THE DETERMINANTS OF RESIDENTS’ EVACUATION BEHAVIORS

The determinants of residents’ evacuation behaviors in
the torrential rain in western Japan in 2018:
Examination of survey data of victims in Okayama
prefecture

Shoji Ohtomo™!"’, Reo Kimura®?, Yoshiaki Kawata™, and Keiko Tamura*

*I Konan Women's University, 6-2-23,Morikita-machi, Higashinada-ku, Kobe, 658-0001, Japan

TCorresponding author, E-mail: s.ohtomo@konan-wu.ac.jp
*2School of Human and Environment, University of Hyogo, Hyogo, Japan
*3 Faculty of Societal Safety Sciences, Kansai University, Osaka, Japan
"4 Risk Management Office, Headquarters for Risk Management, Niigata University, Niigata, Japan

The torrential rain (named “the July 2018 heavy
rain”) from June 28 to July 8 in 2018 resulted in
tremendous human and property damage. There
were 237 deaths and 7,173 cases of flooding above
the floor level. In the torrential rain, the low rate of
evacuation behavior of residents in the affected
area was also a problem. Okayama prefecture
conducted a mail survey with residents that
suffered housing damage caused by the torrential
rain (valid sample n = 3,765). The survey measured
residents' awareness and knowledge about flooding
before the torrential rain, and residents' estimation
of flooding and choice and reason of evacuation
behavior during the emergency heavy rain warning
and the evacuation order (emergency). This study
analyzed the determinants of residents' evacuation
behaviors during the torrential rain with the survey
data. As a result, although most residents were
aware of hazard maps before the torrential rain,
few of them estimated flooding. Most residents
were aware of the evacuation shelters and had a
prior evacuation plan. However, some residents did
not take any evacuation behaviors even in the
situation where their houses were damaged. During
the emergency heavy rain warning, feeling a sense
of crisis was an important factor to promote
evacuation behavior. And, during the evacuation
order (emergency), recognition of action by the fire
department and police was an important factor to
promote behavior. Moreover, residents’' judgment
based on scientific information such as hazard
maps and estimation of flooding before the
torrential rain had few effects on evacuation
behavior during the emergency heavy rain warning
and the evacuation order (emergency). Therefore,
the study indicates the importance of an approach
to residents’ affective decision making, instead of
rational decision making, to promote evacuation
behavior, when people are in unusual situations.
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1. Introduction
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2.Method

2.1. Survey data
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2.4. Awareness of flooding before the disaster
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2.5. Estimation of flooding and evacuation
behavior during the disaster
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Table 1 Cross table of evacuation behavior by the levels of housing damages
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3.Result

3.1. Evacuation behavior during the disaster
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3.2. Awareness of hazard maps before the
torrential rain for each housing damage
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Table 2 Cross table of awareness of hazard maps before the disaster by
the levels of housing damages
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2°(12)=24.25.p =.019

Table 3 Cross table of prediction of flooding before the disaster by the
levels of housing damages
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3.3. Residents’ estimation of the flooding before
the torrential rain for each housing damage
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3.4. Awareness of evacuation shelter before the
torrential rain for each housing damage
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Residents’ evacuation planning before the
torrential rain for each housing damage
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3.5. Residents’ estimation of flooding during the
torrential rain
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Table 4 Cross table of awareness of evacuation shelter before the
disaster by the levels of housing damages
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Table 5 Cross table of evacuation planning before the disaster by the
levels of housing damages
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Table 6 Cross table of estimation of flooding during the disaster by
housing damage
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3.6. The determinants of residents’ evacuation
behaviors during the emergency heavy rain
warning
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Table 7 Results of the Bayesian logistic regression for evacuation behavior during the emergency heavy rain warning

