&< == = $&

BAKERFRFERHE AN = B No0.20-2 Jul.2022

o

R

i

aun

BOKEFEOREEEBR MR TEN 2 5L T 5 v A7 AR ORE
Proposal of System Equation Describing Evacuation Initiation Behavior during Floods

................................................................ ﬁtlﬁ%? . E%IEE{E . UJEE]E""""'239

R a2 b X AT U7 BRI s O fR S

— R S R 2 L —F AT A DG PERRGE —
Simulation-based Tsunami Evacuation Drill Method:

Development and Validation of Tsunami Evacuation Simulator System

............................................ R - (BB « B - RS2 -
.............................................. INER—{Z - BE AR L « SERRETACHE ¢ P 251

20 ] & L TORAARENR

— IR D TR SRICH D KEOHE L EH—

Festivity of The Great East Japan Earthquake

—Consumption and Oblivion of Natural Disasters in the Discourse of "Kizuna" at Non-Disaster Areas—

........................................................................................... ,J\M(%,/ﬁ—zas

Web = 7 N EA < HOEK T v AD—f
— COVID-19 T o § FE bk 2 6112 —
An Effective Process for Integrating Knowledge from Web-Contents:
Case Study of Disaster Evacuation and Sheltering with COVID-19
---------- FIHEPET: - (EBFUHY - HIMER T - AT - S - FIRG 8275

HAIZ 31 2 mEEE T O R AR 1T 3 5 22 M B E & OVZE A2 B9 2 4ot
A Case Study on Space Layout and Space Utilization to Solve the Problem of Disaster Shelters in Japan
............................................................................ ﬁ:ml:?ljg% . @m@{ﬁzgs

B ETR IR B OIE H 2 B & U7 iE B 1o 5 il 715 K OV S T REME O et

Aimed at the Use of Local Government Officials

Extraction Methods and Vulnerability for Road Embankments
............................................................. T - AEMD - FIERES 297

KRB FEMRR « A MRS 2 KEXICITE T 2 BENROB LR E T 2 Wt
Frequency of Education and Training on Disaster Response
in Large-Scale Commercial Facilities and Complexes

KEFEHR No.20-2 2022 7



MK A DT A DEFORR LMD FZ A LT A 2 & DI

— B —FHHXICBIT A FEH BT —

Analysis on Characteristics of Community Disaster Prevention Timeline and Comparison with
Various Timelines through the Case of Ichiuda District in Ise City

...................................................................... HEH=EMWH - T2 S 319
HARSKCERE M2 2021 424 H~ 2022 4F3 HETOIIRIEF oo FREHR 331
FEREHLTE  cvvrrrr e e BRI T B A 333
ﬁa‘%?f %ﬂ ............................................................................... iééﬁfﬁ%éé% ......... 336

i HEFH No.20-2 2022



. [FC®IZ

FOKFFDRFIRITENZRINT 2 VAT LAEADERE

RNBET ! - RS - LS

VE AR A T E 5 R S F55 T (takeuchi-y23p@mlit.go.jp)
2 [E] A [ L EANTECR R SIS R SE 5 K IGBR 502 (morohka-y92ta@mlit.go.jp)
SR REFSE B A (yamada.51r@g.chuo-u.ac.jp)

FSXEHRY

AWFZEIE, BoKIREOREEERE RO P ORDZE L, JEOEROITE) & o 7o SRR 3 BEEERH LA
TR 52 BB A BRT A T2 DD AT A FRREEL - L AENET 5, £, %t
RO T 2 — N O, MR oOBEREEBR AR HE R AR ORI L-OMEEE D X S TS0 D | B
BRAAATEN D RS A AL LT, Z ORI S & | ZEOERN B AL D Mk O BB LA TEN 2 1 DD
HEAKROER L2, VAT AHRREZE N, 20T A HFERIL. Logistic ez 2 BEsy
BoERESN-EIHHREATHS, 20 2T LRI L 0 | BRGNS ORI e %
FHEFICES<HHTELZLER LT, ZEBE 2, BEEERATTEIN LT O X 5 IR ATRECTH 5
L ER LT, 1) EEOREEE - AKSUEHRSCE P ORILOZAIZ IR U CHERE S L5 s, Hitgko
WEEER A —FANTHET 5, 2) BEEHE RO KEE E PR ORILOZALAS, MR oOBEHEBR AT TEh D AL
L7125, 3) b HTEEOREEBIMAITENL, o TV AMMOMERICHE L 5.2 | BRDMEEE A A DR
MIZEAIE - BT 2 HER D 1 D& 705, 4) BESHND, FIGHHEE N2 VT L, BB
NI 5 & & BT, 2 < OREEEE DS REEEBAAGT 5 £ CORFENELL 725 2 LR ST,

F—U— N GEEBRAATTED, AT A5 EERAL m AT 4 v 7 TR

Ko THERBIARICE 2 B Pl L, A - 2K - i

A&l o T, ki, HESOHEE A E e
BEDR DD DD, fEREIMRILA~OE 2 YR LIZ <2
EPHBINTN D (AARKERRTS. 2007), ZALAH]
R L, oKD O ORBIZRI L, ARJH IR A
WO B & DR IR - AFEAM T C& 7, i
ITEN BB O ERE 7 1 R % S oA AS, TE) & |
HEEN D K0 222G ~OREEREET TEI D 2 DITK
ELGFIND, DO L, AMFETHE BT Lk
FTENCBET D A A DUV Tk %, Jr - K1 37K (1998)
VX REHEBAR TENCIX TR 272 D ) TREEA R E T 5 .
BEEEABALAT 5 D3 SOTaEANRGHDH 2 X0,
KRR LT/ E ORI X~ CREHBALGE # A X > 7 )
B DZ L HR LT, A4 - ik - KA (1986), M -
IBE - (2001), B (2016) 1. WEHERNEOREERS
REVO TOREEEHE HS, REHER-CREERMG X 4 I 71T
WER G2 TND I EER LTz, BBA /MK (1982), #
AR EH - ZE 5L (1993) | &S - 22 - 0T - B3 (2005) |
B (2016) 1%, BEHEEHOA 72 BT EDRILOZE T

H - KI5kl (2002) 13, BEEEROZI 2 S 2T 5
JEBHOIRBUTINZ, T FOORERES T 2B oD Y
EOHWHIEIE LTWDZ L &R L, £ W HE-
FIN(2005) 1%, BEEEOEEREBRRIZIBV T, KER
W, fEREERR. TSR, RIS TE S W o T fE
RO S EERBUH D D —EHOfEEREE N H D = & &
BAS/NNC Uiz, FiA - 35 H (2020) 13, BEHEE RS P
DARILDFRENT L DAL DRFEIZ AN, B AR TE)
\CHEE RITTZ L ER LT, Ihbid, FEtaciEs
EREDATIC XV | BEHBHA TEN AL T H 5%
T A EERMATH D, £io, BEEHTEIO Y 0 R
\ZHEH LTZAfgE b o 573, REERLA TEhZ . ERHh 5
DTSRI D I3 Bia DA FE ST
%o FH - ZFR - EH - /g (2013) X, ZHHOHIA
B E 2 OFEROBEHTEN ZET ML L, REEEBENT
FELEE LI/ Ial—yaick v, KEbH
OB RIS AR AR Uiz, — 07, st - HE
BE-IE (1995) 13, AR H B 2ERESHT B RS

KEEHR No.20-2 2022

239



MZEEE 2017438 iR
(hmth A ZiEBRE

O : 2K

REH:
o AKX

FARHIX » FEARHIK ORI (A TARA) i)

HHEFEL LTOMAZRI MO TR L, Al FEEZHNT,
EROBEHITEN R | #2 OLER B R EEEE b E
OGRS ETVERFE L, b0y Ial
—3 3 UHFSRIE, Bl LR AR TEN S R O B B 4
BRE T VBN, FEROME % 01 T8) A 22T
WZRER LTV D, Lol BEEBLA% OBEHTEN R D
BARP 22 IS OFHSe, F OXROIFMGEE B &
LTHY., EHBOFEBICL S, BERATEOTT IV
(EDORFEN 2 SN TIIVVARY, Z 2 AR, ke
IZBWT, LD OERN, LVEERRNTTLY
FHNGREEERRAA TR 2L Z 9 7= O DOIE S 2SI, R
T EFH ORI, JELEROITE & W o Tkt A
JAbiEE -+ (RAET DA FRER DS, BB AR TRV DIRFHIZ ki
5.2 5B PR H 10D AT AR ESS 2 &
R ET D,

