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INTERACTIONS BETWEEN RUNOFF PROCESSES AND
GEOMORPHIC PROCESSES IN THE RIVER OTANI
BASIN, SHIGA PREFECTURE, JAPAN

By Kazuo OxunisHi, Toshio YosHipa and Takashi Sarto

Synopsis
A preliminary consideration of the hydrogeomorphological interactions in the River Otani
basin is described. Systematic observation of the hydrogeomorphological processes in this basin
was started in 1989 by the authors. Discharge of two major tributaries (Nakatani and Oiwa-

dani) was analyzed by the tank model to see how the ground surface conditions and the struc-

ture of the weathered zone affect the runoff. Although no difference was suggested in the hy-
draulic properties of the soil horizons, it was revealed that a difference in the infiltration properties
caused a greater percentage of direct runoff in the Nakatani basin. This difference is attri-
butable to the extensive distribution of bare lands (recently replanted) in the Nakatani basin.
The bare lands in the River Otani basin seem to have been caused by the accelerated erosion
in and around landslide sites. The distribution of the bare lands is limited in the part downslope
the erosion front, which is recognized as falls and the break of slope angle chained along the
contour line. A catena of different mass movements is suggested in the part upslope the erosion
front by a preliminary investigation of microtopography and the penetration test. Location of
soil creep, surficial slump, piping and landslide is closely related to the geomorphic conditions
which should be affected by the hydrological conditions in their turn. Detailed observation of
hydrogeomorphological processes is planned in a zero-order valley (unchannelized hollow) to

examine the interactions between the surficial slump and the subsurface runoff.
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Fig. 1. Location map of the old and new experimental basins.
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Fig. 2. A plan of the catchment of River Otani.
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Fig. 3. A plan of the Left Fork Nakatani Valley (L-0).
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Fig. 4. Outline of the hydrological data obtained Fig. 5. Constitution of the tank model proposed
in the River Otani basin. by Suzuki et al.®
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Fig. 6. An example of the hydrological analysis of Nakatani.
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Fig. 7. An example of the hydrological analysis of Oiwadani.
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Table 1. Parameters of the tank model of Suzuki et al.? for different drainage basins
Rk Tanfami R khida Dam Kamagatanl  Ojadani  Nakatan
Catchment 17.6 2.5-6.0 2,340 51 153 152
area(ha)

ayg [Him] 0.15[25] 0.15[30] 0.2 [35] 0.2 [35] — [] 0.04 [30]

aiv [Him] 0.05[20] 0.05 [20] 0.1 [12] 0.1 [17] 0.005 [20]  0.04 [20]

agr, [Hyp] 0.025 [2] 0.025{2] 0.025 [3] 0.025 [3] 0.003 [0] 0.01 [0}

By 0.3 0.3 0.3 0.3 0.1 0.1

ay [Haul 0.02 [20] 0.02 [20] 0.02 [20] 0.02 [20] — [—] — [—]

asy, [Hap] 0.01 [2] 0.01 [2] 0.01 [2] 0.01 [2] 0.003 [2] 0.003 [2]

B2 0.15 0.05 0.05 0.15 0.01 0.01

agu [Hau] 0.001 [10] 0.01 [20] 0.01 [60] 0.01 [60] — [—] — [—]

asr, [Har] 0.001 [2] 0.005 [10] 0.0025 [0} 0.0025 [0] 0.0013 [0] 0.0013 [0]

B3 0.0025 0.0025 — — — —

E (mm/h) — o 0.09 0.09 0.09 0.09
HREREBBTREBERNDS. 1BHL v/ DRk SR ROKKO MTS. ,
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Fig. 8. Characteristics of direct runoff
for different basins.

Tk, COADBEEFERICL S 00, HEFOH
TR, BRETHERRORESE DR L L
AE S HHRE IS 2 C EBBRETHY, £z
B ERTAEREEZEL OND. EEDN ¥
KR LTR A 7 NS YE — 2 BEHECAONS

¥, TOLINEFVOBEESUSBNEEZLONDS, —HREBICOVTE, Hiss—o ook

EH B L8 2@, BHEIOIANA YRS T
8.

