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CHAPTER I

INTRODUCTION

The Law o f  S tream  Numbers h as  been th e  s u b je c t  o f  in v e s t ig a ­

t io n  s in c e  i t s  fo rm u la tio n  by R obert E. H orton  in  1945. H orton  s ta t e d  

th e  law a s  fo llo w s : "The number o f  s tream s o f  d i f f e r e n t  o rd e rs  in  a

g iv e n  d ra in a g e  b a s in  te n d  c lo s e ly  to  ap p rox im ate  an  in v e rs e  g eo m etric  

s e r i e s  in  w hich th e  f i r s t  te rm  i s  u n i ty  and th e  r a t i o  i s  th e  b i f u r c a ­

t i o n  r a t i o . G e o m o r p h i c  s ig n i f ic a n c e  o f th e  law d e r iv e s  from  i t s  

u n iq u en ess  in  th a t  i t  i s  th e  o n ly  one o f  H o r to n 's  fo u r  laws concerned  

e n t i r e l y  w ith  a to p o lo g ic a l  c h a r a c t e r i s t i c  o f  d ra in a g e  b a s in s .^

A n a ly s is  o f  to p o lo g ic a l^  c h a r a c t e r i s t i c s  o f  f l u v i a l  system s 

p e rm its  s tu d y  o f th e  b a s ic  s t r u c t u r e  and in te rc o n n e c te d n e s s  o f  f l u v i a l  

system s as  p a r t  o f  th e  la n d sca p e  e n v e lo p e ,^  and p e rm its  th e  s tu d y  o f

^R obert E. H orton , " E ro s io n a l Development o f S tream s and t h e i r  
D rainage B a s in s—H y d ro p h y sica l Approach to  Q u a n t i ta t iv e  M orphology," 
G eo lo g ica l S o c ie ty  o f  Am erica B u l l e t i n . LVI (M arch, 1945), 291. (H ere­
i n a f t e r  r e f e r r e d  to  as  " E ro s io n a l  D evelopm ent.")

O
A drian  E. S ch e id eg g er, " H o r to n 's  Law o f S tream  N um bers,"

W ater R esources R esearch . IV (Ju n e , 1968), 656.

^Topology i s  d e f in e d  " .  . . a s  th e  s tu d y  o f  i n t r i n s i c  q u a l i t a ­
t i v e  p r o p e r t i e s  o f  s e t s  o f  p o in t s . "  A s e t  d en o te s  a c o l l e c t io n  o f 
o b je c ts  and a p o in t  r e f e r s  to  a member o f a s e t ;  see  Maynard J .  Mans­
f i e l d ,  I n t ro d u c t io n  to  Topology (New York: D. Van N ostrand  Company,
1963), pp. 1 -2 .

^Landscape enve lo p e  i s  d e f in e d  as  th e  s u r fa c e  o f  th e  e a r th  
where th e  a tm osphere , h y d ro sp h ere  and l i th o s p h e re  im pinge and i n t e r a c t ;



f l u v i a l  system s w ith in  th e  fram ework o f  g e n e ra l  system s th e o ry .^  Thus 

by to p o lo g ic  tr a n s fo rm a tio n  ( t h a t  i s ,  red u c in g  d ra in a g e  system s to  

o rd e r  and freq u en cy  o f s tream s p e r  o rd e r)  i t  i s  p o s s ib le  (1 ) to  a n a ­

ly z e  th e  h i e r a r c h i c a l  s t r u c t u r e  o f  d ra in a g e  sy stem s, (2 ) to  compare 

d ra in a g e  system s to  o th e r  system s such  as  b io l o g ic a l  and u rb an  s y s ­

tem s, and (3) to  d ev e lo p  m odels r e l a t i n g  to  th e  o r ig in  and s t r u c t u r e  

o f  f l u v i a l  sy stem s.

S tream  C la s s i f i c a t i o n  

U nderly ing  th e  law o f  s tream  numbers i s  th e  method o f s tream  

(ch an n e l)  c l a s s i f i c a t i o n .  H orton  p roposed  a method o f  c l a s s i f i c a t i o n  

by w hich th e  ch an n e ls  in  a f l u v i a l  system  a re  a rra n g e d  in  a h ie ra r c h y  

in  w hich th e  tru n k  s tream  assum es h ig h e s t  o rd e r .  S tream s th a t  re c e iv e  

no t r i b u t a r i e s  a r e  a s s ig n e d  to  th e  lo w est o rd e r  in  th e  h ie ra r c h y  and 

a re  d e s ig n a te d  f i r s t  o rd e r .  The tru n k  s tream  and each  p a re n t  s tream  

a re  ex tended  to  th e  head o f  th e  system  (F ig u re  1 ) . When two t r i b u t a r ­

ie s  jo in ,  th e  p a re n t s tream  i s  d e f in e d  as  th e  s tre a m  t h a t  m ost c lo s e ly  

p a r a l l e l s  th e  tru n k  s tream  o r  i f  b o th  have th e  same a n g le  th e  lo n g e r 

o f  th e  two t r i b u t a r i e s  assum es h ig h e r  o rd e r .^

see  S. V. K a le sn ik , "G en era l G eographic R e g u la r i t i e s  o f  th e  E a r th ,"  
A nnals o f  th e  A ss o c ia t io n  o f  American G eographers. LIV (March, 1964), 
160.

^David H arvey, E x p la n a tio n s  in  Geography (London: Edward
A rnold , 1969), pp. 217-19 .

^H orton, " E ro s io n a l D evelopm ent," pp . 281-82 .
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CLASSIFICATION CLASSIFICATION

F ig . 1 . --H o rto n  and S t r a h le r  c l a s s i f i c a t i o n  system s



In  1952, S t r a h l e r  m o d ified  H o r to n 's  method o f  c l a s s i f i c a t i o n .  

A ccord ing  to  th e  S t r a h l e r  method a l l  f i n g e r t i p  t r i b u t a r i e s  a re  d e s ig ­

n a te d  f i r s t  o rd e r  and th e  ju n c t io n  o f  two e q u a l o rd e r  s tream s i n i t i ­

a t e s  a h ig h e r  o rd e r  s tre a m .^  The S t r a h l e r  method h as  two p rim ary  

ad v an tag es : (1 ) i t  i s  to p o lo g ic a l  in  th a t  i t  r e f e r s  o n ly  to  th e  .

in te rc o n n e c t io n s  o f  c h a n n e ls , n o t to  le n g th s ,  o r  o r i e n t a t i o n s  and

(2) i t  i s  l e s s  a r b i t r a r y  i n  t h a t  i t  can be d e r iv e d  from  co n ce p ts  o f 

c o m b in a tio n a l a n a ly s i s .  However, i t  has a d isa d v a n ta g e  in  t h a t  i t  

v io l a t e s  th e  d i s t r i b u t i v e  law b ecau se  i t  does n o t  p e rm it th e  ju n c t io n  

o f  low er o rd e r  segm ents to  in c re a s e  th e  o rd e r  o f  th e  m ain s tream  chan-
g

n e l .  Sm art, S h reve, S ch e id eg g er, and W oldenberg have p roposed  o th e r  

m ethods o f  c l a s s i f i c a t i o n ,  b u t th e  S t r a h l e r  method rem ains in  common
Q

use and i s  th e  method used  in  th e  m odels to  be d is c u s s e d  in  t h i s  d i s ­

s e r t a t i o n .  A n a ly s is  o f  r e s u l t s  o b ta in e d  from  b a s in s  c l a s s i f i e d  by th e  

H orton and S t r a h l e r  method has shown t h a t  when e i t h e r  method i s  used  

th e re  i s  a s im i la r  e x p o n e n tia l  r e l a t i o n s h ip  betw een th e  number o f  

s tream  c h a n n e ls  p e r  o rd e r  and s tream  o rd e r .

^ A rth u r N. S t r a h l e r ,  "H ypsom etric  (A re a -A lti tu d e )  A n a ly s is  o f  
E ro s io n a l  T opography ," G e o lo g ic a l S o c ie ty  o f  America B u l l e t i n .  L X III 
(November, 1952), 1120. (H e r e in a f te r  r e f e r r e d  to  a s  "H ypsom etric  
A n a ly s is ." )

O
° P e te r  H aggett and R ich ard  J .  C ho rley , Network A n a ly s is  in  

Geography (New York: S t .  M a r t in 's  P re s s ,  1970), pp. 14 -15 .

^ I b i d . .  p . 12.

l^Luna B. L eopold , M. Gordon Wolman, and John P . M i l le r ,  F lu ­
v i a l  P ro c e sse s  in  Geomorphology (San F ra n c is c o ; W. H. Freeman and 
Company, 1964), p . 135. (H e r e in a f te r  r e f e r r e d  to  as F lu v ia l  
P ro c e s s e s .)



M odels

C o n tro v e rsy  h as  developed  a s  m odels have been proposed  o

s im u la te  th e  r e l a t i o n s h ip  betw een th e  number o f  s tream  ch an n e ls  p e r

11 12o rd e r  and th e  b i f u r c a t io n  r a t i o .  Leopold and L angbein , Shreve, 

S ch e id eg g e r,^ ^  and Sm art^^ have employed p r o b a b i l i t y  m odels from  w hich 

th e y  in f e r  t h a t  th e  r e l a t i o n s h ip  o f th e  number o f s tream  ch an n e ls  to  

o rd e r  can be r e p l i c a t e d  by a s to c h a s t i c  p ro c e s s .  R e s u lts  o b ta in e d  

from  t h i s  ap p ro ach  compare fa v o ra b ly  w ith  f i e l d  d a ta ,  and a s  a co n se ­

quence r e s e a r c h e r s  have p o s tu la te d  t h a t  H o r to n 's  law i s  n o t a law in  

th e  p h y s ic a l  sen se  b u t r e p re s e n ts  a s t a t i s t i c a l  r e l a t io n s h ip .^ ^  

I n t e r p r e t a t i o n  o f  th e  s ig n i f ic a n c e  o f b i f u r c a t io n  r a t i o s  

d e r iv e d  from  s to c h a s t i c  m odels has  proven  d i f f i c u l t .  H orton  s t a t e s :  

"The b i f u r c a t io n  r a t i o  ran g es  from  ab o u t 2 f o r  f l a t  o r  r o l l i n g  d r a in ­

age b a s in s  up to  3 o r  4 f o r  m ountainous o r  h ig h ly  d is s e c te d  d ra in a g e

l^ U .S .,  D epartm ent o f  I n t e r i o r ,  G eo lo g ica l Survey, The Concept 
o f  E n tropy  in  L andscape E v o lu tio n , by Luna B. Leopold and W alte r B. 
L angbein , U n ited  S ta te s  G e o lo g ic a l Survey P ro fe s s io n a l  P aper 500-A 
(W ashington, D .C .: Government P r in t in g  O f f ic e ,  1962), pp . A1-A20.
( H e re in a f te r  r e f e r r e d  to  a s  Concept o f  E n tro p y .)

l^R onald  L . S hreve, " S t a t i s t i c a l  Law o f  S tream  N um bers," 
J o u rn a l o f  Geology. LXIV (Ja n u a ry , 1966), 17-37 .

^ ^ S ch e id eg g er, " H o r to n 's  Law o f  S tream  N um bers," pp . 655-58 .

l ^ J .  S. Sm art, "T o p o lo g ic  P r o p e r t i e s  o f  Channel N etw orks,"  
G eo lo g ica l S o c ie ty  o f  America B u l l e t i n . LXXX (Septem ber, 1969), 1757- 
74. ( H e r e in a f te r  r e f e r r e d  to  a s  "T o p o lo g ic  P r o p e r t i e s , " )

L. Bowden and J .  R. W allace , " E f f e c t  o f  S tream -O rdering  
Technique on H o r to n 's  Laws o f  D rainage C om p o sitio n ,"  G eo lo g ica l S o c i­
e ty  o f  America B u l l e t i n .  LXXV (A ugust, 1964), 769.



b a s i n s . B i f u r c a t i o n  r a t i o s  produced by s to c h a s t i c  m odels g e n e ra l ly

ran g e  from  2 to  4 w h ile  ap p ro x im atin g  3 .5 .^ ^  These r e s u l t s  ag re e  w ith

18av erag e  b i f u r c a t io n  r a t i o s  o f  o b served  f l u v i a l  sy stem s. However,

la c k  o f f l e x i b i l i t y  in  th e  b i f u r c a t io n  r a t i o  betw een o rd e rs  in  f l u v i a l

system s has posed d i f f i c u l t i e s  when model d a ta  a r e  compared w ith

observed  d a ta .  In  n a tu r a l  f l u v i a l  sy stem s, betw een o rd e r  b i f u r c a t io n

19r a t i o s  f r e q u e n t ly  d e v ia te  from  th e  mean f o r  th e  system ; a s  a co n se­

quence, th e  H o rto n ian  s t r u c t u r e  o f  f l u v i a l  system s h as  been  q u e s tio n e d . 

Based on h i s  graph ensem ble model, S ch e id eg g er co n c lu d es : (1) th a t

r i v e r  n e ts  a re  to p o lo g ic a l ly  b i f u r c a t in g  a rb o re s c e n c e s ; (2) t h a t  i f  

n a tu re  o p e ra te s  a t  random a l l  p o s s ib le  a rb o re s c e n c e s  a r e  p ro b a b le ; and 

(3) th a t  th e re  i s  no n e c e s s i ty  to  view  f l u v i a l  system s a s  s t r u c t u r a l l y
O  A

H o rto n ia n . He d e f in e s  a s t r u c t u r a l l y  H o rto n ian  system  as  one in  

w hich on th e  av e rag e  co n flu e n ce  o f  two f i r s t  o rd e r  s tream s forms a

^^H orton, " E ro s io n a l D evelopm ent," p . 290.

l^M ichae l J .  W oldenberg, " S p a t ia l  O rder in  F lu v ia l  System s: 
H o r to n 's  Laws D erived  from Mixed H exagonal H ie ra rc h ie s  o f  D rainage 
B asin  A re a s ,"  G eo lo g ica l S o c ie ty  o f  Am erica B u l l e t i n .  LXXX (Ja n u a ry , 
1969), 104. (H e re in a f te r  r e f e r r e d  to  a s  " S p a t i a l  O rder in  F lu v ia l  
S ystem s,"  1969.)

l^L eopo ld , Wolman, and M il le r ,  F lu v ia l  P ro c e s se s , p . 138.

l^M ichae l J .  W oldenberg, " S p a t ia l  O rder in  F lu v ia l  System s: 
H o r to n 's  Laws D erived  from Mixed H exagonal H ie ra rc h ie s  o f  D rainage 
B as in  A re a s ,"  H arvard  P apers  in  T h e o re t ic a l  Geography. No. 13 (O ff ic e  
o f  N aval R esearch  Tech. R ep o rt, P r o j .  N.R. 389-147, H arvard  U n iver­
s i t y ,  1968), p . 38. (H e re in a f te r  r e f e r r e d  to  a s  " S p a t ia l  O rder in  
F lu v ia l  S ystem s,"  1968.)

20 S ch e id eg g er, " H o rto n 's  Law o f  S tream  N um bers," p . 657.



second o rd e r  s tream , and th u s  th ro u g h  t h i s  p ro c e ss  th e  system  grows

21 22a c c o rd in g  to  th e  b i f u r c a t io n  r a t i o .  ’

In  c o n t r a s t  to  th e  s to c h a s t i c  ap p ro a c h e s , W oldenberg p roposed  

t h a t  a d e te r m in i s t i c  model, th e  co n v erg en t mean m odel, o r i g i n a l l y  

developed  by him a s  an  e q u il ib r iu m  model f o r  u rb an  sy stem s, was a p p l i ­

c a b le  to  f l u v i a l  sy stem s. He c i t e s  th r e e  m ajo r ad v an tag es  o f  h is  

m odel: (1 ) i t  i s  p re d ic a te d  on th e  a ssu m p tio n  t h a t  a f l u v i a l  system

i s  composed o f a b a s in  o f  h ig h e s t  o rd e r  and s u b s e ts  o f  low er o rd e r  

b a s in s ;  (2 ) i t  r e f l e c t s  a grow th p ro c e s s  ( a l l o m e t r ic  g ro w th ); and

(3) i t  a llo w s f o r  f l e x i b i l i t y  in  th e  b i f u r c a t io n  r a t i o  betw een o rd e rs  

in  th e  system . Com parison o f h i s  model to  o b se rv ed  f l u v i a l  system s 

h as  shown a goodness o f  f i t  t h a t  in d ic a te s  f u r t h e r  c o n s id e ra t io n  o f 

th e  d e t e r m in i s t i c  approach  i s  j u s t i f i e d .

R esearch  Problem  

The problem  i s o la t e d  f o r  in v e s t ig a t io n  i s  a s  fo llo w s : What

e f f e c t  do l i t h o s t r a t i g r a p h i c  u n i t s  in  th e  w e s te rn  p o r t io n  o f  th e  West 

G ulf C o a s ta l P la in  and th e  e a s te r n  p o r t io n  o f  th e  C e n tra l  Texas s e c ­

t i o n  o f  th e  G rea t P la in s  have on th e  acc u racy  w ith  w hich th e

2^ I b id . . p . 656.

Z^The te rm  H o rto n ian  s t r u c t u r e  was n o t d e f in e d  by H orton , b u t 
has  been  in f e r r e d  from  h i s  d is c u s s io n  o f  b i f u r c a t i o n .  F o r an  exam ple 
o f  u sage o f  th e  te rm  see  i b i d . .  p . 657.

^ % o ld e n b e rg , " S p a t ia l  O rder in  F lu v ia l  S ystem s,"  1968, 
pp. 35 -36 .



co n v erg e n t mean m odel^^ p r e d ic t s  th e  number o f  s tre a m s  (b a s in  a re a s )  

p e r  o rd e r?

S ig n if ic a n c e  o f  R esearch  Problem

L ith o lo g y

The in f lu e n c e  o f  l i th o lo g y  on th e  p r e d ic t iv e  a c c u ra c y  o f  th e  

model has n o t been d e te rm in e d  a l th o u g h  W oldenberg i n f e r s  t h a t  one o f  

th e  r e s t r a i n t s  o f  th e  model sh o u ld  be a re a s  o f homogeneous l i th o lo g y .  

He s t a t e s  t h a t  " . . .  th e  number o f  d ra in a g e  b a s in s  in  a f l u v i a l  s y s ­

tem developed  on a homogeneous s u r f a c e  i s  p r e d ic ta b le  o r  e x p la in -  

25a b l e ."  He f u r th e r  n o te s  t h a t  " th e  model a g re e s  w ith  e m p ir ic a l  d a ta  

in  c a se s  w here th e  lan d  s u r f a c e  i s  re a so n a b ly  u n ifo rm  w ith  re g a rd  to  

l i th o lo g y  and s t r u c t u r e . H o w e v e r ,  he does n o t a t te m p t to  i s o l a t e  

th e  in f lu e n c e  o f l i th o lo g y  from t h a t  o f  s t r u c t u r e ,  n o r  does he d e f in e  

th e  te rm  re a so n a b ly  u n ifo rm .

I s o l a t i o n  o f  th e  in f lu e n c e  o f  l i th o lo g y  on th e  p r e d ic t iv e  a cc u ­

ra c y  o f  th e  model i s  c r i t i c a l  f o r  th e  fo llo w in g  re a s o n s : (1 ) l i t h o l ­

ogy i s  a s i g n i f i c a n t  v a r ia b le  in  landfo rm  e v o lu t io n ;  (2 ) e q u i l ib r iu m  

(q u a s i- e q u i l ib r iu m )  i s  a t t a i n a b l e  w ith in  a re a s  o f  d iv e r s e  l i t h o l o g i e s ;  

and (3) th e  model, an  e q u i l ib r iu m  model, i s  p o s tu la te d  to  p r e d ic t  th e

The te rm  co n v e rg e n t mean model r e f e r s  to  th e  d e te r m in i s t ic  
model developed  by W oldenberg to  p r e d ic t  th e  number o f  s tream s (b a s in  
a r e a s )  p e r  o rd e r  in  f l u v i a l  sy s tem s . D e r iv a t io n  o f  th e  model i s  d i s ­
cu ssed  on pages 2 7 -31 .

^ ^ o ld e n b e r g ,  " S p a t i a l  O rder in  F lu v ia l  S y stem s,"  1969, p . 97. 

ZGlbid.



number o f  s tream s p e r  o rd e r  f o r  f l u v i a l  system s i n  a r e a s  o f  homogene­

ous l i th o lo g y ,

L ith o lo g y  i s  a v a r ia b le  in  lan d fo rm  e v o lu t io n  in  t h a t  l i t h o l ­

ogy, a s  w e ll  a s  s t r u c t u r e ,  in f lu e n c e s  th e  r e s i s t a n c e  o f  ro ck  to  th e  

g r a d a t io n a l  fo rc e s  o f  th e  e n v iro n m e n t.^ ^ ’ C o n seq u en tly , a s  ro ck  

w e a th e r in g  o ccu rs  w ith in  an  a r e a  d i f f e r e n c e s  in  l i th o lo g y  may be 

r e f l e c t e d  i n  la n d fo rm s. These d i f f e r e n c e s  may p e r s i s t  even  though an

e q u i l ib r iu m  (b a la n c e )  betw een th e  f o r c e s  o f  e ro s io n  and th e  r e s i s t a n c e

29o f  th e  ro ck  to  e ro s io n  has been  a t t a i n e d .  E q u ilib r iu m  n e i th e r  

r e q u ir e s  homogeneous l i th o lo g y  n o r  p re c lu d e s  th e  e x is te n c e  o f  form 

d i f f e r e n c e s .  E q u ilib r iu m  h as  been  in f e r r e d  f o r  la rg e  a re a s  w i th in  th e  

A pp alach ian s  w here d i f f e r e n c e s  in  l i th o lo g y  o ccu r and w here th e se  d i f -
o n

fe re n c e s  a r e  r e f l e c t e d  in  th e  la n d fo rm s.

S ince  e q u i l ib r iu m  i s  p e rm itte d  f o r  a r e a s  o f  d iv e rs e  l i t h o l o ­

g ie s ,  and s in c e  th e  co n v erg en t mean model i s  p o s tu la te d  to  be an

31e q u i l ib r iu m  model, th e  r e s t r a i n t  o f  th e  model to  a re a s  o f  homogene­

ous l i th o lo g y  i s  q u e s tio n e d . I t  i s  in f e r r e d  th a t  th e  model sh o u ld  n o t

2 7 w illiam  D. Thornbury, P r in c ip le s  o f  Geomorphology (2d e d . ;  
New York: John W iley and Sons, I n c . ,  1969), p . 19.

2&Leopold, Wolman, and M il le r ,  F lu v ia l  P ro c e s s e s , pp . 97 -98 .

29 john  T. Hack, " I n t e r p r e t a t i o n  o f  E ro s io n a l  Topography in  
Humid Tem perate R eg io n s,"  A m erican J o u rn a l  o f  S c ie n c e . CCLVIII-A 
(B rad le y  Volume, i9 6 0 ) ,  81.

3° I b i d .

^^W oldenberg, " S p a t ia l  O rder in  F lu v ia l  S y stem s,"  1969, p . 103.
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be s i g n i f i c a n t l y  In f lu e n c e d  by d i f f e r e n c e s  In  l i th o lo g y  w ith in  a 

d ra in a g e  sy stem  I f  e q u i l ib r iu m  has been a t t a in e d  w ith in  th e  system . 

T hat I s ,  an  e q u i l ib r iu m  model sh o u ld  r e p l i c a t e  d ra in a g e  system s th a t  

a r e  In  e q u i l ib r iu m  r e g a r d le s s  o f  d i f f e r e n c e s  In  l i t h o l o g i e s .

L i th o s t r a t ig r a p h ic  U n its

In  t h i s  s tu d y  th e  In f lu e n c e  o f  l i th o lo g y  on th e  model w i l l  be 

a s s e s se d  a s  l i th o lo g y  I s  r e f l e c t e d  In  th e  l i t h o s t r a t i g r a p h i c  u n i t .  A 

l i t h o s t r a t i g r a p h i c  u n i t  I s  d e f in e d  as  a " u n i t  c o n s is t in g  o f  s t r a t i ­

f i e d ,  m arly  sed im en ta ry  ro ck s  grouped on th e  b a s i s  o f  l i t h o lo g i e

32r a th e r  th a n  b io lo g ic a l  c h a r a c t e r i s t i c s  o r  tim e v a lu e ."  I n  th e  s tu d y

a re a s  th e  land fo rm s have dev elo p ed  In  sed im en ta ry  ro ck s  w hich have

been  grouped In to  l i t h o s t r a t i g r a p h i c  u n i t s  In  acc o rd an ce  w ith  th e

"Code o f  S t r a t ig r a p h ie  N om enclature" o f  th e  A m erican Commission o f

33S t r a t ig r a p h ie  N om encla tu re . A lthough m ic ro sco p ic  l i t h o lo g i e  v a r i a ­

t io n s  may o c c u r  w ith in  th e  mapped u n i t s ,  s u f f i c i e n t  s i m i l a r i t y  e x i s t s  

w ith in  each  u n i t  to  j u s t i f y  I t s  c l a s s i f i c a t i o n  as  a d i s t i n c t  u n i t  

b ased  on l i t h o l o g i e  c h a r a c t e r i s t i c s .  T hat I s ,  each  u n i t  h a s  a d i s ­

t i n c t i v e  l i th o lo g y  and re c o g n iz a b le  b o u n d a rie s  t h a t  p e rm it d e l im i t in g  

I t  from  a d ja c e n t  u n i t s .

on
N a tio n a l Academy o f S c ie n c e s - -N a tio n a l  R esearch  C o u n c il, 

Supplem ent to  th e  G lo ssa ry  o f  Geology and R e la te d  S c ien ces  (2d e d . ;  
W ashington, D .C .: N a tio n a l Academy o f  S c ie n c e s , 1960), p . 38.

^^Am erlcan Commission on S t r a t ig r a p h ie  N om enclatu re, "Code o f  
S t r a t ig r a p h ie  N o m en cla tu re ,"  B u l l e t i n  o f th e  A m erican A s s o c ia t io n  o f  
P e tro leu m  G e o lo g is ts . XLV (May, 1961), 645-73 .

^^I b l d . , p . 649 .
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S ig n if ic a n c e  o f  th e  C onvergent Mean Model

The co n v erg en t mean model i s  u n ique  in  geom orphology in  t h a t  

i t  i s  s i tu a te d  betw een th e  t r a d i t i o n a l  d e te r m in i s t ic  e x p la n a tio n s  o f
O C

d ra in a g e  e v o lu t io n  and th e  s to c h a s t i c  m odels o f  S hreve, Sm art,

37 38Leopold and L angbein , and S ch e id eg g e r. The co n v erg en t mean model

n e i th e r  com plies e n t i r e l y  w ith  th e  d e f i n i t i o n  fo r  d e t e r m in i s t i c  m odels 

n o r  e n t i r e l y  w ith  th e  d e f i n i t i o n  f o r  s to c h a s t ic  m odels. A d e te rm in is ­

t i c  model i s  d e f in e d  a s  one in  w hich a g iv e n  ev en t can be co m p le te ly

39p re d ic te d  on th e  b a s is  o f  p re v io u s  e v e n ts .  In  c o n t r a s t ,  a s to c h a s ­

t i c  model i s  one in  w hich th e  r e l a t i o n s h ip  among v a r ia b le s  i s  n o t

40e x a c t ly  p r e d ic ta b le  b ecau se  o f a random com ponent. A random compo­

n e n t i s  d e f in e d  a s  " .  . . a n  e m p ir ic a l  phenomenon th a t  obeys p ro b a-

,.41b i l i s t i c ,  r a th e r  th a n  d e t e r m in i s t ic  la w s .'

3 5 sh rev e , " S t a t i s t i c a l  Law o f S tream  N um bers," pp. 17-37 .

Sm art, "T o p o lo g ic  P r o p e r t i e s , "  pp . 1757-74.

37'L eopo ld  and L angbein , C oncept o f  E n tro p y , pp . 11 -19 .

38A drian  E. S ch e id eg g er, " S to c h a s t ic  B ranching  P ro c e sse s  and 
th e  Law o f S tream  O rd e rs ,"  W ater R esou rces R esearch . I I  (Second Q uar­
t e r ,  1966), 199-203. ( H e re in a f te r  r e f e r r e d  to  a s  " S to c h a s t ic  B ranch­
in g  P ro c e s s e s ." )

39 R ich ard  J .  C horley  and B arb ara  A. Kennedy, P h y s ic a l Geog­
raphy ; A System s A pproach (Englewood C l i f f s ,  N. J . :  P r e n t ic e - H a l l ,
I n c . ,  1971), p . 185.

40ceorge S. Koch, J r .  and R ich ard  F . L ink , S t a t i s t i c a l  A naly ­
s i s  o f  G e o lo g ic a l D ata (New York: John W iley and Sons, I n c . ,  1970),
p . 19.

^^Emanuel P a rzen , S to c h a s t ic  P ro c e sse s  (San F ra n c is c o : H olden
Day, 1967), p . 7.
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The co n v erg en t mean model i s  based  on th e  g e n e ra l  h y p o th e s is :  

" th e  power f u n c t io n  r e l a t io n s h ip  in  r i v e r s ,  w hich have been  c a l le d  

a l lo m e t r ic  grow th , d e r iv e  from  ap p rox im ate  g eo m e tric  p ro g re s s io n s  in  

th e  s i z e  o f  h exagona l b a s i n s . T h e  model i s  somewhat d e t e r m in i s t i c  

in  t h a t  i t  assum es th a t  a grow th p ro c e s s ,  a l lo m e t r ic  grow th , o p e ra te s  

w ith in  f l u v i a l  system s and t h a t  t h i s  grow th p ro c e s s  o p e ra te s  w ith in  

th e  r e s t r a i n t s  o f  a hexagonal d e te rm in ism . However, th e  model does 

n o t f i t  th e  s t r i c t  d e f i n i t i o n  f o r  d e t e r m in i s t i c  m odels b ecau se  i t  con­

ta in s  a random com ponent.

A random component e n te r s  b o th  th e  c o n s t r u c t io n  o f  th e  model

and i t s  t h e o r e t i c a l  b a s e . The model i s  b ased  on a co n v e rg e n t mean

(g eo m e tric  mean + a r i th m e t ic  mean) w hich i s  th e  v a lu e  u sed  to  p r e d ic t  
2

th e  number o f  s tream s (b a s in  a re a s )  p e r  o rd e r .  The co n v erg e n t mean i s  

d e r iv e d  from a group o f  numbers s e le c te d  s e q u e n t i a l ly  from  g eo m etric  

p ro g re s s io n s  a t  th e  b a se s  th r e e ,  fo u r ,  and sev en . There i s  no l i m i t  

to  th e  number o f  in te g e r s  t h a t  may be chosen  from  th e se  p ro g re s s io n s  

p ro v id ed  in te g e r s  a r e  chosen  in  a scen d in g  o rd e r  and a r e  n o t r e p e a te d .  

Thus, th e re  i s  a d eg ree  o f  f l e x i b i l i t y  o r  random ness p e rm itte d  w ith in  

th e  l i m i t s  o f  th e  hex ag o n a l p ro g re s s io n s .^ ^

T h e o r e t ic a l ly  th e  model i s  b ased  on th e  assu m p tio n  th a t  d r a in ­

age b a s in s  a re  th e  p ro d u c t o f  a l lo m e t r ic  g row th . T hat i s ,  th e  s p e c i f i c  

grow th r a t e  o f  a  component p a r t  o f  th e  system  i s  a c o n s ta n t  f r a c t i o n

^^W oldenberg, " S p a t ia l  O rder in  F lu v ia l  S y stem s,"  1969, p . 109.

^ % o ld e n b e rg , " S p a t ia l  O rder in  F lu v ia l  S y s tem s,"  1968, 
pp. 4 -1 5 .
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o f  th e  s p e c i f i c  g row th  r a t e  o f  th e  w hole s y s t e m . W o l d e n b e r g  i n f e r s  

t h a t  th e  grow th p ro c e s s  may be a p r o b a b i l i s t i c  v e r s io n  o f  a l lo m e try ;  

he s t a t e s ,  " . . .  g row th  p r o b a b i l i t i e s  o f  e n t i t i e s  w i th in  th e  sy stem  

a r e  a random p ro p o r t io n  o f  th e  p re v io u s  v a lu e  o f  th e  e n t i t y  (law  o f 

p ro p o r t io n a te  e f f e c t ) . H e  a t t r i b u t e s  th e  random p ro p o r t io n  to  

" . . .  many f a c to r s  a c t in g  in  many w ay s."^^  W oldenberg p o s tu la te s  

t h a t  th e  co n v erg e n t mean model can e x p la in  random d e v ia t io n s  from  p e r ­

f e c t  g eo m e tric  p ro g re s s io n s  on th e  b a s i s  o f  th e  co n v erg e n t m ean.^^

The co n v erg en t mean model th u s  o f f e r s  an a l t e r n a t i v e  to  th e  

s to c h a s t i c  models o f L eopold  and L a n g b e i n , S h r e v e , ^9 S c h e id e g g e r ,^ ^  

and S m a r t . T h e i r  m odels a re  p re d ic a te d  on th e  a ssu m p tio n  t h a t  th e  

r e l a t i o n s h ip  betw een S t r a h l e r  s tream  segm ents and o rd e r  i s  a p r o b a b i l ­

i t y  fu n c t io n .  In  c o n t r a s t ,  th e  co n v e rg e n t mean model o f f e r s  a t h e o r e t ­

i c a l  s ta te m e n t o f  p r o b a b i l i t y  w ith in  th e  r e s t r a i n t  o f  an  u n d e r ly in g  

h exagona l d e te rm in ism . T h e re fo re , t e s t i n g  th e  v a l i d i t y  o f  th e  model

^^M ichael J .  W oldenberg and B ria n  J .  L. B e rry , "R iv e rs  and 
C e n tra l P la c e s ;  A nalogous System s?" J o u rn a l o f R eg io n a l S c ie n c e . V II 
(W in te r, 1967), 131.

4 5 lb i d . .  p . 132.

4&Woldenberg, " S p a t i a l  O rder in  F lu v ia l .  S y s tem s,"  1969, p . 104. 

4 ? I b id .

^^L eopold and L angbein , C oncept o f  E n tro p y , pp . 11-19 .

^ ^S h rev e , " S t a t i s t i c a l  Law o f S tream  N um bers," pp. 17-37 . 

^ ^ S ch e id eg g er, " S to c h a s t ic  B ranch ing  P ro c e s s e s ,"  pp. 199-203. 

^^Sm art, " T o p o lo g ic a l P r o p e r t i e s , "  pp. 1757-74.
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and th e  in f lu e n c e  o f  v a r ia b le s  such a s  l i th o lo g y  on th e  model i s  s i g ­

n i f i c a n t .  I f  th e  model i s  d em o n stra ted  to  be v a l id  i t  h as  p o t e n t i a l  

f o r  p a r t i a l  r e s o lu t io n  o f  th e  q u e s tio n  o f  random ness in  f l u v i a l  system  

to p o lo g y  a s  w e ll  a s  o f f e r in g  a p a r t i a l  e x p la n a t io n  f o r  th e  u n d e rly in g  

n a tu re  o f  f l u v i a l  developm ent.

S e le c t io n  o f S tudy S i te s  and 
D ata C o lle c t io n  P roced u re

A reas in  th e  w e s te rn  p o r t io n  o f  th e  West G u lf C o a s ta l P la in  

and e a s te r n  p o r t io n  o f  th e  C e n tra l  Texas s e c t io n  o f  th e  G rea t P la in s  

a re  s e le c te d  f o r  s tu d y  (F ig u re  2) b eca u se  th ey  m eet th e  fo llo w in g  c r i ­

t e r i a :  (1 ) l i t h o s t r a t i g r a p h i c  u n i t s  have s u f f i c i e n t  s u r f a c e  expo su res

to  p e rm it th e  developm ent o f  f i f t h  o rd e r  s tream s on a s in g le  l i t h o ­

s t r a t i g r a p h i c  u n i t ;  (2 ) e r o s io n a l  system s can be s e le c te d  w here s t r u c ­

t u r a l  c o n t ro ls  do n o t d i s tu r b  th e  norm al s t r a t i g r a p h i e  sequence o f  

fo rm a tio n s ; and (3) s tu d y  a re a s  a re  c l im a t i c a l l y  s im i la r .

W ith in  th e  s tu d y  a re a s  tw en ty -tw o  s e t s  o f  th r e e  f i f t h  o rd e r  

s tream  b a s in s  a r e  chosen  f o r  a n a ly s i s .  F i f t h  o rd e r  d ra in a g e  b a s in s  

a re  chosen  f o r  a n a ly s i s  b ecau se  b a s in s  o f  h ig h e r  o rd e r  a r e  u s u a l ly  

developed  on more th a n  one l i t h o s t r a t i g r a p h i c  u n i t  and b a s in s  o f  low er 

o rd e r  w ould l i m i t  th e  v a l i d i t y  o f  th e  s tu d y  by p ro v id in g  few er o rd e rs  

w ith  w hich to  compare th e  m odel. In  each  s e t  one f i f t h  o rd e r  d ra in a g e  

b a s in  i s  lo c a te d  on a s in g le  l i t h o s t r a t i g r a p h i c  u n i t ;  and a second 

f i f t h  o rd e r  d ra in a g e  b a s in  i s  lo c a te d  on an a d ja c e n t  l i t h o s t r a t i ­

g ra p h ic  u n i t ;  and a t h i r d  f i f t h  o rd e r  d ra in a g e  b a s in  i s  developed  on 

b o th  u n i t s  (F ig u re  3 ) .  S ig n if ic a n c e  o f  d i f f e r e n c e  betw een observed
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d a ta  and model d a ta  i s  t e s t e d  f o r  each  s e t  to  d e te rm in e  i f  model d a ta  

f i t  th e  d ra in a g e  b a s in s  developed  on a s in g le  l i t h o s t r a t i g r a p h i c  u n i t  

b e t t e r  th a n  th e  d ra in a g e  b a s in  developed  on two u n i t s .

D rainage ch an n e l d a ta  a r e  ta k e n  from  U n ited  S ta te s  G e o lo g ic a l 

Survey to p o g ra p h ic  maps a t  a s c a le  o f  1 :2 4 ,0 0 0 . D ra inage  ch an n e ls  

in d ic a te d  by b lu e  l i n e s  on th e s e  maps a re  ex ten d ed  to  in c lu d e  low er 

o rd e r  t r i b u t a r i e s .  T h is  i s  accom plished  by e x te n d in g  s tream s w here 

one c o n to u r  has an  i n f l e c t i o n  a n g le  o f  135° o r  l e s s  o r  where th r e e  

s u c c e s s iv e  con tours^Z  have in f l e c t i o n  a n g le s  o f  150° o r  l e s s  (F ig ­

u re  4 ) .  In  t h i s  s tu d y  a  c o n to u r " i n f l e c t i o n  a n g le  i s  d e f in e d  a s  th e  

an g le  a c o n to u r makes w ith  i t s e l f . T h e  method o f  e x te n d in g  chan­

n e ls  i s  a m o d if ic a t io n  o f  a method used  by LuBowe in  h e r  s tu d y  o f  

ju n c t io n  a n g l e s . T h e  m o d ified  method h e r e in  used  h as  been  t e s t e d  

in  th e  f i e l d  and found to  be v a l id .  Once d ra in a g e  ch an n e ls  a r e  id e n ­

t i f i e d ,  c l a s s i f i c a t i o n  i s  accom plished  by th e  S t r a h l e r  method o f 

c l a s s i f i c a t i o n . 55

S^The c o n to u r  i n t e r v a l  f o r  maps u sed  in  t h i s  s tu d y  i s  te n  f e e t .

55Joan  Kremer LuBowe, "S tream  J u n c tio n  A ngles in  th e  D e n d r i t ic  
D rainage P a t t e r n ,"  A m erican Jo u rn a l o f  S c ie n c e , CCLII (M arch, 1964), 
325-39 .

54ibid.
5 5 g c ra h le r ,  "H ypsom etric  A n a ly s is ,"  p . 1120.
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CHAPTER II

THE WOLDENBERG MODEL

The model to  be t e s t e d  In  t h i s  s tu d y  was o r i g i n a l l y  developed  

by M ichael W oldenberg a s  an  e q u i l ib r iu m  model to  p r e d ic t  th e  number o f 

com plem entary re g io n s  su rro u n d in g  c i t i e s  in  a c e n t r a l  p la c e  h ie ra r c h y .  

C o n c e p tu a lly  th e  model i s  b ased  on th e  c e n t r a l  p la c e  th e o ry  o f  W a lte r  

C h r i s t a l l e r  who p o s tu la te d  th a t  c i t i e s  ( c e n t r a l  p la c e s )  and t h e i r  com­

p lem en ta ry  re g io n s  on a homogeneous p la in  can  be a rra n g e d  in  a fu n c ­

t i o n a l  h ie ra r c h y .

C h r i s t a l l e r  Model 

In  th e  C h r i s t a l l e r  model a c e n t r a l  p la c e  i s  d e f in e d  a s  a fu n c ­

t i o n a l  c e n te r  ( c i t y )  w hich se rv e s  a com plem entary r e g io n  a r e a l l y  

la r g e r  th a n  i t s e l f . ^  The o rd e r  (ra n k ) o f  a c e n t r a l  p la c e  in  th e  

h ie ra rc h y  i s  d e te rm in ed  by th e  r e g io n a l  e x te n t  o f th e  c e n t r a l  fu n c ­

t i o n s  i t  p e rfo rm s . C h r i s t a l l e r  d e f in e d  c e n t r a l  fu n c tio n s  as  th o se  

goods and s e r v ic e s  t h a t  c e n t r a l  p la c e s  p ro v id e  t h e i r  su rro u n d in g  com­

p lem en ta ry  r e g io n s .  The boundary o f  com plem entary re g io n s  i s  d e t e r ­

mined p r im a r i ly  by th e  minimum (o r  th re s h o ld )  l e v e l  o f  demand n e c e ssa ry  

to  su p p o rt th e  c e n t r a l  p la c e .  Demand i s  p r im a r i ly  a fu n c tio n  o f

W a lte r  C h r i s t a l l e r ,  C e n tra l  P la c e s  in  S o u thern  Germany, 
t r a n s .  by C a r l i s l e  W. B ask in  (Englewood C l i f f s ,  N .J . :  P r e n t ic e - H a l l ,
I n c . ,  1966), pp . 16-17 .

19
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econom ic d is ta n c e  ( tim e  + c o s t )  from  th e  c e n t r a l  p la c e .  Those c e n t r a l

p la c e s  w hich have c e n t r a l  f u n c t io n s  th a t  e x ten d  to  on ly  th e  im m ediate

v i c i n i t y  a r e  d e s ig n a te d  a s  c e n t r a l  p la c e s  o f  low er o rd e r ,  w hereas

th o se  whose c e n t r a l  fu n c tio n s  ex ten d  o v er l a r g e r  re g io n s  a re  d e s ig -
2

n a te d  c e n t r a l  p la c e s  o f  h ig h e r  o rd e r .  L ik ew ise , com plem entary 

r e g io n s  o f  h ig h e r  o rd e r  c e n t r a l  p la c e s  a re  a s s ig n e d  h ig h e r  ran k  in  th e  

r e g io n a l  h ie ra r c h y  w h ile  com plem entary re g io n s  o f  low er o rd e r  c e n t r a l
3

p la c e s  a re  a s s ig n e d  low er o rd e r  in  th e  r e g io n a l  h ie ra r c h y .  Through­

o u t th e  h ie ra r c h y ,  th e  system  fu n c tio n s  by r e g io n a l  demands f o r  goods 

and s e rv ic e s  b e in g  s u p p lie d  by c e n t r a l  p la c e s  in  w hich s u rp lu s e s  a r e  

a v a i la b le  f o r  d i s t r i b u t i o n .  T h e re fo re , c e n t r a l  p la c e s  and t h e i r  com­

p lem en ta ry  re g io n s  form  fu n c t io n a l  u n i t s  in  w hich th e re  i s  an  e q u i­

l ib r iu m  among c e n t r a l  p la c e s  and t h e i r  com plem entary r e g io n s .^  

C h r i s t a l l e r  p o s tu la te d  t h a t  u n d er th e  r e s t r a i n t  o f  a homogeneous p la in  

w ith  eq u a l a c c e ss  in  a l l  d i r e c t io n s  th a t  c e n t r a l  p la c e s  o f s im i la r  

h i e r a r c h i c a l  p o s i t io n  w i l l  be e v en ly  d i s t r i b u t e d  and th a t  each  com ple­

m entary  re g io n  w i l l  be hex ag o n a l in  s h a p e .^

C h r i s t a l l e r  p o s tu la te d  t h a t  th e  h exagona l h ie r a r c h ie s  o f  cen ­

t r a l  p la c e  system s a r e  b ased  on g eo m e tric  p ro g re s s io n s  and em phasized 

th e  b a se s  th r e e ,  f o u r ,  and sev en . O th er b a se s  f o r  th e  p ro g re s s io n s

^ I b i d . ,  p . 17. 

3 l b i d . .  p . 21. 

^ I b i d . .  p . 22 . 

^ I b i d . .  p . 63.
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w ere in v e s t ig a te d ,  b u t  C h r i s t a l l e r  d em o n stra ted  from  h i s  work in  G er­

many th a t  th r e e ,  fo u r ,  and seven  w ere common. He f e l t  t h a t  th e  b ase  

th r e e  r e p re s e n te d  dominance o f  th e  m arket p r in c i p l e ,  fo u r  th e  t r a n s ­

p o r ta t io n  p r in c i p l e ,  and seven  th e  a d m in is t r a t iv e  p r in c i p l e .  The p a r ­

t i c u l a r  b a se  th e  p ro g re s s io n  fo llo w ed  was d e te rm in e d  by th e  dominance 

o f  one o f  th e  th r e e  p r i n c i p l e s .^  In  1950 C h r i s t a l l e r  su g g e s te d  m ixing 

h ie r a r c h ie s  o f th r e e ,  fo u r ,  and seven^ to  p ro v id e  a h iè ra rc h y  in  th o se  

a re a s  in  w hich each  o f  th e  th r e e  p r in c ip le s  i s  o p e r a t iv e .

Based on C h r i s t a l l e r 's  m odel, W oldenberg developed  a mixed 

h exagona l p ro g re s s io n  model to  p r e d ic t  th e  number o f  m arket a re a s  p e r  

h i e r a r c h i c a l  o rd e r  in  c e n t r a l  p la c e  sy stem s. W oldenberg t e s t e d  h is  

model u s in g  c i t i e s  in  N ig e r ia ,  Ghana, F in la n d  and d a ta  from C h r i s t a l ­

l e r ' s  1933 s tu d y  o f  th e  Munich a re a  o f  Germany. F o r th e  d a ta  ana-
Q

ly z ed , th e  model p ro v id ed  a s ig n i f i c a n t  f i t .

The Hexagon

Use of the hexagon in central place theory is based on the 

geometric characteristics of the hexagon. It is the most economical

* I b id . .  pp. 66, 68, 73, 79.

^M ichael J .  W oldenberg, " S p a t ia l  O rder in  F lu v ia l  System s: 
H o r to n 's  Laws D erived  from Mixed H exagonal H ie ra rc h ie s  o f  D rainage 
B asin  A re a s ,"  H arvard  P ap ers  in  T h e o re t ic a l  Geography. No. 13 (O ff ic e  
o f  N aval R esearch  T ech. R ep o rt, P r o j .  N .R. 389-147, H arvard  U n iv e r­
s i t y ,  1968), p . 10. ( H e re in a f te r  r e f e r r e d  to  a s  " S p a t ia l  O rder in  
F lu v ia l  S y stem s,"  1968 .)

^M ichael J .  W oldenberg, "E nergy Flow and S p a t i a l  O rd e r,"  
G eo g rap h ica l Review. L V III (O c to b er, 1968), 552-74 .
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û
polygon t h a t  f i l l s  a l l  space in  a two d im en s io n a l B ra v a is  l a t t i c e .  A 

B rav a is  l a t t i c e  i s  by d e f i n i t i o n  " a  p a r a l l e l  n e t - l i k e  arrangem ent o f 

p o in ts  . . .10  [ in  w hich] th e  l a t t i c e  p o in ts  obey th e  l a t t i c e  co n d i­

t i o n  th a t  ev e ry  p o in t  s h a l l  have th e  same env ironm ent in  th e  same o r i ­

e n ta t io n ." ^ ^  T here a r e  f iv e  B ra v a is  p o in t  l a t t i c e s  w hich when 

re p e a te d  o v er space  produce space  f i l l i n g  se q u e n c e s . They a re  th e

p a ra lle lo g ra m , p r im it iv e  r e c ta n g le ,  c e n te re d  r e c ta n g le ,  sq u a re , and

1 9hexagon (F ig u re  5 ) .  Of th e se  f iv e  po lygons th e  hexagon i s  th e  most

13compact and most c lo s e ly  ap p roaches a c i r c l e .  The c i r c l e  i s  th e  

most econom ical r e g u la r  po lygon in  te rras o f  (1 ) a c c e s s i b i l i t y  from  th e  

c e n te r  and (2) economy o f p e r im e te r .  However, th e  c i r c l e  w i l l  n o t 

f i l l  a l l  space w ith o u t o v e r la p p in g . The r e g u la r  polygon th a t  most 

c lo s e ly  approaches a c i r c l e  in  te rm s o f  p e r im e te r  and a c c e s s i b i l i t y  

from th e  c e n te r  i s  th e  hexagon. In  term s o f  ra d iu s  and p e r im e te r  th e  

hexagon i s  ab o u t f o u r - f i f t h s  a s  e f f i c i e n t  a s  th e  c i r c l e .

August Losch d em o n stra te s  th a t  in  econom ic c o n s id e ra t io n s  when 

m arket a r e a s  a re  c o n s id e re d  around  p o in ts  on a p la in  th a t  av erag e

^ C h arles  K i t t e l ,  In tro d u c t io n  to  S o lid  S ta te  P h y sics  (2d e d . ;  
New York: John W iley and Sons, I n c . ,  1957), p . 8.

l ° I b i d . .  p . 2 .

l ^ I b id . .  p . 8.

l ^ I b i d . .  pp. 8 -9 .

^^The c i r c l e  i s  a r e g u la r  polygon w ith  an i n f i n i t e  number o f
s i d e s .

l^ p e te r  R ag g e tt and R ich ard  J .  C ho rley , Network A n a ly s is  in  
Geography (New York: S t .  M a r t in 's  P re s s ,  1970), p . 51.



23

H E X A G O N

=b x =  120

PR IM IT IV E
RECTANGLESQUARE

a = b x = 90 o $ b x=90

CENTERED
RECTANGLE PARALLELOGRAM

x=90

A dapted from: 

Kiltal p. 8

F ig . 5 .—Two dimensional Bravais la t t ic e s



24

demand I s  g r e a t e s t  when a sm all c i r c u l a r  a re a  i s  c o n s id e re d , b u t  n o te s  

t h a t  th e  c i r c l e  le a v e s  empty sp a c e . T h e re fo re , i t  does n o t m eet th e  

c r i t e r i a  o f  a p la in  w ith  a l l  a r e a s  in  re g io n s  t h a t  do n o t o v e r la p .  He 

f u r th e r  n o te s

t h a t  demand p e r  u n i t  a re a  in  th e  c a se  o f  th e  hexagon exceeds t h a t  
n o t o n ly  o f  a sq u a re  and t r i a n g l e ,  b u t even th a t  o f  a c i r c l e .  In  
o th e r  w ords, among a l l  th e  p o s s i b i l i t i e s  o f  r e a l i z i n g  th e  same 
t o t a l  demand, th e  m ost la n d  i s  r e q u ir e d  w ith  a t r i a n g l e  and th e  
l e a s t  w ith  a r e g u la r  hexagon . The honeycomb i s ,  th e r e f o r e ,  th e  
most ad v an tageous shape f o r  econom ic r e g i o n s . 15

Losch expanded th e  s iz e  o f  th e  s m a l le s t  hexagons in  th e

r e g io n a l  s t r u c t u r e  from  th e  th r e e ,  fo u r , and seven  p roposed  by

C h r i s t a l l e r .  Losch p roposed  t h a t  th e  te n  s m a l le s t  a re a s  w ould have

th e  fo llo w in g  n e a r e s t  n e ig h b o rs  ( s e t t l e m e n ts ) :  3 , 4 , 7, 9, 12, 13,

1616, 19, 21, 25 . Losch d id  n o t assume th a t  a re a  in  th e  te n  s m a l le s t

hexagons formed b a se s  from  w hich th e  h ie ra rc h y  would grow. In  th e

C h r i s t a l l e r  method th e  s m a l le s t  s iz e s  in c lu d e d  e i t h e r  th r e e ,  fo u r , o r

seven  n e a r e s t  n e ig h b o rs .  W hile a t  th e  same tim e th e  th re e  s m a l le s t

a re a s  form ed b a se s  a t  w hich th e  a re a  h ie ra r c h y  g rew .^^  Losch s t a t e s

t h a t  one o f th e  most im p o rta n t r e s u l t s  o f  h i s  a r r a y  i s  t h a t  " .  . . w ith

d is c o n tin u o u s  s e t t le m e n t ,  th e  p o s s ib le  s i z e  o f  th e  m arke t a r e a  and

18number o f s e t t le m e n ts  th e y  c o n ta in  a l s o  grow d is c o n t in u o u s ly ."

l^A ugust L osch, The Econom ies o f  L o c a tio n , t r a n s .  by W illiam  
H. Woglom and W olfgang F . S to lp e r  (2d e d . ;  New Haven: Y ale U n iv e r s i ty
P re s s ,  1954), p . 112.

l ^ i b i d . .  p . 119.

^ ^ C h r i s t a l l e r ,  C e n tra l  P la c e s  in  S o u th ern  Germany, pp . 63-80 . 

l^L osch , The Economies o f  L o c a tio n , p . 120.
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A c tu a l ly  th e  a r r a y  p roposed  by Losch i s  s im i la r  to  th e  a r r a y

proposed  by C h r i s t a l l e r .  Dacey shows th a t  th e  e n t i r e  s e t  a s  d e r iv e d

by Losch i s  a f u n c t io n  o f  th e  law o f  c o s in e s :

Q = [u2  + UV +
Q = s e t  o f  m arket s i z e s  where 
U and V a re  n o n n e g a tiv e  in te g e r s  
such  th a t  U<V and V = 1, 2, . .

Hudson shows th a t  th e  Losch a r r a y  i s  a lm o s t th e  same a s  t h a t  g e n e ra te d  

by C h r i s t a l l e r  u s in g  th e  b a se s  th r e e ,  fo u r ,  and sev en . Hudson demon­

s t r a t e s  th a t  C =

= 2 + UV + v2

U i^, 3* ,̂ 4* ,̂ 7”j  i s  a p ro p e r  s u b se t o f

and n o te s  t h a t  th e  w hole Losch a r r a y  i s  d i v i s i b l e

by f a c to r in g  to  com b in a tio n s  o f  th e  powers th r e e ,  fo u r ,  and seven  w ith

20th e  e x c e p tio n  o f  th e  s u b se t A = ( 6 l  + 1 ) .

B ases o th e r  th a n  th o se  o f  th r e e ,  fo u r ,  and seven  a re  e l im i ­

n a te d  from  th e  W oldenberg M odel. W oldenberg 's  j u s t i f i c a t i o n  f o r  n o t 

u s in g  com binations  o f  th e  powers th r e e ,  fo u r ,  seven , and 6 1 + 1  (where 

I  i s  a p o s i t iv e  in te g e r  d i f f e r e n t  from  1) i s  t h a t  th e  model i s  con­

ce rn ed  w ith  th e  number o f  low er o rd e r  b a s in s  to  be in c lu d e d  in  h ig h e r  

o rd e r  b a s in s .  When th e  a re a  r a t i o  o f  o u te r  to  in n e r  hexagons eq u a ls  

th r e e ,  fo u r ,  o r  sev en , th e  c e n t r a l  hexagon i s  c o m p le te ly  su rrounded  by 

p o r t io n s  o f  o th e r  hexagons (F ig u re  6 ) .  I f  th e  a re a  w ere tw e lv e .

l^M ich ae l F . Dacey, "An I n t e r e s t i n g  Number P ro p e r ty  in  C e n tra l  
P la c e  T h eo ry ,"  The P r o f e s s io n a l  G eographer. XVII (Septem ber, 1965), 
32 -33 .

2®John C. Hudson, "An A lg e b ra ic  R e la t io n  Between th e  Losch and 
C h r i s t a l l e r  C e n tra l  P la c e  N etw orks,"  The P r o f e s s io n a l  G eographer. XIX 
(May, 1967), 133-35 .
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A d ap ted  from : 

W oldenberg. 1968

F ig . 6 . —Hexagonal h ie r a r c h ie s  a t  b ases 3, 4 ,  and 7
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t h i r t e e n ,  o r  n in e te e n  th e  " p a th  o f  many s tream s to  a s in g le  hexagonal
PI

b a s in  would be impeded by a b a s in  r id g e ." "

C o n s tru c tio n  o f  Model

The f i r s t  phase  in  th e  c o n s tr u c t io n  o f  th e  model i s  th e  d e v e l­

opment o f  a mixed hexag o n a l p ro g re s s io n  (T ab le  1 ) .  The mixed hexagonal 

p ro g re s s io n  c o n s is t s  o f  numbers chosen  in  a sc e n d in g  o rd e r  from th r e e  

g eo m etric  p ro g re s s io n s  a t  th e  b a se s  th r e e ,  fo u r ,  and seven  (T ab le  2 ) .  

Numbers in  a scen d in g  o rd e r  a re  chosen  from th e  mixed h exagona l p ro ­

g re s s io n  u n t i l  s u f f i c i e n t  numbers have been  chosen  such  th a t  t h e i r  

co n v erg en t mean ap p ro x im ates  th e  number o f  b a s in s  p e r  o rd e r  f o r  th e  

f l u v i a l  system  u n d er in v e s t ig a t io n  (T ab le  3 ) .

W oldenberg c o n s id e rs  th e  co n v erg en t mean to  be  a l e a s t  work 

e q u i l ib r iu m  d e r iv e d  from  th e  a r i th m e t ic  and g eo m e tric  means o f  numbers 

chosen from  th e  mixed hexagonal p ro g re s s io n .  He in f e r s  th a t  th e  con­

v e rg e n t mean th u s  r e p r e s e n ts  an e q u i l ib r iu m  s t a t e . H e  s t a t e s  th a t  

" f o r  a r i v e r ,  th e  e q u i l ib r iu m  i s  betw een l e a s t  work in  o v e rla n d  move­

ment o f  m a te r ia l  to  th e  c h an n e l, and econom ies o f  s c a l e . "^3 J u s t i f i ­

c a t io n  f o r  th e  co n v erg en t mean a s  an  e q u i l ib r iu m  s t a t e  i s  p re d ic a te d  

on th e  assu m p tio n  t h a t  th e  group (num bers from  mixed hexag o n a l p ro ­

g re s s io n )  a r i th m e t ic  mean i s  a la rg e  number and i t s  r e c ip r o c a l  i s  

s m a ll .  The group g eo m e tric  mean i s  a sm a ll number and i t s  r e c ip r o c a l

^^W oldenberg, " S p a t ia l  O rder in  F lu v ia l  S ystem s,"  1968, p . 9 . 

Z^ l b i d . .  pp . 4 -1 5 .

Z^ lb id . .  p . 14.
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TABLE 1 

MIXED HEXAGONAL PROGRESSION

1 ............................  64

1 . . . . . . . .  . 81

1 ............................ 243

3 . . . . . . . .  . 256

 4 ...........................   343

7 ............................ 729

9 ............................ 1 ,024

1 6 ............................ 2 ,401

27 ...................................... 4 ,0 9 6

49 ............................ ....  . 16,807
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TABLE 2

GEOMETRIC PROGRESSIONS AT BASES 3, 4 , 7

B a s e s

3 4 7

1 1 1

3 4 7

9 16 49

27 64 343

81 256 2,401

243 1,024 16,807

729 4 ,0 9 6 117,649
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TABLE 3

CONVERGENT MEAN MODEL COMPUTED FOR KICASTER CREEK

O rder
Number

o f
Stream s

Mixed
H exagonal

Groups

Means

A r i th ­
m e tic

Geo­
m e tr ic

Con­
v e rg e n t

5 1 1, 1, 1 1 1 1

4 3 3, 4 3 .5 3 .4 6 3 .48

3 7 7, 9 8 7 .93 7.96

2 37 16, 27, 49, 64 39 34.11 36.55

1 144 81, 243 162 140.29 151.14
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i s  l a r g e .  In  b o th  c a se s  th e  r e c ip r o c a l  o f  th e  mean r e f e r s  to  a re a  

w h ile  th e  number r e f e r s  to  th e  number o f  b a s in  a r e a s .  Based on t h i s  

c o n c lu s io n , a re a s  a s s o c ia te d  w ith  th e  a r i th m e t ic  mean a re  sm a ll and 

th e r e f o r e

o v e rla n d  work ( i . e . ,  f r i c t i o n a l  lo s s )  in  movement to  th e  ch an n e l 
i s  m in im ized . . . . A reas a s s o c ia te d  w ith  th e  g eo m e tric  mean a r e  
l a r g e ,  and flow s w ith in  th e  channe l a r e  l a r g e .  T h is  w i l l  le a d  
d i r e c t l y  to  g a in s  in  ch an n e l e f f ic ie n c y ,  as  th e  w e tte d  p e r im e te r  
o f  th e  channel in c re a s e s  much l e s s  r a p id ly  th a n  volume c a r r i e d  by 
th e  c h an n e l. Thus f r i c t i o n a l  lo s s e s  w i l l  be l e s s  a s  th e  c a p a c ity  
o f  th e  channel in c r e a s e s .

Therefore, because it represents an equilibrium state, the convergent
24mean i s  th e  number t h a t  i s  com pared to  th e  ob serv ed  d a ta .

