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ZUSAMMENFASSUNG 

FUr e i n e n T e i l des i n ners ta ' d t i schen E i n -

k a u f s v e r k e h r s g i b t das E n t r o p i e - M a x i m i e r u n g s -

model1 von W i l s o n e i n e g e e i g n e t e E r k l a -

r u n g s b a s i s ab. Die V e r k e h r s v e r t e i 1 u n g s -

m a t r i x w i r d d urch d i e u'bertragbare P r a -

f e r e n z m a t r i x e r s e t z t : an i h r kann b e i -

s p i e l h a f t d e r E i n f l u B des P u n k t m u s t e r s 

auf d i e Model 1 e r g e b n i s s e g e z e i g t werden. 

Urn d i e s e n zu m i n i m i e r e n , s i n d r e g e l m a f t i -

ge P u n k t m u s t e r m i t g e r i n g e r V a r i a t i o n 

der Aufkommensgrbften Versand/Empfang ge-

s u c h t . Ausgehend vom Hexagona 1 n e t z la|3t 

s i c h e i n e T r a n s f o r m a t i o n angeben, w e l c h e 

d i e V a r i a t i o n der B e v o 1 k e r u n g s d i c h t e im 

i n n e r s t a ' d t i s chen B e r e i c h i n den a u s z u -

wahlenden V e r k e h r s z e l 1 en m i n i m i e r t . 

Regensburg d i e n t a l s A n w e n d u n g s b e i s p i e 1 

f u r d i e v o r g e t r a g e n e n Ober1egungen. 

1. INTRODUCTION 

For t h e s u c c e e d i n g c o n s i d e r a t i o n s i t i s 

supposed t h a t number and shape of t r a f f i c 

zones a r e t o be d e t e r m i n a t e d w i t h o u t r e ­

s t r i c t i o n . In case of o p t i m i z i n g some 

b a s i c p a t t e r n of t r a f f i c zones the works 

of Openshaw £l4,15] c o u l d be r e f e r r e d . 

Two main t h o u g h t s d e t e r m i n e t he f o l l o w i n g 

i n v e s t i g a t i o n : 

( i ) t r a f f i c z o n i n g as r e g i o n a 1 i s a t i o n 
s h o u l d s q u a r e w i t h the b a s i c t r i p 
d i s t r i b u t i o n h y p o t h e s i s ; 

( i i ) t r a n s f e r of the r e s u l t s of model 
a p p l i c a t i o n s h o u l d be g r a n t e d ; t o 
put i t i n o t h e r words: m i n i m i z i n g 
t h e i m p a c t of p o i n t p a t t e r n w h i c h 
i s formed by the c e n t r e s of t r a f f i c 
zones and ta k e n as a b a s i s f o r 
model c a l i b r a t i o n . 

a d ( i ) . As t h e r e i s no u n i v e r s a l r e g i o n a l i -

s a t i o n f o r the purpose of t r a f f i c i n v e s t i ­

g a t i o n s i m p o r t a n t h i n t s of how to choose 

and shape t r a f f i c zones can be drawn by 

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

t r i p d i s t r i b u t i o n h y p o t h e s i s or i n t e r ­

a c t i o n model. As t o t h o s e models w i t h 

e x p l i c i t l y e x p r e s s e d h y p o t h e s i s ( e . g . 

r o u t e / t i m e m i n i m i z a t i o n ) s o l u t i o n s l i k e 

T h i e s s e n - p o l y g o n s c o n s t r u c t e d around 

s i n k s a r e e a s i l y o f f e r e d . D i f f i c u l t i e s 

a r e g r o w i n g i f one has to use models w i t h 

i m p l i c i t l y g i v e n h y p o t h e s i s l i k e e n t r o p y -

m a x i m i z i n g methods. 

