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QUANTITATIVE PROPERTIES OF BASIN GEOMORPHOLOGY

By Yoshiaki Iwasa, Nobuhisa KoBayasui and Michio TANAHASHI

Synopsis

The statistical laws of geomorphologic properties in river basins, using the stream magnitude,
are shown, postulating the topological randomness and the randomness of link lengths and their
associated areas. The relations of various methods concerning channel classifications suggest-
ed in the past, are statistically disclosed with the use of topological randomness and a new method
in terms of stream link order is proposed. The empirical laws of drainage compasition based
on the stream order are theoretically obtained from the laws using the stream magnitude that
are proposed in this paper.
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L=t =1 DHFE) 3 (3-7)
=1{ri(356V/ R 11 —u—1)+1} (4=2,3, - k ODBFAH)

2L, =L/, e (3- 8)

T, r BABMY v IREANRY v IROWT, )y REEEDSYECERT B,
(3—6), (3—7) XVRTELCKICO FOMFRMBEILT 5 LBbird,

éiﬁjiﬁﬁﬁu:fu:_ﬁR:E" ....................... (3-9)
Li=l, Rp=R(l47)¥F70 e (3-10)
& 0B B LL=LIRY™ s (3-11)
=1, Rf:\/E(?t.ﬁG)‘/"‘ ....................... (3-12)

R, R Ezheh&M Bk, KNRKLFINE,
B u OFELI AV R L, OFE Lo B, Ll KE-TRES>F¥DX S KEDES,
L,=1, (u=1 DA
=L,-Li;., (u=2,3,k D)
(3—13) (3—13) i (3—7) 2RALTEONARLD, > FOHWHBRAELHNICKD LD,
AEE B:L,=LR-Y (3-14)

1 -
Zl :lc, R::R,'(l—\m)uk L s (345)

........................ (3-13)

ZZiE, R RHBERLTFENZERTH S,

RNEANE Horton AHICHd 2 AERANCIZITNET 260 ThH5, AEOBREIDVPLERL IS,
RINERMOFSTHEAICHNTELRITEDEEbRS, £-T, Horton sty 2 AHEER DK
A3, Strahler fr¥iCxd 2 WEEML D LS HREND 5 LRSS,

DFIT, MBICHT 2HEBORTNBHAZDTEEDMEESE LT, M3 v OFEXD EE 0/
WHROEKEE Aw TONABROTMMNFE D, U THAERS/OOME &7 4V M E RbdiE
w7 AV VHEE Fu b5,

BKERE A, OFHE A, 3, (3—4) % (2—17) KRALT2EFDX3KEDbES,

A, =a{(14+7 )R\ =2} (3-16)

(3—16) &b, SF¥OHEANIZERY LD,
EATERAN: A, =ARCY (3-17)
Ay =a,, R,=Ry(l1+r)ve-1 (3-18)

L2, R, REKEHLLETENZERTH S,
FINEE Do FEE 7 4> MEE Fu OFSNEE D Fu 228 2¥0L 3 ICEHT 2,

D.=T.J/&, e (3-19)
Fu={.“2‘ NJ/NJY/A, (3-20)
=

(83—6), (3—16) % (3—19) IKRALERLY, u BBEEEAZVE D, 1E (L+1)/(a.+a) TR
DE—FEERD, Fu RIAEEN N=R BBrd5E LT, (3—16) % (3—20) KRALERLDY,
u BHIBERIVEA, R/ (Ri—1)a+a) L1I3D—ELLRBE DB,

BB, NEEHT 2HEROERENERERLTREECHEREL LCE, Al v OFE /A O
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BiE% H, L 20AKR S, =L THRICHT 2R)I0GEE H, L20RR S, Bbb, Hi, S, dzh
Zh Horton fr¥UCstd 3 HRIELS LUFEGRICZIEMET 25D TH 5,

il A b DHE S, KNG S. OFHHLE S, Suldzh e, (3—4) % (2—26), (2—28)
KRALTOX¥DE S IKRDE 3,

Su=S5{(1+r)Rs -1 —r}5F wee(3-21)
S,=8{(1+r )R =358 (3-22)

Lo DALy, >EFOMBHIRIBZRIT 2,
AEAR:S,=5R* (3-23)
Ro=R;8F (3-24)
RNMHYBA :S,=8(RO* e (3-25)
§5{=8, R =R;S8 (3-26)

Z T, R, i Strahler fir¥icsdd 2 AEHARE Th 3, R 13 Horton ¥ ic 4 2AEAEL KIZ
BXET360TH3Y, TR, RINGREELSFEERT S,