T h e o re t ic a l  J u s t i f i c a t i o n  o f  Model 

J u s t i f i c a t i o n  f o r  a p p ly in g  a c e n t r a l  p la c e  model to  f l u v i a l  

system s i s  p re d ic a te d  on th e  p o s i t i v e  an a lo g y  o f th e s e  two sy stem s. 

They a r e  c o n s id e re d  ana logous in  th e  fo llo w in g  ways: (1 ) th e y  a re

open system s; (2) th e y  ten d  tow ard an  e q u il ib r iu m  s t a t e  o f  maximum 

e n tro p y ; (3 ) e q u i l ib r iu m  i s  accom plished  by a compromise betw een 

l e a s t  work f o r  th e  system  and eq u a l energy  d i s t r i b u t i o n  th ro u g h o u t th e  

system ; (4) and power r e l a t io n s h ip s  e x i s t  betw een component p a r t s  o f
p C

th e  system  w hich have been  r e f e r r e d  to  a s  a l lo m e t r ic  g row th .

24 i b i d . .  pp . 14-15 .

^^Michael J. Woldenberg and Brian J. L. Berry, "Rivers and 
Central Places: Analogous Systems?" Journal of Regional Science. VII
(Winter, 1967), 129-37 . (Hereinafter referred to as "Rivers and Cen­
tral Places.")
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E q u ilib r iu m  In  Open Systems 

Von B e r ta la n f f y  d e f in e s  an  open system  a s  a system  t h a t  m ain­

ta in s  I t s e l f  In  th e  exchange o f  m a te r ia ls  w ith  I t s  en v ironm en t. Con­

tem poraneous w ith  th e  exchange o f  m a te r ia ls  w ith  th e  env ironm ent th e  

system  may a t t a i n  a  tim e Independen t s t a t e  d u rin g  w hich  th e  system  

rem ains c o n s t a n t . T h a t  I s ,  th e  system  m a in ta in s  I n t e g r i t y  o f form

and o rg a n iz a t io n  s im u ltan e o u s  w ith  th e  flow  o f  m a te r ia l  (mass and

27 28energy) from  th e  en v iro n m en t. ’ T h e re fo re , In  p e rfo rm in g  th e  work 

Imposed upon I t  by th e  environm ent th e  system  seek s a s te a d y  s t a t e  

e q u i l ib r iu m . Once a  s te a d y  s t a t e  e q u i l ib r iu m  I s  a t t a in e d  o r  approached  

th e  system  te n d s  to  m a in ta in  th e  e q u i l ib r iu m  th ro u g h  s e l f - r e g u l a t i o n  

by o p e ra t io n  o f  n e g a t iv e  feedback  mechanisms In  a m anner s im i la r  to  th e  

p r in c ip le  o f Le C h a te l le r .^ ^

Open System  E q u ilib r iu m —Landforms

The co n ce p t o f  e q u i l ib r iu m  I s  o f  long  s ta n d in g  In  landform  

s tu d ie s .  I t  I s  a p p a re n t t h a t  P l a y f a i r  was r e f e r r in g  to  e q u i l ib r iu m  

when he d is c u s s e d  th e  " n ic e  ad ju stm en t"  o f  r i v e r s  to  t h e i r  d e c l i v i t i e s .  

In  r e f e r r in g  to  r i v e r s  P la y f a i r  s a id :

^^Ludwig von B e r ta la n f fy ,  "The Theory o f  Open Systems In  Phy­
s i c s  and B io lo g y ,"  S c ie n c e , CXI (Ja n u a ry , 1950), 2 3 -2 4 . (H e re in a f te r  
r e f e r r e d  to  a s  "T heory  o f  Open S y stem s.")

^^R obert R osen, O p tim a lity  P r in c ip le s  In  B io logy  (New York: 
Plenum P re s s ,  1967), pp . 106-7 .

^ ® J lr l  K l l r  and M iro s la v  V alach , C y b e rn e tic  M odelling , t r a n s .  
by W. A. A insw orth  (London: I l l f f e  Books L td . ,  1967), p . 221.

29yon B e r ta la n f f y ,  "Theory o f Open S y stem s,"  pp . 23 -24 .
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E very r i v e r  a p p e a rs  to  c o n s i s t  o f  a main tru n k , fe d  from a v a r i e ty  
o f  b ra n c h e s , each  ru n n in g  in  a v a l le y  p r o p o r t io n a l  to  i t s  s i z e ,  
and a l l  o f  them to g e th e r  form ing  a sy stem  o f  v a l le y s ,  com m unicat­
in g  w ith  one a n o th e r ,  and h av in g  such  a n ic e  a d ju s tm e n t o f  t h e i r  
d e c l i v i t i e s ,  t h a t  none o f  them jo i n  th e  p r in c i p a l  v a l le y ,  e i t h e r  
on to o  h ig h  o r  to o  low a l e v e l ,  a c irc u m sta n c e  w hich would be 
i n f i n i t e l y  im probab le  i f  each  o f  th e s e  v a l le y s  w ere n o t th e  work 
o f  th e  s tre a m  w hich flow s in  i t . 30

31A lthough  r e f e r r i n g  to  d i f f e r e n t  ty p e s  o f  e q u i l ib r iu m , G i lb e r t  

32and D avis w ere ex p o n en ts  o f  e q u i l ib r iu m . The te rm  g rad e , o r i g i n a l l y  

p roposed  by G i lb e r t ,  was eq u a ted  w ith  e q u i l ib r iu m  by b o th  G i lb e r t  and 

D av is . S ince  th e  te rm  was in tro d u c e d  by G i lb e r t  and p o p u la r iz e d  by 

D av is , d e f i n i t i o n  and r e c o g n i t io n  have been  th e  s u b je c t  o f  c o n tro v e rsy  

and c o n f u s i o n . 33 The co n cep t was rev iew ed  by K e s s e l i  in  1941 who con­

c lu d ed  th a t  d i f f i c u l t i e s  o f  d e f i n i t i o n  were so g r e a t  t h a t  th e  te rm

34sh o u ld  be abandoned. Dury in  h i s  rev iew  o f  th e  s u b je c t  re a c h e d  a

35s im i la r  c o n c lu s io n  in  1966. However, M ackin in  h is  s tu d y  su p p o r ts

30 john P l a y f a i r ,  I l l u s t r a t i o n s  o f th e  H u tto n ia n  Theory o f  th e  
E a r th  (a  f a c s im ile  r e p r i n t  o f  1802 e d i t i o n ;  New York: Dover P u b lic a ­
t i o n s ,  1964), p . 102.

3 ^ U . S . ,  D epartm ent o f  I n t e r i o r ,  G e o lo g ic a l Survey , Geology o f  
th e  Henry M ountains (U ta h ) , by Grove K arl G i lb e r t ,  U n ited  S ta te s  Geo­
g r a p h ic a l  and G e o lo g ic a l Survey o f  th e  Rocky M ountain Region (W ashing­
to n , D .C .: Government P r in t i n g  O f f ic e ,  1877), p . 112.

^^W illiam  M o rris  D av is , ’’B ase -L e v e l, G rade, and P e n e p la in ,” 
J o u rn a l o f  G eology. X ( J a n u a ry -F e b ru a ry , 1902), 86 -91 .

33Ronald C. F lem al, ’’The A tta c k  on th e  D a v is ia n  System  o f  Geo­
m orphology: A S y n o p s is ,” J o u rn a l o f  G e o lo g ic a l E d u c a tio n . XIX (Ja n u ­
a ry ,  1971), 3 -5 .

^^John E. K e s s e l i ,  ’’The C oncept o f  th e  Graded R iv e r ,” J o u rn a l 
o f  G eology. XLIX (A ugust-S ep tem ber, 1 941 ), 561-88 .

35George H. Dury, E ssays in  Geomorphology (New York: E l s e v ie r ,
1966), p . 231.
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th e  u se  o f  th e  te rm  and d e f in e s  a g raded  s tre a m  a s  one in  

e q u i l ib r iu m .^6

R e c e n tly  g rad e  o r  e q u i l ib r iu m  h as  been  rev iew ed  in  term s o f  

th e  s te a d y  s t a t e  in  open sy stem s. S t r a h l e r  in  1950 su g g e s te d  t h a t  

landfo rm s co u ld  be view ed a s  open system s w hich te n d  tow ard th e  d e v e l­

opment o f  s te a d y  s t a t e . T h e  co n cep t a s  a p p l ie d  to  land fo rm s has  

been  a t t r i b u t e d  to  G. K. G i lb e r t  whose id e a s  p ro b a b ly  p ro v id e d  th e

p h i lo s o p h ic a l  background f o r  th e  developm ent o f  th e  co n ce p t a s  u sed

38by con tem porary  g eo m o rp h o lo g is ts .

In  a p p ly in g  th e  open system  co n cep t to  d ra in a g e  system s,

S t r a h l e r  s t a t e s  t h a t  a g raded  d ra in a g e  system  d ev e lo p s  to p o g ra p h ic

39form s w hich " a c h ie v e  a  tim e -in d e p e n d e n t c o n d it io n "  and th a t  th e

40
form s d ev e lo p ed  "may be d e s c r ib e d  a s  e q u i l ib r iu m  fo rm s ."  In  la n d ­

form  sy stem s, view ed a s  open sy stem s, th e  e r o s io n a l  and t r a n s p o r ta -  

t i o n a l  p ro c e s s e s  produce a s te a d y  flow  o f  w a te r  and w as te  th ro u g h  th e  

sy stem . P o te n t i a l  energ y  o f  p o s i t i o n  in  th e  sy stem  i s  tra n s fo rm e d

H oover M ackin, "C oncept o f  th e  G raded R iv e r ,"  B u l l e t i n  
o f  th e  G e o lo g ic a l S o c ie ty  o f  A m erica, LIX (May, 1948), 471 .

^ ^A rth u r N. S t r a h l e r ,  " E q u il ib r iu m  Theory A pproached by F re ­
quency D i s t r ib u t io n  A n a ly s is ,"  Am erican J o u rn a l  o f  S c ie n ce . CCXLVIII 
(O c to b er, 1950), 676. ( H e r e in a f te r  r e f e r r e d  to  a s  " E q u il ib r iu m  
T h eo ry ." )

^® Richard J .  C h o rley , "A R e -e v a lu a t io n  o f  th e  Geomorphic Sys­
tem s o f W. M. D a v is ,"  in  F r o n t i e r s  in  G eo g rap h ic a l T each ing , ed . by 
R ich ard  J .  C ho rley  and P e te r  H ag g e tt (London: M ethuen, 1965), p .  24 .

3 9 s t r a h l e r ,  " E q u il ib r iu m  T h eo ry ,"  p . 676.

40lbid.
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in to  k i n e t i c  en erg y  o f  w a te r  and d e b r is  movement o r  h e a t .  C o n tin u a l

re a d ju s tm e n t o f  components in  th e  system  d u rin g  th e  s te a d y  s t a t e  o ccu r

41a s  r e l i e f  i s  low ered  and a v a i la b le  energy  d im in is h e s .  In  a somewhat

s im i la r  f a s h io n  Wolman in  1955 a p p l ie d  th e  s te a d y  s t a t e  concep t in  h is

42stu d y  o f  Brandywine C reek .

Hack in  1960, based  on h is  work in  th e  c e n t r a l  A p p a lach ian s , 

g iv e s  a p h i lo s o p h ic a l  s ta te m e n t o f  th e  co n cep t o f  landform s a s  p a r t s  

o f  an  open system  seek in g  a dynamic e q u i l ib r iu m . C oncerning th e  view  

o f  dynamic e q u i l ib r iu m  in  an open system  he s t a t e s  t h a t  " th e  lan d scap e  

and th e  p ro c e s s e s  m olding i t  a r e  c o n s id e re d  a p a r t  o f  an  open system  

in  a s te a d y  s t a t e  o f  b a la n c e  i n  w hich ev ery  s lo p e  and ev e ry  form i s  

a d ju s te d  to  ev ery  o t h e r . H a c k  n o te s  t h a t  th e  co n cep t o f  dynamic 

e q u i l ib r iu m  was a p p l ie d  to  th e  s tu d y  o f  land fo rm s by G. K. G i lb e r t  

and W illiam  M o rris  D av is . However, he co n clu d es  th a t  G i l b e r t 's  e q u i­

l ib r iu m  in v o lv ed  a "dynam ic e q u i l ib r iu m  o f  fo rc e s  e x i s t in g  a t  th e  

p re s e n t  tim e in  a c tu a l  d ra in a g e  b a s in s  and th e  r e l a t i o n  o f  th e se  

fo rc e s  to  th e  r o c k s . W h e r e a s  in  th e  D avis model e q u i l ib r iu m  

a p p l ie d  a t  f i r s t  to  p a r ts  o f  th e  d ra in a g e  system  and i n  tim e was

4 1 lb i d .

^ ^ U .S ., D epartm ent o f  I n t e r i o r ,  G e o lo g ic a l Survey, The N a tu ra l 
Channel o f  Brandywine C reek, P e n n sy lv a n ia , by M. Gordon Wolman, U n ited  
S ta te s  G e o lo g ic a l Survey P r o f e s s io n a l  P aper 271 (W ashington, D .C .: 
Government P r in t i n g  O ff ic e ,  1955 ), pp . 1 -56 .

^^John T. Hack, " I n t e r p r e t a t i o n  o f  E ro s io n a l  Topography in  
Humid Tem perate R eg io n s,"  A m erican J o u rn a l  o f  S c ie n c e . CCLVII-A 
(B rad le y  Volume, 1960), 81.

^ I b i d . ,  p . 83.
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s e q u e n t i a l ly  ex tended  to  o th e r  p a r t s  o f  th e  s y s t e m . H a c k  conc lu d es

that Gilbert's approach is valid and cites it as one of the bases of

his statement. Hack further developed his ideas in field studies in

th e  Shenandoah V a lley  and a p p l ie d  h i s  co n ce p ts  to  th e  g e n e s is  o f

residual ore deposits.Flint, in his study of drainage patterns in

C o n n e c tic u t, conc lu d es  t h a t  landform s in  th e  s tu d y  a re a  seem com pat-

47ible with the concepts set forth by Hack.

C horley  in  1962 rev iew ed  open and c lo se d  system s and concluded

that geomorphic systems are open systems and that the Davis model was

essentially that of a closed system while Gilbert's was an open sys- 
48 49tem . ’ He a l s o  p o in ts  o u t th a t  in  th e  open system  th e re  i s  a t e n ­

dency tow ard  a dynamic e q u i l ib r iu m  o f form s th a t  i s  a mean c o n d i t io n  

ab o u t w hich v a r i a t io n s  occu r in  tim e . He em phasizes , a s  had von 

B e r ta la n f fy  in  1950, th a t  an im p o rtan t c h a r a c t e r i s t i c  o f  th e  open

^ ^ I b i d . . p . 86.

D epartm ent o f  I n t e r i o r ,  G eo lo g ica l Survey, Geomorphol- 
ogy o f  th e  Shenandoah V a lley  V irg in ia  and West V irg in ia  and O rig in  o f  
R e s id u a l Ore D e p o s its ,  by John T. Hack, U n ited  S ta te s  G e o lo g ic a l S u r­
vey P r o f e s s io n a l  P ap er 484 (W ashington, D .C .: Government P r in t in g
O f f ic e ,  1965), pp. 1 -84 .

^ ^R ich ard  F . F l i n t ,  " A l t i tu d e ,  L ith o lo g y , and th e  F a l l  Zone in  
C o n n e c t ic u t ,"  J o u rn a l o f  G eology. LXXI (November, 1963), 690.

4 8 y .S . ,  D epartm ent o f  I n t e r i o r ,  G e o lo g ic a l Survey, Geomorphol- 
ogy and G en era l System s T heory , by R ich a rd  J .  C h o rley , U n ited  S ta t e s  
G e o lo g ic a l Survey P ro fe s s io n a l  P ap er 500 B (W ashington, D .C .; Govern­
ment P r in t in g  O ff ic e ,  1962), p . B3.

^ ^F o r a d is s e n t in g  view  see  M ichael C hisholm , "G en era l Systems 
Theory and G eography," I n s t i t u t e  o f B r i t i s h  G eographers T ra n s a c t io n s . 
XLII (December, 1967), 45 -51 .
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system  i s  t h a t  i t  may "behave e q u i f i n a l l y - - i n  o th e r  w ords, d i f f e r e n t

i n i t i a l  c o n d itio n s  can le a d  to  s im i la r  ends";^®  a c h a r a c t e r i s t i c  o f

open system s th a t  i s  n o t p e rm itte d  in  th e  c lo se d  system s model o f

Davis. Chorley emphasizes that form adjustment in systems is brought

about by self-regulation and postulates that La Chatelier's Principle,

originally stated for closed systems, can be expanded to include the

concep t o f  th e  s te a d y  s t a t e  in  an  open system .

Energy d i s t r i b u t i o n  in  te rm s o f  dynamic e q u i l ib r iu m  h as  been

investigated by Leopold and Langbein. They equate the term steady
52s t a t e  w ith  dynamic e q u i l ib r iu m  a s  p roposed  by Hack. They b ase  t h e i r  

in v e s t ig a t io n  o f  energy  on th e  second  law  o f therm odynam ics w hich 

s t a t e s  th a t ;  (1 ) h e a t i s  d is o rd e re d  en e rg y ; (2) energy  becomes h e a t  

a s  soon as i t  i s  d is o rd e re d ;  and (3 ) in  n a tu re  th e re  i s  a " ten d en cy
C Ofor processes to tend toward a state of greater disorder." Based on 

the second law of thermodynamics, they infer that in a system in 

dynamic equilibrium the rate of increase of entropy is zero.^^ They

^^C horley , Geomorphology and G enera l Systems T heory , p . B8. 

Sl l b i d . .  p. 4.
C O

U .S ., D epartm ent o f  I n t e r i o r ,  G e o lo g ic a l Survey , The Con­
c e p t o f  E ntropv  in  Landscape E v o lu tio n , by Luna B. L eopold and W alte r
B. L angbein , U n ited  S ta te s  G e o lo g ic a l Survey P r o f e s s io n a l  P ap er 500 A 
(W ashington, D .C .: Government P r in t i n g  O f f ic e ,  1962), p . A4. (H ere­
i n a f t e r  r e f e r r e d  to  as  Concept o f  E n tro p y .)

55David H a ll id a y  and R obert R esn ick , P h y s ic s  f o r  S tu d e n ts  o f
S c ien ce  and E n g in e e rin g  (New York: John W iley and Sons, I n c . ,  1965),
p . 551. (H e re in a f te r  r e f e r r e d  to  a s  S c ie n ce  and E n g in e e r in g .)

^^Leopold and L angbein , C oncept o f  E n tropy , p . A4.
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s t a t e  t h a t  e n tro p y  t r e a t s  th e  d i s t r i b u t i o n  o f  energy  In  th e  la n d sc a p e  

and th a t  th e  m ost p ro b a b le  c o n d i t io n  e x i s t s  "when en e rg y  In  a r i v e r  

system  I s  a s  u n ifo rm ly  d i s t r i b u t e d  a s  may be p e rm itte d  by th e  p h y s ic a l  

c o n s t r a i n t s ." ^ ^  Based on a  com parison  o f  t h e i r  p r o b a b i l i t y  model w ith  

a c tu a l  f i e l d  d a ta ,  th e y  co n c lu d e  " t h a t  th e  m ost p ro b a b le  r i v e r  p r o f i l e  

ap p ro ach es th e  c o n d i t io n  In  w hich th e  dow nstream  r a t e  o f  p ro d u c tio n  o f  

e n tro p y  p e r  mass I s  c o n s t a n t . T h e y  f u r th e r  I n f e r  t h a t  th e  c o n d i­

t i o n  o f  maximum e n tro p y  In  f l u v i a l  sy stem s co rre sp o n d s  to  a c o n d i t io n  

o f  l e a s t  w ork. From t h e i r  p r o b a b i l i t y  a n a ly s i s  th e y  conclude  " t h a t  

r e l a t i v e l y  s h o r t  I n t e r v a l s  o f  tim e a r e  needed to  re a c h  a s t a t e  

ap p ro ac h in g  th e  maximum p ro b a b le , a l th o u g h  th e  r a t e  o f  a d ju s tm e n t to  

th e  t h e o r e t i c a l  m ost p ro b a b le  s t a t e  t h e r e a f t e r  may b e  q u i te  slow  I f
Ç7

e v e r  a c h ie v e d ."

Commenting f u r th e r  (1964) on energy  d i s t r i b u t i o n  w ith in  geo­

m orphic system s L angbein  and L eopold  p o s tu la te  t h a t  th e  m ost p ro b a b le  

c o n d i t io n  I s  an  In te rm e d ia te  s t a t e  betw een two o p posing  te n d e n c ie s :

(1 ) a "u n ifo rm ly  d i s t r i b u t e d  r a t e  o f  energy  e x p e n d itu re "  and (2 ) " m in i-

58mum t o t a l  work expended In  th e  sy s te m ."  As th e se  a re  op p o sin g  te n ­

d e n c ie s  th e  sy stem  seek s  a b a la n c e  be tw een  th e  two te n d e n c ie s  w hich

S^ i b l d . .  p . A l.

S^ i b l d .

57 lb l d . .  p . A4.

^®W alter B. L angbein  and Luna B. L eopold , "Q u a s l-E q u lllb r lu m  
S ta te s  In  C hannel M orphology," A m erican J o u rn a l  o f  S c ie n c e . CCLXII 
(Ju n e , 1964), 784.
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59le a d s  to  a q u a s i - e q u i l ib r iu m .  The co n ce p t o f  l e a s t  work had p r e v i ­

o u s ly  re c e iv e d  c o n s id e r a t io n  by Leopold  and L angbein  i n  t h e i r  s tu d y  o f  

m eanders in  w hich th e y  q u o te  W. W. Ruby who, r e f e r r i n g  to  r i v e r  

a d ju s tm e n ts , s t a t e s  t h a t  th e  r i v e r  a d ju s t s  i t s  ch an n e l in  such  a way

as  to  acco m p lish  th e  w ork im posed on i t  w ith  l e a s t  e x p e n d itu re  o f 

60en e rg y .

Thus th e  w r i t e r s  c i t e d  view  f l u v i a l  system s a s  open energy  

system s w hich te n d  tow ard  a dynam ic e q u i l ib r iu m  w ith in  th e  c o n s t r a in t s  

o f  u n ifo rm  en erg y  d i s t r i b u t i o n  and l e a s t  w ork.

Urban Systems

W oldenberg and B erry  m a in ta in  th a t  c i t i e s  a r e  (1) open system s 

w ith in  th e  fram ework o f  c e n t r a l  p la c e  th e o ry ; (2 ) te n d  tow ard an  e q u i­

l ib r iu m  s t a t e  o f  l e a s t  work and e q u a l energy  d i s t r i b u t i o n ;  and (3 ) a re  

s u b je c t  to  th e  law o f  a l lo m e t r ic  g row th .

C i t i e s  a s  system s have been  rev iew ed  by B erry  who co n c lu d es  

t h a t  u rb an  m odels a r e  s im i l a r  to  m odels in  o th e r  k in d s  o f  system s

62in q u iry  and th a t  u rb an  th e o ry  i s  am enable to  g e n e ra l  system s in q u i ry .

He p o in ts  o u t t h a t  one model t h a t  t r e a t s  c i t i e s  in  te rm s o f  system s i s

S^ I b i d . .  p . 793.

G^Luna B. Leopold  and M. Gordon Wolman, " R iv e r  M eanders ,"  Geo­
lo g ic a l  S o c ie ty  o f  A m erica B u l l e t i n . LXXI (Ju n e , 1960), 786.

^^W oldenberg and B e rry , "R iv e rs  and C e n tra l  P la c e s ,"  p . 133.

^^B rian  J .  L. B e rry , " C i t i e s  a s  System s w ith in  System s o f  
C i t i e s , "  The R eg io n a l S c ie n ce  A ss o c ia t io n  P a p e rs . X I I I  (1 9 6 4 ), 148. 
( H e r e in a f te r  r e f e r r e d  to  a s  " C i t i e s  a s  S y s tem s ." )
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C h r i s t a l l e r ' s  c e n t r a l  p la c e  model w hich " a p p l i e s  to  system s o f  c e n t r a l  

p la c e s  In  w hich th e  e lem en ts  a re  view ed a g g re g a tiv e ly ." ® ^  B erry  sum­

m a rize s  ad v an tag es  o f  v iew ing  c i t i e s  a s  system s a s  fo llo w s ; (1) gen­

e r a l  system s th e o ry  p ro v id e s  a  fram ework f o r  s tu d y in g  th e  n a tu re  o f  

c i t y  sy stem s; (2) in fo rm a tio n  th e o ry  p ro v id e s  a fram ework w ith in  w hich 

to  view  th e  geom etry o f  u rb an  sy stem s; and (3) system s may be view ed 

in  te rm s o f  e n tro p y .

I d e n t i f i c a t i o n  o f  C e n tra l  P la c e  H ie ra rch y  

One o f  th e  c r i t e r i a  f o r  v e r i f y in g  th a t  c e n t r a l  p la c e  h i e r a r ­

c h ie s  e x i s t  i s  v a r i a t i o n  in  th e  number o f  c e n t r a l  p la c e  fu n c tio n s  p e r ­

form ed by c i t i e s  a t  d i s c r e t e  p o p u la t io n  l e v e l s .  J u s t i f i c a t i o n  f o r  u se  

o f  t h i s  method o f  id e n t i f y in g  c e n t r a l  p la c e s  i s  b ased  on th e  in f e r r e d  

r e l a t i o n s h ip  o f  Z i p f 's  ra n k  s iz e  r u le  and th e  c e n t r a l  p la c e  m odels o f  

C h r i s t a l l e r  and L osch . Beckmann w r i te s  t h a t  th e  " . . .  ran k  s iz e  r u le  

a s  ob serv ed  by Z ip f  i s  co m p a tib le  w ith  th e  id e a s  on h ie r a r c h ie s  o f  

m arket a r e a s  and t h e i r  c e n t r a l  c i t i e s  a s  developed  by Losch and o th e r  

lo c a t io n  th e o r i s t s

Ĝ I b i d . .  p . 152.

Ĝ i b i d . .  p . 158.

^ % a r t in  J .  Beckmann, " C ity  H ie ra rc h ie s  and th e  D is t r ib u t io n  
o f  C ity  S iz e ,"  Economic Developm ent and C u l tu r a l  Change. VI (A p r il ,  
1958), 246. ( H e r e in a f te r  r e f e r r e d  to  a s  " C ity  H ie r a r c h ie s ." )

GGpor a d i s s e n t in g  view  see  M ichael F . Dacey, " P o p u la tio n  o f  
P la c e s  in  a C e n tra l  P la c e  H ie ra rc h y ,"  J o u rn a l  o f  R eg io n a l S c ie n c e , VI 
(W in te r , 1966), 2 7 -33 .
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B erry  and G a rr iso n  in  t h e i r  s tu d y  o f  Snohomish County, Wash­

in g to n  found th a t  th e  c e n t r a l  p la c e  h ie ra rc h y  a s  p roposed  by C h r i s t a l ­

l e r  i s  a p p l ic a b le  to  Snohomish County when c i t i e s  a re  c l a s s i f i e d  on 

th e  b a s i s  o f  f u n c t io n s .  They conclude (1) th a t  c i t i e s  can  be a rra n g e d  

in to  c a te g o r ie s  on th e  b a s is  o f  th e  number o f  fu n c tio n s  and p o p u la tio n  

and (2) th a t  a s  p o p u la tio n  in c re a s e s  .th e  c e n t r a l  p la c e  fu n c tio n s  p e r ­

form ed by each  c e n t r a l  p la c e  i n c r e a s e s , B e r r y  and Barnum in  1962 

reach ed  a s im i la r  c o n c lu s io n  a s  a r e s u l t  o f  t h e i r  p r in c ip a l  component 

a n a ly s i s  o f  c e n t r a l  p la c e s .  They e x t r a p o la te  t h a t  a continuum  o f  cen ­

t r a l  p la c e s  and a c l a s s i c  c e n t r a l  p la c e  h ie ra r c h y  a r e  found in  any

68re g io n  i f  " a  sm all homogeneous su b re g io n  i s  s tu d ie d ."  They a ls o  

s t a t e  t h a t  m u l t ip l ic a t io n  o f  fu n c tio n s  w ith in  c e n t r a l  p la c e s  i s  a 

fu n c t io n  o f  p o p u la tio n  in c r e a s e s .

B erry , Barnum, and Tennant i n f e r  th a t  in  a re a s  s tu d ie d  in  Iowa 

th a t  re q u ire m e n ts  o f  C h r i s t a l l e r 's  th e o ry  o f  th re s h o ld s  and ranges 

w ere v e r i f i e d .  They s t a t e ;  "The s p a t i a l  p a t te r n  o f  c e n te r s  conform  

to  a p a r t i c u l a r  s e t  o f  lo c a t io n  p r in c ip le s  ( th e  p r in c ip le  o f  t r a n s p o r ­

t a t i o n ) ;  th e  n e s t in g  o f  t r a d e  a re a s  does n o t .  . . They conclude

G^Brian J .  L. B erry  and W illiam  L . G a rr iso n , "The F u n c tio n a l 
B ases o f  th e  C e n tra l  P la c e  H ie ra rc h y ,"  Economic G eography. XXXIV 
(A p r i l ,  1958), 145-54 . ( H e r e in a f te r  r e f e r r e d  to  a s  " F u n c tio n a l  B a se s ." )

G^Brian J .  L. B erry  and H. G ard in e r Barnum, "A ggregate  R e la ­
t io n s  and E lem en ta l Components o f  C e n tra l  P lac e  S y stem s,"  Jo u rn a l o f  
R eg io n a l S c ie n c e . IV (Summer, 1962), 33.

* 9 lb id . .  p . 38.

^^B rian  J .  L. B e rry , H. G a rd in e r Barnum, and R obert J .  Ten­
n a n t ,  " R e ta i l  L o c a tio n  and Consumer B e h a v io r ,"  The R eg io n a l S c ience  
A ss o c ia tio n  P a p e rs . IX (1962 ), 102.
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t h a t  e m p ir ic a l  ev id en ce  in  t h e i r  s tu d y  d em o n s tra te s  t h a t  h ie r a r c h ie s  

a r e  c l e a r ly  i d e n t i f i e d .

Urban System s E q u ilib r iu m  

E q u ilib r iu m  in  u rban  system s i s  view ed a s  open system  e q u i l i b ­

rium  w ith in  th e  c o n te x t o f  c e n t r a l  p la c e  t h e o r y .^2 B erry  and G a rriso n  

eq u a te  th e  r a n k - s iz e  r u le  o f  Z ip f  to  C h r i s t a l l e r ' s  h i e r a r c h i c a l  c l a s ­

s i f i c a t i o n  and s t a t e  th a t  th e  r a n k - s iz e  d i s t r i b u t i o n  o f  Z ip f  i s  an  

e q u i l ib r iu m  s t a t e  in  acco rd an ce  w ith  th e  second law o f therm odynam ics

in  w hich maximum e n tro p y  i s  ac h ie v e d  in  a s t a t e  o f random ly d i s t r i b -  

73u te d  en erg y .

Z i p f 's  r a n k - s iz e  r u le  i s  an o u tg row th  o f  h i s  p r in c ip le  o f 

l e a s t  e f f o r t .  He p o s tu la te d  t h a t  each  in d i v i d u a l 's  movement i s  gov­

ern ed  by h i s  p e rc e p tio n  o f  b e h a v io r  th a t  w i l l  m inim ize f u tu r e  p rob lem s. 

In  th e  p r in c ip le  he view s l e a s t  e f f o r t  a s  a v a r i a n t  o f  l e a s t  w ork .^^

In  r e l a t i n g  h i s  th e o ry  to  com m unities he s t a t e s  t h a t  a community " w i l l  

be lo c a te d  in  th e  le a s t-w o rk  c e n te r  o f t e r r a i n ,  in  th e  se n se  t h a t  i t s  

lo c a t io n  w i l l  be a p o in t  whose sum o f a l l  le a s t-w o rk  d is ta n c e s  to  

e v e ry  p e rso n  on th e  t e r r a i n  w i l l  be m i n i m u m . " H e  h y p o th e s iz e s  t h a t

71 lb i d .

72w oldenberg and B erry , "R iv e rs  and C e n tra l  P la c e s ,"  p . 133.

73B erry and G a rriso n , " F u n c tio n a l  B a se s ,"  p . 90.

7^George K in g sley  Z ip f , Human B ehav io r and th e  P r in c ip le  o f  
L e a s t E f f o r t ;  An In tro d u c t io n  to  Human Ecology (Cam bridge; A ddison- 
W esley P re s s ,  I n c . ,  1949), p . 1.

75 lb id . .  p. 355.
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th e  "number o f  com m unities o f  a p p ro x im a te ly  eq u a l s iz e  w i l l  be ap p ro x ­

im a te ly  e q u a l ly  sp a c e d . . . "The l a r g e r  th e  community, th e

g r e a t e r  w i l l  be th e  number o f  com m unities i t  a t t r a c t s . T h a t  i s ,  

th e r e  a re  h ie r a r c h ie s  o f  com m unities b ased  on p o p u la t io n .  In  s u b s ta n ­

t i a t i o n  o f  h i s  th e o ry  he s tu d ie d  c i t i e s  and ob serv ed  th a t  when c i t i e s  

a r e  ranked  a c c o rd in g  to  p o p u la t io n  th e  r e l a t i o n s h ip  betw een th e  number

o f  c i t i e s  and p o p u la tio n  shows a r a n k - s iz e  r e l a t io n s h ip  t h a t  a p p ro x i-

h 78 m ates y = ax  .

A ccord ing  to  B erry  th e  r a n k - s iz e  r u le  a p p l ie s  a l l  o v e r th e

w o rld  f o r  deve lo p ed  c o u n t r ie s  w ith  a h ig h  d eg ree  o f  u rb a n iz a t io n .  He

comments t h a t  i f  a system  o f  c i t i e s  assum es r a n k - s iz e  a most p ro b ab le

79s t a t e  o f  maximum e n tro p y  h as  been  a c h ie v e d . He e q u a te s  th e  lo g n o r­

mal r e l a t i o n s h ip  betw een c i t y  s i z e  and ra n k  w ith  a  s te a d y  s t a t e .  

T h e re fo re , r a n k - s iz e  i s  eq u a ted  w ith  an  e q u i l ib r iu m  s t a t e  o f  maximum 

e n tro p y  in  an open system .

A ccord ing  to  B erry  and W oldenberg a c e n t r a l  p la c e  h ie ra rc h y  

r e p r e s e n t s  a g raded  u rb an  system  w hich i s  a s t a t e  o f  maximum p r o b a b i l ­

i t y  an a lo g o u s  to  e q u i l ib r iu m  in  f l u v i a l  sy s tem s . They m a in ta in  th a t  

in  u rb an  system s e q u i l ib r iu m  i s  ach iev ed  by "a  b a la n c e  betw een t o t a l  

l e a s t  work and e q u a l d i s t r i b u t i o n  o f  en erg y  e x p e n d itu re  th ro u g h o u t th e

^^ I b i d . .  p . 369.

77 lb i d . .  p . 374.

78 ib i d . .  p . 103.

^^B erry , " C i t i e s  a s  S y stem s,"  p . 159.
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80sy stem ."  T h is  i s  an a lo g o u s  to  th e  s t a t e  o f  maximum e n tro p y  d e f in e d

81f o r  f l u v i a l  system s by  L eopold  and L angbein .

Thus th e  w r i t e r s  c i t e d  view  c i t i e s  a s  component p a r t s  o f open 

sy stem s. W ith in  t h i s  fram ew ork, c i t i e s  a r e  th o u g h t to  se e k  a s te a d y  

s t a t e  o r  dynamic e q u i l ib r iu m  by r e a c t in g  to  th e  socioeconom ic e n v iro n ­

ment in  such a manner a s  to  seek  an e q u i l ib r iu m  betw een  t o t a l  l e a s t  

work and e q u a l energ y  d i s t r i b u t i o n .

A llo m e tr ic  Growth

F lu v ia l  and u rb an  system s a r e  each  p o s tu la te d  t o  have geome-

82t r i e s  t h a t  r e f l e c t  a l lo m e t r ic  g row th . A llo m etry  i s  a te rm  used  by 

b io l o g i s t s  to  d en o te  " th e  s tu d y  o f p ro p o r t io n  changes c o r r e l a t e d  w ith  

v a r i a t io n s  in  s iz e  o f  e i t h e r  th e  t o t a l  o rgan ism  o r th e  p a r t  under con-
QO

s id é r a t i o n , "  The te rm  has  been  a p p l ie d  to  f l u v i a l  system s by Nord-

b eck , W oldenberg and B e rry , and S t r a h le r  and to  u rb an  system s by

84W oldenberg and B e rry .

BOwoldenberg and B e rry , "R iv e rs  and C e n t r a l  P la c e s ,"  p . 130. 

Bl l b i d .

82 lb i d . .  pp . 132-33 .

B3jay S tephen  G ould, "A llo m e try  and S iz e  in  Ontogeny and Phy- 
lo g e n y ,"  B io lo g ic a l  R eview s, XLI (November, 1966), 629. (H e r e in a f te r  
r e f e r r e d  to  a s  "A llo m e try  and S iz e ." )

® ^ o ld e n b e rg  and B e rry , "R iv e rs  and C e n tra l  P la c e s ,"  p . 133.
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F lu v ia l  System s

N ordbeck e q u a te s  th e  law  o f  a l lo m e t r ic  grow th  to  power fu n c t io n

and c i t e s  th e  doub le  lo g a r i th m ic  r e l a t i o n s h ip  o f  r i v e r  b a s in  geom etry

a s  r e f l e c t i n g  a l lo m e t r ic  g row th . He c o n s id e rs  th e r e f o r e  t h a t  r i v e r

85 86netw orks r e p r e s e n t  a ty p e  o f  h i e r a r c h i c a l  a l lo m e t r ic  g row th . ’

W oldenberg co n cu rs  w ith  N o rd b eck 's  o b s e rv a tio n  and ex te n d s  th e

"law  o f  a l lo m e t r ic  grow th" to  g rap h s o f  s tre a m  o rd e r  v e rs u s  th e  lo g a -

87r ith m  o f  b a s in  geom etry and flow , i . e . ,  s e m i- lo g a r ith m ic  r e l a t i o n ­

s h ip s .  He p rop o ses  th e  h y p o th e s is  t h a t  " th e  power f u n c t io n  

r e l a t i o n s h ip s  in  r i v e r s  w hich have been c a l le d  a l lo m e t r ic  grow th , 

d e r iv e  from  ap p ro x im ate  g eo m e tric  p ro g re s s io n s  in  th e  s iz e  o f  hexago-
Q O

n a l  b a s in s . "  G eom etric p ro g re s s io n  o f  v a r ia b le s  w i th in  th e  system  

i s  in f e r r e d  to  be a r e s u l t  o f  o p e ra t io n  o f  th e  p r in c i p l e  o f  e q u a l p a r ­

t i t i o n  o f  en erg y  w hich s t a t e s :  " . . .  a v a i la b l e  en e rg y  . . . d i s t r i b ­

u te s  i t s e l f  in  e q u a l s h a re s  to  each  o f  th e  in d e p en d en t ways in  w hich

89th e  m o lecu le s  can ab so rb  e n e rg y ."

B ^S tig  N ordbeck, "The Law o f  A llo m e tr ic  G row th ," M ichigan 
I n te r - U n iv e r s i ty  Community o f  M ath em atica l G eographers D isc u ss io n  
P a p e r , No. 7, June, 1965, pp. 2 -1 2 .

B^Gould o b je c ts  to  e q u a tin g  a l lo m e try  to  power fu n c t io n  s in c e  
th e  te rm  co n n o tes  s iz e  c o r r e la te d  shape to  b i o l o g i s t s .  Gould, 
"A llo m e try  and S iz e ,"  pp . 638-39.

B^M ichael J .  W oldenberg, " H o r to n 's  Laws J u s t i f i e d  in  Terms o f  
A llo m e tr ic  Growth and S teady  S ta te  in  Open S y stem s,"  G e o lo g ic a l S o c i­
e ty  o f  A m erica B u l l e t i n , LXXVII (A p r i l ,  1966), 433 . ( H e r e in a f te r  
r e f e r r e d  to  a s  " A llo m e tr ic  G row th .")

®®Woldenberg, " S p a t ia l  O rder in  F lu v ia l  S y s tem s,"  1968, p . 35.

B ^H alliday  and R esn ick , S c ien ce  and E n g in e e r in g , p . 507.
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W oldenberg j u s t i f i e s  th e  h y p o th e s is  t h a t  th e  law o f  a l lo m e try ,  

d e f in e d  a s  y = ax^ , i s  a p p l ic a b le  to  v a r ia b le s  (s tre a m  le n g th ,  a re a ,  

and g ra d ie n t)  th a t  a r e  s e m i- lo g a r i th m e t ic a l ly  r e l a t e d  to  s tream  o rd e r 

by s t a t i n g  th a t  th e  r e l a t io n s h ip  i s  a c tu a l ly  doub le  lo g a r i th m ic .  He 

in f e r s  t h a t  s tream  o rd e r  p lo t t e d  on th e  a b s c is s a  i s  d im e n s io n le ss  and 

may be c o n tra c te d  o r  expanded to  g iv e  any s lo p e  v a lu e  to  th e  r e g re s s io n  

l i n e .

Thus two v a r i a b le s ,  th e  lo g s  o f  w hich a r e  r e l a t e d  l i n e r a l l y  to  
s tream  o rd e r  a r e  in  f a c t  r e l a t e d  to  each  o th e r  a l l o m e t r i c a l l y .  I f  
b i s  k e p t c o n s ta n t ,  th e  lo g  s c a le s  may d i f f e r ;  c o n v e rse ly , i f  th e  
lo g  s c a le s  a r e  k e p t th e  same, th e  b w i l l  d i f f e r .  T h is o b s e rv a tio n  
im p lie s  t h a t  s tre a m  o rd e r  i s  i t s e l f  a lo g a r ith m .

Each s u c c e s s iv e  s tream  o rd e r  i s  in f e r r e d  to  be a new lo g a r i th m ic  c y c le

91to  th e  b ase  o f  th e  sy stem  b i f u r c a t io n  r a t i o .

S t r a h l e r  i n f e r s  t h a t  f l u v i a l  system  developm ent i s  in  many

92re s p e c ts  ana logous t o  developm ent o f  b io lo g ic a l  sy stem s. He con­

c lu d es  t h a t  a v a i la b le  d a ta  te n d  to  confirm  th a t  th e  grow th p ro c e ss  i s  

93a l lo m e t r ic  grow th . He c i t e s  ev id en ce  f o r  a l lo m e t r ic  grow fh as  the

s t r a i g h t  l i n e  r e l a t i o n s h ip  o f  f l u v i a l  system  v a r i a b le s  (su ch  a s  cum ula-

94t iv e  s tre a m  le n g th  and b a s in  a re a )  when p lo t t e d  on lo g - lo g  g ra p h s .

^ % o ld e n b e rg , " A llo m e tr ic  Growth," p . 433.

91 lb i d . .  p . 431.
Q O

For a d is c u s s io n  o f  a l lo m e t r ic  grow th in  f l u v i a l  and b io l o g i ­
c a l  system s see  A rth u r  N. S t r a h l e r ,  P h y s ic a l  Geography (3d e d . ;  New 
York: John W iley and Sons, I n c . ,  1969), p . 488.

^^ I b i d . .  p . 489 .

94ibid.. p. 490.



47

Urban Systems

The p r in c ip le  o f  a l lo m e t r ic  grow th has  been  a p p l ie d  to  u rban

95 Qfi 97system s by Beckmann, N ordbeck, W oldenberg, and W oldenberg and

B e r r y . T h e y  e q u a te  th e  r a n k - s iz e  r u le  o f  Z ip f  to  th e  a l lo m e t r ic

grow th p r in c i p l e .  They c i t e  work by B erry  and G a rr iso n  in  w hich th e

r a n k - s iz e  r u le  i s  shown a s  a m axim ally p ro b ab le  d i s t r i b u t i o n  " r e s u l t -

99ing  from e i t h e r  a lô g -n o rm al o r  Y ule grow th p ro c e s s ."  They th e r e ­

fo re  conclude th a t  r a n k - s iz e  " r e p r e s e n ts  ach ievem ent o f  system  

e q u i l ib r iu m  u nder c o n d i t io n s  o f  a l lo m e t r ic  grow th in  an  open u rban  

s y s t e m . T h e y  f u r th e r  c i t e  a s  ev id en ce  su p p o rtin g  a l lo m e t r ic  

grow th t h a t  many o f  th e  " c h a r a c t e r i s t i c s  o f  c e n t r a l - p l a c e  system s can 

be r e l a t e d  by lo g - lo g  r e g r e s s io n ,  and th u s  a l s o  r e f l e c t  an  a l lo m e t r ic  

system  e q u i l ib r iu m ."

Thus b ased  on th e  double lo g a r i th m ic  r e l a t i o n s h ip  o f  v a r ia b le s  

in  f l u v i a l  and u rban  system s W oldenberg and B erry  conclude th a t  b o th  

system s a r e  s u b je c t  to  a l lo m e t r ic  grow th, and W oldenberg p o s tu la te s

^^Beckmann, " C ity  H ie r a r c h ie s ,"  pp . 246-48.

9 % o rd b eck , "The Law o f  A llo m e tr ic  G row th," p . 24.

9^M ichael J .  W oldenberg, " H ie r a r c h ic a l  System s: C i t i e s ,
R iv e rs , A lp ine  G la c ie r s ,  Bovine L iv e rs  and T rees"  (u n p u b lish e d  Ph.D . 
d i s s e r t a t i o n ,  Columbia U n iv e rs i ty ,  1968), pp . 121-28.

9®Woldenberg and B erry , "R iv e rs  and C e n tra l  P la c e s ,"  pp . 131-
33.

99 ib i d . .  p . 133. 

lOOlbid. 
lOlibid.
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t h a t  th e  power r e l a t i o n s h ip s  In  c e n t r a l  p la c e  system s I s  a  r e s u l t  o f

th e  law o f  a l lo m e try .  He f u r t h e r  p ro p o ses  t h a t  h i s  m odel, b ased  on

102C h r i s t a l l e r 's  c e n t r a l  p la c e  th e o ry , I s  a p p l ic a b le  to  b o th  sy stem s.

^^^W oldenberg, " S p a t i a l  O rder In  F lu v ia l  S y stem s,"  1968, p . 35.



CHAPTER I I I  

RESEARCH THEORY

R esearch  H ypo thesis  

In  th e  s tu d y  a r e a s ,  th e  p r e d ic t iv e  acc u racy  o f  th e  co n v erg en t 

mean model i s  n o t s i g n i f i c a n t l y  in f lu e n c e d  by th e  l i t h o s t r a t i g r a p h i c  

u n i t s  on w hich th e  s tream s a r e  d ev e lo p ed .

N u ll H ypo thesis  

In  th e  s tu d y  a re a s  th e re  i s  a s i g n i f i c a n t  d i f f e r e n c e  in  th e  

acc u racy  w ith  w hich th e  co n v erg en t mean model p r e d ic t s  th e  number o f  

ch an n e ls  p e r  o rd e r  f o r  f l u v i a l  system s developed  on two l i t h o s t r a t i ­

g ra p h ic  u n i t s  a s  compared to  th o se  developed  on one l i t h o s t r a t i g r a p h i c  

u n i t .

J u s t i f i c a t i o n  f o r  R esearch  H yp o th esis  

D rainage b a s in s  a re  com plex m o rp h o lo g ica l system s w hich ten d  

tow ard th e  developm ent o f  a s te a d y  s t a t e .  D evelopm ent o f  a s te a d y  

s t a t e  in v o lv e s  p ro c e s s e s  th ro u g h  w hich m orphom etric v a r i a b le s  a d ju s t  

to  t r a n s m it  mass and en erg y  im posed on th e  system  by th e  n a tu r a l  

en v iro n m en t.^  When th e  system  has a d ju s te d  to  a s te a d y  s t a t e ,  th e

^A rth u r N. S t r a h l e r ,  " E q u il ib r iu m  Theory A pproached by F re ­
quency D i s t r ib u t io n  A n a ly s is ,"  A m erican Jo u rn a l o f S c ie n c e , CCXLVIII 
(O cto b er, 1950), 6 7 3 .)  ( H e r e in a f te r  r e f e r r e d  to  a s  " E q u il ib r iu m  
T h eo ry ."

49
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In p u ts  o f  energy  and mass a re  b a la n c e d  in  such a way th a t  th e  in te g -
O

r i t y  o f  th e  le v e l  o f  in t e g r a t i o n  i s  m a in ta in e d . D uring th e  s te a d y  

s t a t e ,  form  e lem en ts  ach iev e  a tim e in d ep en d en t s t a t e ,  w hich can be 

s t a t e d  a s  fo llo w s :

^[(HD)/0,QKg] = 0

w here: (HD)/0 = geom etry number
H = maximum b a s in  r e l i e f
D = d ra in a g e  d e n s i ty
0 = ground s u r fa c e  o r  ch an n e l g r a d ie n t

QKe = H orton  number 
Q = ru n o ff  i n t e n s i t y  

Kg = an e ro s io n  p r o p o r t i o n a l i t y  f a c to r  
(mass r a t e  o f  d e b r is  rem oval p e r  
u n i t  a r e a /e ro d in g  s t r e s s  p e r  u n i t  
a re a )

^ = d im e n s io n le ss  q u a n t i t i e s  '

In  o th e r  w ords, th e  geom etry number and th e  H orton  number a re  b a lan ced  

f o r  d im e n s io n le ss  q u a n t i t i e s .

In  d e s c r ib in g  th e  s te a d y  s t a t e ,  S t r a h l e r  s t a t e s  t h a t  " in  

m ature topography  a s lo p e  i s  th e  m o rp h o lo g ica l m a n if e s ta t io n  o f  a 

s te a d y  s t a t e  in  w hich th e  fo rc e s  w hich remove th e  m a te r ia l  a re  so 

a d ju s te d  to  th e  r e s i s t i v e  p r o p e r t i e s  o f  th e  s u r f a c e  a s  to  p ro v id e  a

2
R ich ard  J .  C horley  and B arbara  A. Kennedy, P h y s ic a l  Geog­

raphy : A Systems A pproach (Englewood C l i f f s ,  N .J . :  P r e n t ic e - H a l l ,
I n c . ,  1971), p . 356.

^ I b i d . .  p . 321.

^The co n cep t o f  d im en sio n a l a n a ly s i s  was o r i g i n a l l y  d is c u s s e d  
by S t r a h l e r ;  how ever, th e  e q u a tio n  and symbology h e r e in  used  a re  
d e r iv e d  from  C h o rley . F o r a  d is c u s s io n  o f  d im e n s io n a l a n a ly s i s  see  
A rth u r  N. S t r a h l e r ,  "D im ensional A n a ly s is  A p p lied  to  F lu v ia l ly  Eroded 
L andfo rm s,"  G e o lo g ic a l S o c ie ty  o f  A m erica B u l l e t i n .  LXIX (March, 1958), 
279-99 .
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s te a d y  supp ly  o f d e b r is  to  th e  s tre a m s ." ^  He f u r th e r  w r i te s  t h a t  in  

th e  s te a d y  s t a t e  a g raded  d ra in a g e  system  d evelops to p o g ra p h ic  forms 

w hich a re  tim e -in d e p e n d e n t and t h a t  th e s e  form s may be d e s c r ib e d  as  

e q u i l ib r iu m  fo rm s.^  When th e  s te a d y  s t a t e  i s  ach iev ed  th e r e  i s  an 

e q u i l ib r iu m  betw een d ra in a g e  ch an n e ls  and s lo p e s  w hich c o n t r ib u te  

d e b r is  (mass) to  th e  ch an n e l sy stem .^  "Ground and ch an n e l g r a d ie n ts ,  

a s  w e ll  as  d ra in a g e  d e n s i ty  a ch iev e  a form b e s t  ad ap ted  to  m a in ta in -
g

in g  a  s te a d y  s t a t e  in  th e  rem oval o f  d e b r i s ."  S t r a h l e r  does n o t 

d iv o rc e  th e  tim e d im ension  n o r c y c l i c a l  im p lic a t io n  from  h i s  s te a d y  

s t a t e  th e o ry , b u t s t a t e s  t h a t  flow  of e r o s io n a l  and t r a n s p o r ta t io n a l
g

p ro c e sse s  i s  av eraged  over " p e r io d s  o f  y e a rs  o r  te n s  o f y e a r s ."  

R ead justm ent o f  th e  s te a d y  s t a t e  i s  e n v is io n e d  d u rin g  th e  e ro s io n  

c y c le  as a v a i la b le  r e l i e f  lo w ers .

Hack, as  a r e s u l t  o f  h is  work in  th e  A p p a lac h ian s , developed  

a th e o ry  o f  dynamic e q u il ib r iu m  w hich em bodies th e  s te a d y  s t a t e  con­

c e p t o f S t r a h le r  and th e  e q u ilib r iu m  co n cep ts  o f  G. K. G i lb e r t .  Hack 

s t a t e s  th a t

in  th e  co n cep t o f  dynamic e q u il ib r iu m  th e  lan d scap e  and th e  p ro ­
c e s se s  m olding i t  a re  co n s id e re d  a p a r t  o f  an  open system  in  a

^ S t r a h le r ,  "E q u ilib r iu m  T heory ,"  p . 677. 

^ I b i d . .  p . 676.

7I b i d . .  p . 685.

^ I b id . .  p . 688.

* I b id . .  p . 676. 

l ° I b i d .
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s te a d y  s t a t e  o f  b a la n c e  in  w hich ev ery  s lo p e  and ev e ry  form  i s  
a d ju s te d  to  ev e ry  o th e r .  Changes in  to p o g ra p h ic  form  ta k e  p la c e  
a s  e q u i l ib r iu m  c o n d itio n s  change.

He f u r th e r  w r i te s  t h a t  e q u i l ib r iu m , a t t a in e d  by a d ju s tm e n t o f  a t  l e a s t

seven  v a r ia b le s ,  i s  a complex p ro c e ss  in  w hich many a l t e r n a t i v e s  a re

p o s s ib le ;  th e r e f o r e ,  he th e o r iz e s  th a t  a d ju s tm e n t i s  a r r iv e d  a t
19

q u ic k ly  in  th e  developm ent o f th e  v a l l e y .  The n a tu re  o f  ad ju s tm en t 

i s  one in  w hich th e r e  i s  a b a la n c e  betw een opposing  f o r c e s .  He s t a t e s  

th a t

r a th e r  th an  a concep t o f b a la n c e  betw een th e  lo ad  o f  a s tream  and 
th e  a b i l i t y  o f  th e  s tream  to  move i t ,  i t  i s  more u s e f u l  in  th e  
a n a ly s i s  o f  to p o g ra p h ic  form s to  c o n s id e r  th e  e q u i l ib r iu m  o f  a 
p a r t i c u l a r  lan d scap e  to  in v o lv e  a b a la n c e  betw een th e  p ro c e s se s  o f 
e ro s io n  and th e  r e s i s ta n c e  o f  th e  ro ck s  a s  th e y  a r e  u p l i f t e d  o r  
t i l t e d  by d ia s t r o p h is m .13

In  a d d i t io n ,  he p roposes t h a t ,  i f  d ia s t r o p h ic  fo rc e s  o p e ra te  g ra d u a l ly  

enough, a b a la n c e  can be m a in ta in ed  by e ro s iv e  p ro c e s s e s  and th e  

topography  w i l l  rem ain  in  e q u i l ib r iu m  as  i t  ev o lv es  from  one form to  

a n o th e r .  He p o s tu la te s  t h a t  in  re g io n s  such  a s  th e  A pp a lach ian s  la rg e  

a re a s  o f  th e  topography a re  a d ju s te d ,  and d i f f e r e n c e s  in  form a r e  p r i ­

m a rily  th e  r e s u l t  o f  d i f f e r e n t i a l  e ro s io n  o f  d iv e rs e  ro ck  ty p e s .

John T. Hack, " I n t e r p r e t a t i o n  o f  E ro s io n a l Topography in  
Humid Tem perate R eg io n s ,"  American Jo u rn a l o f  S c ie n c e . CCLVIII-A 
(B rad le y  Volume, 1960), 81 . ( H e re in a f te r  r e f e r r e d  to  as  
" I n t e r p r e t a t i o n . " )

l ^ I b i d . .  p . 84.

l ^ I b i d . .  p . 86.

l̂ ibid.. p. 89.
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In  t h i s  r e s e a rc h  th e  s te a d y  s t a t e  th e o ry  o f  S t r a h l e r  and th e  

dynamic e q u i l ib r iu m  th e o ry  o f  Hack a r e  in  g e n e ra l  a c c e p te d . However, 

r e s e r v a t io n s  a r e  h e ld  co n ce rn in g  co m p le ten ess  o f  th e  e q u i l ib r iu m  

a t t a in e d  and th e  tim e in v o lv e d  in  e q u i l ib r iu m .

In  view  o f  th e  o s c i l l a t i n g  n a tu re  o f  u p l i f t  and r a t e s  o f  

d e n u d a tio n , i t  i s  d o u b tfu l  i f  th e  r a t e  o f u p l i f t  i s  a t  a c o n s ta n t  r a t e  

long  enough to  p e rm it th e  e s ta b l is h m e n t o f  com plete  e q u i l ib r iu m  o v e r 

la rg e  a r e a s .  A ccord ing  to  A h n ert, a t  p r e s e n t  r a t e s  o f  d e n u d a tio n  in  

m iddle l a t i t u d e s ,  a c o n s ta n t  r a t e  o f  u p l i f t  f o r  tw enty  m i l l io n  y e a rs  

w ould be r e q u ire d  to  e s t a b l i s h  a s te a d y  s t a t e . H o w e v e r ,  i t  shou ld  

be n o te d  th a t  Hack d id  n o t assume p e r f e c t  e q u i l ib r iu m . He s t a t e s :  

" e v e ry  a re a  in c lu d e s  f e a tu r e s  t h a t  a re  in  e q u i l ib r iu m  and some th a t  

a r e  n o t ." ^ ^  In  t h i s  r e s e a r c h  land fo rm s a re  v iew ed as  te n d in g  tow ard  a 

dynamic e q u i l ib r iu m .

Time in  t h i s  r e s e a r c h  i s  view ed in  a manner somewhat s im i la r  

to  t h a t  o f  Schumm and L ic h ty .^ ^  D uring p e r io d s  in  w hich th e re  i s  a 

q u a s i - e q u i l ib r iu m  betw een th e  p ro c e s s e s  o f e ro s io n  and th e  r e s i s ta n c e

IS p rank  A h n ert, " F u n c tio n a l  R e la t io n s h ip s  Between D enudation , 
R e l ie f ,  and U p l i f t  in  L arge M id -L a titu d e  D ra in ag e  B a s in s ,"  A m erican 
J o u rn a l o f  S c ie n c e . CCLXVIII (M arch, 1970), 243.

^^U .S ., D epartm ent o f  I n t e r i o r ,  G e o lo g ic a l Survey , Geomor­
phology o f  th e  Shenandoah V a lle y  V irg in ia  and W est V irg in ia  and 
O r ig in  o f  R e s id u a l Ore D e p o s i ts , by John T. Hack, U n ited  S ta te s  Geo­
lo g ic a l  Survey P r o f e s s io n a l  P aper 484 (W ashington , D .C .: Government
P r in t in g  O f f ic e ,  1965), p . 9 . (H e r e in a f te r  r e f e r r e d  to  a s  Geomor­
phology o f  th e  Shenandoah V a l le y .)

^^S. A. Schumm and R. W. L ic h ty , "Tim e, Space, and  C a u s a l i ty  
in  G eom orphology," A m erican J o u rn a l  o f  S c ie n c e . CCLXIII (F eb ru a ry , 
1965), 110-19 .
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o f  th e  ro ck s  to  e ro s io n  a t im e le s s  s te a d y  s t a t e  e x i s t s  In  w hich th e  

e q u a tio n  ^[(H D)/0,QK g] = 0 I s  a p p ro x im a te ly  s a t i s f i e d .  Changes In  

e i t h e r  c l im a te  o r  u p l i f t  o r  b o th  may o c c u r  d u r in g  w hich an  Im balance 

In  land fo rm  system s o c c u rs . The d is e q u i l ib r iu m  phase  I s  view ed a s  a 

r e l a x a t io n  phase d u r in g  w hich feed b ack  lo o p s  o p e ra te  w hich e v e n tu a l ly  

r e s u l t  In  a new phase  In  w hich e q u i l ib r iu m  I s  ap p ro ach ed . T h e re fo re , 

d u rin g  th e  tim e t r a j e c t o r y  In  w hich a la n d sc a p e  I s  In v o lv ed , th e  s y s ­

tem c o n s ta n t ly  te n d s  tow ard  a s te a d y  s t a t e  and p ro b ab ly  ap p ro ach es  th e  

s te a d y  s t a t e  soon a f t e r  d is e q u i l ib r iu m  p h a se s .

In f lu e n c e  o f  L lth o lo g y  

E q u ilib r iu m  I s  a t t a in e d  In  landfo rm  system s when th e re  I s  "a  

b a la n c e  betw een th e  p ro c e s s e s  o f  e ro s io n  and th e  r e s i s ta n c e  o f  th e
1 O

ro ck  as  th e y  a re  u p l i f t e d  o r  t i l t e d  by d la s t ro p h ls m ."  O bv iously , 

d ra in a g e  b a s in s  composed o f  more th a n  one l i t h o s t r a t i g r a p h i c  u n i t  may 

approach  dynamic e q u i l ib r iu m  I f  th e  e ro s iv e  p ro c e s s e s  w ith in  th e  s y s ­

tem have a d ju s te d  to  th e  r e s i s t i v i t y  o f  each  l i t h o s t r a t i g r a p h i c  u n i t .  