label oddsrate  mean se mean sd 95%LCI 95%UCI n eff Rhat
Intercept 454 -789 .002 339 -1.455 -130 23939 1.000
T4 31 1.290 255 .001 .165 -.065 576 41624 1.000
EH 1.504 408 .001 .102 208 607 26515 1.000
BEEH .850 -.162 .001 .102 -364 .038 29255 1.000
KEFH(=SABELLY) 1.081 078 .001 .190 -294 448 23754 1.000
KEFHIELL ) 614 -.488 .002 385 -1.244 265 30977 1.000
KEFH(10FELUR) 1.211 191 .002 414 -.595 1.019 32515 1.000
KEFHGELSE) .968 -.033 .002 367 751 .688 29721 1.000
NYF—FI9 T EEITH-TLVS) 1.087 .083 .002 288 -.480 646 15558 1.000
=Ry (RI=ZEFAELY) 1.215 .194 .002 285 -.363 754 14375 1.000
NY—RIyT(NBETIEEZTLVELY) 942 -.060 .002 264 -.576 458 13554 1.000
NYF—RIYT(ABRLEZ TV .906 -.098 .002 309 -705 512 15542 1.000
BHIZAT(REIEDLTULVE) .863 -.147 .001 220 -.576 292 30750 1.000
BWEIEFT(EEREICLoTULV) 934 -.068 .001 178 -419 280 27356 1.000
B EE(HEEEZ T 970 -.031 .001 178 -.385 318 26651 1.000
HHITE(BAMITRFEYZESTLV,) .989 -011 .001 211 -422 407 26586 1.000
ZRADBRKFHRREREETIEZZ G o) 1.081 078 .001 201 -315 474 22010 1.000
ZRATDRKF PR T RKIEE) 1.362 309 .002 267 -224 827 21586 1.000
ZHRATDRKF (R LIBKIZE) .558 -.584 .004 530 -1.631 A72 22935 1.000
ZREFOBRKFHRKREREETEEZ LMo 1.695 .528 .002 240 .060 1.000 21133 1.000
ZEHEFDRKFHIRTRKEE) 2.377 .866 .002 296 286 1.453 18419 1.000
EHREFD KT HRLRKIEE) 7.316 1.990 .004 .507 1.016 3.011 20920 1.000
REHE (2R .861 -.149 .001 279 -.697 390 41720 1.000
REWHEFR) 760 -274 .001 277 -817 273 45836 1.000
REHE(—) .506 -.681 .004 881 -2.395 1.129 43358 1.000
M- TL =D 1.412 345 .001 216 -.074 769 41680 1.000
BYOREMENTRE D5 8.714 2.165 .004 .681 .966 3.641 32380 1.000
BMICHELH oD 12.675  2.540 .009 1.319 490 5671 22119 1.000
TR ok=mb 390 -.941 .003 1536 -1.992 119 42509 1.000
BR-HRKBREDSAIFAUIMER DS .700 -356 .001 271 -.891 170 34707 1.000
BBEGEBENEKLTN =D 2.628 .966 .001 202 578 1371 38396 1.000
RIEICEERHEL =D D 2.133 757 .002 341 .105 1.443 39483 1.000
RIEICEH R -FEELH =MD 3.051 1.115 .001 295 547 1.706 42242 1.000
RIEICHANGT TEREET AN =D 3.084 1.126 .003 534 129 2232 38937 1.000
RyrMit=mhi 1.019 019 .001 228 -426 468 40351 1.000
F%&\bwﬁb\ bNBEBST=MD 2.980 1.092 .004 766 -333 2673 37572 1.000

THROXZENFONEER 12D 2.603 957 .005 958 =710 3.063 31857 1.000
i OUN ¥ o¥ (b b \1>) 3.018 1.105 .002 317 499 1.741 43936 1.000
RiE-BEZIZTEDbIE=MD 4372 1.475 .001 277 951 2.022 40563 1.000
HEF-ZBRELITEDbhEID 3.779 1.330 .004 716 .055 2.864 38278 1.000
B SITRER L E DIFRE =MD 4.033 1.395 .002 380 .683 2.175 36545 1.000
M FNIFEVEGE 2= D 623 - 474 .001 251 -.966 017 43183 1.000
ZFIIZWBADLREEER 1=HD 1.929 657 .001 170 323 988 41232 1.000
BYMICHEENGE N oFDD .853 -.159 .001 258 -.673 351 38256 1.000
2BELL LI EANIE RIS 2.727 1.003 .001 174 .666 1.345 40717 1.000
BR-HRKEGEDSAISAUDMER LD >z D 923 -.080 .003 .662 -1.343 1.280 42506 1.000
BAEOEBARKLTWGEAN 2T D 419 -.869 .001 220 -1.304 -436 38664 1.000
RIEICHNGTTEBEELT DEADNNGEN Tz D 1.191 175 .002 483 =757 1.117 45496 1.000
WL ER RN EB =D 541 -.614 .001 171 -951 -278 38436 1.000
BT IONEEIZ DD 1.384 325 .002 451 -.566 1.198 40484 1.000
BT IBLEZRLGN oINS 296 -1.219 .001 178 -1.573 -878 38715 1.000
B THTEGD =00 1.141 132 .002 339 -520 .803 39173 1.000
FLE - SUA R EDEREF DD 1.991 .689 .001 282 .148 1.252 45145 1.000
SNS(Twitter, Facebook % TIEHRZEF =MD 2.970 1.088 .002 .504 137 2.117 42695 1.000
Z 01 1.585 461 .001 252 -.035 955 42926 1.000

Ip

-713.265 .065 5.385 -724.868 -703.687 6930 1.000

Note: The interval estimation of coefficients is significant as long as 0 is not included between 95%LCI and 95%UCI.

