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Cover: The ridge and valley section of central Pennsyl-
vania from 50,000 feet. Trellis pattern stream
networks are classically developed here.
(Photograph by National Aeronautics and
Space Administration.)
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SUMMARY

ihe topological properties of ten stream networks have been analyzed and compared
with those- predicted by the topologicatl y random model . Ihe topologically random model
states that , in the absence of geological controls , all topolog ica lly dist inct channel networks
having the same numbe r of sources arc equally l ikeI~ , and , in an infinite topologicallv
ran dom network , all topologically distinct sub-networks occur with equal Irequency. The
ten stream networks base moderately- to well-developed trellis drainage patterns which
has- i’ formed in response to differential erosion acting on sequences of folded and tilted
sedimentary rocks . Testing procedures included examining the frequency ot occurrence of
topologic~lly distinct channel networks , ambilateral classes and sets of Strahler stream num-
bers for sub-networks up to magnitude 10. Deviat ions from predictions of the topologically
random model occur in the magnitude-4 networks and are attributed to preferential develop-
ment of minor tributaries flowing in the down-dip direction of the local rocks . The only
other deviation from predicted frequencies occurs in the magnitude-lU stream number sets
and is not obviously explicable as a response to geologic controls.

Tu examine the stream networks in greater detail, a system was devised for classif ying
individual links by type . Six link types were defined: two exterior types , the T- link and
TS-l ink; and four interior types , the CT-link , B-link , TB-link and T- link. Link types were
defined by the magnitude relationships with adjoining links at a link’ s upstream and down-
stream terminating forks . Analysis of the lin k structure shows a greater than expected
number of low magnitude T- and TB-links occurring in the sample having a well developed
trellis pattern.

The observed departures from the expectations of a topolog ically random model are
related to geological factors , but the deviations are subtle and not observed in the streams
having less well developed trellis patterns.

The use of magnitude as a measure of channel network size has great potential , enabling
direct comparison of various streams from remotely sensed data or maps. Furthermore , in
the absence of gage data, the relative flood potential at any point along a stream can be
assessed simply from the growth rate of the magnitude of the main channel up to that point.
The fact that trellis patterns deviate only marginally from topological randomness implies
that flood hazards within such systems are more or less similar to those within the more
common dendritic systems. This information enables assessment of river barrier crossing
and denial to be estimated without recourse to long-term flood records which generally are
not available at specific sites.

The general conclusion is that the topologically random model serves as a very useful
standard with which to compare real channel networks. Furthermore, the presence of
strong geological controls , which affect the channel network patte-rns, has only minor ef-
fects on the topological properties.
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TOPOL O (;ICAL PROPERTIES OF SOME TRELLI S
PATTERN CHA NNEL NETWORKS

Steven J . :\1o~k

BACKGROUND AND OBJECTIVES

Introduction

The ~tLJd~ of streams and stream networks from a geomorphological rather - than a hy drological
s l c s s p o i i i t  has encompassed three - cJ~ar and distinct eras , each of which can he assoc iated with one
or two dominating inidis iduals . Ihe first era was large l y given to descriptive work , the elucida t ion -:

of a stream ’s age’ and place in the erosion cycle by observation and inductive reasoning. The
culmination of this era ~sis reached in the many works of W . M. Davis and D. Johnson.

The second era was inaugurated h\ Robert Horton ’s work (193 2, 1945) and culminated in the
studies of Strah ler and his students. Horton ’s maj or contribution was in devising a methodical sys
tern of descr ibing networks numerically , thus allowing statistical anal ysis and comparative studies
iif stream systems. Under Strahler ’s impetus , stream basin parameters were devised a i J  quantified ,
and the interrelationships among parameters were sought by statistical techniques. Extensive studies
of drainage basins have led to the exposition of several “laws ” relating various stream and basin
parameters . Many of his techniques , including the stream order ing system , are in standard use today.

The third period began with R.L . Shreve ’s publications of 1966 and 1967 in which he examined
the network structure of stream syste ms from a topological point of view . Once a single basic
assumption was made , several of the emp irical laws then became derivable as maximu m-likelihood
events. The concepts of magnitude and links were introduced , and these focused attention on what
now seems to be a fundamental element in stream networks. A fusion of elements from the Horton-
Strahler “school ” with the newer topological view is now in progress , promising and delivering basic
insights into the makeup of streams .

Objective of study

The infinite , topologically random model as stated by Shreve ( 1966, p. 27) is “...in the absence
of geologic controls a natural population of channel networks will be topologically random ,” and
later (Shreve 1967 , p. 1 78) ”... in the overall network which will be termed an infinite topologicall y
random channel network , all topologica lly distinct sub-networks with the same number of suurces
occur with equal frequency. ”

Topological identity means that the planimetric project ions of two channel networks w ith the
same number of sources can be rotated and deformed within the projection plane so as to become
congruent. Figure 1 illustrates topological identity and distinction . Only two properties arc
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H) - i n , i  Jr s t  r i ,  i ( )  hannr I or / r i o t  ~ r . inaqtnuide. ( t i , tnaqt i i l i i de- i ( Bj and magnitude-S

( C) ;,, f o o r / .  i.

i c c  ess,i r to di- fine lopol, igic,i l I dcii Ii t~ thc number 1 sources , ari d the arrangement h~ which
the’ , a rc ’ l inked I, ,r~et her to I r o t  a network. M n t  of the common geomorphi c des c riptors and
par ameters are’ indepc ’riden t i if top ii ‘gs -

F gore 2 ~f :  ~~ t Ire ~p In ‘g ical I’. d i s t in c t  a rrangem e nts poss ible fur three di f ferent s u e  networks.
\~ b ile it is hi oil s fro m i go re  2 that the rio rnher cr1 ii ,pn n i  g icallv distinct art angernen ts increases
r.m pid l’, is i th ncre ,isinig netsior k sI,: , .i spec tic c \~~t c i i i  Ii fo r that number will he postponed until
a later ~~ lion .

Since- Sl i t  ci e introduced the 1 ip’ dogica ll’. random m o del , a siiablc hr di of work has accumulated
in sihi~h n,itural ch,inniel network s hase been examined within the predi ct ive framework of the
model . F or thc most part , Sniart (1969) being ,in exception , such studies have examined natural net-
iso: ki w hich h u e  e’ ,ideo~e of minim,il geologic - t ro l  in the channel network development. Channel
networ ks dc’it’lope-d on horiiontal or gr ’ntly dipping rocks wi th homogeneous litholog ics and disp lay-
ing the cl assical pattern have ormed the dominant subject material .

In this studs , t he topolog ic properties of 10 channel networks , al l  showing clear evidence of
ge n l in g ic contro l , are com pared with those predicted by topo lug icalli random models. If it can be
demonstr, ited that a correlat i o n eS is t s  between geological structure and topological properties then
a new met hod of examinin g the interact ion of geology and streams is available which may provide
ins ights nt ’ , the esu lut io n and subsequent rc,idjustments within the system. Conversely , if no such
c” rrt- lation can he shown , t hen there is legitimate reason for broadening the scope of the topologi-
cal l ’, ran dom model hi deleting “...in the absence of geo log ic controls... ” from Shreve ’s or iginal
statem ent.

In order to ca rry out the comparison c i ted above , several new methods of describing cha n nel
networks and their component parts are deve loped. Each of these is shown as being predictable ,
in a probabilistic sense , from the topologically random model . In particular , a small set of defiri-
able sub-units or links are defined with whic h an entire channel network can he described. While
these link types are defined on the basis of numerical re lationships with other links at junctions ,
evidence indicates that each of the link types has distinct length-frequency distributions.
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t t he- i r ti d ’ , deal ‘ i i i’ .  ii ith c h a n n e l  n e t  i s : !

2 
— — — — — I . Des elopnirerit ni a numerical mc’thn ~d sI r  ear f l
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— 

— — 
a dci i or desc ribing a e lianniul networ k .

2. Ihe law it s t r e a n i  n r u r r i f n e n s .
- I . I he Ijis- )t s ir earn len gths .

Su hsequenitl~ , t he order rig systenr isdi mi,di f iec i
slig h t ls hi SIr ,rh le ’r ( I 9~ 2 I. The Strabl e r s~ steni Is

/ i/ i , t t , 3 - ‘ :annc ’/ t ie - tn :  orC i / h i s  ( O i l / t i - I  it?,’ use d here .
.St,ahle-r ni l i t ,  tr,j s s p etit -

Stream or dering

the ’ ult imate tr ibutar ies in a channe l network
are des ignated ,,s order 1. \\ ti er c c c i  t w i n  streams of

the’ same ord er , ~~, non , t he r iS i l  t i  nrg stream is n it order ‘ I . Wh en -y in two streams of un -qual order
rn . the’ su cc eedin g streams ,ire of t hc’ higher order . I igure 3 i l lust rate ’s  the ordering system.

\ complete stream c i nn is is t s of the entire reac h of cha nnels f rom the t ot  mation of order ~! to the’
point where it termi n ates in a higher order , thus in I igure 3 there arc ei ght 1st order streams , t hree
2nd order streams , arid n ile 3rd order stream . II we let .\ ~~ and \ 

~ • he the number of streams of
order ~ and t~~ I res pec t isel ~ , then R 1, , t he hifurcat ion ra l l : , , is defined as

R 1, ~~ (1 )
U -

the  empirical f a c t  that R h ten ds towards a const. inrt through a r ange  n i t  t i ’ s led Horton (1945) to
formu late the law of stream numbers , name ly

= R~-U (2)

where A’ is the order if the master stream I: nr drainage basin).

One would intuit ively expe c t that on the average the mean length of streams would increase with
or der . Based on observed data , Horton stated the law of stream lengths:

L
~ ~L 1 R~~

_ i  (3)

where L ,, is t he mean length of Il order streams and

L
R ~~~~~~~

~~~~

While both eq 2 and 3 have been found to he valid in many studies , it should be remembered
t hat they are emp irical laws based on observation.
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Stream magnitude

- 
SF es ,  (1 ‘H, 7i intl oduccd the ci nn i c e p t

strc ’an i rni.:g rr it udc- . However , be t ore magnitude
I can be- dcl ned , it is necessary to define certa in

/ other I t e r m s . Sti r es:  ( I  ‘)b/n , ri 20) defined terms
I ri the toll , ii ing manner : “The points farthest

/ up itn e a rri in a ch, innnel 11, 155 It are ner n i r e d

6 -. soiru ci . I he point n t  corr f t ue r i c c of i i sn :  chan-
nels is a turk . I he term Ii,ik will rel c ’r to a sec

\
\ lion t n t  channel reaching is tb ’  nut interven ing

nrks from e ither a fu n k I n  a source at its up-
st mea ni en d to either a I r k  or the outlet at its
downistre,irn end. ’’ l inks nilay be subdivided
in to :  r.te,,o, links , ishich head at a source , and

I i~i1it - /  / he ~ Iii i e channel to t m o n , ,~ ~hO lit ! in terio ,  links , w hich bc’dni at a fork  1 Stir use n~~ 7 )

t,’i / injiri: / , n / / : i s t r n i l i i iq the maqninucle ~~~~~~ 
1 lie magnituth ’ ol a link ‘‘ is equa l to the to tal
nunr hc’r of sou rc es u l t imatel y tr ihutar’ ,- to ;t ’’

I Shr :5 e 1 1)1,7 p. 1 ,‘l) w here all sourc es are
.iis:gniu~t a nisagri itode nt I . \1.igniit ude is an add it ive pro pe rt- , ; iii link5 joining at i f ork produce
a t h in d link sshn ,se mn r ,ign iitudc- is the surni nt the magnitud es of l ine f i rs t  tw n i The m agnitude of a
‘10,1,0 F1t ’ t nn , r /  is defined as being equal to  the niiagn i itu de of the outlet ink, which is def ined h~ii, ! t ie s t -~. n t , n r  -

I ig: i r , - 4 sb iii the s ,nn/e drainage basin as in Fi gure ~ hut now with each link assigned a magni-
t l i d Y  .i-.~~n IT d r u g  I n n  the ,nh n e  s tated rule s. l iv,: r tems wn ,rt h noting tic-re are 1) 1st order streams and
‘, o n t i t u d e .  I r u ik s  . m e  equi~ . i Ienr t , an d 2) the f n c u s  shif ts from streams to links as basic ent i t ies in
ihe ~i steni .

Il oi,. properties of networks

Let ti s I g n r i i \  the magnitu de of a network , arid p the magnitude n , f individual links. n\ network
of magn itude l i e ’  ri 1 ,i inis t / c - \ l e r In n i  f ink s ‘p 1) and t / —i  interior (p > 1) links. The total number
n i t  links is 21/—i for a network of magnitude ~!.

c’t -V It I )  he the number of topo logicalf y distinct arrangements possible f ,,n j  netis: ,rk of magni-
tude t/ V ( 1!) is given h~

\‘(1 fl 1 
(2~~.I) (4)

(Shreve 1 966 , p. 29) . The number of topologicall y distinct networks of order t2 having a magnitude
of ti (Shreve 1966 , p. 29) is given by

1 2 — 1
A ’( li ; tZ )  = 

,~~~~ [ N ( / ;  t i — i )  ‘ , ‘s ( t i _ i ; t i— i  ) +2N( i ;  f~ \‘( t j — j ;  w) J  (5)

N ( 1 ; 1 )  = 1
N( 1 ; ti) = 0

= 2, 3 
N(M ; 1) = 0
,‘n l’ 2 .
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d i s t i n c t  . i nr . in l- g : - n i n - I r I s  n : e c u r  w i t h  equal I req uen,n . s , tIn e - pro bahi l its oh occurrence of any par t icular
‘r den  is go en  t i~
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I lie number oI t ’  p I n g ic.:l l s d ist inct nie-two r ks of order t~ having n 1, n 2 ’ ’  t1~ r I stn cams of
on fe; I, 2 is g l ie n i  hi

£2— I

ri , n , , ,  I; 
~7T )(n l w~~~

’i
~~~ 

— ) (7)
- - .  

I 
‘1, ’1,~~a

and t he prohabi l i t ’, of occurrence oh ,ini’, sd of stream numbc’rs in a topologica t l y random popu la-
i n  ni of magnitude ~~~ ‘i f  - 

I

n , 1)
‘
p

2 ’  - - “~~~ 
I )   - -~ ,~~~~~~~~~~~~~ ‘- -— - (8)

An infinite topo lugical ly random network is a network of infinite si/C in which all top(iInig ic~itI ’ ,
distinct subne twork s of the same magnitude occur w ith equal frequency. The probability , nt dii .s -
rig a link of magnitude- p at random from a topo logicall y random population of networks of magni-

tu de 11 ii given by

( M -p + l j N (M - p + l J N J d  (9)

and as ‘ii goes to ~~~, it becomes an infinite topologicall y random network and the probability of
drawing a link of magnitude p at random becomes