HEe7 A+ BIEE H, ANGEE H, OWSE A, B, 3zhzh, AEERN (3—14) LFHE
NEA (3—28), ZLTAJIER (3—11) EANGRE (3—25) BELTEE0E, 2¥0k3iKcED
3,

FESEEZA : B, =HR:1 s (3-27)
Hy=1,5, R,=RJ/R (3-28)
R)IEEER By = A{(R)*! --+(3-29)
Hi=1,5, Ri=R/R. e (3-30)

ZZic, E¥ Ry, R, Zznzh, FEREEE ANEEEHRELSTECEKT 3, MEREZAS
SUARNEELNOLFEIC OO TREEN TRV, Yang OB I NIE, FEOBNEEREICENT
X, Ry R1&7t3W,

3.3 MUYy

Stall & Fok HSREL - HPIEERI v, TR, #, Z—HEOLAEIICL > TRENICEZTHBEDT,
ZOHBRIBRRI SO EOTH B, L-THOFK, +tHuy—M35 vFalkofiE (1) 2ZAVTEI LK
2/ Fa-FENROBREERLT, U « OWE LI A P CEENEY) VI OFE ) v 7 (¥
(stream link order) w, 2 >&FD Xk SICEHET 3®,

Wp=U—Uy e (3-31)

uy = log(i/ia)/log(io/ia) e (3-32)
R, u BUBELTVE< S =Fa—F 1 VU220 AE 2 2 Y+ O, is 3T OFEL T 4
VIETHRERY v D=S=Fa—¥, ZLT i RCOMAE LS AV + LEETART 2 2 0 OMEs—1
OFEL VAV VTR v I O~/ =F 2a— FORBBETH 5, FE) v /e 4330’ &Y
v 7k U TERBE TR S MBS — BNk 205 TH B,

HRANOS HAE, 50 ZOMELY LRO/NBBIENT 25388 V. &, coBEADO< S =F
2= FOBME LT, BE—MICK (3—5) THAOhE, Tk, TOMER O MKICHT 2L
i, —BHR-O¥ORTELON B,

Ve=ViRE-Y (3-33)
TTT, w7 =F A FICHT MR (3 —5), 2L THRICKY 2 IRl (3—83) R $5%55
i, (3—31), (3—32) THRESNMEY v 7h¥K » IKHLTS (3-33) TRHLENSZHHE IR
YT BT EMNTFRENZEW, kT, AHEY v/ ulicdd MBI, —BHKoE¥DLdKERbE 3,
Vu, =ViRY~Y (3-34)
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V—2¥ n, BRIk OFEF v I — 2 REFE< S =Fa—F i ) VI OHEY ¥ 7 K OFH
18 (wdi 1, do, ia IKHLT (3—4) BRUTBETEE, KDELMILOFDLI LKLY S,
Cu)i=l+logiflog Ry e (3-35)

4. BKRIEHIZEAELEREDLE, BES

AL TE, FNRROMWHRICH L TRYLT 2 AN, 5ot £bH 3158 oREBROBHE
LEE#ELTV S, TROERORIPEFEN, AHN, BRI, R2B), R, &0, HHI, B
MORIKRICDNTITIL 5T, BICHEINC2VTIE, TNTH 2duliil&+EN% S 2h2h 1 DOKR
ELT, RRMEEEREOKE, BEEmAt, i, EHHBEERTORR 520 | OmENER
v, FAEBLOY - 2R EO#ESE L TEREERBE L,

Table 1,2 225 10/KRICxS 2 <« OHEBOBERIELHET 2 DIHBEL /¥ A —F— %IRRT,
VY 7 EW 7 REE LIGEMERR A, Y v oEHL 7 & 1 X0NSBAEANS 5, £, T
MEHATIWNOHD L, 1 @, @ OETRTH/NEL L -TED, Thd 200N OWHEE S
RBUBHDEELNE, X-T, FENRKE 1 DORBEEL BRI, E (I) R VHREH
Bz EnEHTE 3,

Table 1. Number of sources, order of basin, mean link lengths, mean associated link
areas and mean slope of exterior links for 10 rivers.

