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Figure 1.1 Caluculation procedure of the designed sediment volume in a sabo plan
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Table 1.1 Summary of check dam data obtained from the existing articles

Study site Drainage Capacity of dam Duration to fill Specific sediment yield Reference

area (km?)  reservoir (m°) (years) (m® km2 year™)
Nukkakushi-Furano R., Hokkaido 1.8~7.7 6.0x10%~3.3x10* 3~5,>7 220~974 Sakamoto & Araya
pref. (n=6) (1984)
Saru R., Hokkaido pref. 1.7~21 7.6x10°~3.5x10*  8~9 455~2,311 Shimizu (1998)
(n=2)
Mogami R., Yamagata pref. 2.3~97.0 2.6x10°~1.0x10°  7~31,>20 50~5,000 ¥ Koi et al. (2005)
(n=27)
Nakagawa R., Kanagawa pref. 0.1~3.1 1.1x108~2.0x10°  3~19 154+77~13,661+2,732 1  Koi et al. (2008)
(n=15)

+ The values were interpreted from figure of the article (Figure 5b in Koi et al. (2005)).

1 The ranges of specific sediment yields indicate the differences between the mean value and the maximum and minimum values.

LRl LT, RIS Ko T P2 EEERmARZ L L, RERO/NS Wz BRIE2 a7 ) — XY » |
B LKA RIS 7 K325 F S5 (FrH, 1991, p.84-86) ,



F9, KPP OHEWAEN 17 md LUF O/ ERIZOW TR S &, 2T 10 FLLN
(MEWDAR & 0 1.2X103~9.2 X108 md, Vb (22 L7 fifH] : 3~84) ITHliib L CW\WAH Z &b
"D, ZIUCK L, HERDBFEN 1T mZBZ5bDIZOVWTRS L, 10 FELINICH Lz
HO (MR 1.6X10°~1.0X10° md, b2 L= : 4~10 /) B H—FH T, &
T 5 20~35 5% L CTH ARG O & 0 (HERDZ & @ 6.8 X104~8.3 X105 m?, AJiifh Dk
eI - 20~35 LA E) v H Y, Wl T 5 E TOMOEENRKEN LD D,

T 4% 10 SELINICTAD U7-AbBHHEER 1L, x4 &9 2 A o K T Bl o He
BE-IRN, TDT, FRTCHT A FAEREN B o 1A, HEEE T i~ i H b &
BT 5 2 LCi D, —5T, BT% 20~35 4EANEE L C b Iisma9, HEm 2 £ 7220
R B AFIET Do ZOWE, RO b OO HIMHIFEREIXHERE S5 2%, FHECRY L7z
AL LA R M AU 51T 2 E O W LR RICH L TR & 72> TV D WTREMER B B, 15
TEOHELE TARID OIRRENFE < 5 E, £ OIEROHEM AR BT TR LW BENHI#EICHF S L
RN, BT O RIS b R L B,

ZOXIBEEBECTNDDRETEA D0, JRKOOEDE LT, WRHEREOHEDRE
ENEROHH TR L —H L WD 2 RN EZOND, Ll LZX 912, KRB
FHEIORENE, FHE AR SR S 7 A R A IR E 9 D R IR R (2 AL Sy
TOHONEHLTITONTEY, EROFEMS LY ik G 25 ot Hrb S EBI
R SN TV DHIRTITZRY, L7IeA - C, FHE b & il tb &0 JREEY %Y Th o7
ELThH, ®Ehas Z & O LWINEIN—ET 5 LIER 5720, ZORRE LT, KikakT
DI EFIITE 2 DT b HFICBEZLLND,

1.2.3 Ja[TEHERD 2N TR BRI KT T B A 9 2 = & o B

OB R RMER% (2 & 2 OB EHIE O ERED B I, A EEMD DRI 7205t SRR OB
R LIEOBIRZAT 5 72012, FHEERE T Btk G 76 Ofi it Hb &4 2 L T < &4
WRDHDHZENbND, 0O EOLERITRIINWEEMEE CH b Tk, K%k
WPIFHE 2R ET D121, L), MESEDOT —Z OEBENLETH LD, LhoEs=4
Vo 7T HESEZEMT 52 HLENDH D] & O H D (HAW)IHZ, 2005, p.48) .

LU D, E=2 Y U LT EWEORE AR T L, T—X2OEHE
FEo TMBTRWEHBEZRETET, XBREMBOBNUICORN D, THE L, KRB
H TR ET S 100 FREOHM O LR EEZ R T 212X, Eo bnolfoT —
X a BT DR D DD 5TV, 2T, Wi o X 5 122508 A
T HHUE T, ANNTHAT 2EHOIT)NEZRRFICE=2 U > 7 LT uEz2 b, =
AV TICETHERRFNERMEEEB DL, THIFBIENRFIEEIEIE 2720,



BAED L 25, LafEoO LW KEFICET L, b EHROMH LW ENE L a0y
GrEIZIE, RRHUIN T O B O AR HERIY) DVEHRIZ & - TRRA~B 8§ 2 etk
D& % Y E L —RIOEENIC K- TEM TaeR tbE (LUTF T, i 288 Lo &,
"HZER TR LR MRS AL, Sl B EEZRET D (B LEINBORR &
JeRT WBHMIZEER, 2007), 209 5, BEARE LWEOR I, BIHEHE X o TR
B DRI AR T 2 LEN D D DI L, HEf TR Db &I TKHE EA 2 v Tt
WHARSICHNT 22N TE 22, 2L, BRI LREICIE SV TRIE S 5 EHEE
R B, —RIOBRTRAT DS LBEIHRROBELZEX L TRV, FHliiE - o LB
BB G OMFGE S0 JE I, Wi TR RO ZEENZ OV T BB RE S TWRY, ZD720,
R DA I BLIE L 7o Rk 28, £ ED L BV, HBEh4 filiE4 5 ez
MEFFT 20 &V o Te R REE OFFITIR ERIICAR R LTV 5,

PLEAESE 2 5 &, BUAFEESS TR EICBE T 2 5080 2 W I BV T, 100 R E
DOMINZIED Z)N S O b B 2 HEE T 5 FiEA2 M5 2 ENEBI /R 5,

1.3 W HIE

B SR LAY IR 2 Rl 3 e W IR I B W T, B o BREAZHEE T 57
DI, BEO LW IRHBG OB AR 2 M5 DICG 727 ax v (REBRE) 215
DN D, AWFFETIE, PRI O SN DR S 45D mPRE#EC S B 95, i L
X, Wi B O LAV IS K o TR MIC R e M N A U TR S D HEfEIE o = &
ThD,

SRR T ATRE O KRB TSR AE L, MHEESER SN Z &3 <mb
nTnsg (BlziE, 5, 1980; Wells and Harvey, 1987; #iH &, 1993; Harvey, 2010), L 7-=73
ST, WSO AR 2 £ IC5 A Uiz T Bl g & BT CHlfEd 5 Z & 2k
AL, BUES 2 PRS2 FRAR I SN o TR IBIE 2 #HEE 2 Z L 3 FREIC 72 5, £ 2T,
WIZ, WAEHEC B9 A REAFF RO M R 2881 U, [k 381 2 s O T i 2 & 31
225 O LS ORISR A R4 5 72 O ORFFERREZ B~ 5,

1.3.1  (HhEsskiz 38 ) B E HeErb Rk

? BRI RHIREIC WL, B LR EORRAHIZEET mBTREE (2007) 22RO Z L, 2ok, KX\ T
b, NT Lo L EAHET L TRV, 432 8K EXOLENH 5,

9



H et CAERE S DML LRV O % I3, RHESCINEICR T D HERE & R 2 e 0 ik
L7228 Dftidt~ii 3%, U723 > T, MR OFEHERD I X > TS L 5 HERHY
(X, W TOLRBENERE L, FREERO LI R EOT 28R LD,

LEHERDIC X » TR S 2 HEREHIE ORER 72 6 0 & L C, L HERD HE (floodplain,
braidplain), B v (terrace), WbHEHE (bar), VHFE#ES (& 2 VI ERKHE - debris cone, alluvial fan)
NEFOEND, ZDH L, BEFAR MR T, IMEHED 1 Do L7 iE X ISR S
NHOHIETH D DIk L, WHREHIIAH N, bbb, OS5 2 SOWJI ORIk
R0, HAI & S OB IR S 415 HifE ©d 5 (Knighton, 1998; Harvey, 2002, 2010) ,
ZDOZ LG, TR OENATER LTI O A 0T, EE O LR & R AR ORI Lo
T8 L OB E Z 2 Z L MPRHEORK & S Twd (Bl 21E, Blair and
McPherson, 1994), F£7=, BEI LA O ZTESUZEFHICZHEN - THIET 5720, B
IR OSER A R 2 & 23% W (Giles, 2010).

1.3.2 o0 X 5 WFEHEO T AL

D TERORFE (1L, W OHERE LR RED 2 SOWMENGE N5, HFERRIT, 3
5O ORAI - TR Z 2 012x L, R, AL D524 (Leeder
and Mack, 2001) &, SJINC L 2HEmbmoPed CIINPEE O T4 : Harvey, 1984; Gomez-Villar
and Garcia-Ruiz, 2000) |2 K > CH#AT9 5, [LHEIE TIE, 3D 5 O LRSI H O3 £ D3 IR
#2725 —757 T (Bendaand Dunne, 1997a), HEFHIk D HUZAY 72 HIFIN & o TAR)IGREE & D
RN KREL 72D, LER-T, ZNHE0EMIRHEA AT MM 2ROV, WIOREE
AN+ LEE2H1D5,

L2rL7e 3 b, WHEHEDTE i fe 2 30 ~ 7o BEAEAFIE D 2 < U, (LR O SR oW Rl Bt
O XD B A BB RET 2 IBRICER LTS (%5, 1980; M, 1985), (LM
WMOTINHAZxRE LTEFICONTIE, WSO & S A ORAMEE & OBENM
DRATENTWD 0D (Flz21E, May and Gresswell, 2003, 2004), REBENED X H I
HITL, ZOHROFEFEN ED X HITE Z 200 5 Tldvy, 2od T, # (1978,1979)
DALHEE N O KLU X OSREEIZM O/ 10 238102, it L O HERE & B oiRfz
AN RITEE Th 5, 1T, HAEORARND X5 & Pl T 2 /258 ¢,
F&HE m BUEORRM EIZk1T 5 Tt A HEE L, HERDHE OBEIRIC X o THER
ME AL T 256 &, LR OFHEREIC X - TSNS S, HUFED DECHE OB Tt

S PR (1998) (T XA, LMk & PHIOBE IR T X D HEROHERIMIIZIZIX, FEHE (scree, talus), TFESE, FKtho 3
ONH D, BT, EHERICLE > TRImZBE L E A RImE FICHERE L CTE 2 CTchH Y, BITeia30° g
% ORAR YN H 2 B0, ZAUSKT LT, ML, A EEIERIC X 2ESER L FIAKERIC X 2 & EER
TREZF T LIHEENRE NICHER L CTE 2B Th 5, BHEL WML, FRGFTCHERE ABLIC X - TR XS]
END, —J, MEIMEEFERIE, EAERSEBT I NENTRREND 2L bH D0, WM RSMER L, b
FEHSEIT/ NG RIRH E R S5 2 L3V, ABFZETIE, TRBENBIRICE T 5 —HERIc X > TR S h, R
Z 0 SRTHIIE & OBLAD S, ILHUNEIRO S DB R ST HERE I 2 TipAEsE) & LTS,
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) (BS0VBG) DRI D012, BEANETTLR2WEARS DL Z L2 LML T
%o 2D XD I LW ORBE) & HHEREITAE O B EOFRIK 25 E) & MBI AGERAR 1T, BIARIZE
RENTZZEIESRSH CORKO oM 2~ RFEF b HREIN TS (Fl 21T,
Bollschweiler and Stoffel, 2007) .

Z ZTARMIETIE, MADRNIRILO X5y & FimE AT 2 il G bW - L EhE
JEDHEE FiE (15,1978,1979) W T, MWHEHEDOTEZRER & HBIROHE 2R AL, ZD
FIEIL, HEREER 72 & OFWEHERD L O T AR ARCHERD H |~ DU B O HEEIZZ < i
5 TCETEY (Sigafoosand Hendricks, 1961; Everitt, 1968; #4, 1972; H, 1979; Hupp, 1984;
Araya, 1986; Hupp, 1988; Nakamura and Kikuchi, 1996; Schweingruber, 1996; Strunk, 1997; Yoshida
etal., 1997; Kimuraetal., 2010), *fRHUTIZIIT DRIADOAB M (10°0~1024F) OHPHTH
AU, VB OFRIEEN TR Z EDBHENO LN TS, ZTOZ b, BISEHESS
TP KE IR T A RLER D e W Ik I3\ T, i E 100 FRREE OIS 2 LB EhE I %
HEL LD ET DB ITIAEDOEWTFIELE R D,

1.3.3  MRRSEDIZRIC K 2 HERE b & & TR 1T

HFEHEDTERRIC K % LD O A 25 (LT D L RVENRE ISR & 7oA KT 2 L3,
TTIZE L OBIFEE DGR L TV D, RIS, RSO B2 HET 28N &, Mk M
L7c Wb o iR L OMREEEICE T2 2 TOMRZ T 2,

WRESE DO T LAV OB A DIEE SN CTE -, MBI 2 LR oME %5
& L CHils 2R 0 PN S RN 24T - 72251, Dietrich 52367 A U A« AL T UM
8123 5 Rock Creek (JE/K i 16.2 km?2 o [ HiEIEk) T T - 7247243 & 5 (Dietrich and Dunne,
1978; Dietrichetal., 1982), Z 415 DOAFZEIE, I T (BEKEFE 102~100km?) 2R &
7o MR EE OHERE AV B Y 100~10* m3 2 R A TR Y, A EOREITRMIC X 55 H
W E0 800 44y & b\ Z X D H RO 87 SIS T 5 Z LA REL T D, FL
AT AV T« AL T UMIBFERIZH % Skate Creek  (FE/KHIFE 2.5 km?2 D 3 RAJI) 128
UWNTHE I HERS 9 2 bR 2 38~ 7= May and Gresswell (2003) 1%, 3JIIH RIZTER S =i
FE#E (debris flow fan) 23(eaHERE LRV E D 16%% 5O TW-Z L2 ME L TWD, b0
WD X D1, JREkNICHRESEE L O3 2 T EA R L2 FHlIEE DD TH R0,
) 72 - K A3 12 K o CHERRHUIZ O IAG L 3R A FH T i R, SOINH SRR S v 7 s
#t (debris cone, alluvial fan) 73 14%% (58 7= & O#E S H 5 (Schrott et al., 2003) ,

il 2 DD B FEH S AL D LAY & FRilk D IR S v mp e (RfkH) o Er9BILRIC
DTS, LRI OBED GO ThiuTE - (/A 1991; Oguchi and Ohmori, 1994;
Whipple and Trayler, 1996; Oguchi, 1997), /N[ (1991) 1%, )1l & OBERA & 2 Rtk HiiZxf
LTiE, Mi~DOWH W EEZBET OMENH D Z & 2 L, W 2850 Ltk
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TIRE LR L FIRMOSERE LW EO R (BRI 40 D5 73 : sediment storage ratio)
DED XD REPHICH DN EFRITND, AN KD —HEOWSEIE, [A—HFICR1T 5 itk
DIRE T & RO RE LW ENEH TX 2546, TOEMELZRD H Z L 0N&
BoO+HRHEEEEZRTOICHED THDLZ L AR LTS,

— 5 C, WHFISIC B D 3D SR A~O LB ENHRFEICOW TR S &, ZINH I~
O T EE, Ao FREIC X 5 M 72 LAYAPE (Bendaand Dunne, 1997a) & #5+4LL
BIZ R SETOWEE  (Dietrich and Dunne, 1978; %7K, 1998) Z 4R < K92, F7=, (Lt
R TR 72 LW AEENR Z 5 &, AFETROMWEIZL > T, ZOBROEAFLL EO T/
M BN R SEEbH S (Bl21E, Koietal, 2008),

