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Atmospheric Radiation
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1. FU&HIC

CNFE TOBIEHNICBIT 2 ERHERY OFEL, 15864FE K IEHE 1235\ TR PE IR B s Ttk
END o 2RI S N W22 e s CRERFHENIZEAT, 1981 @ T3, 2005), KIEHE
DEWDORBOREEXELE LTHEMBINTEL.

L2L, INFE COME TIREETO®» M2 B T8 1000 FHi &% 5300~5600 ERTO A X b
AR (HEMHER L E) AP RO SN Tz (MFES, 2012). S0/, [AARELE - 3k
L7027 b O—BE LT, WIHROHETERMmEEEHICE VT, 1586 FRIEMEIC L 5 H
WDHME, FIL0004FEHT D A N> b HER O ZER &t R #50004EHi O R A X2 FOxfltZz EHE L
T, B OREZIT- 7.

WP COPFE, BE, FiE NME SEBBIZBWT, iR v rReEEe R e Lot —
Va7 R=) TR, 7, miE (B - EiE ) # XTIk, ACE 74 F— 2 HWwTiRE
Sm EEF TORBEZHRILZ (K1), &512, Wik (FEH) <&, EEIO A N MEREY OBk
HETH 2O, ML TR L. WEEHOMRAE T, =E OO E RO HIE %
RS 2 HER I, R R 1 N MRS BTz,

2. BEMXOAEBE

=R (EE) X BEOREOERT, FENLRALED OE>NEK B (RK) OHPERE
ICEE LA CHAEZITo 72, ZOMR, 3~ ABHEOA XY MERYOHROONT. T b, #
5400~5000 FEHiDEM 2R A N MHEREWIE, G hOEE O S H D A X ME (EIGT)
DERE—F L7z, T72, RBEHO2~3BHED A X2 MEEWOEMRITFH600~3504E/ 2R L, 2D
LOUBROWEIL, HikR £ &h, MEMKEORE2S, #l2rs b7206 ShizZ LA HET
H5.

E (BE) X BIEOEREOTHR T, HAKRM2 SR (RK) o BEREIZEEL - Fill
ENDLHBTHELIT-7. ZORKE, BEXN 92m2HETOBET T, ARELHEE~T v Mg
PO INTEDY, 2~3FHED A N MWD bz, T b Ot~ v MEofRERIL,
#38000~1000FRI L HEETE A, TDH L, EER 75mIZIRIET 2 HIKO L VWl b kg 13897400~
75004FHI & 7R Y.

ERE RFE) X BEOEROERT, AN ZEDL R VEOMIEEESE 2 /R #A THEEZT- 72,
BEOE T 5 BIER25mEED AL i+~ v MBS L, Zh s oHERERIZ, # 6000~

* MR
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1500 SEREFEETE L. INHDOBHED S IZHBE R 4 X MEEWIIFRETE b o7z,
ERERREOWRTE T, EEEROMKBOMRERSICBWT, BEEED 1 X2 N ERY A5
L, 209500 OTEERECTH LWL E. L, SAIRRELLETTLE b0
A XY MR AT L 2R RN AL L 22 R R & SR MR 5 &9 BB CIdAR {, R
NED B E L CHEMO—ERIZ5M LZTTREEDSH ), %0 20 L) A TORENLETH 5.
=ERT AR E RO ML AR T 20 E % > v NEORBH I, HEERRO R SHER S N5 EIE
20~25 confEFED A X MEREYARD b (K2), 4 XY MERYORIEOREE IZ35mIEE T, 4F
#1300 4ERTE Z 2 5N 5D, HRIZOWTIIRE & @I X AWM 2R 2 LB D 5.

M1 WX TOACEZ A1 F— &AW RE M2 =EXOBEREICAH SN D1 N MEEY

3. FIRAXH

FOLRFHENIZERT (1981) HAMESE. 1, 138-139.

FEFERT: (2005) HAMES R 58 3, 57-59.

