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AUTONOMOUS VEHICLES AND URBAN SPACE MANAGEMENT

Summary. Discussions on how urban space would be transformed by the use of
autonomous vehicles (AVs) are scarce. This study identifies the impacts caused by
the shared use of AVs on urban parking and urban space management.
An estimation method was formulated considering the reduction in parking
demand, the possible alteration in vehicle ownership, and the reallocation of urban
space. A case study was performed in a 673,220 m? area through scenarios created
by using real data of parking spaces and the results of previous studies. Results
showed that parking spaces can be saved with the use of shared AVs, which would
allow the reallocation of urban space to new uses (for example, implementation of
around 12,000 bike-sharing docking spots, 10 km bike lanes, 7 km additional traffic
lane or 140 ‘parklets’). The results contribute to revealing the positive impacts of
AVs.

Keywords: autonomous vehicle, urban space, land use, shared mobility,
reshaping cities

! Budapest University of Technology and Economics, Faculty of Transportation Engineering and Vehicle
Engineering, Department of Transport Technology and Economics, Miiegyetem rakpart 3, 1111, Budapest,
Hungary. Email: dahlen.silva@mail.bme.hu. ORCID: https://orcid.org/ 0000-0002-0287-5834

2 Budapest University of Technology and Economics, Faculty of Transportation Engineering and Vehicle
Engineering, Department of Transport Technology and Economics, Milegyetem rakpart 3, 1111, Budapest,
Hungary. Email: csiszar.csaba@mail.bme.hu. ORCID: https://orcid.org/0000-0002-4677-3733

3 Budapest University of Technology and Economics, Faculty of Transportation Engineering and Vehicle
Engineering, Department of Transport Technology and Economics, Milegyetem rakpart 3, 1111, Budapest,
Hungary. Email: foldes.david@mail.bme.hu. ORCID: https://orcid.org/ 0000-0003-4352-8166


http://sjsutst.polsl.pl/
mailto:foldes.david

170 D. Siqueira Silva, C. Csiszar, D. Foldes

1. INTRODUCTION

As autonomous vehicles (AVs) are under development, analysis of their impacts has become
important for understanding how they would affect people and space management. EXxisting
studies [9,14,19-22] focused on formulating models and calculating the reduction in the number
of vehicles and parking spaces. However, discussions on how urban space may be transformed
were barely made. Therefore, this research focuses on the transformation in urban space
generated by the use of AVs considering how changes in number, location and use of parking
spaces could save urban space and which new functions could be given to them.

A method was developed to estimate the reduction in demand for parking according to
alteration in ownership and the shared use of autonomous vehicles (SAV), as well as to estimate
the new uses of the urban space saved according to the priorities of decision makers. In this
study, all members of the society that are able to make decisions regarding future changes in
the city are considered decision makers. To demonstrate the applicability of the method, a case
study was performed in an area in Budapest, Hungary. Different scenarios were created based
on previous studies and real data of parking spaces were applied.

This paper is structured as follows: results of relevant literature are revealed in Section 2.
The developed estimation method, the scenarios and the collected data are presented in
Section 3. The results and findings are discussed in Section 4. This paper is completed by
concluding remarks including future research directions.

2. STATE OF THE ART
2.1. Autonomous vehicles in a sharing system

A car is parked approximately 95% of its lifetime [18]. The average car spends about 80%
of the time parked at home, is parked elsewhere for about 16% of the time, and thus, only in
movement for the remaining 4% [15Blad! Nie mozna odnalez¢ zZrodla odwolania.]. The main
motivation to use private vehicles is work-related, which causes a high parking demand in the
daytime, having the overall average parking time of 3.5 hours [15,18]. Nowadays, drivers need
to walk to the parking location to pick up their vehicles. Furthermore, cruising for parking spot
results in a tremendous amount of excess driving causing air pollution, crashes and traffic
congestion [10,11,18,22]. Nevertheless, the access walking distance and cruising for a parking
space are not a problem for AV users. There is no need to park the vehicle close to the
destination. However, reaching a distant and cheaper parking space can increase the empty runs
and vehicle miles travelled, generating additional cost, and consequently, the need for a
centralised parking management and control of AVs. Some modelling studies carried in the
United States [6,20] and Europe [1,2] show that the use of private AVs increase vehicle miles
travelled, reduce public transport use and slow modal shift. Moreover, it leads to a more
dispersed urban growth [16,17].

