HOKKAIDO UNIVERSITY

Title TRINARITIC & ZRE T EX DR EEREICE T 555
Author (s) &K, UN; SHIMIZU, Osamu
Citation LBEREREM HEEMMERRS, 55(1), 123-215
Issue Date 1998-02
Doc URL https://hdl. handle.net/2115/21435
Type departmental bulletin paper
File Information 55(1) _P123-215. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




FEEAZREFEEHGIRKRE Bo5% F15 123215 (1998) 123

TSP IS & 2 sk T A D
P22 AP IS B 3 B SR

i gV S >

Sediment Budgets to Analyze Sediment Transport

Processes through Drainage Basins
by
Osamu SHIMIZU*

® =

FED O WEZETHENANEES, FiE2EL - @K BEOREME 2 EE T 2
ik, REFEZHEFCANARNIWDEREZEET 51Ch> CTEETH S, ItiEOY
D 4 Fis (R 2 km?, KRR 3 RK) BT3RS » S, REHEISFEADOR
R70XATHBZL, BR (2, 3R RELBRROIWHEBTHS 2 &, HEEEIII0
FEM DO THI000m®/ km?/yr, LROFLHEE X 8 ~ 9 FEFDFH 450 £ 2300m®/km?/yr T
BY, WALTHOTTELFENTOIWWHEER L U TR LER, BRABO TR
BRI 5 ~605ETH B Z &, WRENTz, I KIIKRE % F 72 8K8000 5/ 0 BB E
AEP O, BEZ TCORBBICO: ) HEREIEEREBCH2 2 &, A—HNEOHABEEHRHN
FZ300~T700FETH 2 Z EBHBAL 2, & 5 KPFIARROL2FE L, &5 &7 T HHFTHEE D
W, GUSER L OB, ME L 05, WREOBFRZ CRHEE2HET 2 ER 2 H#R
Lz, BRI, BERREORBEHEMRICL - T, tWHERME2EZ 2 KI00EDORBIA 7 —
VTR TBMESEFENTH S 2 L 2RL, IHOFRBEXERT TV E, RENOME
BROZEMFRS & X ORI EED> SHBEL 12,

F—T—F LI, LEAEEE, WHENE, SEEE TREE

1997 4£ 8 B 29 H®H. Received August 29, 1997
LB E R B ERHRNRI R R B

Laboratory of Erosion Control, Department of Forest Science, Faculty of Agriculture, Hokkaido
University, Sapporo



124

EFEERY RFREHTRRE Ho5E H1S

| X

T N 125

B LEE TFIEFTEE  coeeooeerereerrereresitteeciiirere st e s st es et s e s e e s s anr e s a e e e s ee e seseae e e e raaaaees s nnaes 127
B T = 1 G 127

B B~ g RN 128
1) ERDUNTEIRET  cooveverreersrermmrusmninisitrietrseitese s s e st e s e ss b e s er s e s b s n st e bt s e b b e e ne e e naeseanenes 128

2)  THFEDREEL  covoeerrerere e s e e e e a s s e s e e 130

1. 3 DT RIFTIM DB coovorrerem et s e s s e s nee 132
EOE KBRS TIOBEIDEEE  oorrrerrerrrrrinriiee st e 136
2.1 LROINKTIRBETIBMDILTE  --vererverrrsrrsrsrrsesierssiieieinieeitereetess s esssteersaessrt s ssssssssssssesnssssnnsesins 136
2.2 19924FE 8 HEER L LRPEEE -+ ooreevreirmriii e e s s e e s e s e e e s ee e 139
1) 19924E 8 FFERT  wevvvcereverrrrrreermmtisiiii ittt sttt e r s et e e s s s e s e s ra s e e bae saaena s 139

2) BBATUROD LEOBBEIIRIT  ----oooovveeermrremrrrrrrrtier e 140
I BT AN P DIEPLTE  cooverrverrrrrrrmrareesitenieiresree et e eent e s san s saa s e s naens 145
3. 1 EEBFICERT 2 LML ST R R rrrererrrreninrnninniineenie e eite st s sse e ee s sse s s sresssaeesannesans 145
BT oY 21 - G P SN 147
3, 3 1BABLBIBOBEMIAITEE  oororreerrrrrerrrerene ettt 151
EAE ﬁrﬁi@uﬁb: & 5 O SEE - TR DEBAT  -ovvererererermreer i 154
4, 1 BEIEBOBBEIA XY P L TEDIEER  -oroerrrerrrmrrrmrrerirmnesntritsieaaissne e siesssesnneseesas 154
1) BIERHEE  --erreroereeerrerrrerairreeeitie st bbb s s s et e e ssreee e s e et neeaas 155

A TR 117 3 1) Ty N 157

4, 2 WK & 5 LROBIETREE DHUETE  --vvvererreerrreret i e 159
4, 3 ﬁgi@@mﬁiﬁﬁ ERFATHIZE L coeervrrrrmrere e 162
1) BERWERDLROBEIRERT  «oooveerrenreereenrans RN 162

2) {E*ﬁ%ﬁgi@ ERIERABEEE L DZEE oo 165

% 5 ﬁ i@ﬁ%mmi@ﬁ L T@ﬂﬁﬁﬁ@ﬁ%%éﬁﬁﬁ ............................................................ 167
5. 1 REABREOBRETIZE --ovoovorrrrereriii et e 167
5. 2 FIIRAEIETRIEDORBBEBIERIT  oererrereereerreesiresieei sttt r e 168
5. 3 TIBAZ — IV CORNERRBEREE -+ oooorrrrrrereeremmreciirrririres s essirtntie e e s e s ssssniaer e e s essssssanns 171
5 4 10~10* A4 —5—DHEBHRER L FHBBSELEREEE  orrrrrrerreeeermesemneniiiiiniit e 175

5. 5 FABEEIRHAM  ooroeerorermrr i et er e ea e e 180
BOE FROMHEOLREIZERIEME vt e s ee s e et 184
6, 1 BA—ZERA N P DOFHERDE  coorerrrrrererrmretieiriiees sttt st re e e s s se e s nve e e e 185
6. 2 Bk LMD S BT LTI OBFIEIEE]  ooeoorrerrerrreerenrenreeresne st eeee e enne 187
6. 3 /MEBSADOHERD RO ERBDIEIREFR] oo, 191
6. 4 THIETROBDZBRIZEE  coocveeerrrresstiitiiiiiii et ett et r st s et e s ae st st e e aa e s ra e 194
6. 5 BERCHIT BHIRATOTU DIEEE  cooreerrrmerrerrrrmrrerirnntimnien e et se e saee s sanense e 199



RN & B G LR OB (k) 125

% 7 g Tk i@mﬁ@ﬁ%ﬁ#ﬁﬁ ............................................................................................. 202
7. 1 HBEAOTEMEEHBIDIREE et 202
7. 2 TTODOTIRBIEMRER  -ooocereemrerrerrrrrmis it ettt e et e e e s e e 206
& T SRR 208
}'ﬁ § ................................................................................................................................. 209
B FHSTER  -eevrrererremensemiioi i i e e s s ae et b e e ecnerenerecennnennne 211
ADSETACE  srereeteresertmiermmiiniettretetutettteeiauotataettsteetreteracssosassosenrecscnsressssneressstresarssasssscesssrasssonanss 214
# B

Kb 5 HIE & W1 28 i DB R RIS 2 B K £, IR EOAZES LD B
BELHE TR, THRFCEHEFRAMERCE > TRELETH~BEL, 2L THENY
THALEZEINS, FEIZ, MIIAREZNEZERYD BERE D SHR S 2 —> ORI
THY, BR»OSEHRBICELKROBREERETH 3 LA, A2HEL T 298 OBEHE
TH3, Tibb, THEIMNE»SHEELETCAOLT, MELPBL THXEIND,

R HI & HSBOREAKE VO BREME, ROEBLCREFCEBLIMAAL LI #HE
FHEEFHOBPEICB VTR, IHOBMEHEFE \HEBCREREZZVWESICaybo—
VT BTH, TROLMHBEENIATHY, RGP SELRLEEL L TEBINTE R,
I THAMROTELWHRICT 27012, BDIHBEOEE LHR, %o o L#%
BT 2MROEELHET 3,

WFBEEORAR Z L OhLFEE R, HEBEBCEUCTEEMNICELL TE: (WFh%S,.
1991, p.36~42), 18974 (BHIA304E) O [WBhEk] Gl DI REDBFEEIZ, FFEL 2k
BRI B 5 EWAE & THRANIANOLWHFEH ML T, FKER %S )| OgtART
BOERETS2L, T2bbiEAMEEENLLTBY, 22 TRBEROIABERDOALE
PEEMHRO 2 HBE DD b, BEE L TR LEEMERMS AT E T,
Z0%, 1960FEREY0 613, TAMPERNG Ok 2 EENE K E LT 2 BT
REOREXTR DS, FiZCWBBEE MR S, ZOERKCIE, BERERECHE S B,
HREBAZE, BOEEARZ COIUE « LM~ OEARERERE L LT, HENZIHEENEREL T
ElZ b, ¥RBERERABEORIAEZE THENEEL, AGEEE LOMRNL VR
Folel &, BH 3,

REOCHERE, ARWIHER (KRB LRFERKEENE Gk o=
DEFERFEELTWS, Z0>b, AiEP—BLTENE L TERBABRCENE, B
BEEZ I & 2 AERBEMOEHDORECIMZ T, BEOWEEIC X 2 REFPUAHES S LD
BRHEEBROVRIANE {, AHELAEREDGEERI L TWE, —AT, BEIHNT~



126 IEERFBEREENTRRSE $5% H1S

&, ARNOHEHEHENTHIN S I AFRAKRER & JEAFHBARENZ, 2ETEX
70, 000f8AT LA L E BER R BUCDRY, »OBREE CENESRET LEDORZD S b 0#120% 12
TERG, ZDd, HFEOWHBEHEOERIIBFANIBDEENRCHIT >N TS,

WIC 81T 5 T WAEE « BHER, 72bbRBEOTWERIZET 3 H COME
i3, EROWFEEZOEE L EECHEEL TE7: (BRIED, 1994), 19505ER0z, ARBOH
FHE (ORR, 1951 ; BEAW)IFWEER, 1957) L3I OBKLEHE I 5 > CERNICR
BlahaZbwwhko>TURE, BISEHEOBEMRE R 24 ELDE - MELDEO FRFEORR
VRN, IhERDTCEE - - RHIDBOEET -5 ORENE L, TOBRET S~
TR RITIEDS, 1960 % TH {fTbhiz, Lal, BEOHELISHIEHICHK - 721970
SRR, RIEAE, LG5, RFERL CENO-mEE 7o v 2 c@ET 2HRshL e
BoTwnd, X, BEDEBEICEIL IV 2 —F —KNOREBNEEL, WX 70
¥R EFTERABICHET 2 MERR L A% L ERNEN L > CIcERNEROBEHIZEY, B
Ao 702 AT 20581k, LHBOBE X » =X LAORHANLESL, % OMREVE
shT&7,

