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Development of Water Ways Under Various
Conditions of Vegetational Covers
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HHRELICCV, THICHLT, BHREOLETRHEAICLZTEREBBEE S LY
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Fig. 1. Location map of Observation arees.
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BHE 1. A R U e

Photo. 1. Numerous rills developed on a cultivated slope.

BE 2. 3 BHTiE 6 o WAl
Photo. 2. A view of the cultivated slope, near
Numazaki, Biei, in 1958,
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BH 3. 7~ YHAOHR
Photo. 3. A water way developed on the ground of a forested belt.

ORiEE LTI VIEF, 7F, ZAZF, TINE, AV YIEERALNLD, HkE
LTWAICTEEhod, MMWORHER66mM, ZOFOH 7w YHREDOEZIF25m T
B2, HWOEYINGT, HEHKZTTICNDESEN TR, RO ErEEL 2
YmopEcsd, TROLBHMO LMD 183m FTo& A RO i &E FITICEHO
VABRELTOE, A7 <YHRELS FIC>T3moLATIOmDWEAEED, Y
WO EWEZ L A RKTHo7z, FORLLLIAD) LEZ LT, VLOIFEESR
e Uiz, € DfiHF% Table 1 icRd,

MoV vzt 10m T 14 AL 0 E1x Sllo) L oEs TS

MR DBITEE LTHED, 1FEA Table 1, Width and depth in cm of
EOY L BKECHERLTED, e rills developed (:1 a red bean-fax‘m.
) ) R ‘ T R &
LictBo—BiE gk nEL, & Numbers of Width Depth
rill ‘ (em) (cm)

+% LAREZRLTOWE, Lo, P
Wi REE E i EBBHAL 2
WIRICRFE Ui 1R85 9 ¢ — B 8 12
OB LTWEONRA LN, Lich : E
B Lk Dic, MO THERZES
TH-1tDT, 7 =VOEEDFICHI>FT L VB LLEREZIEST 2 ENTE, W
MWEMBOECHAERGE L, TNhETFRICH> TRTEEZ & DR & RO 0F
LIS EWE Lic, £0HH% Table 2 12R7,

Table 2 p 5 i MAF QR S B ETIC LMo T DL VHER ST 185 &0 D M
BHEOLTROD, WELAECZARMATEEBHELIUMBHALLECATH-

12
15
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oo WAWICH B, WA LEHH B2E FA~OMABRE LB OROES
I0mBETEEET->TE LT AL Table 2. Distance flowed into the forest

oA, KT A 5Bk and depth of deposit soil.

w5 OFEED ER AN
DRV IDIERER A0S, 1A Distance | Depth of deposit soil,
. om0 (mm)
DO EME E >t T aT TEL 5 3 2 1,
Tz, TOMKE ATy TRICHHE 15 5 3, 1,
LTWa2, MEBO LD TH 3, 0 0,2 1,
25 ‘ 1: 2: 1:
Photo. 4 i il FFICH 24 5 =Y |
HADHY ZoR7, coFhmid NE40° 1o L AR M S5 Ficih) - T, 0~25m (& 10°

25~50m {3 9°, 50~116m {F 6°, 4:fk& LTMMoHEE LT3,

ERE4 5 7 = v H A o it B
Photo. 4, A water way developed on the ground of a forested belt.

YEIR ML S LI > T, 0~26m 37 X+ T, 3§ TS A TH-7, 25~86
mE+ax, 86~115miF/u—"HThotz, HIvYHPFOFHRIXB/mMm, ZOF
KR UBOBETHE, 7, HEKARI 18 THs, LB 2THERSKE LTHD
HWEZL L, LabltofiEs hid LT1 2o%AKEEZRE LT3, Photo. 4
RLEHBEEHEK? S 45 m oMo MifE D&k, oI TITELTNS,
HHHNOTREE, HMEPSTICH->T, 2m D& A TIEEA 40cm, %X 17cm, 20m
DETAHATHEEHMN30em, #X15em TH-ot, L THEBOHEIISIZHS Iz Lim
STEBX{RaHNMAONL, A7 VvOREEEOVEEIBLZ 8cem, B4 7m
BETHO, MKITREBEAETDNE L, BELOEANBLZ 15ecm DfE & T bk
LT, ZoORBOHEKXERZ, EHEd270m, EX3116m T, EAKHEEE L
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Z08ha ThH 2z, WMHMICR ZOBREOHFEL SHMBERE NS OET D HBESRE L D
LHON D, HRKEO D RICHEESFA L, HERRIENIS Ol ADKKics >
D, HitE2&HT DT, MIBICEBREWE L ECARA LN M7, Photo. 5,
6 T S G L2c ERSMERIC 2B LT AR AR T, MitolEhg 15° Th
b, R Ty ba—vThoto, MilEH 7 =Y EOBINITR %L, Fi
Pobbrsidic, LRHORCEMIELTHS,

Photo.5 T, #i#ficA O N2 AVBORMMPSHLL-EWTHS, 201 H%EB

FRS5 #HMo kBB LLER
Photo. 5. Deposition of eroded soil at the upper
edge of a forested belt.