-1

2. GEHEMAITEIDEREIEEE

(1) AHRIZHITS “BHEHRIRITE) OFEE

AN T, BEHBAATTE . [SERICRVVEL D
PO & WS T AN G, ERfERIZE 6 S
52 EEERET 5720, (ERAGPAELSIO L 24
PG ~DOBENE BT 5 Z L) LEFRT D, o T,
BACKINAN 8> HFEEEVE B AE -1 OREERS, BN OTE
BB DUV TR, AWFZEDRG & L7V,

B e
CEE A
~7 :

B2 & Lo FHIX ()

B HGUKOIRHR - 72— NN
BHEm EonT
WERMX | BARMEX | A THEX
E AO 663 1328 4399
%’; THE 8 230 482 1393
=t L 10 2.1 6.1
> gﬁ/;%;{ 187 216 99
“ | BEHEENEK 172 203 98
/|7 BEHEH 89 59 68
k| CBEREBRIR B %I+ BY) (66) (47) (58)
R 0.52 0.29 0.69

(2) ®EELEHRRUT V7— MABEOBE

BESEBR AR THN D EREHMRIZ 37~ > TIE SERR 29 £ 7 A
TUNACERZERRIZ & > TRED TR « JiAZE£E S KEHAE
U 7A@ R A TR I & | SRk 27 459 HBESR - 3T
SRR T, RN OILEIC L D AKENAE U5k
IBEfaizafg e Lz, 209 b, B-1 XO-2 12~T
LI MK AR E LT, IR TARE N2 DU T,
TSI B D Bk & PEFEIC S < Oy
Aid D TR CHIRERE LT, ARFZECIE, Bl
AR RORHIX, PR AR & MRS, R R
(ZOWTIE, Pk 27 4F 9 ARI - HALZERICRWTC,
20154E9 A 10 H 2 B 20 25 OREEHE RS SR
M < MR« AKAT - BB BAD IR A x5 &
L7, AWFETIRZ i E A THIX & RS,

BB AR TEI O EREHR I - AR A R T, 2
RHIX « AKRHIXIZ IS TIE, RSB T30 1] -
IRICWFZEEE, TN KRR L gElelftg 7 <7 B
e 2 —, (—8) WIERE 2 —, Rt
L7, PRk 29 45 7 A UG SERe O B et 7 > 47
— NSRS SR Z W, Z ORI, D)iRAK - TED
PSSR B OSBEBBIR L, 2) S8 RO 58 B S ONhese s
WOBFFIRIL, 3) A EOP SRR, HEEFHBIEZONT
D4IHE, K40 WEREL, LB e LT, ERE
OxtEe TV 7T HEm LIz, 1), )TN TIEL,

240

KEEHR No.20-2 2022



#X 0 T FTIT T T T T T
# 50 1 ,Mﬂﬁﬁq w | RN GEER)
E = 100 I 4 I I I I I
X t B = t " f T T
[N pi:l
il | — : —
S 2 : , : , : , : T
- B n A (| -0
/“5/fl g/‘, y A oo0-0-00-0-00 N
& SOF e 23% KO 1! HFRIE (N=66) 7LD BEES .
3 7 EARHE (N=47)
%E S0 i -<—>—<>—<>—<><>—e—&o—eé@—e—o-e-e-O-e’o"‘
:'EE. 40 -—-- 3 EHRMNEREARER -
o == == 4. KWHHIZHR
B R — - 5 tRREERIER -
- - ——- 6: HBNDBTERER i
2 5 oo 7R - BES R
ok s - - 8. BB -
- ——- 9. BT (RR) .
0 =—== &
6 12 18 0 6 12 18
7A5H 7A6H (B)
g N B B A s — r 0
3 ‘ ‘ ‘ 10®%
T 22 : — ‘ ‘ 20 2
& 21 : : - } ~—— 30 B
e 20 f / ' . T~ 40)T¢|'
g L] ; — 0 @& (FZ (&&m ) 503
X 1 _— | — . SERETKE GREID g,
17 i i i 1 i ~
60F ;| 1 T n ' =M= = —é—?-El-'E]
ﬁ 50 1M 314 —F—  ETHE (N=58) IM1LUED 7]
31[ 40 : : -—=-1 j(ﬁﬁ'i;%]k%i& ﬁiﬁéat -
40 [ [ d —— == 2: KFHHIER
o 30} : : H ———- 3 BERIFABEZERIFR -
e ! ! : —-—- 4 REIEABRRESR
] 20+ 1 | /} ———- 5 HHEERFEFR -1
% : : ! —-——- 6 BHER
T | : —— - 7 BRAEREEREERE) -
L I e == 8 : mKEIR(EEFH#)
0 N E—-‘ 1 1 1
18 0 6 12 18 0
9A9H 9A10A (B%)

B-3 e GtXITIslT 2 SRR AR TR ORI L (1B « ARSI - HUAMIS, FB: : 1 FHEX)

ZORIGRAE LT, AR, ZORERRD S 6,
WEEED X ST (B0, &/-2/5) . D REWV &K
U7l & >20F (B-5) . weEdEbisaez] (B-3) =M
Uz, A FHIRIZISW T, R A 1 - 7K
SCRFZEERANERE U=, Tk 27 45 9 H B - SVZERIR D
HRATTREEE Y S — MRS A Vs, Z O,
a) S EIRF ORI OREHEIRT., b) SKEFRED S
USBEEEE RO BAFIRL, o) HEOP S ER, d)BEE BT
IZOWTO 4 THE, £ 30 EEL, HHEHE L
T FEREOxmEE 7Y 7T TER LTz, a), bz
WTEZ ORI b LT, B2 1R K912, fRX
PN ISV B R O 2RI 72 AR DA 7 B K O
(AR 2 38E U T, AWFSEIE, Z ORRERERD 5 B,
WEED X ST (BRI, £&-2 ). BEHEBAAAREA
(B-3) #H iz, 3 >OHIXIZEIT 5, AH - HFED
fafEt e 7 o — NREME A R O, fhkiET
T—HIXRL 27 AFEEGRA MEER (iR

(2017)) z Mz, RIDROEFRIHE eI TEY 2 &
ST E . T U — Mg e Lottt Eo) s o ek
BEFE L, TORE, IARHIX T 0.52, AKX C
029, A THIXT0.69 ThH-oT=,

(3) RIEHHEHFaEHHOREEL

WEEEBRAAIREZ N o D Ak & UTe, SATERESERH
MA AR OISR LA B3 (R, BB AR o1
AT, Bl Z1E 6 IRfEH, 6 IFFR, 6 IRF40 7372 &, G
XD DE N o7z, & 2T, YRZIERE (B2 1T 6 FF)
LIBE, ROIERE (B 21X 7 W) F CITREEERRAA L 7=
WELIERE (203 6 B | REERIMA L= b & LTH
WZ7a ey b U, @KEENAE U 7-2 A LR REEERR A
U785 E, IRAKDMERE S 72108 X D H
%, REEBIITEIOEFR L Y NSO AR, B
=3 FERITRT L o1z, MORHX - FARHIXIZ 1T 5 BFE
BEEEBRAG R, AR VTR T 100mm/h FREE DZERNAS
AT COBED BB E - TND, BRREHERHAA I

KEEHR No.20-2 2022

241



R2 WO S)NFITBIT 2K L TR (B WA, R ERT)

H¥E HEREE (FEHEER)
[EHEf S fE - SRS ER BRI DHES
RHES I0OFES

—— MR IE T (BRR) IDHES

B X Baicoms b4 RORAL
KAEGEKERLEDRZERER
TN EERBERORE

RN DKELIEER
KOLTHABLETETES:
SELDANIDKELEF

EL DA DEEE
ELDWUTDEKERE
CTHRTRK, REBKEERE
HTADME TOKERE
AFPLOMEOEEEKRERBESLE:
ROBYAEIBLIDT-

ZEL:

JKE D WK

ok A VAN AV Y A E ANy
RiEICBE#ZEHO LN

ERERE BEKDALENBEL-OFREBEL

BB DK
DEAE

NEE  |EMPEAROALNCEELZEDONT:
HBE-ZEEDO AN BEZEDONT-
20 SEELEATBRLBALNEY B (B

Zot

HHUT, FINTIHE LT | B aa 2L o 12
FRE A B 2 T- 14 B0 T 5 S T —T RO CTH D
ZERbND, —H, B-3 BRI A FHIX T, )
IR TR UT=1%, ScfGRERRAa R 12 1I2F 5
BNCHEOET 5, ZOBFTANE L, 2HS THOE L7228
O KRB AA T U CHIT L T 2 & bnnd, £
DAL 2 DD S FH—T NERD HF->TWNDH LI
Rz 5, ZORICHOWTIE4. (2) TRND, A TH
X B km RN D FZETIL, BEEHIRATH ORERR
FEDE~20mm/h FREECTH D ZEl & 5 2 D1% EDORERTIR
BLCIE ootz MEZBMGT 5 2 >OX A I 71E%
I, BRI, D OIERKBISR - (XA
FEERREXA I 7L —E L TEY, 2 DOREHER
W7 == AINDRD A T D Z L MEER S D, =
NHDZ &G, JEBHDIRGLOZA & 75k U 7o ek
RV oloA Xy Nafdm e LT, SRR A
RO EED LD TH D,

