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Review

Optimization models for large scale network evacuation planning and @<:mssmrk
management: A literature review

Vedat Bayram

Department of Management Sciences, Faculty of Engineering, University of Waterloo, 200 University Ave. West, Waterloo, Ontario, N2L 3G1, Canada

HIGHLIGHTS

We review network-based large scale emergency evacuation planning/management studies.

Relevant literature in urban transportation and human behavior science is covered. Ing
Static/dynamic, and deterministic/stochastic/robust modeling approaches are covered. %
Effective supply and demand management strategies are specified.

Optimization-based solution methodologies are reviewed, research gaps are identified.

— e R

This study presents a comprehensive review of network-based large scale emergency evacuation

planning and management literature, Evacuation planning and management approaches are mostly = _Is
based on traffic assignment approaches. For that reason, for a complete grasp of the ideas in evacuation I*I *‘ I =J]&

L I B

planning and management, the relevant literature in urban transportation is covered including traffic
assignment approaches, travel time modeling to represent congestion and traffic flow propagation
approaches. Correct estimation of evacuation response rates and demand distributions by human
behavior studies covered in this review contribute to an efficient evacuation planning and management
at a large extent. Since it is not cost effective to design the evacuation network from scratch for rare 8
disasters, the existing road network must be efficiently used for avoiding congestion to enable the
evacuation of the disaster area in a timely manner. We present studies that propose effective supply



Vedat Bayram (2016) DL E 12— X

Review: Optimization models for large scale network
evacuation planning and management: A literature review

* Vedat Bayram: University of Waterloo, CANADA

e Surveys in Operations Research and Management Science
21 (2016) 63—-84

e 2016 FEFETN286 AN ELEA—L TS

highlights

* We review network-based large scale emergency evacuation planning/management
studies.

e Relevant literature in urban transportation and human behavior science is covered.

e Static/dynamic, and deterministic/stochastic/robust modeling approaches are covered.
e Effective supply and demand management strategies are specified.

e Optimization-based solution methodologies are reviewed, research gaps are identified.
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Vedat Bayram (2016) DL E 21—®D&x

e We review network-based large scale emergency evacuation
planning/management studies.

2ot Bl ElrENICIRA T RERELTHRS (vo0)

e Relevant literature in urban transportation and human behavior
science is covered.

ABRREHEE IR D XA, M (BrHZER) . (B EBEH. 2258
EEEEE DITE) GEIN) RE, (FIMER. §lRICE

e Static/dynamic, and deterministic/stochastic/robust modeling
approaches are covered.

R B, REMISERRISO/NANTE

e Effective supply and demand management strategies are specified.
e EHE . — A ITIE - X &E K/,
FTEEH RS 1b(staging) - HRERF XI5 T - BEEFTE & - R IR EC

e Optimization-based solution methodologies are reviewed, research

gaps are ldentified.
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User Equilibrium vs System Optimal?

KERICX, TH#EEL, ERRVNT—V LORMERBILZEDTS
BEREFAL. PR CRBEGEREZEIRTESIEVVSUEDRIEED,
BCILLZELY [42, 43].

KEHIE, BETEOLISRELVABOFERE (141,

- WA B OBERFREZR/MET HBRBICOVTORHRZEZFES
= DBEDEERZEFFT=1EL [44, 45].

— BHORHEIROMERBZHNFESETLILOLTEDHENET
BHEIFEZIZLLY [46].

SOIF. RKBEEFANEEKRDNEMRZESHLIIORBEZTE R

—HENDEEHF L, B \b\ﬁ—ﬁtﬁ’)‘ﬁ’éi’tﬁdﬂ)FJ?EH#FEEM\EL\%:%E%L
il]")él'fbh%);&%&)é

— SOIX. ET UV BICIXRBETEIZAY, SHREITBSITH5,
IHERMIIZ(E. Nearest Allocation 7=H%, AR B BIDZ R /K ZE (F{ELD
— WENGR/NIERE. BRETHOR/DEEOZRIEEER