L LAsBS—AT, HBeEoLtWEE, §4bbiieEL L LtoixXoR s - 2
FRELFHE 2 & EEB BT 28213, RETHRBHOBA 2HSEL TS, 19604
K& TOFRRE ORI T 2 2WHAROBEE L, WBHERNE I X > TR TEREN:
Ham L RERE ORI 3, 1960FEMRBY¥IHERE L THESNLBZEOY VY RY YA [£
Witic oW T) (REF - FE, 1966), [HELIWE LRIz OWT] (PHEFIZ,, 1967),
[ TROAEEEFH OGN L Bt owT] (UDiEd, 1968) TOREERE LRI, BY
ENTWDEELDIENTES, ZITOBMIE, RATF—2OTRRL, RRERFNT 2050
AT —NBIUVEER T — VBT 36ERBOXRM, CX-oThradbd, BREDOY VK
CULDRIBELLT, BRE (LUOED, 1968, p.43) i BHEORZOHMBOV IV, T
OfERTHHBAL > 2B ETTEL T bok] L, #2100 (LOIED, 1968, p.
2) &, SBROBELL T [HE KK - THEEREOHIBRER 2RERIICH > THE
HcESIT2ZL]| 2BAL T3,

2 0%, RENTOLIWOBHKER T 2BBOERICL->T, fKke—2D75y >
Ry ZAELTHEIOTRZL, ZORPTET 5 LDMEEROE VIS U CHHE & FHEK
FELCRAL, TRO6OMELL QL LTHRBBTREIND LS5k ok, LT, Th
WWEITWITWEE - BEE T VSRR SN (R, 1970), FL-RNKEROLMEE- Fib
DORERES, ME»SFEERTTROEESRCES, tHEBRKZELLTEREIRL LS
otz BIZIE, - P, 1974), I S5CRETR, BEHEX ST DHERELRD
ANT, HEREETNVEAREHHE L 2HAGDE L IWEE - Ry S av—vard
AAohTWwa UNIED, 1989), 20X S EETE, tHOFNICK -, LD EEBIE



TN & B FK T RORR DR () 127

HWET, MBI EXSHEEINE LIk, FhoBBHETCHE—EEA VIO
RRENOBRRECH Y, RBIDEXORRTIER L L TOEEEE L HEOBEIR, K&k
FRELLTRENLTWS,

IWOREBRRIT, FHBUBREBEECREL, TR 1AV ITETTH8AERER
B2D, FEATOIWOER L BEES 2> (REBCRIBRTH 570, BRIIERL
LCIEE - s hidhidk ok, 20L& 2RREVRCE L HATOLIWEROMH
21, MEOIMHEEToEAEZNRELTRITODRATVE DD FFS, 1971 ; FX,
1983 ; i, 1988 ; E#R, 1988), WMEBLBOLWEXEZNRLLIZBDEF, HEiKBWT
NAKAMURA ef al. (1995) OBHNHIBET, BEAERINTVERY,

¥7z, FELREXCET 2 RIFNMROES T 2 BRMOBEIE, KRNz 1HEE
ThHY, ZOEBOEHBIIRK AR CREDL S DBAHRICEBS T, DAi»oFEL %o
T3 5 AR O LR L, FEIROREBETICNT 205K, BYLL 2BREE~OFS
LOMIGE Y, BHZRERETHD, 251, HIDOERBERLE~OHESOER X, B
HECHL TiE, B—OKXKWRFO LTI 2 2DIHEROFAECEE, T45bb % 0RH
o BREOWHHEOESFLTWEAOHMVHIF AR IR (UME, 1991), BREEOH
DDOEFORBOBERICIGZ DI, FHEGR « HBMCBRANDZ L LT, 2oL,
kX VL BRENARCE D WHHED, HEOHEBRDLN TS,

Ih S OEKEHENRECHET 27012y, FKE2E L IWEXHEKROREY - 22
HRIFE 2 SO ERBOREIAL, BRIRDSNT WL L#EL 2,

¥, F@id [{LEERFEEEFHRY] Thd,

F1E B X H &

L1 /R B B

Wi EE L 7z LR, TRSRIED S HE R THRENN CERS W —EOBEET
bbb, LT, TO—EDHEXBEOF TLWRTBENORATICHEE T 201, FikLibE
xid, —EOFN - PARZEDA RV P TRET LRV, BENZES 2FH-LBEKRTH 3,

FEEE L o TR ORERRR I, MEORE ERRE - THRXELZ SRERN OB U
TERBBET O ACKEENEZ L, BXOBMET UL AVEEORBEEE 2R/ O
&, ¥lz, ZOFOFRME, 72 LIXLFEIOMEA XY FOBRL L TCOLWOFERE, it
CCHUENBERL TH RGP R 2BEHRR (hysteresis) B8@BH o b L, BEDT
DRZELDTEETH S, Tz, BN LML ZSREBRKTH 2 MER L rdE%
O—EDER 2 BFET 57: D13, HEANOLDEEERICH> TRLXOBTEAL T 28
K7 ARFAETSE, REMXTULAOHM - HEORHM2EETLZE, 2L T &
BHIENTE UL EBEO TR X D RRFRTIERE UCEE - BIFT 52 L, SE



128 ERFRIBHEMARRE B55E BT

Thb, BETHRNIZ & 512, MELWHEEH - EROFEFRITE —A > r OLBEH
CEENRELTBY, HIHMNCRE L EBOBEXRA RV M ERFRFIBERE L TREFL:
bORIZEAERL, &1, ZORTHE LRI OMNERTH 5, ‘

W & E L 2R 0B IX, #E» S FEE, FED» SR TR S V5 AR
BoT, BB EE L 2RENICBRVELRBSTHICEL VAT ALEZLILNTE S,
LT, BEIEEHEL, AECHEL VLR Z WA AMBMEAT 2B L, HOHF
MR £ ZOBOEMNEL D OF THEERNICELC TS, EEX6h%, 22T, BHNO
RR e T EMEMHE AR CED . LT, BRI EFER, BRERRE, KILKE
F, ¥AAMEDOEHRERNLR Y, Bua 0T sREEELFAL T, » 5
MR CBU 2 tHERORK L FEEOBREPINETCENIE, BEHLHYT & OBRERNLBEFRD
FRATIOIRE L 72 B,

FHEOENIZ, W EEL 7 IWORXER %, RN ZMNLER (variety) it
2RO TCERNCEHT 2L ThY, BN, 1) Bxo@mx 7o A0 LWKXLE
AT ARE, 2) REEBRT IHBEROLDRR BT 28, 3) X0 A L1
BEHARELDOORHRD, 4) FELDEEORBR 77— L BHAKRHRE, 5) 1HEXOZE/Y
EEBMELZ20ER, 2E2HOHIICTEILTH B,

L2 B ® K5 &
1) RO

AR TIE, FREEL L EDOBXER, Tbb 1H0RIED S HHE & TR~
CEmE A —HDBE R, tWIE DS (Sediment budget approach) %W T T
3, LWINEKX, WRcBY 2 LW DEE (production), ¥z (transport), HiiH (dis-
charge) DBEOBRNLERTHY, LK, EFE»OREE TEORSEVERTO LY
WXL, TORWXARABOFENMET I3 IWORARRLOHEAEMBRCEABY TSNS
(DIETRICH et al., 1982, p.6),

—iz, WEEELIDOMRIZ, MEOIDSHBRERRRAL LICL> TTANE
B95ZeTHES, 2ho50BELEMIE, —FHBME T ATHEILL TEEL, 28B4
H THOFEARAT 5, & 612, MBERALLLIRE, FENTREShEDE L b
TRk o THEE N, ZORMXIHO—MIFBTREXBCHEL THEL, B IR
BT 5B~ 5. 25 L7-ERERICH-> T, THRFESNOSRTEE LY
EEERICEDEL, HE» SRR THREE T, »2REEETEEEINS,

TRRZE, Z0X5 iR EEL L IWEEXORNLERTHY, ERHMRESERIC
ED oA, (landscape unit) B 5 +WOFHEAR (input rate), #HHEE (stor-
age volume), FHE (output rate) @ 3 DDONXHEE» WK I 2 (SWANSON ef al,



TR & B FUE L WRRORENT (EK) 129

1982a, p.2)o TN OBRCH1:>Tid, EBOLWEHBOHEORCELS, 2207
Tu—FRBbb, VEDIX, BESN T2 LR EBEMAMT (7 & 2 T8k wEE
THHETHY, EFENCIIIHERRECH > TEROFHEERT, &FHARCBWTE
IEBATAIWEBEHETZLOTH S, COHETR, BET 2200 IAcE->TE
e T2 E SNSRI L 2D, ERfD 3 WIEFELEAHOHS 2 E87 5L
WRISHBEMAOHAR, THAID2VEHMETAHOHASOEELDRIEFKHE, 2
hZhi43 2, ZLC, RARLHRHEBOZ LG &ic& D, MBHEM BT 2HFLHOE
{LBoEHEI NS, BEAFOLDEESEHAT 3 20K, REED b TR LD
DOFAER 7 0¥ R, FIZITEFERCHNRY S 2u—HomiERZ CicE e UTHER
h, HARCBT 3 EAIDEE, —BREICBKBMPORE & TRDBEOEACE T WT
Koo, £/, ZOHETHE, HFHAEMICB> TEHERIZI L ITL-T, KoH
ABAT X % B M BAT S T DER B IR o CEYICESET 2 2 Lic ey, FHRINSRETAH
RKEETMETE 2 ZEHACBAFESEMETENE, I LZOS5F TITbh 5 8tkE
BF (flood routing) & [E#FZ, THFXEPMPHNESEL LEKORZETOTHET
sediment routing (F+REEF) ~DOFKBHSTIREL 2 (SWANSON ef al., 1982a, p.2), L&
L, EROIWREEZHOMMICBOTY ZNVI A LATEET 22 L%, $0HHLEER
R LBET LD, RIEBTRR VY, 51, HERBECRERRRY, 2ORED
R & RO BRI FHRINIZ LA ERAEETH Y, LrbBEEKNE LD CERMETET
TAREOLWER S A ENRE LT, BEPOIHEEETRT 3 Z L 3FERENTDH
3, Lo T, EEFHIOFHEIX, MELZEORESEO LN EFTONRE T 55
BRI EEREABH O,

TP EEBET L0065 —~D207 Fu—Fik, THBHOEBEHAIL, thiEE
CIBEREREITT 2 5B TH S, RO LWIGEHRO% L X, PEZHRED S bHRE T
EHroDORMEEERVT, HONXHEEOHACEBFRAELH Y T3 (] 2 1F LEHRE,
1982 ; PAGE et al., 1994), FWFEIC BT H, AR LLEZEHBOTHEEREEERL, K
BEREIC L > TEWBEROHEIRITS 2 iz Uiz, SHIONSR & & 2 B4R LR ENER
X, RRLERTHY, AIBRTOMEY > IHOBE L ERE, BREIBE L LH
TefBCHELIERE, ThZThRT, Lo T, MREEL 10EXE, flEs»s
BT RS~ S tHOF N (sediment flux) AL T &, BAOHA»SBSNIBE
TRBREIBOFNATMENTTEARE, EROHHA»SB/SNIHH LRIV OFHN
HOEBLEERE, ThThRDLT, AETHRED> > OREIWRICOVWTE, Eif: L
TEHEIT 3 EBNARAFETH D, LEHRE (1982) % CAINE and SWANSON (1989) D Xk 3 i
FETRBETCORE L LRHBEOBRREI X 2EEFH, 525\l PAGE ef al. (1994) DX >
BN Ty AL UTBEET 2 BRI O I ERESE, kCsAvwshuiga



130 IEERFBERRENTRES H558 H15

i, BHIWE» OHFIWEEELFIWLICERE LT, REIWEVHEINSFHE
B, DL, RPHEDCHE O LWHINZIZ, B8 (mobilization), #H ¥ (storage),
HH (discharge) @ 3 DOINEKEHE» SRS 3,

