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EXTENDED ABSTRACT

Introduction: Earthquakes have long been an integral part of human life. Since this natural
phenomenon causes damage to humans and the environment, it is necessary to study and
understand it. This natural phenomenon is known as a global problem, but it is not the same in
America, Japan, Iran or any other country. The Tohoku earthquake that occurred on March 11,
2011, is the largest earthquake (with Mw=9) in the history of Japan. Less than an hour after the
earthquake, a tsunami hit the east coast of Japan. This tsunami affected an area of about 561
square kilometers and damaged more than 400,000 buildings. According to official reports,
15,850 people were killed, 6011 were injured and 3,287 were missing, 125,000 buildings were
destroyed or damaged, 4.4 million buildings with a power outage, and 1.5 million buildings
with water disruptions, causing huge damage to infrastructure and the country's environment
has entered the eastern shore of Hashima Island, Japan

Material and methods: Considering the large amount of information needed for natural
disaster management, it is clear that the use of visual interpretations cannot answer this large
amount of calculations. For example, the number of reports related to damage to buildings after
an earthquake or the damaged city and damaged environment in a tsunami may reach a thousand
reports or more. Each of these reports should be reviewed separately to determine the degree
of damage the structure under investigation had. In this study, based on the damage estimation
map that was prepared using satellite data and images (Geoeye-1 satellite) before and after the
crisis for this city, the amount of damage to structures such as buildings mentioned has been
calculated to the pollution caused by them in the environment and non-structural areas such as
Greenfield and the results have been compared with the data obtained from the field visit. In
this study, according to the damage map and vulnerability estimation for the studied area,
several parameters such as structural or non-structural, use, and severity of environmental
damage have been considered.

Results and discussion: The results showed that the type of structural components has a
significant effect on the failure. In addition to this, the remarkable point in this study is that the
buildings that were located near the water were severely damaged. In this study, the existing
Facilities for Agriculture, Forest, and Fishery in the investigated area are located at a close
distance on the coastline and have suffered the most severe damage. On the other hand,
Greenfield has suffered severe damage due to their low resistance to tsunami.

Conclusion: The purpose of this study is to use a method based on remote sensing. The use of
this method in the prevention and preparedness stage of crisis management before the
occurrence of natural disasters has high accuracy for quick planning. The lessons learneda from
the results will be very useful for researchers and managers in planning and stages of crisis
management and reducing damages in future events.

Keywords: Tsunami, Earthquake, Disaster Management, Environment, Remote Sensing, GIS

* Corresponding Author Email Address: m_poursaber@sbu.ac.ir

DOI: 10.48308/envs.2024.1437

ConDod

Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2024.1437
https://orcid.org/0009-0001-7372-9498

YOAA-FAYY :LLS

[55e o W9y 3l ooliiw! b (ooligm (o j &l yl ol b3
e 160y g0 axllao) GIS buzxo 1o 590 3 gizriaw (5L s SIS &
(¢)5 Ishinomaki

7‘5}1).76 s> d0Zx0 folg...xg.d plyoy ‘rsﬁg.)l gl ¢ *‘)gha)g.; [W-JRVE T

VP YV (F): APY-AVA (295 (lawmo pole

siengs Alia

VYN0 sl s g s
VEYINN0 s s gl

b g0 00>

Sl sreeb oy ol a5 LT 5l ooy i (S5 5l pdibialir o5 Gl b 5l ledl) i dun g il
oyl ol e Sl Ol o 5 alllan (59 2 3 e g e Comjlare 5 il 4 sl g Oyl Sl
35 e Sy 500 5585 o by Slal el el 55 s 055 e s lid Glom Jans S (lyisa s
Gl > Mw=9 (5,5 1) 0 dime; (S g £3589 & 6e Vo)) ()lo 1) )3 & 55505 adlaie
o & (553 (olgm 03 )0 €989 5l (Sl Gl 2S5 50 53 el o) ey (S o3l B 5Tl
oo gl Gt 4 g o)l 3l ot 1) gy steskS OF) 3905 53 mle (iligw cnl 05 3550 (l5 (B)8
55 5 gl YAV g g £ 1) (a8 VOAD+ 3o somsy LT bl 305 5l &l lozsls i
arlge o ahad b bzl ygnlie VIO 5 (5, b b ool ysuken F/7F slaws g ozl 150 VY0 & el
ol 350 0 (8 ol Sas5 53 1555 ol oo 5 ol 4 (50l s Sl 5 0 5
A 0g

