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FOREWORD 

Declining rates of national population growth, continuing 
differential levels of regional economic activity, and shifts 
in the migration patterns of people and jobs are characteristic 
empirical aspects of many developed countries. In some regions 
they have combined to bring about relative (and in some cases 
absolute) population decline of highly urbanized areas; in 
others they have brought about rapid metropolitan growth. 

For his analysis of urban growth and decline in the Federal 
Republic of Germany, Michael Wegener presents a demoeconomic 
simulation model that describes patterns of spatial choice 
behavior in Dortmund. The three-phased development of this 
region is similar to that of many highly developed urban 
agglomerations and is therefore a representative example of 
urbanization, suburbanization, and deurbanization. By intro- 
ducing the decision behavior of enterprises, households, and 
individuals, which reflect the scarcity of resources, the 
model is able to interpret the processes of urban growth and, 
most importantly, urban decline. 

A list of recent publications of the Urban Change Task in 
IIASA's Human Settlements and Services Area appears at the 
end of this paper. 

Andrei Rogers 
Chairman 
Human Settlements 
and Services Area 
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ABSTRACT 

I n  t h i s  pape r ,  s e l e c t e d  r e s u l t s  o f  a  m u l t i l e v e l  dynamic 
s imu la t i on  model of  t h e  economic and demographic development 
i n  t h e  urban reg ion  o f  Dortmund, FRG, a r e  p resen ted .  The 
model s imu la tes  l o c a t i o n  d e c i s i o n s  of i n d u s t r y ,  r e s i d e n t i a l  
deve lope rs ,  and households ,  t h e  r e s u l t i n g  m ig ra t i on  and commuting 
p a t t e r n s ,  t h e  l a n d  use  development,  and t h e  impacts  o f  p u b l i c  
p o l i c i e s  i n  t h e  f i e l d s  o f  i n d u s t r i a l  development,  hous ing,  and 
i n f r a s t r u c t u r e .  

I n  p a r t i c u l a r ,  t h e  paper  i l l u s t r a t e s  t h e  c a p a b i l i t y  o f  
t h e  model t o  c a p t u r e  n o t  on ly  urban growth p r o c e s s e s ,  b u t  a l s o  
p rocesses  o f  urban d e c l i n e .  For t h i s  purpose,  f i r s t  t h e  nech- 
anisms which c o n t r o l  s p a t i a l  growth, d e c l i n e ,  o r  r e d i s t r i b u t i o n  
of a c t i v i t i e s  i n  t h e  model a r e  o u t l i n e d .  Second, it i s  demon- 
s t r a t e d  how t h e  model reproduces t h e  g e n e r a l  p a t t e r n  of p a s t  
s p a t i a l  development i n  t h e  reg ion .  Th i rd ,  r e s u l t s  of  s imula- 
t i o n s  cover ing  a  wide range o f  p o t e n t i a l  o v e r a l l  economic and 
demographic development i n  t h e  reg ion  a r e  d i scussed .  
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ASPECTS OF URBAN DECLINE: EXPERIMENTS 
W I T H  A MULTILEVEL ECONOMIC-DEMOGRAPHIC 
MODEL FOR THE DORTMUND REGION* 

INTRODUCTION 

Like o t h e r  h i g h l y  i n d u s t r i a l i z e d  c o u n t r i e s ,  t h e  Fede ra l  

Republ ic  o f  Germany h a s  exper ienced a fundamental  change of 

d i r e c t i o n  i n  t h e  development of i t s  s e t t l e m e n t  s t r u c t u r e .  While 

t h e  f i f t i e s  and s i x t i e s  were c h a r a c t e r i z e d  by massive growth 

and expans ion o f  u rban ized  a r e a s  a t  t h e  expense o f  r u r a l  r e g i o n s ,  

t h e  s e v e n t i e s  saw an i n c r e a s i n g  ou tmig ra t ion  o f  popu la t i on  and 

i n d u s t r y  from t h e  c e n t e r s  of t h e  agg lomerat ions t o  t h e i r  less 

urban ized  p e r i p h e r i e s ,  r e s u l t i n g  i n  a d e c l i n e  o f  popu la t i on  i n  

a l l  l a r g e r  agg lomerat ions and a d e c l i n e  o f  employment i n  some 

of  them. 

On t h e  s c a l e  o f  one urban reg ion ,  f o u r  phases of urban 

development encompassing t h i s  s h i f t  o f  d i r e c t i o n  can  be d i s -  

t i n g u i s h e d  (van den Berg and Klaassen 1978) .  Cons ider  an urban 

r e g i o n  d i v i ded  i n t o  two components: t h e  urban c o r e  and t h e  

suburban pe r i phe ry  (see F igu re  1 ) .  I n  phase 1 ,  t h e  u r b a n i z a t i o n  

phase,  bo th  components grow, b u t  more growth occu rs  i n  t h e  co re .  

I n  phase 2 ,  t h e  growth cu rve  of t h e  urban c o r e  f l a t t e n s ,  a s  

more growth i s  a t t r a c t e d  t o  t h e  l e s s  urban ized per iphery :  t h i s  

i s  t h e  subu rban i za t i on  phase.  I n  phase 3 ,  t h e  urban c o r e  

* 
The r e s e a r c h  d e s c r i b e d  i n  t h i s  paper  was c a r r i e d  o u t  a t  
t h e  I n s t i t u t e  o f  Urban and Reqional  p lann ing,  Un i ve rs i t y  
of  Dortmund, FRG. 



d e c l i n e s ,  w h i l e  g rowth  c o n t i n u e s  i n  t h e  s u b u r b s  a t  a d i m i n i s h i n g  

r a t e ;  a t  some p o i n t  i n  t i m e  t h e  t o t a l  r e g i o n  star ts  t o  d e c l i n e .  

T h i s  phase  may t h e r e f o r e  b e  c a l l e d  t h e  d e u r b a n i z a t i o n  phase .  

Phase 4 i s  t h e  u n c e r t a i n  f u t u r e .  

Past Future 

Phase 1 Phase 2 Phase 3 Phase 4 

UrSm- Subukan- Deurban- 
? izat ion izat ion izat ion 

F i g u r e  1 .  U r b a n i z a t i o n ,  s u b u r b a n i z a t i o n ,  and d e u r b a n i z a t i o n  
(van  den Berg and K laassen  1 9 7 8 )  . 



The b a s i c  causes  under ly ing phases 1  through 3 seem t o  be  

w e l l  known. A t  t i m e s  of h igh  o v e r a l l  popu la t ion  growth, job 

o p p o r t u n i t i e s  i n  c i t ies  used t o  be t h e  major f o r c e  behind t h e  

u rban i za t i on  p rocess .  R is ing  incomes and modern t r a n s p o r t  

t echno log ies  ( t h e  automobi le)  made subu rban i za t i on  p o s s i b l e .  

Deurbanizat ion does n o t  seem t o  be a  t h i r d ,  e n t i r e l y  new 

phenomenon, r a t h e r  t h e  c o n t i n u a t i o n  o f  subu rban i za t i on  under 

cond i t i ons  o f  o v e r a l l  popu la t ion  d e c l i n e .  However, t h e r e  seems 

t o  be no agreement on t h e  p rospec ts  o f  phase 4 :  W i l l  deurbani-  

z a t i o n  p e r s i s t ;  w i l l  it l e v e l  o f f ;  o r  w i l l  t h e r e  be  f o r c e s ,  

such a s  r i s i n g  c o s t s  o f  t r a v e l ,  which w i l l  s t i m u l a t e  a  new 

c o n t r a c t i o n  o f  urban form? 

Unfo r tuna te ly ,  r e g i o n a l  sc ience  and r e l a t e d  d i s c i p l i n e s  

have had n o t  much t o  o f f e r  t o  reduce t h e  u n c e r t a i n t y  about  

t h e  f u t u r e  p rospec ts  o f  urban change. Empi r ica l  s t u d i e s  con- 

duc ted  i n  t h e  s e v e n t i e s  revea led  a  g r e a t  v a r i e t y  o f  d i f f e r e n t  

p a t t e r n s  of s p a t i a l  urban development under d i f f e r e n t  economic 

and demographic c o n d i t i o n s  (e .g . ,  Leven 1978; Hal l ,  and Hay 1980) .  

Most au tho rs  agree  t h a t  a  g r e a t  number o f  economic, demographic, 

s o c i a l ,  and o t h e r  f a c t o r s  c o n t r i b u t e  t o  urban change ( K o r c e l l i  

1981) ,  b u t  how t h e s e  f a c t o r s  do i n t e r a c t  w i th  t h e  s p a t i a l  urban 

system i s  s t i l l  a  q u e s t i o n  of much s p e c u l a t i o n .  

Perhaps most s u c c e s s f u l ,  t h e r e f o r e ,  a r e  s t u d i e s  t h a t  combine 

t h e  r e s u l t s  o f  i n t u i t i v e  reason ing  i n  a  s c e n a r i o - l i k e  approach 

(e .g . ,  A r ras  1980) .  Q u a n t i t a t i v e  models o f  u rban i za t i on  have 

i n  t h e  p a s t  been most ly  growth o r i e n t e d  and c o n t a i n  no mechanism 

which enab les  them t o  produce f o r e c a s t s  of p o l a r i z a t i o n  r e v e r s a l .  