BH 6. Photo.5icf@L
Photo. 6. Ditto.
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B G LD Photo.6 TH 2, ZHICALNASLIIT, MBRICHELTWEHH T+
HoRCHHIEEI N TS, LAL, Mibah7x HER LD THES VBT, CEhn
HFLDABIEIMRROT YOS T 0MPEADE AL SHEREE L IZHT LTH
5o TOLEBBIHAIZT AFiALNI, ZLTHRIZL LBV ELTED, K
Ofbld-&DEALDONT, 29, F) T TICFZELELOIZE» -7, Photo. 7, 8
BxrN7HoYvEZDONHIZOIL AT <y khaRd, $EiE NE 40° 2/ L, $HE
SOERE59m TH B, FE O AL, HEHS LIS > T, 0~35m |3 165°, 35~
93 m (3 11.5°% 33~59m it 65° TH 5B, T, MEARIZ 17 Thd, LisoT, 3

BR T zIyAsMoRs, Rodidbo
Photo. 7. A water way developed on a oats farm, looking up side.

5 . o T
e AR ; %‘"‘
BHE 8 Photo.7ic@l, AEBALELLE®D

Photo. 8. Ditto, looking down.
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- Al

HE BIEWwIC L2 T LEVICY E9ICE 5 MORIETH S, ) vidHEH»S LI
M->T3Em®bdETAhA, THHLLEITVYNIHO LEHEMPSEFLEZO, ITmOEIANLLAIC
HARLTHS, COBMD) volgd35em, X 7em, KPS 3m EOlhro
YL DEIE 120 em, %Xz 20em Th-otz, Photo. 73T v /37 DY WART, ikl
FIEEEHREVICOLONTVED, EILTHLHRADETAICHARNREIEHDEYD, W]l
OB, HEERETALLH7, Photo. 8 RHHOK T A2 R LD TS
2, TVNIHMOTFRATI=YyKTHS, ORI M T, 20 MIHEKTH 5,
NF7wYyORESEZERIBEEZ3em, BiERkbLT4m THS, HROMELLTE, =
ZF, LAY, AA=v AL TY, TREEBEELTOVE, TOEPTTFEY—,
Ly FeZom N LTOAOT, REHHICH 7 =Y 2l LELLIATH S L
BoEND, HITVERMITOSERMGROOTHS NI BT 2ETICELT, &
HEOTEMNEELTO S, LinsT, BRIOHUKTELE, #72YyHBELILDE
WAL X AOMIELNT EICE D, MTENOFHKORERRES 5 &, HiFD Lgh o
5mDECATRIEM4Sem, HSE3Bem TRESESODNL TV, 6m DL AT
I THEY K] B0, 65m DECATHRABTW LT 5,

PMmQJQHjmm%&WLﬁﬁmeTﬂ:Lt@ﬂﬂh@UW%ﬂa@ﬂ £ 7
CELZLDTH S, O SW65° 1T L 2kt ©, HBICHTORPOAM
ERRLTN A,

THRAT - VYOEMHTH S, PHEBRICH > T—HICEBMLTWVS, 477 VK
GakbiE L, #hhro bogiz ks s Table3 DX 913,

BH 9 B0y s, RE5LEbD
Photo. 9. Rills developed on a cultivated slope, looking down.
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BEH 10. Photo. 9@l
Photo. 10. Ditto, looking aside.

BH 11. Photo.9 i@
Photo. 11.  Ditto, looking up side.
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FH 12 Photo.9 2L
Photo. 12, Dittc.

B 3x  HEe o oRE s IR AR HBrLORHERE Y LOR
Table 3. Distance measured from Table 4, Distance measured from
the end of a forest towards the top the end of a forest towar(?s the top
of slope of slope and number of rills per 30

S i meter wide.
Er o ORI 4 ! - -~
#EDMmg %(ﬁwﬁx " . g s o | H30micsdIns ) vo

(m) ) Note Distance ¥t Number of rills per
S — - — (m) 30 meter wide.
0 ~ 20 15 |, B B o

| A cultivated land 3 23
20~ 40 15 7 9% -
40~ 60 13 ‘ ” 0 -
60~ 80 13 | " & s
80~100 10 % 55 -
100~146 1

: ; K@¢;A% e o
146~206 6 | A uncultivated land

A TYRHONRIE21° THE, HHOHIFHMECL T, cOTFRINE
THHREE LTS, A5V OREEZEE3cm »5 4em, BEEEXZ 4m,18X%
1.8m O HICHA -k TH 5, MIKIZRZ v #F¥, 2V 3EX, 7%, £Xvs
VEENRLLND, FOEMIC, BEY, 70— =ML T, ARIRREE S LI
MELSHMd 2 &, Btz LTl sh Tk &b hrd, Flirobnd X -
I, HROHHEVITIC, BEL OV AHFTLICREL, WELTHFOLELTEDS
SLHVEVLDTH-, Tabled BIE30m ICH ETND Y LORERT,

MgEHo3m oLz AT, BADYNVEZLY, ENTHOWEHESZWE L.,
Z @4 Tableb 17 7x9,
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BmS5& ) v R N &
Table 5. Dimensions of rills at the three meters

up side from the end of a forest.

