CIV-455: Transport economics

Modeling and Optimization of
multimodal urban networks with MFD

Prof. Nikolas Geroliminis

Urban Transport Systems Laboratory

ENAC <P

ENVIRONNEMENT NATUREL, L U I S
ARCHITECTURAL ET CONSTRUIT

=Pr-L




s

Multimodal

& Modal competition
VIELEEMERL Passenger mobility

Smart controls

Passenger measures



s

-

Develop network traffic models and control
approaches to increase mobility and multimodality
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Zheng and Geroliminis (2016), Trans. Res. Part B
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Multimodal Urban
Network with Limited
Parking and Pricing

Motivations:
* Cruising-for-parking and delay
» Parking choices: on-street vs. garage
e Dynamic parking pricing

Limited downtown
* System-optimal pricing and competition parking in SF Real-time

parking info
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Dynamics of one region with cruising

NE@ = D Nes(®)

x: vehicle activity

r: moving with internal

\h------" -

destination
o: moving with external
destination
s: cruising
b b Region i
N; S MFDs P™ m € {b, c}
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N, (t) P;(t)
: Ox,i(t) - NC(t) l
s i x,i
Nyt +1) = Ny (6 + Q€ () + I (t) — 0, () (7a)
Ns,i (t + 1) = Ns,i (t) + 0r—>s,i(t) - Os,i(t) (7b)
Noi(t + 1) = Noi (£) + QF€ () + 1K () — 0, ; (£) (7¢)

(7d)

Ngi(t +1) = Ny (t) — Qfg )+ 0,54,:(0) (7e) i3

Nos,i(t + 1) = Nos,i(t) - QEOs(t) + Os,i(t)
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O The disutility of traveling from region i to final destination region k

fZ,-er Tch +pgs + Tk, _ Car { on-street (limited)
¢ Yieiok TT! +pk garage
X ZjEi—)k TTb] + Cé - Bus

J Nested Logit mode choice split

TT,{;: travel time of using mode m in region j

pX :the parking price of using parking facility x at the final destination region k

Tk, : the cruising time for on-street parking at the final destination region k

cé : other disutility of using bus in region j

(time index t is omitted)



Aggregated multimodal choice

e Estimated cost (mode disutility) from real-time
J
( Z jei—k TTc + Pcl)cs + Tckru Car, on-street parking

cf(t) 1 2jciok TT. + p§ Car, garage parking
2 jciok TT) + Dp7* 4+ Ty, Bus

* Nested-logit mode choice

eXP(Tb - C) (t))
exp(t. - € (t)) + exp(z. - CF (L))

Bus share : ! (t) =
CE =75 (In [exp (8- cE5(t)) +exp (B €59 ®))])-

oerking share W5ea @) = exp (8- C2°)) / (exp (B - CE°5(E)) + exp (B - CE0 ) )

t' =t +TT,
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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



System performance: flat-rate pricing (P1)
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Earlier mode shift Time-dependent Pricing &
Higher bus share 25% less cruising time
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Congestion-responsive pricing (P2)

 Control objective:
« Maintain general congestion level below N

e Maintain cruising congestion level below NsT
L Pl-type feedback control strategy

pg(t+1) =py(t) + c;(N°(t) — N°) - Price, garage

Dos(t + 1) = pos(t) + c;(NC(t) = N) + c,(Ng (t) — N5T) - Price, on-street
MFD (center region) Cruising time vs. searching vehicles
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Congestion-responsive pricing (P2)

Value unit
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Number of cars over time
6l Saving in PHT Total toll Toll efficiency Ave. cruising
delay (min)
(hrs) (hrs) (PHT.sav/Total Toll)
4.
Base scenario 0 660 0 3.7
o Strategy P1 1211 (2.7%) 2641 45.8% 1.9
Strategy P2 5944 (13.0%) 7207 82.5% 1.4
%h %h 10h 11h 12h Strategy P3 6990 (15.5%) 5857 119.5% 1.2

Pricing and cruising over time




Parking price competition (P4)
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J Operators and objectives

City manager mi(rg) TPC =Y ; m(PHT{™(t) + Tos{ (t) + Tg; (t))
Pos o

Garage company: max)BG =Y T9g;(t)
Pog '

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

J Competition scenarios
* Cooperation: maximize the common benefit
* Individual maximization: change prices knowing the other’s
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 City operates on-street parking to minimize total user cost

min TC =Y, ;(PHT +O0nstreet $$ + Garage$$)
Pos ”

[ Real-estate firm operates garage parking to maximize revenue

max G = Y., .; Garage $$

Pg
» Efficient frontier of Cooperative pricing » Converging behavior of Competitive pricing
max Z=a-(-TC)+(1—-—a)-G A bi-level pricing adjustment
PosPy .
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DISCUS
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* Parking research deserves attention, as everybody needs a spot
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