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F1E W
1.1 RELTRKEICRT HHE L FE

HnETITAE, P23 4 (2011 4F) 3 H OFRAARKRELKSCFEG 9 H s
FERKFICRKREND, KB LRHME - ZFRICK Y, EEROEMERFRICKRE
PRESE D70, BEDRFIHIC KSR T E (LT, R EE)
PIEAE LFERRPENAE L TN D, IR REFIL, R AR O A ol A P
FEOPIEIZ L D8FE (Bl 20X, EEEINBCRRGHIERT - LoRBFSERT, 2013 ;
B S, 2002), TAWROERREZIHEAFEE (FIZE, &)1, 2009), KEFHA
BOEMN 2 i HEEORN (B 21X, Mark etal., 2015) &\ o 72K pkE
ELELTHANRD D, MWK EORARICIL, Kl - EREOBRED -
O FRILOIETRDINEE 2RI O T, AT K 2B PHZEC +4 i D[RR 2 56
FORRIRNH) - MR ELZ A CLBENE £, KEOFRITMA D720
1, WD OREE OV EIRTITENEE TH 5,

BAEICBNT I KESREFTE T OE LRBEEICLD &, HEIZONT
1%, HHAKREKLURE, S%BENBEINTND EA0E THE, MEilg~T7 7
ERHIEIC L0 JAHEICEREEN LS ENBREINTEY, BLmy
2L o> T, ENENOHMBEA~OXKFED [EEBE FHEX R ®E ), [FEE -
7 7 ERMER RGN (E LAZ@ATEE N7 7 ERHE - EASE T HIER e SRR
#, 2014a ; 2014b) & L THRES N, FERTHEIS D ERMEICEK S 2 L)
RE~OFNREH# LD Z RSN TS, FHRICOWVTIE, 1970 FER01 D
1 IR¢fH] 50mm LA _E D RERR OB O HIERIRBE L DR & B 2 540 2 B O 7 53
B, TR EORAEME L MO R R 6N TWD (HLREA, 2011a),
Fro, ITEORFERH L ERNORROITEFIC LD &, KRB Bt 2 5l
TEITREE, BREICEIZERICL > T EEIENTVEHANRZ N L &
NTWD (B2, Saitoetal., 2014), FERAIC S, TE A2 8E <UL BE KR
H] (EA2@A, 2015) ([CX D&, 4% HBRERR L OMEITIZ X 2 MR
LKW OFEAESEDOHEN, BRDOHALEDOKEEI Y, T KE DI AL
FEOHM, HEEIC X 250807 KNI O REREEOH MM S I TE
D, FERTH SN D KEEENC L 0 kT 2 KEE 2 ZWICER T 2 B E
~OXMREHBEDHZ ENFTEHINTWD, ZOXIICERMEORAE, FLEHY
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KRR OFEABE OB ITER LT ER R FEOWMIELNBEENLH T, JRIK
TKEFEORAEOKRENEE>THY, EROEMm - MELTL 72O - B
SICHLD T = & N W RERICHB T 2 BERBPEO S TH D,

JRIE D S E Nk D KERB ISRV T, HRREE IS L DFE O
WE (B Z0E, EEs@EwhEs, 2008a ; E L @E#EE N7 7 ERHE - ¢
HRIE N HUE ST IRAES, 2014a ; 2014b) DA 72 59, [HRPSEERL IRIEICHES < B
A4 ] TTEC-FORCE T X % BigtAsc) FoHlE - AT 2 BufE 2 6
LbITWD,

FRP S FEB IR EIC S < BAGHA I HOWTIE, Rk 16 4F 10 H O i
HIFE, AL 20 4F 6 H OB T« EHNPERERIC B\ CIIEBIZES 34 L, JE B
FEOPRIEIZ X2 FIIRICE T 5K LATIC LD HENRS SN, WEH
FED L) R KRR EWRENEE L TWBEA, [ERICK L RE2 45
BN 245 S TR ClE, B R OHIWT ORI & 72 5 SEE OFRE S 415 KIS
FEAERFHNC BT D IE M2 HIRICH LATT 5 2 L AR CH o722 L 21
BT, FAL23ES A 1 BICEREERL IENGIE S, KB ERENE
BLTWALEEIZEW T, Tl RS EENCEE# R Z T 5 X o | E k% -
KM KAZHE KI5 A e ONRTE B ZE1Z X 2 3KIC DWW T E Qs K,
I D IOV TIIANE R R F IS L 2R EOFE M, £7-, BaMiIZKE-S
 TWKEBSHEROFBRICLY, HITFEIC K2 BEEREOHWIZET S
PeENRE SN D KR - FEIOIE AR T 5 2 L Loz, (RENAKDBL
2, 2016)

TEC-FORCE (BARKFEXRIRERK, EtaomEKes - B LReR, 2016)
1, KHUEEZ BARKEEEITER LT, K BVRIRDT O IR O HE 72 2 |
PEDOILR OB I, B Koo FHIE IR %7 2 HA A9 722 388 & PV 2> Daflas
(ZFEHE L, HISICHG AR E~OSENITZ D X9, k20 4 4 HICAIRR
S 7z, TEC-FORCE |Z[E TAZ0E ARG K ER KA R OFEHMTOL & 2F
DKM R FE OB NTER L, #K BB R~ DM SR 2 £ 4 5, L
REIZBWTCIE, B REINBORR AT, ESIAFIERR R IE N AR JE T O ik
WREFGAFIRIE & L THIRR R SR EZITV, £72, M7 R % Ok

WX EFEEREFT ORI E TS 5, KR LK TR O LW E G

o
)

J

n
Y Y
" "

v
V.,
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BREE FT OB A RRIZOWTIE, B2 0E, PRk 25 4 10 AR REICE TS -
FIREE, Rk 26 4F 8 H DR BT TO b #2351 T TEC-FORCE DiFHE) D
—BRE L TEBINTND,

—Ji T, KEMIEOEHE L 2HERTH D, WEAES LATROTRAFRE,
KOV, #ERGIEEEOENSHE - EHOXFEDO—>2 &> TnD, HlxIE,
HAAKEBEREO R EFEICONT, HRRERARNOFESCAREITRR
SRR O ER L ORISR 2 8 Uz 2 & ANREXR EofE L LT S
nNTW5s (ELz@4, 2011b), F£70, WHEAZEIZOWTIE, B HIREIC
ELHETORBN 10 BUN ERDLOMEL HDHZ ENmbnTl Y (B2,
HIE S, 2002), FIEIRFOMGEPAZEDROERDENNERLEEL 6T
AR B D

JERIEk AR 585 OB ERDUEIR (2 BT 2 BEAEAFZTIE, Mide L — e (B 202,
=, 2015) OMEAFRATHE (B 21X, Wuetal., 2013 ; Gomez and Purdie, 2016)
EOMEBI O ETNNET 2MENLL LN L DD, HERNITERED
REECUBGEIZHE H L7CAFRITIE & A ElE ST, ARIFZETIE, Rt
WK EORNISEFF OREN D, O KIEEZHEE T DR OIER, OEPZ%E
Rt AR OFRAERETE ORI L O E R EO —ONKERFETH D Z
LxERL, ORVQ@ZMI L, FAARZ 8 LRk KIE L2 HEE T 5 ke
RTAHZEEREME LTz,

JiRdek A S E OB EIRBAR IS BV T, O KIE 2 HEE T 2 fE O /ERK,
@138 B ZER0 + A D 38 AL EHEFH A O R RS K OMEEE ) LoD — o K& i
BERoTnD, OIZHOWTIE, BEEOXISEFIZIBWTIE, EE - 1754
H, RAE TR ES OO SEEIRHEN R 2B B O K ERR & T 5 2
SRV FHIEATT O TR Y, FERILOEIR D E SRR R BRI E D F
T, RAWELHET L2 ENRETHL LW BEIH D, 2, @O0
TUE, BUE, R REFICRT AR E LT~ a7 —, N THRS%
DEEORELM AN SN TV DA, KBl O i FTHE 72w % O A fE
71 - AREOFEREM ORI ONTIE: - I L 7= FHNTIT L A LR, A
A OWE RN L O L2 R E 272, RERMNO X0l RERIc >V TR
AN TETHRVIRBUICH D, LLF, OXRVQ@DIRIZ OV TR T D,

3



1.2 RRHEELHETT H1E1R

1.1 T2 B0, ORKEFEHET 2IHREOMERIZ DN TIE, BEfEDOXT
JSERITIE, RO KT ITRHEA 22 FEAR I B 5 B AR R Al = 0 SFEE ] &
Wi 2 Z LIC X VMBS TN T\ D, REMREEOF E LT, - 1T
HARHES (H L2 @EEWhEREE, 2014), A LWE (HLHEBORRS
WFFERT » LARRFSERT, 2013), {iEAZED @ ATE (E LA @E W B R b et misk,
2008 ; [ 1221804 U s 7 B A AL O B OK FRREGEF S R, 2014) 20
HTEMWTED,

1.2.1 3%&&E - TATBHEXK

WE - AT HAHE IOV T, [EH R @mE Wit (2014) 25, PRk
26 -0 8 ADJRFETITOIAWKE BEH 74 4) OEEONE 26 -8 H 29 H
(2, WEITFAE LIRS O KB R FIZHOWT, —20 LihidE &
L CHEFN S8 AR IR KT T 1T D38 - 1T HAMAEE (hmE) 874, —ED
B Covo, — DDA TRAE Lz B R E L U QX 57 £ RIS EICR
J DL - ATHARE R (EWKE) R 1944 (CFHE) (RNAEE 220
%) LB RKONIRE & LTHREL, E - T HAREECEEE LT, +©
W EDIZN) B BEDORE SDBELRHIEEL L TARL TS (F
—1.1)o X112 F 23 FORGHHE/IRKEZIZ L O, EEOERTFIRITH
ENRSE D, R ERREICL ST, RERAWERELTND 2R

TID,



K11 WEITHE LRSS ARIEREN RS WM ICE (H L@ Embhiee
iR, 2014 (THN%E)
Table 1.1 Sediment disasters with huge human damage caused by heavy rain (After Land

conservation division, SABO department, Ministry of Land, Infrastructure, Transport and

Tourism, 2014)

KREREER EERFR B THRKEREMR KERR RE-ITHTHER
$20.9 N Eyinshul MBS R 1,154
5229 BE Pt dispul HRY—VEBR 271
$26.7 D . fERia HiT#R 114
S2856 REAX PR LU D BRRATHR 102
5287 EIEAI] HHEED BRRATHR 460
S288 RER Fi - EHED TR 336
$33.9 FE FE)IIED AR 225 1,094
S34.8 (1T ER|IIED BRT1S 43
$36.6 RE FRAED RHEM 130
S41.9 TS i)kl AR 26 5 94
S42.7 EE RAH EHEM 92
S42.7 N EED RPEM 88
S4238 e 2% KHEM 31
S47.7 REA KEED RHEM 115
549.7 Il NES AR 8 S 29
$50.8 - AR LHEM 22
$50.8 =t {ZiRIIED BRA 55 68
S51.9 E NEB BR 175 119
$535 win & RET mE 13
$56.8 RE FR ‘R 155 10
s577 R RuHED A (SE R 106
$58.7 BiR ZFRET-EETED HETATR 87
$60.7 RE oL EhEW 26
S61.7 ERE BEREMED BREATHR 18
$63.7 Nz JnEtET - SR R ET KHEM 14
H2.7 BEA —OEET HERRATR 13
H5.8 BRE R EMEL 8 AEM 64,

X |H8.12 Hin-RH KRBT NEH MEF 14
H9.7 ERE HiK TR K BREATHR 21
H11.6 N LREH-5H BREATHR 24,
H15.7 S KR BT 19

%|H16.9 ZE-#E-INN-BE RiBTE - mESK BR 215 17

%|H16.10 %ﬁ?ﬂg;ﬁﬁ?ﬁ b - A R E - mE LA LR 238 27

%|H17.9 ERE B -X5-1LU0O BRE-EE-X5-1L0A ‘R 145 22

%|H18.7 REith BB - Lk B - E 8- FE-mE- M (7 ARR 20

%|H21.7 i)=fii] BT L] 21

%|H23.8 Lt HRE R T ‘R 125 62

X |H24.7 BEARAth P Ex EL 23

%|H25.10 E ) BEXE BHE 26 5 40

X, EHOMEFRIHESRATNS LR KEDOES



1.2.2 mRZRIME

R LD IOV TIE, BIRE, RFERERAKEFICLDHE LW EOEGFHT

IR ThorLHESNTEY GRilb, 2011), ZOfEN ERKEHEDOHE
) - BT EBOREIDSEB LR DML L TARINTWD, ZHUTIKH
IZE D EWREL L TERERRKOBBE THo7E SN T D  ([H s @E
i, 2011c), Fiz, ELHENBORR AT - TABSEHT (2013) (2L 5, #@E
DRHBEITE 19 FHOARE LW\ O HERIC X, Fak 20 5 F - ke
HUEE, AeOFEEIRKEED, HEOIENFRICHEENL RS LI 7, IR K
FIZBNT, BELHENZRoTVnD (F—1.2),