T his I s  n o t to  Im ply th a t  form s a re  th e  same, b u t t h a t  b a s in  m orphol­

ogy w h a tev e r form  ta k e n . I s  In  q u a s l - e q u l l lb r lu m . Hack, r e f e r r i n g  to  

d i f f e r e n t  to p o g ra p h ic  form s w ith in  an  a re a  In  e q u i l ib r iu m  s t a t e s :

" d i f f e r e n c e s  from  p la c e  to  p la c e  a re  e x p la in a b le  by d i f f e r e n c e s  In  th e

19bed ro ck  o r  In  th e  p ro c e s s e s  a c t in g  on th e  b e d ro c k ."  He f u r th e r  

s t a t e s :

l^H ack, " I n t e r p r e t a t i o n , "  p . 86.

l^H ack, Geomorpholoev o f  th e  Shenandoah V a lle y , p . 5 .
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Study o f th e  to p o g ra p h ic  form in  th e  Shenandoah V a lle y  r e v e a ls  a 
c lo s e  dependence o f  th e  fo rm s, r e l i e f ,  d ra in a g e  p a t t e r n  and o th e r  
a s p e c ts  o f  to pog raphy  on th e  k in d  o f  b ed ro ck . Some d i s s i m i l a r i ­
t i e s  o r  d i f f e r e n c e s  in  form  th a t  do e x i s t  w ith in  th e  same ro ck  
a re a s  p ro b ab ly  in d ic a te  th a t  th e  e q u i l ib r iu m  o f  form  i s  n o t
c o m p le te .20

In  h i s  1960 p a p e r . Hack d e s c r ib e s  a system  th a t  i s  in  e q u i l ib r iu m  even

though i t  i s  d ev e lo p ed  on d i s s im i l a r  ro ck  ty p e . The two ro ck  ty p e s

in v o lv ed  a r e  q u a r t z i t e  and lim e s to n e  w ith  a g ra v e l  t e r r a c e  developed

a t  th e  b a se  o f  q u a r t z i t e  h i l l s .  He p o in ts  o u t t h a t  th e  t e r r a c e s

t e s t i f y  to  th e  d i f f e r e n c e s  in  r e s i s t a n c e  betw een th e  two fo rm a tio n s

and co n c lu d es  t h a t  th e  te r r a c e s  a re  p a r t  o f th e  e q u i l ib r iu m  betw een 

21th e  two u n i t s .  R e fe r r in g  to  a la rg e  re g io n , th e  A p p alach ian  re g io n ,

w ith in  w hich d iv e r s e  l i t h o s t r a t i g r a p h i c  u n i t s  a re  in v o lv e d  Hack s t a t e s :

In  a lan d sca p e  l i k e  t h a t  o f  th e  A ppalach ian  r e g io n  in  w hich la rg e  
a r e a s  a r e  m u tu a lly  a d ju s te d ,  th e  d i v e r s i t y  o f  form  i s  l a r g e ly  th e  
r e s u l t  o f  th e  d i f f e r e n t i a l  e ro s io n  o f  ro ck s  t h a t  y ie ld  to  w e a th e r­
in g  in  d i f f e r e n t  w ays. Such topography  may be r e f e r r e d  to  as  
e r o s io n a l ly  g r a d e d . 22

F l i n t  b a sed  on h i s  s tu d y  o f  landfo rm s in  C o n n e c tic u t concluded  th a t  

th e  a r e a  he s tu d ie d  was co m p a tib le  w ith  th e  th e o ry  o f  dynamic e q u i l i b ­

rium  as  s t a t e d  by H ack.^^ M e is le r , from h i s  s tu d y  o f  th e  Lebanon 

V a lle y  in  P e n n sy lv a n ia , reac h ed  a s im i la r  c o n c l u s i o n . 24

2 0 l b i d . .  p . 17.

^^Hack, " I n t e r p r e t a t i o n , "  p . 94.

Z^ I b i d . .  p . 89.

^^R ich ard  F . F l i n t ,  " A l t i tu d e ,  L ith o lo g y , and th e  F a l l  Zone 
in  C o n n e c t ic u t ,"  J o u rn a l  o f  Geology. LXXI (November, 1963), 690.

2^H aro ld  M e is le r ,  " O r ig in  o f  E ro s io n a l S u rfa c e s  in  th e  Lebanon 
V a lle y , P e n n s y lv a n ia ,"  The G eo lo g ica l S o c ie ty  o f  Am erica B u l l e t in .  
LXXIII (S ep tem ber, 1962), 1071-82.



56

The in f lu e n c e  o f b ed ro ck  geo logy  on s tream  e q u il ib r iu m  has 

been  in v e s t ig a te d ,  and i t  has been  found th a t  s tream s may re a c h  a 

g raded  c o n d it io n  even though  th e y  t r a v e r s e  a re a s  o f  d iv e r s e  l i th o lo g y .  

M ackin s t a t e s

. . .  i f  th e  s tre a m  be g rad ed  a c ro s s  th e  b a r r i e r ,  d i f f e r e n c e s  in  
b ed ro ck  r e s i s t a n c e  have no d i r e c t  in f lu e n c e  on i t s  s lo p e ;  th e o ­
r e t i c a l l y  and a c t u a l l y ,  a s  in d ic a te d  e a r l i e r ,  g raded  s tream s c ro s s  
b e l t s  o f  such  c o n t r a s te d  ro ck  ty p e s  a s  q u a r t z i t e  and s h a le  w ith o u t 
change in  s lo p e  a t  th e  c o n t a c t s .25

Wolman, from  h is  s tu d y  o f e q u i l ib r iu m , co ncludes  t h a t  Brandywine C reek

i s  in  e q u i l ib r iu m  even though i t  c ro s s e s  h e te ro g en eo u s  ro c k s .

C herkauer in  h i s  s tu d y  o f  ephem eral s tream s in  s o u th e a s te rn  A rizona

co n c lu d es  t h a t  th e  s tream s a r e  a d ju s te d  to  fo u r  m ajor v a r ia b le s  one o f

w hich i s  l i th o lo g y .

I t  i s  in f e r r e d  from th e  works c i t e d  t h a t  e q u i l ib r iu m  (o r  q u a s i ­

e q u ilib r iu m )  o f  topography  as  w e l l  a s  s tream s i s  p o s s ib le  i f  a b a la n c e

h as  been  ach iev ed  betw een th e  fo rc e s  o f  e ro s io n  and th e  r e s i s t i v i t y  o f 

th e  ro c k . E q u ilib r iu m  can be ac h ie v e d  w ith  d iv e r s e  e x p re s s io n s  of 

g e o m e tric  fo rm s. D if fe re n c e s  in  form  e lem en ts  may r e f l e c t  d i f f e r e n c e s  

in  l i th o lo g y  b u t e q u i l ib r iu m  among form s may a l s o  be p r e s e n t .

25J .  Hoover M ackin, "C oncept o f  th e  Graded R iv e r ,"  B u l l e t i n  o f 
th e  G e o lo g ic a l S o c ie ty  o f  A m erica. LIX (May, 1948), 491.

^®U.S., D epartm ent o f  I n t e r i o r ,  G eo lo g ic a l Survey, The N a tu ra l 
C hannel o f  Brandywine C reek. P e n n sy lv a n ia , by M. Gordon Wolman, U n ited  
S ta t e s  G eo lo g ic a l Survey P r o f e s s io n a l  P ap er 271 (W ashington, D .C .: 
Government P r in t i n g  O ff ic e ,  1955), p . 3 .

^^D ouglas S. C h erkauer, " L o n g itu d in a l P r o f i l e s  o f  Ephem eral 
S tream s in  S o u th e a s te rn  A riz o n a ,"  G eo lo g ica l S o c ie ty  o f  Am erica B u lle ­
t i n . LXXXIII (F e b ru a ry , 1972), 364.
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I t  i s  concluded th a t :  (1 ) i f  a r e a s  o f d iv e r s e  l i t h o lo g i e s

su ch  a s  th e  A p palach ians  have la rg e  a re a s  in  dynamic e q u ilib r iu m , 

t h a t  in  th e  a re a s  i s o la te d  f o r  s tu d y  th e  d ra in a g e  b a s in s  sh o u ld  have 

approx im ated  a s te a d y  s t a t e ,  and (2 ) th e  p r e d ic t iv e  acc u racy  o f  th e  

co n v erg en t mean model sh o u ld  n o t be s i g n i f i c a n t l y  in f lu e n c e d  by l i t h o ­

s t r a t i g r a p h i c  u n i t s  in  th e  s tu d y  a r e a s .  I f  th e  co n v erg en t mean model

p r e d ic t s  f o r  th o se  system s w hich d ev e lo p  w ith in  th e  c o n s t r a in t s  o f

28e q u i l ib r iu m  betw een econom ies o f  o v e rla n d  work and s c a le ,  i t  shou ld  

a c c u r a te ly  p r e d ic t  f o r  th o se  la n d sc a p e s  in  dynamic e q u i l ib r iu m  re g a rd ­

l e s s  o f  th e  l i t h o s t r a t i g r a p h i c  u n i t s  on w hich th ey  a re  d ev e lo p ed .

Study A reas

J u s t i f i c a t i o n  f o r  Choosing Study A reas

Three a re a s  (A reas I ,  I I ,  and I I I )  w ere chosen  to  t e s t  th e  

n u l l  h y p o th e s is  (F ig u re  7 ) .  A reas I  and I I I  a re  lo c a te d  e n t i r e l y  

w i th in  th e  West G ulf C o a s ta l P la in .  Area I I  i s  lo c a te d  p r im a r i ly  in  

th e  West G ulf C o a s ta l P la in  b u t  e x ten d s  in to  th e  C e n tra l  Texas s e c t io n  

o f  th e  G rea t P la in s .  These a re a s  w ere chosen  f o r  th e  fo llo w in g  

re a so n s : (1) l i t h o s t r a t i g r a p h i c  u n i t s  have s u f f i c i e n t  ex p o su res  to

p e rm it developm ent o f  f i f t h  o rd e r  d ra in a g e  b a s in s  on a  s in g le  l i t h o ­

s t r a t i g r a p h i c  u n i t ;  (2) d ra in a g e  b a s in s  can be i s o la te d  f o r  a n a ly s i s  

in  w hich g e o lo g ic a l  s t r u c t u r e s  do n o t  d i s tu r b  th e  norm al s t r a t i g r a p h i e

M ichael J .  W oldenberg, " S p a t i a l  O rder in  F lu v ia l  System s: 
H o r to n 's  Laws D erived  from  Mixed H exagonal H ie ra rc h ie s  o f  D rainage 
B asin  A re a s ,"  G eo lo g ica l S o c ie ty  o f  Am erica B u l l e t i n .  LXXX (Ja n u a ry , 
1969), 103.
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sequence ; (3 ) c l im a te  w ith in  each a re a  i s  s im i l a r  a c c o rd in g  to  th e  

Koppen c l a s s i f i c a t i o n  system ; and (4 ) ev id en ce  in d i c a te s  t h a t  th e  

topog raphy  i s  i n  q u a s i - e q u i l ib r iu m .

D e s c r ip t io n  o f  S tudy  A reas

E vidence f o r  Q u a s i-E q u il ib r iu m

Q u a s i- e q u il ib r iu m  in  d ra in a g e  b a s in s  i s  d i f f i c u l t  to  a s s e s s  

f o r  th e  fo llo w in g  re a s o n s : (1) co n fu s io n  o f  d e f i n i t i o n ,  (2 ) m easuring

d i f f i c u l t i e s ,  and (3 ) a v a i l a b i l i t y  o f  d a ta .  However, two p r a c t i c a l  

m ethods a r e  in f e r r e d  a s  m easures o f  e q u i l ib r iu m . They a r e  th e  hypso­

m e tr ic  i n t e g r a l  and th e  e lo n g a tio n  r a t i o .

E lo n g a tio n  r a t i o .--T h e  e lo n g a t io n  r a t i o  i s  d e f in e d  a s  th e

29r a t i o  o f  b a s in  d ia m e te r  to  maximum b a s in  le n g th ,  and in  a re a s  in

e q u i l ib r iu m  a sm a ll range f o r  b a s in  e lo n g a t io n  r a t i o s  has  been  found .

Schumm found th a t  f o r  b a s in s  in  th e  P e r th  Amboy a re a  e lo n g a t io n  r a t i o s

d e c re a se d  to  a c o n s ta n t  o f  abou t 0 .5  when 40 p e rc e n t o f  b a s in  mass was

rem oved. He s t a t e s  t h a t  c o n s is te n c y  o f  b a s in  p a ra m e te rs , one o f  w hich

i s  th e  e lo n g a t io n  r a t i o ,  i s  ev id en ce  o f  s te a d y  s t a t e  w i th in  th e  b a s in s  

30a n a ly z e d . C o n s is te n c y  o f  th e  e lo n g a t io n  r a t i o  i s  a l s o  n o ted  by 

S t r a h l e r  who w r i te s  th a t  th e  r a t i o  ra n g e s  from  0 .6  to  1 .0  f o r  a w ide

2 9 g ta n le y  A. Schumm, " E v o lu tio n  o f  D ra inage  System s and S lopes 
in  B adlands a t  P e r th  Amboy, New J e r s e y ,"  G e o lo g ic a l S o c ie ty  o f  America 
B u l l e t i n . LXVII (May, 1956), 612.

30Ibid.. p. 616.
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oi
v a r i e ty  o f  c l im a t ic  and g e o lo g ic  ty p e s .  Based on th e s e  o b s e rv a tio n s  

o f  c o n s is te n c y  f o r  th e  e lo n g a t io n  r a t i o ,  i t  i s  in f e r r e d  th a t  i f  th e  

d ra in a g e  b a s in s  chosen  f o r  a n a ly s i s  in  t h i s  s tu d y  a re  in  q u a s i ­

e q u i l ib r iu m  th a t  (1) th e  e lo n g a t io n  r a t i o  f o r  in d iv id u a l  b a s in s  shou ld  

have sm a ll d e v ia t io n s  from  th e  a re a  (A rea I ,  I I ,  and I I I )  mean e lo n g a ­

t i o n  r a t i o  and (2) e lo n g a tio n  r a t i o s  betw een th e  th r e e  s tu d y  a r e a s  

shou ld  n o t d i f f e r  s i g n i f i c a n t l y .

The mean and s ta n d a rd  d e v ia t io n  o f  th e  e lo n g a tio n  r a t i o  f o r  

each  s tu d y  a re a  w ere computed (A ppendix I ) .  F or each  s tu d y  a re a  th e r e  

was sm all d e v ia t io n  (A rea I ,  .1 1 ; A rea I I ,  .1 0 ; and A rea I I I ,  .1 3 ) 

from  th e  mean w hich s u g g e s ts  t h a t  th e  d ra in a g e  b a s in s  u n d er c o n s id e ra ­

t io n  can be c o n s id e re d  in  q u a s i - e q u i l ib r iu m  in  term s o f  th e  e lo n g a t io n  

r a t i o .  The n o n p a ram e tric  K ru sk a l-W a llis  t e s t  was used  to  t e s t  f o r  

s ig n i f i c a n c e  o f  d i f f e r e n c e  f o r  th e  e lo n g a tio n  r a t i o  f o r  th e  th r e e  

a r e a s .  The K ru sk a l-W a llis  t e s t  was used  in s te a d  o f  a n a ly s i s  o f  v a r i ­

ance b ecau se  r e s u l t s  o f  H a r t l e y 's  t e s t  f o r  hom ogeneity  o f  v a r ia n c e  

in d ic a te d  th a t  hom ogeneity  o f  v a r ia n c e  cou ld  n o t be assumed w hich i s  

re q u ire d  f o r  u se  o f  a n a ly s i s  o f  v a r ia n c e .  The fo llo w in g  n u l l  h y p o th e ­

s i s  was t e s t e d :  There i s  n o t a s i g n i f i c a n t  d if f e r e n c e  in  th e  e lo n g a ­

t i o n  r a t i o  betw een th e  th r e e  s tu d y  a r e a s .  The n u l l  h y p o th e s is  co u ld  

n o t be r e j e c te d  a t  th e  .05 le v e l  o f s ig n i f ic a n c e  (A ppendix I ) .  Based 

on th e  K ru sk a l-W a llis  t e s t  i t  was th e r e f o r e  concluded  th a t  th e re  i s

0*1

^A rth u r N. S t r a h l e r ,  " Q u a n t i ta t iv e  Geomorphology o f  D rainage 
B asin s  and Channel N etw o rk s ,"  in  Handbook o f  A pp lied  H ydrology: A
Compendium o f W ater-R esou rces  T echnology, ed . by Ven Te Chow (New 
York: M cGraw-Hill Book Company, 1964), pp. 4 -5 1 .
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n o t a s i g n i f i c a n t  d i f f e r e n c e  In  th e  e lo n g a tio n  r a t i o  f o r  th e  th r e e  

s tu d y  a r e a s .

E l e v a t i o n - r e l i e f  r a t i o . - - S t r a h l e r  d e f in e s  h y p so m etric  I n t e ­

g r a l s  ran g in g  from  .35 to  .60  as  r e p r e s e n t in g  topography  In  e q u i l i b ­

rium . W ith in  th e s e  l im i t s  th e  cu rv e  r e p re s e n ts  topography  th a t  has 

a t t a in e d  a s te a d y  s t a t e .

In  t h i s  s t a t e ,  a system  o f chan n e l s lo p e s  and  v a l le y - w a l l  s lo p e s  
h as  been  developed  w hich I s  most e f f i c i e n t l y  ad ap ted  to  th e  re d u c ­
t i o n  o f  th e  landm ass w ith  a v a i la b le  e r o s io n a l  f o r c e s ,  b a lan ced  
a g a in s t  th e  r e s i s t i v e  fo rc e s  o f  co h es io n  m a in ta in e d  by th e  bed ro ck , 
s o i l ,  and p la n t  co v er.

C horley  concurs w ith  S t r a h le r  b u t I n d ic a te s  th a t  e q u i l ib r iu m  ran g es

33betw een h y p so m etric  I n te g r a l s  o f  .20  and .8 0 . King a s s ig n s  s im i la r

hy p so m etric  I n te g r a l s  to  e q u i l ib r iu m , b u t  s t a t e s  th a t  In  m a tu r i ty  th e

h y p so m etric  I n t e g r a l  f a l l s  to  abo u t .5 0 .^ ^

P ik e  and W ilson d em o n stra te  e m p ir ic a l ly  and m a th e m a tic a lly

th a t  th e  e l e v a t l o n - r e l l e f  r a t i o  and th e  h y p so m etric  I n te g r a l  a r e  Iden - 

35t l c a l .  They c i t e  ease  o f  com puting th e  e l e v a t l o n - r e l l e f  r a t i o  a s  a

A rth u r W. S t r a h l e r ,  "H ypsom etric  (A re a -A lti tu d e )  A n a ly s is  of 
E ro s io n a l T opography," G eo lo g ica l S o c ie ty  o f  Am erica B u l l e t in .  LX III 
(November, 1952), 1130. ( H e re in a f te r  r e f e r r e d  to  a s  "H ypsom etric 
A n a ly s is ." )

p . 229.

QO
C horley  and Kennedy, P h y s ic a l  Geography; A Systems A pproach. 

^^C uch la lne  A. M. K ing, T echniques In  Geomorphology (New York:
S t .  M a r t in 's  P r e s s ,  1966), p , 247.

^^R lchard  J .  P ike and S tephen  E. W ilson , " E le v a t lo n -R e lle f  
R a t io ,  H ypsom etric I n t e g r a l ,  and Geomorphlc A re a -A ltl tu d e  A n a ly s is ,"  
G e o lo g ic a l S o c ie ty  o f  America B u l l e t i n . LXXXII (A p r i l ,  1971), 1080.
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36m ajor ad v an tag e  and recommend a random sam pling  p ro ced u re  to  fo llo w

37in  d e te rm in in g  mean b a s in  e l e v a t io n .  T h e ir  p ro ced u re  f o r  com puting 

mean e le v a t io n  was fo llo w ed  in  t h i s  s tu d y . The e l e v a t i o n - r e l i e f  r a t i o  

was d e r iv e d  from th e  fo llo w in g  form ula;^®

g _ mean elevation -m in im um  e le v a t io n  
maximum elevation -m in im um  e le v a t io n

E l e v a t i o n - r e l i e f  v a lu e s  were computed f o r  each  b a s in  (Appen­

d ix  I I ) .  E l e v a t i o n - r e l i e f  v a lu e s  ranged  from  a low v a lu e  o f  .3735 f o r  

b a s in  th r e e  to  a h ig h  v a lu e  o f  .7808 f o r  b a s in  t e n .  Thus a l l  b a s in s  

a r e  w ith in  th e  l i m i t s  o f  e q u i l ib r iu m  as  d e f in e d  by C h o rley . E ig h t b a s in s  

(b a s in s  f iv e ,  te n ,  t h i r t e e n ,  tw e n ty -s ix ,  t h i r t y - f o u r ,  f o r ty -o n e ,  f i f t y -  

one, and f i f ty - tw o )  exceed  th e  upper l i m i t  o f  S t r a h l e r .  The mean and 

s ta n d a rd  d e v ia t io n  f o r  each  group was com puted. G re a te s t  d e v ia t io n  

from th e  mean o c c u rre d  f o r  Area I  ( .1 0 7 9 ) w h ile  th e  s m a l le s t  s ta n d a rd  

d e v ia t io n  o ccu rred  f o r  A rea I I I  ( .0 4 4 3 ) .  S tan d a rd  d e v ia t io n  f o r  Area 

I I  was .0624 . The K ru sk a l-W a llis  a n a ly s i s  o f  v a r ia n c e  t e s t  was u t i l ­

iz e d  to  d e te rm in e  i f  th e re  was a s i g n i f i c a n t  d i f f e r e n c e  in  th e  

e l e v a t i o n - r e l i e f  r a t i o s  betw een th e  th r e e  a r e a s .  The fo llo w in g  hypo­

th e s i s  was te s t e d :  There i s  n o t a s i g n i f i c a n t  d i f f e r e n c e  in  th e

e l e v a t i o n - r e l i e f  r a t i o  betw een A reas I ,  I I ,  and I I I .  The n u l l  h y p o th e­

s i s  co u ld  n o t be r e j e c te d  a t  th e  .05 s ig n i f i c a n c e  le v e l  (A ppendix I I ) .

3* I b id . .  p . 1079. 

3? I b id . .  p . 1081. 

% b i d . .  p . 1079.
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Thus b ased  on th e  K ru sk a l-W a llis  a n a ly s i s  o f  v a r ia n c e  i t  was concluded  

th a t  th e re  was n o t a s i g n i f i c a n t  d i f f e r e n c e  in  th e  e l e v a t i o n - r e l i e f  

r a t i o  f o r  th e  th r e e  s tu d y  a r e a s .

Based on th e  e l e v a t i o n - r e l i e f  r a t i o  i t  was concluded  t h a t  th e  

d ra in a g e  b a s in s  in  th e  th r e e  s tu d y  a r e a s  a r e  w i th in  th e  l i m i t s  o f  

e q u i l ib r iu m  as  o u t l in e d  by C h o rley . A l l  b u t  e ig h t  b a s in s  a r e  w i th in  

th e  e q u i l ib r iu m  l i m i t s  as  o u t l in e d  by S t r a h l e r .  A n a ly s is  o f  th e  

e l e v a t i o n - r e l i e f  r a t i o s  and e lo n g a t io n  r a t i o s  te n d  to  co n firm  th e  

h y p o th e s is  th a t  th e  d ra in a g e  b a s in s  a r e  in  a q u a s i - e q u i l ib r iu m .

D im ensional P aram e ters

The K ru sk a l-W a llis  t e s t  was u sed  to  d e te rm in e  i f  th e  th r e e  

s tu d y  a r e a s  were s im i la r  in  te rm s o f  d im e n s io n a l p a ra m e te rs . In  th e  

s te a d y  s t a t e  th e re  i s  an  a d ju s tm e n t betw een b a s in  geom etry  and th e  

mass and energy  im posed on th e  system  by th e  en v iro n m en t. S im i la r i ty  

o f  geom etry  betw een a r e a s  i s  n o t r e q u ir e d ,  o n ly  a d ju s tm e n t o f  geom etry  

w ith in  each  b a s in  to  th e  mass and en e rg y  im posed upon i t . ^ ^ ’

D ra inage  d e n s i ty ,  s tream  fre q u e n c y , and b a s in  a r e a  w ere com­

p u ted  f o r  each  s tre a m  (A ppendix I I I ) . Mean and s ta n d a rd  d e v ia t io n  f o r  

each  o f  th e  d im en s io n a l p a ra m e te rs  w ere com puted f o r  each  a re a  (T ab le  

4 ) .  W ith in  each  a re a  th e re  was c o n s id e ra b le  d e v ia t io n  from  th e  group 

mean b a s in  a re a  and s tream  fre q u e n c y . A n a ly s is  o f  d a ta  in d ic a te d  t h a t  

th e r e  w ere la rg e  d i f f e r e n c e s  betw een th e  th r e e  a r e a s  in  term s o f  th r e e

S^Hack, " I n t e r p r e t a t i o n , "  p . 89.

^ ^ S t r a h le r ,  "H ypsom etric  A n a ly s is ,"  p . 1130.



TABLE 4
MEAN AND STANDARD DEVIATION FOR DRAINAGE DENSITY, 

STREAM FREQUENCY, AND BASIN AREA

A rea I A rea I I A rea 111

Mean S tan d a rd
D e v ia tio n Mean S tan d a rd

D e v ia t io n Mean S ta n d a rd
D e v ia t io n

D rainage  d e n s i ty 4 .1 2 1 .0 4 5 .5 9 1 .4 8 6 .2 0 .64

S tream  freq u en cy 18.24 11.69 3 4 .2 4 16.21 37 .27 13 .78

B as in  a re a 14.65 7 .8 6 7 .81 4 .1 7 9 .72 4 .6 0
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d im en s io n a l p a ra m e te rs . The K ru sk a l-W a llls  a n a ly s i s  o f  v a r ia n c e  was 

u sed  to  t e s t  f o r  s ig n i f ic a n c e  o f  d i f f e r e n c e  (A ppendix I I I ) .  The f o l ­

low ing n u l l  h y p o th e se s  w ere t e s t e d :

1. There I s  n o t a s i g n i f i c a n t  d i f f e r e n c e  In  d ra in a g e  d e n s i ty  

betw een th e  th re e  s tu d y  a r e a s .

2 . There I s  n o t a s i g n i f i c a n t  d i f f e r e n c e  In  s tream  freq u en cy  

betw een  th e  th r e e  s tu d y  a r e a s .

3 . There I s  n o t a s i g n i f i c a n t  d i f f e r e n c e  In  b a s in  a re a  

betw een  th e  th re e  s tu d y  a r e a s .

Each o f th e  n u l l  h y p o th e se s  was r e j e c t e d  a t  th e  .05 le v e l  o f

s ig n i f i c a n c e .  I t  was concluded  t h a t  th e  a r e a s  d i f f e r  s i g n i f i c a n t l y  In

te rm s o f d ra in a g e  d e n s i ty ,  s tre a m  fre q u e n c y , and b a s in  a r e a .

However, th e s e  r e s u l t s  do n o t I n d ic a te  system  d is e q u i l ib r iu m

b ecau se  th e  e q u a t io n  jJ[(HD)/0,QKg] = 0 r e q u i r e s  t h a t  d im en s io n a l

p a ra m e te rs  a d ju s t  to  th e  H orton number In  o rd e r  f o r  e q u i l ib r iu m  to

e x i s t .  I t  I s  to  be ex p ec ted  th a t  a s  v a lu e s  f o r  th e  H orton  number v a ry

o r  a s  th e  n a tu re  o f  th e  b ed ro ck , s o i l ,  o r  v e g e ta t io n  v a ry  th e  geom etry

number and v a r ia b le s  r e l a t e d  to  I t  change.

S t r a h l e r  w r i te s  th a t  s i m i l a r i t y  among e q u i l ib r iu m  h y p so m etric

cu rv e s  shows e q u i l ib r iu m  I s  p o s s ib le  d e s p i t e  " g r e a t  d i f f e r e n c e s  In

r e l i e f ,  d ra in a g e  d e n s i ty ,  c l im a te ,  v e g e ta t io n ,  s o i l  and l l th o lo g y .

41. . ."  Based on r e s u l t s  o f  e l e v a t l o n - r e l l e f  r a t i o  and e lo n g a tio n  

r a t i o  a n a ly s i s  I t  I s  I n f e r r e d  th a t  q u a s i - e q u i l ib r iu m  h as  been  ach iev ed

4 1 lb ld .
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In  th e  s tu d y  a re a s  a lth o u g h  s i g n i f i c a n t  d i f f e r e n c e s  in  b a s in  a r e a s ,  

s tream  freq u en cy , and d ra in a g e  d e n s i ty  occur when th e  th re e  a re a s  a re  

com pared. I t  i s  f e l t  t h a t  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty ,  s tream  

freq u en cy , and b a s in  a re a s  w ith in  th e  l i m i t s  o f  q u a s i- e q u i l ib r iu m  

u n iq u e ly  q u a l i f y  th e s e  a re a s  f o r  a s s e s s in g  th e  in f lu e n c e  o f l i t h o -  

s t r a t i g r a p h i c  u n i t s  on th e  p r e d ic t iv e  a c c u ra c y  o f th e  model. I f  th e  

model i s  an  e q u i l ib r iu m  model, i t  must p o sse ss  s u f f i c i e n t  f l e x i b i l i t y  

to  p r e d ic t  th e  number o f  ch an n e ls  f o r  b a s in s  in  q u a s i- e q u i l ib r iu m  even 

though d i f f e r e n c e s  e x i s t  in  te rm s o f  d ra in a g e  d e n s i ty ,  s tream  f r e ­

quency, and b a s in  a r e a s .

Geology

L i th o s t r a t ig r a p h ic  u n i t s .--T h e  s tu d y  a re a s  in  th e  West G ulf 

C o a s ta l P la in  and C e n tra l  Texas s e c t io n  o f th e  G rea t P la in s ,  in c lu d e  

u n i t s  th a t  range  from  th e  Comanchean S e r ie s ,  C re taceo u s  System (P aluxy  

Sand) to  th e  P lio c e n e  S e r ie s ,  T e r t i a r y  System  (G o lia d ) . U n its  a re  

composed o f c l a s t i c  and n o n c la s t ic  sed im en ts  th a t  a re  u s u a l ly  l i t h o -  

lo g i c a l l y  t r a n s i t i o n a l  in  n a tu re  ra n g in g  from  r e l a t i v e l y  pu re  sands 

(C a rr iz o )  th ro u g h  m a rls , c a lc a re o u s  m a rl, c a lc a re o u s  c la y ,  and ch a lk  

(A u stin  Chalk) (T ab les  5, 6, and 7 ) .  U n its  crop  o u t in  b road  b e l t s  

w ith  o u tc ro p  w id th  d e te rm in ed  p r im a r i ly  by r e g io n a l  d ip  and th ic k n e s s  

o f  th e  u n i t s .  T h ick n esse s  ran g e  from  tw en ty  to  1 ,500  f e e t .

Geomorphic R egions

West G ulf C o a s ta l  P l a i n . —The West G ulf C o a s ta l P la in  i s  a 

g e n t ly  r o l l i n g  p la in  t h a t  g ra d u a l ly  s lo p e s  tow ard th e  G ulf o f  M exico.



TABLE 5

AREA I— LITHOSTRATIGRAPHIC UNITS INCLUDED IN STUDY

U n it* Dominant L ith o lo g y A pproxim ate C l a s s i f i c a t i o n
T h ick n ess Group S e r ie s System Era

G o liad  Sand san d , sa n d s to n e  
a s s o c ia t e d  c la y 500 ' — — — P lio c e n e T e r t i a r y C enozoic

L a g a r to  C lay c la y ,  sandy c la y 1 ,5 0 0 ' — — — M iocene T e r t i a r y C enozoic

O a k v il le
S andstone

san d , sa n d s to n e  
a s s o c ia te d  c la y 950 ' — — — M iocene T e r t i a r y C enozoic

C atah o u la
T u ff tu f f a c e o u s  c la y 190 ' -  600 ' — — — M iocene ? T e r t ia r y C enozoic

Yegua
F orm ation

g y p s if e ro u s  c la y ,  
sand 720 ' -  1 ,1 3 0 ' C la ib o rn e Eocene T e r t i a r y C enozoic

Cook M ountain  
F o rm ation

c la y  and m arly  
sand 70 ' C la ib o rn e Eocene T e r t i a r y C enozoic

C a r r iz o  Sand sand 75 ' -  2 0 0 ' W ilcox Eocene T e r t ia r y C enozoic

Sabinetow n 
F o rm atio n sand and  c la y 6 0 ' -  100 ' W ilcox Eocene T e r t ia r y C enozoic

*T h is  i s  n o t  a  com plete  g e o lo g ic  column.

o\
' s i



TABLE 6
AREA II--LITHOSTRATIGRAPHIC UNITS INCLUDED IN STUDY

U nit* Dominant L i th o lo g y
A pproxim ate C l a s s i f i c a t i o n

T h ick n ess Group S e r ie s System E ra

Cook M ountain 
F o rm ation c la y  and m arly  sand 70' C la ib o rn e Eocene T e r t i a r y C enozoic

S p a r ta  Sand sand , a s s o c ia te d  
s i l t ,  c la y 200 ' C la ib o rn e Eocene T e r t i a r y C enozoic

C a rr iz o sand 75 ' -  200 ' W ilcox Eocene T e r t i a r y C enozoic

C a lv e r t  B lu f f  
F o rm ation

m udstone a s s o c ia te d  
san d s to n e 1 ,2 0 0 ' W ilcox Eocene T e r t i a r y C enozoic

Kemp Clay c la y ,  c a lc a re o u s  
l o c a l ly  s i l t y 80 ' -  200 ' T a y lo r G u lf ia n C re ta c e o u s M esozoic

M arlb rook
M arl m arl 150 ' - 4 5 0 ' T a y lo r G u lf ia n C re ta c e o u s M esozoic

Pecan Gap 
C halk

c h a lk  g ra d in g  upward 
to  ch a lk y  m arl 120 ' T a y lo r G u lf ia n C re ta c e o u s M esozoic

W olfe C ity  
F o rm ation

m a rl, sand 
san d s to n e 300 ' T a y lo r G u lf ia n C re taceo u s M esozoic

Ozan
F orm ation c la y ,  c a lc a re o u s 4 2 5 ' T a y lo r G u lf ia n C re taceo u s M esozoic

o\
00



TABLE 6--Continued

U n it* Dominant L ith o lo g y
A pproxim ate

T h ick n ess
C l a s s i f i c a t i o n

Group S e r ie s System Era

A u s tin  C halk c h a lk  and m arl 150 ' -  300 ' A u s t in G u lf ia n C re taceo u s M esozoic

Lake Waco 
F o rm ation

lim e s to n e , and 
sh a le 2 5 ' -  60 ' E ag le  Ford G u lf ia n C re taceo u s M esozoic

Woodbine
F orm atio n

sand , a s s o c ia te d  
s i l t - c l a y 175 ' Woodbine G u lf ia n C re ta c e o u s M esozoic

G rayson M arl c la y  a s s o c ia te d  
s i l t s t o n e 70 ' -  90 ' W ash ita Comanchean C re taceo u s M esozoic

W alnut C lay c la y ,  l im e s to n e , 
s h a le 125 ' -  175 '

F r e d e r ic k s ­
b u rg Comanchean C re ta c e o u s M esozoic

P aluxy  Sand sand 70 ' F r e d e r ic k s ­
b u rg Comanchean C re ta c e o u s M esozoic

*T his  i s  n o t a com plete  g e o lo g ic  colum n.

o\VO



TABLE 7
AREA III— LITHOSTRATIGRAPHIC UNITS INCLUDED IN STUDY

U nit* Dominant L ith o lo g y A pproxim ate C l a s s i f i c a t i o n
T h ick n ess Group S e r ie s System E ra

M arlb rook
M arl m arl 150 ' -  4 5 0 ' T a y lo r G u lf ia n C re ta c e o u s M esozoic

W olfe C ity  
F o rm ation

san d , and sandy 
m arl 120 ' T a y lo r G u lf ia n C re ta c e o u s M esozoic

Annona C halk c h a lk , a s s o c ia te d  
sand 450 ' T a y lo r G u lf ia n C re ta c e o u s M esozoic

Ozan
F orm ation c la y ,  c a lc a re o u s 4 2 5 ' T a y lo r G u lf ia n C re ta c e o u s M esozoic

A u s tin  C halk c h a lk  and m arl 150 ' -  300 ' A u s tin G u lf ia n C re ta c e o u s M esozoic

Bonham
F orm ation m arl and c la y 3 75 ' -  530 ' A u s tin G u lf ia n C re ta c e o u s M esozoic

Blossom  Sand san d , c a lc a re o u s 2 0 ' -  250 ' A u s t in G u lf ia n C re ta c e o u s M esozoic

* T h is  i s  n o t a co m p le te  g e o lo g ic  column.

o
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The to p o g ra p h ic  s lo p e  i s  l e s s  th a n  th e  d ip  o f  th e  s t r a t a ;  th e r e f o r e ,  

s u c c e s s iv e ly  younger s t r a t a  crop  o u t tow ard  th e  G ulf C o a s t . T h e  

p la in  i s  d iv id e d  in t o  two to p o g ra p h ic  ty p e s : (1 ) in n e r  zone and (2)

o u te r  zone (F ig u re  7 ) .  The in n e r  zone l i e s  i n t e r i o r  o f a  zone r e f e r r e d  

to  a s  th e  B o rd a s -O a k v ille -K is a tc h ie  C u e s ta .^ ^  The in n e r  zone, ca rv ed  

in  o ld e r  s t r a t a  o f  h ig h e r  a l t i t u d e ,  i s  h i l l y  and  more b roken  th a n  th e  

o u te r  zone. The in n e r  zone i s  c h a r a c te r iz e d  by a s e r i e s  o f  c u e s ta s  

developed  on more r e s i s t a n t  s t r a t a .  The c u e s ta  s c a rp s  fa c e  in la n d  and 

u n d i p . T h e  o u te r  zone i s  a te r r a c e d ,  d e l t a i c  p la in .

S t r u c t u r e . --T h e  dom inant s t r u c t u r a l  f e a tu r e  o f  th e  G ulf C oast

i s  th e  G ulf C oast g e o s y n c lin e . B ornhauser s t a t e s :

. . . a l l  o th e r  s t r u c t u r a l  ty p es  a re  s u b o rd in a te  to  t h i s  f e a tu r e ,  
and t h e i r  fo rm a tio n  i s  d i r e c t l y  o r  i n d i r e c t l y  th e  r e s u l t  o f  th e  
grow th o f  th e  g e o s y n c lin e . The s t r u c t u r a l  h i s to r y  o f  th e  w e s te rn  
G ulf C oast and a d jo in in g  p a r t s  o f  th e  G ulf o f  Mexico i s ,  th e r e ­
f o r e ,  e s s e n t i a l l y  th e  developm ent o f  t h i s  g e o s y n c l in e .4°

The s t r u c t u r e  i s  e s s e n t i a l l y  t h a t  o f  a hom ocline d ip p in g  g u l f -  

w ard . S ubsidence o f  th e  s t r u c tu r e  o c c u rre d  contem poraneous w ith

J .  A. Udden, C. L . B aker, and Em ile R ose, "Review o f  th e  
Geology o f  T ex a s ,"  B u l l e t i n  o f  The U n iv e rs i ty  o f  Texas. No. 44 (A u stin : 
The Bureau o f  Economic Geology, 1916), p . 20 .

4 % i l l i a m  D. T hom bury , R eg io n a l Geomorphology o f  th e  U n ited  
S ta te s  (New York: John W iley and Sons, I n c . ,  1964), p . 64 . (H e re in ­
a f t e r  r e f e r r e d  to  a s  R eg io n a l Geomorphology.)

44 i b i d . .  p . 65 .

^ ^ I b i d . .  p . 64 .

^^Max B o rnhauser, "G u lf C oast T e c to n ic s ,"  B u l l e t in  o f  th e  
A m erican A s s o c ia t io n  o f  P e tro leu m  G e o lo g is ts . XLII (F eb ru a ry , 1958), 
340.
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t i l t i n g  a lo n g  th e  c o a s t l in e  and I s  r e f l e c t e d  In  th e  s t r a t ig r a p h y  o f

th e  b a s in ;  t h a t  I s ,  fo rm a tio n s  u s u a l ly  th ic k e n  g u lfw ard . L o c a lly ,

r e g io n a l  s t r u c t u r a l  f e a tu r e s  a l t e r  th e  s t r a t ig r a p h y  o f th e  g e o s y n c lin e .

These f e a tu r e s  In c lu d e : (1 ) S ab ine U p l i f t ,  (2 ) E a s t Texas B as in ,

(3) San M arcos A rch, and (4) Rio Grande Embayment^^ (F ig u re  8 ) .

Three m ajor zones o f  f a u l t i n g  o ccu r In  th e  Texas p o r t io n  o f

th e  West G ulf C o a s ta l P la in .  From so u th w es t to  n o r th e a s t  th e y  a re :

(1 ) B alco n es, (2) L u lln g , and (3 ) M exla. Of th e s e  th r e e  zones o f

f a u l t i n g  o n ly  th e  B alcones (B alcones E scarpm ent) h as  a p p a re n t e x p re s -

48s lo n  In  th e  la n d fo rm s. In  a d d i t io n  to  th e  th re e  m ajor f a u l t s ,  th e r e  

a r e  numerous m inor f a u l t s .

C e n tra l  Texas s e c t lo n - - G r e a t  P l a i n s . —T hree p a r t s  o f  th e  Cen­

t r a l  Texas s e c t io n  o f  th e  G re a t P la in s  a r e  In c lu d e d  in  t h i s  s tu d y :

(1 ) Lampasas Cut P la in ,  (2) W estern  C ross Tim bers (P a luxy  C ross Tim-

49b e r s ) ,  and (3) B o sq u e v llle  P r a i r i e  (F ig u re  9 ) .  These a re a s  a re  

developed  on Comanchean S e r ie s  C re taceo u s  System  b ed ro ck . They a re  

s e p a ra te d  from  th e  G ulf C o a s ta l P la in  p r im a r i ly  b ecau se  th e  b ed rock  

I s  o f  th e  Comanchean S e r ie s  In  c o n t r a s t  to  th e  G u lf ia n  S e r ie s  b ed ro ck

4 7 j .  A. W aters , P . W. M cFarland, and J .  W. Lea, "G eo log ic  
Framework o f  G ulf C o a s ta l  P la in  o f  T ex as,"  B u l l e t i n  o f  th e  A m erican 
A s s o c ia t io n  o f  P e tro leu m  G e o lo g is ts , XXXIX (S ep tem ber, 1955), 1823-24. 
( H e r e in a f te r  r e f e r r e d  to  a s  "G eo lo g ic  Fram ew ork.")

^®Thornbury, R eg io n a l Geomorphology. p . 64.

^ ^ U .S ., D epartm ent o f  I n t e r i o r ,  G eo lo g ic a l Survey , Geography 
and Geology o f  th e  B lack  and Grand P r a i r i e s .  T exas, by R o b ert T. H i l l ,  
T w e n ty - f i r s t  Annual R ep o rt o f  th e  U n ited  S ta te s  G e o lo g ic a l Survey P a r t  
V II—Texas (W ashington, B .C .: Government P r in t i n g  O f f ic e ,  1901),
pp . 76-83 . ( H e r e in a f te r  r e f e r r e d  to  a s  B lack  and Grand P r a i r i e s . )
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REGIONAL STRUCTURES

TEXAS GULF COAST
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Baal n
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Fig . 8 .—Regional s tru c tu re s  of Texas Gulf C oastal P la in
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o f  th e  a d ja c e n t  West G u lf C o a s ta l P la in .  Southw ard, th e  Comanchean 

S e r ie s  i s  s e p a ra te d  from  th e  G u lf ia n  o f  th e  G u lf C o a s ta l  P la in  by th e  

B alcones f a u l t  sy stem ; how ever, i n  t h i s  re g io n  th e  boundary i s  n o t 

d e l in e a te d  by f a u l t i n g .  J u s t i f i c a t i o n  f o r  e x c lu d in g  t h i s  s e c t io n  from 

th e  C o a s ta l  P la in  i s  b ased  p r im a r i ly  on th e  g r e a t e r  r e s i s t i v i t y  o f 

Comanchean ro c k s  to  e ro s io n .

Lampasas Cut P l a i n .--T h e  Lampasas Cut P la in  ( in c lu d e d  in  th e  

Comanche P la te a u  by T hornbury) i s  a d is s e c te d  p la te a u  w ith  mesas and 

b u t t e s  capped by Edwards L im estone . The Edwards L im estone covered  

much o f  t h i s  r e g io n  and was su b se q u e n tly  removed by e ro s io n .  R e fe r ­

r in g  to  th e  in f lu e n c e  o f  th e  Edwards L im estone on th e  to p o g ra p h ic  

form s in  th e  re g io n . H i l l  w r i te s :

T h is  f e a tu r e  i s  so  in t im a te ly  r e l a t e d  to  and dependen t upon th e  
o c c u rre n c e  and e ro s io n  o f  one g e o lo g ic  fo rm a tio n — th e  Edwards 
L im estone— t h a t  i t  i s  d i f f i c u l t  to  d e s c r ib e  i t  w ith o u t c o n s ta n t ly  
b e a r in g  I n  mind th e  v a s t  e x te n t  o f  t h i s  fo rm a tio n . . .

He d e s c r ib e s  th e  re g io n  a s  a " .  . . m o d ified  n o r th e rn  e x te n s io n  o f  th e

g r e a t  Edwards P la te a u ."  The w e s te rn  b o rd e r  o f  th e  p la in  i s  1 ,500  to

1 ,800  f e e t  above se a  l e v e l  w ith  e le v a t io n s  d e c re a s in g  e a s tw a rd . L oca l
CO

r e l i e f  in  th e  r e g io n  re a c h e s  a  maximum o f  400 f e e t .

^ % e v in  M. Fenneman, P hysio g rap h y  o f  E a s te rn  U n ite d  S ta te s  
(New York: M cG raw-H ill Book Company, I n c . ,  1938), p . 100.

^ ^ H il l ,  B lack  and Grand P r a i r i e s , p . 78.

S^I b i d .

53penneman, P h ysiog raphy  o f  E a s te rn  U n ited  S ta t e s ,  p . 106.
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Below th e  Edwards Cap, low er u n i t s  o f  th e  Comanchean S e r ie s  

a re  exposed . Dominant among th e se  fo rm a tio n s  I s  th e  W alnut C lay which 

y ie ld s  a topography  r e f e r r e d  to  by H i l l  a s  th e  W alnut P r a i r i e . I n  

d e s c r ib in g  th e  W alnut P r a i r i e  H i l l  w r i te s :  "The W alnut P r a i r i e  u s u a l ly

o ccu rs  as  ben ch es, form ing a sh o u ld e r  Im m ediately  below  th e  s c a rp  ro ck  

o f  th e  summits o f  th e  Lampasas P la in ,  o r  as  th e  s u r fa c e  u p la n d s , from 

w hich th e  summit ro ck  has been  e ro d ed .

W estern C ross T im bers.--T h e  W estern  C ross T im bers a re  developed  

on sands o f  th e  Comanchean S e r ie s  and a re  In c lu d ed  as a s u b d iv is io n  o f  

th e  Lampasas Cut P la in  by H i l l .  In  Texas th e  e a s te r n  p o r t io n  o f  th e  

W estern  C ross Tim bers I s  r e f e r r e d  to  as  th e  P aluxy  C ross Tim bers w hich 

a re  developed  on th e  P aluxy  Sand. The P aluxy  C ross Tim bers a re  sep a ­

r a te d  from  th e  w e s te rn  p a r t  o f  th e  W estern  C ross Tim bers by th e  Glen 

Rose P r a i r i e  w hich I s  developed  w here th e  Glen Rose F orm ation  crops 

o u t .  H i l l  d e s c r ib e s  th e  P aluxy C ross Timbers a s  an a re a  c h a ra c te r iz e d  

by deep , sandy s o i l s  and s tu n te d  p o s t-o a k  and b la c k - ja c k  tim b e r .

B o sq u e v llle  P r a i r i e . —The B o sq u e v llle  P r a i r i e  I s  In c lu d ed  In  

th e  Grand P r a i r i e s  by H l l l ; ^ ^  how ever. In  t h i s  s tu d y  I t  I s  In c lu d ed  In  

th e  C e n tra l  Texas s e c t io n  o f th e  G rea t P la in s .  I t  I s  developed  on th e

^ ^ H lll ,  B lack  and Grand P r a i r i e s , p . 81. 

S^ i b l d .

5* I b ld . .  p . 83.

S^ I b ld . .  p . 77.
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G rayson M arl and y ie ld s  a b la c k  waxy soil'^®  t h a t  su p p o r ts  a m esqu ite

and g ra s s  v e g e ta t io n .  I t  i s  c h a r a c te r iz e d  by f l a t  topography  w ith

59s u r fa c e  d e p re s s io n s  l o c a l ly  r e f e r r e d  to  a s  "hog w a llo w s ."  B asin  

f o r ty - f o u r  and a p o r t io n  o f  b a s in  f o r t y - f i v e  in  t h i s  s tu d y  a re  lo c a te d  

in  t h i s  d iv i s io n .

Study A rea I

Geology

F orm ations in  t h i s  s tu d y  a re a  (F ig u re  10) range from  th e  Sabine- 

town (Eocene) to  th e  G oliad  (P lio c e n e )  (T ab le  5 ) .  The s t r i k e  a p p ro x i­

m a te ly  p a r a l l e l s  th e  c o a s t ,  and th e  r e g io n a l  d ip  i s  o n e -h a lf  to  one 

d eg ree  tow ard  th e  G u lf o f  M e x i c o . L i t h o l o g i e s  re p re s e n te d  by th e  

u n i t s  a re  c la y ,  sand , sa n d s to n e , and tu f fa c e o u s  c la y .  The th r e e  most 

d i s t i n c t i v e  u n i t s  in  term s o f  to p o g ra p h ic  e x p re s s io n  a re  th e  C a rr iz o , 

C a tah o u la , and O a k v il le .  The C a rr iz o  and O a k v il le  form  c u e s ta s  w hich 

b re a k  th e  r o l l i n g  t e r r a i n  o f  t h i s  s e c t io n  o f  th e  c o a s ta l  p la in ,  and 

th e  C atahou la  a d ja c e n t  to  m ajor s tream s y ie ld s  a bad land  ty p e  topog­

rap h y . O ther u n i t s  y i e ld  a g e n t ly  r o l l i n g  p la in .

P le i s to c e n e . - - P le i s to c e n e  in f lu e n c e  on d ra in a g e  i s  e v id e n t 

th ro u g h o u t th e  a re a  by th e  p re sen ce  o f  g ra v e ls  on h i l l  c r e s t s  and

5® Ibid .

59 lb i d . .  p . 284.

F . M cBride, W. L. Lindemann, and P . S. Freem an, " L i th o l ­
ogy and P e tro lo g y  o f  th e  Gueydan (C a tah o u la ) F orm ation  in  South 
T ex a s,"  R epo rt o f  I n v e s t ig a t io n s  No. 63 (A u stin : The B ureau o f
Economic Geology, 1968), p . 7.
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t e r r a c e s  a lo n g  s tream s and th e  c o a s t .  Developm ent o f  c o a s ta l  t e r r a c e s

a s  w e ll  a s  r i v e r  t e r r a c e s  i s  ev id en ce  t h a t  m ajo r d ra in a g e  had been

e s ta b l i s h e d  d u r in g  th e  P le i s to c e n e .  D oering  s t a t e s  th a t

P le i s to c e n e  fo rm a tio n s  o f th e  re g io n  c o n s i s t  o f  th r e e  ty p e s  o f 
d e p o s i t s ,  th e  v a l le y  d e p o s i t s  made by th e  P le is to c e n e  r i v e r s  a lo n g  
t h e i r  i n t e r i o r  c o u rs e s , th e  d e l t a i c  d e p o s i t s  made by th e  r i v e r s  as  
th e y  sp re a d  t h e i r  sed im en ts  over th e  s u r fa c e  b o rd e r in g  th e  P l e i s t o ­
cene c o a s t  l i n e s ,  and th e  s h o r e l in e  d e p o s i t s  and f e a tu r e s  p roduced 
by wave a c t io n  a lo n g  th e  c o a s t  l i n e s . 61

D oering  i d e n t i f i e d  fo u r  t e r r a c e s  a lo n g  th e  c o a s t .  He i d e n t i ­

f i e d  th e  C i t r o n e l l e ,  w hich l i e s  unconform ably  above th e  G o liad , a s  th e  

o ld e s t .  In  a sc e n d in g  o rd e r  th e  fo llo w in g  te r r a c e s  were i d e n t i f i e d ;  

L i s s i e ,  O b e r lin , and E u n ice . He d a te s  th e  C i t r o n e l l e  a s  p r e g la c ia l  

P le i s to c e n e  and a s s ig n s  th e  L i s s i e ,  O b e r lin , and Eunice to  i n t e r g l a c i a l  

s t a g e s .  J u s t i f i c a t i o n  f o r  h i s  c l a s s i f i c a t i o n  i s  b ased  on th e  assum p­

t i o n  t h a t  d u r in g  g l a c i a l  r e t r e a t  sea  le v e l s  ro s e  and r i v e r s  f i l l e d  

t h e i r  tre n c h e s  and made c o a s ta l  d e p o s i t s .  Such e v e n ts  o c c u rre d  d u r in g  

A fto n ia n  ( L i s s ie  t e r r a c e ) ,  Yarmouth (O b e r lin  t e r r a c e ) ,  and Sangamon 

(E u n ice  t e r r a c e )  i n t e r g l a c i a l  s ta g e s .  D uring  g l a c i a l  advance i t  i s

assumed t h a t  sea  le v e ls  f e l l  and th e  r i v e r s  c u t tre n c h e s  in  t h e i r

11 62 v a l l e y s .

B ern ard , e t  a l . ,  re c o g n iz e  fo u r  t e r r a c e s  a lo n g  th e  Texas c o a s t  

w hich th e y  i d e n t i f y  a s  fo llo w s : W i l l i s  ( o l d e s t ) ,  L e s s ie ,  unnamed

G ljohn A. D oering , "Review o f Q u a te rn a ry  S u rface  F o rm ations o f  
G u lf C oast R eg io n ,"  B u l l e t i n  o f  th e  A m erican A ss o c ia t io n  o f  P e tro leu m  
G e o lo g is ts .  XL (A ugust, 1956), 1820.

G^Ibid.. pp. 1859-60.
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£ q
t e r r a c e ,  and Beaumont (y o u n g e s t) .  A lthough t h e i r  c l a s s i f i c a t i o n  

d i f f e r s  from  th a t  o f  D o ering , th e y  p o s tu la te  an  o r ig in  s im i la r  to  th a t  

p o s tu la te d  by D o ering . They i n t e r p r e t  th e  P le is to c e n e  c o a s ta l  p la in  

a s  a c o a le s c in g  a l l u v i a l  and d e l t a i c  p la in  d e p o s ite d  by m ajo r P l e i s t o ­

cene d ra in a g e  e n te r in g  th e  G ulf o f M exico d u r in g  h ig h  sea  l e v e l .  They 

re c o g n iz e  e q u iv a le n t  in la n d  e x te n s io n s  o f  th e  c o a s ta l  t e r r a c e s  a lo n g  

th e  m ajor r i v e r s .

D isco n tin u o u s  d e p o s i t s  o f  cobb le  s iz e  g r a v e l  composed o f  

f l i n t ,  c h e r t ,  and ja s p e r  a re  found on d iv id e s .  The e l e v a t io n  o f  th e s e  

g ra v e ls  above p re s e n t  d ra in a g e  su g g e s ts  th a t  th e y  w ere n o t d e p o s ite d  

by p re s e n t  d ra in a g e . They a r e  i n t e r p r e te d  as  c o r r e l a t i n g  w ith  g ra v e ls  

id e n t i f i e d  a s  U valde G ravel in  o th e r  a re a s  o f th e  C o a s ta l P la in ,  in  

c e n t r a l  T exas, U valde G rav e ls  a r e  i n t e r p r e te d  a s  p re d a t in g  P le is to c e n e  

r i v e r  t e r r a c e s  and a r e  a s s ig n e d  a p ro b a b le  M io cen e -P lio cen e  a g e .^ ^

D rainage

The d ra in a g e  p a t t e r n  i s  d e n d r i t i c  to  s u b d e n d r i t ic  and s tream s 

a re  p r im a r i ly  i n t e r m i t t e n t .  A verage d ra in a g e  d e n s i ty  f o r  th e  b a s in s  

an a ly zed  i s  4 .1 1  (F ig u re  1 0 ) . However, d ra in a g e  d e n s i ty  ra n g e s  from

* H .  A. B ern ard , R. J .  L eB lanc, and C. F . M ajor, "R ecen t and 
P le is to c e n e  Geology o f  S o u th e a s t T ex as,"  in  Geology o f  th e  G u lf C oast 
and C e n tra l Texas and Guidebooks o f  E x c u rs io n s , e d . by E. H. R ain w ater 
and R. P. Z in g u la  (H ouston: H ouston G e o lo g ic a l S o c ie ty , 1962), p . 172.

Ĝ i b i d . .  pp. 175-76.

G ^ c i if fo rd  L. Byrd, " O r ig in  and H is to ry  o f  th e  U valde G rav e ls  
o f  C e n tra l  T ex as,"  B ay lo r G e o lo g ic a l S tu d ie s  No. 20 (Waco, T exas: The
B ay lo r U n iv e r s i ty  P re s s ,  1971), p . 23 . ( H e r e in a f te r  r e f e r r e d  to  a s  
"U valde G ra v e ls ." )
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2 .7 5  f o r  b a s in  fo u r te e n  developed  on th e  O a k v ille  to  5 .9 7  f o r  b a s in

f i f t e e n  developed  on th e  O a k v il le  (d ra in a g e  d e n s i ty  6 .08 ) and C atah o u la

(d ra in a g e  d e n s i ty  5 .8 7 ) (A ppendix I I I ) .

S tream s in  t h i s  a re a  flow  in to  one o f  th r e e  p e re n n ia l  s tre a m s .

However, o n ly  th e  San A nton io  R iv e r  c ro s s e s  th e  a r e a .  From w est to  

e a s t  th e  r i v e r s  a re :  (1) A ta sco sa , (2 ) San A n to n io , and (3 ) Guadalupe

(F ig u re  1 1 ). The San A nton io , G uadalupe, and th e  Nueces c ro s s  th e  Oak­

v i l l e  escarpm en t w hich  su g g e s ts  t h a t  th e y  may be consequen t s tre a m s .

The F r io  and A tasco sa  r i v e r s  jo i n  th e  Nueces R iv e r  n e a r  th e  b ase  o f 

th e  O a k v ille  E scarpm en t. The N ueces R iv e r  c ro s s e s  th e  e scarp m en t.

C lim ate

Homogeneity o f  c l im a te  f o r  t h i s  re g io n  v a r ie s  w ith  th e  c l a s s i ­

f i c a t i o n  u sed . The c l im a te  i s  c l a s s i f i e d  as  humid s u b tr o p ic a l  when 

th e  Koppen system  and i t s  v a r io u s  m o d ified  forms a re  u s e d .^ ^ ’ How­

e v e r , a c c o rd in g  to  th e  T h o rn th w aite  c l a s s i f i c a t i o n  th e  a re a  i s  in  two 

c l im a t ic  ty p e s : (1) d ry  subhumid m esotherm al, and (2) s e m ia r id  meso-

therm al**  (F ig u re  1 2 ).

^^W aters, M cFarland, and Lea, "G eo log ic  Fram ew ork," p . 1823.

^^R ichard  J .  R u s s e l l ,  "C lim a te s  o f  T ex as,"  A nnals o f  th e  A sso­
c i a t i o n  o f  Am erican G eographers . XXXV (Ju n e , 1945), 40 -4 3 .

68Glenn T. T rew arth a , An In t ro d u c t io n  to  W eather and C lim ate  
(2d e d . ;  New York: M cGraw-Hill Book Company, I n c . ,  1943), P la te  1.

H. A lex an d er, J r . ,  and D. E. W hite, "Ground-W ater 
R esources o f  A tasco sa  and F r io  C o u n tie s , T exas,"  Texas W ater D evelop­
ment Board R ep o rt 32 (A u stin : Texas W ater Development Board, 1966),
p . 13. (H e r e in a f te r  r e f e r r e d  to  a s  "Ground-W ater R e so u rc e s ." )
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C L I M A T I C  R E G I O N S

A re a  III
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100
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F ig . 1 2 .—T horn thw aite  and Koppen c l im a t ic  c l a s s i f i c a ­
t io n s  (T horn thw aite  c l a s s i f i c a t i o n  m odified  from A lexander and 
W hite, p . 13; Koppen c l a s s i f i c a t i o n  m od ified  from R u s s e ll ,  1945, 
p . 4 3 ).
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W ith in  th e  s tu d y  a re a  (A rea I )  av e ra g e  an n u a l p r e c i p i t a t i o n

ran g es  from t h i r t y - s i x  in c h es  in  th e  e a s t  to  tw e n ty -s ix  in c h e s  in  th e

w e s t .^ ^  P r e c i p i t a t i o n  maximums u s u a l ly  o ccu r in  May and Septem ber

w hich c o in c id e  w ith  p e r io d s  o f  maximum s tre a m  flo w . A verage an n u a l

p o te n t i a l  é v a p o t r a n s p ir a t io n  ra n g e s  from  f o r t y - f i v e  in c h e s  in  th e  e a s t

to  fo r ty - s e v e n  in c h e s  in  th e  w e s t .^ ^  However, w in te r s  a r e  c h a r a c te r -

72iz e d  by a w a te r  s u rp lu s  and summers by w a te r  d e f i c i t .  D uring  summer 

months ephem eral s tream s a re  d ry  w ith  on ly  th ro u g h  s tream s flo w in g  

th ro u g h o u t th e  y e a r .

