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Resume

The aim of the article is to assess the efficiency of the parking system
on the example of the Jadwizyn estate in Pila in the light of sustainable
development. For this purpose, an organoleptic test of the use of the parking
space was carried out for 7 consecutive days, at three different times of the
day (morning, noon, evening) in December and January.

The conducted research has shown that the parking system in the analyzed
estate is not effective for the community living in the estate and the
sustainable development guidelines were not taken into account during its
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planning. In the discussed case, it is necessary to introduce changes to the
estate's parking policy, for example by implementing new parking solutions
in the form of parking automation or building a multi-level structure

providing more parking spaces.
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1 Introduction and literature review

With the development of the automotive industry
and the number of registered vehicles (Figure 1), the
needs and expectations of the road infrastructure users
also increased, especially those related to parking spaces
[1]. The concept of a parking lot is understood as a place
intended for parking cars [2]. More precisely, it is a place
that allows one to park vehicles that are currently not
in motion.

Sustainable development [4-5] is a concept and way
of thinking in economics that assumes the level and
quality of life at the level guaranteed by civilization.
The idea of sustainable development is summarized
and presented in the first sentence of the WCED report
(also known as the “Brundtland Commission”) of 1987
- “Our Common Future”. Sustainable development is
development that meets the needs of the present without
compromising the capabilities of the future. generations
to meet their own needs.

Sustainable development supports, protects and
restores the health and integrity of the Earth’s ecosystem
without jeopardizing the ability to meet the needs of
future generations [6-7]. It illustrates economic growth
that leads to social cohesion and an increase in the

value of the natural environment [8-9] and sustainable
business as capable of “prospering indefinitely” [10]. The
concept of sustainable development [11] covers everyone
and everything - it concerns various aspects of human
activity and human relations with the environment [12].

A sustainable urban transport system is essential
for the proper development of a society and parking is an
important element of this. The literature on sustainable
parking management systems is extensive and mainly
focuses on Park-and-Ride systems [13], planning and
use of parklets [14] and the increasingly used Intelligent
Transport Systems (ITS) [15-16]. In the case of car
parks, the aim is to use them as efficiently as possible
[17], with the possibility of introducing new solutions
such as shared parking. This idea leads to the most
efficient use of parking spaces. The allocation of parking
spaces [18-19], the use of shared parking [20-22] and
the design of a shared parking platform [23-24] have
received much attention in the literature.

Over the years, the approach to parking policy
planning and the perception of parking systems in
cities has changed. Initially, it was based on transport
infrastructure, striving for its greatest functionality,
fluidity and capacity. Furthermore, city officials have
started to see other important aspects - how existing
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Figure 1 The number of vehicles registered in Poland in 2007-2019 [3]

e

Figure 2 Location of the town of Pila on the map of Poland [28]

transport systems and road infrastructure affect the
quality of life of city dwellers, are they functional
for people with disabilities and businesses and how
they affect the environment. To determine whether
a city’s transport policy is sustainable, it must meet the
different conditions [25].

Therefore, it can be concluded that an efficiently
operating road infrastructure, which can be described as
sustainable, encourages to quit of the most popular means
of transport, which is a passenger car and encourages
the use of public transport. This, in consequence, is
expected to result in a healthier life for the inhabitants
and an increase in the cleanliness of cities [26].

There are studies in the literature on urban
engineering that confirm that the use of sustainable
urban transport has a positive impact on development of
cities and satisfaction of their inhabitants. An example
is the transport assessment study carried out in the city
of Czestochowa, Poland, which implements subsequent
steps to improve the road infrastructure in a sustainable
manner, encouraging the use of public urban transport.
The respondents of the presented study emphasized that
the advantages affecting the superiority of passenger car
transport over the city transport are greater comfort,
destination and shorter travel time. Nevertheless, the
respondents were not clearly negative in the context of

public transport, which may lead to conclusions that
specific changes in the structure and functioning of
this mode of transport could change their opinions and
encourage them to use it in the future.

The problems with the road capacity visible on
Polish roads allow to conclude that the comfort of
traveling by individual passenger transport is still
greater than traveling by public means of transport,
therefore most road infrastructure users still prefer to
travel in this way [26].

In terms of the sustainable development of urban
transport, an important element is the parking control
system. It includes parking solutions that facilitate the
management of available parking spaces, e.g. make it
easier for the driver to find a free parking space. Such
systems significantly contribute to the more effective use
of the parking lot, reducing the time for the driver to find
a free space, which is particularly problematic in places
with a large parking lot.

2 Materials and methods
The city of Pila is located in the northern part of

the Wielkopolska Province (Figure 2) on the border
with the Zachodniopomorskie Province. In 2020, Pila
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Figure 3 Map of the town of Pila with a breakdown by housing estates [31]

was inhabited by 69.411 inhabitants, which is about
5.000 less than in 2002 when the population was 75.197
[27]. Thanks to the data provided by the Pila City Hall,
a downward trend in the number of inhabitants of the
city can be observed.

The city covers an area of 103 km? and the population
density is 674 people / km? [29]. In 2011, the city
consisted of nine districts, the largest was and still is
Podlasie (Figure 3). Other districts are: Gorne, Koszyce,
Srodmiescie, Gladyszewo, Zamoscie, Staszyce, Motylewo
and Jadwizyn, of which auxiliary units of the communes
of Jadwizyn, Srodmiescie and Zamosc housing estates
were abolished in 2011 [30].

The concept of the city is based on maintaining
sustainable development by improving the economy,
infrastructure and educational and recreational offer.
Pila is the leader of investment attractiveness (Forbes
2007/2008 ranking), it is the most business-friendly
city (in 2012, 1st place in the Wielkopolska and the
12th in Poland according to the Newsweek weekly),
16th city in the country in the national ranking of the
Self-Government of Sustainable Development conducted
under the aegis of the Foundation of the Promotional
Emblem TERAZ POLSKA [32].

The Smart City idea is being implemented in
Pila, which involves the use of information and
communication technologies supporting, among others
social integration and sustainable development.
According to the development strategy of the city of Pila
until 2035, it was planned to modernize car parks in
the city, as well as to build a park & ride car park with
places for disabled people and nanny with children, kiss
& ride parking spaces and a parking lot for bicycles and
to build parking information systems. An information
and promotion campaign is also planned about the built
infrastructure, its values and possibilities of using it, as
part of the promotion of sustainable mobility [33].

The Jadwizyn estate (Figure 3) was established
pursuant to two resolutions of August 29 and 31, 2006.
The estate was also granted the statute at that time.

Nevertheless, the resolutions lost their force due to the
new resolution No. XIV/195/11 introduced on November
29, 2011, which called for the abolition of the auxiliary
unit of the Jadwizyn estate. The city authorities argued
their move with the residents’ lack of interest in
initiatives aimed at developing the individual. The
inhabitants of the estate showed a lack of support for
local government bodies in organizational matters,
which resulted in the abolition of the estate in its legal
form [34].

Nevertheless, the estate still exists in the social
sphere of inhabitants and the city authorities of Pila
continue to keep statistics for the indicated area, for
example regarding the number of inhabitants. The
boundaries of the estate indicated on the city map are
still valid as the Jadwizyn estate has not been liquidated
in the spatial and functional zone, but has only been
deprived of its administrative unit.

