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CHAPTER I 

INTRODUCTION

The p o p u la t io n  o f  c i t i e s  i n  t h e  U n i te d  S t a t e s  s i n c e  

W orld War I I  has  been  s t e a d i l y  s h i f t i n g  away from  c i t y  c e n t e r s  

and i n c r e a s i n g  a t  t h e  p e r i p h e r i e s  (B lu m e n fe ld ,  1954, 1959; 

Boyce, 1966; N ew ling , 1 9 6 9 ) .  P e r i p h e r a l  g row th  w i l l  c o n s t i 

t u t e  t h e  dom inant form o f  f u t u r e  u rb a n  p o p u l a t i o n  e x p a n s io n ,  

o b s c u r in g  th e  g row th  a t t r i b u t a b l e  t o  new c i t i e s  and  s a t e l l i t e  

com m unitie s  (Downs, 1 9 7 0 ) .

A n a ly se s  o f  g row th  in  p e r i p h e r a l  a r e a s  h a s  b e en  u n d e r 

ta k e n  by s e v e r a l  s c h o l a r s .  None, how ever, h a s  a t t e m p te d  t o  

a s s o c i a t e  t h e  g row th  w i th  t h e  a m e n i t i e s  r e l a t e d  t o  t h e  e x t e n 

s i o n  o f  c i t y  p o l i t i c a l  b o u n d a r i e s .  T h is  new a p p ro a c h  t o  t h e  

a n a l y s i s  o f  p e r i p h e r a l  g row th  i s  u n d e r ta k e n  i n  t h i s  r e s e a r c h .

The h o r i z o n t a l  g row th  o f  c i t i e s  h as  b een  a n a ly z e d  by 

s o c i a l  s c i e n t i s t s  o f  v a r i o u s  d i s c i p l i n e s .  G e o g rap h ic  and 

k in d r e d  l i t e r a t u r e  d e s c r i b i n g  u rb a n  s p a t i a l  g row th  h as  been  

co n c e rn e d  w i th  t h r e e  g e n e r a l  a r e a s ;  l a n d  v a l u e s , ^  t h e  d e c i s i o n

I p o r  exam p le ,  A lonso , W. "A Theory  o f  t h e  Urban Land 
M a rk e t ."  P a p e rs  and  P r o c e e d in g s  o f  t h e  R e g io n a l  S c ie n c e  
A s s o c i a t i o n , 1960, 6 ,  149 -158 ; A lo n so ,  W. L o c a t io n  and Land 
Use, Toward a  G e n e ra l  Theory  o f  Land R e n t . Cam bridge: 
H a rv a rd  U n i v e r s i t y  P r e s s ,  1964; C a s e t t i ,  E. " E q u i l i b r iu m  
Land V a lu es  and P o p u la t io n  D e n s i t i e s  in  an Urban S e t t i n g . "  
Economic G eo g rap h y , 1971, 4 7 , 15-20 ; C a s e t t i ,  E. "Urban Land 
V alue  F u n c t io n s ;  E q u i l ib r iu m  V e rsu s  O p t i m a l i t y . "  Economic 
G eo g rap h y , 1973, 49 , 357=365; Muth, R. F. "Economic Change
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m aking p r o c e s s , ^  and so c io e c o n o m ic  c h a r a c t e r i s t i c s  o f  f r i n g e  

r e s i d e n t s . ^

In  a d d i t i o n  to  t h e s e  t h r e e  a r e a s ,  a n o th e r  a s p e c t  h a s  

been  u rb a n  p o l i c i e s  t h a t  c o n t r i b u t e  t o  t h e  e x t e n s i o n  o f  

p o l i t i c a l  l i m i t s .  C o n tin u e d  u rb an  s p ra w l^  has  commonly

and R u ra l-U rb a n  Land Use C o n v e r s io n s ."  E c o n o m e t r i c a , 1961,
2 9 , 1 -2 4 ;  Muth, R. F. "The S p a t i a l  S t r u c t u r e  o f  t h e  H ousing  
M a rk e t ."  P a p e r s  and P r o c e e d in g s  o f  t h e  R e g io n a l  S c ie n c e  
A s s o c i a t i o n . 1961a, 7, 207 -220 ; Muth, R. F. C i t i e s  and 
H o u sin g , t h e  S p a t i a l  P a t t e r n  o f  Urban R e s i d e n t i a l  Land U se . 
C h icago : The U n i v e r s i t y  o f  C h icago  P r e s s ,  1969; Wingo, L . ,
J r .  T r a n s p o r t a t i o n  and Urban L an d . W ash in g to n ,  D .C . : 
R e so u rc e s  f o r  t h e  F u t u r e ,  I n c . ,  1961.

^ F o r  ex am p le ,  C hap in , F. S . ,  J r . ,  and W eiss ,  S. F. 
F a c t o r s  I n f l u e n c i n g  Land D ev e lo p m en t. C h ap e l  H i l l :  U n iv e r 
s i t y  o f  N o rth  C a r o l i n a ,  1962; C hap in , F. S . ,  J r . ,  D o n n e l ly ,
T. G . , and  W eiss ,  S. F. "A Model f o r  S im u la t i n g  R e s i d e n t i a l  
D ev e lo p m e n t ."  J o u r n a l  o f  th e  A m erican I n s t i t u t e  o f  P l a n n e r s , 
1965, 21 , 1 2 0 -1 2 5 ;  D o n n e l ly ,  T. G . , C h ap in ,  F. S . ,  J r . ,  and 
W eiss ,  S. F. A P r o b a b i l i s t i c  Model f o r  R e s i d e n t i a l  G row th . 
C hape l H i l l :  U n i v e r s i t y  o f  N o rth  C a r o l i n a ,  1964.

^F or ex am p le ,  B e e g le ,  J .  A. " C h a r a c t e r i s t i c s  o f  
M ic h i g a n 's  F r in g e  P o p u l a t i o n . "  R u ra l  S o c i o l o g y , 1947, 12, 
25 4 -2 6 3 ; B l i z z a r d ,  S. W. " R e se a rc h  on th e  R u ra l-U rb a n  
F r i n g e . "  S o c io lo g y  and S o c i a l  R e s e a r c h , 1954, 38, 143-149 ; 
Duncan, 0 .  D. and  R e i s s ,  A. J .  "S u b u rb s  and U rban F r i n g e , "  
and  " R u ra l  Urban F r in g e "  i n  S o c i a l  C h a r a c t e r i s t i c s  o f  Urban 
and  R u ra l  C om m unities , 195 0 . New Y ork: John  W iley and S ons ,
1956; G i s t ,  N. P . " E c o lo g ic a l  D e c e n t r a l i z a t i o n  and R u r a l -  
Urban R e l a t i o n s h i p s . "  R u ra l  S o c i o l o g y , 1952, 17, 328 -335 ; 
J a c o ,  E. G. and B e lk n a p ,  I .  " I s  a  New F am ily  Em erging in  t h e  
Urban F r in g e ? "  A m erican S o c i o l o g i c a l  R ev iew , 1953, 18 , 551- 
557; J o h n s to n ,  R. F. "The P o p u l a t i o n  C h a r a c t e r i s t i c s  o f  t h e  
Urban F r i n g e ;  A Review and E x am p le ."  A u s t r a l i a n  and  New 
Z e a la n d  J o u r n a l  o f  S o c io lo g y , 1966, 2 , 7 0 -9 3 ;  M a r t in ,  W. T.
"A C o n s i d e r a t i o n  o f  D i f f e r e n c e s  in  t h e  E x t e n t  and  L o c a t io n  
o f  t h e  Form al A s s o c i a t i o n a l  A c t i v i t i e s  o f  R u ra l -U rb a n  F r in g e  
R e s i d e n t s . "  A m erican S o c i o l o g i c a l  R eview , 1952, 17, 6 8 7 -6 9 4 ; 
M a r t in ,  W. T. "Some S o c i o - P s y c h o l o g i c a l  A sp e c ts  o f  A d ju s t 
ment t o  R e s i d e n t i a l  L o c a t io n  i n  t h e  R u ra l-U rb a n  F r i n g e . "  
A m erican  S o c i o l o g i c a l  R ev iew , 1953, 18, 2 4 8 -2 5 3 .

4 s e e  A ppendix  A f o r  a  d e f i n i t i o n  o f  t h i s  te rm .
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c r e a t e d  a s i t u a t i o n  w here  t h e  g e o g r a p h ic  c i t y ^  e x te n d s  beyond 

th e  p o l i t i c a l  c i t y .®  However, i n  o t h e r  a r e a s ,  p r e d o m in a te ly  

i n  t h e  Sou th  and W est, u rb a n  gov e rn m en ts  h ave  a t t e m p te d  to  

e l i m i n a t e  s p ra w l  by c o n t i n u a l l y  e x te n d in g  t h e i r  b o u n d a r ie s  

th ro u g h  a n n e x a t io n .  E x t e n s iv e  a n n e x a t io n  p re d o m in a te s  i n  t h e  

West and Sou th  w here  c i t i e s  a r e  few and s c a t t e r e d ;  w h e rea s  in  

t h e  o l d e r ,  more d e n s e ly  s e t t l e d  N o r th e a s t  t h e  d i s t a n c e  b e 

tw een c i t i e s  i s  s m a l l e r  and t h e r e  i s  l i t t l e  room f o r  ex p an s io n . 

In  a d d i t i o n .  S o u th e rn  and W este rn  c i t i e s  a r e  g e n e r a l l y  n o t  

e n c i r c l e d  by i n c o r p o r a t e d  m u n i c i p a l i t i e s ,  and  c o n s e q u e n t ly ,  

p o l i t i c a l  b a r r i e r s  t o  e x p a n s io n  a r e  a b s e n t .  L e n ie n t  an n ex a 

t i o n  s t a t u t e s  have  a l s o  c o n t r i b u t e d  t o  t h e  common p r a c t i c e  o f  

a n n e x in g  t o  e x te n d  p o l i t i c a l  b o u n d a r ie s  i n  t h e  S o u th  and  West 

(B rom ley & S m ith , 1 9 7 3 ) .

The s p a t i a l  a s p e c t s  o f  a n n e x a t io n  may a p p e a r  c o n s t a n t ;  

how ever, two f u n c t i o n a l  t y p e s  o f  u rb a n  p o l i t i c a l  b o u n d ary  

e x p a n s io n  can  be  i d e n t i f i e d .  The f i r s t  o c c u r s  w here  an u rb a n  

governm ent e x te n d s  i t s  b o r d e r s  t o  i n c o r p o r a t e  g ro w th  t h a t  h as  

e x te n d e d  beyond  e s t a b l i s h e d  p o l i t i c a l  l i m i t s .  The s ec o n d  

ty p e  o c c u r s  i n  c i t i e s  w here  p o l i t i c a l  l i m i t s  a r e  e x te n d e d  t o  

i n c l u d e  r u r a l  l a n d ,  p r o v i d i n g  room f o r  e x p a n s io n  and c o n se 

q u e n t ly  i n f l u e n c i n g  t h e  d i r e c t i o n  o f  g ro w th . T h i s  l a t t e r  

ty p e  c r e a t e s  o v e rb o u n d ed  c i t i e s . ?

®See Appendix  A f o r  a  d e f i n i t i o n  o f  t h i s  te rm .

®See A ppendix  A f o r  a  d e f i n i t i o n  o f  t h i s  te rm .

?8ee  Appendix A f o r  a  d e f i n i t i o n  o f  t h i s  te rm .
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The f i r s t  a n n e x a t io n  ty p e  i s  an ex p o s t  f a c t o  a c t i o n ,  

w h e re a s  t h e  s ec o n d  p r o v id e s  a  method o f  e s t a b l i s h i n g  r i g o r o u s  

c o n t r o l  o v e r  g row th  u s in g  b u i l d i n g  co d es  and z o n in g .  The 

s t a t e  w here  t h e  s tu d y  sam ple  c i t i e s  w ere  s e l e c t e d  (T ex as )  

p e r m i t s  e x t r a t e r r i t o r i a l  j u r i s d i c t i o n ®  f o r  a l l  c o n t ig u o u s  

u n i n c o r p o r a t e d  a r e a s  ( n o t  a  p a r t  o f  a n o th e r  c i t y )  w i th in  f i v e  

m i l e s  o f  t h e  u rb a n  c o r p o r a t e  l i m i t s .  The b u i l d i n g  co d es  i n  

a r e a s  beyond  t h e  c o r p o r a t e  l i m i t s ,  how ever, a r e  n o t  a s  s t r i n 

g e n t  a s  t h o s e  i n s i d e  t h e  p o l i t i c a l  b o u n d a ry ,  and th e  m u n ic ip a l  

governm en t l a c k s  z o n in g  a u t h o r i t y  t h e r e .

The m a jo r  h y p o t h e s i s  o f  t h i s  work i s  t h a t  t h e  e x t e n 

s io n  o f  a  c i t y ' s  p o l i t i c a l  l i m i t s  t o  encom pass l a r g e  t r a c t s  

o f  r u r a l  l a n d  ( h e r e i n  te rm e d  o v e rb o u n d e d n e s s )  i n f l u e n c e s  t h e  

form and  p r o c e s s  o f  r e s i d e n t i a l  d eve lopm en t a round  th e  u rb an  

c o r e .

The v a l i d i t y  o f  t h e  r e s e a r c h  h y p o t h e s i s  i s  exam ined 

by t e s t i n g  a  s e r i e s  o f  s u p p o r t i v e  h y p o th e s e s  c o n ce rn e d  w i th  

d e n s i t y  ( fo rm )  and s l o p e  ( p r o c e s s ) .  T hese  s u p p o r t i v e  h y p o th 

e s e s  a r e  t e s t e d  w i th  t - t e s t s  and  l e a s t  s q u a r e s  p r o c e d u r e s .  

D i f f e r e n c e s  i n  d e n s i t y  a r e  exam ined  w i th  t - t e s t s  t o  d e te rm in e  

s t a t i s t i c a l  d i f f e r e n c e  i n  t h e  form o f  r e s i d e n t i a l  developm ent 

b e tw een  o v e rb o u n d ed  and n o n -o v e rb o u n d e d  c i t y  s tu d y  a r e a s .  

D i f f e r e n c e s  i n  s l o p e  a r e  exam ined  a s  i n d i c a t o r s  o f  th e  d i f f e r 

in g  p r o c e s s  o f  d ev e lopm en t b e tw een  t h e  two c i t y  c a t e g o r i e s .  

T hese  s l o p e  c o e f f i c i e n t s  a r e  o b t a i n e d  from t h r e e  d i f f e r e n t  

l e a s t  s q u a r e s  p r o c e d u r e s .

®See Appendix  A f o r  a d e f i n i t i o n  o f  t h i s  te rra .
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The r e s e a r c h  h y p o th e s i s  p resum es  an u n d e r s t a n d in g  on 

th e  p a r t  o f  t h e  d e v e lo p e r  o f  c o s t  f a c t o r s  a s s o c i a t e d  w i th  t h e  

developm ent p r o c e s s .  I t  i s  assumed t h a t  d e v e lo p e r s  w i l l  

a lw ays a t t e m p t  t o  m axim ize p r o f i t .  P o l i t i c a l  b o u n d a r i e s  a r e  

s i g n i f i c a n t  t o  t h i s  b e h a v io r  b e c a u s e  th e y  can i n f l u e n c e  th e  

c o s t  o f  t h e  developm ent p r o c e s s .  The c o s t  o f  p r o v i d i n g  s e r 

v i c e s  w i l l  be  low er t o  th e  d e v e lo p e r  and s u b s e q u e n t ly  th e  

home p u r c h a s e r  i n s i d e  t h e  c i t y ' s  p o l i t i c a l  b o u n d a r i e s .  The 

d e v e lo p e r  i s  e n co u rag e d  t o  r e d u c e  t h e s e  added  c o s t s  w i th o u t  

im p a i r in g  t h e  p r o d u c t ' s  m a r k e t a b i l i t y  b e c a u s e  a p o r t i o n  o f  

th e  c o s t  i s  p a s s e d  a lo n g  t o  t h e  d e v e lo p e r  and s u b s e q u e n t ly  

th e  consum er.

D e v e lo p e rs  i n t e r v i e w e d  i n d i c a t e d  th e y  c o n s i d e r  t h e  

d e c i s i o n  making p r o c e s s  o f  t h e  p o t e n t i a l  homeowner i n  t h e  

s e l e c t i o n  o f  a  s i t e  f o r  r e s i d e n t i a l  d ev e lo p m en t .  T h is  d e c i 

s io n  making p r o c e s s  h a s  been  a n a ly z e d  by s e v e r a l  s c h o l a r s ,  

w i th  t h e  c o n c lu s io n  b e in g  t h a t  econom ic  c o n s i d e r a t i o n s  a r e  

w eighed  h e a v i l y  i n  t h e  p r o c e s s  o f  s e l e c t i n g  a  s a t i s f a c t o r y  

l o c a t i o n .  The p o t e n t i a l  home b u y e r  i s  n o t  o n ly  c o n c e rn e d  

w i th  a c c e s s i b i l i t y  and t h e  e t h n i c  and s o c i a l  c h a r a c t e r i s t i c s  

o f  a n e ig h b o rh o o d ,  b u t  a l s o  c o n s id e r s  home p r i c e ,  t r a n s p o r t a 

t i o n  c o s t s ,  p u b l i c  u t i l i t y  s e r v i c e s ,  and f i r e  and p o l i c e  

p r o t e c t i o n  a v a i l a b l e  (Brown & Moore, 1970; K a in ,  1962; R o s s i ,  

1955; Simmons, 1968; W o lp e r t ,  1 9 6 4 ) .

The c o s t  o f  u t i l i t y  s e r v i c e s  and homeowner i n s u r a n c e  

i s  g r e a t e r  beyond th a n  w i th in  t h e  i n c o r p o r a t e d  p o l i t i c a l  

l i m i t s .  T h is  c o s t  d i f f e r e n t i a l  r e s u l t s  from  a  d u a l  s e t  o f
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e x p e n s e s .  F i r s t ,  t h e  r e s i d e n t i a l  l a n d  d e v e lo p e r  o p e r a t i n g  

beyond th e  u rb an  p o l i t i c a l  l i m i t s  must a b so rb  t h e  c o s t  o f  

u t i l i t y  e x t e n s i o n s ,  a c o s t  w hich  i s  s u b s e q u e n t ly  p a s s e d  t o  

th e  consum er. A d d i t i o n a l l y ,  t h e  homeowner who l i v e s  beyond 

t h e  p o l i t i c a l  boundary  i s  a s s e s s e d  p r o p o r t i o n a t e l y  l a r g e r  

r a t e s  f o r  th e  c o n t in u o u s  u se  o f  u t i l i t i e s .  T h is  homeowner 

a l s o  p ay s  a  h ig h e r  an n u a l  i n s u r a n c e  r a t e  b e c a u se  v o l u n t e e r  

f i r e  d e p a r tm e n ts  a r e  c o n s id e r e d  l e s s  e f f e c t i v e  by i n s u r a n c e  

co m p a n ie s .

I f  t h e  above a s su m p t io n s  a r e  v a l i d ,  r e s i d e n t i a l  g row th  

v a r i a b l e s  can b e  a n t i c i p a t e d  t o  b e  d i s s i m i l a r  f o r  o ve rbounded  

and n o n -o v e rb o u n d ed  c i t y ^  sam p les  l o c a t e d  e q u i d i s t a n t  from  

t h e  p e r i p h e r y  o f  t h e  g e o g ra p h ic  c i t y .  The d a t a  d e s c r i b i n g  

t h e s e  v a r i a b l e s  r e p r e s e n t  t h e  end  r e s u l t  o f  t h e  above d e 

s c r i b e d  d e c i s i o n  making p r o c e s s ,  and w i l l  r e f l e c t  g row th  in  

a r e a s  w here  t h e  home p u r c h a s e r  i s  c o n te n t  w i th  s o c i a l  and 

econom ic c o n s i d e r a t i o n s .

B ased  on t h e s e  r e s u l t s ,  j u d i c i o u s  a p p r o v a l  o f  annexa

t i o n s  can  b e  u se d  a s  a  p l a n n in g  t o o l  i n  r e g u l a t i n g  th e  f u t u r e  

d i r e c t i o n  and c e l e r i t y  o f  u rb a n  r e s i d e n t i a l  g ro w th . S in c e  

c o n t r o l  i s  e x e r t e d  th ro u g h  b u i l d i n g  codes  and z o n in g ,  p a r t i c 

u l a r  s e c t i o n s  o f  a  c i t y  can  b e  p la n n e d  f o r  deve lopm en t w h i l e  

o t h e r s  w i l l  rem a in  u n d ev e lo p e d  and w i l l  s e r v e  a s  b u f f e r  zo n es  

( P r o u d f o o t ,  1954; N a t o l i ,  1 9 7 1 ) .  The p r o v i s i o n  o f  c i t y  s e r 

v i c e s  i n  d i s t a n t  l o c a t i o n s  beyond  t h e  g e o g r a p h ic  c i t y  

e n c o u ra g e s  developm ent i n  t h e s e  p e r i p h e r a l  a r e a s ,  w h i le

®See Appendix A f o r  a d e f i n i t i o n  o f  t h i s  te rm .
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h ig h e r  la n d  c o s t  n e a r e r  t h e  g e o g ra p h ic  c i t y  c r e a t e s  sem i-  

g e e n b e l t s  b e tw een  r e s i d e n t i a l  c o n s t r u c t i o n .



CHAPTER I I  

THEORIES OF RESIDENTIAL DEVELOPMENT

The e x p o n e n t i a l  d i s t a n c e  decay  f u n c t i o n  h a s  b een  u s e d  

by s e v e r a l  s o c i a l  s c i e n t i s t s  t o  a p p ro x im a te  t h e  d i s t r i b u t i o n  

o f  u rb a n  p o p u l a t i o n  a ro u n d  th e  c i t y  c o r e .  Though n o t  im p l i e d  

i n  p r e v i o u s  l i t e r a r y  e f f o r t s ,  t h i s  f u n c t i o n  i s  p o s t u l a t e d  t o  

g e n e r a l l y  f i t  t h e  r e s i d e n t i a l  d i s t r i b u t i o n  o f  p o p u l a t i o n  

beyond  t h e  b u i l t - u p  c i t y  i n  c a s e s  where  t h e  p o l i t i c a l  bound

a ry  i s  c o i n c i d e n t  w i th  t h e  g e o g r a p h ic  c i t y .

S in c e  t h e  r e s i d e n t i a l  l a n d  d e v e l o p e r ' s  g o a l  i s  t h e  

m a x im iz a t io n  o f  p r o f i t ,  he w i l l  a t t e m p t  t o  d e v e lo p  l a n d  

p a r c e l s  i n  a r e a s  w i t h i n  t h e  a s p i r a t i o n  l e v e l s  o f  m ost p o t e n 

t i a l  home b u y e r s .  Most n o n -o v e rb o u n d e d  c i t y  d ev e lopm en t h a s  

been  a d j a c e n t  t o  t h e  g e o g r a p h ic  c i t y  b e c a u s e  o n ly  th e  s m a l l  

p o p u l a t i o n  i n  t h e  h i g h e s t  s o c io - e c o n o m ic  c a t e g o r y  i s  f i n a n 

c i a l l y  c a p a b le  o f  moving t o  d i s t a n t  a r e a s  beyond  t h e  geo 

g r a p h ic  c i t y  and a b s o r b in g  t h e  c o s t  o f  commuting. Most 

d eve lopm en t h a s  a l s o  b een  a d j a c e n t  t o  t h e  g e o g r a p h ic  c i t y  in  

overb o u n d ed  c i t i e s .  B ecau se  o f  d i f f e r e n t  t o t a l  deve lopm en t 

c o s t  f u n c t i o n s ,  how ever, more f a m i l i e s  can b a l a n c e  commuting 

c o s t s  a g a i n s t  s u b s t a n t i a l l y  lo w e r  p r i c e d  homes. T h e r e f o r e ,  

t h e  p re m is e  o f  t h i s  r e s e a r c h  i s  t h a t  p r o p o r t i o n a t e l y  more



d e v e lo p m en t can  o c c u r  i n  t h e  d i s t a n t  l o c a t i o n s  o f  t h e  o v e r -  

bounded  c i t y  s tu d y  a r e a .

Many u rb a n o lo g y  te rm s  a r e  am biguous. The g e n e r a l l y  

a c c e p te d  c o n c e p tu a l  d e f i n i t i o n s  o f  many o f  t h e s e  te rras  a r e  

a p p l i c a b l e  t o  t h e  p r e s e n t  s tu d y ;  h ow ever , t h e r e  i s  need  to  

f o r m u la t e  o p e r a t i o n a l  d e f i n i t i o n s  o f  o t h e r s  s p e c i f i c a l l y  t o  

f i t  t h i s  s t u d y .  The c o n c e p t  o f  t h e  p o l i t i c a l  c i t y ,  f o r  

e xam ple , u s u a l l y  r e f e r s  t o  t h a t  p o r t i o n  o f  t h e  u rb an  a r e a  

e n c l o s e d  by t h e  c i t y  l i m i t s ,  a  d e f i n i t i o n  i n  co m p le te  co n so 

n a n ce  w i th  t h e  d e f i n i t i o n  em ployed h e r e i n .  C o n v e r se ly ,  d e f i 

n i t i o n s  f o r  o v e rb o u n d e d  and n o n -o v e rb o u n d e d  c i t i e s  o r  th e  

g e o g r a p h ic  c i t y  a r e  i n a d e q u a te  f o r  t h i s  r e s e a r c h .  For 

exam ple , g e o g r a p h ic  c i t y  i s  a  te rm  g e n e r a l l y  a p p l i e d  to  t h e  

b u i l t - u p  a r e a  o f  t h e  c i t y ;  how ever, f o r  t h i s  work i t  i s  

d e f i n e d  s p e c i f i c a l l y  a s  t h a t  p o r t i o n  o f  t h e  p o l i t i c a l  c i t y  

w here  s q u a r e  m i le  sam p les  c o n t a i n  l e s s  th a n  50 p e r c e n t  r u r a l  

l a n d  u s e .  C o n s e q u e n t ly ,  a  number o f  te rm s  a r e  d e f i n e d  p r e 

c i s e l y  p r i o r  t o  t h e i r  i n c l u s i o n  i n  s u b s e q u e n t  d i s c u s s i o n s .

F o r  t h e  b e n e f i t  o f  t h e  r e a d e r ,  t h e r e f o r e ,  a  compendium o f  

te rm s  i s  p r o v id e d  in  A ppendix  A. The r e a d e r  i s  a d v is e d  t o  

c o n s u l t  t h i s  compendium t o  p r e v e n t  s e m a n t ic  m i s u n d e r s t a n d in g s .

l^ T h e  e x t e n t  o f  t h e  s tu d y  a r e a  f o r  each  c a te g o r y  o f  
c i t i e s  i s  p r o v i d e d  i n  i l l u s t r a t i o n  form  i n  f i g u r e  11 i n  t h e  
m eth o d o lo g y  c h a p t e r ,  b u t  one s h o u ld  n o te  t h a t  t h e  s tu d y  a r e a s  
f o r  o v e rb o u n d e d  c i t i e s  a r e  o u t s i d e  t h e  g e o g r a p h ic  c i t i e s  b u t  
c o m p le te ly  w i t h i n  t h e  c i t i e s '  p o l i t i c a l  l i m i t s .  For non- 
o v e rb o u n d e d  c i t i e s  t h e  s tu d y  a r e a s  a r e  a g a in  o u t s i d e  t h e  geo 
g r a p h i c  c i t i e s ,  b u t  f o r  t h i s  c a s e  a l s o  o u t s i d e  th e  p o l i t i c a l  
c i t i e s .
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P r i o r  T h e o r ie s  o f  Urban S e t t l e m e n t  Z o n a t io n  

The r e l a t i o n s h i p  be tw een  u rb an  d e n s i t i e s  and  d i s t a n c e  

from u rb an  n o d a l  p o i n t s ,  s p e c i f i c a l l y  t h e  CBD, h a s  been  t h e  

t o p i c  f o r  numerous i n v e s t i g a t i o n s .  The p u rp o s e  o f  t h e s e  

a n a ly s e s  was o f t e n  s i m i l a r  t o  t h e  o b j e c t i v e  o f  t h i s  r e s e a r c h ,  

t h a t  i s ,  t o  exam ine t h e  e f f e c t  o f  d i s t a n c e  from  t h e  u rb a n  

c o r e  on s e t t l e m e n t  d e n s i t y .  T h is  r e s e a r c h ,  how ever, fo c u s e s  

on d e n s i t i e s  beyond th e  b u i l t - u p  p o r t i o n  o f  t h e  c i t y  w h ereas  

most o f  th e  p r e v io u s  r e s e a r c h  has  exam ined d e n s i t y  f u n c t i o n s  

w i t h i n  t h e  g e o g ra p h ic  c i t y .