ad ( i i ) . C l o s e r e l a t i o n s of t r i p d i s t r i b u ­

t i o n h y p o t h e s i s w i t h r e g i o n a l i s a t i o n are 

a l s o d e s i r a b l e t o m i n i m i z e t h e - i n i t s 

amount c o n t e s t e d - i m p a c t of p o i n t p a t t e r n 

on the r e s u l t s o f model a p p l i c a t i o n . At 

l e a s t t h r e e ways c o u l d be f o l l o w e d t o 

f i l t e r o ut the i n f l u e n c e of p o i n t p a t t e r n : : 

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

- compare model r e s u l t s w i t h t h o s e b e i n g 
d e r i v e d by use of an i d e a l p o i n t p a t t e r n 

- compute two t r i p d i s t r i b u t i o n m a t r i c e s , 
one w i t h a g l o b a l , t h e second w i t h 
s p a t i a l l y d i f f e r e n c i a t e d impedance f u n c ­
t i o n ( s ) . 

T a k i n g up the f i r s t two t h o u g h t s , s e c t i o n 

2 d e a l s w i t h a s u g g e s t i o n how t o c o n s t r u c t 

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

a r e a l v a r i a b l e s . R e s u l t s are used t o de­

r i v e some g e n e r a l p r o p e r t i e s of s u b d i v i ­

s i o n of space i f the e n t r o p y - m a x i m i z i n g 

h y p o t h e s i s i s t h o u g h t of b e i n g s u i t e d 

b e s t f o r the problem under i n v e s t i g a t i o n . 

S e c t i o n 3 f o c u s e s t h e g e n e r a l r e s u l t s of 

s e c t i o n 2 on the r e g i o n a l i s a t i o n p roblem 

o f t h e m u I t i n o d a l i n n e r - u r b a n s p a c e , w h i l e 

s e c t i o n 4 c o n t a i n s an a p p l i c a t i o n of the 

i d e a s put f o r w a r d . 

B e f o r e g o i n g f u r t h e r some remarks s h o u l d 

be made upon i n n e r - u r b a n consumer t r a f f i c . 

In view o f c o n s u m e r - b e h a v i o u r i t can be 

s u b d i v i d e d i n t o at l e a s t two subgroups 

(SG): 

SGI : T i m e / D i s t a n c e / E f f o r t M i n i m i z a t i o n 
i n s a t i s f y i n g h i g h - f r e q u e n c y demand 
( m a i n l y f o o d ) . G e n e r a l i n t e r a c t i o n -
t h e o r y o f f e r s ' L i n e a r O p t i m i z a t i o n 
M o d e l s ' 1n c o n n e c t i o n w i t h the 
'Theory of C e n t r a l P l a c e s ' and i t s 
s h a p i n g of market a r e a s . 

SG2 : With d e c r e a s i n g f r e q u e n c y of demand 
of goods t r a f f i c c o n s i d e r a t i o n s 
t a k e i n t o a c c o u n t ' d i s t a n c e ' i n 
v a r i o u s measures, ' r e l a t i v e l o c a ­
t i o n ' i n form of a c c e s s i b i l i t y or 
i n t e r v e n i n g o p p o r t u n i t y and s i z e / 
f a c i l i t i e s / m u l t i p l e c h o i c e o f 
p o s s i b l e d e s t i n a t i o n s . A p a r t from 
s p e c i a l b e h a v i o u r a l h y p o t h e s i s and 
dependent on a v a i l a b l e i n f o r m a t i o n 
i n t e r v e n i n g o p p o r t u n i t y o r e n t r o p y -
m a x i m i z i n g models c o u l d be used. 

