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Planning new public transport line based on accessibility criteria

Abstract: The changing role of public transport in Polish cities and contemporary
urbanisation processes can be recognized as the most important reasons for the rapid
development of bus and tram networks in last years. It seems that a key factor which could
attract new passengers is the improvement in the level of accessibility. Therefore, the main
aim of this article is to present a methodology based on the accessibility measures, which
could help in the planning of the public transport networks in urban areas. Swierczewo district
in the southern part of Poznan was adopted as an research area. Conducted analyses showed
that the proposed method could help in the selection of an optimal bus line and stops location.
The conclusion is that such an objective approach should be taken into account when the
decisions on the future of public transport networks will be made.
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Introduction

Lately in Poland, a gradual change in perception of the role of public transport in large urban
areas has been observed. It ceases to appear only as a public service of a social character.
More attention is paid to its positive effects on urbanized space. The emphasis is on the role of
public transport in the revitalization of individual districts [5],[18],[34]. Awareness of the
potential benefits of the priorities for trams and buses introdution has been improving among
the city masters and office workers (while introducing some restrictions on individual car
transport). Among these benefits are, inter alia, "recovery" of public space [29], decreases in
pollutant emissions and noise [13],[16], improvement in safety [23], elimination of
restrictions on pedestrian traffic [32].

As a result, many cities are increasingly determined to promote and develop public
transport. This is to encourage more people to use buses, trams or urban railways in their daily
commute. Ideas for particular solutions that would increase the role of public transport are
many. However, it seems that one of the basic conditions for increasing its popularity is the
thoughtful development of the network of connections that will lead to improved accessibility
[24]. This is particularly important in the context of the progressive urban sprawl [7]. In this
context, it is worth considering the principles of network optimization and how it can be used
to determine the future direction of public transport. It seems that in the first place, the
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postulates of local communities have been followed (which seems to be correct), although in
many cases the "trial and error method" has been used. There are no objective tools that could
be an important complementary element used in the decision-making process.

The main aim of the article is to show the possibility of using accessibility measures as
an auxiliary element in planning the development of public transport networks. The analysis
concerns the evaluation of the new public transport route in the three proposed options. The
level of accessibility of bus stops was considered as the main criterion. All analyzes were
carried out for the area of the Swierczewo estate located in the southern part of Poznan (the
areas between Swierczew and the city center - parts of the Gorczyn and Sw. Lazarz.

Accessibility and methods of measurement

Accessibility is a very common term for transport activities (transport accessibility) but also
for various other activities (accessibility of jobs, schools, hospitals, cinemas, etc.). In many
strategic publications at local or regional level, accessibility is one of the main development
objectives (e.g. [27],[30]). There are also numerous scientific and expert studies where the
authors examine the accessibility of individual cities [35], regions [11], category of objects
[16] or services [12][31]. At the same time, however, it is still not an unambiguous term and
often used in inappropriate contexts (e.g. often confused with mobility - cf. [4]).

The most common definitions identify accessibility with some ease in achieving a
given location [3][19][20], with the possibility of interaction [10][14] or the possibility of
participation in certain activities [2]. This understanding of accessibility makes its level most
often determined by the distance (physical, temporal or economic) between two points in
expanse. However, it is worth noting that ease of access to the place determines not only the
distance, but also other elements such as the way of management of the space in which the
displacement is carried out, the personal characteristics of the traveler, the specificity of the
displacement and the destination, and even the current weather. The accessibility level of
selected locations may be different for different social groups, means of transport, times of the
day, etc. This approach makes it difficult to measure its level significantly. As a result, with
some sort of analysis, some simplifications are most often applied.

In the case of public transport, the route of the line (metro, city rail, tram, bus) is most
often taken into account in the accessibility studies, omitting the individual characteristics of
passengers and other difficult-to-measure elements. The picture of the public transport
accessibility in a given city, region or country is always a certain simplification of the actual
situation. It is important, however, to include as many aspects of accessibility as possible in
the study, so that the resulting image is as close as possible to the actual situation.

It is worth noting that accessibility of public transport can be considered in two
scenarios [6][22]. On the one hand it analyzes the possibility of reaching the stops or means of
transport, and on the other hand the ease of getting to the final destination (e.g. city center
accessibility when using public transport). In the first case only the route to the stop is taken
into account. In turn, in the second approach, the level of accessibility of the destination
consists, among others accessibility of stops / means of transport, characteristics of the
displacement (including necessary transfers), accessibility of the destination after leaving the
means of transport.