According to the data published on the website of
the Pila City Hall, 4.564 people lived in Jadwizyn in
2017. Its area is approximately 566.44 ha. This space
is dominated by multi-storey residential buildings,
although there are detached buildings at Jana and
Jedrzeja Sniadeckich Streets. Additionally, also in
the south-west part of the estate, which includes ul.
Dabrowskiego (from number 92 to 150), ul. Grazyny,
ul. Jagiellonska, ul. Jozefa Bema, ul. Kwidzynska, ul.
Malgorzaty, ul. Olsztynska, pl. Jagielly, ul. Zelazna,
houses only free-standing buildings.

The second, frequently used intersection in the
estate is the intersection of Sniadeckich Street with
Laczna Street located next to the education building, but
no major problems related to the traffic flow have been
observed there.

The estate has 63 multi-storey buildings and a total
of 899 parking spaces. In the context of the diversity of
parking systems, the estate can be described as diverse.
There are systems such as private underground car
parks and garage spaces on it

At the Jadwizyn estate, one would not meet the
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most modern parking solutions that operate in a fully
automated manner, but it can be seen that along with
newer buildings, among others, underground car parks
with a view to making the best use of parking spaces.

3 Research results

The purpose of the research was to analyze the
effectiveness of the parking system in the Jadwizyn
estate in Pila in the light of sustainable development.
The subject of the research were car parks located
in the estate at the following streets: Laczna,
Dabrowskiego, Grazyny, Jagiellonska, Jozefa Bema,
Kwidzynska, Malgorzata, Olsztynska, Jagiely, Zelazna,
Krolowej Jadwigi, Sniadeckich and at Aleja Powstancow
Wielkopolskich (Figure 4) and the volume flow of
vehicles occupying parking spaces at specified intervals,
in such a way as to best check the actual efficiency of
the currently functioning parking system solutions.
Consequently, the research aimed to present a proposal
to improve the directions of development of local road
infrastructure.

Figure 4 The Jadwiéyn estate divided into 8 parking zones [35]

With the help of the presented scientific literature
on the subject, it can be noticed the existence of problems
related to the failure to adapt to the needs of residential
communities regarding parking infrastructure. It is
about too large distances between residential buildings
and the grouping of parking spaces. Another problem
is the outdated road infrastructure, which probably
stems from an inaccurate forecast of the number of cars
owned by a selected housing estate. As a result, the
number of places in a given grouping often turns out
to be insufficient to meet the needs of the inhabitants.
Moreover, the car parks do not have parking aids, which
is another problematic issue. There are also doubts
relating to safety issues, such as blocking access roads
by incorrectly parked vehicles, as well as mismatching
the distance between parking spaces and other objects
not related to the parking infrastructure, such as trees,
stones or poles, which consequently pose a threat to
parking spaces, drivers and other infrastructure users.

Based on the above observations, obtained thanks
to the presented scientific literature and for the needs
of the research, a hypothesis is formulated that the
parking system operating in the Jadwizyn estate in Pila

Table 1 The structures of separated zones in the Jadwizyn estate of 30.12.2020 - part 1 [31]

Number of ~ Number of nﬁfrtﬁler
Street name Zone Age range Women Men multi-family  single-family .
o 1 of parking
buildings buildings
spaces
0-18 61 88
19-55 198 229
Laczna street A 56-63 58 31 17 0 200
64 and above 167 124
Sum 956
Dabrowskiego street, 0-18 51 50
Grazyny street, 1955 135 184
Jagiellonska street,
Jozefa Bema, Kwidzynska B 56-63 35 27 0 160 4
street, Malgorzaty street, 64 and above 57 54
Olsztynska square, Jagielly
street, Zelazna street Sum 593
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Table 2 The structures of separated zones in the Jadwizyn estate of 30.12.2020 - part 2 [31]

Number of Number of nEfrtg}ar
Street name Zone Age range Women Men multi-family  single-family .
o g of parking
buildings buildings
spaces
0-18 0
19-55 0
Powstancow Wielkopolskich C 0 0 0
s 56-63 0
Avenue to Lukasiewicz
roundabout, Przeswit street 64 and 0 0
above
Sum 0
0-18 109 128
19-55 309 321
Krolowej Jadwigi street D 56-63 121 65 24 16 273
64 and 298 185
above
Sum 1466
0-18
Aleja Powstancow 19-55
Wielkopolskie from the
Lukasiewicz roundabout to E 56-63 0 0 0 0 19
the height of the production 64 and 0 0
plant, Philips street above
Sum 0
0-18 82 97
19-55 226 235
Sniadeckich street F 56-63 2 70 22 0 337
64 and 112 102
above
Sum 996
0-18
19-55
School at Krolowej Jadwigi G 56-63 0 0 40
street 64 and
0 0
above
Sum 0
0-18 32 38
19-55 88 91
Sniadeckich street with 56-63 28 27 0 69 0
o1 H
buildings along the street 64 and
44 39
above
Sum 387
Sum 2932 63 245 873

is ineffective in relation to the needs of its residents.
The study consisted of observation of the parking

infrastructure in the Jadwizyn estate, divided into 8

parking zones, shown in Figure 4. The individual zones

cover the following streets:

*  Zone A - ul. Laczna.

e  Zone B - ul. Dabrowskiego (from number 92 to 150),
ul. Grazyny, ul. Jagiellonian. ul. Jozefa Bemgq, ul.
Kwidzynska, ul. Malgorzaty, ul. Olsztynska, pl.
Jagielly, ul. Zelazna.

Zone C - Aleja Powstancow Wielkopolskich to the
Lukasiewicza roundabout, ul. Przeswit.

Zone D - ul. Krolowej Jadwigi.

Zone E - Aleja Powstancow Wielkopolskich from
the Lukasiewicza roundabout to the height of the
Philips production plant, ul. Frits Philips.

Zone F - ul. Sniadeckich covering the northern zone
of the estate, which is characterized by multi-family
buildings.

Zone G - includes a car park adjacent to the school
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at ul. Krolowej Jadwigi.

e Zone H - runs through the main street of the
estate (Sniadeckich Street), which in this part is
characterized by single-family houses.

The research was performed in the periods from
November 30 to December 6, 2020 and January 11 to
17, 2021. Each of them lasted 7 days in 3 time intervals:
6.00-8.00, 14.00-16.00 and 21.00-23.00. Measurements
made in both dates are characterized by taking into
account the following parameters for each zone: total
number of parking spaces, the average number of
occupied and vacant spaces, including the number of
spaces for disabled people, the number of cars parked
incorrectly, the number of multi-family and single-
family buildings and the number of residents. Data
from the Pila City Hall on 30/12/2020 [31] obtained for
the purposes of this article, regarding the structures in
individual zones, are presented in Tables 1 and 2.