Th is  i s  t r u e  f o r  most demoeconomic models on a  n a t i o n a l  o r  

m u l t i r e g i o n a l  s c a l e ,  which t r e a t  u rban i za t i on  a s  a  c o r r e l a t e  of 

s e c t o r a l  economic change t h a t  is  no t  l i k e l y  t o  r e v e r s e  i t s  

path  (see, f o r  i n s t a n c e ,  ~ a r l s t r o m  1980; Sh ish ido  1982) .  But 

even e l a b o r a t e  modsls which f o r e c a s t  ru ra l - to -u rban  m ig ra t i on  

a s  a  f unc t i on  of u rban- ru ra l  wage o r  employment d i f f e r e n t i a l s  

and i nc lude  u r b a n i z a t i o n  c o n s t r a i n t s  such a s  l and  supply (e .g . ,  

Ke l ley  and Wil l iamson 1980 ) ,  w i l l  n o t  produce l a r g e  mig ra t ion  

f lows going i n  t h e  o p p o s i t e  d i r e c t i o n .  Th is  can be expected 

from m u l t i r e g i o n a l  m ig ra t i on  models (Rogers 1975; Rogers and 



Phi l ipov  1980) which t h e r e f o r e  seem t o  be we l l  s u i t e d  t o  cap tu re  

t h e  popu la t ion  r e d i s t r i b u t i o n  aspec ts  of urban d e c l i n e .  However, 

a s  these  models a r e  based on t h e  p r o b a b i l i s t i c  i n t e r p r e t a t i o n  of 

observed f requenc ies  of  p a s t  behav ior ,  they w i l l  no t  f o r e c a s t  

any k ind of t r e n d  r e v e r s a l  un less  e x p l i c i t l y  t o l d  t o .  This 

makes them s u p e r i o r  t o  any o t h e r  model f o r  shor t - term pred ic-  

t i o n s ,  whi le  i n  a  long-term framework they  a r e  most s u i t e d  f o r  

s tudy ing  t h e  demographic impacts of exogenously en te red  migra- 

t i o n  t rends .  

From t h e  urban a n a l y s t ' s  p o i n t  of view, none of  t h e  n a t i o n a l  

o r  mu l t i r eg iona l  models w i l l  cap tu re  t h e  e s s e n t i a l  causes of 

urban d e c l i n e ,  because they l ack  t h e  s p a t i a l  r e s o l u t i o n  neces- 

s a r y  t o  t a k e  account of agglomerat ion diseconomies and s c a r c i t y  

of resources ,  most no tab ly  of land.  Unfor tunate ly ,  on t h e  urban 

s c a l e  models of s p a t i a l  development have a l s o  been designed 

only t o  a l l o c a t e  growth and t h e r e f o r e  have f a i l e d  t o  address 

t h e  i s s u e  of  urban d e c l i n e  a l t oge the r .  This c r i t i q u e  c e r t a i n l y  

a p p l i e s  t o  most Lowry d e r i v a t i v e  o r  in te rac t ion-based land use 

a l l o c a t i o n  models (Lowry 1964; Wilson 1974) ,  a l though some of 

them do cons ide r  p o s s i b l e  causes of urban d e c l i n e  such a s  ag ing 

of t h e  popula t ion,  growing unemplovment (Gordon and Ledent 1980) ,  

o r  s c a r c i t y  of bu i l dab le  land (Putman 1980; Mackett 1980).  

However, t h e s e  models f a l l  s h o r t  of reproducing t h e  p re fe rence,  

economic, and o t h e r  c o n s t r a i n t s  determining urban l o c a t i o n  

and r e l o c a t i o n  d e c i s i o n s .  Models which at tempt  t o  do t h a t ,  

mostly i n  a  microeconomic o r  random-ut i l i ty  framework, a r e  

e i t h e r  r e s t r i c t e d  t o  a  l i m i t e d  s e c t o r  of t h e  urban process ,  

( l i k e  t h e  housing market ,  e . g . ,  Kain e t  a l .  1976; McFadden 1978) ,  

o r  a r e  s t i l l  t o o  s p a t i a l l y  aggregated t o  be of i n t e r e s t  t o  

t h e  urban p lanner  (e .g . ,  Zahavi e t  a l .  1981).  And i n  none of  

them i s  urban dec l i ne  a c t u a l l y  modeled. To model growth and 

d e c l i n e  processes i n  t h e  evo lu t i on  of an urban system i s  t h e  

c la im of a  new genera t ion  of models based on b i f u r c a t i o n  theory  

(A l len e t  a l .  1981; Beaumont e t  a l .  1981) ;  however, t h e i r  

p resen t  r e s u l t s  s t i l l  seem t o  be a t  odds wi th  t h e  slow pace and 

v i r t u a l  i r r e v e r s i b i l i t y  of real-wor ld urban change processes.  



A t  t h e  c o r e  of t h e  d i f f i c u l t i e s  i n  modeling s p a t i a l  behav io r  

l i es  t h e  f a c t  t h a t  t h e r e  i s  s t i l l  no agreed upon u n i f i e d  t heo ry  

of s p a t i a l  d e c i s i o n  behav ior  of  e n t e r p r i s e s ,  households ,  o r  

i n d i v i d u a l s .  Such a  t heo ry  would need t o  be s o  g e n e r a l  a s  t o  

e x p l a i n  s p a t i a l  p rocesses  of growth and d e c l i n e ,  agg lomerat ion 

and deg lomerat ion,  and c o n t r a c t i o n  and d i s p e r s a l  i n  agreement 

w i t h  e m p i r i c a l l y  founded economic and s o c i a l  t h e o r i e s .  

The model d i scussed  i n  t h i s  paper  i s  an a t t emp t  t o  con- 

t r i b u t e  t o  such a  t heo ry .  I t  was des igned t o  s i m u l a t e  l o c a t i o n  

d e c i s i o n s  of i n d u s t r y ,  r e s i d e n t i a l  deve lopers ,  and households;  

t h e  r e s u l t i n g  m ig ra t i on  and commuting p a t t e r n s ;  l a n d  use 

development; and t h e  impacts  o f  p u b l i c  programs and p o l i c i e s  

i n  t h e  f i e l d s  o f  i n d u s t r i a l  development,  hous ing,  and i n f r a -  

s t r u c t u r e .  

The model i s  c u r r e n t l y  o p e r a t i o n a l  f o r  t h e  urban reg ion  o f  

Dortmund, i n c l u d i n g  Dortmund (pop. 610,000) and 19 ne ighbor ing 

communit ies w i t h  a  t o t a l  popu la t i on  of 2.4 m i l l i o n .  For  use i n  

t h e  model, t h e  urban reg ion  i s  d i v i d e d  i n t o  30 zones (see F igu re  

2 ,  t o p ) .  For  summarizing model r e s u l t s ,  t h e s e  30 zones have 

been grouped i n t o  f o u r  subreg ions :  ( A )  Dortmund c o r e  a r e a ,  

( B )  suburban pe r i phe ry ,  ( C )  Bochum a r e a ,  and ( D )  Hamm (see 

F igure  2, bo t tom) .  I n  t h i s  paper ,  on ly  subreg ions A ( zones  1-12)  

and B (zones 13-22) w i l l  be cons idered ,  because they  most c l e a r l y  

r e p r e s e n t  co re  and per iphery .  Resu l t s  o f  a l l  f o u r  subreg ions  a r e  

d i scussed  i n  Wegener ( 1 9 8 1 ~ ) .  

I t  can b e  shown t h a t  t h e  three-phase scheme of  urban iza-  

t i o n ,  subu rban i za t i on ,  and deu rban i za t i on  o f  F igu re  1  has  been 

w e l l  r e p l i c a t e d  i n  t h e  Dortmund reg ion  ( s e e  F igu re  3 ) .  

The f i f t i e s  c l e a r l y  a r e  t h e  l a s t  y e a r s  o f  t h e  u r b a n i z a t i o n  

phase:  t h e  popu la t i on  of both  t h e  c o r e  and pe r i phe ry  grew w i t h  

an annual  r a t e  o f  2.2 p e r c e n t  and 2.0 p e r c e n t ,  r e s p e c t i v e l y .  

The s i x t i e s  may be c a l l e d  t h e  subu rban i za t i on  phase:  popula- 

t i o n  f i g u r e s  o f  t h e  c o r e  zones s t a g n a t e ,  wh i le  t h o s e  o f  t h e  

p e r i p h e r a l  zones con t i nue  t o  grow a t  an annual  r a t e  of about  

0.5 p e r c e n t .  During t h e  s e v e n t i e s  deu rban i za t i on  beg ins :  

The co re  d e c l i n e s  a t  an average  annual  r a t e  o f  0 . 6  p e r c e n t ;  



25 wetter 

2 3 Hagen 
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F i g u r e  2 .  The 30 zones ( t o p )  and f o u r  sub reg ions  (bot tom)  o f  
t h e  Dortmund urban reg ion .  
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Figure 3. Urbanization, suburbanization, and deurbanization 
in the Dortmund region, 1950-1980. 
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growth con t i nues  i n  t h e  p e r i p h e r a l  zones,  b u t  w i t h  a  d im in ish ing  

r a t e  of on ly  0 .3  p e r c e n t  p e r  y e a r ,  r e s u l t i n g  i n  a  t o t a l  annual  

l o s s  of popu la t i on  of bo th  t h e  c o r e  and pe r i phe ry  o f  about  0.2 

pe rcen t .  