L7233 C, iRtk o 3N 0123\ C, —[BIO BRI K TR AR S 4L 5 1A O HERE
T EZ TR D 72D0120E, SINPRIERTHRAT 2851 0 LA B EL G o @l T & & g
HEOHERE LW BEOBMRZ AL NI T DM E N H 5, Bl x1E, Benda (1997b) i, LMD /N
B (1~2 ki) o0 T, FEICAROHEREIC L > THRE#ENER IS Z &1
HER L, LAWIC X 288 Hibe & phfg OHERE Hib & D B2 VT, RO 1
WEREET L AMEEL T\ 5,

MEHEORRIWBEEZH LT T 5 2 i, BlfFT 2 a4 FEEEIC by i e 1 & HE
ETHOET TR, RHOWH LW ELZ THIT 5720 b HETH S, (LHIRK T,
TPRESE DRI IS L EIC R S 2 &R HE ST %  (Dietrich and Dunne, 1978; 7,
1978, 1979; Gomi et al., 2004; May and Gresswell, 2004), L2>L72A 5, IR X 51
FEHEDOHTZE LA ANTAZEITE DD Th 7, RERELERICHIE LY, R
ZET LT D E TITEE > TR, BEFEO HEEE T L IZB W T, IOkt
L LW ORI (MREHEDOIZA) NBE SN TE 7R, IO 6 R ~0 b dhhiE
L, MR SR D EL S —FHIZ L > T—FERETREIND L ORHETET
JVTHIAIAE D Z & D3\ (Dietrich and Dunne, 1978; Benda and Dunne, 1997b)

MEHE DR BIREZ P ASTMZEN DD TR0 DITR LT, FBEEEE O R 2280
U R HERD H D MU 22 KIZ B9~ D WP R I Rk AY % < (Everitt, 1968; Graf, 1977; &4k, 1988;
Simon, 1992; Nakamura et al., 1995; Nakamura and Kikuchi, 1996; Simon and Thorne, 1996; Lisle
and Church, 2002; Lancaster and Casebeer, 2007), R &HEDET ML HRA LI TN D, Hi
ZAE, AN FEIALE 2 KA (BRI 7.7 km? o0 BT N L iEr) oo
B CRIABEA HERD #4 DT IRZZ BN 2 J -~ 7 B (1988) 1%, HERD RO Petiife CHALEE
BT OWKREBEN RN ET 2 Z L 26 L, R EORRFE(LE RS
BTNV EBENTND, £, TR O B3T - IIAEE R O I 282 B3 2 — O
72 (Nakamura et al., 1995; Nakamura and Kikuchi, 1996) Tl%, HEWHERE T TR, B
AR (B H - 0 OREIHE) bRORE LS & b ITHEBIICHEET S 2 LR 60N
SINTEY, FHREO B8 2 50E LIz d i TR D /T A — 2%, FE LR R
FELERNOHEET D2 FEBRREIN TN D,
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lbomiaeliE 22 &, WMREHIRAEEU LIRS E SN MR OR £
FT LT D720, REIC X DHERT B E O, FEBEERIT-CILR R 72 &
THHH# SN TO D FEEIRRICIE O DORGERLE LB X 6N D,

1.3.4 HWHEE/

INFETIZHRARTE 72 L 912, BB ORI AR BRI 2 K ET 5 EC, L
THIENIZ 2 530D O LW &2 R T2 2 L 35 & 72> T 5, ek, BLISE
BT R EICET 2O RV TIL, =% U 72 X A7 H & OHRE 2 BiE
EINTELD, INH AR SN2 e & LT, 20306 o Labji
EHETEXDAEEERSH D, LL, TO—JFFT, WEHEOEKIEE 2R BEFrEn %
I, LR O B A B o oD X 9 2B B S BT A AR ICTEE LCR Y, I
JNORBEAEH &30 < 520 2 I IR O PP FESE 2 5t 52 & L7oiFstidd e, 2726,
NHDOEWHRHIZE > TEDL LWVORBED LWNHERE L, HEE LR ED X 5102
BINDEIMNE STz, WREFHEIZOWTIEARBZR SR Z 0,

Z 2 CARBIFE T, ABEE O (I A BT, SO P TERR S Fu 7z s oo T B8 Fr
PEEA OGN T L2 E2ZAME LT, RO IMEERITT,

A 1 I 1 2 P RESE D TR e 2 B B 22T 2 72 012IE, isNIcs T %
TAEHED A CHERAR N D ERR R T DL D 5, € 2T, ARILOSINNH A2
D IMEMED TR AR ADFEREZ A L, REVEH 2 M- 7o O HER G EZ ] 5 20
25 L &b, FmERENTFEEZ MO TR OME SR 2 HE L, #EtwEzHH
ERA

AR 2 PREHEO MR IR & HERE b ETIE, SN COREH TR E DEW DN L T
WHZEMBEZLNDTW, H)NbDOEH S D 1 & mhi#ED BrIBEFR 2 5 7
TOMEND D, £ 1T, REDZEMFHIIER S NI Z L3 6272 RE#HCER L, S
TR O EpE TV R &, ZEMIRHCI T 5 TAEREE N 2RI T2 2 L T, £ bEH S
o bRY B & SN Ko TR S N7z i OHERE TR0 B OBIR 2 52T 5,

U 3 SN P23 1T DHERE B B OB e, BV EEITHH T 5 £ TOHRH
EHEET D720, WM SN B ORBIBEZ A SN T M ERH D, £ 2T,
TR IR 00 B 7 H PR MED JL N B, MPRREE O HERE L0 & IR IR O BALR 2 B 5 2T
5 ET, MHEHEEREOREERZET LT D,

UUbo 3 BENOELNTMAZ S L1, I AICRT D4R L & ORFE2E %
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ETNGRIREL, O EWRHEREZHES 5, £ LT, #EShiztmiiitEEz b
&Nz, SN b ORI 2 B L T2 ACRIMBIEHE 2 R ET 2720 DR E R Z BT
50

1.3.5  GasCOHERL

AFR ST T B THER SN TWD, H1ETHE, KRB REZRET 2 LT, L
WNIZZ 8o 5 36O M LW ED TRIAREE 7t TND Z L E2Ef LT, ZL T
FINHE AT D PEMEOERBREFA LT Z LIk - T, 2HEOFNNNLD LW
MBI EHETE T 2 HIENEOND 2 L 2R L, RFFEOMZETIE EFZEH K Z IR~ >
SLHF 2 ETIX, AT TG &3 2 AEEDIR)KR - i BRI OB 2R~ 5,

55 3 T B 5 5 BT, 15 ERIII & R RITAT - T i s KO O R 2 b~ 5,
F 3T, SUINHAIZIRIT 2 MPFEHEDTE AL L AR ADFEREZHRA L, REEMZE-T
SO HERIAR A Z W ST D & & bIS, FmF R FTIE 2 O 7o iR S O 1 R 1 ]
OHEE L HERE LR BORE 2179 (U 1D, 56 4 HTI, REOFEMFIIBKRSNTZZ L
RS e AESEICTER L, A3 GEH SN 2R L SIS & - TR S Lz il
HEDOHER LR BOBRZH LTS E 2), &% 5 T TIE, MHEHEOHER tab & & i
BHORREHL MY 52 & T, MHEMEREOREERZET VLTS GRES3).

HEETIE, TUDIS, AIEETIIELNTMAOEREIBD, KIC, &5 EOMHT
IR TEPNEREET VEHWT, I OB 24 W BEORFEEEET L
HREL, S0 WtEREEZ#ET 5, T LT, #HEIh LWRHEREZ b &1,
SN DR iR A2 B LI KRWF R Z R ET 272D ORBEREZET 5, &
%I, SHBOMRREE RS 5,

KELRDHETETIE, AIRTHELONIZHMAZEZNOL, fmzid~5,
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ABFFE T, ALHRE VD O Pt ALE 2 18 TN Tt a e Rt & A 72, Wb
FHYRBLE D D BT FN ORI, T AEPEDIEFE 2SI DO MVE THERK S 41, TR
5| & & & Lo KRB £ A pE & it 2 0 R il & BRI S D, £z, Wit I,
ZRA S DB DK - FIK - B L LTERERBEEELED LMK TLH D, £
728, KRERTOLWBEOFIAS, RSP, GG m-CrE 2 B O AR, PERTEENC L - T,
OO THEZREL 2> TN D,

LR T, Witk IS L OE BRI OME - HIPRORHE, fid, HHflE, i
FMF72 5 NS 2 7E L <ib %,

2.1 AcyEE i) 1K %

W) NEH & ILUARO EREFICIRAEFE L, KPE~EES, dikmfg 1,350 km?, A1
R 104km O—fAKFZTH S (K2.1), FBEOEREIX 1.52mkm2 TH Y, JLEENDO—
AR (13 K%, EHEIRE 0.9320.68 mkm?2) O THARRMEL H>, WO LY 21
km #5121, 1996 FFEICE T L= KO L HI A L THh D " BA X & (BEKERE 1,215 km?)
BV, ZZTOIEK - FIK - FEEZEE LIRS EE W) RGBS - 1982 4
~) PMMTbhTWb, “REFLE0VK6km FHOHMSIZT, KREKOZ)NTH 55N
JII (Filekimfg 384 km2) AEWET 5.

WHRIAGRIZIEK I LPEIR CTH Y, FICHIMEROE TR I T 5, K 2.2 121,
WHNNAR—H OHE D53 %R LTz, AKRIICIE, B @& & 285 — = #D 2 D ORIV
WAL TS, HEIWROEFEREIZSH -5 ERiBIEH @B L TEB Y, TDIENDOKSR
DRHATZEEF — =V HITE LT D, HiEmiL, FEISHH ZAAOMIME TR ST 5723,
22— RO, BERE O & AR OHERESFITIN 2, B8 AL OHERIESE Y
WO LT D (B AOHE B HRRE Z B 5, 2005),

NS (2007) 1%, HAREN CTIHIEHILIREIC A LT IREREDO DB & i L O
VL AC P B O BER 2 24T U 72 3, ANV o itk T 1%, 2 O oD HUE 0 Hidsl (2 H = C
EEBRBEOSHBENEG N EEZHSNCLTWD, T0%, LWL AV—T7%, 7
TARNOINE & 2 D0 OHERE A % s &3 28012, BRoKLIRRIZRAE LT
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km Saru River Basin
Hokkaido Island NAZ® 40

Shukushubetsu
Catchment

Pacific Ocean

| E142° 20° | E142° 40

142" E

Note: Dots within the Saru River Basin show the location of gauging stations in Shukushubetsu (sk),
Memu (rmm), Biratori (br)and Shiunkotsu (su)
H21 BIAEMRREOHER

Figure 2.1  Location of the stady catchment

EHEE SN DB 2 b 5 2 L2 WAE L TEB Y (Aotoetal, 2013; H 5, 2014;
TS, 2014), WIRIKBRPEBEREORL Z ) LT WHIERSZER Z 22 &R LT
ST&E, MAT, KFr—mOFEEHEEX, #HE 10 AR T 0.3~0.6 mmyear? & LLEZHIK
&< (B S, 2004,2005), Z0Z &b IREAESIZ L 2Rk 0O MR 4 & o 2 B[R & 72
S TND, BLED XS Vg - IBHRHE A A T2 2 L0 6, WHt)IKRIZ LRV A FEATE 5
RHIER L B 2D,

WINNARIZEBIT 5, WRERELY SHEICRETIREIRE oA L LTOXRE
HAEE L HI =0 ORI HWT (B2 1T, 1B S, 1995)

WK RICEB T H2EMBKEIZB L Z 1,200mm THS, 2056, &8 (12 Ab
FEIHETO 4 A OBFIZEIDHDIL 18%NRETH D, 72, FEORKEMSIX
HEHTC 88 cm, EHUHTC 38cem &, dbviE N CIEbigiufEss o/ 7 Witk CH 54,

ZO—J5T, YIRIKRTIE, ZEWIZ &0 OILHE° R EN R ZLEZ > T
Do & 2.11T1E, DIRNKRICBITDWMEDOFRENKELE L O, IR KD

YR L, MEICHTZD 4~5 A OHKEIHERMTHED 32%4% 5D TR Y @)1 - PiiIEKLRER B AR,
1995), fEAEOFE LK TO LB EN R/ T&EITR LS < 2y (kiE S, 2011),
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PACE
Al ( ‘f Sorachi-Ezo Belt | & Hidaka Belt
o\ 74 - -
NG 'y
(

'$ ¥ . WY/ e !ﬂ/ﬂ[g 4 1o AN VR SN AR

Jurassic — Cretaceous . J-K1av: Volcanic rock I:l J3-K1ab: Basalt

Cretaceous . K1ap: Plutonic rock |:| K1-2ax: Accretionary complex |:| K1-2ab: Basalt
|:| K2sm: Sedimentary rock

Cretaceous — Paleogene |:| K-PGax: Accretionary complex D K2-PG3ax: Accretionary complex
Paleogene . PG2ga: Plutonic rock |:| PG3gm: Plutonic rock

Neogene . N1gp: Plutonic rock |:| N1ga: Plutonic rock
|:| N1sr: Sedimentary rock |:| N2sn: Sedimentary rock D N3sn: Sedimentary rock

|:| M10pux: Metamorphic rock I:' M11tux: Metamorphic rock . Uu: Serpentine

Note: This map was drawn after the seamless geological map developed by the national institute of Advanced Industrial
Science and Technology, Japan (AIST, 2011). Legends of geological (lithological) units beneath the figure only include
major units in the Saru River Basin

®22 BRNKR—FOHES MR
BITTBUEANEERTREHAER 20720 1 AR —LLAMBERE S IR
Figure 2.2 Geological map around the Saru River Basin
The map was drawn based on the seamless geological map developed by the national institute of Advanced

Industrial Science and Technology, Japan (AIST).
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F21 DRIKRIZET2BEOTLHEMKE

Table 2.1 The major rainfall-related disasters in the Saru River Basin

Year Date Duration (days) Total rainfalll (mm) + Maximum daily rainfall (mm day™) + Reference
1898 6—8 Sept. 3 [158 mm at Sapporo] [17 mm at Sapporo] 1,2,57
1922 24—25 Aug. 2 [214 mm at Obihiro] [36 mm at Obihiro] 1,257
1935 29—30 Aug. 2 [99 mm at Urakawa] [45 mm at Urakawa] 3,5

1955 3Jul. 1 51 51 2,3,4,57
1959 4—6 Apr. 3 351 335 -

1961 24—26 Jul. 3 174 74 2,3,4,7
1962 3 Aug. 1 108 108 1,2,3,4,7
1973 17—18 Aug. 2 125 81 1,2,4,7
1975 22—24 Aug. 3 126 97 1

1981 4—6 Aug. 3 282 194 1,4

1992 8—9 Aug. 2 177 158 1,24
2001 11—12 Sept. 2 245 227 1,7

2003 8—10 Aug. 3 434 388 1,2,4,7

T The total and maximum daily rainfall of each storm event indicate the values recorded at the Biratori station.
1 1) Shin Engineering Consaltants (2004); 2) Committee on flood control history of Mukawa River and Saru River (1995); 3) Committee on
history of Hidaka town (1977), 4) Committee on centennial history of Biratori town (2003), 5) Committee on history of Niikappu town (1966); 6)

Muroran Development and Construction Department (2004); 7) Takeuchi (2006).

