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ABSTRACT 

This  paper  c o n t a i n s  t h e  f i r s t  r e s u l t s  o f  a  comparat ive s tudy  
of m u l t i r e g i o n a l  models. I t  d e a l s  w i t h  t h e  c a u s a l i t y  s t r u c t u r e  
o f  m u l t i r e g i o n a l  models. W e  focus  o u r  a t t e n t i o n  on: 

1 .  The r e l a t i o n s h i p  between n a t i o n a l  p roduc t ion  
and r e g i o n a l  p roduc t ion  ("top-down" ve r su s  
"bottom-up" ) 

2. The measure i n  which r e g i o n a l  p roduc t ion  is  
determined by v a r i a b l e s  from t h e  demand s i d e  
o r  from t h e  supply  s i d e .  

The i r  d i s t i n c t i o n s  enab l e s  one t o  fo rmula te  a  c e r t a i n  c l a s -  
s i f i c a t i o n  of  m u l t i r e g i o n a l  models. The main p a r t  o f  t h e  paper  
i s  devoted t o  a  d e s c r i p t i o n  and e v a l u a t i o n  of an  example of  each 
model c l a s s .  The fo l lowing  models a r e  p r e sen t ed :  

CANDIDE-R (Canada),  REMA (Belgium) , BALAMO (Japan) 
MORSE (Sweden), NRIES (U.S.A.) and a  model b u i l t  by 
Fukuchi (Japan)  . 
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1 .  INTRODUCTION 

This  paper  c o n t a i n s  t h e  f i r s t  r e s u l t s  of  a  compara t ive  

s tudy concerning m u l t i r e g i o n a l  economic models,  a t  p r e s e n t  

be ing  c a r r i e d  o u t  a t  IIASA, Laxenburg, and t h e  Free  Univer- 

s i t y ,  Amsterdam. For a  d e s c r i p t i o n  o f  t h e  aims o f  t h e  s tudy  

w e  r e f e r  t o  Nijkamp and R i e t v e l d  [.19801. The purpose  o f  t h e  

p r e s e n t  paper  i s  t o  t r e a t  a  l i m i t e d  number o f  c l a s s e s  of  

m u l t i r e g i o n a l  models t o  ach ieve  a  c e r t a i n  o r d e r  i n  t h e  m u l t i -  

tude  o f  models which have been developed t h u s  f a r .  

A s  i n d i c a t e d  i n  Nijkamp and R i e t v e l d  [1980] ,  m u l t i r e -  

g i o n a l  models can  b e  d i s t i n g u i s h e d  accord ing  t o  many f e a t u r e s  

such as :  t h e  boundar ies  of  a  model, t h e  e lements  d e s c r i b e d  

by a  model, t h e  r e l a t i o n s h i p s  between t h e  e lements  a id modes 

o f  u s i n g  a  model. I n  t h i s  paper  w e  w i l l  d e a l  w i t h  t h e  c a u s a l  

s t r u c t u r e  of  t h e  models. W e  w i l l  focus  on two a s p e c t s  o f  t h e  

c a u s a l  s t r u c t u r e :  

1 .  The r e l a t i o n s h i p  between n a t i o n a l  v a r i a b l e s  and t h e  

cor respond ing  r e g i o n a l  v a r i a b l e s .  Th i s  r e l a t i o n s h i p  

may have a  "bottom-up", a  "top-down" o r  a  mixed char-  

a c t e r  ( e s p e c i a l l y  i n  a  dynamic model). 
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Table  1 .  S i x  t y p e s  o f  m u l t i r e g i o n a l  models. 

Top-down Bottom-up 
approach. approach 

supp ly  o r i e n t a t i o n  S e c t i o n  3 S e c t i o n  6 
CANDIDE-R MORSE 

S e c t i o n  4 S e c t i o n  7 demand o r i e n t a t i o n  
RENA NRIES 

mixed o r i e n t a t i o n  S e c t i o n  5 S e c t i o n  8 
BALAMO FUKUCHI 

2 .  The r e l a t i o n s h i p  between f i n a l  demand, r e g i o n a l  pro- 

d u c t i o n ,  and t h e  supp ly  of  p roduc t ion  f a c t o r s .  I n  

t h i s  r e s p e c t  models may e x h i b i t  a  "supply  o r i e n t a t i o n , "  

a  "demand o r i e n t a t i o n "  o r  a  mixed supply-demand o r i e n -  

t a t i o n .  

I n  S e c t i o n  2 t h e s e  t e r m s  w i l l  be  p rov ided  w i t h  a  p r e c i s e  

meaning. I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e s e  d i s t i n c t i o n s  a r e  

n o t  o n l y  r e l e v a n t  f o r  t h e  formal  s t r u c t u r e  o f  t h e  model b u t  

a l s o  f o r  t h e  t y p e  o f  p o l i c y  which may be s u g g e s t e d  by t h e  model. 