Constrained System
Tolerance-based use
. EIRAREM LSRR E LS

Optimal
r optimal

TRYAC B

— {& A D "acceptable" 7 E IR D FH TeaE b

— RIS LS E TR - B

Eﬁ%l:lq:@

* Bayram et al. [69]quick evacuation with a "fair"

assignment

— price of anarchy [70,48,49,71,50-53] measures the

impact of selfishness, the lack of
evacuees.

coordination among

— Koch and Skutella [72] and Bhaskar et al. [73] analyze
dynamic value of price of fairness, via temporal

routing games



Traffic Assignment Model

 Static evacuation models Beckmann et al. [28] &Y FHE
* Dynamic evacuation models based on DTA (Peeta &Ziliaskopoulos [40])

RS ETEOITHRE, KIRERYNT—IOADOERAEITS

— Merchant and Nemhauser [75]
— CTM (cell transmission model) based DTA by Daganzo [37,38]

— CTM developed into LP by Ziliaskopoulos [39].
B RITIZHEYETE AR, link-based THi#fpath (X E BRI ZIXFBH

— Dynamic network flows based evacuation models
time-expanded network (TEN) by Hamacher and Tjandra[76]

* the dynamic maximum flow problem,
* the earliest arrival flow problem,
* the quickest flow or the transshipment problem

e dynamic minimum cost flow problem
NP-Hard TZIEXBMOEET7I/ILT) X LA [154,163,133]



Evacuation modeling objectives
RS ETEIET )L B BIBAEK
minimizing the clearance time,
minimizing the maximum latency [52],
minimizing the total evacuation time,

minimizing average evacuation time,

maximizing the number of people reaching safety up to
a specified critical time T. (the quickest flow prob [154])

minimizing the time-based risk and exposure
[76,150,165]

the earliest arrival problem [162,157] within the
context of dynamic network flows [158,77].

_NoDORBIZIZHEEIZREZRMNDH S, S. Bretschneider

[77].
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FRI A mEXRBESTETIL

Cell-based Merchant-Nemhauser ETJ)L(Nied)aSE
min thl aal - pd + vi) 1 %%IJXOEEEIJ\'“Z

{v,p,ul
pt? + utcfl = pg+1 + vt+1 (2) ]
ve= {1, ,T—1}, va €Al(A; UAR)}
2+ ul = pl ‘vtE{1, T—1},vaeA: (3 . o =
Pt t — Pt+1 s 3 e UEARES
Pl = Dipr*t Ve WMENL Tl va&Ag (4 L 1)%73:3]
FH e
z ug = z v T/ Nk
=10 =10 () ) ,
we{tl,- , T—1},va €4, M N H/I
ud < §4H*— pf — vi) R | P2y
Wl - T—11 v cp® Hlééaﬁl%ﬁ
va < ca w €{1,~ T}, va €A (7) =
t J0—& &%
ud < Ce v e(1,- , T—1},va €A (8)
vi+ pd=D%2 0(gi en) v va €Ar (9  HHR{E
0< u? w1, , T—1}, va €A (10)

B 1 fiF ,.d\'rétb\ﬁ;é LP

_ 0< v p W €1, T}, va €A (11)
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EXETIL SRR | JRRER) | YRR | FOEE | FYwE
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sum of V sum of V sum of V

—700=<sumV —7/00=<sumV —700=<sumV
—500=<sumV< 700 —500=<sumV< 700 —500=<sumV< 700
—300=<sumVv< 500 —300=<sumV< 500 —300=<sumV< 500
—200=<sumV< 300 —200=<sumV< 300 —200=<sumV< 300
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sum of P times of queue sum of P times of queue
—100=<sumP =—10=<timesP —100=<sumP =10=<timesP

- 80=<sumP<100

== 60=<sumP< 80

- A40=<sumP< 60

== 20=<sumP< 40
0 <sumP< 20

JEFI_:(

- J=<timesP< 10
— 7=<timesP< 9
- 5=<timesP< 7
- 3=<timesP< 5

WWNESAT
EEDNRREREEE

O< timesP< 3

== 80=<sumP<100

- 60=<sumP< 80

- 4(0)=<sumP< 60

- 20=<sumP< 40
0 <sumP< 20
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queue= 0.4
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