®—1.2 WEITRELZRELDENZ OB RE (ELHINBORR AT - 1K
WFFERT (2013) (2hngE)
Table 1.2 Sediment volume moved of past huge sediment disasters (After National Institute for

Land and Infrastructure Management and Public Works Research Institute, 2013)

No. HERLER | RERLEA KERL FRHKR KEREA kLR E
(FEfE) (F0/E)
1 1889.8 BAiA224E8 R | H2IIKE =RE B #32{8m°
2 1895.8 BiA2848R | /BHIER Iz B2 1R EL #1505 m*
3 1911.8 BiR4448 R |MEILKHEIE RHR EL #111850005m*
4 1938.7 BBFII3ETR  [BRMAKE EER EL #1500 m*
5 1953.7 BRFI28ETA |ABRNIKE EIEATIES EL #92,0005m*
6 1959.8 BRFIS44E8 A |BL)IBHIMERE WHE BE #94,5005m*
7 1961.7 BBH36FETA |FRBA=+AKE REFR B3 #97,3005m*
x| 8 1965.9 FAFN404F9 A |RMEm IRBR EHFR |E@E #94,8005m*
x| 9 1967.7 BM42FE1A | PRKE FREUBR |E® #1850 m*
10 1975.8 BRFIS04E8 A [{ZiNIKE mHR EL #92,7005m*
1 1982.8 BRFIST4E8 A [BL)IBHSTEKE WHE BE #43,0005m*
12 1984.9 BBH59F9A |RERAEMNME(HEHN) RHR HE #43,4005m*
13 1995.1 FRIEIA |EEREHHRE EER HE #9375m*
x| 14 1995.7 ERTETA  |111ENIKE EHRE.FRE |= #91,0005m*
15 2004.1 ERI6E10A | FRU6EHRE PnE RR R #3148m®
x| 16 2005.9 ERITEIR  |BR145 (ERIFWL) IR a #1680 m*
x| 17 2008.6 TR20F6A |TH0FEF ERAERE EFR.EHR |HE #911830005m*
x| 18 2009.7 FER2147R memqllil'hd‘”jtgﬂ%mmumﬁﬁmﬁ WA R B #9235 m*
x| 19| 20me | Tmomen |amizsdpEam ’:I‘E;::‘*”?’“”E“‘ &8 #14Em’
XIE, EHOLEFRICHENRATNS THKEDOEH



1.2.3 FIERAZEDERH

NEPAZEDREFTEIZ DWW TS, BRI 20 F5F - HIRPIBEIEE T 15
& (E LAEmE W E R b ET R, 2008), At IKFICBNTIE 17 &
At (A8 s 7 e Rac Ot B ROK E LG 55 /5, 2014) & LT,
JRI AR SEE DO RHERI R IEIE D — 2 L L TAEKR I N TV D,

1.2.4 RRBEEHETEDRE

1217205 123 1R Ls X 912, BEFEORISHRFITIiE, MBI 5 R 72
AT 2 AR R A £ SKFERF L T 5 2 LI L IR Thh T
BY, HERNOEIEDERFEA REERRE D ET, RRKEELHET D
ZEPREEZRRBICH Y, ZOBBEORROT- D, KEOBIGHIRFEICKFE
T FTRE AR IR DIE S e R E DHEEIZ M E Th H L ER bl

1.3 LBEERKEFICHT IRERMOFAEE L RE
LLIZBWTRERTZEBY, JRE A SEEF ISR 5 aEE B 1T 5 KFE W)
I W SRS 2 72 0121, Bl 20F, BERE CIXiERZEOIR O A I,
TEC-FORCE DJE&E) TIX B R EFENEL T L THRAEL TWDHHRE W7z, BREEIC
K D NEZERL AT OIE LR - g RDUERE 2 FIEh s (LR I F A L e
T LD, fERREELICET 5 ARETR - EHEE OBy 2 B EITAT O T2 DI E
WCH D, IR SECERAERC, Yo X ) RFEEORERN AV Sz,
KO, SRERERICOWTEBNICEZ S AR ENTNDL 0D (FI2I1E, [EH
TN ECRAR AFZERT « LAMFZERT, 2011 ; E LB BORRAIIZERT « LA
JEAT, 2013), FRAHANOFARR S & & 'EANHE - g L, AT o 7o FH 5
X EAER, £z, EOKATHDAREMED B S HiPH - RIEFEDOKED
FEARDL, AWM ORI SN T, REEIFOMAG DEIZONTHRE L
THEABIZEAER, 2O, X 0RE I X A EAES LA O
FEAEERE - PEEIRDAEE N CTE D K 5 A, FAEHIN O & HITE G 2205 H LIS
DUV THRFIN TE T,

ARETIE, TFEOJRE K EOFEF & LT, Yk 23 FITHELTZHAAKR
EE (MR SRR IOKE (M) O 2 OFRORR L KEFELIY LT,
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ZOPEIFIZEDO LI R ENED L S RETITbI I L, £ OfE R
FHAONWT, PRI E O X ) ITIHEFHINZHAE D E RN TH DT>
WTELZEEITY (KB, 2017a),

1.3.1 RERKEOHME
AEORG L LT 23 4 (2011 42) 3 H O A ARKEISCFLE 9 H ORLH
B RKE DK EFEOMEIZHOWT, LURERIR~5,

1) EAXRKEX

HHAKRBRICL D EWREFICOWVTL, BERAMTLE A FHKICH T
DT RY FEICL Y 13/ ORENAE UM, REROESRALMHE, &
RH RS OBEME L &, 12 RIZBWT, Hai% 13 4, 3=y 29
fF, DMTHEARL 97 1, FHA 2 HRGE 141 R HRPSEENFAEL, FEE 194, A
FAE 28 77, P10 7, IR 39 FogEN R A Ul (H LA @A B,
2011a), [ELAG@E Y a7 % —2 X5 N, T SEERAEET~DOHFAFE
DIRIEF D TEC-FORCE 2 X 58K BRSNS TTON TS (H H2mE,
2011c),

2) HEFERKE

Rk 23 49 AR 12 B2 X HFEERKETIE, RE - FEKLmER T
17 @EFTOMERAZE, Akl FOIRE ST I W CTRIFZ I 72 AR s A2 U %
B, FRICAL O B e SEE DR A L7z, 21 EARIIZ IR W T, A 94 14,
I3~ 0 32 4, T HARL 82 hDFEF 208 R LRV S ENRAE L, HHE 49 4, 1T
FARE 13 44, NFREE 9 7, P 46 7, —HHEEE 45 FOMENKELE
(FE 2@ A WP BAER, 2011a), TAbSKEERS IR B < E PRI 3 2 A
4, TEC-FORCE T & 2858 BintR SR AT ([E LA ir skt 5 5 i =
Feft e ROKELgRGs FH R, 2014),

1.3.2 ABRESIRNAAERMOEELFAEEN
ZNENDRFIZIRT 2 BRI B IZFRE DI O1E HHEFIZ SN T,

8



MEA & AARE ) DR O 72 OISR A 21T o 72, AWFFEICIR VT, AR
31 Bz ofEEsE, EREE - KEOFEDO S TRHMliZ1T> 2L & L
Too AEEFIZOWTIE, FHEEINZHOWTHE MTON EHESNDHE
e Lz, £/, HERE - BRIV T, #EICETFLEEHESND
A - REE DA RSN AR INTREA, b LLIE, ROFPEDTZDODOER L
ol EDOREOTERMBHER SN H - FRETOHEE LTS, 1L
D OFAEREIC OV T, AR Z A HE - FFRETR L TRO TV S,
& SITZiHESANILL T O 8 2OEMTH %,
s~ a T xR LA

* NTAETEIC XV IR S hToeimi

FEAT OB, AOH - WA, STIRIHAR R 2 LIERHT %,

1 BEANYIT2—IC&BHE
a) RTOBE, AEOCEH - RE

E A3 E TIE, PRk 28 4F 9 HEBUE, BEIZ 8D~ a7 Z—%2{RALT
B, TWKEORA LT - RS NEICHE OFRAEN TR S 4L 5 #iH
OMAZE T D, BlxE, EEZ@E bk EmE RO NE< <Z) (Db
X 412BP ) (T KALAefERE 736km, B KMikeief] 4.21 REE]ORE I &2 LT
% (E LA @ b 58 R, 2016), JRI b EOFIERIZIBNTIE, ~
JaZZ—rb BRIk D T REGTOER, BH - MBORE LTS, £
7o, LWRFBOREMNBELHE L TWDHEIIE, FHEAZEOBEHZEC S AV
HAVD (B A, B Az a7 5 i R fl 0 I/ OK L Ekas 55 R, 2014) .
A~V a7 = IHERGTRIC L2 MITO D ([H -2 B B H 7 54 )5
2013), MHAD LR TE RV R - & MITFRA S TE 220,

9



b) HEAAXRKEXKICHITHAEEH

HAAKERD S G, A 23 FRALH T AR HIERIZH N T, HIEIZ X -
TERBEERBELLTNE SN TWDEE S UL Lo HIR O HfEIL 56,747km?
Thole UMUIND, 2014), E @AW (2011b) (ZX 5 &, AAgEHS)
i - WEFAZE O OB EOERO -, 2343 H 12 H~4 A 12 BIZIE
R EONY T H L ENERmITEY (K—1.1), TITFONR
R ST RWS DD, FR &R HEE 5 558 Lo 212 HiXHETA D 5
B, 120 TR OWCIE 2 0 Lz, RERSRE LTI, 250 Lbh
NaFER L, WHEMZENIAET D X 5 2 KB 22 R A IR S L7z o 7
RS NTV D, ZOREKIHES &, KEVRHEICRDZ b OO, 11H (=
1 H) H7=0 OFREEMIT 1396.56km? (56,747km?+212 X 120+23) 2, A%
a2k 95 & 1,400km? & HERF S LD,
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NJITZ—RBEDOEEER

FAL# A AT I fE 5 TR IO REIWKR WAL A T S RS L BN RO RERR

AYCER148) RUB EMEDURDER. HELBREL
LR G2ISAEM IR SREBROARLLERMY LF
DREFHRBTLTLVEL,

B—1.1 RAAKRELEFO L REFICHTDHEAY 272 =L D& &
g ((ELs2@e, 2011c) 7 HH)

Fig.1.1 Area and route of a prompt damage survey of the sediment disaster caused by the
Great East Japan earthquake, using a helicopter (After Ministry of Land, Infrastructure,

Transport and Tourism, 2011c)

c) REFEFBERKEIZEITHHAETEH

FPEERAKEIZB T DAY a7 7 —C X 2REOFF L LCiL, ik 23 4
9 H 6 BIZIAIE PAZER AR UL FH A 23 s X A, TAT3E PAZE Ot D F8 AR, B
MR B LD KEORDL, REMORBENFTEI N TS (E LERBOERE
AWFERT « LRRESERT, 2013), FAAGPHIZEPAZEAZIESE D K9 R RBUR
IRHREEDMEAE LTe ATREME D & o 7o R R TG - BIEAT - RINFS - HHIF -
BE A, U HNTHTHY, 2o 1 HOFEEHEOT - A oREmEIx
2369.75km* TH 5, A TZ 2H1LT 5 L 2400km> THD (X—1.2),
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i, ’
3 G MR 4 o . B
e L= e e 2 A -
4 A i AL
W MBS O P
‘ l' l%* -i.: ¢ ”
_?' “'., ___. owew -

}_e:; _1_?%;& s .