The studied area of the Jadwizyn estate is inhabited
by 2.932 residents in 63 multi-family buildings and
245 single-family buildings, which include 873 parking
spaces. In order to facilitate research, the estate has been
divided into 8 zones: A-H. The description of the zones
can be found later in the article. The indicator method
[36] was used to analyze the neighbourhood parking
system. By default, it adopts three criteria, however,
due to the lack of access to restricted parking zones, the
subject criterion, which uses the restricted parking zone
share index, was not taken into account. Therefore, two
criteria were used: subjective and functional, presented
in Table 3 and were calculated based on the data
presented in Tables 1 and 2. The parking intensity
indicator expresses the ratio of the number of parked
vehicles to the total number of parking spaces as
a percentage and represents the total degree of occupied
parking spaces for the examined area. The parking
correctness index is also expressed as a percentage, it
is the ratio of the number of incorrectly parked vehicles

to the number of parked vehicles. As improperly parked
cars are understood all the vehicles in the area of a given
test that were left in a manner that deviates from the
correct one in a given system, e.g. in a forbidden place,
hindering pedestrian traffic, green areas or outside the
designated parking stand.

In Table 4 the subjective criterion was presented
along with the indicator of the number of parking spaces
per 100 inhabitants for each zone. A zero result in zones
C and H results from the lack of parking spaces and
a zero result for zones E and G due to the zero number
of inhabitants.

Moreover, the method of direct systematic
observation was adopted in the study [36]. The task
was to observe the phenomenon of how residents leave
their cars at designated parking spaces, in order to
notice the relationship between their behaviour, the
functionality of existing parking lots in relation to the
needs of residents and the effectiveness of parking
systems.

The first zone is inhabited by 956 residents in 17
multi-family buildings with 200 parking spaces and 67
private garages. The zone is presented in Figure 5.

In Table 5 is shown the parking intensity and
correctness indicators in zone A for the 1st and 2nd
measurement period. The number of parking spaces for
the first indicator on individual days at three different
times of the day was presented and the correctness
of parked vehicles was presented, which means that
on November 30, in the evening hours, the number
of incorrectly parked vehicles was 5.5% of the total
number of parking spaces, i.e. 10 cars in this case. For
poorly parked vehicles, cases were counted that took
places outside the designated parking spaces, e.g. in
a prohibited place. It was observed that some vehicles
blocked the access to the dumpster shelters and were
left in forbidden places, thus making it difficult for,
for example, emergency services to access individual

Table 3 Criteria and indicators for the evaluation of the estate parking system [36]

Criterion Name Formula
Lo The indicator of the number of parking spaces per 100 inhabitants _ Mc 1
Subjective [place / 100 inhabitants] W Uc +100
Parking intensity indicator [%] Wa = jjl}( + 100
Functional P )
Parking correctness indicator [%] We = jz # 100
M, - number of parking spaces,
U, - number of residents,
P, - number of parked vehicles,
P,,- number of vehicles parked incorrectly.
Table 4 Indicator of the number of parking spaces per 100 inhabitants, divided into zones
Zone
Indicator
A B C D E F G H
W,, [1 place for 100 people] 20.9 0.7 0 18.6 0 33.8 0 0
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Figure 5 Zone A with marked parking spaces [35]

Table 5 Indicators of parking intensity and correctness for zone A

First measurement

Indicator .
(%] Time 30.Nov 01.Dec 02.Dec 03.Dec 04.Dec 05.Dec 06. Dec Average
W, 06.00- 675 60.5 64.5 63 66 82.5 85 69.9
W, 08.00 3 0.8 16 3.2 2.3 18 24 2.1
W, 14.00- 7 715 89 81.5 86.5 84.5 84 82
W, 16.00 0.7 2.6 2.8 18 1.2 3 3 2.2
W, 91.00-  90.5 94 95.5 92 93 94.5 96.5 93.7
W, 23.00 55 6.9 4.2 3.8 32 2.1 4.7 43

Second measurement

Indicator .
(%] Time 11.Jan 12Jan  13.Jan  14.Jan 15.Jan  16.Jan 17.Jan Average
W, 06.00- 825 79 715 76.5 75.5 80 83.5 79.2
W, 08.00 5.5 7.3 48 7.9 7.3 6.7 7.9 6.8
W, 14.00- 925 89.5 88 90.5 86.5 88.5 89.5 89.3
W, 16.00 6.7 6.1 6.1 9.7 85 6.1 8.5 74
W, 91.00- 94 915 945 94 92 93.5 96 93.6
\J 23.00 7.9 8.5 73 11.5 9.1 8.5 10.9 9.1

buildings. The last column shows the average for a given
time of day and indicator. In the second period of the
study, an increase in the average intensity in the
morning and afternoon hours, as well as a similar result
for the evening hours was noticed.

Development of the zone B consists of 160
single-family buildings inhabited by 593 people. Due
to the single-family development of the zone, which
distinguishes this part of the estate from the rest, the
number of parking spaces is limited to 4, located next to
the grocery store. The boundaries of zone B are set out
in Figure 6.

Table 6 shows the traffic intensity index for the
zone B for the 1st and 2nd measurements. Increased use
of parking spaces in the afternoon by store customers
has been noticed. Incorrectly parked vehicles were

not observed. During the study, it was noticed that
residents leave their cars in private parking lots within
the property. There are no designated parking spaces
for disabled people in this zone and no incorrect parking
has been observed. Depending on the time of day, the
average number of occupied parking spaces varies from
1 to 2. During the research on the second date, there
were no badly parked vehicles and the highest intensity
occurred in the afternoon. Comparing the results of the
measurements, a minimal increase in parking space in
the second period was noticed.

Zone C is the service and retail part of the estate
(Figure 7), which consists of the IBI shopping mall,
MZK Pila bus depot, car wash, Altvater garbage dump
and small local businesses. In this part, there is one
parking system with 194 parking spaces, which belongs
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Figure 6 Zone B with marked parking spaces [35]

Table 6 Parking intensity and correctness indicator for zone B

First measurement

Indicator .
(%] Time 30.Nov 01.Dec  02.Dec 03.Dec 04.Dec 05.Dec 06.Dec  Average
W, 06.00- 25 25 25 25 25 25 0 21.4
Y 08.00 3 3 _ . . . _ -
W, 14.00- 50 25 100 25 75 25 0 42.9
W, 16.00 B} 3 _ . } . - -
W, 21.00- 25 75 25 25 50 50 0 35.7
W, 23.00 3 ) B . } B, _ -
Second measurement
Indicator .
(%] Time 11.Jan 12Jan  13.Jan 14.Jan 15.Jan 16.Jan  17.Jan Average
W, 06.00- 25 25 0 25 25 50 25 25
. 08.00 B} 3 _ } . . - -
W, 14.00- 25 75 50 25 50 50 50 46.4
W, 16.00 . 3 _ B} . - - -
W, 91.00- 0 25 50 50 50 50 50 39.3
A\ 23.00 3 _ B} } B - -

to a shopping mall, but it was not included in the study,
because it is largely used by residents of other parts of
the city and its use is different than in residential areas.
An interesting tendency of owners of vehicles from zone
A was noticed to leave them outside the designated
positions, in the IBI gallery, especially in the place
bordering zone A.

Due to the lack of parking spaces, the purpose of
which is to leave cars by residents while they are in their
place of residence, the test results for the entire zone C

have not been prepared as a vehicle parked incorrectly,
because they did not occupy the designated positions
(Table 7). Based on the presented results, it can be
concluded that in the morning and evening hours there
is the largest number of incorrectly parked vehicles by
the inhabitants of Zone A.

