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Distribution of estimated seismic intensity during the 2011 Off the Pa-
cific coast of Tohoku Earthquake in Japan Archipelago

EPREBWET ST 2. i - BRERKR O ARKEE
5 OFIHICE LTI, BB I2HIE S 7z [
IREE MR K BRI FE B E A O e E 1 %
PR (DUF, Wik 10O &, KEFMEICHNE
L%l U CRESEHITHR 20 5 2 O EFEIHE S Tn
%o

SR 234F8 H 23 HIFe 22 FEMROKEE G AT A FE L 72 H
ARRFE S D BEMOKEE BRI B LA 23 TR T, &
FNTIRRFEE T & Risk L 7o#niB R i (PR 16 47)
REEEHE CFRT7HE) LT, 2hzngLr
RO BHEEMOTEHRRBEEIEL TV D, HE
FOWNFUZ, IS X 2 AR U0 7 5 55 0 7K E B AR
EHHH 1I6 2,500 T TEAEDF55 DL L, REERBRO R
M- RS AR 7,900 (M3 5ol &
b TREMKEMBREHEHOKE T % 2025 TH
WTWD (K - hE 2012)0 K24 4FRUSEEM T
12X 0 EF204FEM O M - MR A L AR
KREK O (Fig.2) T, 4F P4 E4895%9 1,000
BHRBREICK L, SHoBEEEFZT TTRIVHEE
HLodzs 7B, B - RIECOREI &k Bl E
O HL - S T iR A, & 4 257 & 689 T,
10525 27 DB EFHIC % B o

b KKEEBOHENEEETFHE

B AR S TUE A #E 72 HIS DI K 2 B st - pa 3
FRRR DK E BE R 27205, FOWERROEE
IZOoWTHE, BRICEIBEPERTHo722 LR, B
I SEEADY it e NI U A Bl & T B NN Y
LEWIEEHoT, BN SNTI o7 N
AT, WL EEESHEAICEE L TB Y, R
x BRI TE T, SEERFIREEARE
BALIETIE, [ERCHGALREAE, KEIHE
L7z, AR, MirkOEIH & B o2 1
N, RKEPSOEBIZHEDORIT IR L W] &3,

Lk g

=ERA)

3,000 AN LR

2000 iR B B Py
=1Na L i
AR L a0 E T un
"9 o 0

91 92 93 94 95 % 97 9% 00 01 02 03 D405 D6 07 08 09 10 1
F(EM

Fig.2 #7204 M HRIEIZ L 2 B - E3EMESEHEO
il

Cost of damages to farmland and agricultural facilities for natural dis-

aster events in Japan since 1991
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Method of measurement seismic intensity (How to filter relevant seis-
mic acceleration)
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Method of estimated seismic intensity distribution map
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Review of studies on seismic damages to irrigation ponds in Japan
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EHERBPITOREI D EMGE L 72, BT, HHEHAK
KERPEKERIC L > TRTFOREL -2 L %
ERLT, HWER L BEEHEE KL /.
@ 7zoihoB S (Fig.119 Q1)
HWHARRKEROP K - CHRELEITHIZH I
R OBREBRENTIRIZOWT, tb@DB%ﬁof
HWRIBEES T L oboERAbE L, BSE
RIS A A L CHE, MR - RREE, SRR L R
ORISR E MBS 21T, WIS X 5 72O S E
mEHES 22 L7z,
@ WREW - HiE- oo S EF (FigllodQ2)
HERNT- DO KT % 20 o 2 L, HE
NHZRD & LR & B T L B4
HARAEL/ZEIlH b, B3I TIEE2HOESEH R %
BEZ, AT, SO &) K ERNEA LA, Q2
DRy FARy FEAORKEEHEIT-72, 2D
TBEBEANOB S b ) 7 2 5 - B L R o
%%&Ué&lu7W®tb@%“@%ﬁ%%$tto
S ORI BE S 2 R A U 2 e L, S
it & OALERIR & R ESIRIC O W TEZR L7z,
@ WHE-DMOFEY - WERILE (Fig1ll1?0Q3)
EIFOZERENS, MEBEF - Bl 72D K
I3 5 52 B A= K 38 (strong motion generation areas - #i& Fk
SMGA) 75 OHEIEIC L 2 FEZEMBARE IS 212 L7z,
Q3 TIXEH - 18 B I D FE I K UV 45 SMGA Dt 17 B it
ERE ST DM DAL TE BIFR N OB p B V) A RHAGE R & 4%
SMGA 7> & DHESE L 7 HIGZ IR FEREZ 2 &, RO HE
BRBIEEOE N L 12O OMGRE EL L.
® EEIZLA7-0MEES) 22 (Fig.1l ® Q4)
BLHI~4EE TOZEEMREEE R, Q4TIHMboHk
KA GO TN - MEtERILAL, HEBICL 27201
DR A7\ ARBREOBP K EEZ L7,