—1.2 AROPERIOKEIC T B E R BRI OB S~ ) 27 X~ X5
O &R (E EHABORRAIITERT « 2ARMIZERT (2013) KV #FY)

Fig.1.2 Area and route of a prompt damage survey for searching landslide dams formed after the
sediment disaster caused by Typhoon Talas, using a helicopter (After National Institute for Land

and Infrastructure Management and Public Works Research Institute, 2013)

2) MEEE
a) HNOBME, HAEOEH - RE

MUZEGEIC X DAL, BEER - FHREOMIERICHRE SN A TIZLY
E2EINEFRARE LSO RO FTEIZOWT, A - LAR%EO Lk
BHREZHFHT OO TH D, FEREOIZDOMZERIL, AHRAT LD
AT DI=8, HR DR T & 2RVER R - TR DS TE 20,

12



b) HHEHAREXKIZHEITSHAESEH

E F BRI Ko T, FICHFRBEA~KIKR ORI W T T HE DR,
KO, GEORAMTONLTND OO, TREOHEFRNFEIIEH I
Te I DOFEERIT RS 72 B 72y (ROBGFa FALHU T R R S A & B 2,
2013),

c) HEFEXRKEBIZEITLREEH

RIS (2011) 12X D&, ROEERKEICLDHE LW EOAFTHIN 1 &
m ThHdEHESNTWVD, ZOREEIL, KFEOHRPIZBWTIZEEE O
IC ko THERi L7z (K—1.3), FIEtHFHITAN 48 B m> Th D, E LA mAEIC &
KEFAEDIBIENIE SR 2349 A 4 B ([H La@mE st 55 5
ALt B ROK B RLeRGE 5 R, 2014) A& H & L, E L2 @AM
(2011c) IZ L2 Z OFREREROFTERKEDOH THSH 10 H 11 HETD 38 HIH %
AWM E T 5L 1 BdH7 0 OFAEmAEIIA 126.31km?, G FE 2H1& T 5
& 130km? & 72 5,
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Fig.1.3 Area of aerial photo interpretation for identifying the total amount of sediments moved

due to sediment disasters caused by Typhoon Talas (After Moriyama et al., 2011)
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Fig.1.4 Area of Iwaki city, Fukushima Prefecture affected by an earthquake on April 11 th,
2011, as estimated using LIDAR (After the Great East Japan earthquake investigation

committee of the Japan Society of Erosion Control Engineering, 2013)
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Fig.1.5 Area covered in a prompt damage survey by interpreting optical satellite images against

sediment disasters caused by the Great East Japan earthquake (After Takeshi and Mizuno, 2012)
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Fig.1.6 Area covered in a prompt damage survey by using a SAR artificial satellite imagery

against sediment disasters caused by Typhoon Talas (After Hayashi et al., 2012a)
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Fig.1.8 Relationship between the number of disaster reports and days after the Great East Japan

earthquake and sediment disasters caused by Typhoon Talas
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Table 1.3 Investigation ability of prompt damage survey techniques based on actual usage against

the Great East Japan earthquake and sediment disasters caused by Typhoon Talas
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Fig.1.9 Relationship between the number of fine days in a week and 1-week investigation ability

of prompt damage survey techniques (Except drone)
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Table 1.4 A reference for selecting the appropriate prompt damage survey techniques based on

purpose and affected area
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Table 3.1 Indexes for describing the magnitude of major kind of disaster (After Uchida et al.,

Type of phenomena Name of index Quantity expressed Numbers of levels of scale Category
Earthquake Magnitude Energy of earthquake Continuous variable Type I
Seismic intensity Converting intensity of shake into numerals 10 Type II

Tornado Fujita scale Maximum wind velocity and duration 6 Type IT
Volcanic activity VEI (Volcanic Explosivity Index) Logarithm of volume of tephra 9 Type I
Volcanic eruption magnitude Logarithm of volume of magma 8 Type I

Avalanche Avalanche magnitude Logarithm of product of mass and fall of avalanche 9 Type IT
Typhoon Intensity Maximum wind velocity 2 Type I
Size Radius of strong wind zone (wind velocity above 15m/sec.) 3 Type I

Fire Burnt area 7 Type IIT

Effect for outside of facility
. Logarithm of emissi I f radioacti ibsta
Nuclear hazard INES (International Nuclear Event Scale) (Logarithm of emission volume of radioactive substances) 9

Effect for inside of facility Type 11T
(Degree of workers' exposure to radiation)
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HHND, SRS AR TWBHBR L2 H—0fEE2 T EREFEOR
BEZ EEIICHEEAT 2 2 ENRRETH L L ERX D, S HIZ, bAoA T
D LR EFEDOIAEIL, HIE - HE - KB - REORATVRE - T OBEIFE -
TR B OB O M A OB R K OFFRICHE S RS, Zicbhizd 2
ClWZD, ZOXO T, FUEOT, RipdHulko 0 S EO R Z &'
BT 22 L%, TRBEBBSRZE-OREZHWT, TORET 5721 Tl
W#ETHHEEZD (LLT, ifBEHa EFES),

B, —EOLWKEICRT S, TBEBG O, BEAKERRD
ZEnETFLND (BFE-31), Fl2IE, BREICES TRBBOBEITE m®
5 1fE m? B LmEA AV (B 21, Guzzetti et al., 2009 : Larsen et al., 2010) (&
H=3.10)756(f) . LATRIZOWT S FERIZ TR E) OB ORI ME [ 25 5,
5L (B 21X, Iverson, 1997 : Nishiguchietal., 2012), 7z, 1 DDA X
Y M X OB REN REICRET 2,6 bH 5 (FlxiX, 16, 2009) (5
H—31(), ~HT1ODFEMA XY MIED 1 DORMBRRENGEEZ S
NoEEIGH5 Bz, Evans et al,, 2007) (FE—3.1(f)., #lziE, 2009 4
(A LB T RS EEZFHE L7254, 121 SO/ - At/
SV, BT CORIREZRN 2R - TAlE 1 2OA X b & LTI
HERERKEFELLTCHMEND D, G LTHHPAICL o THEEORE IN
B2 D, G E T DHEPHORIED LD EHE OB A E &I R b
HIODRKRERPEHDO—D>THD, (LLF, &b &MES),
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T, RS L ONLE BRSO LB O AN E I E O R E IR
HFTDEVHIERHD (LT, #fc S, Bz, TRBEoBE L
T/hEWBRGETHo7E LT, A0 - Bl FEICEENEE L T D EIT
IZBWT AN EE LGS IITERREENEL D (FE—-3.1@), — /5T
TWEBOHBIIERTH L b DD, JFLIZARZR R WIEEITIZAR - YR
ERALCRY (BE-3.1(d)).

i a b c i E 2D &, LWBE) & HE OW T ORI IS < FEEE DO TERL
MEBETHLEEZBND,

(a) Debris flow (1999, Hiroshima city, Japan), (b) Shallow landslide (2006, Hishikari town,
Kagoshima prefecture, Japan), (c) Deep-seated slow landslide (1985, Jizukiyama, Nagano city,
Japan), (d) Deep-seated catastrophic landslide (2011, Akadani, Gojo city, Nara prefecture, Japan), (e)
Multiple landslides and debris flows (2009, Hofu city, Yamaguchi prefecture, Japan), (f) Single huge
landslide (2006, Guinsaugon, Leyte Island, the Philippines)

BEE-31 FRxRBERRELZERIDBEEIENOS SR SN D tKE

Photo 3.1 Sediment disasters triggered by various processes and/or types of sediment movement

TS E ORI A EEANRIEL T 5 ROV T, WES (2009), /NE
5 (2009) EDOWL DD FEITTATMRE LTHDLI OO, RO KER
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BHZONWTOIRRFENTZHDOTHY, EFLd 3 SOFEE MR L, WHED
HOHFETH D Z E PR I LTV,

ARETIE, Lo 3 SOFREEMRR L, LI 5EE O YR E R L O
BRERDD, TR EOHME EEBWITEEL L, RREEEZHET HHEED
TERRIZ DWW THF4E % 1T > 7= (Hayashi et al., 2015)

3.2 IBEOERFE
3.2.1 BERfF#AZE

TS R FEDOHNEE E RN T 2 FIEO AT CTh 52N H D DAFEIC
£5E, REOHBEZEELEBIEIILLTDO 3 >0X 4 FThahd (&
—3.1),

2A 71 BRBIRORMLZRTFER 1 SOYH &
AT 2 BEOYHENSFEHEINHH
S AT 3 PEE OB A LB L FEEE

H AT KON 2 ORI, BARKFECBOTRMICHNLGN TS, —7,
H AT 3DIIEITKE, T HESTE, ASPKEFECREHNTHNLRL TS,

WHGIL, tEEDZ A7 1 OEEOEE LT N EmbE] (ZOWTH
AFLTWD 0D, HHBENERERICHNR RO KRNPMEGFTHE LTS, £
D=, MHEWEDO X D02 A4 7 1 OFEE L, R a 2k cx 9, #ED
TWBEIERICER T2 WK EFEORB A LT 2EFE S LTRETHDL E L
W5,

WHHIE, i a, b 2T 5720, A7 20HEL LT, TOBEL
ibm eI EAR L THEOND BB~ =F2— ) ZEEL L
THWHZ L ZERLTWD, £z, 8 ¢ TV TR L oIz, HKE
TITAFE - RSO Sk DA M CTHENRES B D 2 L0b, 44
73 OWEOHEERET HRELZIE TCHVWDIZ EAMLETHLE LTINS,
Tob, WHLOWFRTIE, TWKEOBMB LR —MICE &M 27201
X, A7 2L 47 3OEEEMAEDE D2 & TEREMETE 5 AREMEN
RINTWND,

AT 3DIEEL LT, WHLIIEBRBEFICESWHEIETHDL T HIE
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LUV ZREBLTWD, NHOLOIIEEZESE 2, /MBS (2009) 1%, FEHK
EOHDOFMTIE, EBRC DA NZT 5 KEOHIG Z FREICKMTE T
WeWE LT, il A 730HBELE LT, MEEL~L) ZIRL TS,
UUFIZETME THL2NE G, KT, /NMES OB T 2,

1) HWHELS (2005) DOiEE

WH & (2005) 1%, TWEBBESSTIWOBE L hEmEs vwWolz, KERIC
HMZ T WEERERE AN, LHBEOBEZ R HEIEOERK & 3 A
TWo, WHBICKD L, 471 OEFERIEETIE, ZHER THBEEEL
& D TBEBIG OB AT 5 DIIRETH D L LTWDH, FlxIE, [
TR B L LId, M0 KEEIEN T BKEE I L0 EA 7 K
ETHLEFMMiESNTLES Z LT D, il EREIE, B0 Wik
DHFIZBNT, KEOHELFFEST 2R LITRVELI OO0, Rl 0
BEERBIC L 2 KEOBBZ T 2HIELE LTUIEL TR EEZ bND,
B AT 1 ORI, B8 2T 5720120, REAEEThHLIEF XD,
M a CFRED A WIRT A0, NHELIZX A 7 20fEEE LT, Lk
B~/ =Fa2—F] ZREL TN, tBBE~/=F=2— L TWEEIC
KoThkb BT RN X —ICEHELEE L RoTWnD, LB HEI~ /=
Fa2— NI TFTORXTEIND,

M =log(¥i=,(V; X H;)) (1)

ZZT, M: tibB#EI~/ =F =— K (Sediment Movement Magnitude), V : +
WEEBHE (m®), H: THoBEH L7-lEZE (m), n: HPKEEZGIERZ L
TR EOEFTE (X—2.1),

WHOITRE ¢ ZfIRT 25424 730 E LT, tWREL L EREL

TWo, TWKEFEL VL TOATERIND,

L=N,+N,+N, (2
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ZIT, L BWKE LY, Na: BEEFEE, N PHEFEEE, Np: —#HEE
FEH

WHBIE, B~/ =Fa2— N& B iE VL ORITIZEAR ML
ZEEMERL TS, HESPKIIKREFIC L > THEZZIT 2HMICH S, W
KEICL > TRELZZ T LHMIIRENTHY, ZDOD, NAKE - Wik
X DRI D EWY FFIZ L - TREZZ T H2FAORNIIISC T, HE
B~/ =Fa2a—F BRI TH->ThH, ELDWEIIRESSERD Z & E2EEIC
BWTHERLTWDZ ELERD, ZDOZE1E, M ¢ N EMKEOHBICET
LIEEEEZ D FTHERMETHL Z L EAREL TWND,

H indicates the relative height between the origin of debris flow and the point of deposition (in the
case of a debris flow), relative height between the top of a failure slope and the point of deposition
(slope failure) or the height of the scarp (deep—seated slow landslide).