(4) BEEEDE >MT

BEHE U7 R IOkt Ly RO X S T A EGRI T
A LT AR A LT, |2 1T K 91T, S,
WERE - K ST, JEPHORILOZEA L, TR RS DRI 5
ZOMIZHE LT CLTF, #EfEX >0 T508) ., B4
B - HEBURT L OIS, AARHIX - fEARHIX & Bi,
X ST RO 5 B, JEFOROZS LA SR L 71t
Wb EoTz, £, FFHORROE D S H,
BOBPIEHREED & )T & 7p > TSI H 2V
EWROND, HHERSOR G2 8N Ui L, ik
X 3EFREDH D, DD RS TENC &S L

2% EIRE (BEERK)
o RSN - B S IR R AL VS
.
iﬁ%;; X B DD 2K E R E R =
N @KAEAS £ A of= ERAL
BEMNRKLE
FBEORKR |BEMNBKLESLERLT

DLl [ kAECETECVEDERT
Z0M(51 254> D)
) Sk EFOA. HOBAZIHHEE
ﬁ%g§% BHont
TN L
BEDEKDER
to EED

| I B I
MR (N=89)

B - K3
G

RE DK
DEL

ERERSE

DEE B 1IEELEER

W 2IHALLEER

ZDith O : 31 L LEER
|
0 02 04 06 08 1
HEHEE
1 i 1 i
HEEE - KX HEARHE (N=59)
15R
AR KR
NEIE
EBERSE
DES B 1EE SRR
B 2EE SRR
Z 0t O 3EE SRR
|
0 02 04 06 08 1
HEHEES
B - KX
1R ETFH#HE (N=68)
EEO®R
NZEE
ERERE
R B UEELLERR
B 2IEE LR
20t 0 : 3EALLEER
| I A
0 02 04 06 08 1
HEHE S

B4 BB X S DT HFE T & OBRPMEREGEIS (LB - R
I, B AURHIK, TBE A N HIX)

242

KEEHR No.20-2 2022



-3k - A & AMOBREHED & > 2T ¥ E DOBIR (]
AR, FAARHIX)

WERHE | BRBEX
BB D 24K ) 0:E IR FEL 79 39
556, B - KX IEHRE 0.20 0.41

| [BRUpEREs
DR ERE 1Z2BA ST 28 17
TWHZ bbb, —H, B4 TBRIORTEHIT, A
THUX CUIaREEE - AKSCE R AN L= s b %0
Too IEHMEREOEE AR L 202 213, 12
RHIX « HURHIX & RO TH D, £z, A FHIX
IZBWT, —DDREHEE - T A3ED TR 2 185
AT A BT 2 HIKIZH~V N &V, ZAuE,
F-200 b 05D L 01T, FIETH CERE LI-HEOZR
aE LD THELIETZDTHD,

(5) BHEZ SMTHEE - B - KOCIFIR

WEEE - KSCEEU L, BRI - KT - W) EEE &
STATEREEIN D RER SN DIHFRTH D, A FHIXD L
DN, REEE - KT < OFERIZ & > TREFFEO X 5
T LA (B4 TB) & IARHIX - fAERHIX D
E0IT, FIUFELL OHHIITE > CHEEO X >t &
T2 B2 E (B4 BB By 23D 2 L ivboind,
F-312, MhoOBEfEE ST RAT IR D 5 B,
HE - KU b IBA TSI OBIS Z2ond, MORHIX Tl
RN/ NSNS DD AEARHIX Tl OBERE X - 2T
SRR D 5 6 4 BIOWATANEEEE - ACSCE#RD
BER L CWD Z Ebnsd, wEf U= N ARx L
WEHE « OIS 2 R4 (g, W - KT R 256
DX ST & Lin RS o2 FTHIK TR, 3 »
PA B - KU A R & U7y, ety 4
R 6 Elx EDTND, Fio, W - AKSUE Wz RO
T oMT & LT DS RNS D 7o o TR X - A
AKX T, BEEA RO RGIT < HNBEHE « AKSCIEHR
FRHEIELTWA Z Ebmnd, TNHDZ ENnG, 3
BRI T2 0 | SRR D OTE ORI S &
Wik R LD, BEOERREICE-TWH L
MMz D, Fio, B - ACCHEHIT, BEfO X ST &
LT SNUCS WIEATH - T, o F B ek
FRIZBWT, Db I L 0D B BID,
(6) MBREFVERLI-HHEDEZT>MIT

FARHIX « AARHIXIZISIT B, e b REW LR U7k
HOXoNTE, B-5 1T, mX &b, JERHORNR
DEALZ IR L7 R $ 2 < . IRIGEBHERE DB
HaBRN L1320 o7, b RE W LR U7kt
DESMFIE, AR Db B EREOY D T
& LTTHiE S, ORI, B4 1RGN
KOBEED Z > T OEIN & [FREDERITH -7,

x4 SRAE L7oREEE - ACTEMOR GREE L 7 1HA)

T e REEU R - KXIER
TR (HFH) 12k | 228t | 3oL
AR Hh X 0.45 0.19 0.08
(N=89) (40) a7n @)
ERH X 0.47 0.34 0.24
(N=59) (28) (20) (14)
ATH#IX 0.96 0.87 0.60
(N=68) (65) (59) (41)

T T T T | T T T T
W oas-okxiEg O ERERZOMS
B AEoRROELE [ : 2ot
| | | |

MR X
(N=60)

(N=27)

0 0.5 1
HBEEHEHICHHDEE
K-5 HHAREWERUTZMEHO X >/TOE GRATIIR
ARHIX, HOIAHX)

(7) EEASHH LB ON-REBIATEIORY

LA OREEERHART TENC BE 3 2 FERE0HT 0> A DAV FF
HABET 2, 1) - BROREER A A ORI b
X, WO U7, JB0lICHR U, REEE RS
3% S Fh—TRO i HARE LT DH LS5 Th
%, Y8 2) . SARBREEERRAA T ORI bIE, B
S FH—TNERVES>TNDHLEICRZLIBELHD
(A THIX) . 4588 3) - AL CRIZIGS . o X -
T & LT, RBIREZD 2 0 | RO FE I D IE -
R« ATENEOTRG » TREZM K U72H D fEiH &
FoTNE, RN THEEOEEREICE>TNDH LS T
b5, B4 . MR TRIZSEA . BEFOROZE LA
U IO TR e W o T N R ERA L LT,
PR AA TR OINDMAE D X 5 Th D,

3. BHEEFMRITEIO R T LATER

(1) YRTFLHEXDEE

AR TERT DL 970, RO AA AT A D]
P& FRT BT TN TIE, Tweedie etal. (1986)
(2 L DBEESUN IR OIREE WD & L, 2 < OFEENE
FEEN T/, il 015) 1%, EBSOREEEH T8I T — ¥
ZRAWEIFHREIC L W RT A2 2 HETH 260
FIRIZOWT, R HE & W o 7o~ 7 e iOREH RO
RTWHDOD, FEEATEIOEAN—ZADA T =L ED
BRE I e EFE L T D, ZoZ b, ASEOHR
ANCRRD U, BEEEBRAAT TEY O T 70 2 BRARIZ [T 7= 8 LU
T7u—FEil D, AT, BIE (7) TH.