Much p r i o r  work on u rb a n  d e n s i t i e s  t r a c e s  t o  an i d e a  

o r i g i n a l l y  fo r m u la te d  by B l e i c h e r  (1 8 9 2 ) ,  and l a t e r  u t i l i z e d  

by C la rk  (1 9 5 1 ) ,  t h a t  i s ,  t h e  p o p u l a t i o n  e x p o n e n t i a l  d i s t a n c e  

decay  f u n c t i o n . T h i s  f u n c t i o n  assum es t h a t  a c c e s s i b i l i t y  

t o  t h e  c i t y  c e n t e r  d e c r e a s e s  w i th  d i s t a n c e ,  and t h a t  t h e  

s tu d y  a r e a  c o n s i s t s  o f  a f l a t  i s o t r o p i c  p l a i n .  The d i s t a n c e  

decay  f u n c t i o n  i s  a  g e n e r a l i t y  w hich  f i t s  no s p e c i f i c  u rb an  

a r e a  p e r f e c t l y ,  b u t  h a s  b e en  shown to  have  g e n e r a l  a p p l i c a 

b i l i t y  t o  many c i t i e s  (B e r ry  & H o r to n ,  1970, p p .  2 7 6 -2 7 7 ; 

B e r ry ,  Simmons, & T e n n a n t ,  1963; Muth, 1961a; N ew lin g ,  1966; 

S te w a r t  & Y /arntz , 195 8 ).

The e x p o n e n t i a l  d i s t a n c e  decay f u n c t i o n  d e s c r i b e s  t h e  

r e s i d e n t i a l  l o c a t i o n  o f  t h e  u rb an  p o p u la c e .  S in c e  p o p u l a t i o n

l^T he  e q u a t io n  e x p r e s s i n g  t h i s  d i s t a n c e  decay  f u n c t i o n  
i s  D(j = w here  i s  t h e  p o p u l a t i o n  d e n s i t y  a t  d i s 
t a n c e  d from t h e  c e n t e r  o f  t h e  c i t y ,  Dq i s  t h e  d e n s i t y  a t  t h e  
c e n t e r  o f  th e  c i t y ,  e i s  t h e  b a s e  o f  t h e  n a t u r a l  l o g a r i t h m s ,  
and b i s  a model p a r a m e te r  ( t h e  d e n s i t y  g r a d i e n t ) .
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and d w e l l in g  d e n s i t y  a r e  h ig h ly  i n t e r r e l a t e d ,  th e  l a t t e r  

v a r i a b l e  can be s u b s t i t u t e d  i n t o  t h e  e q u a t i o n  w i th o u t  a l t e r 

in g  th e  t h e o r e t i c a l  a s s o c i a t i o n .  W hereas in  p r e v io u s  r e 

s e a r c h  e f f o r t s  t h e  d i s t a n c e  decay  f u n c t i o n  h a s  been  e q u a te d  

t o  t h e  l o c a t i o n  o f  p o p u l a t i o n  ev ery w h ere  a ro u n d  t h e  u rb a n  

c o r e ,  i n  t h i s  work t h a t  f u n c t i o n  i s  u s e d  t o  d e s c r i b e  r e s i d e n 

t i a l  g row th  o c c u r r i n g  o v e r  th e  p a s t  d ecad e  i n  o n ly  th o s e  

a r e a s  beyond  t h e  g e o g ra p h ic  c i t y .

The a u th o r  c o u ld  l o c a t e  no r e s e a r c h  i n  w hich  a  m athe

m a t i c a l  f u n c t i o n  was a p p l i e d  t o  p o p u l a t i o n  o r  r e s i d e n t i a l  

g row th  beyond  t h e  g e o g ra p h ic  c i t y .  In  a l l  p r o b a b i l i t y  

m a th e m a t ic a l  f u n c t i o n s  have n o t  been  a p p l i e d  t o  d i s t r i b u t i o n s  

in  t h e s e  a r e a s  b e c a u s e  a g g r e g a te  l a r g e  s c a l e  d a t a  i s  l a c k i n g  

beyond  t h e  g e o g ra p h ic  c i t y .  Where c e n s u s  t r a c t s  do e x i s t ,  

th e y  u s u a l l y  c o v e r  l a r g e  a r e a s  when com pared t o  t h o s e  i n  t h e  

b u i l t - u p  p o r t i o n  o f  t h e  c i t y .

S e v e r a l  s o u r c e s  i n d i c a t e  d e s c r i p t i v e l y  t h a t  t h e  expo

n e n t i a l  d i s t a n c e  decay  f u n c t i o n  may g e n e r a l l y  a p p ly  beyond 

th e  g e o g r a p h ic  c i t y  a l s o .  They n o te  t h a t  more a f f l u e n t  

f a m i l i e s  t e n d  t o  move beyond  th e  edge o f  t h e  g e o g r a p h ic  c i t y ,  

b u t  t h e  m a j o r i t y  o f  m overs advance  no more th a n  a  m i le  o r  so  

f a r t h e r  from th e  c i t y  c e n t e r  on each  move (Abu-Lughod & F o le y ,  

1966; Brown & Moore, 1970; Simmons, 1 9 6 8 ) .

E m p i r i c a l  e v id e n c e  c o l l e c t e d  f o r  t h i s  s tu d y  from  c i t i e s  

t h a t  do n o t  h ave  p o l i t i c a l  b o u n d ary  e x t e n s i o n s  s u p p o r t s  t h i s  

n o t i o n .  The m a jo r  a s s e r t i o n  o f  t h i s  r e s e a r c h  i s  t h a t  a 

d i f f e r e n t  c o n f i g u r a t i o n  o f  d e n s i t y  w i th  d i s t a n c e  w i l l  be
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found  in  o ve rbounded  c i t i e s  b e c a u s e  o f  d i f f e r i n g  c o s t  w i th  

d i s t a n c e  r e l a t i o n s h i p s .

D e n s i ty  P r o j e c t i o n  -  O verbounded 
C i ty  Sam ples

W hile  s t a n d a r d  p o p u l a t i o n  d e n s i t y  f u n c t i o n s  a r e  a c c e p t 

a b le  w here  o v e r e x t e n s i o n s  o f  p o l i t i c a l  b o u n d a r i e s  have  n o t  

o c c u r r e d ,  t h e  a u th o r  c o n te n d s  t h a t  i n  c a s e s  o f  o v e rb o u n d ed 

n e s s  t h e  r e l a t i o n s h i p  b e tw een  d i s t a n c e  and d e n s i t y  i s  s i g n i f i 

c a n t l y  m o d i f i e d ,  p a r t i c u l a r l y  in  t h e  o u t e r  d i s t a n c e  b a n d s .

The r e l a t i o n s h i p  and l o g i c  f o r  su ch  a  p re m is e  i s  d e r iv e d  from  

ex am in in g  t h e  p r o c e s s  o f  u rb a n  r e s i d e n t i a l  d ev e lo p m en t w i th  

some em phas is  on r e l a t i n g  t h i s  p r o c e s s  t o  d e c i s i o n s  d e v e lo p e r s  

make in  c o n v e r t i n g  f r i n g e  la n d ^ ^  t o  r e s i d e n t i a l  u s e .  The 

l o g i c  u n d e r ly in g  th e  r e s e a r c h  p re m is e  i s  b a s e d  on p r i o r  

s t u d i e s  and  t h e o r y ,  p l u s  t h e  a u t h o r  h a s  a l s o  u t i l i z e d  i n t e r 

view  in f o r m a t i o n  o b t a i n e d  from  d e v e lo p e r s  i n  two c i t i e s  u n d e r  

s tu d y .

S e v e r a l  im p o r ta n t  a s s u m p t io n s  m ust b e  c l a r i f i e d  p r i o r  

t o  s t a t i n g  s p e c i f i c  r e l a t i o n s h i p s  i n  t h e  model u s e d  h e r e .  

U n le ss  s t a t e m e n t s  t o  t h e  c o n t r a r y  a r e  made i n  l a t e r  s e c t i o n s ,  

t h e  f o l l o w i n g  a s s u m p t io n s  a r e  h e l d  t o  b e  c o n s t a n t  th r o u g h o u t :

1. Assume t h a t  t h e  d e v e lo p e r  i s  a t t e m p t in g  t o  
m axim ize h i s  p r o f i t .
a .  F o r  any p la n n e d  d ev e lo p m en t t h e  d e v e lo p e r  

w i l l  c h o o se  t h e  t r a c t  o f  l a n d  he f e e l s  w i l l  
p r o v id e  t h e  g r e a t e s t  r e t u r n  on h i s  i n v e s t m e n t .

l^ S e e  A ppendix A f o r  a  d e f i n i t i o n  o f  t h i s  te rm .

^ ^ i n t e r v i e w s  w ere  o b t a i n e d  i n  Lubbock, t h e  m ost o v e r 
bounded , and A u s t in ,  t h e  l e a s t  o v e rb o u n d ed  o f  Texas c i t i e g  
s u r v e y e d .
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b .  The d e v e lo p e r  a t t e m p t s  t o  d e v e lo p  r e s i d e n t i a l  
l a n d  t o  meet t h e  a s p i r a t i o n  l e v e l s  o f  a  s i z e 
a b le  segm ent o f  t h e  u rb a n  p o p u l a t i o n .

Assume t h a t  most new d ev elopm en t w i l l  o c c u r  in  
l o c a t i o n s  beyond  th e  p r e s e n t  edge  o f  t h e  b u i l t - u p  
u rb a n  a r e a .
Assume t h a t  t h e  home p u r c h a s e r  w i l l  s e l e c t  t h e  
l o c a t i o n  most s a t i s f a c t o r y  f o r  h i s  s o c io - e c o n o m ic  
a s p i r a t i o n s .15

U se r  P r e f e r e n c e s  and Developm ent 
Demand F u n c t io n s

To m axim ize p r o f i t  t h e  d e v e lo p e r  s h o u ld  u n d e r s t a n d  

v a r i a t i o n  i n  demand f o r  r e s i d e n t i a l  u n i t s  a t  v a r i o u s  p o i n t s  

a lo n g  t h e  d i s t a n c e  s p e c tru m , and s h o u ld  f u n n e l  h i s  a c t i v i t i e s  

w here  t h e  a s p i r a t i o n  l e v e l s  o f  m ost home p u r c h a s e r s  w i l l  be  

m e t .

l^ S u p p o r t  f o r  t h i s  a ssu m p tio n  i s  p r o v id e d  i n  s e v e r a l  
l i t e r a r y  w orks i n c l u d i n g :  B lu m e n fe ld ,  H. "A re Land Use
P a t t e r n s  P r e d i c t a b l e . "  J o u r n a l  o f  t h e  A m erican I n s t i t u t e  o f  
P l a n n e r s . 1959, 25 , 5 1 -6 6 ;  Downs, A. " A l t e r n a t i v e  Forms o f  
F u tu r e  Urban Growth i n  t h e  U .S ."  J o u r n a l  o f  t h e  American 
I n s t i t u t e  o f  P l a n n e r s , 1970, 36, 3 -1 1 ;  N e lso n ,  H. J .  "The 
Form and S t r u c t u r e  o f  C i t i e s :  Urban Growth P a t t e r n s . "
J o u r n a l  o f  G eo g rap h y , 68 , 1969, 198-207 ; and  S c h n o re ,  L. F . 
" M e t r o p o l i t a n  Growth and D e c e n t r a l i z a t i o n . "  American J o u r n a l  
o f  S o c i o l o g y , 6 3 , 1957, 171-180 .

IS g u p p o r t  f o r  t h i s  a s su m p tio n  i s  p ro v id e d  in  s e v e r a l  
l i t e r a r y  w orks i n c l u d i n g :  Brown, L. A. and Moore, E. G. "The
I n t r a - U r b a n  M ig r a t io n  P r o c e s s :  A P e r s p e c t i v e . "  G e o g rap h isk a
A n n a la r , S e r .  B, 52, 1970, 1 -1 3 ;  H oyt, H. The S t r u c t u r e  and  
Growth o f  R e s i d e n t i a l  N e ighborhoods  i n  A m erican C i t i e s . 
W ash in g to n ,  D .C .:  U .S. Government P r i n t i n g  O f f i c e ,  1939;
J o h n s to n ,  R. J .  " A c t i v i t y  S p aces  and  R e s i d e n t i a l  P r e f e r e n c e s :  
Some T e s t s  o f  t h e  H y p o th e s i s  o f  S e c t o r i a l  M enta l Maps." 
Economic G eo g rap h y , 4 8 , 1972, 199-211 ; W o lp e r t ,  J .  "The 
D e c is io n  P r o c e s s  in  S p a t i a l  C o n te x t .  A nnals  o f  t h e  A s s o c ia 
t i o n  o f  A m erican G e o g ra p h e r s , 54 , 1964, 5 3 7 -5 5 8 ;  W o lp e r t ,  J .  
" B e h a v io r a l  A sp e c ts  o f  t h e  D e c is io n  t o  M ig r a t e . "  P a p e r s  and 
P r o c e e d in g s  o f  t h e  R eg io n a l  S c ie n c e  A s s o c i a t i o n , 15, 1965, 
159 -169 .
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U ser P r e f e r e n c e s  

P o t e n t i a l  home b u y e r s  c o n s i d e r i n g  a  move t o  t h e  f r i n g e  

a r e  o f t e n  i n  s e a r c h  o f  more s p a c e  f o r  a  g ro w in g  f a m i ly ,  more 

p r i v a c y ,  a  c h e a p e r  h o u se  o r  l a n d ,  b e t t e r  c o n d i t i o n s  f o r  t h e  

c h i l d r e n ,  a n d /o r  v i s t a  ( P r y o r ,  1969; Simmons, 1 9 6 8 ) .  Each 

f a c t o r  f u n c t i o n s  as  a  c e n t r i f u g a l  f o r c e  (C o lb y ,  1931) d raw ing  

p o p u l a t i o n  o u tw a rd  from  t h e  g e o g r a p h ic  c i t y .  T h e re  a r e ,  in  

c o n t r a s t ,  c e n t r i p e t a l  f o r c e s  f u n c t i o n i n g  as  a d h e s iv e  f a c t o r s  

i n  c h a n n e l in g  t h e  ex p an d in g  p o p u l a t i o n  t o  a r e a s  n e a r e s t  t h e  

g e o g r a p h ic  c i t y .  The p a ram oun t c e n t r i p e t a l  f a c t o r  i s  

a c c e s s i b i l i t y  w hich  a c q u i r e s  i n c r e a s e d  te m p o ra l  and m one ta ry  

c o s t s  w i t h  d i s t a n c e .  A d d i t i o n a l l y ,  c e r t a i n  g ro u p s  o f  p e o p le  

a r e  n o t  c o n t e n t  l i v i n g  i n  d i s t a n t  a r e a s  beyond  t h e  g e o g ra p h ic  

c i t y .  F o r  e x am p le ,  t h e  f r i n g e  r e s i d e n c e  i s  n o t  c o n s id e r e d  

a s  s a t i s f a c t o r y  f o r  t h e  young o r  t h e  o l d  a s  f o r  th o s e  i n  

t h e i r  t h i r t i e s  o r  f o r t i e s  and  t h e  fe m a le  who i s  o f t e n  w i th o u t  

t r a n s p o r t a t i o n  d u r in g  t h e  day i s  g e n e r a l l y  n o t  a s  c o n te n t  a s  

t h e  m ale  l i v i n g  d i s t a n t  from  t h e  g e o g r a p h ic  c i t y  (B e e g le ,  

1947; J a c o  & B e lk n a p ,  1953; J o h n s to n ,  1966; K u r tz  & Sm ith , 

1961; and M a r t in ,  1 9 5 3 ) .

The D e v e lo p e r  W ith in  t h e  P r e f e r e n c e  
Demand S t r u c t u r e

Land c o s t s  a lo n e  s u g g e s t  t h a t  p a r c e l s  o f  l a n d  l o c a t e d

f a r t h e r  from  t h e  g e o g r a p h ic  c i t y  th a n  o t h e r s  w i l l  b e  more

l u c r a t i v e  f o r  d ev e lo p m en t .  A c c e s s i b i l i t y ,  how ever, i s  a  r e a l

f a c t o r  in  t h e  d e v e l o p a b i l i t y  o f  a  l a n d  p a r c e l .  S in c e  f r i n g e
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r e s i d e n t s  a r e  h ig h ly  c o n sc io u s  o f  t h i s  v a r i a b l e ,  and remem

b e r i n g  t h a t  i t  i s  t h e  s t a t e d  g o a l  o f  r e s i d e n t i a l  la n d  d e v e l 

o p e r s  t o  maximize p r o f i t ,  most r e s i d e n t i a l  g row th  p r e d i c t a b l y  

o c c u r s  a d j a c e n t  t o  t h e  g e o g ra p h ic  c i t y  i n  b o th  c i t y  c a t e g o r i e s .

As p r e v i o u s l y  m en tio n e d ,  th e  p o t e n t i a l  homeowners 

a t t r a c t e d  t o  d i s t a n t  l o c a t i o n s  w ould  g e n e r a l l y  be  few b e c a u s e  

th e y  must a b so rb  d a i l y  conm uting  c o s t s .  W ith o u t a d d i t i o n a l  

i n c e n t i v e s  ( o t h e r  th a n  cheap  la n d  w hich  i s  o f f s e t  by in c r e a s e d  

s e r v i c e  c o s t )  to  a t t r a c t  t h e  lo w er  and m id d le  so c io -e c o n o m ic  

c l a s s e s  t o  t h e  d i s t a n t  a r e a s ,  t h e  d e v e lo p e r  b u i l d i n g  t h e r e  

a t t r a c t s  o n ly  t h e  few p e o p le  i n  t h e  h i g h e s t  so c io -e c o n o m ic  

c a t e g o r y ;  t h u s ,  developm ent i n  t h i s  a r e a  w ould  be  on a  s m a l l  

s c a l e  ( J o h n s to n ,  1966; M a r t in ,  1953; Simmons, 1968; W o lfo r th ,  

1 9 7 1 ) .

T h is  a u th o r  c o n te n d s  t h a t  a c c e s s i b i l i t y  d e c r e a s e s  a t  

a c o n s t a n t  r a t e  f o r  some d i s t a n c e  beyond  t h e  g e o g r a p h ic  c i t y ,  

b u t  l e v e l s  o f f  a f t e r  r e a c h in g  a p a r t i c u l a r  p o i n t .  N e a r ly  

ev e ry o n e  c o n s i d e r s  a  l o c a t i o n  one m i le  d i s t a n t  from t h e  geo 

g r a p h ic  c i t y  more a c c e s s i b l e  th a n  two m i l e s  d i s t a n t .  F o r  th e  

p e r s o n  who can  a f f o r d  t h e  te m p o ra l  and m o n e ta ry  a c c e s s i b i l i t y  

c o s t  o f  a  d i s t a n t  home, how ever, i t  i s  p r o b a b le  t h a t  he  w ould  

n o t  c o n s i d e r  a  home l o c a t e d  f o r  exam ple , sev e n  m i le s  from  t h e  

g e o g ra p h ic  c i t y  t o  be  more i n a c c e s s i b l e  th a n  one l o c a t e d  s i x  

m i l e s  d i s t a n t .  T h is  c o n te n t io n  h a s  been  s u p p o r te d  by W o lfo r th  

who h as  shown t h a t  London w o rk e rs  commute from a s  f a r  away a s  

f i f t y  m i l e s ,  i n d i c a t i n g  th e y  do n o t  c o n s i d e r  t h e i r  l a n d h o ld 

in g s  s i g n i f i c a n t l y  more i n a c c e s s i b l e  th a n  t h o s e  c l o s e r  i n
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(1 9 7 1 ) .  P r y o r  h as  shown t h a t  a c c e s s i b i l i t y  c e a s e s  t o  o p e r a t e  

a s  a  m a jo r  c o n s t r a i n t  in  t h e  s e l e c t i o n  o f  a  d w e l l in g  when 

o t h e r  a d v a n ta g e s ,  su ch  a s  t h e  s e m i - r u r a l  en v iro n m e n t  o f  th e  

f r i n g e ,  o u tw eigh  p h y s i c a l  d i s t a n c e  (1 9 7 1 ) .  C la rk  and P e t e r s  

have  s u p p o r te d  th e  i d e a  t h a t  o p p o r t u n i t i e s  can  o v e r r i d e  d i s 

t a n c e  when t h e  homeowner c o n s id e r s  a p l o t  o f  l a n d  t o  r e p r e 

s e n t  a  good o p p o r t u n i t y  w h i le  n o t  b e in g  i n a c c e s s i b l e  t o  h i s  

n e ed s  (1 9 6 5 ) .

I f  th e  d e v e lo p e r  can  p r o v id e  i n c e n t i v e s  f o r  t h e  lo w er 

and m id d le  so c io -e c o n o m ic  c l a s s  p o t e n t i a l  homeowner t h a t  o f f 

s e t  commuting c o s t s ,  t h e  d e v e lo p e r  w i l l  p r o b a b ly  a l t e r  demand 

and a d d i t i o n a l  home p u r c h a s e r s  w i l l  be  drawn t o  d i s t a n t  l o c a 

t i o n s .  Beyond t h e  m o d e ra t in g  p o i n t  i n  t h e  i n c r e a s e  o f  a c c e s s i 

b i l i t y  c o s t , a d e c r e a s e  i n  l a n d  c o s t  com bined w i th  o t h e r  

n e c e s s a r y  i n c e n t i v e s  w i l l  a t t r a c t  homeowners.

Developm ent Cost

The r e s i d e n t i a l  l a n d  d e v e lo p e r  i s  c o n f r o n te d  w i th  

t h r e e  m a jo r  c o s t s  in  l a n d  developm ent ;

1. V a r i a b l e  c o s t  ( m a t e r i a l s  and  l a b o r )
2 . Land c o s t
3. S e r v i c e  c o s t

V a r i a b l e  c o s t  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from one 

l o c a l e  t o  a n o t h e r  and, t h e r e f o r e ,  i s  n o t  c o n s id e r e d  a  d e t e r 

m in an t  o f  th e  l o c a t i o n  o f  r e s i d e n t i a l  d ev e lo p m en t .  Land and 

s e r v i c e  c o s t s  may v a ry  be tw een  d i f f e r e n t  l o c a l e s  w i th  each  

c o s t  f a c t o r  h a v in g  t h e  p o t e n t i a l  t o  i n f l u e n c e  deve lopm en t 

l o c a t i o n .  The r o l e  o f  l a n d  c o s t  h a s  been  a d e q u a te ly  d i s c u s s e d
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in  o t h e r  r e s e a r c h .  Most u rb a n  th e o r y  i s  p r e d i c a t e d  on 

a c c e s s i b i l i t y  and la n d  c o s t  i n t e r a c t i o n s .  No a t t e m p t  i s  

made i n  t h i s  r e s e a r c h  t o  d e v e lo p  a  new la n d  c o s t  m odel.

R a th e r  t h e  o b j e c t i v e  i s  to  exam ine  dev e lo p m en t c o s t  a s  a  

r e f l e c t i o n  o f  t h e  i n t e r a c t i o n  b e tw een  la n d  and  s e r v i c e  c o s t s .

The p o l i t i c a l  b o u n d a ry  i n  t h e  r u r a l  f r i n g e  a r e a  i n 

f l u e n c e s  t h e  s e r v i c e  c o s t  d i f f e r e n t i a l  b e tw een  o v e rb o u n d ed  

and n o n -o v e rb o u n d ed  c i t y  s tu d y  a r e a s .  T h is  d i f f e r e n t i a t i o n  

in  s e r v i c e  c o s t s  i s  a  key v a r i a b l e  in  t h e  deve lopm en t c o s t  o f  

t h i s  m odel, and e x p l a i n s  d i f f e r i n g  r e s i d e n t i a l  d eve lopm en t 

p a t t e r n s  i n  t h e  two s tu d y  a r e a s .

Land C ost F u n c t io n  

Land c o s t  i n  b o th  t h e  g e o g r a p h ic  c i t y  and t h e  r u r a l -  

u rb an  f r i n g e  i s  r e l a t e d  to  a c c e s s i b i l i t y . ^ ®  A w areness t h a t  

a p a r c e l  o f  l a n d  h a s  a  r e l a t i v e l y  a c c e s s i b l e  l o c a t i o n  and, 

t h e r e f o r e ,  i s  i n  demand, i s  r e f l e c t e d  in  t h e  la n d  c o s t .  The 

c o n c e p t  o f  an e q u i l i b r i u m  d i s t r i b u t i o n  o f  u s e r s  and  u s e s  o f  

l a n d  f o r  r e s i d e n t i a l  p u rp o s e s  i n  t h e  g e o g r a p h ic  c i t y  h a s  been  

s u p p o r t e d  by s e v e r a l  e c o n o m is ts  and  g e o g r a p h e r s ,  n o t i n g  la n d  

r e n t  d e c r e a s e s  w i th  d i s t a n c e  from  t h e  c i t y  c e n t e r  b u t  a s  

d i s t a n c e  i n c r e a s e s  t r a n s p o r t a t i o n  c o s t s  a l s o  r i s e  (A lo n so ,

l®For th e  p u rp o s e  o f  t h i s  s t u d y ,  a c c e s s i b i l i t y  i s  
d e f i n e d  a s  " t h e  s a v in g s  in  t im e  and c o s t  a t t e n d a n t  upon l o c a 
t i o n  n e a r  m a jo r  p o i n t s  o f  p o p u l a t i o n  c o n f lu e n c e "  ( F i r e y ,  1946, 
p p .  4 1 1 -4 1 2 ) .  L o c a t io n  o f  a  d w e l l in g  r e l a t i v e  t o  s h o p p in g ,  
w ork, and  o t h e r  r e s i d e n t i a l  a r e a s  c an ,  t h e r e f o r e ,  be  i n c o r 
p o r a t e d  w i t h i n  t h e  te rm  a c c e s s i b i l i t y  (C law son , 1962; 
C zam anski, 1964, 1965; G i s t ,  1952; M a r t in ,  1952, 1953; P r y o r ,  
1 969 ).
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1964; Muth, 1961a: Wingo, 1961). B ecause  p e r i p h e r a l  a c c e s s i 

b i l i t y  i s  l e s s  d e s i r a b l e ,  la n d  v a lu e s  f o r  c l o s e  i n  s i t e s  

som etim es a p p ro x im a te  t e n  f o l d  t h a t  f o r  o u t l y i n g  la n d  

(L a n s in g  & B a r t h ,  1964; M a r t in ,  1952; V ernon, 1961; W is s in ik ,  

19 6 2 ) .

