally Sustainable
Transport and their Contribution to the Sustainable Development Goals (SDGs)”
presents arguments from the participants of that meeting. The main features high-
lighted were that sustainable transport is safe, affordable, accessible, efficient, re-
silient and minimizes carbon and other emissions and environmental impacts. The
development of sustainable transport provides opportunities to save hundreds of
thousands of lives every year through improved road safety and reduced air pollu-
tion, and reducing carbon emissions by 7 gigatonnes [21]. In terms of urban mobili-
ty, it was stated that rail can potentially very well serve the great volumes of traffic
centered in the metropolitan cities, coming and going from the suburbs and the out-
skirts of the city. Moreover, the car congestion of the roadways entering the city is
a competitive advantage for rail. In many cases, high density urban development is
connected to the railway system which gives an opportunity for local railway system
development. The latest “The Sustainable Development Goals Report 2019” set ex-
act benchmarks which support decision makers at the local level to guide them how
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to make cities and human settlements inclusive, safe, resilient and sustainable. Ac-
cording to that report, convenient access from a housing area to railway infrastruc-
ture is 1000 m [22]. Based on this assumption, cities can assess their spatio-functional
structure and analyze scenarios for future development in order to maximize the
number of potential users to develop local rail systems.

Accessibility to public transport modes is not only a point of interest at the
political level but also at the academic considerations supporting local sustainable
development [23-25]. The assessment of public transport accessibility refers to a few
basic elements which have to be taken into account as assumptions in order to de-
fine accessibility zones. However, at first it should be highlighted that there are no
universal values describing acceptable walking distances to public transport [26].
Milakis and van Bee connected acceptable travel time with, among others, biolog-
ical abilities and constraints, cultural and social norms, perceptions, feelings and
experiences, land use system, labor and housing markets, destination-related and
travel related utility [27]. In the case of Munich, Sarker observed that pedestrians
on average walked longer for suburban trains and subways rather than take a bus
and tram. Moreover, acceptable walking distance varied within the analyzed area.
Users living in low density areas walked comparatively longer than respondents
living in the central business district [28]. Therefore, accessibility assessment in each
case should be limited to the area representing similar spatial and socio-economic
conditions. A variety of these conditions were noticed for instance in English condi-
tions, where the average walk to a railway station is 740 m in London and 1,010 m
elsewhere [29]. That corresponds with results from Beijing, where according to the
opinion of 85% of pedestrians, acceptable limits were within about 1 km and the ac-
ceptable time for walking was about 12 minutes [30]. It is important to highlight that
the walking accessibility zone (sometimes called the walkable catchment) should
not be considered as the radius from destination point, but should take into account
the existing network that enables physical access by the user. Such an approach was
presented on the case of Greater Dublin, where 1 km also defines the accessibility
zone [31]. The 1 km for train accessibility is considered as a benchmark value for
transit-oriented developments (TOD) [32] which help to make cities more environ-
mentally friendly [33].

Despite the well-known standards of accessibility to public transport, it does
not imply that all cities undertake local studies to assess their situation. As a re-
sult, some urban development decisions are not based on the knowledge of possible
implications but rather on the willingness to implement some investments, as has
been presented in Poland for instance [34]. As a result, the existence of urban de-
velopment documents does not guarantee that their realization would lead to more
sustainable urban structures [35, 36]. Based on the literature review, the research
question that arises is how to analyze future development scenarios to maximize the
number of potential users for the local development of railway systems. Poland, as
the largest member state in the European Union to have been under Soviet influence
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prior to the 1990’s, is one of the key countries which has to enforce its activity in
order to meet SDGs and improve its environmental performance. Therefore, the aim
of this study is to analyze rail accessibility in a regional city that does not have an
existing urban train to define actions which should be implemented to enable the
development of such a system.

2. Materials and Methods

The case study for this research was Wroctaw, a regional city in south-western
Poland. It is the capital of the Lower Silesia region, with a surface of 293 km? [37].
Wroctaw is the fourth largest city in Poland, with the number of registered inhabi-
tants of 640,648. The total number of citizens is higher due to the number of students
(approx. 114,825) as well as domestic and foreign migrants [38]. The urban structure
of Wroctaw is influenced by highly complex hydrological network of five rivers,
which is assumed as one of the most complex hydrological systems in European
cities [39]. It results in over 100 bridges in the city, which in turn influence the road
system and congestion of vehicles travelling in the city. According to the Provincial
Environment Protection Inspectorate, road traffic in Wroctaw is responsible for 56%
of NO, emissions, 44% of CO emissions and 16% of PM2.5 particulate emissions [40]
which testifies to the importance of the implementation of sustainable urban trans-
portation.