2B, TITHWBE (mobilization) ¥R UERT, £Z (production) DHFENE
BaEhsZrb—RicE v, B2, PAGE et al. (1994) BHE—DFENA > b DI
BWT, £EDH D WIZFELE (generation) DFEEHAWTWS, L L, DIETRICH ef al.
(1982) % SWANSON et al. (1982a) It Sediment production %, EHifOF:BHINE+HEE
LIBRCERINS [BEDOBAILIZ L 2 5B HBOBR] OBRKIIHLTHARTWS,
D&, THEEE WD ABRIHROBRAIGC THRLER THEDLDN S, HRIZBWT
i, TERRETIDHRGEE 0] @RS, 1986) 252 AEEsSDIEAFCO
BELROEREL->TWEY, TITR, THEELZ [THBEBRRCHES FTLELDOR
E] LI EBMNEINTVWE—HT, BUOBETHIEEIDCHL TR [HELHDS 5
FECHRAT 2 1 L FEER IO > bHEIEEZD 2 1] LFENOTMRE L AL
R ETCERVBINTEY, RHEROM TR —RBDoNDE, ZOX5% [&£E] O
SRLARC L ZREALERT 30, RO LB T 3588 Tid, LEHRE
(1982) % CAINE and SWANSON (1989) DFRIZHEL, HEBEPLFEEELZ CORRBEARKC
5 W0 0E» S OBEN L T, &£ (production) Tix#% <, #&) (mobilization)
OREERAW3,

INZOEARBEAL L e 2 RAIE, FARCBOTRFHE LEED 2 DL Lz, Fistw
INXwBiF 2 XHEOBRIZ, (1.1) RTHECRREINDS,

(MH—SH) + (Mc—sc) =Dw (1.1)

M BEtHE S HELIPE L cBRELTIhHEH, HEERDT,
Dy ; S T Hiimd o OFH L&

B B h3HE R, RIEOBER (My) LHER (S»), WEOBEER (M)
EHEE (S) THR, 2LT, (1.1) Ricky, RETRE»SOMHENEH I L S,
28, FHRTIHDNEEEHIL 7z 4 DORBRTRD S b, 2 DOFEKICIZTHEICIEILS A
PHLENTEY, Ihs 2HRETRSLERELIVO T v e LT LAEDEOIH
21T, HiE»oORHBIWERE/ 2 HEEHALZ, BEOI 3 2FRCE-T, fiot
WU &AL Tz,

2) BIFEOHE
AP, 4 2O/NFUERENRRIC, DlEDO XD RRBIMINK 2 B—D#XEA > b E,



TR & 3 WKL RRME OB (EA) 131

BHOA X P EELH POV THEL, ZOERNAERN S, BLOBE7 DL
OWBEHBMZICHNT 255, MECEEE - RS EERT 5 P ERO +HE® 51
BB, WXSO YA L EDBERREDORNRY, EENT 5, 27, TSRO
BETH S HEHROBNEESRNT 52 L0k D, LHORTRSR S FICE%7 T LD
K - S OB & > THRMINEE 5 R B L DRED, BUEOBEETI. S5,
Eib U A & 5 TEONKEHTIRE T 2 2 L oS TR DT, NS
LERORIESRAER TV, FREDREORIGEETDH 3 tHRHO PONRMOR &,
TR R DR & BT 5,

ML REAA Y, AFEORLICE-> THET 2L, UFOLBYThs (E-1.1),

2V, MBS B GEECHE L ASEERICHE S LR EaRE LT, B
S RARE ¥ R L TR CO LR R ERICEEIL, ASMEERICEES 1L

L=
* Fg 2 L T 1R AR OB
(BHE—E—Fg O
EX « BX

BRI — o RO T

- B8, B, HboERTFHE
- TR OERL#EE
« TR D ZBHEIEE R DN
B— o~ ORI
cWE SO ADES
- WEEROXE), 216 HEBRORARERE
« ®F£320. 8000 D FiH
HE
FARDLRVIRE (304EMD) _I_1
LR TR ZEMMER
FEHE BB s HOZEHMER BT
TRHGEE WY A4 X
- TROBEES BHEEsD B R
%R b R REEEMYE - BN L RHICE OB
| I
ik 1 RO B Ze T
« RAM O XD ER Y
XSO R EHHER
o TEbEgARE L XEE

H-1.1 FFFROFHN
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Fig. 1.2 Map of the Saru River basin (1350 km? in area), showing locations of the study basins for
analyses of sediment budgets and sediment yields.
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Fig. 1.3 Geological map of the Saru River basin.
This map was simplified and modified from 1: 500,000-scale geological maps “ Kushiro”
(1978) and “ Sapporo” (1986) published by Geological Survey of Japan.
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%®-2.1 TRNHRRFEOBE

Table 2.1 Basin characteristics of the four study basins for sediment budget analyses.

River basin Rubeshubenai Paradai Onomappu Pon-osatsunai
Area(km?) 2.08 1.70 1.60 1.96
Outlet elevation(m) 230 50 50 60
Relief (m) 470 220 275 335
Relative relief (m/km?) 226 129 172 171
Average slope (") #1 41.2 35.2 35.7 29.9
Stream order #2 =~ e Br resererrereseererirennerersensessnraieseenens
Channel length(km) #2
3rd-order 1.0 1.2 1.7 2.4
2nd-order 1.5 1.5 1.1 1.8
1st-order 4.1 4.9 3.7 4.9
TOTAL 6.6 7.6 6.5 9.1
Drainage density (km/km?) 3.17 4.47 4.06 4.64
Channel slope(%) #3 4.2 3.1 3.3 3.1
Valley-floor width(m) #4 48 45 45 45
Channel width(m) #4 36 33 22 16
Vegetation cover Natural forest Natural Natural Natural forest (30%),
experiencing some forest forest Conifer plantation (70%)
selection cutting after clear cutting during
during 1983-1988 1956-1963 and 1971-1974
Geology Cretaceous e Neogene -+ Neogene sandstones and
mudstones (slate) conglomerates mudstones
(alternating beds)
Sediment control Check dam (KP0) Check dam None None

facilities within basin

built in 1964
Check dam (KP0.2)
built in 1991

built in 1965

: calculated by the Wentworth’s method with grid squares of 5 mm laid over a 1:25,000-scale topographic map
(contour interval ; 10 m).

: taken from a 1:25,000-scale topographic map.

: measured as an average slope of the lower-end reach, 1 km in length, on the main channel.

4: The ‘valley-floor width’ refers to the width of valley bottom area between valley-side slopes.

The ‘ channel width’ refers to the width of the area inundated with bankfull discharges occurring in the past
four decades, i.e., the area defined as channel-deposits surfaces less than 2 m high above the stream for these
reaches examined. These widths in the table are shown as an average value in the lower-end reach, about
500 m in length, on the main channel.
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Fig. 2.2 Map of the Paradai River basin showing landslide
scars and channel erosion/deposition sites along
high-order channels, triggered by the 1992-rain-
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BEXY, XROLHDINZOBRIICEVTIE, REOLDER 70X A L L CHEHE
DHPIWEEBOHHONRET S, 2L T, ZhiZX> THAIT SN HRERO LI
I, FRCHEE S WU B T 2 X2 EBMNCERT 2012, oS BER»ET
BLEZ B,

3.2 £ ® I X%

4 DOBBRFR I B 519924 8 HENFOLWNX %2, kO LWBEIROHARERICE
TOTHAINT S, FHHlEh- LRI, SECBWIHELDR & FHERTIR, MECBY
THRGEHE & MKERETHD, HEIWE L FKREREELBE (mobilization), AR
T B FRERBE Y (storage) OEWINEZHBCZhEThFELE T 2, BRY OPEHEBD
¥y (discharge) X, BB THIRICE T3 LB BOKENEE, Lo VBB LBETED
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MSUM_SSUM:DW (3.3)
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DOEA»S, BIFohZWEEBOBHANELEZL S, B, HHARDHB0% % LD 2 ERIMED
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£-3.1 ARy 2_FANIFEO LN (19924 8 HEMW)

Table 3.1 Sediment budget for the Rubeshubenai River basin during the rainstorm of

August, 1992.
Mobilization ’ Storage
Location Process Volume (m*) (%) Location Process Volume (m?) (%)
Hillslopes Landslide 47,700  (82)  Hillslopes Deposition 12,500  (18)
(footslopes of  as slide deposits
slide scars) (remainder)
Channels Channel erosion Channels Deposition
low-order 5,200 (9 low-order 3,200 (4)
high-order 5,100 (9 high-order (including 9900 m® 55,600 (78)
of reservoir sedimentation)
Total 58,000  (100) Total 71,300  (100)
Note; Low-order and high-order channels represent Discharge (yield) from basin
channels of zero- and first-order, and those of 3 ; )
second- and third-order, respectively. nearly zero, except for fine sediment which flushing

floodwater contained

Methods: The volumes of sediment mobilization and storage were determined from direct measurement of all of
erosion scars and deposits identified. The sediment discharge from the basin was estimated to be nearly zero
because there was no evidence that sediment mass passed through the basin outlet, i.e., the trees which occupy
all over the channel floor just behind the dam at the basin outlet, were not destroyed by the flood.

U THHEMIE AL, BY RFEERET, & KEBRBBORKERSHE LWLEDT78%
D2, ZOBRBBERD S 59,900m® i3, FEMATECH T S hiz KP0.20 5 A M
L7z DTH5, ERFRROEHE L HRIZ, LR L THFEWNE, ZhbEhG
EotWEENX, SEHBC X 2SEOBELHY, ERFEY AL TERAEE ARSI
HERL, S5 KP0.2Y AR X2 EHHEELIIRA/EAL T, BREHCHFEK TR S0
THHERECEro, LENERS,

T T4 RO LK 2RK-3.207F, BEILHIZ, FHHIL ToWEXRTBOLGEHEZ
BT, RIEREE BRABGEEOAET19,900m® TH D, —F, BHELWOBEEHZ27,700
m® Thote, ¥, THOWMHBIFIERRSEZRVLTIEEA ER» > - LHMBE D o ¥l
Ehtz, Ld-> T, WEXOHEDOED S, KEOBHBLWRERIIHEE L [FU27,700m® &
BrFHEEh, FHDLDOEDT,00m® DLW, FHHIE{THLs > EXRFEOMKEHER
WHYT 3 EELOND, 12721, VRV aRFABBOBTRENE LS, ZhsDHKE
0% EEOREEFA TSR D 5,

BX 70X Z L ONXENT 3HE5TIE, BELWHIEZONT0%BHHERHE, #30%23
{ERFBEOMKEHEIC L > THE I T3, —F, BHIWDRZOIT%HHERLIE LTS
L, B IFAKERT, & ERABOMKERILBDT%E LD S, I OERIKE
BD > 5 D11,500m® ik, KPOARERENRAS AL 2HBRLIDTHY, ZOoLDEIR
TR LR SED50%ICET 2, ZOWARS AL 2HEBOLWHIRIEZ, SEOBE( <>
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8-3.2 N5 F4IFROLNE (19924 8 HER)
Table 3.2 Sediment budget for the Paradai River basin during the rainstorm of
August, 1992.