For example, i n  a  top-down s t r u c t u r e  where r e g i o n a l  p roduc t  i s  

c o n s t r a i n e d  by t h e  r e g i o n a l  supp ly  o f  p roduc t ion  f a c t o r s ,  a  

n a t i o n a l  s t i m u l a t i o n  of  f i n a l  demand may g i v e  rise t o  i n f l a t i o n a r y  

p r e s s u r e  i n  r e g i o n s  w i t h  t i g h t  f a c t o r  markets .  Obviously,  a  

p o l i c y  a iming a t r e g i o n a l  growth s h o u l d  d i f f e r e n t i a t e  between t h e  

r e g i o n s  a c c o r d i n g  t o  t h e  t i g h t n e s s  o f  t h e  f a c t o r  marke t s .  Accor- 

d i n g  t o  t h e  two a s p e c t s  d i s t i n q u i s h e d  above w e  would a r r i v e  a t  a  

series o f  n i n e  t y p e s  o f  m u l t i r e g i o n a l  models.  I n  t h e  p r e s e n t  

paper  w e  w i l l  f ocus  on s i x  o f  them (see Table  1 ) .  I n  a  f u t u r e  

paper  more a t t e n t i o n  w i l l  be p a i d  t o  t h e  d e l e t e d  column of mixed 

bottom-up/top-down models. 

I n  S e c t i o n s  3-8 w e  w i l l  p r e s e n t  an  example o f  t h e  v a r i o u s  

t y p e s  o f  models. I n  each  ce l l  o f  Tab le  1 t h e  p e r t a i n i n g  s e c t i o n  

and t h e  name o f  t h e  model ( o r  t h e  name o f  t h e  model -bui lder)  have 

been mentioned. The formal  p r e s e n t a t i o n  o f  t h e  c a u s a l i t y  s t r u c -  

t u r e  o f  t h e  s i x  models can be found i n  t h e  Appendix. S e c t i o n  9 

w i l l  be devoted  t o  an  e v a l u a t i o n  o f  t h e  models. 



2 .  CLARIFICATION OF CONCEPTS 

I n  t h i s  s e c t i o n  t h e  terms top-down approach ,  bottom-up 

approach,  supp ly  o r i e n t a t i o n ,  and demand o r i e n t a t i o n  w i l l  be  

c l a r i f i e d  by means o f  an  a n a l y s i s  o f  t h e  c a u s a l  s t r u c t u r e  of  

models.  

Cons ide r  t h e  f o l l o w i n g  l i n e a r  model: 

where yt i s  a  v e c t o r  w i t h  I endogenous v a r i a b l e s ,  yt-T i s  a  - - 
v e c t o r  w i t h  I l a g g e d  endogenous v a r i a b l e s ,  and - z i s  a  v e c t o r  

w i t h  N exogenous v a r i a b l e s .  A o ,  B ,  and C a r e  m a t r i c e s  o f  

o r d e r  ( I  x  I )  , ( I  x  I1 ) , and ( I  x  N )  , r e s p e c t i v e l y .  According 

t o  Simon [1953] ,  t h e  c a u s a l  s t r u c t u r e  o f  t h i s  model i s  d e f i n e d  

by t h e  form o f  t h e  m a t r i x  A. (see a l s o  Fox, Sengupta ,  and 

Thorbecke [ 1 9 6 6 ] ) .  The model i s  c o m p l e t e l y  r e c u r s i v e  when A. 

i s  s t r i c t l y  t r i a n g u l a r  m a t r i x .  I n  t h a t  c a s e ,  t h e  f i r s t  endog- 

enous v a r i a b l e  c a n  be  de te rmined  by t h e  f i r s t  e q u a t i o n  i n  ( 2 . 1 ) .  

Given t h e  v a l u e  o f  t h e  f i r s t  endoqenous v a r i a b l e ,  t h e  second 

e q u a t i o n  i n  ( 2 . 1 )  can  be used t o  de te rmine  t h e  v a l u e  o f  t h e  

second endogenous v a r i a b l e ,  e tc .  I n  r e c u r s i v e  models it i s  

meaningful  t o  s a y  t h a t  t h e  endogenous v a r i a b l e  yi i s  caused  by 

t h e  p r e c e d i n g  endogenous v a r i a b l e s  ( a s  w e l l  a s  by l agged  endog- 

enous and exogenous v a r i a b l e s )  . 



