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Traffic is NOT the number of lanes.
Traffic engineers’ job is NOT about building bigger roads.



ransportation & Traffic in Zurich
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When it comes to smart transportation options and city planning, Zurich can credibly
claim to be the global champ. This Swiss city has enacted a number of policies and
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ZURICH — While American cities ate synchroniring green lights to
improve traffic fow and offering apps to help drivers find parking. many
European cithes are doing the opposite crealing enviroaments openhy
hostile 1o cars. The methods vary, but the muission is dear — to make car
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Source:
http://www.streetfilms.org/zurich-a-world-class-transit-metropolis/
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PART I. Parking policy/condition
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Density

Public Parking
Car Ownership
PP per car
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4,135 /km 5,249/km 79%
67,081 (2011) 2 2%
177855 (2013) 2 2
0.38 ? 5

Core difference: All parking spaces are central controlled. Private parking
spaces are illegal to be used toward public. Profit is not as important.

Source: statistisches Jahrbuch, Stadt Zurich.


Presenter
Presentation Notes
Driving into an urban centre requires a place to park, and so a number of European cities have begun to simply reduce the supply of parking spots within their core. Both Zurich and Hamburg have frozen the existing parking supply in the city centre, and when a new space is built off-street, an on-street space must be removed. These spots are then repurposed as widened sidewalks or bike lanes. In Copenhagen, where parking spots are removed at a rate of about 32 spots per year, traffic has dropped by 6 per cent since 2005, even though car ownership has gone up by 13 percent. In addition to these cap-and-trade zones, the City of Zurich regulates how much new parking can be added by developers. A new building can only have parking spots if the surrounding roads can absorb the traffic without congestion, and air pollution levels will not be affected.
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Private Parking SVT

Parking requirements for different land use in Zurich

LAND USE TYPE PARKING REQUIREMENT
Residential 1space/120 m?
Commercial
First ;oo m? per unit 1space/120 m?
Over oo m? per unit 1space/210 m?
Retail
First 2000 m? per unit 1space/100 m?
Over 2000 m? per unit 1space/160 m?

Restaurants, cafes, bars 1 space/40 m?



Private Parking
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“New parking ordinance (28.11.2010):

Parking reduction where PT is well connected.
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*Related to clean air regulations and road capacity



Presenter
Presentation Notes
In addition to these cap-and-trade zones, the City of Zurich regulates how much new parking can be added by developers. 
A new building can only have parking spots if the surrounding roads can absorb the traffic without congestion, and air pollution levels will not be affected.



'Encouraging car-free SVLT
Car-free housing: increasing demand Zukunft inkl.

® households with at least one car
® households without car



Encouraging car-free SVT
umverkehR
Development ,Kalkbreite*: Zukunft inkl.

Car-free housing is possible




Public Parking: On-street parking SVT
Blue zone
- iﬂﬁﬂm m
ZH 000 000

| Residential Areas
Parking disc 15 CHF/day/all zone

Free for short time.
300 CHF/year

\ 4

Supplement Private Parking



Public Parking: On-street parking VT

White zone
- Time control 0.5h - 8h depends

- Must leave when time is up.
- 0.5 sFr. — 2.5 Sfr. /hour

i o-Fr oaoo-zmun"' =
S 0800-1600h



Enforcement

Many gentlemen happen to meet the wrong ladies when going out.

£33 Ml
wybz.ch  Umsteigen lohnt sich.

Stadt Zarich Ecomm2011 Toulouse

Tiefbauamt, M+P 18.5.2011, Seite 15



Enforcement SVan
Examples
200th Exceeding the permissible parking time Fine
a. to 2 hours 40
b. more than 2 but not more than 4 hours 60
C. by more than 4 but not more than 10 hours 100
224..1 |Parking available on the tram tracks to 60 minutes 120
-—-- .. 2 |[Keep on the tram tracks 80
225.. 1 [To park closer than 1.5 m from the next tram rail to 60 minutes 120
-—-- .. 2 [Keep closer than 1.5 m from the next tram rall 80
6. 1 Pgrklng available on the hard shoulder of a motorway to 60 120
minutes
- .. 2 |[Keep on the hard shoulder of a motorway except emergency 80
227..1 |Parking available on the hard shoulder of a motorway to 60 min | 120
- .. 2 |[Keep on the hard shoulder of a motorway except emergency 80