41 BELHETRE

a BELGETE
REWEEAIAE L Y6, TOBEING U Thiak
W3 5HE (5 X =) BREL LD EEDLNL TV,
Fig.12Cix, X (4) 1 X BT o0 2 4t - 23
MRS EREZHH L, TERICKS L TE0am
RRLZH, mMWHEERELY) TILETR, =R, R
B KBRS 5%, Figloddei iR
wHE (LUF, [RALHE] L)) OBES M E »k
DL S TVB DG b. Tz, PWEBKITER
[T RR TR b m <, —8B, PIREMIC b hhdE
BEDEH OIS RZT S N5 ST % Z ok
EEEEX (2 KL PHHEIEETTO Y L,
Z DR, @Fﬁﬁﬁ%“mmﬁ%%@ ALz, WEEHT
Hb R Bk A A R U A LRGSO RE L mttt%%ﬁw
F@B %TLKO%@WﬁiM%%ﬁﬁLtﬁkﬂ
R T RAL6 IR L O, iR, TR, TIE



28 AT TR Fe T

Damage density(yen/ha)
-10?
-10°
-10*
-10°
-10°
-107
-10°

Fukushima

Fig.12 LM AR R 1 330 B Tl I B R B 43 A [

Distribution map of the damage densities to whole agricultural facili-
ties in Tohoku and Kanto regions due to the 2011 off the Pacific coast
of Tohoku Earthquake
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Relationships between mean seismic intensities and damage densities

for whole agricultural facilities par municipality during the 2011 off

the Pacific coast of Tohoku Earthquake

BB Z DWW, PRI RERNC fidth & 2 L DA (R B £%)
W2 CE OB EEZ X5 L7z, B 547 A 72
Hfﬁ%ﬁ% ERDORI86% % \Ho, KERLEHOK
AR L D b D EIEE SN, 2, BRHBEON
98% HSEE WAL SETHHTAH I X 2 b DT, BB
tﬁmﬁﬁwfmmg%é%w%ﬁmsﬁﬁ<%£bf

Bo K, HIFEE)O A ORI & R LT
ﬁfﬁ%ﬁ@%iﬁﬁf R S D F AT M IS
LW ENRH - EHESN, FOEEIIWEFRE LMK
OBEAR2~4% (BrEBBOME (1/50 ~1/25) &
WESND,

W ST RE BB E B BE D ALF A & YA S A HT R
WEHEON, 3.3% RO 0FOHH) 4% H
BENC LD LR L CTRESROMBHREH AR L
Fme%%@W%@kwiﬁﬁ%wm%%wufuy

HIO & AR THITERERNIZ ﬁﬁi%%hxto
L WEORBEIGE & LT 272012, £RERD
w%% 1% 7oA 1 x%é%to%mﬁ%,iﬁ_

B i
P
L
i |
o
NI
0

iy
e ,I'
1 Y e =
"’1'(4?- =i [t ey
it A L o ami
; e |+ | anE e
o T‘/“{: lLl 51 1{48)
iz = 5 BT Koy
L s LS
w w w w wr w wr
EEENEE)
Fig.14 3 HAKES O BBEA OB SOLRER R - F3ER iRk
GWEH L WERE

Comparison between the 2011 off the Pacific coast of Tohoku Earth-
quake and the other large earthquakes on damage densities and dam-
age costs to whole agricultural facilities