The d e c r e a s e  i n  l a n d  c o s t  w i th  d i s t a n c e  beyond  th e  

g e o g ra p h ic  c i t y  i s  l e s s  w e l l  known. U n lik e  g e o g r a p h ic  c i t y  

l a n d  t h a t  i s  u s e d  a lm o s t  e x c l u s i v e l y  f o r  u rb a n  p u r p o s e s ,  th e  

c o s t  o f  f r i n g e  la n d  r e s u l t s  from a m u l t i - v a r i a t e  s e t  o f  f a c 

t o r s .  H ere  t h e  d e v e lo p e r ,  t h e  s p e c u l a t o r ,  and t h e  a g r i c u l 

t u r i s t  a r e  a l l  com peting  f o r  t h e  same la n d  p a r c e l s .  B ased  on 

S i n c l a i r ' s  m odel (1 9 6 7 ) ,  B oal h a s  i n d i c a t e d  t h a t  beyond  th e  

edge  o f  t h e  g e o g r a p h ic  c i t y ,  " T o ta l  l a n d  v a lu e  d e c l i n e s  w i th  

d i s t a n c e  from th e  g row ing  u rb an  a r e a .  S p e c u l a t i v e  v a lu e  

d e c l i n e s  l i k e w i s e ,  u n t i l  a t  ( a  p a r t i c u l a r )  d i s t a n c e  . . .  

from t h e  u rb a n  a r e a  t h e r e  i s  no s p e c u l a t i v e  v a lu e  . . . "

(1970 , p .  7 9 ) .

The la n d  r e n t  t h e o r i e s  o f  A lonso  ( 1 9 6 4 ) ,  Muth (1 9 6 1 a ) ,  

Wingo (1961) and o t h e r s  a r e  a p p l i c a b l e  t o  t h e  a r e a s  b o th  w i t h 

in  and  beyond  t h e  g e o g r a p h ic  c i t y .  E ach , how ever, t r e a t s  

l a n d  r e n t  i n  p e r i p h e r a l  a r e a s  o n ly  as  a  p o r t i o n  o f  a  c o n t in u 

in g  c o s t  c u rv e  em an a t in g  a t  t h e  c i t y  c e n t e r .

T h e re  i s  no g e n e r a l l y  a c c e p te d  la n d  c o s t  c u rv e  a p p l i 

c a b l e  o n ly  t o  a r e a s  beyond  th e  c i t y ' s  b u i l t - u p  p o r t i o n .  F o r  

t h a t  r e a s o n ,  e m p i r i c a l  d a t a  in  t h e  form o f  d e v e lo p e r  i n t e r 

v iew s w ere c o l l e c t e d  i n  t h e  f i e l d  by t h i s  r e s e a r c h e r  i n  an 

e f f o r t  t o  c o n s t r u c t  su ch  a c u rv e .  The d e v e lo p e r s  i n t e r v i e w e d
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were unanim ous in  t h e i r  o p in io n  t h a t  l a n d  c o s t  was h ig h e s t  

n e a r  t h e  edge o f  t h e  g e o g ra p h ic  c i t y  w here  l a n d  h o l d e r s  w ere  

s p e c u l a t i n g  t h a t  developm ent w ould  soon encom pass t h e i r  la n d  

p a r c e l .  They n o te d  a s h a r p  d rop  i n  t h i s  c o s t  a  few m i le s  

beyond th e  b u i l t - u p  a r e a  o f  t h e  c i t y  w here  a l e s s e r  d e g re e  

o f  s p e c u l a t i o n  was o c c u r r i n g ,  and th e  r e l a t i v e l y  cheap  la n d  

beyond was a lm o s t  e x c l u s i v e l y  u s e d  f o r  a g r i c u l t u r a l  p u r p o s e s .

The fo rm a l  c u rv e  most c l o s e l y  a p p ro x im a t in g  th e s e  

r e l a t i o n s h i p s  i s  an i n v e r t e d  l o g i s t i c  ty p e  ( f i g u r e  1 ) .  S p e c i f 

i c a l l y ,  t h e  c u rv e  i s  o f  t h e  form:

L C d  = U -  I -  1 ( 1 )

w here  :

LC^ = l a n d  c o s t  a t  d i s t a n c e  d from  t h e  edge  o f  th e  
g e o g r a p h ic  c i t y

U = u p p e r  l i m i t  e q u i l i b r i u m  p o i n t

d = d i s t a n c e  from t h e  edge  o f  t h e  g e o g r a p h ic  c i t y

b = model p a r a m e te r

a = model p a r a m e te r

e = lo g  c o n s t a n t

When d = 0 , e  i s  r a i s e d  t o  t h e  power a ,  and i f  t h i s  i s  l a r g e

LC(j w i l l  b e  l a r g e .  When d i n c r e a s e s ,  ( a - b d )  becomes s m a l l e r ,

d e c r e a s i n g  t h e  v a lu e  o f  LC^.

The a n a ly s e s  r e f e r e n c e d  above d e p i c t i n g  l a n d  c o s t  i n 

s i d e  t h e  g e o g r a p h ic  c i t y  a r e  b a s e d  on a c c e s s i b i l i t y ,  and do 

n o t  i n c o r p o r a t e  t h e  s e r v i c e  f a c t o r  i n  t h e  c o s t  c u rv e .  The 

p o s t u l a t e d  la n d  c o s t  c u rv e  f o r  f r i n g e  a r e a s  p r e s e n t e d  above 

i s  a l s o  b a s e d  o n ly  on a c c e s s i b i l i t y ,  and i s  t h e r e f o r e
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a p p l i c a b l e  t o  b o th  th e  overbounded  and n o n -o v e rb o u n d ed  c i t y  

s tu d y  a r e a s .

S e r v ic e  Cost F u n c t io n

Developm ent c o s t s  f o r  s e r v i c e s  such  as  w a te r  and 

sewage a r e  p a s s e d  t o  t h e  consumer i f  o r i g i n a l l y  i n c u r r e d  by 

th e  d e v e lo p e r  (G o l le d g e ,  1959; Harvey & C la r k ,  1965; U llm an, 

1 9 6 2 ) .  Texas d e v e lo p e r s  n o te d  t h a t  FHA, VA, and s i m i l a r  home 

a p p r a i s e r s  c o n t a c t  d e v e lo p e r s  b e f o r e  a r r i v i n g  a t  an a s s e s s e d  

home v a l u a t i o n  t o  d e te r m in e  e x p en se s  t h e  d e v e lo p e r  n e c e s s a r i l y  

i n c u r r e d  in  p r e p a r i n g  t r a c t s  o f  l a n d  f o r  r e s i d e n t i a l  c o n s t r u c 

t i o n .  B ecause  s e r v i c e  c o s t s  v a ry  t h a t  a r e  p a s s e d  t o  t h e  p u r 

c h a s e r ,  i d e n t i c a l  h o u se s  w ere  a s s e s s e d  d i f f e r e n t l y  a t  

s e p a r a t e  l o c a t i o n s .

D e v e lo p e rs  n o te d  s i g n i f i c a n t  d i f f e r e n c e s  i n  s e r v i c e  

c o s t s  d ep en d in g  upon t h e  l o c a t i o n  o f  t h e  l a n d  p a r c e l  r e l a t i v e  

t o  t h e  p o l i t i c a l  b o u n d a ry .  Beyond t h e  c o r p o r a t i o n  b o undary  

t h e r e  i s  u s u a l l y  a  l a c k  o f  c i t y  w a te r  and sewage s e r v i c e s ,  

c u r b s ,  s id e w a lk s ,  and p av ed  s t r e e t s .  F r in g e  r e s i d e n t s  o f t e n  

have t o  r e l y  on r u r a l  governm ents  t o  p r o v id e  t h e s e  s e r v i c e s ,  

and t h e s e  r u r a l  towns and c o u n t i e s  commonly do n o t  p o s s e s s  t h e  

n e c e s s a r y  l e g a l  pow ers ( B l i z z a r d ,  1954; W ehrwein, 1942). Al

though  p u b l i c  works s e r v i c e s  enhance  t h e  d e s i r a b i l i t y  o f  la n d  

( M a rg o l i s ,  1 9 6 8 ) ,  a su rv e y  o f  t h e  p u b l i c  w orks  o f f i c e s  by 

t h i s  r e s e a r c h e r  r e v e a l e d  t h a t  none o f  th e  e l e v e n  c i t i e s  com

p r i s i n g  th e  s tu d y  a r e a s  p r o v id e  c i t y  i n s t a l l e d  w a te r  and 

sewage s e r v i c e s  o u t s i d e  t h e i r  p o l i t i c a l  b o u n d a r i e s .
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In  A u s t in ,  f o r  exam ple , c i t y  w a te r  s u p p l i e s  a r e  

g e n e r a l l y  a v a i l a b l e  t o  r e s i d e n t s  l o c a t e d  i n s i d e  o r  o u t s i d e  

t h e  p o l i t i c a l  b o u n d a ry ,  b u t  a t  g r e a t l y  d i f f e r i n g  c o s t s .  I n 

s i d e  t h e  c i t y  a  d e v e lo p e r  may t i e  i n t o  c i t y  m ains  a t  a 10 

p e r c e n t  c o s t  o f  th e  t i e - i n  e x p e n s e .  O u ts id e  t h e  p o l i t i c a l  

b o u n d ary  a  d e v e lo p e r  c o n n e c t in g  t o  c i t y  w a te r  l i n e s  i n c u r s  

a  o n e -h u n d re d  p e r c e n t  c o s t  w h ich  i s  s u b s e q u e n t ly  p a s s e d  to  

t h e  home b u y e r .

The p o s t u l a t e d  c o s t  c u rv e  r e f l e c t s  p o l i t i c a l  i n f l u e n c e s  

on d e v e lo p e r  s e r v i c e  e x p e n s e s ,  g e n e r a t i n g  a  c u rv e  w i th  two 

form s d ep en d in g  upon c i t y  t y p e .  F o r  n o n -o v e rb o u n d ed  c i t i e s  

t h e  ex p en se  i s  i n c u r r e d  t o t a l l y  by t h e  d e v e lo p e r  and  f i n a l l y  

t h e  home p u r c h a s e r  w i th  no f i n a n c i a l  a i d  from th e  m u n ic ip a l  

g overnm en t.  The expense  o f  e x te n d in g  s e r v i c e s  t o  u n s e r v i c e d  

a r e a s  by t h e  c i t y  adds a  l i n e a r  c o s t  t o  t h e  d e v e lo p e r .  De

v e l o p e r s  i n  A u s t in ,  f o r  exam ple , i n d i c a t e d  t h a t  b e c a u s e  th e y  

had  t o  p r o v id e  s e r v i c e s  t o  h o u se s  beyond  th e  c i t y  b o u n d a ry ,  

t h e i r  s e r v i c e  c o s t  p e r  u n i t  i n c r e a s e d  a t  a  p e r  u n i t  d i s t a n c e .  

C o n v e r se ly ,  th e  c o s t  o f  s e r v i c e s  i n  t h e  ove rb o u n d ed  c i t y  

s tu d y  a r e a  w ould be m in im al and w ould c o n s i s t  o f  a  s t a n d a r d  

s e r v i c e s  e n t r y  f e e  w hich  i s  t h e  same f o r  a l l  a r e a s  w i t h i n  t h e  

p o l i t i c a l  b o u n d a ry .  H ere  th e  c o n n e c t io n  t o  c i t y  u t i l i t y  s e r 

v i c e s  w ould  be  l a r g e l y  i n c u r r e d  by t h e  m u n ic ip a l  governm ent 

( f i g u r e s  2 & 3 ) .

S p e c i f i c a l l y ,  t h e s e  s e r v i c e  c o s t  c u rv e s  w ould  be o f  

t h e  form:

SC(j = a +  ( c b )d  (2 )
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w here:

SC(j = th e  s e r v i c e s  c o s t  a t  d i s t a n c e  d from  t h e  edge  o f  
th e  g e o g r a p h ic  c i t y

a = s e r v i c e s  e n t r y  f e e

c = 0 i f  t h e  c u rv e  i s  f o r  an ove rb o u n d ed  c i t y

c = 1 i f  t h e  c u rv e  i s  f o r  a n o n -o v e rb o u n d ed  c i t y

b = s l o p e  -  t h e  c o s t  g r a d i e n t  -  t h e  c o s t  i n c r e a s e  
f o r  each  a d d i t i o n a l  d i s t a n c e  u n i t  e x t e n s i o n  o f  
s e r v i c e s

d = d i s t a n c e

The e q u a t i o n  f o r  t h e  s e r v i c e  c o s t  c u rv e  f o r  o v e r 

bounded  c i t y  s am p les  i s  t h e  same as  t h a t  f o r  n o n -o v e rb o u n d e d  

c i t i e s ,  e x c e p t  t h a t  i n  t h i s  c a s e  t h e  v a lu e  o f  c w i l l  con

s t a n t l y  e q u a l  z e r o ,  and t h e  s e r v i c e  c o s t  w i l l  c o n s i s t  o n ly  

o f  t h e  e n t r y  f e e .

In  a d d i t i o n  t o  s e r v i c e  c o s t s  i n c u r r e d  by t h e  d e v e lo p e r ,  

i t  was n o te d  in  t h e  s u rv e y  o f  t h e  e le v e n  c i t i e s  t h a t  none 

p r o v id e  i n v i s i b l e  s e r v i c e s  su ch  a s  f i r e  and p o l i c e  p r o t e c t i o n  

b eyond  th e  c i t y  l i m i t s .  W hile  t h e  a b se n c e  o f  t h e s e  s e r v i c e s  

may n o t  a p p e a r  t o  r e p r e s e n t  a  c o s t  t o  t h e  home p u r c h a s e r ,  i t  

a c t u a l l y  d o e s .  F i r e  and t h e f t  i n s u r a n c e  r a t e s ,  f o r  exam p le ,  

a r e  b a s e d  on th e  c o m p a ra t iv e  a v a i l a b i l i t y  o f  p r o t e c t i o n  i n 

s i d e  and o u t s i d e  a  c i t y ' s  p o l i t i c a l  l i m i t s ,  and w ere  c o n s i s 

t e n t l y  h i g h e r  beyond  t h e  p o l i t i c a l  b o r d e r s  o f  t h e  e le v e n

c i t i e s .

1 7■'•'A r e p r e s e n t a t i v e  o f  an In d e p e n d en t  I n s u r a n c e  Agency 
was c o n t a c t e d  i n  each  c i t y  t o  a s c e r t a i n  t h e  a n n u a l  homeowner 
premium f o r  a $ 2 0 ,000  b r i c k  v e n e e r  home ($200 d e d u c t a b l e ) .
F o r  each  o f  t h e  c i t i e s  t h e  premium was more e x p e n s iv e  o u t s i d e  
th a n  i n s i d e  th e  p o l i t i c a l  b o u n d a ry ,  w i th  an a v e ra g e  d i f f e r 
en ce  o f  1 4 .3 5  p e r c e n t .
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T o t a l  Developm ent C ost 

R e c a l l  t h e  d e v e lo p e r  a b s o r b s  t h r e e  c o s t s .  F i r s t ,  

m a t e r i a l s  and  l a b o r  a r e  r e l a t i v e l y  c o n s t a n t  ev ery w h ere  f o r  

b o th  s tu d y  a r e a s ;  s e c o n d ,  l a n d  v a r i e s  w i th  d i s t a n c e  i n  b o th  

s tu d y  a r e a s ;  and , t h i r d ,  s e r v i c e  i s  c o n s t a n t  in  t h e  o v e r 

bounded c i t y  s tu d y  a r e a  b u t  v a r i e s  w i th  d i s t a n c e  f o r  non- 

ov e rb o u n d ed  c i t y  s a m p le s .

T o t a l  dev e lo p m en t c o s t  c u rv e s  r e f l e c t  a  c o m b in a t io n  o f  

l a n d  and s e r v i c e  c o s t  a t  e a c h  p o i n t  th r o u g h o u t  t h e  d i s t a n c e  

sp e c tru m  o f  t h e  s tu d y  a r e a s .  Two d i f f e r e n t  s e t s  o f  t o t a l  

c o s t  c u rv e s  can b e  p o s t u l a t e d  b e c a u s e  o f  d i f f e r e n t  s e r v i c e  

c o s t s  i n c u r r e d .  S in c e  s e r v i c e  c o s t s  f o r  o v e rb o u n d ed  c i t i e s  

c o n s i s t  o n ly  o f  t h e  c o n s t a n t  e n t r y  f e e ,  a d d in g  t h i s  r e l a 

t i v e l y  low c o s t  t o  t h e  l a n d  c o s t  c u rv e  does  n o t  a l t e r  th e  

s t r u c t u r e  b u t  m e re ly  t h e  p o s i t i o n  o f  t h a t  c u r v e .  T h e r e f o r e  

t h e  t o t a l  deve lopm en t c o s t  c u rv e  f o r  o v e rb o u n d ed  c i t i e s  i s  

s i m i l a r  i n  form  t o  t h e  l a n d  c o s t  c u rv e  p r e v i o u s l y  p o s t u l a t e d  

in  f i g u r e  one  ( f i g u r e  4 ) .

The t o t a l  c o s t  c u rv e  f o r  s am p le s  l o c a t e d  o u t s i d e  non- 

o v e rb o u n d ed  c i t i e s  i s  l i k e w i s e  fo rm ed  by m esh ing  s e r v i c e  and 

la n d  c o s t  th r o u g h o u t  t h e  d i s t a n c e  s p e c t ru m .  B ecause  o f  t h e  

s e r v i c e  c o s t  t h a t  i n c r e a s e s  l i n e a r l y  w i th  d i s t a n c e  i n  t h e s e  

s a m p le s ,  b o th  t h e  p o s i t i o n  and t h e  form o f  t h i s  deve lopm ent 

c o s t  c u rv e  a r e  m ark ed ly  d i f f e r e n t  from  t h e  l a n d  c o s t  c u rv e  

p o s t u l a t e d  i n  f i g u r e  o n e .
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The e m p i r i c a l  d a t a  c o l l e c t e d  by t h i s  r e s e a r c h e r  from  

non-overbounded  c i t y  sam p les  s u p p o r t s  a  d i s t a n c e  decay  fu n c 

t i o n  o f  r e s i d e n t i a l  developm ent o u tw a rd  from t h e  edge o f  th e  

g e o g ra p h ic  c i t y .  The t o t a l  deve lopm ent c o s t  c u rv e  a sc e n d s  

f o r  a  s h o r t  d i s t a n c e  beyond th e  edge o f  t h e  g e o g r a p h ic  and 

p o l i t i c a l  c i t y  b e c a u s e  o f  i n c r e a s i n g  s e r v i c e  c o s t  and s lo w ly  

d e c r e a s i n g  la n d  p r i c e s .  The cu rv e  d e sc e n d s  as  l a n d  c o s t  

d ro p s  s h a r p l y ,  b u t  a sc e n d s  a g a in  as  th e  r i s i n g  s e r v i c e  c o s t  

r e p l a c e s  th e  s t a b i l i z i n g  la n d  c o s t  ( f i g u r e  5 ) .

As th e  b e t a  v a lu e  o f  t h e  s e r v i c e  c o s t  s l o p e  i s  i n 

c r e a s e d ,  t h e  power o f  t h e  l i n e a r  f u n c t i o n  b e g in s  t o  s u p e r s e d e  

th e  power o f  th e  i n v e r t e d  l o g i s t i c  f u n c t i o n  o f  t h e  la n d  c o s t  

c u rv e ,  t h e r e f o r e ,  t h i s  s l o p e  i s  an im p o r ta n t  d e te r m in a n t  o f  

t h e  t o t a l  developm ent c o s t  c u rv e  f o r  n o n -o v e rb o u n d ed  c i t i e s .

T h is  cu rv e  can  be a l t e r e d  w i th  a  change  i n  t h e  b e t a  

v a lu e  o f  th e  s e r v i c e  c o s t  c u rv e .  The a u th o r  r e a s o n s ,  how

e v e r ,  t h a t  t h e  t o t a l  deve lopm en t c o s t  c u rv e  p r e s e n t e d  f o r  

n o n -o v e rb o u n d ed  c i t i e s  i s  r e p r e s e n t a t i v e  o f  r e a l i t y  b e c a u s e  

o f  t h e  d i s t a n c e  decay  n a t u r e  o f  t h e  r e s i d e n t i a l  deve lopm ent 

d a t a  and th e  i n f l u e n c e  o f  th e  i n v e r t e d  l o g i s t i c  form o f  th e  

la n d  c o s t  c u rv e .

P o s t u l a t e d  R e s i d e n t i a l  Developm ent C urves

R e s i d e n t i a l  deve lopm ent i n  r u r a l  a r e a s  a d j a c e n t  to  

g e o g ra p h ic  c i t i e s  can l o g i c a l l y  be  p o s t u l a t e d  t o  have o c c u r r e d  

in  two d i f f e r e n t  form s g iv e n  t h e  demand and c o s t  f u n c t i o n s  

p r e s e n t e d  above, d e p en d in g  w h e th e r  th e  sam p les  w ere  o b t a in e d



26
Figura 4

Total Dovolopmont Costs 

Ovorboundod Citios
Coït

Diitanca

Edga of Gaographie 
City

Edga of Political City 
& Study Arao

Figura S 

Total Dovolapmont Casts 

N on-Ovorboundod Citios
Cost

Edga of Gaographie 
& Political Citias

Edga of Study 
Arao



27

from o v e rb o u n d ed  o r  n o n -o v e rb o u n d ed  c i t i e s .  A c o m b in a t io n  

o f  demand t o  l i v e  i n  th e  most a c c e s s i b l e  a r e a s  and i n c r e a s i n g  

deve lopm ent c o s t  w i th  d i s t a n c e  i n d i c a t e s  t h a t  when g e o g r a p h ic  

and p o l i t i c a l  b o u n d a r ie s  o f  a  c i t y  c o i n c i d e ,  r e s i d e n t i a l  

g row th  beyond th e  g e o g r a p h ic  c i t y  w ould  th e n  a d h e r e  c l o s e l y  

t o  an e x p o n e n t i a l  d i s t a n c e  decay  f u n c t i o n  ( f i g u r e  6 )  o f  th e  

form;

Y = ab^ (3 )

where :

Y = r e s i d e n t i a l  d e n s i t y  a t  d i s t a n c e  x from  t h e  edge
o f  t h e  g e o g r a p h ic  c i t y

a = model p a r a m e te r

b = model p a r a m e te r

X = d i s t a n c e

C ost f o l l o w s  a c o n t i n u a l  d e c l i n e  w i th  d i s t a n c e  in  

ove rb o u n d ed  c i t i e s  i n  c o n t r a s t  w i th  t h e  g e n e r a l l y  i n c r e a s i n g  

deve lopm en t c o s t  w i th  d i s t a n c e  f o r  t h e  n o n -o v e rb o u n d e d  c i t y  

s tu d y  a r e a .

R e c a l l  t h e  u s e r  p r e f e r e n c e  s e c t i o n  i n d i c a t e d  t h a t  

b e c a u s e  most p e o p le  c a n n o t  a f f o r d  t h e  m o n e ta ry  c o s t  o f  com

m u tin g ,  f a m i l i e s  in  t h e  h i g h e s t  s o c io - e c o n o m ic  c a te g o r y  a r e  

th e  ones  who most o f t e n  m ig r a t e  t o  d i s t a n t  f r i n g e  a r e a s .  The 

f r i n g e  w ould a p p e a l  t o  more p o t e n t i a l  homeowners w here  c i t y  

f i n a n c e d  s e r v i c e s  a r e  com bined w i th  r e l a t i v e l y  low la n d  c o s t .

R e c a l l  t h e r e  i s  a  p o i n t  beyond  t h e  g e o g r a p h ic  c i t y  

where  p e r c e i v e d  u s e r  a c c e s s i b i l i t y  c e a s e s  t o  d e c r e a s e  a t  a 

c o n s t a n t  r a t e .  Beyond t h i s  p o i n t  p r o p o r t i o n a t e l y  more
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f a m i l i e s  in  t h e  o ve rbounded  th a n  in  t h e  n o n -o v e rb o u n d e d  s tu d y  

a r e a  w ould  b e  a b l e  t o  a c h ie v e  s a t i s f a c t i o n  from a d i s t a n t  

f r i n g e  r e s i d e n c e .  The p o s t u l a t e d  r e s i d e n t i a l  deve lopm ent 

c u rv e  f o r  t h e  o v e rb o u n d ed  c i t y  a p p ro x im a te s  an e x p o n e n t i a l  

d i s t a n c e  decay  f u n c t i o n  t o  a  p o i n t  beyond  t h e  g e o g ra p h ic  c i t y  

b e c a u s e  d e v e lo p e r s  p e r c e i v e  t h a t  most p o t e n t i a l  homeowners 

d e s i r e  t o  l i v e  i n  t h e  m ost a c c e s s i b l e  l o c a t i o n s .  But u n l i k e  

t h e  c u rv e  f o r  n o n -o v e rb o u n d ed  c i t y  s a m p le s ,  t h i s  c u rv e  has  

an a d d i t i o n a l  q u a d r a t i c  f u n c t i o n  a t  t h e  o u t e r  r e a c h e s  o f  th e  

d i s t a n c e  s p e c tru m  b e c a u s e  o f  t h e  r e l a t i v e l y  low developm ent 

c o s t s  i n  t h e  p e r i p h e r y  o f  t h e  s tu d y  a r e a  ( f i g u r e  7 ) .

F o rm a l ly ,  t h i s  c u rv e  i s  r e p r e s e n t e d  by t h e  e q u a t i o n :

Y = a + b^X + b2x2 + bgXS + e (4 )  

w here  :

Y = r e s i d e n t i a l  d e n s i t y  a t  d i s t a n c e  X from t h e  edge
o f  t h e  g e o g ra p h ic  c i t y

a  = model p a r a m e te r  

b  = model p a r a m e te r  

X = d i s t a n c e

The e x i s t e n c e  o f  a  c u rv e  such  a s  t h i s  i s  s u p p o r t e d  in  

s e v e r a l  l i t e r a r y  w orks d e s c r i b i n g  " l e a p - f r o g "  g row th  w here  

t h e  s e t t l e m e n t  o f  d i s c o n t i n u o u s  l a n d  p l o t s  i s  common. R e s i 

d e n t i a l  d e n s i t y  waves o u t  from t h e  c i t y  c e n t e r  have  b een  

shown t o  r i s e  r e l a t i v e l y  s t e e p l y  t o  a  p e a k ,  d e c l i n e  and 

f l a t t e n  o u t ,  and  r i s e  a g a in .  T h is  p r o c e s s i o n a l  wave beyond  

t h e  g e o g r a p h ic  c i t y  c r e a t e s  s p e c u l a t i v e  l a n d  h o l d i n g s ,  p a p e r  

l a n d  p l a t s ,  fa rm s  f a l l i n g  i n t o  d i s u s e ,  and a p l e t h o r a  o f
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r e a l t o r s .  The n e x t  l o g i c a l  developm ent s t e p  in  t h i s  zone i s  

t h e  c o n s t r u c t i o n  o f  d w e l l in g s  (B lu m en fe ld ,  1954; Boyce, 1966; 

H arvey & C la r k ,  1965).

The r e s i d e n t i a l  developm ent c u rv e s  p o s t u l a t e d  above 

a r e  a n t i c i p a t e d  f o r  t h e  a g g r e g a te  o f  sam p les  in  eac h  c a te g o r y  

o f  c i t i e s  -  n o t  n e c e s s a r i l y  f o r  any s p e c i f i c  c i t y .  S i t e  f a c 

t o r s ,  f o r  exam ple , such  a s  p o o r  p h y s i c a l  t e r r a i n ,  an in a d e 

q u a te  t r a n s p o r t a t i o n  n e tw o rk ,  o r  th e  i n a b i l i t y  o f  d e v e lo p e r s  

t o  a c q u i r e  l a r g e  t r a c t s  o f  l a n d  (B rodsky , 1973) in  any p a r 

t i c u l a r  o v e rb o u n d ed  c i t y  may r e n d e r  a  p o r t i o n  o f  t h a t  c i t y ' s  

o u t e r  e x t r e m i t y  u n d e v e lo p a b le .  I n v e s t i g a t i o n  o f  deve lopm en t 

i n  th e  o u t e r  d i s t a n c e  l i m i t s  f o r  a l l  o ve rbounded  c i t i e s  o v e r 

shadows s p e c i f i c  s i t e  f a c t o r s .  The p o s t u l a t e d  g row th  f o r  a l l  

ove rb o u n d ed  c i t y  s am p les  t a k e n  a s  one g ro u p ,  t h e r e f o r e ,  i s  

e x p e c te d  t o  b e  o m n i d i r e c t i o n a l ,  r e f l e c t s  d en se  g ro w th  n e a r  

t h e  g e o g ra p h ic  c i t y ,  l e s s  den se  g row th  n e a r  th e  p e r i p h e r y  o f  

t h e  s tu d y  a r e a ,  and a r e l a t i v e  g row th  v o id  be tw een  t h e s e  two 

l o c a t i o n s .  The p o s t u l a t e d  grow th  o u t s i d e  n o n -o v e rb o u n d ed  

c i t i e s  i s  l i k e w i s e  o m n i d i r e c t i o n a l  f o r  a l l  n o n -o v e rb o u n d ed  

c i t y  sam p les  com bined, b u t  i s  r e s t r i c t e d  t o  t h e  a r e a s  n e a r  

t h e  g e o g r a p h ic  c i t y  (H udson, 1973; M o r r i l l ,  1 965).