Mobilization Storage
Location Process Volume (m®) (%) Location Process Volume(m?) (%)
Hillslopes Landslide a 19,200 (69)  Hillslopes Deposition 4,800 (7)
(footslopes of  as slide deposits
Channels Channel erosion slide scars) (remainder)
low-order not measured
Po---o- »Estimated 7,800?7 (28)  Channels Deposition
; low-order 2,300  (8)
high-order : b 700 (3) high-order (including 11500 m? 20,600 (75)
; of bed aggradation
t----Total (a+b) 19,900 behind the log jam)
bemsmoonooae 27,7002 (100)wr -----=----mmmmmmomeooe oo Total 27,700  (100)

Estimated from Budget balance

. : Discharge (yield) from basin
Note; Low-order and high-order channels represent !

channels of zero- and first-order, and those of --nearly zero, except for fine sediment which flushing
second- and third-order, respectively. floodwater contained

Methods : The total volumes of sediment mobilization and storage associated with landsliding were calculated by
using the total slide-scar area from aerial photos and a volume-area relation for the scars from field measure-
ment. The volumes of sediment eroded and deposited in channels, except for erosion in low-order channels, were
determined from direct measurement along almost all reaches of the channels. The sediment discharge from the
basin was estimated to be nearly zero because there was no evidence that sediment mass passed through the basin

outlet, i.e., the trees which occupy all over the channel floor just behind the dam at the basin outlet, were not
destroyed by the flood.

B TEDHEESEC - BAOEREEZ >0 5,

x /=y THRBOLHINE 2 ER-3.3C7 T, LHBOBIHIIBE LS, 050m?, HFLW
5,680m® T, ZH SNy 2F 1 FEOL/10KH, /37 51 RBEOL/S5KEOLWHETH
D, IWBEBORKRIISNE oI tBHLLTH S, BEESBHELIVSOERL
5, TWMHREC oz LEHE NS, L, BE-HBEHCBT 2 1LHEOT—HOD
BEIR46% T, vy aRFAFROBE LD PRV KEL, LHEFHOBENEL > T
5, 2D, WET O XA LDINIEANDOFS2HENCAHS L, BERILWOEEEIIE
FAEE L ERTEREGEHEOS E WTWAES T, BEIL LW 0IZIRERS, BHELWE L TRXR
BRICHERE L 720

Ry A3V F 4 B0 LDINF 2 K-3. 47T, THBOBEHIBEIL1DH35,430m?, #F
H1wH5%1,860m* THY, A/ ~y FHRBEARET, 1B ABETH o7z, 172
L, BBB - BHEOELI S5, 3,570m® DLW FEE TG SMH L L#ERNZ A
3, ZOFHITHEIZBAERD 2D T1,830m3/ km?/event L2 D, ZDfEI, RETHR~R
ZBEIERO LRI » SHE S N ELHRE LR (876m*/km?/yr) &I &,
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Table 3.3 Sediment budget for the Onomappu River basin during the rainstorm of
August, 1992.
Mobilization Storage
Location Process Volume (m?) (%) Location Process Volume(m®) (%)
Hillslopes Landslide 1,740 (67 Hillslopes Deposition 60 (D
(footslopes of  as slide deposits
slide scars) (remainder)
Channels Channel erosion Channels Deposition
low-order 1,310 (43) low-order 50 (1D
high-order 0 (0 high-order 5,570 (98)
Total 3,050 (100) Total 5,680  (100)

Note; Low-order and high-order channels represent
channels of zero- and first-order, and those of
second- and third-order, respectively.

Discharge (yield) from basin

not measured, but estimated to be zero based on the
result that the amount of sediment storage is greater
than that of sediment mobilization.

Methods: The volumes of sediment mobilization and storage were determined from direct measurement of all of
erosion scars and deposits identified. The sediment discharge from the basin was not directly measured.

’ ®-3.4 B4V A IIREO LI (19924 8 %M

Table 3.4 Sediment budget for the Pon-osatsunai River basin during the rainstorm

of August, 1992.

Mobilization Storage
Location Process Volume (m®) (%) Location Process Volume (m®) (%)
Hillslopes Landslide 3,370 (62)  Hilislopes Deposition 750 (14)
(footslopes of  as slide deposits
slide scars) (remainder)
Channels Channel erosion Channels Deposition
low-order 760 (14) low-order 0 (0)
high-order 1,300 (24) high-order 1,110 (20)
Total 5,430  (100)--r-----mmmm oo Total 1,860 (34)

Note ; Low-order and high-order channels represent
channels of zero- and first-order, and those of
second- and third-order, respectively.

Discharge (yield) from basin

mmmm—mmmmeem-oq

Location Process Volume (m®) (%)
Basin outlet  Stream transport 3,570?  (66)
------------------------------ +Estimated

Methods: The volumes of sediment mobilization and storage were determined from direct measurement of all of
erosion scars and deposits identified. The volume of sediment discharge from the basin was not directly mea-
sured, but it was estimated from the difference between sediment mobilization and storage.

2. VSO LHTREBBCHY T 2, Yo X T OPRNXENT 2FE5 TR, BBILBHD62%
DIRHE AR, 14%MERTBEEH, 24%FERMEBEHMIC L > TG I T3, ELT, B
B - £ % D3B3 X URRIEBEHER & U THEBAICHEL, &Y 066%D+
DOFBEANTEL T 5, i 3 TR LK T 3 &, BRFEEOEE I ARFIRORFHHED
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s>h, BEANOFS K 2H 2T, BE~OHFS (#H) »hawv, Zhizgich
Nz & DT, fhod 3 FK L LB L THIRBOR S, TR HHEIEI2E8EN/NE LI LRR
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TROSEDTEB L EHSERFREIZ T B,

7z, #HE, BXHE, SXEBELVOIHEERISAS L, TWWEXIIBT 3 &HEE
ROEHIZ, UToX>cEEILS,

FHEZ, BEI A 2B TREIDOBRRKOHBBTH %, HEHEIRZOTHO—
HrBRLE LU THEHSECHE S 328, ZOFHREFRIZ25~26% (V> 7VEDHB LR
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Fig. 3.1 Changes of sediment mobilization/storage and their components with increment of basin
area along the main channel of the Rubeshubenai River, in the sediment distribution induced
by the 1992-rainstorm.

Notes: “LOC”, “HOC”, “ero” and “dep” mean “low-order channel ”, “ high-order chan-
nel 7, “erosion” and “ deposition” respectively.
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Table 4.1 Sequential changes of landslide areas from aerial photographs in the four study basins.

Rubeshubenai R. basin Paradai R. basin Onomappu R. basin Pon-osatsunai R. basin
P h°t§f Landslide  Newly initiated Ph°t§,‘ Landslide Newly initiated Landslide Newly initiated Landslide ~Newly initiated
grapuing. ooor area slide area for graping  o..r area  slide area for scar area  slide area for scar area  slide area for
year each period year each period each period each period
(m?) (m?) (m?) (m?) (m?) (m?) (m?) (m?)
1955 6,000 1956 16,000 95,000 39,000
7,000 26,000 14,000 47,000
1963 11,000 1963 33,000 similar to 1971 #2 61,000
0 16,000 =0 25,000
1974 1,000 1971 39,000 53,000 same as 1976 #2
2,000 23,000 50,000 =(
1983 3,000 1976 51,000 same as 1986 #2 47,000
4,000 21,000 =0 16,000
1988 5,000 1981 63,000 same as 1986 #2 31,000
49,000 0 =0 15,000
1992 53,000 1988 #1 61,000 76,000 27,000
just after 37,000 2,000 3,000
the storm
1992 80,000 48,000 10,000
just after
the storm
Total 62,000 123,000 66,000 106,000
Average rate of land-
sliding (m?/km?/yr) #3 993 2,411 1,375 1,802

#1: The photographing year in the Onomappu and Pon-osatsunai River basins is 1986.

#2: The area of scars was not accurately measured, but distribution of scars was carefully examined for identifying new landslides.

#3: Rates for the period of 30 years, 1962-1992. Because new landslides found from 1955/56 to 1963 are assumed to be triggered by the rainstorm of
August, 1962, which was the largest storm event in that period.
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Table 4.2 Calculation of average sediment mobilization rate of landsliding.

River basin Rubeshubenai Paradai Onomappu  Pon-osatsunai
Average areal rate of landsliding (m?/km?/yr) : Av 993 2,411 1,375 1,802
in plan view area
Equation of volume-area relation for landslide Scars: = «eerevrrrcrersrernenieennenas St=(AL/C0SH) d ++eoveeremeremrrrsrarnsensnns
Average gradient of scars (in degrees) : 8 40 40 45 39
Average eroded depth of scars (m) : d 0.8 0.4 0.5 1.1
[0.7710.45] [0.40+0.16]  [0.5140.11] {1.06+0.38]
Source for scar gradient and depth 101 scars 35 scars 20 scars 20 scars
initiated in 1992 initiated before 1992
Average volumetric rate of landsliding (m*/km?/yr) : St 1,037 1,258 972 2,550

“Average sediment mobilization rate of landsliding ”

KA YV F A R TIRBELECETH 5, HHS N30 EHOEYBHE LRI, K
YAV FAHTBICBNT, BERERROS S LEOEEBEESRBL2,550m3/km?/yr & X
&V, 1D 3FRIcBVTIE, HEBERECEEL > - REMOMEED, HEEORE
o THRLEN, FEYREIHRIZI70~1,250m®/km?/yr L BB L ZEBL T3,

2) MEKKE

1962F~1992F DIVEMIC F A L 1 WIKEENCBI L Tid, B TOMEKEROREE &,
ZERERICERS W ARBOMEBHOHRIC Lo C, BEBHOREFR L BHEFEL -
(£-4.3), MERERMOFEIR, /754 FHEERL 3WMBTBVT, BRMBXE %35
& UTI9924EFMAT (199048 & UF19914F) WEML, HBEbO LB L, R ok
S U R LR AR OB AT & 2 HREROHF] GFra, 1971, i, 1988% %)
2fTolze NI4T B TR, BHEOFKRERLOKRIES BB S - 1992EFR/OHE
BICHHREZ KB L 7272, BEOKEFFBELHET 27200, ROBRBREICH: 54K
TIWEOFHMITR B o0z, ZD0, BEOHEBIMIIEE L 72 KP 0 ~KP0 4Kz B
T, HREROHBAEDAET oz, Ez, ZHRERAGFIL, HEMEPHEELLZ D LEL
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FREENC & 2 HEB OB L HHE LUEREHAIL 2o 2 OBELERE, FsotmIHE
KHEATE2HETIR RV, MREBOHBEERbIHEELEI NS, 2L TEsNT:
HBOWREN & BEEFC & 2 HAREFR L, BROREF LBALT, WREHRE
FREEL, kB, BROCESHFHE LEEST >N EWIE, HFNEI0mm MU EH 20
EBTNEIS0mMm DL OB TH - 72 (KWNFRIXBREOM-6.3258),

WY 2 _F A FITIR, 19625 & 2 HRBHLO A RN L, MOERDH
BB FEL 2V, ZOVIRFEOFKREBIZEPERTHID Sh, *OEAEMIZ19924 1
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Table 4.3 Channel disturbance histories since 1962 in the four study basins.

Rubeshubenai R. basin Paradai R. basin Onomappu R. basin Pon-osatsunai R. basin
Date of
channel Volume Disturbance Volume Disturbance Volume Disturbance Volume Disturbance
disturbance of channel area on photos of channel area on photos of channel area on photos of channel area on photos
#1 deposits [photo date] deposits [photo date] deposits [photo date] deposits [photo date]
(m?® #2 (m?) #3 (m?) (m?) (m?®) (m?) (m?) (m?)

Field research (performed in 1990/91) of channel deposits with tree-ring dating, and aerial photographic interpretation on channe! disturbance

1962 17,600 19,000 [63] - 8,000 ['63] Ny 5,000 ['63] — —
1965/66 - — identified #4 8,000 ['71] 6,200 #5 — — -
1973/74/75 — 2,000 ['74] identified 7,000 ['76] 3,000 [*76] - 2,000 ['76]
1981 — - identified 1,000 ['81] - — 4,700 —
unvegetated 3,300 14,700 2,500

1992 55,600 20,000 ['92] 20,600 14,000 ['92] 5,600 2,000 921 1,100 —

#1: Estimates of the dates were made by taking rainstorm histories into account.