BIVUE T (2012) “Pk 23 SERALH YT AP R O MR 2 B £ 2 72 E s~ O W EE B K OVEE R O 28
BT 5o ) LM I T 2@ EHERYREO®ERICO W T, http//www.
kepco.cojp/corporate /pr/2012/pdf/1218_1j_02.pdf, 83p.
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1. [U&®HIC

KINERZIZ0E, REO KIS AE I L2 S L, A - R IER 2> T X hEh
ANEGEfR SN, RS L. 20w, WERKEOMBMBERIIAMNIZEZLT 22 EFMONTwS
(Newhall and Punogbayan, 19957 &). 452 AR N ETRAT L2 H I TIET IV DR S D
A3, BECRIRIIERE O K ILE G 250 TSI HERE§ 5 720, BHIZEEM (Ve 7L —) DIRBD,
WL M 2 N B &5 (Kuenzi et al, 1979; M2, 2011).

R B RSEH AL = W Z R 2SR 2 7V & 23385 % (K1), R0 E, S8 2 Xl
TdHh LI - LERBINDPHFES 5. RO TH SN H, #E325004F O I HERE L 72
KB HEFED D EHHERO b n 2 &R (1L, 1998), KTV & MoK 2 7 HEEW 2 513
PESGEIED A X MERY OFRESHER SN TV D 2L (B2, 2014) 2260, BEHTEMICE
WG, ARTRE R S E TIZ D RAEEE O RKEDO KL ER A Ry MR E L IIHEETH L.
ZO72%, KILERE A X2 N EREITOV S OTEBGERE SRR ORI ERY], AR & OBfRE
WA 720121%, TNy 2T % HE O &7 RET L W E OB S LB TH 5. £ 2 TRIFET
&, BEITIV S ONEEEEZEET 572012, KEYWHEEEDO -S> TH LML — % (Ground

(A)
Jﬁ}ﬁVﬁﬂm Lﬁﬁffmﬂﬁﬁy

- MM

ZEARIL

)

1. (A) AEMBEDOBER. (B) RiMllIT IV 2 EGPREENME (K+FXH). & BERICIK, ELtIERT
DELHE ZHu 7.

CRREBRFLEY AT LB
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Penetrating Radar, LI FGPR) ##& %1772,

2. WEMIEEFIE

GPRIEATIE, M2 RGN (RWEST MHz ~% GHz #21) 2% E L, HERAL T
B & O SRk % 52453 A GPRISTHNE HERR S R Jg e B4R 2 U3~ 2 & & ASEEBRIICHI ST
(Bridge et al, 1995; Tamura et al, 2008). JT4F, HEZFOFEEMR LIZX D, X0 B2 AR A ER
TE, 22, KIUWBY % RS - SR 2 2 K EC WO H 2 HEEW TH, WP SR AT
BBCTHDHILHRINTWDS (Gomez et al, 2012). ABIFETIE, RBNAFEHABNIZ TR A T 2 H# S
DT NG 7L —r 1T, GPRIFEAZFEM L 72, WM 2 BWINER, AR —TURI 76 71012 340m AL
AE L7z (M1, 2). #R4ridSensors & Softwarett#Pulse EKKO PRO (7 > 7 5100MHz, 7 > ¥ —
v RAL S HI1000V) FHWTIT - 72 72, FAAEHIS TlZCommon Mid Point (CMP) 2L V), Hir
TOWDIEIFRE % K72, LFRHIZ008 m/ns & L TEEE2 SGPRESH O KR OFEE (m)
TE L7

ZCﬂgm 300 m 340m tHE— ca.20m

PEVAIN

2. REINTIZICH5GPRITEL. (A) BIFRR340 mefkD( X - (it 1 1#85=2:1). (B) AEME
0-80 mET ((A) DEEAREBS) DAEEE (- =1 :1). LU»STRICADL > T, FTHRESS F+
FIVEE, 74Ty PEBICKATE 3.
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3. ®¥R

GPRIFTIHI 2> 513, 10 mAEE F COMEDPHETZ 2 (M2). & IZTimimDH 0% 580 mTid,
ZOWNHEEDFENDPHEZETH D, £ T, LI - FE - THD3IDIIXGTE S (KM2)., EHIEE
JE0 -3 mfEEE T, AT OKF) OREEDSE L, HHEUIEES3 -6 m T, TITMOF ¥ A VIEREET 5.
THEIGEES mUET, T () BNCAA2 U Tl0-200 REME 7+ 7Ty MRER DL, ZDXH %
WIEE DSEEL, TV Y OMHINORIHE LR ED D, TV O, RO R HEE & B A X
VN EIZE D RIS & OBREBEFT 5 7-0121%, TV BRER T L HEREY O R R 2
ErESBHLNIZTAVLEND S.

