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P r e f a c e  

I n t e r e s t  i n  human s e t t l e m e n t  s y s t e m s  a n d  p o l i c i e s  h a s  b e e n  
a  c r i t i c a l  p a r t  o f  u r b a n - r e l a t e d  work a t  IIASA s i n c e  i t s  i n c e p -  
t i o n .  R e c e n t l y  t h i s  i n t e r e s t  h a s  g i v e n  r i se  t o  a  c o n c e n t r a t e d  
r e s e a r c h  e f f o r t  f o c u s i n g  o n  m i g r a t i o n  d y n a m i c s  a n d  s e t t l e m e n t  
p a t t e r n s .  F o u r  s u b - t a s k s  f o r m  t h e  c o r e  o f  t h i s  r e s e a r c h  e f f o r t :  

I .  t h e  s t u d y  o f  s p a t i a l  p o p u l a t i o n  d y n a m i c s ;  

11. t h e  d e f i n i - t i o n  a n d  e l a b o r a t i o n  o f  a  new r e s e a r c h  
a r e a  c a l l e d  d e m o m e t r i c s  .- a n d  i t s  a p p l i c a t i o n  t o  
m i g r a t i o n  a n a l y s i s  a n d  s p a t i a l  p o p u l a t i o n  
f o r e c a s t i n g ;  

111. t h e  a n a l y s i s  a n d  d e s i g n  o f  m i g r a t i o n  a n d  s e t t l e -  
ment  p o l i c y ;  

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

T h i s  p a p e r ,  t h e  f i r s t  i n  t h e  d e m o m e t r i c s  s e r i e s ,  a r g u e s  
t h e  n e e d  f o r  a  t h e o r e t i c a l  f o u n d a t i o n  f o r  l a r g e - s c a l e  m o d e l l i n g  
o f  d e m o g r a p h i c  s y s t e m s  a n d  c a l l s  f o r  a  u n i f i e d  application o f  
m a t h e m a t i c a l  a n d  s t a t i s t i c a l  m e t h o d s  t o  t h e  s t u d y  o f  d e m o g r a p h i c  
phenomena,  p a r t i c u l a r l y  t h o s e  o f  m i g r a t i o n  a n d  s e t t l e m e n t .  

R e l a t e d  p a p e r s  i n  t h e  d e m o m e t r i c ;  se r ies ,  a n d  o t h e r  y u h l i -  
c a t i o n s  o f  t h e  m i g r a t i o ~ )  a n d  s e t t l e m e n t  s t u d y ,  a r e  l i s t e d  o n  
t h e  b a c k  p a g e  o f  t h i s  r e p o r t .  

A .  R o g e r s  

A u q u s t  1 9 7 6  





A b s t r a c t  

Many o f  t h e  s y s t e m s  a n a l y s i s  p rob lems  t h a t  have f o s -  
t e r e d  s i m u l a t i o n  m o d e l l i n g  s e e m  t o  g o  t h r o u g h  a  method- 
o l o g i c a l - t h e o r e t i c a l  p r o g r e s s i o n  t h a t  w e  c a l l  t h e  t h e o -  
r e t i c a l  t r a n s i t i o n .  T h i s  t r a n s i t i o n  b e g i n s  when a  few 
h i c ~ h l y  m o t i v a t e d i n d i v i d u a l s  become c o n v e r t e d  t o  t h e  
b e l i e f  t h a t  t h e i r  f i e l d  s h o u l d  a d o p t  t h e  more r i g o r o u s  
and q u a n t i f i e d  mode o f  r e s e a r c h  c h a r a c t e r i s t i c  o f  t h e  
p h y s i c a l  s c i e n c e s  and  e n d s  when t h e  f i e l d  a c h i e v e s  t h e  
metr ics  s t a g e  o f  deve lopmen t .  Demography a p p e a r s  t o  b e  
r e a d y  t o  e n t e r  t h i s  f i n a l  s t a g e  and demomet r i c s  c o u l d  
b e  t h e  outcome.  The r o l e  o f  demometr ics  i n  r e s e a r c h  on 
m i g r a t i o n  and  s e t t l e m e n t  i s  e x p l o r e d .  
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The " p o p u l a t i o n  p r o b l e m "  i n  m o s t  p a r t s  o f  t h e  w o r l d  h a s  t w o  
d i s t i n c t  d i m e n s i o n s :  grow-th  and  s p a t i a l  d i s t r i b u t i o n .  C o n c e r n  
a b o u t  r a p i d  p o p v l a t l o n  g r o w t h  h a s  f o c u s s e d  a t t e n t i o n  on  f e r t i l i t y  
r e d u c t i o n  and hcis f o s t e r e d  f a m i l y  p l a n n i n g  p r o g r a m s  i n  d o z e n s  o f  
c o u n t r i e s .  The . i s su r>  c::f p o p u l a t i o n  d i . s t r i b u t i o n ,  o n  t h e  o t h e r  
h a n d ,  o n l y  r e c e n t . ! .  .: r e c e i v e d  s e r i o u s  c c : ~ ? s i d e r a t i o n .  A no-- 
t a b l e  e s a m p l e  a p p e a r s  l n  t h e  work o f  t h e  U . S .  Commiss ion o n  Pop- 
u l a t i o n  Growl-h and t-hi-? Amer ican  F u t u r e ,  which  c o m m i s s i o n e d  p a p e r s  
t h a t  d i r e c t l y  a d d r e s s e d  i s s u e s  a n d  p r o b l e m s  o f  i n t e r n a l  m i g r a t i o n  
a n 3  h u l a n  sc t t . le rnent . :  

Ma jiir .I& C - o n a l  '-l.Ltentio:1 and t h e  Commiss ion ' s p r i m a r y  
focus h a s  b e e n  on  n a t i o n a l  p o p u l a t i o n  y r o w t h .  Bu t  na -  
t i i ; ! l a l  grc . ,d t i l  implies 1-oca l  ~ r o w t h  a s  a d d i t - i o n a l  popu-  
l a t l o r - !  is  cl:istribl:ii-ed i n  t h e  . r u r a l  a reas ,  s m a l l  tab-?sf 
r, , - I: iec- ., and s u ! ~ u r b s  a c r o s s  the c o u n t r y .  And c h o i c e s  w e  
m a k ~  a . b o u t  n ? . t i c n z l  p o p u l a t i o n  g r o w t h  c a n n o t  h e l p  b u t  
h a v e  impor t a r l t  mear - i ln r ;  f o r  l o c a l  a r e a s .  . . . 
Where p e o p l e  move i n e v i t a b l y  a f f e c t s  t h e  d i s t r i b u t i o n  
of t h e  p o p u i a t i o n  a i d  t h e  y r o w t h  o f  l o c a l  a r e a s .  A s  
a  r e s u i  t, ar?y - n a t i o n a l  d i s t r i b u t i o n  p o l i c y  -- w i l l ,  t o  
solnc degree, t r y  t o  i i l t e r v e n e  i n  t h e  n l i g r a t - i o n  p r o c e s s  - . - - - - -- .- . - -. -- - - - . --- - -- - - -. - .- - - - -- 
b y  er:cour:aging pecp lc  t o  move t o  one  p l a c e  r a t h e r  t h a n  
ago:-her o r  n o t  t o  move a t  a l l .  1 ' 7  6 ,  p p .  x i v - x v ,  empha- 
s i s  ~ c d e d .  j : 

Dcspi 'ce  a qt!Ii?yiil r e c , o q n i t i o n  t h a t  m i g r a t i o n  p r o c e s s e s  a n d  
s e t t . l e m e n t  p a t t e r n s  a r e  i .r!. t imatel.y r e l a t e d  a n d  m e r i t  s e r i o u s  
s t u d y ,  o n e  n e v i ? ~ ~ h e i c . c , s  . f i n d s  t h a t  t h e  d y n a m i c s  o f  t h e i r  i n t e r -  
r e l a t i o n , s h i p s  z r c  n o t  a t  al!. w e l l  u n d e r s t o o d .  An i m p o r t a n t  
r e a s o n  i-or th is  l a c k  of u n d e r s t - a n d i n y  i s  t h a t  d e m o g r a p h e r s  h a v e  
i n  t h e  past. , ~ , c c o r d e d  m j g r a t i o n  a s t a t u s  s u b s e r v i e n t  t o  f e r t i l i t y  
a n d  m o r t a l  i . t y  a n 2  h a v e  yent2x-a1 l y  neg  l e c t e d  t h e  s p a t i a l  d i m e n s i o n  
o f  p o p u l - a t l o n  gr.o\vth. T n u s ,  w h e r e a s  p r o b l e m s  o f  f e r t i l i t y  a n d  
m o r t a l i t y  lonq age s t i m u l a t e d  a r i c h  a n d  s c h o l a r l y  l i t e r a t u r e ,  
s t u d i e s  c f  n1i.y.c-ation h a v e  o n l y  r e c e n t l y  begun  t o  f l o u r i s h .  I n  
c o n s e q u e n c e ,  o n e  f i n d s  t o d a y  a  r a t h e r  L a r g e  and  g r o w i n g  body  o f  
s c h o l a r l y  work on rni .g:rat ion a w a i t i n g  a  s y s t e m a t i c  s y n t h e s i s ,  
e - g . ,  t h e  r e c e n t  b i b l i o g r a p h i e s  o f  Greenwood [ 2 5 1 ;  P r i c e  a n d  
S i k e s  i s > ] ;  3nd Shaw 1 7 0 1 .  T h e  c o n t r i b u t i o n s  of s o c i o l o g i s t s  
i n  i d e n t i f y  in<\ m i - g r a t i o n  d i f f e r e n t i a l s  ( t h e  "who" o f  m i g r a t i o n )  , 
o f  g e o g r a p h e r s  i n  a n a l y z i n g  d i r e c t i o n a l  m i g r a t i o n  streams ( t h e  
"where"  of m i g r a t i o n ) ,  a n d  o f  e c o n o m i s t s  i n  e x a m i n i n g  t h e  d e t e r -  
m i n a n t s  and c c n s e t < u e n c e s  o f  g e o g r a p h i c a l  m o b i l i t y  ( t h e  "whyM a n d  
" s o  w h a t "  o f  m i g r a t i o n )  s t i l l  h a v e  n o t  b e e n  molded i n t o  a  u n i -  
f i e d  and  g e n e r a l  theor-y  o f  i n t e r n a l  m i g r a t i o n .  

-- 

' ~ h e  nurnbnr- i ii p a r e n t h e s e s  ri1-f er  t o  j,;;hl i c a t i o n s  l i s t e d  i n  
t h e  Ref c r e ~ c c s .  



Out of  t h e  r e c e n t l y  qrowing l i t e r a t u r e  on m i g r a t i o n ,  s c h o l a r s  
a t  t h e  I n t e r n a t i c n a l  I n s t i t u t e  f o r  Appl ied  Systems A n a l y s i s  have  
i d e n t i f i e d  and i s o l a t e d  f o u r  r e l a t e d  r e s e a r c h  subeasks  t h a t  a r e  o f  
p a r t i c u l a r  r e l e v a n c e  t o  IIASA's long- term r e s e a r c h  i n t e r e s t s  i n  
human s e t t l e m e n t  s y s t e m .  They a r e :  t h e  s t u d y  of  s p a t i a l  popula-  
t i o n  dynamics;  t h e  e l a b o r a t i o n  of  a  new r e s e a r c h  a r e a  c a l l e d  demo- - 
metrics and i t s  a p p l i c a t i o n  t o  m i g r a t i o n  a n a l y s i s  and s p a t i a l  pop- 
u l a t i o n  f o r e c a s t i n g ;  t h e  a n a l y s i s  and d e s i g n  of  m i g r a t i o n  and 
s e t t l e ~ n e n t  -- p o l i c y ;  and a compara t ive  s t u d y  of n a t i o n a l  m i g r a t i o n  
and s e t t l e n e n t  p a c t e r n s  an2 p o l i c i e s .  

T h i s  p a p e r  f o c u s e s  on t h e  second of  t h e  f o u r  subtasks--demo- 
met r i c s - -and  examines t h e  fundamenta l  r o l e  t h a t  t h e o r y  p l a y s  i n  
t h e  development  o f  q u a n t i t a t i v e  models  o f  s p a t i a l  p o p u l a t i o n  growth 
and distribution. 

T H E O R I Z I N G  ABOUT THEORY-BUILDING: THE THEORETICAL TRANSITION - 

The N e w  S o c j a l  Science - - - -- - - - 

'The parst two decades  have s e e n  t h e  emergence of  a  profound 
t r a n s f o r m a t i o n  i n  t h e  ways i n  which s o c i a l  s c i e n t i s t s  have come 
t o  d e a l  w i t h  d a t d ,  t h e o r y ,  and q u a n t i t a t i v e  m o d e l l i n g .  T h i s  
t r a n s f o r m a t i o n  h a s  been v a r i o u s l y  r e f e r r e d  t o  a s  t h e  Q u a n t i t a t i v e  
R e v c l u t i o n  o r  t h e  Systems A n a l y s i s  Approach, and some o f  i t s  e f -  
f e c t s  have r e c e n t l y  become m a n i f e s t e d  i n  t h e  e x p l o s i o n  of new 
r e s e a r c h  a r e a s  b e a r i n g  t h e  t e r m  m e t r i c s ,  e . g . .  p o l i t i m e t r i c s  
[ 2 7 ] ,  p l a n o m e t r i c s  r 8 6 j  , :in3 c l i o m e t r i c s  [ 2 8 l .  Whether t h e s e  
new a r e a s  e v e r  a c h i e v e  t h e  r e s p e c t a b i l i t y  c u r r e n t l y  accorded  t o  
e c o n o m e t r i c s ,  biometries, o r  psychomet r i c s ,  however, r emains  t o  
b e  seen .  

An i m p o r t a n t  c o n t r i b u t i n g  f a c t o r  t o  t h e  r e c e n t  q u e s t  f o r  
t h e o r e t i c a l  r i g o r  and e m p i r i c a l  q u a n t i f i c a t i o n  i n  t h e  s o c i a l  
s c i e n c e s  h a s  undoubtedly  been t h e  development  o f  l a r g e - s c a l e  
c o m p u t a t i o n a l  f a c i l i t i e s  which have made t h e  new approaches  
f e a s i b l e .  Another  c o n t r i b u t o r  t o  t h i s  t r a n s f o r m a t i o n  h a s  been 
t h e  pos twar  growth o f  i n t e r d i s c i p l i n a r y  f i e l d s  such  a s  o p e r a -  
t i o n s  r e s e a r c h ,  r e g i o n a l  s c i e n c e ,  p u b l i c  p o l i c y  a n a l y s i s ,  urban 
p l a n n i n g ,  and management s c i e n c e .  F i n a l l y ,  a s  t o d a y ' s  s o c i a l  
and e n v i r o n n ~ e n t a l  problems have d r a m a t i c a l l y  moved t o  t h e  f o r e -  
f r o n t  o f  p u b l i c  c o n c e r n ,  it h a s  become i n c r e a s i n g l y  e v i d e n t  th:; 
e n e r g y ,  n a t u r a l  and human r e s o u r c e s ,  economic development ,  and 
t h e  q u a l i t y  o f  l i f e  a r e  i n t e r r e l a t e d  components t h a t  need t o  be 
d e a l t  w i t h  h o l i s t i c a l l y ,  w i t h  a  p r o p e r  r e c o g n i t i o n  of  t n e i r  
system-wide impac t s .  T h i s  h a s  f o s t e r e d  a  m u l t i d i m e n s i ~ n a l  mode 
o f  a n a l y s i s  commonly r e f e r r e d  t o  a s  - i n t e r d i s c i p l i n a r v  -.if r n s e a r c h .  



Interdisciplinary and Metadisciplinary Research - 

Because social and environmental problems do not fall neatly 
within the boundaries of traditional academic disciplines, it is 
not surprising that interdisciplinary collaboration is often held 
to be the appropriate approach for analyzing such problems. 
Since any nontrivial social or environmental problem will usually 
involve physical, social, ecological, economic, and political 
aspects, 

what is more sensible than to say, "Let us then get an 
expert in each of these fields, have the experts meet, 
present their special viewpoints and competencies, 
weigh the pros and cons as reasonable men, and as a 
body arrive at recommendations which are influenced by 
each of the contributing disciplines on each of the 
component problems"? 13, p. 1 6 9 . 1  

William Alonso [3] argues convincingly that what at first 
glance seems like plain common sense, is in fact an inappro- 
priate method for assembling a research team to study most 
social and environmental problems. He identifies four princi- 
pal stumbling blocks to effective interdisciplinary research. 
First, a scientist is not a standard product capable of de- 
livering his discipline's viewpoint on every subject. For 
example, the particular problem at hand may require the exper- 
tise of a benefit-cost economist, but the economist on the 
team might be an economic historian. Second, the system of 
institutional incentives and rewards in academia makes it very 
likely that the scientist will be either a mediocrity, a sen- 
iority, or an eccentric, because there are few scholars at the 
top of their field who are willing. to take the time to contri- 
bute to an ad hoc interdisciplinary effort. Third, the indi- 
visibility of scientific inputs to a team made up of represent- 
atives from each field contributes a cer,tain degree of inflex- 
ibility to projects that may call for more work from one 
discipline and less from the others at different points in the 
project's lifetime. The typical consequence of this indivis- 
ibility is that one man is overworked while others may be idle. 
Finally, different intellectual species tend to use words dif- 
ferently and to attribute different degrees of importance to 
the various components of an overall study. They also hold 
different views about their own competencies and interests and 
those of their collaborators. 

Alonso's alternative to the interdisciplinary team is a 
group of metadisciplinary individuals who "share a defined range 
of topics, a body of techniques, and certain standards of val-. 
idation. They share, to a large degree, a technical language 
and competence, and they read much of the same literature." 
[3, p.171.1 The principal distinction between interdisciplinary 
and metadisciplinary teams of scientists is that members of the 
former are assembled because of their diversity, whereas the 
latter are brought together because of their commonality. 