The zone D is inhabited by 1.466 people. The vast
majority of zones are the multi-family buildings, the
number of which is 26 (Figure 8). With regard to the
single-family housing, it was calculated that there are 16
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Table 7 Average of incorrectly parked vehicles at particular times of the day
First measurement

Time/Data 30.Nov 01.Dec 02.Dec 03.Dec 04.Dec 05.Dec 06. Dec Average

6:00-8:00 2 3 3 2 1 3 4 2.57
14:00-16:00 0 1 2 2 2 2 3 1.71
21:00-23:00 5 4 4 4 6 5 5 4.71

Second measurement

Time/Data 11.Jan 12Jan 13.Jan 14.Jan 15.Jan 16.Jan 17.Jan Average

6:00-8:00 1 2 3 3 3 2 3 2.43
14:00-16:00 2 2 0 1 2 1 3 1.57
21:00-23:00 6 5 5 3 4 4 4 4.43

buildings of this type in the zone. There are 273 parking
spaces in this zone. In this part of the estate there is
one local grocery store with 8 parking spaces. There is
a church near the grocery store, but it does not have
a dedicated parking lot. There are also single garage car
parks in the zone, of which there are 55 in total.

A large number of incorrectly parked cars took place
on sidewalks, green belts and places with no parking.
In the evening hours, one can observe significant
difficulties related to the movement of the vehicle in the
designated zone, which is related to incorrect parking,
presented by the parking correctness indicator in Table
8. It shows that on November 30, in the evening hours,
the number of poorly parked vehicles was 14.6 % of the
number of occupied parking spaces. In this case, it is
nearly 40 vehicles parked in prohibited places. This
could be due to the start of the weekend and the arrival
of more people at home. The high parking intensity
index occurs for all the test hours, while the highest
result can be observed in the evening hours, along with
the highest parking correctness index.

There are no residential buildings in zone E. There
are a facility of the military unit and the Municipal
Heat Engineering. These centers have 6 and 13 parking

spaces, respectively, which are probably used only by
employees of the centers (Figure 9). It is worth noting
that there are no dedicated parking spaces for disabled
people, despite the fact that the car parks are located
near two workplaces.

In Table 9 the parking intensity index for zone E
was taken into account together with the average for
each of the three times of the day. Due to the lack of
incorrectly parked vehicles, the correctness index was
not calculated. The discussed zone is characterized by
the highest parking intensity in the morning, probably
due to the hours in which employees of nearby workplaces
work.

The zone F (Figure 10) includes only multi-family
residential buildings. Their number is 22. There are
337 parking places for this number of buildings. Due to
the newer housing development of two buildings, they
also have underground garages for use by residents.
Underground garage car parks are available only to
people who have them, which made it impossible to take
them into account in the study. There are also 180 single
garage car parks in this zone, which are monitored and
entry to their area is prohibited, which is preceded by
a no-entry sign, excluding people with garage spaces.
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Figure 8 Zone D with marked parking spaces [35]

y/

Table 8 Indicator of intensity and correctness of parking for zone D

First measurement

Indicator .
(%] Time 30.Nov 0l.Dec  02.Dec 03.Dec 04.Dec 05.Dec 06. Dec Average
W, 06.00- 63.4 60.8 66.7 62.3 615 80.2 84.6 68.5
. 08.00 12.7 10.2 7.1 94 8.9 7.3 7.8 9.2
W, 14.00- 87.9 90.1 84.6 93.4 85.7 85.7 90.5 88.3
W, 16.00 10.8 9.8 121 8.2 10.3 115 8.1 10.1
W, 91.00- 95.2 94.9 971 94.5 96.3 971 99.6 96.4
W, 23.00 14.6 8.5 11.3 14 10.6 12.1 12.9 12
Second measurement
Indicator .
(%] Time 11.Jan 12.Jan 13.Jan 14.Jan 15Jan 16.Jan 17.Jan Average
W, 06.00- 79.9 75.8 72.9 79.9 82.1 76.9 76.2 7.1
o 08.00 1 8.2 121 6 85 10.5 9.1 9.3
W, 14.00- 88.3 90.5 89 84.2 88.3 86.8 90.5 88.2
W, 16.00 5.8 105 115 10 112 14.8 10.9 10.7
W, 91.00- 92.7 91.2 93.8 90.8 94.5 96 97.1 93.7
W 23.00 12.6 12.9 10.2 10.9 12 15.6 13.6 12,5

The indicators of the occupied parking spaces
intensity and the correctness of parked vehicles for
zone F are presented in Table 10, showing the variable
number of cars on different days, taking into account
three tests during the day. The highest number of parked
vehicles was recorded in the evening hours; however, it is
worth noting that the indicator in the afternoon hours is
also high for both analyzed periods of time. Comparing
the test results, an increase in the index was noted in
the morning and evening hours and a slight decrease
in the evening hours for the second period of the study.

Zone G is a part of the estate (Figure 11), where
the education building is located, “Queen Jadwiga”. The
building includes a parking lot with 43 parking spaces.

The main assumption is that the car park is to be used
by the employees of the facility to park vehicles during
their work, as well as for parents who take their children
to school or come to meetings with teachers. It is worth
noting that during the study, the school institution
conducted remote classes for its students, so it was not
fully used by their parents and other people.

In Table 11, the intensity index in zone G was
marked, the parking correctness index was not included,
because during the tests, no irregularities related to
leaving the vehicles were observed and the highest
intensity of parking was recorded in the evening hours
in both cases. Comparing the research results, it can
be stated that for each time of the day an increase in
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Figure 9 Zone E with marked parking spaces [35]

o4

Table 9 Indicator of intensity and correctness of parking for zone E

First measurement

Indicator .
(%] Time 30.Nov 01.Dec 02.Dec 03.Dec 04.Dec 05.Dec 06. Dec Average
W, 06.00- 63.2 63.2 73.7 63.2 57.9 26.3 21.1 52.6
W, 08.00 . . - - _ B - -
W, 14.00- 21.1 26.3 42.1 31.6 26.3 15.8 10.5 24.8
W, 16.00 . . - . _ B - -
W, 1 21.00- 5.3 15.8 15.8 26.3 26.3 15.8 0 15
W, 23.00 B, . B, - R - - -

Second measurement

Indicator .
(%] Time 11.Jan 12.Jan 13Jan  14Jan  15Jan 16.Jan 17.Jan Average
W, 06.00- 474 68.4 579 57.9 68.4 63.2 52.6 59.4

» 08.00 B, . - - - - - -

W, 14.00- 15.8 211 31.6 26.3 21.1 5.3 15.8 19.5
W, 16.00 . . . - R - - -
W, 21.00- 10.5 10.5 10.5 5.3 10.5 15.8 5.3 9.8
\\ 23.00 . . - . _ B - -

parking intensity was recorded in the second research
period.

The zone H was separated for the purposes of the
study (Figure 12) in order to separate the residential
buildings belonging to it from other zones, because the
adjacent single-family houses are directed towards the
main Sniadeckich Street starting from zones A and B
and continuing to the end of zones F and E, adjacent
to each of the zones described above. The division is
aimed at increasing the correctness of the research by
subtracting the number of inhabitants of zone H from
the inhabitants of other zones, because they park only on
their properties, the entrance to which is from the main
street. The number of buildings per zone is 69.