£ 08  ®W 5| B & | e B3| MW 3
Number Width | Depth Number | Width . Depth
| fem) | (cm) I ‘ {cm) | (cm)
— ikl Il ‘7 |
1 | 22 : 18 5 25 2)
2 60 ‘ 30 6 45 ‘ 2
3| 28 21 |7 25 91
4| 60 | 35 I 2% ' 19

Mg & 80m IS FIcw i Lic Mo Ty vidik< 2, WO >Ih T
W5, Ft, At EMRALEBICAT Yy TRICHELSDLTEHED, IBOD A 60cm
&3 3Bem ThHhote, PHOY VI #F7 =Y HFICHEAL, MEFMIEIZEALEER
MAY EBE>TWVE, HWHOLEPS TICH->T1I0m O EZATEIEIOmMIZSELS TN
ZHYORIISA, 30mDECATIHIBATH 72, MO VT HETEHR LIS
Db&HEM, KiESIZOFTIMBEFTIMICHEALLLOEALN S, AN O TSI ANH
OLOIDHENBEE L, HERILEBZ LRBEIN T, RO FTREI T =
AFFRELELTEY, MifZDSI A7) RO PHFICRAL, £ THRLTWYS,
COEALFFTHITHOHE LTS HiE R TN O RN TH 5, BT
HWEHE EITHFHEOEHKY, WHICHALLZbOEALN S, ORI HED S
T = TAEBIC LT206m B0, cDOH T = s PIand Hi T3 - 72, Photo. 13
REKFHIKTAL, Fryra—-vloyverd, 7 ¥ b3~ i3 9%0em T2 Hf

BE 13 F v b a2 - vy AHDY N
Photo. 13. Rills developedon a dentocorn farm.
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VT, TOFTRIFNIEDOKSTHSE, P edffimEEEds s 15em, MoRdsks
10m TH5B, WKKITEHBEEESLOEL, 7=4 %Y, 7%, v, 232k
EMBEAEL TV, KGR a =X BEEL, LHORCEEH TS, Mo HEEHE Fk
Biro Ficm - T, 0~20m (318°, 20~40m (317°, 40~57 m {3 11°, 57~65m (1 3° ©
B0, RIEOHEIZ1° Tho7, MO ) VEHELS 2m FDECATERIESOm (C
37K, 20mdEcATIZA KThH-7, MEHLS LICM->T3mDECAIZEBITE ) v
DOHEIL Table6 DL S L OTH B, T, VwEF v a-vyoMIZHEEL, T
DEEEFHHOT F o5 X2 Tm Foo 34 L Tinr,

ELex UV v o0 g X B o

Table 6. Dimensions of rills developed on a dentocorn.

T U » © K & & | R R
# B Dimension of rill | #%# & Dimension of rill
i ®o3 | ; i I S
Number Width ‘ Depth | Number Width | Depth
— o ieml o o em) {em) | (cm)
1 14 21 4 27 13
B 22 ! 8 5 30 14
3 27 i 13 6 30 : 17

RE Ll RGO IEF LI FHTLEOON, S SICHRICHRA L LI #HLE
EVHITEDON, SmDECATEPEHDHBERKICIZOE LT, F/, &
BhOBLE20m FTHRIKCIBOLOESA N, UL LEKRIZRADOHIZA SR
fehs, VWwoRELLETEAONE o,

BRH 14 FHWORE, TH2RZ0

Photo. 14. A water ways developed on a grassed

belt, looking down.
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Photo. 14 3EMFED ) VA2 RT, COFHEHRBPIEF/ RERTELLODTHS, B
B O MR MO FERASTH EE T103m Th 2, Table 7 ICEHID Ligh > ORHE -
BEE AL ERY,
BTER BH M B M 0o N E

Table 7. Distance measured from the end of a grassed belt toward
the top of slope and gradient.

B O L5 O
HER ’2 dlﬁﬂ L %
istance radient
(m) ©) Note
2 — 22 15
2 — 42 12 EYRNG, +CRETS,
After the harvest. A red bear farm.
2 — 62 12
62 — T 95 || femy s,
71 —— 103 5 f A buckwheat farm.

Table 8 ICHHIICRAE L) VOREEER LI, YAPH ) REFBEBRF vy TRick
BLTNWE0OT, MEBOBEFEEIRTIRWAIKKLEN->TELTW L HEEIZZHIZEE-
EDLIBYL, ZOBEATH, PHEEN20m FORAZTREDIECW R LM Th
ELUBLTVBTENDbDLBICTER,

ES8®k NEMoY »oIg &8 3
Table 8. Width and depth of rills developed on a red bean farm.