Total rainfall distribution (mm)
140° 142° 144° 146°
26

» T
Accumlating period:2003. 8. 9-12

43°00'

42°40'

42"

Accumlating per iod!:q
2003.8.9-12

142°00" 142720 142740

0 50 100 150 200 250 300 350 400 450

2.3 2003 £ZMEF (200348 A9H~12 H) OHRBERENDERERK
WA TBUEAN LT AR EM T RARAHAR—LR—D
(http://river.ceri.go.jp/contents/tool/gmt/gmt_galleryl.html) & U Bxk
Figure 2.3 Isohyetal map of the total rainfall during the 2003 storm (from 8th to 12th of August 2003), reprinted
from the web site of the Civil Engineering Research Institute for Cold Region, Independent Administrative

Agency under the Ministry of Land, Infrastructure and Transport (CERI).
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WH DX 1898 42 9 HDOZEM TH Y, FEH 29 4% L721F0y, AZROHHUT R =N
H72 6 L7 (P7,2006), 1989 4ELIRE D2 110 4FfH (1898~2008 4F) (1%, #t 13 [HlD%E
MSENFRAEL TVD,

IO O LRVENREIC RS 2 BEAF DIFSE 2 2 5 &, 1962 4F 8 H & 1992 4 8 H D5
WK o T, WA E RN FRAT 5 )N TR 72 LR 82334 LT\ 5 (Nakamura
et al., 1995; Nakamura and Kikuchi, 1996; &7k, 1998), 2003 4F 8 HIZ B A 10 B OFaLIZfE
S THAE LSRR (LLFTIE, 2003 55 EFES) 1, KBBEWRE, BERZEE I8
R KROBELE 72572, X 2.3120%, 2003 S OREREOLERERX %2R LT,
X0, WIRINOPFE TR LW 722 ERbnd, ZOMIZE T, FitEo il
HICHERL LAMMAZEIAE L Z EBRESh TS (EAFRKTYZES, 2004),

UL EZEE 2T, AR TIE, EIIMKOME THR S TR Y, 2003 FEDOZEWIZ
& o TREUEL 2R LA PE - TRVIRIE AN & - 7o it & LT, i) o it oA &+ 516
BN R S 30 A N Vot

KFBD BB B A KN & LT, bBib U2 e - A RS o
EDNT, KRR, HEES), THRIHOZR BT bnd, LM LRBL, BIEOWHI
KFBATIE, WTNOREL/ N NIWEEZX DD, LoT, ZTRODERIZOWTITLLF T
BT DD D,

() JKE£
H @& AR, S5 DA O OK NS I A S VT KT I 3380 Hiv b, 72721, K
MREICE > TAINTHE L LT, [WIROFEMICEA (cirque, kar) 2355403 50
HTHY (NF 1987), UTFA (U-shaped valley) @ X 9 72 KEEE 2 K213 H 73
VY,

Hefr (moraine) DFEIEEIZHOWTIE, HEILIREEHAE COMIEEFID B D (VNEF - S,
1975; 565 5, 20003, b), T HOWFFLE, 4 J7 2 TN 4 TFREICEE L LA LR
ZuideEAr (terminal moraine) 23BLfE DI L =i B CHE s 850~1,000 m fHTIZFRD bz Z &
ZEELTRY, EEOKENCTE, AOKIABIEDOER 850 m Ik TEL T\ LR
oD, L L7222 G, SaHef OIEBFHITZ ITBIR K 0 s 35~45m &Lz 5 Z &b (G
IR &, 20008) ,  BLAE DI HITZCA R BHOKITER 8 BT TR EIT/N S W E B X B D,

AR5 (2000a) DEDHIX, FHAKHILIEOHIMIZI T 2 KR —HOERICRT 5
RO (F4)) #E1E 0.833~1.125 mmyear? L HEE S5, i, Blx1E, 100 4R
DORFEELTHTSH, 80~110mmEBEDE(LTH Y, Bl R &M e L —F — &
2L > THZ BN DIEHERDIC K 2 MR SECILE R - O P A8 & el L C& b T
hEnbotEZILND,
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(1) HFEILE)

WiRNAKZDH D HEm G, KEFL— bk EWET L — FOBERATICAE L TW
D12, WEREI ORI/ K CTd 5, B MR EEH S RIS 230 T o itk <1, 1930
FLREIZR->Th~v 7 =F2— R 6 LLEOHIEN 5 mIZAL TV, 1982 41254 L7/
FIVRHIEE (M7.1) TiE, B 6 Z 508k L7 i CHE 738 Ml 2 E 4510 7= (H
EIRARFFEHEEAES, 2011), — 07 C, ZOHEIC X » TRIEAIE KO L ER A Lz
EWVVIFEERIE RV, ZOMOHIRIZOWNT S, IHEBSCRKFEEREZER & LT\, #
FEOIZLAEPEHIIC LD b DTE o7 (MERFRHEMFEHEEALS, 2011), L7223 > T, Wikl
W TIE, D72 & bl 80 4ELL RICIE~ T, HUEIC X 2 KK L8 o34 1378 h
St EZOND,

(1)

DHNARIE, BERKETH L7 A ANE LD LEET LHIBMOO L S>TH D5, 74 X
IFFIRSOIRTT, AR ORI A L L LIZEREZEA TN 2 E0D, TA XOHBPEE
L T/ 18 HEACEH & T Lo D NS BIEELORRE T Z< /NS oo b D EHEZ S
Do

Z D%, 1869 FDOBMHEREIZ & 72T, WIR)IAROMIRIZ & AL « Bl A F
0, AT IRV S R BASR & AT 2N A 7S, 1900 4EEDN S 1X, b - PIRESOBASR, X
B L UM R ARBNZ I o 72, B FEIT 1914 FO 5 1 IR KEREI I VDN > T- A
EHT DL OO, 1927 FLBRIIF OVRMOBBRAEATS, UL, 1945 40O KOFERR L
2L, THE TR LI Lo ER A% B L72iaK - FIKFZER RO Lo 72700,
EMHERENKE BN D Z &3 h -T2, TORE, BUETH IO KIS BEAHKE L
TIHEEH I TV D,

2.2 f& BRI
ARFFECIL, PR TP o G S8 R A et R R A2, RIS, T ER0) 1R o

HOE - HZAYRRE & ORI OB, A IR OB EREH, 72 b NS Htilk D K SRR 2 i~
60

2.2.1 FPHEXIEOHRE

2.4 1298 ERIIGREOEAR & B 04T 2 s Uiz, 18 ER)IRk o ikl m At 13 63 km?
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24 BEANRBOME - MBEHE : (2 HESE (b)) HIYmBosm
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EROEMEEZRIZELHER 10m A w2 DEM &3 EITER Lz, T XY ihoHmEIEdiEE
MERLYREEZF T2 d LICER LT,
Figure 2.4  Geological and topographic setting of the Shukushubetsu River Catchment:  (a) geological map,

(b) distribution of landslide topographies.

ThHY, RNNEOWKEEX 16.3km CEHAEL0.02mm™Y) TH 5, AJINEE, 2003 4
ZENREOHERYIZ K o TR EFEIANC 8 5, R T, 108 2 B < 72 D ISNE HERD O 3
HIAM T TV D, JHEHERD SR EI S 072 K E T, RSSO D fi-PHER IR b B ST
WhHEEZEZOBND, £IT, Fift46km OXEZERIL, 2LV RikA g s L
7o LTFTCHE, ZoKiE (RIEEE 11.7 km, FEHHEAEL 0.02 m mY) Z2EHEIZ1E =
BIE & 55,

15 =) I O = X MEPR 145 m 205 1,317 m 1 K 55, R OB ARL I 28.5° T 5,
HE T E A IR LTV A, ROz Y 2 SR — AT O IR (Zaks
Juavl, Fr— T uyv I BLORAT UV BOALTEY, FOREICHERE
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ORI (EICE L_E) oL Tnd (X24),

FEAMA GRS 0D FaEB I KB e 3~ 0 HE (1071~10km?) 288 L TH D, itk
BRENS<S o TS (K24), ANENEL, BT, AIMERBEOSER Tk -
TALAEPE T IS T LTV 223, il TR i f i R & < Eih L TR0, L D&
AR ETHEITRASEW T LTS, A ANE e o i #2532 A2 X & 7e > T
D03, APPSR 2 diE U, HERCSBIRIC A D & HONEE ML D (X24),

PRI ORHENIE, £ 20%75% b R~ (Abies sachalinensis) <°% 7~ (Larix kaempferi)
DOEMHITBHLE SN TVDD, ZOMITTE L7 KRAESHRIRZARIZ L > TEDhh TV 5,

@ Dieback riparian forests

Active Debris Fan without
Vegetation Cover

Olil:gromh
Riparian Forest

Inactive ‘Debris

e e S i ST, 2 DI A S 27 ot

Note: (a) The 2003 typhoon storm induced abrupt aggradation of valley floor with burial and dieback of mature riparian forests on the
floodplain; (b) Absence of vegetation on an active debris fan (SKR) indicates that the fan recently grew by episodic sediment yield from the
headwater catchment; (c) Debris fan (PAR) covered with alder saplings show that it formed in 2003; (d) Debris fan (No.15) covered by
dying willows and alder saplings indicate burial of the previously formed fan by current sediment accumulation; (e) Debris in the foreground,
covered with willows, formed in 1975, whilst debris in the back ground, dominated by adult trees of elm and ash, formed in 1959; (f) Old-
growth riparian forest on an inactive debris fan (No.20) indication formation in 1893. Solid and broken arrows indicate flow directions of the
main-stem and tributary channels, respectively.

B25 BERNFRRIZETHAERDE S VHEERADIKR (2008 FimF
Figure 2.5 Field views of sedimentation and vegetation encroachment in the Shukushubetsu River Catchment

(Photos were taken in 2008)
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I E RS HD B SN E B ORMGIC L 5 &, 1961 4E) D 1986 42T TIRER 21
RHUERHR DS NRBE R T T 72238, 1978 FEF TlT RN 2 b T D, WIEDEGERIC
DWTITFELWEEN DN LN D0, @ L 72 5 ARV OE R LML, Mrfifiniio 5
Bl iz > CHER SNTAEEE L A BID, F£72, 1968 405 1986 4RI Tik, MHhiS
HAHMT O T2 BRI CTHRITE M Tl TV 5,

&8 ERNFRBAZIE, 2008 FERF AT 19 IRl - Wi 233 E STV D, Mgk D72
WIRHED XTI, B HERD OBEREARAE AR 23 H ARIRRE THERF S LTV 5, 2.5 1T, 2003 4
ZEND B B AEDNRRE L 72 IRf i C OV EHERD & AR DR NIRILZ 7~ LTz, HEWNICIE, HERD
IZRoTHYEL, i ERo7efiARbZ R b5, 4/ =) % (Salix Sachalinensis)
R~/ /% (Alnushirsta) & o 72 BRI 20 SE B FR O 5 lnkk sy, R e 2 2 (Populus
maximowiczii), ¥ 4 & (Flaxinus mandshurica var. japonica), ~~/L=1  (Ulumus japonica)
DRI Z ALY D AR LT 358D 5 1E Ay, =~ (Piceajezoensis), I X
+ < (Quercuscrispula), %> (Cercidiphyllum japonicum) O KEEARN D 722 5 EAR A 7 6
NH7RE, BREMEDRRDMZN5ML TN D,

2.2.2 VIO KSR

TP R E SN BIET (g ERIBLIET : X 2.1) ORidkic Xk 2 &, 5 ERIFEgIC
B D8RR KEIE 1,296 mm (1989~2009 /) TH 5, 2003 FF5HDOBRIZ, i =51
AT I f R FETRR & 64 mm,  feo K H R & 388 mm, FAMERTE: 434 mm (2003458 H 8 A5
8H 10 HD 3 HI) Arddksh Ty, WIFN LB ORKIETH- 7=,

Rk EO RHIE ST 2 #2325 729, 15 BRIELI AT COFEERD3 72\ 1988 AELLRTIZ DUV T,
TR ORI L OSEE BT (X 2.1) OBHMEZ AW CTHise L7z, & 2.2 12,
BUAFTR O H Bk &2 B RNE L7328 Uz, BIE 2N EE T 2 8IRIIC >V T, 8
HIFTM O BBEKREICEWHERERH D, FEHICERREIRASS 5N, £ 2T, 1951 4
25 1988 A E TiE, FEEHFTO BREREI W HEE Lz, Z OB, EERERIFT ORI K
W73 & -7 1963 4F 2 A5 1965 4= 5 H oML, EEHEBRIFTOARKELIVHEEL
77

F22 BBEANERFTEAEEORRBERFTOBEKEDEEIFH

Table 2.2  Linear regression equations of daily precipitation between the Shukushubetsu and neighboring stations

Station Elevation (m a.s.l.) Observation period (years) Linear regression for daily precipitation R% 1
Shukushubetsu (Rsk) 390 1989~

Biratori (Ror) 25 1951~ Rsk = 1.13 Ror 0.59 ***
Shiunkotsu (Rsu) 23 1952~1987 Robr = 0.83 Rsu 0.63 ***

+  Water Information System of the Ministry of Land, Infrastructure, Transport and Tourism, Japan. http://www1.river.go.jp/ (as of August
2011).

1 Statistical significance: n.s. P> 0.05; ** P < 0.05; ** P < 0.01; *** P < 0.0011)
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Figure 2.6  Anuual rainfall and the maximum daily rainfall in the Shukushubetsu River Catchment, 1951-2009

2.6 12, 5 ERIFIERICIIT 5 1951 45 5 2009 4E DAERE K& L OER K H Bk E
Zo L7z, 1959 A2121% 335 mmday™ &, 2003 4= (388 mmday™) (ZIRWTRE RFERAH -
720 T DMDIED I K H KR 38~227 mmday ™ OHFPHIZ D - 72, WA & AN
AT D3I)INTIE, 1962 4F & 1992 422 2 HIFC 200 mm Z## %2 A (248 mm & 245.5 mm)
DbV, KB HRb @2 34 L Tuv% (Nakamura et al., 1995; Nakamura and Kikuchi, 1996;
1H7K,1998), —J5°C, 163501 & UrtE oBLRIET T/ bV o E O RK &I, HFE/KE T 108
mm & 158 mm, 2 HEFEKE T 108 mm & 177 mm Th o 7=, 1962 4D KK & ITEHE T
T2V b OO, 1E LRI TIE, 1962 4F & 1992 4EDZERYIC K 5 AN DIRIIA)| &
TNEDomlREE L H 5,

X 2.6 (27~ L7225 59 A (1951~2009 &) @ HFEKET — ¥ & —fALBAE > AR 1224
TIE®, EFERNTIRICE T D HBEKEOMEEE A 2 RO 715, ZORER, 158
BWIZBITAAEKE Ry &V Z—r UL R (RP) & OBMZENAKRRIZL -~ TEENT,

S —UMBIEA G(Z; 4 0, I, FERKFARRER K & Vo T EDO N & BT HENFET L THY, DB
BUMIBIHIRRA T2 515 £ 6@ = exp{=[1 + £ (Z)] ")), cob &, samesn p & ABHEM 3 10K
ADEICEREND 12, ={u + o[{-log1 —p)}* — 1]/¢, €+ 0; u + o[-log{—log(1—p)}], £ =0} (i), FHKHA
BKkEOSAZA () IS TEDEEA, X () OFRE XV ¥ —2 - BV R 1/pF0OHBKEEERT 5,

72k, X0 BEY () ORFA=FETHDu o %, HaHEHTY 7 & R OffHT/ > /- —3extRemes” (Gilleland
and Katz, 2011) ZMHW\\C, mAEIC I VHEE L72EE2HMH LT,
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-0.35

Ry, = 7037 + 24.94 [{—log(l —ﬁ>} - 1] /0.35 e (2.1)

X (21) kv, 1959 4 & 2003 IR K HEREDO U ¥ —> - U 4 RiZZn <1 86.3
F, 1BL7FEEHEE SN, TOMDFEIZBIT DR KHBAEDY Z— « BV 4 K 20 4
il (0.2~19.6 ) Tho7-, F7z, 100 FFfERO H K EIL 363 mmday™t & #EE S 47z,

18 ERDN TR O SCBLET CGEAEBLET : X 2.1) (2B 5 F4) i el 11.5m3s™ (1998
~2009 4, 1.1~175.7 m3s?t) TH 5, fig ERIBHIFTT 1 mm L EORBKNTEE SN H %
BEAKH & A7 LT, HEKEEMEOMREAD &, FHEZEBL TCHBKEL HE—7 &
DORNCEWIEDHERH ~72 (r=0.77,P<0.001), @S 4, 5 A0 20HE) LIE@S
# (4, 5 AZRWZ 10 202AM) 1K T 5L, FMEMTIY BWEOHBERH -7 (fl
EH : r=0.66,P<0.001, FERELEH] : r=0.80, P <0.001),

ZO XD, EEINORINFEEE H BRI DISEMENIER @ T2, AR
BEORNPED EWBE ORI RELSHEST DL EZALND,
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E3F HEMOMRENR LHERLIVEOHTE