A c e n t r a i  e l e m e n t  o f  many a p p l i e d  j . n t e r d i s c i p l i n a r y  re- 
s e a r c n  e f f o r t s  h a s  been t h e  l a r g e - s c a l e  s y s t e m s  s i m u l a t i o n  
model .  Such ~ n o d e l s  szerr, t z ~  b e  p a r t i c u i a r l y  a p p e a l i n g  i n  
s t ~ d i e s  of  p u b l i c  i j . :~ .~es tmen t  Z e c i s i o n s  i n v o l v i n g  b r o a d  s o c i a l  
g o a l s ,  w i d e  e x t e r n a l  syst-ern e f f e c t s ,  and  l o n g - r a n g e  p l a n n i n g  
h o r i z o n s .  Urban hiyhway ;~: ld  mass  - t r a n s i t  p r o p o s a l s .  l a n d  u s e  
p l a n s ,  pcbl. i c  w o r k s  piclo? ec- t.s, demographic- economic deve lopmen t  
p rog rams ,  enviroilr.1enr:i.l i m p a c t  staternen.t:; ,  and urbar ,  r e n e w a l  
a n a l y s e s  a l l  h a v e  f o s t e r e d  computer  s i m u l a t i o n  s t u d i e s .  I t  i s  
a r g u e d  t h a t  b e c a c s e  t h e  c o m p l e x i t i e s  i n n e r 2 n t  i n  s u c h  s o c i o -  
p h y s i c a l  s y s t e m s  a l m o s t  a l w a y s  p r o d u c e  n o n l i n e a r  r e l a t i o n s h i p s  
and  f e e d b a c k s ,  tr:.? i t  iona l .  a n a l y t i c a l  methods  a r e  i n e f f e c t i v e  
and  r e c o u r s c  mus t  t h e r e f o r e  b e  made t o  t h e  v a s t  c o m p u t a t i o n a l  
c a p a b i l i t i e s  of the d i g i t a l  compu te r .  And since t h e  b e h a v i o r  
o f  s u c h  s y s t e m s  depends  oil a n  in.t.i.mate i n t e r p l a y  o f  s o c i a l ,  
eccjnorr,j.c, p o l i t - i c a l  , and  eny i n e e r i n y  considerations , p r o s p e c t s  
f o r  t5eir  p r o p e r  i i icl . : ir?oration a r e  s a i d  t o  b e  enhanced  by a n  
e a r l y  a d o p t i o n  c>f  a l a r g e - s c a l e  s y s t e m s  s i m u l a t i o n  model  t h a t  
i n t e r c n n n e c t s  t h e i r  s e p a r a t e  c o n t r i b u t i o n s  i n  t h e  form o f  l i n k e d  
" m o d u i t ? ~ "  cr 2; ~.Iirnod~?;s. The u n d e r l y i n g  p h i l o s o p t ~ y  seems t o  b e  
t h a t  i f  t.5e be!l . iv. ior o f  p a r t s  i s  known by d i s c i p l i n a r y  e x p e r t s  
t h e n  t h e  b e h a v i c r  of t h e  whole  c a n  be u n d e r s t o o d  by a p p r o p r i -  
a  t c l y  l i n k i n g  t h e  d i ~ ~ 1 - s ~  i n d i v i . d u a 1  components  t o g e t h e r  i n t o  
a  l a r g e r  ( in+erd i . sc l .p !Lnary)  ensemble .  A l though  t h e  i d e a  
s o u n d s  as  p l a u s i b l e  a s  t n e  r a t i o n a l e  f o r  i n t e r d i s c i p l i n a r y  c o l -  
l a b o r a t i o n ,  i . t  i s  tlqtlall;; f l a w e d .  

The f a l l a c y  t h a t  t h e  u r l p r e d l c t a b l e  f u t u r e  b e h a v i o r  o f  a  
complex s y s t e m  c a n  be ~ d ~ ~ r j u a t e 1 . y  s i m u l a t e d ,  w i t h o u t  a  t h e o r y ,  
by j o i r i n g  t o g e t h e r  s u b x o d e l s  t h a t  d e s c r i b e  t h e  g e n e r a l l y  
p r e d . i c t a b l e  b e h a v i o r  o f  a sys-t-em' s component i n t e r a c t i n g  p a r t s  
seems t o  have  a n  e x p e c t e d  l i f e t i m e  o f  a b o u t  t e n  y e a r s .  A p -  
p a r e n t l y  i t  t a k e s  a b o u t  a d e c a d e  f o r  t h o s e  newly-engaqed i n  
s i m u l a t . i o n  n o d e l l i n g  t o  d i s c o v e r  t h e  d i s a p p o i n t i n g  t r u t h  t h a t  
w i t -hou t  a  t h e o r y  o f  s y s t e m  b e h a v i o r  t h e r e  c a n  b e  no f i r m  con-  
c l u s i o n s  a b o ~ l t  s u c h  b e h a v i o r .  A m e r e  l i r i k i n g  o f  s t a t i s t i c a l l y -  
e s t a b l i s h e d  e m p i r i c a l .  r e g u l a r i t i e s  s i m p l y  w i l l  n o t  r e a l i s t i c a l l y  
s i m u l a t e  s y s t e m  b e h a v i o r  u n d e r  changed  c o n d i t i o n s .  

The T h e o r e t i c a l  T r a n s i t i o n  

Many o f  t h e  a p p l i e d  s y s t e m s  a n a l y s i s  p rob lems  t h a t  have  f o s -  
t e r e d  s i m u l a t i o n  m o d e l l i n g  seem t o  g o  t h r o u g h  a  m e t h o d o l o g i c a J -  
t h e o r e t i c a l  p r o g r e s s i o n  t h a t  i.s s t r i k i n g l y  s i m i l a r  i n  c h a r a c t e r  
--a p r o g r e s s i o n  t h a t  i n  t.hj..s p a p e r  w i l l  be r e f e r r e d  t o  a s  The - 
T h e o r e t i c a l  T r a n s i t i o n .  The t h e o r e t i c a l  t r a n s i t i o n  beg i r l s  when 

---<-- 

a  few h i g h l y  m o t i v a t e d  s c i e n - t i s t s  becomc c o n v e r t e d  t o  t h e  b e l i e f  
t h a t  r e s e a r c h  e f f o r t s  i n  t h e i r  p a r t i c u l a r  a r e a  o f  c o n c e r n  would 
b e ~ e f i t  f rom t h e  adoptic2.i  ofi t h e  more r j - g o r o u s  and  q u a n t i f i e d  
s t y l e  character is ti.^ o f  khe o h y s i c a l  s c i e n c e s .  M a t h e m a t i c a l  
c u r v e - f  i t t i n g  e x e r c i . s ~ s  becorrie p o p u l a r ,  r e g r e s s i o n  and  f a c t o r  



a n a l y s i s  a r e  d i s c o v e r e d ,  and  a  h e i g h t e n e d  s e n s e  o f  e x p e c t a n c y  
f u e l s  t h e  movement.. T h i s  i s  t h e  p r e c o n d i t i o n s  s t a g e  o f  t h e  
t r a n s i t i o n ,  and i t  l o q i c a l l y  l e a d s  i n t o  t h e  second  s t a q e ,  which  
i s  t h e  t a k e - o f f  s t a g e :  A t  t h i s  p o i n t  t h e  s i m u l a t i o n  parad igm 
i s  d i s c o v e r e d  and w i d e l y  a d o p t e d ,  and  l i m i t a t i o n s  and  e x t e n s i o n s  
f o l l o w  r a p i d l y .  C o n f e r e n c e s  a r e  h e l d ,  c u r r i c u l a  a r e  s u i t a b l y  
m o d i f i e d  and expanded a n d ,  o c c a s i o n a l l y ,  new j o u r n a l s  a r e  
e s t a b l i s h e d .  

Then comes t h e  c r a s h ,  and disillusionment sets i n .  The 
mode l s  d o  n o t  p r e d i c t  w e l l ,  t h e i r  c o s t s  e s c a l a t e  a s t r o n o m i c a l l y  
a s  t h e y  a r e  c o n t i n u a l l y  expanded t o  s e r v e  a  w i d e r  r a n g e  of  p u r -  
p o s e s  and  pa t ched -up  t o  p roduce  " r e a s o n a b l e "  o u t p u t s ,  l i t t l e  i s  
c o n t r i b u t e d  by them t o  t h e o r y - b u i l d i n g  o r  t o  p o l i c y  e v a l u a t i o n ,  
and  t h e i r  magic  r e c e d e s  m i r a g e - l i k e .  I t  i s  c o n c l u d e d  t h a t  s y s -  
t e m s  m o d e l l i n g  w i t h o u t  t h e  o v e r a l l  g u i d a n c e  o f  a  c r e d i b l e  t h e o r y  
i s  f r a u g h t  w i t h  d i f f i c u l t i e s ,  and t h e  movement becomes s t a l l e d  
u n t i l  a  new and d i f f e r e n t  se t  of  p r e c o n d i t i o n s  f o r  t a k e - o f f  i s  
s a t i s f i e d .  These  new p r e c o n d i t i o n s  r e v o l v e  a round  t h e  emergence 
o f  o n e  o r  more t h e o r e t i c a l  pa rad igms  t h a t  command t h e  s u p p o r t  o f  
a  l a r g e  enough body of  s c i e n t i s t s  f o r  t h e  m o d e l l i n g  movement t o  
p r o c e e d  o n c e  a g a i n  ( e . g . ,  t h e  Keynes ian  pa rad igm i n  macroeconomic 
m o d e l l i n g ) .  A t  t h l s  p o i n t  t h e  movement e n t e r s  t h e  f i n a l  s t a g e  o f  
t h e  t h e o r e t i c a l  t r a n s i t i o n - - t h e  metr ics  s t a g e .  -- 

Not a l l  a p p l i e d  s o c i a l  s y s t e m s  a n a l y s i s  a r e a s  have  e x p e r i -  
e n c e d ,  o r  w i l l  e x p e r i e n c e ,  a 1 1  o f  t h e  above  s t a g e s  f rom p r e c o n d i -  
t i o n s  t o  m e t r i c s ,  b u t  a  s u r p r i s i n g l y  l a r g e  nurnber o f  thern e i t h e r  
have o r  s e e m  t o  b e  i n  t h e  p r o c e s s  of  d o i n g  s o .  Two a r e a s ,  i n  
p a r t i c u l a r ,  o f f e r  i n s t r u c t i v e  l e s s o n s :  l a n d  u s e  s i m u l a t i o n  model- 
l i n g  and  economic-demographic  s i m u l a t i o n  m o d e l l i n g .  

Land U s e  S i m u l a t i o n  M o d e l l i n s  

A l a n d  u s e  s i m u l a t i o n  inode1 i s  a  mechanism t h a t  a l l o c a t e s  
p e o p l e  and  j o b s  t o  l a n d  l o c a t e d  i n  t h e  s u b a r e a s  o r  z o n e s  t h a t  
t o g e t h e r  d e f i n e  a  p a r t i c u l a r  s t u d y  r e g i o n .  The p o p u l a t i o n  may 
b e  d i s a g g r e g a t e d  by a g e  and  income, and  employment may b e  d i f -  
f e r e n t i a t e d  by i n d u s t r i a l  s e c t o r .  The model b e g i n s  w i t h  a  b a s e -  
y e a r  d e s c r i p t i o n  o f  t h e  sys t em and p r o c e e d s  t o  s i m u l a t e  i t s  
s p a t i a l  dynamics  by l o c a t i n g  i n c r e m e n t s  and d e c r e m e n t s  of  popu- 
l a t i o n  and  employment o n  t h e  b a s i s  o f  some s e t  o f  r u l e s  s u c h  a s  
t h e  g r a v i t y  l a w  o f  s o c i a l  p h y s i c s .  

F i r s t - g e n e r a t i o n  l a n d  u s e  s i m u l a t i o n  models  w e r e  b o r n  i n  
N o r t h  America  i n  t h e  e a r l y  1960s  and e f f e c t i v e l y  d i e d  t h e r e  be- 
f o r e  t h e  end o f  t h a t  d e c a d e .  The p r e c o n d i t i o n s  s t a g e  o c c u r r e d  
i-n t h e  l a t e  1950s ,  when p i o n e e r i n g  s t u d i e s  s u c h  a s  t h e  Ch icago  
Area    ran sport at ion S tudy  [ I l l  f i r s t  c o l l e c t e d  and  summarized 
r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  l a n d  u s e  d a t a  by means o f  elec-  
t r o n i c  comput ing  ha rdware  and  s t a t i s t i c a l  t e c h n i q u e s .  E n t r y  i n t o  
t h e  t a k e - o f f  s t a g e  was s i g n a l l s d  by t h e  deve lopmen t  and implemen- 
t a t i o n  o f  mode l s  s u c h  a s  t h e  Lowry model 1421 and  t h e  Chape l  H i l l  
model [ 1 9 ] .  The c r a s h  o c c u r r e d  sometime b e f o r e  1970 and  t h e  move- 
ment ( a t  l e a s t  i n  t h e  U.S . )  t h e n  t u r n e d  t o  f u n d a m e n t a l  t h e o r y -  
b u i l d i n g  o f  t h e  k i n d  exempl i f i . ed  by t .he works o f  Beckmann [ 5 1 ,  
M i l l s  [ 4 5 ] ,  Muth [ 5 2 ] ,  a n d  Wheaton C81,821. 



A s u r e  s l o n  t h a t  t h e  c r a s h  st ;ge of  t h e  t h e o r e t i c a l  t r a n s -  
s i t i o n  h a s  b e ~ n  r c a c r l c l  i s  a n  a t - t a c k  on t h e  movement by one  o f  
i t s  own. I n  l a r d  u s e  s ~ r r u l a r i a n  m o d e l l ~ n g  t h i s  o c c u r r e d  i n  1973 
w i t h  t h e  p ~ l ~ ) l c a t . l c , r .  cif I c - e ' s  well-known a r t i c l e  "Requiem f o r  
i a r c j e - S c a l e  :4odels" 3 7 1  I n  which h e  asserts:  

t h e s e  nlodeis  x e r e  becjiln i n  .,he e a r l y  1960s  and  
l a r g e l y  abar~donc:? by t h e  end  o f  t h e  1960s .  Con- . . 
:;l.Aier.a.tile efE,:>i-t ,vas expended on them, and a good 
d e o i  w a s  l e a r n e d .  C o n t r a r y  t o  what  h a s  o f t e n  been  
c i a i m e d ,  what  w a s  l e a r n e d  had a l m o s t  n o t h i n g  t o  d o  
b.:.;L-th u i b a : ~  s p a  i.l a 1  s t r u c t u r e ;  t h e  knowledge t h a t  
was i n c r e a s e d  was o u r  u n d e r s t a n d i n g  o f  model b u i l d -  
i n g  2nd it-:. r . e : l a t i o n s h i p  t o  p o l i c y  a n a l y s i s  [ 3 7 ,  
p. 1631. 

~conomi~-i':fcrr1oqra'r3:~ic S i r uu la t  i o n  Model1 i n s  

A l thouqh  :-.;if f e r c n t  economic-demographic  s i m u l a t i o n  mode l s  . >. 
~ x h i b l t  somew!:;; t. cii.:f e r e n t  p e c u l i a r i t i e s  and emphases ,  t h e y  
g e n e r a l l y  s h a r ? ?  ce:-t ;.:i.n i l i s t i n c t  f e a t u r e s .  I n  a l l ,  t h e  p r o -  
cess of  pcJpLi; . .3 t j~i :  ;r=.o~\:'ch and economic clevelopment p r o c e e d s  
acco rd in< ;  t> u d e l  3yr:amics t h a t  have remained  e s s e n t i a l l y  un- 
c l ~ a n g e d  f o r  o7,c.r tib?,.:, iic-uades. A p o p u l a t i o n  d i s a g g r e g a t e d  by a g e ,  
s s x ,  location, 2-1.2 o t h e r  3 t t r i b u t e s  s u c h  a s  income and  educa-  
t i o n ,  i s  surx,ivzc-i C C ) . ~ W ~ X ; ~  I n  t i r n e  by t h e  a p p r o p r i a t e  a p p l i c a -  
t i o n  of rai-es th-at. :s. e  e ! . i h e r  assumed t o  v a r y  i n  a  c e r t a i n  way, 
o:. t h a t  s r  e 1-inked t o  ~ ~ 3 . r i . a  t i o n s  i n  " e x p l a i ~ a t o r y "  soc ioeconomic  
v a r i a b i e s ,  some o f  which a r e  i n t e r n a l l y  g e n e r a t e d  by t h e  model .  
Und~er1.yii.g most  of t h e  cconomic submodels  i s  e i t h e r  a  Cobb- 
Douyias pl-oci!lctior! funivt ion or a  dynamic L e o n t i e f f  i n p u t -  
o u t p u t  s>:stein, V a r i o u s  beha . \ - io ra l  r e l a t i o n s h i p s  a r e  b u i l t -  
i n ,  and  nurrierous f e e d b a c k  loo-?s c o n n e c t  t h e  p o p u l a t i o n  
su!-xnodel w j  ti1 t-he economic su:,model a n d  v i c e  v e r s a .  

The g r e c o n d i t i o n s  s t a g o  o f  economic-demographic  s i m u l a t i o n  
modei . l i i~cj  o c c u r r e d  i n  - the l a t e  195Os, a t  which t i m e  c o n t r i b u -  
t i o n s  s u c h  a s  t h e  p i o n e e r i n g  1958 Coale--Hoover s t u d y  [ I  51 p r o -  
v i d e d  t h e  f ~ n d a r r ~ e n t a l  c o n c e p t u a l  framework t h a t  spawned a  h o s t  
o f  s u c c e s s o r s  i n  t h e  1960s .  The t a k e - o f f  s t a g e  was e n t e r e d  i n  
t h e  mid--7360s,  waen s ix - iu l a t i on  mode l s  s u c h  a s  G e n e r a l  E l e c t r i c ' s  
TEMPO-1 model [ 7 3 ]  became a v a i l a b l e .  I n  t h e  e a r l y  1970s  t h e  
mo:~cment was 3-17, full f l.ower- and p roduced  a  s econd  g e n e r a t i o n  o f  
much l a r g e r  r i i ~ d e l s  :;;l(:il a s  'TEMPO-I1 [ 1 01 , t h e  I n t e r n a t i o n a l  
Labcv 0 r g a n j . z a t i o n  models  BACHUE-1 and  BACHUE-2 [ 8 , 3 0 ]  and  t h e  
Rogers--Walz W e s t  V - l ~ g i n i a  model 1 6 2 1 .  The c r a s h  s t a g e  h a s  
e i t h e r  a l r e a d y  o c c u r x e d  o r  i s  d u e  s h o r t l y .  The p r e c o n d i t i o n s  
f o r  a second  t a k c - a f f  a p p e a r  t o  b e  fo rming  a s  e c o n o m i s t s  a r e  
e s t a b l i s h i n g  a f i r n  i . n t e l i e c t u a 1  beach-head i n  p o p u l a t i o n  ec- 
onomics ,  w i  t l - 1  a  par.tizul;r!.qr s p e c t a c u l a r  r e c e n t  s p u r t  o f  t h e o -  
r e t i c a l  wc~rk on  t h e  economics  o f  f e r t i l i t y  [ 3 3 , 6 8 , 6 9 ]  and m i -  
g r a t i o n  kg,?-;, 751 . 