4. KELANFREDRBR

PREREROBKEHMSRTOKERZF = v 7557

TERTHZOLITRDBROOBHERHZBELE SN

DIT, MERLEDITBRERMT 5 & S ICFHTHK

U, RBRETHN Lico COWMBOMT UKDOABHEBME R RINCEL , BRIBEE & R/OEHST50~

7



212 BUKBG KIS 338 B-1 2. 4 (1990)

90 pS/cm BREE, WHED 1 ZKAJIITIX 10
20~30 S/cm W EIWV. £ TIER M
B BALRTEISRBRULTHS
HCO;~ 4 A VD gEHL, 2044V
DBEEOEALE Fig.4 OB TEICRL
720 HCO3™ 4 4 v O BERIRWICHED 2 °
HHEL, MBI E SIKZDED
K&,

HCO,- 1A vBELREDORITIZD
AFvoEmAR (flux) 5%, £hid
AALERE I BIET 512 2, ZORIE © — NAKATANI
KWREBBDENE N, Lichi-> TKERL ® — OIWADANI
TERDSBEMET 3 & H BRILOEE RS
BOHWENENI L EMNTES, L
L, #EHRHEOBNMI ERDO X ST,
FHOREREICRRTEHDT, £N
BRIV BT 2 dDTH S P
5, ZLTEYRIFEEOEMKBEEC LD THANE I MIbh SV, L THIIME L HCO;™ 4
A vORREOHEBEEHEN, 5 VTRA L Fig. 9 DLHKKIEY, ZO20A/D7 2y b RAENICH—E
BRICBR-TVB LI ICEDbNE, O EM DR BICHBRHHER LR TERVY, UTFDOLS
ERHHERETH S,

AREMET TR, HCOs™ 4 4 YOEBEIIHRER» SBET 5 RBI X YO, SEHT 5 KK
HATHBW, 205 LAEORRBANERBIC L - TREENGEEBERS L3 TDHVELH, RENG
BILERT S EREZALIC Vo BERBENKICL - THHICESAENS D, HIVIIAKHICHHIN
B3, WIENMIIEE0T, HAICEFATN S BIZIAIREICEBEAEINS, ZLTINODENLLOD
REBH 203 H0OHAEE ERIZZEAETRT) MEESEYERIGLTHCO™ 4 4 & UTHEHTS
b3 TELIND, BEMITHCO,” A4 YD75 v 7 ANTNKROBEICZZDIRIURTHS, TLTLT
DOEBEESHA L KEATH—TH B &3, MTHTERRREBROEREZEZSDE S L, HHOR
HOMHI NI RIS AN TFHICBET AMKICIDAENE x 1 =X LDBZH LOROBHTHREMICH
LThaC EETRET 5,

A KO KBREAR H kO Sk R U Hid K & B & OB IICKET 5. COBAL SHADERE
DIRBB IV 2RAT, HBICXZKBEENEBUCTRILD » H =X L %2HBAH LEBE LTV S, HE
OFIZBONSF — Z2DBEMIEODT, ZHICODWTRERICWI S,

(g/s)

st

FLUX OF HCO 3
(-]

oe

.
w

-l T
10 20 50 100 200 500 1000
DISCHARGE (1/s)

Fig. 9. Relationship between river discharge
and the flux of bicarbonate ion.
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Fig. 10. Profiles of different tributaries in the Left Fork Nakatani Valley

(see Fig. 3 for the locations).
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Fig. 11. Location of the sites of simplified cone penetration test in the headwaters of
Left Fork Nakatani Valley.
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Fig. 12. Location of the microtopography suggesting the surficial slump in the T-1
tributary of L-1 Valley.
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Fig. 13. N’y profiles according to the simplified cone penetration test (see Fig. 11 for

the locations).