AT TU, AWFIEO RStk T & 2 ALmE D7) KGR « 18 R TR ORHE 2 B 5 2
Lice 22061, EERIERZ M 8RITAT - Toili AR L OFIT ORER i~ T <

AR O S 0T S 5 A SE S, S o L g 2 e 3 5 72
DODEITax &G0, L Laenn, ZIVE TITPREHEOF RGETEZ T~ 7= o
% <%, WEEEONE-OW ALEE [ EoD K9 ZRBEAKIBIC IR S AL 7= iAssE (RtkHh) (A%
BTTHEY WRIE, #5,1980), FIORENEH 258 < 320F 2 (L sk PN o s #f 4 h 5
& LT ZERp A 70\, 20720, [LHIGRIBINISTZ AL S 41 2 (AR #E oD UM+ B 138
DN I ATV,

Z ZCARRETIE, fEERIREO )N H T 2 E#EOTER & AR A D FEREE
AL, REMEMZE - M OHERRNEH BT 5 & & big, FmERENFEL
T FEHEO TR I O HEE & HERE LW B ORI 217 5,

3.1 FAEHIE

i ERIIRIR A2 x5 & Lc i,
(1) 2003 FEZE MR T RESEDS L S 7= @ AT D4R
(2)  ZEWNS5H% (2008 4F) (Z351F 2 MAEHED /A DR & 5l A )1 DigE
(3)  FRASIINCIT 2 MFEHEDOHEFE TR Ol & & AR AR O R
(4)  AEEREETIEE O RO T AER OHEE
(5)  IPFESEOHERE LY E D HE
DIEIZAT 7, BLF T, ENENOHEEFEL RS,

3.1.1 SN BB D hEE#E D540

15 =R PRl T, 2003 AR5 OE % (2003 4F 10 H) IZHREESEC X A gk SR 2 o4
T D572 OBHGHAE M T T D (AbHEiE B3 J5 S R B R R 6, 2004) , = DO FHAHE %
b CATHER SRR 21, AREEO AW EHERD OARIAFE L < st S Twn
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5o T, ABITHSL - T, WEKETRA X O HE & MR ERIC K o THRESEDNE R S iz
EHETORFEEIT -T2,

B SERA B CI, hAESE & 2 O OREREHIE 2 X5 L Tz iz, M Eostdio
B SR 20BN H D, 2 2T, I OISR S 7 HERE U 23 32 ) 1 HAfE oo HE
W E3ERE L TV A NENEER L, RD 3 DOWTMNITEE YT LW b - 58
WIPAEBEDSE AR S A7z &I L7z

(@ I EICE L AR imo 5 b

(b) S A2 B AN E OHERY I EIZHES > 7= HEREHIE 23380 H L5

G E RN OFEFEILEFE L TV W)
() ZINDOFEHERS A IIAIE b & T L TV D ORI HiLDH
CINERNOWEHITATEL TV D)

X 3.1 (RS X C [T RESEDN TR S v7= ) &I U 7= & At O HERD IR I 2 f51= L 7=,
D3N, 2008 4F 7 FICHBIHIMRERZ FE L, AJIE B0 5 hEsED A 2 g

T2 ARJINGEIZIH - T, FERAERE CHER SN2 TOINHOZ A L, WiEHEOfH 5
ik L7,

O

3.1 2003 FEMOMKAEREE AL HRBD S A DHIBS*
Figure 3.1 Interpretation method of debris fan distributions using the observation map of devastated area

caused by the 2003 storm
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3.2 [T A X DR & BLHIH R OFE R AR LT, B HIFEC K- T, AJINE
WZAWET 2 54 3D H 6, 34 )T 2003 FFZNRFICHPFEHEDSZ R S T2 2 & SRR S
7. 2008 FEDHMARLEL TIL, Z D 34 AT CTHREHENHR TE 2, £/2, Zh b0l
TlX, 2003 FFZERLARNCIER ST & AL NDREANTE Lo EHER H 5 2 & bR S
iz, EDO—J57T, 2003 FFENRFICPFEEDZ AR S 7R Do 72 LT S 7z 20 31D H 6
3IINTHREENFRD B ALz, Z D 3 3 THER S VT MPRESEIL, W L b HERD i~ A2 23
RALTWRo7Z &G, 2003 5L (2003 4R 10 H O# SR 2> & 2008 4

] 'J
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Figure 3.2 Distribution of debris fans along the main stream channel of the Shukushubetsu River Catchment
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7 HICBMAZE 21T 5 T TOHIM) oW K> TSz EZ b5,

PLEDSATIA 2 F %, 2003 -SRI TERR S AV 72 MRS SE 2 B CRggl T 72 34 3¢
JNDOH G, BIMFAE 217 9 )N EZBRATL, BEICHTZ D, MECHERRE > TN DHT2DIZ,
HERE I D328 S VT 5 )1, sl N <ot DL AH ISR « 1R It a% S E% 8 X T2 1
EBRA LTz, ZORERIE -7 27 30D, HKEMS KOV AN R D b2 ETr &
D1 13 3N (BEoKTHIFH @ 0.09~4.47 km?, EEJREE AR : 0.17~0.39mm™) ZiEAE, #* 3.1
RSO E 2 F L DT,

x31 REXIOHE

Table 3.1 Summary of the tributaries observed in this study

Tributary Stream order { Drainage area (km?) Channel length (m) Channel slope (m m™)
Panke-shukushunai (PAS) 3 4.09 4,965 0.17
No. 13 2 0.94 1,779 0.26
No. 14 2 0.19 433 0.28
No. 15 1 0.12 220 0.26
No. 19 - 0.11 133 0.36
No. 20 2 0.57 1,304 0.25
No. 21 - 0.03 122 0.41
No. 22 1 0.43 1,282 0.35
Penke-tobochibetsu (PET) 3 2.08 2,408 0.18
Penke-runai (PER) 3 2.28 2,735 0.24
No. 30 2 0.60 1,127 0.39
Panke-runai (PAR) 3 4.47 4,417 0.19
Shikarusunai (SKR) 3 1.27 2,375 0.26

+ According to Strahler (1952)

3.1.2 MREHEDTZK & AR ARDL

TEHERDHU AR NS 5 R OB AR 1T, B R BRI TR - THERMEE (TR, (RR% L,
B HRERS L OB BREEROY A X) BRELSET H72D (BB 5, 1996; Nakamura et al.,
1997; Yajima et al., 1998), JERLAFAR DI 2 HEW A HIRIF D7D DERN IR & 72 D o
4, 1972; 4%, 1978, 1979; #, 1979; Araya, 1986; Nakamura and Kikuchi, 1996), %£7-, #EENO
RBIAR DR, ZEPRDORAE, NERDIEEEND, HEWDHATEAM S AR LB EI DT
HELT-HFEEHETET 5 Z N TE D (Sigafoos and Hendricks, 1961; Everitt, 1968; #14, 1972; 7,
1978, 1979; HL, 1979; Hupp, 1984; Araya, 1986; Hupp, 1988; Nakamura and Kikuchi, 1996;
Schweingruber, 1996; Strunk, 1997; Yoshida et al., 1997; Stoffel et al., 2005, 2006; Bollschweiler and
Stoffel, 2007; Kimura et al., 2010)
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Devices Ltd : AR EE 0.001 mm™L, FEEFEEE 0.0006 mm™L) Z AT

Z 2T, FRoOAEENTIThN I EG 2 2E51, RO 5 SORMAER Y Zi%IT 7
() Initial (RIHIEERE)

(1)  Developing (F&EE:RE)
(I11)  Established (AR5 5% B )
(IV)  Mature (FZEAHK)

(V) Old (Zm#k)

F 3.2 ITHHAR Y Z L OFF# A £ & ie, SN ISR S AL 7z RS SE O HERD T &
321TF L OIA X ORHUZ LTz o TRy L, WREHEOHEREFIP & KA X5y D 4341 %
1:2,000 27—V OGN AT v F LIz, TOR, BAXSGNICAER L T2 BIARMEGR
W EWBENIE O ZEEN D D0y, ERHITHE L T D0 ENC OV T HERsk L, I
O (RO RTERS) 2 HUER & U, i L OWEAE X5 O RRICELE L 7= 26 AT o Il &
SUE TTOREEE, HALA, R AR E 2 oA L& L—H Il (LaserAce® 300, Measurement

£ 32 HEERSDOEH

Table 3.2 Characteristics of vegetation category

L7,

Category Successional phase Vegetation structure Cross-reference

| Initial no tree sapling over 1.3-m height (unvegetated or sparsely covered with herbs and  Fig. 2.5b
tree seedlings)

1 Developing saplings of pioneer species (e.g., willow and alder) below 5-m height with dense  Fig. 2.5c, d
condition (>10,000 individuals ha™*)

1l Established pioneer species forming flat canopy layer, seemingly developed from “Developing”  Fig. 2.5d, e
phase (1)

\Y% Mature adult tree patch mainly composed of late successional species (e.g., ash and elm), but ~ Fig. 2.5e
occasionally included pioneer species (e.g., poplar)

\% Old large size (over 20-m height and 40-cm of trunk diameter) adult tree patch, including  Fig. 2.5f

climax species (e.g., spruce, oak and Katsura tree) with sparse condition ( <1,000

individuals ha™)

BUHECIERL L 72 M RESE DO HITB I DO X 7 v F % 2 L3 A& L—H—RIFERIC L 2 FREE
&N OFHANE & AT, IEMEAR RO X & Bk Lz, 1Bk L2 FER ET, 7
UH e FT = A—4— (PLANIX EX, Tamaya Technics Inc.) 7% I\ Tk & A X
5y 2 & DEHEFEZ FHA L7,
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3. 1.3 A FEZ W2 RO TEREER OHEE

FEVEHEIE O R0 B R X5y ST A MR OB AR Z HEET D72, 2009 4 9
ISR CEIE L7z iR A L 0 Ffmalet (MRE7ZIFm=7) 28R LIz, FREREE
FHXSOBEETRRTIA ZDbDL L, HULEYA XD LDORL ROND5E1,
BE DML C~T7 k) ZEAT,

MR DG A XN T = — 2 Y —52FAWT, Filiga 7 OGEITREE (WE5mm - #E
40cm-2 AL v RBXO3 AL v K, Haglof Sweden AB) % FAWT, AIREZRFR Y MR 12T
WZTE (0.3~0.4m) XV ERIR U7z, B TEREL 72 FmalBt O NERIE, 5100 8K X 0 £
U7z B3 KOVREMRO MM 45 il & Flm= 7 148 i TH D, Fifii = 7 12OV TR 5
mm, 7S 2.5mm OIEZ > 72O RICAR D mS Em e 705 KO WK THA Y RTHEEL,
FENTHoHREET,

B BHIA~L MY X — & W TRRERDSARIC R X 5 X 51272 5 £ TRz g
L, FERBAMEE 2 W TR R R T, IS R A2 - 2 LI K 20E Lo
—I%, U A K& (Yamaguchi, 1991) I XD 7 0 A « F = v 7 2{T\, THEEETHZ LT
[AL6E L 72,

iR B A VTR L 72 4R = 7R T, AR FULE () oA 5E8 08 S
Do Fiz, IMEBPEFH LT AEbH D, DL 5 eilEClE, B E CoIEM R Flnik
ZEHHT D Z E R TE ARV, 2T Duncan (1989) DO®fiTET L&AV, Flga 7T
N D—BWNEBDOFESRN HERIL T X 720y T2 £ TOFEIRE AT LT, IS, Flga 7
B CHIE - EREIZ Duncan (1989) DEF /T L o THEE L7 4ElRA Nz 726 ®
Z BRI O & LT,

3.1.4 {MFEHEDHERT b E DR

ISR OHERE LRV B2 I 255121, HERH O IR 2 R SR Tl
DR TH S (Giles, 2010), HEADIEEIZINGDT, FHBCREER L, SR THE L
L 7o MRS D FZERDTRIRIZIT NS O EITN TV D, —5 T, AmAAE - mIZRH U7z
DHEFEI 2 BRI FEERIZ > THGEE L 72 F A (1985) 1%, TAY OHERES A H 1 7> b HERS + i
DSt E TOMBZER L TOMRISESS ZEE2HLNII LTINS,

ZOFH (1985) DEBRFEREZME XD &, —BIOEWFHIT & - TERR S 2 i
X, BHA SRR CORMER L TOMBICEHTE2EEXAbND, £ZT
AHFFETIE, HFESERZ AR O FIR A M STl L CHER b E s BT 52 L lcL
7. HERTIR 2 FHE L OET 2 Z &I X o T, REAEH 23213 7o s O A1 O HERE 1)
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BAHEET D Z ENAREICR D,

3.3 (MR O IX & MRSt ORI EZ R Lic, IIFITR LI & 51T, g
PR OHERG D& (Vso, m3) L AHAER RIZIR T DHER Lb & (Vs, m?) (ZRAUZ L - T
xKshs,

Ay = <12> (3.1)
0=T 2
VSO — Ao . hz ...... (3 2)
A
VS A_O. Vso ...... (3 3)
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Figure 3.3 Methods for calculating sediment storage volume of debris fans
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X 31, (B2), B3) IZBWT, AglIMFEHEIZ AR OJEEFE (m2), | I FEHE AR D HE
R (m), h 3OS (m) THYH, AITBHEEAR: (2008 4F) (2317 5 RiHED
Emfg (m?) TH5 (K3.3),

LB LW haiE, BLHLTEHA L 72 R SESE £ TOKEE (I, m), AR & ihiEs o
Hewbim & D7 (hy,m), B X OV OHERE AR (6, ° ) OF—ZEZANT, kLD
HH L7,

lz —_— ll + l, """ (3 4)
(cot 0: 4
I = { or .. (3.5)
[ &
tan 6,
hz = tan 91 : lz """ (3 6)
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Figure 3.4 Methods for calculating sediment storage volumes of debris fan complexes

34



[ 3.4 121X, TR D B2 D OMIEHENE G L TV DA O T &0 BT
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Figure 3.5 Debris fan forms and vegetation enchroachment at the time of field observation (August 2008): (a)
Tributary No.14, (b) Tributary No.15, (c) Tributary No.19
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Figure 3.6  Debris fan forms and vegetation enchroachment at the time of the field observation in August 2008
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Figure 3.7 Sedimentation patterns at outlets of the observed tributaries
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stages summarized in Table 3.
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Figure 3.9 Chronological distributions of age compositions and debris fan formation years for each vegetation

category
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Table 3.3 Debris fan formation years and frequency for the observed tributaries

Tributary NDFG Years of debris fan growth RI RTDF
(vears) (years)
Panke-shukushunai (PAS) 3 1912, 1959, 2003 47,44 96, 49, 5
No. 13 4 1914, 1962, 1981, 2003 [2006] 48, 22, 19 94, 46, 27,5
No. 14 3 1959, 1975, 2003 [2008] 28, 16 49,33,5
No. 15 4 1832, 1962, 1981, 2003 130, 22, 19 176, 46, 27, 5
No. 19 2 1954, 2003 49 54,5
No. 20 3 1893, 1940, 2003 63, 47 115, 68, 5
No. 21 3 1881, 1962, 2003 81,41 127,46, 5
No. 22 3 1933, 1962, 2003 49, 41 75, 46,5
Penke-tobochibetsu (PET) 2 1940, 2003 [2006, 2008] 63 68, 5
Penke-runai (PER) 2 1928, 2003 75 80,5
No. 30 3 1959, 1988, 2003 [2006] 29,15 49,20,5
Panke-runai (PAR) 1 2003 n.a. 5
Shikarusunai (SKR) 2 1992, 2003 [2006, 2008] 11 16,5

(Note) NDFG — Number of reconstructed Debris Fan Growth; Rl — Recurrence Interval of debris fan growth; RTD — Residence Times of Debris Fan

deposits. RIs and RTDFs were determined from the reconstructed fan growth year until the 2003 rainfall event.