Summary

U ser p r e f e r e n c e s  p e r c e iv e d  by th e  r e s i d e n t i a l  l a n d  

d e v e lo p e r  a r e  param ount in  t h e  d ev e lo p m en t/n o n -d ev e lo p m e n t  o f  

l a n d  p a r c e l s  f o r  b o th  ove rb o u n d ed  o r  n o n -o v e rb o u n d ed  c i t i e s .
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I n t r o d u c i n g  c o n t r a r y  s e r v i c e  c o s t s  f o r  th e  o ve rbounded  com

p a r e d  t o  t h e  non -ov e rb o u n d ed  c i t y  g e n e r a t e s  a  c o m p le te ly  new 

s e t  o f  econom ic r e l a t i o n s h i p s .  W hether o r  n o t  t h e s e  d i f f e r 

in g  r e l a t i o n s h i p s  w i l l  be  r e f l e c t e d  by d i f f e r e n t  r e s i d e n t i a l  

g row th  p a t t e r n s  in  th e  two d icho tom ous  sam ple  a r e a s  i s  d i s 

c u s s e d  in  t h e  a n a l y s i s  c h a p t e r .



CHAPTER I I I  

METHODOLOGY

C i t i e s  sam pled  in  t h i s  r e s e a r c h  w ere chosen  f o r  t h e i r  

l o c a t i o n  w i t h i n  t h e  U n i te d  S t a t e s  and c i t y  s i z e .  R u ra l  m i le  

s q u a r e  sam p les  f o r  each  c i t y  ty p e  (o v e rb o u n d e d  and  n o n - o v e r -  

bounded) w ere s e l e c t e d  from  a e r i a l  p h o to g r a p h s .  D w e l l in g  

d e n s i t y  d a t a  w ere  a n a ly z e d  in  a  s e r i e s  o f  m odels  t o  d e te r m in e  

t h e i r  f i t  w i th  t h e  c o n c e p tu a l  m odels  p r e s e n t e d  i n  t h e  p r e 

v io u s  c h a p t e r .  O rd in a ry  l e a s t  s q u a r e s  p r o c e d u r e s  and t - t e s t s  

w ere  u se d  to  exam ine th e  r e s e a r c h  and s u p p o r t i v e  h y p o th e s e s  

d e a l i n g  w i th  s l o p e  and d e n s i t y  v a r i a t i o n s  a ro u n d  t h e  c i t y  

f r i n g e .

R e se a rc h  A rea

Land im m e d ia te ly  p e r i p h e r a l  t o  e l e v e n  Texas c i t i e s  

w h ich  had  1960 p o p u l a t i o n s  o f  100 ,000  o r  more ( f i g u r e  8) was 

sam pled  t o  d e te r m in e  i t s  r e s i d e n t i a l  c h a r a c t e r .  T hese  e l e v e n  

c i t i e s  e x h i b i t e d  u rb an  g row th  p a t t e r n s ,  t h a t  i s ,  c o m p r is e d  a 

l a r g e  enough p o p u l a t i o n  t o  s u s t a i n  r e s i d e n t i a l  g row th  in  

s e v e r a l  d i r e c t i o n s  a ro u n d  t h e  g e o g r a p h ic  c i t y .

L arge  S o u th w e s te rn  c i t i e s  w ere  s e l e c t e d  b e c a u s e  th e y  

w ere  w id e ly  s p a c e d ,  g e n e r a l l y  l a c k  j u x ta p o s e d  s m a l l  i n c o r 

p o r a t e d  m u n i c i p a l i t i e s ,  w ere  s e t t l e d  a f t e r  N o r th e a s t  c i t i e s

32
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( i n d i c a t i n g  lo w e r  d e n s i t i e s ) ,  and w ere  l o c a t e d  in  a  s t a t e  

w i th  l e n i e n t  a n n e x a t io n  law s.

A s i n g l e  s t a t e  was sam p led  t o  c o n t r o l  f o r  h e t e r o g e n e 

ous  s t a t e  a n n e x a t io n  law s . L o c a l  a n n e x a t io n  law s i n  T ex as  

a r e  u n ifo rm  th ro u g h o u t  t h e  s t a t e .  Texas  law s a r e  u n i f o r m ly  

a p p l i e d  and th e y  a l s o  f a c i l i t a t e  t h e  a n n e x a t io n  p r o c e s s .  On 

i t s  own i n i t i a t i v e  a Texas c i t y  may i n c r e a s e  i t s  a r e a  by 

a lm o s t  o n e - t h i r d  w i t h i n  tw en ty  d a y s .  A d d i t i o n a l l y ,  t h e  c i t y  

a r e a  can  i n c r e a s e  by a r e l a t i v e l y  u n l i m i t e d  p e r c e n t a g e  i n  a 

m a t t e r  o f  days  th ro u g h  a n n e x a t io n  r e q u e s t e d  by s p e c i f i e d  

v o t e r s  and l a n d  o w n e rs ,  o r  th ro u g h  a c q u i s i t i o n  o f  governm ent 

owned p r o p e r t y .

A c i t y  may annex  i n  any on e  c a l e n d a r  y e a r  t e r r i t o r y  

e q u i v a l e n t  t o  10 p e r c e n t  o f  t h e  t o t a l  c o r p o r a t e  a r e a  o f  t h e  

c i t y  a s  o f  t h e  f i r s t  day o f  t h a t  c a l e n d a r  y e a r ,  a c c o r d in g  to  

t h e  T exas  M u n ic ip a l  A n n e x a t io n  A c t .  In  a d d i t i o n ,  i f  a  c i t y  

f a i l s  t o  annex  t h e  t o t a l  q u a n t i t y  o f  t e r r i t o r y  f o r  w h ich  i t  

i s  a u t h o r i z e d  d u r in g  a  c a l e n d a r  y e a r ,  t h e  u n u sed  a l l o c a t i o n  

may be  c a r r i e d  o v e r  and u s e d  i n  s u b s e q u e n t  y e a r s  t o  a maximum 

a n n e x a t io n  o f  30 p e r c e n t  o f  t h e  c i t y ' s  t o t a l  a r e a  i n  one  y e a r .

The above f i g u r e s  seem e x c e s s i v e l y  l e n i e n t ,  b u t  i n  

a c t u a l i t y  t h e  a n n e x a t io n s  t h a t  o c c u r  u n d e r  t h e s e  p e r c e n t a g e  

g u i d e l i n e s  may r e p r e s e n t  o n ly  a f r a c t i o n  o f  t h e  l a n d  u l t i 

m a te ly  an n ex ed  i n  one c a l e n d a r  y e a r .  The above  l i m i t a t i o n s  

a p p ly  o n ly  t o  p r i v a t e  l a n d  t h a t  i s  annexed  th ro u g h  c i t y  

i n i t i a t i v e .  In  a d d i t i o n ,  l a n d  may be  ta k e n  i n t o  t h e  c i t y  and 

e x c lu d e d  from  t h e  above p e r c e n t a g e  f i g u r e s  i f  i t  i s :
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(1 )  t e r r i t o r y  c au sed  to  be  annexed by a  r e 
q u e s t  o f  t h e  m a jo r i t y  o f  t h e  q u a l i f i e d  r e s i 
d e n t  v o t e r s  in  t h e  t e r r i t o r y  and th e  owners 
o f  f i f t y  p e r  c e n t  (50%) o r  more o f  th e  la n d  
in  th e  t e r r i t o r y ,  (2 )  t e r r i t o r y  annexed which 
i s  owned by th e  c i t y ,  th e  c o u n ty ,  th e  S t a t e ,  
o r  t h e  F e d e r a l  Government w hich i s  u sed  f o r  a 
p u b l i c  p u rp o se  . . . (M u n ic ip a l  A nnexation  
Act and Amendments, 1972, p .  5 7 ) .

Each in c o r p o r a t e d  c i t y  in  Texas i s  empowered t o  

acc o m p lish  a n n e x a t io n s  u n d e r  t h i s  law. The o n ly  a c t i o n  r e 

q u i r e d  by t h e  c i t y  governm ents  i s  t o  p u b l i s h  n o t i f i c a t i o n  o f  

im pending  a n n e x a t io n s  in  a  new spaper h a v in g  c i r c u l a t i o n  in  

th e  c i t y  and th e  t e r r i t o r y  p ro p o s e d  t o  be annexed  n o t  more 

th a n  tw en ty  o r  l e s s  th a n  t e n  days p r i o r  t o  a  p u b l i c  h e a r in g  

on th e  m a t t e r ,  and t o  co m p le te  any a n n e x a t io n s  w i t h i n  n i n e t y  

days  o f  th e  d a te  t h e  c i t y  i n i t i a t e s  a n n e x a t io n  p r o c e e d in g s .

L e n ie n t  a n n e x a t io n  law s w ere an im p o r ta n t  c o n s id e r a 

t i o n  in  t h e  sam ple  s t a t e  s e l e c t i o n .  C i ty  o f f i c i a l s  a r e  un

a b l e  to  u se  a n n e x a t io n  as  a  p la n n in g  s t r a t e g y  w here  laws

r e s t r i c t  i t .  •

O verboundedness  as  a  R e l a t i v e  Concept 

T r a d i t i o n a l  d e f i n i t i o n s  o f  o v e rb o u n d e d n ess  a r e  b a s e d  

on t h e  d e g re e  t o  which p o l i t i c a l  b o u n d a r ie s  e x te n d  beyond  th e  

c i t y ' s  b u i l t - u p  a r e a .  D e s p i t e  b a s i c  ag reem en t w i th  th e  con

c e p t ,  no s t a n d a r d  e x t e n s io n  d i s t a n c e  e x i s t s ,  and l i t t l e  h a s  

b een  done t o  s t a n d a r d i z e  m easu rem en t.  R a th e r  th a n  a d i s t a n c e

c r i t e r i o n ,  c i t i e s  in  t h i s  s tu d y  a r e  c l a s s i f i e d  a s  overb o u n d ed
1 fto r  n o n -o v e rb o u n d ed  b a se d  on t h e  p e r c e n t  o f  r u r a l  l a n d ^ °  i n

•*-°See A p p en d ix  A f o r  a d e f i n i t i o n  o f  t h i s  term .
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any one c i t y  when compared t o  a  s i m i l a r  p e r c e n t a g e  f o r  each  

o f  t h e  o t h e r  c i t i e s  u n d e r  s t u d y .  The i n t e n t i o n  o f  th e  

m ethodology  i s  n o t  t o  f o r m u la t e  a u n i v e r s a l  d e f i n i t i o n  f o r  

o v e rb o u n d e d n e s s ,  b u t  t o  o p e r a t i o n a l i z e  th e  c o n c e p t  so  th e  

e l e v e n  c i t i e s  can be c l a s s i f i e d .  To c a t e g o r i z e  overb o u n d ed 

n e s s  in  c i t i e s  b a s e d  on t h e  p e r c e n t  o f  r u r a l  la n d  i n  each  

r e q u i r e s  a d e f i n i t i o n  o f  r u r a l i t y .

I d e n t i f i c a t i o n  o f  R u r a l i t y

For t h e  p u rp o s e  o f  t h i s  s tu d y ,  r u r a l  a r e a s  in c lu d e  

a g r i c u l t u r a l  l a n d ,  i d l e  l a n d ,  and la n d  in  f o r e s t .  A l l  o t h e r  

a r e a s ,  w i th  t h e  e x c e p t io n  o f  l a n d  p e rm a n e n t ly  c o v e re d  by 

w a te r  o r  governm ent p r o p e r t y  i s  te rm e d  n o n - r u r a l .  Land 

c o v e re d  by w a te r  o r  governm ent p r o p e r t y  i s  n o t  s u b j e c t  to  

f u t u r e  r e s i d e n t i a l  g row th  b e c a u s e  o f  p h y s i c a l  l i m i t a t i o n s  o r  

Texas  a n n e x a t io n  law s and  f o r  t h i s  s tu d y  i s  c o n s id e r e d  non

e x i s t e n t .

Land u se  was c a t e g o r i z e d  on o b s e r v a b le  u se  r a t h e r  th a n  

i t s  f u n c t i o n a l  c l a s s i f i c a t i o n .  C o n se q u e n t ly  i d l e  land^® on 

th e  p e r i p h e r y  o f  c i t i e s  was c l a s s i f i e d  as  r u r a l  even  i f  

o c c u p ie d  by r e s i d e n t s  em ployed i n  t h e  c e n t r a l  c i t y .  U n fo r tu 

n a t e l y  t h i s  does  n o t  p e rm i t  i d e n t i f i c a t i o n  o f  s p e c u l a t i v e  

l a n d .  The d i s t r i b u t i o n  o f  t h i s  l a n d  i s  s i g n i f i c a n t ,  b e c a u s e  

t h e  d i s t a n c e  and d i r e c t i o n  o f  r e s i d e n t i a l  g row th  a ro u n d  any 

one g e o g ra p h ic  c i t y  i s  c l o s e l y  a s s o c i a t e d  w i th  s p e c u l a t i v e  

la n d .  S in c e  t h e  sam p les  from a l l  c i t i e s  w i t h i n  one s tu d y

^®See A p p e n d ix  A f o r  a d e f i n i t i o n  o f  t h i s  t e r m .
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a r e a  a r e  com bined, how ever, i t  h a s  been  assumed t h a t  s p e c u l a 

t i v e  h o ld in g s  in  any one s e c t i o n  o f  a c i t y  a r e  b a la n c e d  by 

s i m i l a r  h o ld in g s  in  o t h e r  a r e a s  o f  o t h e r  c i t i e s .

I t  was im p e r a t i v e  t h a t  t h e  1973 s q u a r e  m i le  sam p les  

i n  each  c i t y  w ere  i n  r u r a l  l a n d  u s e  i n  1963, and  i t  was 

n e c e s s a r y  t o  i d e n t i f y  l a n d  t h a t  c o u ld  be  te rm e d  r u r a l  i n  1963 

by t h e  a fo re m e n t io n e d  c r i t e r i a .  An a c c u r a t e  m ethod o f  i d e n 

t i f y i n g  l a n d  t h a t  was r u r a l  i n  1963 was t o  u s e  t e n  y e a r  o l d  

a e r i a l  photography^*^ and t o p o g r a p h ic  maps f o r  e ac h  c i t y .  The 

p e r c e n ta g e  o f  r u r a l  l a n d  in  e ac h  s q u a r e  m i le  sam ple  o f  a 

p o l i t i c a l  c i t y  was d e te r m in e d  from  t h e s e  a p p ro a c h e s .

Sample a r e a s  c o n t a i n i n g  l a n d  more th a n  50 p e r c e n t  i n  

a g r i c u l t u r a l  u s e ,  f o r e s t s ,  o r  i d l e  w ere  c l a s s i f i e d  a s  r u r a l  

i n  1963. T h i s  f i g u r e  was u s e d  a s  t h e  b r e a k  be tw een  r u r a l  and 

n o n - r u r a l  l a n d  u s e .  A lo w er  p e r c e n t a g e  f i g u r e  w ould  have  

b een  more u s e f u l  f o r  a s s e s s i n g  t h e  e x a c t  amount o f  r e s i d e n t i a l  

g ro w th  i n  e ac h  sam ple  t h a t  was a t t r i b u t a b l e  t o  1963-1973 

g ro w th ;  u n f o r t u n a t e l y ,  lo w e r in g  t h e  p e r c e n t a g e  f i g u r e  e l i m i 

n a t e s  many sam p le s  l o c a t e d  i n  a r e a s  n e a r  g e o g r a p h ic  c i t i e s .  

F i f t y  p e r c e n t  was a l s o  u sed  f o r  s a m p le s  from  b o th  c i t y  c a t e 

g o r i e s  t o  b a l a n c e  p re -1 9 6 3  g row th  b e tw een  t h e  two s tu d y  

a r e a s .

20a c o m b in a t io n  o f  U .S . D ep artm en t o f  A g r i c u l t u r e ,
U .S . G e o lo g ic a l  S u rv ey , and U .S. A ir  F o rc e  p h o to s  w ere  u s e d  
in  an e f f o r t  t o  o b t a i n  1963 p h o to g ra p h y .  In  some c a s e s ,  how
e v e r ,  p h o to g ra p h y  o f  t h a t  e x a c t  d a t e  was n o t  a v a i l a b l e ,  and 
th e  n e a r e s t  d a t e  p h o to s  w ere  u s e d .  When t h e s e  p h o to s  v a r i e d  
by s e v e r a l  y e a r s  from  t h e  1963 t a r g e t  d a t e ,  p h o to s  b e f o r e  and 
a f t e r  t h a t  d a t e  w ere  u sed  w i th  an i n t e r p o l a t i o n  made t o  
a p p ro x im a te  1963 developm ent
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O th e r s  have  u s e d  d i f f e r e n t  c r i t e r i a  f o r  d e l i n e a t i n g  

r u r a l  l a n d  from  t h e  g e o g ra p h ic  c i t y ,  b u t  f o r  v a r i o u s  r e a s o n s  

t h e s e  p r o c e d u r e s  do n o t  a p p ly  t o  t h i s  work. F o r  exam ple ,

Myers and  B e e g le  (1 9 4 7 )  e s t a b l i s h e d  r u r a l  l a n d  a ro u n d  D e t r o i t  

t o  e x i s t  i n  s q u a r e  m i le  to w n s h ip s  w here  l e s s  th a n  25 p e r c e n t  

o f  t h e  p o p u l a t i o n  was n o n - v i l l a g e - r u r a l - n o n - f a r m  (NV-RNF), 

E a r ly  i n  t h e  1 9 5 0 's .  B l i z z a r d  and A nderson d e te r m in e d  r u r a l  

l a n d  a ro u n d  W i l l i a m s p o r t , P e n n s y lv a n ia  t o  b e g in  a t  t h e  p o i n t  

w here  a g r i c u l t u r a l  l a n d  u s e s  ( i n c l u d i n g  w a s te  l a n d s  and 

wooded a r e a s )  p r e d o m in a te ,  and w here  f u l l  c i t y  s e r v i c e s  

t e r m i n a t e  (1 9 5 2 ) .

The Myers and B ee g le  m ethod i s  n o t  a p p l i c a b l e  h e r e  

b e c a u s e  th e  g o a l  o f  t h e  p r e s e n t  e f f o r t  i s  t o  i d e n t i f y  open 

r u r a l  l a n d  t h a t  can  s u p p o r t  f u t u r e  r e s i d e n t i a l  g ro w th .  A 

s q u a r e  m i le  sam p le  u s in g  t h e i r  m ethod may b e  l e s s  th a n  25 

p e r c e n t  NV-RNF, and  th u s  b e  c l a s s i f i e d  a s  r u r a l ,  y e t  c o n t a i n  

so  many d w e l l i n g s  t h a t  r e s i d e n t i a l  g row th  c o u ld  n o t  o c c u r  on 

t h e  s c a l e  d e s i r e d  by a r e s i d e n t i a l  d e v e lo p e r .  B l i z z a r d ' s  

m ethod i s  n o t  a p p l i c a b l e  h e r e  b e c a u s e  c i t y  s e r v i c e s  a r e  

a v a i l a b l e  i n  r u r a l  sam p les  i n s i d e  ove rb o u n d ed  c i t i e s .

C i ty  C l a s s i f i c a t i o n

A s i n g l e  l i n k a g e  c l u s t e r i n g  a lg o r i t h m  was u s e d  t o  

c l a s s i f y  c i t i e s  b a s e d  on t h e  p e r c e n t  o f  r u r a l  l a n d  w i t h i n  

e a c h  p o l i t i c a l  l i m i t .  T hese  p e r c e n t a g e s  r a n g e d  from  z e r o  to  

t h i r t y - t h r e e . In  t h e  a l g o r i t h m ,  c i t i e s  w ere  g ro u p e d  by d i s 

t a n c e  t o  n e a r e s t  n e ig h b o r .  Those w i th  t h e  s m a l l e s t  s e p a r a t i o n
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on t h e  d i s t a n c e  v e c t o r  w ere  j o i n e d  t o  form  t h e  i n i t i a l  g ro u p .  

San A n ton io  c o n ta i n e d  3 p e r c e n t  l e s s  r u r a l  l a n d  th a n  H o u s to n .  

Corpus C h r i s t !  and A m a r i l lo  b o th  c o n t a i n e d  25 p e r c e n t  r u r a l  

l a n d  and w ere  s e p a r a t e d  from F t .  Worth a l s o  by o n ly  3 p e r 

c e n t .  T h e r e f o r e ,  two g ro u p s  o f  c i t i e s  w ere  fo rm ed  on th e  

f i r s t  c y c l e  ( f i g u r e  9 ) . 2 1  D u rin g  s u b s e q u e n t  c y c l e s  a d d i 

t i o n a l  c i t i e s  w ere  added  t o  t h e  n e a r e s t  g ro u p s  u n t i l  a l l  w ere  

c l a s s i f i e d  i n t o  t h e  two d ich o to m o u s  c a t e g o r i e s .  The f i r s t  

g roup  (o v e rb o u n d e d )  i n c l u d e d  sev e n  c i t i e s ;  t h e  o t h e r  con

t a i n e d  f o u r  ( f i g u r e  10) ( A b le r ,  Adams, and  G ould , 1971, p .

1 6 0 ) .

P o p u l a t i o n  C h a r a c t e r i s t i c s  o f  Sample C i t i e s  

D iv e r s e  ends  o f  t h e  p o p u l a t i o n  s p e c t ru m  a r e  r e p r e 

s e n t e d  i n  t h e  two c i t y  c a t e g o r i e s .  The n o n -o v e rb o u n d e d  g ro u p  

c o n t a i n s  t h e  l a r g e s t  ( i n  t e rm s  o f  1970 p o p u l a t i o n )  as  w e l l  as  

t h e  s m a l l e s t  Texas c i t i e s  s u r v e y e d  (H o u s to n  and  W ic h i t a  F a l l s ) ,  

w h i l e  t h e  o v e rb o u n d ed  g roup  h a s  t h e  s e c o n d  l a r g e s t  and  s m a l l 

e s t  c i t i e s  u n d e r  s tu d y  ( D a l l a s  and  B eaum on t) .  More s p e c i f i 

c a l l y ,  u s in g  t h e  1970 p o p u l a t i o n  ra n k  w i t h i n  1960 p o l i t i c a l  

l i m i t s ,  t h e  n o n -o v e rb o u n d e d  c i t i e s  w ere  t h e  f i r s t ,  t h i r d ,  

s i x t h ,  and e l e v e n t h  l a r g e s t  c i t i e s  o f  t h e  e l e v e n  c i t i e s  

s t u d i e d .

^ T h e o r e t i c a l l y ,  two g ro u p s  o f  c i t i e s  w ere  fo rm ed  
b e f o r e  t h e s e  d e s c r i b e d  ab o v e . B ut t h e  d i s t a n c e  s e p a r a t i o n  
i s  z e r o  i n  b o th  c a s e s  (C orpus  C h r i s t !  and  A m a r i l lo ;  Lubbock, 
E l P a s o ,  and Beaumont) and t h e  f i r s t  a c t u a l  g ro u p in g  o f  
c i t i e s  b a s e d  on d i f f e r e n t  p e r c e n t a g e s  o f  r u r a l  l a n d  i s  a s  
d e s c r i b e d  ab o v e .
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Figure 10

CLASSIFICATION MATRIX

CITIES

Austin

San  A ntonio

Houston

V/ichito Foils

N o n -O v o rb o u n d o d  Citios

Dallas

C orpus  Christi

Amarillo O v o rb o u n d o d  Citios

Ft. W orth

Lubbock

El Paso

42

P ercen tag e  Difference in Rural Land



42

Each c a te g o r y  (o v e rb o u n d ed  and n o n -o v e rb o u n d e d )  con

t a i n s  c i t i e s  o f  v a r y in g  s i z e s  w i th  d i f f e r i n g  grow th  r a t e s  

( t a b l e  1 ) .  I t  i s  n o t  p o s s i b l e  t o  compare sam p le s  be tw een  

c a t e g o r i e s  w i th o u t  f i r s t  d e m o n s t r a t in g  t h e r e  h a s  b een  no 

s i g n i f i c a n t  d i f f e r e n c e  in  t h e  mean g row th  o f  o v e rb o u n d ed  and 

n o n -o v e rb o u n d ed  c i t i e s  o r  c o n s i d e r i n g  i n  l a t e r  s t a t i s t i c a l  

a n a ly s e s  t h e  d i f f e r i n g  m eans, i f  th e y  e x i s t .  U sing  t h i s  ty p e  

c o n t r o l ,  a s i g n i f i c a n t  r e s i d e n t i a l  g row th  d i f f e r e n c e  b e tw een  

1963 and 1973 in  t h e  p e r i p h e r y  o f  o v e rb o u n d ed  and n o n -o v e r 

bounded c i t i e s  can b e  a t t r i b u t e d  t o  t h e  o v e rb o u n d e d  n a t u r e  

(a n d  t h e r e f o r e  e x te n d e d  a m e n i t i e s )  o f  some c i t i e s .

TABLE 1

CHANGES IN SAMPLE CITY POPULATIONS, 1960 -  1970

O verbounded C i t i e s Non- O verbounded C i t i e s

1960
City Pop

1970 Pop 
in

1960 % 
Area Change City

1960
Pop

1970 Pop 
in

1960 % 
Area Change

M a r i l l o ___137,969 123,735 -•11.4 A ustin .. ...186,545 207,159 11.0
Beaumont___119,175 117,548 - .1 Houston. ...938,219 1J97,278 27.6

Corpus San
C h r is t i___167,690 179,218 6.8 Antonio ...587,718 639,687 8.8

D allas .......... 679,684 833,065 22.5 Wichita
El Paso........ 276,687 321,945 16.3 F a l l s . . . ..101,724 95,901 - 6 . 0

Ft. Worth...356,268 382,431 7.3

Lubbock........ 128,691 149,101 15.9 Mean Percentage Change = 1 0 .3 5

Mean Percentage Change = 8.19 Standard Deviation = 11.91

Standard Deviation = 10.59 t  = -.2816325

S o u rce  : 1970 U .S. Census o f  P o p u l a t i o n ,  Number o f
I n h a b i t a n t s .  Texas. S t a t i s t i c a l  T e s t  C a lc u 
l a t e d  by A u tho r  (S ee  A ppendix  B)
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P e r c e n ta g e  changes  in  p o p u l a t i o n  (1960 t o  1970, in  

1960 a r e a )  v a r i e d  w i t h i n  b o th  c i t y  c a t e g o r i e s .  F o r  o v e r 

bounded c i t i e s  i t  r a n g e d  from  a 2 2 .5  p e r c e n t  i n c r e a s e  i n  

D a l l a s  t o  an 1 1 .4  p e r c e n t  d e c r e a s e  i n  A m a r i l lo .  In  t h e  non- 

ov e rb o u n d ed  c i t i e s  t h e  l a r g e s t  s i n g l e  r i s e  i n  p o p u l a t i o n  

( 2 7 .6  p e r c e n t  in  H ouston )  was g r e a t e r  th a n  t h a t  f o r  D a l l a s ,  

b u t  t h e  maximum d e c l i n e  was l e s s  (6  p e r c e n t  in  W ic h i ta  F a l l s ) .  