M—-3.1 tWEB#E~/=F=2— NOWHE

Fig. 3.1 Outline of sediment movement magnitude

2) MBS (2009) DIEIE
WH 5D T KE L~V TlE, B KEIC K > TR UTEHBHEER D HITEE
SWTHEEDRRAA LN TEY, EH - AGFEERITZRE I TV, /NE
5 (2009) 1%, NHLOEWKELULIL, EEK - AEEREZEE 2 T %
FERDEENOZITHZRLERESE RS> TNDLZLAERHL TS,
ZhuTxIL, /MESIE, NH B O L EE LR D AR - R E %
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RIS LT, HELL LD IRELIREL TN D, MEDIE, LibiE
DAECTZROBEIZ TR ENSZ T HEROBSITHONT, B A%
1TV, ZORERIZONWT, HIROIES LD FERBERNZHOW T 21T > T
%o BE MUY AR RIS 22 LBMT 1D, /NEDIZ 4 SOEHUITESS
AR EER L, RO EL LW AR5 2 L2 RELT
W5, FEIEVERLOMREE ) BHEE L~ULE, KEOIAE L IR 1 2 FHI
IRty - R B ARG LCHEETH L L BEX bR D, FHELSVTUT
DAG)THRHE SN D,

D = 0.69 x log(x;) + 0.16 X log(x, + x5 +¥4/3) (3

ZIT, D:fEELVAUL, xR - ATHAAEL, xo: REEE, xs: BEEF
A, xa: —HEREEREE, 7L, AUOHRFRINND 0 THH5E, 5 1 HIZ
0.3 L& 2IHIZ 0.1 ZfRAT 5,

3.2.2 FHMEFEDEZAA

AL TIEL, WHOKOVNE S O A E 2, 8 a~c Z MR L7ofaiE &
LT, tBE~ 7/ =F 2— FEHELNVOMAEDEIZEY, EBKED
BB & BT 9~ 2 FEHE IS S WD TRET 21T - 72,

HARMIZIE, tB8oRELZRIHEES LT B~/ =F2—F
(SMM, %A 72 OFEHE) | 28, AB) - MiIgEZ R IRE & LT Mg
L~ (DL, #A 7 3 OFfEIE) | Ml E b, migEOMAEHhE % S
B 17 2V — (1~V) IZXKY LT KEORMKZFHET 2 Tk [ 11
KEZ I —)L] IZOWNWTHERIZIT- 7,

3.2.3 ®MmEICERLLT—4

TR~ =F 2 — K, KO, fHEL-VOBEEOODT—2 L LT, [3
TRANVOFERE] (M5, 1999) OF —Z Z vz, 3T EE O FERRIZIT,
1972 4E2 5 1997 4F £ TODT ALK E 10,686 FD T —Z HBER S N TV 5,
PITERNREOEREICNZ, S5, TWBEHRORERE - HEORL S
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TR EOEBF DT —Z 21BN 570, SEEFE M E K OBEFIFIE i S0 5%
DOXERFHAEZFER L, BARERNLOT T HI TCOKREREFHZLLTFO LB B
mei-,

- bR FEOSEF L LT, BHR OGN, HEIFR, HEFEROEH CER
5, 2006)

CHIT R KEOFEFE UTREIR HE L oOFE (BRI, 2015) (5E—2.1(c))

CEEREICERT S BafoEs s LT sHREIIoHES GRS, 1998), £
N (FEEHIRBERRAIZERT « AR, 2003), &KUY, KAMOE
Bl (Hi# - HEk, 2005)

- FIREZ B2 BNT N K ER AR FEOEF & LT, MEROEG (B
B 6, 2004) BrEEROFEF (BF5 - Hd <0 Eiliz o2 —, 2005), PikFo=E
il (Bk5, 2010) (BE—3.1(e))

- AR RA 72 DT AN KE, T X0 KELXPLEARKFEOFEF & LTE
(5, 2004)

- IR R REIEIC L5 KFR O AR EOFEF & LT, BRROE
Bl (FIRFIR, 2005), A& FEHNEEHEOFE (R, 2008 ; Hifg T4,
2010)

T T M T O KEFERER L LT,

CRBREBEIC L AREOHREFE LT, AV KX T - RNUBT Ul (HED,
2004) OFEF, 74V LATEOXF UV T I UNOFEH UNFRITS,
2008)

Bl 7,

S HIZ, AFEICENTIE, UTOEHIZHOWT, HBEESIC OV T
NLHEERICE Y IRE SNTOtPHETEROMESTEIZ LD 9217w, A
B9 - BRI EIC BT D IE RIS OV TIIERIEEIC L VI L, F=HE& L TEM
AT o7,
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- FIRFL IR T B, RBREEIC LB K ER AR EOREH L LT
2 KK E D F45

- BARKEORFIE LT KERE - A PV=f (FH-32) KOt 3T
¥ U (BE—33) O]

- [FIRFZ I 2 DT N L O AR EOFF & L TRRE - v oLf (B
H—34) OHEH

BHE-3.2 RKuRE - A Y=tk daik
Photo 3.2 Debris flows (2006, Inje)

3 ___ R =
BEE-3.3 KE@RE- 3L FyriotmiE

Photo 3.3 Debris flows (2006, Pyeongchang)
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BHE-3.4 RKeRE - Y UAfICET 2 REZRERDT R & Ak
Photo 3.4 Simultaneous shallow landslides and debris flow (2011, Seoul)

3.2.4 T—HASH

+BEI~ S =F 2 — R RO E L~V OBE O - DI 0%hEE 2T — # & Uk
FEN DT, LHHEN DT =2 BN ELNRWVEEAICIE, MEEE, i
D MBSO GIS 7—%, #ETE, L —F &7 —%, DEM b 0%
2T — A B Uiz, SRl T — X OB HEIER 32080 TH D,
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£—3.2 TWBE~/=F 2— FEE LV ORHICHE RSO 7k

Table 3.2 Detailed methods for selecting parameters

Index Parameter Detailed methods for selecting parameters

SMM Volume of moved sediment - Obtain the values used in the literature
- Estimate by interpreting aerial photographs to make GIS polygon data of the collapse area and
multiply the area by the average depth of collapse
- Calculate the volume by measuring the difference in elevation between two LIDAR data taken
before and after the disaster

Relative height of sediment movement - Obtain the values used in the literature
- Measure the relative height according to the definition of sediment movement magnitude regarding

pictures of the collapse and moved sediment by reading elevations from contour maps

- Estimate by interpreting aerial photos and reading elevations from contour maps

- Measure the relative height by using GIS polygon data of the collapse

- Measure the relative height by measuring the difference in elevation between two LIDAR data taken

before and after the disaster
- In case of multiple disasters, use the average relative height of collapse in that disaster

DL Number of persons killed or missing All parameters were obtained from the literature.
Number of persons injured
Number of houses totally collapsed
Number of houses partially collapsed

3.3 HEREEBE
3.3.1 WBETI=Fi1—FRUKELANILOEYH

TWBEI v =F 2 — RROMKE LV OFEMARREF & LT, BARICKT
DROFEROKE, KEBRECBT S Y UL, BarFyof, A oY=
TOTWREOEFE2EK 33 IRT, £z, AU CREZ I L7z T
[ZOWT, Ml BB EI~/ =F 2 — K, ftlcgiE L vEz s ey b

L7z & —3.2 1277,
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£—3.3 AARLEBEHOREGIIRT D EWBEI~/ =F 2 — FEHE LV ORHRR

Table 3.3 Calculation of SMM and DL for sediment disasters in Japan and Korea

Japan

Place

Typhoon Talas (2011)

Korea
Seoul (2011)

Kuridaira landslide dam

Akadani landslide dam

Nagatono landslide dam

Iya landslide dam

Kitamata landslide dam

All disasters in the Kii Peninshula

Kia Motors Yangjae Branch Office
Dwitgoal village
Raemian Apt.

Bodeok Temple
Songdong village
Shindonga Apt.

Seoul Arts Center
‘Whitsungji village
Yangjae Driving School
Jeonwon village
Hyeongchon village
EBS broadcasting

All disasters in Seoul

Pyeongchang (2006)

Inje (2006)

Hajinbu-ri

Deoksan-ri

V (m’)

13,900,000
9,000,000
6,800,000
4,100,000
1,200,000

100,000,000

111
371
410
116
885
309
68
183
21
246
1,442
185
4,347

719

115

H (m)

487
414
223
164

58
174
194
176
239

100
75
72

120

199
83

1,695

172

199

SMM

9.70
9.64
9.45
8.96
8.29

*

10.46

3.81
4.81
4.90
4.31
5.33
4.80
3.83
4.14
3.18
4.47
5.46
4.19
6.87

5.09

4.36

Sweo oo

62

NS =SS =N S

—
N S -

5

X2

oo o

—
n e o

S WSS =D

~
wn

0

X3

No-o o o

99

oo e

X4

SIS

91

N © OO = OO NO=~=OC

DL

0.55
0.55
0.55
1.40
0.78
2.64

0.55
0.55
1.71
1.39
0.91
0.74
0.55
0.91
0.63
1.68
115
0.55
2.11

1.59

* Calculated by the values of the above 5 landslide dams, 5 biggest debris flows, deep-seated landslides and slope failures

V : volume of moved sediment (m?)

H : relative height (m)

SMM : sediment movement magnitude

x; : number of persons killed or missing

X2 : number of person injured

x3 : number of houses totally collapsed

x4 : number of partially collapsed

DL : damage level
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4.0

B Multiple disaster
Category V
84 Y ‘ . | ‘ | @ Single deep-seated catastrophic
a5 Leyte Is. Guinsaugon (Feb.17, 2006) Ny Landslide and debris flow
' ‘ i | A Single deep-seated slow landslide
3 H‘arlhara fJUL 10, 1997) O Slope failure in Japan (1972-1997)
3.0 .
e Atsumari (Jul. 20, 2003) I Kii Peninsula (Sep. 2-4, 2011)
. [ seoul (Jul. 27, 2011) | [ Mt. Jizuki (Jul. 26, 1985)
()
D " Gategay v | L S 20,2000
3 Odaisawa (Jul. 19, 2006) = - L
20 | ; [ l(\/lslyazakil3 nggo)on 14
. 5- 5
ol Categotydlle €p. ©-9,
CDl Inje (Jul. 11-15, 2006) %Y © ﬂ: t—- Iwate-Miyagi inland earthquake (Jun. 14, 2008)
© 15 [ Pyeongchang o 3¢ Cog [ Miyagawa (Sep. 29, 2004)
e (Jul. 11-15, 2006) a1 - <L ] Niihama (Aug. 17-19, 2004)
© L lya
(@] Lo Categoryl — T Oyouchi (Aug. 1, 2005)
Shibirasawa __ lzumozaki
Ul 19, 2006) t{golrvl (Jul. 13, 2004)

Matobasawa 0.5

(Jul. 19, 2006) -20 0.0 20 4.0 6.0

Sediment Movement Magnltude (SMM)

SDS Phrase

Category | : Small disasters occur every year

Category Il : Disasters occur every year in Japan

Category Il : Disasters occur every two or three years in Japan
Category IV : Disasters occur every five years in Japan
Category V : Disasters occur every several decades in Japan