Study A rea I I

S tream s i s o l a t e d  f o r  a n a ly s i s  in  t h i s  a re a  a r e  in  two geomor­

p h ic  re g io n s :  (1 ) West G ulf C o a s ta l  P la in  and (2 ) C e n tra l  Texas s e c ­

t i o n  o f  th e  G rea t P la in s  (F ig u re s  9 , 13, and 1 4 ). The s tu d y  a re a  

in c lu d e s  l i t h o s t r a t i g r a p h i c  u n i t s  th a t  range  from  th e  P aluxy  Sand 

(Comanchean C re ta c e o u s ) to  th e  Cook M ountain (Eocene) (T ab le  6 ) .  

F o rm ations s t r i k e  in  g e n e ra l  n o r th - n o r th e a s t  and d ip  a p p ro x im a te ly  one 

d eg ree  e a s t - s o u th e a s t .  R eg io n a l s t r a t i g r a p h y  has been  d is tu r b e d  by

70john T. C a rr , J r . ,  "The C lim ate  and P hysiog raphy  o f  T ex as,"  
Texas W ater Developm ent Board R ep o rt 53 (A u s tin : Texas W ater D evelop­
ment B oard, 1967), p . 4 . (H e r e in a f te r  r e f e r r e d  to  a s  "C lim a te  and 
P h y s io g ra p h y ." )

^^John T. C a rr , J r . ,  "Texas D roughts: C auses, C la s s i f i c a t i o n
and P r e d ic t io n ,"  Texas W ater D evelopm ent Board R eport 30 (A u s tin :
Texas W ater Developm ent B oard, 1966), p . 13. ( H e r e in a f te r  r e f e r r e d  to  
a s  "T exas D ro u g h ts ." )

7 2 c a r r ,  "C lim a te  and  P h y s io g rap h y ,"  p . 18.
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two zones o f  f a u l t i n g ,  th e  B alcones and Mexla f a u l t  t r e n d s .  However, 

d ra in a g e  b a s in s  an a ly zed  do n o t o ccu r in  a re a s  o f  mapped f a u l t  t r e n d s .

C e n tra l Texas S e c tio n

Three l i t h o s t r a t i g r a p h i c  u n i t s  in  Study A rea I I  a re  in  th e  

C e n tra l Texas s e c t io n  o f  th e  G rea t P la in s .  These u n i t s  a re  th e  Paluxy 

Sand, W alnut C lay , and Grayson M arl. The Paluxy Sand y ie ld s  a d i s ­

t i n c t i v e  topography  and v e g e ta t io n  th a t  i s  r e f e r r e d  to  a s  th e  Paluxy 

C ross Tim bers (F ig u re  9 ) .  The second u n i t  in  th e  C e n tra l  Texas s e c ­

t i o n ,  th e  W alnut C lay , i s  in  th e  Lampasas Cut P la in .  The W alnut Clay 

su p p o rts  a d i s t i n c t i v e  r o l l i n g  topography  and c o n s is ts  o f  " .  . .

a l t e r n a t i n g  c la y ,  n o d u la r  m arly  l im e s to n e , c r y s t a l l i n e  lim e s to n e , and

73m assive s h e l l  beds . . . " i n  th e  type  a r e a .  The d ra in a g e  system s 

an a ly zed  in  t h i s  s tu d y  w ere developed  on lim es to n e  u n i t s  o f  th e  Wal­

n u t .  The t h i r d  u n i t  i s  th e  Grayson M arl w hich y ie ld s  a r o l l i n g  topog­

raphy  and su p p o r ts  m esq u ite  v e g e ta t io n .

W est G ulf C o a s ta l  P la in

T r a n s i t io n  from  th e  C e n tra l  Texas s e c t io n  o f  th e  G rea t P la in s  

in  t h i s  a re a  i s  marked by th e  c o n ta c t  o f  G u lfian  and Comanchean C re ta ­

ceous ro c k s . Rocks o f  th e  Comanchean a re  c h a ra c te r iz e d  by a d is s e c te d  

topography in  c o n t r a s t  to  th e  r o l l i n g  p la in s  o f th e  C o a s ta l P la in .

Joh n n ie  B. Brown, "The R ole o f  Geology in  a U n if ie d  C onser­
v a t io n  Program , F l a t  Top Ranch, Bosque County, T ex as ,"  B ay lo r G eo log i­
c a l  S tu d ie s  B u l l e t i n  No. 5 (Waco, Texas: The B ay lo r U n iv e rs i ty  P re s s ,
1963), p . 10.

^^Thornbury, R eg io n a l Geomorphology. p . 62.
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However, th e  t r a n s i t i o n  betw een th e  two ty p e s  o f  topog raphy  i s  g ra d a ­

t i o n a l  in  t h i s  a re a  in  c o n t r a s t  to  th e  w e ll -d e f in e d  escarp m en t betw een 

th e  two ro ck  s e r i e s  and p h y s io g ra p h ic  p ro v in c e s  s o u th  o f  A u s tin  w here 

d isp la c e m e n t a lo n g  th e  B alcones f a u l t  system  forms a d i s t i n c t  b re a k  in  

th e  to p o g rap h y . The B alcones f a u l t  system  t r a v e r s e s  t h i s  a r e a ;  how­

e v e r , n o r th  o f  a p p ro x im a te ly  l a t i t u d e  th i r ty - o n e  d e g re e s  (Temple 

31°06 'N ) i t  does n o t  form  a d i s t i n c t  f a u l t  s c a rp .

The topography  in  A rea I I  e a s t  o f  Waco i s  c l a s s i f i e d  in t o  th e  

fo llo w in g  d iv i s io n s :  (1 ) W hite Rock P r a i r i e ,  (2) T a y lo r  P r a i r i e ,

(3) M arg in a l P r a i r i e s ,  (4) W ilcox F o re s t  B e l t ,  and (5 ) Nacogdoches 

C uesta  (F ig u re s  13 and 1 4 ) . The W hite Rock P r a i r i e  i s  deve lo p ed  on 

th e  A u s tin  C halk  and i s  bounded by an escarpm en t on th e  e a s t .  The 

s tream s a re  more d e e p ly  in c is e d  th a n  th o se  o f  th e  T ay lo r  P r a i r i e s  to  

th e  e a s t  w here th e  topography  i s  g e n t ly  r o l l i n g  and w here th e  l i t h o ­

s t r a t i g r a p h i c  u n i t s  a r e  masked by a  deep t o p s o i l .  I n  th e  T a y lo r  

P r a i r i e  th e  most d i s t i n c t i v e  u n i t  in  te rm s o f  s u r f a c e  e x p re s s io n  i s  

th e  W olfe C ity  Sand w hich y ie ld s  a sandy s o i l  and a sc ru b  oak v e g e ta ­

t i o n .  O ther u n i t s  in  th e  T ay lo r  P r a i r i e s  a r e  m arl, m udstone, and c la y  

th a t  a r e  u s u a l ly  c a lc a r e o u s .  The Pecan Gap C halk , in c lu d e d  in  th e  

T ay lo r P r a i r i e s ,  i s  a c h a lk  in  th e  low er p a r t  and g ra d e s  upward to  a 

ch a lk y  m a rl .^ ^

75penneman, P hysiog raphy  o f  E a s te rn  U n ited  S ta t e s ,  p . 100.

^^A rthu r 0 . B e a l l ,  J r . ,  " S t r a t ig r a p h y  o f  th e  T ay lo r F o rm ation  
(U pper C re ta ç e o u s ) , E a s t -C e n tr a l  T ex as,"  B ay lo r G e o lo g ic a l S tu d ie s  
B u l l e t i n  No. 6 (Waco, Texas: The B ay lo r U n iv e r s i ty  P r e s s ,  1968),
p . 20 .



89

Im m ediate ly  e a s t  o f  th e  T ay lo r P r a i r i e s  a re  th e  M arg inal 

P r a i r i e s .  T h is  d iv i s io n  i s  on th e  upperm ost C re ta c e o u s  and Midway 

(Eocene) b ed ro ck . There i s  l i t t l e  to p o g ra p h ic  change from  th e  T ay lo r 

P r a i r i e s  to  t h i s  d iv i s io n  e x c e p t f o r  a s l i g h t  in c re a s e  in  r e l i e f  f o r  

th e  l a t t e r . T h e  Mexia f a u l t  zone t r a v e r s e s  th e  M arg in a l P r a i r i e s ;  

th e r e f o r e ,  no d ra in a g e  b a s in s  w ere chosen from  t h i s  d iv i s i o n .

E a s t o f  th e  M arg in a l P r a i r i e s  i s  th e  W ilcox F o re s t  B e l t  d e v e l­

oped on fo rm a tio n s  o f  th e  W ilcox Group. E le v a t io n s  ran g e  from  450-500

78f e e t  and th e  s u r fa c e  i s  g r e a t ly  d is s e c te d  and in  p la c e s  h i l l y .

Beyond th e  W ilcox F o re s t  B e l t  i s  th e  Nacogdoches C uesta  w hich 

i s  one o f  th e  m ajo r c u e s ta s  in  th e  G ulf C o a s ta l  P la in .  The c u e s ta  i s  

composed o f  ro ck  u n i t s  o f  th e  C la ib o rn e  Group o f  th e  Eocene S e r ie s .

In  t h i s  s tu d y  th e  C a rr iz o  (W ilcox) i s  in c lu d e d  a s  p a r t  o f  th e  c u e s ta  

a s  i t s  to p o g ra p h ic  e x p re s s io n  i s  s im i la r  to  t h a t  o f  th e  u n i t s  in c lu d e d  

in  th e  c u e s ta .  S o u th e a s t o f  th e  Nacogdoches C uesta  i s  th e  Yegua 

P r a i r i e  w hich i s  a  g e n t ly  r o l l i n g  p r a i r i e .

P le is to c e n e

E vidence in d i c a te s  t h a t  m ajor d ra in a g e  sy stem s were w e ll  e s ta b ­

l i s h e d  in  t h i s  a r e a  d u r in g  th e  P le i s to c e n e .  F iv e  te r r a c e s  have been 

i d e n t i f i e d  a lo n g  th e  B razos R iv e r , th e  m ajo r s tre a m  flo w in g  th ro u g h

^^Fenneman, P hysio g rap h y  o f  E a s te rn  U n ited  S ta t e s ,  pp . 108-9 .

^®U.S., D epartm ent o f  I n t e r i o r ,  G e o lo g ic a l Survey , Geology o f  
th e  C o a s ta l P la in  o f  Texas West o f  B razos R iv e r , by A lex an d e r D eussen, 
U n ited  S ta te s  G e o lo g ic a l Survey P r o f e s s io n a l  P ap er 126 (W ashington, 
D .C .: Government P r in t i n g  O f f ic e ,  1924), p . 11.
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th e  r e g i o n .79 The d e p o s i t s  have been  d a te d  a s  P le is to c e n e  and I n t e r ­

p r e te d  a s  ev id en ce  t h a t  d u r in g  th e  P le i s to c e n e  v a l le y  d eep en in g  was a

80dom inant f e a tu r e  o f  th e  r i v e r  u p s tream  from  Waco.

In  a d d i t io n  to  th e  P le is to c e n e  g r a v e ls  a lo n g  th e  B razos R iv e r , 

h ig h  l e v e l  g ra v e ls  a re  p r e s e n t .  These g ra v e ls  a r e  I d e n t i f i e d  a s  

U valde G ravel and t r a c e d  to  a so u rc e  reg lo n r'.ln  th e  High P la i n s .  They 

a r e  I n te r p r e te d  a s  hav ing  been  d e p o s ite d  by d ra in a g e  system s t h a t  p r e ­

d a te  p r e s e n t  d ra in a g e .  Two ty p e s  o f  ev id en ce  a r e  c i t e d  f o r  p o s t u l a t ­

in g  d e p o s i t io n  by p re v io u s  d ra in a g e : (1 ) lo c a t io n  o f  g ra v e ls  on

to p o g ra p h ic  h ig h s  and (2 ) la rg e  s i z e  o f  g r a v e l s .  The s iz e  o f  th e

g ra v e l  exceeds t h a t  o f  g ra v e l  t r a n s p o r te d  by p r e s e n t  d ra in a g e  s y s -  

81tem s. D a tin g  U valde G rav e ls  has been  d i f f i c u l t  b ecau se  o f  la c k  o f  

f o s s i l s ;  how ever. I t  I s  a s s ig n e d  to  L a te  T e r t i a r y  o r  E a rly  

P le is to c e n e .® ^

Based on g ra v e ls  In  th e  a r e a .  I t  ^Is I n f e r r e d  t h a t  p r e s e n t  

d ra in a g e  r e p r e s e n ts  a system  phase In  d ra in a g e  th a t  was e s ta b l i s h e d  a t  

l e a s t  In  th e  P le is to c e n e  and  was p rece d ed  by an e a r l i e r  system  o r  s y s ­

tems In  E a r ly  P le is to c e n e  o r  L a te  T e r t i a r y .  The l a t e  T e r t l a r y -  

P le l s to c e n e  d ra in a g e  h i s t o r y  o f A rea I I  was p ro b ab ly  somewhat s im i la r  

to  t h a t  o f  A rea I .

79pred L. S t r i c k l i n ,  " D égradat I o n a 1 S tream  D e p o s its  o f  th e  
B razos R iv e r , C e n tra l  T e x a s ,"  G e o lo g ic a l S o c ie ty  o f  Am erica B u l l e t i n , 
LXXII (Ja n u a ry , 1961), 26 .

GO lb ld . .  p . 19.

®^Byrd, "U valde G ra v e ls ,"  p . 5 .

®^Ibld.. p. 29.
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D rainage

P re s e n t  d ra in a g e  system s a r e  a rra n g e d  In  d e n d r i t i c  to  subden- 

d r l t l c  p a t t e r n s .  S tream s, e x c e p t f o r  th ro u g h  s tre a m s , a re  I n te r m i t ­

t e n t .  S tream s In  th e  West G u lf C oast P la in  p o r t io n  o f  th e  a re a  a r e  

u s u a l ly  s e p a ra te d  by b ro a d , g e n t ly  s lo p in g  d iv id e s  w hereas In  th e  

G rea t P la in s  s e c t io n  d iv id e s  a re  more pronounced a s  th ey  a r e  u s u a l ly  

capped by r e s i s t a n t  rock  u n i t s .  D rainage d e n s i ty  ran g es  from 3 .32  fo r  

b a s in  t h i r t y  developed  on th e  Pecan Gap C halk (d ra in a g e  d e n s i ty  2 .9 8 ) 

and W olfe C ity  Sand (d ra in a g e  d e n s i ty  3 .6 6 ) to  10.55 f o r  b a s in  f i f t y -  

one developed  on th e  P aluxy  Sand (Appendix I I I ) . Mean d ra in a g e  den­

s i t y  f o r  d ra in a g e  b a s in s  an a ly zed  In  th e  a re a  I s  5 .5 9 .

C lim ate

T h is  a re a  I s  w i th in  th e  humid s u b t r o p ic a l  c l im a te  a s  c l a s s i ­

f i e d  a c c o rd in g  to  th e  Koppen system . However, a c c o rd in g  to  th e  Thorn- 

th w a lte  c l a s s i f i c a t i o n  th e  w e s te rn  tw o - th i rd s  o f th e  a re a  I s  In  th e  

d ry  s u b t r o p ic a l  ty p e , and th e  e a s te r n  o n e - th i r d  I s  In  th e  m o ist sub-
O O  QA

t r o p i c a l  type  ’ (F ig u re  1 2 ).

A verage an n u a l p r e c i p i t a t i o n  ran g es  from f o r ty  Inches In  th e
DC

e a s te r n  p o r t io n  o f  th e  a re a  to  tw e n ty -e ig h t Inches In  th e  w e s t.
Og

Maximum p r e c i p i t a t i o n  u s u a l ly  o ccu rs  In  May and Septem ber. Average

® % u s s e ll ,  "C lim a te s  o f  T ex as ,"  pp . 4 0 -43 .

^ A le x a n d e r  and W hite , "G round-W ater R e so u rc e s ,"  p . 13. 

B^Carr, "Texas D ro u g h ts ,"  p . 13.

®^Carr, "C lim a te  and P h y s io g rap h y ,"  p . 6 .
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an n u a l p o t e n t i a l  é v a p o t r a n s p ir a t io n  ran g es  from  fo r ty - tw o  in c h es  in  

th e  s o u th e a s t  to  t h i r t y - n i n e  in c h e s  in  th e  n o rth w est.® ^  W in te rs  a re  

c h a r a c te r iz e d  by a w a te r  s u rp lu s  and summers by a d e f i c i t .  S tream  flow  

d a ta  f o r  th e  N orth  Bosque R iv e r , lo c a te d  in  th e  n o r th w e s te rn  q u ad ran t 

o f  th e  a r e a ,  r e f l e c t  p e r io d s  o f  maximum p r e c i p i t a t i o n .  Peak flow s f o r  

th e  Bosque o ccu r in  A pril-M ay and S ep tem ber-O ctober w ith  minimum flow  

in  A u g u s t.88 Ephem eral s tream s flow  o n ly  a f t e r  p e r io d s  o f  heavy r a i n ­

f a l l  and a r e  u s u a l ly  d ry  in  summer.

S tudy  Area I I I

Geology

Study Area I I I  i s  so u th  o f  th e  Red R iv e r  in  th e  n o r th e rn  p a r t  

o f th e  West G ulf C o a s ta l P la in .  F o rm ations in  th e  c e n t r a l  and e a s te r n  

p o r t io n  o f  th e  a re a  s t r i k e  in  g e n e ra l  e a s t - n o r th e a s t  and d ip  so u th -  

s o u th e a s t  a t  a n g le s  ra n g in g  from  o n e -h a lf  to  one d e g re e . However, in  

th e  w e s te rn  p a r t  o f  th e  re g io n  th e  s t r i k e  changes to  n o r th - n o r th e a s t  

and th e  d ip  changes to  e a s t - s o u th e a s t .

L i th o s t r a t ig r a p h ic  u n i t s  a r e  o f  th e  G u lf ia n  S e r ie s  C re taceo u s 

System (T ab le  7) and range  from  th e  Blossom  Sand A u s tin  Group to  th e  

W olfe C ity  F orm ation  T ay lo r Group. L i th o lo g ie s  r e p re s e n te d  a r e  m arl, 

c h a lk , and san d .

8 7 c a r r ,  "Texas D ro u g h ts ,"  p . 13.

88y.S., D epartm ent o f  I n t e r i o r ,  G e o lo g ic a l Survey , The N a tio n a l 
A tla s  o f  th e  U n ited  S ta te s  o f Am erica (W ashington, D .C .: Government
P r in t in g  O ff ic e ,  1970), p . 120.



93

P le is to c e n e

P le is to c e n e  d e p o s i t s  have been  i d e n t i f i e d  a lo n g  d ra in a g e  chan­

n e ls  in  th e  s tu d y  a re a  w hich s u g g e s ts  t h a t  m ajor d ra in a g e  e x is te d  d u r­

in g  th e  P le i s to c e n e .  F iv e  f l u v i a t i l e  t e r r a c e s  have been  i d e n t i f i e d  

n e a r  th e  Red R iv e r t h a t  have been  d a te d  a s : (1 ) p o s t-B rad y an  W iscon-

s in a n ,  (2) p re -B rad y an  W isconsinan , (3 ) I l l i n o i a n ,  (4 ) Kansan, and 

89(5) N ebraskan . G ravel t e r r a c e s  a lo n g  t r i b u t a r y  s tream s have been

te n t a t i v e l y  c o r r e l a t e d  w ith  P le is to c e n e -R e c e n t g r a v e ls  in  o th e r  a re a s

o f th e  G ulf C o a s ta l P la in .  I t  was su g g e s te d  th a t  th e s e  g ra v e ls  were

d e p o s ite d  u nder c o n d it io n s  o f  la rg e  s tream  volum e, f l a s h  f lo o d , and

90b r i e f  t r a n s p o r t  d u rin g  a tim e o f  h ig h  p r e c i p i t a t i o n .

High l e v e l  g ra v e ls  c h a r a c t e r i s t i c  o f  S tudy A reas I  and I I  have

n o t been  i d e n t i f i e d  in  t h i s  a r e a .  Based on a v a i la b l e  d a ta  i t  i s  con- 
—/

e lu d ed  th a t  m a jo r d ra in a g e  was w e ll  developed  d u rin g  th e  P le i s to c e n e .  

D rainage

D rainage i s  g e n e ra l ly  d e n d r i t i c  to  s u b d e n d r i t ic ;  how ever, some 

s tream s fo llo w  th e  s t r i k e  o f th e  fo rm a tio n s  and show a  t r e l l i s  p a t t e r n .  

The l a t t e r  w ere n o t in c lu d e d  in  th e  s tu d y . S tream s a r e  in t e r m i t t e n t  

flo w in g  o n ly  a f t e r  p e r io d s  o f  p r e c i p i t a t i o n  and a r e  g e n e r a l ly  s e p a ra te d  

by b ro ad  d iv id e s .  D rainage d e n s i ty  f o r  s tream s in c lu d e d  in  t h i s  a re a

Ĝ G eo log ic  A tla s  o f T exas. Texarkana S h ee t. V i r g i l  E. B arn es , 
P r o je c t  D ir e c to r  (A u stin : B ureau o f  Economic Geology, 1966), p . 1.

^^Donald H. Lokke and M il la rd  D. B re n t ,  " P le is to c e n e -R e c e n t 
C halk G ravel T e r ra c e s ,  F ann in  C ounty, T ex as ,"  The Compass o f  Sigma 
Ganma E p s ilo n , X L III (Ja n u a ry , 1966), 138-40.
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(F ig u re  15) range from  4 .0 9  f o r  b a s in  f i f t y - s e v e n  dev elo p ed  on th e  

Bonham F orm ation  (d ra in a g e  d e n s i ty  4 .7 1 )  and Blossom  Sand (d ra in a g e  

d e n s i ty  3 .4 7 ) to  9 .0 3  f o r  b a s in  s ix ty - tw o  dev elo p ed  on th e  W olfe C ity  

F o rm atio n . Mean d ra in a g e  d e n s i ty  f o r  th e  b a s in s  m easured was 6 .2 0 .

T h is  was th e  l a r g e s t  mean f o r  th e  th r e e  s tu d y  a r e a s .

C lim ate

T h is  a re a  i s  w i th in  th e  l i m i t s  o f  th e  humid s u b t r o p ic a l  c l im a te  

o f  th e  Koppen system ; how ever, a c c o rd in g  to  th e  T h o rn th w a ite  c l a s s i f i ­

c a t io n  two c l im a t ic  ty p e s  a r e  re p re s e n te d :  (1 ) m o is t subhumid and

91(2) humid (F ig u re  1 2 ) . The l a r g e s t  p o r t io n  o f  th e  a re a  i s  in  th e  

m o ist subhumid ty p e .  The humid ty p e  i s  found in  th e  e a s te r n  p a r t  o f 

th e  re g io n .

A verage a n n u a l p r e c i p i t a t i o n  ran g es  from  f o r t y - s i x  in c h e s  in

92th e  e a s te r n  p o r t io n  o f  th e  a re a  to  t h i r t y - s i x  in c h e s  in  th e  w e s t. 

Maximum p r e c i p i t a t i o n  u s u a l ly  o ccu rs  in  May and Septem ber; how ever, 

p r e c i p i t a t i o n  i s  r a th e r  e v en ly  d i s t r i b u t e d  th ro u g h o u t th e  y e a r .  A ver­

age a n n u a l é v a p o t r a n s p ir a t io n  i s  ap p ro x im a te ly  t h i r t y - n i n e  in c h e s .

T here i s  n o rm ally  a s u rp lu s  o f  w a te r  in  w in te r  and a d e f i c i t  in  sum- 

93m er. D uring  th e  summer p e r io d  o f  w a te r  d e f i c i t  s tream s a re  d ry .

91 A lexander and W hite , "G round-W ater R e s o u rc e s ,"  p . 13. 

9%Carr, "C lim a te  and P h y s io g ra p h y ,"  p . 6.

S^Ibid.. p. 18.
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CHAPTER IV 

NUMERICAL ANALYSIS

Method o f  T e s t in g  R esearch  H y p o th esis  

The r e s e a r c h  h y p o th e s is  i s  t e s t e d  by th r e e  s t a t i s t i c a l  t e s t s :  

(1) KoIm ogrov-Sm irnov t e s t ,  (2 ) Mann-Whitney U t e s t ,  and (3) a n a ly s i s  

o f  r e g r e s s io n  s lo p e  v a lu e s .  For each  o f  th e  tw en ty -tw o  s e t s  o f  th re e  

d ra in a g e  system s th e  th r e e  t e s t s  a r e  c a r r i e d  o u t f o r  each  d ra in a g e  

b a s in .  The p u rp o ses  o f  th e s e  t e s t s  a r e :  (1 ) to  d e te rm in e  i f  th e re  i s

a s ig n i f i c a n t  d i f f e r e n c e  betw een th e  number o f  observed  ch an n e ls  

(b a s in s )  and th e  number o f  ch an n e ls  (b a s in s )  p r e d ic te d  by th e  model 

f o r  each  d ra in a g e  system , and (2) to  d e te rm in e  i f  th e  model p r e d ic t s  

b e t t e r  f o r  b a s in s  on one l i t h o s t r a t i g r a p h i c  u n i t  th an  f o r  b a s in s  on 

two l i t h o s t r a t i g r a p h i c  u n i t s .  Computed v a lu e s  f o r  th e  Kolmogrov- 

Smirnov t e s t  and th e  a n a ly s i s  o f  r e g r e s s io n  s lo p e  v a lu e s  w ere 

in s p e c te d  to  d e te rm in e  i f  th e  v a lu e  n e a r e s t  th e  r e j e c t i o n  le v e l  

o c c u rre d  f o r  th e  d ra in a g e  system  developed  on two l i t h o s t r a t i g r a p h i c  

u n i t s  o r  f o r  th e  two d ra in a g e  system s developed  on one l i t h o s t r a t i ­

g ra p h ic  u n i t .  U nder th e  r e s t r a i n t s  o f  c l im a te  and g e o lo g ic a l  s t r u c ­

tu r e  s t a t e d  f o r  each  o f  th e  th r e e  s tu d y  a re a s  (A rea I ,  A rea I I ,  and 

A rea I I I ) ,  i t  was th e o r iz e d  th a t  i f  l i t h o s t r a t i g r a p h i c  u n i t s  in  th e  

s tu d y  a r e a s  s i g n i f i c a n t l y  in f lu e n c e  th e  p r e d ic t iv e  ac c u ra c y  o f  th e  

m odel, t h a t  th e  d ra in a g e  b a s in  on two l i t h o s t r a t i g r a p h i c  u n i t s  in  each

96
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s e t  sh o u ld  show e i t h e r :  (1 ) a s i g n i f i c a n t  d i f f e r e n c e  betw een observed

and model p r e d ic te d  d a ta  o r  (2) a computed v a lu e  n e a re r  th e  r e j e c t i o n  

le v e l  ( f o r  th e  KoIm ogrov-Snllrnov t e s t  o r  f o r  th e  t e s t  o f  r e g re s s io n  

s lo p e  v a lu e s )  th a n  th e  two b a s in s  on one l i t h o s t r a t i g r a p h i c  u n i t .  In  

a d d i t io n  to  th e s e  t e s t s  Spearman ra n k  c o r r e l a t i o n  was u sed  to  t e s t  f o r  

a s s o c ia t io n  betw een computed v a lu e s  n e a r  th e  r e j e c t i o n  l e v e l  f o r  th e  

s ig n i f i c a n c e  t e s t s  and th e  fo llo w in g : (1 ) d ra in a g e  d e n s i ty ,  (2)

s tream  fre q u e n c y , (3 ) e l e v a t l o n - r e l l e f  r a t i o ,  and (4 ) c i r c u l a r  shape .

R a tio n a le  f o r  U sing Spearman Rank C o r r e la t io n

Spearman ran k  c o r r e l a t i o n  a n a ly s i s  was used  In  t h i s  s tu d y  In  a 

p re lim in a ry  a t te m p t to  d e te rm in e  I f  th e r e  was an  a s s o c ia t io n  betw een 

p r e d ic t iv e  a c c u ra c y  o f  th e  model and th e  fo llo w in g : (1) l i t h o s t r a t i ­

g ra p h ic  u n i t s  In  a d ra in a g e  b a s in  w hich have la rg e  d i f f e r e n c e s  In  

d ra in a g e  d e n s i ty ,  (2) l i t h o s t r a t i g r a p h i c  u n i t s  In  a d ra in a g e  b a s in  

w hich have la rg e  d i f f e r e n c e s  In  s tream  freq u en cy , (3) d e v ia t io n  o f 

d ra in a g e  b a s in  e l e v a t l o n - r e l l e f  r a t i o  from  th e  a re a  mean e le v a t lo n -  

r e l l e f  r a t i o ,  and (4 ) d e v ia t io n  o f  b a s in  shape from c i r c u l a r .

Spearman ran k  c o r r e l a t i o n  was u sed  In s te a d  o f  th e  more power­

f u l  p ro d u c t moment c o r r e l a t i o n  b ecau se  p lo t s  o f  v a r ia b le s  to  be te s t e d  

a g a in s t  v a lu e s  f o r  th e  KoIm ogrov-Sm irnov t e s t  and th e  r e g r e s s io n  s lo p e  

t e s t  f a i l e d  to  show l i n e a r i t y .  In  a d d i t io n ,  th e  assum ptions  o f  n o r­

m a lity  o f  d a ta ,  n e c e ssa ry  f o r  com parison  o f  p ro d u c t moment c o r r e l a t i o n  

v a lu e s  to  t a b le  v a lu e s  f o r  h y p o th e s is  t e s t i n g ,  co u ld  n o t be made f o r  

th e  d a ta  In  t h i s  s tu d y .
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Doornkamp and King s u c c e s s f u l ly  u t i l i z e d  Spearman ran k  c o r r e ­

l a t i o n  in  t h e i r  s tu d y  o f d ra in a g e  b a s in s  in  Ghana and concluded  th a t  

Spearman ra n k  c o r r e l a t i o n  was th e  p r e f e r r e d  t e s t .  They found th a t  

r e s u l t s  o f  Spearman ra n k  c o r r e l a t i o n  and p ro d u c t moment c o r r e l a t i o n  

w ere s im i la r  f o r  th e  a r e a s  s tu d ie d .^

R a tio n a le  f o r  C o r r e la t io n  V a r ia b le s

D rainage D en sity

D rainage d e n s i ty  was chosen a s  a m orphom etric p a ra m e te r  to

t e s t  f o r  an  a s s o c ia t io n  w ith  th e  computed v a lu e s  o f  th e  s ig n i f i c a n c e

t e s t s .  C hoice o f  d ra in a g e  d e n s i ty  was b ased  on th e  a ssu m p tio n  th a t

one m easure o f  th e  in f lu e n c e  o f  l i t h o s t r a t i g r a p h i c  u n i t s  on d ra in a g e
2

developm ent i s  d ra in a g e  d e n s i ty .  D rainage d e n s i ty ,  one o f  th e  most 

dependen t v a r i a b l e s ,^  i s  r e l a t e d  to  v a r i a b le s  such  a s  s u r f a c e  s lo p e ,^  

é v a p o t r a n s p i r a t io n ,^  and i n f i l t r a t i o n  c a p a c i ty .^  I t  was th e r e f o r e

^John C. Doornkamp and C u ch la in e  A. M. K ing, N um erical A naly­
s i s  in  Geomorphology; An In t r o d u c t io n  (New York; S t .  M a r t in 's  P r e s s ,  
1971), p . 51. (H e r e in a f te r  r e f e r r e d  to  a s  N um erical A n a ly s is .)

2
Mark A. M elton , " C o n tro l o f  T opographic T ex tu re  by C lim a te , 

L i th o lo g y , and S u rface  P r o p e r t i e s ,"  G e o lo g ic a l S o c ie ty  o f  America B u l­
l e t i n . LXVII (December, 1962), 1720-21. ( H e r e in a f te r  r e f e r r e d  to  a s  
"T opograph ic  T e x tu re ." )

O
^R ichard  J .  C horley  and B arbara  A. Kennedy, P h y s ic a l  G eography; 

A Systems A pproach (Englewood C l i f f s ,  N .J . ;  P r e n t i c e - H a l l ,  I n c . ,
1971), p . 63. (H e r e in a f te r  r e f e r r e d  to  a s  P h y s ic a l  G eography.)

^Doornkamp and K ing, N um erical A n a ly s is , p . 50.

^M elton, "T opograph ic  T e x tu re ,"  pp . 1720-21.

^C horley  and Kennedy, P h y s ic a l  G eography, p . 129.
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assum ed t h a t  f o r  d ra in a g e  b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s  t h a t  

d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  betw een  l i t h o s t r a t i g r a p h i c  u n i t s  in  a 

b a s in  w ere one in d ic a t io n  o f  u n iq u e n e ss  o f  l i th o lo g y .  T h is  su p p o s i­

t i o n  i s  s u b s ta n t i a te d  by M elton who s t a t e s  th a t  s u r fa c e  p r o p e r t i e s  

c o n t ro l  t e x tu r e ,  b u t th a t  s u r fa c e  p r o p e r t i e s  a r e  th em se lv es  c o n t r o l le d  

by c l im a te ,  l i th o lo g y ,  and h i s t o r y . ^  Doornkamp and King in  t h e i r  

s tu d y  o f  d ra in a g e  b a s in s  in  Ghana w r i te :  "D ra in ag e  d e n s i ty  i s  f r e -
g

q u e n t ly  dependen t on th e  b ed ro ck  o v e r  w hich i t  h a s  d ev e lo p ed . . . . "

In  t h i s  s tu d y , d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  betw een two 

l i t h o s t r a t i g r a p h i c  u n i t s  in  a s in g le  d ra in a g e  b a s in  a r e  compared w ith  

p r e d ic t iv e  a c c u ra c y  o f  th e  m odel. T h is  i s  c a r r i e d  o u t to  a s s e s s  i f  

th e r e  i s  a p o s s ib le  c o r r e l a t i o n  betw een  d i f f e r e n c e s  in  d ra in a g e  den­

s i t y  and th e  a b i l i t y  o f  th e  model to  p r e d i c t .  D ra inage  d e n s i ty  i s

SLcom puted as  fo llo w s :  Ü w here = ch an n e l le n g th  o f  a l l  o rd e r s ,  and
A

A = a r e a .

S tream  Frequency

S tream  freq u en cy  i s  a  d i s t i n c t  m easure o f  b a s in  geom etry and
9

i s  u s u a l ly  c o r r e l a te d  w ith  d ra in a g e  d e n s i ty .  I t  i s  d e f in e d  a s :
2Nu

w here Nu = number o f  c h a n n e ls , and A = b a s in  a r e a .  By d e f i n i t i o n  

i t  i s  a  m easure o f  th e  number o f  ch an n e ls  o r  b a s in s  p e r  a r e a ;  t h e r e ­

f o r e ,  i t  was assum ed t h a t  f o r  th e  b a s in s  dev elo p ed  on two

^M elton, "T opograph ic  T e x tu re ,"  pp . 1720-21. 

^Doornkamp and K ing, N um erical A n a ly s is ,  p . 38. 

^C horley  and Kennedy, P h y s ic a l  G eography, p . 281.
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l i t h o s t r a t i g r a p h i c  u n i t s  t h a t  d i f f e r e n c e s  in  th e  number o f  ch an n e ls  o r  

b a s in s  p e r  u n i t  was a  m easure o f  u n iq u en ess  o f  th e  u n i t .  Thus, i t  was 

d ec id ed  to  d e te rm in e  i f  th e  model p r e d ic te d  b e t t e r  f o r  th o se  b a s in s  on 

u n i t s  w ith  sm a ll d i f f e r e n c e s  in  s tre a m  f re q u e n c ie s  th a n  f o r  th o s e  

b a s in s  w ith  la rg e  d i f f e r e n c e s  in  s tre a m  f re q u e n c ie s .

C ir c u la r  Shape

I t  was th e o r iz e d  th a t  th e r e  was a p o s s ib le  a s s o c ia t io n  betw een 

b a s in  shape and th e  p r e d ic t iv e  a c c u ra c y  o f  th e  m odel. T h is  was based  

on th e  p rem ise  t h a t ,  a s  th e  model i s  b a sed  on a mixed h ex ag o n a l p ro ­

g r e s s io n ,  th e re  sh o u ld  be a r e l a t i o n s h ip  betw een hexagona l shape and 

p r e d ic t iv e  a cc u racy  o f  th e  m odel. The hexagon i s  f o u r - f i f t h s  as  e f f i ­

c i e n t  a s  th e  c i r c l e  i n  term s o f  d is ta n c e  from  c e n te r  and p e r im e te r .

I t  was th u s  in f e r r e d  th a t  a s  b a s in s  app ro ach  c i r c u l a r  shape th e y  

app ro ach  th e  hexagon in  te rm s o f  p e r im e te r  and r a d iu s .

In  t h i s  s tu d y  shape was m easured in  te rm s o f  th e  e lo n g a t io n  

r a t i o  a s  developed  by Schumm.^^ I t  was computed a s  fo llo w s :

(L w here A = b a s in  a r e a ,  and L = le n g th  o f  m ajo r a x i s .  C ir ­

c u la r  b a s in s  have a computed v a lu e  o f  on e . D e v ia tio n  from  c i r c u l a r  

was computed by s u b t r a c t in g  th e  e lo n g a t io n  r a t i o  o f  each  b a s in  from 

one. T h is  v a lu e  was t e s t e d  by th e  Spearman ran k  c o r r e l a t i o n  t e s t  to

^ ^ P e te r  H ag g e tt and R ic h a rd  J .  C h o rley , Network A n a ly s is  in  
Geography (New York: S t .  M a r t in 's  P re s s ,  1970), p . 51.

l^ S ta n le y  A. Schumm, " E v o lu tio n  o f  D rainage System s and  S lopes 
in  B adlands a t  P e r th  Amboy, New J e r s e y ,"  G e o lo g ic a l S o c ie ty  o f  America 
B u l l e t i n . LXVII (May, 1956), 621.
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d e te rm in e  i f  th e r e  was an  a s s o c ia t io n  betw een d e v ia t io n  from c i r c u l a r  

and p r e d ic t iv e  a c c u ra c y  o f  th e  m odel.

E le v a t io n - R e l ie f  R a tio

The e l e v a t i o n - r e l i e f  r a t i o  was computed to  d e te rm in e  i f  th e re  

was an a s s o c ia t io n  betw een d e v ia t io n  o f  th e  e l e v a t i o n - r e l i e f  r a t i o  o f 

each  b a s in  from th e  a re a  mean e l e v a t i o n - r e l i e f  r a t i o  and p r e d ic t iv e

a c c u ra c y  o f  th e  m odel. V alues d e r iv e d  f o r  th e  e l e v a t i o n - r e l i e f  r a t i o

12have been  eq u a ted  to  v a lu e s  f o r  th e  h y p so m e tric  i n t e g r a l .  S t r a h l e r ,  

b a sed  on com parison o f  h y p so m etric  cu rv es  to  a c tu a l  d ra in a g e  b a s in s  

and c o r r e l a t i o n  a n a ly s i s  o f  b a s in  p a ra m e te rs  (b a s in  h e ig h t ,  s lo p e  

s te e p n e s s ,  s tream  g r a d ie n t ,  d ra in a g e  d e n s i ty )  w ith  h y p so m etric  i n t e ­

g r a l s ,  co n clu d es  h y p so m etric  v a lu e s  ra n g in g  from 35 p e rc e n t to  60 p e r -

1 3c e n t r e p r e s e n t  to p o g ra p h ic  form s in  e q u i l ib r iu m . As W oldenberg pos­

t u l a t e s  th a t  h i s  model i s  an e q u il ib r iu m  m odel, i t  was th e o r iz e d  th a t  

th e r e  m ight be an  a s s o c ia t io n  betw een d e v ia t io n  o f  b a s in  e le v a t io n -  

r e l i e f  r a t i o s  from  th e  mean o f  th e  a re a  in  w hich th ey  a re  lo c a te d  and 

p r e d ic t iv e  acc u racy  o f  th e  m odel. A s s o c ia t io n  was m easured by means 

o f  Spearman ran k  c o r r e l a t i o n .

R ic h ard  J .  P ik e  and S tephen  E. W ilson , " E le v a t io n -R e l ie f  
R a t io ,  H ypsom etric I n t e g r a l ,  and Geomorphic A re a -A lt i tu d e  A n a ly s is ,"  
G e o lo g ic a l S o c ie ty  o f  A m erica B u l l e t i n .  LXXXII (A p r i l ,  1971), 1080. 
(H e r e in a f te r  r e f e r r e d  to  a s  " E le v a t io n - R e l ie f  R a t io ." )

13A rth u r  N. S t r a h l e r ,  "H ypsom etric  (A re a -A lti tu d e )  A n a ly s is  o f  
E ro s io n a l  T opography," G e o lo g ic a l S o c ie ty  o f  America B u l l e t in .  LXXII 
(November, 1952), 1130.
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The e l e v a t l o n - r e l l e f  r a t i o  was computed by th e  fo llo w in g

fo rm u la :

e l e v a t i o n - r e l i e f  r a t i o  = e ley a tio n -m in im im  e le v a t io n
maximum elevatlon -m ln lm um  e le v a t io n

Kolm ogrov-Sm irnov T e s t 

The Kolmogrov-Sm irnov t e s t  was chosen  to  t e s t  th e  r e s e a rc h  

h y p o th e s is  b ecau se  I t  I s  a n o n p a ram e trlc  t e s t  a p p r o p r ia te  f o r  sm all 

s a m p l e s . A s  th e  t e s t  I s  n o n p a ra m e trlc , no a ssu m p tio n s a r e  n e c e ssa ry  

co n ce rn in g  n o rm a lity  o f  d a ta .  F o r th e  d a ta  u n d er c o n s id e ra t io n  norm al­

i t y  co u ld  n o t be assum ed. The K olm ogrov-Sm irnov t e s t  was chosen 

In s te a d  o f  th e  u s u a l ly  c o n s id e re d  more po w erfu l c h i sq u a re  t e s t  because

th e  c h i  sq u a re  t e s t  r e q u i r e s  a minimum freq u en cy  o f  f iv e  In  each  
16

g roup . In  th e  f l u v i a l  system s an a ly zed  th e re  a re  few er th an  f iv e  

ch an n e ls  In  a l l  f o u r th  and f i f t h  o rd e rs  and In  system s n in e te e n , 

tw e n ty -n in e , and t h i r t y - f i v e  few er th a n  f iv e  In  th e  t h i r d  o rd e r  

(A ppendix IV ) .

The Kolmogrov-Smirnov t e s t  I s  d e s ig n ed  to  t e s t  I f  two sam ples 

come from  th e  same p o p u la tio n , and Champion c i t e s  I t s  a p p l i c a b i l i t y  

f o r  d e te rm in in g  I f  t h e o r e t i c a l  d i s t r i b u t i o n s  a r e  d i f f e r e n t  from

l ^ i b l d . .  p . 1079.

l^D ean J .  Champion, B asic  S t a t i s t i c s  f o r  S o c ia l R esearch  
(S c ra n to n , P a .:  C hand ler P u b lis h in g  Company, 1970), p . 159.

^®John P . Cole and C u ch la in e  A. M. K ing, Q u a n t i ta t iv e  Geog­
raphy : T echniques and T h eo rie s  In  Geography (New York: John W iley
and Sons, I n c . ,  1968), p . 129.
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1 7o bserved  d i s t r i b u t i o n s .  The t e s t  i s  accom plished  by d e te rm in in g  i f

th e r e  i s  a s ig n i f i c a n t  d i f f e r e n c e  in  th e  maximum v e r t i c a l  d e v ia t io n

betw een two sam ple cu m u la tiv e  freq u en cy  d i s t r i b u t i o n  g raphs (F ig u re  
18

1 6 ) . In  t h i s  s tu d y  th e  two sam ple d i s t r i b u t i o n s  w ere; (1 ) number 

o f  ch an n e ls  observed  p e r  o rd e r  and (2 ) number o f  ch an n e ls  p r e d ic te d  

p e r  o rd e r  by th e  m odel.

C om putation o f  K olmogrov-Smirnov T es t

The method used  in  com puting th e  KoIm ogrov-Sm irnov t e s t  i s

19s im i la r  to  t h a t  d e s c r ib e d  by M il le r  and Kahn. The p e rc e n ta g e  o f  

ch an n e ls  in  each  o rd e r  was d e te rm in ed  f o r  th e  ob serv ed  and p r e d ic te d  

d a ta .  The p e rc e n ta g e s  p e r  o rd e r  f o r  ob serv ed  d a ta  w ere accum ula ted  

from f i r s t  to  f i f t h  o rd e r .  The same p ro ced u re  was fo llo w ed  f o r  th e  

number o f s tream s p re d ic te d  p e r  o rd e r  by th e  model (T ab le  8 ) .  D i f f e r ­

ence in  cu m u la tiv e  p e rc e n t p e r  o rd e r  betw een observed  and model d a ta  

was d e te rm in e d . The maximum p e r  o rd e r  d i f f e r e n c e  betw een cu m u la tiv e  

p e rc e n t observed  and p r e d ic te d  was i s o la te d  f o r  com parison  w ith  t a b le  

v a lu e s  a t  th e  .05 s ig n i f ic a n c e  l e v e l .  In  o rd e r  to  e n te r  th e  t a b le  an  

N v a lu e  was de te rm in ed  by th e  fo llo w in g  method:

N =
(n% + H2)

17Champion, B a s ic  S t a t i s t i c s  f o r  S o c ia l R esearch , p . 159.

18R obert L. M il le r  and James S teven  Kahn, S t a t i s t i c a l  A n a ly s is  
in  th e  G eo lo g ica l S c ie n ces  (New York: John W iley and Sons, I n c . ,
1962), p . 464.

l*Ibid.. pp. 464-67.
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1 0 0

9 0

8 0

7 0

6 0

5 0

Obse rve d> 4 0

3 0
Predic ted

20

1 2 3 54

Order

F ig . 16.--K olm ogrov-Sm irnov Graph B asin  19
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TABLE 8

KOLMOGROV-SMIRNOV TEST COMPUTED FOR BASIN SIXTEEN

O rder 1 2 3 4 5

O bserved
P e rc e n t 74.80314 19.42254 04.724400 00.78740 00.26246

P re d ic te d
P e rc e n t 74.41854 19.26811 05.11842 00.92819 00.26672

C um ulative 
Observed 
P e rc e n t (1) 74.80314 94.22568 98.95008 99.73748 99.99994

C um ulative 
P re d ic te d  
P e rc e n t (2) 74.41854 93.68665 98.80507 99.73326 99.99998

D if fe re n c e  1-2 00.38460 00.53903 00.14501 00.00422 00.00004
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w here nj  ̂ = t o t a l  number o f  o b serv ed  ch an n e ls
n£ = t o t a l  number o f  p r e d ic te d  c h a n n e l s .

T w o -ta ile d  t a b le  v a lu e s  w ere used  in  o rd e r  th a t  c r i t i c a l  re g io n s  on 

b o th  ends o f  th e  norm al cu rve  co u ld  be u sed  f o r  t e s t i n g  th e  hypo th e­

s i s .  F o r N v a lu e s  exceed in g  t h i r t y - f i v e ,  th e  le v e l  o f  s ig n if ic a n c e  

was d e te rm in e d  by a  method d e s c r ib e d  by Champion:

1 .3 6  w here N = __2 ^ ^ ___ ; w here n , = t o t a l  number o f  observed  chan-
71T "  ("1  + % )

21n e ls  and n£ = number o f  p r e d ic te d  c h a n n e ls .

R e s u lts  o f  Kolmogrov-Sm irnov T e s t I  

The n u l l  h y p o th e s is  t e s t e d  was a s  fo llo w s : In  th e  s tu d y  a re a s

th e re  i s  a s i g n i f i c a n t  d i f f e r e n c e  in  th e  a c c u ra c y  w ith  w hich th e  con­

v e rg e n t  mean model p r e d ic ts  th e  number o f  ch an n e ls  p e r  o rd e r  f o r  

f l u v i a l  system s developed  on two l i t h o s t r a t i g r a p h i c  u n i t s  a s  compared 

w ith  th o se  developed  on one l i t h o s t r a t i g r a p h i c  u n i t .  Based on th e  

K olm ogrov-Sm irnov t e s t  th e  n u l l  h y p o th e s is  was r e j e c te d  a t  th e  .05 

co n fid e n c e  l e v e l .  F o r each  o f  th e  s i x t y - s i x  s tream s th e  computed 

v a lu e  n e i th e r  eq u a led  n o r exceeded  th e  r e j e c t i o n  l e v e l  (Appendix V).

I t  was i n f e r r e d  from  t h i s  t e s t  t h a t  f o r  th e  s tream s an a ly zed  l i t h o ­

s t r a t i g r a p h i c  u n i t s  do n o t s ig n i f i c a n t l y  in f lu e n c e  th e  p r e d ic t iv e  

a c c u ra c y  o f  th e  m odel. Under th e  r e s t r a i n t s  o f  homogeneous g e o lo g ic a l  

s t r u c t u r e  and c l im a te  in  each  s tu d y  a r e a ,  i f  l i t h o s t r a t i g r a p h i c  u n i t s  

s i g n i f i c a n t l y  a f f e c t e d  th e  a b i l i t y  o f  th e  model to  p r e d ic t ,  th o se

ZO lb id . .  p . 467.

^^Champion, B as ic  S t a t i s t i c s  f o r  S o c ia l  R esearch , p . 275.
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f l u v i a l  system s developed  on two l i t h o s t r a t i g r a p h i c  u n i t s  sh o u ld  have 

shown a  s i g n i f i c a n t  d i f f e r e n c e  betw een th e  p r e d ic te d  and observed  d a ta .

Even though r e s u l t s  o f  t h i s  t e s t  p e rm itte d  r e j e c t i n g  th e  n u l l  

h y p o th e s is  w ith  c o n s id e ra b le  c o n fid e n c e , f u r th e r  a n a ly s i s  o f  computed 

v a lu e s  was w a rra n te d  in  o rd e r  to  d e te rm in e  i f  l i t h o s t r a t i g r a p h i c  u n i t s  

in f lu e n c e d , though n o t s i g n i f i c a n t l y ,  th e  p r e d ic t iv e  a b i l i t y  o f  th e  

m odel. T h is a n a ly s i s  was in  th r e e  p a r t s .  F i r s t ,  maximum computed 

p e rc e n t d i f f e r e n c e  betw een model and o b serv ed  d a ta  f o r  each  s e t  o f 

th re e  d ra in a g e  b a s in s  was an a ly zed  to  d e te rm in e  i f  th e  lo w es t range 

betw een computed v a lu e  and  r e j e c t i o n  le v e l  o c c u rre d  f o r  th e  d ra in a g e  

b a s in  on two l i t h o s t r a t i g r a p h i c  u n i t s .  Secondly , maximum d if f e r e n c e  

betw een cu m ula tive  p e rc e n t  o b served  and p r e d ic te d  was an a ly zed  to  

d e te rm in e  i f  th e  l a r g e s t  d i f f e r e n c e  betw een cu m u la tiv e  p e rc e n t 

ob serv ed  and p r e d ic te d  o c c u rre d  f o r  th e  d ra in a g e  b a s in  deve lo p ed  on 

two l i t h o s t r a t i g r a p h i c  u n i t s .  T h is  a n a ly s i s  was made w ith o u t re g a rd  

to  r e j e c t i o n  l e v e l .  The t h i r d  p a r t  o f  th e  a n a ly s i s  in v o lv e d  c o r r e l a ­

t i o n  a n a ly s i s  to  d e te rm in e  i f  th e r e  was an a s s o c ia t io n  betw een  sm all 

ran g es  o f  th e  computed v a lu e  from  th e  r e j e c t i o n  le v e l  and  th e  fo llo w ­

in g : (1 ) d ra in a g e  d e n s i ty ,  (2) s tream  freq u en cy , (3) e l e v a t i o n - r e l i e f

r a t i o ,  and (4) e lo n g a t io n  r a t i o .

S e ts  A pproaching R e je c tio n  L eve l

In  tw elve  o f th e  tw en ty -tw o  s e t s  th e  s m a l le s t  ran g e  betw een 

th e  computed v a lu e  and r e j e c t i o n  le v e l  o c c u rre d  f o r  th e  b a s in  d e v e l­

oped on two l i t h o s t r a t i g r a p h i c  u n i t s  (T ab le  9 ) .
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TABLE 9

SETS IN WHICH BASIN ON TWO LITHOSTRATIGRAPHIC 
UNITS IS NEAREST SIGNIFICANCE LEVEL

S e t Stream
Computed 

Kolmogrov-Smirnov 
V alue

S ig n if ic a n c e
L eve l

2 4 .012 .080

3 7 .052 .115

4 11 .008 .108

5 15 .046 .115

8 24 .033 .115

10 30 .027 .114

11 31 .015 .112

12 36 .016 .102

14 40 .038 .096

17 50 .014 .089

20 60 .016 .073

21 63 .019 .093
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A n a ly s is  o f  D e v ia tio n  from  R e je c t io n  L eve l 

Spearman ra n k  c o r r e l a t i o n  was em ployed to  d e te rm in e  i f  th e re  

was an a s s o c ia t io n  betw een th o se  d ra in a g e  b a s in s  f o r  w hich  th e  

Kolmogrov-Sm irnov v a lu e  approached  th e  r e j e c t i o n  le v e l  and  d ra in a g e  

d e n s i ty ,  s tream  fre q u e n c y , e l e v a t i o n - r e l i e f  r a t i o ,  and b a s in  

c i r c u l a r i t y .

Spearman Rank C o r re la t io n - -D ra in a g e  D e n s ity

I t  was th e o r iz e d  t h a t  th o se  d ra in a g e  system s d ev e lo p ed  on two 

l i t h o s t r a t i g r a p h i c  u n i t s  w ith  la rg e  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  

w ere a s s o c ia te d  w ith  th o se  d ra in a g e  system s whose computed v a lu e  f o r  

th e  Kolm ogrov-Sm irnov t e s t  approached  th e  r e j e c t i o n  l e v e l  (T ab le  1 0 ) . 

The n u l l  h y p o th e s is  was a s  fo llo w s : F o r th e  d ra in a g e  b a s in s  a n a ly z e d ,

th e re  i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la r g e  d i f f e r e n c e s  in  

d ra in a g e  d e n s i ty  and KoIm ogrov-Sm irnov v a lu e s  t h a t  app ro ach  th e  r e j e c ­

t i o n  l e v e l .  The n u l l  h y p o th e s is  cou ld  n o t be r e j e c te d  a t  th e  .05 s i g ­

n i f i c a n c e  l e v e l  (A ppendix V I ) . F o r th e  d ra in a g e  b a s in s  on two 

fo rm a tio n s  th e re  was n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f ­

f e re n c e s  in  d ra in a g e  d e n s i ty  and Kolm ogrov-Sm irnov v a lu e s  th a t  

app roached  th e  r e j e c t i o n  l e v e l .

Spearman Rank C o r r e la t io n — Stream  F requency

I t  was th e o r iz e d  t h a t  th o se  d ra in a g e  system s dev elo p ed  on two 

l i t h o s t r a t i g r a p h i c  u n i t s  w ith  la rg e  d i f f e r e n c e s  in  s tream  f re q u e n c ie s  

sh o u ld  be  d ra in a g e  b a s in s  whose computed v a lu e  f o r  th e  Kolmogrov- 

Smirnov t e s t  ap p ro ach  th e  r e j e c t i o n  le v e l  (T ab le  1 1 ). The fo llo w in g
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DIFFERENCE IN DRAINAGE DENSITY BETWEEN TWO 
LITHOSTRATIGRAPHIC UNITS FOR BASINS ON 

TWO LITHOSTRATIGRAPHIC UNITS

110

S e t S tream L i th o s t r a t ig r a p h ic
U n its

D rainage
D en s ity

D if fe re n c e  
in  D rainage 

D en s ity

1 1 Sabinetow n 3 .24
C a rr iz o  Sand 3 .51 .27

2 4 Yegua F o rm ation 3 .81
Cook M ountain 4 .3 8 .57

3 7 O a k v il le  S andstone 2 .82
L a g a rto  C lay 3 .25 .43

4 11 L a g a rto  Clay 4 .0 2
G oliad  Sand 3 .7 3 .29

5 15 C atah o u la 5 .87
O a k v ille  S andstone 6 .0 8 .21

6 17 W olfe C ity  F o rm ation 5 .09
M arlbrook M arl 4 .82 .27

7 19 Pecan Gap C halk 3 .3 8
M arlbrook M arl 3 .93 .55

8 24 Pecan Gap C halk 3 .69
M arlbrook M arl 4 .1 9 .50

9 27 Pecan Gap Chalk 3 .6 0
W olfe C ity  F o rm ation 6 .1 3 2 .5 3

10 30 Pecan Gap C halk 2 .9 8
W olfe C ity  F o rm ation 3 .66 .68

11 31 W olfe C ity  F orm ation 6 .0 4
Ozan F o rm ation 4 .9 0 1 .1 4

12 36 Kemp Clay 5 .0 7
Pecan Gap C halk 4 .6 9 .38

13 39 C a rr iz o  Sand 6 .3 7
C a lv e r t  B lu f f  F orm ation 6 .1 9 .18

14 40 A u stin  C halk 3 .38
Ozan F orm ation 4 .5 4 1.16

15 45 Grayson M arl 6 .5 4
Woodbine F orm ation 5 .47 1 .07

16 47 S p a rta  Sand 5 .56
Cook M ountain 5 .12 .44

17 50 P aluxy Sand 5 .3 0
W alnut C lay 7 .13 1 .83

18 52 Lake Waco F orm ation 3 .5 8
Woodbine F o rm ation 5 .32 1 .74

19 57 Bonham F orm ation 4 .7 1
Blossom  Sand 3 .47 1 .24
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TABLE 1 0 --C on tinued

S e t Stream L i th o s t r a t ig r a p h ic
U n its

D rainage
D en sity

D iffe re n c e  
in  D rainage 

D en sity

20 60 Annona C halk 5 .5 0
M arlbrook M arl 7.39 1.89

21 63 W olfe C ity  F o rm ation 7 .54
Ozan F orm ation 5 .29 2 .25

22 64 Ozan Form ation 7 .63
A u stin  C halk 6 .3 7 1.26
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DIFFERENCE IN STREAM FREQUENCY BETWEEN TWO 

LITHOSTRATIGRAPHIC UNITS FOR BASINS ON 
TWO LITHOSTRATIGRAPHIC UNITS
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S et Stream L i th o s t r a t ig r a p h ic
U n its

S tream
Frequency

D if fe re n c e  
in  S tream  
Frequency

1 1 Sabinetow n 12.84
C a rr iz o  Sand 13.11 .27

2 4 Yegua F orm ation 14.42
Cook M ountain 6 .4 8 7 .94

3 7 O a k v ille  Sandstone 7 .13
L ag a rto  C lay 8.82 1 .69

4 11 L ag a rto  C lay 14.92
G oliad  Sand 15.52 .60

5 15 C atahou la 50 .13
O a k v il le  S andstone 43 .98 6 .1 5

6 17 W olfe C ity  F orm ation 30.85
M arlbrook  M arl 16.09 14.76

7 19 Pecan Gap Chalk 16.31
M arlbrook  M arl 16.71 .40

8 24 Pecan Gap Chalk 13.97
M arlbrook M arl 17 .80 3 .83

9 27 Pecan Gap C halk 13.51
W olfe C ity  F orm ation 23 .47 9 .96

10 30 Pecan Gap C halk 12.53
W olfe C ity  F o rm ation 14.69 2 .1 6

11 31 W olfe C ity  F o rm ation 34.92
Ozan Form ation 26 .50 8.42

12 36 Kemp C lay 27.13
Pecan Gap Chalk 31.78 4 .6 5

13 39 C a rr iz o  Sand 51.84
C a lv e r t  B lu f f  F orm ation 45.55 3 .14

14 40 A u stin  Chalk 14.72
Ozan F o rm ation 21.57 6 .8 5

15 45 G rayson M arl 38.75
Woodbine F orm ation 26.19 12.56

16 47 S p a rta  Sand 30.06
Cook M ountain 19.86 10.20

17 50 P aluxy  Sand 35.99
W alnut Clay 39.50 3 .51

18 52 Lake Waco F orm ation 14.94
Woodbine F orm ation 33.05 18.11

19 57 Bonham F orm ation 19.81
Blossom Sand 17.54 2 .2 7
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TABLE 1 1 --C on tinued

S et Stream L i th o s t r a t ig r a p h ic
U n its

S tream
Frequency

D iffe re n c e  
in  S tream  
Frequency

20 60 Annona Chalk 27.96
M arlbrook M arl 39 .64 11.68

21 63 W olfe C ity  F orm ation 58.89
Ozan F orm ation 29 .74 13.58

22 64 Ozan F orm ation 50.99
A u stin  C halk 38.00 12.99
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n u l l  h y p o th e s is  was s t a t e d ;  F o r th e  d ra in a g e  b a s in s  a n a ly z e d , th e re  

i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f f e r e n c e s  in  s tream  

fre q u e n c ie s  betw een  th e  two l i t h o s t r a t i g r a p h i c  u n i t s  in  a d ra in a g e  

b a s in  and KoIm ogrov-Sm irnov v a lu e s  t h a t  ap p ro ach  th e  r e j e c t i o n  l e v e l .  

The n u l l  h y p o th e s is  cou ld  n o t be r e j e c te d  a t  th e  .05 s ig n i f i c a n c e  le v e l  

(A ppendix V I ) .