u%@mﬁ%@ SEEIEA LLRIT D S 55 DI Dk
Lot D78k, KEFRAELRTO K ERDEEEEE | K
Hﬁ%%IJiki&l_Hu@{wk%ﬂ;ﬁ RIFERI A D FR%
REDIZIK TH . KRR 0O TR RE L RESEE L 7= |
WEHE L oo 7B B E L TCHITR3ITHAEZ X

— L Uiz T TIE 2 & DR 2 MST 25
ELTHWE, 2L, Tz ADn5s EZ
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BOFEEE TR 5720, X —A S5
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Mrix., VB 7 E=10000, /X— > A1 > =5000,
F A =4O E THEETo T2, TNEND
EEIZHONWT T _RTORNY MI4ODF = A
Z U C, FEUETH D 1LIR T, DR ER IR
7o MG R Z Table 7V, & 51T, XA XHE
TEDHFER AN IS < HEEIE Dodds bt 2 FH L |

(odds =8.71, b=2.17, 95%CI = .966 ~ 3.641), &4
REDIZIK T O dummy (PR FIR/KFREE: odds = 7.32,
b=1.99, 95%CI=1.016 ~3.011) T > 7=, fatiZ
B LTWaNTE, B TEE &> T\ e, £
DRI HREFEATEN 2 RINT DR O DEE L
LTHBEZ T L WAL, 5k fiex

FERHICA B Ch - o 5 % Figure 1()llr L7, WCEbIT= 5] (odds = 4.37, b = 1.48, 95%CI
Table 8 Results of the Bayesian logistic regression for evacuation behavior during the evacuation order
label odds rate  mean se mean sd 95%LCI  95%UCI n eff Rhat
Intercept 169 -1.776 005 644 23.064 =530 18092 1.000
T4 31 .760 -275 .002 345 -963 394 29441 1.000
F# 1.241 216 001 190 -.154 .594 20197 1.000
BiEFEH 606 -.501 001 193 -.886 -124 20042 1.000
KEFHA(T=SRARBELLY) .905 -.100 .003 361 -.802 .599 19144 1.000
KEFH 1L S) 259 -1.353 .005 781 -2.934 144 22508 1.000
KEFHI0FELURN) 3.383 1.219 006 1.061 -798 3391 26818 1.000
KEFHGELSE) .894 112 005 771 41652 1389 20933 1.000
NY—RIYF(EEFTMo>TLS) 1.286 252 005 .560 -.819 1.349 10641 1.000
=Ry F(RfzZEERLY) 741 -299 .006 .569 -1.417 .809 10148 1.000
NYF—RZYyFRBRETIHEEZ TLVELY) 1.114 .108 .005 524 -923 1.135 9617 1.000
NY—RIYvT(RBLEZ T ) 619 -479 006 603 -1.677 699 10949 1.000
WEISAT(RA(EDLTLV) 661 -414 .003 420 -1.235 400 22998 1.000
BHHSAT(EREICLoTULV) 912 -.093 002 328 -.741 541 23464 1.000
BSIE(HERITEZ T 1.124 117 002 328 -.543 753 20720 1.000
B E(AREICRFEYEESTLV) 1.278 245 003 401 -.536 1.022 19619 1.000
HHIETREDIORKFHKEREETIEERGEH o) 2.187 783 003 422 -.033 1.613 14721 1.000
HEBEREDITORKFHERTRKEE) 741 -300 .005 .562 -1.403 792 13447 1.000
BEHIEREDIORKFHIRLIZKIEE) 329 -1.112 .007 956 -3.001 725 16299 1.000
HEEREDFORKFHKERLEETEERGH o) 2.588 951 004 492 -.006 1.927 14001 1.000
BHEREDIFORKFHERTERKEE) 4.175 1.429 005 602 278 2623 12351 1.000
BHIEREDFORKFHERLBKIEE) 11386  2.432 007 787 938 4053 13134 1.000
REHE(2IF) 471 -753 003 545 -1.833 292 29888 1.000
REHECEE) 451 -.796 004 647 -2.098 436 29734 1.000
REWHE(—EB) 829 -.188 012 2.048  -4.471 3.593 30777 1.000
A>T =AD 1.453 374 003 469 -.541 1293 32312 1.000
EYMOREMNTR o1z D 4.674 1.542 007 1.105 -.488 3.857 27722 1.000
EBYMICHENH 12D D 18918  2.940 010 1.528 371 6.432 22525 1.000
ER AR KEREDSA TSIV IMEZ DD 518 -.657 .003 530 -1.716 365 25226 1.000
FERPEBNBEKLTL =MD 1.638 493 .002 391 -262 1272 30486 1.000
REICE®HEN VNS 2.098 741 .005 798 -.785 2352 26228 1.000
REIZELH R - FEELMN V=MD 2.120 751 .004 644 -.495 2.043 29026 1.000
REICERNGET T ERBDEETEADN NG 118 -2.141 .008 1268  -4.813 152 24490 1.000
Rybsrt=mhis 1.681 519 .002 399 -.260 1.313 31678 1.000
HROMENTOND LB STz D 1.408 342 007 1258  -2.087  2.806 30527 1.000
THROXZENFOND LB T2DD 2272 821 008 1327  -1.676  3.568 30404 1.000
EFFDAICEDNI=MD 1.250 223 .004 .686 -1.127 1.576 30681 1.000
R HEZZEDbN=MD 5.732 1.746 .004 591 .643 2943 27970 1.000
EM-EERLITEhhhD 43458  3.72 010 1.591 1.134 7.385 23502 1.000
BT ESR L E DIBRER DD 3.433 1.233 .005 763 -.196 2.807 28592 1.000
MAENIZEVETE =D 5 .838 -.176 .003 441 -1.067 679 31053 1.000
ZFIIZWBANREREER~T=H D 2.048 717 .002 321 .096 1.343 28052 1.000
EYMICHEINGEN>=HD 671 -399 003 424 -1.233 436 27168 1.000
2B EIZ EANIERUL DS 2.765 1.017 002 355 319 1.714 29970 1.000
ER-HRKEBREDSAITFAUIMEZ D 2T2D D 8.676 2.161 010 1.665 -.854 5.858 28551 1.000
FRPEBNIBKL TGN NS 740 -301 .002 372 -1.032 423 27771 1.000
WL =2 e BN ER o= D 494 -705 002 327 -1352  -.068 30837 1.000
HM#TIOLNEEIZ>=HD .560 -579 .006 1920 -2.555 1.099 24936 1.000
B#TIDEFRLCGEI>IzMD 302 -1.197 .002 341 -1.872 -.541 27808 1.000
B LI TETEGD 21=AD 942 -.060 004 622 -1.303 1.146 30812 1.000
FLE -STUH L EDEREB-HD 2.897 1.064 004 666 -210 2431 26032 1.000
SNS (Twitter, Facebook & CTIEHRZ B =15 3.786 1.331 .005 918 -387 3.198 32252 1.000
ZD4th 2.261 816 003 445 -.042 1.699 28610 1.000
Ip -256.660 067 5.565  -268.447 -246.745 6926 1.000