AVs have the potential of becoming a major catalyst for urban transformation (for example,
changing urban infrastructure, city design, mobility habits, and time spent during travelling)
[5]. It is suggested that the use of SAV fleet could mitigate current issues, such as increasing
car ownership, traffic congestions and, subsequently, the time spent travelling daily. To reach
the benefits, the social acceptance of AVs is needed, however, technophobia was found as
a significant factor against AV use [12].
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The impacts of the three types of ownership and market acceptance scenarios that may shape

the future demand for parking are [13]:

¢ Private use: the number of car parking might be the same as today, however, changes in their
location might occur as AVs can park far away from the destination.

o Shared use, but single occupancy: fewer parking spaces are expected, the duration of parking
would be reduced due to sharing.

¢ Shared use with multiple occupancy: only a few vehicles need to park, and the location of
parking spots is in strategic locations to provide mobility service with minimum waiting
time.

Private shared use can be also distinguished if the privately owned vehicle is shared among
acquaintances and family members. Moreover, AVs can park more efficiently than humans, the
on-street parking spaces might decrease independent of the reduction in vehicle number.
Furthermore, on-street parking might be exchanged to off-street parking such as parking
garages which could be automatised. Automatisation optimises the available space for its
construction as they do not need facilities for human use. In addition, off-street parking may
serve as points for charging, cleaning, maintenance and waiting areas for SAVs. Moreover, the
multi-row layout could also reduce parking space. A relocation strategy could be used to release
barricaded vehicles. The extent of vehicle relocation depends on the layout of the car park;
square-shaped car parking spaces can be more effective. The use of AVs can decrease the need
for parking space by an average of 62% and a maximum of 87% [7].

Main finding of existing studies regarding the alteration of parking space caused by the
different ownership of AVs are summarised in Blad! Nie mozna odnalez¢ zrodia odwolania..
The detailed results were used as inputs for the developed method presented in this paper.

Tab. 1
Studies about reduction of parking spaces
. Study - . .

Ownership | Study area Characteristics Reduction in parking spaces
Private Atlanta SAVs among the | -9.5% number of private vehicles,
Shared [20] USA " | members of the +15 minutes travel time per trip,

same household -12.3% parking space
0,
[18] Bﬁsstg\n, ig(ﬁ /Oors AVs -16% or -48% parking space
Shared, 0 -90.3% and -92.4% parking spaces;
single [5] AltJIz;rLt\a, Sg\e/t’riti/(c;rrlnﬁe r\'f:f 1 SAV can remove more than 20 cars;
occupancy P -4.5% in parking land use
i 0, 0,
[9] Fl,‘c;‘:‘tkfj %r:i’l é(,)a?\g or 50% -89.3% or -21.2% parking spaces
[14] Munich, | AV taxi fleet, 0%, | 40% penetration rate, 1 AV taxi can
Shared Germany | 20% or 40% taxi | replace 3 conventional cars
' 0,
multiple [13] | General pz)e/?leotfrg?);kfetzvel -90% parking spaces with ridesharing
occupancy - 5 3
[9] Il‘olfﬁj %rgl g&?\//; or 50% -94.4% or -24.2% parking spaces
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Former on-street parking areas could be divided into lanes for bicycles, other micro-vehicles
or public transportation services. Consequently, urban space management may be renewed
promoting walkability as well as areas focusing on well-being.

2.2. Pick-up and drop-off areas

One of the most important aspects considered in designing the urban space for AVs is the
pick-up and drop-off areas, especially in the case of shared use. Designated space is needed to
eliminate conflicts with the surrounding roadways and parking spaces.

The aspects to be considered when designing drop-off and pick-up areas are location, style,
sign, connection and comfort.

e The location of these areas should be close to the entrance of buildings, allowing users to
quickly get in or get off. Separated pick-up and drop-off areas are preferable so as to reduce
conflict areas and a better flow of users, however, common pick-up/drop-off area could be
built if the space is limited.

e The style of the areas should represent the functionality to distinguish it from other
infrastructure elements.

e The areas should have signs indicating their delimitations to support travellers and avoid
misuse of it.

e Seamless connection should be designed between pick-up and drop-off areas to allow AVs
to quickly pick another passenger after dropping-off the previous one.

e Ahigh level of comfort is needed during the waiting time (benches, phone charging, lighting,
internet, etc). However, the waiting time can be minimised with efficient demand-capacity
coordination.