Sl die 3 (pgatay sk GLL Ol Cu e sl a5 ST (VL on 4 4z g5 il Ghg ) 9 lgo
Slewlrs 5ol e (! (555l Silgs cod (6 pay ool 5l ooliinl a5 ool zedly cenl Lo 0550 dnugs > LS,
e by 03 omes €585 5 m oleiSle 4 3 )ly slacewl 4 bgje slob)liS slaw (Jle Glsieas ail
S ey i b g (5155 e dl el Sas o aliges 005y 40 sdddedis s jlaise 5 030l
asb |y ol 5l o ax pw)p 350 o5l a5 005 asein U ool pw)p alllos joboas b o 3155
o lgale) (slo lgale polas g ooty b3lop 5 ool b a5 & jlud 0yglp aisi wlal p cadllas ool jo .ol
slegleasle puda bojlu 4y 00,y Sllus e sl 00ls ags 0l (nl sl ol 3l a9 8 (Geoeye-1
b alol> guls g el |y o lolad i glojlopmé g Comjlasme j0 LT 5l 2506 Sogll jshaieas a3
Syl 359l g & jlud aids b Gillae anlllas opl 5o el 00085 duliio ¢ Slawe w3L 5l ol glaosls
).Ia'.i 50 bise Ls_||).'> Sad g LS):‘)lS (OO lee)'L.;ﬂ.é L 9 L5l°}L‘” )...Ia.l )...Al)b s daflas 3,90 aalaio LS‘)'.’

Gl 00 4\..3;

(ol pogdle ol LS liee jo oliwa ).ul; wilw gzl gg oS ol lis Gadow 5l Jols s iéem 9 guLo
3lg g gl lus wadls |3 Ol (Soop 0 a8 olaglasle 4 aS cul ol adllas oyl ;o az g5 blE i
L o (S0 alold ;o cw)p 0,90 ddlate 10 39290 (55,9liS 5 WD (g i leisle adlllas oyl o 0l
2lp )0 o5 Cenglie o 4y jew slalad Koo gow jldiloads o5 g9 il Jesio g i)l 13 Jole

lodus (sasals CJ)L..} Jeie L5°lj5'“’

39 gy ol 5l eslainl all o ye0 ol 5l Lreamiw p (e gy SOl eolainl adlas ol Baa ‘5).542.....’
G Sryelin oz @Yb 28s Gl mb SO £sds 5l LB (e Cupae (Solel 5 Kty dl>ye
S 5 Gl Capae Jolie 5 imelin po Glpde 5 Gl & alol> S 5l a8 Sy by b o

D¢ oy diedge s ST slaslas, o o)l

* Corresponding Author Email Address: m_poursaber@sbu.ac.ir
DOI: 10.48308/envs.2024.1437

5 05l podige (Sigol 09,5
Cf Glras swdigo 0uSiils /35
oed oI ey Lo
bl Ol et

Cblis g ol Slidiz S ,e
R o e oS w5 e

9 Olree (podigs odSCiils r
ko Coot i oL iy jLrxo

ool

5 ojl kige sBjgel 09,5
S lres (odigo 0uSCiils S35
g ol ity jlrixo g
el ol i

poplo,s i ol 4 olicw/
TP ‘u[lul—\.d/id 4‘_¢gv)/‘.)
Sl o S, e F o
j/a.)[a’.l'.u/é ‘_,’.oll},w ‘!éww)
slopincw K5 4 [55 5 3,
efllo) GIS Lo ,o ,50;] izt
(/s Ishinomaki ,4 ;0,50
AVA-AFY

@ @ Copyright: © 2026 by the authors. Submitted for possible open access publication under the terms and conditions of
the Creative Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/).


https://www.doi.org/10.48308/envs.2024.1437
https://orcid.org/0009-0001-7372-9498

