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Table 1 F:C & ) RRTEREFOBE & 215 72 R OHE 2 T F&
Presumption area of damaged farmland such as outflows and floods
were caused by the tsunami

Ry | K EAEREEEER e REoBEHARORE
WAy | (P22 4) (ha) WL (R |
(ha) @ (%) (ha) (ha)
HHRE | 156,800 79 0.1 76 3
ATFE 153,900 1,838 1.2 1,172 666
EHRIE | 136,300 15,002 11.0 12,685 2,317
EEE | 149,900 5,923 4.0 5,588 335
TR | 175,200 531 0.3 525 6
T-IEE | 128,800 227 0.2 105 122
& w5 900,900 23,600 2.6 20,151 3,449
(FEMRKES, 201143 H 29 H)
Table 2 = 3kIR 0D 2 SERE L BE £ O IRPL
Situation of damaged agriculture in Miyagi Prefecture
wEt | s | Do BENR
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FAFERE - BB ORI
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FERREOMBEEEE X OHSBREICER S L Cwizgk
FERZEOWRERNEFEHL, WERND S AE5HD
A B D,

%GB, ARAICHY, EIRERMOKESR, R - R
EREWFERT, BERMRERRE R Yy —, SRR
BER LY & — JAARRLSEHOBBRESLN, 250
RS S hRk A i A AL IE, R BICL Db ST
TRz, SR L TEHH L L5,

I (IEBEHORENROBE

2011 4£5 A 10 HIZAE B H 2 BEAEHNT 3 X
CITEHTc BV, FEZEEO#EREE1To 72 (Fig.
1), BEHHT B L Oz, 1 F T 0@ HEED R 33 &
MABRZALERTH-72H, HERICI YV RELWES
ZAT Too W EHT O FET R \LAY 99ha, A T TEFEH L
380 L\ 72, FDHE 95U DHIFEATEN THER L, A
FIOWMEMBECEDAEER T 24 % F THRD L
(Table 3) o

& FE ORI ALE 3 5 T B X OILchT ¢,
A & o CERIEN 7z TES G A A # P 3 L C
WBIRIASA S L7z (Fig.2,3),

1 #WHEGA (BHEEEERILTH) FKICLD
HEEREEDRKEE

LT LRt XA e 3 ) AL AR TR A i 28 AT R
ENTW2D, REMEICRS BB <, FER=M
MDD — 18 L7 BETH - 72 (Figd)o MED
FIZEEIR I X o GEIEN A RO SE R ICHER L
2%, BIHICIEE S 13m Oy FPEA SR
TWwiziz®w, THEOBIREZIT) LEIE R, A F THE
WRMNCEIHE TE AR TH -7z (Figs)o ZDRE
R S OFEEEAS 2.4km (2 525, WA 13 KR
Rz EVHY, i FFHOKH2? S Im ELSh
TV 72O IS SN, WETBHTELER
5% (Fig.6)o FAAH T O DIRKEIZH 0.8m & -
720

BT R i i X
ISR IS
L BT 9 X
N
Fig. 1 EIHNT 35 X ONILIClT o [l 25 it 75 o 7 A b g
O AT 2R
Observation points of horticultural structures in Watari and Yamamoto town
(O : Observation points
Table3 EHHHTE L OILTTCHT O A 7 T e AR
Situation of damaged strawberry production locality in Watari and Yamamoto town
HTR TR HeEmita BeEEE JE A HEEEE T etk
(ha) (ha) (%) (B7M) UN] ON)
EERLL) 60.8 57 93 2,051 251 19
1L7chy 37.8 37 97 1,275 129 5
B 98.6 94 95 3,326 380 24

(e IR

ul

PSRt 2 — 2011 4E5 H 10 H)
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Fig. 2 @K OWE % 1 72 BN SR X o g o IR Fig.3 ¥ OWE % 2 721U ITh S X o f o IR
Situation of damaged farmland in Arahama, Watari town by the Situation of damaged farmland in Takase, Yamamoto town by the
tsunami tsunami
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Fig. 4 @B OWE % 20 72 AUEAR T R 2= O S HR O KDL

