
 

Agenda

14.00 - 14.30 Meet & Greet

14.30 - 15.00 The Bright Future of Parking – Frank De Moor – Q-Park

15.00 - 15.30 The Future Trends in Mobility – Giuliano Mingardo – Erasmus University 

15.30 - 16.00 Coffee break

16.00 - 16.45 Student presentations and interactions;

- The effects of private AVs on drivers' parking location choice, by Daphne van den Hurk (TU Delft)

- The social costs of on-street parking-searching, …, by Michael Mclvor (VU)

- Know before you go: predicting parking space occupancy …, by Robert Boer (EUR - RSM) 

16.45 - 17.00 Celebrating the Ward Vleugels Thesis Award

17.00 - 18.00 Networking (Drinks & Snacks)



 

A bright future for parking
CEO Q-Park BV | Frank De Moor | March 15 2018
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But first, some perspective …
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Electric vehicle
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Autonomous vehicle

© Q-Park 2018 6



 

Ride-sharing vehicle
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Car-sharing vehicle
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Gartner Hype Cycle
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Gartner Hype Cycle – Emerging Technology 2015
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Gartner Hype Cycle – Emerging Technology 2015
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Gartner Hype Cycle – Emerging Technology 2017
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Gartner Hype Cycle – Emerging Technology 2017
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Technology changes vs human nature

“Technology changes all the time; 

human nature, hardly ever.” 
Evgeny Morozov
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Who stops predictable behaviour of AVs in city centres?
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Balance emotion and reason
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Reason says; “Sharing + active transport is smart !”
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Emotion does the other
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Because our car is …
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As the car is 
our holy cow!



 

New passenger cars sales in 2017
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Just over 15 million new passenger cars

in the European Union

(growth 3.4% vs 2016)



 

What penetration of AV is needed to reap benefits … 
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How fast will AV penetration go, knowing that …
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50x 10x



 

Letting go on highways (100% penetration)

2045
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Letting go in city centres (100% penetration)

2085
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We need to separate transport modi – on highways
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We need to separate transport modi – in city centres
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We need to separate transport modi – in city centres

At the expense of on-street car parking
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Off-street car parking capacity is the solution 
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The solution for ...
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As an urban partner, we need to nudge ...
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As an urban partner, we need to facilitate … 
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Oh, but ...
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One more thing



 

Many AVs will not park at the outskirts of town
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Because, how long will people wait for their ride?
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And, what will happen at peak moments?
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Many AVs need to park nearby
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Be aware when advocating AVs
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16%



 

Be aware when advocating AVs
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27%



 

Be aware when advocating AVs
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39%



   

Be aware when advocating AVs
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VMT increase from 30% to 70%

Public transport decreases from 44% to 14%

Traffic increase by 80%



 

Oh My God ...
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So, how to support cities today for a bright tomorrow …

By broadening our planning perspective
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So, how to support cities today for a bright tomorrow …

By designing adaptable PPPs, and focus on the P of Partnership
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So, how to support cities today for a bright tomorrow …

By showcasing that purpose-built parking facilities are a key infrastructure asset in smart cities
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Mobility

Accessibility

Liveability

Sustainability

Economy



 

Focus on partnership
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... and be flexible
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Urban Mobility: past, present and 
future

Dr. Giuliano Mingardo
Erasmus Centre for Urban, Port and Transport Economics

Erasmus University Rotterdam
mingardo@ese.eur.nl

Q-Park Thought Leader Event – 15 March 2018
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Urban Mobility: past 
and present

2



Er
as

m
us

 C
en

tr
e 

fo
r U

rb
an

, P
or

t a
nd

 T
ra

ns
po

rt
 E

co
no

m
ic

s (
Er

as
m

us
 U

PT
)

3

Urban Mobility
In Europe there have been three general eras of 

urban mobility:

• 1890s till 1930s: WALKING
• 1930s till 1950s: BUS & BICYCLE
• 1960s on: CAR
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How did urban mobility change in 
the last decennia?

Two major changes happened:
1. The matrix Origin – Destination (home-work) has 

changed;
2. The number and type of activities has changed;
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Urban Mobility
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Evolution of commuting

HOME WORKPLACE

HOME

KINDERGARTEN WORKPLACE

GYM

SUPERMARKETFRIENDS
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Cumulative Modal Contribution to 
Economic Opportunities

Horses
Maritime shipping

Canal shipping

Railways

Roads Air

Telecommunications
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Ec
on

om
ic

 O
pp

or
tu

ni
tie

s

Industrial Revolution Mass 
Production

Globalization
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decennia?