= 2~
(
~~~’) 

(
2/ u_ i) (10)

Shr c ’ve 1967 , p. 181).  Equations 9 and 10 will bc used extensivel y in a later chapter when link
ii pc’ s are stud ied. Details of the derivation of eq 4— 10 may be found in the series of papers hi
Sl nre sc ’ (1966 , 1967, 1 969).

CHANNEL NETWORKS AND GEOLOGY

Introduction

A channel network is a complex and dynamic response to climatic and geological factors, If one
accepts an equilibrium point of view , both the network and the individual channels adjust to mini-
mize the amount of work necessary to transport the products of erosion. Because of constant
changes in the system , a quasi-equilibrium condition prevai ls. Because actual drainage patterns and
hillslopes are quite well adjusted in form and pattern for handling erosional products under many
different environments , the implication is that readjustment to radically changed conditions is
relatively rapid (Leopold Ct a .  1964). Geologists and geomorpho logists have implicitly assumed
that certain patterns manifested by channel networks reflect a degree of equilibrium between the

S
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networ k and t he unidi n I ’, iiig geology, and have long made’ usc’ of this ,is au aid in in terpreting
gen niogi -

I he ge-unit-tn ic pa t te r ns  disp la’ ,-ecl in plan v ic- w eithe r on maps ‘in ,aun i,nI or sp.nue phot’ ns have
he-c- n el, is s i t ied hi van inius author ties into a n y wh ere f rom seven (/crnlit, 19 ~2 I to d r- s e n (I e’Idman
ci a l. I ‘)t,~ , mu ‘‘n I’. pc’s . In I en is of the equ 1 ibn urn concept s discussed ,~hcnve , ‘isi en ii of iFlc’
roaton dn,Iirr.lge-p,nte- mn i IS O’s ( c ’eni dr iii,., trel l is , rectangular , anrru lar) can he considered products nt

inn e ’quil ihr urn ,id lustn nenit of t he streams to thc- geology . Ot her types , On r i ses  e m , suj i as a der.nngc-d
p,ttt c ’ rn n , .ue n i t  in equilibrium arid are thc’ resul t of recent (in ge nlogic time) e a t as t n  ophic evc ’ r i Is .

I unctame-ntal to tI ne n c’I ,itinnnsh ip hetwee’n drainage patterns and gc’olog’, is the conce pt of
I t e n  c m i  al er irs ionn , w hich assumes tln,i t c Fiannels is ill tend to develo p prefere ’nit j a Il’, along inc-s of

least i e s is i . tn i ce.  I he pnincip.il geological ete-nient giving rise to di f feren t ia l  resist an cc ’ In weathering
ari d c - r n  s i n  is I i n l i n n l n i g i  - ~ r i l e  s t ructura l  feature ’ s per se , suc h as joint svstc ’ms on fau l t  traces , are
also /one’s n i t  sse ,tkt iess w hich c .nri and do cont rol s Ire-an n patter ns , t he primary influence of geoIo~ic
s t ruc tu re s  is in m,ikiog d su n c t ’ .  of l i l t i , n t n  ng ’ ’ s , bar ing differing resistance -s to erosion , available to
cr  n: s in ,n . I he- di airl .ige patte r r u ii In ch des-e lop though are t ,ir more diagnostic of the underl y ing
structura l fea t u res  than Iii,.-’. are of p,Irt icular litholog ies.

The dendritic pattern

/e rnit/  (I~~32) stated that the “den d ni t ic  drainage pattern is characterized h’, irregular branching
in all d i re en i ons wi th the tr ibutaries joini n g at all angles, ” In fact , such a pattern is more in accord
w nth what is generall y cons idered an inisequent pattern , w hich is normally taken to mean a pattern-
k’s , ii stem (l.attn iuni 1 968). The dendritic pattern is usually taken to mean a pattern which has
the fam iliar t rc-e -l ike appearance with random branching and non-random junction angles.

Ihe dend nitic patter n characterist ical l y occurs w here there is homogeneity in bedrock resistance
to en n s i , n r l .  Whil e such a pattern can develop over comp lexly deformed crystalline rocks , where
sedin ic ’ntan ’, n ine - ks form the bedrock , the dendritic pattern is usually indicative of , at most , gent le
tilting such that a wide-sprea d lateral homogeneity in lithology exists. Thus, although a gentle tilt
nm a region a l scale ma’, impart ,i generalized preferred direction of flow , lateral homogeneity in re-
sistan t, .  e t n  erosion should ,il ln iii random branching.

Thy trehhs pattern

The trell is patt c ’nr is characterized b~ ‘ i n c dominant stream direction with a near-orthogonal
direction along which malor streams are co nnected and minor tributaries formed, The major
geolog ical requirement t n t  the’ de - sel i i pme nnt u t  t rel l is patterns is parallel or sub-parallel zones
having di f ferent ia l  re sis t ,i rn ce to em n si i , rr . While purely structur a l features such as jointing (Thorn-
bury 1H~ -l , p. 12 1)  can lead t in  the de’s- e- lopment nt a trel l is pattern , parallel belts of moderately
to stu-ep li clipping sedimentar ’ , t r i c k s  ot d iverse  litholog’ , far more commonly give rise to trellis
patterns , the i ,se r ,ill l i n re , i r  .ippe’anarice t n t In el l is drainage patterns is a result of preferential stream
development along the more e,isili e nck-d roc k units and generall y reflects the direction of the
regional s t r i ke - ,

Whil e the ,.l,is’,iticat ion i t  stream patterns is largely a subjective matter , and the gradations which
occur between types are SUhId’Ct t o  s ir ic ’:I interpretation , there is no question that the dendritic
pattern is indicative iii minor geologic control and the trellis pattern is a response to major , and
usuall y easil y recognized , geological factors.
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Study areas

[we- lye drainage basins were selected for detailed study , nine in centra l Pennsylvania and three
in eastern Pennsylvania and western New Jersey. The basic criterion for selection was that a channel
n etwork exhibit a pattern w hich was clearly a response to geological controls , This in turn dictated
that the local geology be known in sufficient detail for identification of at least the major geolog ical
contro ls. Figure 5 shows the location of the central Pennsy lvania streams . I igure 9 shows the
eastern Pennsylvania and western New Jersey streams.

Geology and physiography

Central Pennsylvarnia streams. The nine central Pennsy lvania streams lie entire l ’, within the
Folded Appalachians Physiographic Province (USGS 1970). The area is characterized hi a series u t
a lternating and parallel ridges and i-alleys. Within the study area major ridge c ne s ls base an average
height of 1 900 feet above msl (mean sea level) whil e the elevation of major salle ’ . s is about 600 feet
above msl. Secondary ridges and valleys , all paralleling the maji mr rel ief feature ’s, have intermediate
elevations . The most distinctive feature of this typical ridge and valley Ir,pnigr.iphs is “grain ” im-
parted by the parallelism of the physiographic elements.

Figure 6 is a generalized geologic map of the area in which five of the central Penns’, liania
streams are located. The geology shown in Figure 6 is typical of that found throughout this part
of Pennsy lvania: a Paleozoic sequence of sedimentary rocks with diverse litholog ies which has been
folded into a series of parallel antic lines and synclines , imparting a regional NE-SW strike t i  the
rocks.

Complete channel networks of the nine central Pennsylvania streams are shown in Figure 7.
The drainage patterns are of the classical trellis type. Reference to Fi gures 6 and 7c , the geologic
and channel network maps of the same area , will be usefu l in understanding the way in which
geology has controlled the development of the drainage patterns. The elongated master streams are
aligned parallel to the regional strike of rocks while the majority of the lesser tributaries are or iented
perpendicular to the master streams and flow up- or down-section , depending upon the local bed-
rock attitude. The master streams have preferentially developed along zones of weakness which
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Figure 6. Generalized geologic map of Willow Run, Barton Hollow, Lick Run, Rhines Hollow and
Horse Valley Run, Source: Geologic Map of Pennsylvania (Pennsylvania Geological Survey 1960)

and unpublished base maps.

8 

— ----‘-—‘-~ —-- ‘——- .. . , _ _~~~ ,• _ . . .  ~~~~~~~~~~~~~~~~~~~~~~~~ —



— —‘.--,--- ‘  
—-~~~~ .‘- - ‘~~.-/ .~~- — — - - -  -

r-
/

/
/
/ — 

-‘ 
- - N

/
/ ,- - ‘- 

—
-- 7’

/ - — / 7 ,
/ ~

_
— ‘ ,

7
/ , 

I 7 ~~~
-

/ ( / ,‘ a - 
-

1
/

‘ 
n

,
1 - 

‘ ~ , 
- 

- —

-~ 
‘.-, ‘-, , - 7

/

I ’,

~~~ 
I

I “- ‘
, - .- ‘ 

5
s

/
, n

. ,, - 

‘- 
S ‘ 

- ‘ 
,J~~~J —’

( / -- / ~~~ 
--:: ~

‘
I~

’

-~ - 
- 

- 

~/ ~~ 7 George
/ / /

/ 
Creek

‘ 

/I~J ~

)t “
/

I - ~
Bix ier /

/ / ~

‘ 

t~~~

Run - -‘ 7 i -A,) \

/ ~ 
(J S

—
z 

-
~

/ -~I/ \ ~~ ~~— /\ / ~~~~~~~~~~~ ~~~~ S

a. George Creek and Bix ler Run.

Figure 7. Channel-network maps of central Pennsylvania streams.

9

_ _ _ _ __ _ _ _



/
/ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

\ 

-

~~~~

— -

~~~~~~~~~

Tus rarora /
/ - 

N.. 
-, 0

West / 
, 

/ .

/ - -
/ ,

‘/ / - . .7 {
/ / -
/ — ‘ 

‘ 
~~
7

_ 
/ ‘ )

. /
/ ‘

-

1~ - ‘ S / 
- ~~~~~ — — 

/

‘ / - 
- 

(
S 

~~ 
~~~

- J 
~~/

.

— 5- . // - .- 
/ 

/ 
S 

‘

/
/
/ ~

, 
~~~~~~~~ - 

~~~ ( I 
(

7 
/ ‘

~- 2

1~~

’ - - 

, 

- 

-
. 

t 
- 

1 / 7 ~
-(u

~< i 
-

,_
~ 

a ~.

~~ 
~~~ : 

~~~~~ ‘t’ : 
- 

~ 
~ar:

_::
~~ 

~~~~~~~~~ 

,
,

~~
r/>

~~~~~~~~~ 
- - - ~‘ / /

‘ , 
- 
/ - - - I 

- — , ~~~~~~~~~~ ,
/

— -. , -, /
.—- / - I- , /

/‘
_ — 

(

S / 
- 

/ 

—

~~~---- 

/
N I

, /
/~~ _ /

~~~~~~~~~~~ 
(

~ I 

~~~~~~ 
:‘

~ 
- 

;
~~ //

/

Tuscaro ra

2m i .

/
N /5
’“ - V

b. Tuscarora.

10 

-~~- - --~~~———- ~~~~



i
-i

I’ - ‘

n_ -‘/ .

/ . -
‘1

,
/ 

~~~~._ / I

W i l l ow 5- 
- 
, 

-.. -- —
, 

- .~ .-.
,,Run / , -‘

“. 5 /
- 

- 
. • i—

~~a- - - ~~~~~ 
, J~ 

_
:

_ ‘_ 5-

S j  . , _ - ,. 
in

/ , ,.~~~~~~~ ‘ - - - - -

/

- - -
. 

, ,.. — — 
- 5- Barton

-
, 

/ Hollow

/ 

/ 
-

~~~ 

— 

— 
_ 

— —2
~~~/ 

- 
5- 

- n
\ ,/ 7 - 

-
-

—
--- ,

5 5- - 
5 

- 

~_/ 
- — 

-

5/ 1 - / 1~
5 ’

-

-- -
- 5- 

) ( .

- - -
. 

r
/

/ ~~ - - 
- 

— —

Lick Rum 
5- - 

- 7 

- 

- 
:_ - -

Rhine s / - 
—

Ho iiow 
- -, - 

- 

- Horse Valley
/

/

-

- / 

/

5-
, 

/ 

,
5 

‘.5
5’ , 5- 

/ - —

- .5 

1~~

5- ’
/

/

c. Willow Run, Lick Run, Rhines Hollow, Barton Hollow and Horse Valley.

Figure 7 (coot ‘d). Channel-network maps of central Pennsy lvania streams.

11



5 - - .
-~ 
7,. 

1/- ’

~~~~~~~~~~~~~

- ~~~ ‘ C -  A t ,’

I igniTe ‘
~ . Geologic set lion along litre A-A ’ of / iqure 6. (See / iq. 6 for legend.)

,nr,’ either more easi ly eroded r ut ks or fo rn iati uu n ,nl cont,it is . I lie narrow outcrop pat tern of t he’
r u e  k unit s has caused the dcvetuupment of a set  es of parallel elongated channels ra ther  than a tne ~lIke channel si s t n -fl i .

The present result of d ifferen t ia l erosion in this ,j:ea is a landscape cha racteri ,ed by parallel
r idke ~ an d s u i t ’ ’ ,  s. [he geologic cm isa-, sect ion shown in I igure ~ il lustrate s the relationship between
topography, u t h u u l u g~ and structure . The most resistan t rock unit , the f uscaror a I orniation , a
quar tzit lc sandstone , underlies the three major ridges , while streams are incised in to less resistant
sittstones , shale-s and arg illaceous limestone-s.

(usleri n Pennsy lvania - - New j ersey strearn~. The three drainage basins in this group lie in the
Tr lassr c Lowland physiographic province (USGS 1970),

The region and each of the three drainage basins have low to moderate relief with gent ly rolling
hills and occasional steep ridges with local relief in the order of 300 to 400 feet.

The geology of the area is shown in Figure 9 and the channel networks in f igure 10 , Geologically,
the area is much simp ler than that of central Pennsylvania , in that for the- most part it can be con-
side-red a simp le homocline locally interrupted by broad antic l ines and syncl ines. The reg ional
strike is Ni-SW w ith an average- regional dip of 15° to 20° to t he northwest ,

The underlying bedrock in each stream basin is composed of members of the Triassic Newark
Group. Three intertingering lithofacies (the Stockton , Lockatong and Brunswick) compose the
sedimentary section (Wilfard et at. 1 959). While the lithof acies exhibit a varie ty of lithologies , each
has a dominant one, arkose in the Stockto n , argil lite in the Lockatong, and shale’ in the- Brunswick,
In addition , diabase dikes and sills have been intruded.

The stream patterns in these basins range from moderatel y well developed trellis to dcndritic.
The trellis pattern is best developed where the Lockatong and Brunswick Iit hnj faci es inter t ingcn ,
such as in the eastern part u t  the Tohickon drainage. Streams have Freferenti ally developed in the
direction of the regional strike on the less resistant shale -s of the Bruns~vic k lithof ac ies , Where ’
lithology he-comes more homogeneous , such as the eastern part of the S t u un i  Brook drainage or on
the diabase of the Tohickon , a more typical dendritic pattern forms . l)cspite the tess-pro nounce-ti
development of trelli s patterns , the e t f e cts of varying resistance to erosi on between and within the
lit hofac ies of the- Newark Group and the homoclinal structure have- enabled different ia l er uusi u u n tn
develop stream patterns characteri ,ed by a mode- rate degree ol parallelism to the regional stri ke .
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Figure 10 (cont ‘d
’
) . Channel network maps of eastern Pennsylvania and western New Jersey streams.
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i’~ graphic rn iat rs . I ls .~t t r t e - J s  S uit s hu iw n ,o blue u n i t ’ s  s un s the maps w i-r i - uie - t i iu t - d  by continuous
V .u~ui - ,I s_ n i t ,  ut I i n c ’s . -\s .i consequen ce- il osu n ig contour shape to dc-f ne’ chan n els , an e lement
s it operator udgnien r be-con ies part of the’ d,itj . l i s t  t he most part , this manifests itiell in dt’i, di oi.~
5’. t t ~ t e -  I s ,  s - n 1 1 1 1  ,i 5 ,u u_ h_ u r ine - I as V-shaped coo t  ,urs grade sI is I’ . t owards U-shaped ones, I F

Sr h i  ni ,1 ‘ - “. t i ui tes t I’ P II ‘i4 \ s u u much as the- s tud s s i t  link I i- r igi hs , or t he measurement of
s _ fr _ i , t s . igu_ ’  s_ ti - t oil S -

I ,~.,it ~~- s i t  a s _ I i , t t h t l s _ ’I r I C t u s ! k w i ’, .iss; - , ri u _ ’eI an u_ le ntil i c , i ti ssn nurniher and the’ fo l lowing data
‘.51’! . 1 _ t t ) h , ’ ,i ’ ’ ’(J

Ide- nt it  ic’ .a tu u t i number

2. \1 .,~ t ’ ’ - Lf n’
3 . Length

-I . hpe

fhis in S t nt ,it~ ti fornied the’ basic data set i s  i t much of the subsequent work .

TOPOLOGICAL PROPERTIES OF THE NETWORKS

Introduction

Lquat ion :3 i~ii ci the number of to ptul o g ic,u I I s dist i nct channel netwui rks (TDCN) possible - for a
17 1w,,!  k 1 , t  given magnitude. [he simp lest pos s ib le stat is t ical  u n _ i l ’ ,  sis is to test the null hypothesis

th _ i t I D(.N u,f the same ma gnitude occur with equal fiequenc ’, - As a practical matter , this is
tc,us u hie sun k with low-magnitude neIss , r k s  he-cause s i t  the rap id increase of’ \ ‘( . t t)  w ith increasing 41
and the- concomitant difficult y in obtaining a su l f i d e-n Il’ , large sample. Consequently, it becomes
necessa m’ , to group I I)( N into classes has ut rg  s ,mi- common property or , alternativel y, to develop
ot her me,ins i f  classification which can be predi ct s - s i h’, the model.

Sma rt (1968) and Werner and Smart ( 1973 )  h,ti i’ revie we d exist ing methods of topologic
classif icatirun and h,uve proposed new classif icat ion schemes , The general strategy used herein will be
to prutceed from examinirrg low-magnitude networ ks to greater-magnitude networks , using at each
scal e a classification system commensurate with the sample s u e .

Three methods iii classi f ica tion wil l  be used in addition to TDCN , namely the ambilateral classifi-
cation introduced by Smart (1969) , the right-left classes used by Krumbein and Shreve (1970 ), and
stream number sets.

The following convention will he used in this chapter . Each topo logicafly distinct channel net-
work discussed will be initiall y illustrated by a schematic channel network map. Associated with a
particular TDCN will he a roman numeral , desi gnating the ambilateral class to which it belongs , and
one or two letters designating its right-left class. See Table II as an illustration of usage .

The essence of Smart ’s ambilat era l classification is that all TDCN which can be made equivalent
by simple ri ght-left reversals at one or more junctions belong to the same ambilate -ral class. Smart
argued that the individual TDCN’ s within an ambilatera l class would be expected to have similar
hydrological properties. Furthermore he noted that al l TDCN’ s within an amb ilatera l class would
have the same set of link magnitude-s and the same set of stream numbers.

The rig ht-left classification used by Krumbein and Shreve assi gns a TDCN to a right or left class
based on which side of the main channe l (when viewed upstream) has the greatest number of
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iti ,i i~t r i tud e- - I s t r e a m s  ult i i r tat cl ’ ,  t t i l t u t . s t ’ ,  1,~ it , In the’ modif ied f eun m used herein , I l)( N I i5s i t u i i /

equa l u_ s n i t t  ibutr unns b ur n both side-i are s _ I , i s ’ , t l i e- ,l as rI ut Ir as shown in lables II and Ill .