In case of poor and r a t h e r g l o b a l i n f o r ­

m a t i o n - t h a t i s : a p p l i c a t i o n o f e n t r o p y -

m a x i m i z i n g models - the w e i g h t of under­

l y i n g p o i n t p a t t e r n i n a n a l y s i n g consumer 

t r a f f i c i n c r e a s e s : e x p l a n a t i o n of t r i p 

d i s t r i b u t i o n i s based s o l e l y on s p a t i a l 

v a r i a b l e s l i k e ' d i s t a n c e ' , ' r e l a t i v e l o -



c a t i o n ' or d e r i v e d measures l i k e a c c e s s i ­

b i l i t y ' , ' p o t e n t i a l ' o r ' a r e a l c o m p e t i t i ­

on'. The r e p r e s e n t a t i o n o f t h e i n v e s t i ­

g a t i o n a r e a w i t h i n the model e s p e c i a l l y 

t he z o n i n g c o m p l e t e l y d e t e r m i n e s the 

s u c c e s s o f f u r t h e r i n t e r p r e t a t i o n . T h e r e ­

f o r e b e s i d e s q u e s t i o n s of m e a s u r i n g d i ­

s t a n c e ( r e a l , o r d i n a l , p e r c e p t i v e ) o r 

e f f o r t , e x p e n d i t u r e e t c . one has to 

r a i s e the q u e s t i o n about a n e u t r a l p o i n t 

p a t t e r n or z o n i n g - s y s t e m , t o o . R e g u l a r 

p o i n t p a t t e r n s are w e l l s u i t e d because 

t h e y i n h e r i t the l o w e s t i n f o r m a t i o n , 

o v e r a l l as w e l l as r e g i o n a l l y d i f f e r e n -

t i a t e d . 

2. IMPACT OF POINT PATTERN ON 

MODEL RESULTS 

I n t e r a c t i o n models g e n e r a t e a t r i p d i s t r i ­

b u t i o n m a t r i x under use o f 

- i n f o r m a t i o n of l o c a l s t r u c t u r e at 
s o u r c e s / s i n k s 

- c h a r a c t e r i s t i c s of the i n v e s t i g a t i o n 
a r e a ( d i s t a n c e m a t r i x , r o u t e n e t w o r k , 
b a r r i e s , e t c . ) 

- g l o b a l i n d i c a t o r about t r a f f i c ( t o t a l 
e x p e n d i t u r e , e t c ) 

- the t r i p d i s t r i b u t i o n h y p o t h e s i s . 

S i n c e t h e s e c h a r a c t e r i s t i c s a r e dependent 

on space i t i s s u g g e s t e d t o s u b s t i t u t e 

the p r e f e r e n c e m a t r i x G f o r the computed 

m a t r i x. 

- the f o l l o w i n g c o n s t r a i n t s are s a t i s f i e d : 

Gi ven : 

V : 

(1) E: 

T: 

= { v l s . . . , v n } 

= { E l s . . . , E n } 

n 
E 

j = l 

n 
E 

1 = 1 

Set of t r a f f i c 
amount g e n e r a ­
t e d by o r i g i n 
zones { l , . . s nj 

. . . d e s t i n a t i o n 
z o n e s [ l , . . , n ] 

T o t a l amount 
of t r a f f i c 

The m a t r i x 

(2) F = (F 

has the f o l l o w i n g p r o p e r t i e s : 

- up to a m u l t i p l i c a t i v e c o n s t a n t I-
t h i s i s the m a t r i x of the i n t e r - U 
a c t i o n p r o b a b i l i t i e s under assump­
t i o n t h a t V and E a r e i n d e p e n d e n t 
i n sense of p r o b a b i l i t y t h e o r y 

- under g i v e n row and column sums 
t h i s i s the m a t r i x of maximal 
e n t r o p y 

V, E 
A = E. V j * { l , . . , n } (3) E "I 

i = l 

n V i E i f 1 
( 4 ) ^ = v. V. £ i l , . . . , n j 

The accompanying p r e f e r e n c e m a t r i x G=(G.j) 

of a r e a l ( o r computed) t r i p d i s t r i b u t i o n 

m a t r i x T= ( T ^ ) w i l l be d e f i n e d as 

(5) (G 

A p p l i e d t o t h e e n t r o p y - m a x i m i z i n g model one 

g e t s 

A B d ° 1 

( d . T a : l o g a r i t h m i c p e r c e p t i o n of 
J d i s t a n c e d between o r i g . i 

and d e s t . j ) 

whereas the b a l a n c i n g f a c t o r s A, B a r e 

d e f i n e d l i k e 

(7) A.: - -
1 1 

E B,.E,d, 
j = l 

J J 1 J 
E A.V.d. 