External situation of damaged curvilinear multi-span greenhouse by the tsunami

Fig. 5 #EOWEZ 2 7 AURMRELHERIR % 0 2= A ORI

Internal situation of damaged curvilinear multi-span greenhouse by the tsunami
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Fig. 6 [LTHTIISF X CRR A L 72 LR AR B R 28 oD At 22 5L

Aerial photograph of observed curvilinear multi-span greenhouse in Yamadera, Yamamoto town

2 WREMB (SHEEEHREIEM)  FEICLD
HEEREDELE - BEHES L PRKEE
EUHNT R 5 X2 1 8k i o KB ARTE U 25 2 L2
REGE R S AR SN zs, THEfic L -
TIREOPFIRNLSKE (R o7z (Fig7), Fig7 IR
T S5®ODEE I & ) —EIREE L 225, OB &
C@QOREFIREIEL 72 2hidOB X UQ@oREDTEH
12 D AEHEERE O—FB2 L TIE R, — e

ET LD EEE CTH o722 LICERLRH Y, Bt
5 GG B DB IS & 7 0 @ o s g
L, ZORNDOEENHo-mENBEEL-EE2 50
% (Fig8), —J, @O H@OImEIMIEHFTER LD
bMWD - 7255, HEENIIEB R 2 & 5d - 72
PeOIEEATHEE SN, WEARRTELLEIOND
(Fig.9.10) . FRATH s 13 52 2 © 4 2.4km O HHE 12 A7 &
L, B9 0ORKEIEH 1.Tm o 72,

o E (o

A

o o

Fig. 7 EBNT R TR A L 72 i == DAL 22 5

Aerial photograph of observed multi-span greenhouse in Nagatoro, Watari town
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Fig. 8 HEOWH 22 2 KEREEMIRE (DB X 0°Q) oK

External situation of damaged multi-span greenhouse (No. 1 and 2) by the tsunami

PRI E DR
mEREE - IR | SeiEad - RERAL
FenE RHAT FEHE
YIEA Bl
T X AR AL 6m X 5 #Hf (30m)
AT 51m
TAIFE 1530m”
B RIER PO 7 1 VA
3t fRITAT - %%ﬂi PO 7 1 VA
A Iz fmsE L
Y 4 [ R B
v Ve - FeRE T | A F T - SRk as R

Fig. 9 HEOWH 22 2 KERELERIRE (®) oo Ri

External situation of damaged multi-span greenhouse (No. 3) by the tsunami

Fig. 10 FEOWE 2 21 - RERIGERIRE () OWEORI

Internal situation of damaged multi-span greenhouse by the tsunami

3 WMKEFC (SHEERERILTH)  FKICLD DB EIE - FHW L7z (Figl2,13), 72, 0=
SEERENDEIERE WL, NEOREWETI L M LB S Tw
L e T 5 3 A X123 8k 0 oo AL AR T A =R 7278 (Fig.14), HEHIZI > 7)) — b OFIERELE L

(Fig.11) 2SHEEBEZ I N TV, HERICL Y +XT TEHFIC L VR LD, Ao kicarszy -1
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PR = Ok

m A - TR FREg s - JURERAY
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Mz« FEm - MiAE &

W5 i EE 5

el - 4R35 5 A F T - AR

Fig. 11 EEMOE £ 21T 2 5 O SRR R 2 IR
Situation of gothic curvilinear multi-span greenhouse before the tsunami
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Fig. 12 (5T & DR L 72 UR IR AR 22 D 22 5 5

