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A STUDY ON FREQUENCY DISTRIBUTIONS OF
PLANIMETRIC PROPERTIES OF STRUCTRAL
ELEMENTS OF A RIVER BASIN GEOMETRY

By Kunio Tomosucr

Synopsis

For establishment of a general theory on the formation process of flood hydrographs in river
channel networks, it will be one of the necessary things to grasp the statistical properties of struc-
ture of a river basin geometry.

From this point of view, statistical analysis of a river basin geometry was carried out mainly
to clarify the characteristics of the frequency distributions of planimetric properties of stream.
links, which are structural elements of a river basin geometry, for sub-basin of River Daido of
Shiga Prefecture, Japan, using some other published data for comparison.

The main results are as follows: 1) The characteristics of frequency distributions of plani-
metric properties of interior links are clearly differs from those of exterior links. 2) The lognor-
mal distribution fits the data of exterior link lengths and associated areas reasonably well. 3)
The gamma or Weibull distribution fits the data of interior link lengths. 4) The Weibull
distribution may fit the data of interior associated areas. 5) Any known mathematical dis-
tribution dose not fit the data of drainage densities and shape indices of links.
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Fig. 1. Channel networks of River Daido of Shiga Prefecture. Sources are defined as
points where channel slope is 0.2. Scale of the original map is 1/50000.
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Fig. 2. Verification of the laws of stream num- Verification of the 3/4 law for River

Daido.

bers, stream lengths and drainage areas,
based on the Strahler ordering for sub-
baisn of River Daido (upstream than
dotted line in Fig. 1).

This law means that the prob-
ability of confluence of streams of order
u to those of order (>u) is 3:4*77 in
ITRCN (infinite topologically random
channel networks).
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Fig.4. (a) Verification of the 1/2 law for River Daido. This law means that the probability
that numbers of confluent points made by streams of order »-1 and u becomes ¢ is (1/2)¢
in ITRCN. (b) Verification of the Sherve’s law about link numbers which compose
streams of order « for River Daido. This law is the same as the 1/2 law only when u=2,

— 4 -



R ABHEEREROFEE OGN ICET 2 HR 69

KEFET, R Ri R, RehThiigth, WEEL, SKERETHSZ, T Strahler FOMK S
UxLickddd - Th, AMEEROEEERMICKLTE TS,

Fig. 3 3 HEMEEICE L TEH O BA NIKB %A & HT 2 bo0FEMEEENE (M =1219,
N,=303, N3=65) OWTRLIZODTHbB, T, %AIER, BBOEo Y —WICT V& LIZFE
#8 (infinite topologically random channel networks, B L C ITRCN) i€\ T, (¥ v OFED, £f
oo OFBICEEART 2HESRRTROENIEVLIBDTH 5.

Ui u)=34"" (p=a+1,u+2,-) e (1)
b, BEBZOERMELRL, BRER » WIS (AEENZV) BEIVTIENbRE,

S&iC, Fig. 4 (a) BUHAEFERICL THLBA® &1 2 b 00FEA EL£HERE LU LHRBRICOW
TRL7zbDTHB. 2K, KHIEiE, ITRCN BT, ¥ « OEHER, M «—1 OFEEA-DL
BATEN ¢ 2ITINBHERY, » WhhrboFTRADLIIKEZLNISDTHS,

h([; u_.l,u):(l/Q)i (u=2’3’...) ........................ (2)
PR OBISERET, BERILTHBZESDMEY, =2 OEFA, i=] OLORETEZ HICE-
T, i=2,3 OLOBPEDIIE>TVS, i, #=3 ORA, WEESEHENDROID0ET, B
EDENBKEN,

Fig. 4 (b) 13, Shreve® Mg EMEEICET 2 A0 12T, ITRCN THW0T, M¥ « OF
EEBRT 2 BIROMA § KB AHENIRAD LD REASHICEE L0 SODHAMELIRE
FRTHOANLKTH S,

f(j;u)=21—".(]_21‘“)j-1 (u:1,2’...) ........................ (3)
71U, O, =2 OBEARRY, ETOWKAEALRAILTLABKRLTNAOT, »=3 OE4
ICoNT, BRE GHE) SEAMBLRELTHE. 2RBOHA (N:=65), BIZE R EOHEMERLT
VBN, PREDEODEINAEL, FbBBRoESs (N=26) TREAERBOTEN LIS, Th
13, ZOEHIMEY IIoKIE, s OFEE N, BORBE LvEELLN, COER, TH LMK
HABICOWTVABZET, 2LFhOHHAT LICZORUBREV B DERLPIILTHL 4
EBHADo

2 5 BROTEROTAUZEREESR

(1) ExlMmEEomE

() SBHEROEA : Fig. 5 & EHBICE ) 2 TN TOMNEERE (5433) KOWVWT, BE L, BT
ZHMRETER 2 DHBATSEE LIS oy LD TH 2. HREDELDNTWVEY, HLDOERY
RS o, HERTE LicE b, logl, & loga, OHBBEEIZ0.735& 78 oo FRARFIRERT
RUESI, logl, © loga, ITits 5 EF#H, WHROKFZZOHOERRT, ThZhKXTHbTLED

2

i o T v

o

le{km)
[ i

e - ~ T
O Qe (krf) 05 . 5 [

Fig. 5. Scatter diagram of exterior link lengths and associated areas for sub-basin
of River Daido on log-log paper. Solid line is the regression of log I, for
log a, and broken line is the inverse one.
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Fig. 6. Scatter diagram of interior link lengths and associated areas for sub-baisn of River Daido
on long-log paper. Solid line is the regression of log I; for log a;, and broken line is the
inverse one.
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Fig. 7. Comparisons between frequency distributions of (a) link lengths, and (b) associated areas
of interior and exterior links for sub-basin of River Daido.
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Fig. 8. Comparisons between frequency distributions of (a) drainage densities, and (b) shape
indices of interior and exterior links for sub-basin of River Daido.
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Fig. 10. Accumulated distributions of lengths and associated areas of exterior links for sub-basin
of River Daido (author), basins of Rock house and Wolf creeks (Shereve (a)), and
basin of Middle Fork of Rockcastle Creek (Shreve (2)), plotted on the probability
paper for the lognormal distribution.
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Fig. 11. Accumulated distributions of interior link lengths observed by the author, sherve (1),
(2), and Smart (in Gourd Creek and Coalpit Hollow), plotted on the probability paper
for the Weibull distribution.
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Fig. 12.  Accumulated distributions of exterior link lengths and associated areas subtracted by
those minimum values, and of interior associated areas subtracted by those minimum
values, and of interior associated areas, observed by the author and shreve (2), plotted
on the probability paper for the Weibull distribution.
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