i = l i i l j 

As to the above d e s c r i b e d W i l s o n model 

the i m p a c t of p o i n t p a t t e r n on the compu­

ted t r i p d i s t r i b u t i o n c o u l d be e s t i m a t e d 

by e x a m i n i n g t h e b a l a n c i n g f a c t o r s A, B. 

S i n c e l a t t e r a r e computed w i t h the a i d of 

i t e r a t i v e methods £7*] the i n i t i a l s t e p of 

the F u r n e s s p r o c e d u r e can s e r v e as a p p r o x i ­

m a t i o n . So we g e t f o r example: 

(8) B j * -
1 

A T a y l o r - e x p a n s i o n o f the d e n o m i n a t o r 

h o l d s : 

(9) 
i? 1 Vir* n {* d.T + ' - "K r 1 -

• c o v ( V , d < j ) + \ V 6 2 ( d . j ) -

• ( - a ) ( - a - l ) d . - a - 2 } 

and 

(10) c o v ( V , d 4 J ) : = i . M V . - V ) ( d ^ - d . . 

d .:= a v e r a g e d i s t a n c e of t r i p s / 
, J t r a f f i c to d e s t i n a t i o n zone j . 



Hence f o l l o w s t h a t the a r e a l c o m p e t i t i o n 
n _ a 

of s e n d e r s a t s i n k j : £ V-d- can 
i = l 1 J 

be e x p r e s s e d i n a f i r s t a p p r o x i m a t i o n as 

the p r o d u c t of a v e r a g e amount of t r a f f i c 

s e n t by s o u r c e s and a-averaged d i s t a n c e 

of t r a f f i c w i t h zone j as d e s t i n a t i o n , 

From t h a t can be c o n c l u d e d t h a t the a r e a l 

v a r i a t i o n o f B - v a l u e s i s dependent on t o 

what e x t e n t t h e d i s t r i b u t i o n o f r e c e i v e r -

d i s t a n c e s d i f f e r s from s i n k t o s i n k . T h e r e ­

f o r e p a t t e r n w i t h homogeneous p o i n t - d e n s i ­

t y w i l l m i n i m i z e t h i s a r e a l v a r i a t i o n . 

I t s t i l l r e m a i n s t o d i s c u s s the second 

term o f the T a y l o r e x p a n s i o n ( 1 0 ) . W h i l e 

the f i r s t a p p r o x i m a t i o n i s o n l y r e g i o n a ­

l i z e d by t h e r e l a t i v e l o c a t i o n of d e s t i n a ­

t i o n zone j ( e x p r e s s e d by d # j
a ) , i t s 

c o r r e c t o r term c o v ( V , d 4 j ) t a k e s i n t o 

a c c o u n t t h e c o - v a r i a t i o n o f amount of 

t r a f f i c a t s o u r c e s , , and d i s t a n c e t o 

s i n k j . Examples f o r the r e l a t i o n o f 

p o i n t p a t t e r n and cov. c f . K l e i n [ l 1, 

pp. 191-196^]. T h i s by no means i g n o r a b l e 

c o n t r i b u t i o n t o the a r e a l c o m p e t i t i o n 

can be m i n i m i z e d by 

- p r o b a b i l i t y t h e o r e t i c a l i n d e p e n d e n c e 
of V and d ^ 

- or low a r e a l v a r i a t i o n o f V. 

At t h e p o i n t of e n t r o p y - m a x i m i z i n g 

method t h a t much can be s a i d t h a t t h e 

imp a c t o f p o i n t p a t t e r n on model r e s u l t s 

can be d e l i m i t e d by 

- use o f a r e g u l a r p a t t e r n as w e l l as 

- m i n i m i z i n g t he a r e a l v a r i a t i o n o f V and 
E. 