SRR - AELAREL - JE RO ¢ BERE A 7 B 7 T MR BN 29

- EEM RSO EL, B, mER TR
DNETHEENEKRT, WEHICLLLOTIE, BER,
IR, B, THEEOJETHEIKE AL I LN
MERMICHZ SN D, T7o, BHEMOBERE I3k
BEETHER L D 2ERISHTRLE LY, BEOME
BesE & OHETIE, PL6EOHE IR R BMEIZ X 5
BENOWEIREIRZ AT LR 21ET, MERT
TS M OEK THEIZEVAREDFEWEEELZ > T\ b,
FRFICHIESWEDO AT T S &, FRTEOR -
RIS R O LB ATIIR, EIR &, R 12FED 5
WY EHEERE O BIURAT42, ik, AFRLIZIZR L
N e oTWh, W% biE, SRIOKESR IZHEZES
WEZ2F CHMEOSKHENFEICIE L, FhEEr
2 1A B FR B EPEEDSFRIREZ 5 Tz Z & 58
fECTE 5,

b BELEM - BERAHKEE

Fig.151%, Fig.13 M= ik 55 5% 5 A3 A7 20 T BT 4
DT IR & Y20 A AT 12 BT 5 B, 720, K%
VY LOWEREOMGEE 7 F 712 L7z, 20 T+ o
IR OFPE, 4.4~5.7 TEEMIZHEEVEE L
NIWIZH Do RRINZED & EHTIZFIIREI/ NS
HIACHHIRILIC L > T, BEDIKE Lo L W
EEPEARE L, HHLTIEEE, EEERANEIC e
L, ifREETEDOL L DTERETH L% &, 200W,
P OHITH TR EEHL L 0 TR D ERED
v F72, KEBIEIEEOKRE SITHD Y & S HEHE
MHEBMIZKEV, TNH 3L B LT, 720 F
WEE L HEREOMEI RSN,

c EBE

COETIEUTOZ &9, HEIZ o7,

1) F7-miafEe L ClEmED 2R (5) TSR L 7225,
CODFREBATLIET, BIEICLDWE L R
ICE D02 HEICH T RS, BHUKIED
FIGHEEBRENLDIRE L R BIHE-> TDATRE L
HhHIZENWHLPII R o, T2, TOREIZX

1 @Farmiand
2 MEarth dam
J » Channel
100 | @ awer
E w W e 00075 = .
s =009 (], o ™
g .
I s s
! 10 . i,
. .
. -
10 . ——
e
| .
We0m gy e &
E0d Rroatr @ o -

. -
an a8 50 (X3 0
Maan seismic intansity |

Fig.15 HCLH 7 APl B O FIgHERTREIE & it - 7z oith -
KB - BHE LOWERRE

Relationships between mean seismic intensities and damage densities

for farmland, irrigation ponds, channels and weirs in 20 serious dam-

aged municipalities due to the 2011 off the Pacific coast of Tohoku

Earthquake

WL, ERIC X 2 HEREL, WESHCLLL
OWRAFIC L EEZHNL,

2) WIFEBNC X A WEREY BINCERBET L &
T, BEOHEIWHE L O LEASTHRET, KEK
W D SEERT IS B OMEIH TR RN DOV TREBR % 185
FRIBENTE 5,

3) b O I AR O R B LR E TR &
(BB TR ELS R DY, TOWE
FREIR TSR > Tz, BiZoitho#hiE
Bk 3R & OFHBI DS Y 2 o 720

42 7-HHMOHEKIE

a METEELHEX /OO
72OMDBIZE & S N2 K6 D 720t o BT &
Fig.16 CGISOIERT R DM LISkt T 7o v b ()
L, #®OETTable 40 EIH TEHEAFERHE K65 &
LT (85 TRL7z, WAL, BB EES—
I BHFROBRICE Y, KEREIEHES N T
B5Y, BETLHIEOOMICOWTII KX 5% L
T, BEOMEWHENSE (Table 1, CHkK4), 8),
9)) 12X IUE, BRIE V20T SR < A
DOEELIENRT 57, HILHMEOHEILT L ZOE
REIC o> TB BT, FEYt 5 400km LU EEEN 72 BE LT
THOEBO- DM B L, Fdeh 524 200km PN 2
B o THIWKDOT2OMWIHEL CFHFAEL TV D, S5
WS- E T ) TICHESA P LTB Y, Bkt
B, ANE R R R O M A S 18 B AR AUSIANE O B [X
WREBERT) 7 CHETH L, KETIE, #BoT
BB IO S b =) TSR o MRFE 2 479 o
WK BDSL Do 72 E W - WEMEO 72D DWW T,

