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* On-site study around Hasshikami-cho in Aomori prefecture to clarify the singularity of Hashikami station
by Shunichi Kataoka
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*Temporal seismic observation in the central-southern part of Tohoku District by Tomomi Okada, Takashi
Nakayama, Satoshi Hirahara, Kazuya Tateiwa, Shigeki Horiuchi, Kei Katsumata, Mako Ohzono, Masahiro
Kosuga, Takuto Maeda, Yoshiko Yamanaka, Hiroshi Katao, Takeshi Matsushima, Hiroshi Yakiwara, and
Group for the aftershock observation of the 2011 off the Pacific coast of Tohoku earthquake




20

?VX“*&jif X0 fRESh T3
B oNEEEE T — & & 8 E %ﬁ(ﬁﬂfﬁ%fﬂ@ﬁmﬁﬁﬂ{ﬁﬂ (EAbET, HEIOHEICLY
;1=:<0>|EJ;1=, BRI EEIT2 - T,

3. BER
BREOREIEAET L, BEWIEOKE HET Lz, 2020 4 8 A ~2021 1 XETo
BEIC SV, BEREEER & OMRET R, B 2 (B S h - B o6l 2 7,
s ol [ 2, BN S T HE OB, W E T D
Il SEREEIEIC R, EAS P I - S WO FAM
DR SR (B, TU***C TR
S B BHEAS AT L DB A TH B,

3.1 BESAR

AMFIETEME LRI KO HBARIC KV RESN/aA N MR L, K[RIT
LB # v IS TR WHER 2 #ER8 L7, T bk, PEEWTE TR T- %UWH’*%U?
J i — 1t S A M VE AR A O 6 K2 M (AR oftl, Zio oM OfEE (EIRIRFEE, L
FRETAST) bR 62,

Temporary observation JMA Catalog . 3 B E = o = 9& Z‘ﬁ (2020 08-

2021.07), ZE725 HENLER (RN - fif,
1999 72 &) THRLNI-ER % HH T
SELELD, ARTRTREGT—
TALRE A # v 72 E £ b g

| LSHZ b B iR T 5 2 L 8T

‘z %f:o

140°36' 140°48' 141°00' 140°36' 140°48' 141700

382" 20 3812

o010

i 3748’

- - O il ; GRS, KESIT~Y
e o =F a— REFRT,
W RBFE O BRI A
g g N RS OB,
g g T ENERD~ 7 =T 2 — FHE
- - 53




21

32 A= LR

ARBFSE T HEME L 72 BRSNS L O A B
WEIZ LD, JPRFEIRN T A I = X L fif %
HE®E L7z (X4), 5513 HASH (Hardebeck
and Shearer, 2002) Toh 5, I A 2L
WAL P b -V 7 AR RS
m&ms,

HAL HL 5 N FEER T O i S35 13 1 2 0E
Yoshida et al (2015)IZ L Y R S TH D
— MR Foe K - e il 203 AP S 7o 13k e -
P70 C o 5 Wi g 72 LR Ll g
FLD IS5 Tl D B % O N & 3 Ff
T 5, —F, b bR KoKE g 23
FAAL ST T o D W TE 72 LR AL g
B S5, Bl s R L b C U IE B B o s
TG HER I N TV B, R AL
THUZEIRKICBNWTIEEDOL S R . 4o —
%)'ﬂﬁl_{ﬂﬁ)ﬁﬁﬁgéhfiﬁlo 7":0 139° 140° 141° 142° 143°

41°00'

40°30'
40°00'
39°30'
39°00'
& ag30
38°00'
37°30'

37°00'

3.3 HIRBERERE X 4. ABFZE R ONZ U E C oG REBLEN 2 FIF L

SREIKNZFNT, HBRBEEE DT T e Ui 2 5 = X AL O P S0 557
7 A (Zhaoetal., 1992) #4772 (BK5). #]  sp % 2011 4ERAL I HEER A DIECh 5, 1E
WIHELE X Okadaetal. (2015)Tdh 2. 2020 4F X3 40km L Y BVHIE Cdh 5.,

8 H~2021 4 7 HIZHAE LTz 7963 fil D
B Ule, AWTZECHEM LBRBL 0T — 2 2 W5 2 & TREEEMOME LD 155
ZenEEETE R (M6,

T2k & LT, B A 13X Okada etal. (2015)i2 LD, ME%W%%%%WHL’m%ﬁE
AR ERS RNTE STV D, 1) RET-FIRFHRETE 5 L O & A e #7112 - ¢,
R - TR i M R I R ARR R N 3 AT D,

2) EELREZE L OE T OPEMEE MR RFEANLIC I~ 7~ RSS2 B 25
D ERBARE LA ET 5,

TENF/BONTVWD, SRIOET —F ThRAKOBEMEZHL N TER (M7), 5%, 7—
Z OEREIE, HEBEDOKREZITI TETH D,

4. £& ¥

YR T~ LR VR R S~ A B AR IS 2 T ORI, R BT-FT AR A, 1 S 4 M P
WrlE iy, PUERTE A 72 EOWEH DS EMEC M LTV D, ABFJETIE, YUEHEBICE T 5 #UE
B ZHEEL, TOAMIEIC OV THER Lz, HERIGEBIENMEW 2D, S %EBU A ke L



TS aERL, ZOMBOMBRIEDEZOER, KT, HBRIEEEMEWRREIC OV TRE
TOTETH D,

X 5. FEZTTT74IZHWE

°nnl u

38°30 X X X R % X 3% X el X 3 ¢ x x x e xxad x x o ><>e><><><><><><><><><><><><x>< Lh oo
XXX XK XN XX XGEXBOOPH X XXX KX XK X PG RX XXX, ><><><. ><><‘><>< e A «;4 ﬁ ﬁ{ﬁu /\ﬁ ﬁ/:lz bj:%
XOKXX XX XK XX R XXX X X ><><><x><><><x><><><>o<x><>6><>< XXX xﬂg( x| )J; I o I H
XXXHXX XXX X KX XXX >< XXXXXX, ><><><><>< xxxxxxx«mxxxx XX X ol

38°15' xngxxxxxxxxxxxxx >< XXX XXX ﬁxxxxxﬂx)&uxxw&xxxx% 3

VAR E 40km £V HVW/E

XXX EHHOOOOEXXXHRKHX X XXX XK X ><><><><>¢>< ><>< & XN XXX XXX
XXX XX XXX X XEX XX A xgxxx xx X x % x X ><><><6<>< XX XXX XXX ¥

XOXOOOXXX XK KX XX XOOX XX XX XX XK X ><><><>< X XX XXX XX XX X - —
B XXX XX XXX XXX X K XX XXX 3 X XXX XA X X XX X !xxsox& X 0K XX SBX X X K I/\ﬂﬁ%%zr\‘a ) 'épl:]ﬁ 011{
38°00" Moo x xx Xk xxﬁéxxxxx ><><><><><><><><><>< X% X g XARXK XK %X

XXK XXX XX X XX XXX XKX XXX X XK X &KX, XXXX
RRIHK KK XXXX*&XXX&(XXXQ(XX’(XXXEX XX XX XX
32500 X XX X K X K B XX X X X XX XK X X xxxxxxi
XEXOFEOORXXXXR XXX XX XK XRX XX RX ><>?><>c

AP EFBOCX X XK 3 X X X X ke XX xxx x kXX g8 x
SOOI K (XK XXX X X X S6X xxxxxxxxxﬁ
5 X,Ei'xx ;/é ><x><x>U(><x><g<><>?><
£ %x}xxxxxxxxx’ﬂ(xxxx

X XXX X XXX XXX XXX

37°45'

E ' PRI SR, 013
ZNUSNDTEH - LI A
R 7Y, X l‘i{%)ﬂ LZ Yy
e e at e A
BB o ¢ 3 xax xR R EIRB IR 350X X X X xxxxxxxxxxm* *Q ]\é‘fﬂ"‘é‘ y ) b4 ]\ i(m:éjj
azleg S iixxn@(xxx x&xxx»xxxxxxxxx;m xxxy i 2
N R 26 X XX XA X X KK Y KX XPRAEX X X X XE ;<>< 5
8715 o S B A1 6km IR & L7e,
i’@’?‘x*xxxxxx@?} Xt xxxxx@ﬁz&w %0%02 X 5% 8¢
><><o<x><‘><><b<>g XOEX X B X 20K S %
N @ XX XX X X2, XXX X WX X AR S3 TR
37°00' xﬂxxxx@ XKX;ﬁxxx%x%x%x .,c N o[
><><><><x><$<><><><><><x><>< xxxxxﬁ;&g R

XXX XXOPX KX XXX X X R o X 3608 X X X!

2 5' P
)“ﬂxxxx XXX X XGRX XX x@xxxxﬁxx . M

37°30'

139°00' 139°30' 140°00' 140°30' 141°00' 141°30'

6. Fx v H—AR—RFF X FDOBAZRT, Y’“é 18km (Z81F 5 P I3 & R 7=
OEERT, £ BRSRL, A : 5005 T,

BEE
AR FENT I F IO 72 b O HFR K LB ZER ] (55 29K) O—BRELTHEML TWET, £
7o, BUANCERL ZH AW T2 2T BB - BIFREEBI IR A L BT £,



23

= =——"
-6 -2 0 2 6 -6 -2 0 2 6

dVp (%), Depth 18km

7. KT —XICLDHES 18km BT 5, PIRHEERA (4) - S EHERZE (4).,
ERT-FARITEH (NF), @& EEEE (FK), PEEWREHE (FT)
NF <° FK @ B () Mo =4 TRITKILOMEITIREHER A fHERTX 5,
NF-FT-FK CBH £ 72 0 ¢ bR E AR TE 5,

3R

Hardebeck, J.L., Shearer, P.M., 2002. A New Method for Determining First-
Motion Focal Mechanisms. Bull. Seismol. Soc. Am. 92, 2264-2276.
https://doi.org/10.1785/0120010200

RNTEAR, BN, EAJIEE, 1992, HUEN LR L7-HA 10 b PR AT HE e R ER I
HENLFL S 27 ADOBHSE. HE 4 28 52, 241-254.

Okada, T., Matsuzawa, T., Umino, N., Yoshida, K., Hasegawa, A.,
Takahashi, H., Yamada, T., Kosuga, M., Takeda, T., Kato, A., Igarashi,
T., Obara, K., Sakai, S., Saiga, A., Iidaka, T., Iwasaki, T., Hirata,
N., Tsumura, N., Yamanaka, Y., Terakawa, T., Nakamichi, H., Okuda, T.,
Horikawa, S., Katao, H., Miura, T., Kubo, A., Matsushima, T., Goto,
K., Miyamachi, H., 2015. Hypocenter migration and crustal seismic
velocity distribution observed for the inland earthquake swarms
induced by the 2011 Tohoku—-Oki earthquake in NE Japan: implications



24

for crustal fluid distribution and crustal permeability. Geofluids 15,
293-309. https://doi.org/10.1111/gf1.12112

Yoshida, K., Hasegawa, A., Okada, T., 2015. Spatial variation of stress
orientations in NE Japan revealed by dense seismic observations.
Tectonophysics 647-648, 63-72.
https://doi.org/10.1016/j. tecto. 2015. 02. 013

EARA, NMER, EEER, KRB, FEE, DAE—Rk, 20000 R&ET—F]
JFWTIE (et S TP ER) A BE OWUN RIS EY. R 2K 2 18 52, 407-416.

Zhao, D., Hasegawa, A., Horiuchi, S., 1992. Tomographic imaging of P and
S wave velocity structure beneath northeastern Japan. J. Geophys.
Res. 97, 19909. https://doi.org/10.1029/92JB00603



58 2022 25

O/ NHUR OISR TR TR AR &SR T &
— BAETP IR (SR JEAL U 748 - AR IR BT D it R 7 8 O AT —

FAERYE MmERER, SHEH, RES

1 X

MR X HIERN TN L7 RIS )« B X — 2 iET 2 8RR TH S, MERIH%Z T
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EMEIZH RERBEDNMD D Z LI b,

ABFFETIX, /N OB R EE R T Ok (a) (b)

TEWSD, R —KPREFDLOMEIEE) o e o o o wpes e

BT E Lz (K1), Z ok
2011 43 A 11 H @ﬁiti&ﬁkﬂ?ﬂé%ﬂ@%&

P OIEFIERICEWEESBELTE T g Lt
Y, 45 11 HIZIE Mima7.0 DHIFE S FAE L ; NS
T3 (12 1a DA, 3\ o

=4 N
2. F—HX L Fik

e — KRR EEE0 T 2011 4E 3 A 11 H225 20184210 H 31 HE TIZR/AELZHED S

B, FnetlZX 0 A0 =X LRPHEE . e o "
S AT = 1 (a) MEATRGIE (FFE) & 2011 SRR IBIRIEE D o M7 K
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*Simultaneous estimation of stress drop and rupture directivity of small earthquakes near the Fukushima-
Ibaraki border by Rina Ikeda, Keisuke Yoshida, Toru Matsuzawa
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BERICEIT D 3 KT S BOEERE O WfRT

EFRFREHRBAFEFERN LERE
EAFRFHETE =HERRE  LAZER R

1. IXC®IC

Fox ik, 2012 D (A HE TR A IFRIRES O O b & MR T UL 2 H
N AE G R T3 1T D i FREEHEE O 21T - T & 7o (B 20X, IhARIED, 2015), 1IARLZ
2 (2015) TiX, fERO Hi-net X QURHFHRMERTY =7 7 LA THLIN S Av7z W R o ex s
HFR B PR E T 2 A L C 2 MO AR A B L, 155k B BRI & Bl
EEARELTW, UL, LEIF) (20200 T, #FHEMERES» OGO 2 807 m
A AT K JVIZ Ekstomet al.(2000) MR R L7=Br 7 o R3E4 A L, Rayleigh A7 AH 3% 0
ExAToT, Fo, TEIED (2020) ONSAFEII AL —CHfEi 2+ 2 LC+o2bo &
BRI, ARWFIE TR S R E30 O Hi-net X° F-net OFIH A LBEM LT, om0 A%
FEIZT 5, 2LTC, BoncmERema2MiEd 5 A OB E SRR IZ 50T, Fang
et alQ0ISIZ LD NEZ T 7 4 T FIEZFIMA L, WERETO 3 %t S I #EREEOHEE %
KD,

2. FABRARKEEPABFEE I v AR MVOREE

X 1 {2 Hi-net 8IS OALE 2 7859, X 21 Fonet AL RN =7 7 LA JFRONLE 2777,
il L7z Hi-net BLALSITME B IR K ONZ OFUICEE SN TWDH4E 46 BULE T, HHT—2H
ML 2012 £ 9 A5 20134 1 AETOHENAMTH S, #H L7 Fnet B AL, N.KSKF
(JIIFF) & N.ASIF (2R) @ 2 @A, AT — 2 ML Hinet BIR ERETHD, 20
HARNZIAHIR Y =7 7 LA 828 2011 45 8 A5 2014 4 2 A & Tl S, 20O 5
L AT —2NERHE L CETHFEL T ORI TH Y, MM EZR —IC LoD T
HDH, T2, V=TT LA DO NO4 & NOI0 IZ L Tk, T—H RED 7= DR RI 80 5k
WTCWS, RHIRY =7 7 LA OFELWERIY 27 2%, IWARIED (2016) (IRENTND,
%72, Hi-net |Z 100Hz TELHIZTHOIL TV DA, FHEOATN 2 S 372 O IR %R Tl 20Hz
WZHE DT T L, 51T, BLE E UCREIESAL, Tk, A7 bR UA R
=V 7 %17 -7 (Bensen et al., 2007), AILEZIT->7- 1 BFFfIEEICK L, FFT ABIC XY 7 1
AANRY MVERM U, AFECTITERXEZ 1595 & L, 40352 LT 1 REMEY &
L7, $il& LT, Hi-net B A NNMEH (GR{T) & HTDMH (HI) © 2 SO 2 2

* An inversion of a three-dimensional S-wave velocity structure in Fukushima Prefecture using phase velocities
of Rayleigh wave based on seismic interferometry analysis of microtremors by T. Tsuchiya, K. Miura, H.
Yamamoto and T. Saito
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AT MVOFEEE 3T, E2BIEIC—FE, —H, —»H, E2rAMESLE7 v X
Ay M ER LTS, FIREREL TR O 72 0 o T2 R0 72 IR BV S R RE 412 L 0 fif
WTED Lo, &6, BHLEIZ v ARART MUIZ ) A4 R LD/ SR B aR<
T OICBENEEIEZIT, Erra A 02 RETE D & ICEITHRE L TRk L T2,

3. YuyoRBICk A EEEREE

IZLDIZ, 7R RARXRY MLVOFERRNOAHBEEEZ RO D701, UTOEa s e xExE A
Wiz, TR ORN B VBN n B BIZ 0 &R BB EZ,, BENEAES, &5 L Rayleigh I
NFEEE (D)X TREN D,

cH =" ()

Zn

LovL, BllEnzsz o A2~ LT RIS ) A A2 EGHREZETH D, KREOFERNBK
MY 2L AERCRDIRBERERDLEAND D, T02D, Ny VEEOKEDFERLE 70 AR
XY MOFERENESELONRHEETH DL, £2T, FRORIMERGRFEREZELTZ(Q2)
oA AT AR S O HEE %17 9 (Ekstdm et al., 2009),