3. DERIVATION OF A PATTERN TRANSFOR­

MATION 

T h i s s e c t i o n d e a l s w i t h a t r a n s f o r m a t i o n 

how a r e g u l a r p a t t e r n can be a d j u s t e d t o 

a s p e c i a l p r o b l e m under c o n s i d e r a t i o n of 

the i d e a s d e v e l o p e d so f a r . 

The i n v e s t i g a t i o n a r e a i s o v e r l a i d w i t h 

a h e x a g o n a l network. L a t t e r seems to be 

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

g a t i o n w i t h i n the m u l t i n o d a l i n n e r - u r b a n 

r e g i o n . The c e n t r e s of hexagons form a l s o 

the p o i n t p a t t e r n r e q u i r e d f o r model 

a p p l i c a t i o n . W i t h i n the hexagons p e r s o n s 

a c t as p o t e n t i a l t r i p m a k e r s . T h e i r a r e a l 

d i s t r i b u t i o n i s shown i n F i g . 1. I t i s 

e v i d e n t t h a t the number o f pe r s o n s i n 

t r a f f i c zones (hexagons) v a r i e s c o n s i d e r a b ­

l y . 

F i g . 1. T h e o r e t i c a l d i s t r i b u t i o n of 
p o p u l a t i o n d e n s i t y a c r o s s a 
c i t y c e n t r e . (Adapted from Dixon 

[6,P. 2 0 ] ) 

So t r a f f i c zones are t o be t r a n s f o r m e d 

to m i n i m i z e t h i s a r e a l v a r i a t i o n . Choose 

a t r a n s f o r m a t i o n c e n t r e ( x m » y m ) .
 L e t 

r 1 5 . . , r k denote the d i s t a n c e s from 

(x ,y ) t o t h o s e hexagon c e n t r e s which x m J m ' 

w i l l be t o u c h e d by the h a l f - p r o f i l e shown 

i n F i g . 1, F be the a r e a of a hexagon, 

(11) V 1 = j * p ( F ) d F V l e { l , . . . , k } 

F ( r 1 ) 

p: f u n c t i o n of p r o b a b i l i t y d e n s i t y , 
shown i n F i g . 1. 

I f r i < r 2 < ' f < r k t h e n " o u t s i d e 

the c i t y c e n t r e -

V 1 >V2 > and the d e c l i n e 

w i l l c o r r e s p o n d t o the one o f p. 

T r a n s f o r m a t i o n t s h o u l d be chosen t o 

a c h i e v e 

f r 1 . . . . r j * [ r 1 ( t ) . . . . . r k ( t ) ] w i t h 

(12) V = V 1 = j " p ( F ) d F V i e { l , . . , k ] 

F ( r 1 <
t ) ) 



p o p u l a t i o n d e n s i t y - s c a l e d -
( 1 « 1 3 8 P « r s . / h a ) 
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F i g . 2. Graph o f t r a n s f o r m a t i o n f u n c t i o n 
f o r t h e case of n e g l e c t i n g b a r ­
r i e r s ( c f . F i g . 4 ) . E m p i r i c a l l y 
d e r i v e d graph of p o p u l a t i o n den­
s i t y f o r Regensburg has been 
opposed. 