Thus, e x t re m e s  i n d i c a t e  t h a t  c i t i e s  i n  t h e  n o n -o v e rb o u n d ed  

c l a s s  grew f a s t e r .  The a v e r a g e s  f o r  t h e  two g r o u p s ,  how ever, 

w ere  fo und  t o  b e  s t a t i s t i c a l l y  s i m i l a r  ( t a b l e  1 ) .

S tu d y  A re as  and  Sam ples

The s t u d y  a r e a s  f o r  t h e  two c i t y  c a t e g o r i e s  c o n s i s t  o f  

s q u a r e  m i le  s a m p le s  t h a t  w ere  i d e n t i f i e d  a s  b e in g  r u r a l  in  

1963. F o r  n o n -o v e rb o u n d e d  c i t i e s  t h e s e  sam p les  a r e  l o c a t e d  

be tw een  t h e  p o l i t i c a l  and g e o g r a p h ic  c i t y  and an e s t a b l i s h e d  

e l e v e n  m i le  l i m i t .  O verbounded c i t y  s am p le s  a r e  l o c a t e d  b e 

tw een  th e  g e o g r a p h ic  c i t y  and a s i m i l a r  e l e v e n  m i le  l i m i t ,  

w h ich  c o i n c i d e s  w i th  t h e  p o l i t i c a l  c i t y  ( f i g u r e  1 1 ) .

The e l e v e n  m i le  l i m i t  was s e l e c t e d  b e c a u s e  i t  i s  th e  

a v e r a g e  r a d i i  o f  t h e  p o l i t i c a l  l i m i t s  o f  H o uston , th e  l a r g e s t  

c i t y ,  i n  1973. S in c e  n e i t h e r  t h e  g e o g r a p h ic  n o r  t h e  p o l i t i 

c a l  c i t i e s  o f  t h e  o t h e r  u rb a n  a r e a s  u n d e r  s tu d y  a p p ro a c h e d  

th e  e l e v e n  m i le  d i a m e te r ,  t h i s  r a d i u s  was t h e  maximum e x t e n t

f o r  e ac h  s tu d y  a r e a .  No sam p le s  w ere  c l o s e r  to  t h e  c i t y  

c e n te r^ B  th a n  t h r e e  m i le s  in  e i t h e r  c a t e g o r y ;  t h e r e f o r e ,  t h e  

s tu d y  a r e a  f o r  each  c i t y  c a t e g o r y  was e i g h t  m i l e s  w id e .

2 2 s e e  A p p e n d ix  A f o r  a  d e f i n i t i o n  o f  t h i s  t e r m .
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Comparing r e s i d e n t i a l  d e n s i t y  be tw een  any one o v e r -  

bounded and n o n -o v e rb o u n d ed  c i t y  c o u ld  be s t r o n g l y  a l t e r e d  

by s p e c u l a t i v e  la n d  h o l d in g s ,  to p o g r a p h ic  v a r i a b i l i t y ,  t r a n s 

p o r t a t i o n  p a t t e r n s  and th e  l i k e  in  a  p a r t i c u l a r  a r e a  o f  one 

o f  t h e  c i t i e s .  To c o n t r o l  f o r  t h e s e  p ro b le m s ,  t h e  com parison  

o f  r e s i d e n t i a l  d e n s i t y  in  t h i s  model was t o  b e  be tw een  d a t a  

t a k e n  from sam ples  from a l l  ove rbounded  c i t i e s  a s  one group  

and d a t a  ta k e n  from sam p les  from a l l  n o n -o v e rb o u n d ed  c i t i e s  

a s  t h e  o t h e r .  T h e r e f o r e ,  a s t a t i s t i c a l l y  a d e q u a te  sam ple 

s i z e  was random ly s e l e c t e d  f o r  each  m ile  d i s t a n t  from t h e  

c i t y  c e n t e r ,  g ro u p in g  a l l  o ve rbounded  c i t y  s am p les  i n t o  one 

c a t e g o r y  and a l l  n o n -o v e rb o u n d ed  c i t y  s am p les  i n t o  t h e  o t h e r .

M easurement o f  R e s i d e n t i a l  Developm ent

R e s i d e n t i a l  developm ent i n  t h i s  r e s e a r c h  i s  i d e n t i f i e d  

a s  t h e  c o n s t r u c t i o n  o f  d w e l l i n g s ,  a s s o c i a t e d  a p p u r te n a n t  

s t r u c t u r e s ,  and paved  r o a d s .  The e x t r a c t i o n  o f  d a t a  d e f in e d  

a s  r e s i d e n t i a l  deve lopm ent p e r  s e  from a e r i a l  p h o to g ra p h y  and 

i n  t h e  f i e l d ,  how ever, i s  n o t  p o s s i b l e .  S u r r o g a t e  v a r i a b l e  

d a t a  t h a t  w ere  c a p a b le  o f  b e in g  e x t r a c t e d ,  t h e r e f o r e ,  s e r v e d  

a s  an i n d i c a t o r  o f  t h i s  dev e lo p m en t.

D w ell in g  d e n s i t y  i s  p ro b a b ly  th e  s i n g l e  b e s t  i n d i c a t o r  

o f  t h i s  r e s i d e n t i a l  dev e lo p m en t.  The p e r c e n t a g e  o f  r e s i d e n 

t i a l  la n d  w ould n o t  s e r v e  as  a d e q u a te ly  a s  an i n d i c a t o r  b e 

c a u s e  o f  t h e  p re s e n c e  o f  a p a r tm e n t  and t r a i l e r  d w e l l in g s .

The a d d i t i o n  o f  o n e -h u n d re d  s i n g l e  f a m ily  d w e l l i n g s  t o  a 

s q u a r e  m i le  sam ple  w ould a p p r e c i a b l y  i n c r e a s e  t h e  p e r c e n t a g e
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o f  r e s i d e n t i a l  l a n d ;  however,  t h e  a d d i t i o n  o f  o n e -h u n d re d  

a p a r tm e n t  o r  t r a i l e r  d w e l l i n g s  would n o t .  M i le s  o f  paved 

r o a d s  would  s e r v e  a s  a  p r e c i s e  i n d i c a t o r  o f  r e s i d e n t i a l  

deve lopm ent  i f  i t  were  n o t  f o r  r o a d s  t h a t  were  b u i l t  s e p a 

r a t e l y  from r e s i d e n t i a l  c o n s t r u c t i o n ,  o r  i n  c o n j u n c t i o n  w i t h  

a p a r tm e n t  and t r a i l e r  g row th .  Many more m i l e s  o f  paved  r o a d s  

would  be  needed  t o  s e r v e  o n e -h u n d r e d  s i n g l e  f a m i ly  d w e l l i n g s  

t h a n  o n e - h u n d r e d  c l o s e l y  s p a c e d  d w e l l i n g  u n i t s ,  a s  would be  

found  w i t h  a p a r t m e n t s  and t r a i l e r s .

D a ta  f o r  d e n s i t y  o f  d w e l l i n g s  p e r  s q u a r e  m i l e  sample  

was,  t h e r e f o r e ,  u s e d  as  t h e  i n d i c a t o r  v a r i a b l e  o f  r e s i d e n t i a l  

d e v e lo p m e n t . I t s  f a c i l i t a t i o n  f o r  a c c u r a t e  e x t r a c t i o n  from 

a e r i a l  photography^*^ and i n  t h e  f i e l d ,  a s  w e l l  as  i t s  c l o s e  

a s s o c i a t i o n  w i t h  d e v e lo p m en t ,  a s s u r e d  i t  o f  p r o v i d i n g  t h e  

most r e l i a b l e  r e s i d e n t i a l  g row th  i n f o r m a t i o n . ^5

^^The d a t a  p e r t a i n i n g  t o  t h e  d e n s i t y  o f  d w e l l i n g s  w ere  
found  t o  be  non -n o rm a l  i n  an e x p o n e n t i a l  f a s h i o n  w i t h i n  each  
m i l e a g e  b a n d .  S q u a re  r o o t  and l o g  t r a n s f o r m a t i o n s  were p e r 
formed on t h i s  d a t a ,  w i t h  t h e  l a t t e r  b e i n g  a  g r e a t e r  no rm a l
i z i n g  f a c t o r .  T h e r e f o r e ,  a l l  s u b s e q u e n t  c a l c u l a t i o n s  were  
p e r f o r m e d  on t h e  l o g  t r a n s f o r m e d  d a t a .

P4
In  e ac h  o f  t h e  e l e v e n  c i t i e s  v i s i t e d  t h e  most r e c e n t  

U.S. D epar tm en t  o f  A g r i c u l t u r e  a e r i a l  p h o t o s  were  u s ed ,  and 
t h e  d a t a  p e r t a i n i n g  t o  d e n s i t y  o f  d w e l l i n g s  were  e x t r a c t e d  
and s u p e r im p o se d  on c u l t u r a l  maps o f  t h e  s a m p le s .  These  
d a t a  were  s u b s e q u e n t l y  f i e l d  checked  f o r  ch an g es  t h a t  o c c u r r e d  
s i n c e  t h e  p h o to  d a t e .

^^An a n a l y s i s  o f  t h e  r e l a t i o n s h i p  o f  d a t a  f o r  p e r c e n t 
age o f  r e s i d e n t i a l  l a n d  and m i l e s  o f  p a v ed  r o a d s  t o  t h e  
d e n s i t y  o f  d w e l l i n g s  d a t a  was p e r f o r m e d  i n  c o n j u n c t i o n  w i th  
t h i s  r e s e a r c h  t o  e s t a b l i s h  t h e  v a l i d i t y  o f  t h e s e  two v a r i a b l e s  
a s  s u r r o g a t e s  o f  r e s i d e n t i a l  d e v e lo p m en t .  The r e s u l t s  w ere  
e s s e n t i a l l y  as  a n t i c i p a t e d  above .  In  t h i s  a n a l y s i s  l e a s t  
s q u a r e s  p r o c e d u r e s  w ere  u s e d .  P e r c e n t a g e  and m i l e a g e  d a t a  
w ere  u s e d  a s  in d e p e n d e n t  v a r i a b l e s  and d e n s i t y  o f  d w e l l i n g s
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H y p o th ese s

The m a jo r  h y p o t h e s i s  o f  t h i s  work i s  t h a t  t h e  e x t e n 

s i o n  o f  a c i t y ' s  p o l i t i c a l  l i m i t s  t o  encompass  l a r g e  t r a c t s  

o f  r u r a l  l a n d  ( h e r e i n  t e r m e d  o v e rb o u n d e d n es s )  i n f l u e n c e s  t h e  

form and p r o c e s s  o f  r e s i d e n t i a l  developm ent  beyond  t h e  geo 

g r a p h i c  c i t y .  R e s i d e n t i a l  developm ent  i n  ove rb o u n d ed  and 

non-o v e rb o u n d ed  c i t i e s  i s  m easured  by t h e  s u r r o g a t e  v a r i a b l e  

r e f e r e n c e d  above .  Using  t h i s  m e a s u r e , a s e r i e s  o f  s u p p o r t i v e  

h y p o th e s e s  were  t e s t e d .  Each o f  t h e s e  h y p o t h e s e s  i s  p r e d i 

c a t e d  on t h e  p o s t u l a t e d  r e s i d e n t i a l  developm ent  c u r v e s  p r e 

s e n t e d  in  c h a p t e r  two:

H y p o th e s i s  1 : The mean d e n s i t y  o f  d w e l l i n g s  f o r  a l l

s am ples  combined th r o u g h o u t  t h e  d i s t a n c e  s p e c t r u m  w i l l  

be  s i g n i f i c a n t l y  g r e a t e r  i n  ove rbounded  c i t i e s .  

H y p o t h e s i s  2 : The mean d e n s i t y  o f  d w e l l i n g s  w i l l  be

s i g n i f i c a n t l y  g r e a t e r  by m i l e a g e  band  i n  o ve rbounded  

c i t y  s am p le s  o n l y  i n  t h e  o u t e r  r e a c h e s  o f  t h e  d i s t a n c e  

s p ec t ru m .

H y p o t h e s i s  3 : The s l o p e s  o b t a i n e d  from p l o t t i n g  t h e

d a t a  f o r  t h e  d e n s i t y  o f  d w e l l i n g s  on X ( d i s t a n c e )

d a t a  a s  t h e  dep en d en t  v a r i a b l e  i n  two s e p a r a t e  p r o c e d u r e s .  
S lo p e  c o e f f i c i e n t s  from e ac h  p r o c e d u r e  w ere  s u b s e q u e n t l y  
examined f o r  v a l u e  changes  t h r o u g h o u t  t h e  s t u d y  a r e a s .  The 
p e r c e n t a g e  o f  r e s i d e n t i a l  l a n d  d a t a  were  fo u n d  t o  be more 
c l o s e l y  a s s o c i a t e d  w i t h  t h e  d e n s i t y  o f  d w e l l i n g s  d a t a ,  w i t h  
each  o f  t h e  t h r e e  v a r i a b l e s  r e l a t e d  t h r o u g h o u t  t h e  s t u d y  
a r e a .  S in c e  each  v a r i a b l e  was p r o v i d i n g  r e l a t i v e l y  s i m i l a r  
i n f o r m a t i o n  abou t  r e s i d e n t i a l  deve lopm en t ,  and t h e  d e n s i t y  
o f  d w e l l i n g s  d a t a  p r o v i d e d  t h e  most u s e f u l  f o r  t h i s  r e s e a r c h ,  
o n ly  d a t a  f o r  d w e l l i n g  d e n s i t y  w ere  u sed  i n  l a t e r  a n a l y s e s .
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Y ( d e n s i t y )  a x es  f o r  t h e  e n t i r e  d i s t a n c e  sp e c t ru m  w i l l  

be  s i g n i f i c a n t l y  d i f f e r e n t  b e tw een  c i t y  c a t e g o r i e s ,  

w i t h  t h e  s l o p e  f o r  n o n -o v e rb o u n d e d  c i t i e s  more n e a r l y  

f i t t i n g  t h e  e x p o n e n t i a l  d i s t a n c e  decay  f u n c t i o n .  

H y p o t h e s i s  4 : The s l o p e s  o b t a i n e d  from p l o t t i n g  t h e

o v e rb o u n d e d  c i t y  d a t a  f o r  t h e  d e n s i t y  o f  d w e l l i n g s  on 

X ( d i s t a n c e )  Y ( d e n s i t y )  axes  f o r  t h e  e n t i r e  d i s t a n c e  

s p e c t r u m  w i l l  b e s t  be  f i t  by a  c u b i c  e q u a t i o n ,  w h e rea s  

t h e  s l o p e s  f o r  t h i s  v a r i a b l e  f o r  n o n -o v e rb o u n d e d  c i t i e s  

w i l l  n o t .

H y p o t h e s i s  5 : The s l o p e s  f o r  t h e  d e n s i t y  o f  d w e l l i n g s

d a t a  w i l l  be s i g n i f i c a n t l y  d i f f e r e n t  by m i l e a g e  band  

b e tw ee n  c i t y  c a t e g o r i e s  o n l y  i n  t h e  o u t e r  r e a c h e s  o f  

t h e  d i s t a n c e  s p e c t r u m .

These  h y p o t h e s e s  a r e  b a s e d  on t h e  r e s i d e n t i a l  d e v e l o p 

ment p r o c e s s  a s  p r e s e n t e d  i n  t h e  c o n c e p t u a l  model.  The e x 

p e c t e d  g row th  n e a r  t h e  o u t e r  e x t r e m i t y  o f  t h e  o v e rb o u n d e d  b u t  

n o t  t h e  n o n -o v e rb o u n d e d  s t u d y  a r e a  i s  a n t i c i p a t e d  t o  i n c r e a s e  

t h e  r e l a t i v e  d e n s i t y  t h e r e  and t o  a f f e c t  t h e  s l o p e  o f  o v e r 

bounded c i t y  s a m p l e s .  As t h e  two c i t y  c a t e g o r i e s  a r e  l a t e r  

shown t o  have  i n c r e a s e d  i n  p o p u l a t i o n  a t  a s i m i l a r  r a t e  o v e r  

t h e  p a s t  d e c a d e ,  i t  i s  o b v io u s  t h a t  t h e  r e s i d e n t i a l  g row th  in  

t h e  n o n -o v e rb o u n d e d  c i t i e s  mus t have  o c c u r r e d  i n s i d e  t h e i r  

p o l i t i c a l  b o u n d a r i e s .  R e c a l l  t h a t  c i t i e s  were  c l a s s i f i e d  

r e l a t i v e l y  i n  a l i n k a g e  a n a l y s i s .  T h ree  o f  t h e  f o u r  c i t i e s  

u l t i m a t e l y  c l a s s i f i e d  a s  n o n -o v e rb o u n d e d  c o n t a i n e d  r u r a l  

s e c t i o n s  w i t h i n  t h e i r  b o r d e r s  i n  1963. The d e v e l o p e r s
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o p e r a t i n g  in  t h e s e  c i t i e s  were  aware  o f  t h e  a d v an ta g e s  o f  

d e v e l o p i n g  w i t h i n  t h e  p o l i t i c a l  b o r d e r ,  and much r e s i d e n t i a l  

g row th  ha s  been  i n  t h o s e  r u r a l  a r e a s .

A n a l y s i s  o f  D e n s i t y

Two p r o c e d u r e s  were  u sed  t o  t e s t  v a r i a t i o n  i n  d e n s i t y  

o f  d w e l l i n g s  be tw een  overbounded  and n o n -ove rbounded  c i t i e s .  

T hese  a r e  r e l a t e d  t o  h y p o th e s e s  one and two.

C o n ce rn in g  h y p o t h e s i s  one ,  t h e  mean v a l u e s  f o r  t h e  

e n t i r e  d i s t a n c e  s p e c t ru m  f o r  d e n s i t y  o f  d w e l l i n g s  f o r  o v e r 

bounded and non-o v e rb o u n d ed  c i t i e s  w ere  t e s t e d  f o r  a s i g n i f i 

c a n t  d i f f e r e n c e  w i t h  a t - t e s t .  The n u l l  h y p o t h e s i s  b e in g :

= *2

where:

= t h e  mean d e n s i t y  o f  d w e l l i n g s  f o r  t h e  e n t i r e  
d i s t a n c e  sp e c t ru m  o f  ove rb o u n d ed  c i t i e s

Xg = t h e  mean d e n s i t y  o f  d w e l l i n g s  f o r  t h e  e n t i r e  
d i s t a n c e  s p e c t r u m  o f  non -o v e rb o u n d ed  c i t i e s

To t e s t  t h e  s ec o n d  h y p o t h e s i s ,  t h e  mean d e n s i t y  v a l u e s  

f o r  each  m i l e a g e  band  f o r  t h e  two c i t y  c a t e g o r i e s  were  t e s t e d  

f o r  s i g n i f i c a n t  d i f f e r e n c e s  w i t h  t - t e s t s .  The n u l l  h y p o t h e s i s  

b e i n g :

x i  = X2

where :

x^ = t h e  mean d e n s i t y  o f  d w e l l i n g s  f o r  a  p a r t i c u l a r  
m i l e a g e  band o f  o ve rbounded  c i t i e s

Xp = t h e  mean d e n s i t y  o f  d w e l l i n g s  f o r  t h e  same 
m i l e a g e  band o f  non -o v e rb o u n d ed  c i t i e s
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S in c e  t h e  o r i g i n a l  d a t a  were  n o n -no rm a l  i n  an exponen

t i a l  form w i t h i n  each  m i l e a g e  band ,  a  good p r o b a b i l i t y  e x i s t s  

f o r  a s i g n i f i c a n t  d i f f e r e n c e  in  t h e  v a r i a n c e  a l s o .  There  i s ,  

i n  f a c t ,  a chance  o f  s t a t i s t i c a l  d i f f e r e n c e  even  a f t e r  t r a n s 

g e n e r a t i o n  i n  t h e  c a s e  o f  e x t re m e  v a r i a n c e .  A v a r i a t i o n  o f  

t h e  A n a l y s i s  o f  V a r i a n c e  (ANOVA) t e s t ^ ®  (Runyon & H aber ,

1971, p .  199) was a p p l i e d  t o  t h e  lo g  t r a n s f o r m e d  d a t a  b e f o r e  

s u b j e c t i n g  i t  t o  a t - t e s t .  Two v a r i e t i e s  o f  t - t e s t s  were  

u s e d  t o  d e t e r m i n e  s i g n i f i c a n t  d e n s i t y  d i f f e r e n c e s  by m i l e a g e  

b a n d s .

( l a r g e r  v a r i a n c e )
S2 ( s m a l l e r  v a r i a n c e )

^^When t h e  v a r i a n c e  i n  t h e  two sam p le s  o f  t r a n s f o r m e d  
d a t a  was n o t  s i g n i f i c a n t l y  d i f f e r e n t ,  t h e  f o l l o w i n g  t - t e s t  
was u sed  (Crow, D a v i s , & M a x f i e l d ,  1960, p .  5 7 ) :

x i  -  X2 -  d

where :  (6 )

^ 2  Z(xij  -  x i ) 2  + Z  ( X 2 j  -  X 2 ) 2  

n^ + n2 -  2

and where  t h e  v a r i a t i o n  was s t a t i s t i c a l l y  d i f f e r e n t ,  t h e  
f o l l o w i n g  t - t e s t  v a r i a t i o n  was u t i l i z e d  (Crow, e t  a l . ,  1960,
p .  6 0 ) :

2 i \ |  “ 2Ui = x i i  -  X 2 i ^  U2 ( i  = 1, 2,  . . .  , n i )

^ "  ÏÏ]; u i

Q = n i Z ( ^ i  -  u )2  = n i X ^ i  -  ( «E^i)^

t  (7 )
Q

n^ ( n i  -  1)
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These  a n a l y s e s  o f  d e n s i t y  p r o v i d e  t h e  i n f o r m a t i o n  

n e ed ed  t o  a c c e p t  o r  r e j e c t  t h e  f i r s t  and s e c o n d  h y p o t h e s e s  

t e s t i n g  r e s i d e n t i a l  form, and t h e r e f o r e  t h e  p o s i t i o n  o f  t h e  

p o s t u l a t e d  r e s i d e n t i a l  deve lopm ent  c u r v e s  on t h e  Y a x i s .

A n a l y s i s  o f  S lo p e  

In  a d d i t i o n  t o  t e s t s  o f  a b s o l u t e  d i f f e r e n c e s ,  t h i s  

r e s e a r c h  i s  a l s o  c o n c e rn e d  w i t h  d i f f e r e n c e s  i n  s l o p e  as  an 

i n d i c a t o r  o f  t h e  r e s i d e n t i a l  deve lopm ent  p r o c e s s .  H y p o th e se s  

number t h r e e  and f o u r  d e a l  w i t h  s l o p e  c o n f i g u r a t i o n  f o r  t h e  

e n t i r e  d i s t a n c e  s p ec t ru m .  To t e s t  h y p o t h e s i s  t h r e e ,  d e n s i t y  

o f  d w e l l i n g s  d a t a  were  p l o t t e d  on X ( d i s t a n c e )  Y ( d e n s i t y )  

axes  f o r  e ac h  c i t y  c a t e g o r y .  A n e g a t i v e  e x p o n e n t i a l  r e g r e s 

s i o n  model  was u s e d  t o  c o n s t r u c t  a b e s t  f i t  r e g r e s s i o n  l i n e  

f o r  e ac h  p l o t t i n g ,  w i t h  s l o p e  c o e f f i c i e n t s  s u b s e q u e n t l y  

examined  f o r  d i f f e r e n c e s  be tw een  c i t y  c a t e g o r i e s .

where  :

2 8The s l o p e  c o e f f i c i e n t s  were  t e s t e d  u s i n g  a t - t e s t  
(Crow, e t  a l . ,  1960, p .  1 6 1 ) ,  i n  wh ich  t h e  b e s t  e s t i m a t e  o f  
t h e  common v a r i a n c e  ( 8 ÿ i ^ )  i s  computed:

Sy / x  ~ n^ + Ug -  4

w here :  . = s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e
^ n / ^  s q u a r e d

B ased  on t h e  p o o le d  i n f o r m a t i o n  from b o t h  s a m p l e s ,  t h e  e s t i 
mate  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t  b^  i s :
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T h is  model i s  i d e n t i f i e d  a s :

Y = abx (8 )  

where  :

Y = d e n s i t y  o f  d w e l l i n g s  d a t a  

a = model p a r a m e t e r

X = d i s t a n c e  

b = model p a r a m e t e r

And by t a k i n g  t h e  lo g  o f  t h e  d e p e n d e n t  v a r i a b l e ,  t h e  
l i n e a r  form becomes:

lo g  Y = l o g  a  + X l o g  b (9 )

A n u l l  h y p o t h e s i s  was e s t a b l i s h e d  t h a t  :

b i  = bg

w here  :

b]^ = t h e  s l o p e  c o e f f i c i e n t  o f  d e n s i t y  o f  d w e l l i n g s  
d a t a  f o r  t h e  e n t i r e  d i s t a n c e  s p e c t r u m  o f  o v e r 
bounded  c i t i e s

b 2  = t h e  s l o p e  c o e f f i c i e n t  o f  d e n s i t y  o f  d w e l l i n g s  
d a t a  f o r  t h e  e n t i r e  d i s t a n c e  s p e c t r u m  o f  non-  
o v e rb o u n d e d  c i t i e s

In  t e s t i n g  h y p o t h e s i s  f o u r ,  d a t a  f o r  d e n s i t y  o f  

d w e l l i n g s  w ere  a g a i n  p l o t t e d  on X ( d i s t a n c e )  Y ( d e n s i t y )  axes  

f o r  e a c h  c i t y  c a t e g o r y .  A b e s t  f i t  r e g r e s s i o n  l i n e  was con

s t r u c t e d  f o r  each  p l o t t i n g  u s i n g  a  p o l y n o m i a l  r e g r e s s i o n

2 =
S , 2

y / x
' b i  (n^ -  1 )S^ .

w here :  = s t a n d a r d  d e v i a t i o n  o f  x s q u a r e dXi
and t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  d i f f e r e n c e  b ^ -  b 2  i s  e s t i 
m ated  from:

®bi-b2  '  ®' 'oi  + ®'b2 t  = (10)
"1  °2
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model o f  t h e  t h i r d  d e g r e e .  The r e l a t i v e  g o o d n e s s  o f  f i t s  

f o r  e ac h  d e g r e e  were  s u b s e q u e n t l y  exam ined  u s i n g  F s c o r e s  as  

f i t  i n d i c a t o r s .  T h i s  c u b i c  r e g r e s s i o n  model i s  o f  t h e  

form:

Y = a + b^X + bgX2 + bgX3 + e (1 1 )  

w here :

Y = d e n s i t y  o f  d w e l l i n g s  d a t a  

a = model p a r a m e t e r

b = model p a r a m e t e r  

X = d i s t a n c e

H y p o t h e s i s  t h r e e  s t a t e s  t h a t  s l o p e s  f o r  t h e  e n t i r e  

d i s t a n c e  s p e c t r u m  w i l l  d i f f e r  s i g n i f i c a n t l y  b e tw een  c i t y  

c a t e g o r i e s .  T h i s  d i f f e r e n c e ,  however ,  a s  s t a t e d  i n  h y p o t h 

e s i s  f i v e  i s  a n t i c i p a t e d  t o  r e s u l t  from s i g n i f i c a n t  d i f f e r 

e n c e s  o n ly  i n  t h e  m i l e a g e  b a n d s  l o c a t e d  i n  t h e  o u t e r  r e a c h e s  

o f  t h e  d i s t a n c e  s p e c t r u m .  T h i s  e x p e c t a t i o n  i s  c o n s o n a n t  w i th  

t h e  f o u r t h  h y p o t h e s i s  t h a t  t h e  c u b i c  e q u a t i o n  b e s t  f i t s  o v e r 

b ounded  b u t  n o t  n o n -o v e rb o u n d e d  c i t y  d a t a .