A r e l i a b l e  irhciicci~:or t h a t  t h e  c r a s h  s t a g e  of  t h e  t h e o r e t -  
i c a l  t , r a n s i t i o n  ha.:  ready o c c u r r e d  i n  eccnomic-demographic  
si.incllai;io~i rr;odt?? l i ~ i c j  13 t.l;e r e c e n t  a p p e a r a n c e  o f  a  s h a r p  c!ri- 
t i q ~ ~ e  of the .  mi;vt:xent. Argilincj- a l o r ~ g  l i n e s  t h a t  i n  many ways 



r e s e m b l e  t h o s e  o f  L e e  [3*7] ,  A r t h u r  a n d  M c N i c o l l  [ 4 ]  c o n c l u d e  
t h a t  l a r g e  s c a l e  economic-demograph ic  s i m u l a t i o n  m o d e l s  a re  o f  
l i t t l e  u s e  t o  p l a n n e r s  b e c a u s e  t h e y  a re  

... l a r g e ,  s t r u c t u r a l l y  i n f l e x i b l e ,  o v e r d r e s s e d  i n  
s i d e  i s s u e s ,  a n d  beyond p r o p e r  v a l i d a t i o n .  L a r g e -  
n e s s  a n d  a l g e b r a i c  c o m p l e x i t y  a re  n o t ,  i n  t h e m s e l v e s ,  
crimes: c o m p l e x  p r o b l e m s  c a l l  f o r  c o m p l e x  m o d e l s ,  
a n d  s i m u l a t i o n  i s  w e l l  s u i t e d  t o  s u c h  a n a l y s i s .  B u t  
t h e  c o m p l e x i t y  o f  d e v e l o p m e n t  p r o b l e m s  p u t s  a premium 
o n  t h e  r e l e v a n c e  and  v a l i d i t y  o f  model  s p e c i f i c a t i o n s  
a n d  t h e  w i s e  u s e  o f  economic  t h e o r y .  A mode l  i n  w h i c h  
much i s  i r r e l e v a n t  t o  a  p a r t i c u l a r  i s s u e ,  i s  l i k e l y  t o  
o v e r s i m p l i f y  and d i s t o r t  t h e  i s s u e .  And a  mode l  t h a t  
i s  c o n c e r n e d  more  w i t h  i t s  own b e h a v i o r  t h a n  w i t h  t h e  
d e g r e e  t o  w h i c h  i t s  c o n s t i t u e n t  p a r t s  c a p t u r e  r e a l i t y  
i s  n o t  a t r u s t w o r t h y  g u i d e  t o  p o l i c y  [ 4 ,  p .  2 6 2 1 .  

The b i r t h  a n d  d e v e l o p m e n t  o f  t h e  "new s o c i a l  s c i e n c e "  i n  
t h e  p o s - t w a r  y e a r s  h a s  f o s t e r e d  a  Inore r i . g o r o u s ,  a r i a l y t i c a l  
a p p r o a c h  i n  s t u d i e s  o f  a w i d e  v a r i e t y  o f  s o c i a l  a n d  e n v i r o n m e n -  
t a l  p r o b l e m s .  E d r l y  i n t e r d i s c i p l i n a r y  a n a l y s e s  of s u c h  p r o b l e m s  
o f t e n  p r o d u c e d  l a r g e  a n d  complex  c o m p u t e r  s i m u l a t i o n  m o d e l s  
w h i c h  f a i l e d  t o  m e e t  m o s t  o f  t h e  g o a l s  t h a t  b r o u y h t  them i n t o  
b e i n g .  Growing r e c o g n i t i o n  o f  t h e  f u n d a m e n t a l  i m p o r t a n c e  o f  
t h e o r y  a n d  a  g r a d u a l  e v o l u t i o n  o f  m e t a d i s c i p l i n a r y  s c i e n t i s t s  
h a v e  combined  t o  c h a n n e l  r e s e a r c h  a c t i v i t i e s  awsy f r o m  a s i m -  
p l e  l i n k i n g - u p  o f  s t a t i s t i c a l l y  e s t i m a t e d  e m p i r i c a l  r e g u l a r i t i e s  
t o w a r d  a  f o r m  o f  t h e o r y - b u i l d i n g  t h a t  i s  c h a r a c t e r i z e d  by i t s  s u c -  
c e s s f u l  m a r r i a g e  o f  t h e o r y ,  m a t h e m a t i c s ,  a n d  s t a t i s t i c a l  i n t e r -  
e n c e .  T h i s  f i n a l  s t a g e  o f  t h e  t h e o r e t i c a l  t r a n s i t i o n  may b e  
c a l l e d  t h e  metr ics  s t a g e  o f  a f i e l d ' s  d e v e l o p m e n t ,  a n d  a n  ob-  
v i o u s  e x a m p l e  o f  a s o c i a l  s c i e n c e  t h a t  i s  w e l l  i n t o  t h i s  s t a g e  
i s  e c o n o m i c s .  O t h e r  f i e l d s  a re  a t  t h e  p o i n t  of  e n t r y ;  s t i l l  
o t h e r s  are  e i t h e r  i n  t h e  p r e c o n d i t i o n s  s t a g e  o r  h a v e  l o n g  a g o  
e n t e r e d  t h e  t a k e - o f f  s t a g e .  Demography a p p e a r s  t o  b e  p o i s e d  
t o  e n t e r  t h e  f i n a l  s t a g e - - o n e  i d e n t i f i a b l e  as  d e m o s n e t r i c s .  

DEMOGRAPHIC 'I'HEORY AND DEMOMETRICS 

The r e s o l u t i o n  o f  s e v e r a l  m a j o r  p o p u l a t i o n  p o l i c y  i s s u e s  
h i n g e s  o n  t h e  a n s w e r s  t h a t  t h e o r y  c a n  g i v e  t o  f u n d a m e n t a l  q u e s -  
t i o n s  a b o u t  n a t i o n a l  a n d  r e g i o n a l  d e v e l o p m e n t .  W i l l  t h e  p e r  
c a p i t a  income o f  a  p o o r  c o u n t r y  i n c r e a s e  f a s t e r  i f  i t s  f e r t i l i t y  
i s  r e d u c e d ?  S h o u l d  s u c h  a  c o u n t r y  i n v e s t  h e a v i l y  i n  f a m i l y  
p l a n n i n g  p r o g r a m s ,  o r  c a n  it s a f e l y  a s s u m e  t - h a t  f e r t i l i t y  w i l l  
d e c l i n e  r a p i d l y  o n c e  t h e  income o f  i t s  p o p u l a t i o n  is  r a i s e d  
s u f f i c i e n t l y  beyond  a  s u b s i s t e n c e  l e v e l ?  A r e  c e r t a i n  major 
c i t i e s  becoming e x c e s s i v e l y  l a i - g e ,  a n d  s h o u l d  t h e i r  i n m i g r a -  
t i o n  ra tes  b e  r e d u c e d ?  O r  are l a r g e  c i t i e s  " e n g i n e s  o f  d e v e l -  
opment"  t h a t  g e n e r a t e  b e n e f i t s  w h i c h  i n c r e a s e  w i t h  c i t y  s i z e  



more r a p i d l y  t h a n  d o  cos t s ,  a n d  i s  p o p u l a t i o n  d e c e n t r a l i z a -  
t i o n  a n d  d i s p e r s a l .  a n  a u t o m a t i c  u l t i m a t e  c o n s e q u e n c e  o f  
a f f l u e n c e  a n d  m c d e r n i z a t i o n ?  Is  r u r a l - t o - u r b a n  m i q r a t i o n  a  
d e t e r m i n a n t  ~ 7 r  a c c n s e q u e n c e  o f  e c o n o m i c  g r o w t h ?  S h o u l d  
c o u n t r i e s  s u c n  a s  Ind+a  c o n t i n u e  t o  i n v e s t  a l a r g e  p r o p o r -  
ti<>!? o f  t h e i r  r e s o u r c e s  jn t h e  i n d u s t r i a l  sec tor ,  or  s h o u l d  
some o f  t h i s  i n v e s t r a e n t  b e  r e d i r e c t e d  t o w a r d  a g r i c u l t u r a l  
d e v e l o p m e n t  p rogra rns  t h a t  m i g h t  k e e p  more o f  t h e  r u r a l  pop- 
u l a t i o 1 . i  i n  t h e  v i l l a g e s  and away f r o m  t h e  s q u a t t e r  s e t t l e m e n t s  
o f  m a j o r  u r b a n  c e n t e r s ?  

Answers  t o  q u e s t i o r i s  s u c h  a s  t h e s e  w i l l  n e e d  t o  d r a w  o n  a 
t h e o r y  t h a %  as y e t  d o e s  n o t  e x i s t .  The a b s e n c e  o f  a c o n v i n c i n g  
t h e o r e t i c a l  a n a l y s i s  o f  t h e s e  q u e s t i o n s  may e x p l a i n  much o f  t h e  
d i s a g r e e m e n t s  t h a t  seem t o  i n c r e a s i n g l y  c h a r a c t e r i z e  i n t e r n a -  
t i o n a l  d e b a t e s  o n  s u c h  m a t t e r s ,  e . g . ,  t h e  d i s c u s s i o n s  a t  t h e  
1 9 7 4  World P o p u l l t i o n  C o n f e r e n c e  i n  B u c h a r e s t  [85:, So l o n g  a s  t h e  
r e l a t i o n s h i p s  S:::twcen p o p u l a t i o n  d y n a m i c s  a n d  s o c i o e c o n o m i c  
deve lopmer : t  a r c  ski-rouded i n  m y s t e r y ,  p o l i c y m a k e r s  a r e  u n l i k e l y  
t o  a c t  a c j a i n s t  t h e i r  i n t u i t i o n  a n d  s e l f - i n t e r e s t  i n  e s t a b l i s h -  
i ~ l q  p o p u l a t i o n  p a l i c i e s .  

F o l l o w i n g  t!-:e p r e c e d e n t  s e t  by e c o n o m i c s ,  t h e  e m e r g i n g  
c o n c e p t s ,  g t f n e r z i l i z a t i o ~ s ,  a n d  p a r a d i g m s  t h a t  c o l l e c t i v e l y  
m i g h t  b e  v i e w e d  a s  t h e  f i r s t  b i t s  a n d  p i e c e s  o f  a d e m o g r a p h i c  
t h e o r y  f d 1 1  i n t o  t w o  p r i n c i p a l  c a t e g o r i e s :  m a c r o  and  m i c r o .  
M a c r o d e n c g r a p h i c  ~ t h e o r y  . e x a m i n e s  t h e  b e h a v i o r  o f  g l o b a l  a g -  
g r e g a t e s ,  f o r  e x a m p l e ,  t h e  r e l a t i o n s h i p s  b e t w e e n  v a r i o u s  pop-  
g l a t i o n s  d e f i n e d  w i t h  r e f e r e n c e  t o  a g e ,  s e x ,  a n d  l o c a t i o n  a n d  
i n d i c a t o r s  o f  i n d u s t r i a l i z a t i o n ,  m o d e r n i z a t i o n ,  a n d  e c o n o m i c  
w e l l - b e i n g .  M l c r o d e m o g r a p h i c  -- - t h e o r y  s t u d i e s  t h e  b e h a v i o r  o f  -- 
a e c i s i o r l m d k i n q  u n i t s  s u c h  as t h e  i n d i v i d u a l  o r  t h e  f a m i l y .  

A s t a r t i n g  p o i n t  i n  t h e  m a c r o t h e o r y  o f  p o p u l a t i o n  i s  t h e  
s o - c a l l e d  t,l-!eor:q o f  i i emoqraph ic  t r a n s i t i o n ,  w h i c h  e l a b o r a t e s  
t h e  p r l n c i p i ~ l  t h e m e  t h a t  i n  t o d a y ' s  d e v e l o p e d  c o u n t r i e s  a 
d e c l i n e  i n  d e a t h  r a t e s  w a s  f o l l o w e d ,  a f t e r  a c e r t a i n  l a g ,  b y  a  
d e c l i n e  i n  S i r t h  r a t e s .  The s e a r c h  f o r  a n  e x p l a n a t i o n  t h a t  
c o u l d  s a - t i s f a c t o r i i y  r e l a t e  t h e  d e c l i n e  i n  m o r t a l i t y  ar.d f e r -  
t i l . i t 1 7  t o  s p e c i f i c  s o c i o e c o n o m i c  c h a n g e s  h a s  f o s t e r e d  a v a s t  
l l  t e r a  t u r e  b u t  l i t t l e  i n  t h e  \;a:: cf t h e o r y .  

D e v e l o p m e n t ,  w h e r e v e r  it o c c u r s ,  seems t o  e v e n t u a l l y  b r i n g  
a b o u t  a  1.oweririg o f  t h e  r a t e  o f  p o p u l a t i o n  g r o w t h .  T h i s  h a s  
b e e n  t h e  h i s t o r i c a l  r e c o r d  i r :  t h e  d e v e l o p e d  w o r l d ,  a n d  t h e r e  
a re  i n d i u a t l i o n s  t h a t  it a l s o  i s  becoming  t r u e  o f  c e r t a i n  less 
d e v e l o p e d  c o u n t r i e s .  'The t r a n s i t i o n  b e g i n s  w i t h  a  d e c l i n e  i n  
m o r t a l i t y ,  w h i c h  may b e  a t t r i b u t e d  t o  a d v a n c e s  i n  m e d i c i n e ,  
p u b l i c  h e a l t h  m e a s u r e s ,  a n d  in iproved l i v i n g  c o n d i t i o n s .  I t  
e n d s  w i t h  a d e l a y e d  b u t  r r a t c h i n g  d e c l i n e  i n  f e r t i l i t y ,  t h e  
r e a s o n s  f o r  w h i c h  are. t h e  s u b j e c t  o f  some d i s p u t e  among e c o n -  
o m i s t s  a n 6  socj.olo~;.j.sts. T h e  d e l a y  p r o d u c e s  a  s u d d e n  s p u r t  i n  
p o p u l a t i o n  g r o w t h .  



A g e o g r a p h e r  r e c e n t l y  a s s e r t e d  t h a t  demography h a s  o n l y  
two t h e o r e t i c a l  p a r a d i g m s :  t h e  t h e o r y  o f  d e m o g r a p h i c  t r a n -  
s i t i o n  and  t h e  l a w s  o f  m i g r a t i o n  [ U : ] .  H e  e l a b o r a t e s  on  t h i s  
i d e a  and  comes u p  w i t h  a n  i n t r i g u i n g  h y p o t h e s i s  wh ich  h e  c a l l s  
t h e  m o b i l i t y  t r a n s i t i o n :  

T h e r e  a r e  d e f i n i t e ,  p a t t e r n e d  r e g u l a r i t i e s  i n  t h e  
g r o w t h  o f  p e r s o n a l  m o b i l i t y  t h r o u g h  s p a c e - t i m e  
d u r i n g  r e c e n t  h i s t o r y ,  a n d  t h e s e  r e g u l a r i t i e s  com- 
p r i s e  a n  e s s e n t i a l  component  o f  t h e  m o d e r n i z a t i o n  
p r o c e s s  [ 8 7 ,  p p .  221-2221.  

The h y p o t h e s i s  o f  t h e  m o b i l i t y  t r a n s i t i o n  seems t o  b e  i n  
a c c o r d  w i t h  r e c e n t l y  a v a i l a b l e  e m p i r i c a l  e v i d e n c e .  L a r r y  Long,  
f o r  examp le ,  f i n d s  t h a t  t h e  e x p e c t e d  number gf l i f e t i m e  moves 
f o r  a n  Amer ican  h a s  b e e n  a r o u n d  13  s i n c e  1 9 6 0 ,  w h e r e a s  t h e  
c o r r e s p o n d i n g  m e a s u r e  f o r  a  J a p a n e s e  h a s  i n c r e a s e d  f r o m  a b o u t  
4 moves i n  1960 t o  o v e r  7  moves i n  1970 [LL0,4'l]. The l i f e t i m e  
q u o t a  f o r  t h e  B r i t i s h  seems t o  h a v e  s t a b i l i z e d  a r o u n d  8  moves  
p e r  c a p i t a  w h i l e  t h a t  o f  t h e  I r - i s h  i s  less  t h a n  h a l f  o f  t h a t  
t o t a l .  A s i m p l e  p l o t  o f  t h e s e  m i g r a t i o n  e x p e c t a n c i e s  a g a i n s t  
s u c h  p r o x i e s  o f  de i r e lo~~I l1en t  and  m o d e r n i z a t i o n  a s  p e r  c a p i t a  
income i n d i c a t e s  a  d e c i d e d l y  p o s i t i v e  a s s o c i a t i o n .  

S t u d i e s  c u r r e n t l y  i n  p r o g r e s s  a t  IIASA s u g g e s t  t h a t  t h e  
s p a t i a l  d i m e n s i o n  o f  tl:e m o b i l i t y  t r a n s i t i o n  h y p o t h e s i s  a l s o  
h a s  c o n s i d e r a b l e  v a l i d i t y .  S p e c i f i c a l l y ,  i t  a p p e a r s  t o  be t h e  
c a s e  t h a t  t h e  t r a n s f o r m a t i o n  o f  a  low-income,  p r i n c i p a l l y  
a g r a r i a n  economy i n t o  a n  h igh - income  i n d u s t r i a l i z e d  modern 
economy may b e  characterized i n  t e r m s  o f  s p a t i a l  m i g r a t i o n  
e x p e c t a n c i e s  t h a t  d i s a q g r e g a t e  e x p e c t e d  moves a n d  l i f e t i m e s  
by p l a c e s  o f  b i r t h  a n d  r e s i d e n c e  [ 5 7 , 5 8 ] .  Such  i n d i c a t o r s  
o f  g e o g r a p h i c a l  m o b i l i t y  may be  u sed  t o  show t h a t  r u r a l - u r b a n  
m i g r a t i o n  g rows  a n d  d o m i n z t e s  d u r i n g  t h e  e a r l y  s t a g e s  o f  d e -  
v e l o p m e n t ,  t h e n  l e v e l s  o f f  and  u l t i m a t e l y  d e c l i n e s  a s  i n t e r -  
u r b a n  m i q r a t i o n  becomes t h e  p r i n c i p a l  f o rm  o f  i n t e r r e g i o n a l  
m i g r a t i o n .  More r e c e n t  t r e n d s  i n d i c a t e  t - h a t  t h e  l a s t  s t a g e  
i n  t h i s  t r a n s i t i o n  i s  o n e  o f  d e c o n c e n t r a t i o n  a n d  d i s p e r s a l  
[ 4 1 1 .  