Aerial photograph of observed curvilinear multi-span greenhouse in Takase, Yamamoto town

g N Wy

- o , — Fremadns
Fig. 13 U O E % 521 72 U R R B SO 25 0 BERE M Fig. 14 #IEOWEZ 21 5 51 0 R EY eI ORI
Construction of damaged gothic multi-span greenhouse by the Situation of farmer’s shop before the tsunami

tsunami
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—

Fig. 15 L OWE % 52 7o R EWESEHT O K

Situation of farmer’s shop after the tsunami

TaY 7 EOMBEEE AR TV M A LI R L
(Fig.15) o FAHb I3 HE 20 54 1.5km O RREEIC A7 L
HEWE DRIKEEIHR 2.5m B o 720 1ITTHT (2011) 1&,
W IR IKEEDS 1.5m LLE 2m il TIXEY o3, 438
DEEHNE LY, 2m ML EDRKIEIZ D LB D4
B ENSEIC AT A LR RS LTV, 72, &
KT (2012) OFEETIE, BEYOREREITFEOWK
EICEoTRRY, By 2 — FELTIEY Sm D
WEECRHDIZ LD, KERETIE 2m Lo
TERMBIBIZEL ZEARENT VD, ZEFEOREZ
RIERE L RIS, FEEORKEDN 2m 22 5 L HE
WRELLDBEEZOND,

I BEEEOEERR

2011 4E 5 A 11 HISAEBEEIC S 2 TR ETTB L OH
KBV, FEEMmEOBERLEIT- 72, 2O

PR PN P8

DR E LT, RIS IT MR E 2 X B/ N 2 W 2=
fisx &, AT OWNERBIZIZMBIFEIEIC &) &2 5
L L 7o KRB 2 =72 % % (Fig.16) o

1 #WKEBEHD (BHERKEM) (BEICLHE
EEEDBIERES L VRKHE

FOA TR X L2 & Bt I X > C=T %
FZENCTW5, EMEAGEELASEHI (2011) I2£ % &
HEP AR L7z & X IR AL FE O ERF o —# & 2 )
HESE AT 5 & & D12, KNS PR ATl
L7z F72, ELzg#a (o11) 1, ENOBIEET
EDFEFEOWEIIRATS8m D722 & FHE L Tw
% (Fig.17),

KL XA Z S F & OREAREE R S N T2,
EWIC XV IRELHEE L2 (Fig18), HHAEE 1T -
KRBT ZE T, R0 Xk, HoZE,
FZH LM 72 EOBENE LT Tz (Fig19,20), F

A T H H X

s i i X

Fig. 16 HUR BT B & O 4T 0 B iRk O 748 H i —

O S 2R

Observation points of horticultural structures in Higashi-matsushima and Ishinomaki city

(O : Observation points
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Aerial photograph of observed multi-span greenhouse in Oomagari, Higashi-matsushima city

Do R IR S AL

Fig. 18 U Syl A it [X TR AL L 7 KR AR B E MR 2 O A2 5

Aerial photograph of observed multi-span greenhouse in Oomagari, Higashi-matsushima city
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= 7 S - MRS & B
% 55 R 5
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Fig. 19
External situation of damaged multi-span greenhouse (No. 1) by the tsunami
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PR E O AR
mERE - IR | BE S - KERA
FpiE FRAT SR
PaRA el
R T A 2 8m X 4 #Aff (32m)
BLAT 45m
T 1440m’
BAR R T 1 VL
BERH M%igiﬁPo74WA
s f%f%hiﬁﬁi% )
W% 2 - TS X
) i AU B
el - sl | a2 - B

Fig. 20 ¥ O#E 22 72 KERIENRE (@) OFHBOIRN

External situation of damaged multi-span greenhouse (No. 2) by the tsunami

72, TOMRXOMEENAIEB L EE D o 72720,
WL & DI R SREICHEZE L, HEOHE
BRELC o7z (Fig21,22), L2L, —HOMEETIE
FERE L EOF BTSSR E REHIE R, REOME

Fig. 21 FEOWHEE 21T 2 KEBALERIRL = (D) O RE ORI
Internal situation of damaged multi-span greenhouse (No. 1) by the

tsunami

Fig. 22 #EOWHEE 21T 2 KB REE R (2) 02N ORI
Internal situation of damaged multi-span greenhouse (No. 2) by the

tsunami

ﬁ%@$?@AFD@ﬁ%

BIETHRETH L EEZ b7z (Fig23), FAAcH i3
FE B 2.2km OBEEICAIE L, B ORKEIZH 1.7m
Ho7zo