For a full picture of availability (in the region, city, etc.) there are used different
methods (see [28]). It seems that the most commonly used types of analyzes are ecodesysts or
isochrones, which are designated around public transport stops in the form of circles of a
certain radius (cf. [26]). The actual way of reaching the stops is not taken into consideration -
all barriers (e.g. fences, waterways, railway lines) and road lengths resulting from the shape of
the road network are ignored. As a result, the results may be somewhat falsified. One solution
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to this problem is the use of a calculator, which takes into account the average length of the
road in the analyzed area. It can vary considerably in areas with different characteristics,
which results from the type of development and distribution of the road network. Tests carried
out in different centers show that the coefficient of elongation is usually from 1.15 to 1.35
(see [6][21][23]). This means that the actual route to the stop is on average 15% to 35%
longer than the distance measured in a straight line (Figure 1). However, it is still some kind
of simplification of the actual situation (for individual locations within a single city the
indicator may vary by several dozen percent). It appears, however, that its use may be
justified, for example, in studies conducted at regional level or in large urban centers and
agglomerations (among others due to the considerable complexity of the road network).

Much less frequently, in surveys of accessibility levels, measurements are made on the
basis of actual access routes. This is due to the complexity of such analyzes, and in the past it
was also related to the lack of appropriate source data and software. One of the first such
models (using GIS capabilities) was proposed by Yigitcanlar and others [37]. In an analysis
conducted for the Gold Coast area (Australia), the accessibility of stops was determined on
the basis of a real road network and paths. As a result, the designated ranges were in the form
of corridors running along these roads (Fig. 1). It seems that this solution represents the best
level of actual accessibility and especially in large scale projects (e.g. for neighborhoods,
settlements, small towns). It is therefore worth considering the use of this type of accessibility
analysis when planning specific solutions for the development of public transport networks at
local level.
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1. Comparison of the range of stops determined by different methods. Source: own work.

Methodology and research area

The study decided to use "corridor" scales to analyze the level of accessibility of public
transport within one of the peripheral parts of Poznan. The present form of the network has
been verified (Figure 2), as well as three proposed variants of changes (consisting in the
introduction of a new bus line linking the analysis area to the center of Poznan). The different
possibilities of the route are presented in Figure 3, and their characteristics in Table 1.
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Tab.1. Characteristics of public transport networks in the analyzed area (with the proposed
changes). Source: own work.

The area range of 400 meters
Length of Number of stops .
g Estimated P (in km?2)
proposed .
" travel time
Bus network line (one way,
) min.) ’ on the tflhergggl Olétd around the for the whole
(in km) proposed line areayz proposed line | analyzed area
no change - - - 34 - 5,61
option 1 12,82 23 15 37 2,32 5,84
option 2 15,85 26 16 40 2,80 5,99
option 3 13,40 26 15 40 2,49 6,12

The areas with good accessibility in each variant were those that were distant from the
stops of up to 400 meters (see [1][25][33][38]) and were directly on the roads (as well as other
paths, routes, routes available for pedestrians). Source data (road network, buildings) was
obtained from the database of topographic objects and was supplemented with information
from the OpenStreetMap website.
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2. The organization and the accessibility level of public transport in the analyzed area.
Source: own work
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In analyzes, in the first place for each variant were designated areas with access to
public transport. Also, there were defined some areas where, thanks to the new line,
accessibility would be increased. The second step was to estimate the number of buildings and
the number of inhabitants for each designated area. On this basis, the proposed bus line and its
course were assessed. This made it possible to identify objectively the best variants.

The study area was chosen in the southern part of Poznan, covering mainly the
Swierczewo estate. The analysis also included areas between Swierczewo and the center of
Poznan (to show the course of the entire planned bus route). The main argument that
influenced the selection of the research area was that the area of Swierczewo was
characterized by a relatively low level of public transport accessibility (see Figure 2) and
there are several possibilities for the future development of the bus network. In 2015
(according to GEOPOZ) the area of Swierczewo was inhabited by 14,230 people. As a result,
it was the largest single family housing estate in Poznaf. Swierczewo is located directly at the
southern border of the city (in common with the Lubon municipality), in close proximity to
the A2 motorway and only about 5 km from the center of Poznan. Despite this relatively
favorable location, the level of public transport services in the housing estate appears to be
insufficient. As a result, as shown by the results of studies carried out for the Poznan
Agglomeration Transport Plan [27], the share of public transport in displacement within the
estate is only 31.9% (41.0% in Poznan). In turn, the percentage of motorized households in
Swierczewo is 69.4%, while in Poznan it is only 52.9%.

The area of the estate is served by six bus lines. However, one must admit that the
frequencies of the courses vary widely, and the three lines pass the edge of the estate as "by
the way" as their primary task is to service neighboring communes - Lubon and Komorniki).
It is noteworthy that the buses are mainly on roads located on the outskirts of Swierczewo and
as a result the central part of the estate is not served by public transport (Figure 2). At the
same time none of the existing lines does not provide a direct connection of the settlement to
the center of Poznan - they bring passengers to the tram loop located in the southern part of
Poznan (Gérczyn and Debiec node). In this context, it is worth asking about the possibility of
improving this situation and possible directions of development of the bus network in this
area.

