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Evacuation timing modeling approaches

Evacuation behavior modeling framework BRI LA BB ET YV 7o0—F
BHITEET LA

@ Aggregate models Cumulative ratio models
£5tETIL E> REBHEETIL
Evacuation participation Survival models_\\

& departure time choice ® Disaggregate models E> TFERTETIV
M= a7 N I = —_—
rﬁ%ﬁ%}]ﬂ&l}ﬁﬁﬁnﬁ%%ﬂ 3F$E‘|':ET)|/ Discrete choice models
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Destination choice

. Destination choice modeling approaches
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R hoi D Aggregate models Gravity models
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Evacuation timing models

BEBARESRIE T L — |

POssc | |11 P(sse]
j=1

Sequential binary logit (Fu and Wilmot (2004))
BERZIEADYRETIL P(t)s/c= Probability of evacuation at time interval t

Survival model

t
EEFERBBTETIL Stay
Evacuate
t+At Stay
Evacuate
t+2At S

Evacuate

Adapted from Pel et al. (2012)
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Evacuation timing models Parametric hazard function (urata and ato (2013)
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An(t1Xp) = Ao(t)ef Xn

Sequential binary logit

e — . N Random parameter hazard function (Hasan et al. (2013))
FR-BEOSYRETIL P

TG LINTGAZ— N\ —FEE L

Survival models An (| Xy, wp) = Ag (t)eﬁ;th
EERRETIV B, = B + wy,

Weibull distributed base rate
DIAT IS ALz —FEESR

A, (t) = AP(At)P~1

X, : Covariates affecting the hazard rate
wp: Random parameter

(INTGARYY D FEK) (Parametric Approach)
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Disaggregate modeling approaches in previous literature

Destination choice models
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MNL=*NL models
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Destination choice models
(separated by destination type)

(Cheng, Wilmot and Baker (2008))
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Nested logit model of destination type
(Mesa-arango et al. (2013))

B4 TR A TyRkAD Yk

N

Public facility  Relatives/Friends Other

?\ﬁﬁ;ﬁ\ HEC- R A Z Dtk
Hotels Public shelters
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In disaster situations, trips other than evacuation are rarely considered

LRI . BAIMERLGEDITEIETILIFAIRIZHETET S

In most studies, activities such as evacuation timing, destination choice, etc. are modelled independently.
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Evacuation timing model description

Accelerated failure time model (AFT)

INDARN ) O EFEREETIL: IEETIL

Survival function [P(T = t)]
S HFEH

(The explanatory variables rescale time directly)

S(t, X, 0) = So(teX)

f® ]
S(t,X,0)

Hazard function [
NF—FER
A(t, X, 0) = Ao(te?%)ebX

t=observed evacuation time

BUBIL B 2 B in B 2

X=a vector of covariates
HEHDRIRNIL

6 =a vector of parameters to be estimated

HET B/INTGA—EZDRNIN)L
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Model linear specification*

ETILDERIAETE
Y=u+ou
Y—u
Y =1In(t) u=06Xx u = > o =Scale parameter

Normally distributed error - Lognormally distributed time t

ERTfLI-REIR > MBERDTMLI=t

*A linear regression model where o is estimated as an ancillary parameter
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A simplification of the model

H Byt RE R

« Alternatives aggregated based on altitude 1E25 CEIRRES
* Only final evacuation considered ¥R BEMDHA (V7 —%EZEHET)
* Multinomial Logit, Spatially Correlated Logit, Generalized Nested Logit

=
H

Safety S(h) Safety Threshold

@«
Observed path

il
I

» Altitude h
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The premise: The error terms of both models are correlated. However,

AR S ETILOREEMNEEL TS, LA,

MNL error terms £; > Gumbel distributed AFT error terms a; - Normally distributed
MNLDIREIBe,>H NIV EFDREBReSIERSM
exp(Vy;) Y — In(t;) — 60X
F(e,) = Vai Fla) = o (F—*) = o (tq) d
exp(Vai) + Yexq €Xp(Vey) o Oat

d=Normal CDF. IEFR7 D BIEH B
d=destination. H A HH

To specify the correlation between both error terms, both distributions are converted to a normalized standard distribution.