O g plojs

359 Slepslael dl> e o ol o oy Sy, 5 >9)
ol o wlinlie wle S8 gl wluls yruls
b b (i s oyae 0 4 (6 i calise
wojle g ol anngs Jlo j0 poye witun
b5 s pdpaal Syl pen Lalls a5 wil
3k Sy v (elply Wl Olble
Shlas Grals el (55,00 ojle ol sla S5y
oledbl 51 ookl b s camds LD g484 51 oab
gao ools Glol L 3o, 5l olexel LB 5 5.0
Cardona er al, 2012;) og saly> elccidse
Ciurean et al., 2013; Matsuoka and Yamazaki
slaws oS WSls cads> pl 5l colss la,Ll (2004
5 ol oLl slaad izen b slag
asls Bl (B8 5k 4 golatdl glaan e
¢ (Leelawat et al, 2015; Van Westen 2000)
Gies G SiSS wiile (g slasyslod xS
olaize 51 (6 ke bawgd (2 Ca e Sl 99 ol
Eguchi et al., 2008; ) ol 0050,5 slpriny ¢ )

.(Manfré et al., 2012
ol @l Cupae jo ooliiul 9)90 gulS jolie
5 oo ploul &ylas 5550 aids 5l eolawl b wilys oo
ol 5l Lo L SaSE SaS 4 osls wd g8 sbrosls
G 5 55,4 5o Sloged a3 (TGIS 5 'RS) 490
s 4 Olego GIS o SiSS glgil 5l ais )8
2 SHBl S Gle Glagls ol Sledb]
Sl il ol g sxtes wlug, Ko e
@ols GLkE kol slolaly

5 bojls a4 oo)ly slacawl b g Coensy

4‘5{1.‘{)0

PRI I P PG [P 51 B SRYOR PR P NV Y
sobiteds el (5losl g gl (olme SO Jsb o
wWbge e snyy S 5l LS ol els
ol

.(Lindell, 2013)

EVRTS

&S Cel Ay b Ohblre o SIS
olez dilize Ll 4o poye 4 1, ool ol lus 4Ly
Ol oo 5l A bggelee (S5 0j9 00l S (oo 35l
s ggalis 5 sl 5,0, 435 51 56 Sl
b Sless jlas (rae )0 985 2 il
VoY Jbo o Sl sl b @b oyl 18 a5
Sylebee VE sgam a3l 5l 3l ol golamsl ol L
u.u)j))_a )‘ é.: (AON, 2022) Gl 00l '5)51)'3 )Yo
&S Cwl SHm e o sz js ool &) sladlyls
o A By 6).@515 VYo ,0 «(AYAS Lawl Vo)
3 ols el sS s (Bridled (s yeekS YVY
g8y 4 )l ugledl olil ol (gl YY Gas
9 6‘0)L~u ‘sl.QU)LMA} s d.JJJ) u)‘ ws.,.:
Aty cnl 5l (B0 (oligw e )5 (Sl E Slaomelens
P 8 3 El ek ol (285 5l (S
4 (obigm glgal 03 Jime) 5w celo SOl 2eS
SRR O0R & Slr 0 05 n 1l (Brd S g
Ol )3 a8 gas ol Jle sl Ol oo o
A 53 obse gloel gL}l L g o3gas (g5,80 S22
Cod Sl el 0wss ) 5158 50 e VAL Sl
00) (a3 @ yeyuagleS OFY plp (oligw cnl 5l 56
oleazle jle Fov 5l in @ oasay (pl 5 Cewl 0ald
Poursaber ) oges cu,55 |, il b g 0,5 o415 & )lus
53 0338 o] blis wles Lo o (and Ariki, 2016
(Miagi) Sl Lol ,o Ishinomaki ypis «0ply et
S sl s ez oS sl Slayes 5l SO

)5 olige Gl 5l (5L

Comez aa | Gl Conl 00l (o s 45 4555 len
Bloas ;S ate b o OIS e g b s 4o Lo L]

Y1 rals 4 Wil o (o oo alpd i o

VEF Gl oF o)l VY 0,90 ccpng shuors pyle aclilad

APO



S iy 3l eolital b seligw (dasmaons s il oad b))

L yols adlas oo lid olme Co e glacddled (o
aS el u...nﬁ‘ﬁ u.!‘ OMQULH; ‘5‘0[45....: J.J.?u )‘ oolazwl
Qg g0 axxld SO b o UG g Dl e ax
2B o Copse gloedls p ol ool 5 oo S5
Syl ol