KEEHR No.20-2 2022

243



HEEEB AR TENZ B3 2 BT BAG O IR 1) L 3).
4) ZE 2 DU BB TEh D > A 7 25 FE
DA T, FFE1) L0 D - ol A1 5 SRRt
BRAA TSR (LA, BN E X HZ L HTE, I
STV AT LHERE L TREANTHS Newton D)
FHES(F = ma) i CTE5EE 2T, ¥4 3). 4 &
0 | REHERHAATTEN 2 JRhid - BRAA - (T D EIRIMFLE L,
TIBIT & o TRRREHERLA IR ORI (LA 72 6
SNDEMEEINDZENDL, TROEREZ )& LT
ZHTENARETH D EE X T, 5T, B3 IR T
BHELDIFRE O, « SRV IR LD HEE > TV
STEHREREIZOWTIE, NOFRE BIWAD Z LR TE,
FIUTCTTOTHBIROEB 2 F Wb D L& 2 bz,
PLEDZ &0, SRR An R DR 22 b A T
EH A, SHTOTHEHRIZIED < Newton OiEHE)HFFEA
ERAWAHZ L L L, 7238, Newton OEERERNZFNT
R SNDE, FNHMTERTE D bOTIHARL,
HEIZHHAT L LIk IO TERSNDS (59

(2001)), AMFFEBFERIC, REITTI AT LR E
HL, 4. CHIEMZHER L%, 5. CTZoOE#HzH
ET D IO Z R D,

(2) YRTFLAERDEH
VAT LTREROBEEKER-6 1R T, £ xg AD
FRO DR DA 1| DOELEKREEZ D (B-6, E»
51ER), xol 3RO X ) Aekona o Lt 2, Hilkic
*EUSMEDDMER - BT b0 L35, TORE, H
ﬂz COTHPELD QEER), ¥4 #&[E L., SMES
ZEVOTAREZREAEL L, ) —2DIMENE L
fﬂmx{’ﬁﬁwé EEZD QEBH), BIMNMERH LT,
PWIETNZ L0 OF BT D, OFT RO,
HIEN LN DR SHYEEZx () R L, ZNER
FEREERHAG NBL &5 @B H),
WEEERRART TEN D o AT KRR A E T 5, Newton D

EE RSO AR THRET, (DD,
d?x(t) .
—z = 1(®) — Ee(t) (M

(1)tEL% LIEDI(OIFIMES) 2 BHIFNE ) TH D,
2T, E AR e() c OTAHRTH D, Zods, HEAERD
Bt ElX Yo 7R LTI, OMMIROW B R A
TR CH D, B-6 DL, I(t) Q)N TET,

1(t) = —1,(t) + Ip(t) (@)
e®)E, B-6 6 AD Ko ITFRSND, I,(OIZE VA
U DN &EE S5 & BTIE,

e(t) = _5+Ox(t) 3)
2). QRE)AUAATIUL, @GN D,
d?x(t) 8, —x(t)
2z = F 0 + 1, (1) 4)

W8z KD D, I,(t) = 0& L. x() DI KIEZE X gy &

0
FHEEF

ﬂ;fé@’ £(t) = —8y/ %5 <:| O
STEHED |

@ {EFA

Iy (£) : x(t)

I —— I

AR [0 = Cout 20| s iyt
— x

B-6 A7 AR oOBEA
UEFTOT HBIRIC IS < Newton DI FFE)
BIFIE, 8ol1Fotmar ZHWT, BERINZGS)RD L S 123kD
BiILD, ZAUZ, PRSP L RS, 2 E LS5 T)
%, BHERNZARR LT BROBIRENEE Ch v | EJEAIIC
HG)HX 70D Z EREETE B,

8o = xmax/z )

G &E@RURANT UL,
d?x(t)  E Xppax — 2%(t) ! 6
ez~ 2 X 1) ©

Z 2T ARE A ROET, (0)RAL Y, EIIEEOUST
TERIN, KEOWEEHEDOIEE LT(HRAD L H Ik

FTILENTXS, 22, L EX, T HThs,
[L/ TZ] (Y] > [E/7] ™
(HAL Y., [1/TIDWILEFFREp = VUL, Ei

RO LI cFEND, 22U, v(t) : wEEABCEE T
B0 BRI T2 0 OBEEERRAE N THRS T 5,
E=E@®)=p"v() ®)
@)X A& (O)AUMATIUZ, ORI X DT, Rk
Bdd NEoe () AR L L, £l _/?a“P‘\ﬂEjv ZEoT
BRI 2@ SRR D, Z IS, (1I)ATRS L
Hp I THUREREL TH V| ZOFERIC OV TR S

b
d*x(t) dv(t)
dtz  dt =5(?S“x—2x(t))v(f)+’b(t) ©)
X
= =1’;(t) (10)
_p
p_Zxo (h

WIZ, EBEOEL R & 72 DIMETL, (D)IZDONWTE R D,
BERAROMIAN, RO EZ2d DA% 5 2
5o WERDZ RN F—%] L L, BRI L > TETOTH
TRAXF—IEDS ETHUR, (1R L HicEkEh B,

J= %Eez (12)
MAE = 01222 5 H D E LT, 3). (5). 8)FZE(12)
LT HUR,

244

KEEHR No.20-2 2022



e
3

¢ ¢ o
=
=H
e e R
&=
¥ [

o o
w »
§-§
-7
|o-
V4l
\
ENAR
- \
v
@)
o
8
1

x(t) / x,
o
[¢)]

.. I
o |
% b ?; ; X=10  p=15
Bzl e
Bk Lo Lo Lo I x(t)=0.0
0.1 I f —t | —0.035 -1
Lo | Lo | V(=0
ol i P AR N T W R
9 12 15 18 21 0 3

7A5H (B)
-7 FEEERER (X

_ p’ Xmax — 2x(0) 2
1._25(--—;;--> 2(0) (13)

x(0) = 0 LB, HEIOR &2 5B, HUlICE
F DREHEBARI TENOWIEE & L C1)RXD L H 12 H 25
NDe T, O)FFLDIL, () ZHIRE L LTHRTZ &
NTE, (15XMEF5ND,

8 Xo 2
v(0) = F(xmax) ] (14)
d? d
0,40 L s
4. BREE

(1) KX - ERXOBETERER

15, 10)=E W, IR R OREARIX I Z 51T %
R AT 72, B-3 13 AR aA A AE &
DRFRIZA LI Y, T 1R TR DS HI X AR D JERE
ERLTNDEDE LIn, Xpg \THERETH Y | [7] Uil
HERTd > T H IO HIRIC K> CREFF D2 b
Do ZDTD, BEHEROERE W AR DXy /X0 DBIR
MDD Xy & 52720 xo1 3T NWTRT X 21T, KR D
R e L T o UL E 5 2 72, x(t,) =0& L,
7 — MEROEAE & D= ORI Z FyIMET 5T
D, Xomas V(o) Z3RD . x(t) /xo 3ATDOFHFER 2157, 72
B tol IHUKOBEHEERAA TN A E S T2 RFEZITh 5,

FBFEEREZR-T IO T, KRORENR TR,
(OIS 2 -2 7, FORHIX Tp = 1.5, HERHIX T
p=13& L7z, BoRHIX - HEARHIX & &, x () DRTFH:D
DL OROH,  SRFEREHEER O i KA~ O ORR -
WIZETOTIUISH D b DD, FRELIEFIZEL —EH LT
Wb, Bl T DA THIXK A G, 3 HIX & 1, (6) DFR
L LTH A X man /X0 D5 BREEEROHE A L 0 /&
VD, ZAUTOWTIE6. (2) TilR5,

(2) BETHROBEAE

A1 T HIX. D BATEREEEBH A R O IRIZS b (BE-3 TEY)
I B2 IORT LIS, 2 oD —TREL DA,
BEED 7 = — D2 DD L5 ThHD, ZOHERKEZFH
TAERAR-8 (T, BT v — MR TR

T T 7T 7T 7T
ol [EARME [ [ T
FOTTTT | peetoeeed
e L T I
» 0.2 o o o o
W | O Tur— R

i o | m—: (10), (15)=
=) o %2l pel3
#m 0.1 —— T Xia/%=0.256 .
Bk Lo I x(0)=0.0
: : : v(0)=0.06
O Il i i i ' i i ' i i
9 21 0 3
(BF)

1

@ [Tt ] i
g L2 A K (N=58) |
£ [ A1 ——— 1 KFHAIZHR
e B : H == 2: BRIIAEE A
& 05 i miRtE®R -
oL N4 - 3 BEERIER -
5 or VAL ——— 4 T .
& [ Ll ——= 5 BABREER
» L 1] | =———- . A L -
R ST [ Bl 1
o T T T S o
a T ]
B | :
i r .
R o5 BHOE SH TS ]
W;@ X S —e— B KXWH A
Six [ -0-  AEOKROEL
e[ -o-  EBEREOME ]
’ oLde | I I I I
0 3 6 9 12 15 18
9A10AH (B§)

B8 JER SAVTEEEOD & S HNTAFHORFRIAS L (4 NHEX)

0.8 AN I N [ I B N B B
E-Fﬂﬁlz | [ [ [ | \,\\
207 T T TSP
e (. (t) V(t) | O [ |
=~ 0.6 —— ) vk S a [ T \
e 05 - | w ﬂ Lo Lo Lo |
= 0. 1 \ \ O 7or—HMER T
sl = e e
u 03 X0V O | x=61 p025 |
e 0'2 *\W Dl X /%g=0.20  X,0/x,=0.158
e - b— - ——
B | rx D | x(t))=0.0 x(t,)=0.0
01— P v()=072 V=045 =
S N T R O B R

o(

3 6 9 12 15 18
9A10H (BF)