K—3.2 @EOFELRITWREO LWBEI~v/ =Fa— FeEL~LDT oy b, &
W, tWKEAr—1OhT TV —X5y

Fig. 3.2 Plotting of SMM and DL of past disasters and categories of SDS

M —=3207 vy FORRTIE, BTN, Laik, #Hd~0EDO LW BEET
RBOBEWZ LD, 7oy MIZREDORY TR 6wy, LB EIOEEIZ S
WThH, H—ORBICIDRENS R LRI L D KENCLD, ey b
B EDR Y IZR SN, E51T, HARECHSBEEORR D HA - i
[E - o7 T OEE VSRR DEOKEIZBWNTEH, T ay MEIZEEED
WOITA OGNV, ERRIZEY, tWBE~/ =F a— FEHEL VLA
BoE 2T, e LWBEEELORA L TV DHEHO L ES 1 5
D7ry hELTRETELZLEEZRLTWS, ZHUCLY, 8 a LD %
fRIELTI- b D EEZBND,
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F7z, e OfRROBLEND, M—-32 2R 5E, TWBEI~v/ =F 22—
REBELLORIZIE, FREDRY TR LR, FlxiX, #ikcRrAeL
72V ONTHORETIE, LBE~/ =Fa2— ROMEIT/NSWb DD, #EL
SOVOEIERE VY, —H T, ANOBEEMRDHIE CHRA Lz, i RKE
(B HRET, bRk, ERE:, R, BREOWEREICXZKFETE, B
¥/ =Fa2— RERENHDOD, WELIVIT/NAIV, ZDOZELhh, b
B~/ =Fa— FEFELAVZMAEDEDFIEDR, B8 ¢ 2L TND
LOLEZ BN,

LY, TWBEBOHELZRTRHIEEL LT THBBEH~/=F2—F) %
RS, ARY - DB EZ R TRIE LS LT E L~V 2l A s i
5 FEE, TWBEHRGORE - k5L T HHPEICEK S 3 T K E OB A G
rRETH D Z &, TWBEORAEMMEI S TIFHESTA D 2 LAVREN,
FHEOZ YRR S -,

3.3.2 IWMKERXT—ILDORE

331 1R LTzERY, TWBE~ I/ =F 2 — REHELLOMAE DRI
L0, TWEERABOFMAETHDL, LrLans, flx X, FRICHE
HRTEA, TR SEOREOWRA & 2 ENIM 00 0T < BT 556 %
DIZOIZ, KVERBREEPLEELNEEZOND,

L OHEREEL LT, K328\, tBE~/=Fa—RepEL
NIV HEESE, REOHMEZ 5 B L > TRBIT S [ERKERFr—1L) %
RETDH, TWBINAr—1LOE T T —IZLUTO LBV EXRIND,

Category I : SMM <4.0 and DL<1.0
Category I : 40<SMM <6.0 or 1.0<DL<IS5
Category Il : 6.0<SMM <80 or 1.5<DL<2.0
Category IV : 8.0<SMM <10.0 or 2.0<DL<25
Category V : 10.0<SMM or 2.5<DL

(72720, EMAT Y —EEET DE55135<,)
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FHRMERD X 510 F ORI L BABEIZET D IFHIE, dok, #iE, kil
B, < OARKETHEDNL TN D, KEOB & BABEOMRIE, H
R FBOMME IO THERIGFH TH D (B2 1, Lateltin et al., 2005), &
MR TRET DL LWRERATF— L OK T T — X321 LI BARIZET
D T KEOFAEFEIZON T ZITV, EREM 331277, AARIZEN
T, IWREOHBOIBE CH L LW KERr—NOh T I =13 1 BT 3
V=322 L2k, tWREFEOREBEN 10 FRE LD, MDA
MR TRET 5 WK EFEA T — VIS FEL, LW EFEORAEME & b B
DWW EE L L TRHMIECT& %,

X

10000

1000
100

10 \
: \

I Il 1] v Vv
Category of SDS

Frequency of occurrence

—3.3 tWKERS—ILOHT Y —RIFEA B

Fig. 3.3 Frequency of occurrence of disasters in categories of SDS

F77, K—33I12ESWTHARIZEBIT S TS EOREHEEICOWT, TP
ER— VDK HT IV —DOIEEELLTO LBV EMR LT,

Category | : FEAEFAET 5/ NEIRL A2 DS H

Category II : [EPN THAFEIEAT D HRO Ha5KEFE

Category III : [EJN T 2~3 2 | ERRERAET HHEO L E
Category IV : [EINT 5 412 1 RIS B O Tk HE
Category V : [ENTHEL 10 F-12 1 FERREIRAT DO b E
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RIBAZEWHKERr—NOHEDT Y — LI5EGE, KO, &0 73—k
WTRAE L B RED BEEGIN D, HWREORE L an - RREFHIRE
DRERIZOWNWTHITT 5, K—3412BWT, tIIKEX T —1LOETT T —
R, FEERy - BEHEEORS L LT, KEOHEIE - HROZDOMKRTHED
B EBAENH D Z L nnbd, BlxE, #7320 —IIZEBITD, /IHHFRD
KEFHITIE, RICEDZEKEMRTEMTONLTND, —FHT, 72U —IV
WCRT LU OKEFRS], MWK, 73V —=VITBITDA0HHRERKED K
FHHHITI, (E 228 A) IZXDEFEZ L DR TR THOIL TV 5,

WIS, BEFEFNIZ < b oo, TR ICEIE SEA% OB R F O fe R H &
AN, K—34ITRL, HERR - BRFRIEROEN L LT, EWKFORE L B
- TV EBEFEDO~Y ZARAT 4 TR T L W KEICET 5 = 2 — XA DEFH
FWOBREZ AL L, UTOXL I RERMIERTr—NOFKHT Y —DIEHEEE
FRTE D ATREMED & %,

Category | : (D= =2 — A & L CHIE SN D AIEEMEN H 5 K FE
Category IT : [EINAIECT1 HREE =2 — R & L CHRIBE SN D WTREM & 5 8
Category III : [N C2~3 HEE =2 — AL L CTHIE SN D ATREMEN H D 5K

Category IV : [N T 1 BREE =2 — R & L THIE SN D ATREMEN S 5 5

=

Category V: [EINEILT 1 »r HREE =2 — 2 L L THEBEIND ATREMENR S 5 K E

JRIR 0D KE DR R E LT, L ER T — L OBEBIZHW S,
TWBEBICET A EHRE LT R TR M), AW - igEICET 5
T E LT [BEF - AT AR el TEEEER [ iREsE
B)E, KREZROWHIIHEONDEREEZ X OND, TWREFERr—IZES
K EWREOBKOFM EFKHT TV —OHEGEEHAND Z LTk T, B
FHORZ ERINTHEEL L, AR DR RKEFELHET D LB ATHREIC
nHEZEZLND,
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K34 tWHEAS—LOAT AV —ROT7 L—XLREMRKEITIST 2 BhES
F L EIH~DIEB) O HEH
Table 3.4 SDS Categories and phrase and relationship between SDS and example of related

facts and activities for recovery

Relative Frequency
SMM DL (SDS category V SDS Phrase Example of related facts and activities for recovery
=aprox. 1)

SDS
Category

I SMM < 4.0 DL<1.0 10000 Small disasters happen every year Prcl‘c%:.lur:.il or municipal government implemented
rehabilitation plan.

Shibirasawa

- Single debris flow

- Prefectural government implemented rehabilitation plan

(Budget about 600 million yen).

I 4.0 = SMM < 6.0 1.0=DL<15 1000 Disasters occur every year in Japan

Odaisawa

Disasters occur every two or three - Single debris flow

years in Japan - Prefectural government implemented rehabilitation plan
(Budget 2,200 million yen).

1 6.0 = SMM <8.0 1.5=DL<2.0 100

Harihara

- Single deep-seated catastrophic landslide

- Prefectural government implemented rehabilitation plan.
(Budget 3,600 million yen)

Disasters occur every five years in Hofu
v 80= SMM <100 20 =DL<25 10 Japan i 4 - Multiple debris flows and shallow landslides
- Total moved sediment volume 2.35 million m’.
- Japanese government (MLIT) directly implemented
emergency rehabilitation plan.
- Covered by major Japanese newspapers for about one
week

Kii Peninsula
- Most severe sediment disaster caused by torrential rainfall
since World War II in Japan
- 72 deep-seated catastrophic landslide and multiple sediment
v 10.0.< SMM 25<DL . Pisaslcrs occur every several decades  disasters \
in Japan - Total moved sediment volume 100 million m™.
- Japanese government (MLIT) directly implemented
emergency rehabilitation plan.
- Covered by major Japanese newspapers for about one
month

F7o, M—32 OLWRERr—IVORXGEHD TR KEORBIZERT 5 &,
X —34DEHTHT Y —MLL EIZHFE S D SEED LI D S5 E IR 72
TWRBEBEEEZA L TRBY, TEMICNE LK EL X AIER FihaRET
HTEMTERELEEZLNT,
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Category |: EHE DM ITHEEN

Category II: BEDMITEEN - TARKE
——————————————————— IGig Y KE
Category Ill: EIBS 2 FMLE T AR -N T WO
RETHKENRONDLIITED

Category IV: RBARIR - RASY LT T DL
KENERLNDELIITES

Category V: B K7 AN - PIRIFE E,
ZHDOFERBRIE-RARTLEZERT L5
KENENSEOITHDS

—3.4 TWKERT—N T L O WK EDRL

Fig. 3.4 Characteristic of sediment disaster in each SDS

3.4 F&O

AREETIE, R SEFE O PIEIRF g E IR T & 0D 5 FH DL A & I FF
i L, SRPEEZHET DIEEOIERIC DN TR 21T - 72, LB E 0Bk
EARTEEL LT [ EWBEI~/ =F 2— K| 2, AW - rkE2 xR
FTHE L LC MEL~UL) ZftEcias b, mffEOMAaGbts 5 B
BEOH T TV — (1 ~V) 1T L TERREOREZ M 5 5 [k
B2 —)v] ZRELL, MEOAR - TV THITORKFEEFIZONT, K
WFFECTRET D FIEOR YN AR LI E 25, dHlfERICHEORY BNRL
T, TWBEBGOFRE - iR LT DRI DT 1 KE O B A A AT
RETHDHZ L, TWBBORAMEI WD TICFHMaEAITAD Z RSN, F
EOZYERHER SN, £z, TWRER T — O X553 80O T 5EE O RHH
WEBRTZEICEY, 7 3Y —MMLL RIZHE S D KED R K FEIC
B 72 T BEIRIEEZ A LT A 2 LA BT L, SRR i E
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FAE AIRE SRR ZAV-REMHEICET 58%

4.1 [XL®IC

1.3 1I2BWTC, Rk W K EOWBEIR ORI AN O 5> 6, ATHERIC
L VR S 7z SAR it (LLF, SAR EifR) Z AW -FiAi, FEmAEL Ak
Thv, o, BEXRER - KETHRHEDSFRERBLL D, WHEMAZES LA
SEDFE A FEREFAA O WG K OREE W BB W CHRIZREIFTH 5 2 L A3
Binkigotz, MAT, SAR BEBEOHEE « BATICOWT, BUR, BI04
Bifie LTHOWSN TS 00, X0 &M - FFEIMER < BB o 515 % 8
B2 X5 R FIEORFNC L - T, WHEAES LA OR A FREFIE O REM
M OS] FICBN D Z R ENT, £ 2T, AETIE, SAR Hi{§%
TR TIEIC OWORET 2 FEE L=, 5 5 BEICBW T, SAR Eif % H
N7 AT E PAZE G TR TR BT AR DV TR B,

4.2 AIBEICKYIREINT- SAREZROFHE

132 Tilk_7= X 912, SAR g%, ANTHEEICHEEINT-AKAN L —4—
B BT, RROICRE SN~ A 7 a i O% 5 EELE ORI A g L L
TRLEKT D Z &I XV, SAR HfIIHUG S5, SAR EfRILE OHRE HIEN D
B 70 ORBHEO X S REBABRGEND, ED7H, RIETIEL, SAR EE
DHIFE « FATICBET 2Bt 21T 9 720 D SAR iR OBHIFEH, Hic >\ b
~5,

4.2.1 SAR E{&DEAIRE

ANTHEBEIZHER SN TW D BT Y, KE ST T, A & iR gk
HEEBHT 2T EERAOL—2—0D 2 DI TE S, ROV
— X%, B (B O~ 7z EEL, REEZBHT 560 T,
FZE BRI AN 8 U RO R R 22 5 o0, B % il o9 iR 1w MR DL 2 8L
THZENARETH D,

NTHED B O SAR B O#RMGIL, BENO~A 7 vz BiZmid TRl
T T NSRE L, iS00 a—%T 7D OREECS U Rk
THLDTHD, wiBlEL, ~A 7 nilz2RET 5720, KGLangEes Ly
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TS, BEIZBOWTHBIIFRETH Y, o, ECTHHAIhS~A 71
W (X /82 R 25~37.5mm, C /3> K 37.5~75mm, L /3> K 150mm~300mm)