9 @8ly rhe ilg o Sloj Lo (ol LU L ablie
oz Jlg slooygs 0,50 0 el Sledbl a5
o ) s 90 (S SG yo Slag)y (I 9 S
Copde done 5o a5 JSledbl gl 51 SOl
@bad soodls 95, 0 ey anb 2ol Slagl
died glaools Hlad slaosls way i ulul o
S pSe dbacs wile oLl s> SO Jols a5
(b srosls (GPS (slaosls (slojlgale yglas ‘u’i‘?ﬁ’
Dbl 0l 5 slaled glaools

Sy slal)T gl sats s 098, molal IS o
iAoyl ol 51 G 50 g 00g (5 9a yolic ||
C‘l“‘“" 5O QT JJaL.ua IRTRE )‘ 03 J....wf L oJ.,.JL;)L)
(gdae s byl pl 00,8 o 0,3 d g Sl )
95 rolas 69y » ) Geey slite slaonyy
Az 50 wWiled oo aogi GIS g 490 o) 5l o
Oied ges pladl Ll (gomdies 4 Cas Gl o
# L ey sbenny a4 b Sledbl (g oo
3Gk yo oS C‘)ézl;wl (el sl atws
Sl 5l Lages ond plol sunaib sla s,
)0 é}wsn oolawl ).:544.: LQLQ:..\.\L: ) O9>ge Gn.».b
ol b lo Sy a5 05,0 Sl a5, 4365 ()
b diz lad yo wglite lidy) 4z )3 b s pga
Oy S i g5y ol 0 .(Borri et al., 2004) &5si
stlin sl Sldbl a5 Slbatus gilulas o
Gao et al,) o,lo 1) a5gd oo pléo] pa jo 9 Slaiils

6)5&5 Céyin b sl gl Jlo jo asise (2009

el o a8 ol lezle sile i S slesle )
O SRSl ediee s B ok Conex
rolie rdyaes] &5 cwl ol pilive Gloptacs
ol colis sl oad adlis wlgw 56 cou
g5 nl )50 5o Gl 3l am b g e Wls oo Jelse
Sl plaadle Glw (uylae b bl
D pdy g g Oleloss]

Soo )5 r et 5l (ol aiS a5 sbles
Oy Cupae 5o 95l ies WYgaze (655 S
OBl g yladl A5 il ol Dloas sl s
5 Sty a3l 5| g ATy oyl ol
Gbls 5l olsz! g cdge sboolKaly ol jo &o pow
> o) pedle (Cirella et al., 2014) el Hlas
habols wile (g2 bibine; 9 (SESSg) Jelse
Chen ) 593 28,5 Jlai ;o Wl 5 bS5 Laailsss,
b aS 5,50 0,150 5l (et al., 2018; Ma et al., 2019
Jlizla Ol oo 998 43,5 L5 50 (e o e o
A3y So 98y 5 om0 o)Lal e sladl; g6y
el a5l Gl Ca e o 2Lk slacdled (S5
3 (Ebrahimian ez al., 2014) s,ls aJ3J; oz SYlai>|
colaly Slolis Luly cpl o pge laladl 51 S
9o 51 .(Ommi and Janalipour, 2022) aib o Cdge
K203 Jelse a1 ol Eonme 53 IS b el
digo) ol 5o saliee Slallas a5 5 )5 o)Ll claiz] g
Cova and Church, 1997; Kar and ) <l oals plol
.(Hodgson, 2008

S Sln By Sl Soz e )3 SR (O
robis ol ilosl 6l dnte Glaebl oo 5 (L2505
Gk 5l elr e Conde gib SO g jeliieds
ax>8 o Ishinomaki i (65,90 dsllas Jdoxigas 3o
($3,50 GMo% (il )o el GMee Yo VY Lo (oliges
a8 el oad ools lis sebge 4o Slaal a5 il