To c h a r a c t e r i z e t h e t r a n s f o r m a t i o n f u n c ­

t i o n i n words: 

e x p a n s i o n i n the range of low 

p o p u l a t i o n d e n s i t y 

c o n t r a c t i o n i n the range of h i g h 

In t h e p r e s e n t case the f o l l o w i n g t r a n s ­

f o r m a t i o n f u n c t i o n has been used: 

(13) t = + e ( c f . F i g . 2) 

r : = d ( ( x , y ) , ( x m , y m ) ) 

( x , y ) : c o o r d i n a t e s of a 
hexagon c e n t r e 

d( , ) : d i s t a n c e t o t r a n s ­
f o r m a t i o n c e n t r e 

0 <a,b a : dependent on the ex­
t e n s i o n of the CBD 
and the mesh-width of 
hexagonal network 

b : dependent on the t o t a l 
urban and e s p e c i a l l y 
d e n s e l y p o p u l a t e d area 
(a f i r s t guess c o u l d 
be the s q u a r e of the 
s t a n d a r d d i s t a n c e of 
p o p u l a t i o n ) 

Each hexagon c e n t r e ( x , y ) w i l l be t r a n s ­

formed i n t o ( x ^ ' , y ^ ' j l i k e : 

( X- Xm> ^ ( x . y ) 

The n u m e r i c a l e s t i m a t i o n of the t r a n s f o r ­

m a t i o n p a r a m e t e r s a, b uses the o b j e c t 

f u n c t i o n : 

2 
(15) ZF 

n 
z 

1 = 1 
( V i - V) mi n 

y ^ ' = ( y - y ) - t , x + y 
J K J Jm' ( x , y ) ^IT 

4. APPLICATION 

H a n d l i n g the i n f o r m a t i o n of a two y e a r s 

p e r i o d s t u d y of i n n e r - u r b a n consumer 

t r a f f i c a t Regensburg a z o n i n g system f o r 

a n a l y s i n g SG 2 ( c f . 1.) i s needed. With 

the method o u t l i n e d above a f i r s t d e s i g n 

w i l l be worked out w h i c h has t o be modi­

f i e d i n s m a l l s c a l e t o t a k e i n t o c o n s i d e r a ­

t i o n road n e t w o r k , d i s t r i b u t i o n of shops 

and i n t e r a c t i o n b a r r i e r s . 

As i n s e c t i o n 3 t h e a r e a l d i s t r i b u t i o n of 

s o u r c e s w i l l be t h o u g h t as c o i n c i d e n t w i t h 

p o p u l a t i o n d i s t r i b u t i o n . As a consequence 

of i t s h i s t o r i c a l development and p h y s i c a l 

( r i v e r Danube, r e l i e f ) as w e l l as a n t h r o -

pogeneous ( r a i l w a y , highway) b a r r i e r s the 

graph o f p o p u l a t i o n d e n s i t y d i f f e r s from 

the i d e a l one ( c f . F i g . 2 . ) . There i s no 

e x p o n e n t i a l d e c l i n e from c e n t r e t o f r i n g e 

and the d e n s i t y gap of t h e CBD i s o n l y 

s l i g h t l y marked. 

As t o p o s s i b l e s i n k s on the b a s i s of a t o ­

t a l s u r v e y about 70 i n n e r - u r b a n c l u s t e r s 

of shops or s h o p p i n g c e n t r e s of d i f f e r i n g 

s i z e and f a c i l i t i e s have been e s t a b l i s h e d . 

Only a s m a l l p a r t of t h e s e i s chosen as 

d i r e c t d e s t i n a t i o n under the a s p e c t o f SG 

2. L a t t e r are l o c a t e d w i t h i n the i n n e r 

c i t y , a l o n g a r t e r i a l r o a d s - m a i n l y i n the 

a r e a of pre-1914 e x p a n s i o n and i n c o r p o r a t e d 

v i l l a g e c e n t r e s - and a t the urban f r i n g e . 

However i n q u i r i e s on consumer b e h a v i o u r show 

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

f r e q u e n t l y . So the whole 70 c e n t r e s can be 

r e g a r d e d as i n d i r e c t d e s t i n a t i o n s of SG2. 