P a t t e r n s  t h a t  seem t o  b e  c l e a r  a t  t h e  mac ro  l e v e l  o f t e n  
become somewhat b l u r r e d  a t  t h e  m i c r o  l e v e l .  F o r  e x a m p l e ,  t h e  
m o s t  common g e n e r a l i z a t i o n  s u g g e s t e d  by t h e  a c c u m u l a t i n g  c e n s u s  
and s u r v e y  d a t a  o n  f e r t i l i t y  i s  t h a t  l .ower b i r t h  r a t e s  t e n d  t o  
b e  a s s o c i a t e d  w i t h  h i g h e r  ecor;oniic s t a t u s .  P e r  c a p i t a  income 
i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  f e r t i l i t y .  Y e t  t h e  e a r l y  e m p i r -  
i c a l  s t u d i e s  o f  f e r t i l i t y  and  d e v e l o p m e n t  show a p o s i t i v e  a s s o -  
c i a t i o n  [ 1 ,791  a n d  common-sense c o n s i d e r a t i o n s  a r g u e  t h a t  i n -  
c r e a s e d  a f f l u e n c e  1-eads  p e o p l e  t o  consume more  r a t h e r  t h a n  l e s s  
o f  m o s t  g o o d s .  What i s  t h e  a n s w e r ?  The  new m i c r o e c o n o m i c  
t h e o r y  o f  f e r t i l i t y  p r o v i d e s  a n  i n t e r e s t i n g  e x p l a n a t i o n .  I t  
a r g u e s  



... t h a t  i n c r e a s e d  a f f l u e n c e  c a u s e s  p e o p l e  t o  buy more 
o f  r ~ o s t  t h i n g s ,  t h e  e x c e p t i o n s  b e i n g  l a b e l e d  i n f e r i o r  
goods .  S i n c e  no o r ~ e  c c n s i d e r s  c h i l d r e n  i n f e r i o r  
goods ,  many a r g u e  t h a t  c h i l c i r e n  and  income " r e a l l y "  
'?re pl:~a.itivel.:7 r e l a t e d ,  b u t  t h e  r e l a t i o n  i s  c o n c e a l e d  
5:; t h e  intervention of  o t h e r  f a c t o r s .  The b e t t e r - o f f  
hnve  a c c e s s  t o  c o n t r a c e p t i v e s  o f  which  t h e  p o o r  a r e  
i g n o r a n t ;  t h e  b e t t e r - o f f  have  h i g h e r  q u a l i t y  ( t h a t  i s ,  
more e x p e n s i v e )  c h i l d r e n ,  and  s o  c a n  a f f o r d  f e w e r  o f  
them 132, p .  2801. 

A 1  thc;l.lcjh t h ~ s  g e n e r a l  model o f  t h e  d e t e r m i n a n t s  of  human 
f e r t i l i t y  i s  n o t  f u l . l y  p e r s u a s i v e  t o  some non-economis t s  (who 
migh t  a r g u e ,  f o r  e x a n p l e ,  t h a t  t h e  m a j o r  c o n t r i b u t i n g  f a c t o r s  
t o  c h a n g e s  i n  f e ~ t i l i t y  b e h a v i o r  a r e  c h a n g e s  i n  t a s t e s ,  a t t i -  
t u d e s ,  and nup t i c l l : i  t y  p a t t e r n s )  it d o e s  n e v e r t h e l e s s  demon- 
s t r a t e  t h e  impo l - t ance  o f  a  m i c r o t h e o r e t i c a l  a s s e s s m e n t  o f  
e m p i r i c a l  t r e n 2 s .  S i m i l a r  i l l u s t r a t . i o n s  o f  t h i s  s o r t  may b e  
found  1.n some of t h e  r e c e n t  e f f o r t s  t o  d e v e l o p  a  m i c r o t h e o -  
r e t i c  explanal-l.01-i r.lf m i g r a t i o n  u s i n g  t h e  c o n c e p t s  o f  i m p e r f e c t  
i n f c i - m s t i o n ,  j?b >:ea:.ch, a n d  i n v e s t m e n t  i n  human c a p i t a l  [ 1 7 ,  
46,541 . 

Whi l c :  t h e  e f f cL : t s  of deve lopment  on  p o p u l a t i o n  g r o w t h  a r e  
reasonabl:,! c L e a r  and  t h e  l i n k s  of c a u s a t i o n  s e e m  t o  b e  i n  gen-  
e r a l  a c c o r d  w i t h  t -he  e m p i r i c a l  e v i d e n c e ,  t h e  same c a n n o t  b e  
s a i d  w i . t h  r e g a r d  to  t h e  i n v e r s e  q u e s t i o n  c o n c e r n i n g  t h e  e f -  
f e c t s  2 ;  popu la t - ion  g r o w t h  on deve lopmen t .  Here t h e r e  i s  much 
c o n f u s i o n  and  c o n t r o v e r s y .  

T h e  negati:.;e c o n s e q u e n c e s  o f  r a p i d  p o p u l a t i o n  g r o w t h  o n  
deve lopmen t  a r e  s e v e r a l .  R a p i d l y  growing  p o p u l a t i o n s  have  
g : r o p o r t i . o n a t e l y  many more c h i l d r e n  and  h i g h e r  dependency  r a t i o s .  
C h i l d r e n  have  t-o be f e d  and  e d u c a t e d ,  and  t h i s  d i v e r t s  r e s o u r c e s  
t.hal: o t L ~ e r w i s e  c o u l d  b e  a p p l i e d  t o w a r d s  i n d u s t r i a l  deve lopmen t  p r o -  
(:rams. L a r g e r  p o p u l a t i o n s ,  it h a s  been  a r g u e d ,  g i v e  r i se  t o  d imin-  
- s h i n q  r e t u r n s  t o  f i x e d  f a c t o r s  o f  p r o d u c t i o n - - r e s o u r c e  and  c a p i t a l  
l i m i t d t i o u s  combin ing  t o  g u a r a n t e e  t h a t  more p e o p l e  w i l l  h a v e  
f e w e r  r e s o u r c e s  p e r  c a p i t a  t o  work w i t h .  F i n a l l y ,  e x c e s s i v e l y  
l a r g e  f l o w s  o f  r n r a l  t o  u r b a n  m i g r a n t s  i n  d e v e l o p i n g  c o u n t r i e s  
c r e a t e  r a p i d  r a t e s  of  u r b a n i z a t i o n  and  i n c r e a s i n g  l e v e l s  o f  
u r b a n  ullemplcyment. The phenomenal. g rowth  o f  u r b a n  a r e a s  h a s  
s.t.;.ained t h e  u r b a n  i n f r a s t r u c t u r e  and  h a s  f o s t e r e d  c o n g e s t i o n ,  
; ~ o l l u t i o n ,  and  a n  a s s o r t i n e n t  o f  o t h e r  human and  s o c i a l  i l l s .  

But  t h e s e  s i m p l e  n e o c l a s s i c a l ,  M a l t h u s i a n ,  and  p h y s i c a l  
p l a n n i n g  pa rad igms  a r e  i n c r e a s i n g l y  b e i n g  c h a l l e n g e d  i n  t o d i l y ' s  
deve lopmen t  l i t e r a t l u r e  131, 38,  533 . The i m p a c t s  o f  p o p u l a t i v n  
growth o n  t h e  q u a l i t y  of  t h e  l a b o r  f o r c e ,  on  t h e  r a t e  of t e c h -  
n o l o g i c a l  >regress, on  s a v i n g s  b e h a v i o r ,  and  o n  t h e  amount of  
t e c h n i c a l  change  embodied i n  new c a p i t a l  goods  a l l  a r e  impor- 
t a n t  c o n s i d e r a t i o n s  t h a t  have  n o t  been a d e q u a t e l y  i n c o r p o r a t e d  
i n t o  t h e  t . h ~ o r e t i c a 1  d i s c o u r s e .  And t h e  q u e s t i o n  of  o p t i m a l  
haman s e t t l e n ? e r ~ t  pi!.!tterris and  h i e r a r c h i e s  i s  a h o t l y  c o n t e s t e d  



issue which badly needs the kind of illumination that a good 
theory brings [ 2 ,  7,781. Thus, despite the large and growing 
literature on the relationships between population dynamics 
and socioeconomic change, our understanding of these matters 
is still woefully inadequate with the result that 

There is an embarrassing gap between the confident 
assertions by prominent statesmen and international 
organisations which blame population growth for most 
of the evils of the world, and the hesitant and 
circumspect positions taken by those economists 
and demographers who have not turned crusaders .... 
In fact, one is tempted to say that the more rig- 
orous the analysis and the more scrupulous the 
examination of the evidence, the smaller is the role 
attributed to population as an independent source of 
economic problems [ 53 , p. 3 I . 
Ohlin attributes the underdeveloped status of demographic- 

economic theory to the fallacious tendency to "distingilish be- 
tween the study of the determinants of fertility or population 
growth, which was left to sociologists, and the consequences 
of population growth, which were supposed to be explained by 
economists" [53, p.41. Irrespective of whether he is rlght 
or wrong, it is clear that an adequate demographic theory will 
have to recognize and interact with the broader themes of 
socioecono~nic growth and development. In consequence, the rate 
of theoretical progress is likely to be very slow, because to 

appreciate the impact of population growth implies 
an adequate theory of economic development. As long 
as most of the variance in economic growth remains 
unexplained, there is no reason for us to expect to 
understand very much more when we consider the impact 
of an additional complex nonstandardized macro 
variable [3H, p. 2331 . 

The Importance of Theory -- I 
Despite the popularly held belief that "the facts speak 

for themselves", it is nevertheless true that the most impor- 
tant causal relationships in demography cannot be established 
without an underlying theory. Indeed the dictum "no theory- 
no conclusions" is the central fact of scientific research. 

Consider, for example, the economist's proposition that 
migration is a response to differential economic opportunities 
--notably in employment. Is this proposition in conformity 
with the frequently observed positive correlation between a re- 
gion's inmigration and outmigration rates [44, 72]? Does the 
existence of such a correlation invalidate the view that inter- 
nal migration is a response to various "pushes" at the region of 
origin and "pulls" at the reuion of destination? Cordey-Hayes 



[ 161 seems t o  a r g u e  t h a t  i t  d o e s :  

A r e a s  with t h e  h l g b . e s t  i n - m i g r a t i ~ n  r a t e s  a l s o  h a d  
t h ~  h i c ~ h ~ s t  o u t - m i g r a t i o n  ra tes  . . .  t h i s  i s  c l e a r l y  
n o t  - 2  a g r e e m e n t  w i t h  t h e  h y p o t h e s i s  t h a t  i n -  a n d  - - 
o u t . - r r ~ l q ; . . ~  t lcri p e r  c a p i t a  a r e  i n v e r s e l y  r e l a t e d ;  it - - .- -. . - - - 
s ~ , g g e s t s  t h a t  n o s t  m i y r a n t s  move f r o m  a  p o s i t i o n  
of  econo:aic s t r e ~ ~ g t h  r a t h e r  t h a n  w e a k n e s s ,  a n d  
c o n s e q u e n t l y  i m p o s e s  s i . g : l i f i c a n t  r e s e r v a t i o n s  on  
p : j s h - ; ~ c l l  a y ~ p r o a c h e s  t o  m i g r a t i o n  [ 1 6 ,  p .  8 0 6 1  . 
D ~ e s  t h e  p o s i t i v e  c c : r r e l a t i o n  b e t w e e n  o u t m i g r a t i o n  a n d  

i n n l i . g r a t i o r ,  rat:r,ls i x v e l i c l a t e  t h e  e c o n o m i c  p u s h - p u l l  t h e o r y  
o f  m i g r a t i o n ?  D e c i d e L l y  n o t .  C r o s s - s e c t i o n a l  a n a l y s e s  p r o v e  
n o t h i n q  c o n c e r n - i r . g  1 o n c : i t u d i n a l  c h a n g e s .  Sirnon [ 7 1 ]  , f o r  e x -  
a m p l e ,  h a s  d c n ~ r j ~ : ~ t  r a t e d  t h a t  t h e  n e g a t i v e  a s s o c i a t i o n  b e t w e e n  
f e r t i l i t y  and :.!come, of t e n  o b s e r v e d  I n  c r o s s - s e c t i o n a l  d a t a ,  
i s  n o t  i n c o n s  l:;t:.ei;t w i t h  t h e  p o s i t i v e  a s s o c i a t i o n  o b s e r v e d  i n  
( s h o r t - r u n )  tlme se r i e s  d a t a .  H i s  a r g u m e n t s  a r e  e q u a l l y  a p -  

p l - i c a b l e  t o  mi+-a r i o n .  

Severi3.l. dem:jyraphers  h a v e  p u t  f o r w a r d  t h e  v i e w  t h a t  m i -  
g r a t i o n  may be s s e l f - g e n e r a t i n g  p r o c e s s  i n  w h i c h  t o d a y ' s  i n -  
m i g r a n t s  s.re tomorrow k o u t m i g r a n t s .  T h i s  f o c u s  o n  m i g r a t i o n -  
p r o n e  i n c i v i d u a 1 . s  a p p e a r s ,  f o r  e x a m p l e ,  i n  t h e  work o f  G o l d s t e i n  
[241 , L e e  [ 3 6 ]  , ar1J !~lorri : , ;on [48] . !If s u c h  a  v i e w  i s  v a l i c i ,  
t h e n  i t  c a n  b e  r e a d l l ; 7  shown t h a t  a  p o s i t i v e  c o r r e l a t i o n  b e -  
t w e t ? ~ ~  o u t x i g r a t i . o n  a::d i : ; r . l igrat ion r a t e s  i s  n o t  i . n . c o n s i s t e n t  
w i  ti? t h e  pusti-r;ul !. ! ;ypol-_hesis .  I n d e e d ,  the s i g n  o f  t h e  cor-  
re1 ?1t.i(.311 d e p e n d s  o n  t h e  i r i t e r a c t i o n s  o f  c e r t a i n  " h i d d e n "  
v a r i a b l e s  s ~ c h  a s  a y e  an? employment .  T o  see t h i s  more 
r:lcarly, o n e  m u s t  e n g ~ i q e  I n  a  l i t t l e  b i t  o f  t h e o r i z i n g .  F o r  
ease o f  e x p o s i t . i c > n  we s h a l l  r e s t r i c t  o u r  a t t e n t i o n  t o  t h e  
s in :~ l e s t  s t a t i c  m o d e l s  a n d  w i l l  a l w a y s  ornit. t h e  e r r o r  t e r m  
a t  the a!~d of e a c h  e q u a t i o n .  

Demngl-;:p.hers h a v e  l o n g  r e c o g n i z e d  t h a t  m i g r a t i o n  i s  
st?:c.nyl.y a g e  s e l e c t i v e .  Most m i g r a n t s  a r e  y o u n g ,  a n d  t y p i c a l l y  
o v e r  hiliif of t h e  i n d i ~ v i d u a l s  i n  a n y  i n t e r n a l  m i g r a t i o n  stream 
are  u n d e r  2 5  y e a r s  v t  a g e  [ 5 6 ] .  Hence a  r e g i o n  w i t h  a r e l a -  
t i v e l y  young p o p u l a t i o n  i s  l i k e l y  t o  a l s o  h a v e  a r e l a t i v e l y  
m o b i l e  p o p u l a t i . o n .  Thus  i f  0 i s  a  r e g i o n ' s  o u t m i g r a t i o n  r a t e  
a n d  C i s  t h e  p r o p o r t i o n  o f  i t s  p o p u l a t i o n  t h a t  i s  u n d e r  2 5  
y e a r s  o f  a g e ,  t h e n  

B e c a u s e  m o s t  r n i g r . ? n t s  a r e  y o u n g ,  it seems r e a s c n a b l e  t o  
s u p p o s e  t h a t  



where I i s  t h e  r e g i o n ' s  i n m i g r a t i o n  r a t e .  

S u b s t i t u t i n g  ( 2 )  i n t o  ( 1 )  g i v e s  

and y i e l d s  a  p o s i t i v e  c o r r e l a t i o n  be tween  o u t m i g r a t i o n  and i n -  
m i g r a t i o n .  

Now assume t h a t  demographers  and e c o n o m i s t s  a r e  b o t h  c o r -  
r e c t ,  and s u p p o s e  t h a t  a  r e g i o n ' s  o u t m i g r a t i o n  r a t e ,  0 ,  may b e  
e x p r e s s e d  a s  a  l i n e a r  f u n c t i o n  o f  i t s  i n m i g r a t i o n  r a t e ,  I ,  and  
unemployment r a t e ,  U :  2 

L e t  t h e  i n m i g r a t i o n  r a t e  b e  a  s i m p l e  l i n e a r  f u n c t i o n ,  w i t h  a 
n e g a t i v e  s l o p e ,  o f  t h e  r e g i o n ' s  unemployment r a t e :  

Using ( 5 )  t o  e l i m i n a t e  U i n  ( 4 )  g i v e s  

I t  i s  r e a d i l y  a p p a r e n t  t h a t  t h e  c o r r e l a t i o n  be tween  0 and  I 
w i l l  b e  p o s i t i v e  i f  a2b2 > a 3  and n e g a t i v e  i f  t h e  i n e q u a l i t y  
s i g n  i s  r e v e r s e d .  A s  it s t a n d s ,  t h e r e f o r e ,  E q u a t i o n  6 a l o n e  
c a n  t e l l  u s  n o t h i n g  a b o u t  t h e  v a l i d i t y  o f  t h e  p u s h - p u l l  
h y p o t h e s i s .  

I t  may b e  i n s t r u c t i v e ,  a t  t h i s  p o i n t ,  t o  expand  o u r  s i m -  
p l e  example t o  r e c o g n i z e  p o s s i b l e  r e c i p r o c a l  c a u s a t i o n s .  L e t  
u s  a d o p t  t h e  p e r s p e c t i v e  of  an a n t i - t h e o r e t i c a l  e m p i r i c a l l y -  
minded s o c i a l  s c i e n t i s t  who th rows  i n  a  l a r g e  number o f  

2 ~ e  s h a l l  f r ame  o u r  a rgumen t s  a round  t h e  unemployment r a t e  
a s  a n  i n d i c a t o r  o f  t h e  economic h e a l t h  and  a t t r a c t i v e n e s s  o f  a  
r e g i o n a l  economy. T h i s  may n o t  b e  t h e  b e s t  i n d i c a t o r ,  b u t  any  
o t h e r  would n o t  a p p r e c i a b l y  change  o u r  p r i n c i p a l  a r g u m e n t s  and 
c o n c l u s i o n s .  



potential explanatory variables into a regression equation with 
the idea of selecting that subset of variables which accounts 
for t.he ldrcest proportion of the variance. Such an approach 
might begin wlth the following pair of equations: 

Observz that, once again, a positive correlation between 0 and 
I reveals nothing about the push-pull hypothesis, since in 
using ( 8 )  to elininate C in (7), for example, we return to the 
relationship set out earlier in (4) and arrive at the same 
basic indeterminacy that appeared in ( 6 ) .  