) RIS
B Bl > o P Number of rills
. 1 | 2 3
Distance [ E = 7] = " 7 =
(m) Width, Depth | Width, Depth | Width, Depth
(cm) (cm) (cm)

3 30, 9 45, 9 40, 10
10 40, 7 35, 12 35, 5
15 3, 8 30, 11 20, 12
20 30, 8 25, 8 30, 12

D ) VE PO BCREEL TR, TBREROGTRBSMNE T > T,
i, MMM BIRERE OBICREHR LB 0L, 80 N BT
DTVBETERBBL, MHLALERMBLOETIELDTEL, $HEOINVICKHEL
ENFEBHRAKCBLELEZREEZ 2 DETOLE LARY, 22T, EHOBGOIE
BRI THH L TBOARBEBVIEDEATNE, LT, 5 IKHEALLIBIIZ
bmDECATHEL, ZOWEETERMBLVEL TV EIONE SN, EHEDER
FEBCLTCMUm ThH 3, AREBERD LIS FTIKHE->T, 0~25m id 18°, 25~44m



438 SHEERF AR SRS B2l% H2E (SHEAELER)

221° Th B, TroMFIcRRAAFEI I XNFEAEL, TORMTCFEY—-LF~F
¥— FAONI, T THREME LTRNSATH XS, HER Ny a¥
FEOERMTH S, HEREOFN3m, BER2cmBET, A 2T LTHS 34
T AEDTETHt, FLTYFFAEMZZHNCH 7= v ERBANS A I D%
3, ZOBRUMLUEZEMAEMNTF L TN, BAERAPTETEMTH O, HEKbS5OD
R ESWEHHE L AZOMELVEA D, PLERKRESERBBOTHICHAFEL TS
LTAZHT, HHMEBMEEZ L LEMNE KA DOFERLEZHIHA LI, BB D

BH 15, ke k3 ) rvoREolIk, THERLLO,
Photo. 15. Checking developed rill with a grassed
belt, looking down,

BH 16. Photo. ISR, FThH»DbREbLOD
Photo. 16. Ditto, looking up.
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RO T IS 2 WV EES AL T2 E AL T LI, Righ
G L XS IR LT BORSREFIZOI DT 2T TICVD SRV DOT, KR
BEABTEEONTOADONERTHB L, > 2H LM TEHBEELUOHIKICER
HHNRBAKL, TR ERMOFEEERILT 20ICH VTR E2ONHEETHS, 1
THREEP D TR, SHEPEREHIC DV THHMEET-HOT, 2, 300250 TR
WAEHWLTHCH, Photo. 15, 16 @M D Vvt 7 o —~—HNTHA L, £ T H®E
LTW2EHETHS, Photo 15 EfHHd LfnsRicoT, I ~v4valll, €D
TR v T, E550EPHNIETATH 57, Photo. 16 i3 ) s 7 o — 3 —MITiR

Bl10XE UV v @ JE N W
Table 10. Dimensions of a rill at

Boxk HMAMLo LR given distance measured from the
Table 9. Distance measured from the end of grassed belt.
end of a grassed belt toward the top EREO LR - M =
of slope and gradient. D RIE D | ]
Distance Width |  Depth
BEH O EiR k \
b ORI D @‘m\ i = ) e tem)
Distance Gradient | Note 2 85 18
(m) O | s
‘ FGE T~ 5 70 19
6 ~ 28 115 ‘ A buckwheat farm. 10 230 13
8 = 10 e 7 15 140 10
- = va vy
20 65 = A potato farm. 20 60 15
25 ‘ 50 25

AL, 2 THBELTHWED% k7T, Photo
6 R TH»LAEDTH B,

B O L O Riio e -7 £ ToR
WiEEZ66m THB, OV IDRKEIR
Table10 D LS WHED LD TH 5,

WK ATy RIcsE s, R
FITHT L, BEREMSHEHITOR, 70
— N HNTHA UL ) i B E 2 5m T
L, ke L biclkan<Ttpidzs o-
SNeMHZEL, VLTV, k7o
— N DOHL B 13 809 TH -1z, Photo.