The potential service area for railway stations in Wroctaw were determined
using network analysis tools. The analyzes were carried out in the ArcGIS (ver-
sion 10.6) ESRI environment using the available algorithms implemented in the
Network Analyst extension. One of the functionalities of this tool is the ability to
specify the so-called service areas defined as areas accessible from a specific base
point in specified parameters, i.e. travel time or distance. These areas are deter-
mined using the Djikstra algorithm, allowing the search for the shortest path in
a graph with non-negative edge weights, connecting the starting node p with the
end node k. In the algorithm for creating a service area, the shortest roads in the net-
work are determined from the initial point given specific costs. Based on the gener-
ated edges, triangulated irregular network (TIN) data is then created. TIN vertices
take weights from the network (it can be e.g. distance from the starting point in the
network).

Designation of service areas was carried out taking into account pedestrian traf-
fic. The assessment of the availability of railway stations was carried out for service
areas limited to the maximum acceptable travel time. In the case of acceptable walk-
ing distance, 1 km was used [22]. Based on the fact that the minimum energy cost
required to walk a given distance occurs at a speed of approximately 5 km/h (also
the preferred walking speed of normal-weight adult) [41], the acceptable time of
travel was around 12 min.
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For the purposes of the analysis, mostly open data was used, i.e. OSM (Open
Street Map) data and open data provided from city of Wroctaw. Entrances to rail-
way stations were mapped based on the field inventory with the use of Collector for
ArcGIS (Tab. 1). Each entrance to the railway station was assigned as the destination
point in the accessibility of railway station, therefore, a few separate accessibility
analyses for one station could be performed.

Table 1. Data sources

No. Data Source Link to source Format

1. | Streets! Open Data Wroctaw | https://www.wroclaw.pl/open-data/ | SHP

2. | Boundaries of Spatial Information https://www.geoportal.wroclaw.pl/ | SHP

urban districts System of Wroctaw

3. |Buildings Open Street Map https://www.geofabrik.de/ SHP

4. | Entrances to Field inventory Not applicable Transformed
railway stations to SHP

! Including all types of paths accessible for pedestrians.

Accessible open data did not allow us to perform analyses directly. Initial ver-
ification of the topology of the network resulted in over 5000 non-continuous er-
rors. After improvements, we created a topologically correct road network. It was
assumed that the network should include public main, collective and local roads,
road and path sections excluded from car traffic. The network also included paved
sections of tram tracks and bicycle paths which are usually associated with possibil-
ity of pedestrian mobility. Appropriate attributes are also defined for the edge of the
network. One of them is the cost of traffic along a given segment of the network, the
value of which increases with the length of the edge. For the purposes of analysis,
the cost of the segment was expressed by the time necessary to cover a given section
of the network, calculated as the quotient of the segment length and the permissible
speed of movement (expressed in minutes).

3. Results

Based on the field inventory of 24 railway stations and stops in Wroctaw, and
the methodological approach as described above, areas within the distance of 1 km
from each entrance of railway stations and stops was achieved. Spatial distribution
of these areas is presented in Figure 1.
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Fig. 1. Service area of railway stations and stops in Wroctaw

As each station can have a different number of entrances, all overlapping areas
were merged to avoid double accounting. Due to the density of the network on
which pedestrians can move, the areas for individual stations and stations vary in
both shape and surface.

Table 2 shows the areas of use zones for potential pedestrian traffic for each
analyzed railway station and stop.

Table 2. Service area and number of buildings within 1 km distance from railway stations
and stops in Wroctaw

No. Name of railway station/stop Area [m?] Number of buildings
1. Wroctaw Brochow 1451 875 1392
2. Wroctaw Gtéwny 2 898 295 3392
3. Wroctaw Grabiszyn 786 917 751
4. Wroctaw Kowale 1205 000 1022




Towards Transit-Oriented Development for Sustainable Urban Mobility... 45

Table 2. cont.