2 n
Cm(f)=zn’% (m=0,41,%2) (2)

ZZTmiE, KinL7z, b LLIERDICHDEFEROBE L LT, AT, 6000 n 21K
ELTn—40bn+4ETOS OOMMEEZF I Lz, flE LT, X4 IC8HA NNMEHGR
L)X HIDMH(HR R)D 7 g 227 kB 7o A ENGLHETE LTz Rayleigh A7 FHEE Sy
B R 2 7R3, IR RSRIT — ROTHE EEREEE A & 5HR S U7 (LA FE 4y oth AR (8517, 2002)
HorLl, 0.1Hz 205 02Hz OB THIEET 5 2 LI X W —FE Wil 218 7E L= 2 Of5 R,
0.1Hz T#J 3200m/s, 0.2Hz T#HJ 3000m/s, 0.3Hz THKI 2800m/s & 72 ->70, T X H @K T &
DORAESE ZFRATY , EEOMBEDLENDRD N T E OMNAEE S X 2R L-, &
WRECIE, B EEREAY 100km LL E O A S DOEOHLEZHEH L, HaRfEEo 7 5 Hinet &
IR R R O A A DI L,

BJ 5z, JEEI 8 BITIIT 2N A Z L ONAEE AR, K6 IZEH 3 BITIIT 532 2k Ofif
FEHE 54 % N ERd, AL TWAASA0ITFNAR 275 L 215 <THh s, 5T
W, AR S 23542 3000m/s LL B AR TRRIEE AN <, FMIE T L oEFHEI LI v, K
6 TlE, ¥ 5 X0 LA HMENFEHMICELS o TEH Y, RO TIEKN 3000m/s 29
FEBE A2 <, AL VEHRC B T UK 2400m/s 70 6 £ 2800m/s Z 7n TS AN 2N 2 & D3RR T & 72,

4. TE$E S HEF YT OFIE

AWFSETlE, Fang et al.(2015IC & 2RI DT — & 2 EHWAENT L C 3 oC S BIR
WERETOIREW NS T T 1 EEER L, @O S EEHEMEIX, K7V v KARAL R
TOSWHED 1 RILT BT 7 A ND 2RFTAAHIEE~ » T2 Lol Z & OWRTIZ L -
THFEENDS, Lo L, Fangetal(2015) CIIALAREEE — kot~ v 7 2 /ERETIZ, E# 3 KT
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S WHEETNVAMETEHLDTH D, £7-, ZOFHEITFE O EROFEIC GBS
Z R Lz i~ —F > 7' 15(FMM) (Rawlinson and Sambridge, 2004)% 1] L Tk 0, WAk
FTHWEMOMITEZE L TWD, HENKE BT 2 5 AR CHEBURTE O E 1318 8)
TR, WIS BIT 2EBROETORBLZET L2 L ILHEU TH D,

NES T T AR EAT D2 H T2 AR T DI SR 2 R D L 9 IC3%E L=, x84t
AL 36.6 EEDN S 38.4 [, HFR 138.9 JE D 1413 L L, WERE B OHIEE Lz,
MR Oy EEIEZn 2N 30 i Ch D, AT HAEEEOE O IL 3.0 #205 10.0
BWoMT 05 e Lz, RKOEWIESIE, 2.0km 225 9.0km O] T 1.0km MkEE Lz, K
WEET 10 14T o 72, 728, FICHW TS S AOITR K 275 HTH D, S HEHE M
7T 7 4 DT T AL, BERO /S A T U7 E 2 1145 U CTHERIA A2 STl & L,
WEDO3HD 1 2HEEE L,

FIARZETIX, ST EZITORNCH O UDEE TE /LIRS 272018, F=vb
—AR—RT7T A MEFEM LT, =0.4km/s OFRERAELE 5 2 72 S EIEE O£ T LV E2AERk L7z,
W O SEEEIIAT O CIEA T 2 EAR L F UMEEMBAL, EEE &b ITHmsETn
Do W TICHRE SkmIZBIT AT = v I—R— K7 A MOEREZRT, Bo7MREE2 R LT
HDHE, FICHEBRNEZ RO FEREEE T2 2 ER MR, ZhEASEOANT—4%T
IEHEEREWIEFTE TSRS,

5. WEESHEEEMBELEBE

HEE L72R S Skm O S Bl EREIE A X 812, VEE 3km @ S WIEEMEEZ X 9 I F LR
T, WEE skm TIE, RO HEECH I BT S JOEE 2 3.3km/s & UVl EE 2R LT
WD T, SEHHIR TR 2.8km/s L HEDOEBWMEEZRL TW5, S 3km Tl, HHCM
TEEBIC BV TH 3.0km/s EHERE L THEEDEWEELZ R L TWS —F T, Sl TIi
2.6km/s &SGIEE & RIBRIC Mk & bR CHEE N O L e o T D, E e S EHI A E D
X9 7R 37.56 FEIZ 1T B R PE W 0O S AL 434G & X 10 1289, BHEEMES RO SRS
HEET DL, HER 139.5 25 140.0 FEITALE T 5 S EMIK TIIRATRIND S D
WA E CRILINTEY, —FHT, FBOEE CTIIEATRIND SHIEEOH Y
NS EHIE L D GEBE TCRBEINTNDZ ERNgoTe,

S OICABIFETIE, WE 3km O S HOEEME & EBROME S & g9 5, S BEEER
3.0km/s F& & A 79 A O S AR I AT DARG 0 B B &, S B AN 2.6km/s FRJE AR
PREAD 3 A VL AT FT DL O HERE O LB & TN ZENITE B L T D 2 E RN 5
N,

6. F&®

AW T, BERXOZE ORI TR SN FIFMEIO 2 iMoo 7 v 227 hLroEnr
7 A BR D DAV AR ke R 2 IV T, Fang et al.(2015) 0 i i AT T &3 L C
S WHEREAHEE Lz, TORE, BEROHFHCHESICBWT, HE Skm TlE S AL
23 3.3km/s, X 3km TIEH 3.0km/s EHEOBWMEEZ R LT-, — T, SEHUKIZEWT
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%, RS Skm TIE S WK 2.8km/s, E S 3km TIEH 2.6km/s L EBWMEE R L, F7z,
X 3km O S POHEREE SR EIROMBE DA E R Lz b 2 A, S I A Hitdik & 2
BOUTHEAENEBERL TS D L 2ERT 5 ENTE, LiL, BERDEIEO 2%
FERMLHIG & e _RTRN Z &2 D, ORI I 1T 2 T AS R OB EERME V., 2
100km LA N OMAA DR EZHT 2 & THREBICB T AHEMBIER ERLEEZX LD,

Eif53

(EWFYB5 S5 B B AR AT ST FT A & 3 B M R L (Hi-net) F 72 (3R A 8 L BB (F-ney O 7
—HEMEHIE TV W, (AMMUE TR AR S IC KD IRFRY =77 LA TH#l
WS TF — 2R SE TV, 3 %o S A& AT 121X Fang 1812 X 2 gt~
u7?Anmmmm%ﬁﬁéﬁfwfﬁwtgﬂ%®H@W%nmGMHWmdemMJ%&
PEASETCWZZ W, LTI ZICHEERLET,

BE I

Bensen, G. D., M. H. Ritzwoller, M. P. Barmin, A. L. Levshin, F. Lin, M. P. Moschetti, N. M. Shapiro
and Y. Yang (2007), Processing seismic ambient noise data to obtain reliable broad-band surface
wave dispersion measurements, Geophys. J. Int., 169, 1239-1260.

Ekstrom, G, Geoffrey A. Abers, and Spahr C. Webb (2009), Determination of surface-wave phase
velocities across USArray from noise and Aki’s spectral formulation, Geophys. Res. Lett., 36,
L18301, doi:10.1029/2009GL039131, 2009.

Fang, H, H. Yao, H. Zhang, Y. C. Huang, and van der R. D. Hilst (2015), Direct inversion of surface wave
dispersion for three-dimensional shallow crustal structure based on ray tracing: methodology and
application, Geophys. J. Int., 201, 1251-1263.

— AR AR E XS, K 6 Ro’E, % 5RO ME, htps:/tohoku-
geo.ne.jp/information/daichi/img/53/03.pdf A& H 202241 A 6 H

Rawlinson, N. and M. Sambridge (2004), Wave front evolution in strongly heterogeneous layered media
using the fast marching method, Geophys. J. Int., 156, 631-647.

TR, ARG, PRI (2020), @/ RO Hi-net BLR1A CBUH = 4072 % RERE) o HI R V5
IEMRATIC K % Rayleigh AR O “IRIC/0 A0 OHEE, AF0 2 4 SR UK E R A
JilER, AR TRRLE.

LB, BE—, WIEJIR, MRIEE, mEEAE (2002), KERIT OBIRRE 5L U E — %
LRSS & HA R OW R —, BURRHE 65 %, pp.123-124.
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WA, R, PR (2015), f@BROEHIKY =7 7 LA TN S 7o w R E o H
BT WA (20 1), 5 132 BEERAY S, ARSI %, pp.28-31.

WAL RN, Veésif, R (2016), MW OIKFIRY =7 7 LA TEIH S 7o H R o 1
TR T PHEMEAT, Rk 28 4 FE AUIL IR E R 20T IE, 56 52 BamSCEE, pp.263-268.
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ThF DRIBR 2 i 5K OZEENTEE 3 25 BRI IR

NFIERZE R HRH
NFIHERE LB LR
NFIERE $f BE
NFIERYE Wi ET

1.iIL®»IiT

WA, ZERICEL D EKERFBENTND, TIITHIERE
BOSBEEBCL > TELITHLLARY, 5% LEN
KEFHML TN EBZLND, SEHREEOT TR
MRS, BERLREE . HUARAS B D7 & DB A I8
UKREOEEZIIRTL2HERA Lo TWNDH, TRLHD
U A7 OF RO 7=+ & KO AEANER D
TTILVOREER ENMETH D, b FEEORBIR & ifith
HIKDZFEFNZHOWTIE, B < b FER, BT ok /
RN SN TWD, Rz, HART 28T 535K BE—1 AlEpED
REIZ DTS Darcy RIS b BN/ ET L TH Y,

S HICE R L 72 2 I Darcy WRAVDZROEADOVLEME L Fwm STV D, L LI
Darcy JiEAVIZ DWW TIEEAEAEAT O 1 THe 5 72 0 DI N T3 IR STV, FEER o Hifk
MPEHZIZRLE 3 A BAFAE L, KM & R OB FIEOESIRTH D, KV BIERICH| L7729
Darcy AL ET U > 7 O & BEAGIEA th O HAEH B O BABMEAT O 72 DRI T~ & FRE D — >
Thb, AR TITEBEHEY 2 2 b— 3 v XD EBROKMEMNT 217\, WM B oKt
EUlal—valrE@LCHMET LI ENENTH D, BT LA REFREEE AT
FMiT D, AT, ffn LR OMBKEEEp, MR Eur =2 — MRS RE LT
92T, B EEw = (wu,w), BELOES p BT 5 XA SN TH D 3 IKIT Navier-
Stokes J7 2= 2

U; = —
ot 7 ox; pox; pox;

du; du; 1dp w0 (dy
+ -— a—x] + f;
B LU, DK
6ui
ax,: =0

EHMEEEIC L o> THEL .

*Study on the behavior of water flowing through the gaps of particle swarms by Minami Masaya,Reiji
Uwano, Yuma nakamura,Shinsuke Takase
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2. Ay v at A AORKE
BEROYIa2L—2arTHWLA Yy Y 294

AXDOPED =D, Kife 1.0mm DB 2 OfdE L 7= €

T (K—1) O EAIT o7z, ERJE 0 IZIET Y, BE

BRI TROERET D, Ay vad g XEENEN

0.1, 0.05, 0.025 & L, BikARIZZNZH 0.1, 0.5 % *Lﬁ@ﬂ 2mm

A, BHRED RT A —412p = 1000kg/m®, u= g,

1.0x103Pa sDKEH VD A v ot A T LD

Wi 2 2R —1, 27T, EBHH Ay ot A X0 0.05 ORERCHimmEH X L

T, A ORANELE T T VIZEROEA Imm OFFIC A v a3 XM 0.05 & ZNENE

BIZH LT 08 ERB LAy v ah A REH 25,

IO,Smml
o |

T AKNET IV

F—1 BEKAAEL 0.1 O W it F£—2 BIKAEL 0.5 O W iR

Ay vatgX B T i 32 [m/s ] Ay vathAg X 7 1 7t 3 [m/s]
0.025 0.10842 0.025 0.02782
0.05 0.10756 0.05 0.02721
0.1 0.09419 0.1 0.02121
3fENTEE

(1) HABEET LV

KA EES LV EHWEZBEBROY I 2 b—3a U &21T9, B BHCET 535 A —4
DEICEDE T, NEORBRNPZEL L T BROFHREZRAL S, HAIRET T L Tllh
RO K AL DOE(LIZER L THITEZIT .

BT IR —1 O X DB T D, BT L7857 AT ot
LOEMTHY, WEBOERKN R+ %2 Rd, BERAD Z
A—XIp=1000kg/m3, p=1.0x10"3Pa+sDKEHN5,
RN B T WA RIFE 2.0mm~0.08mm D & 7 — /L& H\ 5, Bk
AFE—HT 1.0 T 5, TNENEFELRTMAPFHNDHET
RBEWRDOY I 2 b— 3 VEITY, TSR D BRI —E
SN CORIBEAICR T DB ARRE O E D,

M—2 BHIEEET LV

(2) FHABEET IV

FHABEET L EAWEEBRDS I 2L —a v a2179, FUF ANy F 2k T
ER LT f@irE 7 v 3 D& T 2, R4 & MR 2 R—3, RESHE R —4 17T,
MBRFRIE DT A — % Zp = 1000, p=1.0x10"3Pa+sDkEZMN5, TNZENDETT MK
LTO0.1, 05, 1.0L@KAEZG 25, EARFTANIZH—3IZRT,
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f F—3 eI L Ok T, R
‘ fRITET L | RiTdk | BB | A vy ata R
§ @ 430 0.93 120
' 10
I Akrm || ©) 473 0.78 1/20
g ® 488 0.72 1/20
] Fd KEORA
e W | Rak
e — < 0.80 | 20%
6
. 0.91 20%
M—3 BEH >
0.99 15%
1.03 45%

I BRI, ERE D ITFET RV ER, BEERIITRVERLELTWD, T LO~QDO R
AIECE 7 XL F OISR,

K—4 510 K—5 E=FL0 K—6 €T 1O

4. fRBTRE R

(1) HABETT L

BRAEREETZ L TEREN, EFERRNAPEONALETRERDO VI 2L —va v &2{ToT,
BIHTE T MICB W TR DN —EMICNR LB CER & 75, At choni, fif
B R 6, EHEAREBIZIS T 2 B O %2 AW C, v —HIC K o Tl KR EZ KD 7=,
ZDORERZX—7 12773, Hazen :X° Kozeny Carman . L 9 72 Darcy Ml ZEEHL 32 L 7%k X
KL Z e DD FI R DGR CE, BEMIT O RN ZDIBIZE S EMBERKTH L LS
N5, HRRO2FBEHITHRNO —HmNLEDOEFIEEL TS, KIEETANKEL 251D
AU R II R E < 720, WAVOIHITE < 72 D, R A /N S 72 b1 O fFHTHRE R BV T
KIRD 2 FITKIT HHM & A DRERDE O, —FF, RN KE W R 7 O R IR
D2 KT HHBIDGHENLDFER & 7o Tc, FIRORE 72 HhiF0FE KBS T, PWEICAT
SMNDOFILMBIEL TWDZ ERNDNnD,
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K—5 Wi & B KR

ki rER | P BIKIRER

[mm] [cm/s] [em/s]
0.08 0.018 0.018
0.1 0.028 0.028
0.2 0.112 0.112
0.4 0.427 0.427
0.6 0.894 0.894
0.8 1.423 1.423
1.0 1.978 1.978
1.5 3.313 3.313
2.0 4.441 4.441

R 2.0mm & 0.08mm O EF ZDRETOWMMMK E2 EOX—8, K—9 |[Z/RT, REBEOKE N

X—8

FEKEEE (cm/s)
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00 o PTG
’ — Rifg D 25 L]
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X—7 FAREREK

B 2.0 OFEARK (F2), Rifk 0.08 OFEHEK (f)

2.0mm OFAITIMA AL, AN THWDEEFNS N5,

(2) FHAREET L

THAREET Vv TZEALh, EFRLRRANFONLETRERDO Y I 2 b—a r&fTo

72 TNENDOETIVOMPTEREZLLTOE 6~8 &K 10~12 12”7,
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FARAM | VA 28| HiE (mm/s) FARANR | VA 2R | E (mm/s)
0.10 1.9356 1.9356 0.10 1.2649 1.2649
0.50 8.2513 8.2513 0.50 5.7445 5.7445
1.00 14.4040 14.4040 1.00 10.3629 10.3629
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—“—E7LD ® ——EFAD

o | EETHD @R )
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E E s
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na 05 1 DD 0% t
- BAAE
K—10 f##HrE7 1D M—11 e 7 Q@