. BR 17. HAwcxz)vo gz M
17, 18 14 6BV I T 2 7 M > ) v % b, FREREGD

AT, FHifom i3 NE 40°, kot Photo. 17. Checking the rills develop-
ment with a grassed belt, looking

14° Th 5, PHOREBMBAT7Tm, 20T down.
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B, vasy, 47, FrRU-FFELTHIH
HEWTH L, FAEEOEIEZm, ZOFIC
H7 2B AEL, IRETD2T LT
b, TOPITRFHIICHEALLLHENIZALD
ICHE 3m BEICABL, HAO LERAeR
KON, FLT20mBEEDECATH
URnsIEdoF 0, MECHRALTH
B, HAEHMY) VOIEKEIEL TS X
HlTh 2,
2.3 & =

DL A C R U A i i o T A gk
PCOWTHB LA, Mo LB TC oWk

BHE 18. Photo. 17 i@ L

Photo., 18. Ditto, looking
HHbE, BEAEOHAEKSLBDORIEICE kown,

2H50THD, PMHEOKALOREIZEALRBHBHIBICLILEIND, KALOR
EVIHLOSRELLMEAXETEE, 22ChbFonb, 1DRKFRICHE->TLHIC

LTV EMETH S, COMBETVHUEMMELDSTITET S, 4 1 D EHFHD
ERE LTHRRBEL S 2T, DALAICEREIELE ZATEL S, K5
IR M DIERADHE, THbhbbRALE LTHEETAEIADRADHRMSEMKRE L
THEDO TR IC LD 2 TARKE LD EPEDNIINEI LD EMNB D £ SFEMD
bObHB, WO LTS, BAREMETRBRKEEME DS hROEAICHAN LR
HoEL-TLAHMETH S, T#HAMHMHDO KA L REMOHEEZIZVITIcEET 3,

CHEHAREmMEZ L > HEAKOHE»OEZTERRTH S, T Vo EBE T E
W ERE LB 08, M TRILEROBEEICH L THEHOMMREDHTH S D
TESLTEARALEMIET S, Photo. 3 & Photo. 9 (3 F# 8B HI TH 2 H3, Y
ORITMEZ 1I0m ([ 14 AR LEE30m 23 A»5 29 AKTHE, THOE, H08m Iz 1A
LWVSEIREIGTENIER D ES>LFTREMBNCDLESATHREL TV SO0
A 515, Photo. 3 0 FHE TR O LS 13 m T o, Photo. 13 o Tid 7m F
RoYNNRILEL>TNE, oL, WIS, 15° »5 20° &0 WM TIRHIE
MO THE Y VBREELTNEONELICHE > TS, & O §H Y 5 & HORTON,
RE oS XH5WEREHFEL NS BAREBHBE LBV ES TR I FoNnk, +
BRCOBENPLHDE, VIWOFKELHEBR G- L OAWUNRLOTHD, BikhORE
EFRDICHEHMI IR IBESALBERERNIC—HICHREELCETHD, T
DFEUPSH 5L, FAMPMMBRCHRAMIET20ICE 2 b X 0ESE S - HE
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b, UL, BAABEIDROBEACHANIEE2Z-TL 30T, WERMOD
BORVBEEBLEL, KHHORBE—BEBEE 55, Photo.3 127K L o
VDB ENE G 15 cm, EXR6cmBETH-, chicy LT Photo.8 iz
FRURBABMBIED Y 138 120em, FEE3Bem LS LI RBEENLDTH 3,
YAOREEBRHEL DAL &, HAUPETRIBB OBAREDTHKI TV E0H
KETHD, LEDM-T, MEEZL I THENLF TREENTLBNCERBIULLT
B0, CRABIET BRhICEALPOREINLETS B,

3. MREMWCEIDIMBORRCONT

3.1 :iibsg
HEORBULOVTRE L BHBRER 520 BHHRIRO IS, O bk 155
KMTDNT 272, 1940 LR E D, HORTON, R. ED 123l 5 £ U RO BT &N
FOED S HE L, KXUREOHD S HBELRENCRI TS L2 Ch%, it
BORKICHT 33 S OBAERE LE, THHhBE, KBOWKE RN, REOKKE
HEE, WEBOKME KBAE, ¢ h b ORE O BIC 16T 3 RARKOENTS 3,
HORTON, R. E”. O3 L7 idhit, HEOMBID T, HHEH SHHELE O TH
3, ¥, BREFORBEDHOOLT LROKBOE 2R 13mile UTTHBCLEMT

W2R W W E o0 R

Fig. 2. Location map of study areas.

4) BFE§: mINE ,

5) RHER: FANlBLUHREORKRFA, BH¥ERH, Vol 37, No. 1, 2, 4,6, 8,9, 11, 12,
(ROBERT E. HORTON; 1945: Erosional development of streams and their drainage basins, hy-
drophysical approach to quantitative morphology, Bull. Geol. Soc. Amer., Vol. 56, No. 3
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Table 11. Distribution of area-elevation on the upper reachs of SUBETSU-river basin.
- Elevation above- sea level (m) . BTN
Place B0~ 100~ [150~ 200~ [250~ 1300~ [350~ |400~ [450~ 500~ [550~ 600~ |650~ |700~ [750~ [s00~ B0 [HO 90| -
- R 100 150, 200{ 250 300 350 400 450 500| 550 600, 650 700/ 750, 800 850