SE 3
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3) Kuenzi, W.D,, Horst, O.H. and McGehee, R.V., Effect of volcanic activity on fluvial-deltaic sedimentation in a
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1979
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R T OMFRIE. WD AT 4, vol 14, p. 1825, 2014
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Geolology, v. 248, p. 11-27, 2008
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117%, p. 483494, 2011
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RIEEEFEEF] HERESH

BHARBRIC & D VR L7 HRIR DS 7 7 7Y v 7 OFE (FH#R)

MEK OHER - ORH AR - MR

1. FU&IC

BRI DR B & 2T THERE L 78113, SRkl & N TN SZRE S 2B (R F7 7 7 ) v 7)
RO, ZOZLIHETOR T 7 7T v I OIS, R L 72 LSRG T i AUk & e
TE&LTLRRLTVE, — KT, WHERERTEXHCCRT 7770 v 7 28T 5 HEd L a6
NCTVD, WR77 7y 21, K177 7))y 7 LRABOENZFO L SNTwD. — 5T, ifFK
% L7 HERE M TR R 7 L ST A2 2 E SN TV B, COR T 7 7Y v 7 ZHlE
L7zwf7eix 72724 7% (Wassmer et al, 2010 ; Schneider et al, 2014 : @432, 2014). 72,
L3 LH AT VAR EICK AR LTHAT 2HERPFHON TV DI TR,

Z ZTARBIFETIE, BIKEE CIER L 72 FEIROBES 7 7 7)) v 7 3KF7 7 7 v 7 Dproxy & LT
HRTHHON, REEOWAK  OFHOFRMIMTH 2002 HET 5. €0 LT, BAHBHER
WaHCCTHEREER L, @577 7)) v 7 OREE R~

2. B#tERE

ARWFZE T PFIBIRZAER T 5720 I1ICR S 1.8mO K &2 () L7z, SRS IC IR ILEM R 21 3
DRIRGZIREERS (4-8 FP), B L OMIBTRELIX & BRI A 5 BRECL 72201 L4 BUAL b 7 A o
WEHEPMRMAMEH L. 70— FuE, BAOEE2SMOENTwE b0 LFEE (BXZFr =
08-13) & L7.

EBER, TERO LG58 cmD MR 53 cm#FEIZ7 cc 7T AT 4 v 7 F a— T E R TEYIAEIN R
W IZEEICE LAAK, 35 X 1517, FHSEOE T MARELAE 2R L 72, 20k, WK 7779y
7 OWEERAT, RRGEFELN (K ), mHE#EEL (K ), B L URM#ERES (K ) O
BRERET. KT 77 7)) v 7 OWBIEED2DI40 DK (4-7 1) oM EEEER L. 4

IyF—vaviAr7T)r—yareilELz.

3. MRLEE

EBROMR, 65, 850, TRUEMKEPHEREY, B X OBRHIEEHERY TIET RO VK
o5 (EFIEERIZa(p)a()) 2 HN7205, 458, 551, BLOTSHOSMIIXESDEHE 0o
72 (Fig. L5511, 854, B X UOMFRMXERMEEYOA T L4+ 70y MROBIZRT). L6
T, 85, TRIRHXE MR, B L OHRI IR ESERY TN S, 451, 55, BXOT
FRNIMNMEEZ R L7z, 208, RO HERETE % EH A 2 B2 THIEER 1T > Th
e INS DEIIZELIZR SN a o 7.
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B & VBRI XK HTEY)

K O3HDNTDEDECA-TFHORF 7 7 7)) v 71, EORBIIBNT ALy 77—V 3
YHFEA LA OKEEOFANST) IZER L7z, SHICHMEETOA » 7 ) r—3 3 v &2l
L7zkZah, ElAM Giho Lii/im) ICEFLTwiz, 2ol ers, K777y 7i3mn
Mz LML TWLZERgror. T2 n60mbHERIZalp)al) TH - 7.