The p r o c e d u r e  b e s t  s u i t e d  t o  examine  t h e  f i f t h  h y p o t h -
OQ

e s i s  i s  a l e a s t  s q u a r e s  p r o c e d u r e  u s i n g  dummy v a r i a b l e s .

T h i s  p r o c e d u r e  s eg m e n ts  t h e  d i s t a n c e  s p e c t r u m  i n t o  e i g h t  

s e p a r a t e  p a r t s ,  and c o n s t r u c t s  a b e s t  f i t  l i n e  f o r  e a c h  s e g 

m en t .  U s ing  t h i s  method,  s i g n i f i c a n t  m i l e a g e  b and  d i f f e r e n c e s

29 The d e p en d e n t  v a r i a b l e  was t r a n s f o r m e d  t o  l o g s  i n  a 
n o r m a l i z a t i o n  p r o c e d u r e .

on
F o r  a  d e s c r i p t i o n  o f  dummy v a r i a b l e s ,  s e e  B l a l o c k  

(1972 ,  pp .  4 9 8 - 5 0 3 ) ,  S u i t s  (1957 ,  pp.  5 4 8 - 5 5 1 ) ,  and  D r a p e r  
and  Sm i th  (1966 ,  p p .  1 3 4 - 1 4 1 ) .
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may emerge t h a t  were  o b s c u r e d  when one b e s t  f i t  l i n e  was

c o n s t r u c t e d  f o r  t h e  e n t i r e  d a t a  s e t .

The p r o c e d u r e  u t i l i z e s  two dummy v a r i a b l e s .  The f i r s t

i s  a c t i v e  and i s  s e t  up a s  f o l l o w s :

= 1 i f  t h e  d a t a  were  c o l l e c t e d  from ove rbounded  
c i t y  sam ples

Zi, = 0 i f  o t h e r w i s e

With dummy v a r i a b l e s ,  an e s t i m a t i n g  e q u a t i o n  i s  formed:

Y = a + b X + c Z  (12)

where :

Y = d e n s i t y  o f  d w e l l i n g s  d a t a  

a = i n t e r c e p t

b = s l o p e

X = f i r s t  in d e p e n d e n t  v a r i a b l e  ( d i s t a n c e )

Z = a dummy v a r i a b l e  i n d i c a t i n g  w h e th e r  t h e  d a t a  were  
e x t r a c t e d  from an overbounded  o r  n o n -ove rbounded  
c i t y

When t h e  i n t e r a c t i o n  t e r m ,  d X z i s  i n t r o d u c e d  i n t o  e q u a t i o n  

t w e l v e ,  i t  becomes:

Y = a + b X + c Z + d X z  (13)

With d a t a  t a k e n  from t h e  non-overbounded  c i t y ,  Z^ = 0,  and 

t h e  e q u a t i o n  r e d u c e s  t o :

Y = a + b X (14)

and w i t h  d a t a  o b t a i n e d  from t h e  overbounded  c i t y ,  Z^ = 1, and 

t h e  e q u a t i o n  becomes:

Y = a  + b X + c Z  + d X z  =

( a  + c )  + (b + d)  X (15)

'^■^The d ependen t  v a r i a b l e  d a t a  were  t r a n s f o r m e d  t o  l o g s  
i n  a n o r m a l i z a t i o n  p r o c e d u r e .
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T h i s  l e a s t  s q u a r e s  p r o c e d u r e  was a p p l i e d  t o  t h e  d a t a  

f o r  d e n s i t y  o f  d w e l l i n g s .  When t h e  s l o p e  c o e f f i c i e n t  f o r  t h e  

o ve rbounded  c i t y  s am p les  was compared t o  t h e  same p a r a m e t e r  

f o r  n o n -o v e rb o u n d e d  c i t y  s a m p l e s ,  t h e  d e s i r e d  d i f f e r e n c e  in  

s l o p e  emerged.

The p o s t u l a t e d  r e s i d e n t i a l  deve lopm ent  c u r v e s  i n d i c a t e  

c o n t i n u o u s  s i m i l a r i t y  i n  mean deve lopm en t  ( s l o p e — p r o c e s s )  

t h r o u g h o u t  t h e  d i s t a n c e  s p e c t r u m  u n t i l  t h e  a d v a n ta g e  o f  

p e r i p h e r a l  deve lopm ent  o f  t h e  o v e rb o u n d ed  s tu d y  a r e a  t a k e s  

e f f e c t .  The above p r o c e d u r e  p r o v i d e s  a means o f  t e s t i n g  t h i s  

r e l a t i o n s h i p .  The l e a s t  s q u a r e s  s o l u t i o n  p r e s e n t s  a  method 

o f  c o n s t r u c t i n g  a b e s t  f i t  l i n e  f o r  e ach  m i l e a g e  ban d  th r o u g h  

t h e  mean o f  t h e  d a t a  p l o t t e d  on X ( d i s t a n c e )  Y ( d e n s i t y )  a x e s ,  

and i s  i n  e s s e n c e  a l a t e r a l  p o r t r a y a l  o f  r e s i d e n t i a l  d e v e l o p 

ment f o r  e ach  b an d .  Where t h e s e  em erg in g  s l o p e  c o e f f i c i e n t  

d i f f e r e n c e s  f o r  a  m i l e a g e  ban d  a r e  n o t  s t a t i s t i c a l l y  s i g n i f i 

c a n t  be tw een  o v e rb o u n d ed  and n o n -o v e rb o u n d e d  c i t y  d a t a ,  t h e  

mean l a t e r a l  r e s i d e n t i a l  deve lo p m en t  ( p r o c e s s )  can be  con

s i d e r e d  s i m i l a r  be tw een  t h e  two c i t y  c a t e g o r i e s .  The c o n v e r s e  

i s  t r u e  when s i g n i f i c a n t  d i f f e r e n c e s  i n  s l o p e  emerge ; t h e r e 

f o r e ,  a n u l l  h y p o t h e s i s  was e s t a b l i s h e d  f o r  e ach  m i l e a g e  band  

t h a t  :

= b2

where  :
h i  = t h e  s l o p e  o f  d e n s i t y  o f  d w e l l i n g s  d a t a  f o r  a p a r 

t i c u l a r  m i l e a g e  ban d  o f  o v e rbounded  c i t i e s  (b  + d
i n  e q u a t i o n  15)

b 2  = t h e  s l o p e  o f  d e n s i t y  o f  d w e l l i n g s  d a t a  f o r  t h e
same m i l e a g e  b and  o f  n o n -o v e rb o u n d e d  c i t i e s  (u  i n
e q u a t i o n  14)
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These  a n a l y s e s  o f  s l o p e  p r o v i d e  t h e  n e c e s s a r y  in f o r m a 

t i o n  t o  a c c e p t  o r  r e j e c t  t h e  t h i r d ,  f o u r t h ,  and f i f t h  h y p o th 

e s e s  c o n c e r n i n g  t h e  p r o c e s s  o f  r e s i d e n t i a l  dev e lo p m en t ,  and 

t h e r e f o r e  t h e  s t r u c t u r e  o f  t h e  p o s t u l a t e d  r e s i d e n t i a l  d e v e l 

opment c u r v e s .

Summary

Sample c i t i e s  w ere  s e l e c t e d  from a r e g i o n  o f  t h e  

U n i t e d  S t a t e s  where  t h e  ove rb o u n d ed  c i t y  i s  p r e v a l e n t .  The 

r e l a t i v e  n a t u r e  o f  t h e  ove rbounded  c i t y  d e f i n i t i o n  f a c i l i t a t e d  

t h e  s e l e c t i o n  o f  sam ple  c i t i e s  from one s t a t e ,  w h i l e  t h e  p r e s 

ence  o f  many l a r g e  u rb an  a r e a s  combined w i t h  t h e  a b sen ce  o f  

l o c a l  a n n e x a t i o n  laws t h e r e ,  r e n d e r e d  Texas  an i d e a l  s t u d y  

l o c a t i o n .

L e a s t  s q u a r e s  p r o c e d u r e s  and t - t e s t s  were  u sed  t o  

examine t h e  r e s e a r c h  and s u p p o r t i v e  h y p o t h e s e s  and t h e  s t r u c 

t u r e  and p o s i t i o n  o f  t h e  p o s t u l a t e d  r e s i d e n t i a l  deve lopm ent  

c u r v e s .  The s t a t i s t i c a l  p r o c e d u r e s  o u t l i n e d  above a l lo w  one 

t o  a s s e s s  t h e  r e l a t i o n s h i p  be tw een  t h e  e x t e n s i o n  o f  t h e  

p o l i t i c a l  l i m i t s  o f  a c i t y  t o  encompass  r u r a l  l a n d  and t h e  

u r b a n i z a t i o n  o f  s e t t l e m e n t  p a t t e r n s  l o c a t e d  i n  t h e  p r e v i o u s l y  

r u r a l  a r e a .



CHAPTER IV 

DATA ANALYSIS

D e n s i t y  o f  d w e l l i n g s  was u sed  as  an i n d i c a t o r  o f  r e s i 

d e n t i a l  d e v e lo p m en t .  D a ta  p e r t a i n i n g  t o  t h i s  v a r i a b l e  were  

u t i l i z e d  t o  examine d e n s i t y  d i f f e r e n c e s  b e tw een  ove rb o u n d ed  

and n o n -o v e rb o u n d e d  c i t i e s .  T - t e s t s  were  u s e d  f o r  t h i s .

S in c e  i t  i s  p o s s i b l e  f o r  t h e  mean d e n s i t i e s  o f  a l l  s am p les  

w i t h i n  each  g roup  t o  d i f f e r  b e c a u s e  o f  e x t re m e  v a r i a t i o n  i n  

o n ly  one a r e a ,  how ever ,  d e n s i t i e s  w ere  a n a l y z e d  by m i l e a g e  

ba n d .  These  r e s u l t s  p r o v i d e  s u p p o r t / n o n - s u p p o r t  f o r  t h e  

s i m i l a r  and d i f f e r e n t  p o s i t i o n s  o f  t h e  c o n c e p t u a l  model r e s i 

d e n t i a l  deve lopm ent  c u r v e s  w i t h  r e s p e c t  t o  t h e  d e n s i t y  a x i s  

a t  v a r i o u s  p o i n t s  a l o n g  t h e  d i s t a n c e  s p e c t ru m .

S t u d i e s  o f  d e n s i t y  c o m p ar i so n s  p r o v i d e  i n f o r m a t i o n  con

c e r n i n g  t h e  form o f  r e s i d e n t i a l  deve lopm ent  a t  any one t im e  

p e r i o d .  The deve lopm ent  p r o c e s s ,  however ,  c a n n o t  be  a s s e s s e d  

by s u ch  a method. A m easu re  t h a t  p r o v i d e s  i n f o r m a t i o n  on t h e  

g row th  i n t e n s i t y  as  i t  v a r i e s  w i t h  d i s t a n c e  p r e s e n t s  a p i c 

t u r e  o f  t h i s  deve lopm ent  p r o c e s s .  S lo p e  c o e f f i c i e n t s  from 

s e v e r a l  l e a s t  s q u a r e s  p r o c e d u r e s  p r o v i d e  t h i s  m e a s u re .  T h ree  

p r o c e d u r e s  w i t h  d e n s i t y - d i s t a n c e  d a t a  were  u s e d .  In o n e ,  a 

n e g a t i v e  e x p o n e n t i a l  model i s  f i t t e d  t o  t h e  d w e l l i n g  d e n s i t y  

d a t a  e x t r a c t e d  f rom b o t h  c i t v  c a t e g o r i e s  f o r  t h e  e n t i r e

58
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d i s t a n c e  s p e c t r u m .  F i t s  a r e  a n a l y z e d  by ex am in in g  c o r r e l a 

t i o n  c o e f f i c i e n t s ,  and s l o p e  c o e f f i c i e n t s  a r e  examined  f o r  

d i f f e r e n c e s  be tw een  c i t y  c a t e g o r i e s  f o r  t h e  e n t i r e  d i s t a n c e  

s p e c t r u m .  In  t h e  sec o n d  model a  p o ly n o m ia l  e q u a t i o n  o f  t h e  

f o u r t h  d e g r e e  i s  f i t t e d  t o  t h e  same d a t a  w i t h  a  s u b s e q u e n t  

e x a m i n a t i o n  c o n d u c te d  t o  d e t e r m i n e  t h e  r e l a t i v e  g o o d n ess  o f  

c u r v e  f i t s  by c i t y  c a t e g o r y .

One p rob lem  w i t h  com par ing  c u r v e s  g e n e r a t e d  f o r  b o t h  

g ro u p s  i s  t h a t  d i f f e r e n c e s  i n  d e n s i t y  i n  one m i l e a g e  band ,  

t h a t  i s ,  t h e  o u t e r  e d g e ,  may n o t  a l t e r  t h e  o v e r a l l  c u r v e  s u f 

f i c i e n t l y  t o  c a u s e  a  s i g n i f i c a n t  d i f f e r e n c e .  T h i s  sm o o th in g  

e f f e c t  i s  i m p o r t a n t  s i n c e  t h i s  r e s e a r c h  a s s e r t s  t h a t  d e v e l o p 

ment be tw een  o v e rb o u n d e d  and n o n - o v e rb o u n d e d  c i t i e s  i s  s i m i l a r  

e x c e p t  f o r  v a r i a t i o n s  i n  t h e  o u t e r  zo n e .  A t h i r d  p r o c e d u r e  

i n c o r p o r a t i n g  dummy v a r i a b l e s  was u s e d  f o r  i n d i v i d u a l  m i l e a g e  

b an d s  t o  examine d e n s i t y - d i s t a n c e  a s s o c i a t i o n s  i n  s eg m e n ts  o f  

t h e  d i s t a n c e  s p e c t r u m .

A n a l y s i s  o f  D e n s i t y

The f i r s t  s u p p o r t i v e  h y p o t h e s i s  i s  t h a t  t h e  mean 

d e n s i t y  o f  d w e l l i n g s  w i l l  be  s i g n i f i c a n t l y  d i f f e r e n t  be tw een  

t h e  two c i t y  c a t e g o r i e s .  To t e s t  t h i s  h y p o t h e s i s ,  a n u l l  

h y p o t h e s i s ,  x^ = X2 , was e s t a b l i s h e d  where  e ac h  mean r e p r e 

s e n t s  t h e  d a t a  f o r  t h e  e n t i r e  s am p le .  When means were  exam

in e d  w i t h  t - t e s t s  ( e q u a t i o n s  6 & 7 ) ,  t h e r e  was s t a t i s t i c a l  

s i g n i f i c a n c e  a t  t h e  .05  a l p h a  l e v e l ,  s u b s t a n t i a t i n g  t h e  f i r s t  

s u p p o r t i v e  h y p o t h e s i s  ( t a b l e  2 ) . ^ ^

^^D ata  f o r  a l l  254 m i l e  s q u a r e  s am p le s  o b t a i n e d  i n  t h e  
f i e l d  (135 f o r  ove rb o u n d ed  and 119 f o r  n o n -o v e rb o u n d e d  c i t i e s )
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TABLE 2

DENSITY DIFFERENCES BETWEEN CITY CATEGORIES 

ALL MILEAGE BANDS

City Category n X log X Std. Dev. Cal. t Table t

Overbounded.......... . .85 115 1.68083 .58046
3.27919 1.645

Non-Oveitounded.. ,85 65 1.40372 .51275

S o u r c e :  C a l c u l a t e d  by a u t h o r  ( s e e  Appendix  B)

These  r e s u l t s  t a k e n  a lo n e  i n d i c a t e  t h a t  d e n s i t i e s  o f  

t h e  p o s t u l a t e d  r e s i d e n t i a l  development c u r v e s  b e i n g  s i m i l a r  

w i t h  r e s p e c t  t o  t h e  Y a x i s  e x c e p t  i n  t h e  o u t e r  d i s t a n c e  bands  

i s  i n  e r r o r .  In  a c t u a l i t y  t h i s  may n o t  be  t h e  c a s e .  Conse

q u e n t l y ,  an a d d i t i o n a l  a n a l y s i s  was made t o  d e t e r m i n e  i f  t h e  

d i f f e r e n c e  was s i g n i f i c a n t  i n  a l l  segm ents  o f  t h e  d i s t a n c e  

s p e c t r u m .  A n u l l  h y p o t h e s i s ,  x^ = Xg, was e s t a b l i s h e d  f o r  

each  o f  t h e  e i g h t  m i l e a g e  b an d s .

In  eac h  band  t h e  mean f o r  t h e  d e n s i t y  o f  d w e l l i n g s  

was g r e a t e r  f o r  t h e  o ve rbounded  c i t y  s a m p le s .  S i g n i f i c a n t  

d i f f e r e n c e s  i n  d e n s i t y ,  however ,  were n o t  s o  f r e q u e n t .  The 

mean d e n s i t y  was s i g n i f i c a n t l y  g r e a t e r  ( a t  t h e  .05 a l p h a  

l e v e l )  i n s i d e  ove rbounded  c i t y  sam ples  when compared t o  d a t a

w ere  u s e d  i n  eac h  o f  t h e  l e a s t  s q u a r e s  p r o c e d u r e s .  In  an 
e f f o r t  t o  r e n d e r  t h e  t - t e s t  r e s u l t s  as  v a l i d  a s  p o s s i b l e ,  
however ,  t h e  number o f  sam ples  u sed  i n  t h e s e  t e s t s ,  p l u s  t h e  
t - t e s t s  c o n d u c te d  by m i l e a g e  bands  was r e d u c e d  i n  a random 
s e l e c t i o n  p r o c e s s  t o  an e q u a l  number o f  s am p les  i n  each  m i l e 
age b and .  F o r  each  ban d  t h i s  e q u a l i z e d  number was s i m i l a r  t o  
t h e  maximum number o f  sam ples  a v a i l a b l e  i n  t h e  c i t y  c a t e g o r y  
w i t h  t h e  f e w e s t  s am p le s .
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t a k e n  from sam p les  l o c a t e d  o u t s i d e  n o n -o v e rb o u n d ed  c i t i e s  

o n ly  i n  t h e  f i f t h  and s i x t h  m i l e a g e  bands  ( t a b l e  3 ) .  In  t h e  

s e v e n t h  band  t h e  d i f f e r e n c e  was a lm o s t  s i g n i f i c a n t  a t  t h e  

d e s i r e d  a l p h a  l e v e l  ( i t  i s  s i g n i f i c a n t  a t  . 0 7 ) ,  w h i l e  no 

d i f f e r e n c e s  t h a t  emerged i n  any o f  t h e  o t h e r  bands  w ere  t h i s  

s i g n i f i c a n t .  T h e r e f o r e ,  t h e  n u l l  h y p o t h e s i s  was r e j e c t e d  i n  

t h e  f i f t h  and s i x t h  b a n d s .

There  i s  l i t t l e  s t a t i s t i c a l  v a r i a t i o n  by m i l e a g e  band  

b e tw een  t h e  sam ple  d a t a  o b t a i n e d  i n s i d e  ove rb o u n d ed  and o u t 

s i d e  non-o v e rb o u n d ed  c i t i e s .  These  d i f f e r e n c e s  g e n e r a l l y  

o c c u r  n e a r  t h e  o u t e r  e x t r e m i t y  o f  t h e  d i s t a n c e  s p e c t r u m .  The 

r e s u l t s  s u b s t a n t i a t e  t h e  sec o n d  s u p p o r t i v e  h y p o t h e s i s ,  and 

p r o v i d e  s u p p o r t  f o r  t h e  p o s t u l a t e d  r e s i d e n t i a l  deve lopm ent  

c u r v e s .

A n a l y s i s  o f  S lo p e

T h i s  r e s e a r c h  i s  c o n c e r n e d  w i t h  t h e  p r o c e s s  and t h e  

form o f  dev e lo p m en t .  The d a t a  f o r  d w e l l i n g  d e n s i t y  were  

a n a l y z e d  i n  t h r e e  s e p a r a t e  l e a s t  s q u a r e s  p r o c e d u r e s  where  t h e  

d e p en d e n t  v a r i a b l e  was d e n s i t y  and  t h e  i n d e p e n d e n t  v a r i a b l e  

d i s t a n c e  ( e q u a t i o n s  8,  11 & 1 5 ) .  In  each  p r o c e d u r e  d e n s i t y  

was v iewed as  a f u n c t i o n  o f  d i s t a n c e ,  and t h e s e  s l o p e  param

e t e r s  s e r v e d  a s  i n d i c a t o r s  o f  t h e  r e s i d e n t i a l  g row th  p r o c e s s .  

B es t  f i t  l i n e s  emerged from t h e  l e a s t  s q u a r e s  s o l u t i o n s  and 

r e p r e s e n t  c o n t i n u o u s l y  c h an g in g  means w i t h  d i s t a n c e  a c r o s s  

t h e  e i g h t  m i l e  s p e c t ru m  o r  any one  m i l e a g e  band .  Thus  t h e  

i n f l u e n c e  o f  deve lopm ent  o c c u r r i n g  i n  one  p o r t i o n  o f  t h e



TABLE 3

DENSITY DIFFERENCES BETWEEN CITY CATEGORIES 

BY MILEAGE BANDS

M i l e C i t y  C a t e g o r y n l o g  X S t d .  Dev, C a l . t T a b l e  t

1 O v e r b o u n d e d .......... 21 213 1 . 8 8 6 6 7 .7 0 3 4 1
N o n - O v e r b o u n d e d . . . .  21 126 1 . 6 9 0 0 9 .6 4 0 4 9

2 O v e r b o u n d e d .......... . , 15 94 1 . 6 0 9 6 0 .5 8 1 7 3
N o n - O v e r b o u n d e d . . . .  15 82 1 . 3 0 6 2 7 .5 0 5 8 4

3 O v e r b o u n d e d .......... . . .  18 107 1 . 6 8 8 4 6 .5 9 1 2 3
N o n - O v e r b o u n d e d . . . .  18 63 1 . 4 9 4 6 0 .4 6 8 2 8

4 O v e r b o u n d e d ........... . . . 12 56 1 . 5 6 5 3 9 .4 5 6 7 4
N o n - O v e r b o u n d e d . . . . 12 34 1 . 4 4 5 6 8 .4 0 6 1 3

5 O v e r b o u n d e d ........... . . .  4 104 1 . 7 2 8 6 0 .5 0 4 4 8
N o n - O v e r b o u n d e d . . . . 4 3 1 . 1 1 0 1 8 .0 9 8 5 4

6 O v e r b o u n d e d ........... . . 5 143 2 . 0 1 8 1 9 . 3 4 4 6 2
N o n - O v e r b o u n d e d . . . . 5 10 1 . 3 9 0 9 3 .3 9 4 6 1

7 O v e r b o u n d e d .......... . . .  8 23 1 . 3 3 7 3 1 .3 7 8 0 6
N o n - O v e r b o u n d e d . . . . 8 2 1 . 0 7 2 9 5 .3 3 8 5 3

8 O v e r b o u n d e d ........... 2 3 1 . 1 1 2 6 6 .0 3 4 4 7
N o n - O v e r b o u n d e d . . . .  2 2 1 . 0 6 0 2 9 . 0 1 8 8 9

. 9 2 4 1 6  

1 .4 7 2 2 C  

.7 4 9 4 3  

. 6 4 9 5 9  

1 . 9 8 2 9 7  

2 . 3 9 4 5 0  

1 . 6 6 8 8 1  

1 . 3 6 2 4 5

1 . 6 8 4  

1 .  701 

1 . 6 9 7  

1 . 7 1 7  

1 . 9 4 3  

1 .  860 

1 .  761 

2 . 9 2 0

to

S o u r c e :  C a l c u l a t e d  by  a u t h o r  ( s e e  A p p e n d i x  B)
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s p e c t r u m  o r  m i l e a g e  band  t h a t  may have  been  l o s t  i n  t h e  

t - t e s t  i s  d e t e c t e d .

N u l l  h y p o t h e s e s ,  b-ĵ  = b 2 , were  e s t a b l i s h e d .  In  t h e  

f i r s t  p r o c e d u r e  ( e q u a t i o n  8) t h e  v a l i d i t y  o f  t h e  t h i r d  su p 

p o r t i v e  h y p o t h e s i s  was exam ined .  A b e s t  f i t  l i n e  was con

s t r u c t e d  f o r  d a t a  f o r  t h e  d e n s i t y  o f  d w e l l i n g s  f o r  t h e  e n t i r e  

d i s t a n c e  s p e c t r u m ,  w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  i n d i c a t i n g  

goodness  o f  f i t .  S i g n i f i c a n t  d i f f e r e n c e s  i n  s l o p e  c o e f f i 

c i e n t s  were  a n a l y z e d  w i t h  t - t e s t s  be tw een  c i t y  c a t e g o r i e s  

( e q u a t i o n  1 0 ) .  In  t h e  s e c o n d  p r o c e d u r e  ( e q u a t i o n  11) t h e  

f o u r t h  s u p p o r t i v e  h y p o t h e s i s  was exam ined .  In  t h i s  a n a l y s i s  

a b e s t  f i t  l i n e  was a g a in  c o n s t r u c t e d  f o r  a l l  d a t a  f o r  each  

c i t y  c a t e g o r y ,  w i t h  F - r a t i o s  examined  f o r  g o o d n ess  o f  f i t .

In  t h e  t h i r d  p r o c e d u r e  ( e q u a t i o n  15) a b e s t  f i t  l i n e  was 

c o n s t r u c t e d  f o r  t h e  d w e l l i n g  d e n s i t y  d a t a  b e tw een  c i t y  c a t e 

g o r i e s  by m i l e a g e  b an d  w i t h  s i g n i f i c a n t  d i f f e r e n c e s  i n  s l o p e  

c o e f f i c i e n t s  a n a l y z e d  w i t h  t - t e s t s .

N e g a t i v e  E x p o n e n t i a l  Model

In  t h i s  f i r s t  m ode l ,  l e a s t  s q u a r e s  p r o c e d u r e s  were  

u s e d  t o  m easu re  t h e  r e l a t i o n s h i p  o f  t h e  d a t a  t o  t h e  exponen

t i a l  d i s t a n c e  decay f u n c t i o n .  As h y p o t h e s i z e d ,  t h e  d a t a  f o r  

n o n -o v e rb o u n d e d  c i t i e s  more c l o s e l y  confo rm s  t o  t h i s  f u n c t i o n  

th a n  does  t h e  ove rb o u n d ed  c i t y  d a t a .  P l o t t i n g  t h e  means o f  

t h e  o r i g i n a l  d a t a  by m i l e a g e  band  c o n f i r m s  t h i s  c l o s e r  a s s o 

c i a t i o n  w i t h  n o n -o v e rb o u n d e d  c i t y  d a t a  ( f i g u r e  1 3 ) .  N e i t h e r  

o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s ,  however ,  w ere  s u b s t a n t i a l  

( s e e  t a b l e  4 ) .
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Figure 13

MEAN DENSITY OF DWELLINGS-ALL SAMPLES 

ORIGINAL DATA

D ensity

200 .
Overbeunded Cities 
N o n -O v e rb o u n d e d  C ities
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1 2 0 -

8 0 -

4 0 -

84 620
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m i i ô S

Edge of G eograph ic  C ity Edge of Study A rea y
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TABLE 4

CORRELATION COEFFICIENTS

ALL SAMPLES

C i ty  C a t e g o r y n C o r r e l a t i o n  C o e f f i c i e n t

O v e rbounded ................. ..........135 - . 1 6 4 3 7

N o n -O v e rb o u n d e d . . • . ..........119 - .4 4 8 4 9

S o u r c e :  C a l c u l a t e d  by a u t h o r

As e x p l a i n e d  e a r l i e r ,  t h e  v a r i a n c e  o f  t h e  d w e l l i n g  

d e n s i t y  d a t a  i s  q u i t e  l a r g e  w i t h i n  many m i l e a g e  b an d s .  To 

e l i m i n a t e  t h e  p ro b le m  o f  v a r i a n c e ,  t h e  mean o f  t h e  d a t a  f o r  

e ach  m i l e a g e  b a n d  was u s e d  i n  a s i m i l a r  e x p o n e n t i a l  model.  