Which factors did influence the change in mobility in 
urban areas?

• Welfare;
• Technological development;
• The transition from an industrial economy to a service 

economy first and a knowledge economy later;
• Higher participation of women in the job market;
• Spatial planning;
• New location factor for companies;
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decennia? (Cont.)

Which factors did influence the change in mobility in 
urban areas?

• Aging and multipop
• The distance among family members is getting bigger; at the 

same time proximity is important for care (for old people)
• ‘New families’/ ‘patchworkfamilies’ due to divorces, new 

relationships, etc…
• Health is getting important as lifestyle; more interest in sport
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Urban Mobility: future 
developments

10
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The future of mobility
Supply of mobility
• Suppliers of a transport 

mode (Railways, Car 
manufacturers, Bike ,…)

• Suppliers of more transport 
modes (Car Manufacturers, 
Dutch Railways,…)

• SERVICE PROVIDER

Demand for mobility
• Demand for a transport 

mode (car, PT, bike,…)

• Demand for a mobility 
solution (from A to B)

11
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Which trends will influence 
mobility in the future?

• Car ownership
• Car use
• Electric cars
• Bike use
• MaaS
• …

• Societal changes
• Urban quality of life
• High quality public 

transport
• Other functions for 

parking?
• …

14 March 2018 12
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14 March 2018 13

CAR OWNERSHIP
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CAR OWNERSHIP
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KiM, 2014

CAR OWNERSHIP
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CAR USE
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Time, Dec. 2017

CAR USE
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AD, 12 okt 17 

CAR USE
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24 nov 17 



Er
as

m
us

 C
en

tr
e 

fo
r U

rb
an

, P
or

t a
nd

 T
ra

ns
po

rt
 E

co
no

m
ic

s (
Er

as
m

us
 U

PT
)

14 March 2018 20

BBC, 19 sep 17 
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AD, 4 dec 17
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BIKE USE
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BIKE USE
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BIKE USE
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BIKE USE
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MaaS
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September 17
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MaaS
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MaaS
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07 dec 17
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AD, 28 aug 17Quality of Life
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High Quality PT AD, 29 nov 17
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High Quality PT



Er
as

m
us

 C
en

tr
e 

fo
r U

rb
an

, P
or

t a
nd

 T
ra

ns
po

rt
 E

co
no

m
ic

s (
Er

as
m

us
 U

PT
)

14 March 2018 35
Parking 2.0
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Parking 2.0



Er
as

m
us

 C
en

tr
e 

fo
r U

rb
an

, P
or

t a
nd

 T
ra

ns
po

rt
 E

co
no

m
ic

s (
Er

as
m

us
 U

PT
)

14 March 2018 37

The Guardian, okt 17

Parking 2.0
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Parking 2.0
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Conclusions
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THANKS
Giuliano Mingardo

Erasmus Universiteit Rotterdam
mingardo@ese.eur.nl
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RESEARCH OBJECTIVE

RESEARCH SCOPE

- Find the importance of factors that could influence drivers’ parking location choice

- Use the results to guide parking policy for the future situation

Private and highly automated vehicles



‘‘What is the effect of private highly automated vehicles on drivers’ 
parking location choice, based on parking constraints?’’

RESEARCH QUESTION

INTRODUCTION
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CASE STUDY:
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Movie: trip with a private highly automated vehicle
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- RISK OF PARKING FEE

ATTRIBUTES 
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- GENDER
- AGE
- INCOME
- VALUE OF THE CAR
- NUMBER OF TRIPS 
WITH PRIVATE VEHICLE 
TO INNER CITY
- FAMILIARITY WITH AVs 
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- RISK OF DAMAGE
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Parking cost
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Parking cost
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no 
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- business trip

- recreational trip

PARKING 

LOCATION

CHOICE

TRIP CHARACTERISTICS 

PERCEPTIONS 

PERSONAL 
CHARACTERISTICS

FIXED PARKING LOCATION PREFERENCE: 28% 
Individuals are not influenced by attributes 

PIC:

PEC:

- short trip duration

- long trip duration

- trip reimbursement

- no trip reimbursement



- Safety during trip important: less sensitive for ‘risk of extra waiting time’ and ‘risk of parking fee’
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RESULTS

POLICY
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CONCLUSIONS AND
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drop-off and 
pick-up point

BASE SCENARIO WHAT-IF SCENARIOS

28%
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‘‘Reduce the number of on-street parking places’’

‘‘Minimize the number of empty vehicle kilometres’’
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CONCLUSIONS

- Trip characteristics, perceptions and personal characteristics do not have much effect on the attributes that 
influence drivers’ parking location choice

- Individuals are most sensitive for a change in direct costs: ‘parking cost’ and ‘risk of parking fee’

- Individuals are less sensitive for ‘personnel surveillance’ and ‘risk of extra waiting time’

‘‘What is the effect of private highly automated vehicles on drivers’ parking location choice, 
based on parking constraints?’’



‘‘DE WERELD VERANDERT, MOBILITEIT BLIJFT’’
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Parking externalities, parking policy, and cruising for parking

Michael McIvor and Jos van Ommeren

Searching for parking



Developed a methodology to estimate the external 
cruising costs for on-street parking
Based on the theoretical model developed by 

Zakharenko (2016)
We apply this methodology to the city centre of 

Melbourne 

Overview

2
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 Traffic congestion and emissions have large externalities, 
and are extensively studied, however little research has 
been completed into parking externalities.
 In city centres and urban areas, parking is a very important issue
 The cost of parking supply is substantial, and comprises a large 

share of overall travel costs.
Can improve on existing typical policies
 Which only worry about blunt vacancy rates

 Previously it was very difficult/cumbersome to estimate 
cruising costs, e.g. by survey or field observation
 Now can estimate using on simple metrics – arrivals and vacancy

Why is this useful?

3



 The time costs of finding a car park increase with occupancy
When I park, I increase occupancy, and therefore increase 

search costs for other arriving drivers
𝑈𝑈 𝑛𝑛 𝑡𝑡 = Consumer benefit of parking for currently parked 

motorists 𝑛𝑛 𝑡𝑡
 𝐶𝐶 𝑡𝑡 = search costs for arriving drivers
 𝑘𝑘 � 𝑁𝑁 economic cost of providing parking bays, 𝑁𝑁

Welfare = ∫0
𝑇𝑇 𝑈𝑈 𝑛𝑛 𝑡𝑡 − 𝐶𝐶 𝑡𝑡 𝑑𝑑𝑑𝑑 − 𝑘𝑘 � 𝑁𝑁

Fundamental idea
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Welfare = ∫0
𝑇𝑇 𝑈𝑈 𝑛𝑛 𝑡𝑡 − 𝐶𝐶 𝑡𝑡 𝑑𝑑𝑑𝑑 − 𝐾𝐾 𝑁𝑁


𝜕𝜕𝜕𝜕 𝑛𝑛 𝑡𝑡
𝜕𝜕𝜕𝜕(𝑡𝑡)

= 𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕(𝑡𝑡)

∴ 𝑝𝑝 𝑡𝑡 = 𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕(𝑡𝑡)

optimal pricing condition

 ∫0
𝑇𝑇 − 𝜕𝜕𝜕𝜕 𝑡𝑡

𝜕𝜕𝜕𝜕
𝑑𝑑𝑑𝑑 = 𝑘𝑘 optimal supply condition

Social optimum

5
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 Assume vacancy is 10% 𝑣𝑣 𝑡𝑡
 Therefore a driver expects to search for 10 

parks, i.e. 1
𝑣𝑣 𝑡𝑡

 Estimate it takes ~1 second to drive 
past each car park (r)
 So at this occupancy, each driver 

searches for ~10 seconds 1
𝑟𝑟𝑣𝑣 𝑡𝑡

 Let total number of arriving drivers is 
(𝐴𝐴 𝑡𝑡 ), and their value of time is (c)
 Lower the vacancy, the higher the 

search time/costs

Search costs of parking

6

Total search cost:

𝐶𝐶 𝑡𝑡 =
𝑐𝑐𝜓𝜓
𝑟𝑟 �

)𝐴𝐴(𝑡𝑡
𝑣𝑣 𝑡𝑡
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 If a parked driver departed
 The number of parked cars 𝑛𝑛 𝑡𝑡 would slightly decrease
 the vacancy rate 𝑣𝑣 𝑡𝑡 would increase
 And arriving parkers would marginally save search cost