Rut E q u 2 t i o 1 l s  7 and 8 also illustrate a more general fun- 
damental probleln---one which econometricians have defined to be 
the problem .'f ldentif ication [20] . - - - - 

When an. econometrician is engaged in estimating the para- 
meters of a Sehavioral or technological relationship put for- 
ward by ;? mathematical ec9nomic theory, he is engaged in what 
is k.ncjwn as structural - cstimation. Very frequently, the struc- 
tural  quati ti on to he estimated is part of a system of such 
equations all of which are assumed to hold simultaneously. In 
such a case the parameters of any single equation cannot logi- 
cally he determined on the basis of empirical data alone. 
Some a prio.ri assgmptions are required in order to reduce the 
nu:nber of ur- known items of information so that the "true" equa- 
tion can be distinguished (i-e., identified) from all of the 
~r~athematically equivalent alternatives that imply the same em- 
pirical results. The logical source for such a priori infor- 
mation is a theory. 

Indeed what makes an equation "structural" is the 
existence of a theory which predicts a relationship 
among variables which appear therein. That theory 
provides necessary a priori information without 
which the very existence of a structure to be es- 
timated would not be perceived . . .  it does not suf- 
fice to know that the equation to be estimated 
contains precisely a specified list of variables. 
It is also necessary to know what variables are 
contained in other simultaneously holding equations 
or to have other information about the equation i r ~  
question. Without. such additional information, 
str-uctural estimalzion is a logical impossibil.j 
One literally cannot hope to know the parameters 
of the equation in question on the basis of em- 
pirical observatior.~ alone, no matter how exten- 
sivr: and comp_ie'tt! these observations may ne - [ 2 - 6 ,  
pp. 1-21. 



The h e a r t  o f  t h e  problem l i e s  i n  t h e  i n a b i l i t y  of d a t a  
a l o n e  t o  d i s t i n g u i s h  between t h e  " t r u e "  s y s t e m  o f  r e l a t i o n s h i p s  
and  t h e  many o t h e r  s y s t e m s  of  r e l a t i o n s h i p s  t h a t  c a n  g e n e r a t e  
t h e  same o b s e r v a t i o n s .  F o r  example ,  i f  one  t a k e s  t i m e s  Equa- 
t i o n  8 and  a d d s  t h e  r e s u l t  t o  E q u a t i o n  7 ,  t h e  r e s u l t i n g  e q u a t i o n ,  
when s o l v e d  f o r  0 w i l l  b e  i n d i s t i n g u i s h a b l e  f rom E q u a t i o n  7  s o  
f a r  a s  t h e  d a t a  a r e  c o n c e r n e d .  S i m i l a r l y ,  i f  one  m u l t i p l i e s  
E q u a t i o n  7  by p and  a d d s  t h e  r e s u l t  t o  E q u a t i o n  8 ,  t h e  r e s u l t i n g  
e q u a t i o n ,  when s o l v e d  f o r  I ,  w i l l  b e  i n d i s t i n g u i s h a b l e  f rom 
E q u a t i o n  8 .  The " f a l s e "  e q u a t i o n s  w i l l  be  

and  

Wi thou t  f u r t h e r  i n f o r m a t i o n ,  s o  l o n g  a s  Xb2 # 1 # pa2  and 
E q u a t i o n s  9  and  10 a r e  i n d e p e n d e n t ,  t h e  " t r u e "  e q u a t i o n s  i n  
( 7 )  and  ( 8 )  c a n n o t  b e  d i s t i n g u i s h e d  from any  o t h e r  p a i r  o f  
e q u a t i o n s  g i v e n  by ( 9 )  and  ( 1 0 )  and  v a r i o u s  v a l u e s  o f  X and P .  

Suppose ,  however ,  t h a t  w e  have  a  p r i o r i  i n f o r m a t i o n  g i v e n  
t o  u s  by a  t h e o r y  t h a t  a l l o w s  u s  t o  i g n o r e  t h e  i n f l u e n c e  of  
unemployment i n  ( 7 )  and  t h a t  o f  a g e  c o m p o s i t i o n  i n  ( 8 ) .  Then 

and  t h e  two e q u a t i o n s  a r e  i d e n t i f i a b l e .  S o l v i n g  f o r  t h e  
" r e d u c e d  form" o f  t h e  s y s t e m  i n  which e a c h  endogenous  v a r i a b l e  
i s  a  f u n c t i o n  o n l y  of  t h e  exogenous  v a r i a b l e s ,  w e  f i n d  



N o w ,  c l e a r l y ,  we c a n  i d e n t i f y  (1  1 ) a n d  (1  2 )  . G i v e n  c o n -  
s i s t e n t  e s t i m a t e s  o f  A , ,  A , ,  A , ,  B , ,  B , ,  a n d  B, ,  w e  c a n  
" r ? z ~ v e r "  t i - i f ?  c c ; n s i . s t e n t  es t imates o f  a , ,  a , ,  a , ,  b , ,  b , ,  a n d  
b , .  Ii'er e x : ~ r , ~ p l e ,  g i v e n  A ?  a n d  B,,  w e  c a n  s o l v e  f o r  b , :  

a n d ,  g i v e n  A :cir~d B , ,  w e  c a n  d e r i v e  

The  q u e s t : i o n  t h a t  rlow may o c c u r  i s  w h e t h e r  s t r u c t u r a l  
c s t i m a t l o n  i s  r e a l l y  s o  i m p o r t a n t  a s  t o  w a r r a n t  s u c h  c a r e f u l  
, 3 t t e n t i o n .  I f  t h e o r y  I ;  u n a v a i l a b l e  o r  i s  o f  q u e s t i o n a b l e  
v : l l i d i t y ,  rn iqht  n o t  i t  he b e t t e r  t o  s i m p l y  o b s e r v e  h i s t o r i c a l  
c i - l r - r e l a t - o n s  among a  s e t  of v a r i a b l e s  a n d  t h e n  p r e d i c t  t h e  
f i l t u ~ e  by assu~nj-ncj  a continuation o f  p a s t  r e l a t i o n s h i p s ?  Why 
n o t  a v o i d  making ariy p r i o r  a s s u m p t i o n s  a l t o g e t h e r  a n d  s i m p l y  
u s e  t h e  l e a s t - s q u a r e s  estimates t h a t  come f rom t h e  f i t t i n g  o f  
Eqi::at.,.or!s 7 2nd 8 ( o r ,  e q u . i v a l e n t l y ,  E q u a t i o n s  9  a n d  1 0 )  t o  
obse rvec i  d a t a ?  

The Answer i s  t h a t  t h i s  d o e s  n o t  p r o v i d e  u s  w i t h  a n  
a d e q u a t z  -- e x p l a n a t i o n  -- -- o f  t h e  r e l a t i o n s h i p s .  So  l o n g  a s  t h e  
L l s i c  s i t u a t - i o n  d o e s  n o t  c h a n g e  a n d  i f  s i m p l e  s h o r t - r u n  p r e -  
d i c t i - o n s  a r e  t h e  p r i n c i p a l  g o a l  o f  t h e  e x e i c i s e ,  a s t a t i s t i c a l -  
c o r r e l a t i o n a l  e x t r a p o l a t i o n  may i n d e e d  b e  a d e q u a t e .  B u t  i f  
a n y t h i n g  h a p p e n s  t o  a l t e r  t h e  b a s i c  s i t u a t i o n  ( i . e . ,  i f  a 
" t -urni t - ' ;  p o i n t "  o c c u r s ) ,  t h e o r e t i c a l  k n o w l e d g e  a b o u t  s t r u c t u r a l  
r e i a t i 6 r : s h i p s  is i n d i s p e n s a b l e .  W i t h o u t  it w e  c a n  h a v e  n o  i d e a  
w h a t  t c  e x p e c t  f r o m  a s u d d e n  c h a n g e  i n  t h e  v a l u e  o f  a  s t r u c t u r a l  
p a r a m e t e r  o r  o f  a n  e x o g e n o u s  v a r i a b l e .  F o r  e x a m p l e ,  w h a t  would  
be t h e  e f f e c t s  o n  a r e g i o n ' s  m i g r a t i o n  ra tes  i f  f e r t i l i t y  w e r e  
s u d d e n l y  t o  r i s e ,  i n c r e a s i n g  t h e  v a l u e  o f  C i n  t h e  mode l  d e -  
s c r i b e d  i n  E q u a t i o n s  7 ,  8 ,  9 ,  a n d  l o ?  S i n c e  t h e  " t r u e "  e f f e c t  
g i v e n  by a ,  a n d  b ,  i s  c o n f o u n d e d  w i t h  o t h e r  i n f l u e n c e s  i n  t h e  
est imates A ,  a n d  B, ,  we c a n n o t  a n t i c i p a t e  t h e  c o n s e q u e n c e s .  

B u t  t h e r e  i s  a l - s o  a v e r y  p r a c t i c a l  o b j e c t i o n  t g  s i m p l e  
c o r - r e l a t i o n a l  p r e d i c t . i . o n s .  T h e o r y , - b u i l d i n g  i s  v e r y  o f t e n  
~ r > A e i - t a k e n  i n  o r d e r  t , r >  a i d  p o l i c y n l a k e r s  i n  e v a l u a t i n g  t h e  



probable consequences of alternative interventions into social 
and environriental systems. To foresee such consequences one 
must have reasonably accurate estimates of the system's struc- 
tural parameters. 

Take the case of the "chicken-egg" controversy in the 
recent migration literature [43,51]. What is the relationship 
between migration and employment growth? Are differential 
rates of migration induced by differential rates of growth in 
employment, or is it the other way around? Proponents of the 
first view--the demand view--argue that it is the external 
("export") demand for a region's outputs that creates jobs 
and these new jobs ind~ce labor-force inmigration. Supporters 
of the second view--the supply view--argue that it is local 
labor-market dynamics that chiefly determine a region's growth 
in jobs. Recent evidence suggests that migration and employ- 
ment growth each affect and are affected by the other, with 
the former effect domi.nating the latter [26,30]. Such a con- 
clusion cannot be established without a convincing theory, and 
policies directed toward improving conditions in underdeveloped 
and declining regions, for example, cannot be truly effective 
without the understanding provided by such a theory. 

Demometrics - 

A growing dissatisfaction with the qualitative-deduct~ve 
character of economics led to the founding in 1930 of the 
Econometric Society with the avowed purpose of relating theory 
to observed data by transforming the discipline into a quanti- 
tative-empirical one. Growing interest and achievements in 
population research suggest that an analogous situation cou1.d 
well arise in demography during the next decade, even perhaps 
to the extent of the founding of a Demometric Society and the 
establishment of a journal entitled Demometrica. 

Literally, demometrics means demographic measurement, and 
measurement forms an important part of demometrics. But purely 
descriptive statistics about population compositions or growth 
rates and nonmathematical theorizing are not demometrics. 

The essence of demometrics is the union of demographic 
theory, mathematics, and statistics. Mathematical demographic 
theory studies the relationships between demographic and socio- 
economic variables in algebraic terms- these relationshi-ps be- 
come part of demometrics when they take on numerical values 
that are estimated from observations. Statistical methods and 
techniques deal with relationships between variables, but unless 
these variables include variables from demographic theory, the 
results are not part of demometrics. Demometrics is distin- 
quished by its fusion of the deductive approach of mathematics, 
the inductive approach of statistics, and the causal approach 
of demographic theory. Its principal objective is to establish 
quantitative statements regarding major demographic variables 
that either explain the past behavior of such variables or that 

-- 
forecast (i.e., predict) their future behavior. 



In striving to explain the past behavior of demographic 
variables, demometrics necessarily deals with the formulation 
and empirical determination of demographic hypotheses and with 
the spc.cification and citimation of systems of relationships. 
Thus it plays a pivotal role in demographic theory-building, 
using numerical data to verify the existence and defi~e the 
form of relationships such as those postulated in the hypoth- 
eses of the demcrqraphic and mobility transitions, the fertility- 
income function, the push-pull and the chicken-egg arguments of 
migration, and other such "laws" of population growth and change. 

Demometrics also has an important role to play in demograhic 
forecasting. When in 1 9 3 8  the U.S. National Resources Committee 
carried out a major denlographic projection of the future U.S. 
opoulation, it adcpted a set of "reasonable" assurptions with 
regard to future fertility, mortality and net immigration and 
then projected the total U.S. population in 1 9 8 0  to be 1 5 8  mil- 
lion [77]. The U . S .  population passed the 1 5 8  million mark less 
than fifteen years later and today exceeds 210 million indivi- 
duals. 

It is difricult. to fault such projections, for it is unlikely 
that any compt!t.ert demographer, faced with the same situation, 
would have come up with radically different results. How then, 
can demometrics imp::ove t-he ac-curacy of such exercises in social 
prediction? 

The project-ion by the U.S. National Resources Committee, 
like most projections, did not link de~nosr~iphic variables with 
economic variables. Until very recently, this has been a stand- 
ard practice in both disziplines. That IS, demographers typical- 
1.y have given economic variables only cursory treatment in their 
models, and economists havg accorded demographic variables a 
simllar status. In the words of Hoover [29] : 

Purely dsmoqraphic and purely economic models . . .  are 
multitudinous and often highly complex. This makes 
even more striking the relatively primitive state of 
the art that prevaiis in the linkiny of demographic 
and economic variables [29, p. 731. 

Much of the future work in demometrics, therefore, will un- 
doubtedly be directed toward advancing the state of the art in 
consistent dsmo-economic forecasting. St is likely that this 
work will borrow extensively from the successful example set by 
econometrics, and macrodemometric for:-?casting models will prob- 
ably reflect many of the characteristics of macroeconometric 
models of national and regional economies. 

Macrodemometric models are systems of equations that repre- 
sent the fundamental relationships between, and the behavior over 
time of, such major demo-economic variables as birth rates, mi- 
gration rates, labor force participatiun rates, unemployment 
rates, employment, output, investment, and popul,?.tion. Such 
models may be used for forecasting and also for policy analysis. 



The variables in a "reduced form" macrodemometric model be- 
long to two different classes: those that appear on the left- 
hand side of the equations and those that do not. The former 
are called endogenous variables, and their values are determined 
by the model (the number of equations in a macrodemometric model, 
therefore, is equal to the number of endogenous variables). The 
magnitudes of the latter variables, the predetermined variables, 

3 are set outside the model . Associated with each set of predicted 
values for the predetermined variables is a model-generated sol- 
ytion for the endogenous variables called a forecast. 

There are two important reasons for studying relationships 
among demo-economic variables: the forecasting reason and the 
policy analysis reason. Policymakers need accurate population 
forecasts in order to scale investment decisions made in response 
to, or in anticipation of, population-generated demands. They 
also need a reliable tool for pretesting the probable consequences 
of alternative courses of action. These two objectives are not 
necessarily incompatible, and it should be possible to construct 
macrodemometric models that satisfy both. 

MIGFIATION AND SETTLEMENT 

The central focus of this paper has been demographic theor)-- 
building and demometrics. In the Introduction we noted that such 
research constituted one of four interrelated subtasks currently 
being carried out within the Migration and Settlement Study at 
IIASA. We shall now conclude the paper by briefly describing the 
broad outlines of the other three subtasks in order to more clearl; 
identify the role of demometrics in the overall study. The three 
other subtasks are the dynamics, the policy, and the comparative 
study subtasks. 

Dynamics ~ 
The unanticipated postwar baby boom had a salutary influence 

on demographic research. Extrapolations of past trends appropri- 
ately adjusted for expected changes in the age, sex, and marital 
composition of the population were very much wide of the mark. 
So long as trends were stable, demographic projections prospered; 
but when a "turning point" occurred, the projections floundered. 
The net result was increased pressure to consider the complex in- 
terrelationships between fertility behavior and socioeconomic 
variables. 

But the poor predictive performance also had another impor- 
tant effect--it stimulated research in improved methods for mea- - 
suring fertility and for understanding the dynamics by which it, 
together with mortality, determines the age composition of a pop- 
ulation [ 12,661 . Inasmuch as attention was principally directed 
at national population growth, measurement of internal migration 
and the spatial dynamics through which it affects a national 

'predetermined variables consist of exogenous variables and 
lagged (previously) endogenous variables. 



s e t t l e m e n t  p a t t e r n  w e r e  n e g l e c t e d .  T h i s  n e g l e c t  l e d  D u d l e y  K i r k  
[341 t o  c o n c l u d e ,  i n  h i s  1960 P r e s i d e n t i a l  a d d r e s s  t o  t h e  Popu- 
l - a t i o n  A s s o c i a t i o n  o f  A m e r i c a ,  t h a t  t h e  s t u d y  o f  m i g r a t i o n  w a s  
t h e  s t e p c h i l d  o f  demography .  S i x t e e n  y e a r s  l a t e r ,  S i d n e y  Gold-  
s t e i n  e c h o e d  t h e  s a m e  theme  i n  h i s  P r e s i d e n t i a l  a d d r e s s  t o  t h e  -- 
same body:  

. . .  t h e  improvement  i n  t h e  q u a n t i t y  a n d  q u a l i t y  o f  o u r  
i n f o r m a t i o n  o n  p o p u l a t i o n  movement h a s  n o t  k e p t  p a c e  
w i t h  t h e  i n c r e a s i n g  s i q n i f i c a n c e  o f  movement i t s e l f  
as  a  c o m p o n e n t  o f  d e m o g r a p h i c  c h a n g e  . . . .  R e d i s t r i b u -  
t i o n  h a s  s u f f e r e d  f a r  t o o  l o n g  f r o m  n e g l e c t  w i t h i n  t h e  
p r o f e s s i o n  . . . .  I t  b e h o o v e s  u s  t o  r e c t i f y  t h i s  s i t u a -  
t i o n  i n  t h i s  l a s t  q u a r t e r  o f  t h e  t w e n t i e t h  c e n t u r y ,  
when r e d i s t r i b u t i o n  jn a l l  i t s  f a c e t s  w i l l  u n d o u b t e d l y  
c o n s t i t u t e  a m a j o r  a n d  i n c r e a s i n g l y  i m p o r t a n t  componen t  
o f  d e m o g r a p h i c  c h a n g e  . . .  123, p p .  1 9 - 2 1 ] .  

I m p r o v e d  m e t h o d s  f o r  m e a s u r i n g  m i g r a t i o n  a n d  u n d e r s t a n d i n g  
i t s  i m p o r t a n t  rqLe i n  human p c p u l a t i o n  d y n a m i c s  i s  a  c e n t r a l  
r e s e a r c h  f o c u s  o f  t h e  M i g r a t i o n  a n d  S e t t l e m e n t  S t u d y  a t  IIASA. 
The s e a r c h  fc> rrnploved m e t h o d s  f o r  m e a s u r i n g  m i g r a t i o n  h a s  
s t i m u l a t e d  c r r e s e a r c h  o n  t h e  c o n s t r u c t i o n  o f  m u l t i r e g i o n a l  
l i f e  t a b l e s ,  a n d  t h e  n e e d  f o r  a b e t t e r  u n d e r s t a n d i n g  o f  s p a t i a l  
p o p u l a t i o n  p r o c e s s e s  h a s  f o s t e r e d  a s t u d y  o f  t h e  f u n d a m e n t a l  
" l a w s  o f  m o t i o n "  of s p a t i a l  p o p u l a t i o n  g r o w t h  a n d  d i s t r i b u t i o n .  