R e g a r d i n g the s h o p p i n g b e h a v i o u r t h e r e i s 

much e v i d e n c e t h a t the e n t r o p y - m a x i m i z i n g 

method w i t h i t s i n t e r p r e t a t i o n of a r e a l 

c o m p e t i t i o n w i l l be a p p r o p r i a t e t o r e c o n ­

s t r u c t i t . F o r t h e r e a r e not o n l y c e n t r i ­

p e t a l t r a f f i c f l o w s but a l s o f l o w s a l o n g 

the margin and C B D - c r o s s i n g f l o w s . L a t t e r 

i s due to the d e s c r i b e d p a t t e r n of s i n k s 

and the t e n d e n c y o f r e t a i l d e c e n t r a l i s a ­

t i o n . 

A hexagonal z o n i n g s y s t e m of 69 c e l l s 



has been chosen which c o v e r s the whole s e t t l e d 

a r e a of Regensburg. With r e g a r d t o p o p u l a ­

t i o n d e n s i t y Regensburg seems to be p a r t ­

l y overbounded ( c f . F i g . 3 ) . Two c a l i ­

b r a t i o n runs have been made which d i f f e r 

i n t h e c o n s i d e r a t i o n of b a r r i e r s . R e s u l t s 

may be seen from T a b l e 1. 

Tab. 1 C a l i b r a t i o n r e s u l t s of t r a n s ­
f o r m a t i o n p a r a m e t e r s 

Without barr. With barr. 
Hexag. Transf. Hexag. Transf. 

9 2029 2029 2029 2029 

ZF 2265 1738 2458 1858 

V . mi n 0 0 0 0 

V 
max 

7871 7593 10121 7541 

aCkm""1] - 1,02 - 1.02 

b / V ] _ 3,84 _ 3.20 

F i g . 3. Regensburg: A g g r e g a t i o n of p o p u l a t i o n f o r a hexagonal z o n i n g 
system on t h e b a s i s o f b l o c k s . ( S o u r c e of d a t a : C i t y Regens­
b u r g , Department of S t a t i s t i c s , 1980) 



F i g . 2 shows t h a t i n t h e immediate n e i g h ­

bourhood of the chosen c e n t r e (* m»y m) 

p o i n t s w i l l be moved o n l y s l i g h t l y t o a v o i d 

a s p l i t t i n g up of t h e CBD. With i n c r e a s i n g 

d i s t a n c e from c i t y c e n t r e and e x c e e d i n g 

t h e d e n s e l y p o p u l a t e d a r e a p o i n t s w i l l be 

c o n t r a c t e d t o even out p o p u l a t i o n i n zones. 

With d e c r e a s i n g p o p u l a t i o n d e n s i t y the 

o r i g i n a l hexagon p o i n t p a t t e r n undergoes 

o n l y a s l i g h t d i s t o r t i o n . 

C omparison o f F i g . 3 and F i g . 4 i n d i c a t e s 

t h a t r e d i s t r i b u t i o n of p o p u l a t i o n has 

been s u c c e s s f u l i n c i t y c e n t r e and m a r g i n , 

not a l w a y s a t the f r i n g e . The a r e a l v a r i ­

a t i o n has been r e s t r i c t e d ( s t a n d a r d d e v i ­

a t i o n d e c l i n e s from 2265 p e r s . t o 1738 

p e r s . ) but no r e g u l a r p a t t e r n i s a c h i e v e d . 

What about t h e i m p a c t of p o i n t p a t t e r n ? 

T a b l e 2 p r o v i d e s t h e f i g u r e s t o e s t i m a t e 

s u c c e s s o f f a i l u r e of the t r a n s f o r m a t i o n . 

Tab. 2 Measures f o r the i mpact 
of p o i n t p a t t e r n 

Without barr. With barr. 
Hexag. Transf. Hexag. Transf. 