Th is  paper  add resses  t h e  q u e s t i o n  of what i s  going t o  happen 

i n  t h e  r e g i o n  du r i ng  t h e  n e x t  decade,  i .e . ,  i n  phase 4 .  The 

d i s c u s s i o n  proceeds i n  t h r e e  s e c t i o n s .  I n  s e c t i o n  1 ,  t h e  

mechanisms which c o n t r o l  s p a t i a l  growth, d e c l i n e ,  o r  r e d i s t r i -  

b u t i o n  of a c t i v i t i e s  i n  t h e  model are o u t l i n e d .  I n  s e c t i o n  2 ,  

it i s  demonst ra ted how t h e  model reproduces t h e  g e n e r a l  p a t t e r n  

o f  p a s t  s p a t i a l  development i n  t h e  reg ion .  I n  s e c t i o n  3 ,  

r e s u l t s  of s i m u l a t i o n s  cover ing  a  wide range o f  p o t e n t i a l  o v e r a l l  

economic and demographic development i n  t h e  r e g i o n  a r e  p resen ted .  

1. MODELING URBAN DECLINE 

Growth o r  d e c l i n e  o f  a  reg ion  may have exogenous and 

endogenous causes .  Exogenous f a c t o r s  a r e  supp ly  and demand 

on n a t i o n a l  and i n t e r n a t i o n a l  markets ,  new techno log ies  o r  

p roduc ts ,  t r a d e  and l a b o r  r e g u l a t i o n s ,  o r  t h e  a v a i l a b i l i t y  o f  

p u b l i c  s u b s i d i e s .  These a r e  t h e  framework f o r  r e g i o n a l  develop- 

ment which can h a r d l y  be  changed by d e c i s i o n  makers i n  t h e  

reg ion  i t s e l f .  However, r eg ions  can respond i n  d i f f e r e n t  ways 

t o  changes i n  t h e i r  e x t e r n a l  framework by adap t i ng  t h e i r  economic 

and s p a t i a l  s t r u c t u r e  more o r  less e f f i c i e n t l y  t o  changing 

e x t e r n a l  c o n d i t i o n s .  These responses  a r e  t h e  endogenous 

f a c t o r s  e s t a b l i s h i n g  t h e  comparat ive  advantage o f  a  reg ion  

competing w i t h  o t h e r  reg ions  f o r  c a p i t a l ,  j obs ,  and peop le .  

The endogenous f a c t o r s  c o n s i s t  o f  pub l i c  o r  p r i v a t e  d e c i s i o n s .  

Pub l i c  d e c i s i o n s  a r e  p lann ing  o r  implementat ion programs enac ted  

by r e g i o n a l  o r  sub reg iona l  a u t h o r i t i e s  i n  t h e  f i e l d s  of 

i n d u s t r i a l  development,  p u b l i c  hous ing,  l and  u s e ,  t r a n s p o r t ,  

o r  p u b l i c  f a c i l i t i e s .  P r i v a t e  d e c i s i o n s  comprise l o c a t i o n ,  

r e l o c a t i o n ,  and m o b i l i t y  d e c i s i o n s  by p r i v a t e  a c t o r s ,  such a s  

f i r m s ,  r e a l  e s t a t e  i n v e s t o r s ,  l a n d l o r d s ,  households ,  and 

i n d i v i d u a l s .  



The endogenous a d a p t a t i o n  o f  urban reg ions  t o  changing 

exogenous c o n d i t i o n s  through p u b l i c  and p r i v a t e  d e c i s i o n s  i s  

t h e  s u b j e c t  o f  t h e  model d iscussed  i n  t h i s  paper .  To model 

t h i s  a d a p t a t i o n ,  t h e  model i s  organ ized  i n  t h r e e  s p a t i a l  l e v e l s  

cor responding t o  t h e  t h r e e  lower t iers of  t h e  n a t i o n a l  p lann ing 

system of t h e  FRG:  

( 1  ) Nordrhein-WestfaZen: a model of economic and 

demographic development i n  34 l a b o r  market reg ions  

i n  t h e  s t a t e  o f  Nordrhein-Westfalen 

( 2 )  Dortmund region: a model of i n t r a r e g i o n a l  l o c a t i o n  

and m ig ra t i on  d e c i s i o n s  i n  30 zones of t h e  urban 

reg ion  of Dortmund 

(3 )  Dortmund: a model of land  use  development i n  one 

o r  more urban d i s t r i c t s  o f  Dortmund 

The first model l e v e l  i s  a  m u l t i r e g i o n a l  demoeconomic 

model of t h e  s t a t e  o f  Nordrhein-Westfalen. I ts reg ions  a r e  

f u n c t i o n a l l y  de f i ned  a s  l a b o r  markets each one compr is ing one 

o r  more a d j a c e n t  employment c e n t e r s  and t h e i r  h i n t e r l a n d .  

On t h i s  l e v e l ,  i n fo rmat ion  about  exogenous, i . e . ,  s ta te -w ide ,  

economic development i n  t e r m s  of employment and p r o d u c t i v i t y  

by i n d u s t r i a l  s e c t o r  e n t e r s  t h e  model; t h e  Nordrhein-Westfalen 

model p r e d i c t s  how under t h e s e  exogenous p recond i t i ons  reg ions  

compete t o  a t t r a c t  l o c a t i n g  i n d u s t r i e s  and migrants .  Po l i cy  

v a r i a b l e s  on t h i s  l e v e l  i n  g e n e r a l  r e p r e s e n t  p o l i c i e s  o f  t h e  

s t a t e  government i n  t e r m s  of  p u b l i c  s u b s i d i e s  f o r  i n d u s t r i a l  

development,  housing programs, o r  i n f r a s t r u c t u r e  investments  

i n  s p e c i f i c  r eg ions  a s  w e l l  a s  a l s o  l a rge -sca le  l o c a t i o n  o r  

r e l o c a t i o n  decisions by major i n d u s t r i a l  co rpo ra t i ons  (see 

~ c h o n e b e c k  1 9 8 2 ) .  

The Nordrhein-Westfalen model y i e l d s  f o r e c a s t s  of employ- 

ment by i n d u s t r y  and popu la t i on  by age,  sex ,  and n a t i o n a l i t y  

i n  each o f  t h e  34 l a b o r  market reg ions  a s  w e l l  a s  t h e  mig ra t ion  

f lows between them. These r e s u l t s  a r e  t h e  framework f o r  t h e  

second s p a t i a l  l e v e l  o f  t h e  model h ie ra rchy .  On t h i s  l e v e l ,  



t h e  s tudy a r e a  i s  t h e  urban reg ion  of Dortmund w i th  i t s  30 zones 

( s e e  F igure  2 ,  t o p ) .  For t h e s e  30 zones, t h e  model p r e d i c t s  

i n t r a r e g i o n a l  l o c a t i o n  dec i s ions  of  i n d u s t r y ,  r e s i d e n t i a l  

developers ,  and households;  r e s u l t i n g  migrat ion and commuting 

p a t t e r n s ;  land  use development; and t h e  impacts of pub l i c  

p o l i c i e s  i n  t h e  f i e l d s  of reg iona l  i n d u s t r i a l  development, 

housing, o r  i n f r a s t r u c t u r e  investment programs. 

The r e s u l t s  of t h e  Dortmund reg ion  model a r e  employment 

by i n d u s t r y ,  popu la t ion  by age, sex ,  and n a t i o n a l i t y ,  house- 

holds by s i z e ,  income, age,  and n a t i o n a l i t y ,  dwel l ings by s i z e ,  

q u a l i t y ,  t enu re ,  and b u i l d i n g  type ,  and land  use by land  use 

category  f o r  each of  t h e  30 zones of t h e  urban reg ion ,  p l u s  t h e  

migra t ion  and commuting f lows between them. These r e s u l t s  a r e  

i n  t u r n  t h e  framework f o r  t h e  t h i r d  model l e v e l .  On t h i s  l e v e l ,  

t h e  cons t ruc t i on  a c t i v i t y  a l l o c a t e d  t o  zones on t h e  second 

model l e v e l  i s  f u r t h e r  a l l o c a t e d  t o  any s u b s e t  of  171 s t a t i s t i c a l  

t r a c t s  w i th in  t h e  urban d i s t r i c t s  of Dortmund. 

A comprehensive d e s c r i p t i o n  of t h e  t h r e e  model l e v e l s  and 

t h e  in format ion f lows between them i s  conta ined i n  Wegener 

(1980).  I n  t h e  fo l lowing s e c t i o n s  of t h i s  paper ,  on ly  t hose  

p a r t s  and c a u s a l  l i n k s  of t h e  model which a r e  of  p a r t i c u l a r  

i n t e r e s t  f o r  modeling urban d e c l i n e  p rocesses  w i l l  be po in ted 

ou t .  The d i s c u s s i o n  w i l l  focus on t h e  second, o r  urban reg ion ,  

l e v e l  of t h e  model, which i s  most r e l e v a n t  f o r  modeling s p a t i a l  

p a t t e r n s  of urban growth and dec l i ne .  The r e s u l t s  of t h e  

f i r s t  model l e v e l ,  i . e . ,  r e g i o n a l  t o t a l s  of employment and 

populat ion and of m igra t ion  i n t o  and o u t  of t h e  reg ion  a s  

generated by t h e  Nordrhein-Westfalen model a r e  taken a s  exogenaus 

i npu ts .  These i n p u t s  a r e  then a r b i t r a r i l y  va r i ed  t o  provide 

a wide range of p o s s i b l e  f u t u r e  courses of r e g i o n a l  development. 

1 . 1  The Urban System 

The second- leve l ,  o r  urban reg ion ,  model i s  a s p a t i a l l y  

d isaggregate ,  recu rs i ve  s imu la t ion  model of s p a t i a l  urban 

development. The model 's s p a t i a l  dimension i s  der ived from 



the subdivision of the urban region into as many as 30 

geographical subunits (zones) and its temporal dimension 

from two-year increments (periods) over a time span of up 

to 20 years. 