+ The events in 2006 and 2008, shown in square brackets, are reconstructed by calluses and adventitious roots. Due to the lack of distingnishable

topography, these events are considered to result from reworking of sediment stored within debris fan by the 2003 storm.
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Table 3.4 Sediment storage volumes of debris fans in the 13 tributaries

Tributary Initial storage volume Gross storage volume Storage volume at  Ratio of sediment volume
(Vso, m®) up to 2008 (m?3) 2008 (m®) eroded up to 2008 (%)
Panke-shukushunai (PAS) 21,907~26,726 73,518 19,173 73.92
No. 13 3,589~8,133 24,242 7,183 70.37
No. 14 1,459~6,849 15,042 4,238 71.83
No. 15 2,269~12,177 24,184 7,972 67.04
No. 19 752~1,139 1,515 1,448 4.42
No. 20 8,566~22,250 41,577 10,830 73.95
No. 21 743~1,890 4,090 3,411 16.60
No. 22 1,466~8,897 16,804 10,542 37.26
Penke-tobochibetsu (PET) 9,106~13,453 22,559 9,968 55.81
Penke-runai (PER) 1,166~1,725 2,891 861 70.22
No. 30 1,695~6,492 13,909 2,748 80.24
Panke-runai (PAR) 2,193 2,193 1,100 49.84
Shikarusunai (SKR) 5,692~10,036 15,728 6,591 58.09
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Figure 3.10 Temporal changes in sediment storage volume at each tributary: (a) cumulative volume and (b)
gross volume of fan-forming sediment
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Figure 4.1 Sediment routing system within a tributary catchment
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52L& oT, WHEHEDTERIC &2 ERbO—RFE 25, SN B ARNA~O LB EnE R
COREORELKIEFL TV ONEERNICIEET 2 2 LN TE D,

4.2 AFETEORH
AIEIClX, REOMNT HEE LT, £XJNCBT 24 L E (VD) B X OSERAEE

TabE (V) 1okt AR OHERER (sr,sr) #EHT A 2R, T NESIT TR
fiCix, £XINCBTDEEIME GV Z2HEET 5 HEE2ERRS,

4.2.1 #FHEIZRBT 2 HBE O RE
(R O EIIC BT 2 TBEOFEIR, REER, AN BHEARE), iR
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DI DT oD (BA - /ME, 1991), £, BAR - /ME (1991) OREHIZIH > TENE
ORI AR5,

RIEREIT, FRORBEREZ LA 5 R CRmEATEA LB, Rtz o kr
TAEHEEL, ERT DR AR, MAWEOH ZRHE T, AL X > TRETROFEAEDN
535720, REEREITEZ VI W, ZDO—T, M TFREKOIERIC X > TRl
RT3 = B6, BHEAEEI, A bRl g0 AR SR A2 1 T, R
T 282 ET, 01X, flEo—#% 7283 EH0EMD, FIEE2 5 SRR L7
FE, T0mE] EMFINAMERICH > TEET 288 %55,

RHE AR, RN SRAEICET 20BN K o TRIBIAE L REEICX 7 S
NHZENRDHD, WEBREIZX S SND LD, T MR EMEn s, Hidx
O LB EN T 2R TR SN D BR NG EN D, Lo LR s, LHLOEE) ) &)
BDBENZFRITIE, #T R0 PEAE & M X OXBNTEE LV, £/, WE~ORA L
BV BLEN G RAUE, ERE LWt E 252 CTRR% T 57, [RIEZ & HREEEHER L
TeEEWENL, KES IR BIZEFET 20 0EWRR b EEICR D, £ 2T, AL TIE,
AEPE TR ORRERIRREZ & LI EPBEI ORERLY IRIEARE] & THd XD | X5 T5Z &
Iz L7,

THBEIERE DT, HEICHAT 2 LW EEEAT 5, Mtk <X, fhm L
DELTWDHT=®, RIEAREIZ X > TAEE SN TITE GISE~NTRAT 5, 2Tk L,
T V%, THOKESPREIERAT 256 L, THAREMET 2 2 & CRIEBEREI
LA MNHY (B z1F, Crudenand Varnes, 1996), JfEICHAT D LW ENKE I RAps L
ExbND, LIzno T, FFEMRAELREE L OLEICHAT S W EZRHT 5729
Wi, #H19_0 OFE T T, BHOmEIMEZ BB LT 6720,

L2203 s, HHoENEZ B EIC AN CTAEE LD EZFEINT 5720121, Hx Ot
FRY FBROARRERS, FEEITIE~DMARZRET 2X0E RN H D20, R - R
A LV, £ 2 CIETTIE, BEFOHIT R0 KERFOLEE S 12, HT 0 B3
B LB ORAEME & BHOBEREZ A 5N 5 2 & T, MERmNRBLING, H
TANVIZKDEELMEDORE S Z2HEd 5,

4.2.2 #1902 X AWE~O T E)

FIFFS (2005) 13, i3 ~<b OBt 2RIfEL L TBEMRE (T 2K L TWD

6 Sl T~V 1%, ERTOME O FIEEKOIER DIF), HIESCKESNGBZRE - TRIAZ b h 5,
FEARHNIE, BRI D ST, HT OEERERICB W THREI AN A% ERS Z L ICk 3B AMMREL 2 bh
TW5 (FlxiE, A, 2008),
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(X 4.2), BEMRE (Tr) 1%, #iF <V RAEROME R (L1) & BHREHOBERHE (L2)
L DHETH D, FHOARLGDNE & #9 2 LRk T, T~ oBEMREDS, Bk
R CAE SN T EIZED DIHE~ORA LW EOHFEL B34 Z LR TE D,

L
L2 L1
L
ADAO BT
AWED X
BTXYLR H1 (Y
(T H2

X42 gAY LROIERREBHRHE (T OFEIAE (B#F5, 2005)

Figure 4.2 Methods for measuring travel distance and traveling ratio (Tr) of landslide mass (Usuki et al., 2005)

1.0 4

e
[

Cumulative Probability
F(x)
o o
IS )

e
o

0.0 4

0.0 0.5 1.0 1.5 20 25
Traveling Ratio [Tr,m m1]
M43 ERNTRELEMINYKEZFOBHRE (T ORBHEESTLIERITITK HEM
(Kimuraetal. (2014) ORI ZE—EME1E)
Figure 4.3 Exponential distribution curves fitted to cumulative distributions of the landslide traveling ratios

obtained from an inventory of the past landslide disasters in Japan (Partly modified,- Kimura et al., 2014)

Kimura et al. (2014) (%, HAREWNT 1947 425 2012 FOWIFITHAE L2 Hig~ =D 5§
EEFHO DB, IO IFAEDTE TR0 EIROBERICET 25 LWIERA S Dz
76 Ff A %P 51T, HiT N0 HHLO BRI O HITE AR & BEMRE O BB 2R L T\ 5
Kimuraetal. (2014) 1%, &F#l0 LB iOBEREKZ T8 (floodplain) J, & (slope) J,

M2t (headwater channel) | @ 3 DIZIX4y L, X4y & &I EhEERE & BERE D AR
0 & AREROHEE LT\ D, [HHIRICRAET 21T X0 ORIGIE, 13&AEOGRE, 1]
EEHZEL TSI, ZITE, R 2Ky Shie 28 S LIE-> T, BEMRE D R
HEEE A3 AR & FBIERE R OHEE R B2 kR 5,
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B 4.3 12, MR Ky S id <0 EHOBENRE O BRI oA 2R Lz, 7o
B, NER XSz 28 FH10 9 5 13 FHITIE, HF X0 LIROREHN LA & 72
ST FLTWeTe®, TARTOBEXEAZRWZGE OBEMREZHE L, TO/RE,
BN 1 DL B 72 2513 0.04, 05 LAF &7 281X 0.80 EHEE Sz, T bbb,
IIHISR N OFGEICHET A RE CHT RO BN BELTEHE Tho T, Ty Linse
TIHEIZIRA T 2 EZRIE 4%, 2RO 50%LL T LA LW iESRIE 80% & fiffR T& 5.

ZOMEEEENNNREICE T 5EE W EAFRHICESEAT5 2 LI TE RV,
H9 R0 XD EE LD O LL BIXEICHRATT, OB OFERE<C LI KRR DR
BIZE ST, BRAITHJIA~TRA L TO L /REMERE W, £ 2°C, IRmAE] & TH3b
WL ARAEETWE LS, TREAEE ORI 2AETDEZEHL, & HWE L E#ED
W T EORRAMIT T2 2L & L,

4.2.3 NP1 % B pE ) B

PRI T A U7 R e & M3 =) OB O A Tib B2 F T 578, 1963,
1974, 1983, 1993, 2003 £ 5 FEREXM G LT EBEOH G EIT- T2, R LR ER
DFETTEFR 41 ICF LT, 728, 2003 FEDZEHEET 9 HIZHRE ST\ =72, 2003
FEZERIC X o T4 L7 ftm Aot 3~ 0 3 HFE ff e Ch o 72,

x41 BFICAVWVEFSEEDOET

Table 4.1 Summary of aerial photographs used for the analysis

Year Date of the photography Average flight height Scale Ground resolution of orthoimages
(mas.l) (m)

1963 30 May; 17, 19, 28 Jun. 5,200 1:20,000 0.5

1974 21 Aug. 5,200 1:20,000 0.5

1983 29 Sept.; 8, 19, 21 Oct. 4,700 1:16,000 0.4

1993 6, 8 Jul.; 31 Aug.; 2, 15, 17 Sept. 4,700 1:16,000 0.4

2003 16 Sept. 4,500 1:16,000 0.4

(Note) All photographs were supplied by the Forestry Agency, The Ministry of Agriculture, Forestry and Fisheries of Japan.

FAEMRDOZEREEA X v CEg 4, BT 7 ~ (EARDAS IMAGINE®, Hexagon
Geospatial) % VW CTE(TMIE L7=%%, GIS Y7 b (ArcGIS 10.0°, Esri) b CifttkPNOf
TRALE-E2TOTUBEHES RlERE, i) 2180 3 L, RN 21bich
Too T, ETHARANCE T 2B THOKMERND D, REHEHT R IZKS5 LT,
RHEARE O EIR, I X > THHUE L72#iPHAZ F L— A L7z, #i5X0 OGaIE, \%
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BB T AZ S 0HEHAE hL— A LT, EBRLEARY T ORZmiED bE 2 O
FEEFHR L=, X442, 22 EE ECHR SN R X OMd <0 AT 2 R
L7z,

B AR EECHIT R OFREREN D ARE W EAEH TS HEE LT, mEZRFL
T RS A D HIERRE STV 5 (B, 1984; Guzzetti et al., 2009; Larsen et al., 2010) ,

V,=b-A% e (4.3)

DIT VUEBHELD R (), AUSREER (M) ThY, a kb BROSTA—2Th
50

K44 ZEHPEEFFRICKIMERAE () LI ~Y (H) ORS
Figure 4.4 Classification of slope failure (left) and rock/debris slide (right)
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Figure 4.5 Relationship between the area and volume of landslides induced by the 2003 storm
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18 ERIPEIEC 2003 S MEZICIT O g SOR UL TIX, 3 51 &7 FAEH o 43
HHERE & EE T RS IE STV D RHEE B 5 == 0 B s dak 0, 2004) . Z OFfAT —
2 (FRSEmRE : 4.0X101~1.7 X 10°m?, sk trb& : 2.0x101~2.0x10°md) %, X (4.3) I
Al L7, REfREk R22Y 0.844 LAt o@mWERAAE LN (X 45), 2oL x
DT A—HfEIE, ant1.248, b 0215 L7p o7z,

FZTARETIE, ZNHDONRTRA—=FEEZANT, K (43) L0 ExORHAER X
O DI KD W EZR M L,

4.3  THbERRAE S OB

ATEICHEN T, AREITIE, F3INTBT 2 ERTRE LD &R (Vi) L3N AR)~D+
WIESRRE I DAL R 2 T T 5 Fikaid~ 2%, EERIHER T3, FaBIH O IEE3 e
0, HI3)NN O b & & MO LW EOBREARIT T 5 Z LT LY, £ 2T, &
SNNZIIT L BEMIFF O R &, {8 T O E R v] RE LD 80U K O HRVERRE /) & KB
MFETHREL, Bohiczit EwEO by & L,

LUF T, 3B LOARNINTEICR T 2 BB O EZ B L7z BT, ZIEICE
T % TEH FTRE LAY & & SN S AR~ LD EREE /) DELR 2 FH T 2 ka5,

4.3.1 NI SEAR)N~D bR E)

ILIHB RN & AL 2 R AR TN BV T, WO A ER & A EEMRIC L 5 -
BFAET D (i1, 2006), X 4.6 12, ERIEMREH LN DRAIRAEIC LD LB
BERROX %R Lz, ZOKEY, IHEXE O ZRIR AR D, £ O XH THEEE
W Lo EBE) (LA AT 27, BEERIC LD BB E) (RRe) EBS
ORI ATRE T H %,

18 F RGO SE, A Lz 13 SINOFIKRARIX 10~23°  (0.17~0.39mm™) T+
FIROFA - P NS T2 0l2xt L, ARJNOWKRAEIE 1~2°  (0.01~0.03 mm™)
THMXMICEYT D, 2O &2 BE 2, LFOFIETIINN S RN~ L RbEWRE ) %
BT 5z L2,
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46 FAIRGBICKSTIWBEBOREORS
(ELHEMBERHR A A BEERE (2007) ORZ—EEIE)
Figure 4.6 Classification of mass transport types based on channel inclination

(Partly modified, National Institute for Land and Inflastructure Management MLIT, 2007)

4.3.2  ZJINHEIZ IS T 2 E i TeE T

e

TAWOFA - i N XM E T DEICBWT, HOEEORNE Tt 4 % rlret:
W2 T EAREET D720, ROKEADREINTVD,

103-Ry-A [ C4
V= — .(1—Cd).fr ...... (4.4)

Z I, Vr (md) i, BERIRRO TAERIC X 2 AT RAb A, A IFZERR,  ColRIRRMIREE,
Ro (3 HEERN A (mmday™), A X S)INOEKER (km?), f i34 3NOMHMERTSH %,

X (4.4) (ZBT DR O ) 3 XL OV ColE, FiH B ORI BRSO
BRI IRORFIEIZ L > TRARD EEZOND, LN LARND, BEICHA L b Big:
W LTINEDNRTA—=E 525G LIFREETH S, 22T, ZERE I, —MKEE LT
HAnbind 2 En%n 04 1Z5%0E L (E HEWBERRAIEET BF7E=E, 2007), Vikb
R Cold, LAWMOEE, 0.20~054 OFFAOMEE & 5L SN TWH72) (Fiff, 2006),
ZOHRETH S 037 & H i,

MM ERf ks k- TRo N5,

f. =005 (logA —2.0)2 + 0.05 - (4.5)

ZIZT, AIRENofEKER (km?) THDH, 72721, 105 % LR, 0.1 2 TFREL,
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AR 0L TDOEAED flZT—H 05 N5 261, AR 10 EOLEED i lZ—HET01 2135 %
SD  EEAE RIS E LB FE, 1999)

4.3.3 ISR~ b IERRRE S D24l

SNDSANNZ T TR, AIRARARE KT 252 & T, LWBBORENLLT
HXENC2 % (X 4.6), THOBEIOBENZLT 2XMIZENT, O &H>OKEFRATE
B ERELENT S Z LTE LY, £ 2T, SIS ARINI T To LabEiEe /1%, ik
DIEFRZ H O DT RKBIEREOBMN A M) — 2T —Z2 BT 52 LiC Lz, BLARY
—LN\T—p Wm?) [FRNCE > THEEEND,

ZZTC, plIKOEE (100 gem?), g IXEIIMEE (9.81 ms?), QplXkEmMiH/KEED ' —
ZaE (mdsh), SIXERAR (mm™), WIiXENE (m) ThD,

FIRAEL (S) &iHEmE (W) 13X, 2010 FFI2 i S oZe L —Y —Hll&T — % (F 4.2)
ZIACHEZEL L2 1m A v =2 DEM Z W, GIS ¥ 7 + (ArcGIS10.0®, Esri) L CHIET
HZ L& Ui, MIERMIE, SJIREZ SN 235 B 200 m K[, AJRGE A S H A
R &35 200 m XENZERE Lz, WRABLESXFIZI T 2 BT i ORE & 22 X
DRIE LTz, TENEIE, 1A5E O R ORI R & 2 BRI O B2 20 m RkE CHlE
L, ZOEEfEZE -,

®42 BICAVMZEL—Y—RE0HET
Table 4.2 Summary of airborne LiDAR data used in the analysis

Year Date of measurement Point density DEM size Source

2010 8, 13, 26 Jun.; 2 Sept.; 11, 20 Oct. 1.70 points m 1-m Ministry of Land, Infrastructure, Transport and

Tourism Hokkaido Regional Development Bureau.