The r e s u l t s  ( t a b l e  5) i n d i c a t e  t h e  p o r t i o n  o f  t h e  t h i r d  

h y p o t h e s i s  d e a l i n g  w i t h  t h e  b e t t e r  f i t  o f  t h e  model t o  non- 

o v e rb o u n d e d  c i t y  d a t a  i s  s u p p o r t e d .

TABLE 5 

CORRELATION COEFFICIENTS 

MEAN DATA

C i t y  C a te g o ry n C o r r e l a t i o n  C o e f f i c i e n t

O v e rb o u n d ed ................... 8 - . 5 5 6 2 5

N on-O verbounded .......... 8 - . 8 9 7 5 0

S o u r c e :  C a l c u l a t e d  by a u t h o r
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The n u l l  h y p o t h e s i s  d e a l i n g  w i t h  s i g n i f i c a n t  d i f f e r 

ences  in  s l o p e  p a r a m e t e r s  be tween  c i t y  c a t e g o r i e s  f o r  a l l  

s am ples  c o u l d  no t  be  r e j e c t e d .  The c a l c u l a t e d  t - v a l u e  ob

t a i n e d  when t e s t i n g  s l o p e  c o e f f i c i e n t  d i f f e r e n c e s  i n  d e n s i t y  

o f  d w e l l i n g  u n i t s  was 1 .16815 ,  w h i l e  t h e  t a b l e  v a l u e  f o r  a 

sample  s i z e  o f  254 and an a l p h a  l e v e l  o f  .05  i s  1 .645  

( t a b l e  6 ) .

TABLE 6

SLOPE COEFFICIENT DIFFERENCES BETWEEN CITY CATEGORIES

ALL MILEAGE BANDS

C i ty  C a teg o ry n S lo p e  C o e f f i c i e n t  C a l .  t  T a b le  t

O verbounded ............ .185 - .0 0 4 3 3
1 .16815  1 .645

N on-O v e rb o u n d ed . . .119 - .0 0 7 3 1

S o u r ce :  C a l c u l a t e d  by a u t h o r

P o ly n o m ia l  Model 

Development i n  o ve rbounded  c i t i e s  b u t  n o t  i n  non-  

o ve rbounded  c i t i e s  i s  p o s t u l a t e d  i n  h y p o t h e s i s  f o u r  t o  be  

b e s t  f i t  w i t h  a p o ly n o m ia l  l e a s t  s q u a r e s  model o f  t h e  t h i r d  

d e g r e e  b e c a u s e  o f  t h e  r e l a t i v e  a d v a n t a g e s  t h a t  r e s i d e n t i a l  

d e v e l o p e r s  i n  ove rb o u n d ed  c i t i e s  have  o v e r  n o n -o v e rb o u n d e d  

c i t y  d e v e l o p e r s  i n  t h e  o u t e r  r e a c h e s  o f  t h e  d i s t a n c e  s p e c 

t rum. A f o u r t h  d e g r e e  p o ly n o m ia l  model was f i t t e d  t o  t h e  

d w e l l i n g  d e n s i t y  d a t a  f o r  b o th  c i t y  c a t e g o r i e s ,  w i t h  t h e  

r e l a t i v e  g o o d n e s s e s  o f  f i t  d e t e r m i n e d  from F - r a t i o s  o f  v a r i a 

t i o n  b a s e d  on r e g r e s s i o n  d i v i d e d  by d e v i a t i o n  ab o u t  r e g r e s s i o n .
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The r e s u l t s  were  e s s e n t i a l l y  as  a n t i c i p a t e d  ( t a b l e  7) 

b a s e d  on changes  i n  t h e s e  F - r a t i o s .  For  o ve rbounded  c i t i e s  

t h e  F s c o r e  was h i g h e s t  f o r  d e n s i t y  o f  d w e l l i n g s  when a 

l i n e a r  model was a p p l i e d  t o  t h e  d a t a ,  b u t  t h e  s c o r e s  g e n e r 

a l l y  i n c r e a s e d  t o  t h e  t h i r d  d e g i j e ,  and  began  t o  d e sc e n d  as 

t h e  q u a r t i c  model was u s e d .  For o v e rbounded  c i t i e s  t h e  F 

s c o r e s  d e c l i n e d ,  as  e x p e c t e d ,  w i t h  each  a d d i t i o n  i n  the  

d e g r e e  o f  t h e  e x p o n en t .

TABLE 7

F-RATIOS FOR POLYNOMIAL REGRESSION 

ALL SAMPLES

C i t y  C a teg o ry Degree  o f  P o ly n o m ia l F - R a t i o

1 s t 3 .87671

Overbounded 2nd 1 .95533
3 rd 2 .40722
4 t h 1 .85273

1 s t 24 .32436

Non-Overbounded 2nd 12 .14429
3 rd 8 .0 8558

4 t h 6 .5 4 4 4 2

S o u r ce :  C a l c u l a t e d  by a u t h o r

The d a t a  v a r i a n c e  f o r  t h e  d e n s i t y  o f  d w e l l i n g s  f o r  

e ac h  m i l e a g e  band i s  p r e d o m i n a t e l y  l e s s  f o r  n o n -o v e rb o u n d e d  

c i t i e s .  The l e s s e r  d e g r e e  o f  v a r i a n c e  i s  e v i d e n t  i n  t h e  

h i g h e r  F s c o r e s  o b t a i n e d  f o r  t h a t  c i t y  c a t e g o r y .  A d d i t i o n a l l y ,  

t h e  h ig h  c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  from n o n -o v e rb o u n d ed



68

c i t y  d a t a  i n  t h e  n e g a t i v e  e x p o n e n t i a l  model i n d i c a t e s  t h e y  

f i t  t h a t  f u n c t i o n  w e l l .  These  d a t a  would  a l s o  f i t  s l o p e s  o f  

t h e  f i r s t ,  s e c o n d ,  t h i r d  and f o u r t h  d e g r e e s  t h a t  a r e  b e s t  

f i t  l i n e s  a p p r o x i m a t i n g  t h e  d i s t a n c e  decay  f u n c t i o n  a t  each  

d e g r e e .  What i s  i m p o r t a n t ,  however ,  i s  t h a t  t h e  goodness  o f  

f i t  d e c r e a s e s  as  t h e  e x p o n en t  i s  i n c r e a s e d  f o r  n o n - o v e r 

bounded c i t i e s .

Mean d a t a  by m i l e a g e  band  b e t t e r  f i t  t h e  n e g a t i v e  

e x p o n e n t i a l  f u n c t i o n  t h a n  t h e  d a t a  f o r  a l l  s am p le s  w i t h i n  

each  band;  t h e r e f o r e ,  t h e  p o ly n o m ia l  model was a l s o  a p p l i e d  

t o  t h e  d a t a  i n  t h a t  form. The r e s u l t s  w ere  e s s e n t i a l l y  t h e  

same as  t h o s e  e x p l a i n e d  above ,  w i t h  t h e  c u b i c  model a g a in  

f i t t i n g  b e s t  t h e  ove rb o u n d ed  b u t  n o t  t h e  n o n -o v e rb o u n d e d  

c i t y  d a t a .

P e r h a p s  t h e  most i m p o r t a n t  c o n t r i b u t i o n  o f  t h e  p o l y 

nomia l  r e g r e s s i o n  model was t o  p r e s e n t  s u p p o r t  f o r  t h e  p o s t u 

l a t e d  r e s i d e n t i a l  deve lopm ent  c u r v e s .  As can b e  o b s e r v e d  

from t h e  p r e d i c t e d  Y v a l u e s  f o r  d e n s i t y  o f  d w e l l i n g s  i n  

f i g u r e s  14 and 15, t h e  s t r u c t u r e  o f  t h e s e  p o s t u l a t e d  c u r v e s  

i s  e s s e n t i a l l y  c o r r e c t .

B ased  on t h e  t r e n d s  e v i d e n t  from t h e  F r a t i o s  i n  

t a b l e  7,  t h e  f o u r t h  h y p o t h e s i s  t h a t  t h e  e n t i r e  d i s t a n c e  s p e c 

t rum  s l o p e s  f o r  ove rb o u n d ed  and n o t  f o r  n o n -o v e rb o u n d e d  

c i t i e s  w i l l  be  b e s t  f i t  by a  c u b i c  e q u a t i o n  i s  s u p p o r t e d .

L e a s t  S q u a r e s  P r o c e d u r e  by M ileage  Band

A p p l i c a t i o n  o f  t h e  n e g a t i v e  e x p o n e n t i a l  model t o  d a t a  

from b o t h  c i t y  c a t e g o r i e s  r e v e a l e d ,  a s  h y p o t h e s i z e d ,  t h a t  t h e
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Figura 15
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model b e s t  f i t s  t h e  d a t a  f o r  non -o v e rb o u n d ed  c i t i e s .  R e c a l l ,  

however,  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  s l o p e s  be tween  

c i t y  c a t e g o r i e s  c o u ld  n o t  be  s u b s t a n t i a t e d .  P l o t s  o f  p r e 

d i c t e d  Y v a l u e s  f o r  each  v a r i a b l e  by c i t y  c a t e g o r y  g e n e r a t e d  

from t h e  p o ly n o m ia l  r e g r e s s i o n  model i n d i c a t e d  d i f f e r e n c e  in  

t h e  development p r o c e s s  i n  t h e  o u t e r  r e a c h e s  o f  t h e  d i s t a n c e  

s p ec t ru m .  H y p o th e s i s  f i v e  i s  examined in  t h i s  s e c t i o n  w i th  

a l e a s t  s q u a r e s  p r o c e d u r e  by m i l e a g e  band  ( e q u a t i o n  15) t o  

d e t e r m in e  i f  d i f f e r e n c e s  a l s o  e x i s t  w i t h i n  i n d i v i d u a l  m i le a g e  

bands  i n  t h e  o u t e r  b u t  n o t  t h e  i n n e r  r e a c h e s  o f  t h e  d i s t a n c e  

sp ec t ru m .

To examine deve lopm ent  p r o c e s s  i n  i n d i v i d u a l  b a n d s ,  

s l o p e  p a r a m e t e r s  o b t a i n e d  from t h i s  p r o c e d u r e  w ere  p l o t t e d  

by m i l e a g e  band f o r  each  c a t e g o r y  o f  c i t i e s  ( f i g u r e  1 6 ) .

These  c o e f f i c i e n t s  f o r  t h e  d w e l l i n g  d e n s i t y  d a t a  f o r  non- 

ove rbounded  c i t y  sam p les  v a r y  l i t t l e  from z e r o  t h r o u g h o u t  t h e  

d i s t a n c e  s p e c t ru m ,  i n d i c a t i n g  t h e  d w e l l i n g  d e n s i t y  v a r i a n c e  

i s  s i m i l a r  t o  t h e  v a r i a n c e  i n  d w e l l i n g  l o c a t i o n  t h r o u g h o u t  

t h e  band .  The o n ly  l o c a t i o n s  where  t h e  s l o p e  p a r a m e t e r s  f o r  

t h e  sam ples  from t h i s  c i t y  c a t e g o r y  d i f f e r  n o t i c e a b l y  from 

z e r o  a r e  i n  t h e  f i r s t  and f o u r t h  m i l e a g e  b a n d s .  The p r o p o r 

t i o n a t e l y  l a r g e  v a r i a n c e  i n  t h e  d e n s i t y  o f  d w e l l i n g s  i n  t h e  

f i r s t  band  combined w i t h  t h e  p o s i t i v e  n a t u r e  o f  t h e  s l o p e  i s  

r e s p o n s i b l e  f o r  t h e  r e l a t i v e l y  h ig h  p o s i t i v e  c o e f f i c i e n t  t h e r e .

The n e g a t i v e  v a l u e  i n  t h e  f o u r t h  m i l e a g e  band  r e s u l t s  

from t h e  l a r g e  d e n s i t y  d a t a  v a r i a n c e  and t h e  f a c t  t h a t  most 

developm ent  h a s  o c c u r r e d  i n  t h e  p o r t i o n  o f  t h e  m i l e a g e  band
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n e a r e s t  t h e  g e o g r a p h i c  c i t y ,  c a u s i n g  a  low v a r i a n c e  o f  t h e  

i n d e p e n d e n t  v a r i a b l e  and a n e g a t i v e  c o r r e l a t i o n  c o e f f i c i e n t .

In f i g u r e  13 t h e  mean d e n s i t y  o f  d w e l l i n g s  d ro p s  n o t i c e a b l y  

be tween  t h e  f o u r t h  and f i f t h  m i l e a g e  b an d s  o f  n o n -o v e rb o u n d e d  

c i t i e s ,  from t h i r t y - t w o  t o  s e v e n .  The p r e s e n t  a n a l y s i s  i n d i 

c a t e s  t h a t  change  i n  t h e  deve lopm ent  p r o c e s s  a c t u a l l y  b e g i n s  

b e f o r e  t h e  o u t e r  l i m i t s  o f  t h e  f o u r t h  m i l e a g e  band  a r e  

r e a c h e d .

S lo p e  p a r a m e t e r s  o f  t h e  d w e l l i n g  d e n s i t i e s  f o r  o v e r -  

bounded c i t i e s  d e v i a t e s  from z e r o  o n ly  i n  t h e  f i r s t ,  s i x t h ,  

and s e v e n t h  m i l e a g e  b a n d s .  Again t h e  l a r g e  d w e l l i n g  d e n s i t y  

v a r i a n c e  i n  t h e  f i r s t  m i l e a g e  band  e x p l a i n s  t h e  r e l a t i v e l y  

h ig h  s l o p e  c o e f f i c i e n t  t h e r e ,  and a g a i n ,  f o r  t h e  same r e a s o n  

c i t e d  above ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  p o s i t i v e .

R e c a l l  t h a t  i n  t h e  t - t e s t  t o  d e t e r m i n e  d i f f e r e n c e s  i n  

d w e l l i n g  d e n s i t y  by m i l e a g e  b a n d s ,  s i g n i f i c a n t  d i f f e r e n c e s  

emerge i n  t h e  f i f t h  and  s i x t h  b a n d s ,  w i t h  t h e  d a t a  f o r  t h e  

s e v e n t h  b and  a p p r o a c h i n g  s i g n i f i c a n c e .  The s l o p e  c o e f f i c i e n t  

f o r  t h e  f i f t h  m i l e a g e  b and  i s  n e a r  z e r o ,  w h e re a s  t h a t  v a lu e  

f o r  t h e  s i x t h  band  i s  a r e l a t i v e l y  l a r g e  n e g a t i v e  v a l u e .

T h i s  i s  an i n d i c a t i o n  t h a t  t h e  h i g h  deve lopm en t  d e n s i t y  i n  

t h e  f i f t h  ban d  i s  s p r e a d  r e l a t i v e l y  e v e n l y  a c r o s s  t h e  m i l e a g e  

band ,  w h e re a s  t h i s  d e n s i t y  i n  t h e  s i x t h  b and  i s  c o n c e n t r a t e d  

i n  t h e  p o r t i o n  o f  t h e  ban d  n e a r e s t  t h e  g e o g r a p h i c  c i t y .  T h i s  

i s  a s i g n i f i c a n t  f i n d i n g  b e c a u s e  i t  i n d i c a t e s  d e v e l o p i n g  i n 

s i d e  t h e  o v e rb o u n d e d  c i t y  h a s  a  p r o f o u n d  i n f l u e n c e  on t h e  

r e s i d e n t i a l  g row th  p r o c e s s  from f o u r  t o  a p p r o x i m a t e l y  f i v e
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and o n e - h a l f  m i l e s  o u t  from t h e  g e o g r a p h i c  c i t y ,  b u t  t h e  

deve lopm en t  p r o c e s s  t a p e r s  o f f  a t  t h a t  p o i n t .

A r e l a t i v e  deve lopm ent  v o i d  o c c u r s  be tween  a b o u t  f i v e  

and o n e - h a l f  and a p p r o x i m a t e l y  s i x  and o n e - h a l f  m i l e s  d i s 

t a n t .  A c o n c e n t r a t i o n  o f  deve lopm en t  n e a r  t h e  o u t e r  e x t r e m 

i t y  o f  t h e  s e v e n t h  m i l e a g e  band  i s  r e s p o n s i b l e  f o r  t h e  o n ly  

s i g n i f i c a n t  d i f f e r e n c e  i n  s l o p e  c o e f f i c i e n t s  be tween  t h e  two 

c i t y  c a t e g o r i e s  ( s e e  t a b l e  8 ) .

As m e n t io n e d  b e f o r e ,  t h e  d e n s i t y  d i f f e r e n c e s  as  

m easu red  w i t h  t - t e s t s  were  n o t  s i g n i f i c a n t  be tween  t h e  two 

c i t y  c a t e g o r i e s  a t  t h i s  s e v e n t h  m i l e a g e  band;  t h e r e f o r e ,  t h e  

form o f  deve lopm en t  i s  s i m i l a r .  T h i s  s i g n i f i c a n t  d i f f e r e n c e  

in  t h e  s l o p e  c o e f f i c i e n t s  i s  i m p o r t a n t  b e c a u s e  i t  i n d i c a t e s  

t h e  d ev e lopm en t  p r o c e s s ,  and o n l y  i n  t h i s  m i l e a g e  b an d  has  

t h e  p r o c e s s  s i g n i f i c a n t l y  d i f f e r e d  o v e r  t h e  l a s t  d e c a d e .

The p r e d i c t e d  Y v a l u e s  from t h e  p o ly n o m ia l  r e g r e s s i o n  

model ( p r e s e n t e d  i n  f i g u r e s  14 & 15) i n d i c a t e  p r o c e s s  t h r o u g h 

o u t  t h e  d i s t a n c e  s p e c t ru m .  B ecau se  o f  t h e  low d e n s i t y  i n  t h e  

s e v e n t h  m i l e a g e  band  when compared  t o  t h e  f i f t h  and s i x t h ,  

and t h e  s m o o th in g  n a t u r e  o f  t h e  t h i r d  d e g r e e  f i t  f o r  t h e  

e n t i r e  d i s t a n c e  s p e c t r u m ,  however ,  t h i s  s i g n i f i c a n t  d i f f e r 

e n ce  in  t h e  deve lopm ent  p r o c e s s  i n  t h e  s e v e n t h  band  was n o t  

o b t a i n e d .

The n u l l  h y p o t h e s i s ,  b^ = b 2 , was r e j e c t e d  i n  t h e  

s e v e n t h  m i l e a g e  band .  A l though  i t  may a p p e a r  t h a t  t h e  

r e s u l t s  c o n c e r n i n g  developm ent  p r o c e s s  o b t a i n e d  from t h e  

p o ly n o m ia l  r e g r e s s i o n  model and  t h e  l e a s t  s q u a r e s  p r o c e d u r e



TABLE 8

SLOPE COEFFICIENT DIFFERENCES BETWEEN CITY CATEGORIES 

INDIVIDUAL MILEAGE BANDS

. O v e r b o u n d e d  N o n - O v e r b o u n d e d  D i f f .  i n  r  i +
C i t y  S l o p e  C i t y  S l o p e  S l o p e  C o e f f .  ^

1  01169  . 0 0 5 1 5  . 0 0 6 5 4  1 . 1 1 1 0 4

2 ....................... 0 0 0 6 3  - . 0 0 3 0 7  .0 0 3 7 0  -  .5 6 0 6 2

3   - . 0 0 2 2 1  . 0 0 0 6 2  - . 0 0 2 8 3  -  . 5 0 2 7 1

4 ....................... 0 0 2 9 9  - . 0 0 6 6 8  . 0 0 9 6 7  1 . 6 6 1 7 4

5 ................ - . 0 0 0 2 5  - . 0 0 1 9 0  . 0 0 1 6 5  .3 0 6 0 5

6  ................ - . 0 0 8 4 5  . 0 0 1 2 8  - . 0 0 9 7 3  -  .7 1 9 4 8

7 .......................0 1 4 4 7  . 0 0 1 6 9  . 0 1 2 7 8  3 . 3 5 8 3 8

8  ....................... 0 0 2 2 3  . 0 0 0 3 6  . 0 0 1 8 7  . 6 6 8 4 6

S o u r c e :  C a l c u l a t e d  by  a u t h o r

T a b l e  t

2.010

2 .010

2.010

2 . 0 6 9

2 .110

2 . 0 8 0

2 . 1 3 1

2 . 2 2 8

oÜ1
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a p p l i e d  by m i l e a g e  band a r e  p r o v i d i n g  c o n t r a d i c t o r y  i n f o r m a 

t i o n ,  t h i s  i s  n o t  t h e  c a s e .  The s i g n i f i c a n t  d i f f e r e n c e  from 

t h e  l e a s t  s q u a r e s  p r o c e d u r e  a p p l i e d  t o  each  m i l e a g e  band was 

n o t  e f f e c t e d  by d e n s i t i e s  i n  any o t h e r  b and ,  and c o n s e q u e n t l y  

a s m a l l e r  s c a l e  d i f f e r e n c e  in  d e n s i t y  w i t h  d i s t a n c e  can 

emerge as  b e i n g  s i g n i f i c a n t .  T h i s  o c c u r r e d  in  t h e  p r e s e n t  

a n a l y s i s .  The b e s t  f i t  r e g r e s s i o n  l i n e  t h a t  was c o n s t r u c t e d  

i n  t h e  p o ly n o m ia l  model d i s m i s s e d  t h e  im p o r ta n c e  o f  t h e  

s i g n i f i c a n t  d i f f e r e n c e s  n o t e d  above,  b u t  h i g h l i g h t e d  t h e  

g e n e r a l  d i f f e r e n c e  i n  t h e  growth  p r o c e s s  i n  t h e  o u t e r  d i s 

t a n c e  s p e c t r u m  be tween  c i t y  c a t e g o r i e s .  An i m p o r t a n t  f i n d i n g  

was t h a t  b o th  p r o c e d u r e s  r e v e a l e d  d i f f e r e n c e s  i n  t h e  o u t e r  

p o r t i o n  o f  t h e  d i s t a n c e  s p e c t r u m ,  w h i l e  i n d i c a t i n g  a  g e n e r a l  

s i m i l a r i t y  i n  p r o c e s s  n e a r e r  t h e  edge o f  t h e  g e o g r a p h i c  c i t y .

Summary

In  t h i s  c h a p t e r  t h e  mean d e n s i t i e s  o f  d w e l l i n g s  were  

found  t o  be  s i g n i f i c a n t l y  d i f f e r e n t  t h r o u g h o u t  t h e  d i s t a n c e  

s p e c t r u m  be tween  c i t y  c a t e g o r i e s .  A l a t e r  a n a l y s i s  o f  den

s i t i e s  by m i l e a g e  b a n d s ,  however ,  r e v e a l e d  s i g n i f i c a n t  

d i f f e r e n c e s  o n ly  n e a r  t h e  o u t e r  l i m i t s  o f  t h e  d i s t a n c e  

s p e c t ru m .

D a ta  f o r  non -o v e rb o u n d ed  c i t i e s  were  found  t o  more 

c l o s e l y  a p p ro x im a te  an e x p o n e n t i a l  d i s t a n c e  decay  f u n c t i o n ,  

w h i l e  a p o ly n o m ia l  r e g r e s s i o n  model o f  t h e  t h i r d  d e g re e  p r o 

v i d e d  t h e  b e s t  f i t  s l o p e  f o r  ove rbounded  c i t y  d a t a .  P l o t t i n g s  

o f  p r e d i c t e d  Y v a l u e s  from t h e  p o ly n o m ia l  r e g r e s s i o n  model
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p r o v i d e d  s u p p o r t  f o r  t h e  p o s t u l a t e d  r e s i d e n t i a l  deve lopm ent  

c u r v e s .  A b e s t  f i t  s l o p e  was c o n s t r u c t e d  f o r  d a t a  from each  

m i l e a g e  band  in  an o r d i n a r y  l e a s t  s q u a r e s  p r o c e d u r e .  T h i s  

a n a l y s i s  a l s o  s u p p o r t e d  t h e  p o s t u l a t e d  d ev e lopm en t  c u r v e s .  

These  r e s u l t s  a l l  s u p p o r t  t h e  m a jo r  h y p o t h e s i s  o f  t h e  work 

t h a t  e x t e n d i n g  a c i t y ' s  p o l i t i c a l  l i m i t s  t o  encompass  l a r g e  

t r a c t s  o f  r u r a l  l a n d  i n f l u e n c e s  t h e  form and p r o c e s s  o f  r e s i 

d e n t i a l  deve lopm ent  beyond t h e  g e o g r a p h i c  c i t y .

R e s i d e n t i a l  development  w i t h i n  an u rb a n  c o n t e x t  i s  a 

complex p r o c e s s .  D e c i s i o n s  as  t o  when and where  t o  d e v e lo p  

a r e  c o n c e n t r a t e d  i n  t h e  hands  o f  a few. C o r r e c t  d e c i s i o n s  

a r e  e s s e n t i a l  t o  t h i s  g roup  t o  m a i n t a i n  t h e i r  m a rk e t  p o s i t i o n .  

C o n s e q u e n t ly ,  t h e y  a r e  s e n s i t i v e  t o  a number o f  deve lopm ent  

f a c t o r s .  In  i t s  s i m p l e s t  form t h e s e  f a c t o r s  can be  v iewed as 

c o s t  and m a rk e t  v a r i a b l e s .  T h i s  s i m p l e  f ramework ,  however ,  

o b f u s c a t e s  t h e  m y r i ad  o f  v a r i a b l e s  t o  be  a n a l y z e d  b e f o r e  

deve lopm ent  d e c i s i o n s  a r e  made. T opography ,  a c c e s s i b i l i t y ,  

n e ig h b o rh o o d  q u a l i t y ,  l a n d s c a p e  a e s t h e t i c s ,  and s e r v i c e  c o s t s  

a r e  o n ly  a  h a n d f u l  o f  t h e  f a c t o r s  t o  be  c o n s i d e r e d .  These i n  

t u r n  a r e  i n f l u e n c e d  by F e d e r a l  p o l i c y ,  l o c a l  e n v i r o n m e n t ,  

b u s i n e s s  c y c l e s ,  and p o l i t i c a l  c l i m a t e  t o  m e n t io n  a  few.

From t h i s  m yr iad  o f  v a r i a b l e s  t h e  a u t h o r  h a s  s e l e c t e d  

one  f a c t o r  — l i m i t s  o f  p o l i t i c a l  j u r i s d i c t i o n  —  and 

a t t e m p t e d  t o  d e t e r m in e  w h e t h e r  t h i s  f a c t o r  i n f l u e n c e s  t h e  

s p a t i a l  p a t t e r n  o f  r e s i d e n t i a l  d ev e lo p m en t .  G e o g rap h e rs  and 

o t h e r s  have  o f t e n  i g n o r e d  t h e  s i g n i f i c a n c e  o f  p o l i t i c a l  

b o u n d a r i e s  i n  m e t r o p o l i t a n  s t u d i e s  i n  f a v o r  o f  " f u n c t i o n a l "
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b o u n d a r i e s .  Y e t ,  p o l i t i c a l  b o u n d a r i e s  can and do r e p r e s e n t  

m e a n i n g f u l  l i m i t s  f o r  c e r t a i n  a c t i v i t i e s  o r  p e r c e p t i o n s .  The 

p r e m i s e  o f  t h i s  s t u d y  was t h a t  p o l i t i c a l  b o u n d a r i e s  were  mean

i n g f u l  t o  t h e  r e s i d e n t i a l  deve lopm en t  p r o c e s s  b e c a u s e  t h e y  

i n f l u e n c e  t h e  c o s t  o f  deve lo p m en t  t h r o u g h  s e r v i c e  c o s t .  The

nexus  i s  t h u s :  p o l i t i c a l  l i m i t s  ------->  s e r v i c e  c o s t s  ------->

d e ve lopm en t  p a t t e r n s .