Stre amni- nu m her sets _ uue shiuw n in the- form ti ,n rr~5 , t )  when e O
~ 
ii the number of Strahlei

I i r s t -o n der str e ams , ~i , t he numbe r s t  second u,rder sIt c l O t s , e t c  - W ith in a topologic all’, random
popsi la l i s  t i  s i t  t~u ue ’ t i  magnitu de’, the prob _ ibi li t ’, i f  oceut ri ’ti cc ’ of each poss ible stream numbe r ic-I can
he s _ , i l u _ s u l . u t ~-~f t runm e’~ i 8,

table’ I con tains t t _ i s i u _  i t t f i , r n i a t i iri lot the ’ 1 2 streams studied here. The I irst si-vei l stream s in
T_ uble I .117 t e - t e t t c d  to Ii t iuo ~ h i ,ii t ,is the ci,r itI/u sus-se -ue t ]  and the I,ist lu r e - c ’ as the Trias s ic. f i r  the
lOs ol part , stat ist ica l ,iut,ul ’ , ii i us cu unf ned to these- two gruuups . Complete data I or s ’ ,iu_ h channel i rs - I -

it k ,uu c -.~iu in in the’ Appendi ~\ - -

‘

Table I, Summary data for stream networks,

- l i eu I) rw/r aqc density
.5/ r ca - il/ i 1’/ i i q ,uilu de (m i/e s 2) (m i/c”. i)

Contiguous seven

Rhine-s I lo llow SI 1 .36 7 , 7- 1
Barton FloIl sisi 1)2 3,70 7-1 7
l i c k  Run 117 9 ,19 3 ,33
\\‘l l l is ’ ,s Run 380 22 .84 ‘l It 3

(ie’o!i~e- Creek 246 9,46 6 .51
[use-arm-a Creek F. 385 1 5 ,25 5. 67
Iusc,uri ir,i Creek W . 281 13 .77 5,32

Horse ‘va l ley  Run 175 1 5 .24 3 .91
Bi sle r Run 27 -1 15 ,00 

______ 
5,06

Triassic

Ne-shanic R i se r  259 25 .7 4 .11
Stony Brook 27- 1 44 .5 3,2’)
I iuhickon Ct ee k 311 97 ,4 2.2 7

Magnitude-4 networks

rhere are Ike topolog icallv distinct arrangements possible for magnitude-4 networks. Ihe ’ se-
arrangements ar e shown in the flrst column of Tables II and Ill , The stat ist ics of magnitude--i net-
works for the contiguous-seven anti T r iassi e st reams are shown in Tables 11 and Ill. In these and
later stat is t ical  tables , the column headed Lxpected is the expec ted number of networks which
would occur in that p,,r t icu lar class for random se- le ’ etu on of a samp le of sire n from a topologically
r,rndom population u9 magnitude-i! f l u t S~ ’ s t  L5 .

Statistical anal ysis (it the dat _ u is Ciii ’s! ni I ,ihlu -s IV and V - Throughout the statist ical analysis ,
unless stated otherwise , the null hi p- ‘ t  l u s t s  ti -s tee l is; !t te s,h se ’r ie’d samp le data have frequencies
of occurrence which could he- c - S pec Ic - I  tnuu m r .u tu du so t  selection of in equival ent-size sample from
a topologica lly random population of net  S% ur ks of the part icular magnitude under consideration.
For samples having three u t  more classes .i s _ t , - sq uat , ’ g u s  dro ss of it test w i l l  be use-c l to decide on
acceptance or rejection of the- null hypoths ’s ts . 1 he ge-ner_uliicd likelihood rat io is

18
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Table- II. Statistics of the 123 magnitude-4 networks
from the contiguous-seven streams.

I/)( .\ ( /ass ()/iSs_ (1 i’d / sp ec / ed ( lass Observed L~ pec ted

In 36 24.6 Ii
— - — —  -~~~~--— ‘ — — and 59 49 .2

r ,± ~~~~~ _ _ _

20 24 .6 Irl 
— - - --‘ — - --—-—-— and 37 49.2

~

r U 24~~ llr 
_ _ __ _

II 27 24 .6_ - 
II 27 24 .6

Table III. Statistics of the 48 magnitude-4 networks from the Triassic streams.

/ l)( . V C/ass Observed Expec ted C/ass Observed Expt ’c ted

Ir 10 9 .6 Ii
- -  - ——— — _______ -

~~~~~~~~~ and 19 19.2

- - —
~~~~
- - _

Irl 5 9,6 IrI
and 20 19 .2

15 ~ 6 I Ir

II 9 9,6 II 9 9.6

Table IV . Statistical analysis of magnitude.4 networks from
the cont iguous-seven streams.

3am p/c —2/n A Degrees of freedom 
~ 

2 
~~~~ DI- Decision

TDCN 8.50 4 9.49 Accept
IrIl , InIt I r , II 5.37 2 5 .99 Accept

Sc’mp /e Observed .5 ample size Cr11 veil Decision

Ir , II and Irl , h r  59 96 56 Reject

Table V . Statistical analysis of magnitude-4 networks from the Triassic streams.

Sample —2/ n A Degrees of freedom x 2 
~~~~~ I)F Decision

TDCN 5.36 4 9.49 Accept
IrlI , IrIlIr , II 0.07 2 5.99 Accept
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w here’ ,, is the I i i  s_unnp l&’ si/c ’ , ,,~ u s  liii ’ t iu t r i l i s_ ’t u t  saniple- s ti the’ ~~ cl , us s ul the’ /,‘i- I el ,is~ ’s , ari d
t s t l t e  ,uu, ri  inn i~~u i s - ’  ; ‘ i s  sti , u t u u l l t ’ ,  i s t  the 1ni, 5, 1 us’ , ss sit c- I a l, I i s _I , p. -1 1-1 ; , 1 ‘in la rge - u,ilue ’s s t

n , - 21,i3 h.ts - ‘ l ’ P .u\ i r t t .u leIu t Ire- c h i - ’ ,e i i u .s te  c lo t s  ‘ I u t l t i s s t i  usi t l i  k st e ’ipi’ s s u i t  f t  uei lssnt i , _ unt d the d e c i s i o n s
t i  u s _ - R e t  t he’ null ui p ‘ t he - so us t us ,us ls ’ i t  — 2/,s,’ ‘,,,~ u . n the - si Ic- i c -I  oI e s s t i l i c l e - n s u c - .

In I l i sssc  s _ u -os \ % i 1 . l s  isu ” i t o s s  ‘ , .u ut r l i ls s i t s . Iu uu t ’rg i s  s t t r ; r . s t u s _ l , t he’ hi t t uu n isa l  d is t r ibut ion us use -c f ‘ s t
t c ’ s t r t !g tFu ~ ruuh it’ , p s I t u ’ s ’ , I s i t  s_u nip lu,r su e’s up t ,u I 50 table -’ , of the c un i u l , ut ts s-  h u t i s s t t i t j l  pr oh_ uhil i—
tie ’s is c t  e consu lted -\i uti \1_ i ten  ic _ I (.uu rn n i ,inef I ‘172 is Ft ile f u r  l i t  ‘c’ t sa m ple si/e s the us irmal appriuxi-
‘ i l l s  t i  ‘ s r  the - binomial d is i t  u l u i u l r u u t n  ‘s..is s~ e’el ‘ \1  ‘ s ’ s s t  e-t a l. I i -; 1, p. 1 2o- 12 1  I st all l i s t s , the-

tle ’e is t o ni to . l s _ e e p l  u t  t e ’ jec t  t h u  null lii p s lhs ’ s i s  us_ u ’ , uura de at the 0.05 l e s s _ I  sf e o n t t  det ie c .

I liu ‘t , u l i s t i s _ iI .u tt ,iI’, so ni I ,rfiles t \  arid V I r i s I r e , u ~ es t h,tt , w ith usuts _’ c’ \ L e-p l i u i t l , t he- null lii p it h -u s
can he- accepted at the (1 .115 si’ .4t eS i s _ , , T i e u  I us - i  - I hat e \ e e p n u u t r  s ’ s _ C u r s  in the compariss i t ,  of ( lass It
,ind II nelis iur ks is i t l i  ( lass I i ;  and lIt u s - t w i t  Li m l  the ’ c on t i gu l su s - se ’ u i - t i  uatr tp le . In a top I s ’gr e , u l { - s
ranc luim p s s p u h , u t s s u t  the- t w i s  -~t s i uups  ‘ ccc i i  with e-qu af Iuc ’ h u u e t i e \  hut the I” , L e s s  is l t he- r and I
‘ u t  tIle’ rI and t r ~t s s i i p  us s l i t f i e i e ’ui t li I_ it ge I s ’  te ’I e-e I the’ n u l l  h~ puu l he’s is

I he 5 1 5  Cs - air rjise ’ d hu the e s s _ e ~ s 5 th e ’ i tt ’  uri ps_ - .l ( .05 lr art s _ I II channel t u~ t us it Lu is us hc ’t he ’
t his e ’ , s _ s’ ss  ‘e s_ i lls r ,o r ds  ml’, t b’  ‘ ui ~ huu ut the’ s,t tt up I~ or u r some ~i st ’ - t t r, i  t - e  ‘,s suS which can be re lated
I s  gc’u u l u u g ica l  uur  Cc” s

~~
r ,sp l ’ ! s_ sl  I,ie luiu s . In order is answc’u t his quc ’ s t i s s t t , t he- m,s u_ ’ t iutud e .4 I l)(.N ’s

lri’m t Ine s _ , s t u t t C i - ius  si ’ S ,  t i  s t tea t l t s  5’ .5 - 5 ~~ s_ I .’ ,~i s t 5 -~f ,us a i u i r s _ I n u i n  of i s s i  ,it t r iho te ’  I i  d t s ’ s _ i i s u t i  of
‘us w ith rc - u p u5 l  tuu I s i s_ a l  s I r  C~~, i s ’ . _u lonig-st rik5 - s i r  , i e u s ” , s -s t r i k c , arid 2t  d i r e c t i on  of I sis w i th

esp u s _ t  t i s  dip, i.e . up. s n uI s a i l  s i s _ t i ’ s ’ . T h e i s t  i- .psia l s t , i l e t t u s - t l t ‘> 1 the I , p s u l ss - i t i e , i l l ’ ,  random nrs is le ’ I
s _ s  s t i t . u u t t s  no t e ’ i e ’ re ’ u ~e c  to dii ee t iona l  proper t i e s  of ‘p si sg i - I I  wi”., - , ‘‘ in the aI’sc - ut s s 5 5 5  Ce ’ i s l s i g i

c iuntru ds ’’ imp lies that the- tops I s  i- l ie d properl me ’ . sIt u d be ‘ ‘~‘ s t ’ s ( 1 , s _  SS IF 5 u’pe’ e t t i  ~e’ s Is ug ie ,i I .is _ liii
1 his in turn me,ins tb_ ut ,sn’, subs et  chosen .iu a tun e - ps  in s t  ,i e5e ’s shs g u s _ uI s _ l u ,u, i s_ t i - s s t iu _ should , i t ss i  he-
t s  s

~’u s l s sgi c _ iII ’ , r a s t e i s  rn .

In Tables V I  and VII  sample -s r u m  v i i  nous puu ss ible ’ s r ihse ’ t s  iii ’ s i . , t  r s t s s _ , u i I s , tc’ s lc ’sl , T he’ null
hypoth es is in each of the-se tests is that the - sanip le could h.use ’ he-en drawn f nu in t  .u l i s p s  u s  sg i c 5 i l l ’ ,
randunm su bset . The re-suits shuuwn in the- t_ ub le - s indicate - that the’ nu ll h’, ps it hesis can be t e’ f ec t i ll
f u r  the popu lat uuun s t  networks f lowing along-strike . t he-se , of course - , are the stream s whose
tr ibutaries are’ Ilowing either up-dip sir down-dip to reach the- main channel . 01 the Class I networks
w hose ’ t r ibutar ies can unam biguously be defined as flowing up. to down’se-ct ies n, approx imatel y 67~
h,uie their t r ibu tar ies f luiw i rig down-section , s uggesting that this may be the- controlling geologic
fa c tsu r ,

.-\ similar ni_ uI ’ , sis ot the - [ ru,issic magnitude-4 networks cannot he made-. Orientations ot the
m_ ignitude--4 tie ’S us, ir k s  ire ’ less us s I s _ ’t ll ,s l ic  with t e’spe’s I  to the bed s sic k altitude - . This , in conj unction
with the u t u u l u , s l l ’ ,  smaller sample - , pr s ’ , t d e’s a samp le site wh ich us too sma ll for meaningful st , i t is l iu_ a l
testing.

Magnitude-5 networks

1 he 1- 1 p ,ss i hhs _ ’ I- sO uls  ‘g ui il I s , s _ I ns t inc t  arrangemen ts of a magnitude- 5 channel net is s i l k  ,it c’ shown
in I able \ Ill with right - le f t  ‘‘I ambilater al clas ses indicated. Tables I \ and \ shuuis the- sl it us t s_. i t
ana l’ ,ut s. Nu te that al th s ugh th , s h ue - i  u s -cl and e x pe ct ed ft  c- cpus - u sc  u s ’ s s t  l I l t  N s _ Ire sh,uss n to

I able-s I>’. and X , no g u s  ‘ c l u e-us  s t - S i t  l i s ts  are guseul  in Tables \ I and \ II thus  i l lu s t rates the ’ malor
difficul ties in cuump amun g real channel networks with the- topolog ical f ’ ‘ u n it ,  iou model ,it the’ Is _ ’ is ’I
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I able ‘s I  Direction of f low wit h respect to regional str ike
of & ontiguou s-seven magnitude-4 iictw iirks ,

/ . ) i rc ’e ( /5  u/i s i t  //iuii

-I lo,nq- -l uau’ .- I f s / e r  - - h  long- -Ic r os s -  Inter-
/ /J\S S I P / / s i ’ S I P / / s i ’ p f ie ’ s i s s i f i  u l ! l / - ’ s ’ u / f l / - u ,m’cbale’

I, 1 5  I’) 
?~~ 33 4

II I-I - 

— —

5 
. 11 7 21

II ‘
~ IS ~~~~~~~~~~~~~~ 

‘j~~~
1 

2

- 2Iru ~ - 
II , 3S 

- 
1 . 75 6 . 43 (J ,~ 4 

______

l)~s _ u~ so Re ’ 1e’ e t  ~ \eceptj ) 
Re - t e e ;  Aces ’~it

,rt ihins ’ s_ I f i s t  gus ssl r n e -s s — u i f— lit Ic’sI ,

Table V II , Direc tion of flow with respect to dip of
contiguous-seven magnitude-4 networks.

Direction of flow 
___________

Class Do w -n-section Up-section Do win-section Lip-section

hr 7
II 9 

16 17

Irl 10
_  _  7 _

_2lnA_j , ,_3.33 3.26 1.43 0.036

Decision Accept J_ Acce ’Pt Accept Accept

Table VIII , Topological classes for magnitude.5 networks.

Ambilateral
class

lar Ibr Icr hdr hal IbI f e - I IdI

I 1111111
lIar II br l Ial lIb I

IIIr 1111 Ill
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Table IX. Statistics of magnitude-S networks from the
contiguous.sevcn streams.

Amh,Iau ’ra/
clas s

( iei ’,s Observed I:xpected Observed I xpee ted ()/uo - r i ’n ’d  / s,)i’e Is -I l

ta r 12 5 ,3
Ibn 22 21 .2Icr 5 5.3
Idr 2 5.3 

__________

43 42,4
lal 2 5.3
Ibl 10 2 1 21 2
he - I 3 5.3
Idl 6 5.3 

___________

lIar 4 ~~ 1 2 106IIbr 8 5.3
20 21.2

lIal 2 5 .3 
8 106

IIbI 6 5 .3 -

IlIr 6 5.3 6 5 .3
_____ ______ - 11 10.6

5 5.3 5 5 .3 
__________

Table X . Statistics of magnitude-S networks from the Triass ic streams.

A mb/lateral
TDCN Right-left c/ass

C/ass Observed Expected Observed Expected Observed Expected

tar 3 3.2
Ibr 1 3.2 

10 128Icr 4 3.2
Idr 2 3.2 

__________________ 22 25.6
lal 4 3.2
lbl 2 3.2 

12 12he - f 2 3.2 .8

IdI 4 3.2 
___________________ ____________________

lIar 2 3.2 
7 6 4IIbr 5 3.2 

__________________ 15 12.8
Ilal 7 3.2 64hlbI 1 3.2 

__________________ ___________________

IlIr 3 3.2 3 3.2
7 6.4

4 3.2 4 3.2 
__________________

Table XI. Statistical analysis of magnitude.5 networks from Triassic streams.