L 538 (nl g 009 S axzld SO ol 50 Wl o0 498

VEF Gl oF o)l VY 0,90 ccpng shuors pyle aclilad

ASS



O g plojs

3 loylgale yglad guaiws ;o oo YYIVA IS
9 oolo 6)5]@9 S GOJ...?LA (.SLQU’“"j) o)j).a‘
3 905l el Sledbl ganai b
by, ol a5 o)ls sszg GIS oLl Oledbl
ALl e Copde Gon o oS (s
s oo 8Ll slesls slaolSGL GIS 5 49050 jiomw
Sl 1y ailangn 98y a0 oS b LY Gilgw oS
plo 5leolazwl b g Wosls ol 51 solaxwl b .aslosges
s sleassi 4y olows &l U‘?"G" S92 g0 SleMb|
0)5).» P LS‘)" LS“L’L’ S| ra)y ).Ja> 6&...:4&.‘4:*4:1
b oS peeal 5 olryaelin g wdl ole Copae
GIS 138lp 5 asms ploil 1) 3Y Sloladl T ulul 5
Wl G olols Glp Sl SO Glieay
srodlo b ol yen (5 ), ksl ldes sl 55,0 u>_>|)Ja
6).».th g Ol)lus asds L59-‘119 &lp slo,lsnle
Slabewy Glaicay AreGIS (l33le 5 00,5 oo oolaiul
Sl ouyn Gkl Slles S~k
9 Lg‘o)‘}bLa LgL:bo.)‘é L o‘)..o..b 9 ‘_,_’_laa.mw)
Q‘).xg )I..\.:;'..m C;LQW Cow o .b..;).,o )i;‘o Sledb!
Ded oo a8 S Sy

2ol b GIS (ol (b g5lusl a> e o
ooliil 890 (53lujl an B y0 atge lagSe b))
Sl padd lp yes oly 5l G 955 o0 13
5o 03ls olL (gilwpllan 4y g osls #) Bas Consy
Qilg3 oo g D9 oo o0laiul oy ailis G (3l;b
2l wled S8 Glaxxld o slas 5l 6K 4
OlPe Copde 0 vy Wlgoo Jiagh al 5l Jel>
390 (e22u0ly) ik 9 STy > ye 90 5o sl
B8 1,8 sola!

2 oload Gl g sle by, G FmeelS Shilon
gl Cuzr sl by sl SRy el
T daibs, ol 5o lolenle mglas 1 Sledll
Hhasle a5 oged gamail (S 095 4w 4y Glg o0
oals ol ganaid (o ouits o)l ganadl (Al
OS5 sS b Sy 5e (o8 gunail (7 Zales 5o
€5 9% bl (nl 2 g wiBl oo (WS o bl a2l
b ganaiws a5s5 cnl g5 o5 Jglae 5l Jsl (gunailo
ol o 155 8 andinb a5 Jb o arsl
o005 plliny 5 a8)F 13 G tin axgi )50 23]

Lol
sloosgaze )3 oSy mb 68 bl 2
TN JOPRCIEIRYNE JE AN CREN I P
Gl baws plo b blSy ol o5 Jb o
90 e )l .(Blaschke, 2010) aiiis Sian
&S Ceol chd> pl osanaolal Gdsd aliig
s il gl by, 5l eoliial b pglas (samaib
Platt and Schoennagel 2009; ) aas oo 431,11 Sglase
&ygo Sladss wlwl , .(Zhaocong et al., 2009
L opslal ganail oS el bl ol e a8 s
Jolo 1, slite gl wilize sl by, 5l oolil
(Chenetal.,2009) Koo ¢ oy abail) ol jo.0i5 0
dslio & s Spot slojlgale olai 3l colewl L
gl o 155 o0 5 aly JuSoy gonail sla by,
02310 5 50 Ll Laioges pladl gl lgale pglas ;I ileMo!
Bl esd, Jae S lolsale slas sl,Se s
Olgeas 1) IS 5 el Jols SIS wledbl (*DEM)
oolaiwl 1,5 i gamaiws &ds il jelaiea, Jele
99 b ganaiib bl I gy Biod Gl 4l isged
529501 5 el 1SS 1,520 5 4y Sy s,
oo b e oh ganabb by, 50 5l ganaies
omaib oS b awglis jo aoys AF/EY LS
o bl oSy il s, 0 Jleis! 2Slos

VEF Gl oF o)l VY 0,90 ccpng shuors pyle aclilad

AFY



S iy 3l eolital b seligw (dasmaons s il oad b))

asle Ol g ol (5,1 lsl plio 8,90 y0 a5 slaosls (s
5 oLl cmads sloolliws] daybin low o Slas ]
5,15 0> 0,8