#2: Total volume of deposits along high-order channels in each river basin.

#3: Total area of recently disturbed (unvegetated) patches in channels of the lower-end reach, 1km in length, on each photograph.

#4 . The field research in the Paradai River was only made after the 1992 rainstorm, in which most of earlier deposits was destroyed by newly
discharged sediment. Thus volumetric measuring of the pre-1992 deposits could not be done, but identifying work of their scars was only
performed.

#5: Total amount of deposits formed since 1962 until 1990, based on ages of the deposits (from tree-ring dating) younger than 30 years.

Because even-aged forests on the deposits were not distinct enough to specify each age of the deposits.
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Table 4.4 Approximate sediment budgets for the Rubeshubenai, Onomappu and Pon-
osatsunai River basins during the 30-year period from 1962 to 1992.

Budget component {method] \ River basin Rubeshubenai  Onomappu  Pon-osatsunai
Input
Amount of sediment mobilization by landslides (m®) 65,000 47,000 150,000
[calculated from slide area on aerial photos (100%)
and volume-area relation]
Storage
Amount of sediment storage on hillslopes (m?) 16,900 31,500 91,500
(as remainder of slide debris) (61%)
[estimated from average remainder-ratio* 0.26* 0.67* 0.61*
and total slide mobilization]
Amount of sediment storage in high-order channels (m?) 71,400 26,500 7,000
(5%)
Sediment deposited from 1962 until 1991 #1 20,900 20,900 7,200
[from field research with tree-ring dating of deposits]
Sediment newly deposited at the 1992 rainstorm 50,500 5,600 —200
[net increase volume of stored sediment]
Output
Estimated amount of sediment discharge (m?®) —23,300 —11,000 51,500
downstream through basin outlet Negative values suggest (34%)
[Output =Input-Storage] no discharge. (876 m*/km?*/yr)

#1: Measurement and dating of channel deposits were performed at the Rubeshubenai River in 1991, and the
Onomappu and Pon-osatsunai Rivers in 1990. The length of reach examined and its percentage to all of
high-order channels are 2.3 km, 92% in the Rubeshubenai River; 2.4 km, 86% in the Onomappu River; and
3.1km, 74% in the Pon-osatsunai River, respectively.

FRERBEH 572, ZOLBMIECEHEAEL LY, Larl, IREEFOHEB BV T,
19924E4 ¥ s O¥E TR EHBSE LS LN TB Y, %7:1962~1991FEDH{E T e % 21T
RBROBEIWETHE Z Eh s, HKRARBIBEEHOT CRICHES A TEY, RHE
DEHEEEZEC LV, o, BRERCEALTE, ZOEMRTEFSERL TRV,
FDHE—A4 R OEHNF BT 2ERFBOFEO VIR TE, BHALE LHHL
2o

WY arRFAFTEREA /=y PRETIR, BARCESRTHAERSE L, RHEIZDNE
HELSTATADEERYD, THIFVEDORHHA TH S L THTENRBE L ko2l L
BRET 2, BELWOBERIX, VARV a4 BB TEFAKER, 1/ <y 7RETIIHEE
BInzhZhEwv, Zhid, AREOEROTHBEHBEO LN T, VY 2T 1 HE
TIX1992FEBBIA RV b, 4/ 2y PRBCRIIBEBEA RV M BEDOO THETHSL
B, ZhdDBE)A XY s ORBEHMIVERORET N Z KBS NI ERTH 5,

WAV FA BB TR, REHEBEIDESEDLD THOLD, FHEBELEI61% L
KL ST, SEROIWBFAENCHBE I TVWE, 612, AR TOIDEFIFEE D
%<, FWERACERICBWT50,000m® A EDO TWHRESRE L LHEEN S, THIZH
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Table 4.5 Sediment discharge rates out of basins. The sediment discharge was mea-
sured by reservoir sedimentation in the Rubeshubenai and Paradai River

basins.
River basin Rubeshubenai Paradai
Volume of reservoir sedimentation 7,600 m® 35,300 m®
Sedimentation period 1964-1972; 8 yrs 1965-1974 ; 9 yrs
Catchment area 2.08 km? 1.70 km?

Average annual sediment discharge rate 455 m3/km?/yr 2,311 m*/km?/yr
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Table 4.6 Calculation of residence time of sediment in high-order channel storage.

River basin Rubeshubenai Paradai

Brief outlines of site conditions

Basin area 2.08 km? 1.70 km?

Stream order Third Third

Length of high-order (2nd- and 3rd-order) channels 2.5km 2.7km
Capacity of sediment storage of the high-order channels: Msr 55,600 m? 20,600 m?

[Total sediment volume of the 1992-storm deposits in the channels #1]

Annual erosion rate of sediment in high-order channel storage : Fero 950 m*/yr 3,920 m¥/yr
[Average erosion rate during the 8- to 9-year period #2]

Calculated residence time of sediment in high-order 58 years 5 years
channel storage: Tz
[TR = MSTR/FERO]

#1: In these basins, total sediment volume of the 1992-rainstorm deposits is regarded as a value .
close to the upper limit of storage capacity : because the magnitude of sediment transport of this
event is the largest in the past four decades on the basis of landslide and channel disturbance
histories ; besides, efficiency of sediment storage in this event is assumed to be extremely high
by the effects of new dam building in the Rubeshubenai River and log jam forming in the
Paradai River, respectively.

#2: derived from sediment discharge measurement using reservoir sedimentation in these basins.
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(WY a4 BERHUE, FEFE No. 1+ No.2 - No.3)
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Fig. 5.1 Front view of slopes No.1, No.2 and No. 3, and longitudinal profile with columnar sections

along the profile line in slope No. 1, showing slope morphology and tephra distribution, in
the research tributary basin of the Rubeshubenai River.

Two slope sections, an upper slope with an angle of about 30 degrees and a lower slope with
an angle of about 40 degrees, are divided by a convex break line of the slope angle. Ta-b,
Ta-c and Ta-d are all present on the upper slopes. Only Ta-b is present on the outside of
the landslide scars on the lower slopes. Tephra is absent on the inside of the landslide scars
on the lower slopes.

Legends in the front view are as follows: 1, main ridge and spur; 2, convex break line; 3,
clear landslide scar; 4, unclear landslide scar; 5, landslide scar initiated during the last 30
years; 6, streambed ; 7, profile line; 8, site where Ta-b, Ta-c and Ta-d were all found; 9,
site where only Ta-b was found; 10, site with no tephra.
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Fig. 5.2 Map showing the Rubeshubenai tributary basin divided into three slope units based on their

different landslide histories, and showing the distribution of landslide scars occurring for the
last 30 years.
Legends are as follows: 1, slope unit A where no landslide has occurred for the last 8000
years; 2, slope unit B where landslides occurred between 8000 and 320 years ago, but no
landslide has occurred for the last 320 years; 3, slope unit C where landslides have occurred
in the previous 320 years; 4, landslide scars for the last 30 years; 5, clear landslide scar; 6,
unclear landslide scar.
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Fig. 5.3 Map showing the Paradai tributary basin divided into three slope units based on their
different landslide histories, and showing the distribution of landslide scars occurring for the
last 30 years. Legends are the same as those in Fig. 5. 2.
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%,
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VEEIHE @iR-4.2) tHBET3LE, WRVaRFAFRICBLTREL & F LK
L, %554 KB T HIBRIERDH5320% 1% E% 0, 1ZI2—BL Tnwb,

IO L, WRYaRFAFRENTFARTBE bz, FHLINHBREFAEOR
T, BEIEM L BERVEMBE—THLIE2RLTWS, 7, FHbLahEE
(Rate) DA L-> THERS LT, ZONEMORPMCBI 2RKXE» o EHT 2 L,
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Table 5.1 Estimation of landslide area during the last 320 years by the analysis of
tephra distribution on hillslopes.

River basin Rubeshubenai Paradai
Area of research tributary basin 0.15 km? 0.16 km?
Time period for analysis of landslide history @ wrereeemeenenns 320 years «---ereeeeeeees

[period since ‘ Ta-b’ eruption date (1667 AD) until research date (1993/94)]

Area of slopes experiencing landslides: A* 45,000 m? 76,000 m?
during the 320 years
[area of slopes lacking ‘ Ta-b’ by slide denudation]

Areal ratio of re-sliding slope patches to slopes: 7 0.02 0.29
experiencing landslides
[derived from slides initiated during the last 30 years]

Estimated area of landsliding during the 320 years: A 45,900 m? 98,000 m?
[A=(1+7r)A*]

Average areal rate of landsliding 956 m2/km?/yr 1,914 m*/km?*/yr

Average volumetric rate of landsliding 998 m3/km?/yr 1,064 m*/km?/yr

{calculated from volume-area relation #1]

#1: In the Paradai River basin, average slope gradient of 44 degrees was used for volumetric calcu-
lation.
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Table 5.2 Calculation of average landslide recurrence interval.

River basin Rubeshubenai Paradai
Area of landslide-affected slopes for 320 years: Aa 45,000 m? 76,000 m?
[area of slopes lacking ‘ Ta-b’]
Area of potential slopes for landsliding : A» 92,000 m? 112,000 m?
[area of slopes below convex break lines]
Turnover period of slopes due to landslides: 7r 654 years 471 years
[TT = (AP/AA) 320]
Areal ratio of slide recurrence in the shorter term: » 0.02 0.29
Average landslide recurrence interval: Tx 641 years 365 years

(Te=Tr/(1+7)]

Frequency of landslide recurrence in the previous 8000 years 12 times 22 times
[calculated from the values of 7%]
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Fig. 5.4 Restoration of pre-denuded slope forms, and evaluation of slope denudation depths for the
past 8000 years.
In the Rubeshubenai River basin (A), slopes No.1 and No. 12 have been denuded to depths
of 6.3 and 8.5 meters respectively. Using the mean landslide depth of 0.8 meters (scars
initiated in 1992), landslides are calculated to have recurred 8 times in slope No.1 and 11
times in slope No. 12 respectively, for the past 8000 years.
In the Paradai River basin (B), slopes No. 4 and No. 8 have been denuded to depths of 9.2
and 8.8 meters respectively. Using the mean landslide depth of 0.4 meters (scars initiated
in 1992), landslides are calculated to have recurred 23 times in slope No. 4 and 22 times in
slope No. 8 respectively, in the previous 8000 years.
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Table 5.3 Landslide recurrence intervals reported by previous studies in Japan and the west coast of U.S. A. for a comparison with
this study. Methods for estimating recurrence intervals vary from study to study.