5. Wroctaw Kuzniki 1710938 1923
6. Wroctaw Lesnica 1524 505 1359
7. Wroctaw Mikotajow 2088 970 1427
8. Wroctaw Muchobér 1158 675 864

9. Wroctaw Nadodrze 1465 000 1631
10. Wroctaw Nowy Dwoér 948 125 1430
11. Wroctaw Osobowice 1115938 526

12. Wroctaw Pawtowice 1324375 1438
13. Wroctaw Popowowice 1710313 1855
14. Wroctaw Pracze 775 938 521

15. Wroctaw Psie Pole 649 688 359

16. Wroctaw Rézanka 541 341 291

17. Wroctaw Sottysowice 913 750 493

18. Wroctaw Stadion 359 063 273

19. Wroctaw Swojczyce 670313 481
20. Wroclaw Swiniary 671 875 695
21. Wroctaw Wojnow 1224 375 1567
22. Wroctaw Zachodni 588 438 526
23. Wroctaw Zakrzéw 1393 125 2131
24. Wroctaw Zerniki 1178 354 644

In the context of TOD evaluation, it is also not only important to assess the area
within an acceptable from each station but also assume potential importance of each
station from the point of view of the number of users. For that purpose, the number
of buildings in each zone was calculated. The spatial distribution of the number of
buildings is presented in Figure 2.
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Fig. 2. Number of buildings located within service area of railway stations and stops
in Wroctaw

The number of building within 1 km distance from railway stations and stops
in Wroclaw is included in Table 2. As can be seen, the railway stations and stops
with the largest areas offering acceptable access for citizens are Wroctaw Gléwny
(approx. 2.8 km?), Wroctaw Mikotajéw (approx. 2 km?), and Wroctaw Popowice and
Wroctaw Zakrzow, whose zone sizes are very similar (approx. 1.7 km?). Zones of
potentially highest number of users (based on the assumption of the highest number
of buildings in their area), are located mainly in the city center. These are the service
zones for the Wroctaw Gléwny (3,392 buildings), Wroctaw Zakrzéw (2,131 build-
ings), and Wroctaw Kuzniki (1,923 buildings).

4. Conclusions

The assessment of the accessibility of railway stations and stops for pedestrians
shows that the service area is not only a result of the number of stations (perhaps the
main and intuitive factor), but also strongly depends on the number of entrances to
railway stations and stations. This is particularly discernible in Figure 1, where there
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are few visible zones before merging them. The two stations with the largest service
zone (Wroctaw Gtéwny and Wroctaw Mikotajow) have several entrances accessible
from different parts of the city. This allows for the convenient use of the station,
without taking a detour to get inside. Wroclaw Mikotajow station can be an example
of a station with very well-located entrance in this regard. This station allows for
easy access from the side of Stacyjna Street, from the side of the Magnolia shopping
center, which is visited by a large number of people daily, and the entrances on both
sides of Legnicka Street. The example of Wroctaw Nadodrze is also worth noting.
This station is located in a densely developed area but it has only one entrance, lo-
cated from the side of Staszica Square. This has a direct impact on the shape of the
service zone, making the northern part of the zone smaller due to the distance of
the point where it is possible to cross railways. A potential future tunnel connecting
Wroctaw Nadodrze with Debickiego Street would increase the size of the potential
number of citizens living within an acceptable distance of the station.

There are two main limitations to the study that should be highlighted. A ma-
jor limitation is a lack of available data about the number of people living at exact
addresses or even the number of apartments. The availability of such data would
allow the improvement of the precision of the obtained results. Based on open access
datasets, it was decided to estimate the potential number of probable users of urban
trains by the number of buildings within a given service area. A second limitation
is connected with the assumption of acceptable distance. Based on the literature re-
view, a 1 km range was used during the analyses, however, local conditions can be
different. While applying such an approach for real case study analysis for urban
management decisions, it could be considered necessary to undertake local studies
on the acceptable distance from home to public transport stops in order to take into
account local social factors.

The assessment proposed in this study has an applicable character and presents
how decision makers at a local level can incorporate spatial analysis for more effi-
cient city management. The presented approach has higher precision than visualiza-
tions which are commonly used in public spaces to show accessibility to a specific
point in a city. Below, an example of the visualization of a 5-minute walk area from
a selected point in London is presented (Fig. 3).

The obtained results not only show which areas can be regarded as accessible
in the current situation, but may also be a useful insight for decisions on further
transportation network development to make important points of public transport
more convenient. In that sense, the study constitutes an approach to support better
decision making for sustainable development [42, 43], which is an important tool in
public transport management [44, 45]. Such activity is in line with local policies in
many cities aiming to increase the role of public transport in urban mobility [46, 47]
and as a side effect also increase the value of real estate [48, 49]. The proposed re-
search concept also corresponds with other studies conducted in Polish conditions
on different transportation modes and their relation to sustainable cities [50-55].
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Fig. 3. City map in public space — London
Source: https://medium.com/@Urbica.co/hello-galton-e6e07a7164b7
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