Concluding the results of the state of the art, the alteration in parking management as the
consequence of AVs is presented in Blad! Nie mozna odnalezé¢ zrodla odwolania.. Urban
space is composed of private space and public space, such as streets, parking areas, green
spaces, parks, and squares. After the introduction of AVs, especially SAVs, the use of urban
public space will be altered. The most important impacts are fewer parking spots, off-street
parking facilities instead of on-street parking spaces, remote parking, parking close to each
other and reallocation of urban spaces.

3. METHODOLOGY
3.1. Estimation method for urban space transformation

The modal share, the type of ownership and parking could cause a significant alteration in
public parking space management, which could be transformed into new uses according to the
priorities of decision makers. However, the travellers’ willingness to walk to take an AV might
influence how much of the saved parking spaces would be transformed to pick-up and drop-off
areas. To estimate the size of the area allocated for new uses and to assume the type of the new
uses (bike lanes, green areas, etc.) after the adoption of SAV fleet, a method was elaborated
considering the aspects presented in Blad! Nie mozna odnalez¢ zZrédla odwolania..
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The annual alteration of urban space and future parking demands are considered due to the
expected increase in AV adoption. This method provides predictions regarding changes in
urban space management as a tool for city planners. The result of this method is the future
parking demand and possible reallocation of urban space. As a limitation, alterations in
population and the location of households are not considered. Furthermore, alteration in loading
points and charging spots for electric vehicles are neglected. The used indexes are presented in
Tab. 2, the variables used during the calculation are introduced in Tab. 3.

Tab. 2
Indexes

Sign

Name Set of value

k Parking alignment

k=1..z (1: parallel, 2: 45°, 3: 90°, etc.)

j | Type of ownership

j=1..m (1: private, 2: private shared, 3: shared with single
occupancy, 4: shared with multiple occupancy, etc.)

X Type of new use

x=1..y (1: public transportation, 2: improving walkability,3:
bike-related strategies, 4: additional traffic lane, etc.)

Tab. 3
Variables
Sign Description
VI jCO(t) Rate of increase in the number of conventional vehicles in year t
CO, (t—1) | Number of conventional vehicles in the year t-1 according to j ownership
VI jAV(t) Rate of increase in the number of AVs in the year t according to j ownership
AVj (t 1) Number of AVs in the year t-1 according to j ownership
SpAY Percentage of saved parking space caused by autonomous vehicles according
J to j ownership
OFS Percentage of off-street parking space from the total parking spaces
Pe, Percentage of parking spaces according to k arrangement
A Area of each parking space according to k arrangement [m?]
Rpr(t) Rate indicating how many private areas will be created in year t
Pp(t—1) | Percentage of private area created in the previous year (t-1)
Rate indicating how much pick-up and/or drop-off areas will be created in
Rpd(t) year t
Pd(t—1) | Percentage of pick-up and drop-off area created in the previous year (t-1)
R, Rate of space applied for new use related to x new use
A(t-1) Area for x new use correspondent to the previous year (t-1)
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Step 1: Number of parking spaces according to demand
The demand for parking in year t (D(t)) is calculated according to (1).

D(t)= [izn:(uwfo(t)). CO,(t-1)+ 3 S L +VI (1)) AV,(t-1)- (1-SP™ ) [(1-OFS) (1)

j=1 t=1 =1 t=1

Step 2: Demand for a parking area
The necessary area for parking in year t (P(t)) [m?] is calculated according to (2).

P()=D()- Y. (Pe, - A,) @

Step 3: Percentage of saved spaces used for private areas and pick-up and drop-off areas

Saved space is defined as the extra space resulting from the reduction of parking demand
caused by the use of SAV fleet. The percentage of it (Dm(t)) decided to use for private areas or
pick-up and drop-off areas by decision makers is calculated in (3).

Dm(t) = 1+ Rpr(t)) - Pp(t—1) + 1+ Rpd(t)) - Pd (t —1) 3)

Step 4: Area allocated for new uses

The size of the area in the year t (N(t)) [m?] allocated for new uses is calculated according
to (4) or (5). The latter considers the combination of areas for new uses, such as an area for
cycling or for public transportation, as well as the rates of increment/decrement of this portion
of land considering decision makers’ priorities.