M u l t i r e g i o n a i  l i f e  t a h l e s  a r e  members o f  a s p e c i a l  c l a s s  o f  
l i f e  t a b l e s  known a s  i n c r e m e n t - d e c r e m e n t  l i f e  t a b l e s  [ 6 1 , 6 7 1 .  
The:/ v i e w  i .nmigra t : ion  a s  a  f o r m  o f  i n c r e m e n t  a n d  t r e a t  o u t m i g r a -  
t i o n  a n d  d e a t h  a s  a  f o r m  o f  d e c r e m e n t .  S u c h  l i f e  t a b l e s  d e -  
s c r i b e  t h e  e v o l u t i o n  o f  s e v e r a l  r e g i o n a l  c o h o r t s  o f  b a b i e s ,  a l l  
b o r n  a t  a  g i v e n  moment a n d  e x p o s e d  t o  a n  u n c h a n g i n g  m u l t i r e g i o n a l  
a g e - s p e c i f i c  s c h e d u l e  o f  m o r t a l i t y  a n d  m i g r a t i o n .  F o r  e a c h  re- 
g i o n a l  b i r t h  c o h o r t ,  t h e y  p r o v i d e  v a r i o u s  p r o b a b i l i t i e s  o f  d y i n g ,  
s u r v i v i n g ,  a n d  m i g r a t i n g ,  w h i l e  s i m u l t a n e o u s l y  d e r i v i n g  r e g i o n a l  
e x p e c t a t i o n s  o f  l i f e  a t  v a r i o u s  a g e s .  T h e s e  e x p e c t a t i o n s  o f  l i f e  
a r e  d i s a g g r e g a t e d  b o t h  b y  p l a c e  o f  b i r t h  a n d  b y  p l a c e  o f  resi- 
d e n c e ,  a n d  r e f l e c t . ,  t h e r e f o r e ,  t h e  i n f l u e n c e s  b o t h  o f  m o r t a l i t y  
a n d  o f  m i g r a t i o n .  T h u s  t h e y  may b e  u s e d  a s  i n d i c a t o r s  o f  l e v e l s  
o f  i n t e r n a l  m i g r a t i o n ,  i n  a d d i t i o n  t o  c a r r y i n g  o u t  t h e i r  t r a d i -  
t i o n a l  r o l e  a s  i n d i c a t o r s  o f  l e v e l s  o f  m o r t a l i t y .  

O r d i n a r y  s i n g l e - r e g i o n  l i f e  t a b l e s  n o r m a l l y  a r e  c o m p u t e d  
u s i n g  o b s e r v e d  d a t a  o n  a g e - s p e c i f i c  d e a t h  ra tes .  I n  c o u n t r i e s  
l a c k i n g  r e l i a b l e  d a t a  o n  d e a t h  r a t e s ,  h o w e v e r ,  r e c o u r s e  i s  o f t e n  
made t o  i n f e r e n t i a l  m e t h o d s  t h a t  r e l y  o n  model  l i f e  t a b l e s  s u c h  
as  t h o s e  p u b l i s h e d  by  t h e  U n i t e d  N a t i o n s  [ I  31 . T h e s e  t a b 1  es  a r e  
e n t e r e d  w i t h  e m p i r i c a l l y  d e t e r m i n e d  s u r v i v o r s h i p  p r o p o r t i o n s  t o  
o b t a i n  t h e  p a r t i c u l a r  e x p e c t a t i o n  o f  l i f e  a t  b i r t h  ( a n d  c o r r e -  
s p o n d i n g  l i f e  t a b l e )  t h 3 t  best  m a t c h e s  t h e  l e v e l s  o f  m o r t a l i t y  
i m p l i e d  b y  t h e  o b s e r v e d  p r o p o r t i o n s .  



The i n f e r e n t i a l  p r o c e d u r e s  o f  t h e  s i n g l e - r e g i o n  model  may 
b e  e x t e n d e d  t o  t h e  m u l t i r e q i o n a l  case [ 5 9 1 .  S u c h  a n  e x t e n s i o n  - . - 

r e q u i r e s  t h e  a v a i l a b i l i t y  o f  model  m u l t i r e g i o n a l  l i f e  t a b l e s  
a n d  u s e s  a s e t  o f  i n i t i a l  e s t r i a t e s  o f  s u r v i v o r s h i p  a n d  n i g r a -  
t i o n  p r o p o r t i o n s  t o  i d e n t i f y  t h e  p a r t i c u l a r  c o m b i n a t i o n  o f  re- 
g i o n a l  e x p e c t a t i o n s  o f  l i f e ,  d i s a g g r e g a t e d  by  r e g i o n  o f  b i r t h  
a n d  r e g i o n  o f  r e s i d e n c e ,  t h a t  b e s t  m a t c h e s  t h e  l e v e l s  o f  mor- 
t a l i t y  a n d  m i g r a t i o n  i m p l i e d  by  t h e s e  o b s e r v e d  p r o p o r t i o n s .  

k o d e l  m u l t i r e g i o n a l  l i f e  t a b l e s  a p p r o x i m a t e  t h e  m o r t a l i t y  
a n d  m i g r a t i o n  s c h e d u l e s  o f  a p a r t i c u l a r  m u l t i r e g i o n a l  p o p u l a t i o n  
s y s t e m  by d r a w i n g  o n  t h e  r e g u l a r i t i e s  o b s e r v e d  i n  t h e  m o r t a l i t y  
a n d  m i g r a t i o n  e x p e r i e n c e s  o f  o t h e r  c o m p a r a b l e  p o p u l a t i o n s  [ 6 0 1 .  
To c o n s t r u c t  s u c h  t a b l e s ,  w e  a re  c u r r e n t l y  s u m m a r i z i n g  t h e  
p r i y c i p a l  e m p i r i c a l  r e g u l a r i t i e s  e x h i b i t e d  by  o b s e r v e d  a g e -  
s p e c l f i c  p a t t e r n s  o f  m i g r a t i o n  i n  a number o f  IIASA member n a -  
t i o n s .  T h e s e  w i l l  b e  u s e d  t o  g e n e r a t e  mode l  t a b l e s  t h a t  w i l l  
p r o v i d e  d e m o g r a p h e r s  w i t h  a means  f o r  systematically a p p r o x i m a t -  
i n g  t h e  m i g r a t i o n  s c h e d u l e s  o f  p o p u l a t i o n s  l a c k i n g  m i g r a t i o n  
d a t a .  Our a i m ,  i n  s h o r t ,  i s  t o  a c c o m p l i s h  i n  t h e  a r e a  o f  m i g r a -  
t i o n  a n a l - ; s - s  w h a t  t h e  U n i t e d  N a t i o n s  mode l  l i f e  t a b l e s  c o n t r i -  
b u t e d  t c  t h e  a n a l y s i s  o f  m o r t a l i t y .  

The e v o i u t i o n  o f  e v e r y  s p a t i a l  human p o p u l a t i o n  i s  g o v e r n e d  
b y  t h e  i n t e r a c t i o n s  o f  b i r t h ,  d e a t h s ,  a n d  m i g r a t i o n .  I n d i v i d u a l s  
a r e  b o r n  i n t o  a  p o p u l a t i a n ,  a g e  w i t h  t h e  p a s s a g e  o f  t i m e ,  r e p r o -  
d u c e ,  a n d  u i t i m a t e l y  l e a v e  t h e  p o p u l a t i o n  b e c a u s e  o f  d e a t h  o r  
o u t m i g r a t i o n .  T h e s e  e v e n t s  a n d  f l o w s  e n t e r  i n t o  a n  a c c o u n t i n g  
r e l a t i o n s h i p  i n  w h i c h  t h e  g r o w t h  o f  a  r e g i o n a l  p o p u l a t i o n  i s  
d e t e r m i n e d  by t h e  combined  e f f e c t s  o f  r a t e s  o f  n a t u r a l  i n c r e a s e  
( b i r t h  r a t e s  m i n u s  d e a t h  r a t e s )  a n d  r a t e s  o f  n e t  m i g r a t i o n  ( i n -  

m i g r a t i o n  rates  m i n u s  o u t m i g r a t i o n  r a t e s ) .  

A  c h a n g e  i n  a n y  o n e  o f  t h e s e  componen t  r a t e s  a f f e c t s  t h e  
d y n a m i c s  of  t h e  s p a t i a l  d e m o g r a p h i c  s y s t e m ,  b u t  it o c c a s i o n a l l y  
d o e s  s o  i n  ways  t h a t  a re  n o t  i m m e d i a t e l y  s e l f - e v i d e n t .  Our 
s t u d l e s  o f  s u c h  s e n s i t i v i t y  a n a l y s e s  h a v e  l e d  u s  t o  d e v e l o p  
sensitivity f u n c t i o n s  t h a t  r e l a t e  a c h a n g e  i n  a p a r t i c u l a r  com- 
p o n e n t  r a t e  t o  t h e  c o r r e s p o n d i n g  c h a n g e s  i n  v a r i o u s  s p a t i a l  d e -  
m o g r a p h i c  s t a t i s t i c s  [ 8 4 1 .  I n  t h l s  a n a l y s i s  w e  h a v e  u s e d  m a t r i x  
d i f f e r e n t i a t i o n  t e c h n i q u e s  t o  d e r i v e  a n a l y t i c a l  e x p r e s s i o n s  t h a t  
e s t a b l - i s h  t h e  i m p a c t s  o f  c h a n g l n q  r a t e s  o n  m u l t i r e g i o n a l  l i f e  
t a b l e  s t a t i s t i c s ,  p o p u l a t i o n  p r o j e c t i o n s ,  a n d  s t a b l e  p o p u l a t i o n  
c h a r a c t e r i s t i c s .  T h e s e  s e n s i t i v i t y  f u n c t i o n s  r e v e a l  how e a c h  
s p a t i a l  d e m o g r a p h i c  c h a r a c t e r i s t i c  d e p e n d s  o n  a g e - s p e c i f i c  r a t e s  
a n d  how it reacts  t o  c h a n g e s  i n  t h o s e  r a t e s .  

1 1 - , c r e a s i n g  c o n c e r n  a b o u t  t h e  s i z e s  a n d  g r o w t h  ra tes  o f  
n a t i o n a l  p o p u l a t i o n s  h a s  g e n e r a t e d  a v a s t  l i t e r a t u r e  d e a l i n g  w i t h  
a p a r t i c u l a r  f o r m  o f  s e n s i t i v i t y  a n a l y s i s ,  n a m e l y  t h e  d e m o g r a p h i c  
c o n s e q u e n c e s  o f  a r e d u c t i o n  o f  f e r t i l i t y  t o  r e p l a c e m e n t  l e v e l s  
a n d  t h e  c o n s e q u e n t  e v o l u t i o n  oE n a t i o n a l  p o p u l a t i o n s  t o  a  z e r o  
g r o w t h  c o n d i t i o n  [ 2 2 , 6 5 1 .  B u t  w h e r e  p e o p l e  c h o o s e  t o  l i v e  i n  t h e  
f u t u r e  p r e s e n t s  i s s u e s  a n 2  p r o b l e m s  t h a t  a re  p o t e n t i a l l y  as  ser- 
i o u s  as  t h o s e  p o s e d  by t h e  number o f  c h i l d r e n  t h e y  c h o o s e  t o  h a v e .  



Y e t  t h e  s p a t i a l  i m p l i c a t i o n s  of  r e d u c e d  f e r t i . l i t y  h a v e  r e c e i v e d  
r e l a t i v e l y  l i t t l e  a t - t e n t i o n  a n d  w e  a re ,  i n  c o n s e q u e n c e ,  ill- 
e c ~ u i p p e d  tc d e v e l . o p  adecjza t ;  r e s p o n s e s  t o  q u e s t i o n s  a b o u t  t h e  
ways  i r l  t.:k-,ich s t a b i l i . z a t i . o n  o f  a national p o p u l a t i o n  is  l i k e l y  
t o  a f f e c t  m i y r a t i o n  a n d  l o c a l  g r o w t h G .  

W e  h a v e  c o n s i d e r e d  s o m e  o f  t h e  r e d i s t r i b u t i o n a l  c o n s e q u e n c e s  
o f  a n  imn:=?diate r e d u c t i o n  o f  f e r t i l i t y  t o  b a r e  r e p l a c e m e n t  l e v e l s  
a n d  h a v e  f o u n d  t.hat: s t a i ~ l l i z a t i o n  o f  a rnu l . t i . r eg iona1  p o p u l a t i o n  
s y s t e m  w i l l  a l t e r  t h e  r e l a t i v e  c o n t r i k ) u t i o n s  o f  n a t u r a l  i n c r e a s e  
a n d  m i g r a t i o n  t o  r e g i o n a l  ~ o p u l a t i o n  g r o w t h  [62]. The r e d i s t r i -  
b u t i o n a l  e f f e c t s  of s t a b i l i z a t i o n  w i l l  d e p e n d  i n  a v e r y  d i r e c t  
way o n  t h e  r e d i s t r i b u t i o n a l  p a t t e r n  of t o t a l  b i r t h s  t h a t  i s  oc- 
c a s i o n e d  by  f e r t i l i t y  r e d u c t i o n .  R e g i o n a l  a g e  c c m p o s i t i o n s  w i l l  
a l s o  b e  a f f e c t e d ,  a n d  i.n ways t h a t  a r e  s t r o n g l y  i n f l u e n c e d  b y  t h e  
a g e  p a t t e r n s  c::- x i i y r a L i o n .  R e t i r e m e n t  h a v e n s ,  f o r  e x a m p l e ,  w i l l  
r e c e i v e  p r o p c r t i . o r , a t e l ; :  h i g h e r  f l o w s  o f  i n m i g r a n t s  a s  a  n a t i o n a l  
p o p u l a t i o n  i n c r e a s e s  i n  a v e r a g e  a g e ,  w h e r e a s  d e s t i n a t i o n s  t h a t  
p r e v i o u s l y  a t t r a c t e d  m o s t l y  y o u n g e r  m i c j r a n t s  w i l l  r e c e i v e  p r o p o r -  
t i o n a t e l y  f e w e r  i n m i y r a n t s .  

F i n a l .  1.:. , ;IS de:rloy !-( iphers h a v e  come t o  m o d e l  dynamic  socio- 
e c o n o n i c  S Y S ~ . ~ K ~ S  ijf gra>wirig s i z e  and c o m p l e x i t y  t h e y .  h a v e  b e e n  
f o r c e d  t o  re?'-y o n  e v e r  m o r e  s o p h i s t i c a t e d  h i g h - s p e e d  d i g i t a l  
c o m p u t e r s .  However ,  t i - ~ ~ l i r  c a p a c i t y  f o r  h a n d l i n g  l a r g e - s c a l e  
s y s t e m s  h a s  n o t  icc7)t ;'<ice wi.t.h t h e  g r o w i n g  demands  f o r  m o r e  d e -  
tailed i r , f c r m a t j . o n .  C o : ; s e q u e n t l y ,  i t  i s  becoming e s p e c i a l l y  
i m p o r t a n t  t o  i d e n t i f y  t-hcjse a s p e c t s  o f  a  s y s t e m  w h i c h  p e r m i t  o n e  
t o  d e a l  w i t h  p a r t s  o f  ~t i n d e p e n d e n t l y  f r o m  t h e  res t  o r  t o  t r e a t  
r e l a t i o n s h i p s  among p~1;--!-icul.ar s u b s y s t e m s  a s  t h o u g h  t h e y  w e r e  i n -  
d e p e n d e n t  o f  t .he r e l a  t i  o n s h i p s  w i t h i n  -- t h o s e  s u b s y s t e m s .  T h e s e  
q u e s t i o n s  a r e  t h o s e  of a n g r e y a t i o n  a n d  d e c o m p o s i t i o n ,  r e s p e c -  
t i v e l y ,  a n d  t h e i r  a p p l i c a t i o n  t o w a r d  " s h r i n k i n g "  l a r g e - s c a l e  pop- 
u l - a t i o r .  p r o j e c t i o n  m o d e l s  i s  a n  i n i p o r t a n t  e l e m e n t  o f  o u r  s p a t i a l  
p o p u l a t i o r ~  dyna in ics  s u b t a s k  [ 571 . 

W e  h a v e  a d o p t e d  a s h r i n k i n g  p r o c e d u r e  f o r  l a r g e - s c a l e  pop- 
u l a t i o n  p r o j e c t i o n  m o d e l s  t h a t  c o m b i n e s  a g g r e g a t i o n  a n d  decom- 
p o s i t i o n  i n  a  p a r t i c u l a r l y  a p p e a l i n g  way.  One b e g i n s  by p a r -  
t i t i o n i n g  t h e  l a r g e  m u l t i r e g i o n a l  s y s t e m  p r o j e c t i o n  m o d e l  i n t o  
smaller  s u b m o d e l s  i n  a way t h a t  e f f e c t i v e l y  e x p l o i t s  a n y  weak 
i n t e r d e p e n d e n c i e s  r e v e a l e d  by  i n d i c e s  s u c h  a s  m i g r a t i o n  l e v e l s .  
The  g r o w t h  o f  t h e  o r i g i n a l  m u l t i r e g i o n a l  s y s t e m  t h e n  i s  p r o -  
j e c t e d  b y  a p p r o p r i a t e l y  c o m b i n i n g  ( 1 ) t h e  r e s u l t s  o f  d i s a g g r e -  
g a t e d  i n t r a - s u b s y s t e m  p r o j e c t i o n s ,  i n  w h i c h  w i t h i n  s u b s y s t e m  
i n t e r a c t i o n s  a r e  r e p r e s e n t e d  a t  a r e l a t i v e l y  f i n e  , e v e 1  o f  d e -  
t a i l ,  w i t h  ( 2 )  t h e  r e s u l t s  o f  a g g r e g a t e d  -- in te r - suhs : ; s t ? i . i  .- p r o  j e c -  
t i o n s ,  i n  w h i c h  t h e  b e t w e e n  - - -- s u b s y s t - e m  i n t e r a c t i o n s  a re  :?orI.eled 
a t  a r e l a t i v e l y  coarse l e v e l  o f  d e t a i l .  I n  t h e  s h o r t - r u n ,  t h e  
w i t h i n  s u b s y s t e m  i n t e r a c t i o n s  d o m i n a t e  t h e  behaviol : .  c\f t h e  

'A n o t ; i b l e  e x c e p r i o n  i s  t h e  work cf P e t r r  M o r r i s o n  [ 4 0 ]  . 



s y s t e m ;  i n  t h e  l o n g - r u n ,  t h e  -- be tween  s u b s y s t e m  i n t e r a c t i o n s  be -  
come i n c r e a s i n g l y  i m p o r t a n t  and  u l t i m a t e l y  d e t e r m i n e  t h e  b e h a v i o r  
o f  t h e  e n t i r e  s y s t e m .  I n  t h i s  manner  a l a r g e - s c a l e  p o p u l a t i o n  
p r o j e c t i o n  p r o c e s s  c a n  b e  modeled w i t h  a c o n s i d e r a b l e  s a v i n g  i n  
c o m p u t e r  t i m e  and s t o r a g e  s p a c e .  