Public Parking: Off-street parking VT

Off-street parking: Pricing/Time control

- 1 sFr. -5 Sfr. /hour

- rogressive pricin
Parkhaus Accu progressive pricing

=

l/l Parkhaus Center Eleven

Adresse: /EL
Otto-Schitz-Weg Y ]
8050 Zirich Parkhaus Globus

Adresse:

Parkhaus City Parking

=~ Sophie-Tauber-Strass

194 Plitze 8050 Zirich

. Adresse:
Normal-Tarife: Angebot:
) Lowenstrasse 50 Adresse:
Mo - Sa: 08.00 - 21 342 Plitze 8001 Ziirich Adresse:
0.5 Std. / CHF 1,00 . Ge55ner_.alllee 14 —
Normal-Tarife: Angebot: 8001 Ziirich Uraniastra i
= - 8001 Zirich
Mo - 5a: 08.00 - 21.0 149 Plitze Angebot:

0.5 Std. / CHF 1.00
: Angebot:
Normal-Tarife: 620 Plitze

507 Platze

Mo - 5a: 08.00 - 20.00 normal-Tarife: davon 451 Kurzparking

1.0 Std. / CHF 3.50 )
(0.5 Std. / CHF 2.00 Normal-Tarife:
Tagespauschale CHF 40.00
0.25 Std. / CHF 1.10 v



Historischer Kompromiss SVT

Kreis1 1.8 km? — ‘I;ll/s§tor|scher Kompromlss von 1996

stnscbe Pmpl o
mprom

1990-2009 ._. B
On-street parking removed | e
10% (189 spaces) I e
N /: /C\\\
Off-street parking increased N
34% (544 spaces) AR LT SE D
ST Ve
= 'r\\\ \ :::\/.
e e
& -~ /’* ,\
TR e
g o A 8
RS

Erlqymrunggﬁzu Entstehung und Umse Zsung _'_'__*--‘*"5" ey



Public Parking SVT

Total public 67081

\
( \

73% 27%
on-street off-street

|

70% Blue zone (resident)
30% White zone




Parking Income (Public spaces) VT

~450 Million CHF / Year only consider three main business areas

Source:

Forderung der stadtischen Standortattraktivitat
durch effizienten und finanzierbaren Verkehr

Teil 1: Wirtschaftliche Bedeutung von Parkplatzen in
der Stadt Zirich

Quartier Lage Parkplatz | Parkplatze Total Jahreswert- Quartier-
schopfung je wertschopfung pro

Parkplatz Jahr in Mio CHF

Innenstadt Strasse 1'593 151'519.- 241
Parkhaus 2'137 77'260.- 165

Oerlikon Strasse 251 63'072.- 16
Parkhaus 442 42'111.- 19

Wipkingen Strasse 32 18'980.- 0.6
Parkhaus 101 14'098..- 1.4




PART I1: Search for parking SVT

Title:
How parking affects traffic performance on urban networks

¥

How much time individual travellers spent on Searching for
parking?

Did the traffic got worse because of parking issue?



Parking search estimation SVT

Existing studies

Empirical studies Macroscopic Model

Multi-agent simulations Dynamic
Parking Traffic

Traffic assignment

See full model in:

Cao, J., M. Menendez (2015) System dynamics of urban traffic
based on its parking-related-states, Transportation Research Part
B: Methodological, 81(2015): 718-736.



Introduction Parking search Parking maneuvers Parking data Conclusion

A parking-state transition matrix

Parking-related states:

Non-searching Searching

Parking
(parked)

l l

Traffic system Parking system



Introduction Parking search Parking maneuvers Parking data Conclusion

A parking-state transition matrix

Transition events:

N : N
Enter the area ~ Non-searching Start to search Searching
L/ : 4

L . 4 _
<Leave the area @epart parking Parking ~ Access parking

(parked)

l l

Traffic system Parking system



Introduction Parking search Parking maneuvers Parking data Conclusion

A parking-state transition matrix

Separate time into very small slices...