F—8 MRATET O

FARAE | LA A RE | i (mm/s)

I IZ B K QLA —F /N & 7 b — X DY %

Bk AFL ORI AT 515, 1045 & LT 0.10 1.6862 16862
By hLEbDERsTND, 0.50 7.4284 7.4284

3 OOMBTETAORRND, BKABLAK 1.00 13.1874 13.1874
UWMIIZ 72 B2 2%, fIEMN AL TN Z &R
D, BIBERARE Y Lo T TH D = L h .

OME LRBI L TR DR L o7, KL s | I8 e

FHBZ <, BBELOERREWET VO
W —FHORER & 2o T2,

FE(mm/s)

0 05 1
Bk AEE

X—12 fEHrET Q)

5.%bbvic
KIEETT ANKE L RDITo0, FHEEITZRE S, MAORFIZELS 20, ERICHD
NTOBLRERE PR BROEE L 72 o7, FREOKERETNVOMPTFERICE > TiE, BK
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WKk 5, EEOHEEET LV TIEELR DI EDOTERWVRNLABELZEEZBND,
Navier-Stokes JFFRXDOEFHIZ L > T, BREMOFHZFH X2, 4% L LTHEKV I
L—a VORERPE LA VX ERCERL, BAELEE T L &, REAEEES T VOR
FBFEZONTELED TV FETH D, AEOMRHTET VIXH SN b DO THLID, N
B S X0 HEHE 7R SRR O HUBE A B OIS O FEAT 21T 5 MER D D,

6.2 %3k

1) /NUPRER - R EE ORI O Y - WU &R A O R dbieE & Bl
2019.01.31 https://www.gsi.go.jp/common/000208624.pdf

2) Ikkoh Tachibana ,Shuji Moriguchi , Shinsuke Takase , Kenjiro Terada , Takayuki Aoki , Kohji
Kamiya , Takeshi Kodaka : Characterization of transition from Darcy to non-Darcy flow with 3D pore-

level simulations ~ Soils and Foundations Vol.57 5% 2017.10 p709
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FERALET NV E AW RER D IR FIE
B9~ % A BEROAT FE

NFIERE $8 BE
NFIFERTE LB LR
NFTHERE &l '
NFTEXRY &7 ER

1. IUHic

HARIHATOLEEOBARKERETHY, ZNE THRLRZRBICLIWELZ T &,
BRIC BT T, REBEZTNC L0 SRR O 5 BIC AT D RIS A3 2 8 X I i & v
D,2018 4 6 H FAIE 7 HICHTCTHRIA T B XOMHATHAR CIcLoThl s ShizfE
HZER CERR 30 4F 7 AZERNE) (X0 1 HARZ Pl A0 o i i 7 72 & R iR C )|
DL PG O, TR E e CERRENIEA Lz, I T 2 B R E 2 K
DEE L TWDEZ LD, 5% bRELEENC L2 ARICENBAET ZMEITHEML TV &
BEzobhhb,
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Estimation of floodwater depth in Quang Tri province using Sentinel-1 data

Vuong Tai Chi', Dinh Nhat Quang®’, Nguyen Xuan Tinh® Hitoshi Tanaka?

Abstract

Floodwater depth is an essential parameter to assess the flood damages and release the prompt
decisions to mitigate severe consequences. In the context of climate change, water-related disaster becomes
more frequent and severe; therefore, rapid estimation of floodwater depth plays a vital role in disaster
response and damage mitigation. In recent years, the approach of integrating Sentinel-1 data that is
independent of weather conditions and GEE, a cloud-based platform attracts many researchers in flood extent
and floodwater depth assessment. In this paper, the authors apply a Google Earth Engine implementation of
the Floodwater Depth Estimation Tool (FWDET-GEE) algorithm on the Sentinel-1 images to detect the flood
extent extraction and DEM accuracy improvement for floodwater depth estimation. The authors also use GEE
to conduct further analysis about flood damages based on the estimated floodwater level dataset and the
cloud-based datasets of population, cropland, and urban area. The results reveal that 0.5m floodwater depth
has covered an area of 19,000 ha, and 3m floodwater depth covered an area of 800 ha in the Hai Lang district.
Furthermore, the 2020 flood event has respectively impacted 9,100 ha of cropland and 360 ha of the urban
area.

1. Introduction

Flood is a phenomenon causing massive catastrophic impacts on humans and nature. In recent years,
extreme floods have been more frequent and severe on the Central Coast of Vietnam. Quang Tri province
has diverse water resources with a dense river network, composed of 3 main river basins with a total
catchment area of more than 4,000 km? and more than 600,000 residents (Quang Tri Province, n.d.).
Therefore, rapid floodwater depth assessment is crucial for mitigating flood risk on people and
infrastructures.

Recently, satellite-based Remote Sensing Technology has been shown as a valuable dataset for flood
risk and depth assessment (Abrishamchi et al., 2012; Anusha and Bharathi, 2020; Do et al., 2019; Quang et
al., 2021; Vuong Tai Chi et al., 2020). Among available satellite data, Sentinel-1 Synthetic Aperture Radar
(SAR) data has become a more attractive data resource for flood mapping and damage assessment (Huang
and Jin, 2020). This is because Sentinel-1 SAR provides Level-1 Ground Range Detected products
independent of weather conditions, especially clouds. For this reason, Sentinel-1 data can even be used to
analyze under cloudy conditions during flood events, which is a huge difference compared to the Optical
Satellite data. Moreover, Google Earth Engine (GEE), a cloud-based image processing platform, appears as
a high-performance tool to access numerous satellite images and process a large scale of geospatial data
(Gorelick et al., 2017). This approach helps reduce significant time intervals for data processing compared to
desktop-based tools, which require a considerable duration for data downloading and processing (Tiwari et
al., 2020).

The FwWDET-GEE tool, developed by Peter et al.(2020), appears to be an effective and reliable tool
for floodwater depth estimation implemented on the GEE platform. It uses flood extent layer and DEM data
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2 Thuyloi University, 175 Tay Son, Dong Da, Hanoi, Vietham

3 Tohoku University, 6-6-06 Aoba, Sendai 980-8579, Japan
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as its main inputs. Peter et al.(2020) evaluated the results from FWDET-GEE with iRIC-FaSTMETCH
hydrodynamics model. They achieved an RMSE up to 0.7m and sufficient good to apply for floodwater depth
estimation.

This paper aims to integrate FWDET-GEE with Sentinel-1 data for floodwater depth estimation on
the GEE platform. Further assessment about exposed people, affected cropland, and urban areas are also
conducted to obtain an overview of flood damages in Quang Tri province.

2. Case study and data collection Tosra00e
2.1. Case study

Quang Tri province is located on the North
Central coast of Vietnam with a total area of 3,469 km?
and 75km of coastline (Quang Tri Statistics Office,
2015). The province has diverse and complex terrain,
comprising wide sand dunes, a deep delta area along the
coast, and an increasingly high elevation towards the
West. The high mountainous area is about 100km away
from the sea. Quang Tri province has a dense river
network with 17 primary rivers and 13 secondary ones,
supplying water for more than 4000km? river basin
(NewsTech and SWS Consulting Engineering S.r.1
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Quang Tri province is a very attractive tourist Figure 1. Administrative map of Quang Tri
destination with many famous historical and province

revolutionary sites. Moreover, the province is a part of

the economic center of the region and the East-West Economic Corridor (EWEC), offering multiple
opportunities for economic development and international economic integration (Vietnam Chamber of
Commerce and Industry (VCCI), 2017). However, these economic potentials are annually being threatened
by tropical storms. For instance, Quang Tri has directly suffered at least 15 tropical storms in the last three
decades and three severe storms in 2020. Especially, the Molave tropical storm, hitting Quang Tri province
from 26 October 2020, has caused extreme floods and landslides and forced thousands of people to excavate
their homes.

2.2. Data collection

Sentinel-1 data provides Level-1 Ground Range Detected (GRD) products, consisting of the SAR
data, with the advantage of operating at wavelengths without being affected by cloud cover or lack of
illumination (European Space Agency, n.d.). Sentinel-1 data provides multiple polarizations, including VH
(Vertical transmit — Horizontal receive) and VV (Vertical transmit — Vertical receive) polarizations, which
provide more information on inundated areas than that in single-polarized radar. In this study, two Sentinel-
1 GRD scenes with a resolution of 10m are used, focusing on the flood event on 28 October 2020 caused by
the tropical storm Molave (Table 1).

Table 1. List of Sentinel-1 images used in the study

Product Date Polarization
SI_GRD/SIB_IW _GRDH_1SDV_20201028T224307 202010282243
32 024019 02DA78 5453 28-0ct-20  VH+VV
SI_GRD/SIB_IW_GRDH_ISDV_20201028T224332 20201028T2243
57 024019 02DA78 486D

28-Oct-20 VH+VV
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Digital elevation model (DEM) represents elevation data to represent the Earth’s topographic surface.
In this study, the 30m-resolution SRTM (Shuttle Radar Topography Mission) is used as an important part of
the floodwater depth estimation process (https://developers.google.com/earth-
engine/datasets/catalog/USGS_SRTMGL1 _003).

In addition, the assessment of flood damages are estimated based on the 100m-resolution dataset of
population statistics, and 500m-resolution dataset of cropland and urban area in Quang Tri province in 2020
from WorldPop (https://www.worldpop.org/) and Moderate Resolution Imaging Spectroradiometer
(MODIS) image, respectively.

3. Methodology

The procedure for floodwater depth estimation follows three main steps: i) flood extent extraction;
ii) DEM accuracy improvement; iii) floodwater depth estimation (Figure 2).

For flood extent extraction, the authors based on the ratio between pixel values of the during-flood-
event image and the before one to produce the temporal water layer. The generated temporary water layer
includes floodwater and the water resulting from radar error on mountainous areas. In GEE, this error is
assigned to low values, corresponding to the values of water. In this context, the areas having a slope of
greater than 5% are removed based on the DEM layer from the HydroSHEDS data, also available in GEE.
This procedure helps to remove the non-correct pixels and retrieve only the floodwater layer. Within the
process of floodwater extraction, the removal of permanent water is not conducted since the permanent water
is included in both before and during-flood-event images.

Sentinel-1 SAR data improvement

's '
Collection of DEM accuracy
\ ) Identification of the Construction of
1 elevation of flood flood surface
( ) [ extent boundary pixel clevation

Water surface Flood extent
extraction extraction

T J
—
Removal of area Floodwater depth
with terrain’s estimation

\ slope > 5%

Figure 2. Flowchart of the methodology for floodwater depth estimation

Two filtering processes are used to improve the accuracy of DEM data. The first process is applied
for the entire DEM layer using a low-pass filter with a 3x3 square kernel and the modified z-score. Each
pixel with an outlier value is detected and replaced by the median of the surrounding eight pixels. The second
process is similar but applied for DEM pixels nearest the floodwater surface boundary pixels.

After the DEM improvement, the boundary pixel elevations of flood extent are extracted based on
corresponding pixels of the DEM layer. These values are assigned to the nearest pixels to the flood extent
boundary by the focal statistic method with the condition of choosing the smallest neighborhood value. This
process is conducted until assigned to all pixels within the floodwater surface. For floodwater depth
estimation, the elevation of floodwater surface is subtracted from corresponding pixel elevations of DEM.
After using a low-pass filter to calculate the average value for each pixel based on its 3x3 neighborhood, the
final floodwater depth layer is retrieved. The estimated floodwater depth is validated using the 2D
hydrodynamic model — MIKE 21.
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4. Results and discussion
4.1. Flood extent and floodwater depth of the flood event on 28 October 2020

Figure 3 shows the results of flood extent extraction with a total area of more than 19,000 ha of
Quang Tri province during the flood event on 28 October 2020. From Figure 3a, floodwater was mainly in
the low-elevation region along the coast and mountainous area. Hai Lang district has the largest inundated
area with nearly 8,000 ha and accounts for 50% of the whole inundated area. The Quang Tri floodwater depth
results in Figure 3b reveal mainly less than 0.5m and covered around 10,500 ha. A 3m floodwater depth
covered more than 400ha of the Hai Lang district.
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Figure 3. Flood extent and floodwater depth of the flood event on 28 October 2020 in Quang Tri province
4.2. Flood damage assessment of flood event on 28 October 2020

Based on the flood extent boundary, the layers of the population, cropland, and urban area are
extracted on GEE to assess the flood damages during the target flood event. The estimation reveals that about
54,000 people in Quang Tri province were exposed to floods, in which Vinh Linh and Dong Ha were two
districts with the highest affected population density (Figure 4a). In addition, the region with the deepest
floodwater level in Hai Lang district had the lowest population density exposed to the flood event on 28
October 2020.

The results in Figure 4b highlight that cropland area was impacted by less-than-0.5m floodwater level
with more than 5,000 ha. In addition, the most affected cropland area focused on Trieu Phong, Hai Lang, and
Vinh Linh districts with a total area of 3,450 ha, 2,000 ha and 1,881 ha, respectively. On the other hand, the
affected urban area was mainly in Hai Lang district with around 200 ha, in which about 7.3 ha was inundated
by 2m floodwater depth..
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Figure 4. Damage assessment due to the flood event on 28 October 2020 in Quang Tri province
5. Conclusion

In this study, the authors introduce the FWDET-GEE algorithm for rapidly estimating floodwater
depth on GEE with integration with Sentinel-1 data. This approach helps reduce a significant time interval
and requires minimal computer capability. After achieving the floodwater depth result, the authors integrate
with the population, cropland, and urban area dataset recorded in 2020 to give the detailed assessment of
flood damages to Quang Tri province in the flood event of 28 October 2020. The results reveal that the
dominant floodwater depth was less than 0.5m covered about 10,500 ha; in addition, greater-than-3m
floodwater depth covered the area of 800 ha and mainly appeared in the Hai Lang district. Furthermore, the
flood event on 28 October 2020 impacted about 54,000 people, 9,100 ha and 360 ha of cropland and urban
area, respectively. In the future, since natural flood disaster becomes more frequent and severe, integrating
Sentinel-1 data and GEE will help achieve reliable assessment rapidly, hence obtaining better disaster
response and management.
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Shoreline change and impacts of coastal protection structures on Da Rang
River mouth and adjacent coast, south central of Vietnam

Nguyen Trong Hiep', Hitoshi Tanaka?, Nguyen Xuan Tinh?, Nguyen Trung Viet*

Abstract

Da Rang River mouth, Phu Yen, Vietnam is a representative coastal area of Vietnam where recently
was observed a significant change on the morphology change. The morphology change was resulted by
either natural and human influences. Since 2016, several coastal constructions (jetties, groins,
breakwaters) had been implemented to stabilize the mouth area and the morphology of the river mouth is
now very different from it in the last decade. This study, by satellite image analysis, provides the last
decadal shoreline change in the entire Phu Yen coast from Ganh Ba Seacliff to Da Nong River mouth. The
severe erosion can be found in region B where the old sand spits were both eroded in the mouth and pushed
into the river channel after the typhoon in 2017. The morphology of the Da Rang river mouth been recently
stabilized by new coastal structures constructed since 2018.

Keywords: Da Rang River mouth, Phu Yen Coast, coastal constructions, shoreline erosion.

1. INTRODUCTION

River mouths, estuaries or coastal regions in general are considered the centralized regions for socio-
economic development in almost all countries in the globe. The studies regarding coastal processes,
mechanism and potential coastal morphological change have been conducted broadly in the world in favour
of coastal management, sustainable development, coastal protection and countermeasures against
catastrophes.

Vietnam is one of a few countries in the world having a long coastline along the country. This brings a
great deal of advantages for the development of many aspects such as economics, tourism, etc. However,
the responsibility of preserving the coastline stability by which affected overwhelmingly natural change
and nowadays mankind is also vital challenge. In recent years, many areas in Vietnam, particularly in
central region, have reported on the erosion occurring severely. Cua Dai and Nha Trang are two coastal
regions have had deep concern about coastal changes for several years lately. Viet et al. (2014) presented
the erosion of sandy beach on the right side of the Cai River mouth, Nha Trang City associated to the
difference of wave conditions in monsoon and non-monsoon periods. The study also discussed the
influence of protrusive hotel similar to a groin that blocks the alongshore transport drift. Further analyses
on the evolution of Nha Trang Coast utilizing shoreline dataset extracted from time-average images of
video-camera monitoring system, were discussed in Thanh et al. (2015). Tanaka et al. (2017) investigated
severe retreat of shoreline of the sandy beach on the left side of Cua Dai River mouth, Hoi An City, central
Vietnam. In addition, Nagasawa et al. (2016) discussed the reduction of sediment supply from Thu Bon
River basin to Cua Dai River mouth due to construction of dam reservoirs as well as excessive dredge of
sand and gravel along the river channels. Noshi et al. (2015) investigated changes of coastal morphology
associated with the elongation of a sandspit and longshore sediment accumulation at the jetty in Phan Rang
City, south central Vietnam.
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Similar to the coastal zones mentioned above, Darang River mouth and the adjacent coasts experienced
notable morphology and coastal changes induced by both natural and human effects. Hoang et al. (2015)
claimed the existence of the sand terrace in front of the river mouth created by floods contributing mainly
the sediment on both sides of the entrance. Hiep et al. (2020) explains the migration of the river mouth
before the sand mining in 2015 by mathematical solution of one-line model. In addition, Hiep et al. (2018)
mentioned the severe erosion of the sand spits of Darang River mouth after Typhoon in 2017. Since 2016,
multiple coastal constructions (jetties, groins, breakwaters) had been implemented to stabilize the mouth
area and the morphology of the river mouth is now very different from it in the last decade. This study, by
using shoreline analysis, provides the recent morphology change in the Da Rang River mouth and its
adjacent coast over last decade.