Policy 

I f  t h e  p r i n c i p a l  p u r p o s e  o f  t h e  dynamics  --- s u b t a s k  i s  t o  u n d e r -  
s t a n d  t h e  f u n d a m e n t a l  "demograph ic  p r o c e s s e s "  t h a t  g o v e r n  t h e  
e v o l u t i o n  o f  human s e t t l e m e n t  p a t t e r n s  a n d  t h a t  o f  t h e  d e m o m e t r i c s  
s u b t a s k  i s  t o  e x p l a i n  t h e  c a u s a l  d e t e r m i n a n t s  o f  p a s t  a n d  f u t u r e  
p a t t e r n s ,  t h e n  t h e  m a j o r  g o a l  o f  t h e  p o l i c y  s u b t a s k  i s  t o  d e v e l o p  -- 
a d e e p e r  a p p r e c i a t i o n  o f  t h e  i m p a c t  o f  p o l i c y  v a r i a b l e s  o n  popu- 
l a t i o n  p r o c e s s e s  a:~d o f  p o p u l a t i o n  p r o c e s s e s  o n  human w e l f a r e .  

S o c i a l  c o n c e r n  w i t h  p o p u l a t i o n  p r o c e s s e s  a r i s e s  when t h e  
demograph i c  a c t s  o f  i n d i v i d u a l s  a f f e c t  t h e  w e l f a r e  o f  o t h e r s  
and  combine  i n  ways t h a t  p r o d u c e  a  s h a . r p  d i v e r g e n c e  be tween  t h e  
sum o f  i n d i v i d u a l  ( p r i v a t e )  p r e f e r e n c e s  and  t h e  s o c i a l  we l l . -be ing .  
I n  s u c h  i n s t a n c e s ,  p o p u l a t i o n  p r o c e s s e s  p r o p e r l y  become t h e  sub-  
ject o f  p u b l i c  d e b a t e  and  t h e  o b j e c t  o f  p u b l i c  p o l i c y .  

P o p u l a t i o n s  p o l i c i e s  are  a c t i o n s  u n d e r t a k e n  by p u b l i c  b o d i e s  
w i t h  t h e  a i m  o f  a f f e c t i n g  p r o c e s s e s  o f  d e m o g r a p h i c  g r o w t h  and  c h a n g e .  
F a m i l y  p l a n n i n g  p r o g r a m s ,  i n v e s t m e n t s  i n  h e a l t h - c a r e  f a c i l i t i e s  
and  s e r v i c e s ,  a n d  gove rnmen t  a s s l s t e d  m l y r a t i o n  a r e  e x a m p l e s  o f  
p u b l i c - a c t i o n s  t a k e n ,  r e s p e c t i v e l y ,  t o  r e d u c e  f e r t i l i t y  l e v e l s ,  
t o  p r o m o t e  h e a l t h  a n d  l o n g e v i t y ,  and  t o  f o s t e r  p e r s ~ n a l  b e t t e r -  
men t  t h r o u g h  g e o g r a p h i c a l  m o b i l i t y .  

Among n a t i o n a l  p o p u l a t i o n  p o l i c i e s ,  t h e  p r o b l e m  o f  f e r t i l i t y  
r e d u c t i o n  h a s  b e e n  o f  pa r amoun t  i m p o r t a n c e .  The n e g a t i v e  c o n -  
s e q u e n c e s  o f  r a p i d  p o p u l a t i o n  g r o w t h  f o r  s o c i o e c o n o m i c  d e v e l o p m e n t  
are becoming  w i d e l y  r e c o g n i z e d  and  t h i s  h a s  l e d  many c o u n t r i e s  t o  
u n d e r t a k e  s e r i o u s  e f f o r t s  t o  c o n t r o l  f e r t i l i t y .  S i n c e  manipu-  
l a t i n g  m o r t a l i t y  l e v e l s  i s  o b v i o u s l y  n o t  a f e a s i b l e  p o l i c y ,  t h e  
c o n c e r n  w i t h  r a p i d  n a t i o n a l  p o p u l a t i o n  g r o w t h  n e c e s s a r i l y  h a s  b e e n  
a c o n c e r n  a b o u t  h i g h  l e v e l s  o f  f e r t i l i t y .  

S p a t i a l  p o p u l a t i o n  p o l i c i e s ,  on  t h e  o t h e r  h a n d ,  t e n d  t o  f o c u s  
p r i m a r i l y  o n  i n t e r n a l  m i g r a t i o n  a n d  i t s  c o n t r i b u t i o n  t o  human set- 
t l e m e n t  g r o w t h  and  s t r u c t u r e .  The p e r c e i v e d  n e g a t i v e  c o n s e q u e n c e s  
o f  r a p i d  r a t e s  o f  u r b a n  g r o w t h  o n  s o c i o e c o n o m i c  d e v e l o p m e n t  h a v e  
l e t  t h e  a d o p t i o n  o f  p o l i c i e s  t o  c u r t a i l  g r o w t h  i n  c e r t a i n  l o c a l i -  
t i e s ,  w h i l e  a t  t h e  s a m e  t i m e  s t i m u l a t i n g  it i n  o t h e r s .  G e n e r a l l y ,  
s u c h  n a t i o n a l  u r b a n i z a t i o n  o r  human settlement p o l i c i e s  h a v e  b e e n  
d e f e n d e d  o n  t h e  g r o u n d s  e i t h e r  o f  n a t i o n a l  e f f i c i e n c y  o r  o f  re- 
g i o n a l  e q u i t y ,  a n d  t h e i r  p r i n c i p a l  a r g u m e n t s  o f t e n  h a v e  b e e n  
f r amed  i n  t e r m s  o f  a n  u n d e r l y i n g  c o n c e p t u a l  f ramework known a s  
" g r o w t h - c e n t e r  t h e o r y "  [ 501 . 



Growth c e n t e r s ,  i t  i s  commonly a r g u e d ,  g e n e r a t e ,  i n t e r c e p t ,  
a n d  a t - t r a c t  m i g r a n t s .  They may e n c o u r a g e  some u n d e r e m p l o y e d  
p e o p l e  I n  t h e  c e n t e r ' s  h i - n t e r l a n d  t o  m i g r a t e  a n d  t o  s h i f t  t o  
m o r e  p r o d u c t i v e  occcpat.,.ions. They c a n  b e  u s e d  t o  d i v e r t  m i g r a n t s  
away f r o m  iza j o r  ovt?rcrowded l n c t r o p o l i t a n  a r e a s .  And t h e y  make 
it p( : . c s ib le  Tor  an econorn ica i !~y  d e p r e s s e d  r e g i o n  t o  a t t r a c t  t h e  
s k i l i e d  a n d  p r o f 2 s s i o l ; a l  m a n p o w e r  t h a t  it n e e d s  f o r  i t s  g r o w t h  
a n d  d e v e l o ~ n e n t .  

b u t  r n i y r a t i o n  h a s  b o t h  individual a n d  s o c i e t a l  c o n s e q u e n c e s .  
The e x p e r ~ e n c e  o f  n ~ i g r d t i o n  I n  q e n e r a l  a f f e c t s  f a v o r a b l y  t h e  p e r -  
s o n a l  w e l l b e i n g  2nd s c i t i s f a c t i o n  o f  t h e  m i g r a n t  [ 35 ,  4 7 1 .  However ,  
t k L e  s o c i e i - 3 1  c o n a l = y u e n c e s  o f  m i g r a t i o n  o f t e n  f a l l  u n e q u a l l y  o n  
d i f f e r e n t  y r o u p s .  

M i g r a t i o n ,  a s  a mechan i sm f o r  t r a n s f e r r i n g  l a b o r  f rom l a b o r  
s u r p l u s  a r e a s  t c  ri:rec;s w i t h  a  l a b o r  d e f i c i t ,  moves t h e  n a t i o n a l  
economy t o w a r d  a?:eatc:r e f f i c i e n c y .  R u t  t h i s  a d j u s t m e n t  o f  t h e  
n a t i o n a l  l a b o r  m a r K e t  h a s  l o c a l  c o n s e q u e n c e s  w i t h  r e g a r d  t o  e q u i t y .  
And i t  i s  t h e s e  r l t ~ ~ , - n t i ~ r i ~  c o n s e q u e n c e s  t h a t  o f t e n  f a l l  o n  t h o s e  
" l e f t  b e h i n d " ,  . , ir!cz it  i s  t h e  m o s t  p r , o d u c t i v e  members o f  t h e  
l a b c r  f a r c e  ::n\.it are t h e  o n e s  who move away ,  l e a v i n g  b e h i n d  l o c a l -  
i t i e s  i11creas ing1.y  u n a t t r a c t i v e  f o r  i n d u s t r i a l  i n v e s t m e n t  [ 4  71 . 

The v a r i o u s  i n d i v i d u a l  a n d  s o c i e t a l  c o n s e q u e n c e s  o f  i n t e r n a l  
m i g r a - t i o n  h a v e  b r o a d  i .mp! . ica t ions  f o r  n a t i o n a l  p o l i c i e s  d e a l i n g  
w i t h  m i g r a t i o n  a n d  s e t t l c ~ ~ e n t .  The b u i l d - i n  c o n f l i c t  b e t w e e n  t h e  
g o a l s  o f  n a t i o n a l  e f f i c i e n c y  a n d  r e g i o n a l  e q u i t y  i s  a  f u n d a m e n t a l  
a s p e c t  of s u c h  p o l i c i e s ,  o n e  t h a t  u l t i m a t e l y  c a n  o n l y  b e  r e s o l v e d  
i n  t h e  p o l i t i c a l  a r e n a .  A p o t e n t i a l l y  u s e f u l  t o o l  f o r  i l l u m i n a -  
t i n g  some o f  t!Ie t y - a d e - o f f s  t h a t  a r i s e  i s  o f f e r e d  by  t h e  f o r m a l  
t ! ~ c o r y  of  e c o n o m i c  po l i c - .y ,  f i r s t  p r o p o s e d  by  J a n  T i n b e r g e n  [ ' 7 4 ]  
i n  t h e  f i e l d  o f  e c o n o m i c  p l a n n i n g .  

The ' l ' i n b c r q e n  p a r a d i g m  f o c u s e s  o n  t h e  p r o b l e m  o f  u s i n g  a v a i l -  
a b l e  inearls t o  a c h i e v e  d e s i r e d  e n d s  i n  a n  o p t i m a l  m a n n e r .  I t  b e -  
g i n s  blr cldop-ti.ny a  q ( 1 a n t i t a t i v e  e m p i r i c a l  ( e c o n o m e t r i c )  m o d e l  a n d  
d i . v i d e s  v a r i a b l e s  i n t o  e n d o g e n o u s  v a r i a b l e s ,  i .  e .  , t h o s e  d e t e r -  
mined  w i t h i n  t h c  m o d e l ,  a n d  p r e d e t e r m i n e d  -- variables, i . e . ,  t h o s e  
d e t e r m i n e d  o u t s i . d e  o f  t h e  m c d e l  a n a  l a y q e d  p r e v i o u s  e n d o g e n o u s  
v a r i a b l e s .  A f u r t h e r  d i s t i n c t i . o n  i s  i n t r o d u c e d  w i t h i n  t . h e s e  two 
c a t e g o r i e s  o f  v a r i a b l e s .  Endo9enou.s v a r i a b l e s  a r e  d i s a g g r e g a t e d  
i n t o  t a r q e t  v a r i a b l - e s ,  w h i c h  a r e  o f  d i r e c t  i n t e r e s t  t o  p o l i c y -  

2 - -- 
m a k e r s ,  a n d  i r r , s l e v a n t  v a r i a b l e s ,  w h i c h  a r e  n o t .  E x o g e n o u s  v a r -  
i a b l e s  a re  composed o f  i n s t r u m e n t  v a r i a b l e s ,  w h i c h  a r e  s u b j e c t  
t o  d i r e c t  c o n t r o l  by p o l i c y  b o d i e s ,  a n d  d a t a  v a r i a b l e s  
w h i c h  a r e  beyond t h e i r  c o n t r o l .  The l a t t e r  i n c l u d e  e x o g e n o u s l y  
p r e d e t e r m i n e d  v a r i a b l e s ,  u n l : o n t r o l l a G l e  v a r i a b l e s  s u c h  a s  t h e  
w e a t - h e r ,  a n d  l a q g e d  endoqci-ious v a r i a b l e s .  

'The p o l i c : . ~  p r o b i e m ,  a s  f o r m u l a t e d  by T i n b e r g e n ,  i s  t o  c h o o s e  
a n  a p p r o p r i a t e  s e t  o f  v a l u e s  f ? r  t h e  i n s t r u m e n t a l  v a r i a b l e s  so as 
t n  r e n d e r  t h e  v a l u e s  r:il tlle t a . r g e t  v a l u e s  equal .  t -o  d e s i r e d  v a l u e s  
p r e v i o u s l y  e s t a b l i s t ~ e d  L,y a n  o b j e c t i v e  f u n c t i o i l  c a l l e d  a  w e l f a r e  
f u r i c t i o n .  Thus  tbLt? bas ic i n g r e d i e n t s  o f  t h e  Ilti .nbergen p a r a d i g m  



a r e  a  w e l f a r e  f u n c t i o n  t h a t  i s  a  f u n c t i o n  o f  v a r i o u s  t a r g e t  v a r -  
i a b l e s  a n d  i n s t r u m e n t  v a r i a b l e s ;  a  q u a n t i t a t i v e  e m p i r i c a l  m o d e l  
t h a t  l i n k s  t a r g e t  v a r i a b l e s  t o  i n s t r u m e n t  v a r i a b l e s ;  a n d  a set  
o f  b o u n d a r y  c o n d i t i o n s  o r  c o n s t r a i n t s  w h i c h  r e s t r i c t  t h e  r a n g e  
o f  v a l u e s  t h a t  c a n  b e  assumed by t h e  d i f f e r e . n t  v a r i a b l e s  i n  t h e  
model  [ 2 1 ] .  

I t  i s  i m p o r t a n t  t o  k e e p  i n  mind t h e  f u n d a m e n t a l  d i f f e r e n c e  
b e t w e e n  t h e  m a n n e r  I n  which  t h e  v a r i a b l e s  are  r e l a t e d  t o  o n e  a-  
n o t h e r  i n  t h e  m o d e l s  o f  t h e  dynan l ies  a n d  d e m o m e t r i c s  s u b t a s k s  
a n d  t h e  way i n  w h l c h  t h e y  are i n t e r c o n n e c t e d  i n  t h e  m o d e l s  o f  
t h e  p o l i c y  s u b t a s k .  ln t h e  f o r m e r ,  t h e  v a l u e s  o f  i n s t r u m e n t a l  
v a r i a b l e s  a re  s p e c i f l w l  a n d  t h e  a n a l y s i s  s e e k s  t o  d e t e r m i n e  
t h e i r  e f f e c t s .  I n  t h e  l a t t e r ,  t h e  d e s i r e d  e f f e c t s  a r e  g i v e n  
a n d  t h e  a n a l y s i s  i s  i n s t e a d  d i r e c t e d  t o w a r d  e s t a b l i s h i n g  t h e  
v a l u e s  t h a t  h a v e  t o  b e  assumed  by t h e  i n s t r u m e n t a l  v a r i a b l e s  i n  
o r d e r  f o r  t h e  s p e c i f i e d  e f f e c t s  t o  b e  a t t a i n e d  [ 8 3 ] .  

D e s p i t e  t h e i r  f u n d a m e n t a l l y  d i f f e r e n t  p e r s p e c t i v e s ,  b o t h  
k i n d s  o f  m o d e l s  a r e  n e c e s s a r y  i n  t h e  f o r m u l a t i o n  o f  e n 1 ; g h t e n e d  
p o p u l a t i o n  p o l i c i e s .  F o r  a s  P a u l  Demeny r e c e n t l y  o b s e r v e d  

... a p r o p e r  formulation of p o p u l a t i o n  p o l i c i e s  c a n  b e  
s a i d  t o  r e q u i r e  t h e  f o l l . o w i n g  e s s e n t i a l  e l e m e n t s :  ( a )  
a n  u n d e r s t a n d i n g  o f  d e m o g r a p h i c  p r o c e s s e s  i n  a d e s c r i p -  
t i v e  s e n s e ;  ( b )  an  u n d e r s t a n d i n g  o f  t h e  a n t e c e d e n t s  o f  
d e m o g r a p h i c  b e h a v i o r  . . .  ; ( c )  a n  u n d e r s t a n d i n g  o f  t h e  
i m p a c t  o f  p o p u l a t i o n  !2 rocesses  . . .  on  . . .  w e l f a r e ;  ( d )  a n  
e v a l u a t i o n  o f  t h e  w e l f a r e  s i g n i f i c a n c e  ... o f  c o n c e i v a b l e  
p o l i c y  i n t e r v e n t i o n s  . . .  ( 1 8 ,  p. 1 5 3 1 .  

Demeny ' s  f i r s t  two  e s s e n t i a l  e l e m e n t s  a re  b e i n g  examined  i n  t h e  
d y n a m i c s  a n d  d e m o m e t r i c s  s u b t a s k s  o f  t h e  M i g r a t i o n  a n d  S e t t l e m e n t  
S t u d y ;  t h e  o t h e r  t w o  w i l l  b e  r e c e i v i n g  c o n s i d e r a b l e  a t t e n t i o n  i n  
t h e  f u t u r e  work o f  t h e  p o l i c y  s u b t a s k .  N a t i o n a l  case s t u d i e s  
d e a l i n g  w i t h  a l l  f o u r  e l e m e n t s  c u r r e n t l y  f o r m  t h e  f o c u s  o f  t h e  
c o m p a r a t i v e  s t u d y  s u b t a s k .  

