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Traffic Simulation
(considering conflicts between vehicles
and pedestrians)

First-Best Benchmark Anakysis
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Po (Basic Model)

e All people are evacuees

* Total evacuation demand from each origin node is given
* Evacuees’ travel choices below are optimized to minimize the

objective function
(1) Departure time from the origin
(2) Evacuation routes

(3) Evacuation shelters (= destination nodes)

Cumulative Trips

'Y
Total Evacuees

Wating Tune

* Objective function
(1) Total evacuation time
(2) Completion time of
evacuation

Disaster

at Origins

Occurrence

Travel Time

Departures from ongins

Arrivals at Shelrers

» Time after Disaster

Completion of
Evacuation

Fig. 1 Cumulative Departure and Amival Curves during Evacuation 6




Flow Conservation at node i without queues

inflow outflow

A (D) M (1) = A (t=Ty) A ()

o

Constant link travel time

0

() I si(D)

generation @ attraction

OD centroid

— 2 A E=T)+ 2 4O -rO)+s O =0,

k, i, j € Node,

Vi.

Total evacuation time

Po(Qaﬂ)3 Minzz F : Si‘(t)a

Arrival time at shelters

=2 A=T)+ X A0 -r5)+5,()=0, ieN,
r

A1) = g, V(@.j)eL, vVt

Z:;r t)=0, (given) VieN

f=l

2 X5(1)=2.0

r=1 1} ]

A (1) =0, v(i,jleL, YVt
(=0, vieO, Vi

)=+ ;
|=0, vieO, Vi
(=0, vieD, Vi

S(r)=+

! |=o0, vieD, Wi

.
D s(1)<C, VieD

=]

# of arrivals

vt

Flow conservation at node i
Link capacity constraint

Given demand from node i

Demand constraint at
destination

Non-negative constraint

Shelter capacity constraint

8




P (no shelter choice = shelters are assigned to evacuees in advance)

* Total evacuation OD demand is given

* Following evacuees’ choices are optimized:
(1) Departure time from the origin
(2) Evacuation routes

P(Q,4): Min 3 > t-q,(t),

t od

=Y A (t=T, )+ D)X (t)+q,(t)=0, YieN, VizocO,Vt;

> Goal(t) =0y (given) Yoe0, YdeD

=1

DA<y, v(i,j)eL, Vt;

— " i

Ag(1) =0, (i, jlel, Yo O, Yt:

Qoa(1) 20, YoeO, YdeD, Yr:
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Extensions

Po Shelter choice (Basic Model)

P1 No shelter choice

P2 Shelter choice + No shelter choice
P3 Trip chain (pick-up behavior)

d

.. v
origin o O ¥ destination

& .
4" Intermediate node

ra(t) | Y Qou(1)

Fig. 2 Mlustration of Trip-Chain Trip

P4 Risk on a way to a shelter
Ps Vehicle conflict with pedestrians
Ps Optimum share of vehicle and pedestrian trips
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Enormous number of unknowns
- Decomposition of the LP

The number of unknowns tends to be enormous.

/’{% (t) -> (# of origins) x (# of links) x (# of time intervals)

500 «x 5000 x 500 -1.25x10°

eg)|shinomaki network (middle size)

Decompose the LP by
Lagrangian Relaxation Method
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P(Q..): Min 3 > t-qy(t),

t od

=D A(t=T, )+ A (1)+q,( VieN, VizoeO,Vi:
k J

T

Zqod(."):Qod ( given) YoeO, YdeD

=1

D A(t)< uy, Y(i,j)eL, Yt:

a

Ay(t) =0, Y(i,jleL, Yo O, Yt.
q.a(t)=0, YoeO, YdeD, Vi

Without this constraint, the feasible region of LP is
independent of origin o.
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Non- negative coefficients

R(Q,x): Min ZZt qod(t)+zBu(t)z i (0= )

ij,t

=Y A(t=T,)+> X (1)+q,(1)=0, YieN, VizoecO,Vt:
k J

T
Zqod(H:Qod ( given) YoeO, YdeD

t=1

N 1% gy s s ) T e

s A Y T ;

a

Ay(t) =0, Y(i,jl)eL, YoeO, Yt
q.a(t)=0, YoeO, YdeD, Vi

Given non-negative coefficients B;(t), P1’ can be
decomposed with respect to origin o (and d).
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Application to Ishinomaki

# of links = 5418, # of nodes = 2086
# of origins=521, # of shelters= 95
# of total demand=43986 veh, At =10 sec
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10 minutes later
B cars

First-Best Analysis at Ishinomaki
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First-Best Analysis at Ishinomaki
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First-Best Analysis at Ishinomaki
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60 minutes later

B Cars

First-Best Analysis at Ishinomaki
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Brief Statistics of the Result

Completion Time of Evacuation Average Evacuation Time
[minutes] [minutes]
25.0
7 20.0
57 56 21
15.0 e 18
10.0
5.0
0.0
Current Doubled Doubled Current Doubled Doubled
Infrastructure Capacities of Capacities of Infrastructure Capacities of Capacities of
10 Critical All Shelters 10 Critical All Shelters
Shelters Shelters

Lagrangian Multipliers tell critical links and critical shelters, etc.
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First-Best Benchmark Analysis
based on Normative Evacuation Behavior

‘ Disaster expected (disaster type, damages expected) ‘

First-Best Benchmark Performance

A 4

Scenario

Countermeasures (evacuation infrastructure and operation)
Evacuation Behavior (mode, route, time, destination)

v

Evacuation Performance (total evacuation time, # of victims, etc.) ‘

A number of scenarios with behavioral uncertainty must be tested
= Benchmark Scenario = Baseline performance must be understood

7 Benchmark Scenario 1 Scenario 2 Scenario 3
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