2. STUDY AREA

The region including Da Rang River mouth and adjacent coasts in Phu Yen, Vietnam is one of the
biggest coastal area in the south-central coast of Vietnam. Da Rang River mouth is located in Tuy Hoa City,
Phu Yen Province, south central Vietnam. Figure 1 shows the location of the study area. Da Rang River
mouth is the estuary of Ba River and known as the longest river in the centre of Vietnam with the length of
374 km, and total basin area of 13,900 km?. The left coast of Da Rang River mouth extends from the mouth
entrance to the Ganh Ba Seacliff, while the right coast is from the mouth to Da Nong River mouth (Figure
1). This mouth area is usually affected by typhoons during the rainy season which extends from September
to December. The typhoon causes heavy rainfall resulting in floods which widens the river mouth. This
river mouth is deemed to be one of the most important area contributing to the development of Phu Yen
Province. The mouth area is now the shelter and harbour for more than 900 small and big fishing boats and
vessels. Da Rang Opening is also an active and dynamic area that the severe deposition or erosion often
occurs in the river mouth. In 2015, The deposition was so severe that hundreds of ships were unable to
enter or exit, raising concerns about navigation clearance. As a result, several sand mining events were held
to alleviate the problem. After 2015, consecutive coastal protection constructions were implemented in
mouth area. These constructions had the objectives to prevent the erosions on the adjacent local coasts on
both sides of river mouth.

anh Ba Seacliff
Hon Chua Island
i

Zone Ci

12954 L g , D2 Nong River mouth

109.30 109.35 109.40 109.45

Figure 1. Phu Yen Coast and Da Rang River mouth
2
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Regarding hydrodynamic conditions, the diurnal tide of Tonkin Gulf is the main tidal cycle having an
effect on Da Rang River mouth. During the spring tide, the maximum that tidal range can reach is about
1.7 m and the minimum is nearly 0.5 m during the neap tide. The fresh water river discharge depends
mainly on the rainfall and flood regimes of the entire basin. In flood season, river discharge can increase
up to 2100 m?/s and the annual river discharge is about 275 m*/s. Similar to other coastal regions in central
Vietnam, incident waves are mainly dominant at the northeast direction during monsoon season. Wave
height is smaller dung non-monsoon season as the northeast wind becomes less dominant. The wave rose
from the offshore wave data from WAVEWATCH III from 2006-2016 shows the dominance of northeast
monsoon drives the wave condition Phu Yen Coast (Figure 1)

3. MATERIALS AND METHODS

The Landsat Imagery retrieved from the U.S Geological Survey (USGS) database from 2013 to 2021 is
utilized as the main dataset for this study. The dataset is a combination of images taken from different
satellite missions, Landsat 7 (EMT+), Landsat 8 (OLI), and Sentinel-2 (MSI). Some images obtained from
Google Earth data base system were also collected for this study

Since Landsat Images are TOA images (Top-of-Atmosphere), all data must be pre-processed in order to
extract the best quality of the image. Acquired images are then required to go through a pre-processing
stage that involves cloud masking, pan sharpening and down-sampling. The pre-processing techniques
followed the same process introduced by Vos et al. (2019). Landsat data from USGS assesses the cloud
cover of each image by computing the percentage of cloud pixels on the image. Some images contain large
parts covered by clouds which are difficult to perform the shoreline detection. The cloud masking stage is
optional but necessary for discarding all images that are unable to analysis. In this study, a threshold is set
for evaluating cloud percentage of each image. The value of cloud cover of any image exceeding this
threshold is excluded from the data. The resolution of Landsat 7,8 images can be enhanced to be optimal
by merging high-resolution panchromatic and lower resolution multispectral imagery due to the availability
of panchromatic band in these images (Tu et al, 2001). The resolution can be enhanced from 30 mto 15 m
per pixel. On the other hand, the resolution of Sentinal-2 is 10 m.

For shoreline detection, firstly, the separation between water and land zones in the image is implemented
using the modified normalized water index (MNDWTI) expressed as follows

MNDWT = SWIR1-G (1)
SWIR1+ G

Where: SWIRI is pixel intensity in short-wave infrared band and G is the green band. The range of
value is between -1 and 1. The shoreline is then detected by using K-mean clustering method. In this study,
the effect of tidal level at different capturing is not considered since the local beach slope is quite steep (=
0.1) and the possible error position error is likely smaller than the resolution of the image. The total error
in shoreline is considered to be equal to the resolution of image as 10 m.

The Shoreline change rate is obtained by applying the linear regression rate to all data sets of shoreline
position as follows

y=at+b @)
where a is slope of regression line (shoreline change rate); b is a constant.

4. RESULTS AND DISCUSSIONS
4.1 Overall shoreline change rate in Phu Yen Coast

Due to the different behaviours of shoreline change in different areas, the entire Phu Yen Coast is divided
into 4 sub-zones (A, B, C and D) from north to south. Zone B is the regions representing for the Da Rang
River mouth (Figure 1).
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The shoreline change of Phu Yen Coast are shown in Figures 2 and 3. The shoreline changes in Zone
A, B, D shows no significant change since these areas are almost straight sandy beaches. The small
deposition can be found the Ganh Ba Seacliff and Da Nong River mouth. In the Da Nong River mouth,
due to the construction of the jetty in the past, the sand spit of this river mouth is similar to the restricted
spit which it can not elongate. The remarkable changes are found in Zone B where Da Rang River mouth
is located. The severe erosion spot with the change rate approximately 40 m/y was the position of the sand
spit. As seen in Figure, the elongated sand spit was gradually eroded until it was disappeared after the
Typhoon in 2017. The deposition on the southern coast of Da Rang River mouth was due to the construction
of breakwaters and groins in this area from 2016. The highest deposition rate is at the position of jetty after
constructed in 2019. The sand accumulation is also detected at the locations of breakwaters and groins. The
deposition was resulted from the formation of tombolo.

4.2 Morphology change in Da Rang River mouth (Zone B)

According to Hiep et al. (2018, 2020), after the constructions of detached breakwaters and groins on
southern coast, and riprap on the northern coast at the river mouth, the sand spits were eroded severely until
they were disappeared caused by the Molave Typhoon in 2017. Figure 4 shows that the sediment from sand
spits was actually over-washed and pushed into the river mouth by extremely high waves to form two
sediment strips attached on the embankment inside the river mouth. The natural subsequent recovery of the
sand spits at the old locations were not observed after typhoon due to the coastal infrastructures on both
sides of the river mouth preventing the alongshore drift to transport sediment to the mouth (Hiep et al,
2018). Due to the intensity of storm waves, the detach breakwaters and groins were also destroyed partly
by the typhoon in 2017. To stabilized the morphology in the river mouth, the local government continued
to constructed 5 more breakwaters beyond the position of the groins and 2 jetties on both sides of the river
mouth. After the completion of the new coastal structures, the formation of tombolo at the new breakwaters
and the deposition at the position of two jetties were observed.
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Figure 4. Sand spit in Da Rang River mouh before and after the Molave Typhoon in 2017 (Zone B)
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The current morphology of mouth entrance can improve the flushing behaviour of the river during flood
events. However, the wide opening can result to wave intrusion propagating inside the river mouth. This
can trigger erosion inside the river and possible complicated cross-shore sediment transport induced by
high and storm waves, especially inside the Dong Tac Fishing port where diffracted wave can propagate
inside the port. The formation of subaqueous channel-spit was also discussed in several river mouth after
the construction of jetties caused by the tidal transport current induced by ebb flows (Hein et al., 2019).
Therefore, the detailed sediment transport inside the river must require further monitoring in the river
mouth and thorough analysis in the near future.

5. CONCLUSIONS

The shoreline evolution of Phu Yen Coast and Da Rang River mouth in recent years is investigated by
the satetllite image analysis. Significant change of shoreline from 2013 to 2021 was detected at the location
of Da Rang River mouth where the sand spits was dissapeared at the mouth entrance and pushed inside the
channel after the historic typhoon in 2017. The morphology of the river mouth been recently stabilzed by
new coastal structures constructed since 2018. The opening of the river mouth and new construction of
jetties requires further analyses in the future since wave-induced sediment transport inside the river mouth
can be more complicated when waves can propagate further upstream.
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Assessment of river mouth variability after jetty and groyne construction: A
case study of the Volta River mouth, Ghana

Stephan Korblah Lawson', Hitoshi Tanaka?, Keiko Udo?, Nguyen Trong Hiep*, and Nguyen Xuan
Tinh®

Abstract

The response of the Volta River mouth to the construction of a jetty and groyne system was
studied using satellite images from Landsat and Sentinel-2. Prior to the construction of these coastal
structures, the river mouth sandspits exhibited a cyclic morphological pattern which included sandspit
elongation, spit breaching and deposition of the breached updrift spit onto the downdrift beach. However,
a new morphological regime has been observed at the river mouth. Results from the image analysis has
shown that, intrusion of the sandspit into the estuary, development of offshore shoals, accretion and
erosion of the sandspits due to an alteration of the sediment budget are some morphological changes that
have occurred at the river mouth.

Keywords: Coastal structures, river mouth, sandspit, satellite image analysis, Volta River mouth.
1. INTRODUCTION

In many coastal regions, jetties and groyne systems have been utilized in beach stabilization and
flood related projects. These coastal structures also facilitate tidal exchange and channel navigation
especially at river mouths or inlets. In the design phase of these projects, several attempts are made to
predict the interactions of these structures with prevailing hydrodynamic conditions. In most cases,
unforeseen alterations are observed at such locations. One of such cases is the construction of the Pranburi
Jetties in Thailand. A study by Phanomphongphaisarn et al. (2020) showed that the post construction
period disagreed with the simulations in the design phase of the project which resulted in the construction
of three detached breakwaters north of the jetty. This was done through the use of satellite images.
Another study by Tanaka & Lee (2003), at the Shiribetsu River mouth in Japan revealed a decrease in
wave set-up after a jetty was constructed.

The Volta River mouth was chosen for the study mainly because of the presence of a jetty on the
western side of the river mouth. Also present on this side of the river mouth is a groyne system which
covers a 16 km stretch with each groyne spaced at 800 m. These structures were constructed as part of
the Ada Sea Defence Project (ASDP) from 2012 —2016. The project was aimed at controlling the severe
beach erosion, restricting the growth of the updrift sandspit, improve tidal exchange and navigation
(Mensah & FitzGibbon, 2013).

2. STUDY AREA AND ENVRIONMENT

The Volta River mouth is situated at Ada-Foah on the eastern coast of Ghana, West Africa (Figure
1). The river drainage area is approximately 400,000 km? which is made up of catchment areas within
Mali, Burkina Faso, Ivory Coast, Ghana, Togo and Benin. Several hydro-electric and irrigation dams
have been constructed on the Volta River network. The Akosombo and Kpong dams are the closest dams
located upstream of the river mouth which have affected the flow rate and fluvial sediment supply to the
river mouth. Prior to dam construction, mean monthly flow rates over 4000 m*/s were recorded and this
subsequently reduced to about 2000 m?/s after dam construction. A study by Amenuvor et al. (2020)
indicates the reduction of the annual fluvial sediment supply from 180x10° to 13x10° m*/year due to dam
operations.

The coastal zone around the river mouth is marked by a micro-tidal environment with tides being
semi-diurnal. The average tidal range is 1m with spring tides at 1.28m and neap tides at 0.64m (Allersma
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& Tilmans, 1993). The significant wave heights along the river mouth ranges from 0.5 to 3.30 m based
on wave data retrieved from the WaveWatch III model. The dominant wave direction is southwest from
swells generated in the Atlantic Ocean. In addition, the West African Monsoon affects the wave heights,
with the largest wave heights generated from March-October. The induced longshore currents along this
coast is unidirectional from the west to east and the average longshore sediment transport at the Volta
River mouth is about 1.25 x10° m?/year as determined by sandspit and wave analysis (Lawson et al.,
2021).
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Figure 1. Map of the Volta River mouth at Ada-Foah, Ghana.
3. MATERIALS AND METHODS

3.1 Data Collection and Shoreline Extraction

The primary dataset used in this study were satellite images retrieved from the Google Earth
Engine repository. These included images from Landsat 5 (TM), Landsat 7 (EMT+), Landsat 8 (OLI) and
Sentinel-2 (MSI). The image collection period for the study extended from March, 2002 to July, 2021.
This was chosen due to the significant morphological evolutions observed at the river mouth before and
after the completion of the ASDP.

The shorelines for the study area were extracted using the Coastsat toolkit (Vos et al., 2019). The
toolkit uses a supervised image classification and a sub-pixel resolution border segmentation to extract
shorelines with a horizontal accuracy of 10m (Vos et al., 2019). The image classification stage enables
the definition of the sand, water, white-water and other land features whereas the sub-pixel segmentation
stage uses the Modified Normalized Water Index (MNDWTI) to categorize the water and land pixels. The
shoreline is then defined using Otsu’s thresholding and the Marching Squares algorithms.

3.2 River Mouth Variability Analysis

To ascertain the river mouth variability before and after the construction of the jetty and groyne
system, the river mouth sandspits were divided into three sectors. These included Sector 1 on the updrift
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sandspit (red), Sectors 2 (yellow) and 3 (green) on the downdrift sandspit (Figure 2). Furthermore, the
sandspit areas for each sector was estimated for the study period to depict accretion and erosion trends at
the river mouth. For this analysis, the areas for Sector 1, 2 and 3 were denoted as Ai, A, and As,
respectively (Figure 2).

Legend

Sector 1
Sector 2

Sector 3

Figure 2. Definition of the three sectors used in the river mouth variability analysis.

4. RESULTS AND DISCUSSIONS
4.1 River Mouth Morphological Change

Within the study period, a number of morphological changes were observed at the Volta River
mouth from the collected satellite images. The jetty at the river mouth was constructed with the purpose
of halting the lateral migration of the updrift sandspit from the west to the east (Figures 3a and 3b). This
resulted in an increase in the width of the river mouth which facilitated an efficient tidal exchange and
channel navigation. In the years following the construction of the jetty, there has been the frequent
formation of offshore shoals which could be attributed to changes in the water depth at the river mouth
and wave breaking. These shoals move landward and attach to the downdrift sandspit which led to a
reduction in the width of the river mouth (Figures 3¢ to 3e). In addition to this, the landward growth of
the updrift sandspit is observed (Figure 3c to 3e). This phenomenon has manifested in the intrusion of
both sandspits into the estuary (Figure 4). A more recent development at the river mouth is the multiple
breaching of the sandspits which has led to widening of the river mouth (Figure 3f). These distinct
changes at the river mouth give an indication of the river mouth’s response to alterations in the sediment
budget at the river mouth by the ASDP.

Landward i B
(a) 2002-03-13 ¢ (d) 2018-10-16 movement of shoal il

Attachment of shoal
(b) 2013-11-30 () 2019-06-03 onto downdrift spit

Shoal formation

(c) 2017-12-15 (f) 2021-07-07

Figure 3. Satellite images showing the various morphological evolutions at the Volta River mouth
(2002 —2021).
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Figure 4. Shoreline variation of the Volta River mouth (2016 — 2021).

4.2 Variation of Sandspit Area

By plotting the sandspit area for the three defined sectors of the river mouth, the accretion and
erosion trends can be assessed. Figure 5 shows the time variation plot of the sandspit area for Sector 1.
Regression analysis for this sector after the jetty and groyne construction shows a sandspit area change
rate of 1.3x10* m?/year from 2016 to 2020. The increment in sandspit area within this period is as a result
of the intrusion of the updrift spit into the estuary induced by sediment bypassing the jetty and the action
of breaking waves.
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Figure 5. Updrift sandspit area variation for Sector 1.

With respect to Sector 2 on the downdrift spit, the regression analysis revealed an area change
rate of 4.1x10* m?/year from 2013 to 2019 (Figure 6). This gain in sandspit area was mainly due to the
attachment of the offshore shoals to this section of the downdrift sandspit. Sector 3 on the other hand
shows the exact opposite of both Sectors 1 and 2. The analysis showed a sandspit area change rate of -
6.4x10* m*/year from 2013 to 2021 for Sector 3 (Figure 7). This corresponds to the shoreline retreat
observed in Figure 4 for this sector of the river mouth. Table 1 shows a summary of the sandspit area
change rate for the three sectors of the river mouth.
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Figure 7. Downdrift sandspit area variation for Sector 3.

Table 1. Summary of sandspit area change rates for the three defined sectors.