216 FRBIRBRAZEAESR 33 B-1 2. 4 (1990)

BOB Ny 7’0774 vOHEAR, LEiC Nl UTFTREALE—EDTENIDHD, ZOTIES
Erbic Ny I 2MBENHEC ETHB. B - AP KX AHE=M LU TO FHERERE PR
EDY I LB RHBH TORELER TRERETIE Ny HMBI0LUT (HERREES OEVD/ D, N~
N'10X 2) DERGTEHHNODS, TZTRHPRDEN, 20T Ehd, KAJIRETRIKBBOLRBEE R
BERINEBEOBEBBICT SOOREMNEE D EEZ OGNS, K4 & K-5 D 2 ki3 T O
ELTRPRZOBEST, FEROMELICHD, ENIGEEL TS, WTINLKEEN 0cm <50
L7el, S-WBEEEEAEROTOS, Chi R ICHE AR INERAD LY ICRLE
Ebh, ZEARBEHSEHLT, SMCRILIEAR DL TELLOTREBEVMLEEL NS, K-6 #
A7 ot AT EEUTRE L BOEERORBITEICH 2. #-> TRIBITFHINI B OBV E
Vs, HERKEPIIDOIEDTOND. B 1 BIIES Im DHOFELT, Np fHiREIELbI2Z<HN
510 SLVETHML TS, ATFERAVBAKETOBRECLS L, COBETIILE, ) —7BHIRY
BWACEZ > TWB XS ITEbND, FE2EEEIEIT Ny EREEBSREVN, FHMCITRIE—ED
BEERL, METREEG L VMRS, W ESEABHEICR - TRILT 22 LIk -TTEbD L
EZZ o, REEEMIE IEOLED, TEHD, WTFhhTHAHI.K-7,8, RUIIZ T-1 &IER0RE
OHOD, OOWMIRICEBY Ehi- HREHEDO LD 2, WTFRLL2TEEN 2m < H5NELEDEN,
K-10 & K-11 BHROFRER 7 ¥ 7ic L5 BN 2 MM OHROFHED T il 0 8 24 L&
3o b LEEREOESHEO—BEN L FARMNOPIEN SO 5, oM TIRLEFESERIC
o TWBIRTTHE. THEEDD, COHKODVTRHNTAICRT —2B8Z L0, K-10 LU
K-11 #iSTRIEES In 3T 0HY, KERBEHEL - TLEBLULIRVEETHS Y, BBELHIE
DRV, EEML#HTIE, 0L 3EBEIEHNENEZATRLZ - THEBL TRV, Zh3WBH
O transmissivity K&, FHBCOLEEBART I LEBBOD LB EEI LGNS, ChODOHIET
1T, BERHEED OFEMT O ERFE s ) - THMEINS Y, TENE»LLZOL S REIEXOE
EXFHEINS,

6. % =

KANFBRIC BT 2K CHIEE R E K FPHNEEBEEICE S - T0EH, BRELUTERAILSETD
32 EH5, FEEMEELMORBEEANHLLMICEY 2BEOMEREZER LT, RBNOKHIFERN
YRAFLADRHEES ZBEHETIC ENHRS, 2T, Bk - TRAHBETH S5, BANHE
BieiiBfEE 2ERCAY R L8 TE 3, BRIBO FRUTRBEMSE , EEBENERT, tH
MORET 208, LEME D, MERERFEELTHVED. b-&b20& ) RRMBAERBORL
EHXoPFELTTELEDTHEEEZOND. T T TIAKTHIBREN T 0 & R 138 M TIZEL -
1HTEN, LhbEHENCHEORTERSEC s TVWAbDEEZL b, BERONIBMILZS
QU FRROEMLICERTA D EELI ONEYW », WEROFES kb s, 2hlilicc OWMETA
BRI ERRBBENY, hoZ20BEHEHDRNDY, BRFETFTTHAOIrO > TEIEDOLD
NBBRBCVBBL DEEZ LN, A EUHTRED SHIB~OBBIILEE OHHMEIC X > TRH
ICEC B0, BMEBBAE 3 LRBIEL, BCEBRBOMENLZY, ThpEs-> THUHRIMUY
BLENHDB, COTOLRRDPREVD-LDLTED, BHEOKEEET 5. ILARRICET - o
L2 COBEDHITH - bD EHEINS . ZhicK L TABRIKRO Bt AR icsy
HLTHEY, MNEREREX->HFIChsSEc Bt Lz b0 EBbh b, $HEBHREAD EBKE
<, plEOEMDRL D, IEWHHT X 2 HFHOEIZA LLHBOBAICERTHEDENL I TH S,
CZTRAEMBEORE LXRBARIFMINTH Y, REBATIEMSBREIhSC LiTXD, HERREBL



