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PREFACE 

Interest in human settlement systems and policies 
has been a critical part of urban-related work at IIASA 
since its inception. Recently this interest has given 
rise to a concentrated research effort focusing on mi- 
gration dynamics and settlement patterns. Four subtasks 
form the core of this research effort: 

I. The study of spatial population dynamics; 

11. The definition and elaboration of a new 
research area called demometrics and its 
application to migration analysis and 
spatial population forecasting; 

111. The analysis and design of migration and 
settlement policy; 

IV. A comparative study of national migration 
and settlement patterns and policies. 

Consistent demoeconomic modeling of multiregional 
systems is an important component of demometrics. It 
requires the determination of labor force participation, 
migration and unemployment rates simultaneously and en- 
dogenously in the model. This paper presents an impor- 
tant contribution to regional modeling. Jacques Ledent 
and Peter Gordon elaborate on a recently published model 
of interregional growth and show how the demometric ap- 
proach alleviates several problems inherent in conven- 
tional modeling. 

F. Willekens 
Leader 
Migration and Settlement 

Task 

October 1978 
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ABSTRACT 

This paper sets forth a demoeconomic approach to in- 
terregional development along non-neoclassical lines. 
This objective is carried out by elaborating on a recently 
published model of interregional growth rate differences 
(Dixon and Thirlwall, 1975). 

First, a critical review of this model suggests the 
implausibility of its main result, i.e., the possibility 
of steady growth by a pair of regions over the long run. 
It is shown that 

a) the omission of migration which would eventually 
dampen the implied income divergence, and 

b) the linear structure of the model 

cause such a result. 

Thus, an extension of this model is proposed which 
includes migration as well as other demographic aspects 
of development (labor force participation and unemploy- 
ment), endogenously and simultaneously determined. Inter- 
estingly enough, the nature of these variables provides an 
impetus for reconsidering linearity; the proper modeling 
of demoeconomic effects necessarily introduces non- 
linearities. 

Non-static long-term rates of change are shown to 
emerge from the simulation of this extended model: as a 
consequence of population shifts due to migration, there 
appear regional cycles accompanied by cycles of divergence 
and convergence of income. 





A Demoeconomic Model o f  I n t e r r e g i o n a l  Growth R a t e  D i f f e r e n c e s  

One o f  t h e  most  i n t e r e s t i n g  models  o f  i n t e r r e g i o n a l  growth 

i s  t h a t  o f  Dixon and T h i r l w a l l  ( 1 9 7 5 ) - - h e r e a f t e r  r e f e r r e d  t o  a s  

DT. They a t t e m p t  t o  f o r m a l i z e  K a l d o r ' s  t h o u g h t s  on development  

a l o n g  n o n - n e o c l a s s i c a l  l i n e s .  T h e i r  fo rma l  model i n c l u d e s  a  

p r i c e  mark-up e q u a t i o n ,  i n  p l a c e  o f  a  m a r g i n a l  c o s t  de t e rmined  

c o m p e t i t i v e  p r i c e ,  a s  w e l l  a s  a  p o s i t i v e  f eedback  between t h e  

r e g i o n ' s  r a t e  o f  t e c h n i c a l  i n n o v a t i o n  and r e g i o n a l  economic 

growth r a t e s  ( t h e  Verdoorn e f f e c t ) .  C o m p e t i t i o n  between a  

p a i r  o f  r e g i o n s  i s  t a k e n  c a r e  o f  by a  r e l a t i o n s h i p  between 

r e l a t i v e  r e g i o n a l  p r i c e s  and e x p o r t  demand. 

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

income d i v e r g e n c e  o r  conve rgence  between r e g i o n s  o v e r  t h e  l o n g  

t e r m .  Y e t ,  t h e  c i t e d  model i s  l i n e a r  i n  t h e  r a t e s  o f  change o f  

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

outcome o f  s t a b l e  growth  r a t e s  i n  t h e  l o n g  r u n .  The a u t h o r s  

c i t e  t h i s  a s  a n  example o f  e q u i l i b r i u m  c h a r a c t e r i z e d  by a n  ab- 

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

f o r  s e v e r a l  r e a s o n s .  F i r s t ,  t h e  l i t e r a t u r e  on r e g i o n a l  con- 

v e r g e n c e  and d i v e r g e n c e  l o o k s  a t  l o n g  t e r m  income t r e n d s  and 

n o t  growth r a t e  t r e n d s .  Thus,  s t a b l e  growth  r a t e s  f o r  a  p a i r  

o f  r e g i o n s  can  e a s i l y  be  a s s o c i a t e d  w i t h  a n  e v e r  w iden ing  

d i v e r g e n c e  o f  incomes.  W e  c an  h a r d l y  e x p e c t  t h i s  t o  be a  long-  

t e r m  e q u i l i b r i u m .  Given enough o f  a n  income g a p ,  p e o p l e  w i l l  

move from t h e  poor  t o  t h e  r i c h  r e g i o n .    his b r i n g s  u s  t o  t h e  

second p o i n t  which h a s  t o  do  w i t h  t h e  s e c o n d a r y  e q u i l i b r a t i n g  

and  d i s e q u i l i b r a t i n g  e f f e c t s  o f  m i g r a t i o n .  S imple  models  o f  - 
f a c t o r  p r i c e  e q u a l i z a t i o n  c i t e  t h e  m i g r a t i o n  r e s p o n s e  a s  a n  

e q u i l i b r a t i n g  f o r c e  which p u t s  a b r a k e  on i n t e r r e g i o n a l  income 

d i v e r g e n c e .  Y e t ,  o v e r  s h o r t e r  t i m e  s p a n s ,  m i g r a t i o n  may w e l l  

have a n  a g g l o m e r a t i v e  e f f e c t  ( f o r  example ,  o n l y  t h e  most  s k i l l e d  

and non r i s k  a v e r s e  may m i g r a t e )  which a c c e l e r a t e s  income d i -  

v e r g e n c e .  Thus,  w e  c l a i m  t h a t  t h e  s t a b l e  growth e q u i l i b r i u m  which 

DT c i t e  i s  n o t  o n l y  due  t o  t h e  l i n e a r i t y  o f  t h e i r  model b u t  i s  

a l s o  due  t o  t h e  o m i s s i o n  o f  a  demographic  s e c t o r .  