Parking system Matrix Traffic system
# vehicles # vehicles # vehicles
parked in each state driving

/ :
# searchers

NG v

Parking ___ Transition events ~ <«——— Travel speed
occupancy




Introduction Parking search Parking maneuvers Parking data Conclusion

A parking-state transition matrix

Enter the area?

Start to search?
In each time slice, how many vehicles Access parking?

Depart parking?

L_eave the area?

Cumulative over time

“Queuing” Diagram
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Enter the area

Macroscopic model

Cumulative number
of vehicles going

through each
transition event

Total travel time <

Start searching

i{f&\\

Access parking

search

Total search time
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Time Slices
Queuing diagram” of vehicles on urban networks



Introduction Parking search Parking maneuvers Parking data Conclusion

Methodology

In each time slice, how many vehicles

Input: demand distance /s

Enter the area> Non-searching Start to search > Searching

z Leave the area éepart parking Parking z Access parking
A (parked)

distance [,/ - parker period t,
distance [, - through traffic



@nroduction Parking search Parking maneuvers Parking data Conclusion

Homogenous Network
Parking spots
Searchers
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Presentation Notes
General assumptions:
The network is relatively small, compact, and homogenous
All existing parking spots are all identical and uniformly distributed
Drivers take the first available parking they find
At the beginning of each time slice:
The locations of available parking spots are random 
The locations of parking searchers are uniformly distributed
The locations of available parking spots and parking searchers are reset in each time slice 




@nroduction Parking search Parking maneuvers Parking data Conclusion

# available spaces

Travel distance

L L



Presenter
Presentation Notes
General assumptions:
The network is relatively small, compact, and homogenous
All existing parking spots are all identical and uniformly distributed
Drivers take the first available parking they find
At the beginning of each time slice:
The locations of available parking spots are random 
The locations of parking searchers are uniformly distributed
The locations of available parking spots and parking searchers are reset in each time slice 




Introduction

Parking search

Methodology (Access parking)

Parking maneuvers

Parking data

A parking space can visited at most by 1 searcher

it d'e|0.5'| > ni, =N {
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N Parking  # available spaces
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Conclusion



Introduction Parking search Parking maneuvers Parking data Conclusion

Numerical Example

Assumptions:

Queuing diagram

e L=1km s

o v =230km/h

e ke = 60 veh/km/lane i

+ kj = 150 veh/km/lane ik

e Qmax =1800 veh/h/lane B

e Lns/s=0.5km g 10

e Lp/=05km 5 + Enter the area

o N=200 trips ¥ ol * Start to search

« No through traffic 5 Access parking

« A=21 spaces g 50 Depart parking

» Average parking duration is 10 S . Leave the area
minutes e G G LR L

HNNrﬂ#UﬁmmthmmmEjﬁgﬂzzﬂﬁ

Time {min)



Introduction Parking search Parking maneuvers Parking data Conclusion

Application: Prediction
(traffic/ parking/ searching/ pollution)

Traffic
35 -~
30 4
25
20 -
Speed o
10 S
5
ﬂ—mmmmmmmm
™ = —H = —H H = A A A = T A —H = =
= ~ 6 =S W WP M~ 00 O 4 oM =L
= = = = =

Time {min)



Introduction Parking search Parking maneuvers Parking data

Conclusion

Application: Prediction

(traffic/ parking/ searching/ pollution)

Parking
120%
100%
Parking 80%
occupancy  60%
40%
20%

0%

| \
\

"G ATIRENERGE A

Time [min)

113
121
137
145



Introduction Parking search

Parking maneuvers

Parking data

Conclusion

Searching

Proportion of
searching
traffic

120%
100%
80%
60%
40%
20%
0%

Application: Prediction
(traffic/ parking/ searching/ pollution)

[

_l\llll L1101l g e LR ||um'n-n'|—|—rn'n1m11-|—|—n-n'rn'mL|'l—|'|'nn11'n'n—l'|'n
=l T P~ W e S P W el = W M e R P W
— N % R W W 00 O = NN M S

=l e e e e e

Time (min)