1%, KRR OKAESR, WEECRISICL <, BERERFIZBWT RO
RROBHINETHD (HARY E— MU 755, 2011 ; KEF D, 2013),
F£72, SAR X, <A 7 2 B2k L CRIDICIFN S D720, M—4.1 1%
T L, OAREED EEHATHREY 7 o7 HIaEL R BRI A D50
HlAF—"— (K—4.1 DA, B), @WILERNEREOLEIELY 77 I
VLB SRS SN 74T va— =27 (KM—41DE), ~A 7 0 En
I DNENTED (L—F— % F—) %, SAR HEGIZFHEA R B
WEIZHN D, £72, SAR Mg LIZBWT, Klx~A 7 v osim K X
D, FERIZBWTZa—RZEINRNWTEORED, v 7 a0zl
WAREEHI ORI/ NS L —F —vy R—L L THELIE D,

£ b
ERLOME g 4

LETFARET S EREEYFaIC
(LAF—13—) BlNAD
(F#7a—k=2%)
B—4.1 SAR E{RIZFHA2RELS (KD (2013) OXZ—FHEE)
Fig. 4.1 Characteristic phenomena on SAR artificial satellite imagery (After Hayashi et al.,

2013)

4.2.2 SAR OERZEH
TR SEEIZ BT DR EARIFAA D72 537, SAR (FHEN « )1 HE KRS 0
SEFBITTERN SN TS, £72, SARIZFE—41IRT X, ZKiTh-%
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SV TUSH STV D,

£—4.1 SARDIGHZE (BARVE— 275, 2011 OB

Table 4.1 Applications of SAR (After The remote sensing society of Japan, 2011)

ISR R REERIR R &R A
HhZ R -DEM-DSMIERL AR EBENEHAl HE#EE WEHY HTEREZR
BE RIEMNE EEEERE £FKE KERE LR EEHE

HZH NAFTREHE BIEDE M- RR- KKEEERE BEEHE £ERE KFEE
i BE-BE-EROM- R ER-BEONE MBI TE REEFE

K3 A - FOEEETA ANIFNEREHE R KRAS—VEE TRKSEEE

m/iE RR NEK ER BLE WE BESE RER BERBAZT FRY- MR R UER
Bk BKODE KER-LE KIUREELER MMOKEHRT

ER/N HAOKRDHEE HFE-EE MR- £ EE- K- KRB L KEEE

KE Fll SATFMRE HE-BERKRTEE KRR SREDAE

EHE - TERRERVRE 8

X —iRERE EMFORE-LihH EBHHRE MR- BKERE HEIEE

4.3 ERtEthiHE Fi%

B RB A b — & — % F 7z T SEEBLAIC MBS A B A, MU UL TIR AR IS
DWTIE, TAVE TITHA 2R T T D, REMIZRMEIT FIE L LTI,
ORI ECHFE LN 20 E 24EE T 5 InSAR T (3K 5, 2002 ; &0 - KEF,
2004), @HFKE OPEIRDUZ K > THARELRE (FRERE) OFMER RS
Z AR Lo R, B AE W RREE > (AR D, 2000 ; Matsuoka
and Yamazaki, 2004 ; CAO etal., 2008), QMEIRAIEIC X 2 kA 8hidE RH
5, 2006), @~ v F 7 FEIC K DHERAES), Hd <0 HE RE 5, 2001),
O = HELE T VAR K D AR R, HiRmk, ARsEiinde (5
W6, 2007), @VEEEGELE T V3 MRIZ L D R EIRGESE (FilE &, 2007)
RMENETFTOEND, ZNDOMMTIED D B, IRtk m 58 FE IR Ok 22
AR OHIRITE T H 7200, TR 36U T Hulg A4 IR R C R B H o 4 H 28 T RE
RENREE R AT 5 TR, @O% FHERE GREBB) OZ2ES0meHE, 18
BERWTRERSETIETHY, EhTikE LT, MERKEDMIT
(Matsuoka and Yamazaki, 2004), NDPI Z53fi#ft (CAO etal., 2008) 73% 5,
ARETIE, BEEBAEE ALOS (FWh) I s AN L —%—Th

51



% PALSAR 7 —# % AW T, OMHBEGREGE S RHT, @NDPIL 253 AT X 0 HAREE
iz L7e (BkS, 2012b), BAEMICIE, BEEEEBHIEE ALOS (201 H) Of
BB O L — & —% T, OWEk 20 4F 6 A 14 B A TEIRAREHER C L iE
INBFE LTz Hidsk, @Rk 21 45 7 A 21 HOZEMRIZ L 0 RAE Lzl n BEL i E
WTO LW EERARIL L VS, KEORAERRE, HIBOKMSEORLRS TN
FNOHIR CRAEM A L=, 7238, Z I TOREMICOVWTIE, LA
X5 TWBEIICOW T fREE L TIRD > TWD, £, #ERREEE
FISEZT &2 N HEME 10,000m? PL EOAREEH (LARWFSERT, 2012) A
HATHE T 2 M HOWT Sl &2 1T - 72,

4.3.1 tHRAGREMEDfEIT

FABIREGE AL, KERTO 2 Kl & SCFRTR O 2 O RE G D FH
BRI AR L, TOESMEND, HT R0 CREIC L o TR Z L
T 5%, MIROWEMOENERZ DD THDL, TOEERLZ & T, H
TRY - RHEAREE T & OSSR S LD,

PALSAR 7 — % OF BRI AT IZ L 5 R ot 7 v — %X —4.2 |ZR
SR
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' PALSAR L PALSAR L PALSAR |
i““ﬁﬁiﬁﬁ@uuj L“ﬁﬁiﬁﬁ@uuj L“%%%E%@““J
AL AL L AL v ALER
(B FIA - DA IE) (BIFIA T DA IE) (B PIAF- DA IE)
o 2 o . R L 2
| AR EERD | AR IO AR TR RO
__________ v LS LS
AL 7 AR A~y 7 AR A~y 7 AR
Mean 7 4 /L% (9X9) Mean 7 4 /L% (9X9) Mean 7 4 /L% (9X9)
[ * | ! * 1]

v 4 2 RUNOFEBEREOFHE U 4 v RUNOMHBIGRE O E
[ + |

FRRAERE D DOFHE

E—4.2 FRBIREGESRNTIC X 5 B~ o —

Fig. 4.2 Detecting landslides by the correlation coefficient difference analysis procedure

4.3.2 NDPI Z=5fi##T

NDPI  (Normalized Difference Polarization Index) 7=/ fEATIE, RIEEFAETD—
FIETHY, EHTOREEEE LT NDPI= (HH-HV) / (HH+HV) Z#HW5, i
%, HH (EZEVPKFERR) & HV GREDPKERR, ZENEEREK) Omf
FEOREAETREINGHETH Y, Hd <0 OREAEIC X - THEAD RS
AT 2%, MEBOWEMNPRKE B LTCHGITT, EZaE (HeHE) 23K
REAERY, FRICEY, #IT Y - REARERETT & ORISR ER SN D,
PALSAR 7 — % @ NDPI 2253 T X 2 ARt o 7 1 — 2 [ —4.3 1273
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| PALSAR | i PALSAR |
E #SEET miRO i L @ﬁ@;ﬁgg“"
___________ B —
v WL AV JLER
(@Mﬁ#@ﬁE) (@hﬂﬁ@ﬁﬁ)
| "%ﬁ'}léﬁ'éﬁf‘ EEED | s %ér'“"}%@"":
_________________________________ *_ [ — )
X“\/&/M&?@Z Ay 7 VAR
Mean 7 4 /L% (9X9) Mean 7 4 /L% (9X9)
v v
R Le A 1Rz by
NDPI=(HH-HV)/ (HH+HV) || NDPI=(HH-HV)/ (HH+HV)
__________ 2 N _________,
| #9RT NDPL gD | Bk NDPI Eifg® !
| o e e o e e e - — | ____________ | o e e o e e e - — j ____________ 1

NDPI ®Z=/ED

X —4.3 NDPI 20T & 2 prsEsifhit 7 v —

Fig. 4.3 Detecting landslides by the NDPI difference analysis procedure

4.4 BREKEO~DOEMA
4.4.1 £/ 205E 6 A 14 HEFERWMAEHE

Rk 20 4 6 A 14 B FENEEE (LUF, SFEHNEIE) Lk
ENRLH L0 BV DY 2 BIRIR AL & 5 Te MU A Xt 1T, MR O R BLAR
A L7z,

FEFE RO ARSI O FHH O 72 D 11X ATREZR R W IR O BRI,  [H. 1% Off i 0
WHAGDOETHODLIZEDREEF LW D, HHLHEEBOREDS XS
IO LB L U, MHBEREBGESITIL, REE—F, 7777474, Wl
EHEDOENZENNE—THDLHER 2 >—, MEHZ 1 > —VE2RE L,
NDPI 253 f##71EZ, HH & HV OfREE— K THY, 7>, 77 17, #L
BEREDOZNENNFE—THLIMER 1 > —r, HEHK 1 v — U 2=iE LT,

1) TEBAREE S AR
[FRBEPRECE S MRATIC L D HhiHAE R &, AR E O IEM & 35 [HEE
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DORLZEFE ) BYIHE LT GIS 77— 4% | 8 X%E, X—4.412757,
AR S R 2, X —4.4 IZIREATRLTWD, Al s LTl L 72K (8
DAy ald, BA Y Y2 OMBERBOEZEDOFED -2 0 2 HLITRE L
TLLEWMELZBZ DAYy 2aThb, £, MEEEHFD OHE I AR
WE%, X—4.4 TR TRT, M—44 F1C, £ TFol)ll ERod; 7 ik
A O UT- B, £ T ORISR O KRHE ML, SR T
HONIKEIZFEMTERY, KREBRARENES L CTHA L& RinE
TETW5,

LA™

s [ REERMT AR Y
. bl

Al
— R
METEHF
— HARML

HHIER
#iLH Y
AL

-

—4.4 5T RN EEEE O HBREE S AT

(L1 H :2007/8/29 + 2008/5/31 + 2008/7/16, 7 —4# X MEAN 7 4 VX% DT — 4,
10m fEMRFE, WifRIZT <X CFBS, HH, &7 F7 4 7343 , T4y T 47, WA
L~ 1.0)

Fig. 4.4 Result of landslide detection by the correlation coefficient difference analysis in the area

affected by the Iwate-Miyagi inland earthquake
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FEEO B A RITIC L A RIC L VIO TWE N E VS BLEND
KELOMZEFTE ) B LTZ AREMALE 2 Efg & L, AEEHEDORY 32

HESNDOREMN 1 Ay v aTHLERDILOZRHTELLELT, HMEE
EHFAE RN OE LN E E L LB E0OEMERE R —4217T, £172,
W DR B Z TN 2 72, FRENTIC X 2 S R0 RO fAsi 2 2 2 TV
HMEVSBLEND, BEINDAREM (BFEMAEE) N1 A v = THAEE
MEORY T ERDHLOZEH LI E LT, SAR HEEHNTIC X 2 RS
D AAEEHIEERR R A R —4.3 (T~ T,

FK—421TBWTUE, 20X20 A v > =2 B DL O BRI CTIL, MiaE B =24
PG R B LI fEM A E & L7288 ORBIREIX 100% TH 5, 10X10 A
v ¥ a MY DL ORI T, M2 BSR4 S VT f & 1
& LB OREERIL 602% TH D, —77, 3X3 A v i = b0 4RI O FR R
B CITEBR DO BB O LT, BB L 2 2235 5, £
—43 IZBWVWTIE, 20X20 A v v 24 2L Lo FREEEBIA T, SAR BT
(2 X DS R O A EEHEERR R 100%, 10X 10 A v ¥ = F12Y LLE o AR B AR
TUIE, SAR BEHEAREHTIC X 2l RO AR =13 39.8% TH D, 5X5 A v
o = FE 2 R O HA B B C U3 SAR /R AFAT IC & 2l 2R 0 R B R 1T
20%LL T &2 D,
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K—4.2 ETEIRAEEMEE O BILREE S BT OMIZE T EHIEHE R D13 bz fgk
iz 1k & L7oE O