BRPE - - P HRUGEAR I IFERIC B 1 2 ReRgsiti R & AL 7 2 + X OB 217

DILL LT3,

BRI LHMTR, SESAHEMoBRARRTL U ABMINGEL - T0b, T1ibbL, BRELD
FETIERAEEBERIZEALSEC ST, Bibick - THEBEL LS E, #iT<DINILs ) ~ T EBHBET
b, REIBRAICABECBRET 5. CONERIRBOBBEICHEHINSG SEJHEELTO LMY S
AR L, BRICERENS &, BRSRICKE57:0, BEMWN S THBE L TIREBHER LS5,

KBIcE 0 3 HIRELERE bDTELCES, MERBORERN I FIETHS, LHLLD
EONBRBIRRUTI VX LB bOTIIEL, WHE, KR, HRERSEORMD b & TR ENY
2 F LBERERBEZRETVAODEBRTECEMTES, BT, ZOXIBBEALLFHAEET AL
iz, FOLSEANERENEO LS RBRTRIAPEIRETACENTEEL L, £ TOKIER
ORROBOTER-TL B30T, FMEKEFZE TRV, ZOKRICESOTENISFTOIIENE
BICRIZTHEEEROCHH L, FRHEOEOT 24 v P EEBT S EDAREE L5,

7. SHOBHE

BanHEEO—2RERWNET 7o~ F BRI ETH D, BRNTED T TR
BOWTRH OGN, RHIKBTAKERY 0t 2O BHEH BZEEIVECLHOR IR ICESF LT
319, GHENRBICENTHZ0 LD KB ZAE L), BHESBEORELEFITH 1o/, 8
BB ORI+ TAT, ERAUSEBIE 207 — 2 BHREHBRICEET 2 bR oM. oM
B2 MHERT L, ARIMBICNREB LIbY THEH5, SOFMIERBNTENY —F v ERL U/
FTHB. —F, HIEELT 0+ ZOBANL, K7 2 & 2DBHICHRTHIZDENTH S, FIZLIZER
RiERE, SEAEBPHEFRRAMIRI DI WEFIKE T 2KFLOBRICONTR, THRZOERN S
7Y —THRBESEI - TVE5DEELONIY, ZOERBRIITZLALBBIN TN, Bk
RBEOS ETREM BRICELRESV ) 77 7Y 2 YHRBEAIH, 1L EOREVCEKFLBICONT
BEEHT R NEHXHLIEIND, I SEEOHB TR BMOMDBELILEE A4 2 -~V gV
DBHISNTE®, LilL, HFEOHMBTHELNIINSOHAIRREDHERI S ¥ TRES2DITREL
U, #7070 &R0 BBICIZELTHEN., 48, ABIREERE T LS SO
D, FIREHEDTWE/VEEZI TS,

L5 —DDERPPRICNIE LD TH %. SOF, HBICX - T, HHVRFEIIC X - TR AKCHE
MY R F LABBOTOSERZHE—WICHIAT S ENTET, 2nFhofiEics ) 25 BHmE
DB EEE > TWBe COMBAERIT 7.0, PFRBEHZHPLTYL ZEROELAMBETH
B8, KRN 2 F L OBEISMICE - TREZDICOVTORNBBETCTH S0 ZOEHIET » 2
2 —-ELTE, B2 3 ToHiE, KB, WE, HEE, AREBEERBTONE. COLIREHY
Bich e A BDBOMEZIC L - THI T ERBEBTREL, ZLOMRBICI-THALTHBLSD
NBERETHB, 2055, {HEEKBIUHELSLOAEEERRBENEO—RE L THEELER
ETEBY, L IGBP (International Geosphere-Biosphere Program) &5 EEBHIZE 70 = 7 b A8
RELLIELTV A, TRRANEED & S RTERE I TIZBRL LICEL 0075, BRELPT 0
DT, KEPHEEBIC K > THAEDSEHNCHREINS &, ZORENRES LD, BAFRHKX-TIRE
SICEHILASEITT A E5H B, TDE D ISHIBDKHIERN Y R F 22 X SICBRLTW DT
12, BHEROEZERERDLTCERTERV, R CORBRIBEHERICH S REEBEICMNBELTS
b, EEHEEENLtoBKORSE &, BEEIcN S BROBERPENE I > BAboET,
OB BT BRI T 0 € 22HBTFTNE, ZHOHDRIEONT, TS bLLHE
L, CCTOEFIHROSERETEBT Y 2T LRICHEVETIERLTW T ENBDETH S,