K O OFEPE AR ISHBEBRD S 5 2 E AR TE 5. 72Standard ErrordfI27 H
95 &, e L Standard ErrorlZIZEOMHAFED Sz, 20 2 LMK FEHI B W TEHlE
BREDFEAKE V20D, BAIIELDEDE L2 D EEZLNS.

—%, EREOFEBEMEWOWK T 770 v 7i3alp)al) ORI Z DL, EHROBVK D51
ZRL7z. ZoOZEIiE, B TFEOR RIS 2 201 14F R AL 7 AR AR 12 & 2 Y
LB LD A Fr > T2 L R RIEL T 5,

4., F£EO

- BB O AR E <, Standard Errorfli7i1-2 % LT O TIZ, K O5A IR WEREREZ RS

R T 77 v 7 DR IR EROTRNAD T E =B L T aWwEE T, MieiIicsdi s
IeRF 77 7)) v 7 RIRLT.

- EBEOERMERY & O CTES 72 PFRIROBR 7 7 7)) v 71d, BHEROFVK  O5fizmL, B
FitkiZa(p)al) ¥ 1 7 THh o 72.

5. ZEXWk

Wassmer et al, 2010 Mar. Geol. ; Schneider et al, 2014 Mar. Geol ; #4375, 2014 HERLHF.



BEXEMZRP] KERBENTSEF

WX O b7 7 ERHERIC X 2 KB L2 8) o fi kT

N

1. FU&IC

FAH AR R O MRSy, & ICHIERAEICE ST 2 MEMERL, BiEefrsoT AL
F—FTiEn <, BAMR WL O OREHIEES H7:5 SNTwbY . HRMRES OIS A Iz
DOWTIE, A%, fLEE B2V ODOHNEZ SN TVLA, BIREHFICE 2 &, Rl o kS
DT L 20, S OITEBEM O KM CHEIEE A S LB T SR L-EE L
ENTWVD. F1~E3OWEEDEERYICE LR > 72N TIE AR VWO T, HESKOY S =F 2 —FOKE
SUZHRT, 4 OMEHOHRENZNIZIERELL LD 7-DOIEZOBHIZL 5.

COZEERMLT, BHEREOSA L, SFREH~EHR, &R~ KR - AR
S L, BEORREYPEROND. MEilES 7 7TEREBEOR KRR T, MEANMER L BE S D HE
WAFIET 5 & UL, iU, KREEEHRBEIOSMHIZE, R) % EORBPRONLIZTTH
5.

2. @BEOEENZVEAMRICE T ERHRRIFEES

HEE, AR T L — MERBERMBEORRBEE IS L T H7eeETr VERELZ. 22T,
VR NT R 1] & 45 R AR Bh & JFhike 9 A pEIs, Ik A b T A IS, MRREEI Y 72 5 3 HEIC A Tw
BH, T ZTIE, seismic-heqd A1 & 7RI ES) = Hhike 3 4 SHBUCEH T 4.

17074k B £ VISS44E LB O FERHBIZOWTIE, HEES N TV L EESAZ EE D LI
seismic-b.eqASaT S 41, FEKHIEE Dseismic-b.eqlIBETEIZE TA D AA TV o 720 REMEDRK Z W
Z b, DR EE Oseismic-beqiEMUE T TIdFEARMEOZN L) HILITME L T2 &, ZHEE
WL E Dseismic-beqlIREFFME CIIBEZ ICHEAE LTI o/zoZ b, e E OGS ErNT. Tnd
DOWHEFEREDS, il b7 712817 4 EKHME Oseismic-beqld, FaMME (19444F 5 R il HE +
19465 FlEED ) L LZERIMED "MK T, Z15 Dseismic-heqidlT & A EELR S, H
i THh L & DRFLAFRE S N2,

U EDPGRAIE LW e $5 &, ZHEDseismic-heqDEIZRD L ) ICHEE S S (K1), K1,
I OFigbk Figb% MM L L, WA E & AR 2 TR B ICE 22 ¢, —KoBXIZE &
Db DTH 5.