 This is the marginal external cost imposed by a parker 𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕(𝑡𝑡)

Marginal external search cost

7

Marginal external cost of parking:

𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕(𝑡𝑡) =

𝑐𝑐𝜓𝜓
𝑟𝑟𝑟𝑟 �

𝐴𝐴(𝑡𝑡)
𝑣𝑣 𝑡𝑡 2
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 There is no natural marginal cost of parking 
 The optimal price of parking (per unit of time) internalises 

the external search cost, effectively as a Pigouvian tax
 This price per hour encourages drivers to depart once their 

utility value of the parking space drops
 Internalising the parking externalities provides maximum 

social welfare

Optimal pricing policy

8

𝑝𝑝 𝑡𝑡 = 𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕(𝑡𝑡)

optimal pricing condition



Optimal pricing policy
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Marginal parker 
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Apply to Melbourne
 Requires implicit 

assumptions
 Street blocks
 With a minimum size of 

10 car parks
 Discretise time to 30 

minute intervals
 Search type
 Selection effect

Empirical 
investigation

10
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Figure 1: Price is $5.50 per hour Figure 2: Price is $3.20 per hour 

  
Figure 3: Prices are $1.70 or $2.00 per hour Figure 4: When there is no price per hour 

 

Empirical 
investigation

MEC
 Price
Occupancy
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Marginal parker 
welfare loss



 Implicit assumptions:
 Factoring for observable 

times

 Demand response 𝜕𝜕𝜕𝜕 𝑡𝑡
𝜕𝜕𝜕𝜕

 Current policy remains

Total marginal 
search cost 
per car park

13
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 Take average monthly 
rental costs as 𝑘𝑘
Can make rough 

welfare comparison

Total marginal 
search cost 
per car park

14

∫0
𝑇𝑇 − 𝜕𝜕𝜕𝜕 𝑡𝑡

𝜕𝜕𝜕𝜕
𝑑𝑑𝑑𝑑 = 𝑘𝑘

optimal supply condition



Allowing for walking time as 
well as drive search time 
Generalising the sampling 

rate
 Self-financing rule of parking
Adding congestion costs and 

vehicle operating costs
 Time limits versus pricing

Other avenues investigated

15
Therry Street, North Melbourne 
MPWL of $65 per hour on Sunday afternoons



 Should relax or strengthen the time restrictions (or even the 
price)?
 Negative marginal positive parker loss → relax time restrictions
 Positive marginal parker welfare loss → increase prices (or strengthen 

time restrictions)
 Should we add or remove on-street car parks?
 Approximate the economic costs/benefits

Melbourne conclusions
 Generally time restrictions should be relaxed
 Hours of restrictions extended
 Removing on-street car parks in outer areas is a good idea

Why is this useful?

16
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 Assume
 Vacancy averages 10%
 Total car parks (N) is 100 in the 

village
 100 people arrive to park over 

the day
 Takes 1 second to search each 

park (r)
 Value of time (c) is $20 per 

hour, 𝑜𝑜𝑜𝑜 20
3600

$/𝑠𝑠

Numerical example

18

 What is the expected search for each arriving driver?


1
𝑟𝑟�𝑣𝑣

= 1
1�0.1

= 10 seconds to find a car park

 What is the total time cost spent searching over this day?
 𝐶𝐶 𝑡𝑡 = c

r
� )A(t

𝑣𝑣
= 20

3600�1
� 100
0.10

≈ $5.50

 What is the marginal external cost of a motorist parking in 
this area?


𝜕𝜕𝜕𝜕(𝑡𝑡)
𝜕𝜕𝜕𝜕(𝑡𝑡)

= c
r�N

� A t
𝑣𝑣2

= 20
3600�1�100

� 100
0.12

≈ $0.55

 This means that if a parker was not there, and instead left an 
additional bay vacant, the total search cost incurred by 
everyone who arrives over a day would reduce by around 
$0.55
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▪ Introduction

▪ Methodology

▪ Analysis and results

▪ Conclusion

2

Agenda

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018



3

Introduction

Setting the scene

“Total kilometres travelled in cities 
expected to triple by 2050”

▪ Exploding demand for urban mobility:

▪ Road congestions

▪ Environmental harm

▪ Difficulties in finding parking space

▪ …

▪ ± 30-45% of traffic looking for parking space

▪ Cruising for parking space typically exceeds 
15 minutes

P

Negative effects

▪ Driver stress and – frustration

▪ Additional street congestion

▪ Waste of time, fuel and money

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018
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Introduction

Potential benefits of predicting parking space availability

▪ Current solutions fail to plan ahead

▪ Information may be invalid by time of arrival

▪ Cities and parking facility holders

▪ Better management of transportation and 

parking demand

▪ Disseminate predictions to drivers 

▪ Better informed parking decisions

▪ Reduce negative effects

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018



To what extent does including external, publicly accessible data in the predictive 
model for parking space occupancy influence its predictive performance?

5

Introduction

Research questions

1

To what extent does the predictive performance of the predictive model decrease, 
when the parking space occupancy is predicted further ahead in time?

2
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Methodology

Data collection and parking facility selection

Collection of historical availability data

▪ Amsterdam Open Data platform

▪ Parking availability in real-time for 42 parking garages 

in Amsterdam

▪ 27th of January – 23rd of April 2017

▪ 10-minute interval

Parking facility selection

▪ DSCAN clustering algorithm

Collection of external variables

▪ Weekdays (Central European Time)

▪ Holidays (Dutch Central Government)

▪ Events (Amsterdam Open Data platform + Facebook API)

▪ Weather variables (KNMI)

▪ Fourier terms (R ‘forecast’ package)

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018
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Methodology

Predictive modelling

Seasonal ARIMA models Artificial Neural Networks

▪ Effective modelling tool for time series data

▪ Capable of modelling autoregression and moving 

averages

▪ Classical and popular approach for prediction tasks 

in transportation domain

▪ Urban traffic flow prediction

▪ Forecasting electricity demand for electric 

vehicle parking lots 

▪ Relax non-stationarity and non-linearity constraints

▪ Flexible to sudden shifts in data

▪ Applied in many areas in transportation research

▪ Traffic pattern analysis, traffic control, traffic 

forecasting

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018
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Analysis and results

Weekly occupancy patterns

Working days show relatively similar 

behaviour

P27 Kalverstraat P02 VUmc (ACTA) P06 Pathe / HMH

Saturdays and Sundays show different 

occupancy patterns

Each parking facility is characterized by its 

own distinct occupancy pattern!

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018
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Analysis and results

Prediction results — inclusion of external variables

Significant model improvement Highest error rate reduction

Variables added SARIMA ANN MAE RMSE

Weekdays 0 / 3 0 / 3 - -

Holidays 1 / 3 2 / 3 30.51% 21.62%

Events 0 / 2 2 / 2 26.22% 21.84%

Weather 0 / 3 1 / 3 10.02% 6.58%

Fourier terms 2 / 3 3 / 3 42.81% 33.72%

All variables 2 / 3 3 / 3 49.15% 43.21%

Significant variables 2 / 3 3 / 3 44.02% 46.45%

Results

▪ Improvement of models when including external 

variables

▪ Performance improvement of including external 

variables dependent on:

▪ Predictive modelling technique used 

(SARIMA/ANN)

▪ Parking facility studied

▪ Including all variables ≠ best model performance! 

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018
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Analysis and results

Prediction results — extension of forecast horizon

▪ SARIMA and ANN models perform better than NF and 

SNF

▪ SARIMA for 1- and 6-step ahead forecasts

▪ ANN for 18-step and further ahead forecasts

▪ Steady increase but stable maximum error rate after 

36-step (6 hour) ahead forecasts

▪ RMSE values follow similar pattern

P27 Kalverstraat

Results

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018
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Conclusion

▪ Parking space prediction models can be significantly 

improved by including external variables

▪ Which variables to include dependent on predictive 

technique and parking facility studied

▪ No evidence for model improvement with weekdays and 

weather-related variables

▪ Holidays not objectively assessable

▪ Events lead to better forecasts in ANNs

▪ Fourier terms  allow for better capturing weekly seasonality

1 2
Error rates for predictions increase quickly for small 

steps, but remain stable after predicting six hours ahead 

and further

Master Thesis Presentation Ward Vleugels Q-Park Thesis Award  |  Robert Boer  |  15-03-2018
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The end

Questions?
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