N() = (P(t—1)— P(t))- (1— Dm(t)) 4
N(t):Z(l+ R,)-A(t-1) (5)

3.2. Creation of scenarios

Creation of scenarios represents an important tool to analyse how beneficial the adoption of
SAV fleet is for the reduction of parking spaces. Five scenarios were created (Tab. 4) and their
characteristics were based on previous studies [9,13,20]. Scenarios simulating the transitional
period, when the whole vehicle fleet is not fully composed by AVs, were created to analyse
whether AV acceptance in this period would bring significant benefits. It is important to notice
that Scenario 4 (transitional) presents private AV fleet and, in Scenario 5 (mix), the fleet is
private but shared among members from the same household. It was assumed that population
and land use would remain the same, as well as reduction of parking spaces in Scenarios 4 and
5, would happen proportionally to the results obtained from Scenarios 1, 2 and 3 according to
the type of ownership. For instance, in Scenario 5, the private SAV fleet would have 9.5%
reduction in parking spaces according to the result in Scenario 1.
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Tab. 4
Scenarios assumed with the use of AVs
Scenario Condition Input Parameters

1 Private ownership | 9.5% reduction in private vehicles with private sharing.

2 Shared, single 89.3% reduction in parking spaces with 100% shared fleet.
occupancy

3 Shared, multiple 94.4% reduction in parking spaces with 100% shared fleet.
occupancy

4 Transitional AV private fleet: 27%, shared single occupancy fleet:

33%, shared multiple occupancy fleet: 40%.
5 Mix Private SAV fleet: 10%, shared single occupancy fleet:

50%, shared multiple occupancy fleet: 40%

3.3. Data Collection

The following data should be collected according to the segments (for example, sides of
a block):
e the number of parking spaces,
e the location of parking spaces (for example, both sides of the street),
e arrangement of parking spaces (parallel, 45° or 90°),
e whether the parking space takes part of the sidewalk and what the extension of
the sidewalk occupancy is,
e characteristics of the surroundings.

The values used for calculation about the occupied area of parking spaces are based on
the dimensions according to the type of parking space shown in Fig. 3.

- —

N

a=5m, b=2.5m, ¢=3.5m; a=5.2m, b=2.5m, ¢c=3.5m; a=5.5m, b=2.5m, c=5m

- -

ol B

i i e A :

Fig. 3. Dimensions of the parking spaces according to the type
(Source: BME, Department of Industrial and Agricultural Building Design, 2013)

To prove the applicability of the developed estimation method, it was applied to an area in
the district X1 of Budapest, Hungary. It is mainly a residential area, however, it includes a big
shopping mall and a university as it is delimited by important public transportation stations with
underground and several tram lines. Blad! Nie mozna odnalez¢ zrodla odwolania. illustrates
the delimitation of the studied area. The district is 33,490,000 m? and had 148,517 inhabitants
in January 2019 according to the National Statistical Office. The area of study has
approximately 673,220 m? which would be occupied by around 3,000 inhabitants considering
a uniform distribution of population on land. The data regarding parking spaces was collected
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on field. The area was divided into 120 segments. Photos were taken to support the analysis
about how urban space is used.

Fig. 4. Delimitation of the studied area (Source: Google Maps)

4. RESULTS AND DISCUSSION
4.1. Situation analysis

In the studied area, mainly on-street parking spaces have been created. This type of parking
was considered the easiest solution for managing the increasing parking demand due to the
limited number of garages as the buildings are old. As the sidewalks presented large widths,
parking was allowed on part of the sidewalks in several cases. In some sidewalks, the entire
vehicle is parked on the sidewalk and, in others, part of the vehicle is on the sidewalk. Therefore,
sidewalks were shortened and space for pedestrians was reduced.

5% of the total area, 32,016 m?, is used for parking. Blad! Nie mozna odnalezé Zrédla
odwolania. shows the number of parking spaces and the occupied territory according to type
of parking.

Tab. 5
Number of vehicles and area of parking

Type of parking space 0° 45° 90° Total
Number of parking space | 1,076 1,279 141 2,496
Area for parking [m?] 13,450 | 16,627 | 1,939 | 32,016

Two thousand five hundred parking vehicles were counted during the on field measurement.
As most of the parking spaces do not have delimitation painted on the floor, excessive space
between vehicles may occur. Moreover, additional space needed for opening the doors will not
be necessary with the use of AVs.

52% of the original space of the sidewalk was taken, leaving small space for pedestrians. In
many situations, the space left is not enough for two people walking side by side. 8% of
sidewalks are narrower or equal to 1.20 m, the smallest width is 0.9 m, which coincidently
happens in the segment where parking space takes around 85% of the sidewalk. Near popular
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points of interest where the number of pedestrians is high, pedestrians must squeeze themselves
to commute. Furthermore, some drivers park their vehicles taking more space than the delimited
parking space, which reduces, even more, the available space for pedestrians and brings
irregularities, presenting danger mainly to the disabled people [3,4,8].