-9 A FHUXOMBIEHRRER

FREEERR AR TR B OISR ZE L&, T BUTREERR AR
DD IHATON T, BEEE ST HEH T & DR
TR ORI LA, BRI S Sz 2 PR
DOREEDBIE SILAE | 7 2 — X Tl B - SO
A X 0T & LICHEEREEIZIEML T, 20k
6 HFE E TS, Bl - KUz S - & Lizfitio 8

KEEHR No.20-2 2022

245



FIDL EDSBEEERRAA LI TV D, HKDMAE -7 6 A
DNOREHENBIE SALDEE 2 7 = — ATl JEFHOPIRD
AP L T Z 2D, ZDOZ b,
IR 2 b COME /173 2 JEVER LA 7 = — X COoREfERRf
TR AECTEbDEEZ NS, B, &7 =—ADE
PRREEERAG TR 2N A N HIK N CZERIICIR Y 3 Do
TN L EEE LTV D,
A FHIXOFHRFREICHZY . 15K, 10)REE1ES
%o HT2 DAMESIDMER U TN OBEHEBAAAT TEh 2 51
WCEHES Bk Uiz, B L, EE AR, 3
FEDFW o0 () T FW o, AETE L7 Sl A (16)~
(18U T, INTFUTREE T = — A DF S Th D,

;tz(t) = pd(xnza;t - in(t))vtotal(t) (16)
x;(t

() ()

Veotar(t) = ) vi(t) (18)

(16)~(18)ﬁa:iéﬁ@%n+%%§%%l -9 [ZRT, 2 DD
WY = — X3 HDHHO L L, A& RERC, x(t) /x5
HiDOTFBUEDEN D, Xpnaxi L ORI 2RO T, FHERE
ROx ()L, x; () DFER LT, A FHIXIZIHBWTidp =
0252527, §2 7x2—RZBNT, BREEHEROE
KIE~DEREOREFAETOTIULH D b DD, A
X« HURHIX R SEREN B < ST B,

5. YRTLARERXICED  BHEBIATEIORR

AR CEH L7z 27 5583 (152, (10070 12X

D, x(O)DEENELS HHENZ, ZOZ L &EHFE X,
ARETIX, BEHEBAA TEN ORI A3 5,

(1) BEEEZRTET HIER

SMENL, (D) 1E, Hl L WD 1 SOESERICOTHE S
25, Vi EHAMTRIZEB T, 2. (7) [T
M ICHD L DI, F - A L R oBEEE - K
SCIERSC TR ORI D ZAL DN, (ARG L, R HITG

U CHRE I ND AN ) & L TR, ORER,
NE X e IONTHUEEEES D = L 2B RIRET D L X
HZENTED, OFBhman/ %ol I,(OITE D 360
VBUE S35 Ml OBEIER - 72 5,

(2) HhBDBHERT A S U ERET H1ER

B L L CRENDIMENL (01T, B4 1~ T
Sk OBEERRAAT TENDNMAE DA %7 b YT 5 L5
ZHND, Diel &EHAIIZE W T, BRSOk
IR EEJE F DRI D ZEALDIIMET L, () IZFEYS T 5 L& %

DAL, HUROBHHERLARFOFIINE L L TRSND (14)
X)), 7o, BEEHEROBFHORILOZ I, ﬁﬁ’éﬁ@iﬁ}%ﬁ
FEHET HIHHR ’?b’é.“im;féo ZHBHIERIC
WRERE & LCREND L 01T, T <ITBEHER éﬁ%ﬁ%t
TERG, R EEE uzm% I BEEERRAA L
RVMERBFET Do ﬂﬂﬂi% 1 DOEESIREEZ 55

IO EPREIZEBITEX 52O TIERWEE 2 65,
(3) BERDBHFEZ A 2 VT EHRTET HER
il B SHEEER AR 2 BRI E T B BN A2 IR
V%, BRI AA AN (6) DOARTEAMINC k- THES
D O EEFETIUTE D, x () OIREEL, (154431
WORTTE NS L VBB S D, 16> T, BEEERRAGT THh
B APEN Z IR D, t = 0D L Zx(0) = 0L LT
(15 &fr UL, 19203565,

dx(t)
dt - p(xmax - x(t))x(t) (19)

(19)2UZ Logistic 2 Th 5, Logistic ST,
Verhulst (1838) (Z &> CTHIO THELR S, A D (Verhulst

(1838)) %Dﬁz%ﬁmﬁaﬁﬂﬁﬁ FAR (1997)) 1ZRS
ndEoic ﬂﬁlﬁ@ﬁzﬁﬂ:@nk ZHWSNDIEN, Bl
[ Chesteret al. 2004) DX iz, ZOHFERA L 4
% Logistic IE”%:E?/I/%_’)EHU‘Twﬁﬁlﬁ%%ﬁAﬁFﬁﬁ@ﬁ?@
2 bARIT 2098 H 20, £ (2006) 13, Logistic /7
Bz HWT, HAEMRNICRIT S, BRIk DA~
DOINBNEE ORI AT LTz, ZAud, BUZAEDRE
DOHECHIEZHAT 2 b TIER L, b LTHR
L7ebDThHD, ZOBZFITEDTIE, (19 L, B
BRAA ANBCH Yy (0) 1%, #EE A BERE L7200y P
95, BETREEE U 72 A (t) & 5o TOD A Xy —
x(0) DRI ST 5, = ZTASREBOETE, 0
PIEFNE, FE-> T D AR E . e \EGHE v (£) DFEIC
D2 LRl TS, ZOZEND, HAFERD
WEHERIAATTENI L, WNTEA L LT, FE> T AMDERD
BEEEBAATTENC B A 5 2. ZORER, x(©) DIIE - I
T D RS Z ERHRETH D, UL Bx (D) A
DGR - PO 2 BRNIMUC AFAET D5, D7el &b b
SEOWIENNTIER D 1 & LTEZBND,

(4) HusFFIEREp DAER

HEA RS IE, (15205 b om D X S ITPHEHD
RESIEHEL, A)RUTRT B0 R &, Hilgko A
O OWE TH D1/l LV EEND, AHITIE p
EAERT 2p KON /xg (2 B L. HsRrR RS OfR
TR D,

FT R TN TS, £ (2006) X, FERED
1 AT HS720 1 NS 285 L5, FRINEE AL
DO %, Logistic HFE Tl Lz, ZOFE, (11)
LD/ x0 %, DDHEWEE 1 AD, #7125 1 A%
S, )X AEDDp' % ZOEREIC L - TR
IR DR E A 7p Uiz, —J7, BEERRAAITENC )T
13, BEEBHAAE O 1 AN, FHEoTWD 1 ADARIZES- L
7o HESNIZDET, BB LEEE2 525
DEEZBND, [T, p'lllE, B AEROBEEERRIATT
ENCEE, EFHORE A ERD 5 B ARG 5 X

INTRDDMNEND | BFFHEOEW NG TN D SRR E
b, TIHDZ &Rty 12iX, BEEERRLA Lo R
DFOFTER, JEFHOE RO BRI TE) 2 e T 52N

246

KEEHR No.20-2 2022



F5 G CE OISR p & 2 DONER

BRI | BABE | BTRE
SIS S R
(BEE) 1.50 1.30 0.25
A g
1. 2.1 A
(AR AR ) 0 6
ﬁ%%&:p 3.00 5.46 3.05
(p'=2p-xp)