—7, ZOHETIZ MY MeF o) R REHEE T

LI Lo
FHEMEIEICRZ
=LA G

Fig. 23 BEOWHEE 21T o KEBAERIR = (D) O NE ORI
Internal situation of damaged multi-span greenhouse (No. 1) by the

tsunami

T D3 A

Fig. 24 @Y OWER 21T 72 KERELERIR S () O NEROIKI

Internal situation of damaged multi-span greenhouse (No. 2) by the

tsunami
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DM IRER S Tw7e2s, HERIC L - CRIEN AR
OpHERET A & L b IS, BRA RERWANERS L, FINE
IHOWIT & 7% Tz (Fig2d), B2, ~NFol2idig

iq’l .-‘ e -

~ NelZi3EoomibibeEi EnagEnTnd

AV <R
] -m!@.. \ J .
Fig.25 R ICHERE L2 o
Sludge accumulated on greenhouse floor

;
L

BOEHIO iR =

EARUR =K 3 PR AME B

L_50m

IRDOFES R U\ HERE L 7L b & 7 &g Tn
HIENLL, HBE L CHATAICIMESD Y,
PR RBICETHRET HLENDH -7 (Fig2s),

2 #WABOE (BHEREM) BEICLIHETE
BEDEIR - BIRFEED L VIRKEE

AT PG H X 0> 5 AR O KRR ELEARUR 2= T, 3
BUXEPEC X 0 B L 2208 2 BT BB % e 7 (Fig.26,
27,28), F7:, IMEIHFH SN TV HBURE S EEEL
7 (Fig.29), Z OREO WML HE FECH I, 5,
T35, BB &0 - 7278, BIEL-RE, KA,
B EOERWAREBIHREL, BEIKE L
7o BRI, BIBEL IR 3 ML HBUR= L, HEHEE
AT DR BT ERE L T 72 720\ HEE AN S 1§,
BIBWENILA L EEZ SN D, A SIIAEED
5 1.3km OFEHEICALE L, FkORKEITA 2.2m & -
720

Fig. 26 &1 PRI TR L 72 RKERALE MR = O 225 5

Aerial photograph of observed multi-span greenhouse in Kadowaki, Ishinomaki city

A IE O HRE
mERE - IR | BE S - KRR
FenE HHAT FERRE
Ji mALAE
[T 1 x AR %S 12m % 5384 (60m)
BAT 36m
THIFE 2160m’
EAR B PO 7 4 VA
B A - B PO 7 4 Vv A
s KA EJE#@LU“EE};% )
- BI# 2w - A & B
Az R JEE
ey - ik | ¥ - R

Fig. 27 #EOWE T 21 7o KEREERGR 22 O /M ORI

External situation of damaged multi-span greenhouse by the tsunami
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Fig. 28 LB OWE % 21 72 KEREEMER 2= O S HE ORI

External situation of damaged multi-span greenhouse by the tsunami

BRI =5 3 B B

Fig. 29 EHEOWE & 21 72 KEBRBHEBR = O IMEE O IR

External situation of damaged single-span greenhouse by the tsunami

3 WXEBGIF (BHERET)  HEBICHEIBED
BERES SUHERIC L 3 kiR DEE
AT KAX T N OB I A5 3 % 2%, K
MEMMAEZER L, BRET > TWAEESIV—THDH
% (Fig30)o COEFETV—TD% 1L, b Ein
FET OB 22 I CE R L T\ 7e2s, FRE OB A