OFEHE
QEXME
ORHREBIHE
DR EENR

B EXMECRBUBERDOERREEE A (REF> &) FR)

3. MMEORBEBREE EARBRLINBIHOREME

TAEEMY (2 & B8, FK - RBOHIEE I X B R AR B L, AR U O~ L ALR RO R D
EHE—HFICER L TWA LI ICRZ .

FARMEIZ BT 5% BIE TG & AEHILEIRE R O i, w02 5 OmEHORE (& <12,
REBTAR)TANLD) 20 LS, BREERBOBEIL - KRamn - it (FEsElE) 201103
B HIENT O T GGoR) EHEHO» 5130 LN CTw b, OOEROEEROY, #E (2012) »4E
W3 5E91, O6FEICELMEEICL 2 BEMIEOLE 2O, BHICHEM TR 5 725w
FEOLELROY), FETHI LIETE RV,

—7, FAHEOVMELS, WEQOFEL, w5 BT ALLA R HIH LRI KRS b KA 72
ThHHD5, o, FHFILREEIOWLAN, SHEOMERRAN, #EERHNFIL, SHFoRELL
I LTW5.

FEHEEIC B 2 LR E oLl 4 PRuLboiE, BREOBBLEZES, hes - &
Rl - i (FEL) - N o R, BEIFRETREIT O L, SRR oM AR E 2 2,
HIEIQO B A EHEZ - L b,

¥ 72, ZBEEEHE I B A S RTEHA IO ERLILAER EEM TR, BAEo My VT RD,
EOE - HUESEI - AR - RIS - IBERILORE, BRSO BBEHICIE, SO>S0
FEMREE D & &I k572 THAH ).

B, KOCEEEI TN RIESE L, BEORPTEL ZNEIEE L 2w olk, o
seismic-b.eqSFFEEFHEBIZ o T W & & BB EICEEEHLOTHADH. ZWTH,
ERFEIIREZ 275, ) REREI L2V

51 ALk

D HIF BT &8k B - RIMEZ - PR - SR - REUATT, 201 14E LT SRR R
DIRGEE), HWEESE2E, 64, 169~182, 2012

2) W=, FEilE N7 TERME—ZOBIEOMEL V) —XIXOoWTOH - hE 2 —, MER2EE, 24, 97
~116, 2012

3) LEHIEZ - FFEAK - BH - BRIEGEN - REBEIE - Ak 1 WERMER I X 5 KB R BE R
WSRO AR, P2 E RS B A R PR R SR A, A2~A-3, 2013
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BEXEMZRP] KERBENTSEF

B & B D BIFRD O AR A E) &
ek GER) - WE GER) oMl

e

1. REXEOMRIE EFEORE

FHE R OB E AR BT L T, ST RE 2 i MR O B X ) RE BRI DWW Tid, KL
B T E SRR D 7 { AN LRI E ST 5 L v ) O —fRINEINTH 5. FiED HiE
R Ui E OBIEBI S & X, OB L HE OB % 5 2 % Gutenberg-Richter Hil & [F]
DOBRAS, IBEOBELHHEOMIZO Y Yo 2 L fF s NG, REEORE, U - MW 2 65 2
S|RARBUED FIEEIZIZ ERDH 5.

C 2T, HEEOFABEN) I, HIEBELS (BRI TRE) ORIEL (=logS) & & bIZIEHM
B D EERD.

logn(I) =a=b - I (I =logS)
FEP - ORFER (M2, 10(2), 1989) 12X 5 &, Hfhald, SR (22 TIIHE) Ol L RuIEOL
SUTRHIG L, #R%b &, REHORALT R e RO S, WEREE, TRIEZ% & 0RO NS
MG LTWAEEZ BN,

b > 1t /NHUGE A I OO Js i AR T AR LR < BAAR,

b <1 @ R HAIE D 1A AR T AR 1228 < BAfR

LTWnaEENTWD, b> 1IEEBHENER, b<LIXFEERENSSELEVETILLTE, M
HEHRE LU CRBEMN IS0 EEZ R L T b,

2. REDOHBICLZHEEMEZAV-a, bEEHER - BB ORF

BiE - B, FRIRTEE, E - U, ST - EEIAEE, SR ICTEEM ONAE S DD HEEIC XD
S L FHIAENCOWT, HEPHL NI SN TWLHFRER Y T, LRRo@irzir-72. il
DIFNTHERNC OV TIIERE L, B - SEOBRS I E T H S O ICHEREIC SO L) L r
FoTwa0hE%TS. a-bOBREHRLZLONPKITHS.