R ( 0« : 900| 950| 971
17 ¥ 418 2628 5063 7123 75.23| 72.81| 67.79) 5672 35.63 26.82 21.91| 14.76/7.26/353/0.75 53453
16w | 2434 53.19) 57.76| 47.65 36.73 2582 20.82| 17.78 19.17| 1.89 ‘ 305.15
15 29.01) 5580 51.7037.02 1607 655 1.03 060 o 197.78
14 1740 B9.65 54.86| 5465 4797 2084 593 5.8 405 290 148 25491
13 37:33|,58.11 /56,50 50.14/ 3253 16.29 ‘ 250.90
12 =1 ~9.78“53R3 19805 5438 5.62 221.66
1o “| 2660 35.16|,50.68 13.78 2.20 128.42
10 1233 30500 26.99; 16.89| 1558 4.77 °107.06
| 1233 104.21) 220.50| 341.91) 207.81{ 220.83| 178,61/ 135.35( 108.01| 99.41| 89.62| 77.79 39.00 2682 2191 14.767.263.53 075 200041
9 w | 1670 7300 9350 5934|1142 4.6 258,02
8. 178 58,25 87.43 61.86 554 169 216.55
7 3.35 4243 75.82| 79.98 56.17| 24.67| 6.89 289.31
6 23.58 41.22| 41.67| 2544 1062 3.58 145,51
7| 335 67.79191.99 281.48 236.97) 100.07| 23.58 4.16 2909.80
" Total | 1568 172.00412.49) 623.39| 534.78 320.90/ 202.19] 139.51| 108.01| 99.41] 8962 77.79| 30.00| 26.82] 2191 1476|7.26| 353 0.75 . 2909.80
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%% % HORTON,R. E. {O~T\ 3, HORTON,R. E. DR L7 AHERN T2 &, 1 XKD
HBOEHAREREE 1 WHr b BREERIC LT 150 ft 3%, T72hB3/I0RETH
3, ZNODERMLOHTET 2L, BRMEOFTRIZIZLASHRALE>TNBE L &M
bh s, KEHEOHOOIIFBEBHOHAILEP LTV IONRETH B, COBE
OWBBIUBEERERBIDVTHL, TXTOBFERETDLERTH 2, Lk
STHHOUE» S B2 THLEREOHBO SN ERE T AMRRIRPELOES
BEOTHB,
3.3 HRRMORR

BRI 317 2 RBORERRNEFTT IHE LT, BFLUROBEBICH B HBH
(V) EHEN (Fy € F 1) REKOFKLHEEE VBT, ChSOHBIME
AR HR, GR)IICEET ZMHITH 2, BBHENSLCHENRO LI
BEEHK® T, BEL1F50 1 OHERMBEREN TS, COMER DO BERIDHEBK
REELU/cDNTable12 TH 2, ARHNONRFEKIALH G LT 29098 ha, itk
OWER T m (WHRA) TH5, HHARO NREHE 320ha, HHOBER 110~
00m THD, HREBOHWHI EHBERIZEBL, BHE, UL, 8KE, BLTH

Bi2E AERROER—HETHR
Table 12. Distribution of area-elevation on the upper
. reachs of SAPPINAL-river basin,

"

Elevation above sea = Dictributon faio
110 ~ 150 : 8.33 | 0.026
150 ~ 200 ' 28.86 i 0.090
200 ~ 250 i 5192 : 0.162
250 ~ 300 60.28 0.188
300 ~ 350 51.12 | ¢ 0159
350 ~ 400 4287 0.134
400 ~ 450 26.54 0.083
450 ~ 500 1926 0.060
500 ~ 550 13.10 : 0.041
550 ~ 600 10.63 0.033
600 ~ 650 6.01 0.019
650 ~ 700 | L15 | 0.004

Total 1 32007 0.999

6) AMHUHH, BEARKEEIPELK,
RY 6~17, 21,22
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Bo ¥, MRBESKIVFT, T4 8%, THY, F¥e v/ &, 705 %
SHYN, THEE, FL3Y, vF /%, £V /%, AVINELLUITEIGHRR
BERKTS 3, '
3.3 HMEENSHLMBORBIZDONT , g
BENRINTO 2 HURBRESNE TAD L THB, &OREOHBRIC IS
DHBRIBEAETAZINTORVOT, RROAHBEEIEMBIERES LTEERT
25, METELSHELTTFRERLSTY, LAL1 S0 1 BEOBERTHMEE
ErsRtLicdboTHENE, MRICEZETHROBLIBAIRTVS, WER.LEO
EEROMADBREVEE, \LHOBEK BT TS, KBEORELTTATLEENZS
o, WENPLLZORBOKRORERREMEFBOVES B LRYRTH S,
BB AR L RBONHE EROSHEERKT 2 C L RAROFRICRT
DCERNDL, BPBAOEARBERRTIORLBEBICRELES, LOoXk5%
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Fig. 3. Relation offnumber of streams to stream order (SUBETSU)
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DELZDOBAEXEHLON, EHRBMOXBEREIHWE L, ZOKRE Fig.3; 4iTxk
T, BEXHEOXRED L HiZ HORTON & STRAHLER” DRE L7 HEEic - 1, Fig:3
FAEBBINAR D LM Hs 20004 ha 2 RE L7cbDOTH 5, Fig 4 (3[F%H 909.4ha
DU E AL A2 29098 ha LA WRE LD THD, ChoORT, HRKHOME
BRELADOTHRICH > HHTH S, HBOKHXER839.7ha T 4K, Thhl
RIS EN B, TWMMOKK TR BRI 4746ha TTTICESKRENL Y, AXFHAFA
THO5XTHbB, B, WRIUEC LICEXKOTEAERLIcDH Table13 TH 3,
ERBEEO NI 1o 3HRBAT LICEPEMLLTEH, boldbBBTORE

