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Develop network traffic models and control 
approaches to increase mobility and multimodality 
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What are the effect of mode 
conflict and operation ? 

Outline

Part III

Can MFD model be applied for 
multimodal networks? 

How to capture the dynamics 
of large-scale system?

Multimodal Urban 
Network with Limited 

Parking and Pricing

Motivations: 
• Cruising-for-parking and delay
• Parking choices: on-street vs. garage
• Dynamic parking pricing
• System-optimal pricing and competition

Limited downtown 
parking in SF 

Real-time 
parking info 

 Zheng and Geroliminis (2016), Trans. Res. Part B



System dynamics – General representation
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Dynamics of one region with cruising
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(7b) 
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x: vehicle activity
r: moving with internal 
destination
o: moving with external 
destination
s: cruising



Methodology – Bi-modal with parking choices

q The disutility of traveling from region 𝑖 to final destination region 𝑘

∑V∈9→q 𝑇𝑇$
V +𝑝>�q + 𝑇$;�q

∑V∈9→q 𝑇𝑇$
V +𝑝=q

∑V∈9→q 𝑇𝑇&
V + 𝑐&

V

q Nested Logit mode choice split

on-street (limited)

𝑇𝑇*
V : travel time of using mode 𝑚 in region 𝑗

𝑝�q : the parking price of using parking facility 𝑥 at the final destination region 𝑘
𝑇$;�q : the cruising time for on-street parking at the final destination region  𝑘
𝑐&
V : other disutility of using bus in region 𝑗

(time index 𝑡 is omitted)

garage

- Bus

- Car
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Aggregated multimodal choice
• Estimated cost (mode disutility) from real-time  

• Nested-logit mode choice

𝜔𝑖𝑏(𝑡) =
exp+𝜏𝑏 ∙ 𝐶𝑖𝑏(𝑡)/

exp+𝜏𝑐 ∙ 𝐶𝑖𝑏(𝑡)/ + exp+𝜏𝑐 ∙ 𝐶𝑖𝑐(𝑡)/
 

Car, on-street parking

Car, garage parking

Bus

Bus share :

On-Street 
parking share :



Pricing Schemes
• Pbasic: constant garage pricing, on-street parking is free

• P1: Optimal constant garage and on-street pricing

• P2: myopic traffic-responsive pricing

• P3: System Optimum Pricing

• P4: Pricing competition between on-street and garage
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Fixed Pricing &
Resultant cruising time

Demand & Mode split MFD center region

Cost per mode



System Optimum Pricing (P3) 
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Time-dependent Pricing &
25% less cruising time

Earlier mode shift
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Congestion-responsive pricing (P2)

- Price, garage

- Price, on-street

MFD (center region)

q Control objective: 
• Maintain general congestion level below
• Maintain cruising congestion level below
q PI-type feedback control strategy

𝑁𝑐𝑟  

𝑁𝑠𝑇  

𝑁𝑠𝑇  𝑁𝑐𝑟  
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Cruising time vs. searching vehicles



50

0 500 1000 1500 20000

2

4

6

8

Ns,center (vehs)
T cr

u (m
in

)
 

 

Basic scenario

0 5000 10000 150000

500

1000

1500

2000

Ncenter
c  (vehs)

O
ce

nt
er

c
 (v

eh
s/

3m
in

)

 

 

MFDcenter

8h 9h 10h 11h 12h0

2

4

6

8

t

Va
lu

e 
un

it

 

 

pg ($/hr)
pos ($/hr)
Tcru (min)

8h 9h 10h 11h 12h0

1000

2000

3000

4000

5000

6000

t

Ac
cu

m
ul

at
io

n 
(v

eh
s)

 

 

Ns,center

Ncenter
c

0 500 1000 1500 20000

2

4

6

8

Ns,center (vehs)

T cr
u (m

in
)

 

 

Basic scenario

0 5000 10000 150000

500

1000

1500

2000

Ncenter
c  (vehs)

O
ce

nt
er

c
 (v

eh
s/

3m
in

)

 

 

MFDcenter

8h 9h 10h 11h 12h0

2

4

6

8

t

Va
lu

e 
un

it

 

 

pg ($/hr)
pos ($/hr)
Tcru (min)

8h 9h 10h 11h 12h0

1000

2000

3000

4000

5000

6000

t

Ac
cu

m
ul

at
io

n 
(v

eh
s)

 

 

Ns,center

Ncenter
c

𝑁𝑐𝑟  

𝑁𝑠𝑇  

𝑁𝑐𝑟  

50

0 500 1000 1500 20000

2

4

6

8

Ns,center (vehs)

T cr
u (

m
in

)

 

 

Basic scenario

0 5000 10000 150000

500

1000

1500

2000

Ncenter
c  (vehs)

O
ce

nt
er

c
 (

ve
hs

/3
m

in
)

 

 

MFDcenter

8h 9h 10h 11h 12h0

2

4

6

8

t

V
al

ue
 u

ni
t

 

 

pg ($/hr)
pos ($/hr)
Tcru (min)

8h 9h 10h 11h 12h0

1000

2000

3000

4000

5000

6000

t

A
cc

um
ul

at
io

n 
(v

eh
s)

 

 

Ns,center

Ncenter
c

Pricing and cruising over time

Number of cars over time

Congestion-responsive pricing (P2)



Parking price competition (P4)

q Operators and objectives

q Competition scenarios
• Cooperation: maximize the common benefit
• Individual maximization: change prices knowing the other’s

51

PHT: total travel time
Tos: total toll paid, on-street parking
Tg: total toll paid, garage parking
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Parking pricing competition

q City operates on-street parking to minimize total user cost

min
𝒑𝒐𝒔𝒊

𝑇𝐶 =∑*,_,9(𝑃𝐻𝑇 +𝑂𝑛𝑠𝑡𝑟𝑒𝑒𝑡 $$ + 𝐺𝑎𝑟𝑎𝑔𝑒$$)

q Real-estate firm operates garage parking to maximize revenue 

max
𝒑𝒈𝒊

𝐺 = ∑*,_,9 𝐺𝑎𝑟𝑎𝑔𝑒 $$

Ø Efficient frontier of Cooperative pricing 
max
𝒑𝒐𝒔𝒊 ,𝒑𝒈𝒊

𝑍 = 𝜶 Z (−𝑇𝐶) + (1 − 𝜶) Z 𝐺
Ø Converging behavior of Competitive pricing

A bi-level pricing adjustment

Competition round

G
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• Parking research deserves attention, as everybody needs a spot   

DISCUSSION