1) aldfFROBSRHNRIIBOL SITHIG L TWDE E$5 &, HEOBER A i L 7o S
WOHERZNEIE) OT, HEICHEKETAZLIZTERw, —F, bIIREN BT OZEEY
KLTWBEENE, ZUIL20b5T, al b CREROMBEARONL. 202 Lid, WENK
EWVITE, BEMEPIRNTE, DMHEREORHENRENI E2RL TS,

2) ETFRIMEICLZ2BESMAIE, a, bEBITREVHIIHAL, AHEHE (REHE)
DEIEDL NI ERRLTWA, LA L, @ERMICHEREIZIRE (B TVBEOMES WMLV (¥
BEFIRATEZD) SEERBLTWLDTHA ).

3) —7, WEEEIMEIC X 2 MBS, a, bEITNSWHICHA L, KBERE (RERE) o
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E1 a—b DAk

EEHL W (& ITRIVEHTTHE L), 7272, &R HEREIT/N S v R MR AT 5
AICBD D DIk, WIETH O JRATH 7 R EE A S OMEE TH V), MEFHHEIIZIUI LK
ELnwztl, BEPOLEHNTVWAZ EDEBRLTWEIDTHA.

4) HEREE AT O REGAIE, a, bEBICKREVWHIHA L TEBY, NEEHE (RERE) of&
A, L BRSO & 512, dARFEAROETVHE T, L2 d 2EFO M TE L.
5) —7J5, KIAHH B 5 HESAIIL, a, b & bIT/NSWHIZHA L, KHEBHE (EEHE)
DEIEDL . T, WHEORELE L LI, BEFROBBORETHS ).

6) AEED a7y M KT 5 &, [FHURILB AR FENEROMRAETH, W - HARE
FE=RB LD bESRE . UNEEEREOEIE L),

7) FREC, B UBOb A RO KIS T, EERBIIENTE LY bElRE . (N
BIEOEED L),

8) b<1Th2sOIFFMEZRMRFE & NUMHERYTHY, InOORKEFELME Y KE v (&<
WRIDEEHERE I E—HF R & ). ZHUS L, b > 1 Th L 0IIMERE, HAEBTHL (TSI
TR/ BREDS L5 LR \).

9) —f&lZ, fERMEHIB TR 2o, KRB IEDSEE LIC L, RBRENZ . HE
FBixm IR SEREZ TR L T b 7:0, EBIAULEATEE SNz L LT, ZRAVE MRS
NHElT % 2 L3z, RBRENS 2bLEZLNL,

10) HeFEETEClE, E NI & ) ERM 2 B EEEAFEAE L, & AZmNUBERTIIZB W T,
KHE L E - s RO DPETH LR 5.
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BEXEMZRP] KERBENTSEF

WL B B2 e E I RS R OB

e

1. REICITANVEZRESEIMEE

RIS U BT 2 BB OLBORE L LT, WO TRELETE (H5 0 L TEOME
FFBHTOWLVIEIE) BBl S Tn5. Bz, HBE - SEMERORLE, BRI EROR
PR, HE - WIEROIOLE, AF - HRNEBEROFRIR, FAtH 7 AP ERE O FE DR
FTIE, RFD) OMBENSATHLW ETEHIBRN SN TS, ETEDREEEIC SO &) R
FIFLTWDDHh, ZEEEZMZ 5.

Huang, et al V 12k % &, FHATHANO TR IHEESITKNTRENS. S>S00 & &, FHEIZTX
NIGDHHZ ENTES.

S= (gsind —a) —u_(gecosd +a) —cA/m
ad=aEcos§ cos¢ps—a coso sings—a, sind
a =a,sind cos¢ps—a sind sings+a, coso
ST a TN FOMEFSAONEE GHE Tl ), a0 B EEAIEE (1)),
a, @ U EACE IR, a ALl S AT, o, SECIERE ¢ EONERE o AHEERH,
u EHEEEEAREL, o MET), A TRDEOmRE, m: T N) REOHER, ¢ cdbwdkdEE L7z
) HOFEN.