W13E ARTNRKOBRREOMBHKLEES
Table 13. Number of streams of given order and
their length on SUBETSU-river basin.

i ERBOKE EE
i3] ® Number of streams of given order and i ] *
their length in _km .
Area, ha 1 } N l 4 ‘ 5 Note
JE R 239 | 40 9 - ?gﬁ%#§§§ﬁ5
t 2
e | aasa| 1225 a4 330
| 354 61 13 2!
8397 . ;
| 6722 1858 652|. 589
546 95 18 4 1|
1292.4
10001 | 2635 | 937 793
648 1 111 20 | 4 1
1543.3
12000 | 3496 | 1074| 7.93
754 | 135 23 | 5 1
1765.0 . |
13580 | 3917 | 1286 | 1051 |
: [ — | ———
817 | 145 25 5 1 "
2000.4
14935 | 4166 | 13.83 | 1051 | 844 | #H 17~10
- | .
323 57 17 4 1 "
Substream
4746 4225 | 1098 | 492| 235| 201 #m 9,8
) 469! 81 22 5 1| »
909.4 75.42 i 1683 | 7.32 { 284 | 588 #hH 9~6
FL A 1286 | 2061  47; 10 2l
ota i H
2909.8 22477 | 5849 j 2115 | 1335 | 1432) #HE 17~6

7) STRAHLER, A. N,, 1957: Quantitative analysis of watershed geomorphology. Trans. Amer.
Geophy Union, Vol. 38, No.6. i
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Yot 5345 ha 06.44, oL bV DI 489 TH B, Ak 20004 ha ([T 257
WRE DM 5.36 TH 5, LHKBMOMMILIE, XH KA 4746ha T 13 442, [ L <
909:4 -3 473 TH B, M E, KIMAH L7z 2009.8 ha DRMICH T 5 Mk 53 H
RE05 LD, MICHREBORM 20ha 75 219ha ¥ TOMRMERNRE LT, &
BRMOEBYE L S>NTH), ik Table ldicRd, &KifiBC &ICHD g%t
FL, BVEZHBLTA2EDRODL5F N0 5, HEOBKEBEEZLENLORK
BOBURFE LTHEATICEPRORELLKRLD BETH S C L MABBELLEMEE
BEMSD, BEEAKRIESTBONENRES S,

W4 ®E REOK2XLHBEOTHELE OBR

Table. 14. Relation between values of bifurcation-
: ratio and watershed area.

: W B D K X
5 Bl # M Elev?'ition Ia%)ove Order of_stream bg?u?cgi%f:
No. Area ha Place . sea level, m 1 ‘ 2 | 3 | a's ratio r»
1] 1072 | RanL, THsomER | 420 ~ 971 |8 10 | 31— 371 .
2| 553 | WL, 17 HH 420 ~ 780 | 27] 4, 11— |—| . 538
31 597 | " 350 ~ 870 |31 6| 1|—!—: 559
4 193] " 420 ~650 | 8. 2| 1]|——. 3.00
51 1022 | X ®oR 280 ~ 840 42 7| 1|—|— 6.50
6| 675 8 o R © 230 ~708 |29 2| 1|—|— 8.25
71 695 { R&MLL, 10BKHED L3 220 ~ 708 30| 9| 2| 1| — 3.28
8| 492 | mMoR 180 ~540 25| 4| 1] |— 513
9 | 1460 | 65 LOR 160 ~ 780 |88 12| 2| 1|— 498
101 976 || o R | 10 ~400 |31| 8| 2| 1|—| 320
111 94 |% o R 120 ~ 390 |29 4| 1| — |- 563
12 | 610 | R&BL, IKHD 1 8 170 ~ 350 |52} 9| 2| 1|— 4.09
13 7| 2188 | OR, HOREAL 130 ~ 330 1106 24¢ 3! 1! 5.14
M. 27 | BEOR 130 ~ 360 | 17| 5| 1] —|— 4.20
151 852 |HM O RN _ 120 ~ 380 28| 5| 2| 1|— 3.37
6] 170 |[HE o R 1m~woim 6 1|—|— 5.42

3.4 RBORBICONT
RIC TR 320 ha DALLARICDT, 1740 1 OHBREMEY B & % 07
Ui RHORERRE LS~7, WBOSHREE Fig 5 107y, %7, Tablels ik
WHORMERSERT, MEFHDSRBEHUET 3L %, HIOB 5 bR H LI
DOHICEEOEAKSEEROCH S LN L, COMOKLLRBEHDOBL DM LHICK
CHSNBN, TORBRIE 2 TONHBICRET S ) v ZRBONST #Y
LEUMEDLOTHE, ELT, MEOEEE S bIKBEROB S KITL UTHR
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WIs® FEARCSY IMBORKELER .
Table 15. Order of streams and their length for SAPPINAI watershed.