In order to put this assertion into focus, we will suggest 

the following: first, a truly interesting model of interregional 

development ought to be demoeconomic, i.e., to cover both economic 

and demographic aspects of development; second, such a demoeconomic 

model cannot be totally linear in the rates of change; and third, 

non-static long-term rates of change should automatically emerge 

from the simulation of such a model. This means that, as a conse- 

quence of population shifts due to migration, there should appear 

regional cycles accompanied by cycles of divergence and conver- 

gence of incomes. 

To recapitulate, 

1) DT should not be surprised that their linear model leads 

to constant growth rates in the long run; 

2) they should not confuse steady growth with an absence 

of divergence or convergence of incomes; 

3) the implausibility of the DT result (steady growth by 

a pair of regions over the long term) evokes the absence 

of migration and calls for a demoeconomic approach; 

4) the migration response would eventually dampen the im- 

plied income divergence, and 

5) the proper modeling of demoeconomic effects introduces 

non-linearities. 

Our objective in this paper is to demonstrate these points 

with the help of an interregional demoeconomic model built on 

the DT model, which constitutes a useful reference point from 

which interregional demoeconomics can proceed along the non- 

neoclassical path. 

Beyond the specific model that is developed in the follow- 

ing pages, we also hope to indicate the methodological gains 

that are suggested by the demoeconomic approach. Because eco- 

nomic and demographic variables interact, regional models that 

are either purely economic - or demographic in nature are unsatis- 

factory. Yet, the demoeconomic synthesis is not trivial. Look- 

ing at the labor market in spatial terms, we treat the decision 

to migrate as endogenous. This extends the notion of job search 



(Miron, 1978). The central idea is that labor force participa- 

tion, migration and unemployment rates are endogeneous and simul- 

taneously determined. Yet, it has been shown by Ledent (1978) 

that any model including variables of this sort is likely to 

generate preposterous unemployment and/or labor force participa- 

tion rates without a proper modeling of the relationship between 

comparable variables of the economic and demographic sides: 

employment and labor force respectively. This is referred to as 

the consistency problem which is particularly acute if unemploy- 

ment and labor force participation rates are defined as residu- 

als. Also, when these variables are dependent variables, a lin- 

ear model eventually develops population and labor force dimen- 

sions which imply unrealistic unemploymect and labor force par- 

ticipation rates. This suggests that a demoeconomic model will 

have to be non linear. 

In the next section, we present an augmented DT model, along 

demoeconomic lines. We then specify reasonable parameter values 

for the two-region case and suggest that the results of a long- 

term simulation of the expanded model are much more plausible 

than the growth equilibrium of DT. Finally, we comment on the 

costs and benefits of following the demoeconomic approach to 

regional analysis. 



FORMULATION OF THE MODEL 

In what follows, we present a two-region model which extends 

the DT model by allowing migration between the two regions. 

It consists of three blocks which describe successively: 

i) the impact of demographic forces on regional income 

growth rates, 

ii) the impact of economic forces on regional population 

growth rates, and 

iii) the relationships linking employment and labor force 

variables, ensuring the consistency between the 

economic and demographic sides of the model. 

The first equation of the first block relates a two-element 

vector of regional income growth rates to the growth in the 

region's exports as well as in the region's population and labor 

force. The export-base approach was suggested by DT. We add 

the other elements to bring in the impact of demographic factors 

on growth, emphasizing the role of households as consumers as 

well as of suppliers of labor. Thus, 

where, (gt) is the vector of regional growth rates, 

(xt) is the vector of export growth rates, 

(It) is the vector of labor force participation rate 

changes 

(n ) is the vector of population growth rates, t 
r, $ '  and $' are diagonal matrices of coefficients*. - - - 

The second relationship expresses the growth of exports in 

terms of changes in relative prices and world demand. We have, 

*Because all the variables are expressed in their growth rates, 
the coefficients are elasticities. 



where ,  ( p t )  i s  t h e  v e c t o r  o f  r e g i o n a l  e x p o r t  p r i c e  c h a n g e s ,  

( i )  i s  t h e  two-element  v e c t o r  of  o n e s ,  and 

z i s  t h e  change  i n  wor ld  demand. 

Note t h a t  E i s  a  d i a g o n a l  m a t r i x  o f  c o e f f i c i e n t s ,  u n l i k e  whose 
* * 

o f f - d i a g o n a l  e l e m e n t s  r e p r e s e n t  t h e  impac t  o f  a  r e g i o n ' s  p r i c e  

change on t h e  growth  o f  t h e  o t h e r  r e g i o n ' s  e x p o r t s .  

P r i c e s  a r e  e x p l a i n e d  by a  c o s t  mark-up e q u a t i o n ,  j u s t  a s  

i n  t h e  DT p a p e r ,  s o  t h a t  w e  have :  

where ,  ( w  ) i s  t h e  v e c t o r  of  r e g i o n a l  wage r a t e  c h a n g e s ,  t 
( r t )  i s  t h e  v e c t o r  o f  r e g i o n a l  r a t e s  of  t e c h n o l o g i c a l  

change ,  and  

) i s  t h e  exogeneous  v e c t o r  o f  r e g i o n a l  r a t e s  o f  change  

of  c o s t  mark-up. 

The n e x t  e q u a t i o n  e x p l a i n s  r e g i o n a l  t e c h n i c a l .  i n n o v a t i o n  

i n  t e r m s  o f  an  endogenous and an  exogenous e l e m e n t ,  

where ,  (r) i s  t h e  v e c t o r  o f  t h e  exogenous e l e m e n t s  and 

A i s  a  d i a g o n a l  m a t r i x  o f  c o e f f i c i e n t s .  - 
J u s t  a s  i n  t h e  DT p a p e r ,  t h e  second  t e r m  r e p r e s e n t s  t h e  Verdoorn 

e f f e c t .  