B R K IRE D B — 7 i Qp i DWW T, IROAEEA (85, 1975) Z W TR L7z,

ZIT, PIIRNHKROMEAREL v IRERBIRIC R 2 A MUS O RE  (mm b,
AT — 2 iz R H R OFKER (km?) Th D, WHRE f I, (L)1 TofE
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EEINTVWD 075 (&R, 1975) ZHWie, FHUEONFEHRERMRE riZik= A TcRIN D,

Ry (24
T‘EZ(?) ...... (4.8)
Z 2T, RyIHKERE (mmday?), TIZKHA~DORAKDOEERER (hours) THD, HEE
R 5 Rg (1, 2003 4E-S2 FE ML i 2510 1 GRS 7= Feok A R 0> 388 mmday ™ % FV M7=,
EH S A~OTAKDOBIZER T I2HOWTIE, REREFWNTHEB LT,

ZIZT, L E hIEBHENS ZFORBOEEE TOER (m) LHEE (m) Thod, KHiE
DlEhE, Edko1m Ay = DEM 2 HWTHIE L7,

WIZ, 2003 FESEMRHIBIT D EFZINOBALA B U — 28T — (o, Wm?2) & ZJIHR
WCBTARNOBEAA N — 2T — (ons, Wm?2) ZLi3 252 LT, NN BARINTH

TS REDS & DREEAR T L& T LT, T OfNTIC ST - T, SN DARINI D
T C O HIERRFE I DIL TR (RSP, Reduction rate of unit Stream Power) % k=D X 9 IZEFH

L, B3N HEEHE LT,

Ao oNndEED, TEREE IO TR RSP 1L, ansVor % EFEISRWREY, 02
51 (0~100%) FTHOMEE LA, ENR0ICITSIFEE, KD BAJNINT TOHEA A
V=T —DIETFAV/NE L, TN AICEIZN TE = E00, 2O FE XA i~ L ET

D AREMER SN EEZ DD,

4.4 FER

4.4.1 FZINFEII T B A tab o BEEL

7% 4.3 I[CHIH ORI X 2 fEtmfE OHES 278 Lz, 1963 4ERESICHB VT, il
DR EREEH ST 204,448 m2 & > 7-, 1963~1974 4 & 1974~1983 A= DI H /- 12 F A4 L
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7o RREE DR R EE AR 1L, T4 58,693m2 & 6,737 m2 THh 7=, Th kv, 1963 FELIKE
DF) 20 FERITHAEEDRAENB DT HHEEICH 72 2 LD - 7-, 1983~1993 4E L 1993
~2003 FEO MBI 71584 L7 FREE OB A TSI, £ 41241 84,030 m? & 389,019 m?
Tholz, ZiLLV, 1983 FLIEDK 20 FRIIZ, AIEOFRADEINT HHAIZEE U Tz
Z Wb otn, 1993~2003 IS HITIT A LT AEE DR AR EE I AL, 1963 fERE S A5
DT, TR TR b RE o7 (o#IE O 1.9~57.7 %),

®43 BEANREIZE T 2 HRAERMERDOHER

Table 4.3 Temporal changes in new landslide area within the Shukushubetsu River Catchment

Period All landslides Slope failures Rock/Debris slides

Landslide area Landslide density Landslide area Avrea ratio Landslide area Avrea ratio

(m?) (slides km2) (m?) (%) (m?) (%)
Pre-1963 204,448 3.74 174,771 85.48 29,677 14.52
1963~1974 58,693 1.24 44,290 75.46 14,402 24.54
1974~1983 6,737 0.15 4,898 72.70 1,839 27.30
1983~1993 84,030 2.19 78,927 93.93 5,103 6.07
1993~2003 389,019 6.83 312,850 80.42 76,168 19.58

BHE AREE & Hd R0 |2 X D RREE R R OHER I OW T RS &, 1963~2003 fEIZBIT 5
FAEOHMIL, SEo[EmE —& LT\, £, SHIMORAEMERED 72.7~93.9%%
MEREN GO TEBY, B 28U CREmAREEIC LD EAEENR LT,

X 47 12 (43) ZHOWTEH LIESEROAEFE I EEZR LT, AEMEREOHER
(F43) B LB X 91T, 1963 4E7H 5 DF) 20 ERJITEE b ENFEBICH Y,
Z D% DK 20 HH (1983~2003 4F) [FHEIME A Z#E U Cuhiz, 1993~2003 A2 RIS B4

600

mrock and debris slide

500 Eslope failure

400
300 A
200 A
100

pre-1963 1963-1974  1974-1983 1983-1993 1993-2003
Period

Total volume of new landslides
(10° m?)

47 WERNIFISIZH TS 1963~2003 FOEELTR=E
Figure 4.7  Sediment production between 1963 and 2003 in the Shukushubetsu River Catchment
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= 4.4

RAEXINZE TSR EDEELNE

Table 4.4 Sediment generation

Type 1 Period Sediment generated by landslides in each tributary catchment ~ (x10* m®)
PAS #13 #14 #15 #19 #20 #21 #22 PET PER #30 PAR SKR
All Pre-1963 533 007 0 0 0 0.49 0 024 291 040 094 0.29 0
1963~1974 0.23 0 0 0 0 0 0 0.02 043 0 095 011 0
1974~1983 0 0 0 0 0 0 0 0 0 0 0 0.19 0
1983~1993 0.07 0 0.14 0 0 0 0 0.13 0.43 0.39 0.02 1.22 0.57
1993~2003 2.09 0.21 0.40 0.48 0.35 3.00 0.21 0.18 2.74 1.70 1.98 191 5.34
Fa Pre-1963 2.66 0.07 0 0 0 0.49 0 0.24 291 0.40 0.94 0.29 0
1963~1974 0.23 0 0 0 0 0 0 0.02 043 0 095 011 0
1974~1983 0 0 0 0 0 0 0 0 0 0 0 0.19 0
1983~1993 0.07 0 0.14 0 0 0 0 013 043 039 002 122 057
1993~2003 2.09 0.21 0.40 0.48 0.35 0.45 0.21 0.18 2.21 1.70 1.98 191 1.62
Sl Pre-1963 2.67 0 0 0 0 0 0 0 0 0 0 0 0
1963~1974 0 0 0 0 0 0 0 0 0 0 0 0 0
1974~1983 0 0 0 0 0 0 0 0 0 0 0 0 0
1983~1993 0 0 0 0 0 0 0 0 0 0 0 0 0
1993~2003 0 0 0 0 0 2.55 0 0 0.52 0 0 0 3.72

+ All-All landslides occurred in each period; Fa — Slope failure type landslides; SI — Rock/debris slide type landslides.

pE LAV E1T 566,390 m? & HAE D B, £ OMOMMIZI T D4 PE L&D 2.0~70.1 {5125

L7z,

K AL TIRAESINT I 2B Z & AR Hrb &

BHLEEREZE LD,

-
—

DGR

Z 1t &2 LT, 1963~2003 A= DK 40 FEMICBIT 2 )N T & OEE T EO RREE 2 HH
L7z (X 4.8), HEI)IND S5, 2 TOMMICERAFENH > 7-D1X 1 )1l (PAR) DA T,

Z O 12 ZJN1F 10 FLL EOIRIE I 2 et e M R 8978 T AR A & o7, £72, 1993
~2003 FFIZAEPE TRV E DO TIRIENA A 6N 5 b i@ L T/,

g R OFAEIZONTHRD &, 1963 AERFAIT 131 (PAS : A FE L) 26,676 mP)
THIT Y OIAENHER TE721E0>, 1993~2003 D HAMIIZ 3 )11 (No.20, PET, SKR:
HEPE TV B 5,240~37,221 m®) THIF R MRHAL Tz, K3JINTRAE LT RD I,
WY 1 EETE T 2 BETICRE R o720, MU THEOHENKE o220, &

Wikl DA PE LAb 8 5 O 5851 18~85%I1Z K AT,
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Figure 4.8 Cumulative changes in sediment production for each tributary: (a) all landslides, (b) slope failures
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Figure 4.9 Relationships between fan-forming sediment storage and sediment production within the tributaries:

Sediment production by (a) all the landslides and (b) only the slope failures during the 2003 raifall event
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1993~2003 23RV 384 L7z 3 Il (N0.20, PET, SKR: % 4.4) (oW i, #hm
%%@ﬁ@é&i@%kmm@%ﬁoko

1993~2003 F-D AL pE Y B % D M AEHE O HEREEE sr 1% 0.10~4.82 OHIFHICH VD (F
¥%)0.871.29), A 7E L-ib & & HERE LD & & ORICAEZ2MERITRD b7z (r=0.42,
P=0.15), 4 %JIl (PAS, No.13, No.15, No0.22) Ti¥, HEfEF sr23 1 % LRl>TkH (sr=
1.19~4.82 : X 4.9a), LA EEHRE LW EOMBENMIWZ EOFER L 7o Tz,

1963~2003 F- 0 BARE AL PE LD B\ 5k 2 s S O HERSZR sr 13 0.06~2.67 DHIPHIZH V)
(¥ 0.670.78), SAREAEPE HD & & HERS LD & ma%‘a{@ﬁz ri£0.38 (P=0.20) L HET
X7 oz, £z, iE 40 EM O BFEAE W E L L728AIC Y, 4 )1 (PAS, No.13,
No.15, N0.22) OHEFEER sr 23 1 % kA>T (sr:1.12~2.67 ;X 4.92),

1993~2003 FEDAEETWENOMIT NV I X DAL EEZZE LSIWZHE, 3 X
(N0.20, PET, SKR) DOHEFEZE sr 3 1.2~6.6 {12 L (No.20 : 0.29—1.90, PET : 0.49—
0.61, SKR :0.18—0.62), ‘F¥JT 1.04+1.28 &72~7= (X 4.9b), 1963~2003 4= RAFEAEpE
TP BT 0.81£0.83 £ 720, 531l (PAS, No0.13, No.15, No0.20, No0.22) OHEFEHR
sr 231 % kAl Tz (sr=1.12~2.67 : [X] 4.9b), HERE AV E & M OFEREIE, 1993~2003 4=
DA VET r=049 (P=0.09), 1963~2003 4E B4 PE P& T r=0.36 (P=0.22)
LW FERIZ o T,

4.4.3  [ERN /KR OO JE AT RE TSIk 5 IR HE O HERE R

4.10 |Z 2003 “EZENIC & 2 &l m] ﬁ%i@% (V1) & 2003 4EIZIE R S A7 A o He
FE b & (Vso) DEAfRA R LT, TEHlFIHE (23 2 RS SE DO HEREEE srld 0.009~0.258
DOHEPHIZH Y, )T 0.09£0.07 L7257, @ﬁ%ﬂ fe bR MR W EOMICIE, AL
WEEHETWEOMBRLY bEWIEOHERH 7= (r=050, P=0.08),

X DT —H D5 AAH G, 2 %)l (PER, PAR) OHEFER sr'/’ 0.01 LA F T » 11 £
JEERTHLMZNSWZ ERbhoTz (X4.10), 22T, ZO2JINERE, Ko

11 ) OER AT RE LAb & & HERE LD & DORIRE 25 &, IRERER2 )Y 0.85 L FtBH 11D &
FRES (Vso=0.10 V1, P<0.001) 2355 47- (X 4.10),

4.4.4 SNSRI ~O HASIEEE ) O WREHE OHERRIZ KT T %8

K 45 \THHASIINTIIT 23 INNER L OARJINEICB T DB A b — LT —%
RHLERREZE LD, JINNERB LOARJINGED LA ) —L T —(X, Zhth
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8.08~23.55 W m2 (F#J15.53+4.92Wm?2) & 1.10~12.77 Wm2 (4 4.06+4.05 W m2)
DO#FPFHICH - T,

4,11 |Z 2003 4-5% IR O TR AT HE L AD St 3° 2 RS SE O HERE SR sro & S B AR
SO AN Y — LT —DIKFHE (RSP) ORRZR L, MHFPOT—2D0Hh 6, 4
HR srd 0.01 AR &/N&Evo72 2 Il (PER, PAR) 1%, B A R Y —28T —DIK TR
2N 0.31~0.37 [ZEX 2o 72, ZOfEIE, OO TR 0.54~0.94 TH-7-D &t
L CH BTSN T,

106 3

105 §

104 5

10° 5

Initial storage volume (Vg, m3)

102 T T Tt LI B L T T T T T T T T
102 10° 104 108 106

Potential transport volume (V, m?)
410 2003 FEMEFICHASNI-AEHOEBLNE L XICMEICS 1T 5ERATGELHEDM K
Figure 4.10 Relationships between fan-forming sediment storage and sediment transport capacity within the

channels of the tributaries
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Figure 4.11 Relationships between sediment storage ratio in the 2003 rainfall event and reduction rate of unit

stream power for each tributary
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# 45 PFAEZNOBEAR b)—LsT—

Table 4.5 Unit stream power in the tributaries

Tributary Tributary channel Main stream channel
or (Wm?2) Ay (km?) Ser (mm'Y) Wir (M) oms (WM?2)  Ans (km?) Sms (MM Wns (M)
PAS 13.61 4.09 0.101 22 2.99 11.99 0.026 62
No.13 8.08 0.94 0.100 19 2.39 17.23 0.014 49
No.14 15.50 0.19 0.137 6 2.04 18.21 0.016 63
No.15 21.05 0.12 0.144 5 3.15 18.52 0.021 54
No.19 19.38 0.11 0.164 8 1.10 28.34 0.011 107
No.20 12.91 0.57 0.116 11 151 28.36 0.012 84
No.21 23.55 0.03 0.209 3 1.52 29.21 0.012 83
No.22 8.40 0.43 0.111 11 1.59 29.29 0.015 97
PET 10.02 2.08 0.052 12 1.80 29.89 0.017 96
PER 17.81 2.28 0.116 18 11.14 37.33 0.026 24
No.30 19.50 0.60 0.196 15 8.97 39.67 0.022 26
PAR 18.48 4.47 0.119 24 12.77 41.21 0.027 21
SKR 13.61 1.27 0.121 15 1.74 48.82 0.015 90
4.5 H52

i ERNFRIIC 35T 2 Fr A O 38421, 1963 4ELLRE D) 20 4RI IE - T LT
773, 1983 AELARE, 2003 AEZERN £ TR 20 FRIFHGMITHER U Tue (3 4.3), FitlkN T
HIEAHA M T 72 DIX 1961~1986 D7 (2.2.2 i), THIFIHBSREOREICKIF LT
BT NE oot EZBNRD,

1993~2003 FIZFAE L 7oA O AL, oMo 1.9~57.7 fHIZEL TRY (&
43), AFEIWELRKE o7 (K4T), Fiz, HIEZE L CRIEREEC X 5 TR APEN
iR 2 K& < ERl-TWe (F£43), A ES (2005) 73, 18RI A 5 T 384 km?
DOFIPHZ RTBZ 6 4% (1955, 1978, 1993, 1998, 2002, 2003 4E) o AAlEHINIGFE 21T - 7=k
FIZL D &, 1993~1998 4R |2 FABEHI I AE=R Y 1.3 1% (0.32%—0.43%) (272 >7=H DD, 1998
~2002 T2 T, 2002~2003 42 I TR RS SR AN 3.5 fiF (0.43%—1.53%) (2L
TV, LRS-, BERIEER T 5 1993~2003 40 +rbA EIT 2003 4E5E/IC L D
PR ORAEICET LI Z 2 b5,

18 FRIDINFEERIZ 31T 5 1951~2009 4FOF i K H /K &2 EH 35 &, 2003 4 (388 mm
day?) (2R <K E 72 BEAY 1959 4 (335 mmday ™) (2dH -7 (X2.6), T DOMODEDFERK
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HFEKEIE, 2001 40> 227 mmday ! BN K CThH o722 &b (1% 2.6), 1959 4 & 2003 4D
M, Z ORISR RBMOZER ThH o722 E 3D, 1963 4ERE A D AR i fE7% 1993
~2003 FEIZIRWTRE Do 7= 2 s (F24.3), 1959 FEDEEFNIC X - TRl A EE AN 5056
AL TV ATREMEDS R,