For the H zone, no table was prepared containing
data from the research carried out from 30/11/2020 to
6/12/2020, because the zone did not have any parking
spaces and the residents of this zone parked their
vehicles on their properties with single-family houses.

The conducted research was aimed at assessing
the effectiveness of the parking system at the Jadwizyn
estate in Pila in the light of sustainable development.
At the very beginning, it is worth noting that the study
was carried out during the SARS-CoV-2 coronavirus
pandemic, which significantly limited the movement of
the population since the introduction of the epidemic
and preventive measures limiting the spread of the
virus. The situation could have contributed to an
increase in the intensity of the use of parking lots
due to the transfer of many works from stationary
to remote mode (the so-called home office) and due
to the limitation or closure of some workplaces, or
staying in home quarantine in accordance with the
government’s recommendations. Therefore, the tests in
the first period were carried out on November 30, 2020
after lifting some restrictions, including opening of
shopping malls, however operating under the sanitary
regime limiting the maximum number of customers.
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Table 10 Indicator of intensity and correctness of parking for zone F

First measurement

Indicator .
(%] Time 30.Nov 01l.Dec  02.Dec 03.Dec 04.Dec 05.Dec 06. Dec Average
W, 06.00- 52.2 50.1 54.9 54.3 472 68.2 72.4 57.1
, 08.00 34 1.2 54 2.2 13 2.6 2.9 2.7
W, 14.00- 81.3 76.3 81.9 68.8 73 774 85.5 711
W, 16.00 4 2.3 2.2 13 1.2 L5 3.1 2.2
W, 91.00- 86.6 87.8 84.6 88.7 82.8 84.9 86.9 86.1
W, 23.00 4.8 51 3.5 4 2.9 4.2 3.8 4
Second measurement
Indicator .
(%] Time 11.Jan 12.Jan 13.Jan 14.Jan 15Jan 16.Jan  17.Jan Average
W, 06.00- 60.2 58.8 52.5 56.4 55.2 71.2 4.5 61.3
. 08.00 34 2.5 51 3.2 2.2 4.2 6.4 3.8
W, 14.00- 73.6 7.1 76.6 79.8 81 78.3 85.2 78.9
W, 16.00 4 31 31 2.6 3.3 4.9 2.8 34
W, 91.00- 84.6 86.4 84.3 84 85.8 88.4 87.2 85.8
\\ 23.00 6.7 6.9 5.6 3.5 45 6 5.1 5.5

On the other hand, the tests in the second period, on
January 11-17, 2021, took place after the announcement
of further restrictions prohibiting the normal operation
of such facilities as shopping malls and gyms. Table 12
compares the average parking intensity indicators for
each of the zones in the first and second study periods.
The test results are presented collectively in Table
13 and 14 for both studies, simultaneously gathering
all the zones of the Jadwizyn estate. They contain
intensity indicators. Each research day is divided into
3 time periods in which the research was carried out.
The higher the intensity index, the more parking spaces
have been occupied. The average daily intensity was
calculated for each test day. At the end of the statement,
the correctness index was given in the form of an
arithmetic mean, taking into account the entire period

of testing of a given table, whereas in Table 15 is the
intensity index with the average for each of the 3 series
of time intervals for the entire test period. This allows
one to visualize the intensity that occurs at certain
times of the day. A1 means the 1st measurement, A2
means the 2nd measurement, etc.

The analysis of the research results (Table 12)
allows to state that zone D together with zone A had
the highest parking intensity indicator. This is due to
the highest number of multi-family buildings in these
zones. In addition, these buildings have old buildings
that are not equipped with, for example, underground
parking spaces and the size of the existing parking lots
is not adapted to the current needs of residents. Zone
D was characterized by the greatest use of parking
spaces in the afternoon and evening hours. It is worth
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Table 11 The intensity and correctness index for zone G
First measurement
Indicator .
(%] Time 30.Nov  01.Dec 02.Dec 03.Dec 04.Dec 05.Dec 06. Dec Average
(4
W, 06.00- 12.5 12.5 10 175 10 25 30 16.8
, 08.00 _ _ - _ _ . . .
W, 14.00- 22.5 175 22.5 20 22.5 35 27.5 23.9
W, 16.00 _ _ R _ _ . - .
W, 21.00- 32.5 30 27.5 35 32.5 40 40 33.9
W, 23.00 . - R i . i . .
Second measurement
Indicator .
(%] Time 11.Jan 12.Jan 13.Jan 14.Jan 15.Jan 16.Jan 17.Jan Average
0
W, 06.00- 27.5 30 22.5 30 20 32.5 375 28.6
08.00 . - R i . . . .
c2
W, 14.00- 20 27.5 27.5 27.5 375 40 35 30.7
W, 16.00 _ _ . _ _ _ . .
W, 21.00- 32.5 35 32.5 40 35 45 475 38.2
W, 23.00 _ _ R _ _ . - .
Table 12 Average rate of parking correctness for the two research periods
Zone
Indicator Time
A B C D E F G H
W %] 30.11-06.12.2020 81.9 33.3 - 84.4 30.8 73.6 24.9 -
ot 11.01-17.01.2021 87.4 36.9 - 86.5 29.6 75.3 32.5 -

noting that this zone is inhabited by the largest number
of inhabitants, which accounts for half of the entire
estate.

Although the zone D is inhabited by 1.466 people,
zone F has more parking spaces by 64 parking spaces.
Additionally, zone F has 137 more parking spaces than
zone A, despite the similar number of inhabitants.
The largest number of parking spaces in zone F is the
result of the renovation of local car parks by the city
authorities, thus increasing the number of available
spaces. While in zones D and A, there are only old, dense
buildings that prevent creation of new places, which

could involve the construction of parking spaces in close
proximity to residential buildings and their windows
and this would be against Polish law.

Comparing the three zones with the highest number
of inhabitants, A, D and F, the last one was the one
that recorded the lowest number of occupied zones at
any time of the day. This is due to the largest number
of parking spaces per 100 inhabitants; in this case it
amounts to almost 34, where for zone A it is almost 21
and for zone D more than 18 parking spaces per 100
people. In addition, zone F has the latest development
compared to the rest of the estate zones, making it easier
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Table 12 List of indicators for all the zones of the Jadwizyn estate during the study period from 30/11/2020

to 06/12/2020

Figure 12 Zone H [35]

Zone

Date Time A B D E G
W, [%] W, [%] W, [%] W [%] W, [%] W, [%] W, [%] W, [%] W, [%]