A t  t h i s  p o i n t ,  it may b e  n o t e d  t h a t  s u b s t i t u t i n g  ( 4 )  i n t o  

( 3 )  and  t h e  r e s u l t  i n t o  ( 2 )  r e v e a l s  a  p a r t i c u l a r  i m p a c t  o f  one  

r e g i o n ' s  g rowth  on t h e  o t h e r  r e g i o n ' s  e x p o r t  g rowth .  T h i s  r e f l e c t s  

a  c o m p e t i t i v e  e f f e c t  i n  t h a t  g rowth  i n  r e g i o n  i d i m i n i s h e s  t h e  

e x p o r t  demand growth  o f  r e g i o n  j t h r o u g h  an  impac t  on r e l a t i v e  

e x p o r t  p r i c e s .  Ano the r  growth  e f f e c t  on e x p o r t  demand growth  

c o u l d  be  i n c l u d e d  w i t h  a  p o s i t i v e  impact  v i a  t h e  t r a d i t i o n a l  

income-consumption l i n k a g e .  C l e a r l y ,  t h e  two e f f e c t s  work i n  

o p p o s i t e  d i r e c t i o n s  and a r e  o f  d i f f e r e n t  magn i tudes .  I n  t h e  

fo rmer  c a s e  w e  emphas i ze  c o m p e t i t i o n  be tween  r e g i o n s  and  i n  t h e  



latter case we would emphasize trade. The two cases are probably 

differentiable in terms of the sizes of the regions vis-a-vis 

rest-of-the-world demand. 

We retain the (implicit) small-but-competitive region example 

of the DT model. We do this for the sake of continuity and simpli- 

city. Also, we wish to highlight the demoeconomic effects and 

it makes no difference which case is studied to make that point. 

The next equation concerns the wage rate which, unlike DT, 

we chose to make partially endogenous. ~ h u s ,  

A time subscript is attached to the diagonal matrix tt be- 
cause its elements, representing each region's wage elasticity 

with respect to labor force participation rate (LFPR) are not 

taken as constants. It is hypothesized that the absolute value 

of each element Qit, which by the way has a negative sign, in- 

creases with the value of the beginning-of-the-period LFPR. Thus, 

supposing in addition that each region's labor force participation 
1 r rztc ciz tak2 GI-, 1 t - ranye of ( p  , ) where is a 

low enough LFPR so as to have no impact on wage rate change and p L  

is a high enough LFPR so as to have an infinite impact on wage 

rate change, we have: 
1 

or, in compact forn, 

where p is a diagonal matrix of the beginning-of-the period - t 
LFPR 

I is the two by two identity matrix - 
D is a diagonal matrix of coefficients. - 

The last equation of the first block relates a region's rate 

~f income growth to its rate of change in employment level. 



where (et) is the vector of regional employment growth rates, 

u - is a diagonal matrix of coefficients. 

Note, that the rationale for this equation is the availability 

of an economic variable directly comparable with a variable from 

the demographic side (labor force) to ensure the aforementioned 

consistency. 

The next block of the model describes the impact of economic 

forces on population growth through migration. The demographic 

model underlying this block is the so-called components-of-change 

model of population growth and distribution (Rogers, 1968). Thus, 

we have : 

where Nit is population in region i at time t, 

bi is region i l s  exogenous rate of natural increase 

m is the migraton rate from region i to the other it 
region in period (t, t + 1 ) . 

Rewritten, this relationship yields, 

as, in a more compact form: 

where (nt) is the vector of regional population growth rates 

P is the matrix - [-: -:I 
(b), and Nt are vector or matrix equivalents of previously 

defined variables. 

To assure a demoeconomic model, it is necessary to specify 

the way in which economic forces cause migration rates to change. 



We suggest that, 

That is, the migration rate out of each region is proportional 

to the attractiveness of the other region--measured by the part of 

the total population living in this region--and is related to the 

difference in the economic opportunities offered by the two regions. 

Note, that the index of regional economic opportunities used here 

is a slight variation of Todaro's probability that a migrant finds 

a job (Todaro, 1976) : it is the ratio of employment growth rate eit 

to the beginning-of-the-period unemployment rate uit.(The latter 

is defined below). 

Equation (9) can be rewritten in a more compact form as: 

where Nat is the total population of the system at time t, 

u and B are diagonal matrices of coefficients, - - 
Ut is the matrix of regional unemployment rates at time t. 

The last block of the model defines the labor force and un- 

employment variables. The first equation of this block posits 

a behavioral basis for the change in the LFPR 

in which xt is a diagonal matrix introducing further non-linearity 
into the model. It is hypothesized that the value of each 

element yit, which, by the way, has a negative sign, is smaller 

when the unemployment rate takes on extreme values, either low 

or high, and much larger for unemployment rate values intermediate 

between those extremes. We have, 



where u1 and ur a r e  t h e  ex t r eme  v a l u e s  o f  t h e  r a n g e  i n  which 

Ui t f a l l s ,  and ,  i n  more compact form,  

where A i s  a  d i a g o n a l  m a t r i x  o f  c o e f f i c i e n t s .  - 
The l a s t  e q u a t i o n  o f  t h i s  b l o c k  i s  t h e  f o l l o w i n g  r e l a t i o n -  

s h i p :  

o b t a i n e d  by d i f f e r e n t i a t i n g  ( l o g a r i t h m i c a l l y )  t h e  i d e n t i t y  r e l a t -  

i:lg employment l e v e l s  (Et)  and p o p u l a t i o n  l e v e l s  ( N t ) ,  

A s  shown i n  Appendix 2 ,  v a r i o u s  s u b s t i t u t i o n s  p e r m i t  one 

t o  r e d u c e  e a c h  o f  t h e  t h r e e  b l o c k s  of  t h e  s y s t e m  t o  a  s i n g l e  

e q u a t i o n  i n  t h r e e  v a r i a b l e s  (e t)  [ o r  ( g t )  1 , ( I t )  and ( n t ) .  