Sample — 2/nA Degrees of freedom 
~~~~~ ~~

., Decision

R—L classes 1.33 5 11 .07 Accept
Amb ilateral 0.97 2 5.99 Accept
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Table XI I, Statistical analysis of magnitude-5 networks
from the conti guous-seven streams.

.Sa,iip /e — 2/n/u Dc’qre’i’ .s / ,u/ freedom k 2 1 ) 1  I_ let is,o,i

R - L  c l a s s e s  1. 71, 5 1 1 , 1) 7 Accept

AmhiI,iteral I) , I ,2 2 51$) Accept

m l  I I  )( N - t uan iel s that t h e nnumher of possible I DCN u use- s with such rapidity as magnitude increases ,
t hat the - prs ih le ns s i t  maun t a ini t u~ a samp le si/c of at least I uue-  per class , considered good statistical
pract ice - \I 1 le t and K,ihn I 5) (  2 , he’cs urt le’s i r ispract ical.

‘Ihe n ull h i - ,p i l t l i’ s is  that t h e-se samp le-s could have been drawn from a iuipolog ically random
pu up ulation u u f  m.igniite ide-5 networks can be accepted for both sant t pl es whether classified by the

: gb,s - f s _ - t  or t h e -  a mhi la t eu a l  us, s le t ts.  It is ws ur th  noting that the us -i de- disparity between observed
and e’ \ p e - c t u .’ et I I) ( N in s iume classes is comp letel y hidden in the right- lef t  and ambilateral classifica-
t ion.

Magnitude.6 to magn itude--lO networks

The st at ul ier , and sta t is t i c , i I  anals se-s u I  magnitude-6 through magnitude-- lO streams are shown
in l,~hles \ l I l -XVI I I ,  I i,r rn_ ugnitude- .6 networks TDCN we- re grouped according to ambilateral
cI , uss , w hile - s i t  greater magnitude networ ks they we - re ce imbined into stream number se - Is , Note
a lso that eu ens at the- Ic-se1 at stream number sets , it was necessary tin combine groups in order to have
a s , u t i s t . t c t s u t ’ u s ,imph,’ s i / c ,

[he- s tat is t ica l  ,irs,il’5 si s indicates that , w ith one- exception , t he- re - is nun re-asu> n to rejec t the hypot he-
sis that the -se sdmp les sue-r i ’ drawn from topolog ical ly random populations of the- indicated magnitude.
That s.imple for which the- null hypot hesis can be re - le e- ted occurs in the- Trias sic sample -s where the
stream number set (10 , 2, 1) occurs with greater frequency than would he expected in a topologi-
cally random populatiuin ill magnitude-l U networks.

Summary

Al l  c hannel networks rang ing from magnitude 4 to magnitude - 10 within the cuuntuguous-se s’en

and Triassic samples have been classified and grouped by TDCN’ s , ri ght- lef t  classes , ambilateral
classes , or stream number sets as appropriate - for the available - samp le size. I or each magnitude the
null hypothesis that the - observed sample could have been drawn from a topo logica ll y random
popu lation of that magnitude was tested using either a chi-square goodness-of-fit test or a binomial
te st . [he null hypothesis could be rejected at the- 0.05 confidence level for two of the samples , that
m)f class I magnitude-4 TDCN’ s from the conti guous-seven samp le and that of magnitude-lU stream
number sets from the Triassic sample.

I he- magnitude-4 networks , for which the null hypothesis could be rejected , were subjected to
further study, examining TDCN as function of their flow direction with respect to the attitude of the
local bedrock . In so doing it is argued that the topolog ically random model , in particular the key
phrase “in the a ’ sence of geologic controls ,” imp lies directional isotropy of topology with respect
to any geolog ical parameter . i xamina t ion of the- magnitudc-4 streams shows that of those- streams
which flow in the direction r f  the focal strike , t hose having tributaries entering from the same side
occur w ith much greater frequency than can he expected in a topologica lly random population.
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Table XI II, Statist ics of magnitude.6 flet• Table XIV , Stat is t ics of magnitude-6 nt- t-
works from the contiguous- seven streams, works f rom Tr i~ss mc streams ,

‘1 ,rr tn,lateral ,lnrb,/c,t era!
c/a s s Observed L spec ted c /as s H/us,’, i-i’s! / ,s~pe It’d

I - I S 211,1, I I 3 13 .0

II 6 5. 1 II 6 3 .2

III 
~~~~~~~~~~ 

8 10.3 III 
‘
~j~

” 
8 6, 5

IV 12 10.3 IV 6.5

V 4 2.3 V 

“

~~~~~~~~~~

‘ 

0 1.6

V I 6 5 1  V I -t 

4* 

3 ,2 

4.8’

—2/ n ?u - 2.20, ~
2 o~. = 11,07 ; ‘ Combined sit  statisti cal testing

Decision, Accept 21,tX 8.05, ~~ us , ~ 
= 9,49; Decision’ Accept

Table XV , Stream-number statistics for the contiguous-seven streams.

Stream ,sumbers
“lag- -: .u dm’ (n 

~
, 112, 3’ n~} Observed Expected

(7 , I, l i , 0) 5 6.5
7 (7 , 2 , 1,0) 19 16.4

(7 , 3 , 1 , 0) 3 4 . 1

(8 , 1 , 0, 0) 4 4 .6
(8 , 2 , 1 , 0) 18 17.3

8 (8 , 3 , 1 , 0) 7 8.7
(8, 4, 1 ,0) 1 2~ 

0.3 04*(8 , 4, 2, 1) 1 0.1 -

(9 , 2, 1 ,0) 9 10.8
(9 , 3 , 1 , 0) 9 9 .0

9 (9 , 4 , 1 , 0) 1 0.9
(9 , 4, 2, 1) 2 5* 0.2 3.2*
(9 , 1 , 0, 0) 2 2. 1

(10, 1 ,0,0) 0 1.2
(10, 2, 1,0) 7 8.1
(10 , 4 , 1,0) 1 9* 2.0 118*10 (10,4 , 2, 1) 1 0.5
(10, 5,1 , 0) 0 0.0
(10 , 5 , 2 , 1) 0 0.0
(10, 3, 1,0) 13 10.1

* Combined for statistical testing.
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Table XVI , Stream-numbe r statistics for Triassic streams,

Sire urn ,,urnhers

~u’uiqru , ttid t ’ (o 1, ~~ 2’ “~ r’ 04) 
- 

(Thsi ’ri m d  I ~pee ted

(7 , 1,0,0) 5 7.0
7 (7, 2, I , 0) 22 17, 6

(7 , 3, 1, 0) 2 - 1 , -)
(8, 2, I , 0) 16 13, -)

(8 , 1 , 0, 1)) 2 3 .6
8 (8 , 3 , 1 , 0) 5 .

~~ 
6.7 

1 0 6 *
(8 , 4 , 1 , 0) 0 0.2 

-

(8 , 4 , 2 , 1)  0 0.1
(9 , 2, 1 , 0) 9 7.5
(9 , 1 ,0 ( 11 1 1, 4

9 (9 , 3, I, 0) 5 6.3 8 S~(9, 4 , 1, 0) 1 0,6
(9, 4 , 2 , 1) (1 0.2

(10 , 2, 1 ,0) 10 5.9
( 10 , 1 ,0,0) 0 0.8
(1 0 , 3 , 1 ,0) - 1 7.4

10 ( 10 , 4 , 1,0) 2 1.5
( 10 , 4,2, 1)  6 0.4 10.1
(10 , 5,1,0) 0 0.0

—— 
(10 , 5, 2, 1) 0 0.0 

_____

* Combined for statistical testing.

Table XV II . Statistical analysis for conti guous-seven streams.

Sample —2/n A [)egrees of freedom x 2 05 , 
~~~

- Decision

‘*lag 7 1 .11 2 5 .99 Accept
‘slag 8 4 ,2 8 3 7.82 Accept
‘slag 9 1 .14 2 5.99 Accept

- 
Observed Sample size Cr/I va/ Decision

Mag 10 13 22 15 Accept

Table XV III. Statistical analysis for Triassic streams.