Location

Topography

Recurrence

(author) Geology of landslide sites interval Method

JAPAN

1. Kagoshima, Kyushu Quaternary pyroclastic slope : 45-55° 130 yr. #1 Relation between a critical thickness of

(Shimokawa et al., 1989) flow deposits mean slide-depth: 60 cm soil for landsliding and the rate of
regolith accumulation at a site. (From

2. Shibisan, Kyushu deeply-weathered slope : 30-40° 200 yr. #1 tree-ring dating and soil thickness mea-

(Shimokawa, 1984) granitic rocks mean slide-depth : 70 cm surements on landslide scars)

3. Yakushima, Kyushu Neogene granitic rocks slope : 40° 1000 yr. #1 Dendrochronology with long-lived

(Shimokawa, 1984)

4. Hidaka coast, Hokkaido
(Yanai and Usui, 1989)

5. Hidaka coast, Hokkaido
(Yanai and Igarashi, 1990)

6. Kitakami, Tohoku
(Yoshinaga and Saijo, 1989)

Saru River basin,
Hidaka, Hokkaido
(This study)

U.S. A,

7. Cascade Range, Oreg.
(Swanson et al., 1982¢c)

Neogene siltstones

Neogene siltstones

Paleozoic or Mesozoic
sedimentary rocks

Neogene conglomerates

Cretaceous mudstones

Tertiary lava and volcani-

clastic rocks

slide depth: 50-150 cm

slope: 35-45°

slide depth: <50 cm
slope: 25-35°

mean slide-depth : 100 cm

1st-order basins of
several hectares in area

steep zero-order
(unchannelized) basins

mean slope : 44°

mean slide-depth : 40 cm
mean slope : 40°

mean slide-depth : 80 cm

1st-order basins of about
10 ha in area

100-150 yr. #1

>300 yr. #1

200 yr.* #2
<1500 yr.

700 yr.* #2
<5000 yr.

365 yr. #1

641 yr. #1

370 yr. #2

Japanese red cedar.

300-year history of landslides. (From the
distribution of a 300-year-aged tephra on
recent landslide scars and aerial photo-
graphic interpretations)

2600-year history of deposition of land-
slide-induced debris flows at the basin out-
let. (From stratigraphic analysis with
tephra dates)

5000-year history of deposition of
landslide debris at the basin outlet. (From
stratigraphic analysis with *C dating)

Extrapolating for 8000-year slide-affected
slopes from 320-year landslide area and
depth.

Frequency of landslides in a larger area.
(14 slides for the 26~year period in 20
km?)
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Fig. 6.1 Sediment yields for tributary watersheds in the Saru River basin during the rainstorm of
August, 1992. Measurement of the yields was made from check-dam sedimentation or sedi-
ment deposition on floodplain located at the watershed outlet, i.e., the confluence with the
Saru River. The line with an equation for yield as a function of basin area represents an
envelope.
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Fig. 6.2 Sediment accumulation in the Iwachishi Reservoir, which was built in 1958. The catchment
basin of this reservoir is 567 km? in area, and occupies upper half of the Saru River basin.
The data for this diagram were obtained from Hokkaido Electric Power Co., Inc.
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* maln flood damages in the Saru River basin
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Fig. 6.3 Thirty-seven-year record of heavy rainfalls observed at the rain gauge station in Hidaka
Town. The heavy rainfall described in this diagram is the rain that has both daily amount
greater than 50 mm and continuous amount greater than 100 mm. In years without such
rain, the largest rainfall during each year is represented.
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Fig. 6.4 Area of the study drainage basins for sediment yield anal-
ysis and height of check dams used to measure the yields. BT AR - T bR %



192 IIBERF BEEEHREE B8 BT

BEL THRDISO R AL, SRSV TEOLRRE FABS L 2 IER 2 T
REBELT, LEOFEIVEDERERD .,

DEWR, ZOLIRFHINEDRIERT 20 CELERIZ, FABTELHEWR
BRELL, ¥, HEDEIRAEKEE TEL TIDOBRIEE 2 FEL2HDEL T2/
Lo &8, ARINLZTAR2ERROTLTHDL T, FADHMER, EBDEORX
SR AT TAYFEE - r ey FREO—FHh» S, BbhwEsREh5EE
PRAREL, BB THOLHEEIS 2WEIL - ETHRBLT, 2oBE»SHELL, &
RIZMA T, FLAHmWLUED LY Bl RE L WK X - T, HRAZCALRARD
EHINTVLEBEEERL T, EEHWEOALCHBE INLETEAERHFEL, 7 LH#Y
REOERETo 12,

DEOREC L > THERL S L DOHWIAR %2, K-6.5105R7, FAORTEZRELHY

Year 19556 60 65 70 75 80 85 90 92
Hea i | 1 ' : i :

vy
rainfall

of catchment

X-6.5 % ADHEMIARM
AROEE DRI [50mm M EOHNE 2 & 0:ERRNR150mm YL EOKFN] OREFELRDT,

Fig. 6.5 Sedimentation period of each dam. The left and right ends of each line show the starting
time of sedimentation (i.e., completion of dam), and the time when sediment accumulation
reaches full, respectively. Closed circles indicate occurrences of rainfall events with both
daily amount greater than 50 mm and continuous amount greater than 150 mm.
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Fig. 6.6 Particle size of sediment accumulated behind each dam.
The particle sampling was made on surface sediment.
Streambed slope is one before dam construction.
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Fig. 6.7 Plot of sediment yield per year vs. basin area for 38 tributary watersheds in the Saru River

basin. The solid line showing a decline is the regression curve calculated from the nine
watersheds that have larger sediment yields than others, and the dashed line represents the
envelope extrapolated on the basis of the regression curve.
Three values of the Iwachishi Reservoir are the same as those shown in Fig.6.2. The data
for the Nukkakushi-Furano, Furano and Koshibu Rivers, measured by reservoir sedimenta-
tion for 3-11 years, were obtained from SAKAMOTO and ARAYA (1984), Hokkaido
Asahikawa Public Works Office, and KUTSUMI ef al. (1995), respectively.
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DREFERHEBREOTRTH Y, *DHEIZ160~920m3/km?/yr & LWEHRICHH L, FHiR
437+225m%/km?/yr TH 3, £ L T, EHAB & CERAE O FBRIE, Fl L EH240m/
km?/yr Kiff & B d ik, MERUETIEIZ Y168 £64m®/ km?/yr, HEA TR IZF108+74
m*/km?/yr TH 5,

ZOR»S, FEBOMEICL > TRELDESENICERR S Z E83br 5, HEH
BARDTENFRCROILLAHTIHETHS 2 eh 6, ZOHHBEDERIDIHRNOXTE
KBIARENBEEARTIEBTES, ThEHKRLT, L CHFESOHEREREOR
HIWBOHIBEETH S, J0L D BHESOHERE L DEOHERS L OREIDEDR
wik, EECB T 2REEE, BANCERAEREOI~0EEEORIcB T 28%E, ©
REBRLEEENG, IO L%, FAEL SETCHERBORERREHBIMTL 12, FE=
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CHBED/ T ¥4 R - GECHEREDOLRY 2 RF [ BB PR L LTRSS 2, mRs
OB LRI, 8~9IFEMTOFAIBE L LT/NT 71 Hii2,311m*/ km?/yr, V¥ axF
A HIE455m?/km?/yr (Fii%-4.5) THY, hoDHERZILOMBC B sHHB+WEDF
BELIZIZ—HL, Lo THARBEELOHMBCBIT3REMBKEALT I ENTE B,
BABRELSETHRRI LS, N7 51 RBOBBREHEE, & CHBRAOZAEEEIR, &
E»S8000EE TORTDOREA Y —ViZBWT, WY aRFAFRHOH2BLEARE N, &
DI LIRHLIWEOMELFMT 228, HEBRBIO—BTH3, 2¥iksid, WD
DBV LY, FEYHETRIE0EMU LM 2 8L L L RS CRRE cEs L
Wiz TH b, BENVEFOBEBERERRICE T &, 75 A HRETRPHFEDRE A~
FOSEEETREL, VRV 2T A FETIR/IVEEEOERER 2 OAHEREA R
FOMBRETREL T, Lo TIEL D bEVRERA 7y —V TR, 20X 5 ZEHRE
DRFBRAEEFE O IZHBEIHENRAZI{ERERY, 2O LPRHLIDBCRBE NI
EEZHN5,

UED &Sz, REBOMER, Thi2ERI2E20BAHE, EANCIMEHEDOR
SHEEZBELC, VEREORBA Yy —VIcB 2 +-WHEOREL2REST 25 L TELER
(primary factor) :#Hl&h 3,

6. 5 EERIICHT BRI OGE Y

HE 5 DWW HII AR A N MVRFRCRELTB Y, RHIDELY, REATETLE
B IWHREOENTHIBNOSME, HAWZERCH 2 L 3BBCB&REhD, 22
T, HEWHENOAKRORERE L il LWE L OBRE BRI T 3,

HIBRD & 52, FAEHRBDO64% (L2FWEBD 5 H2THIK) TR, 74 OHBHES [50mm
UEOHRE2EAEHMELI0mm L EOKFT] OREFL—BL T, £, HiN-
6.312, WHNZBWTEBELPKRKEEZF B LBERNERL 2, 1955FUED 8 o
BKKED S BIIEERRL 7HIE, EEOBRBORNTHREL Twiz, Lizddi>T, BH/II
W BT 2 2WWHEZ, ZOMERBEOARICL > TRET I LEHRSN, ZONERDH
JIFE B 2 LR HRED L & W@ (triggering threshold for sediment-discharge
events) LARINDB, I T, BRERBICBVT, FLrOHEMBEINCREL 7 LEBOW
BRREM: TRANA XY POERNEEZREL, RHLWEEOBFEERLZDOHK-6.8T
bb, CCTHVONLLERBLIWRIR, FAEDEFREERCRLZLEDE (Qs) TH
D, RB3AEERL2ERTTB 7oy b&hik, b3, HEWHENC EERoSFEET
BRI R o7 TR DV TIE, HEMHHATRAOHEGNE LR L BN BROK
Fh 513 HRNES3~133mm, HFHEWNE102~135mm) %, tHHEHOFRERR I R b
ZLTFuay b1z,
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Fig. 6.8 Relationship of heavy-rainfall amount to sediment yield for 42 tributary watersheds in the
Saru River basin. The heavy-rainfall amount, R, is total amount of continuous rainfalls of
each heavy-rainfall event that has both daily amount greater than 50 mm and continuous
amount greater than 150 mm, during the period of reservoir sedimentation.

A positive correlation between sediment yield and heavy-rainfall amount is recognized in
each watershed group which was categorized by the “ Qsy ” values shown in Fig.6.7. Four
solid lines show regression lines calculated in each group.