T h i s  l e a d s  t o  a s i m p l e  model of  t h r e e  e q u a t i o n s  i n  t h r e e  un- 

knowns t h a t  c a n  be a n a l y t i c a l l y  s o l v e d  i n  s p i t e  o f  t h e  non- 

l i n e a r i t i e s  i n t r o d u c e d  i n t o  t h e  model.  A s  a l s o  shown i n  

Appendix 2 ,  t h e  d e r i v a t i o n  of  t h e  r educed  form e q u a t i o n s  o f  t h e  

model i s  t r a c t a b l e  because  t h e  c o e f f i c i e n t s  o f  t h e  endogenous  v a r i -  

a b l e s  a r e  known v a r i a b l e s  ( e i t h e r  c o n s t a n t  o r  d e p e n d i n g  on lacjged 

v a r i a b l e s ) .  

I t  i s  c l e a r ,  f rom t h e s e  r e d u c e d  fo rm e q u a t i o n s ,  t h a t  t h e  

i n t r o d u c t i o n  o f  t h e  e q u a t i o n s  o f  p o p u l a t i o n  change  have  added 

d i f f e r e n c e  e q u a t i o n s  which make t h e  model much more dynamic 

t h a n  t h e  DT model.  A l s o ,  a  r a d i c a l  d e p a r t u r e  f rom l i n e a r i t y  h a s  

been  i n t r o d u c e d  i n  t h e  p r o c e s s .  W e  n o t e  a g a i n  t h a t  n o n - l i n e a r i t y  

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



SIMULATION OF THE MODEL 

From t h e  t h r e e  reduced form e q u a t i o n s  concern ing  ( e t ) ,  ( I t )  

and ( n t ) ,  it i s  e a s y  t o  deve lop  a  s i m u l a t i o n  of  t h e  t i m e  p a t h s  

of  t h e s e  v a r i a b l e s  and t h e n  of a l l  t h e  o t h e r  v a r i a b l e s .  So a s  t o  

be o f  maximal p o l i c y  i i i t e ~ e ~ i ,  ti l t .  s l i ~ ~ u l d t i o n  was conducted  f o r  

an h y p o t h e t i c a l  p a i r  of  r e g i o n s  where t h e  one i s  economica l ly  

advanced and t h e  o t h e r  i s  d e v e l o p i n g .  A s  a l r e a d y  ment ioned,  

t h e s e  are competing r e g i o n s ,  whose p r imary  t r a d e  i s  w i t h  t h e  

r e s t  of  t h e  wor ld .  

I t  w i l l  be  s e e n  t h a t  t h e  t i m e  p a t h s  o f  growth  ra te  changes  

t h a t  r e s u l t  f l u c t u a t e  ove r  p a t t e r n s  o f  convergence - and d i v e r -  

gence .  A s  s u g g e s t e d  a t  t h e  o u t s e t ,  s i n c e  n o n - l i n e a r i t i e s  and 

a m i g r a t i o n  r e s p o n s e  have been added t o  t h e  DT model we would n o t  

e x p e c t  a n y t h i n g  l i k e  s t e a d y s t a t e  growth r a t e s  and t h e  a s s o c i a t e d  

d i v e r g i n g  r e g i o n a l  income l e v e l s .  Though o u r  r e s u l t s  s imply  

i n d i c a t e  a  s i m u l a t i o n  r e s u l t ,  w e  nave based  t h e  s i m u l a t i o n  on 

r e a s o n a b l e  a s sumpt ions  and p a r s m e t e r  c h o i c e s .  I n  d e f e n d i n g  

t h i s  s o r t  of approach t o  model b u i l d i n g ,  Nelson and Winter  (1977) 

a s s e r t  t h a t ,  

S i m u l a t i o n  . . .  can  be  a  u s e f u l  a d j u n c t  t o  an a n a l y t i c a l  
approach.  I t  can  e s t a b l i s h ,  w i t h  t h e  same f i n a l i t y  
a s  a theorem,  t h e  l o g i c a l  c o n s i s t e n c y  o f  t h e  mode l ' s  
a s sumpt ions  w i t h  a  set  of  p r o p o r t i o n s  abou t  i t s  b e h a v i o r .  
And w h i l e  it o f f e r s  a  way around t h e  t r a c t a b i l i t y  con- 
s t r a i n t s  of a n a l y t i c  methods,  it imposes i t s  own con- 
s t r u c t i v e  d i s c i p l i n e  o f  modeling dynamic sys tems:  t h e  
program must c o n t a i n  a  comple te  s p e c i f i c a t i o n  of  how 
t h e  sys tem a t  t + 1 depends on t h a t  a t  t and exogenous 
f a c t o r s ,  o r  it w i l l  n o t  r u n .  

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

p r e c i s e l y  t h i s  p o i n t .  The problems c i t e d  w e r e  n o t  e v i d e n t  i n  t h e  

o r i g i n a l  DT model and o n l y  become a p p a r e n t  once t h e  long- te rm 

demoeconomic i n t e r a c t i o n s  w e r e  modeled and s i m u l a t e d .  

Our r e s u l t s ,  a s  i n d i c a t e d ,  f o l l o w  from d e f e n s i b l e  v a l u e s  of 

t h e  p a r a m e t e r s .  Tab le  1 p r o v i d e s  a  summary o f  t h e s e  v a l u e s .  llany 

o f  them a r e  s i m i l a r  i n  o r d e r  of magnitude t o  t h o s e  employed by DT. 

The e x p o r t  e l a s t i c i t y  w i t h  r e s p e c t  t o  r e g i o n a l  income growth  

i s  lower i n  t h e  d e v e l o p i n g  r e g i o n  ( r e g i o n  2 )  because  a  younger  



Table 1 .  Summary of  parameter  v a l u e s  and i n i t i a l  c o n d i t i o n s .  