06.00-08.00 67.5 3.0 25.0 63.4 12.7 63.2 52.2 3.4 12.5

30 Nov 14.00-16.00 71.0 0.7 50.0 87.9 10.8 21.1 81.3 4.0 22.5

21.00-23.00 90.5 5.5 25.0 95.2 14.6 53 86.6 4.8 32.5

Average 76.3 3.1 33.3 82.2 12.7 29.8 73.4 41 22.5

06.00-08.00 60.5 0.8 25.0 60.8 10.2 63.2 50.1 12 12.5

D 14.00-16.00 715 2.6 25.0 90.1 9.8 26.3 76.3 2.3 17.5

01 Dec 21.00-23.00 94.0 6.9 75.0 94.9 8.5 15.8 87.8 51 30.0

Average 71.3 3.4 41.7 81.9 9.5 35.1 714 2.9 20.0

06.00-08.00 64.5 16 25.0 66.7 7.7 73.7 54.9 5.4 10.0

14.00-16.00 89.0 2.8 100.0 84.6 12.1 42.1 81.9 2.2 22.5

02. Dec 21.00-23.00 95.5 4.2 25.0 97.1 11.3 15.8 84.6 3.5 275

Average 83.0 2.8 50.0 82.8 104 43.9 73.8 3.7 20.0

06.00-08.00 63.0 3.2 25.0 62.3 9.4 63.2 54.3 2.2 17.5

03.Dec 14.00-16.00 815 18 25.0 93.4 8.2 31.6 68.8 13 20.0

21.00-23.00 92.0 3.8 25.0 94.5 14.0 26.3 88.7 4.0 35.0

Average 78.8 2.9 25.0 83.4 10.5 40.4 70.6 2.5 24.2

06.00-08.00 66.0 2.3 25.0 61.5 8.9 57.9 47.2 1.3 10.0

D 14.00-16.00 86.5 1.2 75.0 85.7 10.3 26.3 73.0 1.2 22.5

04-Dec 21.00-23.00 93.0 3.2 50.0 96.3 10.6 26.3 82.8 2.9 32.5

Average 81.8 2.2 50.0 81.2 9.9 36.8 67.7 1.8 21.7

06.00-08.00 82.5 18 25.0 80.2 7.3 26.3 68.2 2.6 25.0

05.Dec 14.00-16.00 84.5 3.0 25.0 85.7 11.5 15.8 774 15 35.0

21.00-23.00 94.5 2.1 50.0 97.1 12.1 15.8 84.9 4.2 40.0

Average 87.2 2.3 33.3 87.7 10.3 19.3 76.9 2.8 33.3

06.00-08.00 85.0 2.4 0.0 84.6 7.8 21.1 72.4 2.9 30.0

06 Dec 14.00-16.00 84.0 3.0 0.0 90.5 8.1 10.5 85.5 3.1 27.5

21.00-23.00 96.5 4.7 0.0 99.6 12.9 0.0 86.9 3.8 40.0

Average 88.5 3.3 0.0 91.6 9.6 10.5 81.6 3.2 32.5

Average 81.9 2.9 33.3 84.4 104 30.8 73.6 3.0 24.9
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Table 13 List of indicators for all the zones of the Jadwizyn estate during the study period from 30/11/2020
to 06/12/2020

Zone
Date Time A B D E F G
W, (%] W, (% W_ [%] W, [%] W,[%] W,/[% W, [%] W,[% W, I[%]

06.00-08.00 82.5 5.5 25.0 79.9 11.0 474 60.2 3.4 27.5
11.Jan 14.00-16.00 92.5 6.7 25.0 88.3 5.8 15.8 73.6 4.0 20.0
21.00-23.00 94.0 79 0.0 92.7 12.6 10.5 84.6 6.7 32.5
Average 89.7 6.7 16.7 86.9 9.8 24.6 72.8 4.7 26.7
06.00-08.00 79.0 7.3 25.0 75.8 8.2 68.4 58.8 2.5 30.0
12.Jan 14.00-16.00 89.5 6.1 75.0 90.5 10.5 21.1 7.7 3.1 275
21.00-23.00 91.5 8.5 25.0 91.2 12.9 10.5 86.4 6.9 35.0
Average 86.7 7.3 41.7 85.8 10.5 33.3 74.3 4.2 30.8
06.00-08.00 715 4.8 0.0 72.9 12.1 57.9 52.5 5.1 22.5
13.Jan 14.00-16.00 88.0 6.1 50.0 89.0 11.5 31.6 76.6 3.1 275
21.00-23.00 94.5 7.3 50.0 93.8 10.2 10.5 84.3 5.6 32.5
Average 86.7 6.1 33.3 85.2 11.2 33.3 71.1 46 275
06.00-08.00 76.5 79 25.0 79.9 6.0 57.9 56.4 3.2 30.0
14.Jan 14.00-16.00 90.5 9.7 25.0 84.2 10.0 26.3 79.8 2.6 275
21.00-23.00 94.0 11.5 50.0 90.8 10.9 5.3 84.0 3.5 40.0
Average 87.0 9.7 33.3 85.0 9.0 29.8 73.4 3.1 32.5
06.00-08.00 75.5 7.3 25.0 82.1 8.5 68.4 55.2 2.2 20.0
15.Jan 14.00-16.00 86.5 8.5 50.0 88.3 11.2 21.1 81.0 3.3 375
21.00-23.00 92.0 9.1 50.0 94.5 12.0 10.5 85.8 4.5 35.0
Average 84.7 8.3 41.7 88.3 10.6 33.3 74.0 3.3 30.8
06.00-08.00 80.0 6.7 50.0 76.9 10.5 63.2 71.2 4.2 32.5
16.Jan 14.00-16.00 88.5 6.1 50.0 86.8 14.8 5.3 78.3 49 40.0
21.00-23.00 93.5 8.5 50.0 96.0 15.6 15.8 88.4 6.0 45.0
Average 87.3 71 50.0 86.6 13.6 28.1 79.3 5.0 39.2
06.00-08.00 83.5 7.9 25.0 76.2 9.1 52.6 74.5 6.4 375
- 14.00-16.00 89.5 8.5 50.0 90.5 10.9 15.8 85.2 2.8 35.0
21.00-23.00 96.0 10.9 50.0 971 13.6 5.3 872 5.1 475
Average 89.7 9.1 41.7 879 11.2 24.6 82.3 4.8 40.0
Average 87.4 7.1 36.9 86.5 10.9 29.6 75.3 4.2 32,5

Table 14 Cumulative intensity indicator for all the zones of the Jadwizyn estate

Zone

Indicator Time
Al A2 Bl B2 C1 C2 D1 D2 E1 E2 F1 F2 Gl G2 H1 H2

%%%%- 699 792 214 25 - - 68.5 777 52,6 594 571 613 168 28.6 - -
14.00-
82 893 429 464 - - 88.3 882 248 195 777 1789 239 30.7 - -
W . [%] 16.00
cl
21.00-
23.00 93.7 93.6 357 393 - - 964 937 15 98 86.1 858 339 382 - -
Average 81.90 87.40 33.30 36.90 - - 84.40 86.50 30.80 29.60 73.60 75.30 24.90 32.50 - -
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to leave cars, e.g. thanks to underground parking lots
that belong to new multi-family buildings.

The highest percentage of incorrectly parked cars
was in zones A, D and F. It was observed that incorrectly
parked cars were most often located in close proximity to
residential buildings and therefore often made it difficult
to move around parking lots, e.g. by obstructing other
vehicles and garbage arbors, leaving narrow passages
that forced users to perform additional manoeuvres with
the vehicle in order to park or leave the parking lot. The
available parking spaces in the evening hours were most
often located far from the places of residential buildings,
which was an inconvenience for the residents and they
preferred to leave the vehicle in the wrong place, rather
than park it correctly. It is worth mentioning that
some of the cars parked incorrectly did not hinder the
movement of other vehicles and pedestrians, standing in
unused places, e.g. neglected parts of sidewalks, which
due to their width are able to accommodate several
vehicles.