LFROLTORE—FBLTRD &, REIHE (@) L AFNE L Oz R RE
REAFDSIAZ, L, RZRLI LS, ELHEDE (Qsy) OKRE IR L > THER
BEAINV—TRESTEE, EIN—7RBVTHETDEIIARRE & BB IEO RIS
FERL, Zhix 6.5 KOS ERbah 3,

Qs=aR® (6.5)

22, @ REMERSLY ORHLHE (HHEDE), R IAXFWNE, 3 2bbHEDIHN
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PUCFE4E L7 [50mm M B0 BN % & AEFERNES150mm U EDOARFA > b | OBEERN
BORHE, a L bIERTH 2, 7 V—711F Qs H1,000m3/km?/yr & DK %\ 4 Fis,
T N— 2 1% Qsy H35500~1000m*/km?/yr O & B O10F B, 7 Vv—7 3 iZ Qsy 3100~500
mé/km?/yr OEEH DR, 7L TNV —7 41F Qsy H100m3/km?/yr & 0 /N X 3 Hil,
POENETNHEREINS, BB, HEDHBS 2 EUTDORLD, R T Qsy TOFHs
fTohirolz 4L, RETORDBHDELEVDORERCEINT, INV—F2L 3K
Z2WBBED SN, HEINV—TCR T 2RBOME R, INV—71 B2 CHBEZICHR
&, TNV—72 k 3IHNERCE 3 TR L RS 1 TR Ol & CHERHERE, Sv— 7450
BE 1R EERE 2T TH S,

BIN—TRZBOTANREOWM, 3 2bbBELOKRKEARY POHBERIDAEL
B, HBEVFARY POEEBEDECIEY, RHIDESEAT IHESED NS, &S
N—=7THRsNIERERIE, UTOL80TH3,

ZNV—71; Qs=101.5R*"™ (BREMRIK r*=0.59) (6.6)
TN—72; Qs=140.8R**® (r?=(.88) (6.7)
TN—73; Qs=85R** (r2=0.30) (6.8)
TNV—74; Qs=154.6R*"® (r2=0.39) (6.9)

Z0Xdw, RHIHDE L AKNNE & OHERZBERSER TRILT 2 Z 05, FHEDRIC
I INSDIN— 7K iFEY LS h D,

FAEEOESN (WR) L TREIWERORL S, 4207/ NV—7T2 KBTI 35KD
BEIL, MELHESNS, B¥LR5, REIWEBORLFZVW IV -7 1 BFBEZLERED
W, ZVv—72 Lt 3R ZORBLNHEALEBREONRE, L UREIDRORL B WS
NV—T7 4 BIERCEB L VEREDOTER, »52hThi#Rsh, IhipficRIEshiE
EREEWEEOMICERE—BT 200 THS, 6Kk, AHELHEBREOTEEI V-7
2ETN—TICHBCRAEN, IO L oHEERIZRS, ZVv—FHTCHRCER S
OB EOELESTRENS, ZhiBIL T, THOREtORHEEL L TokE (§ik-6.6),
T OES OIEE T H 2 ERE, BNBEEOEETH 3 AREE, R EOBERE N7
TERRELLER, (V-7 13 B L T, TR T, F7AkRFEEL & @K
HEEWBSWEFRENS] L v, FESLEFRESOHE L @R LER 2843,
IN—F2L N3O THRCXFEhZBERIRVHEIA GO o7, LizdioT, #
BERIERS, V-2 28R, POEERBEIRZ YOO, BEANEASI
D2V T FEORE S N BROBHTIEARHETH 2,

(6.5 Rid, HHIWE L ANNE L OBR, TobbBENIINT 3 EHRHOLE LT
T—=2DEFNVTHY, ZOREAVTIIN—FZLDLWHEHICET 285 % & F LR



202 IEREREHHENTRES H£58 £15

W2 ZEnaEETH 2, (6.5 ROKED ZEREROES, +2bbWEOEMX T
ZHHTIDBEOMMOEEERT, ZODbEIX, 6.6) A»5 (6.9 ReRLIzE>ES
WN—T1TROKEL, IV—728BIU3DHINELEY, IV—T4ZBTRMT,
ZOHEOKRE X7 NV —T7 DT WHFHBEOMELL & RFERNIIHEL T 5,

fle LT, MEoMmoxy 3R tWROMMOREE, SVv—71 & 4 TREMZH
HYzL, NEP2EBLU3BeR3L, RELWBIIN—71CRL.ME, 2.35%3
DMLy ZNV—74 TRL.UE, 1.2(5TH3, ZZTHEP2MHERIMcR s LiF, HED
BETIR, Ex0AXY NONEBHESMEETILEVI L0 b, LSRN A R M3
ERICERERE T 280 L L TEESNS, bESVTROSV—FTh 1 RETHE 2 &
i, AREONERBEDOA Y P BREBELIBEC, BRICHE A Y MEEREEWESRE
AR B3I ERBRLTEY, ThIIIWRHOBBCET 3RBRNERLEART 2, 7
N—F1E4DBITRTE, ZV—71 BV TRBIEHEL A P TOLHFEHOBD i3/
B, SN—74 TIREEA XY P TOIHIRBS, KITA XY MHRTBIGCED T
5, REDIE, 0L RIWHHEORHGEEPEREL o BB KL, 1WHEO
BEREZEDLTWS,

6.5 ROFEHax, RO¥H»> R=1mm OO Qs D% =T, L1L, ANEE
Ri3, ZDEHRICL > TIHBOFNZERE150mm Y EcRBEINLTE D, R H150mm %K
WOBHEICHL Tk, RFBFHILLV, Ldi>T, 6.6) Apd (6.9 Riwnshifk
BaDBEZOHDIZ, BEMNZERIIZ Y, ZDafHicfbo THOHHEOHRBEARE 2 X
BT 3@, ANNEROERKCE T L, tHRHEOL 2 WENE R=150mm TOHHY
THRTHY, ZhEa* LRDLTI LT3, a* ik (6.6) R»5 (6.9 XNEAWT, 7
N—71; 4,350m%/km?, 2" V—72;2,574m?/km?, 7 )V—73;1,04lm*/km?, 7 N—7
4;400m3/km? EHE XN, ThSRBEVWZH2ET>OBRICR->Tw3,

a* fEi3, THFEHESIESEIIRMIBOKNARY beGT 2MEEIHETHY,
IRRBRBRCEET 2B LFIL LT L LD, FIZEHRKICS Y TR OBE 1,
SEC BRI L TEFARBCH 2MEREL L, OXWEERMLUL b O B &K
Ehs,

Zhicn L TR b BERbY, EECEEL - LWRHEOERER, TBLDOEED
DEIRbDORMEBIRE N, THITHOZRMYE (erodibility) Z&FEL T3 LHEES
h3, ZLT, BIBRLAHMBEREFE, COZEUEBRI 2V 20BR LML,

BTE U TREXORZERETE
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HY, ZOBEBBROPTET IMBARH TCOLOBERRIC & > T, BRLHEE IR
HREEFOLBERLE 2, 20X LEIMICE X 2FRO LWL EBRT 21213, 1
WEOVIBRTHY, WEEBLEOFN (sediment flux) DHFEE L R 23HER
0, REAMOBRFESLETS 3,

BEKETOFHCHEEEILLHECBWT, HE FHEBE LA LTEETHS
ZEiR, ER»SHELSOWRBC Lo THAINTET, THREHEICBWTH, LEHRE
(1982) & PAGE et al. (1994) &, & HIENA XY MEFOLTHINFZOHAGRICET &,
BB & 2 tWEXDs, RERACIEZ ) — I L2808 HOBE LR RDK0% %
HOBZEEHEL, 20X, REFELHEG SHHEIC 1 BREOERA RV b
BLTIR, AEIMEOIDEEDFZLALLTELDZEEZO NS,

—7%, REMOLEXEEIY{>B\ECR, EENRRTESH 2, i, HImpiss
D& REFEEL OB IHBE TR e, TEZV-7DL > 2 EEE (EEHN) »
DB o R O, REEOIWEXICBT S, BEOSROMNEL EEN & M
5Z:ThHh3 (KELSEY, 1982a, p.94-95; SWANSON et al., 1982b, p. 160-161), Z D Hizpd
LT, CAINE and SWANSON (1989) OREIBEBLRWRRBO—DOTH 5, HHERIT7 AV D
AREORE - B2 HFE L, RERRS cEbE L BILME» &k 2 B,
2 DO0/hFE (ERIX L bicf90.1km?) 2XHRELT, 5~6FMbl>TRE S vt X
DOIWEXERFEMCEAL, 27, /NEETORS W HROBRE TIHINESHEE Y, EH
BEo7avA (RIEHELE) OFBELEECEL TR, BRI TR/ERTo 2, #
LT BERok7neAMTIEXE CIROBEFE P RMI B ELHEIC L > TH
) ZHEL, 5REMCO: 2 1EEERN L Tw3, Zhick 3, FHREoL
PEARIFLUFR L DWIERE L, £, BIUFRRTRACEELER (solute trans-
port) PREBRLZY, MFENL 70 A I ABEBIEYTH2DIINL, HBHRFET
1%, PN THI400EIC 1 BIOSETRE T IRE/ABL LTARC X 2BXNEB L TBY,
ENSOITHEERIR 1 EHLVICBEL THMO o A2 KE LR, BEGER GER
WHGEA A VES) 2R IHNFORERLSEOK0% 25D 5, 2 LT, HAGE T,
BEHE - KEELZBX 70 v ABREEL -V —TEIEEhZLickY, ABLIVEY
1000 F B DREARA 7 -V TH B L, THOFNRIZIZIEEREL AR SN LBRTWE,

ZDE3T, BHEOLHER T 2870 ADEFESIE, FEOBIEIC X - THMH
Rz o T3, BE < BELHRAME T, BEEL ORBBELZ 7o X, & icflimas
BRI O L EE I BT HXENTH 2 ), tHEAROBIRERICE T EiR
ZHEDERIZ, BETH S,

K@D, NVRYaxF A « N FABERENRE LLHNEHBORBREORS TII,
Bl—&HE O R EBHAM L R Y 2 R A FIRT6414E, /35 51 Bl T3654E, % 7-8000
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FHOBEBERERRN T ZTHI2E, 2B EHHMS N, ZLT, HOMNERE 0L A %2%H
BLELTH, 20X REBORBREEIC L > T, BlIFICHES BEORIEMTE ORI
Ehlz, 2TDOZ EiX, EE D CAINE and SWANSON (1989) DR —HT 36D THDY,
FEHCBI2BAEDIFLALY, BBIZL>TREINTWSE ZLERT,

ZZTRIZ, BFE0FEMOEABNZABBRAERE ZOMBSEEL 25, R-7.11C1,
WRY 2 RFAFRILE T 54 FETHES Nz, BES000EER O RHE O P8I K E & Bk
RVEMOEFHIHBELDE (B55E), 2o UCRBRNVERMOEEYHBEIWE (B4%E) %
FEDOTRLY, 28, 8000FEMOTFHHILEE X, #TRK-5.42xR L& 2 BT oRE&H
HEOHIFEZ8000ETRLIZBDTHY, £, ZOMEHETE 3 X 51232040 & 304ER]
oV TR, TAZhOEFHRFBRLIHELHHEECERLIEORLZ, ROOHLNE
9, ThENOHE TR I N HREREE X, BFEB0004EM, 3204EM, 30EMO
MTEbOTI—HL, 2O tid, MEHESREMCO > TEENCRELTEY,
AR AL 0EMICH o TELLL THRVI EE2RLTWS, $77, bRy aR
FAFBE T T A GRS 5 L, BRI LS BREOHIREREFENEVDOT
H2H, IhEBBEORNBURI D 2 BERE (HEE) ORI L-T, BEEE IMHK
TRIZAETHY, ZOMEIZIHEDOERRTHL, 000m®/km?/yr, BIFKIEFZFTTH 1 mm/yr
THbo

ZITRONER L BEET 2BEOMERSE %, UTHRET 5, 7, STHiE (@K
HB/E 1 HEM) 2BLC TEHLEnLMEOHIRES, REOEE LIZIXFA—TH5 I
EWZDOWTE, Bl FEIC L D RENEAU ef al. (1989, p.60) #37 2V 4 &REEEE
T, /MO (1991, p. 35) BHAFHOMAZM P AR T, ZhZThEKRORBERR T
%, ¥z, SHtICE T 3 HBEAEEOEL, TiobbHEREEE ORMNELIBELT
1%, BHIEBRMOBFENL Z0oFE N2 FEERRH L kR LRNY, HEEAT
BHITbATWS, FIRIEH» (1979, p.151~152) 3 Mli&E LI B V> TE000~25004E /i &

£7.1 BHBEC LI MNERREEOEPROEEYE
Table 7.1 Average landslide-erosion rates over time periods. These rates suggest a
long-term steady state of hillslope erosion, which produces initial sedi-
ment fluxes for a basin.