ENEEND, kT 56. (1) T xg2—TELT
BY ., EEM B EALSEIRES E1T-> T 5,
p' DR, ©F 0 EBHOER OB TEI 2 (e 5
THRINRE T2 DI, WIEEDDEER L, KON
BSmEEELs Lk 2 AV NS < leo TG, 2D
EN D 1L, REHEBRAAI A o — L E BUE T B IRIT[1/T]
RO Z LD, LLEKTL/xo bBRETIUT, Husk
PR 1%, AR O R OREEBAAT TN 2 et 9 % %)
FERREVIZEHER L, ZOHIRO AN OBEEARKE W
EWOT 5 Hl ORI Z R IR TH L L B2 DD,
-5 12, FHEECE LI MR RS & 2 DR
g, HUED N UHIR A KT xo 12DV T, FasRHiX
BHAEL LT BHXOREZR L TEY, phUx% = H
WTADNRE Y p'2HEE Lz, £ 8 IEH T 5,
AR K OV FHIX DOp' 23 3.0 FRETH -7 Z Lick
AR FAHIE Op'IE 546 L RENWZ ERDND, —H,
B4 12797 v — MR OERERTIE, p o s
M RO 5% RO X o) & LR
Ltﬁmﬁ% I, X T 212 03~04 B2 & K& s
A HALRNY, T — NRAERR & R R R
T%ﬁébt%l_owfﬁ‘#%>l1&0l2ﬁ%
FCEI S X 91z, RHIX ROV FHIXIE, J=7KEH
N OVE DI ERICRAER 2304 L TR 0 AR T,
BIK DL L 72 DA D S B - R o6 L C b s
9N LT\ D, ARHIKIZISUN T, RIS B
AUs IRKDVE U T ZRWE RHIOFRE AL, R 1T
FORENVEFS L v iEEm & <. HRIZLRim 2z
TWRWERIZOM L TR Y, b i, =
NOEOMENEENTZZ LICX D, x, 8K E <FHEiS T
TR, pBIRELBEESINZb DO EEZLND, ZOD
ZEDD, xoDRHEE, 2F 0, —OOEARE LT
P2 D MG IH OREE RIS DWW CIREN R D, £ 72,
B 2 I DREERRAG L) LRI K D, E7OREHEILE L
TWRWERIZHT 2 FNT ORI L o7z, TRHER
LOGOHFIZL > Thp WELTHZ EREZ B
%o p'EHIR S, HUBOBEERRAAR A o — LA/ &
T B0, EBHERZEDORG-DHEHFIZHONWT HEH%
DFEE 725 5, RIT, IZKFEFHN L O ORI
HHDI AT DAAKHIK, A THIX Zx%lge & L, Hilgko

o
2}

x(t) / xq
N
N
7
\

RIERHE
o o
N w
L
\=
/N
N
N
e
L1
|
-
|

o©
=

A/// s

T (hour)

o

B-10 p D& N X D (t) ST
[XC(1.5,1.0). A FHIKT(0.25,6.1) Th-o7=, p'IEmih
XLt 3.0 FREE L R 7B T <, Hidskoo A R,
MREUVNTE, HERER 2V N & < 72 DA RLT
s, UUEDZ E0b, WL O 0fENR S 0 MRy
TlEHDHOD, AWFFETHGE Uiz Hilko3ERe & [ E
FHEAERD, —EOBEEMEFR LB Z BND,

(5) HEHFIRITEIDBNZERIER

VI LSRR - 5%2% Newton DIEHND 3 EHNIZHESH
W, BEERRAAT TEN IR O X 5 1B S D, 1) IMEL %
P SR LR\ RY BRI L L w (EPEDIERND)
2) SAREGREEERHAR NERONMERE L, SARERERH AR NSO L
L REET DN E 7 o QD NS OOFEIZ I B s
ONEINZ L > CERE S D GEEGTER) ., 3) 1EH - X
VERIZRRNE L 720,

6. BESIRE

WEE X AN L 0 O T, X0 £ GREEERRLA
T DD OXRIELR 2T, O IEE R
p, v(0) D3x(¢) AT G- 2 D 5% B AT i~ T2,
(1) HhigfEREp DFE

5. (4) 2B\, HugdeREp L, JEEOERD
BEEBRAAT TRV A RET DRI RE VI EH KL, 2D
Hkoo N OHERA K E T LT 5, HkoRp: 22
TARETH D L BLEINT, £ 2 C, pfEIZ L Dx(t) 5 Af
DI TEE TIN5, TR AT, AR
BRGNS (6) DR Z V=, ST, RO X H 1T
HIZE S 2 ENTE D, BB & 31ud(19)2U4,
WO X EEND,

@ _ar 20
(xmax —x)x -P @0)

QOO EFED L, BT HUL,

[t [%r @
Xy — X X =D Xmax @n

SEARy L, B

X

In

|=p'xmax't+C (22)

Xmax — X

ANOBUWEERT X TEHT 5, IO, xo)IFAKM = 212, ClIfN T TH 5, (22):=% S BITEF L, x(t)
KEFH No.20-2 2022 247



[ZOWTEREIE, 23RNGB ND,

Xmax
t) =
x( ) 1+C1- exp(_p *Xmax t) (23)

t=0D& Zx(0) EBIFIX, EHCIT24XTEEND,
x(0)
‘= Xmax — x(O)
MARHIX ZBEITxy = 1.0, Xpay = 0.52DFIET T,
(23). QHRXIZ LV x(O) DA E G-, PISELEE LT
x(0) = 0.005x, % 5-%72, p=05%fKhE L, 029

24)

AL S EI B OFIREARZ B0 (77, pHIRITHED,

WEEEBRAAIR ST L L2 b DD, KERSY D NS &
0 IR CIREEERRLA LIk 2. 5 Z L3 AT S,

(2) ¥HEEv(0)DHE

WHEEEY (0) 1%, HUsDOREEEBRLAT TR A £ HIRERIZES
T 5. B & 72 0 OREHERE NI T D, AKX
BEETINE L, X = 2.1, Xpax /%o = 0.29,p = 1.3D5M
T, PEEEv(0) 22 b, (15 (10)=Uz & v
SIHTHINCx () 3 & FFT7=, B TO 7 — A THIHSEM:
x(0) = 0.01& L7z, (19U KV x(0)1sxhiis L= #EEE
v(0) = vo & ROz, THAHAEL L, v(0) ZHINEH,
FNENEEE T T, FERZR-11 17T, v(0) = v,
& LT H A — 22BN T, (D) MBI, EEERH A
NED 0.5 ZHUNZERTFAD S FTh—T & 725, v(0)D
BRI, SFRER DN T E, R T LRI O
x(O) L 725, RIZ, x(O) DRKNEIZEHT 5, i
2 — A TlIx (O TR X g &5 LS, v(0) DHERIC
PO (ORI LT Z &5, Zhid,
WS 2 Z L ABERE L T THERS, AT
WEHBIAA T DRI DI CREHBILAT TEN 2 B D L 9 1
RBH L ERIREIND, Tz, v(0)DEERIZHE, %<
OREHEE DSREEERA AT 5 £ CTORFMAEL 2o T Z
ERNbND, ZOXHIZ, (15)RITHEEIZ L > Tx (D) D
55 VBRI LT IR O R TH D 2
EWRDND, 4. TEELI-HHFE T, 2 ToHX
(2N Tt /X0 75, BATERERER ORI 0 /h & <72
STV, ZHUT, PEEERRKE W01, BT 5 2
EERBIE L TR o T2 NOBERRG L= b LB
fitsisd, FrE (2012) 1TERIChEEET OEEMEZFER L
oo SRICREEE OB Tv ()T S D, ZhbDZ &
MNh, RICHEEE NS NE L, B KT A ERE D
BEIA, LV DOAD, K RENTEEEDIAA TE A
BT EDVREI T,

7. FEHESHDEE

Wk 29 4F 7 ATUNAGHSERRE R ONERR 27 42 9 A B
B AL OBEH IR 7 v — MRS R A 5
M U72ESR, LR ORHEDMS DTz, 1) RRDREEER AT
HEORZAIE, STH—TREFARL LTS, 2)S
FH—TNERYE>TNWDEICARZIEENRDH 5,
3) FEBUREAID N E 72 DA - PRI - 5 D1 TH A AR -

!

o os [VO) :large _vO=100vy | |
Il e
S oa N =
:’ L _ ~ e
M 03 — —
i N % - \7(0)=’10?/(7¢< MO)=vo s (1) ]
& 0.2 / / |
oo S - - - - - x=21 -
B 0.1 p=13 —

A N S L — — Xpma/X0=0.29 _J
0 1

0 3 6 9 12 15
T (hour)