Table 4.2 Recognition ratio of landslide detection based on landslides classified by
interpretation of aerial photos by the correlation coefficient difference analysis in the area

affected by the Iwate-Miyagi inland earthquake

= MEEEHIGGERNCEONT-F
AR E A D AR (D) » nz%s ERDLELT
& L ARIEEL 2 T FFELT-35E DRHER-
CEEERSSIVEE:)) S 5 0 &
>0 .
(FRTHEEH) 1,967 175 8.9%
2100 1,956 175 9.0%
(Ix1$EHLE) ’ 0%
(2X22$E49:'-'f)uj:) 1,395 162 11.6%
=900 n
(3x3tHHLLE) 769 141 18.3%
=2500 .,
(5x5 4B L) 314 104 33.1%
=10,000 n
(10x10HHELLE) 88 53 60.2%
=40,000 ]
(20x20 LU L) 13 13 100.0%

x—4.3 ST EIRPBEREOMBERECE S BT O SAR BIEARATIC X 2 fh S R O ARk
HirRR R
Table 4.3 Recognition ratio of landslide detection based on analysis of SAR imagery by the

correlation coefficient difference analysis in the area affected by the Iwate-Miyagi inland

earthquake

A 1 th T S 0D 354 (m2) B4 N f@gig%ﬁﬁffﬁl:&émﬂjﬁ%mﬁiﬁ

(FHLFHAY2H) HRtES ?Enﬂg%&/{liﬁpﬁigﬁ
>0 .
(FRTD R ) 2,286 176 7.7%
2100 2,035 170 8.4%
Ax1#EHULE) ’ 4%
(2x ZZ’EE“%OHJ:) 1,519 156 10.3%
(3x ngfﬁgiﬁol;li) 1,181 146 12.4%

=2,500

(5x5MHLLLE) 610 109 17.9%
=10,000 .,
(10x 10 F&H L) 113 45 39.8%
=40,000 ]
(20x20 FHE L) 12 12 100.0%
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DEELROFE R (E A @E L, 2008b) ZEn D, HAEEO RN SR
WHAHER L TV, FHBIRBGESIIT D A v v 2 5t E, M—4512577, K
—4.5 O FHDOFAM A > ¥ = ORI B N T, ALFEOR RIS AT 5 63
FE AT RS, [ PR T O SE K] S0m A v v a fEE AR L
T, R AL 10 BELLUT O T O - K B2 2 RHlx St & L7 C©h 5,
3K THD &, T L0, @) EFRO% 7 BiRRJE L O R ST
WD HDOD, FREENET U4 5B HIGERI & i 5 &, #iPHSMNI N T,
EEORER U OEFT N REEM S L CTHHE ST D 2 B ahot, F
FER ED7=12iE, i o ERIERERE O Ei A LB ORI A Ui a5,
B LITHRMIMN O~ AFT U T 2T HMERND 5,
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Fig. 4.5 Counting mesh units in landslide detection by the correlation coefficient difference

analysis in the area affected by the Iwate-Miyagi inland earthquake
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2) NDPI ZE4&HfE4T

INDPI 7250 AT L DRGSR &, FREEHIE OIEME & 95 TRFEZ O
ZE G D FE LT GIS 7 — 4 ) B %, K—4.6 177,
RREEH RS R 2, X —4.6 ITKEATRLTCWD, AR E U ChiH L2 R (@
DAy ald, Ay 2® NDPIEDOESEDNEMED +2 0 2 HZITHEE L
TLEVMEZBZ DA YT 2THD,

X —4.6 FC, FARREESMITRER LR U, KM RERES L C3AE
L7 @Rt cE T g

FABIGRE 2= 0 AT D6 & RIERIZ, W22 T EHIFERE R 15 b V7o fE 4 1

'ﬁf%{Eﬁﬁ-%¢Lﬁm%@
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TieHY
EikmL

K—4.6 HFEHRAREHIEE D NDPI 250 T

(LI A :2007/6/21-2008/9/23, {7 — %I MEAN 7 4 VX% DT —4, 12.5m fiRg i,
{134 ~TFBD, HH+HV, &7 77 ¢ 74343 , 7k 7 4 7, JLEL L~ 1.5GR)
Fig. 4.6 Result of landslide detection by the NDPI difference analysis in the area affected by the

Iwate-Miyagi inland earthquake
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& LTS E ORBWHEER—44 11T, £z, SAR FEMATIC X 2 Al #E R O fA
HEHERRRR A K —4.5 1R T,

FK—441ZBVTIE, 20X20 A > ¥ 2 Y 0L EOREBIE CIX, M5 EH
BiiE R DR O N REERZ 1E & L7258 OFFRIL 100% Th 5, 10X10 A
v ¥ a MY DL EORREHIEIA T, M2 T BT R0 DS S o A & 1
& LT E ORTERIL 89.7% CTh D, —J7, 3X3 A v 2 F YKl O AR
BLCIXEBRO R O LT, MhliEnsmn e 22Emnd 5, &
—4.5 2BV TIE, 20X20 A v ¥ =28 LL EO MBI TIX, SAR BT
(2 K DS R O A EEHGERRRIL 87.8%, 10X10 A v ¥ = FI4 LI o> FRlE i
LTI, SAR E/EAFNTIC & 2 Fh G R O FRIEHEERR T 443% TH H, 5X5 A
> 3 o KXY AR OO AR I BIASE T I SAR EEMRHT I K 2 Fl G SR o0 A B HERRR
X 25% LA T &85,
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F—4.4 EFEIRANFERE O NDPI 240 fEAT O 2E 5

1E& L7556 O

FHIREHE R DT B AVIZ AR

i &

Table 4.4 Recognition ratio of landslide detection based on landslides classified by interpretation

of aerial photos by NDPI difference analysis in the area affected by the Iwate-Miyagi inland

earthquake
MEEEYRERENSBONT-H
BRIRHDEFE D AR S (m?) - :l z
RRIESL HH EihFIEELT=35E DRHE=
CEEER S IVEE)) e i R &
>0 1,967 376 19.1%
(TRTDHEALEH) ’ 1%
(1 xﬂgi@t) 1,898 375 19.8%
2625 1,027 313 30.5%
(2x2 AL L) ' 5%
=1,406.25 .
(3x3fEHLE) 539 238 44.2%
>3,906.25 .,
(5x5%LLE) 214 137 64.0%
=15,625 n
(1ox1048% k) 39 35 89.7%
>62,500 -
(20x 20 #AH LA E) 9 9 100.0%
F—4.5 5T EHRNEREE D NDPI 20T O SAR BIEFEHNTIC X 2 fhHifs R o A Hhsa

Table 4.5 Recognition ratio of landslide detection based on analysis of SAR imagery by NDPI

difference analysis in the area affected by the Iwate-Miyagi inland earthquake

B R E TR D FAE (m?) 124 R BRI & D HH SR O IR
(F T 54230 B R e ﬁﬁ;man -

- &‘c?)%“ﬁiﬁim) 2,027 248 12.2%

{ x%%ér’%zﬁlb 2,027 248 12.2%
(ZXZ%SQJJL) 1,431 216 15.1%

@3 x%1#§(£'§¢> 1170 202 17.3%

(5 x%sg'#%(gﬁfﬂ 142 178 24.0%
(10 x%(; ;Eﬁi'lSui) 237 105 44.3%
(20 x;oafzfasi.ouj;) 4 36 87.8%
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Fig. 4.7 Counting mesh units in landslide detection by NDPI difference analysis in the area

affected by the Iwate-Miyagi inland earthquake
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Fig. 4.8 Result of landslide detection by correlation coefficient difference analysis in the

Yamaguchi disaster
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Table 4.6 Recognition ratio of landslide detection based on landslides classified by

interpretation of aerial photos by the correlation coefficient difference analysis in the area

affected by the Yamaguchi disaster

ELHIFER R D5 D Lo Rt & 1E &

AR ILEHE$|J|:JLF%75\51 ':3 1-FRiE
A E R DR (m?) » nzs >
sy P HRIREK M HhEFEELT-5 =
CEEER I OVEE:)) #ﬁﬁ%ﬁz/ﬁ'ﬁiﬁ&z
>0 )
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0,000 -
(10x10$ﬁé’|lau:) 96 74 77.1%
=40,000 -
(2020 tB& LI E) 28 26 92.9%
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Table 4.7 Recognition ratio of landslide detection based on analysis of SAR imagery by the

TG ARAT IS X 2 Fh HH et SR oD A B R

correlation coefficient difference analysis in the area affected by the Yamaguchi disaster

ARIRME TR DFRHE (m?)

154

SAR f%ﬁﬁ*ﬁl S HMHIER D AR

RET SR LI MR | R EAE
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Fig. 4.9 Counting mesh units in landslide detection by correlation coefficient difference analysis

in the Yamaguchi disaster
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Fig. 4.10 Results of landslide detection by NDPI difference analysis in the Yamaguchi disaster
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Table 4.8 Recognition ratio of landslide detection based on landslides classified by interpretation

of aerial photos by NDPI difference analysis in the area affected by the Yamaguchi disaster
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>0
(FRTOHEH) 723 130 18.0%
=100 -
(x1/EHUE) 705 130 18.4%
2400 617 127 20.6%
(2x2MHLLL) 6%
2900 450 123 27.3%
(3x3FHHLLE) s
2,500 -
(5x5$ﬁéw,u:) 244 102 41.8%
=10,000
(1ox10M&HUE) 96 69 71.9%
= 40,000 -
(20x20 FHE L L) 28 24 85.7%

£—4.9 |L0SFED NDPI 20 fENT O SAR BIHEAETIC L 2 fil ik 5 0 A B aR ek =
Table 4.9 Recognition ratio of landslide detection based on analysis of SAR imagery by NDPI

difference analysis in the area affected by the Yamaguchi disaster
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Fig. 4.11 Counting of mesh units in landslide detection by NDPI difference analysis in the
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Table 4.10 Comparison of recognition ratio of landslide detection based on landslides classified

by interpretation of aerial photos by slope gradient by landslide size category (2007/6/21,

2008/9/23)
st ELT- &S B iR
EFEDFRE (m2) 10EELLTF | 10~20/ | 20~30FF |30~40FE | 40~50/
(FALTZArAv a8
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(3x 3HA2LLE) 14 8 86
32 160 210 116
48.8% 41.0%
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Table 4.11 Comparison of recognition ratio of landslide detection based on landslides classified

by interpretation of aerial photos by slope gradient by landslide size category (2007/9/21,

2008/9/23)
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>156.25
(1 X 1482 5LE) 23 112 144 77 15
194 646 650 337 71
11.9% 17.3% 22.2% 22.8% 21.1%
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Table 4.12 Comparison of recognition ratio of landslide detection based on analysis of SAR

imagery by slope gradient in category of landslide size (2007/6/21, 2008/9/23)
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Table 4.13 Comparison of recognition ratio of landslide detection based on analysis of

SAR imagery by slope gradient in category of landslide size (2007/9/21, 2008/9/23)
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Table 4.14

Comparison of recognition ratio of landslide detection based on landslides

classified by interpretation of aerial photos by slope direction category of landslide size

(2007/6/21, 2008/9/23)
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Comparison of recognition ratio of landslide detection based on landslides

classified by interpretation of aerial photos by slope direction category of landslide size
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(3% 348 BLE) 13 22 25 9 16 9 1
41 38 10
31.7% 23.7% 10.0%
=3906.25
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& —4. 16 i i Hh i Al O AL 7 T K D SAR BHEARNTIZ X 2 fih HHRS 5 0 A B 3Rk
(%) CaTEHAERO NDPI 5 ##HT)  (BLHI A : 2007/6/21-2008/9/23)
Table 4.16  Comparison of recognition ratio of landslide detection based on analysis of SAR

imagery by slope direction category of landslide size (2007/6/21, 2008/9/23)