Base year data of the model consist of zonal data on 

employment, population, households/housing, public facilities, 

and land use, and on network data representing two transporta- 

tion networks for public and private transport, respectively. 

Employment is classified in the model by 40 industrial 

sectors corresponding to the sectoral forecasts of the Nordrhein- 

Westfalen model. Several subsets of these 40 industries can 

be established, either by sector (e.g., service or nonservice) 

or by space or locational requirements, or zoning compatability. 

Population is disaggregated in the model by 20 five-year 

age groups, by sex, and by nationality, i.e., native or foreign. 

In addition, population is represented as a distribution of 

households classified by nationality (native, foreign), age 

of head (16-29, 30-59, 60+ years), income (low, medium, high, 

very high), and size (1,2,3,4, 5+ persons). Similarly, housing 

is represented as a distribution of dwellings classified by 

type of building (single-family, multi-family, tenure (owner- 

occupied, rented, public), quality (very low, low, medium, 

high), size (1,2,3,4, 5+ rooms). 

These 120 household and 120 housing types are further 

aggregated to 30 household and 30 housing types for use in the 

occupancy matrix. The occupancy matrix is a two-dimensional 

matrix each element of which represents the number of house- 

holds of a certain type living in a dwelling of a certain type. 

Besides the occupancy matrix, there are households without 

dwelling and vacant dwellings (cf. Gnad and Vannahme 1981). 

Public facilities are represented in the model by various 

facilities from the fields of health care, welfare, education, 

recreation, and transport. Land use is represented by 30 land 

use categories, ten of them being for built-up areas, i.e., 



different kinds of residential, commercial, or industrial land 

use. 

Network data are link data of both networks containing 

link information such as length, travel time or speed, lines 

and headway (transit only), and capacity. Each zone is connected 

to both networks by at least one link. 

1.2 Growth and Decline Processes 

In this paper, urban growth or decline is discussed in 

terms of the spatial (zonal) distribution or redistribution 

of three major urban activities: employment,  hous ing ,  and 

popu la t i on .  In this section, the variables representing these 

three activities will be traced as they are generated and 

changed during a model run. 

1 . 2 . 1  Employment 

The employment sector of the model is of great importance 

for modeling urban decline. It establishes the link by which 

major economic and technological developments such as economic 

recessions, sectoral change, or increases in productivity 

are entered into the simulation process. 

The employment model treats each of the 40 industrial 

sectors as a separate submarket and makes no distinction 

between basic or nonbasic industries, i.e., all sectors are 

located or relocated endogenously. However, employment of 

all sectors may also be controlled exogenously by the model 

user in order to reflect the effects of major unitary events 

such as the location or closure of a large plant in a particular 

zone. 

The model starts from existing employment E (t) of si 
sector s in zone i at time t. There are six different ways 

for Esi(t) to change during a simulation period: 



( a )  S e c t o r a l  d e c l i n e  

Dec l in ing  i n d u s t r i e s  make workers redundant .  I t  i s  

assumed t h a t  t h i s  happens a l l  over  t h e  reg ion  w i t h  t h e  same 

r a t e .  Then 

* 
i s  t h e  number of workers made redundant ,  where E (t)  i n d i c a t e s  

$ 
t o t a l  employment of s e c t o r  s i n  t h e  r e g i o n  and E s ( t + l )  i s  t h e  

exogenous p r o j e c t i o n  of t o t a l  r e g i o n a l  employment f o r  t i m e  t + l .  * 
Decl in ing i n d u s t r i e s  a r e  i n d u s t r i a l  s e c t o r s  where E s ( t + l )  < 
* 

Es (t)  , f o r  a l l  o t h e r  s e c t o r s  E:: ( t , t + l )  i s  set  t o  ze ro .  

( b )  Lack o f  b u i l d i n g  space 

One consequence of t h e  ongoing mechanizat ion and automa- 

t i o n  o f  most p roduc t i on  p rocesses  i s  an i n c r e a s e  of b u i l d i n g  

f l o o r  space  p e r  workplace.  Accordingly,  i n  each pe r i od  a number 

o f  j obs  have t o  be r e l o c a t e d  f o r  no o t h e r  reason  than  l a c k  o f  

space  : 

where b s i ( t + l )  i s  t h e  p r o j e c t e d  f l o o r  space  p e r  workplace o f  

s e c t o r  s i n  zone i a t  t i m e  t + l ,  which w i l l  always be g r e a t e r  

o r  equa l  t o  i t s  p rev ious  va lue  b s i ( t ) .  How b s i ( t + l )  i s  ca lcu -  

l a t e d  i s  n o t  d i scussed  h e r e  because of l ack  o f  space.  Of c o u r s e ,  

t h e  redundant  workers c a l c u l a t e d  i n  (1 )  can be s u b t r a c t e d  from 

r e l o c a t i o n s ,  however, where redundancies exceed r e l o c a t i o n s ,  

E~~ ( t , t + ~ )  i s  set  t o  ze ro .  s i  

( c )  Large p l a n t s  

I f  a  major p l a n t  employing a l a r g e  number o f  workers i n  a 

p a r t i c u l a r  zone c l o s e s  down, t h a t  i s  cons idered  a " h i s t o r i c a l "  

even t h a t  no model can be expected t o  reproduce c o r r e c t l y .  

There fo re ,  t h e  model u s e r  may e n t e r  such s i n g u l a r  even ts  



exogenously into the model. Redundancies produced in that way 
rx are called Eis(t,t+l). Similarly, the user may exogenously 

specify where and when a majorplant is to be opened. New jobs 
nx 

thus generated are indicated by Esi(t,t+l). 

( d )  New jobs i n  vacan t  b u i l d i n g s  

Declining industries also leave vacant buildings which 

may be used by industries with similar space requirements. 

Before starting new buildings, it is therefore checked how many 

jobs of sector s can be accommodated in existing buildings. 

For this purpose, the 40 industrial sectors have been divided 

into groups with similar space requirements, e.g., heavy-load 

manufacturing or offices. The calculation of vacant building 

space is conceptually straightforward but somewhat technically 

complicated and will not be shown here. The total demand for 

new workplaces of sector s in the whole region is 

If this demand is less than the supply of suitable building 

space, it is allocated pro r a t a  over the supply. The number 

of jobs accommodated in vacant buildings is indicated by 

( e )  New jobs i n  new b u i l d i n g s  

For any remaining demand, new industrial or commercial 

buildings have to be provided. The remaining demand is 



This demand is allocated to vacant industrial or commercial 

land by the following allocation function: 

where Enc (t,t+l) are new workplaces of sector s built in zone si 
i between t and t+l. CsLi is the current capacity for work- 

places of sector s on land use category L in zone i; as it is 

continually reduced during the simulation period, it bears no 

time label. AsLi is the attractiveness of land use category L 
in zone i for sector s as of time t. The attractiveness of a 

location for a particular type of user is a weighted aggregate 

of relevant attributes of the location expressed on a standard- 

ized utility scale (see Wegener 1980). In this case, the 

attractiveness of a land use category in a particular zone for 

a building investor is composed of attributes indicating the 

neighborhood quality, the suitability of the site for the 

intended building use, and the land price in relation to expected 

profit. Where several building uses compete for a particular 

piece of land, the building use with the highest expected profit 

is assumed to win. 

(f) Demo Zition 

New buildings for industry, housing, or public facilities 

may be built on vacant zoned land or, under certain conditions, 

on land cleared by demolition of existing buildings. Demolition 

is handled by a special submodel which will not be discussed 

here for lack of space. To take account of relocation of jobs 

displaced by demolition, steps (d) and (e) are iterated several 

times during each simulation period. 

1.2.2 Housing 

The housing sector of the model is closely related to its 

population sector. The existing housing stock constitutes the 

supply side of the housing market and thus lastly determines 



the spatial distribution of population and all migration. 

Changes of the housing stock determine the future direction 

of spatial growth or contraction; new housing construction is 

affected on the land and construction market, where housing 

has to compete with other land uses. As before, there are 

several ways that changes of the housing stock may occur: 

(a) Filtering 

In each period, a portion of the housing stock is assumed 

to "filter" down the quality scale, i.e., to deteriorate by 

aging, which will eventually lead to decay and demolition, 

unless efforts to maintain and repair buildings are undertaken. 

These changes of the building stock are treated as events 

which occur to a dwelling with a certain probability in a unit 

of time. These probabilities, which are called basic event 

probabilities, are specified exogenously and aggregated to 

transition rates between quality groups of the aggregate (30- 

type) housing classification, using information about their 

internal composition from the disaggregate.(120-type) classi- 

fication. The result is a K x K matrix d(t,t+l) of transition - 
rates where K is the number of aggregate housing types. 

Multiplying the vector of dwellings with this matrix would 

yield the dwelling vector updated by one period. 

The situation gets slightly more complicated by the fact 

that dwellings are associated with households by means of the 

occupancy matrix (see section 1.1). This requires a similar 

analysis of transitions to be made for households (see section 

1.2.3). If hl(t,t+l) is the transpose of an M x M matrix - 
of transition rates of households and R(t) is the occupancy - 
matrix with dimensions M x K at time t, 

is the occupancy matrix updated or aged by one simulation 

period. 