DIz DI BEEBIC AT 2R L 72480 5 o

COWX TIEERDOBAREE I Lo, A%
fTofz7xryu—RIRE (D) <k (Fig3l), HEH)IC
Lo T EED o —ifIc s A U (Fig32).
F72, COHMNTIEIHERIIIEE L7EELSK S Bk
BeL7zns, 7 ryu—HNRE oM ChH L IRAE,
BEGEHE, PRIE — T » 7 & OBRBEHI M E R K2 B A
EIEL, #ELTw by MORIERERERSAE
AL, PUEASEE O 25% R F T L7z (Fig33).
F 72, HIbN oo KRR EME S () Tt (Fig.34),
EEBICKEDPHREN TV 220, MAE2HDL S
ERTET, HIEL Tz b~ MOREREES A L7
(Fig.35) . Z OIEOHRKEHMAME — & (X T-EBM
HO7 =0 =20 fHFsiTwiz2s, 7 —1) —I128hT
LB LUOHMBRHE— Y ETELEM P o727
O, EBFICKEZTFHTHLLZ LN TE Do
(Fig.36) . S 12IXEE R WK % E~ORIETB % it -
Bl oLl bic, Ry v 7 oBEBELIEERSEERD
BAR ERWBHTLLEDND 5,

—F, EHOBERREETEAL, [T IAEEEK
HEZAT > TV 2 KEMBEMIREE (3) 2% - 7208
(Fig.37), HEBIC L) HENY FOEAEPLET L
(Fig.38), — %12, IREIIRZEM a4 ki (0

1 150 m ]

Fig. 30 AT H X CRAR L 72 KRB I == Hl H D AL 225

Aerial photograph of observed large-scale greenhouse estate in Hebita, Ishinomaki city
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AR SR D AR
MEREE - R | BkEE - 72 vl
FeAfE 37 LR
PaR0A LBl
T AR 3.2m x 28 jEff (89.6m)
BAT 126m
[liKi 11290m’

ER T A
P B ) 7 — A h |
PR K P bTRER
% 55 UK 2
el - B3 hE: | b~ b - B

Fig.31 7= > u—#iRsE (D) osEoIRL

External situation of observed Venlo greenhouse (No. 1)

Fig.32 7 x> u—#R=E (D) OMVIERICHEEL7 Ty 7
Cracks on the crest of the single footing of Venlo greenhouse (No. 1)

Fig.33 EEOHELX /27 2 v u—HIR=E (D) DEHNORNR
Internal situation of damaged Venlo greenhouse (No. 1) by power failure

A IRE OHRE
MEREE - IR | R - REBA
FLHfE FHAT HETRE
Jifr AL
T AR 9m x 5 HFf (45m)
AT 5lm
[HiFE 2295m’
BRI A
G T - B2 PO 7 4 VA
s f%t%hiﬁﬁi% )
- W7 - FEm - A E B
3z B

TR - T3

b b SRR

Fig.34 RERIEE (2) /BRI

External situation of observed multi-span greenhouse (No. 2)

RiiekEZEHS, 1997) D WCIE - TS - i
S NLEEMEDRIZN TV DAY, FEFREE R &R
Bl 2RI 22 o A RITIRE O 3 i |2 B9 % ffi i

WS 2 LEDNH 5o
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Fig. 35 (FEOWELZ - REMRIEE (@) ORENOIRI
Internal situation of damaged multi-span greenhouse (No. 2) by power
failure
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Fig. 36 KERELEMIRE (2) ORBHFEE

Roof ventilator drive system of multi-span greenhouse (No. 2)

AT SR DAL RR
MREREE - IR | Sl - REARA
LAk a7 SLAE
PaRIA gl
T E AR R 10.9m x 5 #H (54.5m)
BLAT 27m
TS 3106.5m’
AR R T 4 VA
e i - 23R PO 7 4 L A
s %%f%hiﬁﬁﬁ% )
Mz S - JEA & B
Az T U
Vel - Feds ik | A4 F O - EikaE

Fig. 37 KEMRIERZE () OSHBORI

External situation of observed multi-span greenhouse (No. 3)