Sector Sandspit area change Remarks
rate (m?/year)
1 1.3x10* Spit intrusion
2 4.1x10* Spit intrusion
3 -6.4x10% Erosion




116

4. CONCLUSION

From this study, the variability of the Volta River mouth has been investigated after the
construction of a jetty and groyne system. The study employed the use of remotely sensed images from
2002 to 2021. The results of the study for three sectors of the river mouth showed that while the sandspit
area for two sectors showed a positive trend (spit intrusion), the third sector was characterized by a
negative trend (erosion). Furthermore, the findings from the image analysis is unable to determine if the
jetty and the groyne system are the main cause of erosion on the third sector since chronic erosion along
this section of the of the river mouth has been an existing predicament. As such, further analysis would
be required to properly understand the variability of the river mouth through the use of advanced
numerical models. The results from the image analysis in this study could serve as a basis for conducting
such future studies.

REFERENCES

Allersma, E., & Tilmans, W. M. K. (1993). Coastal conditions in West Africa-A review. Ocean and
Coastal Management, 19(3), 199-240.

Amenuvor, M., Gao, W., Li, D., & Shao, D. (2020). Effects of Dam Regulation on the Hydrological
Alteration and Morphological Evolution of the Volta River Delta. Water, 12(3), 646.

Lawson, S. K., Tanaka, H., Udo, K., Hiep, N. T., & Tinh, N. X. (2021). Morphodynamics and
Evolution of Estuarine Sandspits along the Bight of Benin Coast, West Africa. Water, 13(21),
2977.

Mensah, K. O., & FitzGibbon, J. (2013). Responsiveness of Ada Sea Defence Project to salt water
intrusion associated with sea level rise. Journal of Coastal Conservation, 17(1), 75-84.

Phanomphongphaisarn, N., Rukvichai, C., & Bidorn, B. (2020). Impacts of long jetties construction on
shoreline change at the western coast of the gulf of Thailand. Engineering Journal, 24(4), 1-17.

Tanaka, H., & Lee, H. S. (2003). Influence of jetty construction on morphology and wave set-up at a
river mouth. Coastal Engineering Journal, 45(4), 659—683.

Vos, K., Splinter, K. D., Harley, M. D., Simmons, J. A., & Turner, I. L. (2019). CoastSat: A Google
Earth Engine-enabled Python toolkit to extract shorelines from publicly available satellite
imagery. Environmental Modelling & Software, 122, 104528.



58 2022 117

BEV I 2L —varBREMVTCKEFD 27 5l

NFIERE LB L&
NFTERTE & BE
NFTEXRY &l EY

1. XL®IC

FREN T HOREREICITHE R & ORECHEICEN N KET 2235, it - 285 &k
LM TERREEEZ LT, HAAKERTIE, BliEEzRE B 5 SOk R
KEL TV AR S 2, 20X S RO, FREEESFEICTRKY 7 A DOHER & RAH
EOEBWEIEE WD 2 0D L-ULOBRTEORENH Y, EE L TIIIEAME DS O ER &
BHETHL 0 FHTHY, S%BERROEE L L TERCRERKEILDD EWVWS HOTIER
Klpol-Z Lid, HHHMIBOEL S VIV THLRELSBEETLZLEZOND, e ED
S VIR L TIXAER R S E 2RI D720, HRTICEE SRR (B - Bl - sREH%)
BL O OEEY 238 B X ONLER O FENC RIFTEEL MR L, Znbon
RERICHNEE LD ORETHINE+ORATHZENEETH D,

EE OB BT A RITEEICRIE L TR Y, FEEOS Wb I /I 2> T
Tz, FTo, KEFRFIZBOTIE, HMENRLEOBREETERSONEVSFEHRE TEHETHL
B 5 2 & DM TEIC K ERIS 21T ) ECHEFICEEIC R D, —H T, —RNCEE LK
EMATICEI L CIEftRE a2 P E 25 2 LTz, KEIIRMELEZETFICZL GLFHS
ThdZ b, KEPNEZ -TMEBICEZOREEEETEZELTREVI2L—va g
TV, ZOFEHRZ Y TAXA ATHEEFEO FRNZIENT L W) OIEFBURTIREE LY, Z072bE
B2 N O@EE R ERRAT &, 7 ATEIER 2 SR B D e SRR A0 REAMG & h =R A0 A
LT, UVTAHEALOEBEOWETHEIT) Z LD TELHMADHEERIRD LND,

AR TIE, FHEEMEBE LR LHASRM» 5N HUEMITEREZFIH LT, Z
DZERI 725345 OB DR & DA, IRWEHE 2 2 b TR ST & A% O % 15 5
ZEEAEEICT OO EREEL, B RV VDM EZRRT LI L2 AN ET 5,

2. BAERSRICEBE— FOMRERBETF L OBE

HFHTIED 1 D Th 2 [H A B A /7 fE(Proper Orthogonal Decomposition) DEEFH A FfE > I =
L—va UIERICEAT 22T, IOV TAEZA LAY I alb—T g Y EAREL T DA
DOHEEZITO, T—XICH L CEATERSMEEAT2ICH20, 721102 EKRT H. H
LF—ADIiDT—HEX7 ML ELTx(i=1,..,.N)T5, TOXT b xi DS nikoE, 372
OO a7 —F &L X, T 2175 X 1T TORKIZERT 5.

* Disaster risk assessment using numerical simulation results by Reiji Uwano



118

UGN — A, ATH ST — 2 BIRGTCBE O T STHITH Y, ZOFFFN DOV THEAT B
B EAT D, £2, T—ZAAI X 1ZT—F 7 MV OERIKRD D, X7 N IVITHER & 1
TRET D, WABETOMREE, T A—FEMTBOTHRBRKERD X5 K EiH
TAHHMTHY, T —F O EONS, LVIKRRITETT —Z 2 RATHFETHSD, Zhit
T =2 AT O L GHWATH CIZOWTIEE EATHREITS 2L TRODH T ENTE D,
C=xxT
BEAMEIZOEEEWERL, S8 WEAMICKHET 2 EREITFERELZITEA ERERVE
DAL, REEZMHMOLCERITE S, EREFERTIBICIIFGREERT D, FH5FIL,
BAMBOEEIZHTHHEEE LTERTA2REZERET 2DOICHNONIHEETHY, HEE
JOFLERGIIEAMELZHONTUTOXTEZON S,
-
AV
A ETYRTEONZRELZHWTREETAZIERT D, £3, AT A—% LK
WD RE A BTN 5 2 & CIREME AR T 5, BED DA ORKMAERRL, O
DEHBNBANNRG A= L5 THRED, ZOL I ITHEEIC ) DIEEE D 2 A1 /8F A —
ZOBEELTELTS LT, FEDF—ACOVWTRKDIEVWEEZREE T2 ENTHEL A
%,

3. BT — 2 ~DHEH
TAVE TSR AT & 72 [ B E A2 50 fif 2 H O BRI 7 — 2 W@ T %, G B7RE T L~
DOEHAZITY, ZOHHAMEIC SN THERT 5,
3.1 BYTFRIE & RN &M
KRR, EHERFABS L OERREH TS, Zhbicx L, ZE{bHRE
FEOO L >TH D SUPG/PSPG k&AL T\ 5,
p(Z—Z+u-Vu—f)—V-a=0
V-u=0
ZIT, plEEE, WIHENRY by, gl T Vv, FIRMIER IR v Th B, RERRAIIC
1%, %D Newton FEERDORERKAIZ VTV,
o = —pl + 2ue(u)
T, plIES, WM TH Y, cIFRATERINDIERHEET L THD,

e(w) = % (Vu + (Vu)D)

fETET VI —1ITRT b D TH D, ITRML LT, =0 TR ZMMKL, @I L
4 MOMIEOHKOEE N ZHH L TWD, BET L2 MEELE LTHliZo&ms ) B LT



MHHRE S S (W2) 228 &8, R—1ICRT 6 57— ADREKEHWD

119

X—1

3.2 ZEMHSMT—F OEBEXRSHE

K — ADEB KRS KRFIEIN OF — 255 L LT,

NIRRT DOT —F xR e LIc & iTo, FREho
= RZBWT, S ORKEE S ZRRYT — X b
H9 %, 2hbozl_EZb0rT —2175E LTERT D,
ZIT, A6 r—A, BT AMH LT, T—
ZATHNL 4X6 DY A XL ie b, ZHUTK L CHEABERGF%

79
FPELERICOVWTCHKRT D, KT
— ROHFHRIFIK -2 OL TR D,
ZOEMNG, HE1E—RKRRZOTFT—H
WK LT TH D Z LR TE
%, B— FOBRIIZL, HFHENEER
D1 DL, HERET TR
JRFTIN 7 28{b7e 8 & BV & 72 WAl BE
WERHDHID, BT —F EFHEELE
SICAEUDRELBE L THIET 5E
— FOHERE L], r HOE—F%
AOWTHMEE LT —ZIZo0 T, &
T— X DEFED 2 FDFEJIZOWTF

fif b & 7 L
®—1 T —2A
case | h1(m) | h2(m)
1 5 20
2 5 30
3 5 40
4 10 20
5 10 30
6 10 40
1.00E+00
8.00E-01
$ 6.00E-01
#= 4.00E-01
2.00E-01
0.00E+00 - : ; : ; z—
BE—FOES

M—2 #HE—RFOFLRE

5 & o T ECEEETT R L LTIRAD L HIZEET D,

T_

nNZZ(x” ‘

j=1i=1

ZIT, nhEWE (0=4), N3 — 2B (N=6) ThH D, 7=, 37— R i D jFEHOEY DK

KEES), ThbbT—X175 X O j1T

Bk 2R LTED,

RN HOE— FEHnToa

MERLIEKOr =210 j HEHORYORKEEITHL, MDE— DL, DLz



120

IR ESNIBEE T oy P LIZb D%

800000
K =327, 2ORID, r=4 FTITR 700000
EOMERENKE 2o TNB—HT, oo
% 4 — FLAME CIEREZE OB D RRIE E‘H 400000
WERSTVND D LinD, H4E—FE - 300000
TERAWTREETVEERT DL & & 100000
T 5. 0

1 2 3 4 5 6

- FEE-FDES
WIS, BAERRHT G R O L AT SO [E

AEZHIC £ > TREN EERT— -3 AT 5E— FHZ L oM
R —4 TR T, RO XHIC4o0F
— RZHWLZ NG, B 1E— FNbE4F— RETOHSMAOETF 2R, MR THEFIL
BEA X7 MLOEEYIZHET DS OMEER LTS, W%%b®%$11%%&m%®
Fra R L, ZRNROMORMERBT 5, BEMICHE LN ZZME— RIZOWTHEE L T
W<, B 1E— RIZOWTIE, AilO-RYIZERNEELZIT D LW HIANRFEARND, F
72, B2E—RIZOWTIL, | DOBEMNZIT 5B ENOHEEMICHESTREL ST
WHZEDNDND, SHICHEIE—FIZOWTIE, F2E— FERERERC 1 >OEEMNZIT S
HEPNIIPOEEDIIHE R TREL RS2 TVDER, TORERE2E—RIDV LI 25T
WHZENDbNDL, FE4E—RIZONVWTH, F2E— K, F3IE— FLRAFEOHERAT, FEO
RN Z Lo TND EWVD Z ENFGARND,

spatial mode1 spatial mode2
B 0.9 B 0.9
] 0.8 ] 08
W 0.7 ] 0.7
=k =k
[] 017 [ o677 . 02 [ 0-°6" )01 = 33
= 0.3 — 0.3
— —1 0.2
R —1 0.1
| 0 — 0
1 -0.1 —1 -0.1
— 83 — 53
D0.207 DOB&S e \:| 0.18 D 0.165 | 02
— -0.5 — -0.5
1 -0.6 1 -0.6
— -0.7 i -0.7
1 -0.8 = -0.8
— -0.9 = -0.9
spatial mode3 spatial mode4

‘:’ 0.142 ‘:’—0.521 I:'—O.166 D—O.SOZ

000000000
=SNWAOONO
000000000
“SNWAOON0O

‘:’—0.542 I:l 0.644 D 0.795 D 0.298

AT T T T T T T e

T T T TT T T

56665
OONONAWN =

5656066054
[l RN YO NI NI

i
|
N

ZEfE—F



121

3.3 POD RE D& ihmE D fERk

ANRFG A= THLHMEEORE S hl EPHIEEE I h2 &, KT — N2 55580 B
1T %475 2 & CInEhE Z2ERT 5, fETDHE—RITEICAN T A—F OB E L THi
ML, TNEXRLELOEX—5I1TRT,

B E— R B 4T — FISET 5 B (F (012G = 1239) & 5

X —5 £F— RiZxthisd 202l

FATOLAMOEABEEEOR S, AMOBAHEEmIIZRo TS, 20X, TR
MOEDLNDFAADRHEE ATINT A —Z DORREFKERDT DL ENTE, ZO220%/5bET
REETNVEAERT HZ LN TE D,

34 REETNVZE DR L MBTRERO LS

A E CTORLTCEZE— REBREOBBREH NS Z L TEEDASINT A —4F (Bt
=S hl, FIHER & & h2) TORKEEOERSAITLULTOL I ICHAETE 5,

£2(h1,h2) = Y fi(hl,h2)u
kzzlk k

REETILOZNEERRIET S0, B—1ITRT 6 DD —ALSND T A —Z DEBE
DY TOBMMBITH R L RETANLELN I ROLIEZIT S,



122

case(hl,h2) = (7.5,20)

ENTRER ERBRET AN O ROD TR EZ X TERZENK —6 12737, LAHNIR LTS D2
HIRFT B ELNDFERTHY, HAUTRLEbORREETANSLRD ENTHMETH D,
INODORERPS, BEMT A OB N IMREEMATHETE WD Z R3S nd, EENIC
ENEND T —AZBW BT I RBELFHET D &, 129891.6[N]&eo7z, £, 48K
DOFHEE D E L > TR L L TRT &, 33%ERDIENE, REET VL > TER
DINT A =B DREORRKERE SO EMNRRBITEDLZ L NbND,

Fio, FE I X MIOWTIE, BE OBMEMEN CIE 17— X 72 RERREN DD EH R Z, R
ETNTIHIFEAEREMZET L L RMREBLIZENTE D, ZOHE A FOKIER
K, REBETALEMETIRERFATH D,

Result obtained from numerical simulation Result obtained from surrogate model
32013729 32013729
1703490 5962350 25951681 1836135 6104856 25951681
. . C 19889633 . . 19889633
395250 ;43230 13827586 363006 ;61211 13827586

7765538 | 7765538

1703490 [N] 1703490 [N]

B —6 BAEMATR R & ARELE T 10 bR BTl R O Hik

4. FERR

BT O RE DRI LT, REETVEMERL, DRVEtE a2 N CRERT &
FEOFREFEHT HFMUCOWTEIA LTz, BEMBTAHEN 5T —ZIZx L CEAER
IREATH ZET, FINLBOLNIT— ROME/EL LTHRBET A NMERBTHZ &
NTE, SOHICFDBRBED LM NTA—ZOBEKE LTHREATLI LT, RBEFLEL
TEAERNT 2 E L TORVMEB D/ — 2OV T h D TIRWEE 2 2 N THOMmMEENT 2
ZENFREE T D,

ZOFEE, REOMRRNZTMEZITO L THERERREEZRETEEZOND, WERN
TRRHN A B YNCAT O o IciE, o TEE RO bNE, REETAEANDLZET, &
FERBAERRAT 2 R U 3 DA RMICRATEI A TR T2 Z E NARETH 0, FEFmRIeHR
WZAEOMT T 2 2 ERARE L 72D, /R LTZBITIZRHE S DS 4 L 0B TH - 7an, HMIZHLE
T HEEOED IR L THRBOFMAAETH L, SBRITEY T LICRE SR/ AR D
RARE~ D38 O FTREYEIC DWW TR OMLEN B 5,

5. BEXMR

1) SAE R, A, HROE T, SFHE R, R, mal, e, HUERER, 8
WELE : EAERZSRERNZ) TAE A MR I 2 b —3 g v, HETLYRRESH
££ Vol.25(2020 4E 6 1)



58 2022 123

ENBERKEWREOHROMICET o B

RARZRERZERBIZER B2 &

1. XHEOHB

HARKEFED D O OB RIE, BEEFEICHE SR BEEB O —RENREHIAR (£ 37
b ZESAELT, ke ’?ﬁlﬂbf%&“‘ﬁﬁf?)m% CRDHDECEREBES LYV A0 =
AL > TRHMETE, @HOHEBRRERADHFEL TOHDIXLHIOA 37 MITHY L,
AN R EE X IR X MERPEIC L > TR TE 5, HEMICERIEED A L8 FE/HESLT
BITiE, (DREZ T 5 S (QMEHIEE T 2R H 0, 5% OMELRZDO DI,
INETORNRONEEEEMITERET I ENLEND,

LirL, flx o BRKES N ML, R 250, KE, RROFTRAETLIHOTHY, @
EDO—DODA R NOWERICKH L THEDOMBNRBIREZRBELIZLE LTH, SHBIOR
R, $BAr, RMOPFTEATLHRKEAS R ML TRV ESFFEFTE 5 L 1ER
%ﬁm\%n@xﬁﬂifi EHRNCB T D RIFEOA X M X AW EREONAICER L,
FROBRN Z OWERONAMIE 2 D E %, @ﬁﬁﬁ%ﬁ%mwT%AM’%éﬁé e
VT, BB IR E SRS ERCE R R ORIT 13 E O T — & AT SN 10 fiE (NMF) 12
DEDORF15GSITER Uiz b CHEA A R 2 il &, %@@%kﬁ%@%@@%ﬁ%mﬁéo