Besides dwellings contained in the occupancy matrix, 

also vacant dwellings undergo the filtering process: vacant 

dwellings that may have been left over from the previous period 

or may have been created by the dissolution of households in 

the current period, or new dwellings that may have been built 

in the previous period and released to the market only now. 

All these are multiplied by the transition matrix d and assembled - 
into a vector - D(t+l) of vacant dwellings. 

( b )  P u b l i c  hous ing  

Like in the employment model, the user may specify major 

changes of the housing stock in particular zones and years 

exogenously. This is a useful feature of the model for entering 

major public housing or rehabilitation projects. 

( c )  New hous ing  c o n s t r u c t i o n  

The submarkets of the housing construction model are the 

housing types of the aggregate (30-type) housing classification 

or rather a subset of them, as only good quality housing is 

assumed to be built. 

The demand for new housing of type k to be built during 

the period is estimated by the model as a function of the price 

development in that submarket compared with other investment 

alternatives, i.e., as a function of its relative profitability. 

The price of housing of type k in zone i is reevaluated each 

period as a function partly of inflation and partly of the 

demand observed on the housing market of the previous period 

(see section 1.2.3) : 

h where Aro(t,t+l) is ths inflation rate of housing costs in the 
v 0 

region between t and t+l and dlci (t) and uki (t) are the propor- 

tion of vacant dwellings and the average housing satisfaction of 

all households of type m occupying dwellings of type k in zone i, 

respectively, after the housing market simulation of the previous 

period, i.e., at time t: 



The housing demand thus  es t imated  i s  a l l o c a t e d  t o  vacant  

r e s i d e n t i a l  l and  by t h e  fo l lowing a l l o c a t i o n  func t i on  s i m i l a r  

t o  (5 )  : 

n where D k i ( t , t + l )  a r e  new dwel l ings of type k  b u i l t  i n  zone i 

between t and t + l ,  CkLi i s  t h e  c u r r e n t  capac i t y  f o r  dwel l ings 

of t ype  k  on land use category  L ,  and A k L i ( t )  i s  t h e  a t t r a c t i v e -  

ness  of land use  category  L i n  zone i f o r  housing type k. A s  

be fo re ,  t h e  a t t r a c t i v e n e s s  measure i s  a weighted aggregate of  

a t t r i b u t e s  express ing  neighborhood q u a l i t y ,  t h e  s u i t a b i l i t y  

of  t h e  s i t e ,  and t h e  land  p r i c e  i n  r e l a t i o n  t o  expected p r o f i t .  

The popu la t ion  s e c t o r  of  t h e  model i s  t h e  p lace  where 

long-term demographic and s o c i a l  developments such a s  changes 

of  f e r t i l i t y  o r  household format ion p a t t e r n s ,  of  income d i s -  

t r i b u t i o n ,  and of l i f e  s t y l e s  a r e i n t r o d u c e d  i n t o  t h e  model. 

The populat ion model c o n s i s t s  of two d i s t i n c t  bu t  i n t e r -  

r e l a t e d  p a r t s .  The f i r s t  p a r t  p r o j e c t s  popu la t ion  i n  terms of 

persons c l a s s i f i e d  by age,  sex ,  and n a t i o n a l i t y .  The second 

p a r t  p r o j e c t s  popu la t ion  i n  terms of households c l a s s i f i e d  by 

s i z e ,  income, age of head, and n a t i o n a l i t y .  The r a t i o n a l e  f o r  

having t h e s e  two p a r a l l e l  popula t ion models i s  t h a t  demographic 

ag ing,  inc lud ing  b i r t h s  and dea ths ,  i s  modeled b e s t  on t h e  



b a s i s  of i n d i v i d u a l  persons ,  whi le f o r  modeling migra t ion ,  

households seem t o  be t h e  most app rop r ia te  d e c i s i o n  s u b j e c t s  

t o  be modeled. Of cou rse ,  having two populat ion models r e q u i r e s  

a  r e c o n c i l i a t i o n  procedure where t h e r e  a r e  i n c o n s i s t e n c i e s  

between t h e i r  r e s u l t s .  

Modeling ag ing and migrat ion i n  two separa te  models may 

seem t o  be a  s t e p  backward methodological ly  a s  compared w i th  

mu l t i r eg iona l  o r  m u l t i s t a t e  demographic models (Rogers 1975; 

Rogers and Ph i l ipov  1980).  The primary reason f o r  t h i s  approach 

i s  t h e  d e s i r e  t o  have a  causaZZy o r  behavioraZZy s p e c i f i e d  

migrat ion model i nco rpo ra t i ng  concepts such a s  s p a t i a l  cho ice ,  

housing p re fe rence ,  budget and in format ion c o n s t r a i n t s  and, 

above a l l ,  t h e  c o n s t r a i n t  of t h e  c u r r e n t  housing supply which 

may be t h e  foremost determinant  of i n t r a r e g i o n a l  o r  i n t rau rban  

migrat ion.  

Linking a  p r o b a b i l i s t i c  aging model w i th  a behav io ra l  

migrat ion model poses problems of sequence, because what i s  

modeled i n  two s e p a r a t e  models i n  r e a l i t y  occurs  i n  a  cont inuous 

interwoven f a b r i c  of  events .  This s imu l tane i t y  of aging and 

migra t ion  i s ,  of course ,  reproduced much b e t t e r  i n  t h e  i n t e g r a t e d  

approach of  m u l t i s t a t e  demography. Here, a  much c ruder  approach 

i s  fol lowed. F i r s t ,  a l l  p r o b a b i l i s t i c  ( i . e . ,  ag ing and house- 

hold format ion) p rocesses  a r e  performed; then a l l  migrat ions a r e  

processed one a f t e r  ano ther ,  j u s t  a s  i f  they occurred a l t o g e t h e r  

on t h e  l a s t  day of t h e  s imu la t ion  per iod .  This sequence of 

model s t e p s  w i l l  be exp la ined below. 

fa)  Aging 

The ag ing submodel p r o j e c t s  a  popula t ion of i n d i v i d u a l  

persons c l a s s i f i e d  by f i ve -year  age groups,  sex ,  and n a t i o n a l i t y  

( n a t i v e ,  f o re ign )  by one s imu la t ion  pe r iod ,  inc lud ing  b i r t h s  

and dea ths ,  on t h e  b a s i s  of t ime- invar ian t  l i f e  t a b l e s  and 

dynamic, age-spec i f i c ,  and s p a t i a l l y  d isaggregate  f e r t i l i t y  

p r o j e c t i o n s ,  exc lus i ve  of migrat ion.  I f  ~r(t) i s  a popula- 

t i o n  cohor t  of sex  s and n a t i o n a l i t y  n  i n  age group a ,  f o r  

a  s imu la t ion  per iod  of A t  years ,  



A = rna 
- a  '3 

C I -4 
r n a a  w 
PI = -4 



JZ 
+ B; ( t , t+ l )  h  (q]) 

where h  i s  a f r a c t i o n  i n d i c a t i n g  t h e  p r o b a b i l i t y  t h a t  a  new- 

born baby w i l l  be a  boy. Dividing t h e  exponent of t h e  s u r v i v a l  

r a t e  of newborn babies by fi t akes  account of t h e  f a c t  t h a t  

t h e  number of newborn bab ies  i nc reases  cumulat ively over t h e  

per iod  ( c f .  Wegener e t  a l .  1982).  

I n  a d d i t i o n  t o  t h e  above t r a n s i t i o n s  i n  t h e  age d i s t r i b u -  

t i o n ,  i n  each s imu la t ion  per iod  a  p ropor t ion  of t h e  fo re ign  

popula t ion i s  t r a n s f e r r e d  t o  t h e  n a t i v e  popula t ion by n a t u r a l i -  

z a t i o n  ( n o t  shown). 

( b )  Household f o r m a t i o n  

There a r e  b a s i c a l l y  two ways t o  f o r e c a s t  a  household d i s -  

t r i b u t i o n  f o r  t ime t + l :  e i t h e r  t o  use p ro jec ted  headship 

r a t e s  t o  c a l c u l a t e  households of d i f f e r e n t  t ypes  from age and 

sex  in format ion of p ro jec ted  popula t ion of  t ime t + l ,  o r  t o  

update household in format ion of t ime t by modeling changes 

occur r ing  t o  households over t ime. The l a t t e r  approach has 

been fol lowed here.  The i d e a  i s ,  i n  essence,  t o  c a l c u l a t e  

t r a n s i t i o n s  between household s t a t e s ,  i n  t h e  same way a s  t h e  

popula t ion p r o j e c t i o n  t r a n s i t i o n s  between age groups a r e  

c a l c u l a t e d .  

T rans i t i ons  between household s t a t e s  can occur on t h e  

fo l lowing four  dimensions: 



nationality: naturalization 

age of head: aging 

income : rise of income, decrease of income, retire- 
ment, new job 

size: marriage, divorce, birth, death, death of 
child, marriage of child, new household of 
child, relative joins household 

The probabilities of occurrence of these transitions are again 

called basic event probabilities. Most of them can be deter- 

mined endogenously from the population or employment submodels, 

but others have to be specified exogenously. 

The basic event probabilities are then aggregated to 

transition rates of household types of the aggregate (30-type) 

household classification, using information about their internal 

composition from the disaggregate (120-type) classification. 

This is analogous to the conversion of event probabilities to 

transition rates in the housing submodel. The result is the 

M x M matrix h(t,t+l) used already for updating the occupancy 
w 

matrix R in (6) in section 1.2.2., i.e., households and housing - 
are updated in one common semi-Markov model. 