In zone B, despite the lack of public parking spaces
intended for residents, there were no incorrectly parked
vehicles and parking spaces under the local store were
used mainly by the store’s customers. It follows that
the lack of publicly available parking solutions is the
result of the residents of the zone having parking spaces
on private properties, which fully covers their needs.
Moreover, zone B, due to its distance from multi-family
housing, is not an interesting place to leave a vehicle
for people living in other zones. The situation of the H
zone is similar, because here we are also dealing with
single-family houses, which have parking spaces on the
property and the residents of these houses do not need
to leave their cars in public parking spaces available
throughout the estate.

Zone G, despite having a car park, which was
originally intended for use by employees of the educational
institution, was used mainly in the afternoon and
evening hours, most likely by residents of the nearby
zones A, D and H. This is the result of an insufficient
number of places in the zones mentioned, especially at
times when the largest number of residents spent their
time at home. It is worth taking into account that due to
the situation related to the prevailing pandemic, school
classes were held mainly remotely, which could result in
a decrease in the intensity of parking spaces used in this
area in the morning.

Zone E has parking spaces located at workplaces. It
can be concluded that the car parks located in this zone
are used only by plant employees, as indicated by the
highest traffic hours. The largest number of parked cars
was between 6 AM and 8 AM and with each subsequent
hour of testing, their number decreased. The evening
average number of cars parked in this zone was the
lowest. No incorrectly parked vehicles were observed,
which allows to conclude that the parking spaces are
sufficient to meet the needs of employees or that they
also have parking lots at their disposal at the workplace.

Despite the failure to carry out the research for the
entire C-zone due to the purpose of the parking system
to meet the needs of the mall’s customers, during the
research for the rest of the estate, it was noticed that
the C-zone car park, which belongs to the “IBI” shopping
center, was filling up in the evening hours when the
gallery was closed. These cars remained there until the
very morning, which may indicate that the residents
of the estate, especially zone A, decided to leave the
car in the parking lot belonging to the store due to the
insufficient number of parking spaces in their zone.
Another issue indicating such a possibility is the drivers
leaving their cars in parking spaces located as close as
possible to zone A.

Summarizing the collected conclusions, evaluation
of the effectiveness of the parking system allows to
conclude that the discussed system is insufficient in
individual zones of the Jadwizyn estate, in particular
for zones A and D, where the situation prevailing during
the research allowed for the practically complete use of
available parking spaces, especially in the form of the
parking intensity indicator in the second observation
period, which increased on average by 5.5% for zone
A and by 2.1% for the second zone. This is particularly
evident when comparing the data from the first and
second dates. The observed increase in parking space in
the second period of the study results from the imposed
restrictions, related to, inter alia, with the closure of
large-format stores and shopping malls. This limited
the swinging movement between the place of work,
education and trade and the place of residence. The
situation allowed to “test” the efficiency of the parking
systems existing on the estate.

Referring to the idea of sustainable urban transport,
it can be stated that the parking system at the Jadwizyn
estate does not fit in with this transport policy. First
of all, the infrastructure was created with the current
needs of the inhabitants of that time in mind and not for
the long-term use. At the same time, it confirms that no
analyses, concerning the condition of the infrastructure
and the increasing interest in means of individual
communication, had been carried out before. Moreover,
the fact that drivers spend a lot of time driving around the
neighbourhood in order to find a vacant place is contrary
to the assumption of sustainable urban transport,
which aims to reduce the negative effects caused by the
excessive movement of combustion vehicles.

4 Conclusion

The conducted research made it possible to notice
that the problem of urban aging is not a problem faced
only by large agglomerations, but also by smaller
cities and towns. The technical progress that took
place in the automotive world was not foreseen at the
time when the Polish architecture was reconstructed
after World War II, the effects of which are still felt by
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drivers of vehicles involved in road traffic [37]. The basic
conclusion regarding the ineffectiveness of the Pila car
park in the Jadwizyn estate also concerns the archaic
structure of the existing systems, which do not meet
the expectations and needs of residents, contributing to
their general dissatisfaction. This is a problem especially
visible in periods when the public spends a lot of time
in their home areas (holidays, pandemic restrictions,
weekends).

However, attention should be paid to difficulties
that occurred during the examination. By examining
the intensity of the car park and its demand, authors
were not able to determine whether each parked vehicle
belongs to people living in multi-family buildings,
visitors or families living in single-family buildings.

Using the research, it was possible to assess the

effectiveness of the parking system that exists in the
Jadwizyn estate in Pila and to refer to the idea of
sustainable development with the presented results. The
conducted study proved that the system is not effective
for the community living in the estate and allows to
draw a conclusion that changes in the parking policy of
the estate should be made, for example by implementing
new parking solutions in the form of parking automation
or building a multi-level structure providing more
parking spaces. Continuation of the research in the field
presented would certainly help to implement even more
accurate solutions that would result in implementation
of the most effective parking systems, tailored both to
the structure of the estate and the needs of its residents,
this type of research could be carried out with help of
a survey conducted among residents.

References

[1] GOLASZEWSKI, A., KUKULSKI, J., TOWPIK, K. Vehicle transport infrastructure. Warsaw: Publishing House
of the Warsaw University of Technology, 2006. ISBN 9788372075901.

[2] PWN [online] [accessed 2020-06-10]. 2020. Available from: https:/sjp.pwn.pl/slowniki/parking.html

[3] Police statistical data [online] [accessed 2019-10-10]. 2019. Available from: http:/www.statystyka.policja.pl/

[4] UNCED. Agenda 21. In: United Nations Conference on Environment and Development UNCED: proceedings.
United Nations. 1992.

[5] KATES, R. W., CORELL, R. HALL, J. M., JAEGER, C. C., LOWE, 1., MCCARTHY, J. J., SCHELLNHUBER,
H. J., BOLIN, B., DICKSON, N. M., FAUCHEUX, S., GALLOPIN, G. C., GRUBLER, A., HUNTLEY, B.,
JAGER, J., JODHA, N. S., KASPERSON, R. E., MABOGUNJE, A., MATSON, P., MOONEY, H., MOORE
III, B., ORIORDAN, T., SVEDIN, U. Sustainability science. Science [online]. 2001, 292(5517), p. 641-642.
ISSN 0036-8075. Available from: https:/doi.org/10.1126/science.1059386

[6] STAPPEN, R. Brundtland report. New York, NY, USA: Oxford University Press, 2006.

[71 GALLOPIN, G. A. Systems approach to sustainability and sustainable development; sustainable development
and human settlements division ECLAC [online] [accessed 2020-06-10]. Santiago, Chile: Government of the
Netherlands Project NET / 00/063 “Sustainability Assessment in Latin America and the Caribbean”, 2003.
Available from: https://repositorio.cepal.org/bitstream/handle/11362/5759/5033119_en.pdf

[8] GERWIN, M. Sustainable development plan for Poland: local developmental initiatives [online] [accessed 2020-
06-10]. 2020. Available from: http:/www.sopockainitiative.org/earth/pdf/LIR-new.pdf

[91 KOZLOWSKI, S. The future of eco-development. Lublin, Poland: John Paul IT Catholic University of Lublin, 2005.
ISBN 83-7363-312-X.