A c r o s s - s e c t i o n a l  a n a l y s i s  o f  two g ro u p s  o f  c i t i e s  — 

o v e rb o u n d e d  and n o n -o v e rb o u n d e d  —  was u s e d  t o  examine t h e  

h y p o t h e s i z e d  l i n k a g e s .  R e s u l t s  o f  t h e  a n a l y s i s  a r e  e n c o u r 

a g i n g .  Development  b e tw ee n  t h e  two g ro u p s  does  d i f f e r  i n  a 

p a t t e r n  c o n s i s t e n t  w i t h  s e r v i c e  c o s t  p a t t e r n s .  The a u t h o r  

c o n c l u d e s ,  t h e n ,  t h a t  t h e  l o c a t i o n  o f  t h e  p o l i t i c a l  boundary  

w i t h  r e s p e c t  t o  t h e  b u i l t - u p  a r e a  o f  t h e  c i t y  do es  i n f l u e n c e  

deve lopm en t  p a t t e r n s .

The a u t h o r ,  h o w ever ,  w i s h e s  t o  e m p h as ize  t h a t  t h e  

p o l i t i c a l  b o u n d a ry  i s  o n ly  one o f  a  number o f  f a c t o r s  t h a t  

i n f l u e n c e  t h e  c o u r s e  o f  d e v e lo p m e n t .  Many a r e  o p e r a t i v e ,  and 

l o c a l  c o n d i t i o n s  m ig h t  change  r e l a t i o n s h i p s  fo u n d  t o  e x i s t  a t  

t h e  a g g r e g a t e  l e v e l .  F o r  exam ple ,  t h e  rough  to p o g r a p h y  a r o u n d  

E l  Paso  a l t e r s  t h e  s e r v i c e  c o s t s  p a t t e r n  fo u n d  t o  e x i s t  a t  t h e  

more g e n e r a l ,  a g g r e g a t e  l e v e l .  I n  c o n t r a s t ,  t h e  f l a t  t o p o g 

rap h y  o f  Lubbock e n t i c e s  t h a t  c i t y  governm en t  t o  e x t e n d  some 

c i t y  s e r v i c e s ,  l i k e  sewage ,  beyond  t h e  l e g a l  l i m i t s  o f  t h e  

c i t y .  These  e f f e c t s  w ou ld  a l t e r  somewhat t h e  r e s i d e n t i a l  

d e n s i t i e s  found  t o  e x i s t  a t  t h e  g roup  l e v e l .
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The im p a c t  o f  t h e s e  l o c a l  e f f e c t s  can b e  u n d e r s t o o d  

o n ly  by d i s a g g r e g a t i n g  t h e  deve lopm ent  p r o c e s s  by t h e  i n d i 

v i d u a l  c i t y .  The r e s u l t s  from t h i s  s t u d y  s u g g e s t  t h a t  f u r t h e r  

work i n  t h i s  a r e a  wou ld  n o t  be  f r u i t l e s s .  D i f f e r e n c e s  do 

e x i s t ,  and  a p p e a r  t o  b e  i n  p a r t  a f u n c t i o n  o f  t h e  l o c a t i o n  o f  

p o l i t i c a l  b o u n d a r i e s .



CHAPTER V 

CONCLUSIONS

O v e r e x t e n s i o n  o f  u rb a n  p o l i t i c a l  b o u n d a r i e s  f u n c t i o n s  

p o s i t i v e l y  i n  i n f l u e n c i n g  t h e  s p a t i a l  c o n f i g u r a t i o n  o f  r u r a l  

l a n d  d e v e l o p m e n t . The s i g n i f i c a n t  d i f f e r e n c e s  i n  form and 

p r o c e s s  o f  r e s i d e n t i a l  d e ve lopm en t  a t  t h e  o u t e r  r e a c h e s  o f  

t h e  s t u d y  a r e a s  o f  o v e rb o u n d e d  and n o n -o v e rb o u n d e d  c i t i e s  i s  

e v i d e n c e  t h a t  j u d i c i o u s  a p p r o v a l  o f  a n n e x a t i o n s  can  be u sed  

t o  c o n t r o l  t h e  d i r e c t i o n ,  l o c a t i o n ,  and i n t e n s i t y  o f  r e s i d e n 

t i a l  g ro w th .

In  h i s  s e a r c h  f o r  a home man a s p i r e s  f o r  s a t i s f a c t i o n  

i n  s e e k i n g  o u t  a  n e ig h b o r h o o d  w i t h  a c c e p t a b l e  e t h n i c  and 

s o c i a l  c h a r a c t e r i s t i c s ,  and he a l s o  w e ig h s  economic  c o n s i d e r a 

t i o n s  s u ch  a s  a c c e s s i b i l i t y  c o s t ,  l a n d  c o s t ,  p u b l i c  u t i l i t y  

s e r v i c e s ,  and f i r e  and  p o l i c e  p r o t e c t i o n .

As i l l u s t r a t e d  by von ThUnen ( 1 8 2 6 ) ,  A lonso  ( 1 9 6 4 ) ,

Muth ( 1 9 6 1 a ) ,  and Wingo ( 1 9 6 1 ) ,  t h e  a w a re n e s s  t h a t  a  p a r c e l  

o f  l a n d  i s  i n  a r e l a t i v e l y  a c c e s s i b l e  l o c a t i o n  i s  r e f l e c t e d  

i n  t h e  l a n d  c o s t .  A l th o u g h  l a n d  a d j a c e n t  t o  t h e  g e o g r a p h i c  

c i t y  i s  more e x p e n s i v e  t h a n  l a n d  i n  more d i s t a n t  l o c a t i o n s ,  

l a n d  d e v e l o p e r s  h av e  d e t e r m i n e d  a c c e s s i b i l i t y  t o  b e  t h e  

dominan t  f a c t o r  c o n s i d e r e d  by t h e  home p u r c h a s e r .  D e v e l o p e r s ,  

t h e r e f o r e ,  have  g e n e r a l l y  c o n c e n t r a t e d  r e s i d e n t i a l  deve lopm en t

80
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in  a c c e s s i b l e  l o c a t i o n s .  Because  o f  t h i s  r e a c t i o n  by la n d  

d e v e l o p e r s ,  t h e  d e n s i t y  o f  d w e l l i n g s  g e n e r a l l y  conforms to  

an e x p o n e n t i a l  d i s t a n c e  decay f u n c t i o n  j u s t  beyond  t h e  edge 

o f  t h e  g e o g r a p h i c  c i t y  f o r  b o t h  c i t y  c a t e g o r i e s .

The r e l a t i o n s h i p  o f  l a n d  c o s t  t o  a c c e s s i b i l i t y  b r e a k s

down a t  some p o i n t  beyond t h e  g e o g r a p h i c  c i t y ,  as  l a n d  c o s t s  

d e c r e a s e  a c c o r d i n g  t o  a n e g a t i v e  l o g i s t i c  f u n c t i o n  w h i l e  

a c c e s s i b i l i t y  c o s t s  i n c r e a s e  a t  a c o n s t a n t  r a t e  t o  some p o i n t  

a t  which t h e  i n c r e a s e  b e g i n s  t o  l e v e l  o f f .  Beyond t h i s  mod

e r a t i n g  p o i n t  i n  a c c e s s i b i l i t y  c o s t s  (where  l a n d  c o s t s  con

t i n u e  t o  d e c l i n e )  home p r i c e s  a r e  a p p e a l i n g  t o  p u r c h a s e r s .  

W ithou t  c o n s i d e r i n g  h i g h e r  u t i l i t y  s e r v i c e  c o s t s  and home 

i n s u r a n c e  r a t e s  as  a  r e f l e c t i o n  o f  f i r e  and p o l i c e  p r o t e c t i o n ,  

t h e  low er  co m p le te  home c o s t s  i n  t h e s e  d i s t a n t  a r e a s  i s  a 

r e a l i t y .

I n  o ve rbounded  c i t y  sam p les  t h e s e  s e r v i c e s  a r e  p r o 

v i d e d  by t h e  m u n i c i p a l  gove rnm ent ,  and a r e  s i m i l a r  i n  c o s t  t o

t h e  homeowner b o t h  a d j a c e n t  t o  and d i s t a n t  from t h e  geo

g r a p h i c  c i t y .  Thus,  a home c o n s t r u c t e d ,  f o r  exam ple ,  s i x  

m i l e s  d i s t a n t  from t h e  g e o g r a p h i c  c i t y  would  be  c o n s i d e r a b l y  

c h e a p e r  b e c a u s e  o f  l a n d  c o s t  t h a n  one  b u i l t ,  f o r  example,  

f o u r  m i l e s  d i s t a n t ;  y e t  t h e  d i f f e r e n c e  i n  t e m p o r a l  and mone

t a r y  a c c e s s i b i l i t y  c o s t s  would  p r o b a b l y  n o t  be  c o n s i d e r e d  

s i g n i f i c a n t  by t h e  home p u r c h a s e r .  C o n v e r s e l y ,  a home b u i l t  

s i x  m i l e s  d i s t a n t  from t h e  g e o g r a p h i c  c i t y  i n  t h e  n o n - o v e r 

bounded sam ples  would be  more e x p e n s i v e  t h a n  one c o n s t r u c t e d  

a t  f o u r  m i l e s  d i s t a n t  b e c a u s e  d i f f e r i n g  s e r v i c e  c o s t s  i n c r e a s e
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a c c o r d i n g  t o  a l i n e a r  f u n c t i o n  beyond t h e  g e o g r a p h i c  and 

p o l i t i c a l  c i t y ,  combined w i t h  i n c r e a s e d  commuting c o s t s .

The m one ta ry  b e n e f i t  o f  d e v e l o p i n g  a t  d i s t a n t  p o i n t s  

i n s i d e  t h e  p o l i t i c a l l y  o ve rbounded  c i t y  h a s  c a u s e d  d e v e l o p e r s  

t o  c o n s t r u c t  d w e l l i n g s  t h e r e  i n  hopes  o f  a t t r a c t i n g  p o t e n t i a l  

home b u y e r s  t o  t h e s e  l o c a t i o n s .  As t h e  f i n a n c i a l  b e n e f i t s  do 

n o t  e x i s t  i n  th e  o u t e r  l i m i t s  o f  t h e  n o n -o v e rb o u n d e d  c i t y  

s a m p l e s ,  r e s i d e n t i a l  c o n s t r u c t i o n  t h e r e  h a s  b e en  a lm o s t  non

e x i s t e n t .  T h i s  v a r i a t i o n  in  t h e  c o n s t r u c t i o n  p a t t e r n s  b e 

tween t h e  two c i t y  c a t e g o r i e s  ha s  had  t h e  e f f e c t  o f  a l t e r i n g  

t h e  e x p o n e n t i a l  d i s t a n c e  decay  f u n c t i o n  o f  o v e rb o u n d ed  c i t y  

sam ple  d a t a  n e a r  t h e  o u t e r  e x t r e m i t y  o f  t h e  d i s t a n c e  s p e c t r u m .

As h y p o t h e s i z e d ,  t h e  e x p a n s io n  o f  a c i t y ' s  p o l i t i c a l  

b o r d e r  t o  encompass  l a r g e  t r a c t s  o f  r u r a l  l a n d  does  i n f l u e n c e  

t h e  form and p r o c e s s  o f  r e s i d e n t i a l  deve lopm en t  beyond t h e  

g e o g r a p h i c  c i t y .  Development  i s  s i m i l a r  i n  d e n s i t y  and  d i s 

t r i b u t i o n  f o r  s e v e r a l  m i l e s  d i s t a n t  from t h e  edge  o f  t h e  geo

g r a p h i c  c i t y ,  b u t  n e a r  t h e  o u t e r  l i m i t s  o f  t h e  e i g h t  m i l e  

d i s t a n c e  s p e c t r u m  s i g n i f i c a n t  d i f f e r e n c e s  b e g i n  t o  emerge ,  

i l l u s t r a t i n g  n o t  o n ly  t h e  form o f  g rowth  o v e r  t h e  p a s t  t e n  

y e a r s  ha s  been  d i s s i m i l a r ,  b u t  t h e  p r e s e n t  p r o c e s s  a s  w e l l .

T h i s  r e s e a r c h e r  f e e l s  t h e s e  c o n c l u s i o n s  a r e  s i g n i f i c a n t  

from a g e o g r a p h i c a l  s t a n d p o i n t  s i n c e  t h e y  r e v e a l  a  s i g n i f i c a n t  

d i f f e r e n c e  i n  r e s i d e n t i a l  deve lopm ent  p a t t e r n s  o f  t h e  two c i t y  

c a t e g o r i e s .  While  o t h e r  r e s e a r c h e r s  su ch  a s  B lu m e n fe ld  (1954)  

and Boyce (1966)  have  n o t e d  t h e  i n c r e a s e  o f  r e s i d e n t i a l  a c 

t i v i t y  a t  a d i s t a n c e  beyond  t h e  g e o g r a p h i c  c i t y  i n  some u rb a n
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a r e a s . t o  t h e  knowledge  o f  t h i s  r e s e a r c h e r  t h e r e  have  been  

no p u b l i s h e d  r e p o r t s  w i t h  t h e  p u r p o s e  o f  r e l a t i n g  t h i s  g ro w th  

t o  t h e  c i t y ' s  p o l i t i c a l  b o u n d a ry .

The p u r p o s e  o f  t h i s  r e s e a r c h  work was n o t  t o  p r e s e n t  

an argument  f o r  r e s i d e n t i a l  g row th  i n  r e l a t i v e l y  i s o l a t e d  

a r e a s , a s ,  f o r  exam ple ,  L e s s i n g e r  (1962)  h a s  done .  R a t h e r ,  

t h e  p u r p o s e  was t o  a n a l y z e  t h e  p r e c i s e  l o c a t i o n  o f  g row th  and  

t o  a n a l y z e  i t s  r e l a t i v e  l o c a t i o n  w i t h  r e s p e c t  t o  t h e  p o l i t i 

c a l  b o u n d a r i e s  and  c i t y  a m e n i t i e s .  The s t u d y  a r e a  was 

l i m i t e d  t o  Texas  c i t i e s  b e c a u s e  o f  t e m p o r a l  and  economic  

r e s t r i c t i o n s ,  and , t h e r e f o r e ,  t h e  r e s u l t s  c an n o t  be  s t r i c t l y  

i n f e r r e d  t o  o t h e r  l o c a l e s .  I f  one  a c c e p t s  t h e  f i n d i n g s  o f  

t h e  two s o c i o l o g i s t s  r e f e r e n c e d  i n  t h e  f i r s t  c h a p t e r  (Bromley 

& S m i th ,  1973) ,  however ,  t h e  r e s u l t s  may b e  a p p l i c a b l e  t o  a l l  

t h e  S o u th  and West o f  t h e  U n i t e d  S t a t e s .

S u b s e q u e n t  t o  t h e  d a t a  c o l l e c t i o n ,  an a d d i t i o n a l  

economic  f a c t o r  ( t h e  e n e r g y  c r i s i s )  h a s  emerged t h a t  may 

a f f e c t  deve lo p m en t  p a t t e r n s  i n s i d e  o v e rb o u n d e d  c i t i e s  i n  t h e  

f u t u r e .  In t h e  p a s t ,  d e v e l o p e r s  i n  t h i s  t y p e  c i t y  have  

s p e c u l a t e d  t h a t  p o t e n t i a l  homeowners w i l l  be w i l l i n g  t o  move 

t o  more d i s t a n t  l o c a t i o n s  t o  a c q u i r e  l o w e r  home p u r c h a s e  

p r i c e s .  T h i s  c o s t  b e n e f i t  w i l l  n o t  d i m i n i s h .  S h o u ld  t h e  

e n e rg y  c r i s i s  c o n t i n u e ,  however ,  i t  i s  soon  t o  h ave  a  p r o 

fo und  e f f e c t  on a c c e s s i b i l i t y  c o s t s ,  and t h u s  t o t a l  c o s t s  o f  

home o w n e r sh i p  i n  d i s t a n t  l o c a t i o n s .

T h i s  r e s e a r c h e r  hopes  t h e  r e s u l t s  w i l l  i n s p i r e  o t h e r  

r e s e a r c h  v e n t u r e s  i n  s i m i l a r  a r e a s  o f  u r b a n  g e o g ra p h y .
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A lthough  t h e  ove rb o u n d ed  c i t y  i s  a w i d e s p r e a d  phenomenon i n  

t h e  U n i t e d  S t a t e s  to d a y  i t  h a s  r e c e i v e d  p r o p o r t i o n a t e l y  

l i t t l e  a t t e n t i o n  from g e o g r a p h e r s .  With a  more c o m p le te  

u n d e r s t a n d i n g  o f  em erg in g  r e s i d e n t i a l  g ro w th  p a t t e r n s ,  t h e  

g e o g r a p h e r  would  f i n d  h i m s e l f  w i t h  an i n f o r m a t i o n  b a s e  f o r  

im p lem en t in g  p o l i c y  d e c i s i o n s  t o  c o n t r o l  t h e  d i r e c t i o n  and 

r a t e  o f  f u t u r e  u rb a n  r e s i d e n t i a l  g row th .
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D e f i n i t i o n s

C i t y  C e n t e r  -  The o r i g i n a l  c i t y  c e n t e r  a s  i d e n t i f i e d  from 

maps and  a e r i a l  p h o to g r a p h y .  The o r i g i n a l  c o u r t h o u s e  o r  p o s t  

o f f i c e  i s  s i t u a t e d  on t h i s  b l o c k .  I t  i s  n o t  n e c e s s a r i l y  t h e  

g e o m e t r i c  c i t y  c e n t e r .

P o l i t i c a l  C i t y  -  The l e g a l  a r e a  o f  t h e  c i t y  a s  encompassed  by 

i t s  p o l i t i c a l  b o u n d a ry  ( c i t y  l i m i t s ) .

R u r a l  Land -  Land i n  a g r i c u l t u r a l  u s e ,  i d l e  l a n d ,  and  l a n d  i n  

f o r e s t .  E x c lu d e d  i s  l a n d  p e r m a n e n t l y  c o v e r e d  by w a t e r  and 

U.S. Government p r o p e r t y .  An a r e a  i s  c l a s s i f i e d  as  r u r a l  o r  

n o n - r u r a l  b a s e d  on t h e  o b s e r v a b l e  l a n d  u s e  and n o t  n e c e s s a r i l y  

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

G e o g r a p h i c  C i t y  -  . . t h e  b u i l t  up a r e a  e x t e n d i n g  i n  a l l

d i r e c t i o n s  u n t i l  s i g n i f i c a n t l y  i n t e r r u p t e d  by fa rm s ,  f o r e s t ,  

o r  o t h e r  n o n - u r b a n  l a n d ,  o r  by w a t e r  b o d i e s "  (Murphy, 1966, 

p .  1 3 ) .  As an o p e r a t i o n a l  d e f i n i t i o n  f o r  t h i s  r e s e a r c h  work , 

t h e  g e o g r a p h i c  c i t y  i s  d e f i n e d  a s  t h a t  p o r t i o n  o f  a  p o l i t i c a l  

c i t y  i n  w h ich  t h e  s q u a r e  m i l e  s e c t i o n s  o f  l a n d  c o n t a i n  l e s s  

t h a n  50 p e r c e n t  r u r a l  l a n d  u s e .

Overbounded  and Non-Overbounded C i t i e s  -  F o r  t h e  p u r p o s e  o f  

t h i s  s t u d y ,  a l l  s u r v e y e d  c i t i e s  f a l l  i n t o  one o f  t h e s e  two
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dicho tom ous  c l a s s e s .  C i t i e s  a r e  c l a s s i f i e d  i n t o  n a t u r a l  

c a t e g o r i e s  w i t h  a  l i n k a g e  a n a l y s i s ,  w i t h  any c i t y  c l a s s i f i e d  

a s  o v e rbounded  o r  non -ov e rb o u n d ed  b a s e d  on t h e  p e r c e n t a g e  o f  

r u r a l  l a n d  i n  t h a t  c i t y  when compared t o  t h e  p e r c e n t a g e  o f  

t h i s  t y p e  l a n d  w i t h i n  t h e  b o r d e r s  o f  e ac h  c i t y  s t u d i e d .

R u ra l -U rb an  F r i n g e  -  Tha t  p o r t i o n  o f  l a n d  on t h e  p e r i p h e r y  o f  

a  g e o g r a p h i c  c i t y  where  t h e  s e t t l e m e n t  p a t t e r n  i s  d i s c o n 

t i n u o u s .  Wehrwein d e s c r i b e d  i t  a s  an a r e a  i n  t r a n s i t i o n  

be tw een  w e l l  r e c o g n i z e d  u rb an  l a n d  u s e s  and  t h e  a r e a  d e v o te d  

t o  a g r i c u l t u r e  ( 1 9 4 2 ) .

Urban Sprawl -  D i s c o n t i n u o u s  u rb a n  deve lopm en t  t h a t  o c c u r s  

on t h e  p e r i p h e r y  o f  many c i t i e s .  D eve loped  l a n d  may be  

l o c a t e d  more d i s t a n t  from t h e  g e o g r a p h i c  c i t y  t h a n  a r e  o t h e r  

p l o t s  t h a t  have  e x p e r i e n c e d  no r e s i d e n t i a l  g row th .

E x t r a t e r r i t o r i a l  J u r i s d i c t i o n  -  As d e f i n e d  i n  t h e  M u n ic ip a l  

A n n e x a t io n  A c t ,  L ega l  S t a t u t e s  o f  T e x a s , an i n c o r p o r a t e d  c i t y  

m a i n t a i n s  j u r i s d i c t i o n  o v e r  t h e  p l a t t i n g  and s u b d i v i s i o n  o f  

l a n d  beyond i t s  p o l i t i c a l  b o r d e r s  t o  a  s p e c i f i e d  d i s t a n c e  

dep en d in g  upon c i t y  p o p u l a t i o n  s i z e .  V i o l a t i o n s  o f  t h e  

p l a t t i n g  and s u b d i v i s i o n  r e g u l a t i o n s  c a n n o t ,  however ,  be  con

s i d e r e d  a misdemeanor  o r  s u b j e c t  t h e  v i o l a t o r  t o  a  f i n e ,  a s  

i s  t h e  c a s e  w i t h i n  p o l i t i c a l  b o u n d a r i e s .

I d l e  Land -  Land o b s e r v e d  t o  be  i n a c t i v e ,  and t h e r e f o r e  

c a p a b l e  o f  s u p p o r t i n g  r e s i d e n t i a l  g ro w th .
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S t a t i s t i c a l  C a l c u l a t i o n s

P e r c e n t a g e  Change in  C i t y  P o p u l a t i o n  1960 -  1 3 7 0 ,

i n  1960 Area

where  :

-  x i ) 2  + Z (% 2 j  -  ^2)2
S2  = n i  + n 2  -  2

q2 785 .208540 + 567 .710000  
o 9

Sq = 12 .260679

t  = 8 .1857142  -  10 .3500000

A I  ( j12.260679 \ |  17 4 j  (16 )

t  = - . 2 8 1 6 3 2 5
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D e n s i ty  D i f f e r e n c e s  Between C i t y  C a t e g o r i e s  

A l l  M i leage  Bands -  D e n s i t y  o f  D w e l l in g s

t  =
x i  -  xg -  d

where  :

g 2  _  -  X l ) 2  + -  X g ) :
o n-]̂  + n2  -  2

S2  = 28 .639024  + 2 2 .347641
°  168

Sq = .550901

^ ^ 1 .6808271  -  1 .4037214

. 5 5 0 9 0 r  

t  = 3 .2791905

) î \  (85 8 5 ) (1 7 )

D e n s i t y  D i f f e r e n c e s  Between C i t y  C a t e g o r i e s  

by M i leag e  Bands -  D e n s i t y  o f  D w e l l in g s  

1 s t  M i leage  Band

t  =
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w here :

S2  = + Z ( x 2 j  -
1 1 1  + Dg -  2

_ 10 .390555 + 8 .6146494 
^ -------------------

Sq = .6892968

^ _ 1 .8866728  -  1 .6900852t  — --------------------------------------

.6892968" 

t  = .9241552

l ^ ( p l  ^ 2 l )

S2  =

2nd M i leag e  Band

5 .076104  + 3 .8380427
o 28

Sq = .564236

^ ^ 1 .6 0 9 5 993 -  1 .3062666

.564236 

t  = 1 .4722765

r \ |( A  * to)

3 rd  M i leag e  Band

c2 _ 6 .2 9 1 9 7 6 8  + 3 .9472221  
34

So = .5487739

(18 )

(19 )



t  =

90

1.6884677  -  1 .4945955

548773E + A )

t  = .7494258

4 t h  M i leag e  Band

_ 2 .5033442  + 1 .9792892  
22

So = .4513933 

t  = 1-5653866 -  1 .44568

.4513933^ 

t  = .649589

^  | l 2 ^ 12)

5 t h  M i le ag e  Band

t  = -  . .^ 2

Q
^  n ^ ^ ( n i - l )  

w here  :

^ 1 = iq I  >^11

Ui = x i i  -  X2 ^ \

( 2 0 )

( 2 1 )

“ 1

n^ ( i  = 1 , 2  . . . ,  n^ )
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u^ = 2 .4 7368  

Uj^2 = 2 .69690

Q = 4 ( 2 .6 9 6 9 0 )  - ( 2 . 4 7 3 6 8 ) 2  

Q = 4 .668508

t  = 1-7285975 -  1 .1101775 , g 2 )

N

4 .668508
48

t  = 1 .9829664

S2  =

6 t h  M i leage  Band

.593829 + .7785922
o 8

Sq = .414189

^ ^ 2 .0 1 8 1 8 8  -  1 .390934

.41418Î 

t  = 2 .3945004

7 th  M i leage  Band 

Q = 8  ( 1 .9 6 4 4 7 )  -  (2 .1 1 4 9 3 ) 2

( 2 3 )
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Q = 11 .242832

1.3373112 -  1 .072945t  =
11.242832

448 (24)

t  = 1 .668811

8 t h  M i leage  Band

S§ = 002241 + .000714

Sq = .0384382

^ ^ 1 .112655  -  1 .060285

.0384382 

t  = 1 .3624467

(25 )

S lo p e  C o e f f i c i e n t  D i f f e r e n c e s  Between C i t y  C a t e g o r i e s  

A l l  M i leag e  Bands -  D e n s i t y  o f  D w e l l in g s

The b e s t  e s t i m a t e  o f  t h e  common v a r i a n c e  ( S ' / ) i s  
computed:

(n .  -  2 ) 8 2  + (n _ 2 ) s 2
q ,2  = F l / *  2 y g / x
F/x ni +n2 _ 4

w here :  . = s t a n d a r d  e r r o r  o f  t h e  e s t i m a t e
Fii' s q u a r e d
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Based on t h e  p o o l e d  i n f o r m a t i o n  from b o t h  s a m p l e s ,  

t h e  e s t i m a t e  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t  i s :

s .  2 .  — —
»1 ( n i  -  1) S2.

w here :  = s t a n d a r d  d e v e i a t i o n  o f  x s q u a r e d

and t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  d i f f e r e n c e  b^  -  ^2 

e s t i m a t e d  from:

si2 = s ; 2  + s '2  
1"  2 1 2

and

b^ -  bg
t  =

^ b i  -  b 2

t h e r e f o r e  :

<5 . 2  _ (133 )  .3249467 t  (117)  .1723158
* y / x  250

43 .217911^+ o20^16094_8 = .2535154

_ .2535154 .2535154
6 4 408 .965  9 5 784 .846

S2  ̂ = .0000065
b i  -  b 2

and:

+ -  - -0 0 4 3 3 2 6  ( - )  - .0 0 7 3 1 0 8  
^ .0025495

t  = 1 .1681506
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