There are special provisions necessary to provide for 

households outside of the matrix R, such as subtenant house- - 
holds, households currently without a dwelling, households being 

forced to move because of demolition of their dwelling, and 

new or "starter" households (for details, see Wegener 1980). 

These households are first aged by multiplication with h and - 
then assembled into a vector - H(t+l) of households without 

dwellings. Similarly, a vector - D(t+l) is assembled containing 

vacant dwellings (see section 1.2.2 ) . 

(el Reconciliation of (a) and (b) 

Consistency requires that the number of household members 

of a population equals the number of individuals in that 

population. Because of possible specification or aggregation 

errors, the results of the above two models projecting persons 

(a) and households (b) may not be consistent and need to be 



r e c o n c i l i a t e d .  I f  t h a t  i s  t h e  case ,  t h e  r e s u l t s  of model ( a )  

a r e  cons idered t o  be more r e l i a b l e ,  and t h e  household s i z e  

groups a r e  ad jus ted  such t h a t  t h e  number of household members 

matches t h e  number of persons i n  t h e  popula t ion wi thout  changing 

t h e  number of households. This i s  achieved by s h i f t i n g  an 

equal  p ropor t ion  of households of each household s i z e  group up 

o r  down t h e  household s i z e  d i s t r i b u t i o n  H:, i = 1 ,. . . ,5 ,  

depending on t h e  s i g n  of t h e  dev ia t i on  AH of model (b )  from 

model ( a ) ,  t h u s  p reserv ing  a s  much of t h e  c h a r a c t e r i s t i c  of 

t h e  o r i g i n a l  d i s t r i b u t i o n  a s  poss ib le :  

where ph i s  t h e  number of persons i n  a  household of s i z e  group i. i 

( d )  Migra t i on  o f  househo lds  

I n t r a r e g i o n a l  o r  i n t r a u r b a n  migra t ions  a r e  l a r g e l y  d e t e r -  

mined by housing cons ide ra t i ons .  Because of t h i s ,  t h e  migra- 

t i o n  submodel used here  i s  i n  f a c t  a  hous ing  market  model. 

The p r i n c i p a l  a c t o r s  of t h e  migrat ion o r  housing market 

model a r e  t h e  l and lo rds  rep resen t i ng  housing supply and t h e  

households rep resen t i ng  housing demand. Landlords a t tempt  t o  

make a  p r o f i t  from e a r l i e r  housing investments by o f f e r i n g  t h e i r  

dwel l ings on t h e  market: dur ing a  market s imu la t ion  per iod  they  

a r e  assumed t o  keep volume of supply and p r i c e s  f i xed .  House- 

ho lds looking f o r  a  dwel l ing t r y  t o  improve t h e i r  housing 

s i t u a t i o n .  They a r e  assumed t o  a c t  a s  s a t i s f i c e r s  whi le  search ing  

t h e  housing market w i th in  g iven budgetary and in fo rmat iona l  

c o n s t r a i n t s .  The s a t i s f a c t i o n  of a  household w i th  i t s  housing 



situation is assumed to be a utility function with the dimensions 

housing size and quality, neighborhood quality, location, and 

housing cost. 

Modeling the housing market involves, among others, two 

methodological difficulties. The first one is the size of the 

problem. With only a modest disaggregation as in this model 

with its 30 household types, 30 housing types, and 30 zones, 

there are 27,000 different kinds of mover households each facing 

a theoretical choice set of 900 potential kinds of dwellings, 

or 24.3 million possible kinds of moves. For a variety of 

reasons, however, only a small fraction of these moves (two or 

three) are ever inspected before a choice is made, if there is 

any choice at all. The second difficulty lies in the fact 

that the housing market, unlike many others, is largely a 

second-hand market, because new dwellings constitute only a 

very small share of the housing supply in each market period. 

This means that on the housing market supply and demand are 

interlinked in an intricate way: With each move a vacant 

dwelling is occupied and thus removed from the supply, but at 

the same time a dwelling becomes vacant and is added to the 

supply. In effect, not the volume, but the composition of the 

supply has been changed. 

To cope with these difficulties, a micro simulation 

approach using the Monte Carlo technique has been adopted to 

simulate the housing market as a sequence of search processes 

by households looking for a dwelling or by landlords looking 

for a tenant. This approach reduces the size problem by sim- 

ulating only a sample of representative search processes, and 

it solves the problem of supply-demand linkage in an appealing 

and straightforward way by reinserting vacant dwellings into 

the housing supply immediately after each move. 

The simulation of the housing market thus consists of 

a sequence of random selection operations by which hypothetical 

market transactions are generated. A market transaction is 

any successfully completed operation by which a migration 



occurs, i.e., a household moves into or out of a dwelling or 

both, therefore including starters, inmigrations, outmigrations, 

and moves within the region. The simulation of each market 

transaction has a sampling phase, a search phase, a choice 

phase, and an aggregation phase. 

In the sampl ing  phase, a household looking for a dwelling 

or a landlord looking for a tenant is sampled. This is done 

pro r a t a  from households without a dwelling and from vacant 

dwellings, but households in the matrix R, i.e. , who are occupying - 
a dwelling, are sampled dependent on their propensity to move 

which is assumed to be related to their satisfaction, or rather 

dissatisfaction, with their present dwelling. The satisfaction 

of a household of type m with its dwelling of type k in zone if  

u &it is a weighted aggregate of housing attributes with the 

dimensions housing size and quality, neighborhood quality, loca- 

tion, and housing cost, with 0 < umki < 100. Then 

Rmk i exp a(100 - u [ 1 
mki)~ 

Rmki exp[a(100 - umki)] k 

is the probability that of all households of type m living in 

zone i t  one occupying a dwelling of type k will be sampled. 

In the s e a r c h  phase, the sampled household looks for a 

suitable dwelling, or the sampled landlord looks for a tenant 

for his dwelling. It is assumed that the household first 

decides upon a zone in which to look for a dwelling. If it 

lives and works already in the region, this is not independent 

from its present residence and work zone. The probability that 

the household tries zone i' is: 

where 



is an expression indicating the locational attractiveness of 

zone i' as a new residential location for a household now 

living in zone i and working in any of the zones j near i. 

The Tij are work trips from i to j , v (cil ) and v' (ciil ) are 

two different utility functions of generalized cost of travel 

between the new residential location i' and the workplaces in 

j and the old residential location i, respectively, and 0 5 p 

5 1 is a weight parameter. For a full discussion of si i I ,  see 

Wegener (1981b). The household then looks for a vacant dwelling 

in zone i n .  The probability that it inspects a dwelling of 

type k' is 

In the case of the landlord, the search phase looks similar, 

but of course the sequence of steps is different. For a full 

description of all sampling and search probabilities, see 

Wegener (1981a). 

In the choice phase, the household decides whether to 

accept the inspected dwelling or not. It is assumed that as 

a satisficer it accepts if it can improve its housing satis- 

faction by a considerable margin. Otherwise, it enters another 

search phase to find a dwelling, but with each attempt it accepts 

a lesser improvement. After a number of unsuccessful attempts 

it abandons the idea of a move. 

If it accepts, all necessary changes in R, H, and D, - - - 
multiplied by the sampling factor, are performed. This is the 

aggregation phase. Then the next market transaction is simu- 

lated. The market process comes to an end when there are no 

more households considering a move. 



( e )  M ig ra t i on  o f  persons 

The migration flows generated by the migration or housing 

market model need to be translated into persons by age, sex, 

and nationality to allow for migration-induced changes of the 

population distributions of the zones. To this purpose, for 

each household type of the disaggregate (120-type) household 

classification, a vector p g aiklt a = 1, ..., 20 is endogenously 

estimated containing the age distribution of its members such 
- h that 1 pZikl - pi, where pZ has the same meaning as in equation 

a 
(16/16a). This estimation technique, which uses information 

such as the current age distribution of parents and past birth 

rate trajectories, would have to be discussed in another paper. 

As the number of households of each household type and the 

total of each population age group is known, the estimated 

values of - pg can be adjusted to conform with the age distribu- 

tion of the total population by biproportional scaling techniques. 

By multiplying the number of households of each migration flow 
5 with the appropriate vector - p , all household migration flows 

can be expressed in terms of migrant persons by age, sex, and 

nationality. With this information, adjustment of the popula- 

tion distributions of the source and target zones to migration- 

induced changes is straightforward. 

2. MODEL VS. REALITY 

The model described in the preceding section has been 

calibrated using employment, housing, and population data of 

1970 and 1972, work trip data of 1970, and migration data of 

1970 and 1971. No particular effort has been made to statis- 

tically estimate all parameters. Where Lack of uncompatabil- 

ity of data, the form of the model functions, or the great 

number of variables and feedback relationships precluded statis- 

tical estimation, it was decided that model structure was more 

important than estimability. In such cases, "softer" approaches 

to determine parameter values including trial and error, expert 

opinion, and plausibility checks were applied. More details 



on t h e  c a l i b r a t i o n  techn iques  app l i ed  a r e  con ta ined  i n  Wegener 

A s  a c r u c i a l  t es t  f o r  t h e  c r e d i b i l i t y  of  t h e  model, it 

w i l l  now be demonst ra ted how w e l l  t h e  model reproduces t h e  

gene ra l  s p a t i a l  development i n  t h e  Dortmund r e g i o n  i n  t h e  p e r i o d  

1970-1980 us ing  o n l y  t h e  i n fo rma t i on  o f  t h e  base  y e a r  1970 and 

one a d d i t i o n a l  y e a r  t h e r a f t e r ,  1972. For  t h e  sake  o f  b r e v i t y ,  

on ly  p r e d i c t i o n s  o f  popu la t i on  and m ig ra t i on  f lows w i l l  be 

i nspec ted .  

