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Table 1. Outline of surveyed areas.
R K EN % Wi (km?) EEOHHA (m)
Sign of watershed Name of stream Drainage area Height
AA M~ @ ool 106.2 282~1,096
AB B #F 96.2 282~1,488
BA #wmooa 64.1 355~1,461
BB NI 149.6 355~1,318
VN = Il
A a S 203.0 270~1,488
B & ¥ -
B % 8 213.7 270~1461
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Fig. 2. Regression of number of stream segments on stream order.
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Table 2. Method of deriving weighted mean bifurcation ratio.
1 2 3 4 5
" ICBBHR T % KBS D3 3x4
® o OK % 5 & w OB -
Stream order | Number of streams | Bifurcation ratio No. of Streams Products of Columns
involved in ratio 3 and 4

1 1490

4.27 1839 7852.5
2 347

4.47 427 1908.7
3 78

6.00 91 546.0
4 13 ) .

4.33 16 69.3
5 3

3.00 4 120
6 1

4 0FF =2377 b D&EF=103884 St rp=4.37

B3FE KB DIRK
Table 3. Composition of stream system.
WO | BRRHOKEBEETEERE, lRBOOSERE BEL | gk | KBREE S| W E K
= B . Frequency
ESTwm @ §) @] | Drainage 7! ,
water. Ort}er Nurrfxber Mean Bifurcation Length density streams Bifurca- | Length
hed (¢} (o} stream ratio ratio tion ratio ratio
s streams streams length (km) (1/km) (n/km?)
0 1 3 3 1 5 6
(1)" 725 168 38 7 1 3.87 8.84 4.40 1.79
AA | (2033 055 116 253 1478
(3) 4.32 4.42 5.43 7.00
(4) 1.66 2.09 2.19 5.83
(1) 764 181 40 6 2 1 3.85 10.33 4.35 1.93
AB (2) 0.27 0.50 1.11 2.34 3.26 8.83
(3) 4,22 453 6.67 3.00 2.00
(4) 1.86 221 211 1.40 270
(1) 454 93 19 4 1 3.56 891 4.87 1.74
BA (2) 0.31 0.52 0.82 3.63 8.28
(3) 488 489 475 400
(4) 1.66 157 4.47 2.28
(1)1325 277 56 14 3 1 4.48 11.12 478 1.59
BB (2) 0.33 0.53 1.01 1.84 5.43 114
(3) 478 495 4.00 4.67 3.00
(4) 1.45 215 1.82 2.95 211
(1) 1490 349 78 13 3 1 3.86 9.53 4,37 1.84
A (2) 0.30 0.53 1.13 2.4 7.10 9.72
(3) 4.27 4.47 6.00 4.33 3.00
(4) 175 2.15 216 291 1.37
(1)1834 385 78 19 4 1 4.33 10.86 4.77 1.61
B (2) 0.32 0.48 0.94 2.19 6.14  15.00
(3) 476 4,94 4.11 4.75 4.00
(4) 1.49 1.98 2.32 2.80 2.44
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Fie (II-) XA2& D X 5 eERT 5,
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T =y s
WN,— N, = a_ﬂaﬁ_ﬂ(n_wﬁw«.ndz\h}
2 2 2

. —
a—+a’+4b _p a++yat+4b _0

2 2

EBL,

an—P'ﬁ"‘Nl = Q(n—le"P’n~2N1) (111—2)

an'—Pl'n—lNl = Q(‘n—lNl"’P'n-zNJ
n=iNy =P+ 2Ny = Q (2N, — P, _sN,)

.................................... (II1-2')
N,—P- N, = Q(,N,— P-,N))
(-2") oA & a3 &
WN,—PenN, = Qn—a{(2+e)2+K-s—P(z+e)} (IT1-3)
/5,
2EMO—BAEE D,
(II-3) kv,

AN, —P-n_\N, = Qn~3{(2+e)2+K-s—P(z+s)}

PeniNy— P oN, = P-Q""‘{(2+s)z-{—K-s—P(Z-i—s)}

+ Pn—3-3N1 ___Pn—z.le = Pnga{(2+5)z+K'e—'P(2+s)}

WN,— PP 224 ¢) = P"‘“{(2+e)2+K~s—P(2+e)}+

+P-Q"_‘{(2+e)z+K-s—-P(2+e)}+Q"“3{(2+S)Z+K-5—P(2+s)}

n—z___Pn-Z
2N, = Q—QTP——{(ZJWHK.S—P(2+s)}+PH 2+¢) (TT1-4)
5L,
P 2+K+e—y/2+K+ef—8K
- 2
(II1-4)
Q= 2HKtetde+K+ef—-8K
2
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REORMEI B L e 0T, REMOEI ELL S, #- T, (-4 RX0EHEED
B T%-> T, nROKEOFS, mkOKKoOK LS5, —FRcEE L5,

Qn—m-—l_Pn—m—l
Q-P

(II1-5) 301k, KBPE—REHEOBFREELTRL—BOERNTH B, EiZ vk HORTON ©
R T Db, RO XD BWET/e5,

N, = {@+sﬁfK¢—J%2+ﬂ}+me“%2+ﬂ (IT1-5)

1,-(13)”'m”
b@ﬂh=m—ngQ+bg——§E£%T— {e+or+K-c—P2ts)
2] o

(I-4) R B\ ¢, MEomEE, >0, K20 TH%,
ZO%f, @+K+ef—8K>0 TH 5,
ST, Q>P THDH, FLROEFCRT, ABENSKE 7R 5 HEFREKET,
(II-5) A2 D HEBTEET 5 Z LEWT 5, Thabb I5) Ro#HaH % Kb 5,
(III-5') R 1\ T,