Introduction Parking search Parking maneuvers Parking data

Conclusion

Application: Prediction
(traffic/ parking/ searching/ pollution)

Pollution

329 -

——— Total distance d

30 -~ == == Searching state

25 - == == == Non-searching s
Travel 20 -
distance 15 -
10 -
5 A

0 -~ FTTITYITTITTITY

B T [ e [ R G e . = | — -

— N N < Wk~ 00 Oy ©O 1 N M <=

— = o o -

Time (min)



Introduction Parking search Parking maneuvers Parking data Conclusion

Application: Policy test

21 parking spaces

No time control

(avg. parking duration 10min)
| Searching time (minfveh)  Total driven distance (km)

_ _ Onginal 309 1394
Policy A. _—

More supply — Al(2parkingspaces) 293 (45 %) | Time is 1449[:4.95-1} Distance is
A2 (23 parking spaces) 219197 %) | reduced 1447(+3.8 %) |increased

||

Policy B. _J Bl (20 minutes maximum)  29.3 (-3.1 %) 1365 (-21 %)
Time control B2 (10 minutes maximum)  22.2 {-28.2%) 1205 {-7.1 %)

Some policies may reduce search time but simultaneously increase travel
distance



‘Macroscopic model: Applications ST
Searching Traffic
= # searchers = density
= share of searching traffic = speed

= searching time
= searching distance

Parking \

= occupancy

Shoup (2005)

30% traffic searching on road?

LA: Crusing distance 5794 kilometers
each day (equivalent to two round trips
to the moon each year)?

= travel distance

|

Pollution

Zurich?




Parking search (Jelmoli area)
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Presenter
Presentation Notes
A case study is given based on the central shopping area Jelmoli, within the city of Zurich, Switzerland. This area is located in the old town with many shopping centers but also a lot of offices from the financial sector. The radius of the area is 300 meters. 


Parking search (Jelmoli area)

Cumulative number of vehicles

- Inputs include demand and parking duration

3000
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Parking search (Jelmoli area) VT

- Methodology

Cao, J.,, M. Menendez (2015) System dynamics of urban traffic based on its
parking-related-states, Transportation Research Part B: Methodological, 81(2015):

718-736.
Macroscopic Model
Dynamic
[ Parking ] [ Traffic ]
- Results
One day

Cruising time: 105 hours

Cruising distance:1575 kilometers



# avallable parking spaces

250
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150

Number of available parking spaces

100 -
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Validation

Time (hr)

Number of available parkings over time
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# searchers VS. # available parking spaces SVT

A0 T T T T T T T T TT71 T o T r T T T 1

# searchers '
95 | # available spaces -
30 | ]

ft
tn
1
—

# of vehicles
&

18 L ‘ |
10 I | I
| noA |

01 2 3 4 5 6 78 9 1W0M12131415161718 192021 2223 24
Time (hr)



‘Probability of finding parking SVT

09 | -
08 | -
0.7 | -
06 | -
05 | -

04 L -

03 | -

Probability of finding parking
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‘Search time (reciprocal of probability) C\f
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Share of searching vehicles o
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# Searchers v.s. parking occupancy

a0 T T T T T T | T |

00:00-12:00 loading
12:00-24:00 unloading

26

Before you decide on Parking, is there
alternative transportation modes? PT
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Conclusion SVT

- In Zurich: Parking search exist in the area, not only for on-
street, but also for off-street garages. The searching condition is
acceptable.

- In other cities? Parking could be potentially BAD for traffic.

- Parking information such as estimated searching time should be
provided, and taken into consideration before trips are made.

- Parking supply cannot be isolated from PT.

- Policy & Technology:

— Dynamic pricing?

~ ParkU (Airbnb for private parking)
~ Time control?

— Pay by phone?

— Real time parking data?



afgy Zurich

Vancouver

US cities

Shanghai

http://flickrhivemind.net/Tags/parking,z%C3%BCrich/Interesting




THANK YOU!

Jin Cao, IVT, ETH Zurich.
Jin.cao@ivt.baug.ethz.ch



mailto:Jin.cao@ivt.baug.ethz.ch

