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Towards the Reduction of Tsunami Vulnerability along the Japan Sea Coast:
Lessons Learned and Future Research Needs Deduced from the 2011 Tohoku

Earthquake Tsunami and Historical Tsunamis in the Japan Sea

Masatoshi YUHI' and Shinya UMEDA'

Abstract

A magnitude 9.0 earthquake occurred on March 11, 2011, off the Pacific coast of the north-eastern
part of Japan. This earthquake induced huge tsunamis that struck a broad range of coastal areas.
Catastrophic damage occurred over hundreds of kilometers along the Pacific coast. In the first part of
this paper, we review the physical characteristics and associated damage of the 2011 Tohoku Earthquake
Tsunami, on the basis of available records and field reports. The results of a tsunami trace survey
conducted by a joint survey group are also described to highlight the serious damage that occurred near
Sendai airport, Sendai-Shiogama port, Matsushima Bay, Ishinomaki Bay, and Oshika Peninsula in the
Miyagi Prefecture. On the basis of insights obtained from the synthetic assessment of historical
tsunamis, we then describe tsunami disaster risks to the Japan Sea coastal areas. The vulnerability
against tsunamis in Ishikawa Prefecture, which is located in the middle-north of Japan, is estimated on
the basis of available historical records and existing literature. We discuss future research that is required

to improve the preparedness against tsunamis along the Japan Sea coasts.
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The 2011 Tohoku Earthquake Tsunami™
Joint Survey Group :

= Inundalica heigh

e i ¥

Epicenter 4

~Google

(@) ML - BABOHERS
(EEREHLE, FRRLBKEERT).

3) REEICET 5EBEE DO
IRFEWISES< I2oh, BRI, BKEF - Bif
BH « VERIEREA~D TR ¥ —fEth&E | L 5T
EEarELLENEYE, EWHEHETIomEz 8155
RERE & LT ORISR Lz, [, 3k
FHRFEHEREARME S V—7 (2011) |2k
HERRKERL LU ERmOZEMSHE2TTHOT
Hd, 2B, TITORKEBIUHERT, BE
BERORCMMZEEL L0 THs (),
TREHMICEE LERFOFRO=ZAFILN L,
MEDIITRKR@ERT, BEICHE L@k LT

CHE s
W (T7)

oL LB
R =RHRIE - ERIFIRGL © — R A
SEF (MSL) =8+ -+ BRI GL
SSEEAM (TP)  =REBE " -+ B FGREL * + ML
~GPSTNEE
SR =RERI  — DRI — MSLORS
SEPERE (MSL) =R — ML
SRE (TP) =EHAIE
LB A BOEE
"2 MsLE R
“1TPERR

M2 REEEOEE AT E b EETRSEA
HETI—T (http:liwww.coastal. jp/ttjt/) .

Fig. 2 Definition of inundation height and runup height
(http:/Awww.coastal.jp/ttjt/).

2-Aug-2011

—_—

L i
142 114 146
longiude

(b) #FEEF R~OERZE
(HFRO=ZAREH LS, FEOAERKEERT).

H1 ERRKEELUHLEOZMAH (RALAKFE D ELRARBES IL—T (hitp://www.coastal jp/ttt/)

20114EQ AOH &),
Fig. 1
(http:/www.coastal. jp/tijt/).

Spatial distribution of inundation height and runup height of 2011 tsunami along the Pacific coast

=111



LT, SRIOBEERIRKE 2o TV ERTH
£\ (TERE, 2011), $7z, SEIOEFIEE SO R
P, A SRR B SO EBBEREBE L2200
A TOMBREFERL LZE LTHBATES LD
B LH D (EMIEh, 2011a,2011b; F£EE, 2011),