(n—m)—yo0 75 HI1E (5)7;_7,,—1_?0
[

log oNon = (n—m) log Q+log 2 +E)ZEI(<Q€_;I; @te) (I11-6)

R EB A,
—5 HORTON O R iX

log N = (S—0O)log

Th b, MAOKIEGE, NEF LT, Nud, §—0) L Tiz, (n—m) 35T 5, 75
WX LT, QAT 2, e n, (-6) I AEH L coEMBIRERL, log Qux
(II-5) & A5 Bfkic, 7 ey + LGS OWUROBK LR T, - T, QaHliyilte
EFT D,

WORD X 7 e 71k, ni~m KEDORBDE L KBOBRERL, 7 RDKBICK
T5 mROKBOBERE, (r—1) ROKBZHT2 (m—1) KOKBOBRELF—THY, &
BHEKRTO, MPEALD o T2, RIS, REL 2ARBMECK T RS
WED LK THB, £OM, ZOROFOF AL, HIUFETHERMS W FRCHEETH &
ik, R L, 2 RFEH LI BRICR T,
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1252/5,

HAERT LT, e DFBERELTIL, & KBRS DT, Bz, & iionTd

*Hlo oI fHlT,

DT b DILERE LT,

261, 382, 485 VB LTI * FILAAMZ 3T,

— R ER & B 5EERLTED,
e, —MREREZ RSB ZERBHE LTV AIHEK L,

1.05~137 DRIt H v,

SEIE 4 OFIRO AR MB D T
e, DHBEOBI L, *H

ThE RO L

L, —EDOEERTHEEAND S, TR, 5 6 37— 20870, EHOHMA

BiR ceBIUKoHE
Table 4. Calculation of ¢ and K (* is not used for calculation).
281 a2 4€3 5S4 ¢ (FE1H)
AA 1,26 {214/170) 1.13 (44/39) 1.29(9/7) 1.23
AB 1.13 (196/174) 1.11 (42/38) 2.17 (13/ 6) 1.00* (3/3) 112
BA 1.37 (127/ 93) 1.21 (23/19) 1.25 ( 5/ 4) 129
BB 1.20 (332/277) 1.05 (59/56) 0.643 (9/14)* 1.00% (3/3) 113
S B | 1.24 1.12 1.27 1.00* 1.19
3&1 422 5%3 sz (FH{#E)
AA 2.43 ( 95/ 39) 3.57 (25/ 7) 3.00
AB 2.87 (109/ 38) 3.67 (22/ 6) 1.67* ( 5/3) 3.27
BA 3.37 { 64/ 19) 4.25 (17/ 4) 3.81
BB 3.53 (181/ 56) 2.86 (40/14) 4.33 (13/3) 3.57
SE B fE 3.05 3.59 4.33 341
€1 e (Ri5{HE)
AA 9.00 ( 63/ 7) 9.00
AB 8.67 ( 52/ 6) 8.67
BA 10.32 { 53/ 4) 10.32
BB 9.29 (130/14) 9.81
SE i A 9.32 9.45
K K; K (F#iH)
AA 2.44 3.00 272
AB 2.92 2.65 2.76
BA 295 2.71 2.83
BB 316 2.78 2.97
¥ E 2.87 2.1 2.82
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1XRFmCKBZHATAEOLT, 2WE 10
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_TXXXX
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T, —T, WEDMEL b it~ T, Fig. 9. Values evaluated from eq. (III-5)
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1. The Composition of Drainage Network in
the Toyohira-River Basin and Valuation
of HORTON’s First Law

By Eiji TOKUNAGA
(Department of Geophysics, Faculty of Science, Hokkaido University)

One of the purpose of this paper is to investigate and characterize four watersheds
in the Toyohira-River basin (Fig. 1) by quantitative geomorphic methods.

Calculated values are tabulated in Table 2. These values are also compared with
the percentage hypsometric curves of respective watersheds, for the sake of studing the
relationships between the system of drainage network and the stage of development of
topography. According to percentage hypsometric curves, all of these watersheds have
attained mature stage. And watersheds that indicate more developed stage of topography,
seem to have comparatively high drainage density or stream frequency.

This paper is also contributed to examine the law of stream numbers by HORTON.
Many examples done by many people following this law, suggested that the geometric
progression is not really observed in the higher orders. Besides, it seems that, in many
cases, the set of points proted on semi-logalithmic paper, shows a marked up-concavity
at lower end.

Statistical analysis of stream systems in four watersheds in the Toyohira-River basin
indicates that this tendency is rather reasonable. Therefore, it is needed to obtain an
equation to rectify HORTON’s equation and satisfy this tendency.

Stream order was designated by STRAHLER’s method which is slightly modified from
HorTON.

The equation is given by the following expression
Qn—-m—-l_Pn—m—l

Q—P

N = {(2+e)2+K-e—P<z+e)} 4 prmi(24e  (I1-5)

where

p_ 2+K+e—2+K+ef—8K

2
0 = 2+ K+etJ@+K+ef—8K
2

This equation (III-5) was derived from following definition and assumption

Definition
1. ,&m; average number of mth-ordered streams that join to one stream of =
order and not form (m+1)th-ordered streams, such as ¢, in Fig. 8.
2. xN, ; number of mth-ordered tributaries that one nth-ordered stream has.
Assumption

1. n€n—1 T p_1€p—2 T **° = € & €

n€n—2 T= p-1€p—3 T 00t = € = €,
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n€m = n-1€m-1 = " = En-m
9 L& _ & _  _ fm _ g
] I €y En-m—1

Above assumptions were chequed in four watersheds in Toyohira-River basin.
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And,

it can be presumed that the equation (III-5) is more fitted to describe the relationships

between stream numbers and orders.