2. BORBERBSHEERICS 2 2R EBOIEMHBHERZ AWV - BESR R
H5Z OO SPEOFAB & R A MR ORI WL 5 4 5 BRI BIFR (X Gutenberg-Righter HI & FE(EI,
it 2 < OERBGDHLEIT S, WA EETROIAM B RN ER TRIND L) [
ERA PBIEIN TS, AIETIEBERKEE N — OB AEW (A F—n - 7Y
—ME) B LRI 1 OIEN R 1"7? | 10 JBAZ 100
TiE 5 LE LTz BT, FAEOBORZ I
, EDONY— RIZH» TRET HHE (4’

1000
1

i
}5
S 0.1
/Ay%)@muﬁﬁ@ﬁ@%@awio_ N
BT B0 EERT 5, g 0.01
TR L RIS T SHEA B S E R
) .
FOERREEICHT 2 WX E RO = LS
—_— PR 12 g0
BUIERT, A EBOBE X 05~0. o 500001 T Rl
PHIRED, HHICHD L EBITHED 12 (00001 ——%%?gg
~25 BEICHML TS, Z0k3 a4k IV
AR BN D RR % E A B, 0-000001 W
EFTIRBEOXELSZ 5, MERETOAMK  0.0000001
NP — RORER T TR LRELTH R ELHEEEBEOIEC RS

* Discussion on the probabilistic distribution of Japanese disaster damage statistics by Makoto Okumura



124

MY D, KINHIBIZH A2 FES 20 &9 1 10”[511,[ 100 1000
£ 9IS, AP RAE OIS CIRE RO g 0 R »
FEEERET LT, KHOEHENE 5 2 P PIRALRAR
AP — RO BIC T/ & 2358 < 72 j -4

Bo Wi, KEIOBER S omti 5 -6 R
. s ) MR B Wk ek 18
BERSNTE I b, KEKREOIE  #f -8 ;?Er G
WAL A= FOBBIC < TRE 3010 | f (e B
Ex LB S B, 1-12

WS, Y= RIS T S o1 a4

T5, BEETEDSEHRANICIRTy  gg-le | BEICLDFIELE,

DA
RIS E BB EEERAE LS, g 18 Do WL

DR E W TIEEEFITHE O < ATREME DS ﬁ N
e B2 {RA8E 7S OB AR IE R R
Koo 27 4 v 7B TRISND ZENL W, ZOMPICEY, IR AV — R+
DREITNEL e B0 D, JEMREHRE OB 1A FICB W TRILR D, S BTN R
WA ZEEIE DL T IS VS E B S e < 220, #iEA S DA Tl b, Wi, M
IR E P — NIRABUC R 2 KT T2, ST A DGl s D20, EHICE
JAHMOEZ TS R B ATREMR H B,

PlboZ &R T 5720, BRIV — ROMEMBREIREZ 0E L, BHEsa P27 4
v 7 RIOKSREN 7 TV U 7 4 BB TH 2 THEOIAM BB OBIREZHELZb0 AR 2 12
AT, BT T2V T 4 MR D T X — X EITRAFET 203, #5E ONART HR dhFR O X (T
F—RED BRI A EICMRBIRERD 2 LR TE -, ZORTIEE LI, BHEEN
— BRI AR, BARMNCRET 2358 L RIS RET 2556 bR LTEY,
PR U7 OFLMAHBEZ TSR AT oL, KEBE OB 23 BD UNEAL R Hh R
DN TR > THEDELS 2D LW BENUETE 5, )y, oMb X v Hags:
% T 2 BOR I/ B E OB RS K E Wimolo, AR O A/ 2 T Calid %
HKIZCT DLW ENEETE D,

3. #RER R ERE O FAMITHIR 5 NMF) FEIC K 28K

AARIZE T B S BRE A OREELE ST 5, 2 2 Tik, WBAITAEN LIE AEOME
(A & AU 72 BB R B AE R AR 00 2007 FE D 2019 4E £ TD 13 EB DT — & 2 5,
BEEIZBE 9 B IE H 0 D REMN e SN IE O L2 % T DR ER 2 E, LLTFIORT 21 HA
OB EZER LIz, T7hbb, a)ff - RHFELK, b)AEEE, ofE - MAFEH, d)FER
B, o) i FE RS, DK LIRAKFREE, oK FiIRAKFREE, hIFEFEDYEFEES, i)yKH
DS « HYREAE, j)KHORKER, KMORK - %R, DI oOR KR, m)iE K REE
], nEREE, o IHREHRS, pl (B) < Thlk, Q8 EREHE, r)illE sk
FOE, A EE S, oSSR, WREKE R TH D, MERHIE CICAENK T Lien



125

m Missed People H Injured People m Fully Collap. Houses Harf Collap. Houses
M Partly Collap. Houses M Flood over floor M Flood under floor M Buildings Dameged
o Rice Field Destroyed o Rice Field Flooded m Agric.Field Destroyed m Agric.Field Flooded
®m Road damaged m Bridge damaged River damaged Slope Collupsed

M Railway damaged M Telecom damaged W Ships damaged m Affected Households

m Affected People
100%

Affe:
90% Affect

] T
ople . —_—

River damaged .
e ) " " Shl.gEd

River damaged
80% Affect eholds
Slope Collupsed

70% Telec agegu”dl cged
Rail agedFIoo floor . —
60% Agric. oded ged Brid ged
50% Buildi eged
River damaged .
40% Roa ged Injul ple
Partly ouses
30% Floo loor Agric.F troyed
|
20% Rice Fi-troyed Roa ged Harf Collap. Houses
Rice oded Rice Fi troyed .
10% ) Mis ple
Mis| ple i - | Flool loor Mis.)pleFu”y (-Iouses
0% s ple —
Railway CityFlood AgriFlood StormDamage Infra Damage Life Damage Human Damage

3 FEETIEFAEICLD T ODORFORFER=DERK
STWESVBF EENRNTE®, 2011FEL 124FEOHT - B - B8, 2016 £FOHT - FEA,
2019 FEDOEY - WEDOT —H EH D BRE, 47X13-10=188 V> F v Extg L Lz, JBlaRL
ZE1ICE, ZNHOF O a)Ee - RIEE, bAEBEHEL, o2 - KRF R, ) S,
WK E B ONA R Z R LTV 5.

INLOMEIE, BETEICRAELEEBEOBRRES R ML WEREZMENE D &
WS LI CTd D, £, BHROBEHOHENR —OBRKEEFEA X2 M XY RRIC] &
BZENEHEELELGEATHD D, HEZ L OHEEHAEIZMN 2O & LTH| S O T
7L, WEHHICEDERENEZIToT-, D& X, 25O EEHORMIZEARMICED
BLNEDHBRNWZ EICER L, BEIMOIBIRE ED R WIFAMEITHIAN 753 f# (NMF; Non-
negative Matrix Factorization) % AV, o XHEFHCHEM 2 B < &EMHEEEEZEA Li-, 7
B & AIC 2235 I/ 1T-5% T & ED T,

X 3 IR THRFAMEND T OORFONEEHRT D &, (DEEHFHEDIZNETE - FHE
RKH OBk A5 X # 29K F(Railway), (2) W) OEEE, EFEOK L, KFEAN NAHE
&R S SORR S8 B RS AE S D AR T IK 5 DK 1-(City Flood), (3) 7)1l DR EE A0k
K &G 72 B9 K E O K +-(Agri Flood), (4) LW AANIC X 2iEEE, #)IIOEE L {EEDORK E
1BIK % Z 97K FHK T-(Storm Damage), (5!l « B - R B L OEHBOEE L L - R
FZDR D D W ELIIE BE D [N T-(Infra Damage), (6)F =, FE(EFEY), BIEMZ, BROmE L
RSy, MERE 234 %E b O T AR OREEEHR KA 1 (Life Damage), 8 X ON7)IEEEEE
0N A O & D EAGE A R A T AN B HEE O F - (Human Damage) Td 5.

4., ERENT-HERFAESDIEMBEE R & % DORE B
13F% 1 FETHoEET S 3 MM (2007-2011 45, 2011-2015 45, 2025-2019 4F) (245 1F, #ERF



126

BRI D 7 DO R 15 R O NEAT B B & 1ERL L 72 413 2 DO K115 5548 (AR B A7 5
Zay b7z, ZhED, FORTESL AN ORE D, BENREIIT/NE
V. ELEGOBEIT 05 BETHY, KEROKEOHENEENFIROFIAICINE 57202 &
DEBEL WD, —J, P COMXIT 1S 1L 25 BELATHY, BHEEZ T 2BURO¥
BNRE IS, 72/ Th (6)Life Damage O HhfRIZAMD b AEHE 22D & XM,
(7)Human Damage @ HH#R I & OB FRN T, RN EFRORME S NBAEIND.

Fl—DORTHROGIC L 21EWEZMHET L L, HBEOLETH~OT 7 MR ZRR 71X
B oF, BIRERORERPEFICHENLTVDL EIEFEX RV ERbhoT.

JEL JIEfL
1 10 100 1000 1 10 100 1000

100.00000 100.00000

1000000 1000000
1.00000 1.00000
0.10000 0.10000
S - —— CityFI(07-11)
*o 11000 —— RailwayD(07-11) \ [:3 —— CityFI(11-15)
.01
—— RailwayD(11-15) \ 0.01000 CityFI(15-19)
RailwayD(15-19) — AgriFl(07-11)
0.00100 = InfraD(07-11) 0.00100 —— AgriFI(11-15)
InfraD(11-15) —— AgriFI(15-19)
0.00010 InfraD(15-19)
0.00010
A: (1) Railway Damage, (5) Infra Damage B: (2) City Flood, (3) Agri Flood
Bz Nz
1 10 100 1000 1 10 100 1000
100.00000 100.00000
10.00000 10.00000
1.00000
1.00000
1
i 0.10000
0.10000 e CityF(07-11) 11:
——CityFI(11-15) - ——LifeD(07-11)
0.01000
CityFI(15-19) ——LifeD(11-15)
0.01000
= StormD(07-11) LifeD(15-19)
| 0.00100
StormD(11-15) e HumanD(07-11)
0.00100 StormD(15-19) HumanD(11-15)
0.00010 HumanD(15-19)
C: (2) City Flood, (4) Storm Damage D: (6) Life Damage, (7) Human Damage

4 T OOREFEFRD I HARM B D E AR E IR
1) RRdsLFn - JEAMEITAIR Mg, FHE & AR, 5 5155 9 %, pp.835-844, 2012.
2) eI - BT - KK TS AERRERR O HamPEIC A B U7 MO S O R TE,  HOREH RS - S
#£, Vol.57, No.17-09, 2018.
3) Mikkel N. Schmidt, Ole Winther, and Lars Kai Hansen: Bayesian Non-negative Matrix Factorization, ICA 2009, LNCS
5441, pp.540-547, 2009.



58 2022 127

HFE 5> 5 BT LB E I T 5 FE A OB 7B EEEEFTIc W\ T

FALEAERE RENFH EREETHEEN AEx ER

1. IZC®IT
b B2 13 U &3 5 B AL IS O£ IE, BURIRIB W OM < FRVMERHTIZ SZHE L T D
720IZ, ZENRFOPIKRC LD R FEIZ X 2 EBE S HmcEmy, F35, b LLfdbificirE 45

E R RETIE, 2016 AEDO BRI X D52 & o THT RN I Lz, & L CHID, BUrERW
@%%%@&%ﬁi%k&%*%%%%ﬁk(i@&ﬂ,mm%1%7$%$%%@$¢5E%
FWTHEHIE G 21T 9 &, LRlo @B fmakiaiL, )10 FH KRB R S L7z IIE 23 2%
BRSO B DILER LIS L TR Y, BoKOMERE RS CRWEGEITNICH 722 Evbnd
LoT, ZNHOIMEOEKICBNT, FRRENLZ DRNC L D Za ﬁ%%Aﬁ@_%%¢
2729120, Hilk oo [ K C & 2 I BRI B 3 2 il 2 SFanlc 46 L T < 2 & (KR, 2022)
MLy bEELRD,

EZAT, MEE T DR VIZE, &@ﬁ#%%ﬁ&ﬁﬁ%i T D HEE D BE i A
FHE L TWAEFARO NS, T LT n6®&&ﬁ@¢ ﬁﬂfﬁ%®mmﬂﬁ+mu
EHY, o, ERICHEKLTWD LTSN D E ‘ A 1
EHbHD, Lo T, &tkopmKEDMGEBRIME
BIENRY, ok 9 eBe i Eoo g, (LiEEe
IZBWTHZEWRFOBEESG T OB MIZ 2D 55 &
Eionb,

AR, ZERNREIZ 300 D 1L AR % O BE#ES T I
DWTEBREZAT ) 72, DI DB i
DFEFET D05 T WG R IT O R MR & R e i
DT X 2 HF TR G & 35 S5 R X Tt
B E Lo IR RE R ERETH Y, LT X
Jb BN T T B D NRBERE TH 5,
B0 2 HIKICBWTERENO IR E % 7
EL, BUTONY— R~y 71 LA ER LB E 272
M5, SRR IS T 2 (LR TE O BARN) 7o b5
Frowz L3 2 2R E 35,

2. Hiks

1947 KT E KON 1968 4R [E + MR o 42 :

= A3k 4T N — F1E HEEHEAER
HERE R TRPIPRR R ER L, BT ﬂ‘ E+ #3520 DEM %‘—%mur«ﬁﬁtu:l_?ﬂ‘uv@@o
R~y 7LDkt 2117, £7-, BHlck T AH RE RN THIE SRR 5T AL,

* Appropriate evacuation sites during heavy rainfall in mountainous areas based on landform analysis by
Tadaki MIZUMOTO



128

WL, HUEFTA R KO R RR A A 24T - 72,

3. (1) BREPERHX

SHRET (2021) Ik B L, MU SKENRREICE L TR S L2 A 6 KD 5 b, BTE O
BiZdhi=5 4152 N, 2067 A ERHFKIZEEL T\ 5, SRMEIII&ESE Z i s LFTE
BB ERB LI L TBY, ESCHORLHXTLH S,

IO &SI, MOPEE < OFERDNERMEICEEL TOWAEBO—oF, I ThHIZD
b b3, WRMILWEEZ AT HEHOBRRHRAEEL WD LICh D, FH2KE, ARk
KOHIESHER TH 5, b BN 2T L2 5 3T 5 2R 60 km O/NANNS, TEOIEK
JUDSE I SV~ E T EEZ 2D B/PRNASET L TWD, ZID 2 DOWJIAER L 7= M
1%, EAL L VA RIE~Vif & BUTRES L ONEERIC Xy S b,

AR Y, AKX CThe b @Ok B il CTh 5, R & /AR OBIIR & O @ i3y 25

R #l
(=R
(N EES {1
[ &soE
[ ]=svE
| RN

BARRY
DR
— L ERAEED
L Tamia
o ARIELED
- EaE

F2F ARITARMEDHESER
EROBHEFIE L HhERESEEDEHE TO-68-11Y-C20,13,14 ZFHAWTHERLI=7F45 73D Ef.
FEANTEBL THRELAMICRSIEN TR,



129

~30 m, JEAIE DHEITR 20~25m Th D, FHRIE LI, &GO RS H L TH
%o BRI, AHIX G b A < RET DI EE L CTh 5, DNARIFS L ONEARNOBR & D
@ik, EREI15~20m, 10~15m TH D, HANPER LA RIE BI2iE, RN 5
HIEANOIBIERRD Hivd, FIRIEIE, BIRICH > THEi o4 LT\ b, BK &
DOLEE, AT 10~12 m, HAITE~10 mTH D, ARIVIEIE, WIS HETEIC
SA LT %, AN ETFARNO G RAIICERO DDA RIVENE, SRMXOIRERZ O
HHFEH CTH D, BUTHRN D OEIE, WAARITEFANE HIZ 5 m Al Th D, ARVl
AL RBE L Td v, BRSO IX i) & I m Th D, HARNND AN A TS
DEHEC, A RBUTITICIRS FE L TV D,

F3 () 1, ARIMAF =R~y (FE3X (b)) IZH 2 MOMESBEREZERIZLOTH
%o I (b) 1%, F2HRBLOHEIK (a) EHEUHMEHOERITI AN — R~y 7 Tho, Uk
ReDIBERAKIED 4 BEFECRINTEH Y, T REAFE KRB MTE LRI TV, Pk
RAREEE, FEHEEOKRFICELIBETHD, £/, 2016 FORME 10 52 L HRKWIZE T
FERRAREELEZZ T @A LRSI TS, L TH3IK (o) 1k, HE LD EABIEDO KR
FIC X DK ORABEN KR SNIERIT A — R~ > 7 Ch b, F3 M (a) OHFELZHEN &