Ol Copde ;0 a8 obeesls b g oledbl jlads g g4
gl & Wo)S 055 GIS 5> sl recks 5L
ol aligly Co e 059 wbide b LS 0)50 58
Sl p3Y g £98y 4 anb Olblre slrools
slessy ilwoolel g anusi 65 a0l 50 plaie jsboay
5 Ay gleelsn oS G5k o lSal e
Sy fanze Jelodgansad Jold sl 6 I8 ke
odle g 00y s Jlaiml ulS Cyz o 5 a5k
Sl S oe Sleladl pl g j0 a5 Sz lie ool
Lug 50T elde Ol ax 51wl &1l 1) as
@3S (o0 (et Syl padd @l Gl 5l syee 9p)8
Lublo dalg (Susgame Jelotigtyi by, oL
e sl e sepdge g5 4 kb by, bl
ol 9 Gmaatie glad > 4y dbosly 4w jiws
RagR oal 5o Zablo vyt (S (cwyp 3590 0592
B emin Syge 08y (paix 3 Slls ganaild
28,5 (0 oy p Jade by aalol 10 4555 o0

3 oad by 903l ke glaools 1 casdlas ol o
S 92 b s)8 o)lgale Sy a5 GeoEye-1 o )lsale
yolie olulis cga osls pl 5ol solawl cuwVl
sesloy; deglasle asle olélss  Jl>
w9 Pl Sy 5l (A6 OV adlate (g fom
b g el la, Sl gl Sl (6l g o ool
onl5 SlKe Sledbl ylejlus 51 sanl Cawsas Sledbl 51 53
2 Gt Olime 3,5 (atie Sy wd ool
bl ple 5 &pglxe Il ¢ ol Loz 5l alols ulul
sy 9 pnldn by SWS 4 AreGis 5 s
41,8 eolawl 5,90 (Bretschneider and Wybro, 1977)
e n g0 ddlaie g Ishinomaki pi JS slei 28,5
ool 0als ools yioles (V) S5 j0 oy ,9a8 4o

owlad g

Ol Ca e jglaieds a5 (6ol Sledlbl on> ay az g5 Ly
Sitebp diey ;0 pgazd (omb L mee
3 oolaiul oS Canl oy il Lo 0 g0 drwgd ax LSS
Gl S5y WlgS o0 gy ol 5 s slahs,
G slS slas Jle gy il Slaslre 5 oz
e85 5l om Lokl 4 o))y glacawl 4 b
sdyddods Cowjlaze g odycul b b g o) )i
Ls 55 Dl db cel (See (oliges ooy 5o
wllaz jobar Wb b o)l55 cnl 51 o o oy i
47 o O il &5 205 asie B odd (owp
Gyl US 9l s el 423I3 1, )5 5l g0
55 9590 Bblie B os)5 (gatpez dly S y0 (8L )0
i 5 i (265 Bns 03 S5 5o (s3lsl ¢
g

Copde jskaieds 5Lis,ge slaosls 5 Sledbl (g5, 5 b
Jrol> sole calise slo by 51 45 ael )15 g grammo ()] 2o
S 9050 (nl 90,5 Ojge (giluaz LS, igd oo
s wiloo GIS JlBle 5 58 Ll o Ssals
@ ol b olme Cone a5l 990 laosls gl
S aalsl o Ao jsbas aS dges gadil lws o>
19,5 0

Gzl laolys, a5 S 4y bysye laosls (Ll
S iz (2lS ibgy aiile dies ) Conl (Sew

(b (SiPnesty (SR «Sielgynen

oyl 9 ooy S8
Ao 53 ey aiile) (ol GLOL L Lo o (slaesls (o
5 ol ,8) ol &y sl ¢ oo Cmiga (03] o e

.o).:.é 9 Al ‘(b%ﬂ.
Sygo 50 3yl Gl S sleojl 4 by e slrosls (2
Ky doyd Voo ol a4y b Gl 5 olayg) e98s
LS s ez ol g ol dile lacalu s § iaiile

VEF Gl oF o)l VY 0,90 ccpng shuors pyle aclilad

AFA



O g plojs

-------

''''' oE

028N

3826

Legend
Elevation
High : 157.63

Low : -4.20

River & Shoreline
# Coast Line & Sea

1417108

Ishinomaki Plain Coast
(Map of Study Area)

e
b7
f =

Jariee 1ar20%

(Poursaber and Ariki, 2016) gdawo Jolw b oy 190590 (i -) K&
Fig.1 - Area of study with plain coast(Poursaber and Ariki 2016)