() B KR H AT 78 AT OKiKnet®d X 9 12, HIEERT2 R & i O2HFT ISR E SN TV A 6%
F2 B, WY D THH ] EFREOMBER) %2 ) 72 & /w5060 T HA~O 30 JHEE
%S, (3R] LRSEOMEBERZ 2T R0 THNOT ) INHEEELZSET L&, #
e (MR & MERHERT IR S N RIE M) 1281 5 3N M OBENE (B 5 W I3EEE)
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1. Introduction

On 7 March 2012, a snowmelt-caused landslide occurred at Kokugawa village, Itakura district,
Joetsu City, Niigata Prefecture (Hereinafter called Kokugawa landslide). The width of Kokugawa
landslide is about 150m and the length is about 500m. The depth of the sliding surface is presumed
20m™30m. The volume of the sliding sediment mass is estimated to be 750,000m?® The slope failure
generated initially as a rotational landslide which continued to enlarge and outflow from the hill in the
afternoon of 8" march, then turned into earthflow. Figure 1 shows the movement process of the
landslide mass. Although no one was Killed or injured in this disaster, 11 houses were completely
destroyed and part of road was blocked by the outflow soil mass.

The moving soil mass traveled out of the hill and changed the traveling routine and moved about
250m along the flat paddy field. Comparing with the failing mass, the sliding soil mass did not spread
out and lateral ridges were developed along the right side of the mass on the paddy field. The flow-
like movement can be considered as one of the most dangerous and damaging of all landslide
phenomena because their run-out distances, the possible propagation extent, the velocity of the mass,
and the area of deposition are not easy to predict. In this study, in order to simulate the runout
distance and the affected area, the forms of movement of the sliding soil mass are assumed to be the
two patterns as following. One pattern is that the sliding soil mass moves downward as a whole body
in which the internal structures are not changed. This pattern will be simulated using a GIS-based 3D
limit equilibrium movement model. Another pattern is that the mobilized material can be considered
as the fluid-like deformation. This pattern will be simulated using a GIS-based 2D depth-averaged

numerical model.

2. Numerical simulation of movement

2.1 Simulation of Kokugaw landslide as a whole body movement form

Wang et al. (2011) developed a GIS-based revised Hovland s column-based model to simulate the
sliding process. When the slope fails, based on the revised Hovland' s column-based slope stability
analysis model, the sliding process simulation will be done step by step until the 3D factor of safety is
larger than 1.0. In this study, two cases: no drainage works and using drainage works are analyzed.
Table 1 shows the parameters for the two cases. The results are shown in Figure 2. In case 1, there
are no drainage works, the runout distance is 313m. In case 2, the parameters are increased a little

after the drainage works have been made for deceasing the moving distance and the runout distance
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is 267m. Comparing the results, the effect of drainage works is clear.
2.2 Simulation of Kokugawa Landslide as flow-like form

Wang et al. (2008) developed a GIS-based 2D depth averaged numerical model to simulate debris
flow. Here, we will use this model to analyze the flow-like landslide. The simulation results are shown

in Fig. 3 and Fig. 4 using the parameters shown in Table 2.

Table 1 the parameters for pattern 1 Table 2 the parameters for pattern 2
2 o 3
c(kNm?) @)y KNm) Akg/m®) B w(Pas)  gm/sd)  tand
Case | 2 6 181 1800 125 1.0 0.15 10 0.13
Case 2 2.1 7 18.0

Fig 3 The moving similar to the situation in Fig. 4 The moving similar to the situation in
9th March. 13th March

3 Conclusions

Two movement patterns were considered for simulating the Kokugawa landslide. The effect of
drainage works made the runout distance to shorten about 46m. Using GIS-based 2D depth averaged
numerical model, the simulation redisplays the propagation and deposition of the flow-like Kokugawa

landslide across the actual topography.
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MEZOVTHRET L7z, ZO8E, SHAVAZMAFESR— 2T 5 XKE—% - EHELwavelet%
HWTh, BBV ORI B EEIRTRETH S Z L dbh ol 4kiE, SRTHET OmEELR, 2
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Feat, TR 1555 5, Vol. 6, pp. 301-310, 2003.
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