Expected change in the accessibilty of stops chain

By determining the range of public transport stops located in the area of analysis and along
the proposed new bus route, it was possible to analyze the validity of each of the three
considered options. The assessment was based not only on the areas of good accessibility but
also on the location of the buildings and the population in the research area. The obtained
results are presented in tab. 2 and Figures 3 and 4.

Tab.2.: Effects of the introduction of a new bus line. Source: own work.

?;I;k;iial of number of | Number of | Number of
1 ... .| inhabitants within | buildings that have | residents who have
buildings  within .
. the proposed line access to TP access to TP
the proposed line
option 1 1439 8591 104 1900
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option 2 2422 11525 363 2735

option 3 2049 10303 510 3141

In each of the proposed new bus routes, the level of public transport accessibility
would improve. However, the potential benefits vary widely depending on the course of the
routes. Availability of public transport will generally not improve if a new bus line is
introduced in Option 1. (Figure 3). The inhabitants of Swierczewo will gain a direct
connection to the city center, but their routes to the terminals will not be shortened.
Accessibility of public transport will improve only in areas in close proximity to the train
station (in the area of Street Kolejowa). The bus line in this variant will provide a direct
connection to the center for residents with 1.4 thousand. (approximately 8.5 thousand people).
However, most of these buildings are already in close proximity to other bus lines. As a result,
access to public transport will benefit from this connection (and new stops) by an additional
1.9 thousand "new" inhabitants of just over 100 buildings (the area of the railway). As a
result, the potential impact of the proposed line on improving accessibility appears to be
relatively small.
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3. Accessibility of stops in the analyzed area after the introduction of an additional bus line.
Source: own work.

The new bus line in option 2 would contribute to a significant improvement in
transport accessibility, particularly in the south-central and partly in the central part of
Swierczewo (Figures 3 and 4). This would be possible thanks to the creation of new stops on
the street running through the central part of the estate. At the same time, however, this
proposal does not solve the problem of limited availability in the north-central part of
Swierczewo. In the proposed variant of a direct connection to the center have obtained more
than 11.5 thousand inhabitants (living in 2.4 thousand buildings). 24% (2.7 thousand people)
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of them currently have difficulty accessing the stops and thanks to the new line it would be
much easier to use public transport.
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4. Change of public transport accessibility depending on the chosen variant of the new bus
route. Source: own work.

It seems that the most beneficial impact on improving the accessibility of public
transport could be proposed bus line option 3 (Fig. 3). Due to the relatively long distance
between the central part of the settlement and the new stops there, many people living in areas
with restricted access to public transport would be able to easily take bus journeys. Good
access to the proposed new bus line would be about 10 thousand people (living in about 2
thousand buildings), so that they could go direct to the central part of Poznan. At the same
time, 30% of these people (3.1 thousand inhabitants) do not currently have sufficient access to
public transport stops. As a result, the new line could encourage them to use public transport
more often in Poznan.

Summary

In conclusion, from the presented proposals the most favorable (from the point of view of

improving the availability of public transport stops possibilities) seems to be option 3. With
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the introduction of a new line of such a course, a significant number of new residents would
be able to use public transport on daily trips. It is worth emphasizing that the improvement of
stops availability seems to be the key to attracting new passengers to public transport (and
indirectly also the better functioning of the whole transport system). This is particularly
important in the light of current transport policies that point to public transport as a priority
for urban mobility. As indicated by many research centers, a short and trouble-free way to the
stops is a key factor affecting the popularity of railways, trams and buses [15][17]. As a result,
accessibility levels can substantially affect spatial behavior of the population. For example, in
a previous study conducted in Poznan [9] it was shown people living directly at tram stops are
more likely to use public transport than residents of outlying settlements.

The analysis proposed in the article can be successfully applied in practical activities
related to the planning of the development of public transport networks. Through such studies,
people responsible for these issues (municipal offices, municipalities, transport boards and
transport companies) would benefit from instruments showing the potential benefits that
might result from introducing new connections. Further, the proposed analyzes can also be
extended to cost analyzes that generate individual solutions. This would make it possible to
assess their effectiveness (the relation of costs incurred to the achieved effects). It should also
investigate other potential benefits of the new connection, such as increasing range of travel
destinations, improved service frequency and shortening the travel time to key destinations.
These elements can significantly influence the growing popularity of public transport and also
be a significant argument for the development of the network in certain directions. At the
same time, it should be emphasized that such studies should be regarded as a complement to
the decision-making process. It is also worthwhile to listen to the voices of local communities
(e.g. council settlements) and to analyze the technical aspects.
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