WRELTARAE R IR

-180~ | -150~ | 120~ | -90~ | -60~ | -30~ | o~ | 30~ | 6o~ | 90~ | 120~ | 150~
”@%"’E PRIRm2) | -1s0mk | -1208 | -oonr | -eome | -aome | om | som | com | somr | 1o | 1som | 1o
>0
) 15 5 4 6 9 20 2% 43 39 38 18 27
(T RTOFAEH)
134 90 123 93 127 187] 224 278]  250]  216] 155 150
112%|  56%  83%  65%|  71%  107%|  107%|  155%|  156%|  17.6%  116%  180%
215625 15 4 4 6 9 20 24 43 37 35 17 25
(Ix1#EHLE)
105 68 99 82 1 177 200 254 222 188] 133 121
1434|590  40%|  73%| 1%  113%| 120  169%|  167%|  186%  128%  207%
> 140625
= 10 3 2 5 8 14 21 38 30 31 12 15
(3x3tEHLLE)
40 32 25 32 70 6] 122 158 139 113 64 66
2508  o4n|  80W|  156%]  114%|  124%]  17.2%]  241%|  216%] 274% 1884  227%
>3906.25
= 9 3 1 4 6 10 17 36 29 28 1 11
(5x 5L L)
23 13 6 13 32 73 84 103 81 68 37 34
39.0%|  231%|  167%|  308%|  188%|  137%|  202%|  350%|  358%|  412%  297%|  324%
>15625
2 0 0 0 2 1
(10x 1048 L E) 5 g
0 0 1 6 13 18 6
_ _ 00%|  333%]  462%|  444% 16.7%
=62500
(20 X 20/ 24 20 ) 0 0 0 0 0 0
0 0 0 0 0 1
— — — — — 00%
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R—A T sl m FE A OERL T 1 K 2 SAR BHRAENTIC & 2 fl R SR oD R R
R (%) CEFEIRPNFEED NDPI ZE5f#4T) (8L H : 2007/9/21-2008/9/23)
Table 4.17 Comparison of recognition ratio of landslide detection based on analysis of SAR

imagery by slope direction category of landslide size (2007/9/21, 2008/9/23)
KR ELTARMH AR R

-180~ | -150~ | -120~ | -90~ -60~ -30~ 0~ 30~ 60~ 90~ 120~ 150~

ﬁg*jgﬁjﬁzg) -is0f | -120 | -oo | -eor | -aom | om | aom | eom | oom | 1208 | isom | 1s0
o &T;(L..ﬁg ) 12 8 8 7 15 15 29 36 37 34 25 26
149 130 121] 138 156 198] 229 280 29|  207] 163 167
81%| 624  66%  51%  96%  76%  127%  120% 1284  164%| 1534  156%
215625 12 8 5 7 13 15 29 36 37 29 23 25
(Ix1/EZLt)
115 104 87| 119 136]  187] 199 258]  246]  178] 143 135
104%  77%  57%|  59%|  06%|  80%|  146%  140%|  150%  163%  16.1%]  185%
o ig:'ﬁb 8 5 2 5 13 13 27 32 35 26 18 20
45 36 31 50 74| 116|123 19| 150|102 69 78
178%|  189%  65%]  100%|  176%|  112%|  220%  201%|  233%|  255%|  26.1%  256%
s is*ztg'ﬁb 7 3 1 3 1 12 25 32 29 21 15 16
23 12 8 19 4 65 80 106 86 58 39 39
304%|  250%  125%  158%  250%  185%|  813%|  302%|  837%| 3624  385%|  41.0%
= 15625 .
(10x 104 L L)
0
— 33.3%
> 62500
(20 % 204824 1 +) 0 0 0 0
0 0 0 0 0

By AR & B L - 2E T BRI R,
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B EYNEHE, @R 21 427 A 21 BRI EATREEFEICB T,
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Z Ot R, FHEMREGE S BT I & OVNDPI 2543 BT & &1, 1ZIFRFE O
WEZAELTRBY, MEGSEHGEREN OO N MEEZ L LIZGEDOR
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SERE ORI, B fREE SAR f#52 TerraSAR-X OB AIFEIZ XV, HFEK 30km,
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5, 2012a),
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PHEREOENFIEE B bNDHN, B 12 BREIZBIT 2 KEMISIT X
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IR E A ERL L, BUEEM R D E 7R 5 553 RRe SAR fr 2 OB, /e 2
AR OBGZ - T, IR EIC ISy T )3 PAZE & T O tRERMEREAG 41T ©
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Fig. 5.1 Features of SAR sattelite imageries and range suited for imagery detection of landslide

dams
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& SAR BB DR, ERLOHFET REHBNRS AR E 2, HEFROBRORERE
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=51 ¥FEF=v 27U X}b
Table 5.1 Check list of detected landslide dams

O : i AIRE, A FIHIIREEZD & DRREFGEATN D, X PRBFTEA R
R FryoEH  [HEEE SFif
RSB RSB RO RSN D
A Bk - E FAROAERELAT BALIREZ TS

- L BUKEEDATEEYICLSEKTIEEN D
e , SEKEEEICRENRET BESLREEEET BN
kil HEDE EDRE L REA R T AEEDRNENEN %
SRR EEENEETE SN
BEE CEREEDICEEICLD VR — LA —A—ZERTE DA
fife CEREORREREAAICHLAIKEA>TVED %
i T BEEOTICRERRIIRERSN DL
JIE o CHENEOREFAEAEALEELTNSS &
[£3 CERIBA NS FEICA T TR LB IRETES
BT HEL R OIEGE T REESL TS
GrIEREE) STEFES XA FBERE T IR ELT >TSS
SAERAZEED L FRISEKBRIEREESA TS
BELDECEAZORRKIIERSNS, &
HRiEiEE SAEFAZE A A T DI ) R AR A
— CBRIEH A BREIREORE R IR ELERTEICEoT LS,
EISEICH SN DRE A EESRE— o TN &
ITFEEE SRk BEE - BRIDEONBEERCRERSTLLD &
- ED D BB LD

AL E R R

Rl EYAEEIN TV ALK RGBS B
¥
5.3 B fEeEe B DR EHEDRET

T PAZERE ATHIBE OO 72 0 O i iR FE SAR IE DR SR MErT 5720,
RN D72 2B E M T O &y fReEfT 2 TerraSAR-X,  COSMO-SkyMed,
mmmmma@@@mowf,ﬁ%Bﬁmﬂaﬁﬁmz%mi5%@¥%km

(231 DB PAZE & AT I kT LRGEME DR 21T - T2,
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VY, BB AT o7 (F—5.2), BHEC I B SR AT E AR A SRR L
NELTWD 17 @ (EH 2@ EREE, 2011d) @955, HiR O Ok
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A®, 20, bk, =@k, LHAEFEEREERERER (E 152
BEOPES, 2011d) FOEFRES) ThH D,
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VB LR DML OEIINIAHBZFR LTo~ A 7 v RET —4 ; TerraSAR-X -
COSMO-SkyMed (FALEE L ~)L4 GEC, RADARSAT-2 [FALEE L ~)L4 SSG) T
b, UTFIZZENZNOHEMG, KO, BEEd 25HEEBIZOWT, AT,
No.0 [Ef4 1, HJE 12 5@ E % D TerraSAR-X i (AR5, 2012a) THY, =

G COHFA R EEREOBRE L, hli{g & o217 5 B o AR
L7z,
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1) L—F—EHmDOEN (No.0 & No.2, 27, 3 DkiK)

FEAREE (No.0) (XL THLE « P& CHL Z Lann, WmE S (F
ITHLE - FEME) OB ONWTHEREZITo7z, 7235, JATHLE - FfTHLE T
IIREREN R D, 20, EAREBORFEIICE £ 5 EPHEN E
ZMEFET D K 51 TerraSAR-X Ef§ 4 3 FEIHUS L7z (No.2, 2°, 3), 7235, No.2’
Eif% X No.2 DEFRIOEBR TH 5,

2) AHADEV (No.0 & No.d4 D)

BRI (No.0) 1XAS 39° THUS LIZEE TH D2, AFANRERLY
BN THERBZ AT 9 72912, TerraSAR-X TASHA 21° (2% E L 72 Hif% (No.4)
UG LT,

3) BrHoEN (No2 & No.5 DKL)

FEARMHE R (No.0) 1T TerraSAR-X Hi{ETH Y, X v KOESEGEE VTh
%, itz B OmEHAMEIZ OV THERE T D 72012, [FERIC X N REaeED &
Y TH D COSMO-SkyMed D (No.5) % HfFL 7=,

4) NUFR (EE) OEWV (No.0 & No.6 D)

FARM B (No.0) 1% X N> FESREE o CHAG L-miB CTh 523, i
¥ RCHES L7258 O A DWW TR T 572018, C N> REafighet o
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FEARE N (No.0) 13 3m fRRECTH DA, Zh XD L@l /e 723
BN OWTHER T 272012, 1.7m 53 #RED TerraSAR-X [Ef% (SpotLight [#j5)
EEAF L7z (No.l), HEERIZOWTIE, No.l HEifg LR U L—&—WEHHTh
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FTo, FEREMES RGBT OV T R LT 9 72, RADARSAT-2 O
m\f (No.6) ZVUH 7Y 7L, 8m fREOHEIEZIER L (No.6'), No.0
H {5 & D 21T > 72,

i 5.2 $ 1%& LT@%EH‘LA gq&ﬁﬁ%%#

Table 5.2 List of results of evaluations of landslide dam detection capability of each single

1magery
ﬁE TerraSAR-X (COSMO-SkyMed [RADARSAT-2 [RADARSAT-2
Ef&No 0 1 2 2 3 4 5 6 6
[ A=] 2011/9/5 2011/9/20 2011/10/6f 2011/10/6] 2011/11/19 2012/1/21 2011/9/10 2012/1/10 2012/1/10]
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(LG A E i & 6] ] & 7 ] & EE i % L A
DMREE 3m 1.7m 3m 3m 3m 3m 3m 3m 8m
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| BiFiNo [BFT8 |Ef#tha) |HhE EC )
R 20 |FE 32 o) X x x [e) x
R 11.8 & 31 @] X X x o) A
A 52 |4t#& 33 (0] o x O (@) x
FH 8.7 |dbE 38 [e) x X x X X [e) [e)
REY 19.5 |4t 37 [e) [e) [e) [e) X O (@) X
bits 28.2 |3k 37 (0] (@) o (@) X (0] (0] (@)
EXd 33.7 |4t 35 [6) o A (@) O (@)
BHR 16.9 [ 36 x A x A
[ 06 |7 36 x x
k143 5.5 |FAEE 35 x A x
=# 6.3 [t 36 [e) x
ST i zE B EES SfERE WA [RAAE [REAR |AHA £ YiRE [CAVF o Rk
[ER] e 11 3 8 1 5 9 8 7 7
fe) 8 2 4 0 2 0 4 7 3
A 0 0 1 0 1 1 1 0 1
@ x 3 1 3 1 2 8 3 0 3
1BEA (0+Q/D) 73% 67% 63% 0% 60% 11% 63%) 100%) 57%
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Fig. 5.4 Comparison of landslide dam detection capability of different radar angle imageries
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Fig. 6.1 The flow of estimation method for maximum damage by surveying with SAR

artificial satellite imagery
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&—6.1

FHBIFRECESTMREHT - NDPLf#HT OFSR D B3RO b o SMM

Table 6.1 SMM calculated by the result of the correlation coefficient difference analysis and the

NDPI difference analysis

A iR 1 B R

B 1 B FT

0

XEs BRFE  prumm(m) +tHBBEM) EEHEm SoE  SWM
HE R B E AR 40,000 348,513 100 13 8.66
EFEHARE RESR
NDPIfZ T 62,500 665,668 100 9 8.78
HEA R IR E AR 40,000 348,513 100 26 8.96
WoKE
NDPIfZ 4T 40,000 348,513 100 24 8.92
F—6.2 EfiEARE SAR B OHFHE R LR H D SMM
Table 6.2 SMM calculated by the result of interpretation of SAR imagery
#HRT® miE (ha) TRBHE (M) HEZE(m) SMM
RO 20 127,563 180 7.36
RO 11.8 1,672,864 180 8.48
20 [6) 5.2 509,843 200 8.01
FH 8.7 1,075,312 230 8.39
FEX 19.5 3,465,628 440 9.18
DitAS 28.2 5,916,882 570 9.53
ET 33.7 7,661,170 330 9.40
=i 6.3 673,404 180 8.08
£ & 9.91

F—6.3 KEFBELMEFIED SMM » EWREFEA S —1LDOHT 3 —DH#g

Table 6.3 Comparison of SMM and SDS category calculated by disaster records and proposed

method
e . . KERE REFZ
NES B SMM _ AFIU—  SMM  hFIY—
T - FEB R EE R 8.66 I\
5% fth =
EFEHWAREME NDPIEELF 10.37 Y 678 v
. HRAR S E D 8.96 I\
inses NDPIfZAT 848 o 892 IV
REEEKRKE H 5 10.46 \' 9.91 \'}
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