Sample —21n A Degrees of freedom ~ 
2 

~~~~ t ) ~ 
Decis ion

Mag 7 3.32 2 5.99 Accept

Observed Sample size Crit va/ Dec/s/on

Mag 8 16 24 17 Accept
Mag 9 9 16 12 Accept
Mag 10 10 16 10 Reject
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I urthe, exam inat Rit i indicates th.it the tributaries entering on the car r ie - side and Ilowi ng cf u w  ui -

w ,ction ale preferent ia l l y  developed, in a rat io nil about 2: 1 uuv c- r those f l~~w-~ti ~r up’ sect is n i ,  Thus it
is ci ‘nic luded Put an ide- m InI iahlc- geological f a c to r  is in f l ue nc i n g the topological arra nigenie r its irs
t hie~e- small ne tw ur  ks ,

It us perhaps more remarkable that these- drainage systems , w hich sh uuss s t r u n g  ge uulogical control
it t I ne- i t channel pa t t e r n s , has C no apparent systematic or identifiable bias in the-in tu upological

pn 5 upt -rt ic ’s abu se the Ic ’sel su l  tI le magni tode-4 nc- I works c i t -d ahus s m- .

UNI( P ROBABILIT ILS

Introduction

I he analysis has s i  f a r  cuiiisider cd  networks 1 m m  magnitude 4 l ’ s  magnitude I (2 w i th  uat ying
efc - gt  c i ’s  s i t  topo logical nesolut iu st i ,  In c uint inue - the statistical ~n~lysis to large r ne tss s s n L 5I/~~s in a
simu la n nlannnc’ r becomes inic reasi rsgI ’~ dif f i cu l t .  I s u n instanc e - , the entire sample contains 25 magni—
tu de-2t) channt_ 1 networks us It sI c there c’ cist .30 se-h if p uss j hle stream numbers l u s t  that magnitude - .
I hus , i t  us nece -ssa rs to de~ use 3 s~ st e-rn which allows exam ination of topological prs upertie -s of higher-
magnitude syst e ms .

In the prec e ding an a ls sis , t he’ TDCN has bc-en cu insider ed the basic element and , as t he network
magnitude increas e d, 1 DCN’s sue’s c- grusuped , by right-left class es , amhilatera l classe s and finall’, into
stream-num ber sets , the’ s tr a t e- g 5 to he- applied now is to examine a more fu ndamental element than
the un fiu dual [DLN, namely the individual links , A coherent and cons istent method if cIassi f~ ing
links is developed. The-n, ,i set of equat ions describing their frequency of occurrence b r  topologi-
caIf~ ran dom populations is derived , followed by exami nation of the sample - networks in the context
of these predictions.

The overall l ink-type - classif ication and derivatio ns which follow are largely abstracted from the
publish-ned paper A C/ossification of Channel Links in Stream “s ’elsu ’ork s (Mock 1971),

Link frequencies

In a topological ly random population of channel networks of any given magnitude M , the
probability of drawing a l ink  at random of magnitude p was given by eq 9, while the probability of
drawing at random a link of magnitude p from an infinite topologically random network was given
by eq 10. It is possible to examine the frequency distribution of link magnitudes to test the
hypothesis that the samples were drawn from an infinite topologically random population.

To properly test the hypothesis that a set of links could have been drawn from an infinite
topologically random population requires that the lin ks be randoml y se lected. The links which
form the samples to be analyzed are the set of all links contained in a series of complete networks
and do not represent random selection. The fact that they arc complete networks puts certain
limits on link magnitudes which would not be applicable had they been randomly selected. To
illustrate this point cons ider the following differences between a random selection of 3117 links
from an infinite topologically random population and the 3117 links that compose the contiguous-
seven sample. The number of magnitude-i links is rigorously set in the contiguous-seven sample
while in a randomly selected samp le it is not. There is no upper l im i t  on the magnitude of a link in
a randomly chosen sample while in the contiguous-seven sample it is 385 and is equal to the magni-
tude of the largest network in any sample consist ing of integrated networks . The- point is that
selection of complete networks puts constraints on the possible outcomes and requires a certain
restraint in interpretation of results. Table X IX shows the statistical data for the conti guous-seven
and the Triass ic samp les.
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Table X IX . Statistics and analysis of link-magnitude
frequencies , contiguous-seven and Triass ic streams.

I npituujiisuiis s m -ce - n / ,iujssu
l ink nuuiq , ustuJm ’ Observed L spec ted l ink rnuq ’iitude Observed L.cpec ted

2 420 389 .6 2 21.) 210 .3
3 2 14 193 .3 3 104 105. 8
-1 123 121 .8 4 47 65.7
S 74 85 .2 5 44 46 .0
6 54 63 .9 6 34 34 .5
7 34 50.2 7 29 27. 1
8 31 40.8 8 24 22 .0
5) 23 34 .0 9 15  18. 4

10 22 28.9 10 16 15 .6
> 10 558 548.0 ,

~- 10 314 2’)~ , 7
= 21. 58 , \ 2 

~~ 
16 ,92 — 2/n A = 7.69 , x 2 

1 5 9  = 16.92
S~ Decision: Reject 5~/, Decision : Accept

Moqrs u rude

~ ~~~~~~~~ 4 ~~~~~~~~~~~~~~~~~~ i 0 ‘0

0

-8

- u2

- 16

- 2 0

-24

Figure 11. Hanging rootogram showing expected frequencies
and deviations from expected frequencies as a function of

magnitudes for the contiguous-seven networ ks.
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I he- null hypoth esis that the s ihsc ’nve d lin k In c’quu ’n ie ic’s c u  uurl d h is  c - be-tn draw ni Irons an nI m i te

t u s p s u l u u ’ 4 i c a l l \  m anduins pi upul_ iti oni can he s e l e c t e d  at the’ 0.f)- s cu nif ide-nice- Ic -us - I or the c uuunt sgisn u s’

~eu-en sanipls ’ , In I guns - II , the ’ ct unt igu o us -s c -u u -ni , u I s s u ’r ~~e’d link fnc ’quc ’ tuc ies  amn d their  dev iations
f t  ons pred ic t  sd  5d lOe’ s .it c’ plot te d  h~ means ‘ 1 a hang ing t u s  utograni ( J a rt ue ’s arnd Kru ti l e- it i 1969).
1 gun e 11 sf iu ‘isv grap ln ie .mIl ’, t hu,. e - \c  c- us of us hsc ’ t c- cl magnitude’ - 2 and -3 l inks arid the ’ dearth of oh-
s e n se d  l i t iks in Pie ’ m.igiiitude~S - 10 r u n g s -  - in c s t t i ~~~J i  son s w i th  tine - u ’s p i- c t e d  lnc’quc ’nc ies.

I lie- iu ) )se ’ tue - d  de-vu at ion ss e ,u nu he rel a t e d t i  gs - s i hug i ca (  fac tu , n s  in t Ine- arc-a u ,f t I -  e u u t i t s g i l u u e l s - s s ’ u s - s

s tn e tms . h ue’ ouster c hannels , succup ’ ,  ing str :h- i , s l ls  ss , i t s ’ sep , i t ,u t u -d 15 ,01 each ‘ i f s - i  hs less
eass lu et si d e d toe k un its , Ne tw o r ks t m: h is t ,ut  s t i  the master c t n antn ne ls a’c - c u i n s t r au r s e - i f  h~ the’ inter -

um- nrn g , nio n c - n , -s u s tant n icks , tu , 3 size’ fung i- g su ue - u ne’ d ni part l ’ s  the’ s j u u s i n u g  of t he- resista n t r s u e k s .
I hus , depending upon I s se a! l i t  huh  sgie s and sIren, ton es ,u i t t o n  range- s b  link magnitude -s w II he

slc ’ t s ly t e - d : t :  f t c ’ q c ne - n se ’, w i t h c- s pie l  t i)  an infinite - is pu l u ug i e a ll ~ randoni pu i pu l atiiunu.

i thin the- cons tng uu s os - se ’ ,  c-n s treams the- I act n un s c i ted abuse’ appear to inhibit des elopme-nt of
e ls,unnel t i c - i  us , st - ks in the m agn itude- S L u ,  magnitude- t O range , the - Iri~ss ic sir e’ ,ums , on the s s thc ’t
hanid , c f ’ s  not sh uuw an~ srr nnlar trends ,

Link t ’ , pc’s

In terior and ‘ \lc t sit  links ) ia ue he-en defined in ( hsapt e - r I - ~‘i t h i t i  the set of interior links , Ja mes
and Krcinihenn (1 1 ( 0 1  defined tw a f urther Is pc’s ei s-f i nk’, and tr~ m ss - ( i i sks ,  -‘s c is- l ink was defined
as an inter is ur link hounded ,it i ts  upper and b u ss ’ s  l i s t  k5 hu tr ihut ar ie-s enterin g Iruum the sam e s ide,
-\ tra ns-link w is defined as an m i le - n or link bisunde - d at i ts for e s  h~ in ihutarie ’s entering f rsum oppos ite
si des. A tril’uii - its , in the’ se nse- use-d here, is the - l it i k of Ii’s~e-t magnitude uI the two links upstream
f r u sm a Iun.~ ,un. Ins the con tex t  of the- j r  stud s , Idnle ’s and krumbein limited cis - an d trans-links iii

t h i u s s e ’  hauing a magnitude greater than 10. [ham re - s t r i c t i o r t  w i l l  he re laxe -d here , with no magnitude-
limits placed upon these- link types .

In a topoIogicall’~ ran dom puupu lat ion , c is- and trans-l inks occur with equal frequency. However ,
in the ’ James and Krumhein study cited above , in a samp le s sf 485 links , over 60 - 1 were trans-links ,
an use - cur re - o c e -  wi th a probability of less than 0 00001 if the prohahility of occurrence of cis- and
trans- links were equal .

‘s I,it,.’r stud’, (Krumbein and Shreve 1970) in the same area (Ine, quadrangle , Kentucky) hut
dealing with magnitude - -S networks , found trans-links occurring with greater frequency than cis-
links , hut not in sufficient qu4ntit~ to just i f y reject ing the hypot hesis that they have an equal
probabi l i ty of occurrenc e.

Jame s and Krurnhe-nn (1969) proposed a model to explain observed cis- and trans-link length
frequencies , “ St its headwa usi end , a channel network grows by random bifurcat io ns , but within
t he- network channel adlustme-r’rt s ta ke place , wit h coalescence of tributari es entering close to each
other nun the same side and thus ex t inct ion of some- cis- links . While the- model has been cri t icized
(Abrahams 1972) it does sat is factor i ly  explain the excess of trans-links in their studs area.

rhe uhse- rue-d numbers of trans- and cis- links for the conti guous-seven and Triassic streams are
shown in Table -s X X and XX I  a- a f unct io rn of magnitude . In an infinite topo logicall s random
population , the- pr’)habilit~ i i ’ occurrence of trans- and cis- links is the- same , independent of their
magnitude- , the null hypothesis teste d in Tables XX and XX I is that the- cis- and trans-links could
have been drawn f r om  a populatnn un in which they occur with equal frequency. The - re- is no reason
to re- ge -ct thr u hyp irthes is t om either the contiguous-seven or Triassic samples when the total samples
are considered . However when the link frequencies are examined as a function of magnitude - , the -
null hypothesis can be relected for three subsets , two in the contiguous-seven samp le and one in the
Triassic sample.
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1 jhlc’ XX . Statistics and statistical analysis of trans-
and c is-links for contiguous-seven streams.

I siu A - , \i,,nhm’r of % \umbe’, si t f_ ritic a/ 5%
ittaqtn t~sI, ’ trans t~ u n i s is value dcc ‘sons

I — t O  1-15 - 12 .8 I i - ) 188 Re1c’et

II 21( I 34 ,0 6’) ~tu Acc ept
d l -  ~O 17 58. 8 33 48 Ac c ept
U -40 19 63.3 II 20 Accept

-I II 164 6 3 , 1, ‘14 45 Reject

I us t a l  456 53 ,2 401 458 A~ ce’pt

Table XX I. Statistics and statist ical analysis of trans-
amnd cis- links for Triassi e’ streams.

L,’n/~- ‘soo ther of % Number cut Critical 5%

~naqrni tude trans trans cis valu e decision

1 — 1 0  5) f ~ 17.3 109 118 Ac ce pt
11— 2 ( 2 2 1 36 .2 37 36 Reject
21 — 30 21 4 7 7  23 28 -‘scec ’pt
31— 40 12 57.1 9 15 Accept

-1(1 88 54.0 75 94 Accep t

Total 240 48.7 253 269 Accept

The’ earlier snalysis of magnitude-4 ‘1 DCN from the conti guous-seven samp le- ind icatcd u preferen .

Oat development of what have now been desi gnated cis- l inks . From table XX it is clear that up to
magn itude 10 there - is a preferential development ol the cis type . The same holds true for the Triassic
samp le although the frequency of occurrence - of cis- links is not suff icientlu7 different from that of
trans-links for rejection of the null hypothesis, At the opposite end of the scale , i.e. for links with
magn itudes greater than 40 , exact ly the opposite situation occurs. Both samp les have more trans-
links than cis -l inks , but the null hypothesis can be rejected only for the contiguous-seven samp le- .

The data shown in Tables XX and XX I  and the analysis of magnitude-4 networks suggests the
fo l isuwing hypothesis: in reg ions where trell is drainage patterns are developed bedrock attitude will
pre ferent ial l’, favor certa in flow directions. In low magnitude networks this will lead to nie’re-
tr ibutaries entering from the same side , hence more cis- than trans-links. At higher magnitudes ,
imply ing greater age , interaction of tributaries entering from the same side will eliminate some cis-
links with an eventual predominance of trans- links ,

Admittedly, the evidence which has suggested this hypothesis is hardly overwhelming and has
certain ambi guities. For instance , the- large- percentage of low magnitude cis- links in the contiguous-
seven samp le as compared to the Triassic samp le is consistent with its greater lithological diversity
and hedruuck dips , but the greater frequency of occurrence of trans- links at higher magnitudes is not.
It is an area worth m ire’ study.

/ v t m - r s o r  links , T w -ss  types u f  exterior links will he defined: 1) The S (source) link is a magnitude-
1 link th,rt joins ,mn us t her magnitude-i link at its downstream fork. 2) The TS (tributary source) link
isa  magnitude-i link that joins a link of magnitude greate r than 1 at its downstream fork .
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l !sj q ri is ’ude-
s ,st mlous ’nu t rc ’armi - . , Q(p,’ 11) K(p,’ ‘it)

Ni.’ \1: P(p~~; \l1 P(p1 1 ; \1~

2p I 0-link T- link

‘[ (p; ‘ii) 
~ (u t ~~; \1) P(p 

~ 
‘Si 

/ Is i s / r e ’ /2. Dc-lim it/on of link type-s by the muqtriiude
re lations/ tips cut link of tnagmm,’ tode ~a and i ts adjacent up-

stream amnd doss it sIri ’ap u neighbors.

Interior links , I ig ut e - 12 sls iu ss ” the upst reann and downstream
S S S S cr iter ia f i r  defining i nt er is s r links, 1) ~he B (biburcating) link is

B 2 B 
a link i ‘I magnitude p that is formed ,it its upstream fsu rk  6’, the

I T confluence of tw u  links , eac h ish magnitude- p.,2 , and that flows
- IS at it s dsswnstre-am fork into a link of magnitude less than 2p.
B ~ 2) -‘S TB (tributary bifurcatin g) link is a link of magnitude p that

TB 5 formed at its upstream fork h’, the confluence of two links ,
2 

eac h sf magnitude - p, 2 , and that flows at its downstream for k
TB 

TB 
CT S 

in to a link s u b magnitude greater than or equal to 2p. 3) The- T
S CT TS s 

(t m nhur,dry) link isa link of magnitude- p that is formed at its up.
TB 2 

I B stream fork by the- confluence of two links of unequal magni-
tude and that f lows at its downstream fork into a link of magni-

CT S tude greater than or equal to 2p. 4) The- CT.(cis-tra ns) link is
TS a link of magnitude p that is formed at its upstream fork 6’, the

-6  T confluence of two links of unequal magnitude and that flows at
its downstream fork into a link of magnitude less than 2p.
Fi gure 13 shows an idealized network illustrating the link types.

F igure 13. Idealized network The last downstream link in any system under study, i.e. the
s/to wing link magnitudes and highest magnitude link , is defined as eit her a T- or TB-link

types. depending on the magnitude relationshi ps at its upstream fork .

Note t hat the CT category of links includes the cis- and trans-
links defined by James and Krumbein (1969). Cis- and trans-

links are not considered individuall y since they are dependent on topologic relationships as well as
magnitude relationships at successive forks , while the criteria used here are based entirel y on arith-
metic relationships of the link magnitudes .

Since link types have- be-en defined in terms of magnitude relationships , eq 9 am rd 10 provide the
bases for calculation of the probability of occurrence of eac h link type in finite and infinite topo-
logically random networks.
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I’o) l)atnu lu t ~ u t  occ urr e nce

I 5 0 - O u s t  /ush’ s , I s i - f i s t links ,m re - Is ’ , cfef i nni t io n i  links cut niagnitude- I . t he’ puohahi lu ts  s i b  cf t .u ’. u i r r g

ani S t e -  us b u tt e at r .uu i el sns frs s n ni a t us p u i lsigie.ill s n,indsim population s , b  nis : tss ’ uu n ks if magnitude’ 11 is

s - r u  hs eq ‘) , ss tb p = I . I )esi gti .ut u mig this as / ‘ (e ’ ‘.1 , r%1~ it is

/ u l e-~,t t i c e ( l ;  t / ~ i / i  2 5 1 - I ) .  l i2 J

I r s - t’ut . (u , r f s r I i t s  s u b  ui t a wi ni g .tnm c ’ \ t , - t i ’ ’ r  l ink s t  - ,s n ul e r r  f n s i m  an i r i l i ’ i t c ’ t ’ p s s t s ’,~ie . i I I ~ ta nsd cu n m puupu la—
lii i t t  oi

t im t f  11/~ I (3 .5.

l) ’ ,iw a link at r i n d’ tt r  r urt i  .u t ip is ls ig i~~, i I bs  r , i i ii l s t i i  p s u p u l a t i s u n i  of n s e - t w s u t k s  of magnitude li ,

lt the ’ link is s u b  ‘ t t , u , i r i i t ucf e -  I , w’ h.’t is the prssha h i l its that it cs - n :l e ’c t s w ith , u t i s s i l i e ’t magnitude- i link?

l i ~- s i t  s g i mi ,il sir ius ic - u s e s  1 t u u puu lu sg i e- aI I ’, r , s s i , f r , r u s  pcipul~iti su n id magnitude t i — i .  lhc’ ori ginal link
has an equal pruuh .uhi l i ts s u b  connect ing w i th  sn’ , ‘ ne- uj f the’ 2 ,51— 3 rc ’ nr i ,s inin g l inks. The’ p r ’ ’ h , s ( r i l i t s

th.it it cuu i l nee l s  ss tI n ,mothe -r rnagti it ue le- ’ 1 link is equal I s ’  the proportion in which the- niagnitude-i
l s n - ~ ss ce is r  or ( U—I ) “  ( 2 1 7 — 1 1 .  ‘[bus , t he pruuhahil i t ’ ,  usf  s u cc s i r r e n c e -  of an S-link is

I’ ~ 5/ ) = ~~~~~~~ , ~~/- L (1 31
d t /—l 2 1 1—

an d the - pr ,h,ui r h t ’ , i t ss cee j r re - t u c e -  uI S-l i n ks in an in f in i te -  topo logicalls random population is

Pl~ ( 
~~~~ 

~~~~~~~~~~ 0. 25 . ( 1 4 !

Ti) de te rmine - th u ’ ps i uh ,sbil i t s  of drawing a TS-Iink, a similar type sub argument is used .

- ‘ s l ink  is drawn at r , s r i d s  sm If it is a  magnitude--i  link , determine the prua hahi l its that it connects
w ith an r i t e - i  i~ r l ink in the - ( ‘ i l — I  (-magnitude - network which remains , The probability of drawing at
ranc li.um an interior link from a topolog icall y ran dcin population of magnitude --t i nc’ tss sn ks is l us ;ng

eq 12):

P(int; 5/ ) = 1— Pi e - sI : - 51~ = (41 — I ) / ( 2 M — i  ) .  ( 1 5 )

The probability of occurrence of TS-I inks is given by

I ’) f .% U) = 
~~~~~~~~ 

/ ‘(int; U-i)

P(TS ; 51) = ~—~(—j- 2 
~~

j ’2
~’ 

, ( 1 6 1

for topologicall y ran dom populations of magnitude ii and by

P(TS) - 

1~,
irn 

~Tf ~~~~~~~~ = 0,25 , (17 )

b r  art in f in i te topolog ically ran dom network .
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p .  lmite - tim,r / sii/ s . I he’ esse n ce’ ns f the- rather heur ist ic arguments
t i  hi pne - setnted us t hat a sen es if s i se c e ss i s e  randusni sel l - C s u n s  of
l inks I r ’  i t t i  t s s ~u s s l u u g i e ,ilI’ , ranid uuns populations i f  appropri ately su ed
r ! i ’ n ’ , ss ,r (, s set h se ’s s e  to define ’ inte-r ion link ns ~s us. Csansider ,u t s u p u u

u g ie , i l l s, ranidorn psupu lations of n i i ’ t s s u u t  ks o f niagniitude 51 , F rom
Pu 

~~~ 
tI tu s pu pu lats uu n r a I nruk of m agnitude -p, designated as p 3, is randoml y
sir ius \lu rig us r t h  Os ,’ link p3, t he four links Iuu inc- d t s i  p1 at its

- I upper , s u id  5 5 5  en uric tuot ts  are shown in I igure 11,

P- I ‘ s u m s t he’ s f e f i t r r t r i u n  s f  l i n k magnitude -s it is known onl’, that

/ sp,’us ’ l u  I / n , ’ ful//u/uuIIu/ i p ‘
~ F-’ .‘

sit 5155 11 /115/ .  p 1. ~i t t s /  I/ I t ’

fs ,)tii /nn!,- ’, to u / t ic /u if is p 3 ‘p 4 p
~

.itt.5 ’ s / 15 - u ,  / / 15 ~i I T 5 1 i i  s / i  “s i j ’

m Utt’S the / /s i ~u s / / p e e  f/ on , I ts te r t t i s  of the - de l s t u n g  cri e r i i  shown in I’igure 1 2 the possible-
t ’ .  pes s u b  p 1 , i r e l

- B-l un k it u ur p . p~ 2 and p6 2p
p 1 TB - l i n k i t  sir p, Pu 2 and p6 dji
p 5 = S l - ! r i k  it p 1 or p 2 ’- p 3 2 and p~ <
/ n  I - l ink i f  p 1 s u n p2  p~ 2 ~ini d p4  2p -

In the I , , )  us i r r ~ sloe Lis ’ ,osn ref e r e r ie e’ to a t n e t u s s , i  k of any stated ma gnitude - will re-Icr tul a topologi-
ca lls r u n s - tn ps ’ pu l. iti sini sf such ni e ’ t \ S u  is ks and raniduim se - l e e ti u sni of a link se ill mean random select ion
I t s  sn tr  s t ips  I g u s, ,uil ’ . randusm pu .upu la t i sun s u f  the- spec i f ied magnitude - .

ins ide r n i  IS’ . the i r k  
~ - Is is the ult imate link s i b  a sub-ne tw ork of magnitude - p3, imbedded in

th e si s r i ) )  l i e n  us s r s i t  m agnitude t i , s ince the in:  k se ,is randsum l ’, se lected from a topolog i c a l l y
r , s nr , Iu  nt p p r u i , u t i  ti the - i i’-s i h)e ’ t s p )  sguc, i l  an range’ments of i ts network  form a topological l ’, n’andom
pu s p u iLs t is r n s I  nt , sg t u i  t dc’ p . ‘ s i t i c t ’ ~ 

‘I’ p, p3 only the- magnitude of one esf the two upstream links
u s independent and nec - il be’ cons idered , Taking p , it can have any magnitude - from 1 to (p3 — 1 )  and
the s i s n - n ’: u ’tw u u n k us lu i~ Ii it s lu t ne-s iS .5 topo bog ically random population of ne ’ tw sur ks of magnitude
(p1 — I t . I bus the prohabi l it’ , that p 1 = p 3 2 , ele-nuuted as a p ~; 

t i) is , using eq 11 ,

s i p 3 ; U! = w(p 3 2 ; p3 - I).

In the gener a l case the -n, t he probabi lst ’ ,  that a randomly selected link from a topolog ical ) ’, random
p ipu lation s u b  net we -s r k’ of magtuitude ‘it w i l l  b i furcate it its upper junction is

q(p; ‘i1~ = e.~)p 2 ; p -  I)

an d the prs u ha hi ) i t’ .  s u b  occurrence is

Q(p ;  51) = es~~(p, 51)  ea )p ’2 ; p -  1). (l~~

Since the-re is onl y one eit her puissih i l i  t s , , One probabil ity that the link p does nest bi furcate - at
upper (unct ion IS

k(p ; 51 ) = l - ~~(p 2 ; p - i )

and
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~‘, (p. U) e.. p - t i I I  -u.~ (p ‘2;  p - I)  I . ) 1’) )

i s . ’ t hat s u p ;  t i )  m d  k (ji ; l I t  s t e  u n i depe -nsd e-n it sit 51 , Suc h is not the case tor th,- d utwns t re -a m

I’’ s ’ , ’ , i t i 4 it i e ’~ re lating p 5 ,  p 4 ,und p6 -

I he tWi ) p s u s s i h i l i t i e ’s at the il u us e t i s tu e ’ .uns unction of link p 5 shui se ns in I igure I i , ,ure-

P5 C 2p5 ‘~ P~ P .’,

and

P~ 2 Pu ~P4 P 3 .

It is c u i t n u  e’ nden t t  to w u urk with p4 rat her than Pc , sss t hat the probabi l i t ies of interest are , having
ran duiml’ , sele ’~ teeI p 5 ,  the probabil i ty that i t  loins a link p4 < p 3 sun that it joins a link p 4 p 3 -

Remembering that these are - l i s p s  Ii s g i e s ) ! ’ , random puipulations , t he e f f e c t  of selecting p . ’  is is 5 re~
nThu5e- a ll l inks tr ihutany to it from the - populatt uin of nn .sg n u i tesd e ’ - ,t / ne - t w in ks . ihat is , the ’ rema inrns;4
popu lation is t i ssue  a t i u p s ) s s g !e .s l l ’, random population s u f  diminished magnitude ! 51 —p . ’ ). S inc e - p 3
can join any li n s k in the diminished network , the prs uble m is reduce -cl to the problem su b randomly

se l e - e t i t ig  a link sit mag nsitude p4 from the networks of I ‘ i l — p 5 ) magnitude -, ‘I bus , the probabi lit ’,

t hat p ,5 ‘: p1 is

i5 3~ I

s(p 3 ,  - ‘i i )  = ~~ w(p4 ; M— p 3 )

and b u s t  the general case , desi gnating the second lr nk as -y, the ~i quat isun is

s(p; -U) =~~~~ c e - ) y ; . t / - / a )

and summing over all possibilit ies the prohahilit’ , of i s e e u r n e n e e  is

s( p ; 51) o.u)p; 51) wey ; ‘i l — p  ). 2 ( b)

5 5 1 ~~~

The probability that ‘y ‘ p is then g R e - n hs

t (p ; 4 / )  = 1 - w( y ;  M-p)

and

T(p; M)  ss’~~~~~~ w(p ; M) [i — wh’; ‘i l_ i . ’) ]  . (21)
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Fquat ions 1 ~— 2l defi ne the- pn uba hi l it u u s l  o c c u r r e n c e -  s u b  the defining en t en i~s for topologicall y

nandoni puupu l.ut is uns 5 1  tn ia g tn i tu e l s ’ — ‘11 n i e ’ t 5 5 s  s u k~~.

Ihe- pr ohah ilit ’, of cIt sw tug a link ‘i f  sp eci f ied p u s-li c I t  satisfies a set of upstream and du ,wnstneam

e ’ ) . i n s s u n n s lu ips is simp ly the’ i t t t e t 5e’ et siu o us f  the thn e e pruibahil it ’ , spaces w(p;  5 1) ,  q(j, u ; 51) or k ( p ;  /51 ) ,

and s lip; 21) s r  tIp . t / s , Designating this as / ‘(p~~~ ; 41) as shown in I igure 12 the- probabilit ies are - :

l ’ )p0 ; i i ;  ca ) p ;  h i  q (p; 5 1)  s )p;  . 51)

~~
, U) = c’. ( p ,  5 ! )  q(p; ‘i i )  t ) p; ‘ui)

/ ‘ Ip, .j ; ¶ 1) s,=~p ;  Si ls’)p; 2! )  s ) p , S i t
P (p ; 5 ! -  c’;ip. ‘i l ’ s k ) p; UI ( ( p .  U) ,

I sna Il ’ . , to define the p m .  s h , s t s r t i t u  sf  ui ce u n n e -n e c of a particular t’ .’pe’ uuf link in a topologica lly
ran dsum population u t  nnu ag nn i t ue l e - 51 tne - t u s s s n  k’, it us n ecessa ry to sum over all psussibi l it ies . Desig-
nating thus .is I’) t ’ .  pe- ; ‘i i )  the cpu_ i t is u rns  ate - :

/ ‘ ) / /  t l )  PIp - U) = w(p ; 41 )  w)p ”2; p - I )  w( ~ ; 4 l - p )  (22)
i s t )

I ’) !B;  ‘it)  su~~~~~~ f.’(p15; ‘ Si )  = ~~~~w(p ; l 1 ) w ( p , ’ 2 ; p — I )  [I 
— w (’~; l / _ ~~ )]~ (23 )

I’ I ( . f ;  U) 
~~~~~P(p s, .T ; U )  =