Table 1 shows measures o f  goodness-o f - f i t  between observed 

and p r e d i c t e d  f i g u r e s  f o r  popu la t i ons  of t h e  30 zones o f  t h e  

Dortmund reg ion .  A t  f i r s t  g l ance ,  t h e  correspondence i n  t e r m s  

of  r2 seems t o  be ex t remely  h igh ,  b u t  a s  is  f r e q u e n t l y  t h e  

c a s e  w i t h  s p a t i a l  d a t a ,  t h i s  measure t e n d s  t o  be d i s t o r t e d  by 

t h e  predominance o f  a few very  l a r g e  obse rva t i ons .  I n  such 

c a s e s ,  a more meaningfu l  measure of goodness-o f - f i t  i s  t h e  mean 

average percen tage  e r r o r  (MAPE) c a l c u l a t e d  a s  

MAPE = I 100 

0 where X i = 1 ,  ..., n a r e  t h e  p r e d i c t e d  and Xi, i = 1 ,  ..., n a r e  i ' 
t h e  observed va lues .  A much more r i g o r o u s  way t o  e v a l u a t e  t h e  

goodness-o f - f i t  i s  t o  n e u t r a l i z e  t h e  s i z e  e f f e c t s  by exp ress ing  

t h e  r e s u l t s  i n  p e r c e n t  o f  t h e i r  base  va lues  i n  t h e  y e a r  1970, 

i .e. ,  look ing  on l y  a t  t h e  r a t e s  of change. Now t h e  r2 va lues  

g i v e  a more r e a l i s t i c  p i c t u r e  o f  t h e  performance o f  t h e  model. 

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  i n  bo th  k i nds  o f  a n a l y s i s  t h e  

MAPE s t a t i s t i c  d i s p l a y s  ve ry  s i m i l a r  va lues .  

These r e s u l t s  compare favorab ly  w i t h  r2 l e v e l s  u s u a l l y  

ach ieved w i t h  r e s i d e n t i a l  a l l o c a t i o n  models of t h e  i n t e r a c t i o n  

t ype ,  i n  p a r t i c u l a r  i f  one c o n s i d e r s  t h a t  most ly  on l y  t h e  r 2 

based on a b s o l u t e  numbers, a s  shown on t h e  l e f t - hand  s i d e  o f  

Table 1,  a r e  c a l c u l a t e d  (see, f o r  i n s t a n c e ,  F loo r  and de  Jong 



Table 1. Goodness-of-fit of population predictions, Dortmund 
region, 1970-1980. 

Year n r t M A P E ~  r t M A P E ~  
2 2 

amean average  percen tage  e r r o r  

Table 2. Goodness-of-fit of migration predictions, Dortmund 
region, 1970-1980. 

A l l  mig ra t i on  f lows Migra t ion f lows < 1,000 

Per i od  n r t M A P E ~  n r t M A P E ~  2 2 

1970-1971 961 0.9810 222.5 20.7 856 0.4853 28.4 71.2 

1972-1973 961 0.9708 178.4 22.8 850 0.4927 28.7 71.2 

1974-1975 961 0.9736 187.9 25.9 853 0.4198 24.8 78.9 

1976-1977 961 0.9711 179.6 26.9 853 0.2684 17.6 89.5 

1978-1979 961 0.9572 146.5 34.8 855 0.2622 17.4 86.1 

a 
mean average  percen tage  e r r o r  



1981). Indeed, an i nspec t i on  of p r e d i c t i o n  e r r o r s  on a  zone-by- 

zone b a s i s  showed t h a t  only 5  o u t  of 30 zones had p r e d i c t i o n  

e r r o r s  of more than  1 0  percen t  over  t h e  ten-year per iod  1970- 

1980, and none over  15 pe rcen t ,  whi le 17 o u t  of 30 zones were 

p red i c ted  w i th  an e r r o r  of l e s s  than  5  percent .  I t  should be 

remembered t h a t  on ly  t h e  f i g u r e s  of t h e  year  1972 were used f o r  

t h e  c a l i b r a t i o n .  However, it can a l s o  be observed t h a t  goodness- 

o f - f i t  degrades,  t h e  more t h e  s imu la t ion  moves away from t h e  

c a l i b r a t i o n  i n t e r v a l ,  which w i l l  be a  concern of  f u r t h e r  research .  

Table 2  shows t h e  r e s u l t s  of a  s i m i l a r  a n a l y s i s  app l ied  

t o  migra t ion  f lows.  Again t h e  r2 va lues  suggest  a  very good 

correspondence between observed and p red i c ted  f lows,  however, 

t h e  MAPE s t a t i s t i c  te l l s  t h a t  t h e  p r e d i c t i o n  e r r o r s  s t i l l  may 

be s u b s t a n t i a l  ( c f .  Wegener 1981b). This i s  demonstrated by 

looking on ly  a t  r e l a t i v e l y  smal l  f lows w i th  an observed f low 

volume of  l e s s  than  1000 migrants ,  and indeed, he re  t h e  p red ic -  

t i v e  performance of t h e  model i s  much i n f e r i o r  and g e t s  worse 

a s  t h e  model proceeds i n  t i m e .  One reason f o r  t h e s e  e r r o r s  i n  

t h e  smal l  m ig ra t ion  f lows may be t h e  i n s u f f i c i e n t  r e s o l u t i o n  

of t h e  sampling procedure of t h e  migra t ion  o r  housing market 

model, which could be improved a t  t h e  expense of a d d i t i o n a l  

computer t i m e .  Needless t o  say t h a t  t h e s e  e r r o r s  i n  p r e d i c t i n g  

migrat ion a r e  l a r g e l y  respons ib le  f o r  t h e  e r r o r s  of t h e  popu- 

l a t i o n  p r e d i c t i o n  d iscussed above. So improvements of t h e  

p r e d i c t i o n  of  smal l  m ig ra t ion  f lows a r e  a  key i s s u e  of f u r t h e r  

work. 

More impor tant  f o r  t h e  t o p i c  of t h i s  paper i s  t h e  ques t i on  

of whether t h e  model c o r r e c t l y  reproduces t h e  process of s p a t i a l  

d i f f e r e n t i a t i o n  between t h e  urban core and t h e  suburban per iphery .  

For t h i s  purpose aga in  t h e  two subreg ions A and B of t h e  t o t a l  

urban reg ion ,  which were used a l ready  i n  F igure 3  t o  po r t ray  

t h e  r e l a t i o n  between co re  and per iphery ,  a r e  taken a s  u n i t s  o f  

re fe rence .  F igure  4 shows model r e s u l t s  aggregated f o r  t h e s e  

two subregions conf ronted w i th  t h e i r  r e s p e c t i v e  coun te rpa r t s  

i n  r e a l i t y .  The v a r i a b l e  shown i s  aga in  popula t ion i n  pe rcen t  



B (zones 13-22) 

Year 

F igu re  4 .  Popu la t ion  i n  subreg ions  A and B of  t h e  Dortmund 
urban r e g i o n ,  1970-1980, i n  p e r c e n t  o f  1970, 
observed and p r e d i c t e d .  



of 1970 popu la t ion ,  which i s  t h e  most r igorous  t e s t  conceivable.  

The r e s u l t  sugges ts  t h a t  a t  t h i s  l e v e l  of aggregat ion t h e  model 

seems t o  c l o s e l y  fo l low r e a l i t y ,  w i th  no d e v i a t i o n  ever  

exceeding one percent .  A s  before ,  it should be noted t h a t  

no zonal  in format ion a f t e r  1972 was used f o r  c a l i b r a t i o n .  

Moreover, it i s  impor tant  t o  no te  t h a t  t h e  two subreg ions A 

and B a r e  on ly  p a r t  of t h e  whole model reg ion  ( see  F igure 2 ) ;  

i . e . ,  they c o n s t i t u t e  a  completely open system, which i s  t o  

say  t h a t  t h e r e  a r e  no hidden balancing mechanisms which keep 

t h e  model from a l l o c a t i n g  more o r  l e s s  growth i n t o  C o r  D 

i n s t e a d  of A o r  B. 

I t  i s  recognized t h a t  t hese  few comparisons o f  model 

r e s u l t s  w i th  a c t u a l  d a t a  a r e  f a r  t o o  l i m i t e d ,  f a r  t o o  aggregate,  

and t o o  f a r  from being p e r f e c t  t o  e s t a b l i s h  any reasonable 

degree of  c r e d i b i l i t y  of t h e  model a t  t h i s  s tage .  However, 

v a l i d a t i o n  t e s t s  of  o t h e r  model v a r i a b l e s  such a s  housing and 

employment have been performed, and s i m i l a r  r e s u l t s  have been 

achieved ( s e e  Wegener 1981c) . I n  summary, t h e  p r e d i c t i v e  

performance of  t h e  model appears t o  be e x c e l l e n t  on t h e  aggre- 

ga te  l e v e l  and s t i l l  compares favorab ly  wi th  many o t h e r  models 

on more d isaggregate  l e v e l s .  Work on t h e  c a l i b r a t i o n  and 

v a l i d a t i o n  of t h e  model i s  cont inu ing.  

3 .  SIMULATION EXPERIMENTS 

I n  t h e  l a s t  s e c t i o n  of t h e  paper ,  t h e  r e s u l t s  of t h r e e  

s imu la t ion  exper iments w i l l  be presented a s  an i l l u s t r a t i v e  

example of a p p l i c a t i o n  of t h e  model. 