Parameter Advanced Region Developing Region 
(Region 1) (Region 2) 

ELASTICITIES 

Elasticity of export growth wrt y i  = 0.60 y2 = 0.55 
income growth (1) 

Elasticity of population growth wrt 4: = 0.65 4: = 0.70 
income growth (1 ) 

Elasticity of labor force growth wrt 4; = 0.10 4: = 0.10 
income growth (1) 

Price Change elasticity wrt 
export growth (2) 

Elast.icity of world demand change wrt = E 6 1.10 
export growth (2) 1 z 

Elasticity of income growth wrt X = 0.50 X 2  = 0.70 
technological change (4) 

Elasticity of income growth wrt p l  = 0.30 p2 = 0.40 
employment growth (7) 

OTHER COEFFICIENTS 

Coefficient in determination of 
elasticity of labor force partici- dl = 3.00 d2 = 2.00 
pation rate change wrt wage rate 
change (6) 

Coefficients in determination of the a, = 0.0700 a2 = 0.0725 
migration rates (9) B l  = 0.25 B l  = 0.30 

Coefficient in determination of 
elasticity of unemployment rate change a1 = 6000 = 3000 
wrt labor force participation rate 
change (11) 

OTHER PAMETERS 

Price mark-up factor (3) 

Exogenous rate of technological 
change (4) 

Exogenous element of the wage growth 
rate (5) 

Rate of natural increase ( 8 )  b l  = 0.01 b z  = 0.013 

INITIAL CONDITIONS 

Initial population (in thousands) Nlo = 7,500 N 2 ~  = 2,500 

Initial unemployment rate ulo = 0.05 uzO = 0.035 

Initial labor force part. rate plo = 0.35 p z  ,, = 0.37 

NON-REGIONALIZED PARAMETERS 

Bounds on labor force part. rate (6) 

Bounds on unemployment rate (11) 

Rate of change of world demand (2) z = 0.04 



r e g i o n  i s  u s u a l l y  more t r a d e  d e p e n d e n t ,  c a u s i n g  s m a l l e r  i n t e r n a l  

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

p o p u l a t i o n  g rowth  w i t h  r e s p e c t  t o  income growth  i s  s l i g h t l y  

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

r e g i o n  h a s  g r e a t e r  (dynamic)  o p p o r t u n i t i e s  f o r  i m p o r t  

s u b s t i t u t i o n .  

A l l  p r i c e  e l a s t i c i t i e s  o r  e x p o r t  demand a r e  g r e a t e r ,  i n  

a b s o l u t e  v a l u e ,  t h a n  u n i t y .  I n  f a c i ,  DT invoke  v a l u e s  o f  1 . 5  

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

i n  t h e  e l a s t i c  p a r t  o f  t h e  demand c u r v e  rests o n  t h e  s m a l l  

r e g i o n  ( v i s - a - v i s  t h e  rest  o f  t h e  w o r l d )  a s s u m p t i o n :  a s  t h e  

r e g i o n ' s  e x p o r t  p r i c e  r lses by one  p e r c e n t ,  t h e  demand f o r  i t s  

e x p o r t s  f a l l s  by a b o u t  1 . 5  p e r r e n t  Y e t ,  s i n c e  t h e  c r o s s -  

e l a s t i c i t i e s  a r e  a l s o  e l a s t i c ,  this a s s u m p t i o n  must b e  t empered .  

S i n c e  any p r i c e  i n c r e a s e  1 s  m e t  by a  f a l l  i n  "own" demand and 

a n  a l m o s t  e q u i v a l e n t  r l se  i n  the  campe t ing  r e g i o n ' s  demand, w e  

have  t h e  c a s e  o f  c l o s e  s u b s t i t u t a b i l i t y  o f  t h e  e x p o r t ,  mos t  o f  

which  i s  s u p p l i e d  by t h e s e  two r e g i o n s .  

The n e x t  d i f f e r e n c e  I.n p a r a m e t e r  v a l u e s  i n v o l v e s  t h e  

e l a s t i c i t y  o f  w o r l d  denland cbanue  w i t h  r e s p e c t  t o  e x p o r t  g rowth .  

T h i s  p a r a m e t e r  i s  l a r g e r  f o r  t.he growing  r e g i o n ,  showing a 

g r e a t e r  o r i e n t a t i o n  t o  e x t e r n a l  demand. A l s o ,  r e g i o n a l  g rowth  

. h a s  a  s t r o n g e r  e f f e c t  on i n d u c e d  i n n o v a t i o n  i n  t h e  younge r  

r e g i o n  which h a s  f a r  less  d u r & b l e  c a p i t a l  t o  d e p r e c i a t e  b e f o r e  

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

Employment g rowth  is  more s e n s i t i v e  t o  economic deve lopment  

i n  r e g i o n  t w o  ( k t Z  > u.,) s i n c e  i t  i s  e n t i r e l y  p l a u s i b l e  t h a t  

g rowth  i n  t h a t  r e g i o n  would inc l -ude  l a b o r  i n t e n s i v e  p r o c e s s e s .  

The c o e f f i c i e n t  d i  i r ,  e q ~ a t i o r :  ( 6  3 h a s  a  g r e a t e r  v a l u e  f o r  

t h e  advanced  r e g i o n .  T h i s  means t h a t  t h e  e l a s t i c i t y  of wage 

r a t e  change  w i t h  r e s p e c t  t o  l a b o r  force p a r t i c i p a t i o n  r a t e  

change  i s  more s e n s i t i v e  t o  f l u c t u a t i o n s  i n  t h e  l e v e l s  o f  t h e  

LFPR i n  t h e  advanced  r e g i o n .  A t  t h e  same t i m e ,  m a r k e t  i n s t i -  

t u t i o n s  i n  t h e  advanced  economy may be  more d e v e l o p e d ,  p e r m i t t i n g  

g r e a t e r  s c o p e  i n  t h e s e  wage a d j u s t m e n t s  o r  less  wage r i g i d i t y  

t h a n  i n  t h e  t r a d i t i o n a l  b u t  emerg ing  r e g i o n .  P e r h a p s  t h e  mos t  



impor tan t  of t h e s e  i n s t i t u t i o n a l  d i f f e r e n c e s  i s  i n  i n f o r m a t i o n  

channe l s  t h a t  u n d e r l i e  t h e  l a b o r  market  and a i d  t h e  job s e a r c h  

p r o c e s s .  