Note: The interval estimation of coefficients is significant as long as 0 is not included between 95%LCI and 95%UCI.

FOERERE LT, BEEATEI A BRI D
RO DRERBE L 70> TWTEDH, TEMIC
WENH S22 5] (odds = 12.68, b =2.54, 95%CI
=.490~5.671), (MO LZEMNRETE ST |
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=.951~2.022), [PHRATEAE R & O H A 57

735 ] (odds=4.03,b=1.40, 95%CI=.683 ~2.175),
VB« #e27e BIZE b0 5] (odds=3.78,b
=1.33, 95%CI = .055 ~ 2.864) T > 7=, MENS
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DX b E DT D BEEATE) ORI A2 L T
Too TOWRITHBE RIFT LTI, 5K
RN r 7 B B e 3D AN B | (odds =
3.08, b= 1.13, 95%CI = .129 ~ 2.232), [FEIZH
PV - FEBDBNTZD G (odds = 3.05, b = 1.12,
95%CI = .547 ~ 1.706) T~ 7=, KEFHENND
ZEDBETEIOEIRZ m O W LT, —
7. DEEET 2B A Uo7 B (odds
=.30,b=-1.22,95%CI =-1.573 ~-878), 7=\ L
T2 Enipnb o725 (odds = .54, b = -.61,
95%CI =-951 ~-278)& ) Bl A2 8K L 7= NI
BEREITEN 2 B D BB MK 7o TUTe, & B ITHS
HI72 > =Dk, v B RSN K ERA LRI O~
— N v 7O, 7k"[;%/ﬁ;j\ WEEESS PIT DO FEGR
REHERT IR RS EATORAK T, e TEh
OBPITHEL KT L TR -T2,

3.7. The determinants of residents’ evacuation
behaviors during the evacuation order
(emergency)
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Figure 1 Odds rates of reasons for evacuation behavior under the emergency heavy rain warning and the evacuation order (emergency)

Note oddstb DB OB & LT, the emergency heavy rain warning® (&) OWENH 720051 D12.681F, Z OHIFH % HR
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4. Discussion
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5. Conclusions
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Appendix
Appendix Reasons for evacuation decision
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