Fig. 38 B O E & 21 72 @ik < v PRI
Situation of damaged high bench cultivation system by seismic

motion
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|\ =5

EIRE AR EE AL T A A B & OV & A
2BV CEEE SRR OPEIRD 2 A L 75, 0T
<, RAKEED 2m LLED - 72 i o $hig i e (S
BICBLUE) IZHEIZX > TRERWELZIT 29,
WA S, IRAKEDY 2m LT O #I8 TIIBE AT g
HiE (BEFEG A BBLOD) »dorz, FEEHHR
L0 AREEMICEE RS T Y 7 ) — Mg E GO #
SEMIDSEWIC L DR LTV AT GREWE R
2011), 784 ToNT ARGE IR E L R ZE R OB K
S EICIERAD D B, B TEMIER T, s
OE HEE L A OB I HE O E K E O
AT - BRI KD, MR RIRR - R — 55 2 SERS - R -
55 3 BERE D O 70 2R IR SR R MR A (S R ) A fR
FLTWBH (M, 2011), BEZEMEZIEE 2 LD
Tl E N DY DR RIZIRIEDS 2m DT 0 i 1 2B j%
HIEIZEY, HERICLAME TR TELEEZ LN
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bo Fiz HoOWEY I -REMHEZEIHT 5 LT,
FBERO X5 \ZNBERRIRHIRE 20 IR & Hr /- (D@
LHEN D DD, HWISFEROM T4 2 ERERELZ NS
CENEETHL (FwG (2011), BF (2011)),

—F, I L o GERIEN /2 A N ofifE, 1
BOWBEHEME L EOREAEIHZ DT T 7zds (B
BID), BBy FRBERREEOEA (HHKF
BIABIOFE) PETH DL 72721, @ik~ y §
RS, — RO L R THRIE - i
BRAHEKT 20T, ZOE AT 7 DL FHH AT
TTHDbo T 72, MBI E- THAE L EBERKIKIZL -
THAR, LD —T7 >, BEERE EKEELR EHMEER
L, A REAEI ORI T S5 HE L 72 s (BESEEEHI F),
=5, WK, PRI 2 EVSRPIE L 22 BRI Bl %
MY AHZEDVHTGHETH L, 612, DHPENLHE
RIE 2 EORRKEENE LT, T2, HEOS
FEHIR T H 2 0T, Mg s L O i ot - #
BRI A R RIS A2 L D EELEETH S,

WBRIZ, RHETEL 25N HBLZ0 T#EEIC
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Horticultural Structures Damaged Along the Coast Part of Miyagi
Prefecture by the 2011 off the Pacific coast of Tohoku Earthquake

ISHII Masahisa, OKUSHIMA Limi, MORIYAMA Hideki and AIZAWA Masaki

Summary

Many structures for horticulture such as high tunnels and greenhouses along the Pacific Coast of Miyagi
Prefecture suffered crushing damage due to the tsunami caused by the 2011 offshore the Pacific Coast of Tohoku
Earthquake. The National Institute for Rural Engineering (NIRE) investigated damage of structures for horticulture
due to the tsunami and seismic motion. The purpose of this paper is to report an outline of the damage to horticultural
structures and incidental facilities by the earthquake, and consider disaster correspondence in the future. Major
economical damage by the tsunami consisted of the agricultural facilities (794 locations, 369.0 billion yen), structures
for horticulture (22050 locations, 28.5 billion yen), agricultural machines (14160 locations, 43.5 billion yen) and other
agricultural equipment in Miyagi Prefecture. The structures for horticulture typically seen damaged were as follows:
(1) inshore greenhouses washed away by the tsunami, (2) damage of greenhouse structures distant from the shore was
slight, (3) some high bench cultivation systems of multi-span greenhouses was damaged by the earthquake and (4)
production of plants decreased because environmental control systems (ventilator, thermal curtain, heater, etc) and
irrigation systems were stopped due to power failure. Earthquakes and meteorological disasters such as typhoons and
snowfall frequently occur in Japan, so reinforcement of greenhouse structures is important. In addition, development
of environmental control technology that prepares for power failures and suspension of water supplies is needed.

Keywords : greenhouse, earthquake, tsunami, power failure, controlled environment