River n k le (km) /; (km) 7 a, (km?) @;(km?) 7, S
Shingu 607 6 1.62 1.70 1.05 2.17 1.80 0.83 0.156
Kitayama 243 5 1.27 1.47 1.16 1.73 1.78 1.03  0.196
Tozu 251 5 2.03 2.06 1.0t 2.91 2.02 0.69 0.126
Oi 223 5 1.62 2.08 1.28 2.89 2.88 1.00 0.198
Ibi 1 5 2.33 1.78 0.76 4.34 2.42 0.56 0.110
Ado 95 5 1.58 1.67 1.13 1.25 141 1.06 0.115
Kizu 369 6 1.93 1.62 0.84 2.49 2.05 0.83 0.048
Katsura 293 5 1.38 1.28 0.93 143 1.27 0.89 0.099
Yasu 71 4 2.42 1.72 0.71 3.09 2.39 0.73  0.045
Echi 38 4 1.91 1.96 1.03 2.57 2.27 0.89 0.107

Table 2. Three slope factors for 4 rivers.

River SF SB SE
Kizu —0.51 -—0.22 —0.29
Katsura —0.62 —0.39 —0.41
Yasu —0.66 —0.24 —0.36
Echi —0.71 —0.39 —0.36

Fig. 3 KH#E ) v 78~V =F 2 — FOBFRETRT, HRHERZIE mi+20] OEHICA->TED, +
Ko U—7 V& L EDOIRE (1) BEEBESATONE I ESbh b, i, miz] O R TR Bk
BB ERET TS, Fig. 4 X0, HBMIHHEE & FTHRRICBOT, FHIVPLERVTLE
Db s, Fig. 5 KENICHT 3 4 & i OBFEETT, BIRFRAKS BEBRALLET, MEES
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Fig. 5. Observed and calculated average
maximum source height d; versus
magnitude ¢ for katsura River.
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Fig. 3. Observed and calculated number of 111'
links M} versus magnitude i for Ado (km)
River. 750
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Fig. 4. Observed and calculated average Fig. 6. Observed and calculated average
mean source height &; versus magni- total link length I; versus magni-
tude 7 for Yasu River. tude 7 for O; River.

BEE-RBERTH 3, £-T, BRELENEOHAEMNLIV, Fig. 6 X0, KFEMFLTE, |
# (D) BRERTITS60EEbNS, Fig. 7 WRTARNOANEE =/ =F 2— FOBKR LD, K
BIRTHRBCENT= 7 =F 2 — FORCKNESENP LB -TO B, Thid, KBIBTHRMET S
=F 2— FI129DFEE 160DLZEND 2 >ORERFNBAHRLTTEEWMNTH 3L Bbh s,
Fig. 8 LV, ENETHRELSOTHIRBEBEL L ->TW5, Chid, HIBAXEEINER B0
feprEZOND, Fig. 9 CHENOEKERKE =7/ =F 2 — FYOBERERT, NS X%
DEN I DOFEHEEZ B, EAE L EREOE AR X0, FEINEKE 1 DORREALTEE
DHEAHREY, £-T, HEICHLTE, dul)il, HFEINIFERELTCh S 2ZIAHA LD FTiRE
ST L THIHIRRAEL 20MHYEEL 5, Fig. 10 KWAIFEEL v/ =F 2 — FOBKER
T ANEER ERBTOULAREL L ->T0EA, - FTREBETRERE—EELE-TWV3, Fig. 11 X1,
) v 7 HES ERBTOULRE L -TVRZEMbM3, ZNODTELD, FRBTRY v 7 ift
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Fig. 9. Observed and calculated average
basin area A; versus magnitude
i for Shingu River.
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Fig. 8. Observed and calculated average (1/km) — Gale.
. = 0.75
mean basin length EL; versus { o= Obs
magnitude i for Katsura River. b !
7
Iy
WY AREORSHOLEN, Tz ORI &mﬁ
BHUINE 1 -TVOBT Eosbh b, Fig. 12 IKHE é'.p,lw -
)Y IREE S =F o — FOMEETRT, v /=7 0.5 4 T
2= FHA & B BIONTEBAA &< 12508, ool
FHENCHO R 5 740 | OMER TR &S HHE
s 20n.n Ta‘é%@fﬁﬂﬁi*ﬁﬁiﬁr}: {#Wien&Bbh 5020 80 B T00magni tude »
%, Fig. 13 KANBGRE <7 =F2—-F, ZLT ) leulated
Fig. 14 (CTHRBARE < 7/ = F o — FO BEET Fig. 10. Obs.erved am% calculated average
: K drainage density D; versus magni-
T BB S35, KNG, FEREBARICELT tude i for Ibi River.

i, zheEhn (2—28). (2—29) TkbshaHEK

BRIEEDL->TVS, /2, KENEENOFETFRBICEVT, ANAES L LSRR E/E
HEAMBE VNS B IEAHH B, T, KN, ENOFKAEIEN~OFRIEAN &GS hICE
fbL&>EdabEEIoN03, Table 1, 2 ORI, N, HM)ilsLUZmIo S, SF, SB, SE
DEELETNIE, #BINEENERBAKCEVTHESENSETHY, Tl KEMNB—FLKELHT
HBTEBDPE,
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Fig. 11. Observed and calculated average

channel link frequency F; versus
magnitude ¢ for Kizu River.
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Fig. 12. Observed and calculated average
stream link slope S; versus magni-
tude ¢ for Katsura River.