Spearman Rank C o r r e la t io n —E le v a t io n - R e l ie f  R a tio

I t  was th e o r iz e d  t h a t  th e re  was an a s s o c ia t io n  betw een la rg e

d e v ia t io n s  from  th e  mean e l e v a t i o n - r e l i e f  r a t i o  and com puted Kolmogrov-

Smirnov v a lu e s  t h a t  app ro ach  th e  r e j e c t i o n  l e v e l .  F o r t h i s  t e s t  d e v ia ­

t io n  o f  th e  e l e v a t i o n - r e l i e f  r a t i o  f o r  each  d ra in a g e  b a s in  was 

computed and s u b tr a c te d  from  th e  mean e l e v a t i o n - r e l i e f  r a t i o  f o r  i t s  

a re a  (A ppendix V I ) . These v a lu e s  w ere t e s t e d  by th e  Spearman ran k  

c o r r e l a t i o n  t e s t .  The fo llo w in g  n u l l  h y p o th e s is  was s t a t e d :  T here i s

n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een  d e v ia t io n  o f  th e  e le v a t io n -  

r e l i e f  r a t i o  f o r  each  b a s in  from  th e  a re a  mean e l e v a t i o n - r e l i e f  r a t i o  

and d e v ia t io n  o f  th e  K olm ogrov-Sm irnov v a lu e  from  th e  r e j e c t i o n  l e v e l .  

The n u l l  h y p o th e s is  co u ld  n o t be r e j e c te d  a t  th e  .05 s ig n i f i c a n c e  le v e l  

(A ppendix V I ) .

Spearman Rank C o r r e la t io n - - B a s in  C i r c u la r i t y

I t  was th e o r iz e d  th a t  th e r e  was an  a s s o c ia t io n  betw een d e v ia ­

t i o n  o f  b a s in  shape from  c i r c u l a r  and Kolm ogrov-Sm irnov v a lu e s  th a t

approach  th e  r e j e c t i o n  l e v e l .  In  o rd e r  to  t e s t  t h i s  h y p o th e s is ,  th e  

v a lu e  f o r  th e  e lo n g a t io n  r a t i o  f o r  each  b a s in  was s u b tr a c te d  from  one
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w hich i s  th e  v a lu e  a t t a in e d  f o r  th e  e lo n g a t io n  r a t i o  f o r  c i r c u l a r  

b a s in s  (A ppendix V I ) . The fo llo w in g  n u l l  h y p o th e s is  was te s t e d :

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia t io n s  from  

c i r c u l a r  and Kolm ogrov-Sm irnov v a lu e s  t h a t  ap p ro ach  th e  r e j e c t i o n  

l e v e l .  The n u l l  h y p o th e s is  co u ld  n o t  be r e j e c te d  a t  th e  .05 le v e l  o f  

s ig n i f i c a n c e  (A ppendix V I ) .

A n a ly s is  o f  D if fe re n c e  in  P e rc e n t O bserved 
and P re d ic te d  P e r  O rder

In  t h i s  a n a ly s i s  d i f f e r e n c e s  betw een p e rc e n ta g e  ch an n e ls  

( b a s in s )  ob serv ed  and p r e d ic te d  p e r  o rd e r  w ere e v a lu a te d .  D ata f o r  

t h i s  a n a ly s i s  was from  th e  K olm ogrov-Sm irnov a n a ly s i s ,  b u t  d i f f e r e d  

from  th e  p re v io u s  a n a ly s i s  in  th a t  p e rc e n ta g e  d i f f e r e n c e  was a n a ly z e d  

w ith o u t r e f e r e n c e  to  r e j e c t i o n  l e v e l s .

In  te n  o f  th e  tw en ty -tw o  s e t s ,  th e  l a r g e s t  d i f f e r e n c e  betw een 

th e  cu m u la tiv e  ob serv ed  and cu m u la tiv e  p r e d ic te d  o c c u rre d  f o r  th e  

f l u v i a l  system  developed  on two l i t h o s t r a t i g r a p h i c  u n i t s  (T ab le  1 2 ). 

F iv e  o f th e s e  s e t s  ( s e t s  th r e e ,  e ig h t ,  e le v e n , fo u r te e n ,  and tw en ty - 

one) w ere s e t s  in  w hich th e  computed v a lu e  f o r  th e  f l u v i a l  system  on 

two l i t h o s t r a t i g r a p h i c  u n i t s  most c lo s e ly  approached  th e  r e j e c t i o n  

l e v e l .  The two g roups do n o t c o in c id e  b ecau se  o f  d i f f e r e n c e s  in  N 

v a lu e s  w hich a r e  u sed  to  e n t e r  ta b le s  a t  th e  p ro p e r  s ig n i f ic a n c e  l e v e l .

The q u e s t io n  a r i s e s  a s  to  w h eth er o r  n o t th e re  i s  a  s i g n i f i ­

c a n t a s s o c ia t io n  betw een d i f f e r e n c e  in  p r e d ic te d  and observed  p e rc e n t 

and th e  fo llo w in g : (1 ) d ra in a g e  d e n s i ty ,  (2 ) s tream  freq u en cy ,

(3 ) e l e v a t i o n - r e l i e f  r a t i o ,  and (4) c i r c u l a r i t y  a s  m easured by th e
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TABLE 12

BASINS IN WHICH THE LARGEST DIFFERENCE BETWEEN 
CUMULATIVE OBSERVED AND PREDICTED OCCURRED 

FOR STREAM ON TWO FORMATIONS

S e t S tream

3 ...............................................................................  7

 7 ...............................................................................  19

 8 ...............................................................................  24

 9 ...............................................................................  27

1 1 ...............................................................................  31

1 4 ...............................................................................  40

1 5 ...............................................................................  45

1 6 ...............................................................................  47

1 9 ...............................................................................  57

2 1 ...............................................................................  63
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e lo n g a tio n  r a t i o .  In  o rd e r  to  a s s e s s  i f  an  a s s o c ia t io n  betw een th e s e  

v a r ia b le s  and d if f e r e n c e  betw een observed  and p r e d ic te d  e x i s t e d ,  th e  

Spearman rho  was com puted.

Spearman Rank C o r r e la t io n —D rainage D en s ity

I t  was th e o r iz e d  th a t  th e re  was an a s s o c ia t io n  betw een th e  

p r e d ic t iv e  accu racy  o f  th e  model and d ra in a g e  d e n s i ty .  I t  was th o u g h t 

t h a t  d i f f e r e n c e  in  d ra in a g e  d e n s i ty  betw een two a d ja c e n t  l i t h o s t r a t i ­

g ra p h ic  u n i t s  was one method o f  a s s e s s in g  th e  in f lu e n c e  o f  l i t h o ­

s t r a t i g r a p h i c  u n i t s  on d ra in a g e  m orphology. The tw en ty -tw o  d ra in a g e  

b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s  w ere i s o la te d  f o r  a n a ly s i s .

F or each  o f  th e  tw en ty -tw o  b a s in s ,  d ra in a g e  d e n s i ty  was computed f o r  

each  l i t h o s t r a t i g r a p h i c  u n i t .  D if fe re n c e s  in  d ra in a g e  d e n s i ty  betw een 

th e  two l i t h o s t r a t i g r a p h i c  u n i t s  in  each  s e t  w ere computed (T ab le  1 0 ). 

I t  was h y p o th e s iz e d ; As th e  d i f f e r e n c e  in  d ra in a g e  d e n s i ty  between 

two l i t h o s t r a t i g r a p h i c  u n i t s  in c r e a s e s ,  th e  p e rc e n ta g e  d i f f e r e n c e  

betw een observed  and p re d ic te d  p e rc e n t in c r e a s e s .  The fo llo w in g  n u l l  

h y p o th e s is  was fo rm u la ted : T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n

betw een  in c re a s e s  in  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  and in c re a s e s  in  

d i f f e r e n c e s  betw een p e rc e n t o b served  and p r e d ic te d .  The Spearman rho  

v a lu e  was computed (A ppendix VI) as  a r e s u l t  o f  w hich th e  n u l l  h y p o th e ­

s i s  co u ld  n o t be r e j e c te d  a t  th e  .05 l e v e l  o f s ig n i f i c a n c e .  I t  was 

th u s  in f e r r e d  th a t  th e r e  was n o t a s ig n i f i c a n t  a s s o c ia t io n  betw een 

la rg e  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  and la rg e  d i f f e r e n c e s  in  cum ula­

t i v e  ob serv ed  and p re d ic te d  p e rc e n t .
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Spearman Rank C o r r e la t io n — Stream  Frequency

A t e s t  o f  a s s o c ia t io n  s im i la r  to  t h a t  f o r  d i f f e r e n c e  in  d r a in ­

age d e n s i ty  was computed f o r  s tre a m  fre q u e n c y . I t  was h y p o th e s iz e d ;

As th e  d i f f e r e n c e  in  s tream  freq u en cy  betw een two l i t h o s t r a t i g r a p h i c  

u n i t s  in  a d ra in a g e  system  in c r e a s e s ,  th e  d i f f e r e n c e  in  cu m u la tiv e  

o b served  and p r e d ic te d  p e rc e n t in c r e a s e s .  The fo llo w in g  n u l l  h y p o th e ­

s i s  was s ta t e d :  There i s  n o t a s ig n i f i c a n t  c o r r e l a t i o n  betw een d i f ­

f e re n c e s  in  s tre a m  f re q u e n c ie s  f o r  two l i t h o s t r a t i g r a p h i c  u n i t s  in  a 

d ra in a g e  b a s in  and in c re a s e s  in  d i f f e r e n c e s  in  p e rc e n ta g e  o b served  

c h an n e ls  and p e rc e n ta g e  p re d ic te d  c h a n n e ls . The n u l l  h y p o th e s is  cou ld  

n o t be  r e je c te d  a t  th e  .05 s ig n i f ic a n c e  le v e l  (A ppendix V I) . R e s u lts  

o f  th e  t e s t  in d ic a te d  th a t  th e re  was n o t a s i g n i f i c a n t  c o r r e l a t i o n  

betw een la rg e  d i f f e r e n c e s  in  s tream  freq u en cy  and la rg e  d i f f e r e n c e s  in  

observed  and p r e d ic te d  p e rc e n t f o r  th e  tw enty-tw o  s tream s on two l i t h o ­

s t r a t i g r a p h i c  u n i t s .

Spearman Rank C o r r e la t io n - - E le v a t io n - R e l ie f  R a t io

I t  was th e o r iz e d  th a t  th e r e  was a s i g n i f i c a n t  c o r r e l a t i o n  

betw een th e  e l e v a t i o n - r e l i e f  r a t i o  and  la rg e  d i f f e r e n c e s  in  th e  cumula­

t i v e  observed  and p r e d ic te d  p e rc e n ta g e s .  The e l e v a t i o n - r e l i e f  r a t i o

22y ie ld s  a v a lu e  th a t  has been  eq u a ted  to  th e  h y p so m etric  v a lu e .  I t  

was th e r e f o r e  p o s tu la te d  th a t  becau se  th e  model i s  p o s tu la te d  to  be an 

e q u i l ib r iu m  model th a t  th e re  was a p o s s ib le  a s s o c ia t io n  betw een th e  

p r e d ic t iv e  acc u racy  o f  th e  model and d e v ia t io n  o f  d ra in a g e  b a s in

22pike and W ilson , " E le v a t io n - R e l ie f  R a t io , " p . 1080.
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e l e v a t i o n - r e l i e f  r a t i o  from  th e  mean e l e v a t i o n - r e l i e f  r a t i o  o f  th e  

a re a  in  w hich i t  was lo c a te d .  I t  was h y p o th e s iz e d  t h a t  a s  th e  

e l e v a t i o n - r e l i e f  r a t i o  d e v ia te s  from  th e  mean o f  i t s  g roup  th a t  th e  

d i f f e r e n c e  betw een th e  cu m u la tiv e  o b served  and p r e d ic te d  p e rc e n t  

in c r e a s e s .  To t e s t  i f  a s i g n i f i c a n t  a s s o c ia t io n  e x i s t s ,  th e  e le v a t io n -  

r e l i e f  r a t i o  f o r  each  d ra in a g e  b a s in  was s u b tr a c te d  from  th e  mean 

e l e v a t i o n - r e l i e f  r a t i o  f o r  th e  a re a  in  w hich i t  was lo c a te d  (A ppendix 

V I ) . The fo llo w in g  n u l l  h y p o th e s is  was t e s t e d ;  F o r th e  d ra in a g e  

b a s in s  u n d er c o n s id e r a t io n  th e r e  i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  

betw een la rg e  d e v ia t io n s  o f  b a s in  e l e v a t i o n - r e l i e f  r a t i o  from  th e  mean 

o f i t s  group and la rg e  d i f f e r e n c e s  in  th e  p e rc e n t  o f ch an n e ls  ob serv ed  

and p r e d ic te d  p e r  o rd e r  by th e  m odel. The n u l l  h y p o th e s is  cou ld  n o t 

be r e j e c te d  a t  th e  .05  le v e l  o f  s ig n i f i c a n c e  (A ppendix V I) .

Spearman Rank C o r r e la t io n —E lo n g a tio n  R a tio

I t  was th e o r iz e d  t h a t  th e re  was an a s s o c ia t io n  betw een d e v ia ­

t i o n  from  c i r c u l a r  shape and d i f f e r e n c e s  in  p e rc e n ta g e  p r e d ic te d  and

o b se rv ed . As th e  hexagon i s  f o u r - f i f t h s  a s  e f f i c i e n t  a s  th e  c i r c l e  in

23te rm s o f  p e r im e te r  and d is ta n c e  from  c e n te r ,  i t  was h y p o th e s iz e d  

t h a t  a s  b a s in s  d e v ia te d  from  c i r c u l a r  sh ape , a s  m easured by th e  e lo n g a ­

t i o n  r a t i o ,  th e  p e rc e n ta g e  d i f f e r e n c e  betw een th e  cu m u la tiv e  ob serv ed  

and p re d ic te d  number o f  c h a n n e ls  in c re a s e d .  In  o rd e r  to  t e s t  t h i s  

h y p o th e s is  th e  computed v a lu e  f o r  th e  e lo n g a t io n  r a t i o  was s u b tr a c te d  

from  one (A ppendix I ) . F o r th e  e lo n g a tio n  r a t i o ,  a b a s in  w ith  a v a lu e

^^H aggett and C h o rley , Network A n a ly s is  in  G eography, p . 51.
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o f  one i s  c o n s id e re d  c i r c u l a r .  The Spearman rh o  was computed to  d e t e r ­

mine, i f  a s  b a s in  shape d e v ia te s  from  one ( c i r c u l a r ) ,  th e  d i f f e r e n c e  

betw een cu m u la tiv e  o b served  and p r e d ic te d  p e rc e n t in c r e a s e s .  The f o l ­

low ing n u l l  h y p o th e s is  was s ta t e d ;  T here i s  n o t  a s i g n i f i c a n t  c o r r e ­

l a t i o n  betw een la rg e  d e v ia t io n s  from  th e  e lo n g a t io n  r a t i o  and la rg e  

d i f f e r e n c e s  in  th e  cu m u la tiv e  o b serv ed  and p r e d ic te d  ch an n e ls  p e r  

o rd e r .  The n u l l  h y p o th e s is  was r e j e c t e d  a t  th e  .05 le v e l  o f  s i g n i f i ­

cance (A ppendix V I ) . R e s u lts  o f  t h i s  t e s t  in d i c a te  t h a t  th e re  i s  a 

weak a s s o c ia t io n  betw een d e v ia t io n  from  c i r c u l a r  shape and la rg e  d i f ­

fe re n c e s  in  th e  p e rc e n ta g e  o b served  and p r e d ic te d  ch an n e ls  p e r  o rd e r .

A1lome t r y - -KoIm ogrov-Sm irnov V alue s 

I t  was th e o r iz e d  th a t  th e re  was a r e l a t i o n s h ip  betw een a llo m - 

e t r y  and th e  p r e d ic t iv e  acc u racy  o f  th e  m odel. S t r a h l e r  w r i te s  t h a t  a 

lo g - lo g  r e l a t i o n s h ip  betw een cu m u la tiv e  s tre a m  le n g th  p lo t t e d  a g a in s t  

mean b a s in  a re a  i s  ev id en ce  f o r  an  a l lo m e t r ic  r e l a t i o n s h ip  betw een 

th e s e  v a r i a b l e s .  In  t h i s  s tu d y  ev id en ce  f o r  a l lo m e t r ic  r e l a t io n s h ip s  

was a s s e s s e d  by th e  manner d e s c r ib e d  by S t r a h l e r .  F o r each  d ra in a g e  

system , cu m u la tiv e  mean ch an n e l le n g th  was p lo t t e d  a g a in s t  mean b a s in  

a re a  p e r  o rd e r .  F o r th e  s i x t y - s i x  s tream s a n a ly z e d  in  t h i s  s tu d y  

th e r e  was a lo g - lo g  r e l a t io n s h ip  betw een cu m u la tiv e  s tream  le n g th  and 

mean b a s in  a re a  w ith  sm a ll d e v ia t io n  o f  d a ta  p o in ts  from  th e  l e a s t  

sq u a re s  r e g r e s s io n  l i n e  (A ppendix V I I I ) .
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A llo m e trv —K olm oerov-Sm irnov 
V alues N ear R e je c t io n  L eve l

Those s e t s  f o r  w hich th e  computed Kolmogrov-Sm irnov v a lu e  most

c lo s e ly  approached  th e  r e j e c t i o n  le v e l  f o r  th e  d ra in a g e  system  on two

fo rm a tio n s  w ere i s o l a t e d  f o r  com parison w ith  t h e i r  r e s p e c t iv e  a l l o ­

m e tr ic  g ra p h s . In  o n ly  th re e  s e t s  ( s e t  two, s e t  fo u r ,  and s e t  tw en ty - 

one) (Appendix V I I I )  d id  Kolmogrov-Smirnov v a lu e s  n e a r  th e  r e j e c t i o n  

le v e l  c o in c id e  w ith  a l lo m e t r ic  g raphs w ith  l a r g e s t  s c a t t e r  o f  d a ta  

p o in ts  from  th e  l e a s t  sq u a re s  l i n e .  In  n in e  o f  th e  tw elve  s e t s  g r e a t ­

e s t  s c a t t e r  o c c u rre d  f o r  th e  two s tream s whose computed Kolmogrov- 

Smirnov v a lu e  was f a r t h e s t  from th e  r e j e c t i o n  le v e l  (T ab le  1 3 ). Thus, 

th e re  i s  no a p p a re n t a s s o c ia t io n  betw een s c a t t e r  from  th e  l e a s t  

s q u a re s  l i n e  f o r  th e  a l lo m e t r ic  g raphs and p r e d ic t iv e  acc u racy  o f  th e

m odel. However, t h i s  c o n c lu s io n  shou ld  be view ed w ith  c a u t io n  as  th e

s c a t t e r  o f  d a ta  p o in ts  f o r  each  o f th e  s i x t y - s i x  a l lo m e t r ic  g raphs i s  

s m a ll .  I f  th e  s c a t t e r  o f  d a ta  p o in ts  had been  g r e a t e r  f o r  th e  a l l o ­

m e tr ic  g rap h s and th u s  c l e a r ly  in d ic a te d  la c k  o f  a lo g - lo g  r e l a t i o n ­

s h ip , p erh ap s  th e re  would have been  a b e t t e r  a s s o c ia t io n  betw een 

p r e d ic t iv e  a c c u ra c y  o f  th e  model and the  lo g - lo g  r e l a t io n s h ip  o f  th e  

a l lo m e t r ic  g ra p h s .

A llo m e trv --C u m u la tiv e  P e rc e n t 
P re d ic te d  and O bserved

An a n a ly s i s  s im i la r  to  th a t  j u s t  d e s c r ib e d  was c a r r ie d  o u t to  

d e te rm in e  i f  th e re  was an  a s s o c ia t io n  betw een s c a t t e r  o f  p o in ts  from 

th e  l e a s t  sq u a re s  r e g r e s s io n  l in e  f o r  th e  a l lo m e t r ic  g rap h s and poor
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TABLE 13

SETS IN WHICH KOLMOGROV-SMIRNOV VALUE NEAR SIGNIFICANCE LEVEL 
AND GREATEST SCATTER OF DATA POINTS FOR ALLOMETRIC 

GRAPHS OCCUR FOR THE CORRESPONDING 
STREAMS ON TWO UNITS

S e ts  w ith  S tream  on Two U n its  
Having Kolmogrov-Smirnov V alue 

N ear R e je c tio n  L evel

C orrespond ing  S e ts  w ith  G re a te s t  
S c a t t e r  o f  D ata P o in ts  f o r  A llo ­
m e tr ic  Graphs f o r  S tream  on Two 

U n its

S et S tream S et S tream

2 4 2 4

3 7

4 11 4 11

5 15

8 24

10 30

11 31

12 36

14 40

17 50

20 60

21 63 21 63
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p r e d ic t io n  by th e  model a s  m easured by  d i f f e r e n c e  in  cu m u la tiv e  p e rc e n t 

p re d ic te d  p e r  o rd e r  and cu m u la tiv e  p e rc e n t o b serv ed  p e r  o r d e r .  D ata 

f o r  t h i s  a n a ly s i s  a r e  from  th e  K olm ogrov-Sm irnov T e s t I ;  how ever, 

cum u la tiv e  p e rc e n t p e r  o rd e r  i s  an a ly z e d  w ith o u t re g a rd  to  r e j e c t i o n  

l e v e l .  The te n  s e t s  o f  th r e e  d ra in a g e  system s f o r  w hich th e  g r e a t e s t  

d i f f e r e n c e  betw een cu m u la tiv e  observed  and p r e d ic te d  p e rc e n t  p e r  o rd e r  

o ccu rred  f o r  th e  d ra in a g e  system  on two l i t h o s t r a t i g r a p h i c  u n i t s  w ere 

i s o la te d  f o r  a n a ly s i s .  F o r on ly  th r e e  s e t s  ( s e t  th r e e ,  s e t  seven , and 

s e t  tw en ty -one) d id  th e  b a s in  w ith  g r e a t e s t  d i f f e r e n c e  betw een cum ula­

t i v e  observed  and p r e d ic te d  p e rc e n t  c o in c id e  w ith  th e  b a s in  whose a l l o ­

m e tr ic  g rap h  showed g r e a t e s t  s c a t t e r  o f  d a ta  p o in ts  from  th e  l e a s t  

sq u a res  r e g re s s io n  l i n e .  R e s u lts  o f  t h i s  a n a ly s i s  in d ic a te d  t h a t  f o r  

th e  s e t s  an a ly z e d  th e r e  was l i t t l e  a s s o c ia t io n  betw een observ ed  and 

p re d ic te d  p e rc e n t p e r  o rd e r  and s c a t t e r  o f  p o in ts  from  th e  l e a s t  

sq u a re s  r e g r e s s io n  l i n e  f o r  th e  a l lo m e t r ic  g ra p h s . As c i t e d  p r e v i ­

o u s ly , c a u t io n  i s  w a rra n te d  in  v iew ing  th e se  r e s u l t s  b ecause  in  each  

d ra in a g e  system , th e re  was a lo g - lo g  r e l a t i o n s h ip  betw een cu m u la tiv e  

s tream  le n g th  and mean b a s in  a re a  w ith  l i t t l e  s c a t t e r  o f  d a ta  p o in ts  

from th e  l e a s t  sq u a re s  r e g r e s s io n  l i n e .

K olm ogrov-Sm irnov T e s t I - - L i t h o s t r a t i g r a p h i c  U n its

Computed V alue—R e je c tio n  L ev e l

D e v ia tio n  o f  computed Kolmogrov-Smirnov v a lu e s  from  th e  r e j e c ­

t i o n  le v e l  was a n a ly zed  to  d e te rm in e  i f  th e r e  was a p a r t i c u l a r  l i t h o ­

s t r a t i g r a p h i c  u n i t  a s s o c ia te d  w ith  b a s in s  on two u n i t s  f o r  w hich th e
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model p re d ic te d  p o o r ly .  T h is  a n a ly s i s  was d i f f i c u l t  b ecau se  th e  v a r i ­

ous l i t h o s t r a t i g r a p h i c  u n i t s  w ere n o t each  in v o lv ed  in  th e  same number 

o f  s e t s  (T ab le  1 4 ). Of th e  tw e n ty -fo u r  l i t h o s t r a t i g r a p h i c  u n i t s  

in v o lv ed  in  t h i s  s tu d y , on ly  th e  W olfe C ity  F o rm atio n  and Pecan  Gap 

C halk w ere in v o lv ed  in  f iv e  s e t s .  The n e x t h ig h e s t  in  o c c u rre n c e  w ere 

th e  M arlbrook  M arl and Ozan F o rm atio n . They w ere each  in v o lv e d  in  

fo u r  s e t s .  O ther l i t h o s t r a t i g r a p h i c  u n i t s  w ere in  one o r  two s e t s .  

However, i t  shou ld  be n o ted  th a t  f o r  th r e e  o f  th e  f iv e  s e t s  in  w hich 

th e  Pecan Gap Chalk o c c u rre d  th e  K olm ogrov-Sm irnov v a lu e  most c lo s e ly  

approached  th e  r e j e c t i o n  l e v e l  f o r  th e  b a s in  on two u n i t s .  In  th e s e  

th r e e  s e t s ,  th e  Pecan Gap C halk was one u n i t  in  s e t s  w hich in c lu d e d  

th e  fo llo w in g  u n i t s :  M arlbrook M arl ( s e t  e i g h t ) ,  W olfe C ity  F o rm atio n

( s e t  t e n ) ,  and Kemp C lay ( s e t  tw e lv e ) .  The two s e t s  in  w hich th e  

Pecan Gap o ccu rred  and where th e  computed Kolmogrov-Sm irnov v a lu e  most 

c lo s e ly  approached  th e  r e j e c t i o n  le v e l  f o r  a d ra in a g e  system  o th e r  

th a n  th e  one on two u n i t s  w ere: s e t  seven  ( u n i t s :  Pecan Gap C h a lk --

M arlbrook  M a rl) , s e t  n in e  ( u n i t s :  Pecan Gap C halk--W olfe C ity  Forma­

t io n )  . B ecause s e t s  e ig h t  and te n  and s e t s  seven  and n in e  c o n ta in e d  

th e  same l i t h o s t r a t i g r a p h i c  u n i t s ,  i t  i s  d o u b tfu l  i f  n e a rn e s s  o f th e  

Kolm ogrov-Sm irnov v a lu e  to  th e  r e j e c t i o n  l e v e l  can  be a t t r i b u t e d  to  

in h e re n t  c h a r a c t e r i s t i c s  o f  th e  Pecan Gap C halk .

In  th r e e  o f  th e  f iv e  s e t s  in  w hich th e  W olfe C ity  F o rm atio n  

o c c u rre d  th e  Kolmogrov-Smirnov v a lu e  m ost c lo s e ly  approached  th e  

r e j e c t i o n  l e v e l  f o r  th e  b a s in  on two l i t h o s t r a t i g r a p h i c  u n i t s .  The 

W olfe C ity  F o rm ation  was a l i t h o s t r a t i g r a p h i c  u n i t  in  s e t s  w hich
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TABLE 14

LITHOSTRATIGRAPHIC UNITS IN EACH SET

1 Sablnetow n F o rm atio n —C a rr lz o  Sand

2 Yegua F o rm atio n —Cook M ountain F o rm ation

3 O a k v il le  S an d sto n e—L a g a rto  C lay

4 L a g a rto  C la y --G o lia d  Sand

5 C a tah o u la  T u ff—O a k v il le  S andstone

6 W olfe C ity  F o rm atio n --M arlb ro o k  M arl

7 Pecan Gap C halk—M arlbrook  M arl

8 Pecan Gap C halk --M arlb ro o k  M arl

9 Pecan Gap C halk—W olfe C ity  F o rm ation

10 Pecan Gap C halk--W olfe  C ity  F o rm ation

11 W olfe C ity  F o rm atio n —Ozan F o rm ation

12 Kemp C la y --P ec an  Gap C halk

13 C a rr iz o  Sand—C a lv e r t  B lu f f  F orm ation

14 A u s tin  C halk--O zan  F o rm ation

15 G rayson M arl—Woodbine F o rm ation

16 S p a r ta  Sand—Cook M ountain F orm ation

17 P a lu x y  Sand—W alnut C lay

18 Lake Waco F o rm atio n —Woodbine F orm ation

19 Bonham F o rm atio n —Blossom  Sand

20 Annona C halk --M arlb ro o k  M arl

21 W olfe C ity  F o rm ation --O zan  F orm ation

22 A u s tin  C halk— Ozan F o rm ation
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in c lu d e d  th e  fo llo w in g  l i t h o s t r a t i g r a p h i c  u n i t s :  M arlb rook  M arl ( s e t

s i x ) ,  Pecan Gap C halk ( s e t s  n in e  and te n ) ,  Ozan F o rm ation  ( s e t s  e le v e n  

and tw e n ty -o n e ) . Of th e s e  f iv e  s e t s  th e  K olm ogrov-Sm irnov v a lu e  

showed l e a s t  d e v ia t io n  from  th e  r e j e c t i o n  l e v e l  f o r :  s e t  te n  ( u n i t s :

Pecan  Gap C halk , W olfe C ity  F o rm a tio n ), s e t  e le v e n  ( u n i t s :  W olfe C ity

F o rm atio n , Ozan F o rm a tio n ) , and s e t  tw en ty -one  (W olfe C ity  F orm ation , 

Ozan F o rm a tio n ) . I t  sh o u ld  be p o in te d  o u t th a t  th e  W olfe C ity  Forma­

t i o n  and Ozan F o rm ation  w ere combined in  o n ly  two s e t s ,  and in  th e se  

s e t s  th e  l a r g e s t  computed Kolmogrov-Sm irnov v a lu e  o c c u rre d  f o r  th e  

b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s .  I n  b o th  s e t s  th e  d i f f e r e n c e  

in  d ra in a g e  d e n s i ty  betw een th e  two u n i t s  exceeded  one, w ith  th e  Wolfe 

C ity  F o rm ation  h av in g  th e  h ig h e r  d ra in a g e  d e n s i ty .  However, i t  i s  

d o u b tfu l  th a t  th e  sm a ll range  o f  th e  computed v a lu e  from  th e  r e j e c t i o n  

l e v e l  can  be a t t r i b u t e d  to  d i f f e r e n c e  in  d ra in a g e  d e n s i ty  a s  Spearman 

Rank c o r r e l a t i o n  in d ic a te s  t h a t ,  when a l l  s tream s on two l i t h o s t r a t i ­

g ra p h ic  u n i t s  a r e  c o n s id e re d , th e r e  i s  n o t  a  s i g n i f i c a n t  c o r r e l a t i o n  

betw een d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  and computed K olmogrov-Smirnov 

v a lu e s  n e a r  th e  r e j e c t i o n  l e v e l .

In  th r e e  o f  th e  fo u r  s e t s  in  w hich th e  Ozan F orm ation  o ccu rred  

th e  Kolm ogrov-Sm irnov v a lu e  m ost c lo s e ly  ap p ro ach ed  th e  r e j e c t i o n  

l e v e l  f o r  th e  b a s in  on two l i t h o s t r a t i g r a p h i c  u n i t s .  The Ozan Forma­

t i o n  was one o f  two u n i t s  w hich in c lu d e d  th e  fo llo w in g  l i t h o s t r a t i ­

g ra p h ic  u n i t s :  W olfe C ity  F o rm ation  ( s e t  e le v e n ) ,  A u s tin  C halk  ( s e t

f o u r te e n ) ,  and W olfe C ity  F orm ation  ( s e t  tw en ty -o n e ) .  In  s e t  tw en ty - 

two th e  computed Kolmogrov-Sm irnov v a lu e  n e a r e s t  th e  r e j e c t i o n  le v e l
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d id  n o t occu r f o r  th e  b a s in  on two u n i t s .  In  t h i s  s e t  th e  two l i t h o ­

s t r a t i g r a p h i c  u n i t s  in v o lv ed  w ere th e  A u s tin  C halk and Ozan F o rm atio n . 

I t  shou ld  be n o ted  th a t  th e  A u s tin  Chalk and Ozan F o rm ation  w ere in  

s e t  fo u r te e n  in  w hich th e  computed Kolmogrov-Smirnov v a lu e  most c lo s e ly  

approached  th e  r e j e c t i o n  le v e l  f o r  th e  s tream  on two u n i t s .

The M arlbrook M arl was a u n i t  in  th e  fo llo w in g  s e t s :  s e t  s ix

( u n i t s :  W olfe C ity  F o rm atio n --M arlb ro o k  M a r l) , s e t  seven  ( u n i t s :

Pecan Gap C halk—M arlbrook M arl) , s e t  e ig h t  ( u n i t s :  Pecan Gap C halk—

M arlbrook M a rl) , and s e t  tw enty  ( u n i t s :  Annona C h alk --M arlb rook  M a rl) .

In  two o f  th e s e  s e t s  ( s e t  e ig h t  and s e t  tw en ty ) th e  computed Kolmogrov- 

Smirnov v a lu e  was n e a r e s t  th e  r e j e c t i o n  le v e l  f o r  th e  d ra in a g e  b a s in  

developed  on two u n i t s .

D if fe re n c e  in  C um ulative O bserved 
and P re d ic te d  P e rc e n t

L i th o s t r a t ig r a p h ic  u n i t s  in v o lv ed  in  s e t s  in  w hich th e  l a r g e s t  

d i f f e r e n c e  in  cu m u la tiv e  observed  and p r e d ic te d  number o f  ch an n e ls  

o c c u rre d  f o r  th e  d ra in a g e  b a s in  developed  on two u n i t s  were i s o la te d  

f o r  a n a ly s i s .  In  t h i s  a n a ly s i s  cum ula tive  p e rc e n ta g e s  w ere d e r iv e d  

from  Kolmogrov-Smirnov t e s t  I ;  however, cu m u la tiv e  p e rc e n ta g e s  w ere 

co n s id e re d  w ith o u t re g a rd  to  r e j e c t i o n  l e v e l .  In  te n  o f  th e  tw en ty - 

two s e t s  o f  th re e  s tream s th e  l a r g e s t  d i f f e r e n c e  betw een cu m u la tiv e  

observed  and p re d ic te d  p e rc e n t o ccu rred  f o r  th e  d ra in a g e  b a s in  d e v e l­

oped on two l i t h o s t r a t i g r a p h i c  u n i t s  (T ab le  1 5 ).

In  th r e e  o f th e  f iv e  s e t s  in  w hich th e  Pecan Gap C halk was 

in v o lv ed , th e  l a r g e s t  d i f f e r e n c e  betw een o b served  and p re d ic te d
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S e t S tream

3 7 O a k v ille  S an d sto n e—L ag a rto  C lay

7 19 Pecan Gap C h alk --M arlb rook  M arl

a 24 Pecan Gap C halk --M arlb rook  M arl

9 27 Pecan Gap C halk--W olfe C ity  F orm ation

11 31 W olfe C ity  F orm ation --O zan  F o rm ation

14 40 A u s tin  C halk—Ozan F orm ation

15 45 G rayson M arl—Woodbine F orm ation

16 47 S p a rta  Sand—Cook M ountain Form ation

19 57 Bonham F orm ation—Blossom Sand

21 63 W olfe C ity  F o rm ation—Ozan F orm ation
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p e rc e n t  o ccu rred  f o r  th e  d ra in a g e  b a s in  on two u n i t s .  These s e t s  

w ere: s e t  seven  ( u n i t s :  Pecan  Gap C halk , M arlb rook  M a rl) , s e t  e ig h t

( u n i t s :  Pecan Gap C halk, M arlb rook  M a rl) , and s e t  n in e  (Pecan  Gap

C halk, W olfe C ity  F o rm a tio n ) . The Pecan Gap C halk  was a  l i t h o s t r a t i ­

g ra p h ic  u n i t  in  s e t s  te n  and tw e lv e , and in  th e s e  two s e t s  th e  l a r g e s t  

d i f f e r e n c e  betw een cu m u la tiv e  o b serv ed  and p r e d ic te d  p e rc e n t  d id  n o t 

o ccu r f o r  th e  d ra in a g e  b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s .  In  s e t  

te n  th e  Pecan Gap C halk was com bined w ith  th e  W olfe C ity  F o rm ation  and 

in  s e t  tw e lv e  th e  Pecan Gap C halk was combined w ith  th e  Kemp C lay . I t  

sh o u ld  be n o te d  t h a t  in  b o th  s e t s  n in e  and te n  th e  Pecan Gap C halk and 

W olfe C ity  F o rm ation  w ere in  co m b in a tio n , and th a t  in  s e t  te n  th e  l a r g ­

e s t  d i f f e r e n c e  betw een cu m u la tiv e  p r e d ic te d  and o b se rv ed  p e rc e n t  d id  

n o t o ccu r f o r  th e  d ra in a g e  system  on two u n i t s .

In  th re e  o f  th e  f iv e  s e t s  in  w hich th e  W olfe C ity  F orm ation  

was in v o lv e d  the  l a r g e s t  d i f f e r e n c e  o c c u rre d  f o r  th e  s tream  on two 

u n i t s .  The th re e  s e t s  w ere: s e t  n in e  ( u n i t s :  Pecan Gap C halk , W olfe

C ity  F o rm atio n ), s e t  e le v e n  ( u n i t s :  W olfe C ity  F o rm atio n , Ozan Forma­

t i o n ) ,  and s e t  tw en ty -one  ( u n i t s :  W olfe C ity  F o rm atio n , Ozan Forma­

t io n )  . The two s e t s  in  w hich th e  W olfe C ity  F o rm atio n  o c c u rre d  and 

f o r  w hich th e  l a r g e s t  d i f f e r e n c e  i n  cu m u la tiv e  p e rc e n t o b served  and 

p r e d ic te d  d id  n o t o ccu r f o r  th e  d ra in a g e  b a s in s  on two l i t h o s t r a t i ­

g ra p h ic  u n i t s  w ere: s e t  s i x  ( u n i t s :  W olfe C ity  F o rm ation , M arlbrook

M arl) and s e t  te n  (P ecan  Gap C halk , W olfe C ity  F o rm a tio n ) . In  s e t  

n in e  th e  l a r g e s t  cu m u la tiv e  d i f f e r e n c e  betw een p e rc e n ta g e  o b served  and 

p r e d ic te d  o ccu rred  f o r  th e  b a s in  on two u n i t s  (W olfe C ity  F orm ation ,
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P ecan  Gap C h a lk ), w hereas in  s e t  te n  w here th e  Pecan.G ap C halk  and 

W olfe C ity  F o rm ation  w ere combined th e  l a r g e s t  d i f f e r e n c e  d id  n o t occu r 

f o r  th e  b a s in  w ith  two u n i t s .  I n  th e  two s e t s  where th e  W olfe C ity  

F orm ation  and Ozan F o rm ation  w ere combined th e  l a r g e s t  d i f f e r e n c e  

o c c u rre d  f o r  th e  b a s in  developed  on two l i t h o s t r a t i g r a p h i c  u n i t s .

In  th r e e  ou t o f  th e  fo u r  s e t s  i n  w hich th e  Ozan F o rm ation  

o c c u rre d , th e  l a r g e s t  d i f f e r e n c e  o c c u rre d  f o r  th e  f l u v i a l  system s 

d ev eloped  on two u n i t s .  Two o f  th e  s e t s  w ith  h ig h e s t  d i f f e r e n c e  

betw een p e rc e n ta g e  o bserved  and p r e d ic te d  w ere s e t s  e le v e n  and tw en ty - 

one where th e  Ozan F orm ation  was combined w ith  th e  W olfe C ity  Forma­

t i o n .  The t h i r d  s e t  w here th e  l a r g e s t  d i f f e r e n c e  betw een p e rc e n ta g e  

o b se rv ed  and p r e d ic te d  o c c u rre d  f o r  th e  d ra in a g e  system  on two l i t h o ­

s t r a t i g r a p h i c  u n i t s  was s e t  f o u r te e n  in  w hich th e  W olfe C ity  F orm ation  

was combined w ith  th e  A u s tin  C halk . In  s e t  tw en ty -tw o  th e  Ozan Forma­

t i o n  was combined w ith  th e  A u s t in  C halk , b u t  in  t h i s  s e t  th e  g r e a t e s t  

d i f f e r e n c e  betw een p e rc e n ta g e  observ ed  and p r e d ic te d  d id  n o t o ccu r f o r  

th e  d ra in a g e  b a s in  developed  on two u n i t s .

The M arlb rook  M arl form ed a  u n i t  in  fo u r  s e t s .  Two o f th e  

fo u r  s e t s  ( s e t s  seven  and e ig h t )  w ere s e t s  w ith  th e  l a r g e s t  d i f f e r e n c e  

betw een cu m u la tiv e  p e rc e n ta g e  observ ed  and p r e d ic te d  o c c u rr in g  f o r  th e  

s tre a m  d ev e lo p ed  on two u n i t s .  In  b o th  o f  th e s e  s e t s  ( s e t s  seven  and 

e ig h t )  th e  M arlbrook  M arl was combined w ith  th e  Pecan Gap C halk . In  

th e  two s e t s  ( s e t s  s ix  and tw en ty ) i n  w hich th e  M arlb rook  M arl was 

in v o lv e d  and w here th e  l a r g e s t  d i f f e r e n c e s  betw een p e rc e n ta g e  observ ed  

and p r e d ic te d  d id  n o t o ccu r f o r  th e  d ra in a g e  b a s in  on two u n i t s ,  th e
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M arlbrook M arl was in  com b in atio n  w ith  th e  W olfe C ity  F orm ation  ( s e t  

s ix )  and th e  Annona C halk ( s e t  tw e n ty ) ,

C o n c lu sio n  K olmogrov-Smirnov T e s t—
L i th o s t r a t i g r a p h ic  U n its

A n a ly s is  o f  u n i t s  o th e r  th an  th e  Pecan Gap C halk, W olfe C ity  

F o rm ation , M arlb rook  M arl, and Ozan F orm ation  becomes m ean in g less  as  

a l l  o th e r  u n i t s  w ere in v o lv ed  in  on ly  one o r  two s e t s .  However, i t  

sh o u ld  be n o ted  t h a t  th e  two s e t s  in  w hich th e  O a k v il le  S andstone and 

L a g a rto  C lay w ere each  in v o lv e d , th e  p o o re s t p r e d ic t io n  o f  th e  model, 

a s  m easured by n e a rn e s s  o f th e  computed K olmogrov-Smirnov v a lu e  to  th e  

r e j e c t i o n  l e v e l ,  o c c u rre d  f o r  th e  d ra in a g e  system  on two u n i t s .

I s o l a t i o n  o f  p a r t i c u l a r  l i t h o s t r a t i g r a p h i c  u n i t s  th a t  i n f l u ­

enced th e  p r e d ic t iv e  acc u racy  o f  th e  model was n o t p e rm itte d  by t h i s  

s tu d y . E v a lu a tio n  o f  th e  in f lu e n c e  o f  a  p a r t i c u l a r  l i t h o s t r a t i g r a p h i c  

u n i t  on th e  p r e d ic t iv e  acc u racy  o f  th e  model w ould r e q u ir e  a r e s e a r c h  

d e s ig n  in  w hich a g iv e n  u n i t  i s  t e s t e d  in  numerous s e t s .  I s o l a t i o n  o f  

th e  in f lu e n c e  o f  a s in g le  u n i t  was n o t th e  pu rpose  o f  th e  r e s e a rc h  

u n d er c o n s id e r a t io n .  However, b ased  on a n a ly s i s  o f  l i t h o s t r a t i g r a p h i c  

u n i t s  in v o lv e d , i t  i s  concluded  t h a t  f u r th e r  a n a ly s i s  o f  th e  im pact o f  

th e  fo llo w in g  u n i t s  w a rra n ts  c o n s id e ra t io n  in  su b seq u en t s tu d ie s .  The 

u n i t s  a r e :  Pecan Gap C halk , W olfe C ity  F o rm ation , Ozan F orm ation ,

L ag a rto  C lay , and O a k v il le  S and sto n e .



132

Kolmogrov-Smirnov V a lu es—B asin  A reas

In  fo u r  o f th e  f iv e  s e t s  In  A rea I ,  th e  com puted Kolmogrov- 

Smirnov v a lu e s  n e a r e s t  th e  r e j e c t i o n  le v e l  o c c u rre d  f o r  th e  d ra in a g e  

system  on two l i t h o s t r a t i g r a p h i c  u n i t s .  I t  was o b serv ed  t h a t  mean 

b a s in  a re a  f o r  Area I  was l a r g e r  th an  th e  mean f o r  A reas I I  and I I I .

I t  was, th e r e f o r e ,  th e o r iz e d  th a t  th e re  was a p o s s ib le  a s s o c ia t io n  

betw een b a s in  a re a  and th e  p r e d ic t iv e  acc u racy  o f  th e  m odel. To t e s t  

t h i s  h y p o th e s is ,  th e  Spearman ran k  c o r r e l a t i o n  t e s t  was em ployed to  

d e te rm in e  I f  th e re  was a  s ig n i f i c a n t  a s s o c ia t io n  betw een Kolmogrov- 

Smirnov v a lu e s  n e a r  th e  r e j e c t i o n  le v e l  and la rg e  b a s in  a r e a s .  For 

th e  s l x t y - s l x  s tream s an a ly zed  th e re  was n o t  a s i g n i f i c a n t  a s s o c ia t io n  

betw een la rg e  b a s in  a re a s  and Kolm ogrov-Sm irnov v a lu e s  t h a t  approached  

th e  r e j e c t i o n  le v e l  (A ppendix V I I ) .

The Spearman ran k  c o r r e l a t i o n  t e s t  was c a r r i e d  o u t In  o rd e r  to  

d e te rm in e  I f  th e re  was an a s s o c ia t io n  betw een la rg e  d i f f e r e n c e s  betw een 

cu m u la tiv e  p e rc e n t observed  and p r e d ic te d  p e r  o rd e r  and la r g e  b a s in  

a r e a s .  At th e  .05 le v e l  o f s ig n i f i c a n c e ,  f o r  th e  s l x t y - s l x  s tream s In  

t h i s  s tu d y  th e re  was n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f ­

fe re n c e s  In  cu m u la tiv e  p e rc e n t ch an n e ls  o b served  and p r e d ic te d  p e r  

o rd e r  and la rg e  b a s in  a re a s  (A ppendix V I I ) .
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K olmogrov-Smirnov T e s t I I  

24 25W oldenberg and B erry  eq u a te  th e  lo g -n o rm al d i s t r i b u t i o n  to  

s te a d y  s t a t e .  W oldenberg p o s tu la te s  th a t  th e  l i n e a r  r e l a t io n s h ip  o f 

s tream  numbers ( lo g a r i th m ic )  p lo t te d  a g a in s t  s tream  o rd e r  ( a r i th m e t ic )  

i s  a c t u a l l y  a lo g a r i th m ic  r e l a t io n s h ip  and th e r e f o r e  r e p re s e n ts  a 

s te a d y  s t a t e .  W oldenberg p ro p o ses  th e  g e n e ra l h y p o th e s is  t h a t  " th e  

power fu n c t io n  r e l a t io n s h ip s  in  r i v e r s ,  w hich have b een  c a l le d  a l l o ­

m e tr ic  grow th , d e r iv e  from  app rox im ate  g eo m e tric  p ro g re s s io n s  in  th e

s iz e  o f  hexagonal b a s i n s . W o l d e n b e r g  p ro p o ses  t h a t  th e  co n v erg en t

27mean model i s  an  e q u i l ib r iu m  model t h a t  r e p l i c a t e s  n a t u r a l  b a s in s .  

Based on th e s e  p rem ises , i t  was h y p o th e s iz e d  th a t  th o se  d ra in a g e  s y s ­

tems f o r  w hich th e re  w ere la rg e  d e v ia t io n s  o f  d a ta  p o in ts  from  th e  

l e a s t  sq u a re s  r e g r e s s io n  l i n e  ( th e  o b served  number o f  ch an n e ls  lo g a -  

r i t h m e t i c a l l y  p lo t te d  a g a in s t  a r i t h m e t ic a l ly  p lo t t e d  s tream  o rd e r)  

c o in c id e  w ith  th o se  d ra in a g e  system s f o r  w hich th e re  was maximum

^^M ichael J .  W oldenberg, " H o r to n 's  Laws J u s t i f i e d  in  Terms o f 
A llo m e tr ic  Growth and S teady  S ta te  in  Open S ystem s,"  G e o lo g ic a l S o c i­
e ty  o f  Am erica B u l l e t i n .  LXXVII (A p r i l ,  1966), 43 1 -3 4 .

25B ria n  J .  L. B e rry , " C i t i e s  as System s w ith in  Systems o f 
C i t i e s , "  The R eg io n a l S c ien ce  A ss o c ia tio n  P a p e rs . X I I I  (1 964 ), 149.

26M ichael J .  W oldenberg, " S p a t ia l  O rder in  F lu v ia l  System s: 
H o r to n 's  Laws D erived  from  Mixed H exagonal H ie ra rc h ie s  o f  D rainage 
B asin  A re a s ,"  G e o lo g ic a l S o c ie ty  o f  America B u l l e t i n , LXXX (Ja n u a ry , 
1969), 109.

^^M ichael J .  W oldenberg, " S p a t ia l  O rder in  F lu v ia l  System s: 
H o r to n 's  Laws D erived  from  Mixed H exagonal H ie ra rc h ie s  o f  D rainage 
B asin  A re a s ,"  H arvard  P ap ers  in  T h e o re t ic a l  G eography. No. 13, O ff ic e  
o f  N aval R esea rch  Tech. R ep o rt, P r o j .  N.R. 389-147, H arvard  U n iv e r­
s i t y ,  1968, p . 38.
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d e v ia t io n  betw een model and o b se rv ed  d a ta .  The K olm ogrov-Sm irnov t e s t
9  Q

was used  to  t e s t  t h i s  h y p o th e s is .

The p u rp o se  o f  th e  Kolmogrov-Sm irnov t e s t  was tw o fo ld ; (1 ) to  

d e te rm in e  i f  th e r e  was a s i g n i f i c a n t  d e v ia t io n  o f  th e  d a ta  p o in ts  

from th e  r e g r e s s io n  l i n e ;  (2) to  d e te rm in e  i f  th o s e  b a s in s  w hich have 

computed v a lu e s  th a t  app roach  th e  s ig n i f i c a n c e  l e v e l  f o r  Kolmogrov- 

Smirnov T e s t I I  w ere b a s in s  f o r  w hich v a lu e s  f o r  K olm ogrov-Sm irnov 

T e s t I  approached  th e  r e j e c t i o n  l e v e l .

R e s u lts  o f  Kolm ogrov-Sm irnov T e s t I I

In  o rd e r  to  d e te rm in e  i f  th e r e  was a s i g n i f i c a n t  d e v ia t io n  o f  

th e  o b serv ed  d a ta  p o in ts  from  th e  l e a s t  sq u a re s  l i n e ,  th e  fo llo w in g  

h y p o th e s is  was fo rm u la te d ; D ata p o in t s  do n o t  s i g n i f i c a n t l y  d e v ia te  

from th e  l e a s t  sq u a re s  l i n e .  N u ll h y p o th e s is :  D ata p o in ts  s i g n i f i ­

c a n t ly  d e v ia te  from  th e  l e a s t  sq u a re s  r e g r e s s io n  l i n e .  Based on th e  

Kolm ogrov-Sm irnov t e s t ,  th e  n u l l  h y p o th e s is  was r e j e c te d  f o r  each  o f  

th e  s i x t y - s i x  f l u v i a l  system s a t  th e  .05 l e v e l  o f  s ig n i f i c a n c e  (Appen­

d ix  IX ). I t  was concluded  th a t  f o r  th e  s i x t y - s i x  d ra in a g e  b a s in s  th e re  

was n o t a  s i g n i f i c a n t  d e v ia t io n  o f  d a ta  p o in ts  from  th e  l e a s t  sq u a re s  

r e g r e s s io n  l i n e .

Com parison o f  n e a rn e ss  o f  computed v a lu e s  to  th e  r e j e c t i o n  

le v e l  f o r  Kolm ogrov-Sm irnov T es t I I  to  th e  n e a rn e ss  o f  computed v a lu e s  

to  th e  r e j e c t i o n  l e v e l  f o r  Kolmogrov-Sm irnov T e s t I  showed th a t  in

28 The K olm ogrov-Sm irnov t e s t  o f  t h i s  h y p o th e s is  i s  r e f e r r e d  
to  a s  K olm ogrov-Sm irnov T e s t I I  to  d i s t i n g u i s h  i t  from  th e  p re v io u s  
K olm ogrov-Sm irnov t e s t  r e f e r r e d  to  a s  K olm ogrov-Sm irnov T e s t I .
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s ix te e n  o f  th e  tw en ty -tw o  s e t s  computed v a lu e s  n e a r  th e  r e j e c t i o n  

le v e l  o c c u rre d  f o r  th e  same b a s in s  f o r  Kolmogrov-Sm irnov T e s ts  I  and 

I I  (T ab le  1 6 ) . Spearman ran k  c o r r e l a t i o n  was used  to  d e te rm in e  I f ,  

when a l l  s l x t y - s l x  s tream s a re  c o n s id e re d , th e re  I s  a c o r r e l a t i o n  

betw een sm all d e v ia t io n s  f o r  computed v a lu e s  from  th e  r e j e c t i o n  le v e l  

f o r  K olm ogrov-Sm irnov T e s t I  and Kolmogrov-Sm irnov T e s t I I .  To c a r ry  

ou t t h i s  t e s t ,  th e  fo llo w in g  re s e a rc h  h y p o th e s is  was fo rm u la te d :

T here i s  a s i g n i f i c a n t  c o r r e l a t i o n  betw een sm all d e v ia t io n s  o f  com­

p u te d  v a lu e s  from th e  r e j e c t i o n  l e v e l  f o r  Kolmogrov-Sm irnov T e s ts  I  

and I I .  The n u l l  h y p o th e s is  was a s  fo llo w s : T here I s  n o t a s i g n i f i ­

c a n t c o r r e l a t i o n  betw een sm all d e v ia t io n s  o f  computed Kolmogrov- 

Smirnov v a lu e s  from  th e  r e j e c t i o n  l e v e l  f o r  Kolm ogrov-Sm irnov T e s ts  I  

and I I .  Based on Spearman ran k  c o r r e l a t i o n  a n a ly s i s  th e  n u l l  h y p o th e ­

s i s  was r e j e c te d  a t  th e  .05  s ig n i f ic a n c e  l e v e l  (A ppendix X ).

As a r e s u l t  o f  t h i s  a n a ly s i s .  I t  was concluded  th a t  a s  d a ta  

p o in ts  f o r  f l u v i a l  system s d e v ia te  from  th e  l e a s t  sq u a re s  l i n e  th a t  

th e  p r e d ic t iv e  a c c u ra c y  o f  th e  model d e c re a s e s .  T h is  su g g e s ts  t h a t  as  

th e  number o f  ch an n e ls  p e r  o rd e r  p lo t t e d  a g a in s t  o rd e r  d e v ia te  from  a 

lo g -n o rm al r e l a t io n s h ip  t h a t  th e  p r e d ic t iv e  acc u racy  o f  th e  model 

te n d s  to  d e c re a s e .  I f  a lo g - lo g  r e l a t i o n s h ip  r e p r e s e n ts  s te a d y  s t a t e ,  

and I f  a sem i-lo g  r e l a t i o n s h ip  o f  ch an n e ls  p e r  o rd e r  p lo t t e d  a g a in s t  

o rd e r  I s  a c t u a l l y  a lo g - lo g  r e l a t i o n s h ip .  I t  I s  su g g e s te d  th a t  th e  

p r e d ic t iv e  a c c u ra c y  o f  th e  model d e c re a se s  a s  th e  d ra in a g e  system s 

d e v ia te  from  th e  s te a d y  s t a t e  a s  m easured by th e  log -no rm al d i s t r i b u ­

t i o n  o f  th e  number o f  ch an n e ls  p lo t t e d  a g a in s t  o rd e r .
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TABLE 16
SETS IN WHICH THE COMPUTED VALUES NEAR THE SIGNIFICANCE 

LEVEL FOR KOLMOGROV-SMIRNOV TESTS I  AND 
I I  OCCUR FOR THE SAME STREAM

S e t Stream

 2 ...........................   4

 3 ......................................................................................................  7

 4 ..................................................    11

 5 ................................      15

 6   16

 7 ......................................................................................................  21

 8 ..............................................................................    25

1 0 ................................................................      30

1 2 ......................................................................................................  36

1 4 ......................................................................................................  40

15  .................................................................................................  44

17 ; .................................................................................................  50

1 8 ......................................................................................................  53

1 9 ......................................................................................................  55

2  0   60

2 1   63
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R e s u lts  o f th e  above a n a ly s i s  r a is e d  th e  q u e s tio n  o f  w hether 

o r  n o t th e re  i s  j u s t i f i c a t i o n  f o r  in f e r r i n g  th a t  th e  model p r e d ic t s  

b e t t e r  f o r  th o se  b a s in s  in  w hich th e re  a r e  sm all d e v ia t io n s  o f  ob serv ed  

d a ta  p o in ts  from th e  l e a s t  sq u a re s  r e g r e s s io n  l i n e .  D e v ia tio n s  from 

th e  r e j e c t i o n  le v e l  f o r  K olmogrov-Smirnov T es t I I  w ere a n a ly z e d . In  

t h i s  a n a ly s i s ,  la rg e  d e v ia t io n s  o f  computed v a lu e s  from  th e  r e j e c t i o n  

l e v e l  were exam ined because  la rg e  d e v ia t io n s  from  th e  r e j e c t i o n  le v e l  

a r e  a m easure of goodness o f  f i t  o f  model and ob serv ed  d a ta .  In  s i x ­

te e n  o f th e  tw en ty -tw o  s e t s  o f th re e  b a s in s ,  th e  l a r g e s t  d e v ia t io n  o f  

com puted Kolmogrov-Smirnov v a lu e s  from th e  r e j e c t i o n  le v e l  f o r  

Kolmogrov-Smirnov T e s ts  I  and I I  o ccu rred  f o r  th e  same d ra in a g e  b a s in s  

(T ab le  1 7 ). I t  shou ld  be n o te d  th a t  th e s e  s ix te e n  s e t s  a re  n o t n e c e s ­

s a r i l y  th e  same s ix te e n  s e t s  a s  th o se  c i t e d  p r e v io u s ly .  Spearman ran k  

c o r r e l a t i o n  was used  to  d e te rm in e  i f  th e re  was a c o r r e l a t i o n  betw een 

la rg e  d e v ia tio n s  from  th e  r e j e c t i o n  le v e l  f o r  computed v a lu e s  f o r  

Kolmogrov-Smirnov T e s ts  I  and I I .  The n u l l  h y p o th e s is  o f  no s i g n i f i ­

c a n t c o r r e l a t i o n  was r e j e c te d  a t  th e  .05 le v e l  o f  s ig n if ic a n c e  (Appen­

d ix  X ). I t  was th u s  in f e r r e d  th a t  f o r  th e  d ra in a g e  b a s in s  an a ly zed  

t h a t ,  a s  th e  d a ta  p o in ts  f o r  th e  g raphs o f  number o f  ch an n e ls  p lo t te d  

a g a in s t  o rd e r approached  th e  l e a s t  sq u a re s  l i n e ,  th e  model p r e d ic ts  

b e t t e r .  S ta te d  in  term s o f  W oldenberg*s d e f i n i t i o n  o f s te a d y  s t a t e ,  

i t  can  be  in f e r r e d  th a t  f o r  th e  b a s in s  an a ly zed  th e  model p r e d ic ts  

b e t t e r  f o r  th o se  d ra in a g e  b a s in s  in  w hich g raphs o f  th e  number o f  

ch an n e ls  p lo t te d  a g a in s t  o rd e r  approach  a s te a d y  s t a t e  g rap h .
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TABLE 17

SETS IN WHICH THE COMPUTED VALUES WITH GREATEST 
DEVIATION FROM SIGNIFICANCE LEVEL FOR 

KOLMOGROV-SMIRNOV TESTS I  AND I I  
OCCUR FOR THE SAME STREAM

S e t S tream

 1 .................................................................................... 3

 2 ...................................................................................  5

3  ............................................................................... 8

 5 .................................................................................... 14

 6   18

8  22

1 0 ...................................................................................  29

1 1 ...................................................................................  32

12 . . . .   ............................................................  35

1 3 ...................................................................................  38

1 4 ...................................................................................  41

1 5 ...................................................................................  45

1 7 ...................................................................................  49

1 8 ...................................................................................  52

2 0 ...................................................................................  59

2 1   62
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Sum o f C hannels O bserved and P re d ic te d  f o r  Each B asin

I t  was h y p o th e s iz e d  th a t  i f  l i t h o s t r a t i g r a p h l c  u n i t s  in  th e

stu d y  a re a s  s i g n i f i c a n t l y  in f lu e n c e  th e  p r e d ic t iv e  a c c u ra c y  o f  th e

m odel, th a t  when th e  sum o f th e  o b serv ed  ch an n e ls  and th e  sum o f th e

p re d ic te d  ch an n e ls  f o r  each  d ra in a g e  b a s in  a r e  c o n s id e re d  th a t  th e

p e rc e n ta g e  d e v ia t io n  betw een  th e  sum o f th e  p r e d ic te d  and th e  sum o f

th e  o b served  sh o u ld  be l a r g e r  f o r  th o se  d ra in a g e  b a s in s  developed  on

two l i t h o s t r a t i g r a p h l c  u n i t s  th a n  th o se  dev elo p ed  on one l i t h o s t r a t i -

g ra p h ic  u n i t .  In  o rd e r  to  t e s t  t h i s  h y p o th e s is  th e  number o f  o bserved

ch an n e ls  and th e  number o f  p r e d ic te d  ch an n e ls  f o r  each  d ra in a g e  b a s in

were summed. The d i f f e r e n c e  betw een th e s e  v a lu e s  was d e te rm in ed  by

s u b t r a c t io n .  The p e rc e n t by w hich th e  model v a lu e  d e v ia te d  from  th e

o b served  d a ta  was d e te rm in ed  by d iv id in g  th e  d i f f e r e n c e  betw een th e

sum o f  th e  p re d ic te d  and th e  sum o f  th e  ob serv ed  by th e  sum o f th e

observed  ch an n e ls  (A ppendix X I ) . The fo llo w in g  fo rm ula was fo llo w ed :

0 - P = d

d X 100 = d^
0

w here:

0 = Z o f  o b served  ch an n e ls  

P = Z o f  p r e d ic te d  ch an n e ls  

d = d e v ia t io n  o f  P from 0 

d^ = p e rc e n t d e v ia t io n  o f  model
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M ann-W hltney U T e s t

The M ann-W hitney t e s t  was chosen  to  t e s t  t h i s  h y p o th e s is

b ecau se  i t  i s  a  n o n p a ra m e tric  t e s t  and a s  such  does n o t r e q u i r e  norm al 

29d a ta .  F or th e  d a ta  t e s t e d ,  th e  assu m p tio n  o f  n o rm a lity  was unwar­

r a n te d .  The Mann-Whitney U t e s t  i s  d e s ig n ed  to  t e s t  f o r  a s i g n i f i ­

cance o f  d i f f e r e n c e  betw een two ranked  sam p les . I t  sh o u ld  be n o te d  

th a t  when th e  computed v a lu e  fo r  th e  Mann-Whitney t e s t  was compared 

w ith  t a b le  v a lu e s  t h a t  a d i f f e r e n t  p ro ced u re  was fo llo w ed  th a n  f o r  th e  

KoIm ogrov-Sm irnov t e s t .  In  o rd e r  t o  r e j e c t  th e  n u l l  h y p o th e s is ,  when

th e  M ann-W hitney t e s t  i s  u sed , th e  computed v a lu e  m ust be e q u a l to  o r

3 0s m a l le r  th a n  th e  t a b le  v a lu e .