»Non-damaged
eDamaged(Million yen)
® 0-20
e -20
e -80
® -200
@® -600
® -1,800

%
Epicenter

Fig.16 HUALHL T ACFEEM I 12 B 1T B3 7 D ith o 4341
Locations of damaged and non-damaged irrigation ponds in Iwate
Miyagi, Fukushima, Ibaraki, Tochigi and Gunma Prefecture due to the
2011 off the Pacific coast of Tohoku Earthquake



30 PN TLAAWT e B 56 216 75 (2014)

%tb%ﬂfb@ﬂmXVVJﬁ%%ﬁkVAt N
R (RERERD) & mR (KER
ER L) 3T Tlhoitiar £5t (HL, FEFH®E
THEEFIADFEHE S TR WA O 72 oL BRs)
L72b D% Figl7lRd o ZORMS 7-dMOREE & H
KABEORRDT D575, [ UMbk L Tl Cldi 2
LYEIRZE TS 2 LAk % el L g o
IELEBEN LY O ERAICEENKE {, ZoKES
MEESADSETOMPICH Y, 720D RAKZDIE
BESSTh o7z —H, BRP O LEN/-RER Tk
REN O 7o EE kA 77/bf%®k%‘#
J£5.0205 6.1 DHFAIZH 5o

EIRIENO 72D SIS TR 4805, WEIECILE
A9 SUEE Y B O R B SR o M L 4R
K279y hCHEZE -2 PRONT, BEETILE
JEB7L60TE -7 2RO N, REHKEFIIEE60T
F130% Th bHo EHIIETIXEMEKIIZ/-OMERITRE
W OO, 1EEENTZ O M OFIgHE S FATLI0% L B
WIRDE% L) b EFEL R ->Tnb,

Fig.18 |3 & ik - 18 B i IR 0 72 30 il o S i T A 4 o0 4§56
7o OMMIL L Z OB EARE (K EAERE) OBRTH 5,
7ot — AT M 72 ) OBELIL, TR OBEE 5P
TeOMBALNE AT EREL RDEIS RSN, &
RENAR B IR TR L 7218 % D 720D J7 HYE SR A
INVLRERF AV EZIF T2 LRIk,

b #HK /DD HEREIMT

R ERCIZEE TN CHEEE, i, RETTNTE
HHrth O 32D 72t HIL MR IR L 72, 22
TIHBBREAND72OMEEIZ T + — 7 AL TEBE LD
%o 967, Figl9 TIXRASIT IR L/CHER RS A &
NS — P ABICFR L7z GISY v 7 RIS 2o ith &
WK =DM EEFEREDE, T2, Fig20 TIiZIE
MO EE S — A L AHER TR Lz, SRHD

T a)Miyagl Prefecture d
Toan Gamaget
000 | W Damagest n
Puamage 1atkc
Em L
z 3
R ng
gm :ag
E R o
" \\vtc I/n\l’ﬁv 5
1s a0 a8 50 s 0 s &R
Ttinnated Seiumic intersity
o0 e
Prefecture
.m-n—.u
i 0
!hm-rm
!!m n
im ] E
‘g o 3 E
= a0

g

4 -.........uth/\llh.L. ,,,,,

s &5 w8
tmmmd el mm:mr

Fig.17 SAGH T RSP R O - 1R S IR O HERTE EE & Bk
$7-ith

Relationships between estimated seismic intensities and damaged irri-

gation ponds in Miyagi and Fukushima Prefecture due to the 2011 off

the Pacific coast of Tohoku Earthquake
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Relationships between number of damaged irrigation ponds and total
costs of restoration of each municipality due to the 2011 off the Pacif-
ic coast of Tohoku Earthquake, in Miyagi and Fukushima Prefecture
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within intensive damaged area in Central and Southern Fukushima

due to the 2011 off the Pacific coast of Tohoku Earthquake
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Relationships between regression coefficient and coefficient of deter-
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during the 2011 off the Pacific coast of Tohoku Earthquake
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Spatiotemporal relationships among the epicenter and each starting

point of 4 SMGA during the 2011 off the Pacific coast of Tohoku

Earthquake

Table 10 AL Hb 5 A1 0o 32 00 58 9 I O 4% S RE B AR s o
RS A LT — TN

Starting time table of the epicenter and each starting point of 4 SMGA
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Relationships between measurement seismic intensity (5 seconds

type) and arriving time of affecting seismic waves from 4 each

SMGA at Fujinuma, Kagamiishi, Fukushima Prefecture during the

2011 off the Pacific coast of Tohoku Earthquake

(a)atMEmE 511 & BNTIE IRy oM iy
2011/03/11 14h46m30s~  ($%E - SHI0R) ERANLLET

HaEm LA

MY
@470 {NE)