~Z w(p ; 51) l 1-~ ’~~/ 2 ; p - 1 ) I  w(~ ; 5 l - p )  2-4 )

.inid

/~ ( I - 57 ~~ Pip 1 - I7~ =

~~~ ~~ l P .  5 7) [ 1 - c ’sip 2; p - i)]  

~ 

_
~~~~~~~ ~

(
~; %i~ P)~

j 

- w(1  51 ) .  ) 2 S )

The quantity ~~)l ; 51) in eq ‘25 re- m ice’ s the- exterior links which are included in the summation.

It is of interest to determine the - limiting values , if any , of the probabilities expressed in eq 22-25
as ~1 becomes infinute , i.e. for an infinite topolog icall y random network. The approach is to calculate
analytically the- marg inal probabilities shown in Figure 12 for the infinite case and then Is evaluate
numerically the joint probabil it ies P(8; U) and P(T8 ; U) which are sufficient to define the re-
maining joint probabilities. It can be shown that

w (p; M) ~~(p/ 2; P- i )  = 

~ 
w (p 12; 4 1) wj p / 2 ;  41 - ~~/ 2) J  =

~~~~~~~~~~ 

w(p; ) e ~J (p; l i - p ) .  

- -~~-.-.--- -----— -—-~ --- - - -. - . --.----- 



~~~~~~~~~~~ -‘I ,

I hus, the- nuiargi nnal p s l s ,i lui l i t  Q(p ; h i )  s t  f igure I 2 ca n be rewri t te rns as

Q(p ; $ i)  = w (p; 51) ~~(p; hi - p).

Shreve (1967 , p. 18] )  has shown that

lim (~) (p ;  5 1) = 
2-(2 t 1_ I)  (2P_ 1 ) =

so that eq 26 can be rewritten as

Jim Q(p ; M ) =
~~E 

es(p )p (p ) ,  (27)

This summation can be- calculated exac tly by using the Iunctional relat ionshi ps satisfied by the
gamma function (N i . Dacey, personal communication , 1970), which give-s

J im Q(p ; ,t l) - 

~~ 
I(4 , ’~ 

- 1! = 0.13622 (28)

Thus ,

l im K (p ; .51) = 1 -0 .13662 - 0,5 0.36338,, , , (29)

The remaining marginal probabilities for the infinite t s spuu l s sgs c a ) ) v  random case become

lim S(p; 51) = v(p) c(y) (30)
51 ‘~=- ,~

- t ~

and

lim T(p ;M) ~~~~~~~~ ns(p)Ls(’y). (31 )
M —~’oo i,’I -y --

~~

Consider now an infinite topo log icall y random network from which two consecutive - random
drawings are made desi gnating the magnitude- of the- first link p and the second link y. Desi gnate
the joint probabilities of v(p)  l.’(-y ) as v(p, ‘y); then a matrix of probabilitie s , as shown in Figure 15 ,
IS symmetric. Because- of symmetry,

~~~~~~~~~ 
ri(p, y)

E ~~~~ v(p, y) (32)
54~~2 ) I  M I  TO.u 4 1
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I 2 3 ...

s i l l )  u’(I ,2) v (] ,3) ... z - ) l / ’ )

2 I 12 , ] )  (2 ,2)

3 i’( 3 , 1)

s i p - ,

-

/ lqure’ 15. Probability matrix (uur ann i o t i ,n u te topo loque al! y rsj r ’nclom

netwo r k,

sIp , ~
) + t-(p, y( + v(p ,p)  1 1 .13 )

hut

is(p ‘y( j i (p ..
~) 

Jim s~ (p; ‘ill.

5,5 ’~2 ) “  i-’ I ) -

Since - , for p = I,

Ircum eel 32 and 33 ,

2 t i m S ( p ; M)  = 1 - P(p ; p ) ,  ~34)

lim ,S’ (p; h i )  = 0, 36338 ,
U ~~-

and

l im  T(p ; ‘u i )  = 0.63662. 
(35)

51

Nuus’, the limits of P(B; SI)  and P( TB; Si )  as -’? “ can he- evaluated ;

l i m  P(8; M ) + lim P( TB,’ -5? )  = lim Q(p,’ Si)  0.1 366 2,
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s~I u i~ ( s us

~~ 
i’(p ) ce - lJ.s . 2 .p— l ) s ’ ) ) )  ~~~ i’l p~~s.~,,Ip 2 p — l s 5 1 ’ ) I  (I , ) 51 , ’ s ,.i

M i ’ , i s i  ‘u s

I q e i , s t i s s n i  Ii, cart hi’ sp o t ) ’ .  ei ,sl ii .st e -s f l ’ s  l ou ’ ‘, u g t n s l u i , . s n s t  l i s 5’ us r s ’s t i  m eans s t  a e i un uup c ut e ’ r , so t hat

inn P(/1: ‘51) b) ,i I 7 ( b~~bs , I3 ’ )

S-

l im  P( / 1 3 ,’ b l i  lb  b l I s S  ‘(u , (38)
51

and ess un m- ~ the re-n’naining man gm a t  probabili ties s u b  I i gss ne ’  I 2

lin i P)( I; S I )  = t I ,2~)2 52 I 3Y I

‘ii —

and

Ijiri l’t 1.’ ‘ i i i  l b ( .b7(JS(, (40)
Il

I .sble \ \ II s ls usse s t b i c ’ ‘s r s(’ s ,u)’ s i l i t s + s u b  uud Cu r te ’t ’ue c’ of each link t~ pe for topo logicall y random popul,n ’
I i ’  inn ’ ,  of s i n , ’ uess nn,isanit udes .

In Iah le- \.\ ll nus t e  that  the- probability of occurre n ce of T- and B- inks us the- same . It is
implicit in the defining d i  i t c ’ r ia  that , on moving upstream from a I- l ink , a ma in channel sequence -
must term inate at .s B-l ink. Ibis holds true fo r any channel sequence within a network , t hus giving
a e>ne s ir 5 ne correspondence of [-links and B-links. Thus , a lthough six type -s of links have he-en
defined , t ’ . s s s  e\te’ riusr ,utn d four interior , t he-re are only  three independent link categories.

Table Xxi i . Probability of occurrence of link types for networks of various magnitudes.

Si P(S ,’ ‘i l) P(JS ,’ 41) P(C T,’ M) P(T ’ ‘ii) P(B ,’ M) P(TB : ‘u!)

2 0.667 0.333
3 0.400 0.200 0.200 0,200
4 0.343 0.229 0 , 114  0 . 1 1 4  0.114  0,086
5 0.317 0.238 0 .159 0.111 0.111 0.063

6 0.303 0, 242 0.182 0, 100 0 . 100 0 .074
7 0 .294 0.245 0.200 0.098 0 .098 0.065
8 0.287 0.246 0.2 13 0.091 0.091 0.071
C) 0.282 0.247 0.224 0.090 0.090 0.067

10 0.279 0.248 0.23 1 0.087 0.087 0 .069
21) 0.263 0.249 0,264 0.078 0 ,078 0.067
511 0.255 0.250 0 .281 0.07-2 0 .074 0.066
(1(1 11 ,2 5 3  0, 250 0. 287 0 ,072 0.072 0 .066

200 0 ,2 S t  0.250 0 .2’lIt ( 1 ,1)72 0,072 0,066
l i s t  i b ) . 2  S~ 

() 2S0 ( ) 2 ~
) I f ) , )’;] 0,07 !  0 .066

() , 2S() 1) 251) (I 2u l 3 
- 

0.071 (1,07 1 0,066
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I ~bles \ \ l  II \ \\‘ I g is e  the s ta t i s t i cs  and stat ist ical  anal yse s for lin k t s  pc’s if the cont iguunus-
ses cnn  annul  I n  s , iss s e streams . I here is niui n Cason to r i le -ct the hypot hesis that the I riassie sample-
us,,’, d n ,sw rn r uins 5u ns u nnti n ite topologuLlll y ranidon o population . However the’ hypu the ’sis can be
~~~ t e d  I s u r  the e,use ’ uP the e uu t l t s gu o us ’ s e ’ss.’t i n s e ’ t w s u n  ks . s\5 shown inn lable XXV , we can s also r e -  - ‘cit tIne b’5 put htnsi~ that thc’ Interior and exte n sun P5 pes occun with the Ineque -ncies c’xpeete’d in a

t s s p s s l s  g re _ i l l s  ran dom populati uun .

Table XX II I . Link.type s~.’t ist i is Table XX IV . Link .type statistics
for the contig uous-seven st re ams . for Triassic streams.

Li, tk type () t use ’ n ic ’ cI ( xpec red Link lype Observed Expected

C I 856 9 13 ,3 CT 493 493.7
23s 221.3 T 119 119 .6

B 238 221 .3 B 119 119.6
[B 223 205 .7 TB 110 111.2
S 5-2- 2 779 ,3 S 432 421 .3
IS 718 779 .3 TS 4 12  42 1 ,3

Table XXV . Statistical anal ysis of link types for conti guous-seven streams.

_____ ____

Sample
______ 

Degrees of freedom -2In~ Crit vol decision

All link types 3 18,13 Reject
In terior link type -s 2 7.61 Reject
S- vs TS- links 820 Reject

Table XXV I . Statist ical analysis of link types for Triassic streams.

Sample Degrees of freedom —2/ nA Crit vol decision

All link type -s 3 0.58 Accept
Interior link types 2 0.006 Accept
S- vs TS- links 451 Accept

The deviations observed from pre dicted link type in the contiguous-seven samp le are consistent
with the link-magnitude deviations shown in Table X IX and Figure 9. A large- part of the deviation
u,st CT-links is a result of the less-than-expect ed number of magnitude-S through magnitude-i 0 links ,
and at least pan of the excess in TB- and T-Iinks corresponds to the greater-than-expected number
of magnitude--2 links.
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J oint probability for link magnitude and type

It is nisi w p1 issih lc’ tsi C ssns s t n  ui_ I t he loint-Prsihdhility distribution ton link type and fink magnitude-
fo r a ss i n f i n i t e  t s up ui kug ica lly r,Indom population using eq 22—25,,  1 he- resulting probabil ities are
shessun iii I able X XV I I .

Table XXVII . j oint probabilities of interior-link types and magnitude
for an infinite topo log ica l ly random channel network,

p Trans (‘is T /1 113 v(p,)

2 0 0 0 .06250 .0625 .12500
3 01953 .01953 .02344 .06250
4 .01074 .01074 .00977 .00537 .00244 .03906
5 .00993 .00993 .00748 .02734
6 .00699 .00699 .00457 .00147 .00048 .02051
7 .00624 .00624 .00363 .016 11
8 .00487 .00487 .00258 .00060 .00016 .01309
5) .00438 .00438 .00214 .0109 1

10 00362 .00362 .00165 00030 .00007 .00927

- 
10 .07996 07996 .01560 .00062 .0000] .1762]

P(ty pe) .14626 .146 26 .07086 .07086 .06566 .50000

Tables X ’sV l l I  and X XI X  show the observed and predicted numbers of links as a function of
link P5 pe and link magnitude, The preJieted values are- those expected for random selection of
samples s u b  equu s a fent si/e s f t  sum an inf inite topologically random population. As was discussed
p n e ” .n s uos I~ , t he- samp les do not consist of randoml~ selected links , thus a certain bias will occur ,
Ibis implies that  reicet ion sf the null hypothesis that the observed frequencies could have been
drawn from .sn int i n ite ’  tuipolog icall~ random population wil l  have some ambigu ity. For con-
vc ’nien ee t he- ~t ,u t i s t i c  (I (Ohs e rse d— Ex pected )2 , Expected has been calculated. This statistic
f o lkses s the chi-squ,Ire- distribution s u u that if U - - x~ ~~I- the null hypothesis can be rejected at the
o cu int ide- nec lesc ’ I,

The re - st i l ts  sf the - st ,utist ica l analyses are included inn Table -s XXV II I  and XX IX .  There is no
reason lii reje ct the null hypothesis in the case of the Triassic sample. For the contiguous-seven
samp le the null hypothesis can be rejected for each of the- following:

a . rh tuita l sample.
b, The total sample with cis- and trans-links combined .
c. The- subset consisting of all links up to and including magnitude 10.
ci . The subset defined in c. but with cis- and trans-links combined .

The re-suIts are consistent with many of the earlier results , and enable specific identification of
ushere deviations I m u m  expectation occur, For example , in Table XI X magnitude-3 links were ob-
served to occur with greater frequency than predicted. Table XXV I I I  shows that the major part of
the- deviatiu in is ,uccounted for by the large number of T .l inks . In fact I-links occur with greater
t han e x p e c t e d  frequency up to and including magnitude- 5, as do also TB-links. This means that
t he- re arc more small , but complete , networks in the - sample than wou ld be expected in a topologi’
c~ilIy randenm population.
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Table XXV I I I , Observed and expected (in parentheses) frequencies of interior links
as a func tion of link type and link magnitude . Expected frequencies are those ex-
pected from a random selection from an infinite topo logic al ly random population .

Contiguous-seven sample.