\ = S = VARV R i\
‘ VAR

[ B R
B zsuE
B & rmm
[ z#sva
Bl :rvE
Ty
R

o ERIEED
=" AR

N/ WIE SRR EMBERE
VbW FHTEHE o

NF—FIyTOHE

() BREIN\Y =LKy (b) IZHh 2 ERE
EX AVt 10))

(b) & RETNYF—F T GkIz & B2KRIE
50 F(C—EREDHEREOKRERTE)

() BREINT—RTVT GKIZ&BEKEE
FEHEI-EBREOXRABEBEORREETE)




130

B3 (b) ZIET D&, ARV L OVLER O 5kl ,Emﬁiﬁlﬁiwzmmﬁ@ﬁ
J 10 51T X BRI ERDE S 1FE T D, £, B3 (@) & (o) AHETSE, BERK
L ORKIE KL, ARIVIE, VI X OLERO SR & FFE 85, 361 I@Ew
W 7= Z/ AN Tk, BRI OIS E TRIER KRB LA TND Z ERbnsd,

M RN BN T, R— O E I3 S 5 B i i, IZIEREEIZFASED 7 vt A TE
ENERETHD, 2FV, "P—RFvo 7 TRHEAESN TR TYH, fBMIcAD LG
AL 50 R0 —FE DR AW E IS RVIIC £ T, TR IR D TAEIC—FE ORIk Y = I3
IZET, TRNENESTFREREHNZ EREND, TLT, ERE LU THRIAETHIE, A8
SNABRAHEOZHRIFC S, RN EZRR T THDLZ ENENND, 72721, EKRINLEFED
AR FICiE, FROBAHEN S AR A2 TR RERAHLE T ITERARD bND (5 2
), £oT, ABBEOBMEZ S HITEBZ 5 L) REROELAITIE, BROBAHITIITT 515K
JNOERFEDS, AR EE2 T3 2 it b G ETE R, THTHIGEIEE D L0 bR
Frcdhbizdls, EMFICITRALSLSTVWEMTLH D, ULz &b, ARIXICBITS%
FREOREESS HT O HT [ H SEOBRRIEIE, 5K LR OE RIm X mm L) & fEwm S
DA, HEHRAEBE LB Z 5 X5 2EROBAICE, UaRIE BISALE 3 2 - EhE, 0T
REMEE] DEOLRERRGNTH D ENREND,

(2) BhHTEHH#X
Bl RO HIXIE, A Lz SR S OIS, PAGHISSROXIE N3G 2 14

,Ei%)ﬁ
—p IBIET

F4R EhmETHROMESEER

EROEEEAEREDZEHEE(M1072-39, 40) EFRAWTHER L7451 73D B,
FEAHTEBLTHBELRMICRDIENTEE,



131

T 5 (B2, 151 4, 333 A (%1l 3, 4, 5 IO GE) o/ NS ERETh 5,
BEOH I O A I X R O W R B i 23R L TR Y, ALK D SiI~VIIEIZESI NS (6F 4
), JSEHI~TIAE, BUR & D@ N 25m LU EOE i Th 5, JETIVIR & VR X, BUAR X
DENENN20 mEK 1S m OEEAT D, EHVIEIZER E OLER 5~8m, FARMLD
VI Sm L FTH D, AL REOERE, 1FEETVIR LY B o B i Blosif LT
Wh, —J, BHIRESTAENEROERE, EHVIIE RICAE LT D,

HE2HER (55 (@) EPATYINC X 2 B KRB OBWK Z48E L@ ARBER (BB 5 (b) ;
AFR, 2021) LAEET S &, EHVIE & ILERITRAKDERIEDR EWETCTh L Z &3 b
b, Lo T, HKYELZRET D O OB ATIE, SRTVIE LY BV OB BICEE T DM
N5, 1220, HA4K, HSK (@) kv, PAGFNERCHEET 2B Lm0, HHo
B HAEE LB ORI B LN TN D Z L s, R TIXS % b Brb S E A & % wher:
Nhb, L-oT, H5K (¢) TEETHNEE L TOARERIX, Riiony—F< v FI2b KR
SINTWD XD, SRR FEICTT 2 ERENRmELLIICH D Z EREREINS,

—J7, #A4, 5K () RUIEHA AR, REREOREBRE LKL, MoBEN LD
LEm A 25 mOMEHIVE FICALE T 5, S A FBEAS— Fe vy U 7B E LTRSS TR Y (6
5 X(d), MESEFTOREME EZ bRD, 7270, #i A OFFRICERET S B ARkEIE

o

-amm
[Tewm
[ Jzwn=
[Tlanva P,
zwva
ztva
P zrua |/
—

—p LEHAT

A gz

%5 ERTRTHMEOMESERENF—FIvTEOMBEESIURBER
(a) M ER (ARIFE L HERE 1/25 FHBE (b) - 5 3 FEFRER FAGRIIBRKRKBER
BEEERKRE) () BETNTF—FIYT (4R ADRRERIEE (e):#R B DERE
RIEE GtRA BOBFE %4EBEUE S H)ICER)



132

A, F5X (a) OHIBHENNRT L OIS EEEOREBRIENH D72, SERTHEOBEHES i
S APNGAY AN

FIRRIS, A B X, AHA K E OMEBRE MR WIEFTICALE L, OB R b D& 20m D)%
HIVIE IS E S 5, M BIZBUE, fOFTAE LTT 27 70 S Bz m i & 72 -
THEY, HE A L FRICAX OREHET O & Z 2 b,

4. TLHL5BOBE

I LI AT B3 5 R ATE R X IS K OVE TR T A L L, SERRREICES U B LR
EHEOWU) Z2REFIG T OV, BRI S B8R EITo 72, AR T, WT&GERN
SEHLT BRI &, A R FEARATUT N B P TR B SRITE DS, SRR S IC 2 27
Fre L CRESND, 72720, BRI I ENE LWERHRICE L S 72 IBE 2GR0 B4
52 LD, HEEBZD XD BREROLBEITIE, ARIE EIZRE L CREGIT 23R E T & T
D EBRIFFICERSND,

BT T, B OALE & BRSO @I 2 T, kO REY 27 L8
FEO+HWPHZBET D &, BHGANCEY R 2 y 225208 TES, 277L, Zhb2
yETD 9L, BEA— M2y U7 E L CHA SN TW DG ~BEIT 28121E, FABHINZ D
DBEEDVEND D, £oT, A— bFv o FHE ST E LCEIERT57-0100%, &
D RDOBEEERRD CEIE L /b, ML THMX E B2, BURRN S O @A 5 m LR ORAL B
FEm=eLE Y, BKBEEDORREMEN S WEITTH D 2 VRS LT,

W MHIIEICE ST AL L, EWRELY SBEHEOSHVBKEENOEETFH L&
FB—ICBx, ARV N LB E 2R X TWAD, DE D, R WD IR UIFIR
TR X2 EWEER, WHEHOAXIZES>TYH, ZOMEMRENTRIM SIS WHRKEL 25T
W5, 72720, IEICEWRENEE 25T T, 5% LFEBROEERNHSITEZVES, Lo
T, FMIFIITEHKREE L RIS, TR EICH L THEFICE W ERERE R OLERD 5,

BUATRTE WV OM < BV MEHIIZ ST HE LT 2 IUFB O YE ClE, SRR ISR & 72 0 15555
Fibien, Lonl, AKROARLIEL D ICHIEL THICONT 5 Z LIck - T, 72& 2 LIS
BNTH, #kKKFIOMATEREENG G EFDH I EOTE 2L OMMAZREST 52
EIXTICATRETH D, AENXZENKCI T 5 ST [ZOWTOBLEELITo7oh, BTO
AP Rw oy T ELLRY T BT IOV T H RIS, HEREZZE L L0 2k
BT S THRGT20ERH 5, IWEHOERFIEL NN, 5%, ERRENOEGE
SEATDICIE, BT HIEOMR Y L EE L O RIEZ VG2 BARKEEZ TR, KERN
B ZHANCWS R ZRR G~ T 5 2 LR bEELEZEX HND,

BE IR

ST (2021) 5 SR ETHIECRS G - A0 2 FEE ERR.

AR (2021) BAGHIIAKREIG HoKEARARE KIRK CRER ARSI 2/3 (R .

TEAPE - NUER - KRR - EEEAL (2018) 2016 4 8 H OB 10 F12 & 58 FIRALE K
EIEWE. BRKFERY, 36-4, 409-427.

RAER (2022) #k AP — F< v A28 5 B SHEK O FHZ~ETTE R « FEEAR itk o
i 236 & L C~. HALWAERAFFEA S, 5 46 2.



58 2022 133

JREETLR T TOREHERIZRL L 7B EE IR D ER Y 47

AFRIRNFRGBOREN &L i

1. IXC®IC

Bl oo ;oA NV ADBGEIERK TIZBWT, SKERAN, & ATKERFOBEEESEHI KX <
AKX OND Z bl ole, ZOFEERLUIZNEBIN - WMBAITBAAF 2 A L T
B a7 A L A EYRE DA L 72 ISR T B RERFOBEEIC DWW T T, AT IZ M 2
YUSN DB 2 & D &, T b [HGEE ) (T 72 TEOE MR ThhTnD b,
ZOEIBRRKWTFICENT, HIKaI2=7 1 (Wb EES - BEHKSZO I A—F253k
FEEOHM) & LTiE, HXANORET CORPERRZED L LT HAALTH LD, W
1T U T BOREE 21T 5 MK E RO L EHEREZMMIZ L TIT ) N E e o TS, 22 T%
FIL, TOX D REREILRK FIZB T, MK L~V CTHIER A EER T AR Y AT L& E
L, THZEZEDMA B (ME - EBEEE) & 2021 44 11 AT 5 R b X0 ik
KICBWTHEGE L=, KT, ZOBRVEACHOVNTHRET D,

2. BREHEREDHD DR

B Z 1X= W5 (2020) 1%, FEARHIEE ORI, TEEH OLRGMHERICE LT, SNS & LT LINE - A
—NVEEEHAL, RACETHERNSER CEXZFBE2MN LTS I, BEAFTRETORE
FHAEHE T SNS Y —ERZIEH L TWAEAR, 74 VEEREWSTZIT Y—E 2%
TIEH LTV 2 B ThIUE, BEFEOEERr y N —27 ZRNEMHT 5 2 & T, L&
MICHIHATHZ b HEEE WA D, LA L, FFED SNS H— B RIS LR MRIL, Xt
—ERZHAL TR —F—%FOH LT LE O DMEN D 5, M2 TERLEED L DI,
ZTOWEENHETHY . MEBABOTEN b EBO L L TEHIZIThI TV 2T
HIL, BEERY —EZA~OFFIRE - FHTY 7V r—va o7V A 2 =% g
MRS ENZD, LML, aRERNSANBOEHNEL, ER - HERGTOERE RN
L, MEEBAEMOFENELELMXEEDRT 2 ) —RiEEHE R K I 2=F 71280
T, THZHMXER WRE) oL, IT VT I —om ERKRICRE 25 R 0nE L
20, R M OREWRY AT LAOBENI OB ERDEANZ V., HbE T, Fai
FAERDOBEA, TRbbLHEBRNAORDNAETLTHWAMK TIE, MEICEGHERYT—E 2%
BALZELTYH, TOMBEHRERZ NV SETRETE200bREMEO 2L WNWZ D,

3. IRV ARACHERTREREEHER Y AT AORIE
FROBENL, XLV (HIEE) TREHRAY AT LZEALTWIZE, £9 M
REAENTREE], THETORE - 77V A 2 b— LW, THERE B 48 H 23 IR B

*The action of evacuation drills specializing in confirming safety under the spread of infectious diseases
by Kazuya SUGIYASU



134

WO A S E 272 BT, 2 S OB Z DR LT RIS X D R EMER Y AT Al i,
D%, MIXBEDIT V7 7 =N E LB T, K0 &MIMEEO & 2 BRE Y — v 2128
TLCn ey, FERO—DOTEHRVWILES XD, hEBE L, FHIILEHERE BT
LDy L e HMIKAEROGAHBEICER L, Fai0T 7Y A A F—/b - BEAEFER L THH
FATE, MEFERICERA A MECRWI AT A ZHIEL, 7o 7 — MEG - 208 56
P —E R TH 5 Google Form ZHH L7 R R AT LA HAIELTZ,

ZDERMER Y AT LEHEEET D Google Form ~? 7 7 = A URL %, FHNI 2 KL/ N— 2 —
L, RAZ =7 & UTHIRNIZERNIZETR - AL TR, IATHEA~Y—F7
F Y DRFEDOFHEEZE THNL, DATEREBL, 2R —a— RN TEIT T, ZEMR
VAT LDT 7 EAURLIZIZE D EFELS ZENATREL > T D,

DR IE RS (—ROMKER) M6 R 25 VAT A0z E LT, 4, (L2 ) e
Bl 2T, ANTHREEERBDETH LI LTS,

LEERRGEE (—OMKIER) OBAAMEN 'ZaREHRTHY, (&2 5D) FhT
CBdly) IAAREL) Thiid, @%L:M%k&éi&ﬁ%%égﬁﬁm@f: BRTHD., EDOHITY
DFEWBED THMEL - ot - HEREE R (Gl - AR - m%) | FOBMEEANTL LD
[Z L7z, —FH T, BEEREERED fERREFTTHY | ?Eﬁ?‘ CRBh) AnE) Thiud
119 FWWAWNEETH 255101E, BAEME - BRlgEs AL T2 LT, %@f
WAEBEIC, MKEBELCHHNKEIEESZ1TS, LW X ICNETDHERONEIZ2 >D
DR E L. (M 1), 723, Google Form (28§, S V7= E X, Google A7 Ly by — K&
WHORHET TV r—va T — 22BN ans72), Zovr— b NLT5Z 7T, 15
B M ERLEE ) LV o ABOEF B AEETH D, MA T, ZOHEEH Google 27
Ly h3r— D7 272X URL BES 2ReN—a— NMed 5 2 & C, BEEEFTBR. & 2V
BTGB 21T 5 KR - WP DO AR, A~v— K750 AN IR OREEH
ZRERFER T2 2 bAEETH D (KM2),

1 KEFTEHINTVWAHRIER - 77— bWebt — E X TREHER
:mlzﬁzas BANTA—Ls = : M i ?
-+ saznsmerenanzanpeeaEresonyy | DB BREDN A FT2RFTN—A— FEFRHADBARSTENTD
ns' 4 > L cRIAREE

BREEEREANIA—L (B)

80) — — ®

@ TaermLELE THHXTERBANTA—L (A)

o1 E& (B1: Rk

FOVSEA) BRALTIEEN

5 BimIRTT KEED DELBE, AN

O l&ml . ppaTan.. BIFTRU

] MEE% (RISES) | BRALT. T< MXE) BRUTIREL. MO
[O ThET. BrcERTEs. | XMIEARELEA. BN BRSRCAET

O 78] . ITCREBWFCLS,

By
o
o
Pt
o
o
o



135

810E4Q CXNO Tl
8093 Q0 - N Tl
¢ HERESERANT+—L (@) @

¢ BRXTZSERAN. B [

WRERSHBANT 1 —4 (@F)

J1-40@E 1
MUERSHEANT 1 —L4 (BF) % ; s v
Fr—LOBE I1LRIVT Q1 BE (3 WRAR) Q2 S, BMHFSETIH?  Q3a [SLSW Q3b (MAFELS) HumOsedb —scEm ol

A 8 c 2021/09/04 15:38:46 [N (U8 , SHaTALL, DENE
| 94 LAIT QBB B BE AR Q2 S, KEHHE 2021/09/04 15:41:25 | (P8 , BWETELL), B R

- ¢ 2021/09/04 160051 (@) , SHITRBL), BEIE
2 2021/09/04 15345 | THE| , BT 2021/09/19.9.4424 I TRE | FTCRLGAFICL tt —
5 2021/09/04 15:41:25 | N [B&] . SWETE o 2021/09/199:44:58 N [FRE) |, FTICREBWHICL B
4 2021/09/04 16:00:51 | B8] , B#nsT: 202110731 10:59.02 (I [P%) , BWETELL), BC
s oo BN 7| yTced > [ M | 7. $cases =
aa - ) I |, BATARTED, 3
6 2021/09/119 9:44:58 IT®] . ITERS s 202112117 110800 I GBI . BHETELL, BEAAOR
2021/10/31 10:59:02 [ l&®] . BBET:

& 2021/10/31 11:00:52 | I7E| , BATHE
9 2021/11/13 &:40:15 | [TE| . BNTEE
10 2021/12/17 11:08:09 | M4E| . S#HETE

2 ANSNIZEHRRE®R (R~— h 74 THRF, £ fitmE, A il & B w)

/ Google 7L Kv—k THIK

BMEASTEATES

BEER AT LEER

lWEh'?'*"I\L’CL'\i?D

ElwE |, ANT—2ER
BT ' E-X

BT

HoT,
'717#4 FEToRAL
ETREEAALTHT RS,

TZUROTA AR
A ZRBLTVET

8 03 1 LR [ i [N [ |
15 Wh ) 3 =

LV 3
t o . l
i Iz

= =

5 o N
E ) LAl
¥ 3
17 £}
5 s

3 e
ET i .

s na

=% 2

LX)