PLEEY, fEERIRBICIT 512 40 4FE O LRVAEREE, MBSO SFEWIC X 25
MR DR AEIET LTV B2 6D, EINTEBT D WEESL ZDORY— v &K
Be LTIV, 1993~2003 FEITAPE IV EAR AN LT (44, [X48), 72771, 3%
(N0.20, PET, SKR) Ci, 1993~2003 fF{Z 54 L 7o Mg~ 0 N HAR A= pE 0D & D 18~85%
ZHb T,

1993~2003 FDAE Lib & & 2003 SRR S AV72 AR BE O HERE b & & D FA
BRIXE > 72 (r=042, P=0.15:[¥4.9a), F£7=, 4 XJIITIE, 1963~2003 4F D RAFEAE 1=
WE%E ER5EOEWHAHERE L Tz (sr=1.19~4.82: [X] 4.9a), 902X D4EET
BE2ELSIWEEAITE, 5 INOHER &Y 1963~2003 40 RREAE b B4 EAl-
7o (sr=112~267: X 4.90), Z DXL D12, NI T HAPE LD & & phFEHE O HERE L) &
& ORNCEZERBERIZA OB Rho 7o, KRS (2012) 2383 INZ BT 2 FREEDIE LI
H & REBE DI AR 2 bl U 72 R KU, 2003 AESERIF 2 TRLC, RSSO Rk
WX, H-RERAEOFEL I L TWehotz, 2O b, HAVAEEDREEC
HRLL, MO O ELER Tl hoTz B2 bivd,

2003 FEEEIFOIEM AT HE LA B L RO HERE T B L oI, HEE VW IEDOH
7vd> -7z (r=0.50, P=0.08 : [X] 4.10), HEFE=R7Y 0.01 AR &ML DI ST/ E W 2 3
JII (PER, PAR) ZFr< &, 720 @ 11 IJINOHERERIL 0.1 IR L7z (V=0.10 V1, R?=
0.85, P<<0.001:[X14.10), 72 b, MHEHEOHER L &EIZ, BWENLHEE SN D43
DOIER FTHE VB D 10%FEE Th - 7=,

F 7o, HERERDNE W 2 ZNTIE, N BA)A~O LW IERREE ) DK T 223 31~37%
WCBERNWZ Enbrotz (K411, ZD 2 ZNNOFALEITIRAZTICH 0, WEAR S
B T o772, AR)INEO SRYERRE 3@ o 7o (R 45), ZOREE, )6
G L7z T oHER 3 Z 0 Iz < <, WREEEOHERE B I, &3 OEMATRE L&D
1%L FIZHD LizEE 26N 5,

2003 AESERIRFICTZAR S AU A S OHERS b 213, £33N B 2 £ LR XV b,
EMATRE TR L OMBENE o To, UL, IREICHERE L= Hb o ZRAER &
LTCOHFRENREN ST EZEZ BILD, FFIZ, 1963~2003 4D RAFEAEE Hib&E % L
5+ OHEREN & 72 5 X1l (PAS, No.13, No.15, No.22, No0.20, 7=72L, No.20 iZ#i4
RIZEDEELWEEZZELSIWEES) Ti, #7540 400 B2 - CJIREICHE L
TWEEWAFHE Lz E R s D,
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4.6 £&

ARFETIE, 2003 FESERNRHICTERR S N7 PRESECIE R L, SOIRIINIZ B0 2 AP i)
B, EMRHICRT 530 EWERE N 2H T2 2L T, K3 bEH St
EZEMIT K-> TR E NSO HER 0 B ORISR 2 T L 7o, TORERIL, RO X DI
ERI SN D,

(1) BEIIFERICR T 5% 40 £/ o LRPAPEIE, 2003 SIS & 54} HREE
DORAEICEFT L TNz EB 2N, EX)NIBITDEWAEL ZONNZ — 2 2L T
FV, 1993~2003 4E |4 pE LRV E A LT,

(2)  1993~2003 4EDAFE LY F: & 2003 4ESERRRFIC IR S v 7- kS O HERE TAD &
EDOMBIXEN -T2, F72, 5 ZNTIE, BE 40 FERORBEEELWEEL LR D EO LW
DHEFE L TRV, JNTBT D 4K L& & PR OHERE L & & OMICE R 72 BAfRIX
RoOomb 7otz

(3) 2003 F-ZE N RF O ] HE T HD & & W AEHEOHERE b & & ORI, iR
EOFBENSD -7, HEFERN 0.01 LLFEME VLTI WIIINNEG TN TV, 7R
D O OHERERIT 0.1 1ZILHR L 7=,

(4) Mt 0 HERERI NS WIIINE, TSR ~O LRVIEREE ) OIR T =R 31~
7% X Te oz, EDT=, SN BHEH Lic T OHER B Z 0 12< <, WiE#EDH
QNS ozt Ex BT,

PLEDORER LY, 2003 FZHRIFOTEE S AL/ PFEHEOHERE Trb &, FRED HHEE
S D4 )N OFER FTHE LR D 10%FEEIZ /2 528, D> B AR ~O RO EREE 123
BLZRWEES (RTFER 31~37%) (21%, ZOHEN 1%UTETRIDT L Enbiol-,
F£72, 5FJITIE, 2003 E5ERNIFIC 1963~2003 4E 0> BFEAPE b % LA 5 HRbHF H 233
AL TED, bk 40 FLLEICHE S TJIRNEICHE LT A L7 2 & 3R S
i,
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E5F HEMORERELFEHAROREZR

ALV T, 2003 4RZEMFFICIERR S L2 fbsE MG L& &, S bREHR S
ATz LA EDBAR 2 AT U 7oA R, MRESE R OHERE Lrb &3, FERNHH/KERIZ 31T 5 31
OERATHE LD B H DREELLHI D Z LAV R ST, MREHED B R O HERE b B
Z, TERtE ORI S22 e duX, SN OISR 2 4R T b & ORFEZEISC, T
DRI T D2 E TOYMEHEE T 25 2 ENAMREIC /e D, L LR, BEFOFE T,
MIEHEDIR IR Z T T M T 5 F TIZIEE > TV,

Z ZCARETIE, RO HER TRV & LRI OBIR 2 NS5 2 & T, M
B OREERZET /MET D2 L2 HRET D,

5.1 @M H1E

HESEDRABHREZET WALT DICH > T, REBEEONRHEKEZH LML, 1T
A—SEEEET 2 FIEZETe, XD, TV IREETAVEZEAT 5, KRIZ, i
FESEDIR BB O R FIEE IR D, Btk |, 8 ERIRE TS b L - g DR BRI
95T IVOMATEERGET 5 kR RS,

5.1.1 fEATICHWAIEEET L

HRMEOREE, D LAR~O EBBBERLE LTRSS @11 FilcsT 5
BFG), A DR BRI L > THRES LTRSS, —HT, WHEEOK
BRI X 5 B AL O ) B LTS b L RN E x5 L (B3 5),
HERD T O YEIIETE A LT R AT 7 L2 T & 2 TREMEA 5 B,

ZZTARETIE, 2O50REETNVEMRG L LTET, ZALDET /VOEEMEZMGE
T2 LiCEoT, MEMOREMEDOET MbalA s, K51 ICHERENOREET
IS D HERE HRY B DA IS K OHERE 0B &R B B D BAAR 2 BRI L 7e,
LR, BRI RSV CTET VOEAET 5,
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® Model 1

(0]
5 vS(f)=VSO _Kt %
o ~ =
> cix =
3 > .% mj ER=K
5 g —
(2] Time sequence
Time (f) Stored volume (Vs)
@® Model 2
g @
3 Vsy=Vso exp (—A+1) S _ ER=A-Vs
SR §
> L2
T ~— 0 ~
o e e
S L %
w ,‘»“(\2
Time (1) Stored volume (V)

51 FICAVS 2 ONRBETLICETIHBINEORFELEIUVHBELINELRRRE
DOB%k : () ETIVI—RBEEN—F, (T) ETL2—REERENSHBELHEITIKE

Figure 5.1  Numerical model of debris fan erosion

Dietrichand Dunne (1978) I, {HAE#EA R L= SR ~O LB ELRRE % €T
LT DB, PFESEOHERE TR B —E CTHEFF SN D Z & & RifE & L, ZO%6, Ml
PEDAR R 133 0> B IR AR S D fmdiiib &l —39 5, Dietrich and Dunne (3,
KRN OESFRA B %, KIS Z AL U7 BEBIRRZ VTR L, i 1
T D LR ETANEDL L DICET 2 M ZHEMME LTHEB LTS,

DT, WHFIR AR T 2 /AR 72 31T (<100 km?) 7> B O RS X R BRI
D LaEBETHLENDHD (Bendaand Dunne, 1997a,b) . 12, KA HAbHEHIC
X o THREHENTE AL S i=t%, HEWDIZ D72 3 2 KO LR MR IR 2 &3, kot
IR FAET 2 £ TOM, MESEOHERE TP BITRREHEIZ U722 > THD LT %,

Z OBFRICBWT, MM EOREEE (ER, mdyeard) |FHREIIR] (RT,years) #i@ L T
—EDE (K) #& 570 (X (5.1)), MEEHEOHER TP Vs, m®) 1%, B (t, years)
I L= > TRIERIICHED 5 R (5.2)),

ER=K  «oeet (5.1)

Vsy = Voo — K-t oo (5.2)
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Z 2T, B 1=0, $bbh, MRHHETEAR OHER LR B Vs, BEEFI=RT DL ED
HERE LD 823 Vs 1272 2,

HERD T O VEE 23 HETT 3~ 2 AR TlE,  HERE Ha E-OHER Mo IR N R BRI IR 5 2
EREE I TWD  (Graf, 1977; B4k, 1988; Simon, 1992; Nakamura et al., 1995: Nakamura and
Kikuchi, 1996; Simon and Thorne, 1996), Zi 6 OWFZEHEB 2B E 2 5 &, MPRE#HEOERIC K

LHERE L EORAITEH, FEEIRRICE > TRT LR TE LWL ® 5,

PR SE DO HERE H1D B Vs OFREAOIE ORI, ROMS iR TtEEIh 5,

T, UMNEEORIEET T A= (BREEH) Thd, RFEt oL I 15
HERE T B % Vs & LT, 3 (5.3) Oy AR 2 &, WSO HERS b Bidk o fa%k

B k- TR D,

Vsty = Vso - exp(—A-t)

X (54) TiE, X (52) LFEERIC, Vso RNIMFEHHEIZEE (t=0) OHERELIDE, Vs 2Nt
W t=RT O & X OHRE LR RIZ/R D, LIeA o> T, Filo ¥R T X 2 HERE b E o ¥
253, MR L ED AU LoD > TREMICHER L T < GE, REEE ER

CHERE L EITIR O LEBIBR Z & 5,
ER=A-Vy e (5.5)

& Z AT, Nakamura and Kikuchi (1996) 1%, —[EID#KIZ k- TR A SR FHE
WHL OGN, T OHEMH O TE AR L7z o THREMICHEE L T\ 2 &2 5
L, FERIREED HPRBE) 2 0E L 7ok SRR DN T A — 2l 2 FEH L IR B m g
RISV THEE T2 FIEZIREL L TV 5, Lisleand Church (2002) 1%, ZO#HiEE2SM L
T, HEWHIEEOBRZ KT /3T A —Z %, FEEEESICER LR8N T 5
7 (Eqation (16), p.1-9) . {HFESEDRBIBIRICE VT, REHENRIFZELT DO THIIZ,
X (5.3), K (5.4), K (655) ITBITDIADMEOENEZET HLENH D, 15 ER IR
B DMEMEORBHEEICET N2 ZWH LI2HAIS, ADEN T L RpE D0 E 0>

7 Lisleand Church (2002) AMIFHERD HIODI2 AR 2 29 BIEOT EA V- FIHRIC OV T, BISAICFR L Cds
<, ¥, Nakamuraetal. (1995) oiigi TR A AHRIC, HEMHMEREORAFELLE KRR TET @ dagy /0t =
=03 /0% —C - Ay (13) TI2T, ag ol UERGBIES Tl x EOHEBHOHRITH Y, ¢ IXEALHETLIH 72 DERH
BEETHD, X (13) ITBWT, ciIHERHIOEIZH D LT —EDIZ®D, HKlinOHEDHI AL S 7= K s oo w g
A0, ol THNTESND Aoy = Aupy/exp(—c - t) -+ (14), N (14) FTHNTEBRFIRETH D : ape = Ao *
exp(—c-t)--(15), #D—7 T, Nakamuraand Kikuchi (1996) 72354 L7- K& 912, EREAR ¢ MHEEIHE (c =

a-exp(=f-t) THOELETIUE X (15) (T D ¢ LB EIT 5 2 LT, REBEORMEL B8 L4t

IR BRI TR Tl D IREDE HID © ary = Aors) XD {% lexp(—f - £) — 11} - (16),
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W, RETOMBTRER 2B £ X TEEHT 5,

5.1.2 REMEDRH
5 3 EOFRAR RN D, MFEHEOHTRE I (RT, years) &, JERRR L OFHA R OHERS
T E (Vso, Vs, m®) 2EHNTWD, L7eR-> T, fEx OMWREHEIZ LT, WEHIHE o

IR A TR A BT 5 2 LR TE D, AR TIE, T OlE oS EEE (ER
méyear?) & LT, AFORI Y RDIZ,

5.1.3 EFLOmEMHOMEE

Wiz, BT NVOEEMERIET 5 HiEElR 5,

ETNLICBWT, NI EOMWEHEOREFELE I —ETHY, EKEMERALE
L7=BEEBRIC L > TEETE %, 2T, oM KEREEIZFEEEOBBREZRORFE
B C R4 5 2 & T, &7V 1 OmEAEMEAMREE LT,

FR=a-4%*  -.... (5.7)
ZIZT, AR IINoEKER kmd), aBIObIZEFEEBMONRNTA—FTH 5,

TV 2 ITBWT, [BREEHE &M TR EIT AR A D (X (B5)), FZT,
FEMEIZ Rk O HERE TV B AR B OFIAL S & T RO E2ITH> 2L C,ET L 20

WEMEZBGE LTz, BEIEITICE, HBIESE ¢, EEHE 0 &4 5RAE MWz,

ER=c-Vsy oo (5.8)
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5.2 fE5

5.2.1 PPFESEDIR A

SHE ORGSR, MR AEE L 1~2,289 m? year ! OHFIHICH VY, BT —F OIFHE
LA HUE 2861460 m3 yeart L 7xo7c, FHRFERAEIINZLICE LD LDERBLITRL

77

£51 FXINNZEITLHHEHRDEERE

Table 5.1 Erosion rate of debris fans at each tributary outlet

Tributary Drainage area Residence time T Eroded sediment volume Erosion rate
(km?) (RT, years) (m®) (ER, m® year™)
Panke-shukushunai (PAS) 4.09 5~96 2.2x10%~2.7x10* 216~2,289
No. 13 0.94 5~94 5.9x102~6.4x10° 46~215
No. 14 0.19 5~49 4.0x10?~6.5x10° 79~196
No. 15 0.12 5~176 5.2x10>~1.1x10* 19~392
No. 19 0.11 5~54 1.0x10'~5.8x10! 1~2
No. 20 0.57 5~115 5.8x10%~1.8x10* 101~1,164
No. 21 0.03 5~127 5.0x10°~4.9x10? 1~4
No. 22 0.43 5~75 2.2x10%~4.8x10° 26~64
Penke-tobochibetsu (PET) 2.08 5~68 3.9x103~8.7x10° 128~775
Penke-runai (PER) 2.28 5~80 8.8x102~1.2x10° 11~231
No. 30 0.60 5~49 1.4x10%~5.8x10° 28~1,050
Panke-runai (PAR) 4.47 5 1.1x10° 218
Shikarusunai (SKR) 1.27 5~16 3.8x10%~5.4x10° 334~757

+  The residence times indicate periods from the fan formation year until 2008.