4.2. Application of the method

The results considering the determined scenarios are presented in Blad! Nie mozna
odnalez¢ zrédla odwolania.6. Furthermore, Blad! Nie mozna odnalez¢ zrédla odwolania.
illustrates the result of multicriteria analysis relating the saved space with the correspondent
percentage of the area of study, which allows better visualisation of the benefits. For calculating
the saved space, the elimination of parking spaces at 90 and 45° were the priority as more space
is occupied than the parking space with arrangement of 0°.

Tab. 6
Saved space in the area of study with use of AVs

Scenario 1 2 3 4 5
Saved parking spaces | 238 | 2,229 | 2,357 | 791 948
Saved space [m?] 3,200 | 29,083 | 30,747 | 10,389 | 12,430
Saved space [%] 0.47 4.24 4.49 1.54 1.85

Decision makers have an important question to answer regarding how saved space should
be used. Considering the ideal scenario for having a more liveable city, decision makers should
choose the use of a small percentage of the saved space for building pick-up and drop-off areas,
for example, 20%, and the rest for green and open spaces. The possible new uses of the saved
spaces are shown in Blad! Nie mozna odnalez¢ zrédla odwolania.. The deployment of
possible bike lanes, additional traffic lanes, parklets and docking spots in bike-sharing systems
instead of parking spaces were examined. Parklets are defined as areas with benches and green
spaces implemented in areas previously allocated to parking spaces. Their width has the same
dimension as the previous parking space. The parklets were estimated with dimensions of
3.5x50 m, the width of bike lanes was assumed as 2.5 m to benefit the two directions of bike
traffic, the width of traffic lane was assumed as 3.5 m and the space occupied per a docking
spots was assumed as 1x2 m. During the calculation, the ambitious predictions of the modal
shift* for 2030 in Budapest (walking: from 9 to 20%, cycling: from 2 to 10%) was considered.

2500 5.0%
Scenarios

2000 4.0% 1. Private Ownership
) , 2. Shared with single occupancy
§ 1500 3.0% 3. Shared with multiple occupancy
2. 1000 2.0% 4. Transitional
z 5. Mix
= 500 1.0%
= ) Saved parking lots
S 0:0% % Area of Stud

1 9 3 4 5 =09 Area of Study

Fig. 5. Saved parking spaces and correspondent percentage according to
the determined scenarios

4 Budapest Transport Development Strategy 2014-2030
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Fig. 6. New uses for the saved parking spaces. (Source: Author)

Besides the gained urban space, all of the saved space could be transformed into green
spaces. Additionally, sidewalk expansions could be done, and the estimated length of the traffic
lane may be provided for public transportation.

Furthermore, a small number of on-street parking spaces could be left for shared use. These
spaces would be used by delivery companies, for loading and unloading, and by electric vehicle
users for charging. Smartphone applications for booking a parking space may be very useful to
improve the efficiency of the SAV service when planning stops for charging, cleaning and/or
maintenance as well as when waiting for a new user.

Finally, the tendency of the presented results was expected. As there is an increase in the
number of shared vehicles, there is more possibility of reducing the number of vehicles on the
streets, and consequently, the demand for parking spaces. However, different results are
brought depending on the city to which the method is applied as the needed parking spaces are
influenced by the settlement structure, trip durations and distance travelled.

5. CONCLUSION

The introduction of AVs affects urban space management. However, the caused impacts
have not been well known yet. Therefore, this study presented an estimation method for urban
space transformation as the main contribution, considering the parking demand, the saved
parking space and its reallocation.

It was found that the more SAVs fleet are used, the more savings in parking spaces are
achieved which may receive new uses according to decision makers’ priorities. Results showed
that parking spaces can have new uses, such as the implementation of around 12,000 bike-
sharing docking spots, 10 km bike lanes, 7 km additional traffic line or 140 ‘parklets’.
The results presented practical applicability because they can suggest the intensity of changes
in urban space management and serve as input in city planning.

The method should be adapted to local characteristics as parking habits, distribution and
location of parking spaces may vary from one city to another.

Future research could consider local characteristics relating to the acceptance of AVs and
the priorities of decision makers regarding the changes in urban space through a questionnaire
survey. Furthermore, changes in population and in the location of households can be included.
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