3 EEEESIEY B OZEHEEOMRT (£ KRBIZ X 2 LGS, F E#%%’E ll"r%éEl
B LI LGRS AT MR =2 — T — DA A=)

4. MWEEFIFEY B CORBRI

BEEEIIFY B1E, BB L2 50 LIFERIFBUCSMENTEY . 205 8 4 OERNE
BHER Y AT LORBIZ T =720z, 72k, HiKE L CIKER-EE->KEIZRR
BZEORELITOEK 7 m =N T CICHEEF A TH Y, £ ORH Z MR T 5 o JIHG
HIT> T D, Y HIZ 2R —a3— ROFRBIAFIZE D N T T T E Lo b D
O, FEBHBEBIZMOAT, 7271, BECHAVEEWEEb 0/ E L CITifEn
&&mﬂgwotoE%ﬂﬁ%ﬁ@ﬁ?%wwﬁ%%l3_r¢



136

5. BRER
BEFD Web —E 27T » b7 4 — LT 5 Google Form #iEH4 252 & ¢, IFpioT 7

UA VA R—Ib - BEAEER L CHLRIATE DLEMRY AT L] OORIHELEITILRINE S

WZR[BECH o720y, TOEHIZH T > THEWL Ol - HESAR D 5,

O BEESNTEAFHRE Web —E R FI2BEEL, BUBIGEI O DI08E = F IRt 5w
PERH D2 E~OFERIRA L TEPVLETH D, 7272 L 2L, AN EHEBRASIANIC,
HoERMEORERTXES - GEHT D 2 LT, EICIEER T E D ARRIESE LA
FIAFEE EFb7-0ich, MRKERS~OFFGAZITI ZENREE LV,

@ BBZRGICT D00, BEFREBET ORI, HE GRS EOREMN) 8% A
T5, EWIFELMY 55, RVATATYH, ¥y, BEEEEFDE LT, 2021
F 11 A RS T Google Form DALAETIE, B &l ” 7 A L BGEMREEE A2 LTV
L, VAT AT 7R AMIZ Google T AT b Tl A LTNWD I ENMESEMEL -
TWb, 207, RVATATIEENR /A U AETHD Z EEERT D720, BB
BERBIZHEBR T2 2 & & LT, ZHIFABROMERAR ZHRT 2L 2AHAThH D,

@ AMIZBTAEHMEROELS Z bbb, BN LEHERE, TR HEET 20
M (Wb 2EFHE) TN UOHEICL TEBMERHDL ENZD,

@ ZOXEIBBEEHRY AT AT, MIKNTER SN ) 2BEHRTIEOOESDTHY, &
BHEREBONRILO—B 72D Z ENEFE LS, — 5T, BURoOxtmEahE=, & 25X
BT COZMNROREMBEYEL T—AREEKDRETH D L ITEFILE X TR,
SRR, ZNXLEHERTHLINOZZORELH Y, SRIEET LGRS AT
DT, HOREEIC X o TEEFEOLEMRRA X — L0 BIRN T L E 5 RO & 5 sEE o
BEMRO—BERD I ERBENTHL I EE, Z2ICHOTRLTEE 0,

RBIC, KU AT LAOT ERERE 2021 4E 11 H 6-7 BICHTREAH TSN NFH &
W2 K72 2021) THEIELIZEZA, HEHRSSCITNSEGEHEOM, £ LT, 2089
RY AT AEBALEZY, EWVWIEREZLHIANT, ZIUTLEME DI M HE A2 2
TWAH0IE, ERM#ETH S BIRRIZT TR, MR S Lz iigiEE o f/ Mk 0T
LRETHDHZLZRL TS, 5% L KEBHOBASCEEZME AL VAT LAOHLEIZE
DRATHWSRETH S,

BEICER
1) B - B 7(2020), #5782 v 5o o )L ZJEYE SR L 72 WA 38 1) 2 56 I oo sBE sl D U
T, http://www.bousai.go.jp/pdf/colonapoint.pdf (2021 4F 11 H 11 ARE)
2) EIRFONE F1(2020), REARMIEIZ IS D LA HEIZ K D 38 « Line ITHIC L 2 I, G
B T 7 LA, 2020.1(0), S1-2, AZRFEMIEA B ASKHE RS
AEE

ABFFEIE, 2021 4 EE ALK SEE R E ERAIE T 3800 2 L RAFFEBI A T-HFocE ] A AR e E -
o0 R O AR O SEFE N RS REEERIR 5 7 — A RS BT 2 AR (R & R ) |
WCEARBETHD, ZICEHOEERET S,



58 2022 137

BRKEFCH LT — A T OFEBEICET L5

HAbRZRERZEEFIEF L0 HE
RILKRZRERZEEAIFFT  Julia Gerster

1. XL®IC

2011 4F 3 A 11 BIZHAE L AL G R IR LS, 2 EMICEUK FEOHE R F e & o
BRKET VXN T — DA TPEEShODOH D, BRRET VX ALT — 4 71%, #WEDK
EHRAME TS 2 LT TR, ENDORFEREAE AW TR B BB SRR & DB
HEFIHNERAR 2SN T0A. L L, BRKET VHNLT — DA TOEKIZEZDH T LT,
BRGEEROFIEREFNIT DL, MR CTOFHAOATRENTH L. HAARRKELDOEHR
TOLNT — AT OFNERBIE LT, /IR ETORKEESCEBBE O 72 O MM
FARERMEKEESE CORRAM, &2 EoM A AR COIFM, =a— X OB
ENHDH. HAKRTOFEML, SERCEATHLI OO, REMAFENECEHEY TETW
. BB, BEREOEABEATH RV EOR ML Y, HAARERBEEOERT
CHENLVT —NAT OV A FEHABEIFEE, 2021 FBETI SO =7 A FBREHEL TS, A
IRRETVHNT —HA T E2IEAPEAL T2 WERO—D2 L LTI, WRKARENSEBEHD
LOERDTFHTZENTERVBERDLD EEZD. T2 T, AfETIE, EAAKELRTY
ANT —HA T OBUREFEICOWTIRARS & & HiZ, MBICHLERBEREIZET 2HEICON
Tk~ 5.

2. REARKRBROBKIESZOBR LA
ENVESNEBEORAARARERLT — A7 [ZH . 02 <) VI, 49 ¥, 557 -4~
—ZDK) 496 7R (2021 10 ABITE) OEKFEENAH I TS, £ 496 RSO R K
FLERICH, OEL T = _R—REER R IN TRV ANEECHE R S KD, &6
2, BRESEIEZSBALTHDILOD, T—FRXR=2{LRT VX IVT — I A T Eh
TR HME b 28T HET 5. Frl, NRIFOERT, ELRQEY, REERED0FE
JT & M5 HIB RS, ASCERASTEICITEY LW EER EOERTRENT CH LT —hA
TENTELT, —fMOEBEKLEN Y = 7914 b ECRREEIZABRENTHWDLIOATHS.
WHAREROBER LT, ERofics v 2 —% v b ECHUEELFET D A X —F
v b BIZB T 2 EEFLE O IEfM R EUI AT TIEH 523, Google X° Yahoo! Japan 72 & 0 K Tk
PA FTIHRAAKREN] LR LUESES, 2021 4 10 A A TR 5,290 HAD Y = 741 FR
Bomb. 2L, BRFIVEZALT =04 71%, BBV A MESTERO — 55— 5% HE)IE
DEINZNEITHRR SN TWE®, EROMRBHERICITE TR, S F—F v |k
FERBIOERTOINT — A THHEHMICEET 5 L8 5700 TRBTFEETHZ L LD,
INET D% OEKGLEN D BIOGLEH IR RN ka2 52 LIxR

*The Vocabulary of Natural Disaster Digital Archives by Akihiro Shibayama and Julia Gerster



138

HTHHLLERD. EOIT, BELTHRELBMEMET H20ITIE, HAAREKDOEIH
OB E T OB SR O 4, By 5B ‘fﬂ*ﬂaiﬁ):%(’“<$§%ﬁ¢bfb‘éié%@7)xébb
b HRBREDHMMGNLELRD.

3. BRTFUENT —hA T OFEICHET &

AR Cor L7238 Y, B a2 g, BRSNS BN b 0E o5 2 &0
WEETh b, SHIT E%W@%“ﬁé%a@&ﬁf@%“%@%%@ﬂ%ﬁ+%&otaL
f%2m1$éﬁ@%“%@%m@ﬁﬁﬁ&Tni@*%m%§%m¢:kﬁﬁbwe%25.
Bl 20X, 2011 AR HEF O LRI OV TIE, TEEEH CRER) ) AV s Tz, 2013
B3 AMND TREEE®R) EABPETITR->TWVD. I 51T, 2011 Y KFE, EEEESET
o TREFERT ) o4 E VSTV, 2013 4F 6 A I EMRERELED A RIET 51k
A OFARL 25 IR 54 5) 1C k0, HEEBAHIGIT & [HREHET ) LAHCTONE
DEFEENTWDS., £72, LHEOLEETIIRWA, BKBEEAEOTICIE, RAAKAKEKLD
WHRFOATHWLN D HERAZ 4] 2 EORELFMET D, RARKEXO YKL D
BGOSR LERE &2 b PTIES L1XBbh 523, HIREROBSHRYEEIE, KETA
FRET DL HEL, FHEOSEHENERE TIE, RICHERENZ HARKKERDOT —h
AT HERGERSTHT I L IIRN#EEE X 5.

UTo#R I, ENESKERORBARER T —HA 7 [8BH: 02&E) (UTF, ORE

)“&aﬁ%liﬁwTﬁaxk KT =4 TE (LT, BT —h147)1 7Y, AFR
O TV TEREET — A T ~FHL~ LT, BET—HAT7) 1V D3OOERKTHINLT
—HA T ERNTREREESOLHOKBEEMAEARBLERRELTT. OREORE
FROBIZOWTIE, BIREEFT— DA TORAZF—2OEERRINTNDHT-0, HiRE
BFET—HA T TRESINTERAELEENDL 2 2 TR L TEL.

BRT VANT —H A 7 CREMBIEFEOATZRRE LIRER, 070 & < CIlERmaeEns
B Rohotc—J, BYWSETT —hA 7T, BEXGEENIZEAER DN LRNnoT-.
ZhE, OREICBOTEHSEEEE N T — 4 ThEnTnWbm®, SEREES OB
BENHE L Aohote. BSSETT — 04 7T L TiE, SEREES ICHE LB
BRBEOF—T— FRFTENTWRNWEDTHD. BlziE, IWAEGHEEE, KERBEO
%&ﬁéﬁ,%ﬁﬁ%&%J@Eﬁ@gﬂﬁgﬁﬁ’ﬂbfVﬁiﬁ%&J®%%U%Fﬁﬁ

FoNTWRWRETHD. AT A7 T G2G E%Jt@?bt X, K20
MOBRLENMIBRTEL LD, THERE] LHRR LS ilMﬁk%E#K&@

<, ISEKEhE) & NERAMGEEE) 73\5%—7—1\2:L’C%%ﬁ\ofu\tcb\:kﬁéié.
WIZ TP REFBIREE SR OFEAPTHRRE LR, [EMBER] OMKB/RELIDZV
SO WFER L ol SEFET A TDEE, ¥—U— FREMWARFELHTIERL THEH
BisftEFEE) L L THF—U— M Eniz 2 E0MA O EA I THEFBIE - XljF e
BRI TV, EXQRFELAH TRBECTCE RS ENEBEZLND. BRICIIBER LA
WS, PSRRI RS2 L 2 EHEE (I, FERE L L CEIRMNERBERHIX & 7508
H%<, BNWTEFRERS TV, MBHRTIEBRRIVEFROFINLZVFERL k-



139

oo EIWEAD IR OCEEIE, W< OB LN DN, HEERE TR L i LT 2 L A
WELNZ LR OMRBERTZ o722 &, EARTERLESZSFET I L8 L EER
T5EEbNS.

M ERAGREINFT ) & THEERETT) 2oV TIE, T RTOT7T = A 7 THORVBER R &
ot L, T—hA T OEEHRICITIEERET LR L TV DI L b 5T, T &
F—U— IR RENTNDHEILOL RN Z LG, F—U— RFITOERICEH ST
Mo T REMEN D B, Fio, EHIWEE LT, HFRO—H oMK T, 2011 424 5F 5B
i) & TR WO AR THOTWIZARE L H o7z,

WREFNICHAR SN D AEEBICO VT, TREAEES)  ERAEEE), TKEE
Bi{Eg ), BEEEEE] L, BIRRICEZoTERIEAHMEZHVWLNTEY, H— L THE
TERWiE S H o 7.

£1 BRTOINT = A7 THSBEMNFEZHER LR ()

MG D7 &< B IR = F

SEE PR BARE 969 6 5
K ERIE 1,627 37 144
W S8 AR TS P SR A 495 4 6
T 00 58 5 ok SRRy B 1 A 671 1 0
SR T AT M TR BILR 1 172 0 1
B AR SR B AR R 64 4 0
BROH AR S48 Bl 1) X ek vk 372 8 100
RN 5, 286 94 2,505
8 Joy 18 B P A AR I 1 225 0 0
B S 4R FH RS B it it 3 789 50 71
LB iR 10, 085 360 7,813
I 1 B SR {3 117 35 37
e EE T 57,616 5,013 9, 553
F5 e BE #E 386 18 63
S5 5, 433 100 2,383
Fa 7 B ROk S 22 1 1
i BMRGER 31, 048 294 20, 749
INEAEE 14, 057 601 3, 646
SEFIN R 10, 406 401 3,079
5 BN A 1,621 118 236
SR BLAEE 884 59 18
= KAE HLE 154 0 0

4. BRTOINT =W A 7 OFERICET 5 BREMRRITIECONT

3ETRLIZEY, FRICK - THISKBIEMREN R D 2 L, BELEKDO A X T — 2 D5
HRNPARRELTCND Z LR EDTENRI SN oTz. b DR HIEE LT, BXGELERD
AT =B DRELNEZLNDN, WRREKLEEZ T X THEMT L LIERETH 2.
i, vV —T AkEE (R - *E‘ﬁﬁ‘%) DB REEEZ OGNS, 1212 L, HEHERT,



140

WEEEGPT TR L7z Y, P A ST O AR T S TWe R i, v Y — T AFEET
RIS D 2 LN TER. F, KERWEOARICEEN I LOL LT, BAREESC
MEHLERND D, KEMRESICE Z E CEREEEMTTI2NLHERLDL 52 5.
SEXRIEARIEL, PO, I6A, B - HEHOSERRIESZ2TXTHRET2IERTHY, A
TBIROREFFEDOIFE A CITKENREREZ T —U— RTF LN EWT 2 e d. K5EH
[RIEA BB MO THEEZ ANEERS 5.

5. £

KFETIE, KEARERT OZ LT —h A 7O EE, MRICKLEREREICHT 58
WCOWTHRL LT, FERICOVWTOMRIRE LTy Y — T ARELEOIERNEHE TH 50, E
HE< HDH I ENbhoTo. 4%, SHICHRKET VXN T — A4 T THOLTNDEE
HORHTEED D L L BT, V=T AREOEREITO) TETHD.

Eira3
AWFZEIL, B (20H02408) OUIREZZ T 7= HDTH D,

BE R

) ESESRES : RAARAREXRT =47 [EH: 07 &<, https://kn. ndl. go. jp/ (&
R 2021410 A 1 H)

2) EIRIREREAE  RHAKRENRT — I A 7 HIE, https://kioku. library. pref. miyagi. jp/ (&
AR 0 2021410 H 1 H)

3) BEFR TV TERERT — A 7 ~FL~], http://iwate-archive. pref. iwate. jp/ (H
R 2021410 A 1 H)



AABHRRELSEASHBMERE (50 3 FH)

[l

¥ ORAERS: - #)
GRAER: - #)

% — (GLETRZ: - #T)
(BRI R - HET)
Z (R - #H)
(EFRF - HT)
Y8, GRAETSRY: - 1)
il (AR - T)

e % fie GRAER: - S5
i B 2 (IlEEFERMER)

%
#

I X Hm

T H

H OH
=
U

|
=

Gl

B »E
&=
s &

>
E\&
i
mt
il



TMAEIH 1R FEAT

FALHUECE R A TE 5 58 &
(45F0 3 4EEE)

e X 2

i} it

Ak A

iG] S

B
4p

.

2
T+
Ex
<
oy
=2
R

¢ T
o

ofk
==
<

X
A
i)

1] i [1]
1>

hun|
R

¥ AT F FALKRFKEREEEVERT
HALHX HAR K FEERE v Z—
trs—K 45 K X
T 980-8572 ATl T3 K FE 4 75 2 468-1
TEL 022 (752) 2099

W

BRI BT BRBREt B fm -
T 983-0842 e EMHX A _THI—5
TEL 022 (295) 8211




	目次_日本語 
	目次_英語 
	01.水田
	02.鏡味
	03.片岡
	04.岡田
	05.池田
	06.土屋
	07.柾谷
	08.中村
	09.吉留
	10.松冨
	11.松冨
	12.望月
	13.長尾
	14.神田
	15.谷口
	16.自見
	17.田上
	18.Vuong Tai Chi
	19.Nguyen Trong Hiep
	20.Stephan Korblah Lawson
	21.上野
	22.奥村
	23.水本
	24.杉安
	25.柴山