/ ,,tA- l ink types 
___________ ________

5 t 5 s Js j~ t u ! 5 I ( / 5 ’  I,-an,s C/s I B TB

2 214 208
(202.2) (187 ,4)

3 5 1 65 98
(( nl ) ,~J (60 .9) (73 .0)

4 28 34 34 17 10
( 33 .5 ) (33 ,5) (30 .5) (16.7)  (7 .6)

S I S  25 34
131 .0) (3 1 .0) (23 .3)

6 1b- ~ 16 14 1 5
2 ) 8 )  21 ,8) ( 14 .2) (4,6) (1 .5)

7 10 18 6
(10 , 5 1  ( ] u ) , S )  ( 1 1 ,3)

8 5 16 6 -1 0
(1 5 ,2 ) (15 , 2) (8 .0) (1.9 ) (0 .2)

9 8 13 2
(13. 7) ( 13 , 7) (6 .7) 

*

10 10 7 3 2 0
( 1 1 .3) (11.3)  (5.1) (0.9) (0.2)

> 10 3 10 207 41 0 0
(249,2) (249 .2) (48.6) (1.9) 0

Combined for statistical analysis

Sample DE U X 2 05 01, 5% decision

lotal 18 83.5 28.87 Reject

p > 10 excluded 18 60.3 28.87 Reject

Total with cis and 10 49.9 18.31 Reject
trans com bined

Cis- t rans combined , 10 48.0 18.31 Reject
p > 10 excluded
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Table XXIX . Observed and expected (in parentheses) fre quencies of interior links
as a function of link type and link magnitude . Expected frequencies are those ex-
pected from random selection from an infinite topo logic all y random population.

Trias s ic samp le.

l ink types 
_______

magnitude Trans C/s f B 18

2 105 108
(109 .3) (101 .3)

3 25 28 52
(32. 9) (32 , 9) (39 , 5)

4 11 17 10 8 1
(18. 1) (1 8 , 1) (16.5) (9 .0) (4 .1)

5 16 18 10
( 16 ,7) (16 ,7) ( 12.6 )

6 12 13 -2 0
( 1 1 .8) (1 1 ,8) (7 ,7) (2 .5) (0.8)

*

7 14 9 6
( 10 .5) (10 . 5) (6.1)

8 10 8 5 0 1
(8 ,2) (8 . 2) (4 ,3) (1.0 ) (0.3)

55 4 8 3
(7 . - ) )  (7 , 4) (3 .6)

10 6 8 1 1 0
(6. 1) (6.1) (2.8) (0.5 ) (0.1)

> 1 0  142 144 27 1 0
(13- 2 ,7)  (134 .7) (26.3) (1. 0) 0

- * (;ombined for stat ist ical  anal ys is

Sample Df U \ OS I)E 5% decision

Total 11 18.66 19.68 Accept

Abrahams (197 2) has cited the- significance of “maximum extension ” in the- study of the-
f r equency  distribution of interior-link lengths. Paraphrasing Glock (1931), as quoted by Abrahams
(1972 , p. 731), maximum extension is the time when a drainage system is fully deve loped. In a
trellis pattern drainage network t he master channels extend headwai- d, usually along-str ike; when a
bifurcation occurs , that link which is growing across-strike has a much more limited potential for
growt h than its sister link. This arises from the fact that another master channel exists , at some-
distance depending upon local geology, developing parallel to the first channel , Thus , cross-strike
channels arc constrained to reach their maximum development within an area bounded by the
master streams. The net resu lt one would expect is what has been observed in the conti guous-
seven sample , an excess of low-magnitude tributaries over what should be expected in a randomly
bifurcat ing system.
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LINK LLN(;THS

In troduction

In pre’s isuu s cha pters a s~ ‘,tc’nnatie study of a samp le ’ s i t  real channel net wu s rks has bee-n made ,

es )n ipa ri fs g ohser~e-e l propert ies s~ Oh those pred ictable from a topologucall y random model -

e l,iss it ication of ehanine l-l ink types ss ,us e lecise -d to enable the- s tu dy  to prsuc eed at a levi- I d i f ferent

tri m s u hat of past ec u un k . I’ he question ani se’s: Do the link types defined on pages 28-30 di f fer  Irons

eac h other in an~ ~~~ ust her than in the numerical relat iu rnships of links at their upper and lo~~ -t

turks? - \ n e ’ t l ne ’ te ’  physical sun ge-onne-tric c it fe - re - nic e- s be tween link P5 pes , or are- they onl y defina ble

in the c o ntex t  f a particular nunienat ion scheme?

I he ahose ’ quest ion is the- subject u u t  this section , In examining this quest ion , the - idea nut

topo logical randes mness sir nonrandomnie-ss can be left  as ide- as not germane . at least at the level ot

si ni np ls determining it a ph~ s ical d i f ference exist s het ece e ’n link types . Furthermore , t he fact that

t he samp le- under study he- re has been drawn fro m a particular type of strea m pattern largely con-

trolled by geoluig~ will he disregarded in the analysis , although it may he a caveat in the conclusions ,

Link lengths

The part icular prs upe r ts  usf l inks to he examined here is their length . Two reason s c’~ ist for this ,

one t hat it is tI le- simp le-st property , ot her than magnitude , to mea sure from a niap s - ~ i channel ne-I-

w u u i ’k and two , there - is a  limited amount of pre-e x ist ing wuirk on link lengths .

Previous work

Strah ler (1~15 11 and Sehumm (‘l~l’36) ~hs swed that length-freque-nc~ distributions sf 1st-order

‘,tre ,sms, se , e’Ste -s sir links , cou ld he well represe nted by a log normal dist ribution. Sman t ( 1968 ,

p. 1005) n,n,s de the- folli es rig as s umpt iss n: lengths of interior links in a given network are independ-

ent ran dom eari a ble ’ s drawn Ir su m the same population. Later in the same paper , he- i ntnuudu ee d a

negat ive exponential dens nt~ as a spec i f ic  model for the interior- link-le-ngth-f requencs distr ibution ,

Shreve (1969) proposed a gamma densit~ with a shape factor of 2 as a model t u ur  interisun -l ink

lengths. These - mode-Is have’ had sa rs  ing degrees of success in describin g obser see l inte n nuir- l i nk-

length distributio ns . The mu st detailed study was cu)nducted b , jam es and Krumbcin ( 1~ ) t s ~5 - in

which they developed models for the - d is t r ibut is in  n s f  trans-links and ci s - l in k- ,.

Observed link-length f requency distribution

Observed interior-l ink- length frequency distributions for the cu u n l ts g esu s u s-sese ’ n and P5 u. is s ic net-

works are shown in Fi gure 16 . The basic assumption at the start will he that cited ~ h s s s e ’ , namel~
that the lengths if interior links in a given network are independent random variable -s drawn tr( im

the same population . The following hypothesis will be tested: The link-length-f requenc~ distribu-

tions for each interior-link t~ pe were drawn from the same population as the tota l interior-link-

length-frequency distribution. Note that no specific population models are implied here.

Statistical analysis of interior links

The null hypothesi s to be tested is: l ink-length fre quencies are indepe ndent of link type.

Tables XX X and X X X I  show the observed and ex pected link-le ngth frequencies calculated under

the assumption that they were all drawn from the same population. These tables are contingency

tables for a two-way classification. The null hypothesis can be rejected at the 0,05 confidence

level fur both samples.
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Table XX \ - ( on 1t unigc-u ni~ tab le- showing length frequencies versus link I ’~ i( for

t Ii’ co nt iguous .seve -tn sample . Numbers in parentheses .nrc- expected frequencies
ca lculated under the asswnnpt ion th at link type and length frequency are m di--

l)efldeli t -

Le,ngth / spu ’
( I t )  I r , I p n \  ( i s  I /3 1/3

0-2(10 1 38 .1 1- )  5-1 29
S I 31 (71 . 7) ) ) 2 , S 1 - 32 . 5)

2ls - (~ b i 100 08 39 71 52
f l O S .3) ~J2 .8) (5 5 . 1) ( 5 5 , 1 )

400-600 69 94 47 36 35

(82 . 1 )  (73 , 2) I 13 .5 : -4 3 , S:  4 1 ) 7 )

( s ( bb b - 5 ) i I )  58 53 ‘Il) 3 )  31
(53 ,2 1 95,7) 33 .1) (33.1) (31. 0)

5))( I-l000 31 II 23 20 ?-4
- 1 1 .5) (36 .6) (2 1 .7) (21 .7) 20 .4)

1 000- 1 2(1(1 21 23 32 10 17

(30 ,1) (26. 6) (1 ~.8; (1 3 .5) (14 .8)

121 .10-140(1 10 16 14 S 7
(15.2) (13 .1) (8.0) (8.0) (7 .5)

- 1 400 25 33 2~
) 8 25

(35 . 1) (30 ,9) (18 ,4 ) (18.4) (17.2)

= 149 , 53
r 32 .67; De e is i ss t i :  Rs .-~e e t

Vu l i , lc these tests all uw re - f ec t isun 5 1  the- null hypot hesis for the total samples , t hey do not pro-
s ide much insight m i ss any similari ties between pairs of link type -s. To es..snnn ine this further a series

of e u s n t i r r g e r t e s  tes ts  ~ ,is made for each sample , comparing the length-frequency distributissn s u b

eac h link tv  pe s ucce ss i v e l y  ~ ith those - of the other link types , The- null hypothesis is that the-
) e ’ r n g i h - in e qc i e ’nc ie ’s of each type in the- pair could have been drawn from the same psupulation .

‘ Ihe results , shown in Tables XXXI I  and XX XI I I , support the view that several l ink-length
populations are- present . In addition the length-frequency distributions of S. and TS- links are es im-

pare d and tested in the tables , an d the null hypothesis rejected for t ine contiguous-seven and Triassic
samp les.

Another approach is to cuunsid e r the- mean link length of each of the- five interior-l ink types. The
samples are suff iciently large to just i f y large-samp le methods , and use of the statist ic

X i~~~~X 2

n 1 ,t -,
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Table X X X I , ( on iti l i ge mney table showing k-uigt ln trequen ic-s versus link type for
the Erij ssii sample, Numbers mm pare- tithe -s e-s are expe c ted frequencies calculated

under the assumption that lin k type .mnd le-ngtli f requen cy art- iimdepc’ndent.

/ r’sOs/ t/n l i [IC

( I t )  Iron s ( .i ’ s 1 8 / 13

0-200 II 6 I I  S

)2II ,~
j 5) .( u i  (9 (s )

26 ) 1- 1 5)1 1 37 ls  7 I S S
2 ) . ) (2~ ,6j (1 2.i p (12 ,1)) ( 1 1 _ I )

- lb  S i - S ub) _37 31) 14 13 12
( it  2: (31 .9) ( 1 5 ,0) I 5 .0) ( 13. 9)

15 25 8 15 9
( 2 1 ) )  (22 . 61 ( I l l ( s)  ( l U ( s )  (0 8

SOI l. 1 000 211 35 10 10 11
I 2-1.3 ) (25 .9) ( 1 2 ,2) ( 12 .2: (1 1 , 2 :

1 000- 1 20(1 28 18 9 1-3 12
( 2 3 , 1 )  ( 2 1 ,4) ( 1 1 , 5) ( 1 1 , S i  ( 10.6)

1 200- I-iOu 10 22 7 11 7

(16 . 3 )  (17.1) 18 .1) ( 5  I )  (7 .3)

41)0 bs 4 55 S8 3() 43
(5( 1,5 )  (85 . 1)  (40 .0i (40.0) (37 , 0)

x 2 = 57 .98

I I  
= 32.67; Dee isies n i : Re) e - c t

Table XXX I I .  Results of two- w a S contingency tests of link type pairs and length
frequencies for the conti guous-seven sample. Column labeled P (w) is explained

in text.

1) ~’ Decision

Tn , inn ~- L is 52. 15 7 Rejec t  .001
Ir ,s ns- T 7200 7 Reject .001
Trans-B 55 0  7 Accept .9
Trans-TB 24. 36 7 Reject .001
Cis-T 22. 8 1 7 Reject .00 1
Cis- B 2.1. 75 7 Reject .01
Cis-TB 6. 57 7 - \ c c e ’pt .35

T-B 52 . 7( 1 7 Reject .001
T- I B l6 .1~b 7 Reject .019
B-TB I- )  37 7 Reject .003
S- IS  1 1 5 . 11 8 Reject .001

= 14 .07
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Tj hlc’ X X X I I I . Ri- s c u l l s  of n cs,, is cu n i l unu g enu e  test of link typi- pairs and length
t ne - i i u i~’ ..~ cs f i nn tIne I n  i . i ss s e sanip le, (,olumn labeled / 5 (s,~ ) is exp lained in t ex t .

I.E /k- i isus ,n

I r i m s t~~ o . Re jec t  .007
Ira ns- I 2-I n~ Re jec t  .001
Ir aun s -R 5 i , 55~ S ,- \ e e s .’pt .9
I n c u s FB l b s  5 3  8 Re~e ct  .0!
( 

~ - I S . 73 S .‘ \ee e ’ pt  .17
I ) I i  • Qo) 5 ,- \ ec e ’ pt .008

( s-UI3 7, 5 )  S -‘s c e u pt .29
1-B 17 . 44 S Rej ect  .001
I - l B  5,27 S .\ ce C) ’ut .96

I3- ’ FB 8.87 8 Accept  .009
‘s - I S  30 ,16 8 Reject .002

2 = 1 c c !A ,Ø5 ,~~ - ‘ -

w here - is the meani ( i n s  K lu n :c n U - is t he samp le- s ,ii’ ianee ’ , an d n~ is the samp le si/c . For large
samp le si/c’s , n; .is\ rnp ts s t i ca llc .upp: ache ’s ,e rsu  mean and unit standard deviation (Ran 1952 ,
p. 2 ) 7 ) .  w us the -n ,u measure- , in Gaussian standard deviation units , of the difference between the
m e a n s ;  thus , the - pn m u m )  i t s  t hat the- ice s s ,urrn p) L - means were ’  drawn from populations having the
same- mean can h~’ t , k e ’nr from nuurma l pnus bahi l ity tables . The w s t a t i s t i c  5555 calculated for each
link p.s ,s r ) j . t ( ) .(N probabilit y is used as a decision cr i te r issn , s imilar results t u s  those obtained with
t he o sr l t ! ruge ’ n le \  tests c c i ) )  he u’uhtaine - cf w i th the following exceptions: the cis-B and B-TB link pairs
i rs  u fl5 th~- In iassic s , imn n p ) s  e,u nn be ri-)e - e t e d . The- columns labeled /5(ec ) in Tab les X X X I I  and X X X I I I

ire t he’ pr ‘h ,ui ’u l i i i e -s t hat the s.unnple means were drawn from populations h.sc ing the same- mean
l i m r ~ esnui :h .

The ’ results s it t l i e s s ’ te s t s imp ly that the - re ex ists a relationshi p between link t i pc and length
Ue ’ej uenl e \ Inn: i l n u t i s u m n s . i .e. t here are different populations fm-sr certa in of the- link is pu’ ,. liii’, is
sunimars ied in Uable \ \ \ l\ -  where the link pairs which appear to he dr ,sss n r u m  J i t t e r  c O t  popula-

is urns ,ure ’ :.ul’s : 1 ,5 tui f .

-\s a Iina l hut qua li i . t t  c s ’ demusnstr , it ion of the- relations h ip het we e ni  link t~ pc and link length ,
c isns i s .ler  the data s is s u cc n in Table X X X V , where link types for the two samp les are listed in descend-
ing u ir ds ’r ut mean link Iu nu i t ls . I f  l ink tv pes and length arc related , then a similar sequence - s u f  types
as a funct ion u s )  length s h us u ld occur , As can be seen in Table X X X V , there is a similarity in the-
se-qi.iemni. e ’s . This is i l lustrated grap hically in I igure 17 where - the mean lengths of link types from the
con t ig us i us - seve m n nu,- t c s i s r k s  are plotted versus the corresponding mean link length b ’iom the- Triassic
net y s sur ks . The- solid line is a least-squares regression line having a correlation coefficient of 0.898,
si~ nsi t ic an t  at t he 0.01 ccc l . No predictive capab il i ty is implied by Figure 17; rather it indicates that
the- link is ps and link length propert ies he - bas e similarl y in two s~- id e ’l~ separate d samp les .

Summary

The link t v p s ’ s  develope d in the section Li,,k I’robabilities (p. 26) b,use he-en examined inn the
s r n t s ’ y l  u s )  their l e n g t h - I  re ’qiie ’nic y distr ibut iuuns. Stat is t ical  te sts strongly imp ly that the lengths

si in ter ior  links .nrc- not independent r,in iduum variable ’s drawn fresm thc’ same psipul.it i uun s un

--“---.- - .. --- - -  ~-.
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‘table X X X I V . Link pairs having different length-distribution
based on contingency tests .

- 55(5 tu gs/ s i l l s  - c i i  - i- is / riass ic

I n as is- ( , i s  Trans -Cis
I na ns - I Trans-i
I ra m s- I B I n , i n is-  I B

( i s  I
( is- B
I -B T-B
T - I B
B - l B
S- iS S - I S

Table XX XV . Link types of contiguous-seven and Tr i as s ic samples
arrange d in descending order of mean length .