LG O Vol b o] () (oo ys VO b O+
63,3 ] 00 g 55 alS 05les 5 00 3l Jol ails
Voo o) VY elS o5 (B) oy Vo BYO
odds (00 ge) Al SSa laBle (V) g (oo
3O MLIT 5 Jawgs oals agd sboools 31 slasges .ol
Goadd loglisle olaxs gl Ishinomaki g
ol Jgaz jo lisee laislo mllas 4y azgi b oo

Sl 00l oalo QL“‘"' \

syl guiwdinh
bV o sobgw Iy Ishinomaki y.i ) 05,1y ol >
).b g_)T oj)j J.J.b 4 OLWLMJ L®) 0.5)\9 6L‘bw.j ).».«.u.u)
Qo )0 O LYO Sgd> ob)lj W]) AWS L.m.: g,u:.w] (Yl)

s992) Mangie cal (F) (Jsl 4l 5 ey o <l

Clises Silois b gllas 4 4z g5 b oo (guinaib slapbuas b slass -) Jgoo

Table- 1 Number of buildings categorized for different building materials

o Jolw iy — Ishinomaki pl Ishinomaki w5 ojlw g9
£y vy )
\INgd Y¥a-. soYsd
vfaay foave T
AYOA \YYAA 50
FYEVY FYVOY fes

\F-f UL"““) f o)La..f: Y 0y90 ‘L}‘?"MP%‘C aollad

ASA



A s (7 T s 5 s (515 )
5 oS s pSole Slaguls (1 g5 5les 5 bl

il e a3y, o (SaelL 5l ol ol lus
g Ol 0,0l asd l eolatwl L s Gyb )
Sloylgale slassls islep 5l oolatwl b aS (5 pdva]
lol> 7l b ol jor 0uls 0 gy GIS S L Geoeye-1
s Jolo ddlaie gl ad; o AHP S5
S ey el sads 051 1 ool g el & lus asss
alold cculs DEM * el )| 098, Joo plas Lolge conl
5 Cole )0 95250 laaileog, 5l alols ( Jole L 5
s oy Jolis (a3le) alS by (a5ls oy
s atE g jsliiess (NDVI b alS by
4o (Poursaber and Ariki 2016) el 00y0,5 solazwl
Cewddy bl el ool ools lid Jlas ais VS
odg5 sodls LMLIT lawgs (5 ,)s paiss slaess 5l ol
sobisds (V' Jeuz) dre GIS Jley lawg oo

iloads dlin (solpiiin iy, rwions

5o oad dl ge slagleasle sla Shs ;N0 5l (S
Loog ojle o 4y by e wlab slows MLIT o5 (5,155
sla)l oo slp ol glaols o5 (b 4 azg
o3l Olab slass ax 1o a5 ol aay iyl 5w
9o bolasle 5l as,s A sga MLIT ools oKL
ol o olab slaws Jdo a blasle o] wilails

Ll 00 4..3; 0300l axllas
5 bojle 4 oo)ly Oz g bl Gledbl 4 axg5 L
<o dole ddhaie o MLIT lawgs (5 s sl y s
g9 ol ey i be e Sledbl o Ishinomaki
PITSSY | SARPIRGH WV AP ARV SEN UCES WO EH T 9y
JP P PCI INESE{ PRVET gPSN N ESCH IO - JENCEPS
(o3l FY S ,0) jow slalad aiile glojlus e g ailog,
adlac ol jo cenl S8 4 p3Y .l ouls 03,51 ¥ o Lot
s Jolss a8 Wlad 3 118 dalllas 550 alisee (5 0,5 g5 Y

TavaeE

e

(Study Area)

Legend

Damage Classification
No Damage

T Low
Slightly Low

50 Medium

W Slightly High

W High Damage

I Forest & Green land
River & Shoreline

% Coast Line & Sea

sar'vee

Tsunami Damage Map

1ar e

- ‘fN |
i A :

i )
8 A Ai
f .

s

(Poursaber and Ariki 2016) Ishinomaki (g5 ouuibod g (6 Sl 9 Byl 3 55Ty aitadis ¥ JSCio
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Table.2 - Damage building characteristics conducted by MLIT and GIS damage map produced in Ishinomaki city plain coast
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# In the table, N indicates for Non-Structural, S for Structural, G for Greenfield, F for facilities for Facilities for Agriculture, Forst, Fishery, D

for damage to disaster prevention facility (river), C for Collapse. H for High Damage and W for Washed away.
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