The o u t m i g r a t i o n  r a t e s  from t h e  deve lop ing  r e g i o n  a r e  

though t  t o  be s l i g h t l y  more s e n s i t i v e  t o  economic c o n d i t i o n s  

s i n c e  t h e  younger p o p u l a t i o n  of t h a t  r e g i o n  i s  probably  made 

up of more economic o p p o r t u n i t y  s e e k e r s .  Thus,  a2  ' and 

Turning t o  e q u a t i o n  ( 1 1 ) ,  t h e  c o e f f i c i e n t  a i  i s  s i g n i f i c a n t l y  

l a r g e r  f o r  t h e  f i r s t  r e g i o n .  T h i s  i s  because  t h e  l a b o r  f o r c e  

p a r t i c i p a t i o n  r a t e  v a r i e s  more i n  a  r e g i o n  where p e n s i o n s  and 

o t h e r  non- labor  incomes a r e  p o s s i b l e .  I n  o t h e r  words, t h e  more 

advanced r e g i o n  i s  though t  t o  have a  s o c i a l  s e r v i c e  a p p a r a t u s  

which makes l e a v i n g  t h e  l a b o r  f o r c e  more p l a u s i b l e .  

The r a t e  of  n a t u r a l  i n c r e a s e  i s ,  o f  c o u r s e ,  s l i g h t l y  

l a r g e r  i n  t h e  d e v e l o p i n g  r e g i o n  w i t h  i t s  younger p o p u l a t i o n .  

The remaining r e g i o n a l  pa ramete r s  a r e  common t o  t h e  two r e g i o n s .  

Turning t o  t h e  i n i t i a l  c o n d i t i o n s ,  t h e  o l d e r  r e g i o n  h a s  

t h r e e  t i m e s  t h e  p o p u l a t i o n  of t h e  deve lop ing  r e g i o n .  I t s  i n i t i a l  

unemployment r a t e  is  l a r g e r  and i t s  l a b o r  f o r c e  p a r t i c i p a t i o n  

r a t e  i s  lower f o r  t h e  reason  t h a t  i t s  p o p u l a t i o n  c o n t a i n s  more 

o l d e r  people .  The bounds on t h e  l a b o r  f o r c e  p a r t i c i p a t i o n  and 

unemployment r a t e s  used i n  t h e  f o r m u l a t i o n  of t h e  n o n l i n e a r  

e q u a t i o n s  ( 6 )  and (11)  a r e  t h e  same i n  t h e  two r e g i o n s .  

F i n a l l y ,  t h e  r a t e  of change of world demand which d r i v e s  t h e  

model i s  t a k e n  e q u a l  t o  4 p e r c e n t ,  a s  i n  t h e  DT model. R e s u l t s  

of t h e  s i m u l a t i o n s  a r e  shown i n  Tables 2 ,  3 and 4 . *  I n  d i s -  

c u s s i n g  t h e s e  r e s u l t s  of t h e  s i m u l a t i o n ,  it i s  d i f f i c u l t  t o  

i d e n t i f y  s imple  c a u s e  and e f f e c t  r e l a t i o n s h i p s  because  of t h e  

l a r g e  number of s e c o n d ~ r d e r  e f f e c t s .  Most i m p o r t a n t  among t h e s e  

a r e  t h e  i n t e r r e g i o n a l  feedback e f f e c t s .  Also ,  s i n c e  m i g r a t i o n  

and p o p u l a t i o n  l e v e l s  appear  a s  independent  a s  w e l l  a s  dependent  

v a r i a b l e s  th roughou t  t h e  model, i t  i s  a lmost  i m p o s s i b l e  t o  

* A d d i t i o n a l  s i m u l a t i o n  r e s u l t s  a r e  shown i n  Appendix 1 .  
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Table va r i ab les .  

N E T  

7 . 1  
5 . 4  
4,0 
2.9 
1.9 
I, 1 
u , 4  

-0.2 
- 0 , s  
- 1 . 3  
-1.8 
-2.2 
-2,6 
- 3 . 0  
- 3 . 3  
- 4 . 7  
-5.7 
-6.5 
-7.2 
-7,7 
-8.1 
-8,s 
- 8 . 9  
-9,2 
-9.4 
-9.6 
-9.8 
.9,9 
-9.9 

-18.0 
- r 9 , 9  

-9.9 
-9.5 
-9.0 

- -8,l 
rb.9 
.s,3 
-3.2 
-9.5 
3.0 
7.5 
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i s o l a t e  t h e  c a u s a l  i n f l u e n c e s  on n e t  m i g r a t o r y  f l o w s ;  w h i l e  

m i g r a t i o n  i s  r e s p o n d i n g  t o  economic c o n d i t i o n s ,  i t  i s  a l s o  

f o s t e r i n g  many o f  them. 

Y e t ,  it i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  model d o e s  g e n e r a t e  

o s c i l l a t i o n s  i n  many o f  t h e  i m p o r t a n t  g rowth  r a t e s  ( s u c h  a s  o u t p u t ,  

employment and p o p u l a t i o n ) .  The same a p p l i e s  t o  t h e  growth  rates 

o f  t h e  l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e  which p e a k s  i n  t h e  f i r s t  

r e g i o n  between t h e  f i f t h  and  t h e  e l e v e n t h  t i m e  p e r i o d s  w h i l e  

h i t t i n g  lows i n  r e g i o n  two between 7 5  and  9 0 ,  and a g a i n  a t  t h e  

end  o f  t h e  s i m u l a t i o n .  