[10] PEZZEY, J. C. V., TOMAN, M. A. The economics of sustainability [online]. 1. ed. London: Routledge, 2002.
eISBN 9781315240084. Available from: https:/doi.org/10.4324/9781315240084

[11]1 BORIS, T., BRZOZOWSKI, T. Analysis of the existing statistical data in terms of their usefulness for determining
the level of sustainable transport development with a proposal for their extension. Report on the implementation
of the expertise. Jelenia Gora-Warsaw. Logistyka. 2014, 3, p. 7254-7260. ISSN 1231-5478.

[12] SZTANGRET, I. Systemic sustainable development in the transport service sector. Sustainability [online]. 2020,
12(22), 9525. eISSN 2071-1050. Available from: https://doi.org/10.3390/su12229525

[13] ORTEGA, J., MOSLEM, S., PALAGUACH]I, J., ORTEGA, M., CAMPISI, T., TORRISI, V. An integrated multi
criteria decision making model for evaluating park-and-ride facility location issue: A case study for Cuenca City
in Ecuador. Sustainability [online]. 2021, 13(13), 7461. eISSN 2071-1050. Available from: https://doi.org/10.3390/
sul3137461

[14] CAMPISI, T., CASELLI, B., ROSSETTI, S., TORRISI, V. The evolution of sustainable mobility and urban space
planning: exploring the factors contributing to the regeneration of car parking in living spaces. Transportation
Research Procedia [online]. 2022, 60, p. 76-83. ISSN 2352-1465. Available from: https:/doi.org/10.1016/.
trpro.2021.12.011

[15] WU, E. H. K., LIU, C. Y., SAHOO, J., JIN, M. H., LIN, S. H. Agile urban parking recommendation service
for intelligent vehicular guiding system. IEEE Intelligent Transportation Systems Magazine [online]. 2014, 6,
p. 35-49. ISSN 1939-1390, eISSN 1941-1197. Available from: https://doi.org/10.1109/MITS.2013.2268549

COMMUNICATIONS 4/2022 VOLUME 24



EVALUATION OF THE PARKING SYSTEM EFFICIENCY BASED ON THE JADWIZYN SETTLEMENT... A215

[16] TORRISI, V., IGNACCOLO, M., INTURRI, G. Innovative transport systems to promote sustainable mobility:
Developing the model architecture of a traffic control and supervisor system. Lecture Notes in Computer Science
[online]. 2018, 10962, p. 622-638. ISSN 0302-9743, eISSN 1611-3349. Available from: https://doi.org/10.1007/978-
3-319-95168-3_42

[17] LITMAN, T. Parking management best practices. 2. ed. New York, NY, USA: Routledge, 2020. ISBN
9781351178686.

[18] CAL Y., CHEN, J., ZHANG, C., WANG, B. A parking space allocation method to make a shared parking strategy
for appertaining parking lots of public buildings. Sustainability [online]. 2019, 11(1), 120. eISSN 2071-1050.
Available from: https://doi.org/10.3390/su11010120

[19] HUANG, X., LONG, X., WANG, J., HE, L. Research on parking sharing strategies considering user overtime
parking. PLoS ONE [online]. 2020, 15, e0233772. ISSN 1932-6203. Available from: https://doi.org/10.1371/
journal.pone.0233772

[20] HAO, J., CHEN, J., CHEN, Q. Floating charge method based on shared parking. Sustainability [online]. 2019,
11(1), 72. eISSN 2071-1050. Available from: https://doi.org/10.3390/su11010072

[21] ZHAO, P., GUAN, H., WEI, H., LIU, S. Mathematical modelling and heuristic approaches to optimize shared
parking resources: a case study of Beijing, China. Transportation Research Interdisciplinary Perspectives
[online]. 2021, 9, 100317. ISSN 2590-1982. Available from: https:/doi.org/10.1016/j.trip.2021.100317

[22]1DUAN, M., WU, D., LIU, H. Bi-level programming model for resource-shared parking lots allocation.
Transportation Letters [online]. 2019, 12, p. 501-511. ISSN 1942-7867, eISSN 1942-7875. Available from:
https://doi.org/10.1080/19427867.2019.1631596

[23] JIAN, S., LIU, W., WANG, X., YANG, H., WALLER, S. T. On integrating carsharing and parking sharing
services. Transportation Research Part B: Methodological [online]. 2020, 142, p. 19-44. ISSN 0191-2615. Available
from: https://doi.org/10.1016/j.trb.2020.09.013

[24]1J1, Y., DONG, dJ., LAIL, Z., FENG, Q. Optimal allocation of shared parking spaces for hospital parkers considering
parking choice behaviour under bounded rationality. Transportation Letters [online]. 2020, latest articles,
p. 1-12. ISSN 1942-7867, eISSN 1942-7875. Available from: https:/doi.org/10.1080/19427867.2022.2048226

[25] BIENCZAK, M., FIEREK, S., KICINSKI, M., MERKISZ-GURANOWSKA, A., ZMUDA-TRZEBIATOWSKI,
P. Calming traffic in historic city quarters. Case study: Poznan. Poznan: Poznan University of Technology,
Department of Transport Systems, 2018.

[26] BRZESZCZAK A., IMIOLCZYK, J., CZUMA-IMIOLCZYK, L. Sustainable public transport - social assessment
of collective transport in Czestochowa. Urban Studies. 2018, 30, p. 85-98. ISSN 2082-4793.

[27] History of the town of Pila [online] [accessed 2020-06-10]. 2020. Available from: http:/www.pila.pl/pl/historia.
html

[28] Generating localization [online] [accessed 2020-06-10]. 2020. Available from: https://geohack.toolforge.org/

[29] Pila poviat, Statistical vademecum of the local government - Pila municipal commune [online] [accessed 2020-
06-10]. 2020. Available from: https:/poznan.stat.gov.pl/

[30] Bulletin of public information - Pila City Hall [online] [accessed 2020-06-10]. 2020. Available from:
http://bip.pila.pl/

[31] Pila City Hall [online] [accessed 2020-06-10]. 2020. Available from: http://www.pila.pl

[32] Pila economy [online] [accessed 2020-06-10]. 2020. Available from: http:/www.pila.pl/pl/48-gospodarka.html

[33] Development strategy of the city of Pila until 2035 [online] [accessed 2020-06-10]. 2020. Available from:
http://www.pila.pl/pl/strategia-rozaran-miasta-pily-do-2035-roku.html

[34] Resolution No. XIV/195/11 of the Pila City Council [online] [accessed 2020-06-10]. 2020. Available from:
http://www.bip2.um.pila.pl

[35] Geoportal [online] [accessed 2020-06-10]. 2020. Available from: https:/mapy.geoportal.gov.pl/

[36] JEDYNAK, Z., KOZDRAS, K. Assessment of the parking system of the housing estate F. Kotula in Rzeszow.
Logistyka. 2015, 4, p. 3867-3874. ISSN 1231-5478.

[371 GACA, S., SUCHORZEWSKI W., TRACZ M. Road traffic engineering. Theory and practice. Warsaw: Publishing
House of Communications and Communications in Warsaw, 2008. ISBN 978-83-206-1947-8.

VOLUME 24 COMMUNICATIONS 4/2022


http://www.pila.pl/pl/48-gospodarka.html