Three scenar ios  have been de f ined  f o r  t h e  s imu la t ion  

experiments. They d i f f e r  on ly  i n  t h e  assumptions made f o r  

t o t a l  r e g i o n a l  employment and populat ion a f t e r  t h e  year  1980: 

SCENARIO 1 This  s c e n a r i o  i s  t h e  base- l ine  s imu la t ion .  

I t  was der ived  from a base- l ine  run of  t h e  t o p  

l e v e l ,  t h e  Nordrhein-Westfalen model, which 

i n  t u r n  was based on a synops is  of r e c e n t  



employment f o r e c a s t s  f o r  Nordrhein-Westfalen 

( c f .  Schonebeck 1982) .  

SCENARIO 2 The second s c e n a r i o  i s  a  "growth" scena r i o .  

For t h i s  s c e n a r i o ,  t h e  base - l i ne  t o t a l s  w e r e  

a r b i t r a r i l y  modi f ied  by i n c r e a s i n g  r e g i o n a l  

employment by 7,500 jobs each yea r  and by 

reduc ing  ou tm ig ra t i on  by 15 p e r c e n t  and 

i n c r e a s i n g  i nm ig ra t i on  by 10 pe rcen t .  

SCENARIO 3 The t h i r d  s c e n a r i o  i s  a  " d e c l i n e "  s c e n a r i o .  

For  t h i s  s c e n a r i o ,  t h e  base - l i ne  t o t a l s  were 

a r b i t r a r i l y  modi f ied  by reduc ing  r e g i o n a l  

employment by 7,500 jobs each y e a r  and by 

i n c r e a s i n g  ou tm ig ra t i on  by 15 p e r c e n t  and 

reduc ing  i nm ig ra t i on  by 10 p e r c e n t .  

No p a r t i c u l a r  meaning shou ld  be a t t a c h e d  t o  t h e  a r b i t r a r y  

s p e c i f i c a t i o n  o f  s c e n a r i o s  2 and 3 .  I t  was s imply in tended  t o  

produce a l t e r n a t i v e  s c e n a r i o s  w i t h  f a i r l y  massive changes of 

popu la t i on  and employment i n  o r d e r  t o  f i n d  o u t  how t h e  model 

would r e a c t  t o  extreme s i t u a t i o n s  o f  growth and d e c l i n e .  

The p r i n c i p a l  r e s u l t s  o f  t h e  t h r e e  s i m u l a t i o n s  a r e  d i sp layed  

i n  Table 3 and F igure  5. A l l  t h r e e  s c e n a r i o s  a r e  i d e n t i c a l  

u n t i l  t h e  y e a r  1980 when t h e  f i r s t  changes were i n t roduced  f o r  

s c e n a r i o s  2 and 3 .  

The base - l i ne  s i m u l a t i o n ,  s c e n a r i o  1 ,  c l e a r l y  e x h i b i t s  

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

s l i g h t l y  by some 10,000 jobs i n  bo th  subreg ions ,  a l though  most 

r e c e n t  unemployment f i g u r e s  sugges t  t h a t  t h i s  s c e n a r i o  may be 

f a r  t o o  o p t i m i s t i c  ( c f .  Wegener 1 9 8 1 ~ ) .  Both subreg ions  dec rease  

i n  popu la t i on  by abou t  55,000 persons  o r  5.2 p e r c e n t  ove r  t h e  

decade,  b u t  t h e  c o r e  ( A )  dec reases  f a s t e r  w i t h  t h e  e f f e c t  t h a t  

i t s  s h a r e  o f  t h e  popu la t i on  o f  bo th  subreg ions  goes down from 

57.4 t o  55.4 p e r c e n t  ( a f t e r  having been 60.2 p e r c e n t  back i n  

1950) .  Desp i t e  t h i s  l o s s  o f  popu la t i on ,  housing c o n s t r u c t i o n  

goes on i n  bo th  subreg ions  because o f  r i s i n g  incomes and changing 



Table 3 .  Employment, housing, and populat ion i n  subregions 
A and B of t h e  Dortmund urban reg ion ,  1970-1980, 
s imu la t ion  r e s u l t s .  

Scen- 
A B A + B  

Year a r i o s  Absolute % Absolute % Absolute % 

Emp 1 oymen t 

Housing 

Populat ion 

a census d a t a  
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household fo rmat ion  p a t t e r n s .  Of t h e  20,000 new dwe l l i ngs  

b u i l t  du r i ng  t h e  decade,  however, on ly  some 3,000 a r e  b u i l t  i n  

subreg ion  A ,  presumably because r e s i d e n t i a l  l and  i n  t h e  c o r e  

i s  less a t t r a c t i v e  y e t  more expens ive t h a n  i n  t h e  suburbs.  

I f  s c e n a r i o  1  i s  t h e  most l i k e l y  s c e n a r i o  o f  s p a t i a l  urban 

development,  s c e n a r i o s  2  and 3  i n d i c a t e  t h e  margin w i t h i n  which 

d e v i a t i o n s  from t h i s  most l i k e l y  s c e n a r i o  may reasonab ly  be 

expected t o  remain. 

Scenar io  2 ,  t h e  "growth" s c e n a r i o ,  must today be cons idered  

a s  ex t remely  o p t i m i s t i c  w i t h  r e s p e c t  t o  t h e  economic develop- 

ment of t h e  reg ion  and c e r t a i n l y  d e f i n e s  t h e  upper l i m i t  of  

f e a s i b l e  development.  More t han  30,000 new jobs a r e  c r e a t e d  

i n  subreg ions  A and B du r i ng  t h e  decade,  and n e a r l y  100,000 

a d d i t i o n a l  m ig ran ts  a r e  a t t r a c t e d  by them a s  compared w i t h  t h e  

base - l i ne  s imu la t i on .  The suburban zones ( B )  a t t r a c t  more t h a n  

t h e i r  p r o p o r t i o n a t e  s h a r e  of t h i s  a d d i t i o n a l  i nm ig ra t i on  b r i n g i n g  

t h e  pe rcen tage  o f  popu la t i on  l i v i n g  i n  t h e  c o r e  zones down t o  

55.0. Th is  s h i f t  might  have been even more pronounced, i f  t h e  

model had n o t  run o u t  o f  vacan t  r e s i d e n t i a l  l and  a f t e r  1985. 

Th is  b e n e f i t e d  t h e  urban c o r e ,  as now a l s o  less a t t r a c t i v e ,  

expens ive l a n d  had t o  be u t i l i z e d .  Even w i t h  t h a t ,  t h e  model 

f a i l e d  t o  p rov ide  enough dwe l l i ngs  f o r  t h e  new a r r i v a l s ,  s o  

many o f  them had t o  move i n t o  former ly  vacan t ,  u n a t t r a c t i v e  

dwe l l i ngs  o r  become sub tenan ts .  Th is  aga in  b e n e f i t e d  t h e  c o r e  

zones. Note t h a t  even under t h e s e  abnormal c i r cumstances ,  

t h e  c o r e  zones con t i nue  t o  d e c l i n e  i n  popu la t i on .  Th is  may 

sugges t  t h a t  f o r  a  c i t y  l i k e  Dortmund t h e r e  i s  p r e s e n t l y  no 

f e a s i b l e  way t o  p reven t  a  f u r t h e r  d e c l i n e  i n  popu la t i on .  

Scenar io  3  i s  indeed a  "dec l i ne "  s c e n a r i o ,  which g iven 

r e c e n t  unemployment r e c o r d s ,  however, i s  n o t  n e a r l y  a s  u n l i k e l y  

a s  o r i g i n a l l y  supposed. Compared w i t h  t h e  base - l i ne  s i m u l a t i o n ,  

j obs  i n  t h e  two subreg ions  d e c l i n e  by some 36,000 o r  8 .8  per -  

c e n t ,  and more t h a n  80,000 o r  8.3 p e r c e n t  of  t h e  popu la t i on  

m ig ra te  o u t  o f  t h e  reg ion .  Th is  has t h e  e f f e c t  t h a t  p r a c t i c a l l y  

no new dwe l l i ngs  a r e  be ing  b u i l t ,  i n  f a c t ,  t h e  housing s t o c k  



decreases by a constant rate of deterioration and eventually 

demolition. As most new dwellings, if they had been built, 

would have been built in the suburbs, this again benefits the 

core which in this scenario keeps a higher proportion of the 

population than in any other scenario. 

CONCLUSION 

In this paper, a modeling approach has been presented which 

attempts to interpret the process of urbanization, suburbaniza- 

tion, and deurbanization observed in contemporary urban agglom- 

erations as a consequence of responses of various urban actors 

to externally induced changes of their economic and social 

environment. In brief, the model explains the macro behavior 

of the urban system through the micro behavior of its elementary 

components. 

It has been shown that the model, at a certain level of 

aggregation, is capable of reproducing characteristic patterns 

of spatial choice behavior. In a simple illustrative applica- 

tion, the model has been used to investigate possible options 

of future spatial development in the Dortmund region. It 

could be demonstrated that there is no realistic scenario in 

which the urban core of the region would not continue to lose 

population during the next decade. 

Future work on the model will focus on the validation 

and interpretation of the model results on a more disaggregate 

level. In addition, it is planned to extend the data base and 

time frame of the model back as far as to the year 1950 in order 

to reproduce a longer time period of urban evolution encompas- 

sing phases of urban growth as well as phases of suburbanization 

and eventually deurbanization. 
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