TR B ORKEE ME O RK & B2 N
Order of streams and their EEHEHEE Order of streams and their EFEEHE®R
length in meter. Vertical length in meter. Vertical
1|2 | 3 | 4 | 5 length in 1| 2] 3| 4|5 | lengthin
120 150 120 [T 50
120 140 | T320 80
450 200 160 110
80 70 260 110
80 80 180 _ )
80 90 120 )
320 270 160 110
200 100 250 . S
80 70 140 110
120 120 100 110"
120 120 440 80
280 130 200 120 -
250 200 220 80
120 80 920 70
220 160 200 ©130
120 100 160 110
400 180 200 100
200 200 220 , 0
140 130 240 110
280 ‘ 180 180 : 90
240 200 360 | 100"
240 150 30 | . o140
140 110 200 45
260 180 [ 320 160
80 : 70 440 180
240 190 390 70
180 160 200 120 ==
200 120 | 200 v 80,
240 | 140 | 600 55
420 130 : 1430 60
1330 140
210 : 100 9050 | 3810 | 2850 | 1430
100 A 70 48 | (12)f @ @
180 0 189 |. 318 | - 950 | 1430
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BEAWHBROTEHIZ 5279 ha, k313 6454ha T, HLEBROMBEELL 5~4F
EEOLHTTLLBVZENRDODS ' -

“®n

ﬁf&ﬁﬁrtiifﬁ@r&ﬁ%ﬂugd“é &_ b\ 22 & tid’ftcioz‘o < @E}\‘?"ccatafﬁé bi» '

Kénf%toC@ﬁ&fuabwﬁ%ﬁh®§#TVkH%%%@%éVﬁwT&%b

8 iz Of1961: FWHEMOK MBI 3LZTHAIFZOLEIC OV T, KRLKHTHE (1960).



C BROBLEREOL LickhY ARBORBIOOT (W) - - &1

, MBI TRIRHBICETUEE ORBERET I LS5 LI, T8
Hk LUK T, ﬁﬁﬂmm%@?ax7u¢ﬁﬁ@m%u%mewc& Gty L
Shic R4 Ui o Rk %@muufwac&%ﬁﬁbkoLmbmmwﬁ%ra%mz
OHRMOBAICHEIFEL,- %tﬂk;u%ﬁ%o%&61m5C&t$%téa
Lic->T, BEEBOHEL V- TY, HHORERAFME - ARBEROBE2IOH
DOBITLBTAINONNCERYARTEH B,

LWEAKME TOHAVHICIEBBIZA LN D LD NHBEMRETEC L3 NA
ThHs, L LRBRECSIHNPVHOTHREED» S5 LELTHD, B
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KT BHDONTHPICED bDEEZ SN L, INEHHOHHOERILODVTRABROF
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Résumé

This report deals with the developfnent of various water ways which could be
found on the cultivated slopes and in mountainous forest areas.

For the first step of this study, observations were made upon the development of
water ways on the slopes under various conditions of land usage in BIEI and KAMI-
FURANO districts in the middle part of HOKKAIDO island, JAPAN.

These districts are characterized by rolling topography with slopes ranging from
5° to 30°; arable lands are chiefly located on such slopes.

For this reason, numerous water ways, designated as rills or gullies, are apt to
develop easily with each heavy rain.

At the time of observation in 1958, the number of water ways on a bare slope
amounted to 14 per 30 meter wide strip or averaged 1 per 0.8 meter width.

On the other hand, water ways on a small scale such as rills were checked off by

vegetational zones and could not be found at all on grass land or on the forested area
. except in such place as one where surface runoff from rain concentrated and ran

down according to the topography of the place.

Further study was made in regard to composition of drainage net on the moun-
tainous forest areas.

For the purpose of this study, the headwater regions of two watersheds were
selected. One is the SUBETSU river, the other is the SAPPINAI river.

These two rivers are small tributaries which flow directly into ISHIKARI river.

Figs.3, 4, 5, 6, 7 and 8 show the analytical results with respect to composition
of drainage net on these watersheds.
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In this case, the method of designating stream order followed was that of HORTON
& STRAHLER’s, a water way of the first order means the smallest one which could be
recognized from a topographical map or from an aerial photograph on the scale of
1:10,000. '

In conclusion, it seems that HORTON's Jaw on composition of drainage net applies
roughly to the Headwater areas, so far as this study is concerned. :