B 5.2 123 OFEKEFE & MhfE#E DR DO BEfR 2R Lz, SINOEKmEFEIX 0.09~
44T kM2 DFFHIZH Y, HEKEFEOKE 72 3)NE ERRHEE S HEMNT 2EEN A5 (K
5.2), L22L7enn, EAKEBENRFRREDOI)NTH-TH, REEEIZ 1 UL EOIXSS
TR oTo, BEEEIZER LIGE OWERER? 130396 £ 720, ET7 /L 1IZL-> Tt
B SN2 MREHEDIR B HE DIE 5 S S I XEEDK 40%I2 1k £ -7,

B 5.2b 1T1F, &3JINTRIT DREEEDFEES L ORK « B/MED AR LT,
INEY, A—3)NCBITHREEEICH ML EOBEBNRH D Z ERbhoTe, FHER
W A BRI ER L2A, IRERE R21X 0564 720, TV 1ICk-> TS
AR B E O SFHIEIE & 2 Z 1T 2R OK) 56%IZ 1EFE - 7,

PLEDORERNG, )N BIT 2 WHEHEOR B X —E & B3, 15 E8)Ikic
B HET VL OEAMHETR &I <,
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52 XNIOHEKEEELAEHOERBEREDOHRK : () £2#ia, (b) XNTEDTFHE
Figure 5.2 Relations of drainage area and erosion rate of debris fans: (a) all data, (b) averaged value and range

of each tributary
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53 HEMEABROUBINELEBEEDCHRK : () £2iia, (b) BERSZLOEF
Figure 5.3 Relations of initial storage volume and erosion rate of debris fans: (a) all data, (b) regression of each

vegetation category

5.2.2 PMPRESEDOHER TR B LR BEE O BfR

4 5.3 IZIFESEIZ AR OHERE Hib & L RAEFREORREZ R LTz, MTORDSMmNG
%, HEREEWEOBMIE LR TREBEEDIELSENREL REEANALNE (K
5.3a), W& DORRE VS LN HEIFRORERE R? 13 0303 £ 720, EF /L2128 -T
P SN DO RBIEEDOIX S DX (X 2EOK 30%I21EE 7= (X15.33),

KREDOMATCIE, NERHM T OEE R L E) 2E88E (ER) L LD,

70



BT —F OHEFE LI B LR AEE ORI T, WEBHOEWEZERL T\, 2T,

WIS R DRAERXS IBLON, N, IV, VO 4X5y) ZEIERAEE O RERSHT

ZAToT2 L 24, HBIES ¢ 25 0.008~0.080 DHEIFENE SN, 26 DEIFRDOIE

%% R?21% 0.534~0.939 L 720, 2K THEG L7-5HE X0 LSt oW ERXAE ST
(1% 5.3b),

FB2ITET N2 K D HEUFOMT ORERZE £ & DTz 5 b ERR D flEH i,
LI > 1> v > VoA (0080 > 0.039 > 0.016 > 0.008) (Z/h&<72->THY, i
HHIMBEIET 2120 CTHBIES ¢ OENBERT 5 Z EBRS, LEeR-T, 20
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Table 5.2 Results of linear regression analysis for the relations of storage volume and erosion rate of debris fans

Category Residence time Number of data Coefficient value R? §

(RT, years) (c)
All 5~176 35 0.037 0.303 "=
1L 5 13 0.080 0.786 ***
" 16~33 [27] 5 0.039 0.534 **
\% 46~68 [48] 10 0.016 0.939 ***
\% 75~176  [94] 7 0.008 0.898 ***

+  The residence times indicate periods from the fan formation year until 2008. The median RT value of each category is shown in square
bracket.

1 Statistical significance: n.s. P > 0.05; ** P < 0.05; ** P < 0.01; *** P < 0.001
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Figure 5.4 Relations of residence time and proportional constant ¢ of each vegetation category
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Figure 5.5 Calcuration results of Relations of sediment erosion processes of debris fans:

(a) relations of storage volume and erosion rate, (b) temporal changes in storage volume
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Figure 6.1 Example of storage volume estimation using the erosion model (Panke-shukushunai Creek)
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Figure 6.2 Comparision of sediment storage volume at the observation year (2008) and those estimated using

the model calculation
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Table 6.1 List of data sets for estimating storage volume in debris fans of the tributaries observed in this study

Input data

data set 01 data set 02 data set 03 data set 04
Tributary Vso 1 RT Year Vso RT Year Vso T RT Year Vso T RT Year
PAS 2.19 96 1912 2.49 49 1959 2.67 5 2003
No. 13 0.58 94 1914 0.81 46 1962 0.67 27 1981 0.36 5 2003
No. 14 0.68 49 1959 0.67 33 1975 0.15 5 2003
No. 15 1.22 176 1832 0.41 46 1962 0.23 27 1981 0.56 5 2003
No. 19 0.08 54 1954 0.08 5 2003
No. 20 2.22 115 1893 1.08 68 1940 0.86 5 2003
No. 21 0.19 127 1881 0.15 46 1962 0.07 5 2003
No. 22 0.64 75 1933 0.15 46 1962 0.89 5 2003
PET 0.91 68 1940 1.35 5 2003
PER 0.17 80 1928 0.12 5 2003
No. 30 0.17 49 1959 0.57 20 1988 0.65 5 2003
PAR 0.22 5 2003
SKR 0.57 16 1992 1.00 5 2003

+ Initial storage volume (x10* m3)
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IR B DS/ NS WIS, 6 3)II (PAS, PET, PER, No0.30, PAR, SKR) [I{RA&HEN K
TVHRZEZY LTz, Ko C, 20 2B T, WO BN E L RITTHUE - Hip 2
RN 2 ENEZ HID, K6.2ITEDHREMED & 5 FEK &) < D0 FII% LT, LLTIL,
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— HHEAHAOMIME (XET7 Y7, Fy—hTony 7B L0AT Va0 L HER
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RARR A TSR, HEREA U O S BREM S D TibE, A L—F 27 (EiEdl) (2
X DARAL OHEITA R, AR GEE O )N R TR 3 3 % o 72 Z & S LT
WD, 2O LG, HERETEIRIZ & 2 3 O WFEEENE, IR B~ TRV /A~ <
SEMENRENZ ENTEIND RO S 2 B TR 35 &, 8 31 (PAS, No.13,
No.15, No.19, No.21, PER, No0.30, PAR) 723:Mtin{AfEik, 4 Il (No.14, No.20, No.22,
PET) MHEREEIL, 780 0 1 X1 (SKR) 1E RiRERAMHINAGEIR, T BB 23 R ik o
boT, REFHETHITL2HE LR, LB -T, 2RO REEOE W THE
KRR DTN T D H DT RWEEZ BN D,

PFAELZ 13D 95, REHEO/NSOWEEOEKEFED 0.03~0.94 km2 T - 72D
WKL, REEE DR X WET 0.60~4.47 km2 EARRITAIIZ K E Do 1=, TN OEKHEFET,
TR SE DR 29 5 KR ER Tl Ao 722y (5218, hSofiEEHET
52 LT, REREICHEL RMZTTHEROONLEDERSTWEEBEZ LD,

F62 HHEHOTBMICHELZREFIIXOHE - HEER

Table 6.2 Geological and topographic factors which influence on erosibility of debris fans

Estimation result Estimated volume < Observed volume Estimated volume > Observed volume
Residual Positive (+845~3,678 m%) Negative (-155~4,451 m®)
Erosion rate Relatively low Relativey high
Probable factors 1. Composed of coarser materials 1.  Composed of finer materials
2. Low erosion rate of tributaries 2. High erosion rate of tributaries

3. Infilling by subsequent sediment discharge 3.  No substantial infilling since fan incision and
reduces net (apparent) eroion rate of tributary head-cutting begin

fans

Tributary § n=7, n=6;

No.13, No.14, No.15, No.19, No.20, No.21, No.22 PAS, PET, PER, No.30, PAR, SKR

Lithological/Geomorphological 1.  Both Accretionary complex and Sedimentary 1.  Both Accretionary complex and Sedimentary
features rock are included ¢ rock are included ¢
2. Low erosion rate of tributaries due to relativery 2. High erosion rate of tributaries due to relativery
small drainage area (0.03~0.94 km?) ¢ large drainage area (0.60~4.47 km?) ©
3. Both of fans covered by category | and Il are 3.  Both of fans covered by category | and Il are

included (see Figure 3.7)¢ included (see Figure 3.7) ¢

1 Residual = (Observed volume — Estimated volume)
1 Tributaries shown by under bars indicate presence of debris fan deposits without vegetation coverage (Category ).

¢ Common features among the tributaries; d Different features among tributaries
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Figure 6.3 Examples of estimated sediment discharges and temporal changes in storage volume:

(a) accumulated form (Penke-tobochibetsu stream), (b) Terraced form (Tributary No.20)
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Summary

In recent years, heavy rainfall events repeatedly struck Japanese archipelago, and large number
of slope failures, landslides and debris flows were induced by those events. Extensive amount of
sediment production due to such mass movements can cause sediment discharge not just in the events
but also in long time period after the events. Thus, long-term sediment transfer control is
increasingly important.  In Japan, long-term sediment discharge predictions and their controls are
conducted according to guidelines for sabo master plan.  As a conventional way to develop the plan,
predictable amount of sediment discharge during the next approximately 100 years (period of sabo
master plan) is calculated based on existing records of the past sediment-related disasters and
probability raifall intensity of target area or region. But practically, both magnitudes and timings of
sediment discharges in short time period and negative effects of middele to long term sediment
discharge on flood control works and/or water utilization should be take into account. To conduct
appropriate planning countermeasures with considerations of these points, it is not enough to calculate
gross amount of sediment discharges, predictions of sediment discharge at wide-ranged time scale
from single rainfall event to whole period of the sabo master plan is required. Particularly, in channel
reachs where tributaries with steep slopes and channel beds inflow, mass movements (i.e., slope
failures, landslides, debris flows) and following large-scaled sediment discharges intermittently occur
and sediment discharge volumes widely fluctuate. Therefore, it is crucial to understand sediment
transfer processes from tributaries to the main stream for developing practical and effective sabo
master plans.  However, measure for sediment discharge prediction which explicitly take
characteristics of this processes into account has not ever been estarblished due to the difficulty of
long-term monitoring of sediment transfer processes from dozens of tributaries in steep headwater
catchments.

At tributary outlets in a headwater catchement, debris fans form by sediment discheges from
tributary catchments. This thesis focused on the phenomenon that fan-forming sediment does not
flush out immediately along the main stram channel, and temporally storage at outlets. Previous
studies on sedimentation processes of debris fan were mostly targeted for those on piedmont
floodplains and/or alluvial terraces, meanwhile thre are few studies targeted for those on narrow valley
bottom of steep headwater catchments. For this reason, volumetric scale of debris fans due to
temporal storage of discharged sediment and subsequent erosion processes are less known. In the
existing sediment budget models, sediment transfer from tributaries to the main stream (or higher order
channels) via debris fans has be assumed to maintain steady-state of stored volume by balancing
sediment delivery and erosion (discharge downstream). Moreover, sediment reaching tributary
outlets assumes to flow down the main stream channel immediately in process of sabo master plan,
thus, temporal sediment storage as debris fan at tributary outlets does not take into account.

In this thesis, a method for estimating residence time and storage volume of fan-forming sediment,
which is based on morphology of existing debris fan deposits, succession phases of vegetation

97



encroached on fan surfaces and dendrochronology, were developed. On the basis of this
methodology, following two subjects were analyzed to clarify sediment transfer processes from
tributaries to the main stream: 1) scale of sediment storage as debris fan formed by single rainfall event
and its controlling factors; 2) temporal changes in erosion rates of debris fan.

Shukushubetsu River Catchment of Saru River Basin, Hokkaido, which has a drainage area of 54
km?, was selected as the study site of this thesis. This catchment was struck by a typhoon in August
2003, and large number of slope failures, landslides and debris flows were triggered by record-
breaking heavy rainfall (hereafter, the 2003 rainfall event). Firstly, to know the distribution of debris
fans along the main stream of Shukushubetsu River, a topographic map showing area affected by mass
movements and sedimentation during the 2003 rainfall event was interpreted, and recognized that
debris fans newly formed at 34 tributary outlets along the main stream. Field observation conducted
in 2008 revealed that fan deposits still remained at all of the 34 outlets five years after the rainfall
event. Succssession phases of vegetation estarblished on those fan surfaces were classified into
following five phases: no tree sapling (unvegetated or sparsely covered with herbs and tree seedilings;
class 1), saplings of pioneer species such as willow and alder densly cover the fan surface (class Il),
pioneer species forming flat canopy layer, seemingly developed from class Il (class I11), adult trees of
late successional species such as ash and elm are dominant (class IV), large-sized trees of climax
species such as spruce and oak estarblish with sparse condition (class V) (Chapter 2 and 3).

According to these results, 13 tributaries, which differ from each other in succession phases and
spatial distribution of vegetation estarblished on fan surfaces, were selected, and formation years of
debris fans were reconstructed using dendrochlonological methods. Then, sediment storage volume
were estimated with conic approximation of fan-forming sediment.  As the results, 16 ages from 1832
to 2003 were obtained as formation years of the observed fans, and residence time of fan-forming
sediment at the observation of 2008 ranged from 5 to 176 years. Meanwhile, estimated scales of fan-
forming sediment were ranged from 1.5 X 10° to 7.4 X 10* m? for the accumulated volume, from 8.6
X102 to 1.9 X 10* m3 for the existing volume, and from 7.4 X 102 to 2.7 X 10* m? for the volume stored
by the 2003 rainfall event (Chapter 3).

Secoundly, to clarify volumetric scale of sediment stored as debirs fan at each tributary outlet by
single rainfall event and its controlling factor(s), sediment volumes generated by slope failures and
landslides within each tributary catchment during the 2003 rainfall event, sediment transport capacity
of each tributary channel by debris flow and competences in tributaries and the main stream by stream
flow (unit stream power) were calculated. Then, quantitative analyses of their relations were
conducted.  Results showed that sediment storage volume of the 2003 rainfall had positive
correration with sediment transport capacity of tributary channels, stronger than those with sediment
production within the tributary catchments. Additionaly, it is found that approximately 10% of
sediment transport capacity estimated from sediment discharge equation with assumption of constant
sediment density, and at channel reaches in which the unit stream power did not reduce by half from
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tributaries to the main stream, this ratio reduced to less than 1%. From these results, correration
equation of debris fan storge volume to sediment transport capacity were derived (Chapter 4).

Besides, gross sediment production of the 13 observed tributaries in decadal time-scale were
estimated based on the occurrences of slope failures and landslides in past 40 years between 1963 and
2003. 4 of the 13 tributaries, sediment volume stored during by the 2003 rainfall event exceeded the
gross sediment productions during the past 40 years. This result suggests that estimation of gross
sediment production over the past several decades is required to sediment yield predictions not only
for medium- and long-term but also for short-term as a duration of single rainfall event (Chapter 4).

Thirdly, relation of initial storage volume at the time of debris fan formation and erosion rates
during residence time was analyzed to clarify temporal changes in erosion rates of debris fan storage.
Proportion of erosion rate to initial storage volume did not constant among the debris fans. Instead,
by analyzing each succession phase separately for consideration of the differences in residence time,
significant linear regression equation was obtained for every category. In addition, proportional
constants of the equations reduced as vegetation succession progressed; this decreasing trend was
approximated by exponential function. From these results, a functional model that is characterized
by time- and storage-dependent change in erosion rate of was derived.  The nature of the model could
be an evidence that the exponetial decay function model, which was used to date for prediction of
sediment discharge associated with river bed fluctuation, was also applicable to prediction of temporal
changes in storage volume of fan-forming sediment at tributary outlets (Chapter 5).

Based on the results mentioned above, it was clarified that the sediment transfer process from
tributaries to the main stream could be characterized by three compornents which regulate storage
volume and erosion rate.  Finally, a new method for developing sabo master plan with appropriate
consideration of temporal storage of sediment discharge from tributaries to the main stream during
major rainfall events was propsed (Chapter 6 and 7).
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