T T T S Ty e
(b3 1 Lot MAmIE ORI AL LNT) & SMGADNS S SN I IR

X3 om
= 5 = e
— [ Tda ]

1 o 3= t - AriLrmaan
0 13w rovean

- 3 7oA
as | —— I 11 |

o w " w W =
[T

Fig.61 ALl 7 PR o MR o0 3R FE & s BB BhIE 2 0
FE (LSRR ILNT)

Relationships between measurement seismic intensity (5 seconds

type) and arriving time of affecting seismic waves from 4 each SMGA

at Yoneyama-machi,Tome, Miyagi Prefecture during the 2011 off the
Pacific coast of Tohoku Earthquake
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Relationships between distance from stating points of SMGA3 and

SMGAA4 to damaged irrigation ponds in Fukushima Prefecture during

the 2011 off the Pacific coast of Tohoku Earthquake
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starting points of each 4 SMGA to inland of Miyagi and Fukushima

Prefecture during the 2011 off the Pacific coast of Tohoku Earthquake
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starting point of SMGAL1 to inland and distribution of seismic intensi-

ty in Miyagi and Fukushima Prefecture during the 2011 off the Pacific

coast of Tohoku Earthquake
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and SMGAZ to inland and distribution of seismic intensity in Miyagi

and Fukushima Prefecture during the 2011 off the Pacific coast of To-

hoku Earthquake
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Relationships between measurement seismic intensity and distance

from the epicenter and from starting points of every 4 SMGA to sur-

vey stations in Miyagi and Fukushima Prefecture during 2011 off the

Pacific coast of Tohoku Earthquake
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the epicenter and from starting points of every 4 SMGA to damaged
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during 2011 off the Pacific coast of Tohoku Earthquake
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Relationships between estimated seismic intensity and distance from

the epicenter to irrigation ponds in Miyagi and Fukushima Prefecture

during 2011 off the Pacific coast of Tohoku Earthquake
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Comparison of measurement seismic intensity (5 seconds type) and
arrival time of affecting waves at survey stations in Miyagi and Fuk-
ushima Prefecture during 2011 off the Pacific coast of Tohoku Earth-

quake
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Fukushima Prefecture during 2011 off the Pacific coast of Tohoku

Earthquake
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Relationships between estimated seismic intensity and damaged
irrigation ponds in devastated prefectures during 2011 off the Pacific
coast of Tohoku Earthquake
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Numerical Estimation of the Vertical Fecal Coliforms Distribution in Reservoirs

Use of Seismic Intensity to Study Damages to Irrigation Ponds during the 2011 Off the
Pacific Coast of Tohoku Earthquake

SUZUKI Hisato*, NAKAZATO Hiroomi** and INOUE Keisuke*
Department of Planning and General Administration ,Senior Disaster Prevention Research Coordinator *
Department of Planning and General Administration **
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Summary

The 2011 Offshore Pacific Coast Tohoku Earthquake, magnitude M 9.0, damaged a large number of ag-
riculture facilities in Tohoku and Kanto areas Japan. Concerning seismic intensity, the highest level 7 re-
corded at Kurihara, Miyagi Prefecture, however, there were the most serious damages to irrigation ponds
in Fukushima Prefecture. In this study, in order to clarify factors related to the damages of irrigation
ponds, we analyzed relative locations, seismic intensity, the epicenter including strong motion generation
areas. In the process, we introduced some indexes: mean and 1 km mesh seismic intensities, damage ratio
for irrigation ponds, angle of dam axis with respect to the epicenter and distance from rupture starting
points. It was found from the analysis that the damage risk in irrigation ponds increased with an increase
in seismic intensities and long-time strong seismic motions based on the topographical and geological
condition of each dam site.

Keywords : the 2011 Off the Pacific coast of Tohoku Earthquake, earth dam, seismic damage, measure-
ment seismic intensity, estimated seismic intensity, strong motion generation area, damage-
risk
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