• 1 0 4 • 1 0 4 •10 4 • 1 0 4 

cov 0.673 0.425 0.665 0.460 

s c o v 
1.02 0.581 1.01 0.635 

V 1.52 1.37 1.52 1.38 
cov 

( a=-l.) .10" 4 . i o -
4 

. l O " 4 - l O " 4 

B 1 .059 0.832 1.060 0.870 

SB 
1.552 1.135 1.552 1.129 

v D 
1.47 1.31 1.47 1 .30 

Scale 
1:70 ooo 

F i g . 4. Regensburg: A g g r e g a t i o n of p o p u l a t i o n f o r the t r a n s f o r m e d 
z o n i n g system on the b a s i s of b l o c k d a t a - w i t h o u t c o n s i d e ­
r a t i o n o f b a r r i e r s . ( S o u r c e of d a t a : C i t y R e g e n s b u r g , De­
partm e n t of S t a t i s t i c s , 1980) 



The d i s t o r t i o n o f the hex a g o n a l z o n i n g 

s y s t e m w i t h t h e consequence o f v a r y i n g 

d i s t a n c e d i s t r i b u t i o n between s i n k s 

w i l l be compensated by the l o w e r v a r i ­

a t i o n o f V. T h e r e f o r e cov- as w e l l as 

B - v a l u e s f a l l s h o r t o f the c o r r e s p o n ­

d ent v a l u e s o f the hex a g o n a l p o i n t p a t t e r n , 

T h i s i s v a l i d a b s o l u t e as w e l l as r e l a ­

t i v e ( c o e f f i c i e n t of v a r i a t i o n v ). Note: 

C o m p l e t e l y r e g u l a r d i s t r i b u t i o n of V 

c o u l d be o b t a i n e d but a t the c o s t o f the 

s t i l l l i m i t e d v a r i a t i o n o f p o i n t d e n s i t y 

and i n consequence an u n b a l a n c e d zone 

shape and a r e a - not o n l y a t the f r i n g e 

l i k e i n F i g . 4. 

C l o s e r t o r e a l i t y i s the a s s u m p t i o n t h a t 

i n t e r s e c t i o n b a r r i e r s have t o be con­

s i d e r e d . Indeed the r i v e r s Danube and 

Regen as w e l l as highways and r a i l w a y s 

a f f e c t and h i n d e r the o v e r a l l i n t e r a c t i o n . 

A second c o m p u t a t i o n has been made and. the 

r e s u l t s r e m a i n the same ( c f . Tab. 1 / 2 ) . 

A l s o the r e l a t i n g o f b l o c k s to zone cen­

t r e s w i t h i n the 11 a r e a s b o r d e r e d by 

b a r r i e r s shows extreme s e t t i n g s o n l y a t 

the f r i n g e ( c f . F i g . 5 ) . In most c a s e s the 

t r a n s f o r m e d p o i n t s c o r r e s p o n d w i t h t h e 

p o p u l a t i o n c e n t r e o f the zone. 

A few zones have been empty b e f o r e and 

remain empty a f t e r t r a n s f o r m a t i o n . T h i s i s 

due t o the f a c t t h a t p o p u l a t i o n d e n s i t y 

i s n ot s y m m e t r i c a l r e l a t i v e t o ( x

m > y m ) -

To a v o i d t h i s and t o b r i n g z o n i n g i n c l o s e 

a c c o r d a n c e w i t h the l o c a l c o n d i t i o n s i t i s 

s u g g e s t e d t o depend t he t r a n s f o r m a t i o n 

f u n c t i o n n ot o n l y on d i s t a n c e b u t a l s o on 

d i r e c t i on 
t = f(r,«f) . 

Interaction barrier 

S e a l * 
1i70OOO 

F i g . 5 Regensburg: A g g r e g a t i o n o f p o p u l a t i o n f o r the t r a n s f o r m e d 
z o n i n g system on the b a s i s of b l o c k s - w i t h c o n s i d e r a t i o n 
of b a r r i e r s . C e n t r e s o f s t a r s a r e i d e n t i c a l w i t h the t r a n s ­
formed p o i n t s , t h e e n d p o i n t o f s t a r s a r e t h e c e n t r e s of 
b l o c k s . ( S o u r c e of d a t a : C i t y R e g e n s b u r g , Department o f 
S t a t i s t i c s , 1980) 
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