218

B

HAPKBFAER 8335 B-1 F2. 4 (1990)

B

FHFEORKITICERL TR, HER, EEIT, SEIRIIX, Wb v A BRREHOT £ DF RO
e, MR oo BB EKEMTCOVTRZNENFEAGKAAFOKIUBE _KE EE
FIRBEFOHICAD LTABREN. KU THERZRLE T,

D

2)

3

4)

5)

6)

7

8)

9

10)

11

12)

13)

14)
15)

16)

17)

18)

g £ X @B

AR & (REH) : L S HE - P © Bt BT 2350 (RIEEMAR BRI ER BT
ZeERE, No. A-51-4), 1977, 135 p.

WP - A2 BR/NENEZO LRI DT (L), FRKHHER, 85225 B-1, 1978,
pp. 277-296.

WPE—K - BFHEEE - SHEEE - REMR  GHEIEREOACHEZN B (20 1), ®HAHK
WHE#, 58278 B-1, 1984, pp. 425-444.

FAHR - BfE—% : GHIEFRSOKCHEFENRE (20 2), FAKEH, 5285 B-1,
1985, pp. 533-542.

BRFE—R - HERE AR EREOKCERORE (20 3), HANKIHESR, 5295 B-1,
1986, pp. 367-377.

Wpg—k - FHESE - FHEEE - GELERSBOASCIEERYE (20 4), FURBIKIER, 532
H B-1, 1989, pp. 249-258.

HEER - BILET - 7 B - fEER | EEEYOBBEIICHET AR 201 #BHEoF®E

EZDEHAIB, FTAPIKPHER, 5295 B-1, 1986, pp. 341-353.
Kirkby, M.]. and Chorley, R.J.: Throughflow, overland flow and erosion, Bulletin of IAHS,

Vol. XI1, No. 3, 1967, pp. 5-21.

SAHE— - BREZR - REEE - /MEEN | TRRERECLRWE, FOM, H1105, 1979, pp.
1-7.

Fukushima, Y.: A model of river flow forecasting for a small forested mountain catchment,

Hydrological Processes, Vol. 2, 1988, pp. 167-185.

JbEF R - AR - BE—K - SERE © KRKOLEMERIC X 5 KF)IRBROEADRL - Bt
DR (20 1), BUKEHKIER, SI08 A, 1967, pp.589-598.

FHEEEE - BEHE : KEP O A/ MO RO WH O LHMROHEE, sRBIKPIER, 15
& B, 1972, pp.171-182.

BEE" - AT -3EN o BASIC itkpavae—<o 7 (1 EEME, T JGHR), 3T
H kR, 1988, 114p.+171 p.

FEEMER - 13 Lo, SRR, 1973, 233 p.

BERAR T ARHEHH - MASHBEREINITTER « Ka/ 5B i i A RFTREE, 1986, 18p.
+EREH.

Okunishi, K.: Slopes and their processes, Transactions of Japanese Geomorphological Union,
Vol. 10A, pp. 13-22.

Jahn, A.: The soil creep on slopes in different altitudinal and ecological zones of Sudetes
Mountains, Geografiska Annaler, Vol. 71A, No. 3;4, 1989, pp. 161-170.

Lehre, A.K.: Rates of soil creep on colluvium-mantled hillslope in north-central California, IAHS
Publication, No. 165 (Erosion and Sedimentation in the Pacific Rim), 1987, pp. 91-100.