Rubeshubenai River basin Paradai River basin
Lengthdof Erosion rates averaged over each time period
(r ;g::s) volumetric denudation volumetric denudation
value value value value
(m*/km?/yr) (mm/yr) (m?/km?/yr) (mm/yr)
8000 0.79 or 1.06 1.10 or 1.15
320 998 0.99 1064 1.06

30 1037 1.03 1258 1.25
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1000FFIARE DRV EHIF BRI 25 L, A1E O & frithic B0 2 XL BES (t
Fy¥—)) L OREHAICERLTwS, LyL, i - m+E (1990, p.334) 3 H
R EHIRIC BT, 6000~2500FRTOHIKBEER BRI v e L, #2600 /TLARED
BES R RIEREL T, ZOEA LB H 5B 5N BE « BEKIR E OBEE ZHERL
TWwad, —K, BKPEH (1989, p.295) &, EitFodt LMt Hic B ClRE
7000~80004EE CIX RO A L BMIc K E R BB kv v, kit k2 FloMEm %
FLTBD, UL IFHFERES NEL - LB IR Ty, BT & kL 2 RES
RENTWDE, COBRE LT, FIHEBYOBFHETT L VO BETFEY, 2L 2EBOHER
WHEEBE L LT, ERBL W) BMWELD OF D [H25] B 2HERMORBEK
LEE»S, HBEOFE (HK) HEPHET 2 L0 AT, AEGEREIBE DR
REERRBLRPT VI EBAEAE, WTRICU T HBREE TR, ittt 3 AER
EEEORBIZOVT, ZOEOEEL SO T—RIERIZHS» TR, &2, EOX
5 R EBREEISBRBEOSRHIEE LS5 TOLI OV T HBFEN—BL T, 20X %R
Wix, HERESEERNTHo LW RROBROZLYRETEL R,

DEEZ, WEROTHEEXBEORMNZHEBE 2RI T 5. MEAEIFRLDEXOVIHE
BTHD, Lo, HBERRRRMEEEL IO BT 2 TRARCHET 2
s, BEOIMEXEL, HBEERRLIZAEFETHI I LBHEEINS, Tibb,
WEBATOLHOBTARMEZE 2 5, BIVEDORBA Y —VTAHS L, TR0 LW#EXIZHA
BEALERCERREICH Y, THEXETIHRAR EFZEDK1,000m?*/km?/yr & HeH
Ehz, 272U, Bz & 5, AIZHS000ERTH» & BKHO TR 2K TH D, HiM-
SAZRLIEDRARY aXF A 87 FAH{RMIZB W TIE, ¥IB000FR THKSS 8 ~14m
BEETLLZL#ENEINS, COAZERT S L, BEL00FEM E CRETFFM EHERL 725
&, REBOLIWEXEIHBEREEOMIZ, XV UROMEERYL L 3E8» 5 5K
D, THBABZ2ELI LR B, Lidi>T, KIOOEDRRE R 7 —A T LbEXR I,
WO THEZERT 5 £1,000m?/km?/yr A kA Eh b,

PEXY, SREROL I CERS LS, MEREOXRNZ 70 ARBEETHY, %
DREERIIVEU EORBEM TR 2 t EFENT, ZOEAIED R < & BEKB00EMIch
Teo THEEL T &7, 2L T, MEMHBANTREIDEXOTBRETHL I tv S, JORHK
BaEIX, BKEPEBELE-EIWOFHN (Sediment flux) BT 2 FHRARICHYSL, £hid
#1,000m?/km?/yr ThH 3, FEHNTOTRWOHFRRG 2B 2 2 BI00EDORKFBEMLTAS &,
WO LRI FHBEA L FAfkCEEREBL A28 h, ZTOLIHEXRIVIEFAR L IZIZ
A& LfERsnD, &5, BI000FEDORFHEEATIE, BXKBIck» TETIIO TR HE
RWest, ZOHAEBERT 3L, MBOLHEXRIXL,000m*/km?/yr AEEFEZ SR 3,
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7. 2 BYoitidEe:X A

FHRETHEONI S ORFRED > b, FREEL - IWEXO—EORE L EFET 2
D, ELREEZERO—FHEPEHNL TR-7.15R T, Hicik, €7 VHEBRICBT 5100
B5AE2, DRIIARTES W L#EXEE (Sediment transport rate) IZBFE T 27
EEOBE L ¥ bR LT,

B, ZOWRBIZ, RO LWIGREBRIE L FHREDO, KFXEDS 3K, RKEHES
2km? BED, FcELNWABLIIBMRBEETVELTVS, £, FL4ENSECE
¥ TORITERD S, TOBEA X ORESEE LHEOHTBWT, VY a1 i

Recurrence interval at a site; 300 to 700 years

. Input rate; 1000 m3km2/r
HILLSLOPE Landslide (steady state on the time scale of 30 years or more)
Colluvial deposits |
Hilislope-channel boundary -« cc -~ b o o oo e e
1ST-ORDER Debris flow Channel storage
CHANNEL Fluvial transport ge |
Residence time; several decades
Qutlet of 1st-0rder basin w === wacac e e e
2ND- AND 3RD- Debris flow
ORDER CHANNEL  { Fiuvial transport Channel storage |
Residence time; 5 to 60 years
Outiet of 3rd-orderbasin -~ - =~ cc e e m e e

Output rate; 400 to 2300 m3/km2/yr (8- to 9-year period)
1000 m3/&m2/r or more
(estimates on the century scale or more)

®-7.1 BHEINARO 3 RFH % €70 & L D OFESREXER

BRI IREE 7022, HABRIDHEER, RABYotAMEZLR7 oL X EHEERD
Mo LBHOFhETT,

Fig. 7.1 Flowchart of sediment transport through a third-order basin (about 2 km? in area) in steep,

forested mountain landscapes, based on the results summarized of this study. Transfer
processes are noted as ovals, storage elements as rectangles, and transfers as arrows. Sedi-
ment flux originates from landslide-erosion process, then sediment transferred is trapped by
and released from various storage elements, and finally discharged from a basin.
Values of ‘ input rate’ and ‘ output rate’ of sediment,  residence time’ of sediment in chan-
nel storage, and ‘ recurrence interval’ of landslide were already demonstrated in former
chapters. On the time scale of centuries, beyond the residence time of sediment within a
basin, the output rate of sediment probably indicates a steady state, and an approximate
equilibrium with the input rate, because the input rate by landslide erosion is a steady state
on the time scale of 30 years or more, up to 8000 years. On the longer time of millennia,
the output rate is estimated to exceed the input rate of landslide-erosion, because channel
lowering has continued during the post-glacial (Holocene) age.
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VMBS « RBUEA X P O3B T 20, /ST 51 REBSEEE CHE R VPRET 2
WD, BHNARCBI2ZhZhOREH LA RIS, ZhiCETE, HEETEO N
Te OB EE BT 2 5fE R, BHINIARCBI 28XHEORENLSFEELELT, B
iz RU T,

TR LR IE, MEAREEPESRE UTHE %, fEREEDR—S6 COVYERIEN
X300 STOERETH S, LL, MBOSERICIZ, HESEECHL CERARECH S
IO L ERINC AT 2720, HHEBNENY 2FORBRTCOHBERERR, X VEL
HEcBOTHERRECHY, 2OB/NIMZBE X Z230ETH 5, TS E0EXOHIFR
AR TH 2 EVHHELRIZ, H1000m3/km?/yr TH Y, ZOEEEFEEEAITEES0005E
flicbhizo THBEL TE T2,

ST, —HRMNELCHEERLE LY, 2 —HEAERE L 1 REBROM
ReHEL, &Y i3 1 REBAZ TARCHAERICL D, THROBXTBANLBESI 2,
RIE ORI, DRBCRET ZREFAEI X > THUMX S5, £/, 1 RFEROW
REE 10X, ZOREIPR/EHEBEC X > TE s, TARBEPHRAERC X > THE (F
WAFE) &b, LWIEHEET S, 201 XEKCB T 5 RO EFRFL I K105 & #
E3h, ZhRMKEELHORIZT2LHE Gt 2512825 LERD, 20 1K
B 2BHEABE AR I35,

2RXB LU IRFEE TR, TR ARPHIAER I X 28X E, MERRTORE & 20
BRI VR L T, BBHOE THXSN S, 2K 3RRBORKHEA LK, ®WIFHES
TR R & o THEG GEBD R (R MTbh, 20X L THEIDOLEBENAN
Bb2ORY 3EMH, ThbbIWOBERMILS F£2560FBETH S, F4FEIHMTR
ik D, 2R IRFBICH T 2 LHOWERMEIZ, CORMESEOFKEZERT2L5%
KB TFEAS > OBRBEYPMECHEY T 5,

REEOTORY LRRIE, 8~ 9 ERMOFHAITIZ400~2300m*/km?/yr 2:RL, MAR
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Abstfact

Understanding of the routes, geomorphic processes, and rates of sediment transport
through a drainage basin is of fundamental importance not only for basic geo-
morphology, but also in planning sediment management for a watershed within the
framework of decades or even centuries. Studies of sediment budgets and routing,
especially focused on basin-wide sediment transport for extended periods of time, how-
ever, are rare for Japanese watersheds. This paper describes the behavior of sediment
transport and storage through drainage basins, estimates transport rates and residence
times of sediment along its transfer route, and offers a long-term evaluation of basin-
wide sediment transport. The study sites are parts of the 1350-km? Saru River basin in
Hokkaido.
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Short-term sediment budgets during one large rainstorm event for four small
(about 2 km? in area), forested, third-order basins demonstrate that landslides are the
main erosional process and account for 70 to 80 % of sediment mobilized by the storm
event. They also show that high-order (second- and third-order) channels act as the
main sediment storage site, where 70 to 80 9% of newly stored sediment within a basin is
distributed. From the viewpoint of longer-term sediment budgets for the last 30 years,
in which several storm events occurred, landslide erosion rates and sediment yields
were examined for two of the four basins. Average landslide erosion rates over the
last 30 years for the two basins are both about 1000 m®/km?/yr, whereas sediment dis-
charge rates out of the basins, averaged over an 8- or 9-year period, are 450 m3/km?/
yr for one basin, and 2300 m®/km?/yr for the other. These imbalances between input
and output rates for both of the basins reflect temporal changes in the volume of sedi-
ment stored within basins. Based on this, the residence times of sediment in high-
order channel storage were calculated for 60 years for one basin that exhibits high-
magnitude / low-frequency behavior in sediment transport activity, and for 5 years for
the other basin, which displays high-frequency behavior in transport activity.

Holocene landslide histories that were obtained by tephrochronological dating of
hillslopes, affected or not by past landslides, were analyzed for the two basins. The
landslide erosion rates, averaged both over the past 8000 years and over the past 320
years, are about 1000 m®/km?/yr, which is equivalent to that of the last 30-year period,
for both of the two basins, although the calculated average landslide recurrence inter-
vals differ between the two basins, 640 years for one basin and 360 years for the other.
This suggests a steady state of landslide erosion, which produces initial sediment fluxes
for the basin, during the previous 8000 years. Sediment yields for forty-two water-
sheds, ranging from 0.6 to 93 km? in area and varying in geology, within the Saru River
basin were measured by reservoir sedimentation for 3- to 26-year periods. These
measurements, ranging from 20 to 2600 m?/km?/yr, show that sediment yield changes
with basin area, bedrock type, and major storm occurrence, which reflect the effect of
temporary sediment storage within a basin and the intensity of upland erosion.

This study arrived at a conclusion that in terms of long-term sediment transport
for a third-order drainage basin, a long-term steady state of landslide erosion provides
steady-state sediment transport through the basin on the time scale of centuries,
beyond the residence time of sediment within the basin.