4) Y7 AKBREIZHITHREREDIEE
SREEEO LS AR Y T AREBRTIZB N TIL, V
FRBOBROIB~DERDOET, BNTOLER
BHZ X B HIREIC X o TEESHEE LTV, AF
FAEISN—TIC LB E5EOHAICBNTS, =EE
BETiE, BIb290kmBBEIZE > TREMm (8K
BRIOHER) M20mEERL, 30mE B2 HH
15 FI200kmiZ S TV 5 (F, 2011) , BATHOICIT,
BE40.4mO B EEBRHESINLTWS, BB, U TR
REEFOWEG L LT, RETIHABEEICRT
HZRAEERIZONTIRNRD, ZOLSIC, SEOE
FIZBWTH U 7 AXHERE COEKE OEIESHE
RO BN, REEOKRE SRR RS AIEI,
WEICFEA LA SOl =R e
THLDERDT,

5) EHMEFEL FTTOEFOM EOE
SEIOBH T, IBFHFMIZBVTH, 10mE
EOBBENESBR SN, NE~ORKERI,
HkmiZ HE > TV 5 GRALHITT RIF R B R &
FFHE S V—7, 2011 ; BARERMEFES, 2011 ;
AARMBEES, 2011728), —F& LT, iBZEEMN
FEDOWROHEFIZONT, RECTHEERZRES
%, ZOXIICEERICBOTHEBESRICHEITTRE
BEDM L - IDEARAE L2 LIXSEOERERET
BEAThY, 5%, EFEHEIZET 2BEHED
H Y FRLTHRBOBBEOEDFH 72 K et DRI
+5 e BEPLETHD, SEOEK T, #ETE
EREOEME OFEN, ©7 A EBREICE SV TN
ENTWD (@R, 2011), ZORFR, KK FRREE
OBm/sOFERHEE IR TR Y, TEREEERTS
WO & LTOBBOREEERETLIZLDE
EELIEHINTWS (#F, 2011),

6) EFOm)IH
B OB EICET AL SEBE STy
5 (EARZESATEERS, 2011, < OWJINIZE

WO, FEANTOMS FEREY, A LT
HREIZRATHD, &2, EREdENICR
WT, MIS0kmDB ERHER E N, £z, BEDRK
BHEICE LT, MENOEEIL, RO —F
BEIZELTWD, 7B ORBIRRIC L 510
B, AFEZOR)I#EED O K LREFTICR b5,
KRR E L, THRIIBREORITE< &
BInTWa (HFIZH, 2011,

7) &L - hHEEOHE
BBV TYH, SRREEHEERREINT
W5 (BEfEIED, 2011), EREBRLRBEEICBNT
%, ZHETIE, BRIERO 2D OHREREDOE
OBAER (BEEsEsE) NBREINh T, Zhb
DORBEABEW L, BEHOEEZ60%ER I,
EROINEZ B EERO T HMEEERE LA,
EFRAPE2CHCICEEST, BOBEEAF LY
BARRIR DKM ZEICER T 5K EH R LT L >TE
B KL, £, AE, £< DREIZBNT,
BENICER L TO s EEICHR LTS h, B
WERLTEDEEERTH I —ABRRESINT
W5 (BEREIED, 201D, EEBEHOBKHIE LT, K
BT, LBESEHESSRERICBITAHEIZONT
RREIMZ D, MIPRBEEOERYHH LERIC
I AWELZE LRI EEZ L L EEOEBEOR
HBO1>TH D,

8) HWEYHE

HEEMIZ OV TIE, 10mifR D 33 HE U 7 Hisg
T, ABEFEBNERALEE - MAEELZZIT T
B, fE3k, RERBITB/KEN2mZBIBT 5 & 28
WKWEHLEZLNTRY, TOEBFEMTIHER
Llpofe, —KH, THET, BRICKTHEENE
T3 EEbNTWegkfizr 7 UV — FNEOEY
IZOWTh, E&H - BE) LFCEBOBREICLY
BRI LI-FIREEIN TS BEMFER - X5
BRI SBFRET, 2011, 72721, BMBOSH =
7 J— MEEYSE TEEEECVICEES LTV
LW LT, 2, SEREE TRBKEZITOD
HERIZ L DTETITIEGIL, ShEBEEART L LT
DOHEELZH D BB (FREFKSEE, 2011),