In  o rd e r  to  t e s t  th e  r e s e a rc h  h y p o th e s is ,  th e  fo llo w in g  n u l l  

h y p o th e s is  was s t a t e d :  T here i s  n o t a s i g n i f i c a n t  d i f f e r e n c e  betw een

th e  p e rc e n t d e v ia t io n  o f t o t a l  p r e d ic te d  from  t o t a l  ob serv ed  f o r  th e  

f o r ty - f o u r  b a s in s  on one l i t h o s t r a t i g r a p h l c  u n i t  as  compared to  th e  

tw en ty -tw o  b a s in s  on two l i t h o s t r a t i g r a p h l c  u n i t s .  Based on r e s u l t s  

o f  th e  M ann-W hitney t e s t  th e  n u l l  h y p o th e s is  cou ld  n o t be r e j e c te d  a t  

th e  .05  l e v e l  o f  s ig n i f ic a n c e  (A ppendix X I) . As a r e s u l t  o f  t h i s  

t e s t ,  i t  was concluded  th a t  when th e  p e rc e n ta g e  d e v ia t io n  o f  th e  t o t a l  

number o f  ch an n e ls  o b se rv ed  and p r e d ic te d  a re  c o n s id e re d , th e re  i s  n o t 

a s i g n i f i c a n t  d i f f e r e n c e  in  th e  acc u racy  w ith  w hich th e  model p r e d ic t s  

f o r  th o se  b a s in s  on one u n i t  a s  compared to  th o se  b a s in s  on two u n i t s .

29cham pion, B as ic  S t a t i s t i c s  f o r  S o c ia l  R e se a rc h , p . 176. 

30 lb i d . .  p . 178.
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Spearman Rank C o r r e la t io n —T o ta l 
O b se rv e d --P re d ic te d

Spearman ran k  c o r r e l a t i o n  was employed to  d e te rm in e  i f  th e re  

was a s i g n i f i c a n t  a s s o c ia t io n  betw een la rg e  p e rc e n ta g e  d e v ia t io n  

betw een th e  sum o f  th e  p re d ic te d  ch an n e ls  and th e  sum o f  th e  observed  

c h a n n e ls  and th e  fo llo w in g : (1 ) la rg e  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty

and s tream  fre q u e n c y  betw een l i t h o s t r a t i g r a p h l c  u n i t s  in  b a s in s  w ith  

two l i t h o s t r a t i g r a p h l c  u n i t s ,  (2 ) e l e v a t i o n - r e l i e f  r a t i o ,  and 

(3) b a s in  c i r c u l a r i t y .

D ra in ag e  D e n s ity —Stream  Frequency

I t  was h y p o th e s iz e d  t h a t  th o s e  d ra in a g e  b a s in s  dev elo p ed  on 

two l i t h o s t r a t i g r a p h l c  u n i t s  h av in g  la rg e  d i f f e r e n c e s  in  d ra in a g e  den­

s i t y  sh o u ld  be a s s o c ia te d  w ith  th o s e  d ra in a g e  b a s in s  w ith  la rg e  p e r ­

cen tag e  d i f f e r e n c e s  betw een th e  sum o f  th e  ch an n e ls  p r e d ic te d  by th e  

model and th e  sum o f  th e  ch an n e ls  o b se rv ed . To t e s t  t h i s  h y p o th e s is ,  

th e  tw en ty -tw o  d ra in a g e  b a s in s  on two u n i t s  w ere i s o l a t e d .  D i f f e r ­

ences  in  d ra in a g e  d e n s i ty  and s tre a m  freq u en cy  betw een th e  two l i t h o -  

s t r a t i g r a p h i c  u n i t s  were d e te rm in e d . The fo llo w in g  n u l l  h y p o th e s is  

was fo rm u la te d : F o r th e  tw en ty -tw o  d ra in a g e  b a s in s  a n a ly z e d , th e re  i s

n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f f e r e n c e s  in  d ra in a g e  

d e n s i ty  and la rg e  p e rc e n ta g e  d i f f e r e n c e s  betw een th e  t o t a l  number o f  

c h a n n e ls  p r e d ic te d  f o r  th e  d ra in a g e  b a s in  and th e  t o t a l  number o f  

ch an n e ls  o b se rv ed  f o r  th e  d ra in a g e  sy stem . Based on r e s u l t s  o f  th e  

Spearman ran k  c o r r e l a t i o n  t e s t ,  th e  n u l l  h y p o th e s is  cou ld  n o t be 

r e j e c te d  a t  th e  .05 le v e l  o f  s ig n i f i c a n c e  (A ppendix X I I ) .
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In  th e  s tream  freq u en cy  a n a ly s i s ,  th e  fo llo w in g  n u l l  h y p o th e ­

s i s  was t e s t e d :  F o r th e  tw en ty -tw o  d ra in a g e  b a s in s  developed  on two

u n i t s ,  th e re  i s  a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f f e r e n c e s  in  

s tream  freq u en cy  betw een two u n i t s  in  a d ra in a g e  b a s in  and la rg e  p e r ­

cen tag e  d i f f e r e n c e s  betw een th e  sum o f th e  ch an n e ls  p r e d ic te d  f o r  th e  

d ra in a g e  b a s in  and th e  sum o f th e  ch an n e ls  observed  f o r  th e  d ra in a g e  

b a s in .  As a r e s u l t  o f  th e  Spearman rank  c o r r e l a t i o n  t e s t ,  th e  n u l l  

h y p o th e s is  cou ld  n o t be r e je c te d  a t  th e  ,05 le v e l  o f s ig n if ic a n c e  

(Appendix X I I ) .

I t  was concluded  th a t  f o r  th e  tw enty-tw o b a s in s  a n a ly zed , 

th e re  was n o t a s i g n i f i c a n t  a s s o c ia t io n  betw een la rg e  d i f f e r e n c e s  in  

d ra in a g e  d e n s i ty  and s tream  freq u en cy  betw een two u n i t s  in  a d ra in a g e  

b a s in  and th e  p r e d ic t iv e  acc u racy  o f  th e  model a s  m easured by th e  p e r ­

cen tag e  d i f f e r e n c e  betw een th e  sum o f  th e  p r e d ic te d  and th e  sum o f  th e  

ob serv ed  c h a n n e ls ,

Spearman Rank C o r r e la t io n - - 
E le v a t io n -R e l ie f  R a tio

I t  was h y p o th e s iz e d  th a t  th e  model p r e d ic te d  w ith  g r e a te r  

accu racy  f o r  th o se  d ra in a g e  b a s in s  w ith  sm all d e v ia t io n s  from th e  group 

mean e l e v a t i o n - r e l i e f  r a t i o .  In  o rd e r  to  t e s t  t h i s  h y p o th e s is ,  th e  

mean e l e v a t i o n - r e l i e f  r a t i o  was computed f o r  A reas I ,  I I ,  and I I I .  The 

group mean was computed by summing th e  e l e v a t i o n - r e l i e f  v a lu e s  f o r  

each  d ra in a g e  b a s in  and d iv id in g  by th e  number o f  d ra in a g e  b a s in s  in  

each  g roup . The e l e v a t i o n - r e l i e f  r a t i o  o f  each  b a s in  was s u b tra c te d  

from i t s  a re a  mean to  d e te rm in e  th e  d e v ia t io n  o f  i t s  e l e v a t i o n - r e l i e f
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r a t i o  from  th e  a re a  mean. To t e s t  th e  h y p o th e s is ,  th e  fo llo w in g  n u l l  

h y p o th e s is  was s ta t e d :  There i s  n o t a  s i g n i f i c a n t  c o r r e l a t i o n  betw een

la rg e  d e v ia t io n s  from  th e  group mean e l e v a t i o n - r e l i e f  r a t i o  and la rg e  

p e rc e n ta g e  d i f f e r e n c e s  betw een th e  sum o f  th e  c h an n e ls  p r e d ic te d  by 

th e  model and th e  sum o f th e  ch an n e ls  observed  f o r  each  d ra in a g e  b a s in .  

As a r e s u l t  o f  th e  Spearman ra n k  c o r r e l a t i o n  t e s t ,  th e  n u l l  h y p o th e s is  

co u ld  n o t be r e je c te d  a t  th e  .05  s ig n i f i c a n c e  l e v e l  (A ppendix X I I ) .

I t  was th e r e f o r e  concluded  th a t  th e re  was n o t a s i g n i f i c a n t  a s s o c ia ­

t io n  betw een d e v ia t io n  o f  th e  e l e v a t i o n - r e l i e f  r a t i o  from  th e  group 

mean and p r e d ic t iv e  acc u racy  o f th e  model as  m easured by  th e  p e rc e n ta g e  

d i f f e r e n c e  betw een th e  sum o f th e  p r e d ic te d  and th e  sum o f th e  observed  

ch an n e ls  p e r  d ra in a g e  b a s in .

Spearman Rank C o r r e la t io n —B asin  C i r c u la r i t y

I t  was h y p o th e s iz e d  th a t  th e re  was an a s s o c ia t io n  betw een c i r ­

c u l a r  form  and p r e d ic t iv e  ac c u ra c y  o f  th e  model a s  m easured by th e  p e r ­

c en tag e  d if f e r e n c e  betw een th e  sum o f th e  p re d ic te d  and th e  sum o f th e  

o bserved  ch an n e ls  p e r  d ra in a g e  b a s in .  T h is h y p o th e s is  was based  on

th e  p rem ise  t h a t  th e  hexagon i s  f o u r - f i f t h s  a s  e f f i c i e n t  as  th e  c i r c l e

31in  term s o f  ra d iu s  and p e r im e te r .  T h e re fo re , i t  was h y p o th e s iz e d  

t h a t  as  b a s in s  approach  a c i r c u l a r  form  th e y  resem ble  th e  hexagon in  

term s o f p e r im e te r  and r a d iu s .  The fo llo w in g  r e s e a r c h  h y p o th e s is  was 

fo rm u la te d : There i s  a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia ­

t io n s  from  c i r c u l a r  form  (a s  m easured by th e  e lo n g a tio n  r a t i o )  and

S lR ag g e tt and C h orley , Network A n a ly s is  in  G eography, p . 51.
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l a r g e  p e rc e n ta g e  d i f f e r e n c e s  betw een th e  sum o f  th e  p r e d ic te d  and th e  

sum o f  th e  o b serv ed  ch an n e ls  p e r  d ra in a g e  b a s in .  The fo llo w in g  n u l l  

h y p o th e s is  was s t a t e d :  There i s  n o t  a s i g n i f i c a n t  c o r r e l a t i o n  betw een

la rg e  d e v ia t io n s  from c i r c u l a r  form  and la rg e  p e rc e n ta g e  d i f f e r e n c e s  

betw een th e  sum o f th e  p r e d ic te d  and th e  sum o f  th e  ob serv ed  ch an n e ls  

p e r  d ra in a g e  b a s in .  Based on th e  Spearman ran k  c o r r e l a t i o n  t e s t ,  th e  

n u l l  h y p o th e s is  co u ld  n o t be r e j e c t e d  a t  th e  .05 l e v e l  o f  s ig n i f i c a n c e  

(A ppendix X I I ) . Thus, as  a r e s u l t  o f  Spearman ran k  c o r r e l a t i o n ,  i t  

was concluded  th a t  th e re  was n o t  a s i g n i f i c a n t  a s s o c ia t io n  betw een 

d e v ia t io n  from  c i r c u l a r  shape a s  m easured by th e  e lo n g a t io n  r a t i o  and 

p r e d ic t iv e  a c c u ra c y  o f th e  model a s  d e te rm in ed  by th e  p e rc e n ta g e  d i f ­

fe re n c e  betw een  th e  sum o f th e  c h a n n e ls  p r e d ic te d  by th e  model and th e  

sum o f  th e  ch an n e ls  ob serv ed  f o r  each  d ra in a g e  b a s in .

A llo m e trv - -T o ta l P re d ic te d -O b se rv e d

The s ix  s e t s  in  w hich th e  l a r g e s t  p e rc e n ta g e  d e v ia t io n  o f  th e  

sum o f  p r e d ic te d  from  th e  sum o f o b serv ed  o c c u rre d  f o r  th e  b a s in  on 

two l i t h o s t r a t i g r a p h i c  u n i t s  w ere i s o l a t e d  f o r  a n a l y s i s .  The s e t s  

in v o lv ed  in  t h i s  a n a ly s i s  w ere: s e t  two ( u n i t s :  Yegua F o rm atio n —

Cook M ountain F o rm a tio n ), s e t  th r e e  ( u n i t s :  O a k v il le  S a n d s to n e --

L a g a rto  C la y ); s e t  s ix  ( u n i t s :  W olfe C ity  F o rm atio n --M arlb ro o k  M a rl) ,

s e t  tw e lv e  ( u n i t s :  Kemp C la y --P ec an  Gap C h alk ), s e t  se v e n te e n  ( u n i t s :

P aluxy  Sand--W alnut C la y ); and s e t  n in e te e n  ( u n i t s :  Bonham F orm atio n —

Blossom  S an d ). Only in  s e t  two d id  l a r g e s t  d e v ia t io n  o f  d a ta  p o in ts  

from  th e  a l lo m e t r ic  g raph  r e g r e s s io n  l i n e  o ccu r f o r  th e  d ra in a g e  b a s in  

on two l i t h o s t r a t i g r a p h i c  u n i t s  (d ra in a g e  b a s in  f o u r ) . T h is  su g g e s ts
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th a t  th e re  i s  l i t t l e  i f  any r e l a t i o n s h ip  betw een  th e  g rap h s o f  a l l o ­

m e tr ic  r e l a t i o n s h ip s  and  p r e d ic t iv e  a c c u ra c y  o f  th e  model a s  m easured 

by p e rc e n ta g e  d e v ia t io n  o f  th e  sum o f  th e  p r e d ic te d  number o f  ch an n e ls  

p e r  b a s in  and th e  sum o f  th e  o b serv ed  ch an n e ls  p e r  b a s in .

A n a ly s is  o f  R e g re ss io n  S lope V alues 

I t  was h y p o th e s iz e d  t h a t  i f  l i t h o s t r a t i g r a p h i c  u n i t s  in  th e  

s tu d y  a re a s  s i g n i f i c a n t l y  in f lu e n c e  th e  p r e d ic t iv e  a c c u ra c y  o f  th e  

model, th e  s lo p e  o f  th e  r e g r e s s io n  l i n e  f o r  th e  ob serv ed  d a ta  and th e  

s lo p e  o f  th e  r e g r e s s io n  l i n e  f o r  th e  p r e d ic te d  d a ta  sh o u ld  d i f f e r  s i g ­

n i f i c a n t l y  f o r  th o s e  d ra in a g e  b a s in s  d ev e lo p ed  on two l i t h o s t r a t i ­

g ra p h ic  u n i t s .  Because th e  a n t i l o g  o f  th e  s lo p e  v a lu e  (b v a lu e )  o f

th e  r e g r e s s io n  l i n e  ap p ro x im ate s  th e  mean b i f u r c a t io n  r a t i o  f o r  th e  

32d ra in a g e  system , th e  above h y p o th e s is  can  be r e s t a t e d  in  te rm s o f 

th e  b i f u r c a t io n  r a t i o  (A ppendix X I I I ) . I f  l i t h o s t r a t i g r a p h i c  u n i t s  in  

th e  s tu d y  a re a  s i g n i f i c a n t l y  in f lu e n c e  th e  p r e d ic t iv e  a c c u ra c y  o f  th e  

m odel, th e  mean b i f u r c a t i o n  r a t i o  o f  th e  o b se rv ed  d a ta  and th e  mean 

b i f u r c a t io n  r a t i o  f o r  th e  p r e d ic te d  d a ta  sh o u ld  d i f f e r  s i g n i f i c a n t l y .

The fo llo w in g  n u l l  h y p o th e s is  was s t a t e d :  F o r each  d ra in a g e

b a s in ,  th e r e  i s  n o t  a s i g n i f i c a n t  d i f f e r e n c e  betw een th e  s lo p e  o f  th e  

r e g r e s s io n  l i n e  f o r  th e  o b se rv ed  d a ta  and th e  s lo p e  o f  th e  r e g r e s s io n  

l i n e  o f  th e  p r e d ic te d  d a ta  (A ppendix X I I I ) . The n u l l  h y p o th e s is  could  

n o t be  r e j e c t e d  a t  th e  .05 l e v e l  o f  s ig n i f i c a n c e  (A ppendix X I I I ) .  For

James C. M axwell, "The B if u r c a t io n  R a t io  in  H o r to n 's  Law o f 
S tream  N um bers," T ra n s a c tio n s  A m erican G eo p h y sica l U nion. XXXVI (Ju n e , 
1955), 520.
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th e  s i x t y - s i x  s tre a m s an a ly z e d  th e r e  was n o t  a  s i g n i f i c a n t  d i f f e r e n c e  

in  th e  s lo p e  v a lu e s  o f  th e  r e g r e s s io n  l i n e s  w h eth er th e  d ra in a g e  

b a s in s  w ere developed  on one o r  two l i t h o s t r a t i g r a p h i c  u n i t s .  Each o f  

th e  tw en ty -tw o  s e t s  o f th r e e  d ra in a g e  b a s in s  w ere a n a ly zed  to  d e t e r ­

mine i f  th e  l a r g e s t  com puted^^ v a lu e  f o r  th e  r e g r e s s io n  l i n e  a n a ly s i s  

o c c u rre d  f o r  th e  d ra in a g e  b a s in  on two u n i t s  o r  i f  th e  l a r g e s t  v a lu e s  

o c c u rre d  f o r  th e  s tre a m  on one u n i t .  Of th e  tw en ty -tw o  s e t s  un d er 

c o n s id e r a t io n ,  th e  l a r g e s t  v a lu e  f o r  th e  r e g r e s s io n  a n a ly s i s  o c c u rre d  

f o r  th e  d ra in a g e  b a s in  on two u n i t s  in  o n ly  f iv e  s e t s .

The s e t s  in  w hich th e  l a r g e s t  computed v a lu e  f o r  th e  r e g r e s ­

s io n  a n a ly s i s  o c c u rre d  f o r  th e  s tream  on two u n i t s  w ere: s e t  seven

( u n i t s :  Pecan Gap C halk --M arlb rook  M a rl) , s e t  n in e  ( u n i t s :  Pecan Gap

C halk—W olfe C ity  F o rm a tio n ), s e t  t h i r t e e n  ( u n i t s :  C a r r iz o  Sand--

C a lv e r t  B lu f f  F o rm a tio n ), s e t  f i f t e e n  ( u n i t s :  G rayson M arl—Woodbine

F o rm a tio n ), and s e t  e ig h te e n  ( u n i t s :  Lake Waco F o rm atio n —Woodbine

F o rm a tio n ) . Only two l i t h o s t r a t i g r a p h i c  u n i t s  (P ecan  Gap C halk and 

Woodbine F orm ation) were in v o lv ed  in  more th a n  two d ra in a g e  b a s in s  in  

w hich th e  l a r g e s t  computed v a lu e  was f o r  th e  d ra in a g e  b a s in  on two 

l i t h o s t r a t i g r a p h i c  u n i t s .

33 F or th e  r e g r e s s io n  s lo p e  a n a ly s i s  a  method was em ployed th a t  
i s  d e s c r ib e d  by Crow, M ax fie ld , and D av is . Edwin L. Crow, F ran ces  A. 
D av is , and M arg are t W. M ax fie ld , S t a t i s t i c s  Manual (New York: Dover
Publications, Inc., 1960), pp. 160-63.
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Spearman Rank C o rre la t lo n - -D ra ln a g e  
D e n s ity --S tre a m  Frequency

Spearman ra n k  c o r r e l a t i o n  was used  to  d e te rm in e  i f  th e re  was 

an a s s o c ia t io n  betw een la rg e  computed v a lu e s  f o r  th e  r e g re s s io n  a n a ly ­

s i s  and la rg e  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  and s tream  freq u en cy  

betw een two u n i t s  combined in  a d ra in a g e  b a s in .  I t  was th e o r iz e d  th a t  

two m easures o f  d i f f e r e n c e  in  l i th o lo g y  were d ra in a g e  d e n s i ty  and 

s tream  fre q u e n c y . Based on t h i s  p rem ise , i t  was h y p o th e s iz e d  th a t  

th o se  d ra in a g e  b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s  w hich have la rg e  

d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  sh o u ld  c o in c id e  w ith  th o se  d ra in a g e  

b a s in s  w ith  la rg e  computed v a lu e s  f o r  th e  r e g r e s s io n  a n a ly s i s .  In  

o rd e r  to  t e s t  t h i s  h y p o th e s is ,  th e  tw enty-tw o d ra in a g e  b a s in s  on two 

u n i t s  w ere i s o l a t e d  f o r  a n a ly s i s .  D if fe re n c e  in  d ra in a g e  d e n s i ty  and 

s tream  freq u en cy  f o r  each  l i t h o s t r a t i g r a p h i c  u n i t  combined in  a d r a in ­

age b a s in  was d e te rm in e d . The fo llo w in g  n u l l  h y p o th e s is  was te s t e d ;  

For th e  tw en ty -tw o  d ra in a g e  b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s ,  

th e re  i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f f e r e n c e s  in  

d ra in a g e  d e n s i ty  and la rg e  computed v a lu e s  f o r  th e  r e g r e s s io n  a n a ly ­

s i s .  Based on th e  Spearman ran k  c o r r e l a t i o n  t e s t ,  th e  n u l l  h y p o th e s is  

cou ld  n o t be r e j e c te d  a t  th e  .05 s ig n i f ic a n c e  le v e l  (Appendix XIV). 

Thus, i t  was concluded  th a t  th e re  was n o t a s ig n i f i c a n t  c o r r e l a t i o n  

betw een la rg e  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  and la rg e  computed 

v a lu e s  f o r  th e  r e g r e s s io n  a n a ly s i s .

The second n u l l  h y p o th e s is  t e s t e d  was a s  fo llo w s ; For th e  

tw enty-tw o  d ra in a g e  b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s ,  th e re  i s
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n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f f e r e n c e s  In  s tream  f r e ­

quency betw een two l i t h o s t r a t i g r a p h l c  u n i t s  In  a d ra in a g e  b a s in  and 

la rg e  computed v a lu e s  f o r  th e  r e g r e s s io n  a n a l y s i s .  Based on th e  

Spearman ra n k  c o r r e l a t i o n  t e s t ,  th e  n u l l  h y p o th e s is  co u ld  n o t be 

r e j e c te d  a t  th e  .05 le v e l  o f  s ig n i f i c a n c e  (A ppendix XIV). Thus, I t  

was concluded  th a t  th e r e  was n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een 

la rg e  d i f f e r e n c e s  In  s tream  freq u en cy  betw een two u n i t s  In  a d ra in a g e  

b a s in  and la rg e  computed v a lu e s  f o r  th e  r e g r e s s io n  a n a ly s i s .

E le v a t lo n - R e l le f  R a t io —B asin  C i r c u l a r i t y

Two a d d i t io n a l  m orphom etrlc p a ram e te rs  w ere t e s t e d  f o r  c o r r e ­

l a t i o n  w ith  la rg e  computed v a lu e s  f o r  th e  r e g r e s s io n  a n a ly s i s  t e s t .  

They w ere e l e v a t l o n - r e l l e f  r a t i o  and b a s in  c i r c u l a r i t y .  These param ­

e t e r s  do n o t d i r e c t l y  a s s e s s  th e  In f lu e n c e  o f  l i t h o s t r a t i g r a p h l c  u n i t s  

on th e  m odel, b u t th e y  w ere I s o la te d  f o r  a n a ly s i s  b ecause  each  I s  a 

m easure o f  a v a r ia b le  c o n s id e re d  to  be p e r t i n e n t  to  th e  model (see  

pages 1 00 -102 ).

I t  was h y p o th e s iz e d  th a t  th e  model sh o u ld  p r e d ic t  w ith  g r e a t e r  

a cc u racy  f o r  th o se  d ra in a g e  b a s in s  w ith  sm a ll d e v ia t io n s  from  th e  a re a  

mean e l e v a t l o n - r e l l e f  r a t i o .  To t e s t  t h i s  h y p o th e s is ,  th e  mean 

e l e v a t l o n - r e l l e f  v a lu e  was computed f o r  each a r e a .  The d e v ia t io n  o f  

each  b a s i n 's  e l e v a t l o n - r e l l e f  r a t i o  was computed by s u b t r a c t in g  each  

b a s i n 's  e l e v a t l o n - r e l l e f  r a t i o  from  th e  mean o f  th e  a re a  In  w hich I t  

was lo c a te d .  T h is p ro ced u re  was fo llo w ed  f o r  each  o f  th e  th r e e  a r e a s .  

I t  was h y p o th e s iz e d  t h a t  th e r e  was a s i g n i f i c a n t  c o r r e l a t i o n  betw een
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la rg e  d e v ia t io n s  from  th e  a re a  mean e l e v a t i o n - r e l i e f  r a t i o  and la rg e  

computed v a lu e s  f o r  th e  r e g r e s s io n  a n a l y s i s .  The fo llo w in g  n u l l  hypo­

t h e s i s  was fo rm u la te d ; T here i s  n o t  a s i g n i f i c a n t  c o r r e l a t i o n  betw een 

la rg e  d e v ia t io n s  from  th e  a re a  mean e l e v a t i o n - r e l i e f  r a t i o  and la r g e  

computed v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a l y s i s .  Based on Spearman 

ran k  c o r r e l a t i o n  a n a ly s i s ,  th e  n u l l  h y p o th e s is  co u ld  n o t be r e j e c te d  

a t  th e  .05 s ig n i f ic a n c e  le v e l  (A ppendix XIV). Thus, i t  was co n cluded  

t h a t  th e r e  i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia t io n s  

from  th e  a re a  mean e l e v a t i o n - r e l i e f  r a t i o  and la r g e  computed v a lu e s  

f o r  th e  r e g r e s s io n  a n a l y s i s .  R e s u lts  w ere s im i la r  f o r  each  a r e a .

I t  was h y p o th e s iz e d  t h a t  th e re  was a s i g n i f i c a n t  c o r r e l a t i o n  

betw een c i r c u l a r  shape and p r e d ic t iv e  ac c u ra c y  o f  th e  m odel. T h is was 

b ased  on th e  p rem ise  t h a t  th e  hexagon i s  f o u r - f i f t h s  as  e f f i c i e n t  a s  

th e  c i r c l e  in  term s o f  r a d iu s  and p e r i m e t e r . I t  was th e o r iz e d  th a t  

b a s in s  ap p ro ach in g  c i r c u l a r  shape resem ble  th e  hexagon in  te rm s o f 

p e r im e te r  and r a d iu s .  The fo llo w in g  r e s e a r c h  h y p o th e s is  was form u­

la te d :  There i s  a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia t io n s

from  c i r c u l a r  shape a s  m easured by th e  e lo n g a t io n  r a t i o  and la rg e  com­

p u ted  v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a l y s i s .  The n u l l  h y p o th e s is  

was a s  fo llo w s : T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e

d e v ia t io n  from  c i r c u l a r  shape as  m easured by th e  e lo n g a t io n  r a t i o  and 

la rg e  v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a l y s i s .  The n u l l  h y p o th e s is  

co u ld  n o t be r e j e c te d  a t  th e  .05 s ig n i f i c a n c e  l e v e l  (A ppendix XIV).

^^H aggett and C h o rley , N etw ork A n a ly s is  in  G eography, p . 51.
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In  t h i s  t e s t  d e v ia t io n  from  c i r c u l a r  form  was d e te rm in ed  by 

com puting th e  e lo n g a t io n  r a t i o  f o r  each  d ra in a g e  b a s in .  A computed 

v a lu e  o f  one f o r  th e  e lo n g a t io n  r a t i o  r e p r e s e n ts  c i r c u l a r  form ; th e r e ­

f o r e ,  th e  computed e lo n g a t io n  r a t i o  f o r  each  d ra in a g e  b a s in  was sub­

t r a c te d  from  one to  d e te rm in e  d e v ia t io n  from  c i r c u l a r .

R e g re ss io n  A n a ly s is  V a lu e s - -A llo m e tr ic  Graphs

The f iv e  s e t s  in  w hich th e  g r e a t e s t  computed v a lu e  f o r  th e  

r e g r e s s io n  s lo p e  (b v a lu e )  a n a ly s i s  o c c u rre d  f o r  b a s in s  on two u n i t s  

w ere i s o l a t e d  fo r  com parison  w ith  th e  a l lo m e t r ic  g ra p h s . I n  o n ly  one 

o f  th e  f iv e  s e t s ,  s e t  sev en , d id  th e  g r e a t e s t  d e v ia t io n  from  th e  

r e g r e s s io n  l i n e  f o r  th e  a l lo m e t r ic  g raph  c o in c id e  w ith  th e  b a s in  on 

two l i t h o s t r a t i g r a p h i c  u n i t s .  In  s e t  e ig h te e n  th e  g r e a t e s t  d e v ia t io n  

o f  a s in g le  p o in t  from  th e  r e g r e s s io n  l i n e  o ccu rred  f o r  th e  d ra in a g e  

system  on two l i t h o s t r a t i g r a p h i c  u n i t s  (d ra in a g e  b a s in  f i f t y - t w o ) .  

However, th e  two d ra in a g e  b a s in s  in  t h i s  s e t  dev elo p ed  on one u n i t  

have two p o in ts  each  o f w hich d e v ia te  from  th e  r e g r e s s io n  l i n e  (Appen­

d ix  V I I I ) .  Based on t h i s  a n a ly s i s  th e re  a p p e a rs  to  be l i t t l e  a s s o c ia ­

t i o n  betw een th e  d e v ia t io n  o f  d a ta  p o in ts  from  th e  r e g r e s s io n  l i n e  f o r  

th e  a l lo m e t r ic  g raphs and la rg e  com puted v a lu e s  f o r  th e  s lo p e  a n a ly s i s  

o f  th e  r e g r e s s io n  l i n e s .



CHAPTER V 

INTERPRETATION OF RESULTS

S t a t i s t i c a l  T e s ts  

Based on th r e e  s t a t i s t i c a l  t e s t s  (K olm ogrov-Sm irnov, Mann- 

W hitney U t e s t ,  and a n a ly s i s  o f  r e g r e s s io n  s lo p e  v a lu e s )  i t  i s  con­

c lu d ed  th a t  f o r  th e  b a s in s  an a ly zed  l i t h o s t r a t i g r a p h i c  u n i t s  do n o t 

s i g n i f i c a n t l y  in f lu e n c e  th e  p r e d ic t iv e  a c c u ra c y  o f  th e  co n v erg en t mean 

model when b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s  a re  compared to  

b a s in s  on one l i t h o s t r a t i g r a p h i c  u n i t  (A ppendixes V, X I, and X I I I ) .

I t  sh o u ld  be n o te d  t h a t  in  tw elve  o f  th e  tw en ty -tw o  b a s in  s e t s  th e  

computed v a lu e  n e a r e s t  th e  r e j e c t i o n  le v e l  f o r  th e  KoIm ogrov-Sm irnov 

t e s t  o c c u rre d  f o r  th e  b a s in  on two l i t h o s t r a t i g r a p h i c  u n i t s .  Thus, 

f o r  54 .54  p e rc e n t o f  th e  b a s in  s e t s  l i t h o s t r a t i g r a p h i c  u n i t s  a p p ea r to  

in f lu e n c e ,  though  n o t  s i g n i f i c a n t l y ,  th e  p r e d ic t iv e  a c c u ra c y  o f  th e  

m odel. A n a ly s is  o f  computed v a lu e s  f o r  th e  Kolm ogrov-Sm irnov t e s t ,  

w ith o u t re g a rd  to  r e j e c t i o n  l e v e l s ,  shows th a t  in  te n  o f  th e  tw en ty - 

two s e t s  (4 5 .4 5  p e rc e n t)  th e  l a r g e s t  computed v a lu e  ( d i f f e r e n c e  

betw een cu m u la tiv e  p e rc e n t  p r e d ic te d  and p e rc e n t o b serv ed  ch an n e ls  p e r  

o rd e r)  o ccu rred  f o r  th e  b a s in  on two l i t h o s t r a t i g r a p h i c  u n i t s .  These 

a n a ly se s  in d ic a te  t h a t  l i t h o s t r a t i g r a p h i c  u n i t s  in f lu e n c e ,  though n o t 

a t  a s t a t i s t i c a l l y  s i g n i f i c a n t  l e v e l ,  th e  p r e d ic t iv e  a c c u ra c y  o f  th e  

m odel.
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A n a ly s is  o f  computed v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a ly s i s  

does n o t I n d ic a te  a s im i la r  In f lu e n c e  o f l i th o lo g y .  For o n ly  f iv e  s e t s  

d id  th e  computed v a lu e  n e a r e s t  th e  r e j e c t i o n  le v e l  o ccu r f o r  th e  b a s in  

on two l i t h o s t r a t i g r a p h l c  u n i t s .  T h e re fo re , when t h i s  t e s t  I s  con­

s id e re d  th e  In f lu e n c e  o f  l i t h o s t r a t i g r a p h l c  u n i t s  on th e  model I s  

n e g l ig ib l e .  D if fe re n c e s  betw een r e s u l t s  o f  th e  two t e s t s  may be 

r e l a t e d  to  c h a r a c t e r i s t i c s  o f  th e  t e s t s .  The K olm ogrov-Sm irnov t e s t  

I s  a g raph  t e s t  th a t  t e s t s  f o r  s ig n if ic a n c e  o f  d i f f e r e n c e  betw een two 

cu m u la tiv e  freq u en cy  d i s t r i b u t i o n  g ra p h s . In  o rd e r  to  t e s t  h y p o th e ­

s e s ,  maximum d i f f e r e n c e  betw een cu m u la tiv e  observed  and p re d ic te d  

ch an n e ls  p e r  o rd e r  I s  compared to  ta b le  v a lu e s .  I t  I s  f e l t  t h a t  t h i s  

p ro ced u re  te n d s  to  b ia s  th e  t e s t  a s  I t  I s  u sed  In  t h i s  s tu d y . F or 

f i f t y - o n e  o f  th e  s l x t y - s l x  b a s in s ,  maximum d i f f e r e n c e  betw een cum ula­

t i v e  p e rc e n t o b served  and p r e d ic te d  o ccu rred  a t  th e  f i r s t  o rd e r  and 

th e se  ch an n e ls  w ere th e  m ost d i f f i c u l t  to  I d e n t i f y .  A lthough  extrem e 

c a re  was used  In  I d e n t i f y in g  f i r s t  o rd e r  c h an n e ls , g r e a t e s t  chance fo r  

m easurem ent e r r o r  was a t  th e  f i r s t  o rd e r .  In  c o n t r a s t ,  a n a ly s i s  o f  

r e g r e s s io n  s lo p e  v a lu e s  In v o lv ed  a t e s t  f o r  s ig n i f ic a n c e  o f  d i f f e r e n c e  

betw een s lo p e  v a lu e s  f o r  two l e a s t  sq u a re s  r e g r e s s io n  l i n e s .  As a 

consequence. I t  was n o t  In f lu e n c e d  to  a s  g r e a t  an  e x te n t  by freq u en cy  

o f  ch an n e ls  a t  a p a r t i c u l a r  o rd e r .
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I n t e r p r e t a t i o n  o f  C o r r e la t io n  A n a ly s is

D rainage D e n s ity  and S tream  Frequency

Lack o f s i g n i f i c a n t  c o r r e l a t i o n  betw een m easures o f  acc u racy  

o f p r e d ic t io n  o f  th e  co n v erg en t mean model and la rg e  d i f f e r e n c e s  in  

d ra in a g e  d e n s i ty  and la rg e  d i f f e r e n c e s  in  s tream  freq u en cy  betw een 

l i t h o s t r a t i g r a p h i c  u n i t s  combined in  d ra in a g e  b a s in s  i s  i n t e r p r e te d  as  

ev id en ce  t h a t  th e s e  v a r i a b le s  do n o t s i g n i f i c a n t l y  in f lu e n c e  th e  p r e ­

d ic t iv e  ac c u ra c y  o f th e  m odel. These r e s u l t s  as  w e ll  as  th e  la rg e  

range  o f  d ra in a g e  d e n s i t i e s  and s tre a m  f re q u e n c ie s  in d ic a te  t h a t  th e  

model has  s u f f i c i e n t  f l e x i b i l i t y  to  r e p l i c a t e  (w ith in  th e  l i m i t s  o f 

s t a t i s t i c a l  s ig n i f ic a n c e )  th e  number o f  ch an n e ls  p e r  o rd e r  f o r  f l u v i a l  

system s w ith in  a w ide ran g e  o f d ra in a g e  d e n s i t i e s  and s tream  ' 

f r e q u e n c ie s .

E le v a t io n - R e l ie f  R a tio

Absence o f s i g n i f i c a n t  c o r r e l a t i o n  betw een m easures o f  acc u ­

ra c y  o f  p r e d ic t io n  and d e v ia t io n  o f  e l e v a t i o n - r e l i e f  r a t i o s  from  th e  

mean e l e v a t i o n - r e l i e f  r a t i o s ,  su g g e s ts  t h a t  w ith in  th e  ran g e  o f 

e l e v a t i o n - r e l i e f  r a t i o s  r e p re s e n te d  th e  p r e d ic t iv e  acc u racy  o f  th e  

model i s  n o t s i g n i f i c a n t l y  in f lu e n c e d  by d e v ia t io n  o f  b a s in  e le v a t io n -  

r e l i e f  r a t i o  from  th e  a re a  mean e l e v a t i o n - r e l i e f  r a t i o .  E le v a tio n -  

r e l i e f  r a t i o s  l i e  w i th in  th e  l i m i t s  o f  e q u i l ib r iu m  f o r  h y p so m etric  

v a lu e s  (e q u a te d  to  e l e v a t i o n - r e l i e f  v a lu e s )  as  o u t l in e d  by C horley ; 

a l l  b u t e ig h t  b a s in s  a r e  w ith in  th e  l i m i t s  o f  e q u i l ib r iu m  h y p so m etric  

v a lu e s  a s  d e f in e d  by S t r a h l e r .  I t  i s  th e r e f o r e  in f e r r e d  t h a t  th e
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b a s in s  an a ly zed  a re  in  q u a s i- e q u i l ib r iu m ; c o n se q u e n tly , d e v ia t io n  o f  

p r e d ic te d  d a ta  from  o bserved  d a ta  i s  n o t s i g n i f i c a n t l y  r e l a t e d  to  

d e v ia t io n  o f  e l e v a t i o n - r e l i e f  r a t i o s  from a re a  m eans. I t  may be th a t  

d e v ia t io n s  a re  random o c c u rre n c e s  w ith in  th e  l im i t s  o f  q u a s i ­

e q u i l ib r iu m . I t  i s  recommended th a t  in  f u tu r e  s tu d ie s  th e  in f lu e n c e  

o f  e q u i l ib r iu m , a s  m easured by th e  e l e v a t i o n - r e l i e f  r a t i o ,  on th e  

model be m easured where e l e v a t i o n - r e l i e f  r a t i o s  c l e a r l y  in d ic a te  

d is e q u i l ib r iu m .

E lo n g a tio n  R a tio

R e s u lts  o f  ran k  c o r r e l a t i o n  a n a ly s i s  o f  p r e d ic t iv e  acc u racy  

o f th e  model and d e v ia t io n  o f  b a s in  e lo n g a tio n  r a t i o s  from  one (u n i ty )  

in d ic a te s  la c k  o f s i g n i f i c a n t  c o r r e l a t i o n  in  a l l  b u t  one c o r r e l a t i o n  

t e s t .  Small s ta n d a rd  d e v ia t io n  o f  e lo n g a t io n  r a t i o s  from a re a  mean 

e lo n g a tio n  r a t i o s  and la c k  o f  s ig n i f i c a n t  d i f f e r e n c e  (K ru sk a1 -W allis  

t e s t .  Appendix I )  o f  e lo n g a tio n  r a t i o s  betw een th e  th r e e  a re a s  may be 

in t e r p r e te d  a s  ev id en ce  f o r  e q u i l ib r iu m  f o r  th e  a r e a s .  T h is may 

acc o u n t f o r  absence  o f  s ig n i f i c a n t  c o r r e l a t i o n  in  a l l  b u t one o f  th e  

c o r r e l a t i o n  t e s t s .

A s i g n i f i c a n t  c o r r e l a t i o n  was found betw een la rg e  d e v ia t io n s  

o f  cu m u la tiv e  p e rc e n t observed  from  cu m u la tiv e  p e rc e n t  p r e d ic te d  p e r  

o rd e r  and d e v ia t io n  o f  e lo n g a tio n  r a t i o s  from  an in d e x  o f  o ne . T h is 

c o r r e l a t i o n  i s  view ed w ith  c a u t io n  b ecau se  o th e r  c o r r e l a t i o n  a n a ly s e s  

f a i l e d  to  show a s i g n i f i c a n t  c o r r e l a t i o n .  However, i t  can n o t be  d i s ­

r e g a rd e d . The d a ta  p ro b ab ly  do n o t  j u s t i f y  in f e r r i n g  t h a t  p r e d ic t iv e
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acc u racy  o f  th e  model i s  r e l a t e d  to  sh ap e , b u t  i t  does in d ic a te  th a t  

in f lu e n c e  o f  th e  e lo n g a t io n  r a t i o  on th e  p r e d ic t iv e  acc u racy  o f  th e  

model w a r ra n ts  c o n s id e r a t io n  in  su b se q u en t s tu d i e s .  A n a ly s is  o f  

b a s in s  in  w hich th e re  i s  c o n s id e ra b le  v a r i a t i o n  o f  e lo n g a tio n  r a t i o s  

from  r e g io n a l  mean e lo n g a t io n  r a t i o s  i s  recommended; b a s in  shape cou ld  

be c r i t i c a l  a s  th e  model i s  b a sed  on a p a r t i c u l a r  form , th e  hexagon.

Kolm ogrov-Sm irnov T e s t I I  

The Kolm ogrov-Sm irnov t e s t  ( r e f e r r e d  to  a s  Kolm ogrov-Sm irnov 

T e s t I I )  was u sed  to  t e s t  f o r  s i g n i f i c a n t  d e v ia t io n  o f  d a ta  p o in ts  

from  th e  l e a s t  sq u a re s  r e g r e s s io n  l i n e  f o r  th e  g raphs o f ch an n e l f r e ­

quency p lo t t e d  a g a in s t  ch an n e l o rd e r .  I t  was th e o r iz e d  th a t  i f  th e  

model i s  an  e q u i l ib r iu m  model th e r e  sh o u ld  be a s i g n i f i c a n t  c o r r e l a ­

t i o n  betw een p r e d ic t iv e  a c c u ra c y  o f  th e  model and sm all d e v ia t io n  o f  

d a ta  p o in ts  from  th e  l e a s t  sq u a re s  r e g r e s s io n  l i n e s .  In  c o n ju n c tio n  

w ith  t h i s  t e s t ,  Spearman ran k  c o r r e l a t i o n  was u sed  to  d e te rm in e  i f  

th e r e  was a s i g n i f i c a n t  c o r r e l a t i o n  betw een d e v ia t io n  o f d a ta  p o in ts  

from th e  r e g r e s s io n  l i n e  and p r e d ic t iv e  a c c u ra c y  o f  th e  co n v erg en t 

mean m odel. R e s u lts  o f  th e s e  t e s t s  a re  i n t e r p r e t e d  a s  ev id en ce  th a t  

(1) th e  b a s in s  a n a ly z e d  have a t t a in e d  a q u a s i - e q u i l ib r iu m  w ith in  th e  

l im i t s  o f  s te a d y  s t a t e  as  d e f in e d  by W oldenberg and B e rry ; and (2) 

a s  d a ta  p o in ts  app ro ach  th e  l e a s t  sq u a re s  r e g r e s s io n  l i n e  ( t h a t  i s ,  

ap p roach  a s te a d y  s t a t e  a s  d e f in e d  by W oldenberg and B erry ) th e  p r e ­

d i c t i v e  a c c u ra c y  o f  th e  model in c r e a s e s .
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C o n clu sio n s

L ith o lo g y

D ata from  t h i s  s tu d y  c o r ro b o ra te  th e  re s e a rc h  h y p o th e s is  t h a t  

l i t h o s t r a t i g r a p h i c  u n i t s  in  th e  s tu d y  a re a s  do n o t s i g n i f i c a n t l y  

in f lu e n c e  th e  p r e d ic t iv e  a c c u ra c y  o f  th e  m odel. F o r th e  s tu d y  a re a s  

i t  i s  in f e r r e d  t h a t  th e  r e s t r a i n t  o f  th e  model to  a r e a s  o f  homogeneous 

l i th o lo g y ,  a s  d e f in e d  by th e  l i t h o s t r a t i g r a p h i c  u n i t ,  i s  u n w arran ted .

Lack o f  c o r r e l a t i o n  betw een poor p r e d ic t io n  o f  th e  co n v erg en t 

mean model and v a r i a b le s  a n a ly z e d  im p lie s  t h a t  d e v ia t io n  o f  o b se rv ed  

from p re d ic te d  d a ta  may be a random o c c u rre n c e  w ith in  th e  l i m i t s  o f 

q u a s i - e q u i l ib r iu m . E vidence in d ic a te s  t h a t  th e  d ra in a g e  b a s in s  have, 

th ro u g h  th e  i n t e r a c t i o n  o f  v a r i a b le s ,  a d ju s te d  to  d i f f e r e n c e s  in  

l i th o lo g y  and have reac h ed  a q u a s i - e q u i l ib r iu m . A n a ly s is  o f  s tream  

freq u en cy  and d ra in a g e  d e n s i ty  in d ic a te s  t h a t  d i f f e r e n c e s  in  form  a re  

p r e s e n t .  However, in  l i g h t  o f  d a ta  o b ta in e d  from th e  e lo n g a t io n  

r a t i o ,  e l e v a t i o n - r e l i e f  r a t i o ,  and r e g r e s s io n  a n a ly s i s  (Kolmogrov- 

Smirnov T e s t I I )  th e se  d i f f e r e n c e s  a re  i n t e r p r e te d  a s  r e f l e c t i n g  d i f ­

f e re n c e s  in  r e a c t io n  o f  th e  ro c k  to  th e  f o r c e s  o f  e ro s io n  r a t h e r  th a n  

in d ic a t in g  d is e q u i l ib r iu m .  In  t h i s  re g a rd . Hack p o s tu la te s  t h a t  in  

a re a s  w here th e  top o g rap h y  i s  a d ju s te d ,  t h a t  i s  in  e q u i l ib r iu m , d i f ­

f e re n c e s  in  form  o c c u r  w hich  he i n t e r p r e t s  a s  r e f l e c t i n g  d i f f e r e n c e s
1

in  r e s i s t a n c e  to  e ro s io n .

I jo h n  T. Hack, " I n t e r p r e t a t i o n  o f  E ro s io n a l  Topography in  
Humid Tem perate R e g io n s ,"  Am erican J o u rn a l o f  S c ie n c e , CGLVII-A 
(B ra d le y  Volume, 1960), 89.
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The in f lu e n c e  o f e q u i l ib r iu m  a s  w e ll  a s  l i th o lo g y  on th e  model 

w a r ra n ts  c o n s id e ra t io n  in  o th e r  a re a s  b e fo re  r e s o lu t io n  o f  th e  problem  

o f  th e  in f lu e n c e  o f  l i th o lo g y  on th e  model i s  p e rm itte d  and b e fo re  

p o s tu la t in g  a model r e s t r a i n t  in  term s o f  l i th o lo g y  i s  j u s t i f i e d .

Model

G eneral H y p o thesis

T h is  s tu d y  su p p o rts  th e  co n v erg en t mean m odel; how ever, th e  

s t a t i c  n a tu re  o f  th e  d a ta  an a ly zed  does n o t p e rm it d i r e c t  e v a lu a t io n  o f  

th e  g e n e ra l  h y p o th e s is  p roposed  by W oldenberg ( " .  . . th e  power fu n c ­

t i o n  r e l a t i o n s h ip s  in  r i v e r s  w hich have been c a l le d  a l lo m e t r ic  grow th

d e r iv e  from  app rox im ate  g eo m etric  p ro g re s s io n s  in  th e  s iz e  o f  hexagonal 
2

b a s in s . " )  E v idences f o r  a l lo m e t r ic  o r  power fu n c tio n  r e la t io n s h ip s  

a re  p r e s e n t  w ith in  th e  b a s in s  s tu d ie d .  However, to  i n f e r  t h a t  th e se  

power fu n c t io n  r e l a t i o n s h ip s  a r e  a r e s u l t  o f  a l lo m e t r ic  grow th would
O

be s p e c u la t iv e  a t  t h i s  tim e . R e so lu tio n  o f  th e  q u e s tio n  o f  an u n d e r­

ly in g  grow th mechanism a w a its  f u r th e r  r e s e a r c h .  U n t i l  more ev id en ces  

f o r  a l lo m e t r ic  grow th a re  a v a i la b le  perhaps th e  g e n e ra l  h y p o th e s is  

cou ld  b e  more ju d i c io u s ly  s t a t e d  as  fo llo w s : The power fu n c tio n

2
M ichael J .  W oldenberg, " S p a t ia l  O rder in  F lu v ia l  System s: 

H o r to n 's  Laws D erived  from  Mixed Hexagonal H ie ra rc h ie s  o f  D rainage 
B asin  A re a s ,"  G e o lo g ic a l S o c ie ty  o f  Am erica B u l l e t i n . LXXX (Ja n u a ry , 
1969), 104.

F o r a d is c u s s io n  o f  th e  d i f f i c u l t i e s  in  a p p ly in g  th e  concep t 
o f  a l lo m e t r ic  grow th to  geom orphology see  M. P . M osley and R. S. 
P a rk e r , " A llo m e tr ic  Growth: A U se fu l Concept in  Geomorphology?"
G e o lo g ic a l S o c ie ty  o f  America B u l l e t i n . LXXXIII (December, 1972), 
3669-74,
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r e la t io n s h ip s  in  r i v e r s  d e r iv e  from ap p rox im ate  g eo m etric  p ro g re s s io n s  

in  th e  s iz e  o f hex ag o n a l b a s in s .

B ifu r c a t io n  R a tio s

In  a d d i t io n ,  com parison  o f  b i f u r c a t io n  r a t i o s  produced by th e  

model w ith  ob serv ed  b i f u r c a t io n  r a t i o s  shows a goodness o f  f i t  th a t  

su p p o rts  th e  d e te r m in i s t ic  m odel. W oldenberg s t a t e s  th a t  . . i f  

th e  convergen t mean model i s  a c c e p te d , one must r e j e c t  th e  id e a  t h a t  

b i f u r c a t io n  r a t i o s ,  and by in fe re n c e  o th e r  s im i la r  r a t i o s ,  can be con-
4

s t a n t . "  F l e x i b i l i t y  o f  b i f u r c a t io n  r a t i o s  betw een o rd e rs  w ith in  

d ra in a g e  b a s in s  i s  p e rm itte d  by th e  model and i s  c i t e d  by W oldenberg 

as  an advan tage  o f  th e  d e te r m in i s t ic  m odel. Com parison o f  model and 

observed  d a ta  in  t h i s  s tu d y  shows t h a t  w h ile  r e p l i c a t i n g  mean b i f u r c a ­

t io n  r a t i o s  (w ith in  l im i t s  o f  s t a t i s t i c a l  s ig n i f ic a n c e )  ad eq u a te  f l e x ­

i b i l i t y  i s  p e rm itte d  by th e  model to  produce betw een o rd e r  b i f u r c a t io n  

r a t i o s  th a t  a r e  s im i la r  to  ob serv ed  betw een o rd e r  b i f u r c a t io n  r a t i o s .  

T h is  im p lie s  th a t  th e  power fu n c tio n  r e l a t io n s h ip s  ( b i f u r c a t io n  r a t i o s )  

o f  th e  b a s in s  a n a ly z e d  a re  approx im ated  by th e  power fu n c tio n  r e l a t i o n ­

sh ip s  g e n e ra te d  from  th e  mixed hexagonal p ro g re s s io n  o f  th e  convergen t 

mean model.

M ichael J . ,  W oldenberg, " S p a t ia l  O rder in  F lu v ia l  Systems: 
H o r to n 's  Laws D erived  from  Mixed H exagonal H ie ra rc h ie s  o f  D rainage 
B asin  A re a s ,"  H arvard  P ap ers  in  T h e o re t ic a l  Geography. No. 13 (O ff ic e  
o f  N avai R esearch  Tech. R ep o rt, P r o j .  N .R. 389-147, H arvard  U n iv e rs i ty ,  
1968), 36 .
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System s Analogy

Data fo r  th e  b a s in s  an a ly zed  su p p o rt th e  h y p o th e s is  th a t  th e  

co n v erg en t mean model o r i g i n a l l y  developed  f o r  u rb an  system s i s  a p p l i ­

c a b le  to  f l u v i a l  sy s tem s . C o n seq u en tly , a t  th e  to p o lo g ic  le v e l  o f 

r e s o lu t io n  i t  ap p ea rs  t h a t  f l u v i a l  and u rb an  system s ( c e n t r a l  p la c e  

sy stem s) a re  s im i la r  h i e r a r c h i c a l  sy s tem s . Both system s a p p e a r to  p o s­

s e s s  form fu n c t io n a l  r e l a t io n s h ip s  e x p re s se d  by th e  a l lo m e t r ic  law 

(y  = a x ^ ) . The form  fu n c t io n a l  r e l a t i o n s h ip  in  f l u v i a l  system s may 

r e p r e s e n t  a l e a s t  work e q u i l ib r iu m  a s  in f e r r e d  by W oldenberg and 

B erry^  and Nordbeck^ f o r  u rban  sy stem s, and th e  e q u i l ib r iu m  may be 

analogous to  th e  o p tim a l ( c o s t  m in im iz in g ) p r in c i p le  i n f e r r e d  f o r  

b io lo g ic a l  sy stem s .^

T o p o lo g ic a l Randomness

F u r th e r ,  goodness o f  f i t  o f  model d a ta  and observed  d a ta  f o r  

th e  b a s in s  s tu d ie d  i s  ev id en ce  th a t  f o r  th e se  b a s in s  random ness in  

te rm s o f s tream  freq u en cy  p e r  o rd e r  i s  acco u n ted  f o r  by th e  co n v erg en t 

mean m odel. C onsequen tly , random ness in  term s o f th e  law o f  p ro p o r­

t i o n a t e  e f f e c t  ( im p l i c i t  in  th e  model) a p p ea rs  to  be a d e q u a te  to

% ic h a e l  J .  W oldenberg and  B rian  J .  L. B e rry , " R iv e rs  and Cen­
t r a l  P la c e s : Analogous System s?" J o u rn a l o f  R eg io n a l S c ie n c e . V II
(W in te r, 1967), 129-39.

^ S t ig  Nordbeck, "The Law o f  A llo m e tr ic  G row th," M ichigan 
I n te r - U n iv e r s i ty  Community o f  M ath em atica l G eographers D isc u ss io n  
P a p e r . No. 7, June, 1965, pp . 1 -28 .

^R obert Rosen, O p tim a li ty  P r in c ip le s  in  B io logy  (New York: 
Plenum P re s s ,  1967), pp . 106-7 .
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a c c o u n t f o r  th e  to p o lo g ic  developm ent o f  th e  d ra in a g e  netw orks an a ­

ly z e d . A lthough  r e s o lu t io n  o f  th e  a p p a re n t c o n f l i c t  betw een th e  

d e t e r m in i s t i c  co n v e rg e n t mean model and s to c h a s t i c  m odels i s  n o t p e r ­

m it te d  by t h i s  s tu d y , d a ta  do su p p o r t th e  d e t e r m in i s t i c  model p roposed  

by W oldenberg,



APPENDIX I  

ELONGATION RATIO



ELONGATION RATIO

D rainage
B asin

E lo n g a tio n
R a tio

E lo n g a tio n
R a t i o - - l

1 .78 .22

2 .65 .35

3 .50 .50

4 .54 .46

5 .80 .20

6 .55 .45

7 .59 .41

8 .76 .24

9 .77 .23

10 .76 .24

11 .73 .27

12 .58 .42

13 .72 .28

14 .93 .07

15 .68 .32

16 .59 .41

17 .56 .44

18 .55 .45

19 .51 .49

20 .79 .21

21 .67 .33

162
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D rainage
B asin

E lo n g a tio n
R a tio

E lo n g a tio n  
R at i o - - l

22 . 66 .34

23 .57 .43

24 .46 .54

25 .64 .36

26 .60 .40

27 .55 .45

28 .70 .30

29 .63 .37

30 .56 .44

31 .64 .36

32 .84 .16

33 .71 .29

34 .59 .41

35 .51 .49

36 .59 .41

37 .73 .27

38 .84 .16

39 .40 .60

40 .47 .53

41 .74 .26

42 .76 .24

43 .57 .43
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D rainage
B asin

E lo n g a tio n
R a tio

E lo n g a tio n  
R a t io — 1

44 .75 .25

45 .64 .36

46 .75 .25

47 .51 .49

48 .69 .31

49 .49 .51

50 .61 .39

51 .79 .21

52 .45 .55

53 .64 .36

54 .55 .45

55 .71 .29

56 .48 .52

57 .72 .28

58 .87 .13

59 .69 .31

60 .51 .49

61 .62 .38

62 .69 .31

63 .86 .14

64 .43 .57

65 .52 .48
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D rainage E lo n g a tio n E lo n g a tio n
B asin R a tio R a t i o - - l

66 .62 .38

Form ula used  to  compute e lo n g a t io n  r a t i o ;

{2 * A /  A
II

w h ere :

A = b a s in  a re a  

L = le n g th  o f  m ajor a x is

A computed v a lu e  o f  1 .0 0  e q u a ls  a c i r c u l a r  b a s in .
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MEAN AND STANDARD DEVIATION ELONGATION RATIO

Mean S tan d a rd  D e v ia tio n

Area I .68 .11

A rea I I .62 .10

A rea I I I .64 .13

Form ulas:

Mean

_ SXi 
X =  N

X = mean

SX^ = sum o f  s c o re s

N = t o t a l  number o f  s c o re s

S tan d a rd  D e v ia tio n

"V ZX̂ '
N

ZX = sum o f  sq u a re  o f  th e  d e v ia t io n s  from  mean 

N = t o t a l  number o f  s c o re s
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KRUSKAL-WALLIS TEST 

E lo n g a tio n  R a tio

Form ula ;

' _  [3(N + 1 )]
NiN(N + 1) 

w here :

N = t o t a l  number in  k  sam ples 

N i = number in  i t h  sample 

S R i = sum o f  ran k s  f o r  i t h  sam ple 

w here;

N = 66

Nĵ  = 15, 39, 12 

ZRi = 390, 1414, 407

H =
66(66

_ 12 1 152100 ^  1999396 ^  165649 I _ om
' 4 4 ^  1“ 1 T " ^ “ 39-----

= .00271(10140 + 51266.56 + 13804.08) - 201

H = 2 .81

T ab le  v a lu e  a t  two d e g re e s  o f  freedom  and .05 s ig n i f ic a n c e  l e v e l  = 
5.991

Ho

There i s  n o t a s i g n i f i c a n t  d i f f e r e n c e  in  th e  e lo n g a tio n  r a t i o s  
betw een a re a s  I ,  I I ,  I I I .