Cc.s r i t i s j uo us  nec  c / s  Ir iussie
I_ ink type i / e ats iu ’ss qth (h e!) [s ,s/ ~’ tc -pe i/c ats length (1cm ’ ! )

T 880 IS 1752
TS 827 1’ 1663
‘ lB 725 T B  1 1)5))

( i s  682 S -15-I
S 601 Cis 1435
B 353 I’rans 1132
Trans 5-Il B 1118

24Y

t-. /
I /

~ 2O0O~— / -
/

- -

~ 

,
/ ~

800 I
0 400 800 i200 5600
Mean Length of Lun k T ypes from Co n t u g u o uS —

sev en Sample , ft

F igure 17. ~1ean length of eac h of the seven link t) ’pu ’.s
for the Triassic and con t iquotls-sev en samples plot ted

against each other,
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~n t’ i u i . u t i ii s V u f i s  n s e u u n i - . sil s n i - sf s~ t~ pu ’ , tin e s c i s f s ’n ies - sun .1 chara c ter is t i c  In i n k length propert s us
si n su m n g u ’ n in u sc’ em un s t i gu -  ii” ‘s s ’ cs ’ nn  ~.c m n t s ) u  tb _ i ns ni the- In  i _ issu e  s I ne - doss.  ‘Ibis nsay he- of su mmi- s s g r s i f i -
c.in i e u .’ ( l is t ’ I s  i. i ssie s .unsp le ’ ) ss - i n u  is ’s ’, g e - s u b  sg l e . u l l ’5 c sunn t r u s lle’d than the- us i n i t i g usuu s ss i s i s  st rea rrts ) in
ls ~ b i t uu l ~ s - n su n , uu i s f  Smart ’’. ( I ’ S / i )  esunn nneri t  th ,mt , ins an unspublkbed st uds of e fen idn i t ie  networks ,
Lise ’’, n , , s i s i 5 f  a ll m ite-n s u m  l i nnks In,id c’ssc ’o t ia lf ~ the canse- link-le-nigth distr i hutio in with the- s- se ’  p t i s s nn  of
I - l i nk ’ ,

I Ins ’ high i s s t m  nc ’ l ,u t is un i’ s - t i c s - s - r n  hu ns k iS pc an sI mean length fur the t c c s u  samp le’ s s ugge s t s that a
‘,s st etls a t ft ‘ C l ,, i s  u ms s h i p e - \ i s t s  (re issu e ,) these c , un ab le -s. It is apparent thsi ugh that this area of

m u t u A l ’  is - s - s f ’ .  mr s i re ’  s tu dy - pan t ieu l ,sr ly w i t h  a n’nore huumogeneous set (ml channel ne- icc -sun K’..

S U M M A R Y  A N D  CONCLUSIONS

Inntr odue l i on

I he- of m i te -  is u p s  5 ( 5  ig ie 5ul l ~ random mode-I ser s c’s as a norm w ith which the’ topolog ical propert ies
of n c,il s i e t c c - us K’. can he esump a red , The mode-f postulates that , in the - absence m u ge u sh iu g ie controls ,
c h, unnn e - b m e t e s  s u n  Ks cc i l l  he tsupsulo g ica lly ranthum . This study examines in detail a sa mple of channel
n e - t cc s s r  Ks in which the pn e-sence of geo logic contrss ls is clearly evident from their network patterns.
W h ile- the stream pa t te rns  are striking, t heir departure bruu m the expectations of topolog ical random-
ness ,ire ’ muc h l ess disc e rnible- .

The s~insp Ies used in this s tu dy can he considere d as t e s u s  parts of a continuum which ranges from
t he classic t re l l is  pa t te rns  w i th  a eh sm insa nii _ c of ge- us log ic control to the classic dendritic pattern
Is- c s ’) ‘pee l cc tb minin’ua l gs - ui gic c sntro l , The- conti guous-seven san-i ple is representative of the- trellis
en d menrhc ’r s u b  this c V s t e’fl s , whi le the ‘I’r iassic samp le lies somewhere in the mid range. In this
sumnn .ir’. , it is cbs ics fl that the is upsubs  ugh ai characteristics of the channel networks follow a similar
e s  unl t inluuni , a lbeit s o c  which is n u t  nea r lc s us broad sur as readily visualized.

h ( , u ’ . i .u l l \  - n ec . b i t e - m e - n i  met hods have he-en used to analyie the topolog ical properties of the sam-
ple i C t  c c - ’ K ’ . . I he- F i r s t  n e - t I n  ~f cc i’. to e-xami s ie ’ su b- netw usrks within the larger samples , grouping
the sub ’ m r u ’ m ws u r . m  m i t - s  ) .i sses ~ t s t h a t  t l s e - i r  f requency of occurrence could be compared with

e- ’ i - ~ uI I n s -q su s ’nck-’. in ti ps ml ,  uguu, alls r ,mnndu ,m psspu lations . The sees snsd method examined individual
f o r k s  us k nig m t  thu  r f re -quenc c - - t  usee s urrenc e as a func t ion  sf magnitude , then as a function s f  type ,
and fi n a l l s i s _ I  tu rns  us _ urn u s ’ c pu - and m m m .m gis i is ud e ’ ,

Sm j h- n i t ’ t w , s r k .

\ l l  , uh- n ic n cc s u m  b, -. . c n i g i r i g  un s i / u ’ trom magnitude -t to magnitude 10 within the two samples were
c\ ,in ln ned, .\i ‘ I ns  nr ,ig m ~~~ I ( ccc l , the- networ ks w e r e ’ grouped into individual TDCN and right-
he ’ll e i , u s ” e ’s , \ h C m i  5 nl ’s,s) nr u nude ’s , I c bs i - Ic ) I c l.isse’s , a m b i l atera l classes , and stream numbers formed
ii n s _ bases ts  ii gr s us i ~m m ng , Inn ,ilI e a se ’s , t he i Use r ccc l  f requencies s f  occurrence were compared with
th u use s - spec tee ! in a t m -  I ug eal l y  random population, Interpretat io n of the results from the Triassic
str c ’ a n m ns ‘qu ite -  ‘ p ie , the - hu5pot t i es is that these samp les were drawn from a tnpologically random
po pol.uts u urn can he .ucus ’ p t s ’d at the 0,05 level except in the one case in which an excessive number of
m .u gnsi nile- 10 streams havc’ the si re ’,nm numbers (10 , 2, 1 ). Considering the number of tests , this

s O t  ii s i t s ’ s onls .u sm .ill deviation , and the general conclusion that the-se sample -s were drawn from
a i s  s p s u l u u g s e , m l l c  r ,indunt population is iust if ie-d ,

Ap p .iru ’r r t g e s u h u s g i e  cs nntr ols are discernible in the topological characteri stics of the contiguous-
se - cern s , u in lm) u ii ices en , the~ are su btle and appear to affect only the smallest streams , i.e. the-
rmn ,mg s I n Li fe - I n e t  cs u ur Ks , w here there is a preferent ia l  deve luspment of tribu u .ir ie-s entering from the
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sante side’ . Ibis c- S ee ’s’, us n i -  ci i s i s  i u s i c s ’ d  inn those n s e ’ t c s s s n  ks ccl u icc ’ dire ct umu n of f l ow is pa rall e- l

tsm the regional s i mm Ke , in s f i e a t inn g .m prefere n tial du.’vc ’ I m uprise-lit of tr ibut a ries , re late ’ d to the’ dip dire -c ’
lion. Surprising ly s’ n l ss i i ’ c b u , a c in o m lar t e nsd e -n ic c is n s u i  apparent m i  u s e  magnitude-S networks , a lthu s ug b i
the’ s,nj lle’r sample- s i j s ’ l imits the detj ib sub ‘ ,tocI~ . s n ’ . leads to caution in asc n ihin g ge su l s s g m i . e u m n i n s u l s

.i’, a causal nsechanisni . I rum nuagnitude S t u m  magnitude - 10 , all tests ind icate - no reason to re -b eet the’
bsy pot hesis that the- sample -s could t r a ce  bee-ni di awn Ii uini t u m pu .s lusgi e al l ’y r ,u nn dons populations . ‘I hus ,
the- general cusne lusi um n is that , ces t h the e s c e i s t  i s  sr ~ s u b  ns sa gnut udt ,’- 4 nie -twor ks , t h e -  tupologmeall ~ ran-
du nn model pm su e  ides t i re he-st ex pl ansa t im m n ( s u n  the- s s b m s e ’n c a t s ’  sic .

Links

.-\ni aly sic S uf the l in  K structure - of mrs t ic s un 5,s pr- sc ide - ’. c)os ts -  a d i f ferent  niieans of is ’ es-snig topolug ic~il
c haracter ist ics . In this stud s , ans .u lc c m ’ , of l i n k  t re ’ qsn -n ’ne icc as ,i functi o n 1 is pc and magnitude- has
resea led departures from the s -sp ec l i t  i s  urn ’ ,  s u f  topolog ical ran domn ess that can be- related to ge uds sg i ’
ca l controls .

Ihe- c s n i i g us ss s -s s ’ c u - m n  c hannel n e t w s u r k s  hase a classical trell is drainage pattern. ~la t s s r  channc’ls
arc a ppr s mx imate is pa rabl e- I to e’.ie h s s n b n e n  ,um rd f l us w aIming tht- str ike directin .in. [his particular ge ’ s uri ne’
i n S puts a const ra int on tr ibutary deceloprne-nt , hu th in the forn uut i s e stage of the - networks and in
later adjustments . The paralle lisns of the main channels and more resista nt inter cc ’ nu ing su c K ’ ,  l imits
t I-ne 5~/e’ to which in hutary channel netwu s rks can expand , Thus one can expect t s s  f ind an exce s s  u s f

links in some- particular magnitude - range depending upon the spacing of master channels , and a
(fe - f ic i e ne 5 through seime higher magnitude range, when compared wit h the expected frequencies ol
a topologicallv random netw ork.

Interior and exterior links form the basic subdivision of links by type. lb ice ~‘5 h - i , in the see t i m n
Link Probabilities (p. 26) both interior and exterior types were further subdivided. The interior-l ink
tc pe s can be thought of in terms of their relationship to channel sequences. A channel sequence is
term inated downstream with a T- l ink when it meets an equal- or higher-magnitude sequence , and
upstream with a B-link; a link bifurcate -s into two links of equal magnitude. Al l  the intervening
links constitute CT- l inks,  A TB-l in k is a channel sequenc e of one link , Thus, for e’ach I-link , t he- re-
ex ists csae i lv  one B-link and zero or more CT-links. I sur f i n i te  sur in f in i te topolog icall s , ran dom net-
wor ks, the expected numbers of each tc pe ’ can he specified. It geolog ical controls mc isce l c  l imit
random gre wth , i.e. force - de-ve lmmpment of small n etworks , t hen an excess of T- and B-links , and a
deficiency s s f CT-links , can be expected ,

The frequency distribution of link magnitudes observed in the cusntiguous -se ’c u ’n an d Ti ia s ssc
streams were co mpared with the expected frequencies assuming both sample -s were drawn i r s un is an
infinite topologically random population. Using a chi-squ.ure goodness-of-fit test , t here was no re-a-
son to reject the hypothesis at the 0,05 level for the Triassic s,smp le’. The hypothesis was re jected
for the conti guous-seven samp le where an excess of magnitude-2 and -3 f inks , and a dearth of
magnitude-S through -9 links , largel y caused the rejection ,

The frequency distribution of link types in both samples was cu mpared and tested in the same
manner as above with similar results; the Triassic sample- could l ide e ’ be-en drawn from a t s s ~nu s l i sg ica l l ~
random population; and the contiguous-seven improbably s ’ s . I urther tes t unn g of the- conti guous-
seven sample showed that neither the interior-link types nor the c ’x te r i ss r - l i nk  t c pes , w hen consider-
ed separatel y, occurred with the frequencies expected if drawn from a nsu p s s hs s g r c . m I ) c  random popula-
t ion. Greater than expected frequencies occur in the T , B and TB e~it e-gmn is ’s ( th s use - links which
terminate channel sequences), and a deficiency of CT-links , implying an organi/ation made up of
greater than expected short channel sequences ,
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Us, cmm nsh ini nig the lre que t nc is -s mut  link ts , pe and link magnitude for comparison with e-xp e-eted
l s s -qu ens c ie’s , ,m fa in Is ,- pums s e’rtul t us um l i~ asa ilable or de tect ion of the i ietwoi k stnuctur c .  As in previous
stat ist ical te sts , the’ c s is t i gucuus-s evc nn rse tw ur ks can be’ re-l ecte d .us having be-en drawn f rom a
topo lemgiea ll s , random population . I able ’ X \ I .\ me - s ea ls  in detai l  where the maion departures 5 uccun

I . An cxci ’’,’, ol magnitude-I to -5 T- l inks , i t ’ . s hss n t c h , mu une - l sc’quc-nces .

2 . -\ els ) c ie n ics su b ( . 1- l inks ( t r i m s  ,cn ud ci sh tbsnuiu g h m agnitude’ 8.

.\t niag initude ’ s gu e s t e r  than 10 , l , m n gi- dep.in ton c-s tn uun i e :.peeteef f req uencies also occur but , he-
c aUse ’ s u f  t ile’ nsa tore sf the - sample , c’ - connp let t ’ ne t cc 5 sn Ks i ,ithe- r than .s random samp le- , less signifi’
cansee can he- ,s t tri huted t in t t s s  us e de’pan tune - s . I he signit icance of i tem 1 above - is that geological fac-
tors are - .cc t ing as a partial cons t ra in t  ‘in nc’ t ’ c m , r k  g nu ,wt h, limiting the potent ial expansion of networKs
tr ihutar s , to the- master streams , t hus result ng in ,m mueni barge - n number of relat ive - Is , small complete
ne two r Ks than ec u ur i l d  5 s e - c u r  ii a tes p’ ilmig uca~l~ m . t t u s f m m m n r  n m e ’ t w s  u k ,

In contrast Is , the cm s n t i guou~-se ’ecn , the m nI ,jssi c str e ’ an ss appeal i s u  re- present a topulogical ly ran-
dom population .

ihe classi f icat ion of link type -s w,i’, based st i le - i s ,  on ti ne ’ numerical relationships of each link with
its adjoining links at the upstream and d ms c em r ’ , t ream lunctio nis , [he- mean lengths eif each link type
and their length-frequenc y distrihuti sun c 55 cr  5’ analyzed to determine whether t s , pe differences were
a lso reflected in length differences. The results were ss umc-wha t ambi guous in that separate - length
populations did not appear to be- present for each link is, pe , while , at t he same time , the hypothesis
that the indic idual samples were dnawn from a cssmniu ,n link-length populatksn could he rejected.
The similarity in the trend of mean link length as a function of type , shown by both the Iriassie
and conti guous-seven samp le-s (Fi g. 17), suggests a correlation between link type and link length.

To summarize , the infinite - topologically random model of channel networks serves as a compara-
t ive base for interpreting topological properties of re-al channel networks , As a predictor , it is re-
markabl y accurate , to the extent that even a network with strong geologic controls , suc h as the
cont iguous-se ven sample-, shows only subtle departures from topological randomness.
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APPENDIX A . STATISTICAL DATA FOR THE CONTIGUOUS -SEVEN
AND TRIASSIC CHANNEL NETWORKS

tjuj qost imuJu - Link type Number Mean length (feet)

l i e  k Runn 11 7 frans 34 734
(~i s 31 785
T 15 867
B 15 456
TB 21 958
S 66 743
[5 51 930

B.srton I lu u ll uw 102 Trans 33 435
Cis 23 525
T 1 2 741
B 12 787
TB 20 748
S 56 744
TS 46 970

\‘~i l ls cc u t,uns 380 Trans 117 561
Cis 81 779
T 63 1055
B 63 722
TB 55 724
S 218 588
TS 162 925

( s e - su rg e’ Creek 246 Trans 76 530
Cis 60 633
T 38 74 2
B 38 603
TB 33 73 5
S 126 610
TS 120 800

luscars a ra l ast 385 Trans 93 556
Cis 113 635
T 68 831
B (sb’s 409
TB 41 64 5
S 200 482
15 185 700

Tuscarora We -st 281 Trans 87 516
Cis 8 2 ‘Cbs

T 32 836
B 32 43 S
TB 47 787
S ISo 653
TS 13 1 827
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Stream Magnitude /.ink type Number tie-rn , Ie~iqih (feel)

Rhine’ s I is ‘I Isu c s 5 1 irans 15 363
Li’s 9 569
T 10 968
B 10 508
TB 6 540
S 28 613

15 23 786

(:ont igelous seven I’rans 4 55 544
Cis 401 682
1 238 880
B 238 553
T B 223 725
S 844 601
TS 718 827

Stony Brook 274 Trans 73 1095
Cis 78 1167
T 46 1875
B 46 1 113
TB 30 1356
5 142 1465
TS 132 1634

Neshaniic River 259 Trans 78 997
Cis 65 946
1 38 1025
B 38 885
TB 39 905
S 142 991
TS 117 1446

Tohickon Creek 311 Trans 89 1281
Cis 110 1914
1 35 2077
B 35 1376
TB 41 2574
S 148 1885

TS 163 2068
Triassic Trans 240 1132

Cis 253 1435
1 119 1663
8 119 1118
TB 110 1650
S 432 14 54
TS 412 1752
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