T a b l e  3 shows t h a t  t h e  a c t u a l  l a b o r  f o r c e  p a z t i c i p a t i c ) r l  and 

unemployment r a t e  l e v e l s  f o r  r e g i o n  two o s c i l l a t e .  Moreover ,  

b o t h  r e g i o n s '  rates s t a y  w i t h i n  r a n g e s  o f  v a l u e s  which a r e  

e n t i r e l y  r e a s o n a b l e  and a l s o  c o n s i s t e n t .  Thus,  a l t h o u g h  w e  see, 

from T a b l e  2 ,  t h a t  a c t u a l  l e v e l s  o f  p o p u l a t i o n ,  employment and 

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

unemployment r a t e s  d o  n o t  t a k e  on i m p l a u s i b l e  v a l u e s .  

N e t  m i g r a t i o n  o s c i l l a t e s  t o o .  I n i t i a l l y ,  t h e r e  e x i s t s  

a  n e t  f l o w  of  m i g r a n t s  f rom t h e  advanced  t o  t h e  d e v e l o p i n g  

r e g i o n  i n  which employment o p p o r t u n i t i e s  w e r e  b e t t e r  ( h i g h e r  

employment g rowth ,  l ower  unemployment r a t e )  . But a s  employrnerit 

o p p o r t u n i t i e s  worsen  i n  t h e  d e v e l o p i n g  r e g i o n ,  t h i s  f l o w  t e n d s  

t o  d i m i n i s h  l e a d i n g  t o  a  r e v e r s a l  i n  t h e  d i r e c t i o n  of  t h e  n e t  

f l o w  o f  m i g r a n t s  between t h e  two r e g i o n s .  B u t ,  toward  t h e  end 

of  t h e  s i m u l a t i o n ,  t h e  d e v e l o p i n g  r e g i o n  r e g a i n s  a  b e t t e r  po- 

s i t i o n  and  t h e  d i r e c t i o n  o f  t h e  n e t  m i g r a t i o n  f l o w  i s  once  

more r e v e r s e d .  

To see how t h e  d i r e c t i o n  o f  t h e  n e t  f l o w  o f  m i g r a n t s  depends  

on  t h e  r e l a t i v e  economic c o n d i t i o n s  o f  b o t h  r e g i o n s ,  w e  c a n ,  

f rom e q u a t i o n  ( 9 ) ,  f o r m u l a t e  a n  e x p r e s s i o n  f o r  t h e  n e t  m i g r a t o r y  

f l o w  from r e g i o n  1 t o  r e g i o n  2.  S u b s t i t u t i n g  ( 9 )  i n t o  t h e  i d e n t i t y  

RVETt = mitNit - m j t N j t  l e a d s  t o  



Thus, there is a net flow of migrants from the advanced 

region to the developing region as long as the difference bet- 

ween the two regional indices appearing in (9a) remains higher 
a .-a 

-J i than aiBi-a. 6 , i.e., 0 .064  (see the last two columns of Table 
I j 

4  for a confirmation of the result). Yet, it must be recalled, 

that through its effect on regional population growth and through 

that effect on regions1 output growth (equation I ) ,  we have a 

more complex situation than (9a) might imply. In fact, as we 

have seen, the oscillation of net migration is a response to, 

as well as a cause of, other fluctuations. 

The main point suggested by this simulation is, then, that 

the two regions' growth rates are induced to also fluctuate, 

ruling out the possibility of evermore income divergence over 

the 10i1y run. *i'hus, tne demoeconomic extension of the DT model 

has been the impetus for a non-linear approach which, in turn, 

has released us from the implausible inexorable income divergence 

of the DT model. 

ADVANTAGES AND DISADVANTAGES OF THR DEMOECONOMIC APPROACH - 

In compiling a ledger on the demoeconomic approach, we note 

immediately that linearity and tractable reduced form results, 

as obtained by DT, are unlikely. On the benefit side, a more 

believable result is obtained. That is, we should not expect 

any two regions to settle on steady state growth rates over the 

long term - and our demoeconomic model shows that this will not 

occur. We have seen that demoeconomics obviates much of the 

linearity of the DT model. This is so because steady state 

growth of employment and population could distort the labor force 

participation rate which is often defined in the model as a 

residual quantity . By forcing us to reconsider linearity or 

to respecify labor force participation, the demoeconomic 

approach aids in model building. As usual, we pay for an incre- 

ment in realism by surrendering an amount of simplicity. 



I n  a d d i t i o n ,  t h e  i n c l u s i o n  of a  t r a n s i t i o n  m a t r i x  f r ~ m  

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

e q u a t i o n s ;  any demoeconomic model would have t o  b e  dynamic.  

T h i s  i s  s u r e l y  a  b e n e f i t  a s  i s  t h e  n o t i o n  t h a t ,  r a t h e r  t h a n  

t a k i n g  m i g r a t i o n  r a t e s  a s  f i x e d ,  w e  make them endogenous.  I n  

f a c t ,  t h e  model a l l o w s  u s  t o  o b s e r v e  how m i g r a t i o n  r a t e s  and 

l a b o r  f o r c e  p a r t i c i p a t i o n  rates i n t e r a c t  w i t h  e a c h  o t h e r  and w i t h  

unemployment rates.  T h i s  a l l o w s  f o r  a  s u p e r i o r  a n a l y s i s  o f  l a b o r  

m a r k e t s  ( it  makes them s p a t i a l )  and  j o b  s e a r c h .  

The model d i d  n o t  d e a l  i n  terms o f  a n  age - sex  s p e c i f i c  

breakdown of c o h o r t s ,  and w e  d i d  n o t  model t h e  e f f e c t  t h d t  changes  

i n  t h e  a g e  compos i ton  would have  on t h e  economic v a r i a b l e s .  T h a t  

would be  t h e  o b v i o u s  n e x t  s t e p .  The p o p u l a t i o n  d o e s  age  i n -  

e x o r a b l y  and  t h i s  momentum h a s  w e l l  known economic consequences .  