R e s u l ts :  Cannot r e j e c t  n u l l  h y p o th e s is  (Ho)



APPENDIX II

ELEVATION-RELIEF RATIO



ELEVATION-RELIEF RATIO

Stream E le v a t lo n - R e l ie f
R a tio

S tream E le v a t lo n - R e l ie f
R a tio

1 4 2 .1 0 22 50.09

2 4 7 .2 0 23 54 .78

3 37 .35 24 51 .58

4 4 2 .5 0 25 53 .99

5 63 .2 0 26 62 .06

6 4 9 .6 0 27 4 8 .2 3

7 4 6 .6 7 28 51 .06

8 51 .20 29 54.29

9 52 .54 30 56 .20

10 78.08 31 4 9 .0 0

11 50.21 32 52 .58

12 59 .71 33 51 .47

13 72.84 34 65.19

14 5 4 .3 0 35 52 .8 0

15 55 .9 4 36 52.25

16 51 .4 0 37 57.62

17 50.56 38 52 .61

18 4 4 .4 7 39 47 .9 1

19 55 .5 0 40 39 .78

20 49 .9 6 41 65.86

21 50 .77 42 52.79

169
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Stream E le v a t io n - R e l ie f
R a tio S tream E le v a t io n - R e l ie f

R a tio

43 57.50 55 5 6 .8 4

44 4 6 .8 6 56 56.95

45 4 3 .4 0 57 4 7 .9 4

46 51.47 58 4 4 .9 3

47 49.12 59 53 .53

48 52.36 60 55 .63

49 38.56 61 52 .78

50 41 .23 62 53 .6 5

51 65.65 63 45 .8 7

52 62.33 64 56 .27

53 55.81 65 55 .93

54 52 .36 66 59 .16

Form ula u sed  to  compute e l e v a t l o n - r e l i e f  r a t i o :

mean e le v a t io n  - minimum e le v a t io ne l e v a t i o n - r e l i e f  r a t i o  = maximum e le v a t io n  -  minimum e le v a t io n
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MEAN AND STANDARD DEVIATION ELEVATION-RELIEF RATIO

Mean S tan d a rd  D e v ia tio n

A rea I  53 .56  10 .79

A rea I I  52 .34  6 .2 4

A rea I I I  53 .29  4 .4 3

Form ulas :

Mean
_ SXi 
X =  -------

N

X = mean

= sum o f  s c o re s  

N = t o t a l  number o f  s c o re s

S tan d a rd  D e v ia t io n

N

ZX =' sum o f sq u a re s  o f  d e v ia t io n s  from  mean 

N = t o t a l  number o f  s c o re s
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KRUSKAL-WALLIS TEST 

E le v a t lo n - R e l ie f  R a tio

Form ula :

H  12_  (
N(N + 1 )  ^

w here:

N = t o t a l  number o f  k sam ples 

= number in  i t h  sam ple 

ZRj  ̂ = sum o f  ra n k s  f o r  i t h  sam ple 

w here:

N = 66 

Ni = 15, 3 9 , 12 

ZRi = 525, 1345, 340

12

-  [3(N + 1 )]

H = 66(66 + 1) -  [ ( 3 ) ( 6 6 h- D )

-  12 1 275625 . 1809025 . 11560o| _  o q i
4422 \ 15 39 Ï 2 j

= .0027137(18375 + 46385.25  + 9633.33) -  201

=  .88

T able  v a lu e  a t  two d e g re e s  o f  freedom  and .05 s ig n i f ic a n c e  
l e v e l  = 5 .991

Ho

T here i s  n o t a s i g n i f i c a n t  d i f f e r e n c e  in  th e  e l e v a t i o n - r e l i e f  
r a t i o s  betw een a re a s  I ,  I I ,  I I I .

R e s u l ts :  Cannot r e j e c t  th e  n u l l  h y p o th e s is  (Ho)



APPENDIX III

DRAINAGE DENSITY, STREAM FREQUENCY, AND BASIN AREA



DRAINAGE DENSITY

B asin D rainage
D en s ity B asin D rainage

D en s ity

1 3 .37 22 4 .5 3

2 3 .02 23 5 .33

3 4 .9 4 24 3 .9 4

4 4 .0 9 25 6.49

5 4 .2 0 26 5 .37

6 6.01 27 4 .8 6

7 3 .02 28 6 .56

8 3 .8 0 29 4 .7 2

9 4 .7 3 30 3 .32

10 3 .28 31 5 .47

11 3 .87 32 6 .9 0

12 5 .50 33 8 .5 0

13 3 .2 6 34 4 .6 6

14 2 .75 35 5 .1 0

15 5 .97 36 4 .8 8

16 8.22 37 6 .4 6

17 4 .9 5 38 7 .4 0

18 4 .7 1 39 6 .2 8

19 3.65 40 3 .9 6

20 4 .6 1 41 4 .5 8

21 6 .51 42 5 .29
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B asin D rainage
D e n s ity B asin D rainage

D en sity

43 6,86 55 4 .8 7

44 6 .5 0 56 6 .35

45 6.00 57 4 .0 9

46 3 .8 9 58 6 .7 5

47 5 .34 59 5 .99

48 3 .87 60 6 .4 4

49 5 .5 4 61 6 .06

50 6.21 62 9 .0 3

51 10.55 63 6 .41

52 4 .4 5 64 7 .00

53 4 .3 4 65 5 .3 0

54 7.33 66 6 .1 7
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MEAN AND STANDARD DEVIATION DRAINAGE DENSITY

Mean S tan d a rd  D e v ia t io n

A rea I 4 .1 2 1 .04

Area I I 5 .59 1 .48

Area I I I 6.20 .64

Form ulas:

Mean
-  EX.
X  =  — -

N

X = mean

EX^ = sum o f s c o re s

N = t o t a l  number o f  s c o re s

S tan d a rd  D e v ia tio n

EX2
N

EX = sum o f  sq u a re s  o f  d e v ia t io n s  from  mean 

N = t o t a l  number o f  s c o re s



KRUSKAL-WALLIS TEST 

D rainage  D en s ity

177

Formula :

H = 12
\  «1

-  [3(N + 1 )]
N(N + 1) 

w here :

N = t o t a l  number o f  k sam ples 

= number in  i t h  sam ple 

ER^ = sum o f  ran k s f o r  i t h  sam ple 

w here:

N = 66 

Ni = 15, 39, 12 

SR i = 565504, 1425636, 68121

H =

= 12 r 565504 +  1425636 ^  68121] 201
4422 L 15 ■ 39 12

= .0027137(37700.26  + 36554.76 + 5676.75) - 201 

H = 15 .91

T ab le  v a lu e  a t  two d eg ree s  o f freedom  and .05 s ig n i f ic a n c e  l e v e l  = 
5 .991

Ho

There i s  n o t a s i g n i f i c a n t  d i f f e r e n c e  in  d ra in a g e  d e n s i ty  
betw een a re a s  I ,  I I ,  and I I I .

R e s u l t s :  R e je c t  n u l l  h y p o th e s is  (Ho)



STREAM FREQUENCY
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B asin S tream
Frequency B asin Stream

Frequency

1 12.97 22 36,36

2 12.62 23 26 .54

3 27 .94 24 15.88

4 10,45 25 46 ,93

5 15,84 26 30,52

6 39 ,75 27 18,49

7 7 ,97 28 35,19

8 13,14 29 22,22

9 28 ,21 30 13,61

10 8 ,23 31 30.71

11 15,22 32 39.51

12 17 ,20 33 58.33

13 10,42 34 26 .30

14 6 ,61 35 29,06

15 47 ,05 36 29 .45

16 82,11 37 53.52

17 14 ,76 38 61.72

18 18.59 39 48 ,69

19 16 ,51 40 18.14

20 26 ,85 41 21.68

21 33,02 42 24 ,9 0
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B asin Stream
F requency B asin S tream

Frequency

43 44 .57 55 22 .0 4

44 49 .35 56 33.66

45 32.47 57 18.67

46 42 .60 58 44 .01

47 24.96 59 27 .54

48 18.70 60 33 .80

49 23 .60 61 34.55

50 37 .74 62 73.14

51 75.11 63 4 3 .3 1

52 23.99 64 44 .49

53 19.75 65 27 .38

54 54.46 66 44 .7 3
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MEAN AND STANDARD DEVIATION STREAM FREQUENCY

Mean S tan d a rd  D e v ia tio n

Area I 18 .24 11 .69

Area I I 34 .24 16.21

Area I I I 37 .27 13.78

Form ulas :

Mean
EXi

X = N

X = mean

EX^ = sum o f sc o re s

N = t o t a l  number o f  s c o re s

S tan d a rd  D e v ia tio n

~ \ /  ZY?
N

EX = sum, o f  sq u a re  o f  th e  d e v ia t io n s  from  mean 

N = t o t a l  number o f  s c o re s
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KRUSKAL-WALLIS TEST 

Stream Frequency

Formula :

H = 12 ZRi
-  [3(N + 1)]N(N +  1) 

where:

N = total number of k samples 

= number in ith sample 

= sum of ranks for ith sample 

where:

N = 66 

Ni = 15, 39, 12 

ERi = 759, 1157, 295

H = 12
66(66 + 1 )  L 15

r  (759)2 ^  (1157)2 + (295)'
39 12

-  [3(66 + 1)]

-  1 2 576081 1338649 87025
4422 \  15 39 + 12 201

= .0027137(38405.4 + 34324.33 + 7252.08) - 201 

H = 16.046

Table value at two degrees of freedom and .05 significance 
level = 5.991

Ho

There is not a significant difference in stream frequency 
between area I, II, and III.

Results: Reject null hypothesis (Ho)



182

BASIN AREAS 

(Square Miles)

B asin Area B asin Area

1 14.75 22 3 .63

2 14.65 23 6 .48

3 2 .72 24 9 .56

4 23 .34 25 6 .03

5 10.10 26 11.40

6 8.20 27 9 .45

7 33 .84 28 8 .07

8 16.59 29 3 .33

9 8 .72 30 20 .90

10 23.32 31 9 .59

11 21.20 32 4 .1 5

12 11.86 33 6 .24

13 8 .63 34 7.83

14 16.03 35 4 .3 0

15 5 .91 36 11.61

16 4 .6 4 37 8 .65

17 8 .35 38 3 .37

18 7 .1 0 39 8.68

19 5 .19 40 21.21

20 5.92 41 9 .04

21 4 .3 0 42 8 .23
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B asin A rea B asin Area

43 4 .4 2 55 14.06

44 4 .6 6 56 6 .03

45 4 .6 5 57 10.11

46 6 .76 58 9.52

47 7 .19 59 6 .2 8

48 7 .11 60 21 .26

49 5 .72 61 7 .38

50 12 .26 62 2 .8 3

51 4 .2 0 63 7 .57

52 11 .25 64 8 .72

53 15.79 65 13.84

54 3 .5 8 66 9 .12
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MEAN AND STANDARD DEVIATION BASIN AREAS

Mean S tan d a rd  D e v ia tio n

Area I  14 .65 7.86

Area I I  7 .81 4 .1 7

Area I I I  9 .72 4 .6 0

Form ulas;

Mean
ZXj

X = N

X = mean

ZX^ = sum o f sc o re s

N = t o t a l  number o f s c o re s

S tan d ard D e v ia tio n

" V  ZX^
N

ZX = sum o f sq u a re s  o f th e  d e v ia t io n s  from  mean 

N = t o t a l  number o f  s c o re s



185

KRUSKAL-WALLIS TEST 

B a s in  A reas

Formula;
/

12H = N(N + 1) — ) -  [ 3 ( N + 1 ) ]
V i

w here:

N = t o t a l  number in  k  sam ples 

= number in  i t h  sam ple 

= sum o f  ra n k s  f o r  i t h  sam ple 

w here:

N = 66

= 15, 39, 12 

ER^ = 301, 1550, 366

^ 66(66

12 I 90601 , 2402500 133956
-  201

-  4422 \ 15 39 12

= .0027137(6040 .06  + 61602.56  + 11163.00) _  201 

H = 12 .85

T ab le  v a lu e  a t  two d e g re e s  o f  freedom  and .05 s ig n i f i c a n c e  
l e v e l  = 5 .991

Ho

T here i s  n o t a  s i g n i f i c a n t  d i f f e r e n c e  in  b a s in  a re a s  betw een 
a re a s  I ,  I I ,  and I I I .

R e s u l t s :  R e je c t n u l l  h y p o th e s is  (Ho)



APPENDIX IV

CONVERGENT MEAN MODELS AND BASIN IDENTIFICATION



METHOD OF COMPUTING MODELS

Hexagon g rou p s: C o n secu tiv e  numbers from  mixed hexag o n a l p ro g re s s io n

a t  b a se s  3 , 4 , 7 (se e  pages 28-29)

X = Numbers from  h ex ag o n a l g roups

EXA rith m e tic  mean = — .
N

Log Xi + Log X2 + Log X3
G eom etric mean = -------------------------------------------  ‘ ' '

N

Convergent mean - Arithmetic mean + Seometric_mean

187
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Stream  Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 144 81, 243 140.29 162 151,14

2 37 16, 27, 49, 64 34 .11 39 36 .55

3 7 7, 9 7 .93 8 7.96

4 3 3, 4 3 .4 6 3 .5 3 .48

5 1 1 , 1 , 1 1 1 1

B asin  2

Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 134 81, 243 140.29 162 151.14

2 41 16, 27, 49 , 64 34.11 39 36.55

3 7 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1
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Stream  Data Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 52 49, 64 56 5 6 .5 56.25

2 16 16, 27 20 .78 21 .5 21 .1 4

3 5 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  4

Stream D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 502 243, 256, 343 
729, 1024

436 .94 519 477 .97

2 77 49, 64, 81 63.33 64 .66 63.99

3 14 7, 9, 16, 27 12.84 14.75 13.79

4 3 3, 4 3 .46 3 .5 3 .4 8

5 1 1 , 1 , 1 1 1 1
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Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 122 64, 81, 243 108 129.33 118.66

2 27 16, 27, 49 27 .6 6 30 .66 29 .16

3 8 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  6

Stream D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic
Mean

Con­
v e rg e n t

Mean

1 231 243, 256 249.41 249 .5 249 .45

2 74 64, 81 71.99 7 2 .5 72 .24

3 17 7, 9 , 16, 27, 
49

16 .78 21 .6 0 19.19

4 3 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1 , 1 , 1 1 1 1
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Stream Data Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 197 243, 256 249.41 249 .5 249 .45

2 51 16, 27, 49 , 64, 
81

40 .55 4 7 .4 43 .9 7

3 7 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1 , 1 , 1 1 1 1

B asin  8

Stream D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t
Mean

1 156 81, 243 140.29 162 151.14

2 47 27, 49 , 64 43 .91 4 6 .6 6 4 5 .2 8

3 ' 11 7, 9 , 16 10.02 10.66 10.34

4 3 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1
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Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t
Mean

1 183 81, 243, 256 171.43 193.33 182.38

2 47 27, 49 , 64 43 .91 4 6 .6 6 4 5 .2 8

3 12 7, 9 , 16 10.02 10.66 10 .34

4 3 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  10

S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t
Mean

1 142 81, 243 140.29 162 151.14

2 38 16, 27, 49, 64 34.11 39 36.55

3 9 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .46 3 .5 3 .48

5 1 1, 1 , 1 1 1 1
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Stream  Data M odel.

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 241 243, 256 249.41 249 .5 249.45

2 56 27, 49, 64, 81 51.17 55.25 53.21

3 10 7, 9, 16 10.02 10.66 10.34

4 2 3, 4 3 .46 3 .5 3 .48

5 1 1 , 1, 1 1 1 1

B asin  12

S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 153 64, 81, 243, 
256

134 161 147.5

2 37 27, 49 36.37 38 37 .18

3 10 7, 9 , 16 10.02 10.66 10.34

4 3 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1
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Stream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 66 49, 64, 81 63 .33 64.66 63.99

2 15 16, 27 20 .7 8 21 .5 21 .14

3 6 7, 9 7 .93 8 7.96

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1

B asin  14

S tream  Data Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 74 49, 64, 81 63 .33 64.66 63.99

2 22 16, 27 20 .78 2 1 .5 21 .14

3 7 7, 9 7 .93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1 , 1, 1 1 1 1
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Stream Data Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 202 81, 243, 256, 
343

203 .89 230 .75 217.32

2 56 27, 49 , 64 4 3 .9 1 4 6 .6 6 4 5 .2 8

3 12 7, 9, 16 10.02 10.66 10.34

4 3 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  16

Stream Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 285 243, 256, 343 277.36 280 .66 279.01

2 74 64, 81 71.99 72 .5 72.24

3 18 7, 9, 16, 27, 
49

16.78 21.6 19.19

4 3 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1
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Stream D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 154 81, 243 140.29 162 151 .14

2 40 16, 27, 49 , 64 34.11 39 36.55

3 8 7, 9 7 .93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  18

S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 97 49, 64, 81, 
243

88 .63 109.25 98 .94

2 26 16, 27 20.78 2 1 .5 21 .1 4

3 6 7, 9 7.93 8 7 .96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1
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Stream Data Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic
Mean

m e tic
Mean

v e rg e n t
Mean

1 60 49 , 64 56 5 6 .5 56 .25

2 16 16, 27 2 0 .7 8 2 1 .5 21 .1 4

3 4 7, 9 • 7 .93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  20

Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 116 64, 81, 243 108 129.33 118.66

2 32 16, 27, 49 27 .66 30.66 29.16

3 8 7, 9 7 .93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .48

5 1 1 , 1, 1 1 1 1
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Stream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder of

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 93 64, 81, 243 108 129.33 118.66

2 37 16, 27, 49 27.66 30.66 29 .16

3 9 7, 9 7.93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1 , 1 , 1 1 1 1

B asin  22

S tream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 96 64, 81, 243 108 129.33 118.66

2 28 16, 27, 49 27.66 30.66 29.16

3 5 7, 9 7 .93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1
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Stream  Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic
Mean

Con­
v e rg e n t

Mean

1 128 64, 81, 243 108 129.33 118.66

2 35 16, 27, 49 27 .66 30.66 29.16

3 6 7, 9 7 .93 8 7.96

4 2 3, 4 3 ,46 3 .5 3 .48

5 1 1 , 1, 1 1 1 1

B asin  24

S tream  Data Model

Number
Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 113 64, 81, 243 108 129.33 118.66

2 24 16, 27, 49 27 .66 30 .66 29.16

3 6 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .46 3 .5 3 .48

5 1 1, 1 , 1 1 1 1
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200

Stream Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 211 81, 243, 256, 
343

203 .89 230 .75 217.32

2 57 27, 49 , 64 43 .9 1 4 6 .6 6 4 5 .2 8

3 11 7, 9 , 16 10.02 10.66 10 .34

4 3 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1 , 1, 1 1 1 1

B asin  26

Stream Data Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder of

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 259 243, 256 24 9 .4 249 .5 249 .45

2 71 4 9 , 64, 81 63.33 64 .66 63.99

3 14 7, 9, 16, 27 12.84 14.75 13.79

4 3 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1
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201

S tream  Data Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 134 64, 81, 243, 
256

134 161 147.5

2 40 16, 27, 49 27 .66 30 .66 29 .16

3 9 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  28

S tream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 218 81, 243, 256, 
343

203.89 230 .75 217.32

2 53 27, 49, 64 43 .91 46 .6 6 45 .2 8

3 9 7, 9 , 16 10.02 10.66 10 .34

4 3 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1
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202

Stream D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic
Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 52 49 , 64 56 5 6 .5 56.25

2 15 16, 27 20 .78 2 1 .5 21 .14

3 4 7, 9 7 .93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  30

S tream D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 217 81, 243, 256, 
343

203 .89 230 .75 217.32

2 53 27, 49 , 64 43 .91 4 6 .6 6 45 .2 8

3 12 7, 9 , 16 10.02 10.66 10.34

4 4 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1
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203

Stream D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 225 81, 243, 256, 
343

203.89 230 .75 217.32

2 58 49, 64 56 56 .5 56 .25

3 11 7, 9 , 16, 27 12.84 14.75 13.79

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  32

S tream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 120 64, 81, 243 108 129.33 118.66

2 33 16, 27, 49 27 .66 30.66 2 9 .1 6

3 8 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1 , 1, 1 1 1 1
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204

Stream  Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 292 243, 256, 343 277.36 280.66 279.01

2 58 27, 49, 64, 81 51.17 55.25 53.21

3 10 7, 9, 16 10.02 10.66 10.34

4 3 3, 4 3 .46 3 .5 3 .48

5 1 1, 1, 1 1 1 1

B asin  34

S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 155 81, 243 140.29 162 151.14

2 39 16, 27, 49 , 64 34.11 39 36.55

3 8 7, 9 7 .93 8 7.96

4 3 3, 4 3 .46 3 .5 3 .48

5 1 1 , 1 , 1 1 1 1
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205

Stream  D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 96 49, 64, 81, 
243

88.63 109.25 98 .9 4

2 22 16, 27 20 .78 2 1 .5 21 .14

3 4 7, 9 7 .93 8 7 ,96

4 2 3. 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1

B asin  36

S tream  D ata Model

O rder
Number

of
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic  

Mean <

Con­
v e rg e n t

Mean

1 267 81, 243, 256, 
343, 729

263 .06 33 0 .4 296 .73

2 58 49, 64 56 5 6 .5 56 .25

3 13 7, 9, 16, 27 12.84 14 .75 13.79

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1 , 1, 1 1 1 1
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Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 357 243, 256, 343, 
729

353 .15 392.75 372.95

2 83 64, 81 71.99 72.5 72 .24

3 18 7, 9, 16, 27, 
49

16 .78 21.6 19.19

4 4 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1 , 1 1 1 1

B asin  38

S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 152 81, 243 140.29 162 151.14

2 43 27, 49 , 64 4 3 .9 1 46 .66 4 5 .2 8

3 9 7, 9 , 16 10.02 10.66 10 .34

4 3 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1
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207

Stream D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 298 256, 343 296.32 299 .5 297 .91

2 91 49, 64, 81, 
243

88.63 109.25 98.94

3 22 16, 27 20 .78 2 1 .5 21 .14

4 7 3, 4 , 7, 9 5 .24 5 .7 5 5 .4 9

5 1 1, 1, 1 1 1 1

B asin  40

S tream D ata Model

O rder
Number

of
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 324 256, 343 296.32 299 .5 297.91

2 70 27, 49 , 64, 
81, 243

69 .88 9 2 .8 81.34

3 11 7, 9, 16 10.02 10.66 10.34

4 2 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1



Basin 41

208

Stream  Data Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 140 81, 243 140.29 162 151.14

2 43 27, 49 , 64 43 .9 1 46 .66 45 .2 8

3 9 7, 9 , 16 10.02 10.66 10,34

4 3 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1

B asin  42

Stream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 161 81, 243 140.29 162 151,14

2 33 16, 27, 49, 64 34 .11 39 36.55

3 8 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1
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Stream  D ata Model

Number Hexagon Geo­ A r i th ­ Con­
O rder o f m e tr ic m e tic v e rg e n t

S tream s Groups Mean Mean Mean

1 147 81, 243 140.29 162 151.14

2 39 16, 27, 49 , 64 34.11 39 36 .55

3 8 7, 9 7.93 8 7 .96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  44

Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 176 64, 81, 243, 
256, 343

161.71 197 .4 179.55

2 38 27, 49 36.37 38 37 .18

3 11 7, 9 , 16 10.02 10.66 10.34

4 4 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1
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Stream  D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 95 49, 64, 81, 
243

88 .63 109.25 98 .94

2 28 16, 27 20 .7 8 21 .15 21 .1 4

3 6 7, 9 7 .93 8 7 .96

4 2 . 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1

B asin  46

S tream  D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con-
^ v e rg en t

Mean

1 212 81, 243, 256, 
343

203 .89 230 .75 217.32

2 58 49, 64 56 56 .5 56 .25

3 14 7, 9, 16, 27 12 .84 14.75 13.79

4 3 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1, 1 1 1 1
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S tream  D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic
Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 121 64, 81, 243 108 129.33 118.66

2 31 16, 27, 49 27 .66 30.66 29 .16

3 5 7, 9 7 .93 8 7.96

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  48

S tream  Data Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic
Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 102 49 , 64, 81, 
243

88.63 109.25 98 .94

2 22 16, 27 20 .78 2 1 .5 21 .14

3 6 7, 9 7 .93 8 7.96

4 2 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1
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Stream D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic
Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 94 49, 64, 81, 
243

88.63 109.25 98 .94

2 31 16, 27 20 .78 21 .5 21 .14

3 7 7, 9 7 .93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .48

5 1 1, 1, 1 1 1 1

B asin  50

Stream  Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m etic

Mean

Con­
v e rg e n t

Mean

1 361 243, 256, 343, 
729

353.15 392.75 372.95

2 82 64, 81 71.99 72.5 72.24

3 16 7, 9 , 16, 27, 
49

16.78 21 .60 19.19

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1 , 1, 1 1 1 1



Basin 51

213

S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 246 243, 256 249.41 249 .5 249.45

2 57 27, 49, 64, 81 51.17 55.25 53.21

3 11 7, 9 , 16 10.02 10.66 10.34

4 3 3 , 4 3 .46 3 .5 3 .48

5 1 1, 1 , 1 1 1 1

B asin  52

S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 161 81, 243 140.29 162 151.14

2 38 16, 27, 49, 64 34.11 39 36.55

3 7 7, 9 7 .93 8 7 .96

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1 , 1 , 1 1 1 1
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Stream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t
Mean

1 243 243, 256 249.41 249 .5 249.45

2 56 27, 49 , 64, 81 51.17 55.25 53.21

3 10 7, 9 , 16 10.02 10.66 10.34

4 2 3, 4 3 .46 3 .5 3 ,48

5 1 1, 1, 1 1 1 1

B asin  54

Stream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m etic

Mean
v e rg e n t

Mean

1 135 81, 243 140.29 162 151.14

2 43 27, 49 , 64 43 .91 46 .66 45 .2 8

3 11 7, 9, 16 10.02 10.66 10.34

4 3 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1
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Stream  D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t
Mean

1 242 243, 256 249 .41 249 .5 249 .45

2 55 27, 49 , 64, 81 51.57 55 .25 5 3 .2 1

3 10 7, 9, 16 10.02 10.66 10 .34

4 2 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1 , 1 , 1 1 1 1

B asin  56

S tream  D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 144 81, 243 140.29 162 151.14

2 48 27, 49 , 64 43 .9 1 46 .6 6 45 .2 8

3 8 7, 9 , 16 10.02 10.66 10 .34

4 2 3, 4 3 .4 6 3 .5 3 .48

5 1 1, 1, 1 1 1 1
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Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 135 81, 243 140.29 162 151.14

2 37 16, 27, 49 , 64 34.11 39 36 .55

3 8 7, 9 7 .93 8 7 .96

4 3 3, 4 3 .46 3 .5 3 ,4 8

5 1 1, 1, 1 1 1 1

B a s in  58

S tream  D ata Model

O rder
Number

o f
S tream s

Hexagon
Groups

Geo­
m e tr ic
Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 327 256, 343 296.32 2 9 9 .5 297.91

2 75 27, 49, 64, 
81, 243

69.88 9 2 .8 81.34

3 13 7, 9 , 16 10.02 10.66 10.34

4 3 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1
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S tream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 133 64, 81, 243 108 129.33 118.66

2 29 16, 27, 49 27 .66 30.66 29.16

3 8 7, 9 7.93 8 7.96

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1, I ,  1 1 1 1

B asin  60

S tream Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 527 256, 343, 729, 
1024

505.98 588 546.99

2 124 64, 81, 243 108 129.33 118.66

3 24 7, 9, 16, 27, 
49

16.78 2 1 .6 0 19.19

4 2 3, 4 3 .46 3 .5 3 .4 8

5 1 1 , 1 , 1 1 1 1
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Stream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 188 81, 243, 256 171.43 193.33 182.38

2 51 27, 49 , 64 43 .91 46 .66 4 5 .2 8

3 12 7, 9, 16 10.02 10.66 10.34

4 3 3, 4 3.46 3 .5 3 .48

5 1 1, 1, 1 1 1 1

B asin  62

Stream Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic
Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 150 64, 81, 243, 
256

134 161 147.5

2 41 27, 49 36.37 38 37.18

3 12 7, 9 , 16 10.02 10.66 10.34

4 3 3, 4 3.46 3 .5 3 .48

5 1 1, 1, 1 1 1 1
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Stream  D ata Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic
Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 208 81, 243, 256, 
343

203.89 230.75 217.32

2 59 49, 64 56 56 .5 56 .25

3 15 7, 9, 16, 27 12.84 14.75 13.79

4 4 3, 4 3 .46 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  64

Stream Data Model

O rder
Number

o f
Stream s

Hexagon
Groups

Geo­
m e tr ic

Mean

A r i th ­
m e tic

Mean

Con­
v e rg e n t

Mean

1 285 243, 256, 343 277.36 280.66 279.01

2 66 64, 81 71.99 72.5 72.24

3 20 7, 9, 16, 27, 
49

16,78 21 .60 19.19

4 4 3, 4 3 .46 3 .5 3 .48

5 1 1, 1 , 1 1 1 1
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Stream D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

Stream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 278 243, 256, 343 277.36 280.66 279.01

2 76 64, 81 71.99 72 .5 72 .24

3 20 7, 9, 16, 27, 
49

16.78 2 1 .6 0 19.19

4 4 3, 4 3 .4 6 3 .5 3 .4 8

5 1 1, 1 , 1 1 1 1

B asin  66

Stream  D ata Model

Number Hexagon
Groups

Geo­ A r i th ­ Con­
O rder o f

S tream s
m e tr ic

Mean
m e tic

Mean
v e rg e n t

Mean

1 307 256, 343 296.32 299 .5 297 .91

2 78 49, 64, 81, 
243

88.63 109.25 98 .9 4

3 17 9, 16, 27 15.72 17.33 16.52

4 5 3, 4 , 7 4 .3 7 4 .6 6 4 .5 1

5 1 1, 1 , 1 1 1 1
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BASIN IDENTIFICATION

S tream
Number S tream  Name Q uadrangle

1 K ic a s te r  C reek La V ern ia  S.W.

2 T r ib u ta ry  o f  C ibo lo  C reek La V e rn ia , New B e r l in

3 T r ib u ta ry  o f  Dry Hollow Creek La V ern ia

4 Dry C reek G i l l e t t e ,  K osciusko , 
S to c k d a le

5 Shockley  C reek G i l l e t t e

6 W allace  Creek S to ck d a le

7 F i f t e e n  M ile  C reek Yorktown E a s t ,  Yorktown

8 F iv e  M ile  C reek,
T hree M ile  C reek

9 P a n th e r  C reek

10 Twelve M ile C reek ,
Shilow  C reek

11 M an ah u illa  C reek

12 P e rd id o  C reek

13 Not Named

14 Medio C reek

15 Turkey C reek

16 P o s t  Oak C reek

17 N o rth  F ork

18 Not Named

19 Hogpen C reek

W est, New Davy, B lack - 
w e ll  Lake

M e y e rs v il le ,  B lack w e ll Lake, 
Cuero

Lenz, M onteola

Yorktown E a s t ,  B lack w e ll 
Lake

Yorktown W est, Runge S.W. 

W eesatche, Ander 

Coy C ity  

M onteola

K arnes C ity , Lenz 

Hubbard

C o o lid g e , Hubbard 

C oo lid g e , E cho ls  

M art
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Stream
Number S tream  Name Q uadrangle

20 M ustang Creek P r a i r i e  H i l l

21 T r ib u ta ry  o f  M ustang C reek E cho ls

22 T r ib u ta ry  o f  N avaso ta  R iv e r Hubbard, P r a i r i e  H i l l

23 P in  Oak C reek E chols

24 T r ib u ta ry  o f  Cottonwood C reek P r a i r i e  H i l l ,  M art

25 Bean B ranch M arlin

26 Sandy C reek R ie s e l ,  E lk

27 Brushy C reek R ie s e l ,  O tto , M art, E lk

28 S a l t  C reek A x te l l ,  P r a i r i e  H i l l

29 T r ib u ta ry  o f  Broad C reek P r a i r i e  H i l l

30 Big C reek E lk , M art, P r a i r i e  H i l l

31 W olfe C reek P enelope

32 Not Named P enelope

33 W illiam s C reek A x te l l ,  P r a i r i e  H i l l ,  
Penelope

34 Dry Hollow C reek W e s tp h a lia , Y arre lto w n

35 C actus C reek L o t t

36 L i t t l e  Pond C reek W estp h a lia

37 L inn  C reek Dew

38 Nanny Branch Donie

39 Brown' s C reek L an e ly , Dew

40 Bynum Creek H il ls b o ro  E a s t ,  A b b o tt,
M alone, W hitney
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Stream
Number Stream  Name Q uadrangle

41 Tehuacana Creek P enelope

42 Ash C reek A bbott

43 Not Named W hitney

44 W hiterock  Creek W hitney

45 Not Named B lan to n

46 Boggy C reek S p rin g  S e a t ,  M argie

47 C a r ry a l l  C reek H i l l to p  Lakes

48 R ile y  C reek Leona S.W ., Normangee

49 S te e le  C reek W alnut S p rin g s

50 N orth  Bosque R iv e r B la n to n , Huckabay

51 N orth  P aluxy  R iv e r Huckabay, Knob H i l l

52 J a c k 's  Branch H ills b o ro  W est, P e o ria

53 H ackberry  Creek I t a s c a ,  H il l s b o ro  West

54 Not Named W hitney, P e o r ia

55 Pecan Bayou Woodland, M anchester

56 Campground Bayou Dim ple, B agw ell

57 B lan to n  Creek Bagw ell

58 L angford  Creek Dimple, C la r k s v i l l e

59 West F o rk  H a r r is  C reek Avery

60 Jake C reek , Young Creek Annona, W hite Rock, Dimple

61 Sabine R iv e r C e le s te

62 E a s t Caddo Creek G re e n v il le  N.W.
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Stream
Number S tream  Name Q uadrangle

63 M iddle S u lp h u r R iv e r Gober

64 S t i f f  C reek Anna, McKinney E a s t,  
G u ileoka

65 H u rric a n e  C reek Anna, Van A ly s tin e

66 H a rr in g to n  Creek^ C u lleo k a , B lue Ridge^

F or s tream s ex ceed in g  f i f t h  o rd e r ,  h ead w ater t r i b u t a r i e s  w ere
a n a ly z e d ,

^ A ll maps U n ited  S ta te s  G eo lo g ica l Survey T opograph ic  Maps a t  
a s c a le  o f  1 :2 4 ,0 0 0 .
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LINEAR REGRESSION

S e m i-lo g a rith m ic  R e g re ss io n  E q u a tio n  

lo g  y = lo g  a + ( lo g  b)X 

norm al e q u a tio n  Z lo g  Y = lo g  a N + lo g  b ZX

X • lo g  Y = lo g  a ZX + lo g  b ZX^ 

by s o lv in g  s im u lta n e o u s ly

lo g  a  = g  lo g  Y) g X ^ ) (ZX) (ZX " lo g  Y)
(N) (ZX^) -  (ZX)2

lo g  b = N(ZX ♦ lo g  Y) -  (ZX) (Z lo g  Y)
N (ZX2) - (ZX)2
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Basin
Number

REGRESSION EQUATIONS

243

10

11

Observed log y = 2.63209 + (9.45922 - 10)x

Predicted lo g y 2 .65097 + (9 .46199 - 10)x

Observed log y 2.64699 + (9 .44340 - 10)x

Predicted log y 2.65097 + (9 .46199 - 10)x

Observed lo g y 2 .08455 + (9 .56649 - 10)x

Predicted lo g y = 2.18867 + (9 .57162 - 10)x

Observed lo g y = 3.28532 + (9 .31892 - 10)x

Predicted log y = 3.22033 + (9 .33767 - 10)x

Observed lo g y = 2.53528 + (9 .46969 - 10)x

Predicted log y 2.51786 + (9 .49282 - 10)x

Observed lo g y 3.02388 + (9 .38807 - 10)x

Predicted log y 3.04943 + (9 .38888 - 10)x

Observed lo g y 2.82827 + (9 .40045 - 10) X

Predicted log y = 2.86519 + (9 .41045 - 10) X

Observed lo g y 2.75111 + (9 .44188 - 10)x

Predicted log y 2.72020 + (9 .45269 - 10)x

Observed lo g y = 2.81413 + (9 .42801 - 10)x

Predicted lo g y = 2.78548 + (9 .43637 - 10)x

Observed log y 2.67246 + (9 .44167 - 10) X

Predicted log y 2.65097 + (9 .46199 - 10)x

Observed log y 2.94960 + (9 .37888 - 10) X

Predicted lo g y = 2.92932 +. (9 .40216 - 10)x



Basin
Number

244

12

13

14

15

16

17

18

19

20

21

22

O bserved log y = 2.68414 + (9 .45395  - 10)x

P re d ic te d lo g y = 2.66893 + (9 .46337  - 10)x

O bserved log y = 2.32779 + (9 .5 1 3 1 0  - 10)x

P re d ic te d log y = 2.38487 + (9 .52257  - 10)x

O bserved log y 2.30551 + (9 .52201  - 10)x

P re d ic te d log y 2 .23347 + (9 .56043  - 10)x

O bserved log y = 2.88649 + (9 .41182  - 10)x

P re d ic te d log y = 2.84637 + (9 .42115  - 10)x

O bserved log y = 3.10183 + (9 .36982  - 10)x

P re d ic te d log y = 3.08834 + (9 .37916  - 10)x

O bserved log y 2.70156 + (9 .43239  - 10)x

P re d ic te d log y = 2.65097 + (9 .46199  - 10)x

O bserved log y = 2.42243 + (9 .49125  - 10)x

P re d ic te d log y 2.38487 + (9 .52257  - 10)x

O bserved log y = 2.11489 + (9 .55406  - 10)x

P re d ic te d log y = 2.18867 + (9 .57162  - 10)x

O bserved log y 2.55465 + (9 .46670  - 10)x

P re d ic te d log y 2.51786 + (9 .49282  - 10)x

O bserved log y = 2.51963 + (9 .47959  - 10)x

P re d ic te d log y = 2.51786 + (9 .49282  - 10) X

O bserved log y 2.41909 + (9 .48893  - 10)x

P re d ic te d log y = 2.51786 + (9 .49282  - 10)x



Basin
Number

245

23

24

25

26

27

28

29

30

31

32

33

O bserved lo g  y = 2.58333 + 9,45425 -  10)x

P re d ic te d lo g  y = 2.51786 + 9,49282 - 10)x

O bserved log  y = 2.45809 + 9,48147 -  10)x

P re d ic te d log  y = 2 .51786 + 9,49282 - 10) X

Observed log  y = 2 .89793 + 9,40727 - 10) X

P re d ic te d lo g  y = 2.84637 + 9,42115 - 10)x

O bserved lo g  y = 3 .03778 + 9,37993 -  10) X

P re d ic te d log  y = 2 ,99439 + 9,39415 - 10)x

O bserved lo g  y = 2,66345 + 9,44448 -  10)x

P re d ic te d lo g  y = 2 ,59345 + 9.47392 -  10)x

O bserved lo g  y = 2 .87603 + 9.40759 -  10)x

P re d ic te d log  y = 2 .84637 + 9.42115 -  10) X

O bserved log  y = 2 .05116 + 9.56929 -  10)x

P re d ic te d lo g  y = 2 .18867  + 9.57162 -  10)x

O bserved lo g  y = 2 .88693 + 9,42049 -  10)x

P re d ic te d log  y = 2 ,84637 + 9.42115 -  10)x

Observed lo g  y = 2,94163 + 9.38332 -  10) X

P re d ic te d lo g  y = 2 .91849 + 9 .41173 -  10)x

Observed lo g  y = 2.57311 + 9,46242 -  10) X

P re d ic te d lo g  y = 2 .51786 + 9,49282 - 10) X

Observed lo g  y = 3,00631 + 9,37829 -  10)x

P re d ic te d log  y = 2 ,96823 + 9.39244 -  10)x



Basin
Number

246

34

35

36

37

38

39

40

41

42

43

44

O bserved lo g y 2 .68070  +  (9 .45054 - 10) X

P re d ic te d lo g y = 2.65097 + (9 .46199 - 10)x

O bserved lo g y 2.34734  + (9 .49941 - 10)x

P re d ic te d log y = 2.38487 + (9 .52257 - 10) X

O bserved lo g y = 3.01561 + (9 .36846 - 10) X

P re d ic te d log y 3.02670  + (9 .38467 - 10)x

O bserved log y = 3.19252 + (9 .35776 - I 0)x

P re d ic te d lo g y = 3.18916 + (9 .35395 - 10)x

O bserved lo g y 2.70534 + (9 .44800 - 10)x

P re d ic te d log y 2 .72020  + (9 .45269 - 10)x

O bserved log y 3.14286 + (9 .39376 - 10)x

P re d ic te d log y = 3.16801 + (9 .37960 - 10) X

O bserved lo g y = 3.10915 + (9 .34348 - 10)x

P re d ic te d lo g y = 3.08316 + (9 .36831 - 10)x

O bserved lo g y 2.67677 + (9 .45514 - 10) X

P re d ic te d lo g y 2 .72020  + (9 .45269 - 10)x

O bserved lo g y 2.67523 + (9 .43689 - 10)x

P re d ic te d log y = 2.65097 + (9 .46199 - 10)x

O bserved lo g y = 2.67990  + (9 .43753 - 10)x

P re d ic te d lo g y 2.65097 + (9 .46199 - 10)x

O bserved lo g y 2.73437  + (9 .45313 - 10) X

P re d ic te d log y = 2.73724  + (9 .44629 - 10)x



Basin
Number

247

45

46

47

48

49

50

51

52

53

54

55

Observed log  y = 2 .43128 + (9 .48984  - 10)x

Predicted log  y = 2.38487 + (9 .52257  - 10)x

Observed log  y = 2.92429 + (9 .40610  - 10)x

Predicted log  y = 2.91849 + (9 .41173  - 10) X

Observed log  y = 2 .52160  + (9 .46441  - 10)x

Predicted log  y = 2.51786 + (9 .49282  - 10)x

Observed log  y = 2.40362 + (9 .49414  - 10)x

Predicted log  y = 2 .38487 + (9 .52257  - 10)x

Observed log  y  = 2.46310 + (9 .48634  - 10)x

Predicted lo g  y  = 2 .38487  + (9 .52257  - 10)x

Observed log  y  = 3.21363 + (9 .32722 - 10)x

Predicted log  y = 3.18916 + (9 .35395  - 10)x

Observed log  y = 2.95125 + (9 .39394  - 10)x

Predicted log  y = 2.92932 + (9 .40216  - 10)x

Observed log  y = 2 .69426 + (9 .43076  - 10)x

Predicted log  y = 2 .65097 + (9 .46199  - 10)x

Observed log  y = 2.95247 + (9 .37816  - 10)x

Predicted log  y = 2.92932 + (9 .40216  - 10)x

Observed log  y = 2.68156 + (9 .45830  - 10)x

Predicted log  y = 2 .72020  + (9 .45269  - 10)x

Observed log  y = 2 .94713 + (9 .37930  - 10)x

Predicted log  y = 2.92932 + (9 .40216  - 10) X



Basin
Number

248

56

57

58

59

60

61

62

63

64

65

66

Observed lo g y = 2.71782 + (9 .43031 - 10)x

Predicted log y = 2.72020  + (9 .45269 - 10)x

Observed lo g y = 2.62127 + (9 .46483 - 10) X

Predicted lo g y = 2.65097 + (9 .46199 - 10)x

Observed lo g y = 3.12424 + (9 .35730 - 10) X

Predicted lo g y = 3.08316 + (9 .36831 - 10)x

Observed lo g y = 2.58079 + (9 .45909 - 10)x

Predicted log y = 2.51786 + (9 .49282 - 10)x

Observed log y = 3.47010 + (9 .27640 - 10)x

Predicted log y = 3.42999 + (9 .29913 - 10)x

Observed lo g y = 2.84123 + (9.42212 10) X

Predicted lo g y = 2.78548  + (9 .43637 - 10)x

Observed lo g y 2.71539 + (9.45122 - 10)x

Predicted log y = 2.66893 + (9 .46337 - 10)x

Observed log y 2.91489 + (9 .41951 - 10)x

Predicted lo g y 2.91849 + (9 .41173 - 10)x

Observed lo g y = 3.07364 + (9 .38728 - 10) X

Predicted lo g y 3.08834 + (9 .37916 - 10)x

Observed lo g y 3 .09564 + (9.38332 - 10)x

Predicted lo g y = 3.08834 + (9 .37916 - 10)x

Observed lo g y 3.11195 + (9 .38326 - 10)x

Predicted lo g y 3.15514 + (9 .37106 - 10)x



APPENDIX V

KOLMOGROV-SMIRNOV TEST I



KOLMOGROV-SMIRNOV TEST I

B asin  Number Computed Value N V alue T able V alue

1 .0052 97.99 .137

2 -  .0308 96.13 .138

3 .0580 41 .1 6 .212

4 - .0122 289 .01 .080

5 .0220 80.06 .152

6 .0137 167.70 .105

7 - .0520 139.94 .115

8 .0028 107.28 .131

9 - .0082 122.11 .123

10 -  .0156 97.99 .137

11 -  .0082 156.84 .108

12 .0106 100.86 .135

13 .0736 46 .8 1 .198

14 .0422 50.80 .191

15 -  .0461 137.84 .115

16 .0053 188.96 .098

17 .0085 101.26 .135

18 .0256 66.12 .167

19 .0967 43 .14 .207

20 - .0108 79.81 .152

21 - .0854 75.28 .156

22 .0170 72.38 .160
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B asin  Number Computed V alue N V alue T able V alue

23 .0252 82 .96 .149

24 .0335 76.39 .155

25 - .0377 140.09 .114

26 - .0077 169.82 .104

27 -  .0595 93 .76 .140

28 - .0157 140.33 .114

29 .0765 40 .5 7 .213

30 - .0272 141.06 .114

31 .0154 147.19 .112

32 .0105 81.05 .151

33 .0017 177.67 .102

34 .0039 101.51 .135

35 .0378 64.32 .169

36 - .0162 177.74 .102

37 - .0243 232.95 .089

38 .0152 104.80 .132

39 .0093 210 .85 .093

40 .0381 200.45 .096

41 .0038 101.66 .134

42 .0301 101.26 .135

43 -  .0090 99 .27 .136

44 - .0102 115.38 .126
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B asin  Number Computed V alue N V alue T able V alue

45 - .0269 66,12 .167

46 - .0085 144,95 .113

47 .0276 80 .06 .152

48 .0262 66 .3 7 .167

49 - .0503 66 .87 .166

50 - ,0140 2 32 .70 .089

51 - .0121 158.80 .107

52 .0151 102.23 .134

53 - .0068 157.35 .108

54 - .0160 101.39 .135

55 - .0050 156.84 .108

56 .0159 103.51 .133

57 - .0215 95 .86 .138

58 .0244 203 .07 .095

59 .0283 83.19 .149

60 - .0162 341 .80 .073

61 - .0148 124.29 .122

62 - .0147 101.59 .135

63 -  .0199 144.69 .113

64 .0137 187.72 .099

65 - .0106 188.47 .099

66 .0412 206 .68 .094
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N v a lu e s  w ere de te rm in ed  by th e  fo llo w in g  fo rm ula:

n in 2
N = 7------   r

(U2 + 1̂2)

w here:

n^ = t o t a l  o b served  ch an n e ls  

n2 = t o t a l  p r e d ic te d  ch an n e ls  

T able v a lu e s  f o r  N exceed in g  t h i r t y - f i v e  were d e te rm in ed  by th e  

fo llo w in g  fo rm u la :

1 .36

w here :
niU2

N = (n-ĵ  + 02)



APPENDIX VI

SPEARMAN RANK CORRELATION--LARGE COMPUTED 

KOLMOGROV-SMIRNOV I  VALUES



SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed KoIm ogrov-Sm irnov I  
V alues and D if fe re n c e  in  D rainage D en sity

Form ula f o r  Spearman rho :

r s  .  1 - ....
N(N^ - 1)

r s  = computed v a lu e  to  compare to  ta b le

D = d i f f e r e n c e  betw een rank  v a lu e  one (K olm ogrov-Sm irnov v a lu e )
and ran k  v a lu e  two ( d i f f e r e n c e  in  d ra in a g e  d e n s i ty )

N = number in  sam ple

S d2 = 1353.75

N = 22

j6 % 1 3 5 3 ,75 1 
22(22% - 1)

r s  = .24

T ab le  v a lu e  a t  .05 le v e l  o f  s ig n i f i c a n c e  a t  N = 22 = .428 ( tw o - ta i le d  
t e s t )

Ho

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  computed 
v a lu e s  f o r  Kolm ogrov-Sm irnov T e s t I  and la rg e  d i f f e r e n c e s  in  d ra in a g e  
d e n s i ty  f o r  th e  tw en ty -tw o  d ra in a g e  b a s in s  developed  on two l i t h o -  
s t r a t i g r a p h i c  u n i t s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  Computed KoIm ogrov-Sm irnov I  
V alues N ear S ig n if ic a n c e  L ev e l and D if ­

fe re n c e  in  D ra inage  D e n s ity

Form ula f o r  Spearman rh o ;

r s  .  1 -
N(N% -  1)

r s  = computed v a lu e  to  com pare to  t a b le s

D = d i f f e r e n c e  betw een ra n k  one (K olm ogrov-Sm irnov v a lu e s  n e a r  
r e j e c t i o n  le v e l )  and ran k  two ( d i f f e r e n c e  in  s tre a m  
freq u en cy )

N = number in  sam ple

Z tP- = 2160 .50

N = 22

“  = ‘ “ i ü f
r s  = -  .21993

T able  v a lu e  a t  .05 le v e l  o f  s ig n i f i c a n c e  a t  N = 22 = .428 ( tw o - ta i le d  
t e s t )

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een Kolmogrov- 
Smirnov v a lu e s  n e a r  th e  r e j e c t i o n  l e v e l  and la rg e  d i f f e r e n c e s  in  d r a in ­
age d e n s i ty .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed Kolmogrov- 
Sm irnov I  V alues and Stream  Frequency

Form ula f o r  Spearman rho :

r s  = 1 —
N(N% - 1)

r s  = computed v a lu e  t o  compare to  t a b le s

D = d i f f e r e n c e  betw een ran k  v a lu e  one (K olm ogrov-Sm irnov v a lu e )
and ran k  v a lu e  two ( d i f f e r e n c e  in  s tre a m  freq u en cy )

N = number in  sam ple

= 1745.25

N = 22

,3  = 1 - 1 6 1 0 2 4 ^ 2 5 1
22 ( 22% - 1)

r s  = .014

T ab le  v a lu e  a t  .05  l e v e l  o f  s ig n i f i c a n c e  a t  N = 22 = .428 ( tw o - ta i le d  
t e s t )

Ho

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  computed 
v a lu e s  f o r  KoIm ogrov-Sm irnov T e s t I  and la rg e  d i f f e r e n c e s  in  s tream  
freq u en cy  f o r  th e  tw en ty -tw o  d ra in a g e  b a s in s  developed  on two l i t h o -  
s t r a t i g r a p h i c  u n i t s .

Results; Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  Computed Kolmogrov-Smirnov I  
V alues N ear S ig n if ic a n c e  L eve l and D if­

f e re n c e  in  S tream  F requency  -

Form ula f o r  Spearman rh o ;

r s  = l -
N(N^ -  1)

r s  = computed v a lu e  to  compare to  ta b le s

D = d i f f e r e n c e  betw een ran k  one (K olm ogrov-Sm irnov v a lu e s  n e a r  
r e j e c t i o n  le v e l )  and ran k  two ( d i f f e r e n c e  in  s tream  
freq u en cy )

N = number in  sample

= 1792

N = 22

r s  = 1

r s  = 1 -

(6 )(1 7 9 2 ) 
(2 2 )(4 8 4  -  1)

10752
10626 

r s  = — .0118

T ab le  v a lu e  a t  .05  l e v e l  o f  s ig n i f i c a n c e  a t  N = 22 = .428 ( tw o - ta i le d  
t e s t )

Ho

There i s  n o t a  s i g n i f i c a n t  c o r r e l a t i o n  betw een Kolmogrov- 
Sm irnov v a lu e s  n e a r  th e  r e j e c t i o n  l e v e l  and la rg e  d i f f e r e n c e s  in  
s tre a m  fre q u e n c y .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r re la t io n  T e s t f o r  L arge D e v ia tio n s  from 
C ir c u la r  Shape (E lo n g a tio n  R a tio )  and 

L arge Kolmogrov-Smirnov I  V alues

Form ula f o r  Spearman rho ;

r s  = 1 -
N(N% - 1)

r s  = computed v a lu e s  to  compare to  ta b le s

D = d if f e r e n c e  betw een ran k  one ( la r g e  Kolmogrov-Sm irnov v a lu e s )
and ran k  two ( la r g e  d e v ia t io n s  from  c i r c u l a r  shape , e lo n g a ­
t i o n  r a t i o  minus one)

N = number i n  sam ple

S d2 = 31768.00

N = 66

r s  = 1 -  - ( 6 ) .m 7 6 8 )
( 66) ( 66% - 1)

_  190608 
r s  -  1 287430

r s  = .3368

Compute Z v a lu e  (Z = ^ g /g )  and compare to  Z ta b le s  

z = ^ s /g

S = ^

1
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® 8.0623

S = .1240

_ .3368542 
^ “  .1240340

z = 2 .7158

T able v a lu e  a t  .05  s ig n i f i c a n c e  le v e l  = 1 .96  

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia ­
t io n s  from  c i r c u l a r  (com puted v a lu e  f o r  e lo n g a tio n  r a t i o  minus one) 
and la rg e  computed v a lu e s  f o r  th e  Kolm ogrov-Sm irnov t e s t .

Results; Reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge  D e v ia tio n s  from  C ir c u la r  
Shape (E lo n g a tio n  R a tio )  and K olm ogrov-Sm irnov 

V alues N ear R e je c t io n  L eve l

Form ula f o r  Spearman rho ;

r s  = 1 -
6Ed2

N(N^ -  1)

r s  = com puted v a lu e  to  compare to  t a b le s

D = d i f f e r e n c e  betw een ran k  one (K olm ogrov-Sm irnov v a lu e s  n e a r  
r e j e c t i o n  l e v e l )  and ra n k  two ( l a r g e  d e v ia t io n s  from  c i r c u ­
l a r  sh ape , e lo n g a t io n  r a t io - o n e )

N = number in  sam ple

N = 66

= 41068.75

(6 )(4 1 0 6 8 .7 5 )
^ (6 6 )(4 3 5 6  -  1)

, 246412.50
“ 287430

r s  = ,1427

Compute Z v a lu e  (Z = ^ s /S )  and compare to  Z t a b le s  

z = f s / g

V  N - 1

 1_
S — m I" ■■■

A / 6 5
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S = — ^
8.0623 

S = .1240

_ .1427044 
^ .1240340

z = 1.1505

T ab le  v a lu e  a t  .05  s ig n i f i c a n c e  l e v e l  = 1 .96  

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia ­
t i o n s  from  c i r c u l a r  (com puted v a lu e  f o r  e lo n g a t io n  r a t i o  minus one) 
and Kolm ogrov-Sm irnov v a lu e s  n e a r  th e  r e j e c t i o n  l e v e l .

Results; Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed V alues f o r  
K olmogrov-Smirnov T e s t I  and L arge 

D e v ia tio n s  from  A rea I  Mean 
E le v a t io n -R e l ie f  R a t io

Form ula f o r  Spearman rh o : 

6ED2r s  = 1 —
N(N^ - 1)

r s  = computed v a lu e  to  compare to  t a b le

D = d i f f e r e n c e  betw een ran k  one ( la r g e  Kolm ogrov-Sm irnov v a lu e s )  
and ran k  two ( la r g e  d e v ia t io n s  from  A rea I  mean e le v a t io n -  
r e l i e f  v a lu e )

N = number in  sam ple

S d2 = 522.50

N = 15

r s  = .0670

T ab le  v a lu e  a t  .05  l e v e l  o f  s ig n i f ic a n c e  a t  N = 15 = .52 ( tw o - ta i le d  
t e s t )

Ho

There i s  n o t  a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  computed 
v a lu e s  f o r  th e  Kolm ogrov-Sm irnov T e s t I  and la rg e  d e v ia t io n s  from 
A rea I  mean e l e v a t i o n - r e l i e f  v a lu e .

Results: Cannot reject null hypothesis (Ho)



264

SPEARMAN RANK CORRELATION

Correlation Test for Kolmogrov-Smirnov Values Near
the Rejection Level and Large Deviations of
Elevation-Relief Ratios from Area I Mean

Form ula f o r  Spearman rho:

6S d2
r s  = 1 ------—9----- —

N(N% - 1)

r s  = computed v a lu e  to  compare to  t a b le

D = d if f e r e n c e  betw een ran k  one (K olm ogrov-Sm irnov v a lu e s  n e a r  
r e j e c t i o n  le v e l)  and ran k  two ( la r g e  d e v ia t io n s  from Area I  
mean e l e v a t i o n - r e l i e f  v a lu e )

N = number in  sample

SD^ = 403 .50

N = 15

r s  = 1 _  .(6) (403 .50 )
15(15% -  1)

r s  = 1 -  35&0

r s  = .2795

T able v a lu e  a t  .05 l e v e l  o f  s ig n i f ic a n c e  a t  N = 15 = .52 ( tw o - ta i le d  
t e s t )

Ho

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een Kolmogrov- 
Smirnov v a lu e s  n e a r  th e  r e j e c t i o n  l e v e l  and la rg e  d e v ia t io n s  o f  th e  
e l e v a t i o n - r e l i e f  v a lu e  from  A rea I  mean.

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r re la t io n  T e s t f o r  L arge Computed V alues 
f o r  Kolm ogrov-Sm irnov T e s t I  and L arge 

D e v ia tio n s  from  A rea I I  Mean 
E le v a t io n - R e l ie f  V alue

Form ula f o r  Spearman rho :

r s  = 1 — 6Ed2
N(n2 - 1)

r s  = computed v a lu e  to  compare to  ta b le

D = d if f e r e n c e  betw een ra n k  one ( la r g e  Kolm ogrov-Sm irnov v a lu e s )
and ran k  two ( la r g e  d e v ia t io n s  from  A rea I I  mean e le v a t io n -  
r e l i e f  v a lu e )

N = number in  sample

Zd2 = 10294

N = 39

r s  =  1 _  i61LL02941
39(39% -  1)

r s  = 1 -  A i m  
59280

r s  = -  .0419

Compute Z v a lu e  (Z = %s/g) and compare to  Z ta b le

z = ^ s /g

S = ____ 1
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S = 16 .1644  

S = .1622

z = -  .04190 
.1622

z = — .258

T able v a lu e  a t  .05 s ig n i f i c a n c e  l e v e l  = 1 .9 6  

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een  la rg e  v a lu e s  f o r  
th e  Kolm ogrov-Sm irnov T e s t I  and la rg e  d e v ia t io n s  from  A rea I I  mean 
e l e v a t i o n - r e l i e f  v a lu e .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

Correlation Test for Kolmogrov-Smirnov Values Near
Rejection Level and Large Deviations from

Area II Mean Elevation-Relief Value

Form ula f o r  Spearman rho :

r s  -  1 -
N(d2 - 1)

r s  = com puted v a lu e  to  com pare to  ta b le

D = d i f f e r e n c e  betw een ran k  one (K olm ogrov-Sm irnov V alues n e a r  
r e j e c t i o n  le v e l )  and ra n k  two ( l a r g e  d e v ia t io n s  from  A rea I I  
mean e l e v a t i o n - r e l i e f  v a lu e )

N = number in  sam ple

= 10415

N = 39

r s  = 1 -  i i ) . , (10415) ..
39(39% - 1)

= 1 - # 2 #  
r s  = -  .05414

Compute Z v a lu e  (Z = rgy  ) and compare to  Z ta b le s
S 

S

S ---------- 1
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^ "  6 .1644  

S = .16222

7 _ . 05414
^ "  " .16222

Z = -  .33374

T able v a lu e  a t  .05 s ig n i f ic a n c e  l e v e l  1 .96 

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een Kolmogrov- 
Smirnov v a lu e s  n e a r  th e  r e j e c t i o n  le v e l  and la rg e  d e v ia t io n s  o f  
e l e v a t i o n - r e l i e f  v a lu e s  from  A rea I I  mean e l e v a t i o n - r e l i e f  v a lu e .

Results: Cannot reject null hypothesis (Ho)



269

SPEARMAN RANK CORRELATION

C o r re la t io n  T e s t f o r  L arge Computed V alues 
f o r  Kolm ogrov-Sm irnov T e s t I  and L arge 

D e v ia tio n s  from  A rea I I I  Mean 
E le v a t io n - R e l ie f  V alue

Form ula f o r  Spearman rho ;

r s  = 1 ------- ------------
N(N^ - 1)

r s  = computed v a lu e  to  compare to  ta b le

D = d i f f e r e n c e  betw een ra n k  one ( la r g e  Kolm ogrov-Sm irnov v a lu e s )  
and ran k  two ( la r g e  d e v ia t io n s  from A rea I I I  mean e l e v a t io n -  
r e l i e f  r a t i o )

N = number in  sample

Zd2 = 198

N = 12

r s  = 1 -  ( 6) (198)-----
( 12) ( 12% - 1)

r s  = .3077

T ab le  v a lu e  a t  .05  s ig n i f i c a n c e  l e v e l ,  tw o - ta i le d  t e s t  = .591 

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  v a lu e s  fo r  
th e  Kolm ogrov-Sm irnov T e s t I  and la rg e  d e v ia t io n s  from  A rea I I I  mean 
e l e v a t i o n - r e l i e f  v a lu e .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

Correlation Test for Kolmogrov-Smirnov Values Near
Rejection Level and Large Deviations from

Area III Mean Elevation-Relief Value

Form ula f o r  Spearman rho :

r s  = 1 — 6ED^
N(d2 -  1)

r s  = computed v a lu e  to  compare to  ta b le

D = d if f e r e n c e  betw een ran k  one (K olm ogrov-Sm irnov v a lu e  n e a r  
r e j e c t i o n  le v e l )  and ran k  two ( la r g e  d e v ia t io n s  from  Area 
I I I  mean e l e v a t i o n - r e l i e f  v a lu e )

N = number i n  sample

S d2 = 384

N = 12

r s  = — .3426

T ab le  v a lu e  a t  .05 s ig n i f i c a n c e  l e v e l ,  tw o - ta i le d  t e s t  = .591 

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een Kolmogrov- 
Smirnov I  v a lu e s  n e a r  th e  r e j e c t i o n  l e v e l  and la rg e  d e v ia t io n s  from 
A rea I I I  mean e l e v a t i o n - r e l i e f  v a lu e .