—112—



9) B D DB

A B 7o i, PEREER S T X 7R
PH R & D/ — FHEER OMRE 2B CEE T 5 L0
THY, Bk, OB, R, hEioRE
EERH OO TSN BRE ol BHlED
BIUCE W ZL DAL B2 57—, BED
OB KBENNRAZFAE L, AT BEEETH
IRV EELZBRBSEFALRESh TV (FH,
2011),

. BEWRICETLREBEEOR AR

1) BEBAEF—LAICL D ZFEATOWE
SEOEEHEEIIOVTIX, ThETIfTbhi-
Z L DRWKRBUE R EFMAESEM Shs (AL
BRI A RfE 7 v — 7, 2011), BT
MREZNV—TI20T, WBREITE, EiEISER LU
WEFER EOWRECRMAeE, TEALHLDE
BENSZHSML, BACHS KR o s A R
P& N—7 & U THRMEE D & PRI % IR IsA0 72
HEREIROREEIMThh -, EH0O— AL 2074
ElzSMmL, 201143831 B B4 A5 BICILE BN 6
HEEE B IS0 T OBFICE Rk T, R
B O & ER OB MRAE AT (hlix
2, 2011), YT CH, ZOREERICESHNT, &
WIRP - MEICBT D BIEEO AR5,

| . e
B3 IMihiAE i,
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Fig. 4 Damage of coastal dikes at the east coast of
Sendai airport.
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Fig. 6 Damage of containers at Takasago wharf of
Sendai-Shiogama port.
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Fig. 5 Damage of pine trees behind the coastal dikes.
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Fig. 7 Damage of seawalls in the South-east area of
the container terminal at Takasago Wharf.

LT, 8o iof 8ROk iask
2.5m& IR S , BROTERICH HEEHEES
T Ca~SmiBECTh 7=, EEOE S (35 B
(B RRE S HM) CTEBL TV, BB
BACERICIEFIZEZL D/NERH Y, BOOIEIC
HARTHEROENEL, BRAOKELKRE LVWE
2k, BEOERSPENTIZ b LR Sh
%o R101LEBLENALE 3 2 AR D H O IH%
DEFEFTH D, BEFEITERZBIEL, BiIOEKE
I~ 15miRE Thol-, ZORDITERES -5
HOMRIRWTASLEY OB ELRB/NS<IMADL
NIZHIED1>TH Y, EIREED BRI R EA T
W5 LD Thot, 727EL, BRICH - -l
12 EOKEMFRDZ A —IERENLITHSD,

4) BELITET 5 EEHE
REBIEFS & HEEB IR ER, B0

PUTERR e iifER, AT AEESHERRETH

HENTWAD, WikEL —#HE-oTW\5, HBEK

=114



H8 TEREREORMOWE.
Fig. 8 Damage of a harbor building at Hanabuchihama
fishing harbor.
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Fig. 10 Damage around an excursion boat wharf near
Zuiganji temple.
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Fig. 12 Damage at Tona area, Higashimatsushima City.
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Fig. 9 Damage to the houses at Tsukihama, Miyatojima
island.
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Fig. 11 Damage of Matsushima gymnasium at Nobiru,
Higashimatsushima City.
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Fig. 12 Damage at Oote wharf of Ishinomaki port.
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Fig. 15 Damage at the manufacturing quarter near
Ishinomaki fishing port.
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Fig. 14 Damage of a fishing vessel at Ishinomaki fishing
port.
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Fig. 16 Damage of a harbor at Momonoura hamlet of
Oshika Peninsula.
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Fig. 177 Damage at Ooyagawahama hamlet of Oshika
Peninsula.
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