I n  f a c t ,  t h e  demoeconomic app roach  a l s o  h a s  t h e  p o t e n t i a l  f o r  

i n t r o d u c i n g  age-sex  d e t a i l  i n t o  r e g i o n a l  economics .  J u s t  a s  

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

model r e s u l t s ,  s o  o u g h t  t h e y  t o  v a l u e  demographic  d e t a i l .  F o r  

example ,  s u c h  d e t a i l  c an  g i v e  p o l i c y  makers  some i d e a  o f  how 

f o r m i d a b l e  a  t a s k  r e g i o n a l  deve lopment  o r  r e v i v a l  a r e  l i k e l y  t o  

be  i n  s p e c i f i c  r e g i o n s .  

F i n a l l y ,  by t h e  p r o p e r  c h o i c e  o f  r e g i o n s ,  even  t h e  param- 

e te rs  of n a t u r a l  p o p u l a t i o n  growth  can  b e  made endogenous .  What 

t h i s  means is  t h a t  s i n c e  t h e  demographic  t r a n s i t i o n  seems t o  he 

a  f u n c t i o n  of u r b a n i z a t i o n  and  s i n c e  u r b a n i z a t i o n  i s  endogenous 

i n  a  demoeconomic model which  happens  t o  d e a l  w i t h  an  u r b a n  and 

r u r a l  r e g i o n  (or  r e g i o n s ) ,  t h e  n a t u r a l  r a t e  o f  i n c r e a s e  c o u l d  b e  

made endogenous.  

A l l  o f  t h i s  a p p e a r s  t o  b e  a n  i m p o r t a n t  b r e a k  w i t h  t h e  s o r t  

o f  r e g i o n a l  mode l ing  t h a t  h a s  been done h e r e t o f o r e .  W e  hope 

t h a t  t h e  n e x t  f e w  y e a r s  w i l l  w i t n e s s  i n c r e a s i n g  i n t e r e s t  i n  

r e q i o n a l  and i n t e r r e g i o n a l  demoeconomics. 
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Appendix 1. Annual growth rates of other economic variables. 

X  r: E X P 0 ; i T  G R S v T l i  R d T E  
P 8 P R I C E  G h O d T I i  H A T E  
f? 8 I V V f l V A T I O Y  G R n v l T Y  S A T E  
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Appendix 2. Derivation of the solution of the model. 

Combining equations (1) through (7) of the first block leads to: 

in which E - = [I + rnhl p-' 
.., - - -  - 

(h) = rn[ (-1) + (w) - (E) + zE(i) 1 . - - - 
In the second block [equations (8 " ) and (9 ' )  , by substi- 

tuting (9') in (8"), we have 

- - 1 - 1  - 1 
in which ;Tt NT; Nt PN aN @Put --t--t--"- 

Finally, the third block [equations (1 0 )  , ( 1  1 ' )  and (12) 1 

yields 

in which 
r 1 -1 -1 . 

= I - [Vt - u I) (Ut - u I) A !t - - -" - -" 

Thus, our demoeconomic model reduces to a three-equation system 

in three unknowns such that the coefficients of the endogenous 

variables are known in each period: they are either constant 

(independent of time) or depend on lagged variables. Then, by 

combining (A1 ) through (A3) , it is simple to obtain the three 
reduced form equations of the model concerning (et) , (nt) and 



(et) = E - [- - G M - ~  (I - 2t)] -' [(hi + (I? FJt -t-t - - 



P a p e r s  o f  t h e  P o p u l a t i o n ,  Resources  and  Growth S tudy  

1 .  Nathan K e y f i t z ,  Understanding World Models, RM-77-18. 

2 .  Andre i  Roge r s ,  Migration, Urbanization, Resources, and 
Development, RR-77-14. 

3. Roman Ku l ikowsk i ,  Optimization of Rural-Urban Development 
and Migration, RM-77-41. 

4 .  F r a n s  W i l l e k e n s ,  Spatial Population Growth in Developing 
Countries: With a Special Emphasis on ihe Impuct cf 
Agriculture, i n t e r n a l  work ing  p*per ,  1977,  f o r t h c o m i n g  
a s  a  R e s e a r c h  R e p o r t .  

5 .  Henry Rempel, The Role of Rural-Urban Migration in the 
Urbanization and Ecorzomic Development Occurring in 
Kenya, RM-78-12. 

6 .  A l l e n  K e l l e y  and  C .  S w a r t z ,  The Impact of Family Structure 
on Household Decision Making in Developing Countries: 
A Case Study in Urban Kenya, i n t e r n a l  IIASA working  
p a p e r ,  WP-78-18, p u b l i s h e d  i n  t h e  P r o c e e d i n g s  o f  t h e  
IUSSP C o n f e r e n c e  on Economic and Demographic C&ange: 
Issues for the 19801s, 1978.  

7 .  Donaldo C o l o s i o ,  L u i s  J .  C a s t r o ,  and  A n d r e i  Roge r s ,  
Migration, Urbanization, and Deve lopment: A Case 
Study of Mexzco, i n t e r n a l  work ing  p a p e r ,  f o r t h c o m i n g  
a s  a  Resea rch  Memorandum. 

8 .  C l a r k  W .  Reyno lds ,  A Shift-Share Analysis of Regional 
and Sectoral Productivity Growth in Mexico Since 
1940: The Narrowing Dimensions of Policy Space, 
f o r t h c o m i n g .  

9.  Mahendra Shah and  F r a n s  W i l l e k e n s ,  Rural-Urban Population 
Projections for Kenya and Implications for Development, 
RM-78-00, I n s t i t u t e  f o r  A p p l i e d  Sys tems  A n a l y s i s ,  
Laxenburg ,  A u s t r i a ,  f o r t h c o m i n g .  