Db, =7 =F a2~ FERBHEEOBRICHT S
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Lk s,

Table 3 [C&KRICHT BERED i, &, FKFR
THLTEZ N 0, kD fEMD (2—11) XD
B A HOBERE R 2AV, X (3—4) &b
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Fig. 13. Observed and calculated average

mainstream slope BS; versus magni-
tude ¢ for Kizu River.
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Fig. 14. Observed and calculated average
mean basin slope ES; versus magni-
tude ¢ for Katsura River.
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Fig. 15. Observed and calculated average
proportional order #, and stream
link order #; versus magnitude ¢
for Echi River.
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Table 3. Observed and calculated values of mean total number of sources per subnnetwork
of order u; £,

River 7, i3 i is i
Shingu Obs. 3.16 13.7 41.6 247 607
Calc. 3.60 13.0 46.8 168 607
Kitayama 1‘ Obs. 3.18 14.0 58.5 243
Calc. 3.95 15.6 61.5 243
Tozu Obs. 3.24 13.2 38.3 251
Calc. 3.98 15.8 63.0 251
Oi Obs. 2.94 9.73 64.5 223
Calc. 3.86 14.9 57.7 223
Ihi Obs. 3.00 11.0 32.0 111
Calc. 3.25 10.5 34.2 111
Ado Obs. 3.00 14.8 43.0 95
Calc. 3.12 9.75 30.4 95
Kizu Obs. 2.90 12.1 39.5 145 369
Calc. 3.26 10.6 34.7 113 369
Katsura Obs. 3.14 12.5 62.3 293
Calc. 4.14 17.1 70.8 293
Echi Obs. 4,71 8.67 38.0
Calc. 3.36 11.3 38.0
Yasu Obs. 2.53 16.0 71.0
Calec. 4.14 17.2 71.0

Table 4. Theoretical ratios, arithmetic mean values of observed successive individual
ratios and ratios calculated by regression analysis of observed values of each
order for Kizu, Katsura, Yasu and Echi River.

River R, R, R R R, R, R R, R}

theo. 3.26 3.68 1.91 2.25 3.68 1.93 1.32 0.99 1.70
Kizu ari, 3.40 3.74 1.96 2.28 3.73 2.04 1.42 1.00 1.61
reg. 3.33 3.74 1.92 2.23 3.74 1.94 1.40 0.99 1.60

theo. 4.14 4.88 2.32 2.74 4.85 2.64 1.84 0.94 1.62
Katsura | ari. 4.14 4.88 2.28 2.89 4.87 2.32 1.81 1.03 1.61
reg.  4.12 4.86 2.30 2.88 4.82 2.30 1.79 1.01 1.60

theo. 4.14 4.95 2.21 2.77 5.01 2.90 1.48 0.85 2.07
Yasu ari. 4.28 5.17 2.63 2.87 5.33 2.12 1.42 1.28 2.02
reg.  4.27 5.14 2.44 2.89 5.23 2.10 1.43 1.16 2.02

theo. 3.36 4.25 2.17 2.82 4.15 2.73 1.75 0.85 1.75
Echi air. 3.59 4.34 2.28 2.70 4.29 2.42 1.69 0.96 1.61
reg. 3.24 4.10 2.13 2.68 4.00 2.26 1.71 0.95 1.57

Ck-T, 20=F 2— FiCHd 2 HHL 0 IS T 2 R RIS ZHHE N B T Ehbh b, $i,
S DKRIB T3 AMEICHT 3 RIOBE A SWTIR, 2FEER, KNER, $KHBEL, FAhE
HEAL, RNEEZARIZITRTIT 0L Bbh 35, FEER, FESEED O LB ICE ML
3o v/ =F a— FOMEANC, HAED i, 2 RAL TRO BT BB O EER, ERlE
EIEBIC I —KL 2,

Fig. 15 K Y ~ 7 (i, HBIEEMNEE <7 =F 2 — FORBRERT, AHY v 768, <7=F
2— FENBROBERWEREZERL LTV 0T, BRESEMNERZE-RT S, LRSI EERN
KRESNKODTHAM, v/ =F2— FILETRE, FAEY) v 7 MBOEREL ZREKOESH%RT .
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