B-11 B (0) DEWIT X Dx (6) S5 ARTEDZA L
SR LN OEEENEE D | B2 BEEREL TS
£ Th D, 4) BEEHEROEFHORIOZA 258, LTz
ezl & LT, Mgk BAR  TEh ) i & - T B,
FRLOREARS E 2. ZEOERN OO M 1 D
DEAERER X, BRI TEIO > X7 LA EEE
L7z, 2O AT LJ5FEUE, Logistic J7HEE 2 By
FECRINTEE T TH D, 3 DOHXKE %G,
SRR AR NELORFRIZ LIERE 2 B < FiHTT 5 FR8iEt
BHEENEONIZ, 2D &N, REEBAAI TEIOFEA
BIE S LC. DLFOMIRMBARECTH D Z L 2R LT,
a) FELOBEEE « ACSCEHRSBE FH RO IS U TE
FES D N, HUROBEEER 2 —FRACHLET 5.
b) BEHEFR RIS E BRI D ZA LA, Mk oo REEERH
MTENDRLI E 72D, ) & ADEROBEERMA TENL, 7%
> TV HMOFER OB TENC A EZ 52 x(O)
IR - BoET 2 HR D 1 D& D,
FBEEATEA 2TV, LRI RS VRIS Sz,
i) MR Ep PR EWVIE L, RS D% < HSREHERH
bET % ECORFENNEL 725, i) MUl CTRIZGE . WhH
FENRELRDITE, BEHBRIGR AEMEIIL, 61
132 < OREEHEE DREHERHAG T 5 £ CORFRNEL 725,
1. 1TRT, L0ZLOERDN, LVELRITFT
X0 BRI ORERBRAA TEV A Z 972D OIS I, 4
BOMFRELZ T, WEOKERBRC HEOFRN T
DFhELEWE, PoKHIFLSADIERD . Xpar X (I
ETHEO G DBNIETH D, xgDiHlifFE, DED,
—ODEAIEE L THER D HUEEIH O E ST IOV T,
W2 DRI TH 5, ITHHEROBEG-OH T DEN
LR OEAHET HER & ZDORBEIZONTDSy
MIBETH D, LD O, BEFOFHAER
DFEMAT, FAEFFIOFBRE, (& RS Alhe
PEIZDON T ORI Th D,

HEE - ARSI, EIEE RO EA DT RRTFR
RN HIBREE SR LR IR ST L TR
(ZHEDTAIFE TSN TN D, AMTSE THIV Tk 2 B

248

KEEHR No.20-2 2022



T57 2 — NRET — 21, iR T 2 57k
Nk, RO, RN D KRR E R TIC B EE
WOEREN D, < O T HETEWEZ LIZE>THES
Ni=bOTH D, TUNMBFE R Z O . IR~ R OM
EEHE, WET —4 2RIV, ki, Rimscod
FEEAANLTIE, REARDOWIE 6T - BiS 272
W, ISR L TEHTARETH D,

SRR

Pierre-Frangois Verhulst (1838), Notice sur la loi que la population
poursuit dans son accroissement, Correspondance mathématique et
physique 10, pp.113-121.

RER BRI - /IABRE (1982),  SEHERFOBEI TEIO/04T—81 /1N
BN E 2945 & U, #RiEHEGER SCEE, No.17, pp.541-546.

AA KRR - AR - KHERHE (1986), BEAN 58 4F 7 HILERSE
RSB DEEROFIRRIICONT, BIRSHERRE,
Vol.5, No.1, pp.9-19.

Tweedie, S., Rowland, J., Walsh, S. Rhoten (1986), A methodology
for estimating emergency evacuation times, Social Science Journal,
Vol. 23(2), pp. 189-204.

EAEAR - TS - ZRMORRAS (1993), JLEHRHEDRZR 53R
IBCCOBEE TE), K LFERSE, No.37, pp.233-238.

PRI -+ HEZESENY - SIS (1995), /KEREEEHTEIO I 7 e
a2 b—va LHINCET 058, TR AR R,
No.509 /11-30, pp.15-25.

SEAE (1997), BHVEREY:, WIEEE, pps-10.

JHEEE - BRIV - JtkEE (1998), 377 [ RHKIFC 31T DER
DOREHTEIO B RPE 7 1 A B B89, ilE DKL
SHIBREECRIT 2 v VRO w MRS, 55 4 &, pp.291-
296.

AHTIQ00D), I3 LIFHMIZA S 2—JrEARTEE 2 H, B4 Vol 71,
No.1, pp.30-33.

RS - RER - EEMIE 2001), FESERKEEICRT 10
B oIS & REEATENC B9 2B, 1) 1w SR,
957 &, pp.155-160.

J R - R - BEEE - RJIVEE - SRk (2002),  HOME
SENSGEZFHNC UIREE B0 2 B E ORIV
VB9 DHIE, KRR SCER, 25 46 28, pp.319-324.

Chester G. Wilmot and Bing Mei (2004), Comparison of Alternative
Trip Generation Models for Hurricane Evacuation, NATURAL
HAZARDS REVIEW, ASCE, pp.170-178.

RS — « ZIESR - FIAMET - EHME1T 2005), teHSEN
SEEITIT DU & B TENC RS 5 7 v — N,
) | AfTRASCEE, No. 11, pp.151-156.

A - REE - RIIEE (2005), KEHRBELIIT HER
DO SEFROTIHARE BT D FARs, LA
£E No.786 / TV-67, pp.77-88.

FF 006), HAROMHMNT WEE AR, b EPR
FE, pp.137-139.

AARSEREHRFES (2007), DL T2 RT 720002 KT bn
RONDH?, ARSI S AR T LDk, htp:
/Iwww jasdis.grjp/ userdata/05sympo/070714.pdf.

JTHEEE (2012), ADBEAR72 A, Sttt pp.73-75.

S « ST - (SR - /NEE (2013), JEBTHIHIFIK
EERxIG L UIOMEEIRICET 2 0 F U A0, RS
FRSCEBL UK, Vol69, No.1, pp.71-82.

HHER] (2015), BEHERFOMATFFHERNCE B L7 28@i o)
RN PN N2 R B v S e

BIAEH (2016), WK 27 459 ARIH - BUILSERNICRIT D 58E
THRO(RE & R TE) « BT & AT OIERE, A
SEATRERSS, 45 15 R KEIC T 5 VR YT L
£, pp.1-8.

BB R (2017), Rk 27 FEZFHA, /NUSEES T, http:/ww
w.stat.go.jp/data/kokusei/2015/kekka.html

filiAeETs - T (2020), SERNRFORINGRRZ B 58 L 7R
BRTERRROET UL, TARTERIEE D3, Vol.75, Nob.
pp- 1 37-1 42.

AT 2021.6.30)
CEHRE 2022.6.13)

KEEHR No.20-2 2022

249



Proposal of System Equation Describing Evacuation Initiation

Behavior during Floods

Yoshinori TAKEUCHI' * Yoshimasa MOROOKA ? « Tadashi YAMADA *

! Tzumo River Office, Chugoku Regional Development Bureau, Ministry of Land, Infrastructure,
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*Water Cycle Division, River Department, National Institute for Land and Infrastructure Management,
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#Research and Development Initiative, Chuo University (yamada.51r@g.chuo-u.ac.jp)

ABSTRACT

The purpose of this study is to obtain a system equation for understanding the effects of various factors, such as
evacuation information during floods, changes in surrounding conditions, and the behavior of residents in the vicinity,
on the temporal changes in evacuation initiation behavior. ~ First, the characteristics of evacuation initiation behavior
were found from the temporal changes in the number of households initiating evacuation in a region and the triggers
for evacuation, which were obtained through a face-to-face questionnaire survey. Based on these characteristics, we
derived the system equation that considers the evacuation initiation behavior of a region consisting of many residents
as the motion of a single aggregate. The system equation is derived as an equation of motion, which is a Logistic
equation expressed in the second-order derivative form. This system equation could reproduce the actual time
change of the cumulative number of people starting evacuation very well. Based on the high reproducibility, the
evacuation initiation behavior can be interpreted as follows. 1) The sense of urgency that accumulates in response
to multiple information regarding evacuation and hydrology and changes in the surrounding conditions uniquely
defines the evacuation rate of a region. 2) Evacuation orders and changes in surrounding conditions such as
inundation will trigger evacuation action of regions.  3) The evacuation initiation behavior of one resident affects the
remaining residents and is one of the factors that accelerate and decelerate the time variation of the cuamulative number
of evacuees.  4) The results of the sensitivity analysis suggest the following: the more leading evacuees there are,
the more the total number of residents starting evacuation increases and the shorter the time it takes for many residents

to start evacuation.

Keywords : Evacuation Initiation Behavior, System Equation, Newton's Equation of Motion, Logistic Equation
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Simulation-based Tsunami Evacuation Drill Method:
Development and Validation of Tsunami Evacuation
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ABSTRACT

To deepen our scientific understanding of earthquakes and tsunamis and raise disaster preparedness and
awareness, effective evacuation drills should be developed and widely spread. In particular, as a lesson learned from
the Great East Japan Earthquake, it is important to enable residents to consider appropriate evacuation methods on
their own, rather than sticking to either evacuation by car or on foot. Since most people learn more through
experience, it would be helpful for residents to experience tsunami evacuation virtually using simulation technology.
From this perspective, the authors have developed a simulator system for tsunami evacuation drills that can
experience both car evacuation and evacuation on foot, and can experience evacuation under mixed conditions of
cars and pedestrians. The simulator system was evaluated by the 10 people who had actually experienced a tsunami
evacuation, living in Ishinomaki City, Miyagi Prefecture. The results suggested that the simulator system enables
people to experience evacuation with a sense of tension and urgency, although there is a problem of discomfort
caused by the difference between the simulator and the actual driving and walking sensations. It is expected that this
experience will enable them to consider on their own the appropriate evacuation method depending on the situation,
without being fixated on whether to evacuate by car or on foot.