C o m p a r a t i v e  -- S t u d y  

The World P o p u l a t i o n  C o n f e r e n c e  h e l d  i n  B u c h a r e s t  i n  1 9 7 4  
r e c o g n i z e d  t h e  i m p o r t a n c e  o f  tk,e m i g r a t i o n  a n d  s e t t l e m e n t  c o m -  
p o n e n t  o f  n a t i o n a l  p o p u l a t i o n  p o l i c i e s ,  c a l l e d  f o r  a b e t t e r  c o -  
o r d i n a t i o n  o f  m i g r a t i o n  p o l i c i e s  a n d  t h e  a b s o r p t i v e  c a p a c i t i e s  
o f  m a j o r  u r b a n  c e n t e r s ,  a n d  a r g u e d  f o r  t h e  p r o p e r  i n t e g r a t i o n  
o f  t h e s e  p o l i c i e s  i n t o  p l a n s  a n d  p r o g r a m s  a imed  a t  s o c i a l  a n d  
e c o n o m i c  d e v e l o p m e n t  1851. But  d e m o g r a p h i c  a n d  d e v e l o p m e n t a l  
p r o c e s s e s  a r e  m a n i f e s t e d  i n  d i v e r s e  ways  i n  d i f f e r e n t  n a t i o n a l  
s e t t i n g s ,  a n d  a  r n e a n i n g f u l  a n a l y s i s  o f  t h e i r  i n t e r a c t i o n  m u s t  
t a k e  i n t o  a c c o u n t  i m p o r t a n t  n a t i o n a l  d i f f e r e n c e s .  Y e t  c e r t a i n  
r e g u l a r i t i e s  p e r s i s t ,  a n d  t h e r e  are  g r o u n d s  f o r  e x p e c t i n g  a  
c o m p a r a t i v e  s t u d y  o f  m i g r a t i o n  a n d  s e t t l e m e n t  t o  c o n t r i b u t e  
t o  t h e  s t a t e  o f  o u r  k n o w l e d g e  a b o u t  t h e  c a u s a l  i n t e r r e l a t i o n -  
s h i p s  b e t w e e n  m i g r a t i o n ,  u r b a n i z a t i o n ,  a n d  d e v e l o p m e n t :  



. . . i n  o r d e r  t.3 ad~r .3nce  01:: Goth  t h e  t h e o r e t i c a l  a n d  t h e  
a p p l i e d  l e v e l s ,  i . 9 ~  must, klave c o m p a r a t i v e  r e s e a r c h  o n  
:.>op~1.l.a.tinn movement ,  espec i a l l y  i n  r e l a t i o n  t o  u r b a n -  
ization i n  p r e i n d i ~ ~ ( s L c i a 1 ,  i n d u s t r i a l ,  a n d  p o s t - - i n d u s t r i a l  
s e t t i r l g s .  Oi:l;7 t h r o u g h  s u c h  c o m p a r i s o n s  c a n  we come t o  
~ ~ n d c r s t a r r d  t h o  l i a r i e d  fonns  whic:ii movenen t  t a k e s , .  . . [ 2 3 ,  
p p .  15-.If51 . 
ri" . n e  c0rnpara . t - ive  s t d d y  of m i g r a t i o n  and s e t t l e m e n t  a t  IIASA 

a i m s  t o  c o n t r i b u t e  t o  o u r  u : l d e r s t a r ~ d i . n g  o f  t h e  r e l a t i o n s h i p s  be -  
t w e e n  z e o g r a p h i c a l  n l . o b i l i t y ,  u r b a n i , z a t i o n ,  and  n a t i o n a l  d e v e l o p -  
m e n t  by a s e r n b l i n g ,  s u m m a r i z i n g ,  a n d  a n a l y z i n g  d a t a  o n  m i g r a t i o n  
a n d  s p a t i a l  pop; i l .a t iorL q r o w t h  i n  a numher o f  d e v e l o p e d  a n d  d e v e l -  
c p i n g  c o u n t r i e s .  F o r  t h i s  a c t i v i t y ,  it h a s  a d o p t e d t h e  g e n e r a l  
f r a ~ n e w o r k  of t w o  , e c e n t l y  p u b l i s h e d  s t u d i e s  t h a t  h a v e  b e e n  c a r -  - - 
r i e d  o u t  ir, a clc;se!.y r e l a t e d  area. S p e c i f i c a l l y ,  t h e  c o m p a r a t i v e  
s t u d 1  o f  huntan 11: - i c i r a t  - - - - i c ~ n  . -- a n d  r e d i s ~ l - i b u t i o n  i s  b e i n g  carr ied o u t  
i n  a  manner  t h a t  i s  z n a i o q o u s  t o  t h e  p r o c e d u r e s  u s e d  by t w o  
s t u d i e s  o f  human i ; ~ c j r t a l i t y - f e r t i l i t y  . - - -- . a n d  r e p r o d ~ c t i o n ,  n a m e l y ,  
t h e  book  by  K~:yf:l.t..;., and  F l i e y e r  [ 3 3 ]  e n t i t l e d  ~ o ~ u l z i o n :  F a c t s  
a n d  Me-thods o f  Ft-.inc>(jraphy a n d  t h e  book e d i t e d  by B e r e l s o n  [ 6 ]  - -- .- . . - - . . . - - . - - - 
e n t i t l e c ?  Popuiat- i!?! ,  - - - - - - -. . P o l i c y  i n  D e v e l o p e d  C o u n t r i e s .  -- 

The  K e y f i t z  a n d  F l - i e g e r  book f o c u s e s  o n  o b s e r v e d  a g e -  a n d  
s e x - s p e c i f i c  m.ort.al.i.ty a n d  f e r t i l i t y  s c h e d u l e s  a n d  p r o j e c t s  t h e  
e v o l u t i o n  o f  t h e  pop i11 .a t ions  e x p o s e d  t o  t h e s e  s c h e d u l e s .  I n  
o r d e r  t o  e x a m i n e  t:tle p o p u l a t i o n  t r e r l d s  o f  t h e  p r e s e n t  d a y ,  t h e  
a u t h o r s  c o l l e c t  t o q r t - h e r -  d a t a  S a n k  o f  p o p u l a t i o n  s t a t i s t i c s  
f r o m  m o r e  - than  30  c o u n t r i e s  ( ind  s u b j e c t .  t h e s e  d a t a  t o  a s t a n d -  
a r d i z e d  a n a l y t i c a l  p r o c c s ; .  

I f  n a t i o n a l  p o p u l a t i o n  g r o w t h  i s  t h e  p r i m a r y  -- f o c u s  o f  t h e  
Keyf i t z  a n d  F l i e y e r  s t u d y ,  its p r i i i c i p a l  a m r o a c h  -- f o r  e x a m i n i n g  
s u c h  growt-h  i s  embodied  i n  a c o l l e c t i o n  o f  c o m p u t e r  p r o g r a m s  
t i h a t  p r o v i d e  t h e  m e a n s  k'or a n a l y z i n g  p o p u l a t i o n  g r o w t h  i n  a 
c c > n s i s t e n t  a n d  u n i f o r m  m a n n e r .  T h e s e  p r o g r a m s  a n d  t h e  m a t h e m a t -  
i c e 1 1  1 n ~ d e . i ~  t h a t  u n d e r l . i e  t h a n ,  a r e  a l s o  i n c l u d e d  in .  t h e  p u b l i s h e d  
s t u d y  f i n t i i . n y s .  

F i n a l l y ,  t h e  r n s j o r  contribution . -. - - --.-- o f  t h e  K e y f i t z  a n d  F l i e g e r  
s t u d y  i s  t h e  u n i f o r m  a p p l i c a t i o n  o f  a c o n s i s t e n t  m e t h o d o l o g y  t o  
a v a s t  amount  o f  d a t a  i n  o r d e v  t o  t r ace  p o p u l s t i o n  g r o w t h  t r e n d s  
i n  a l a r g e  number  o f  c o u n t r i e s .  

The f o c u s ,  a p p r o a c h ,  and  c o n t r i b u t i o n  o f  t h e  K e y f i t z  a n d  
F l i e g e r  bogk h a v e  much i n  common w i t h  t h o s e  o f  t h e  c o m p a r a t i v e  
s t u d y  o f  x i g r a t i o n  a n d  s e t t l e m e n t .  'The f o c u s  o f  t h e  l a t t e r  a l -  
so i n  p o p u l a t i o n  q r o w t n ,  b u t  p- s p a t i a l  p o p u l a t i o n  g r o w t h .  The a p -  
p r o d c h  a l so  re l ies  c n  a i ln i forrn  se t  of c o m p u t e r  p r o g r a m s ,  b u t  
t h e s e  embody t h e  rnodels  of r n u i t i r e y i o r l a l  -- - m a t h e m a t i c a l  demography 
[ 5 9 ] .  And t h e  e x p e c t e d  c o n G i b u t i o n  a l so  i s  t h a t  o f  l i n k i n g  d a t a  
w i t h  t h e o r y ,  b u t  t h e  cia1 a ;:rid t h e o r y  t h a t  a re  l i n k e d  a re  s p a t i a l  
i n  c h a r a c t e r  . 



There  a r e  s e v e r a l  i m p o r t a n t  d i f f e r e n c e s  between t h e  two 
s t u d y  f o r m a t s ,  however .  

1 .  A p r i m a r y  c o n c e r n  of  t h e  K e y f i t z  and F l i e g e r  s t u d y  i s  
p o p u l a t i o n  r e p r o d u c t i o n  and t h e  demographic  --- t r a n s i t i o n  
from h i g h  t o  low b i r t h  and d e a t h  r a t e s .  An i m p o r t a n t  
f o c u s  o f  t h e  c o m p a r a t i v e  m i g r a t i o n  and  s e t t l e m e n t  s t u d y  
i s  p o p u l a t i o n  r e d i s t r i b u t i o n  and t h e  m o b i l i t y  t r a n s i t i o n  
from low t o  h i g h  m i g r a t i o n  r a t e s .  

2 .  The K e y f i t z  and  F l i e g e r  s t u d y  i s  t h e  p r o d u c t  o f  two 
a u t h o r s ;  t h e  c o m p a r a t i v e  m i g r a t i o n  and  s e t t l e m e n t  s t u d y  
i s  combin ing  t h e  c o l l a b o r a t i v e  e f f o r t s  o f  a n  i n t e r n a -  
t i o n a l  team o f  s c h o l a r s  r e s i d i n g  i n  v a r i o u s  member and  
non-member n a t i o n s .  

3 .  The K e y f i t z  and F l i e g e r  s t u d y  i d e n t i f i e s  t - r e n d s  and  t h e  
n u m e r i c a l  c o n s e q u e n c e s  o f  t h e  c o n t i n u a t i o n  o f  s u c h  t r e n d s  
i n t o  t h e  f u t u r e ;  t h e  c o m p a r a t i v e  m i g r a t i o n  a n d  s e t t l e m e n t  
s t u d y  i s ,  i n  a d d i t i o n ,  s t r i v i n g  t o  l i n k  n a t i o n a l  t r e n d s  
x i t h  e x p l a n a t o r y  v a r i a b l e s .  

4 .  A l though  C h a p t e r  4 o f  t h e i r  book i s  e n t i t l e d  " P o l i c y  
Dilemmas and  t h e  F u t u r e , "  t h e  K e y f i t z  and  F l i e g e r  s t u d y  
d o e s  n o t  d e a l  w i t h  n a t i o n a l  p o l i c i e s .  ( T h e i r  C h a p t e r  4 
i s  o n l y  t h r e e  p a g e s  l o n g . )  The c o m p a r a t i v e  m i g r a t i o n  
and  s e t t l e m e n t  s t u d y ,  however ,  i s  e x p l i c i t l y  considering 
t h e  n a t i o n a l  m i g r a t i o n  and  s e t t l e m e n t  p o l i c i e s  o f  e a c h  
c o u n t r y  r e p r e s e n t e d .  I n  t h i s  r e s p e c t  t h e  s t u d y  r e s e m b l e s  
more t h e  s t u d y  o f  p o p u l a t i o n  p o l i c i e s  c o o r d i n a t e d  by 
Bernard  B e r e l s o n .  

The book e d i t e d  by Bernard  B e r e l s o n  i s  a  r e v i e w  o f  p o p u l a t i o n  
p o l i c i e s  i n  24 d e v e l o p e d  c o u n t r i e s .  The i n d i v i d u a l  c h a p t e r s  w e r e  
w r i t t e n  by c o l l a b o ~ a t i n g  s c h o l a r s  r e s i d i n g  i n  t h e  p a r t i c u l a r  coun-  
t r i es .  Thus ,  f o r  example ,  P r o f e s s o r  C h a r l e s  Westof f  of P r i n c e t o n ' s  
O f f i c e  of  P o p u l a t i o n  R e s e a r c h  w r o t e  t h e  c h a p t e r  on  p o p u l a t i o n  
p o l i c y  i n  t h e  USA, and  P r o f e s s o r  D i m i t r i  V a l e n t e i  o f  Moscow S t a t e  
U n i v e r s i t y ' s  P o p u l a t i o n  C e n t e r  a u t h o r e d  t h e  c h a p t e r  on  p o p u l a t i o n  
p o l i c y  i n  t h e  USSR. 

Accord in( j  t o  B e r e l s o n ,  " t h e  c o l l a b o r a t o r s  w e r e  g i v e n  a  com- 
mon o u t l i n e  a s  a g u i d e  t o  t h e  t o p i c s  t o  be  a d d r e s s e d ,  b u t  e a c h  
a u t h o r  was f r e e  t o  p r e p a r e  his r e p o r t  i n  h i s  own manner" .  I t  i s  
t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  d i f f e r e n t  a u t h o r s  e l e c t e d  t o  empha- 
s i z e  d i f f e r e n t  a s p e c t s  o f  p o p u l a t i o n  p o l i c y  and  d rew on d i f f e r e n t  
k i n d s  of  demographic  d a t a  t o  d e v e l o p  t h e i r  p r e s e n t a t i o n s .  Thus 
t h e  book i s  somewhat uneven i n  i t s  e x p o s i t i o n  and  i n  t h e  d a t a  and  
i n d i c a t o r s  t h a t  a r e  p u t  f o r w a r d  by t h e  v a r i o u s  a u t h o r s .  

The m i g r a t i o n  and  s e t t l e m e n t  s t u d y  a ims  t o  m a r r y  t h e  B e r e l s o n  
a p p r o a c h  w i t h  t h e  K e y f i t z - F i i e g e r  a p p r o a c h  i n  o r d e r  t o  c a p t u r e  t h e  
b e s t  f e a t u r e s  o f  e a c h .  Every  n a t i o n a l  a n a l y s i s  i n  t h e  c o m p a r a t i v e  
s t u d y  o f  m i g r a t i o n  and  s e t t l e m e n t  i s ,  a s  i n  t h e  B e r e l s o n  s t u d y ,  
b e i n g  c a r r i e d  o u t  i n  c o l l a b o r a t i o n  w i t h  s c h o l a r s  r e s i d i n g  i n  t h e  
c o u n t r i e s  b e i n g  s t u d i e d .  However, mos t  cf t h e  d a t a ,  p r o j e c t i o n s ,  



and indicate-rs which  form t h e  Eounda t ion  of  t h e  a n a l y s i s ,  a r e  
bs;x:rir,g p r o c r ~ s s e d ,  a s  ir, t h e  I:r-y.fit.2-I.'lieger s t u d y ,  by a  common 
r .;~t -3 of  computer  praqfcan-IS* ?'l;cse d a t a  and  p r q r a m s  w i l l  b e  pub- 
. 1. - .: ~ - h e d  t ; ~ : ~ ~ l t h s r  w l t l l  ti-& :~;tudy ' s f inc l ings .  

T n t e r n a l  m i g r a t i o n  and  h m a n  s e t ~ l e m e n t  p a t t e r n s  a r e  i n -  
c r e a s i n q l y  b:?corning s u b j e c t s  of g o v e r n m e n t a l  c o n c e r n ,  b o t h  i n  
d e v e l o p e d  c o ~ ~ n t r i e s  a n 3  I n  t h e  d e v e l c p i n g  n a t i o n s  o f  t h e  T h i r d  
Wor1.d. hrt-lether t h e  problem i s  t h a t  o f  e n s u r i n g  a n  a d e q u a t e  sup-  
p l y  of  l z b o r  i r :  S i b e r i a  or one cbf stenuning t h e  v a s t  f l o o d  o f  m i -  
g r a n t s  t o  t h e  overcrowded m a j o r  c i t i e s  o f  L a t i n  Amer ica ,  t h e  
n e e d  f o r  a w ~ i l  - -deve loped  u n d e r s t a n d i n g  o f  t h e  r e l a t i o n s h i p s  be- 
tween spc. l t i .~ . l  pL:l;a; n t i c n  dyr:anic:s and  soc ioeconomic  deve lopmen t  
i s  c l e a r .  A k~:; to s u r h  u n d e r s t a n d i n g  i s  a  c o n v i n c i n g  t h e o r y  o f  
p o p u l a t i o n  arid l levelcprnc.nt .  

R c c e r ~ t  c l f r  : r t - s  d t  i - ; ? ~ o r y - b u i l d i n q  i n  t h e  s o c l a l  s c i e n c e s  
suc;gest  t h a t  k .yr l rp t  i t - - 1 1  a d v a n c e s  o f t e n  f o l  Low a l o n q  a  p a t h  t h a t  
m i g h t  b? ?dl:ed t k c  theoretical t r a n s i t i o n .  Demography s e e m s  t o  ----- --- he e n t e r ~ ~ ~ ~  t11e m e t r l c s  s t a s e  o f  ~ t s  t h e o r e t i c a l  d e v e l o ~ m e n t  and 

> 2 A. - --- -- 
s h o u l d  p r o f j t  from t h e  L n s l q h t s  and c o n c l u s i o n s  t h a t  demomet r i c s  
r e s e a r c h  is l i k e ;  y t o  g e n e r a t e .  

P r o g r e s s  1.n r e s e ? r c h  c!? t h e  demorne t r ics  o f  m i g r a t i o n  a n d  
settiernerlt would be f u r t h e r e d  by t h e  a v a i l a b i l i t y  o f  improved 
methods  f o r  measu r ing  migra t i -on  a n d  f o r  g a u g i n g  i t s  r e d i s t r i b u -  
t i o n a l  i m p 2 c t s  i n  s p a t i a l  popu?,.at i-on dynamics .  The p r a c t i c a l  
u t i l i t y  o f  demomet r i z s  15search  would b e  enhanced  by an  improved 
1.1nders tanding of  t h e  v a r i o c s  i n d i v i d a a l .  anti s o c i a l  c o s t s  and  
b e n e f i t s  of d i f f e r e n t  p a t t e r n s  of  m i g r a t i o n  b e h a v i o r  a n d  s e t t l e -  
ment  p r o c e s s e s .  F i n a l l y ,  o u r  knowledge a b o u t  t h e  d e t e r m i n a n t s  
and  c~ r l :~ f - ;quences  o f  demographic  cIaiange c o u l d  b e  much improved 
dnd  b roadened  t!-l?:ough a  c a r e f u l  a s s e s s m e n t  o f  t h e  p o p u l a t i o n  
dq'r:arr~ics, demomet r i c s ,  and  p o 1 i c j . e ~  t h a t  p r e v a i l  i n  v a r i o u s  
c o u n t r i e s  o f  t h e  wor ld  t o d a y .  
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