ERDMEFERDPTEHRDIEEZTIETET -0 BEEERTHTDESTHZTIEET 5.
e = J1(eq) = D 1F(gq) a* = J(a) = P F(ay)

®~1=Inverse of the CDF. 5% B %
B RIED B Reference:(Lee(1983), Habib et al (2009))
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1 In(ty;) — 60X £q) — o (a
P(time = ty|destination = d) = P(time = ty|e < J,(g4) = <p( (ta) m) d Ji(€a) = par - J2(%ar)

BLepT: Ogdt 2
1—-pg

p=error term correlation parameter . 32 ZIHFHR/ NS A—F—

o=variance of the AFT model

The likelihood function to maximize is then,

EANETHLERHII.

N D

Dgi Dgi
1 In(ty) — 60X, J1(eq) — pat * J2(age)
ALL=1L Zi=1

g ,
dt 1 — pét

D4; = Dummy variable indication selected choice

LL = Li i D [ ( (ln(td) — 9Xm>> J1(ea) — pat * J2(aqr)
= ai Jnl @ —In(tgo4:) + In| @

%} ,
“ 1- pczlt

Reference:(Lee(1983), Habib et al (2009))
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OD matrix of evacuation trips (Final evacuation site only)

©® 0-D 1 2 3 4 5 6 7 8 Total

1 30 21 23 0 0 0 0 0 74

2 8 121 107 31 2 1 0 8 278

@ 3 1 12 29 6 1 1 1 6 57

©) @ 4 0 1 2 43 0 0 5 3 54

D 5 0 1 2 1 0 0 0 0 4

7 0 0 0 0 0 0 13 0 13

® @ @ 8 0 1 0 0 0 0 0 0 1

Total 39 157 163 81 3 2 19 17 481

Zone Average Average slope Number of buildings Number of safe buildings Average Maximum General zonal characteristics

altitude(m) (angle) (Size variable) (Over 3F, RC or SS) Flooding (m) Flooding (m)
Jou FHEE  THERAE RRR (rrxzg) ool SERE puaxme  mxmkme
BAa UF)

1 3.20 0.30 6,444 95 4.34 11.2
2 9.38 1.73 9,685 107 3.02 14.6
3 37.21 3.21 8,355 101 1.43 14.6
4 38.81 4.73 6,474 55 1.94 14.6
5 175.72 7.29 151 1 0.02 1.1
6 144.90 7.76 2,064 8 1.88 14.6
7 44.08 4.67 1,193 2 4.51 14.6
8 134.88 7.70 3,780 51 0.39 8.5
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Parameter name Coefficient S.E. t-stat Parameter name Coefficient S.E.  t-stat
Destination choice parameters Accelerated failure time model variances
Log of OD distance*Car -0.083 0.020 -4.139 o, 1.093 0.131 8.375
Log of OD distance*Other -0.255 0.022 -11.517 o, 1.453 0.083 17.556
Log of OD altitude difference(m) 1.608 0.163 9.839 o, 1.602 0.090 17.746
Log of OD altitude difference? -0.205 0.042 -4.909 o, 1.512 0.121 12.499
Average slope -0.596 0.089 -6.706 o 1.545 0.531 2.908
Size variable (Log of number of buildings) 0.829 0.121 6.869 o 0.861 0.404 2.130
Evacuation time parameters o, 1.204 0.197 6.110
Constant 2.545 0.336 7571 o, 1.318 0.229 5.763
Evacuation mode car 0.592 0.142 4.157  Correlation coefficients
Log of altitude at origin 0.307 0.090 3.405 p, 0.157 0.158 0.993
Knows refuge locations -0.422 0.173 -2.433 p, 0.059 0.138 0.428
Elder -0.246 0.138 -1.777 |p, -0.266 0.122 -2.179 |
Pa -0.083 0.120 -0.694
| p. 0.464 0.213 2.175 |
® P 0.374 0.320 1.170
P, 0.097 0.166 0.587
Pq 0.061 0.136 0.448
@
® @ LL(0) -5975.84
@ LL(B) -3006.84
® @ @ p? 0.497
adjusted p? 0.496
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Conclusions and limitations

The direction of the effects of parameters behaves as hypothesized in all models

Some correlations were observed between destination choice and departure time, which validates to some extend
this approach, but requires further analysis

Results might be sensitive to the aggregation scheme used, both in terms of zoning and scale (MAUP problem)

A more rigorous approach to alternative aggregation is needed

Not considered in this analysis:

* Network conditions
 Tour behavior
* Multiple evacuations