Keywords : Tsunami evacuation, consciousness for disaster awareness, driving simulator, evacuation by car,

evacuation on foot
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Festivity of The Great East Japan Earthquake
—Consumption and Oblivion of Natural Disasters

1n the Discourse of "Kizuna'" at Non-Disaster Arecas—

Hideyuki KOBAYASHI'

!School of Information and Communication, Meiji University (h kobayashi@meiji.ac.jp)

ABSTRACT

This study reveals the structure of consumption and oblivion of disasters in a non-disaster affected area based
on a review of previous studies and a questionnaire survey of 600 residents in Tokyo, Chiba, Saitama, and
Kanagawa. In the early days of the Great East Japan Earthquake, messages like "Kizuna" and "Ganbarou Nippon
(Go for it Japan)" were widely used in Japanese society. The "Kizuna (Emotional ties)" discourse was used as a
symbol that could be shared by the entire society in the collective effervescence after the disaster. However, the
survey showed that this discourse was perceived as a term outside of the life world for people in the non-affected
areas, the Tokyo metropolitan area. In this area, people were aware that the "Kizuna" discourse was shared in society,
but they did not internalize it. Therefore, the "Kizuna" discourse lost its power as a symbol over time, and reactions
such as suspension of use or denial were observed. A review of previous studies indicates that this is understood as a
structure that treats disasters as other people's problems, and that this is the background that leads to oblivion through
a collective effervescence.

Keywords : Collective Effervescence, fading of Memories, Oblivion, Consumption of Natural Disaster, Festivity
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ABSTRACT

There are many experiences and challenges on pre-disaster prevention activities in normal times, and disaster
and post-disaster responses all over Japan, and various countermeasures and practices are being implemented for
problem-solving. Various entities such as the national government, local governments, research institutes and media
disseminate this information through websites, but the main focus is on aggregating and listing relevant information
contents. It has not been reached yet that knowledge hidden in individual information contents is integrated and
provided. Therefore, the recipients of the information can only have an overview of the situation in each area, and it
is uncertain that they can appropriately utilize the knowledge of each area that can be helpful for their problem-solving.

This study aimed to indicate a process to integrate knowledge from web-contents that municipalities and
communities can refer each other about the challenges and responses on disaster prevention all over Japan. Firstly, it
suggested an approach to integrate knowledge from web-contents by using the DIKW hierarchy. Next, it attempted
to integrate knowledge from web-contents about disaster evacuation and sheltering with COVID-19 in order to verify
whether the DIKW can be applicable. As a result, this study found that the DIKW is applicable while this can provide
clear path to integrate from individual web-contents to knowledge and also it is possible to create a summary report

integrated knowledge from web-contents by human work, which contributes to solving problems in all over Japan.

Keywords : Integrating process, DIKW hierarchy, COVID-19, Disaster evacuation and sheltering, Web-contents
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ABSTRACT

In Japan, existing facilities are converted for use as evacuation centers during disasters, and it is undeniable that space and
function restrictions exist. The purpose of this study is to clarify a series of structures that address and resolve issues arising
from space and function constraints in evacuation centers by devising spatial arrangements and functions. The method used
was to analyze interview data obtained from 11 evacuation centers recommended by academic experts, etc., to determine
whether the structure of problems occurring in evacuation centers was caused by space, to draw a conceptual diagram of how
to deal with the problems, to represent the diagram on a layout, to organize whether the problems could be dealt with as spatial
problems, and to try to systematize the solution methods. In this paper, we analyzed 4,629 sentences of interview data obtained
from people involved in the management of 11 shelters recommended by academic experts, etc., and obtained 60 theoretical
descriptions. These were then categorized using the KJ method into two groups: "building damage," "administrator's
viewpoint,
"rules and arrangements" and "spatial arrangement and functional devices. From this, the interrelationships between issues

administrators and evacuees," "individual evacuees," and "among evacuees," and two solution/response groups:
and solutions/responses were organized, several points were put into a concrete shelter space, issues that occurred in the shelter
were organized as being caused by the space, and a series of structures were shown in which responses and solutions were
achieved by devising them in the space. The results of this study are partly due to the fact that it was clarified that the separation
of functions within the living space is important in terms of public health, health measures, and recovery from the disaster,

and that this is being implemented through spatial arrangement and functional innovations.

Keywords : shelters, issues in shelters, spatial arrangement of shelters, flow lines
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Aimed at the Use of Local Government Officials

Extraction Methods and Vulnerability for Road Embankments

Yoshihiro CHIBA ! + Kazumi KURATA? * Fusao RITO?

! Disaster Mitigation Research Center, Nagoya University (chiba@nagoya-u.jp)
“Disaster Mitigation Research Center, Nagoya University (kurata@nagoya-u.jp)
#Oyo Corporation (ritou-fusao@oyonet.0yo.co.jp)

ABSTRACT

This study attempted to extract road embankments for three major national highways in the Nishi-mikawa area
of Aichi Prefecture, mainly by utilizing information that is generally easy to obtain, based on the practices of basic
local governments. In addition, the network of the roads and connecting major roads (national and prefectural roads)
was considered, and the potential for damage was simply evaluated for each section, considering exposure to
anticipated earthquake ground motion and microtopography classification, and the sections where the estimated
road embankments with potential for damage were located were shown on a map. Using these results, we
considered the practical application of the local government in setting up transportation routes for supplies from
prefectural supply centers to the supply centers of the local government and confirmed that it is possible to study
detour routes in advance, considering the risk of road blockage due to road embankment damage.

Keywords : Disaster Information Sharing, Road Embankments, Hierarchy of Management Systems,

local government, Emergency Transportation
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Frequency of Education and Training on Disaster Response

in Large-Scale Commercial Facilities and Complexes

Gengaku MASHIRO" -+ Kyoko TSUKIGASE®

! Tokyu Property Management Co., Ltd. (mashiro@triinc.co.jp)
“Research Institute of Disaster Management and Emergency Medical System, Kokushikan University
(k-tsukigase@kokushikan.ac.jp)

ABSTRACT

Large-scale commercial facilities and complexes require a high level of disaster preparedness. However, it is the challenge of
making time for education and training related to disaster prevention, as well as obtaining budgets.
In this paper, using Disaster Management Level (DML), we positioned DML of three digits or higher as those eligible for on-site
commander, and conducted educational training to qualify more personnel as on-site commanders.

After that, we compared their DML with the average score in the scenario test. The average score of personnel with a DML
of 3-digit or higher was significantly higher than that of personnel with a DML of 2-digit in the test.

Training planning with the goal of improving the DML to the 3-digit range for personnel who should command the field can
beused to explain the appropriateness of the training frequency.

Keywords : Business Continuity, Disaster Management Ability, Disaster Drill, Quantitative Evaluation,
Disaster Management Leveling System
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Analysis on Characteristics of Community Disaster Prevention
Timeline and Comparison with Various Timelines

through the Case of Ichiuda District in Ise City

Keisuke HINODA ' * Kensuke TAKENOUCHI?

! Graduate School of Science for Creative Emergence, Kagawa University (s22g306@kagawa-u.ac.jp)
“Faculty of Engineering and Design, Kagawa University (takenouchi.kensuke@kagawa-u.ac.jp)

ABSTRACT

Not only governments, but also communities and individuals are promoting the use of disaster Prevention
timeline that shows the actions to be taken at the time of a disaster in chronological order. In this study, through the
creation of a community timeline in the Ichiuda district in Ise City, the differences in residents' disaster awareness and
their attitudes toward public and local disaster information were identified, and their use in the timeline was discussed.
In addition, by comparing the characteristics of the Ichiuda community timeline with other timelines, we clarified the
characteristics and issues of the Ichiuda community timeline.

As a result of the efforts, the Ichiuda community timeline has been divided into districts based on disaster
awareness, and local information on areas where residents feel at risk and local initiatives in times of disaster have
been included. As a result of a comparative analysis with other timelines mainly from the viewpoints of "Time,"
"Subject of action," and "Content of action. As a result, it was confirmed that community timelines tend to show the
uniqueness of each district and that it is important to collaborate and share information among timelines in order to
discuss how the timelines should be.

Keywords : Disaster Prevention Timeline, Local Disaster Information, Comparative Analysis, Public

Participation
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