Results: Cannot reject null hypothesis (Ho)



APPENDIX V II

SPEARMAN RANK CORRELATION--LARGE COMPUTED 

KOLMOGROV-SMIRNOV I  VALUES--BASIN AREAS



SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed V alues 
f o r  Kolmogrov-Smirnov T e s t I  and 

L arge B asin  A reas

Form ula f o r  Spearman rho ;

r s  = 1 —
6ED%

N(N^ -  1)

r s  = computed v a lu e  to  compare to  t a b le

D = d i f f e r e n c e  betw een ra n k  one ( la r g e  Kolm ogrov-Sm irnov v a lu e s )  
and ra n k  two ( la r g e  b a s in  a re a s )

N = number in  sam ple

Z tP- = 41018.59

N = 66

r s  = 1 _  (.6) (4 1 018.59).
66(662 _ 1)

24611.1_.54,
287430

r s  = .1437514

Compute Z v a lu e  (Z = ^ s /g )  and compare to  Z ta b le s  

z = f s /g

S = - p à  
V N

\ /  66 - 1

272
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1S = 8.0623 

S = .1240340

_ .1437514 
^ "  .1240340

z = 1.1589

T ab le  v a lu e  a t  .05 s ig n i f i c a n c e  le v e l  = 1 .9 6  

Ho

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  computed 
v a lu e s  f o r  K olm ogrov-Sm irnov T e s t I  and la rg e  b a s in  a r e a s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  Kolmogrov-Sm irnov V alues N ear 
S ig n if ic a n c e  L evel and L arge B as in  A reas

Form ula f o r  Spearman rho ; 

r s  = 1 —
6Ed2

N(N% - 1)

r s  = computed v a lu e  to  compare to  ta b le

D = d if f e r e n c e  betw een ran k  one (Kolm ogrov-Sm irnov v a lu e s  
n e a r  r e j e c t i o n  le v e l)  and ran k  two ( la r g e  b a s in  a re a s )

N = number in  sample

20^ = 53969.25

N = 66

r s  = 1 -  (6 )(5 3 9 6 9 .2 5 ) 
(66 )(4 3 5 6  - 1)

323815.50 
r s  = 1 -  -287430

r s  = -  .1265890

Compute Z v a lu e  (Z = ^ s /g )  and compare to  Z t a b l e s  

2 = f s / g

V  N - 1 

s  = 7 = =
- \ f  66 -  1
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1
8 .0623 

S = .1240340

. 1265890 
^ ”  .1240340

z = - 1.020

T ab le  v a lu e  a t  .05 le v e l  o f s ig n i f i c a n c e  1 .96  

Ho

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een Kolmogrov- 
Smirnov v a lu e s  n e a r  th e  s ig n i f i c a n c e  le v e l  and la rg e  b a s in  a r e a s .

Results: Cannot reject null hypothesis (Ho)



APPENDIX V III

LOG-LOG REGRESSION



LOG-LOG REGRESSION

Log-Log R e g re s s io n  E q u a tio n  

Log Y = Ag, + lo g  X 

Normal E q u a tio n s

A _ (Z lo g  Y) (Z lo g :  X) -  (E lo g  X) (g lo g  X ' lo g  Y) 
°  N(Z logZ X) -  (Z lo g  X)2

A = N(Z lo g  X ' lo g  Y) - (Z lo g  X) (Z lo g  Y) 
N (Z logZ X) -  (Z lo g  X)2
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BASIN 40
20
10

Sg .05
a  .03 
Z .02
I  .01

.005

.003

.002

.001

MEAN STREAM LENGTH
(cumulative)

MEAN STREAM LENGTH
(cumulative)



288

BASIN 41
20

.05

Z .02

005
.003
002
.001

.01 .03 .05  .1 .2 .3  .5 1 2 3 5 10

BASIN 42
20

«  .05  
m ,03

.01

.005

.003
.002
.001

MEAN STREAM LENGTH 
(cum ulativ*)

MEAN STREAM LENGTH 
(cumulativ*)

BASIN 43 BASIN 44
20
10

«  .05 
m .03  
Z .02

.005

.003

.002

.001
.01 .03.05 j  .2 4  .5 1 2 3 5 10

20
10

«  .05  
m .03 
Z .02

g .01
.005
.003
.002
.001

MEAN STREAM LENGTH
(cumulativ*)

MEAN STREAM LENGTH
(cumui*tiv*)
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BASIN 4 520

.05

z  .02

•005
.003
002
001

.01 .03.05 .1 .2.3 .5 1 2 3 5 10

BASIN 4620
10

ui

«  .05 
m .03  
Z 0 2

.005

.003
.002
.001

.01 .03.05 .1 . 2 0 . 5  1 2 3 5 10
MEAN STREAM LENGTH 

(cumulativ*)
MEAN STREAM LENGTH 

(cumulatlv*)

BASIN 4720

«  .05  
to .03  
Z .02

.005
003
.002
.001

.01 .03.05 .1 .2 3  .5 1 2 3 5 10

BASIN 4820
10

«  .05  
a  .03 
Z .02

S .01
.005
.003
.002
.001

MEAN STREAM LENGTH
(cumulative)

MEAN STREAM LENGTH
(cumulative)
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BASIN 4920

:
Ei
1 ::
z
^  .05  
“  03
z  02
2  .01

.005

.003
002
.001

.01 .03.05 .1 .2 .3  .5 1 2 3 5 10

BASIN 5020

E
f
<
UJee<
z
“  .05 
a  .03 
Z 02

i  .0.
.005
.003
.002
O01

.01 .03.05 .1 . 2 0  .5 1 2 3 5 10
MEAN STREAM LENGTH 

(cumulativ*}
MEAN STREAM LENGTH 

(cum ulativa)

BASIN 5120
10

er

«  .05  
CD .03  
Z .02
I  .01

.005

.003

.002

.001
.01 .03.05 .1 .2 O .5 1 2 3 5 10

BASIN 5 220
10

«  .05 
m .03 
Z .02

I  .01
.005
.003
.002
.001

MEAN STREAM LENGTH
(cumulatlva)

MEAN STREAM LENGTH
(cumulatlva)
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BASIN 5 3
20
10

:
E
i

i -
z 1 
5  .05  
“  03
z  02
S 01

005
.003
002
.001

.01 .03 .05 .1 .2.3 .5 1 2 3 5 10

BASIN 5 4
20
10

ffl .03

.005

.003
.002
X)01

.01 .03.05 .1 .2 .3  .5 1 2 3 5 10
MEAN STREAM  LENGTH 

(cumulât IV*)
MEAN STR EA M  LEN G TH  

(cumulative)

B A S IN  55
20

«  .05 
CQ .03 
Z .02

.005

.003

.002

.001
.01 .03.05 .1 .2 .3  .5 1 2 3 5 10

BA SIN  56
20
10

«  .05 
a  .03 
Z .02

.01
.005
.003
.002
.001

MEAN STREAM LENGTH
(cumulatlva)

MEAN STREAM LENGTH
(cumulatlva)
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BASIN 5 7
20

.05

Z  .02

0 0 5
.003
.002
.001

.01 .03 .05  .1 .2 .3  .5 1 2 3  S 10

BASIN 58
20
10

«  .05  
ea .03

UI

.005
.003
002
.001

.01 .03.05 .1 .2 .3  .5 1 2 3 5 10
MEAN STREAM LENGTH 

(cumulative)
MEAN STREAM LENGTH 

(cumulative)

BASiN 5920

«  .05 
m .03  
z  .02

.005

.003

.002

.001
01 .03.05 .1 .2 .3 .5  1 2 3 5  10

BASIN 6020
10

«  .05 
m .03 
Z .02

.01
.005
.003
.002
.001

MEAN STREAM LENGTH
(cumulative)

MEAN STREAM LENGTH
(cumulative)
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BASIN 6120

.05

Z .02

0 05
.003
■002
.001

.01 .03 .05 .1 .2.3 .5 1 2 3 5 10

BASIN 6 2
2 0
10

«  .05 ta .03

.005

.003

.002
.001

MEAN STREAM LENGTH 
(cumulative)

MEAN STREAM LENGTH 
(cum ulatlva)

BASIN 6320

«  .05  
m .03 
Z .02
I  .01

.005

.003

.002
001

.01 .03.05 .1 . 2 4  .5 1 2 3 5 10

BASIN 6420
10

lU

M .05 
O .03 
Z .02

.005

.003

.002

.001

MEAN STREAM LENGTH
(cumulative)

MEAN STREAM LENGTH
(cumulatlva)
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BASIN 65

.03 .05 .1 .2.3 .5 1 2 3 5
MEAN STREAM LENGTH 

(cumulatlva)

BASIN 6620
10

«  .05 
B> .03

.01

.005

.003

.002
.001

01 .03.05 .1 .2.3 .5 1 2 3 5 10
MEAN STREAM LENGTH 

(cumulatlva)

BASIN20

«  .05  
ffl .03  
Z .02

.005

.003

.002

.001
.01 .03.05 .1 . 2 3  .5 1 2 3 5 10

BASIN20
10

M .05 
ffl .03 
Z .02

S .01
.005
.003
.002
.001

MEAN STREAM LENGTH
(cumulative)

MEAN STREAM LENGTH
(cumulatlva)



Basin
Number

10

295

REGRESSION EQUATIONS

1 lo g  Y = - 0 .22238 + 1.83314 lo g  X

2 lo g  Y = -  0.25491 + 1.64479 lo g  X

3 lo g  Y = -  0 .20164 +  1 .62734 lo g  X

4 lo g  Y = - 0 .30196 + 1.18039 lo g  X

5 lo g  Y = - 0.17052 + 1.67454 lo g  X

6 lo g  Y = -  0 .04963 + 1.78131 lo g  X

7 lo g  Y = - 0.26056 + 1.72198 lo g  X

8 lo g  Y = -  0.26039 + 1.75552 lo g  X

9 lo g  Y = -  0 .22970 + 1 .42400 lo g  X

lo g  Y = - 0 .33825 + 1.60065 lo g  X

11 lo g  Y = - 0 .37562 + 1.31403 lo g  X

12 lo g  Y = - 0 .15144 + 1 .90304 lo g  X

13 lo g  Y = -  0 .19717 + 1 .52036 lo g  X

14 log  Y = - 0 .23660 + 1 .77828 lo g  X

15 lo g  Y = - 0 .24075 + 1.40305 lo g  X

16 lo g  Y = - 0 .21624 + 1.60306 lo g  X

17 lo g  Y = - 0.49321 + 1.08659 lo g  X

18 lo g  Y = - 0 .24820 + 1.76979 lo g  X

19 lo g  Y = - 0 .28854 + 1.34501 lo g  X

20 lo g  Y = -  0 .31230 + 1.35543 lo g  X

21 lo g  Y = - 0 .19804 + 1.91073 lo g  X

22 lo g  Y = - 0 .34324 + 0.97359 lo g  X
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Basin
Number

23 lo g  Y = - 0.33659 + 1.36235 lo g  X

24 lo g  Y = - 0.43462 + 1.40530 lo g  X

25 lo g  Y = - 0.16193 + 1.52305 lo g  X

26 lo g  Y = - 0.27466 + 1.49980 lo g  X

27 lo g  Y = - 0.54242 + 1.09616 lo g  X

28 lo g  Y = - 0.37099 + 1.43007 lo g  X

29 lo g  Y = - 0.38163 + 1.36929 lo g  X

30 lo g  Y = - 0.16884 + 1.53535 lo g  X

31 lo g  Y = - 0.40126 + 1.10255 lo g  X

32 lo g  Y = - 0.37573 + 1.52337 lo g  X

33 lo g  Y = - 0.41285 + 1.36288 lo g  X

34 lo g  Y = - 0.15083 + 1.43646 lo g  X

35 lo g  Y = - 0.39433 + 1.30924 lo g  X

36 lo g  Y = - 0.41539 + 1.27565 lo g  X

37 lo g  Y = - 0.20633 + 1.45960 lo g  X

38 lo g  Y = - 0.33748 + 1.41780 lo g  X

39 lo g  Y = - 0.18241 + 1.51134 lo g  X

40 lo g  Y = - 0.36282 + 1.22940 lo g  X

41 lo g  Y = - 0.22835 + 1.53885 lo g  X

42 lo g  Y = - 0.29663 + 1.43073 lo g  X

43 lo g  Y = - 0.21325 + 1.64795 lo g  X

44 lo g  Y = - 0.35279 + 1.36216 lo g  X
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Basin
Number

45 lo g Y = - 0.48707 + 1.36588 lo g X

46 lo g Y - 0 .13215 + 1.27049 lo g X

47 lo g Y - 0.52005 + 1.25142 lo g X

48 lo g Y - 0.32482 + 1.30747 log X

49 log Y = - 0.51044 + 1.39036 lo g X

50 lo g Y = - 0 .35118 + 1.40517 lo g X

51 lo g Y - 0 .48176 + 1.53612 lo g X

52 lo g Y - 0 .26084 + 1.31043 lo g X

53 lo g Y = - 0 .02806 + 1.57190 log X

54 log Y = - 0 .34361 + 1.52560 lo g X

55 lo g Y - 0.10925 + 2.25992 lo g X

56 log Y - 0.34312 + 1.53926 lo g X

57 lo g Y - 0.27700 + 1.53122 lo g X

58 log Y - 0 .30961 + 1.40183 lo g X

59 lo g Y - 0.28126 + 1.61169 lo g X

60 lo g Y - 0 .48984 + 1.47560 lo g X

61 lo g Y - 0.36639 + 1.53583 lo g X

62 lo g Y - 0.33323 + 1.66614 lo g X

63 lo g Y - 0 .31020 + 1.67402 lo g X

64 lo g Y - 0.11965 + 1.75679 lo g X

65 lo g Y = - 0.17660 + 1.56010 lo g X

66 lo g Y = - 0.11528 + 1.55798 lo g X



APPENDIX IX 

KOLMOGROV-SMIRNOV TEST I I



KOLMOGROV-SMIRNOV TEST II

B asin  Number Computed V alue N V alue T ab le  V alue

1 .0279 91 .06 .142

2 -  .0134 88 .80 .144

3 -  .0308 36 .65 .224

4 .0457 274.51 .082

5 .0454 75.69 .156

6 -  .0521 166.79 .105

7 - .0267 120.68 .123

8 -  .0151 108.24 .130

9 - .0087 121.07 .123

10 -  .0125 92 .90 .141

11 .0101 147.27 .112

12 .0254 98.87 .136

13 .0654 48 .0 1 .196

14 -  .0217 51.63 .189 •

15 -  .0111 135.43 .116

16 - .0222 191.94 .098

17 .0124 97 .78 .137

18 .0305 62 .58 .171

19 .0581 38 .78 .218

20 - .0151 76.84 .155

21 - .0552 71.23 .161

22 .0208 62.09 .172

299
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B asin  Number Computed V alue N Value T ab le  V alue

23 .0173 80.91 .151

24 .0631 67.37 .165

25 - .0078 138.48 .115

26 - .0210 173.04 .103

27 - .0127 91.15 .142

28 .0164 135.24 .117

29 .0486 34.97 .230

30 .0130 140.48 .114

31 - .0083 143.88 .113

32 - .0147 79.16 .152

33 .0355 169.93 .104

34 .0344 98.40 .137

35 .0670 56.49 .181

36 .0106 164.19 .106

37 - .0049 230.65 .089

38 -  .0105 101.37 .135

39 - .0419 218.54 .092

40 .0095 192.48 .098

41 -  .0110 96.32 .138

42 .0489 95.43 .139

43 .0103 94.26 .140

44 .0477 111.02 .129
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B asin  Number Computed V alue N V alue T able V alue

45 - .0186 63.09 .171

46 - .0152 143.75 .113

47 .0347 73.82 .158

48 .0640 71.59 .160

49 - .0174 65.82 .167

50 - .0103 225.79 .090

51 .0153 152.86 .110

52 .0302 97 .57 .137

53 .0112 148.06 .111

54 - .0221 97.08 .138

55 - .0136 146.93 .112

56 - .0304 98 .88 .136

57 .0153 88.89 .144

58 .0056 202.66 .095

59 .0453 81.51 .150

60 - .0364 341.55 .073

61 - .0084 126.01 .121

62 - .0100 102.82 .134

63 - .0135 144.87 .113

64 - .0078 189.46 .098

65 - .0254 193.88 .097

66 - .0065 205 .01 .095
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N v a lu e s  w ere d e te rm in e d  by th e  fo llo w in g  fo rm u la :

(nj^ + n£)

w here :

= t o t a l  o b serv ed  ch an n e ls  

r\ 2  = t o t a l  p r e d ic te d  ch an n e ls

T ab le  v a lu e  f o r  N ex ceed in g  t h i r t y - f i v e  w ere d e te rm in e d  by th e  fo llo w ­
in g  fo rm ula:

1 .3 6

- \ f T

w here :



APPENDIX X

SPEARMAN RANK CORRELATION--KOLMOGROV- 

SMIRNOV TESTS I  AND I I



SPEARMAN RANK CORRELATION

C o r re la t io n  T e s t f o r  L arge D e v ia tio n s  from  S ig n if ic a n c e  
L eve l f o r  KoIm ogrov-Sm irnov T e s ts  I  and I I

Form ula f o r  Spearman rh o :

r s  = 1 — 6ED'2
N(n2 -  1)

r s  = computed v a lu e  to  compare to  ta b le

D = d if f e r e n c e  betw een ran k  one (d e v ia t io n  o f  Kolmogrov-Smirnov 
I I  v a lu e  from  s ig n i f ic a n c e  le v e l )  and ran k  two ( d e v ia t io n  
o f  K olmogrov-Smirnov I  v a lu e  from s ig n i f i c a n c e  le v e l)

N = number in  sample

= 9992.25

N = 66

r s  = 1 _  (6 )(9 9 9 2 .2 5 )
( 66) ( 66% - 1)

r s  = I -  ^ 9 ,5 3 .50 
287430

r s  = .7914154 

Compute Z v a lu e  (Z = rg /g )  and compare to  Z ta b le s

^ = f s /g

1s  =

s =

- \ /  N -  1

1

-\/ 66 - 1

304
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S = 18.0623 

S = .1240340

2 _ .7914154 
.1240340

z = 6.3806327

T ab le  v a lu e  a t  .05 s ig n i f i c a n c e  le v e l  = 1 .9 6  

Ho

T here I s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia ­
t i o n s  from  s ig n i f ic a n c e  le v e l  f o r  K olm ogrov-Sm irnov T e s t I  and I I .

Results: Reject null hypothesis (Ho)



306

SPEARMAN RANK CORRELATION

C o r re la t io n  T e s t f o r  Sm all D e v ia tio n s  from  S ig n if ic a n c e  
L eve l f o r  KoIm ogrov-Sm irnov T e s ts  I  and I I

Form ula f o r  Spearman rho :

r s  — 1 —
6ED^

N(N% -  1)

r s  = computed v a lu e  to  compare to  ta b le

D = d i f f e r e n c e  betw een ran k  one (d e v ia t io n  o f  Kolm ogrov-Sm irnov 
I I  v a lu e  from  s ig n i f i c a n c e  le v e l )  and ra n k  two ( d e v ia t io n  o f  
K olm ogrov-Sm irnov I  v a lu e  from s ig n i f i c a n c e  le v e l )

N = number in  sam ple

Z tP- = 10038.25

N = 66

r s  = 1 -  (6 )(1 0 0 3 8 .2 5 ) 
(66 )(4 3 5 6  -  1)

_ . 60229.5
287430

r s  = .7904551

Compute Z v a lu e  (Z = ^ s /g )  and compare to  Z ta b le s  

Z = f s /g

1
S = —   —

- \ l  66 -  I
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S = 18.0623 

S = .1240340

-  .7904551 
.1240340

z = 6.3728904

T ab le  v a lu e  a t  .05 s ig n i f i c a n c e  l e v e l  = 1 .96  

Ho

T here i s  n o t  a s i g n i f i c a n t  c o r r e l a t i o n  betw een  sm all d e v ia ­
t i o n s  from s ig n i f i c a n c e  l e v e l  f o r  K olm ogrov-Sm irnov T e s ts  I  and I I .

Results: Reject null hypothesis (Ho)



APPENDIX XI

PERCENTAGE DIFFERENCE BETWEEN SUM OF OBSERVED 

AND PREDICTED CHANNELS—MANN-WHITNEY U TEST



PERCENTAGE DIFFERENCE BETWEEN SUM OF OBSERVED 
CHANNELS AND SUM OF PREDICTED CHANNELS 

FOR EACH DRAINAGE BASIN

Basin Sum o f 
O bserved

Sum o f 
P re d ic te d

P e rc e n t P re d ic te d  
D ev ia te s  

from Observed

1

2

3

4

5

6

7

8 

9

10

11

12

13

14

15

16

17

18

19

20

192

185

76

597

160

326

258

218

246

192

310

204 

90

106

274

381

205 

132

83

159

200.13

200.13

89.83

560.23  

160.26 

345.36 

305.86

211 .24

242.48

200.13

317.48  

199.50

97.57

97.57 

277.42 

374.92

200.13 

132.52

89.83  

160.26

4 .2 3  

8 .1 7

18.19

6.15

.16

5 .93

18.50

3 .10

1.43

4 .2 3

2.41  

2.20

8.41  

7 .95

1 .24  

1 .59  

2 .37

.39

8.22

.79

309
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B asin
Sum o f  

O bserved
Sum o f 

P re d ic te d
P e rc e n t  P re d ic te d  

D e v ia te s  
from  Observed

21 142 160.26 12.85

22 132 160.26 21 .40

23 172 160.26 6 .82

24 146 160.26 9 .76

25 283 277.42 1 .97

26 348 331.69 4 .6 8

27 186 189.10 1.66

28 284 277.42 2 .31

29 74 89.83 21 .39

30 287 277.42 3 .33

31 297 291 .84 1 .73

32 164 160.26 2 .2 8

33 364 347.04 4 .6 5

34 206 200.13 2 .8 4

35 125 132.52 6.01

36 341 371.25 8 .87

37 463 468 .86 1 .26

38 208 211.24 1 .55

39 419 424 .47 1 .30

40 408 394.07 3 .41

41 196 211.24 7 .77

42 205 200.13 2 .3 7
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B asin Sum o f 
O bserved

Sum o f  
P re d ic te d

P e rc e n t P re d ic te d  
D e v ia te s  

from  O bserved

43 197 200.13 1 .5 8

44 230 231.55 .67

45 132 132.52 .39

46 288 291.84 1.33

47 160 160.26 .16

48 133 132.52 .34

49 135 132.52 1 .83

50 462 468 .86 1 .91

51 318 317.48 .16

52 209 200.13 4 .2 4

53 312 317.48 1 .75

54 195 211.24 8.32

55 310 317.48 2 .4 1

56 203 211.24 4 .0 5

57 184 200.13 8 .76

58 419 394.07 5 .9 4

59 173 160.26 12.74

60 678 689.32 11.32

61 255 242.48 12.52

62 207 199.50 7 .50

63 287 291.84 4 .8 4

64 376 374.92 1 .08
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B asin Sum o f  
O bserved

Sum o f 
P re d ic te d

P e rc e n t P re d ic te d  
D e v ia te s  

from  O bserved

65 379 374.92 4 .0 8

66 408 418 .88 10.88
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FORMULA USED TO COMPUTE PERCENTAGE DIFFERENCE BETWEEN 
SUM OF OBSERVED CHANNELS AND SUM OF PREDICTED 

CHANNELS FOR EACH DRAINAGE BASIN

0 - p = d

d X 100 = d ' 
o

0 = S o f  o b serv ed  ch an n e ls  

p = S o f  p r e d ic te d  ch an n e ls  

d = d e v ia t io n  o f  p from  0 

d ' = p e rc e n t  d e v ia t io n  o f  model
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MANN-WHITNEY U TEST

P e rc e n ta g e  D if fe re n c e  Between Sum o f  O bserved C hannels 
and th e  Sum o f  th e  P re d ic te d  C hannels f o r  B as in s  

on Two L i th o s t r a t ig r a p h ic  U n its  a s  Compared 
to  Those on One L i th o s t r a t ig r a p h ic  U n it

Form ula f o r  M ann-W hitney U T e s t:

n i  (nj^ + 1)
n2 +  ~ -

n2 (n2 + 1)
U2 = n i  n2 + ---------- ^-------  " ^2

nj  ̂ = number in  sam ple one 

ri2  = number in  sam ple two

+ 1)
1) U]̂  = nj  ̂ n£ H---------------2------ “ ®-l

n^ = 22, n£ = 44 , R^ = 727

Ui = (22) (44) + (22) (22 + 1) _ ^27

Ui = 968 4 ^  -  727 
^ 2

Ui = 491

"2 (^2 + 1)
2) U2 “  n^ n2 +  g "  " “ &2

n^ = 22, n2 = 44 , R2 = 1483

U2 = (22) (44) + (4 4 ^  (44 + .1) _ 1433
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U2= 968 + - 1483

Ug = 475

3) Compute Z v a lu e  and compare to  z ta b le s

z = u

n2> (uj^ + 02 + 1) 
2

U = 491 (u se  l a r g e r  U v a lu e  from  (1) and (2) 

n i  = 22, 02 = 44

z .  491 -

A /  K221 (44)1  F22 + 44 + 11
2

Z =

- \ /  32428 

Z = .03887

T ab le  v a lu e  a t  .05 s ig n i f i c a n c e  le v e l  = 1 .9 6 ; f o r  M ann-W hitney U T e s t 
a Z t a b le  v a lu e  e q u a l to  o r  l a r g e r  th a n  1 .9 6  i s  r e q u ir e d  to  r e j e c t  
th e  n u l l  h y p o th e s is  (Ho)

Ho

T here i s  n o t a s i g n i f i c a n t  d i f f e r e n c e  betw een th e  p e rc e n t 
d e v ia t io n  o f  t o t a l  p r e d ic te d  from  t o t a l  o b serv ed  ch an n e ls  f o r  each  o f  
th e  f o r ty - f o u r  b a s in s  on one l i t h o s t r a t i g r a p h i c  u n i t  a s  compared to  
each  o f  th e  tw en ty -tw o  b a s in s  on two l i t h o s t r a t i g r a p h i c  u n i t s .

Results; Cannot reject null hypothesis (Ho)



APPENDIX X II

SPEARMAN RANK CORRELATION--PERCENT DIFFERENCE 

BETWEEN SUM OF OBSERVED AND PREDICTED



SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  P e rc e n t D e v ia tio n  o f  T o ta l  P re ­
d ic te d  C hannels from  T o ta l O bserved C hannels f o r  

Each B a s in  and D if fe re n c e  in  D ra inage  D e n s ity

Form ula f o r  Spearman rh o :

r s  = 1 -
N(N% - 1)

r s  = com puted v a lu e  to  compare to  t a b le

D = d i f f e r e n c e  betw een ra n k  v a lu e  one (p e rc e n t  d e v ia t io n  o f  t o t a l  
p r e d ic te d  from  t o t a l  o b se rv ed ) and rank  two ( d i f f e r e n c e  in  
d ra in a g e  d e n s i ty )

N = number in  sam ple

ED̂  = 1796.50

N = 22

1 (6) (1796.50)
“  "  ^ ■ ( 22) (222 _ 1)

1 10779
r: = 1 - IÔ626

r s  = -  .01439

T ab le  v a lu e  a t  .05 le v e l  o f  s ig n i f i c a n c e  N = 22 = .428 ( tw o - ta i le d  
t e s t )

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een  la rg e  d e v ia t io n s  
o f  t o t a l  p r e d ic te d  from  t o t a l  o b se rv ed  ch an n e ls  f o r  each  b a s in  and 
la rg e  d i f f e r e n c e s  in  d ra in a g e  d e n s i ty  f o r  th e  tw en ty -tw o  b a s in s  d e v e l­
oped on two l i t h o s t r a t i g r a p h i c  u n i t s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T es t f o r  P e rc e n t D e v ia tio n  o f  T o ta l  P re ­
d ic te d  C hannels from  T o ta l  O bserved C hannels f o r  

Each B asin  and D if fe re n c e  in  S tream  F requency

Form ula fo r  Spearman rho :

N(n2 - 1)

r s  = computed v a lu e  to  compare to  t a b le

D = d i f f e r e n c e  betw een ran k  v a lu e  one (p e rc e n t  d e v ia t io n  o f  t o t a l  
p r e d ic te d  from  t o t a l  o b serv ed ) and  ra n k  two ( d i f f e r e n c e  in  
s tre a m  freq u en cy )

N = number in  sam ple

ZD^ = 1946

N = 22

16),, a 94,6)
(22) (483)

r s  = 1 -  11676 
10626

r s  = - ,0988

T ab le  v a lu e  a t  .05  l e v e l  o f  s ig n i f i c a n c e  N = 22 = .428  ( tw o - ta i le d  
t e s t )

Ho

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een  la rg e  p e rc e n ta g e  
d e v ia t io n s  o f  t o t a l  p r e d ic te d  from  t o t a l  observed  c h a n n e ls  f o r  each  
b a s in  and la rg e  d i f f e r e n c e s  in  s tre a m  freq u en cy  f o r  th e  tw en ty -tw o  
b a s in s  deve lo p ed  on two l i t h o s t r a t i g r a p h i c  u n i t s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e l a t i o n  T es t  f o r  P e rc e n t  D e v ia t io n  o f  T o ta l  P re ­
d i c t e d  Channels from T o ta l  Observed Channels f o r  

Each B as in  and Large D e v ia t io n s  from Area 
I  Mean E l e v a t i o n - R e l i e f  R a t io

Formula f o r  Spearman rho;

r s  .  1 .
N(N^ -  1)

r s  = computed v a lu e  to  compare t o  t a b l e

D = d i f f e r e n c e  between ran k  one ( p e r c e n t  d e v i a t i o n  o f  t o t a l  
p r e d i c t e d  from t o t a l  observed) and ran k  two ( l a r g e  d e v ia ­
t i o n s  from Area I  mean e l e v a t i o n - r e l i e f  r a t i o )

N = number in  sample

ZD^ = 306 .50

N = 15

( 6) (306 .50)  
r s  = o

(15) (15% - 1)

, . 0  1 1839
3360

r s  = .4527

Table v a lu e  a t  .05 l e v e l  o f  s ig n i f i c a n c e  a t  N = 15 = .52 ( tw o - t a i l e d  
t e s t )

Ho

There i s  n o t  a s i g n i f i c a n t  c o r r e l a t i o n  between la rg e  p e r c e n t ­
age d e v i a t i o n s  o f  t o t a l  p r e d i c t e d  from t o t a l  observed  ch an n e ls  f o r  
each  d ra in a g e  b a s in  and l a r g e  d e v i a t io n s  from Area I  mean e l e v a t i o n -  
r e l i e f  r a t i o .

Results: Cannot reject null hypothesis (Ho)
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SPEASMAN RANK CORRELATION

C o r r e l a t i o n  T es t  f o r  P e r c e n t  D e v ia t io n  o f  T o ta l  P r e ­
d i c t e d  Channels from T o ta l  Observed Channels f o r  

Each B asin  and Large D e v ia t io n s  from Area 
I I  Mean E l e v a t i o n - R e l i e f  R a t io

Formula f o r  Spearman rho:

r s  = 1 - 6ED2

N(N^ -  1)

r s  = computed v a lu e  t o  compare t o  t a b l e

D = d i f f e r e n c e  between ran k  one (p e rc e n ta g e  d e v i a t i o n  o f  t o t a l  
p r e d ic te d  from t o t a l  obse rv ed )  and ran k  two ( l a r g e  d e v i a ­
t i o n s  from Area I I  mean e l e v a t i o n - r e l i e f  r a t i o )

N = number in  sample

Zd2 = 9450.50

N = 39

r s  = 1 -  -(6) (9450.50)
(39) (39% - 1)

r s  = 1 -  56703 
59280

r s  = .0435

Compute Z v a lu e  (Z = ^ s /g )  and compare to  Z t a b l e s  

Z . r,/g

S = ------- --

- \ /  N -  1

1
S = —

V  39 - 1
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S = .1622

Z = Æ 3 5  
.1622

Z = .2681

T able  v a lu e  a t  .05 s i g n i f i c a n c e  l e v e l  = 1 .96  

Ho

There i s  n o t  a  s i g n i f i c a n t  c o r r e l a t i o n  betw een  l a r g e  p e r c e n t ­
age d e v i a t i o n s  o f  t o t a l  p r e d i c t e d  from t o t a l  o b se rv ed  ch an n e ls  f o r  
each  d ra in a g e  b a s in  and la rg e  d e v i a t i o n s  from Area I I  mean e l e v a t i o n -  
r e l i e f  v a lu e .

Results; Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e l a t i o n  T e s t  f o r  P e rc e n t  D e v ia t io n  o f  T o ta l  P re ­
d i c t e d  Channels  from T o ta l  Observed Channels  f o r  

Each B as in  and L arge  D e v ia t io n s  from Area 
I I I  Mean E l e v a t i o n - R e l i e f  R a t io

Formula f o r  Spearman rho:

N(N% -  1)

r s  = computed v a lu e  t o  compare to  t a b l e

D = d i f f e r e n c e  between ra n k  one (p e rc e n ta g e  d e v i a t i o n  o f  t o t a l  
p r e d i c t e d  from t o t a l  observed )  and r a n k  two ( l a r g e  d e v i a ­
t i o n s  from Area I I I  mean e l e v a t i o n - r e l i e f  v a lu e )

N = number in  sample

2D^ = 398

N = 12

r s  = 1 -

r s  = 1 -

( 6) (398) 
( 12) ( 12% - 1)

2388
1716 

r s  = -  .3916

Table  v a lu e  a t  .05 s i g n i f i c a n c e  l e v e l  N = 12 = .591 

Ho

There i s  n o t  a  s i g n i f i c a n t  c o r r e l a t i o n  betw een  l a r g e  p e r c e n t ­
age d e v i a t i o n s  o f  t o t a l  p r e d i c t e d  from t o t a l  observed  ch an n e ls  f o r  
each  d ra in a g e  b a s in  and l a r g e  d e v i a t i o n s  from Area I I I  mean e l e v a t i o n -  
r e l i e f  v a lu e .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e l a t i o n  T e s t  f o r  Large D e v ia t io n s  from C i r c u l a r  
Shape (E lo n g a t io n  R a t io  Minus One) and Large 

P e rc e n t  D e v ia t io n  o f  T o ta l  P r e d ic t e d  
Channels from T o ta l  Observed 

Channels f o r  Each B asin

Formula f o r  Spearman rho:

N(N% - 1)

r s  = computed v a lu e  to  compare t o  t a b l e

D = d i f f e r e n c e  between ra n k  one (p e rc e n ta g e  d e v i a t i o n  o f  t o t a l  
p r e d i c t e d  from t o t a l  observed )  and ran k  two ( l a r g e  d e v ia ­
t i o n s  from c i r c u l a r  shape , e l o n g a t io n  r a t i o  minus one)

N = number i n  sample

ZJp- = 36899.5

N = 66

r s  = 1 -  ( 36899.5)
(66) ( 66% - 1)

r s  = 1 221397
287430 

r s  = .229736

Compute Z v a lu e  (Z = ’̂ s/g) and compare t o  Z t a b l e s  

Z = f s / g

66 - 1
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S = 1
8.0623 

S = .1240340

Z -  .229736 
.1240340

Z = 1.8522

T able  v a lu e  a t  .05 s i g n i f i c a n c e  l e v e l  = 1 .96  

Ho

There i s  n o t  a s i g n i f i c a n t  c o r r e l a t i o n  between l a r g e  d e v ia ­
t i o n s  from c i r c u l a r  shape (computed v a lu e  f o r  e lo n g a t io n  r a t i o  minus 
one) and l a r g e  p e rc e n ta g e  d e v i a t i o n s  o f  t o t a l  p r e d i c t e d  from t o t a l  
o bse rved  c h an n e ls  f o r  each  d ra in a g e  b a s in .

Results: Cannot reject null hypothesis (Ho)



APPENDIX X II I

REGRESSION SLOPE ANALYSIS



-  ni (ni - 1)

2 , H  ^  7 i ) ^  - (2 log  y i )2
2) s2 log  y i  = --------------------( ;  - 1 ) ---------- —

n i  - 1
3) S log  Yi/X = _ 2 (S log  Yi - b|s^jj.i)

n -  2 lo g  Yi/X + (n2 -  2) S ' lo g  yp/X
4) S '^ lo g  y/X =

FORMULA FOR REGRESSION SLOPE ANALYSIS 

n i  ( S x f )  -  (E X i)2

n i  + n£ ” 4

5) s ' 2 b i  = - S- 1  io g . .y /x
( n i  -  1) (SX|)

b i - b2 = ®t»i + ^b2

"bg7 ) ' \ J  SiL̂  + s i ?

b i  - b£
8) t  =

X = s tream  o rd e r

y = number o f  ch an n e ls  p e r  o rd e r

b i  = s lo p e  v a lu e  f o r  observed  d a ta  r e g r e s s io n  l i n e

b£ = s lo p e  v a lu e  f o r  p r e d ic te d  d a ta  r e g r e s s io n  l i n e

Compare computed v a lu e  t o  t  t a b l e

Degrees o f  freedom = n i  + Ug - 4
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TEST FOR SIGNIFICANT DIFFERENCE 
REGRESSION SLOPE VALUES
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D rainage
B as in

Computed
Value

D ra inage
B as in

Computed
Value

1 -  .00492 22 - .00829

2 - .03146 23 - .07370

3 - .02408 24 -  .02367

4 - .01758 25 - .01929

5 -  .04655 26 -  .01736

6 -  .00100 27 -  .05178

7 -  .01317 28 -  .01882

8 -  .01790 29 - .01106

9 - .01276 30 - .00095

10 -  .03431 31 - .03632

11 -  .02873 32 - .05984

12 -  .01662 33 -  .01706

13 -  .04466 34 -  .01985

14 -  .12509 35 -  .05655

15 -  .01311 36 -  .01879

16 -  .01075 37 .00405

17 -  .04865 38 -  .00790

18 -  .07500 39 .01721

19 -  .07347 40 -  .02614

20 -  .05212 41 .00420

21 -  .02750 42 - .04176
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D rainage
B asin

Computed
Value

D rainage
B asin

Computed
Value

43 - .04078 55 -  .02824

44 .01145 56 -  .03571

45 -  .07796 57 .00512

46 -  .00763 58 -  .01200

47 -  .05585 59 -  .06564

48 - .06873 60 -  .01803

49 - .08535 61 -  .02141

50 -  .02641 62 -  .02130

51 -  .01055 63 .01092

52 - .05102 64 .00975

53 -  .02957 65 .00494

54 .00972 66 .01422

T ab le  v a lu e  a t .05 co n f id e n c e  l e v e l = 3 .707

Ho

For each drainage basin there Is not a significant difference 
between the slope of the regression line for the observed data and the 
slope of the regression line for the predicted data.

Results: For each of the sixty-six drainage basins the null hypothesis
(Ho) cannot be rejected.
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BASIN BIFURCATION RATIOS 

(Antilog of b Value of Regression Line)

D rainage
B as in

Observed
B i f u r c a t i o n

R a t io

P r e d ic t e d
B i f u r c a t i o n

R a t io

1 3 .47 3 .45

2 3 .6 0 3 .45

3 2 .71 2.68

4 4 .7 9 4 .59

5 3.39 3.21

6 4 .0 9 4 .0 8

7 3 .97 3.88

8 3.61 3.52

9 3 .73 3 .66

10 3 .61 3 .45

11 4 .1 7 3 .96

12 3 .51 3 .44

13 2 .82 2 .75

14 3 .0 0 2 .75

15 3 .87 3.79

16 4 ,2 7 4 .1 7

17 3.69 3.45

18 3.22 3 .00

19 2 .79 2.68

20 3 .41 3.21
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D rainage
B asin

Observed
B i f u r c a t io n

R a t io

P r e d ic t e d
B i f u r c a t io n

R a t io

21 3 .31 3 .21

22 3 .24 3.21

23 3 .51 3 .21

24 3 .3 0 3.21

25 3 .91 3.79

26 4 .1 6 4 .03

27 3 .5 9 3.35

28 3 .91 3.79

29 2 .69 2.68

30 3 .79 3.79

31 4 .1 3 3.87

32 3 .44 3.21

33 4 .1 8 4 .05

34 3 .5 4 3.61

35 3 .16 3 .00

36 4 .2 8 4 .12

37 4 .3 8 4 .42

38 3 ,56 3.52

39 4 .0 3 4 .1 7

40 4 .5 3 4 .2 8

41 3 .5 0 3.52
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D rainage
B asin

Observed
B i f u r c a t i o n

R a t io

P r e d ic t e d
B i f u r c a t i o n

R a t io

42 3 .6 5 3 .45

43 3 .65 3.45

44 3.52 3 .57

45 3 .23 3 .00

46 3.92 3 .87

47 3 .43 3 .2 1

48 3 .2 0 3 .0 0

49 3 .2 6 3 ,0 0

50 4 ,7 0 4 .42

51 4 ,0 3 3 .9 6

52 3 .7 0 3 ,45

53 4 ,1 8 3 .9 6

54 3 .4 8 3.52

55 4 .1 7 3 .96

56 3 .71 3.52

57 3.42 3 .45

58 4 .3 9 4 .2 8

59 3 .47 3 .21

60 5 .29 5.02

61 3 .7 8 3 .66

62 3 .53 3 .44
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D rainage
B asin

Observed
B i f u r c a t i o n

R a t io

P r e d ic t e d
B i f u r c a t i o n

R a t io

63 3 .8 0 3 .87

64 4 .0 9 4 .1 7

65 4 .1 3 4 .1 7

66 4 .1 3 4 .2 5
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BIFURCATION RATIOS

B as in  Number 1 B as in  Number 2

B i f u r c a t i o n R a t io B i f u r c a t io n R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
3 .89 4 .1 3 3.26 4 .1 3

2 2
5 .28 4 .3 9 5 .85 4 .5 9

3 3
2 .33 2 .2 8 3 .50 2 .2 8

4 4
3 .0 0 3 .48 2.00 3 .4 8

5 5 -■

B as in  Number 3 Basin Number 4

B i f u r c a t i o n  R a t io B i f u r c a t i o n R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
3 .25 2.66 6.51 7 .46

2 2
3 .20 2 .6 5 5 .5 0 4 .6 4

3 3
2 .5 0 2 .2 8 4 .6 6 3 .9 6

4 4
2.00 3 .48 3 .0 0 3 .48

5 5
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-Basin Number 5 Basin Number 6

B i f u r c a t i o n R a t io B i f u r c a t i o n  R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
4 .5 1 4 .0 6 3 .12 3 .45

2 2
3 .37 3 .66 4 .3 5 3 .76

3 3
4 .0 0 2 .2 8 5 .66 5 .51

4 4
2.00 3 .48 3 .0 0 3 .48

5 5

B as in  Number 7 Basin Number 8

B i f u r c a t i o n R a t io B i f u r c a t i o n  R a t io

O rder Observed P r e d i c t e d Order Observed P r e d ic t e d

1 1
3 .86 5 .67 3 .31 3 .33

2 2
7 .28 5.52 4 .2 7 4 .3 7

3 3
3 .5 0 2 .28 3 .6 6 2 .97

4 4
2.00 3 .48 3 .0 0 3 .48

5 5
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Basin Number 9 Basin Number 10

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed - Predicted

1 1
3.89 4 .0 2 3 .7 3 4 .13

2 2
3.91 4 .3 7 4 .2 2 4 .59

3 3
4 .0 0 2 .97 4 .5 0 2 .28

4 4
3 .00 3 .48 2 .00 3 .48

5 5

B asin  Number 11 B asin  Number 12

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
4 .3 0 4 .6 8 4 .1 3 3 .96

2 2
5 .60 5 .14 3 .7 0 3 .59

3 3
5 .0 0 2.97 3 .33 2 .97

4 4
2.00 3 .48 3 .0 0 3 .48

5 5
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Basin Number 13 Basin Number 14

B i f u r c a t i o n R a t io B i f u r c a t io n R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
4 .4 0 3 .02 3 .36 3 .02

2 2
2 .5 0 2 .6 5 3 .14 2 .6 5

3 3
3 .3 0 2 .2 8 3 .5 0 2 .2 8

4 4
2.00 3 .48 2.00 3 ,48

5 5

B as in  Number 15 B as in  Number 16

B i f u r c a t i o n R a t io B i f u r c a t i o n  R a t io

Order Observed P r e d ic t e d Order Observed P r e d ic te d

1 1
3 .6 0 4 .7 9 3.85 3 .86

2 2
4 .6 6 4 .3 7 4 .1 1 3 .76

3 3
4 .0 0 2 .97 6.00 5 .51

4 4
3 ,0 0 3 .48 3 .00 3 .4 8

5 5
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B asin  Number 17 B as in  Number 18

B i f u r c a t i o n  R a t io B i f u r c a t i o n  R a t io

Order Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
3 .85 4 .1 3 3 .73 4 .6 8

2 2
5 .00 4 .5 9 4 .3 3 2 .6 5

3 3
4 .0 0 2 .2 8 3 .0 0 2 .2 8

4 4
2.00 3 .4 8 2,00 3 .4 8

5 5

B as in  Number 19 B as in  Number 20

B i f u r c a t i o n  R a t io B i f u r c a t i o n  R a t io

O rder Observed P r e d i c t e d O rder Observed P r e d ic t e d

1 1
3 .75 2.66 3.62 4 .0 6

2 2
4 .0 0 2 .6 5 4 .0 0 3.66

3 3
2.00 2 .2 8 4 .0 0 2 .2 8

4 4
2.00 3 .4 8 2.00 3 .4 8

5 5
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Basin Number 21 Basin Number 22

B i f u r c a t i o n R a t io B i f u r c a t i o n R a t io

Order Observed P r e d i c t e d O rder Observed P r e d ic t e d

1 1
2 .51 4 .0 6 3 .42 4 .0 6

2 2
4 .1 1 3 .6 6 5 .6 0 3 .6 6

3 3
4 .5 0 2 .2 8 2 .5 0 2 .28

4 4
2.00 3 .48 2.00 3 .48

5 5

B a s in  Number 23 B as in  Number 24

B i f u r c a t i o n  R a t io B i f u r c a t i o n R a t io

O rder Observed P r e d i c t e d O rder Observed P r e d ic t e d

1 1
3 .65 4 .0 6 4 .7 0 4 .0 6

2 2
5 .83 3 .66 4 .0 0 3 .66

3 3
3 .0 0 2 .2 8 3 .0 0 2 .28

4 4
2.00 3 .4 8 2.00 3 .48

5 5
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Basin Number 25 Basin Number 26

B i f u r c a t io n R a t io B i f u r c a t i o n R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
3 .70 4 .7 9 3 .6 4 3.89

2 2
5 .18 4 .3 7 5 .07 4 .6 4

3 3
3 .6 6 2 .9 7 4 .6 6 3 .96

4 4
3 .0 0 3 .48 3 .0 0 3 .48

5 5

B as in  Number 27 B as in  Number 28

B i f u r c a t io n R a t io B i f u r c a t i o n R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic te d

1 1
3 .35 5 .0 5 4 .1 1 4 .79

2 2
4 .4 4 3 .6 6 5 .8 8 4 .37

3 3
4 .5 0 2 .2 8 3 .0 0 2 .97

4 4
2.00 3 .4 8 3 .0 0 3 .48

5 5
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Basin Number 29 Basin Number 30

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
3 .46 2,66 4 .0 9 4 .79

2 2
3 .75 2 .65 4 .4 1 4 .3 7

3 3
2.00 2 .28 3 .0 0 2 .97

4 4
2.00 3 .48 4 .0 0 3 .48

5 5

B as in  Number 31 B asin  Number 32

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
3 .87 3 .86 3.63 4 .0 6

2 2
5 .27 4 .07 4 .12 3 .66

3 3
5 .50 3 .96 4 .0 0 2 .2 8

4 4
2.00 3 .48 2.00 3 .48

5 5
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Basin Number 33 Basin Number 34

B i f u r c a t i o n  R a t io B i f u r c a t i o n R a t io

Order Observed P r e d ic t e d O rder Observed P r e d ic te d

1 1
5 .03 5 ,2 4 3 .9 7 4 .1 3

2 2
5 .80 5 .1 4 4 .8 7 4 .5 9

3 3
3 .33 2 .97 2.66 2 .2 8

4 4
3 ,0 0 3 ,48 3 .0 0 3 .48

5 5

B asin  Number 35 B asin  Number 36

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
4 .3 6 4 .6 8 4 .6 0 5 .27

2 2
5 .5 0 2 .65 4 .4 6 4 .0 7

3 3
2.00 2 .28 6 .5 0 3 .9 6

4 4
2.00 3 .48 2.00 3 .48

5 5
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Basin Number 37 Basin Number 38

B i f u r c a t i o n R a t io B i f u r c a t i o n  R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
4 .3 0 5 .1 6 3 .53 3 .3 3

2 2
4 .6 1 3 ,7 6 4 .7 7 4 ,3 7

3 3
4 .5 0 5 .51 3 .0 0 2 .9 7

4 4
4 ,0 0 3 .4 8 3 .0 0 . 3 .4 8

5 5

B as in  Number 39 B as in  Number 40

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
3 .27 3 .01 4 ,6 2 3 ,66

2 2
4 .1 3 4 .6 8 6.36 7.86

3 3
3 .14 3 .8 5 5 .5 0 2 .9 7

4 4
7.00 5 .4 7 2.00 3 .4 8

5 5
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Basin Number 41 Basin Number 42

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
3 .25 3.33 4 ,8 7 4 ,1 3

2 2
4 .7 7 4 ,3 7 4 .1 2 4 ,59

3 3
3 .0 0 2 ,9 7 4 ,0 0 2 ,2 8

4 4
3 ,0 0 3 ,4 8 2,00 3 ,4 8

5 5

B as in  Number 43 B as in  Number 44

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
3 .76 4 ,1 3 4 .6 3 4 ,8 2

2 2
4 .8 7 4 .5 9 3 ,45 3 ,59

3 3
4 .0 0 2 ,2 8 2 .75 2 ,97

4 4
2,00 3 .4 8 4 ,0 0 3 ,4 8

5 5
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Basin Number 45 Basin Number 46

B i f u r c a t i o n R a t io B i f u r c a t i o n  R a t io

O rder Observed P r e d ic t e d Order Observed P r e d ic t e d

1 1
3 .39 4 .6 8 3 .65 3 .86

2 2
4 .6 6 2 .65 4 .1 4 4 .07

3 3
3 .0 0 2 .28 4 .6 6 3 .9 6

4 4
2.00 3 .48 3 .0 0 3 .48

5 5

B as in  Number 47 B as in  Number 48

B i f u r c a t i o n R a t io B i f u r c a t i o n R a t io

Order Observed P r e d ic t e d Order Observed P r e d ic t e d

1 1
3 .90 4 .0 6 4 .6 3 4 .6 8

2 2
6.20 3 .66 3 .6 6 2 .65

3 3
2 .5 0 2 .2 8 3 .0 0 2 .2 8

4 4
2.00 3 .48 2.00 3 .48

5 5
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B a s in  Number 49 B asin  Number 50

B i f u r c a t i o n  R a t io B i f u r c a t i o n  R a t io

O rder Observed P r e d ic te d O rder Observed P r e d ic t e d

1 1
3 .03  4 .68 4 .4 0 5 .16

2 2
4 .4 2  2 .65 5 .12 3 .76

3 3
3 .5 0  2 .28 8.00 5.51

4 4
2 .0 0  3 .48 2.00 3 .48

5 5

B as in  Number 51 B asin  Number 52

B i f u r c a t i o n  R a t io B i f u r c a t i o n  R a t io

Order Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
4 .3 1  4 .68 4 .2 3 4 .13

2 2
5 .18  5 .14 5 .42 4 .59

3 3
3 .66  2 .97 3 .5 0 2.28

4 4
3 .0 0  3 .48 2.00 3 .48

5 5
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Basin Number 53 Basin Number 54

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
4 .33 4 .6 8 3 .13 3 .33

2 2
5 .60 5 .14 3 .9 0 4 .3 7

3 3
5 .00 2 .97 3.66 2 .97

4 4
2.00 3 .48 3 .0 0 3 .4 8

5 5

B as in  Number 55 B as in  Number 56

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

1 1
4 .4 0 4 .6 8 3 .00 3 .33

2 2
5.50 5 .14 6.00 4 .3 7

3 3
5 .00 2 .97 4 .0 0 2 .97

4 4
2.00 3 .48 2.00 3 .48

5 5
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Basin Number 57 Basin Number 58

B i f u r c a t i o n R a t io B i f u r c a t i o n R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
3 .64 4 .1 3 4 .3 6 3 .6 6

2 2
4 .6 2 4 .5 9 5 .76 7 .86

3 3
2.66 2 .2 8 4 .3 3 2 .97

4 4
3 .00 3 .4 8 3 .0 0 3 .4 8

5 5

B as in  Number 59 B as in  Number 60

B i f u r c a t i o n R a t io B i f u r c a t i o n R a t io

Order Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
4 .5 8 4 .0 6 4 .2 5 4 .6 0

2 2
3.62 3 .6 6 5.16 6.18

3 3
4 .0 0 2 .2 8 12.00 5 ,51

4 4
2.00 3 .48 2.00 3 .4 8

5 5
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Basin Number 61 Basin Number 62

Bifurcation Ratio Bifurcation Ratio
Order Observed Predicted Order Observed Predicted

I 1
3 .68 4 .0 2 3 .65 3 .9 6

2 2
4 .2 5 4 .3 7 3 .41 3 .59

3 3
4 .0 0 2 .9 7 4 .0 0 2 .9 7

4 4
3 .0 0 3 .4 8 3 .0 0 3 .4 8

5 5

B as in  Number 63 B as in  Number 64

B i f u r c a t i o n R a t io B i f u r c a t i o n R a t io

O rder Observed P r e d ic t e d O rder Observed P r e d ic t e d

1 1
3.52 3 .8 6 4 .3 1 3 .8 6

2 2
3.93 4 .0 7 3 .3 0 3 .7 6

3 3
3 .75 3 .9 6 5 .0 0 5 .51

4 4
4 .0 0 3 .4 8 4 .0 0 3 .4 8

5 5



349

B asin  Number 65 B as in  Number 66

B if u r c a t io n  R a tio B if u r c a t io n  R a tio

O rder O bserved P re d ic te d O rder Observed P re d ic te d

1 1
3 .6 5 3 .8 6 3 ,93 3 .01

2 2
3 .8 0 3 .7 6 4 .5 8 5 .98

3 3
5 .0 0 5 .51 3 .4 0 3 .6 6

4 4
4 .0 0 3 .4 8 5 .0 0 4 .51

5 5



APPENDIX XIV

SPEARMAN RANK CORRELATION--COMPUTED VALUES 

FOR REGRESSION SLOPE ANALYSIS



SPEARMAN RANK CORRELATION

C o r re la t io n  T e s t f o r  L arge Computed V alues f o r  
R e g re ss io n  S lope A n a ly s is  and L arge D i f f e r ­

ences  in  D ra inage  D en s ity  f o r  Those B as in s  
on Two L i th o s t r a t ig r a p h ic  U n its

Form ula f o r  Spearman rho :

r s  = 1 -------^ -----
N(N^ - 1)

r s  = computed v a lu e  t o  compare to  t a b le

D = d if f e r e n c e  betw een ran k  one (com puted v a lu e  f o r  r e g re s s io n  
s lo p e  a n a ly s i s )  and ran k  two ( d i f f e r e n c e  in  d ra in a g e  d e n s ity )

N = number in  sam ple

Zd2 = 1575.50

N = 22

r s  = 1 -  ( 6) (1575 .50)
(22) (22% - 1)

r s  = .1104

T ab le  v a lu e  a t  .05  l e v e l  o f  s ig n i f ic a n c e  N = 22 = .428 ( tw o - ta i le d  
t e s t )

Ho

F or th e  tw en ty -tw o  d ra in a g e  b a s in s  on two l i t h o s t r a t i g r a p h i c  
u n i t s ,  th e r e  i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d i f f e r ­
ences in  d ra in a g e  d e n s i ty  and la rg e  computed v a lu e s  f o r  th e  r e g re s s io n  
a n a l y s i s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed V alues f o r  
R e g re ss io n  S lope A n a ly s is  and L arge D i f f e r ­

e n ces  in  S tream  Frequency  f o r  Those B asin s  
on Two L i th o s t r a t i g r a p h ic  U n its

Form ula f o r  Spearman rho : 

r s . l -
N(Nf2 -  1)

r s  = computed v a lu e  to  compare to  t a b le

D = d i f f e r e n c e  betw een ran k  one (com puted v a lu e  f o r  r e g r e s s io n
a n a ly s i s )  and ra n k  two ( d i f f e r e n c e  in  s tream  freq u en cy )

N = number in  sample

ZD^ = 1349

N = 22

r s  = 1 -  ■ (6 ) .J 1 3 4 9 :L _

r s  = 1 -

(22) (22% - 1) 

8094
10626 

r s  = .2383

T able v a lu e  a t  .05 le v e l  o f  s ig n i f i c a n c e  N = 22 = .428 ( tw o - ta i le d  
t e s t )

Ho

F or th e  tw en ty -tw o  d ra in a g e  b a s in s  on two l i t h o s t r a t i g r a p h i c  
u n i t s  th e r e  i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la r g e  d i f f e r ­
en ces  in  s tre a m  freq u en cy  betw een two u n i t s  in  a d ra in a g e  b a s in  and 
la rg e  computed v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a l y s i s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed V alues f o r  
R e g re s s io n  S lope A n a ly s is  and L arge 

D e v ia tio n s  f-om  A rea I  Mean 
E le v a t io n - R e l ie f  R a tio

Form ula f o r  Spearman rh o : 

6Sd2r s  = 1 -
N(N^ -  1)

r s  = computed v a lu e  to  compare to  ta b le

D = d i f f e r e n c e  betw een ran k  one (com puted v a lu e  f o r  r e g r e s s io n
a n a ly s i s )  and ran k  two ( d e v ia t io n s  from  A rea I  mean e le v a t io n -  
r e l i e f  r a t i o )

N = number in  sam ple

Zd2 = 456

N = 15

r s  = 1 -

r s  = 1 -

( 6) (456) 
(15) (152 - 1)

2736
3360 

r s  = .1857

T able v a lu e  a t  .05 l e v e l  o f  s ig n i f i c a n c e  N = 15 = .52 

Ho

There i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia ­
t io n s  from  Area I  mean e l e v a t i o n - r e l i e f  r a t i o  and la rg e  computed 
v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a l y s i s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed V alues f o r  
R e g re s s io n  S lope A n a ly s is  and L arge 

D e v ia tio n s  from A rea I I  Mean 
E le v a t lo n - R e l le f  R a tio

Form ula f o r  Spearman rho : 

r s  = 1 -
N (n 2 -  1)

r s  = com puted v a lu e  to  compare to  t a b l e

D = d i f f e r e n c e  betw een ran k  one (com puted v a lu e  f o r  r e g r e s s io n
a n a ly s i s )  and ran k  two (d e v ia t io n s  from  A rea I I  mean
e l e v a t i o n - r e l i e f  r a t i o )

N = number In  sample

2 d2 = 8716

N = 39

r s  = 1 - ...
(39) (39% -  1)

r s  = 1 -  52292 
59280

r s  = .1178

Compute Z v a lu e  (Z = ^ s /g )  and compare to  Z ta b le s  

Z = ^ s /g

Â/ irrr
s = — L
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S = .1622217

„ _ .1178813 
■ .1622217

Z = .7266

T able  v a lu e  a t  .05 s ig n i f ic a n c e  le v e l  = 1.96 

Ho

T here i s  n o t a s ig n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia ­
t i o n s  from th e  Area I I  mean e l e v a t i o n - r e l i e f  r a t i o  and la rg e  com­
p u ted  v a lu e s  f o r  the  r e g re s s io n  s lo p e  a n a ly s i s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

C o r r e la t io n  T e s t f o r  L arge Computed V alues f o r  
R e g re ss io n  S lope A n a ly s is  and L arge 

D e v ia tio n s  from  Area I I I  Mean 
E le v a t io n - R e l ie f  R a tio

Form ula f o r  Spearman rho :

r s  = 1 -
N (n 2 -  1)

r s  = computed v a lu e  to  compare to  ta b le

D = d i f f e r e n c e  betw een ran k  one (com puted v a lu e  f o r  r e g re s s io n  
a n a ly s i s )  and ran k  two (d e v ia t io n s  from A rea I I I  mean 
e l e v a t i o n - r e l i e f  r a t i o )

N = number in  sam ple

Zd2 = 410

N = 12

r s  = 1 - ____
(12) (144 -  1)

r s  = 1 - 2460 
1716

r s  = - .4335

T ab le  v a lu e  a t  .05 l e v e l  o f  s ig n i f i c a n c e  N = 12 = .591 

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een la rg e  d e v ia ­
t io n s  from A rea I I I  mean e l e v a t i o n - r e l i e f  r a t i o  and la rg e  computed 
v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a ly s i s .

Results: Cannot reject null hypothesis (Ho)
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SPEARMAN RANK CORRELATION

Correlation Test for Large Computed Values for Regres­
sion Slope Analysis and Large Deviations 

from Circular Shape (Elongation 
Ratio Minus One)

Form ula f o r  Spearman rh o : 

r s  = 1 -
N(N^ - 1)

r s  = computed v a lu e  to  compare to  t a b le

D = d if f e r e n c e  betw een ran k  one (com puted v a lu e  f o r  r e g r e s s io n  
a n a ly s i s )  and ran k  two (d e v ia t io n s  from c i r c u l a r  sh ape , 
e lo n g a tio n  r a t i o  minus one)

N = number in  sam ple

Z tP- = 48444.71

N = 66

r s  = 1 - ( 6) (48444 .71)
( 66) (662 _ 1)

r s  = 1 - 290668.26 
287430

r s  = - ,0112

Compute Z value (Z = ŝ/g) and compare to Z tables 

Z = fs/g

V  N - 1 

1
^ ^ r~~—  "V  66 - ]
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S = ,1240340

2 _ .  .0112662 
.1240340

Z = - .0908

T able v a lu e  a t  .05 s ig n i f i c a n c e  l e v e l  = 1 .9 6  

Ho

T here i s  n o t a s i g n i f i c a n t  c o r r e l a t i o n  betw een  la r g e  d e v ia ­
t io n s  from c i r c u l a r  shape a s  m easured by th e  e lo n g a t io n  r a t i o  and 
la rg e  v a lu e s  f o r  th e  r e g r e s s io n  s lo p e  a n a l y s i s .

Results: Cannot reject null hypothesis (Ho)
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