S t r i c t l y  t r i a n g u l a r i t y  o f  t h e  A. m a t r i x  i s  a  s t r o n g  assump- 

t i o n  i n  may c a s e s .  There fo re ,  Simon [I9531 a l s o  c o n s i d e r s  b lock 

t r i a n g u l a r i t y .  

where A l l ,  A 2 2 ,  and A33 a r e  square  m a t r i c e s .  I n  t h i s  c a s e  t h e  

endogenous v a r i a b l e s  c o n t a i n e d  i n  y  can o n l y  be de termined i n  1  t 
a  s imul taneous  way. The n o t i o n  o f - c a u s a l  o r d e r i n g  can  be  main- 

t a i n e d ,  however, s i n c e  f o r  (2 .2 )  it can be s a i d  t h a t  t h e  e lements  

of  y2t a r e  caused by t h e  e lements  of  y l t ,  e tc .  - - 
So f a r  w e  have d i s c u s s e d  on ly  c a u s a l  l i n k s  i n  l i n e a r  

models. I t  a p p e a r s  t o  be e a s y  t o  e x t e n d  t h i s  a n a l y s i s  t o  non- 

l i n e a r  models. Consider  t h e  fo l lowing  series of e q u a t i o n s :  

where t h e  arguments of  t h e  I f u n c t i o n s  have t h e  same meaning a s  

i n  2 . 1  . L e t  bii = 1  when t h e  v a r i a b l e  y  p l a y s  a  r o l e  i n  f i  i t  
and bii = 0 when c h i s  v a r i a b l e  does n o t  play a  r o l e  i n  f i .  Then 

d 

t h e  b i j  form t o g e t h e r  a n  I x  I maf r ix  Bo. A model i s  a  s i m u l t a -  

neous e q u a t i o n  model when B canno t  be p a r t i t i o n e d  i n  a  b lock  0 
t r i a n g u l a r  ma t r ix .  When Bo can be p a r t i t i o n e d  i n  t h a t  way: 



it i s  meaningful t o  say  t h a t  t h e  e lements  of  y2t a r e  caused by - 
Yl t t  etc .  
- 

An impor tan t  t o p i c  i n  m u l t i r e g i o n a l  modeling i s  whether  a  

top-down approach o r  a  bottom-up approach should  be adopted.  

For arguments p r o  and c o n t r a  w e  r e f e r  t o  Courbis  [19801 and 

Nijkamp and R ie tve ld  [ 19801 . 
r I n  a  top-down approach t h e  r e g i o n a l  v a r i a b l e s  x 

( r  = 1 ,  ... R )  co r responding  w i t h  t h e  n a t i o n a l  v a r i a b l e  x a r e  

determined by r e p a r t i t i o n i n g  t h e  n a t i o n a l  v a r i a b l e  which i s  
1 

assumed t o  be known : 

where cr i s  a  f u n c t i o n  depending on n a t i o n a l  v a r i a b l e s  vm and 
r v a r i a b l e s  p e r t a i n i n g  t o  r eg ion  r and o t h e r  r eg ions  wn,  W:'. 

I n  o r d e r  t o  en su re  cons i s t ency  between n a t i o n a l  and r e g i o n a l  
r v a r i a b l e s ,  t h e  f u n c t i o n s  c shou ld  s a t i s f y 2  : 

The f u n c t i o n  cr may have many forms. A s p e c i a l  c a s e  arises when 

t h e  f u n c t i o n  i s  a  c o n s t a n t .  Th i s  would mean t h a t  t h e  r e p a r t i -  

t i o n i n g  is f i x e d  and does  n o t  depend on t h e  va lue s  o f  o t h e r  

n a t i o n a l  o r  r e g i o n a l  v a r i a b l e s  ( c f .  dtAmours, F o r t i n ,  and 

Simard [19791) .  

The c a u s a l  o r d e r i n g  impl ied  by a  top-down a p p r o a - h  can be 

r e p r e s e n t e d  a s  fo l lows :  



where B22 is poss ib ly  a  diagonal  matr ix .  I n  (2 .7)  t h e  n a t i o n a l  
r 

v a r i a b l e  x  causes  t h e  reg iona l  v a r i a b l e s  x  . Note t h a t  (2 .7)  

does no t  descr ibe  t h e  r e l a t i o n s h i p s  between t h e  complete s e t  

of endogenous v a r i a b l e s .  I f  t h a t  would be done i t  i s  n o t  impos- 

s i b l e  that-via o t h e r  endogenous variables-there i s  a  feedback 
r from the  x on x. Obviously, such a  feedback i s  absen t  when t h e  

model i s  a  pure top-down model, which means t h a t  - a l l  r eg iona l  

v a r i a b l e s  a r e  ob ta ined  by r e p a r t i t i o n i n g  n a t i o n a l  v a r i a b l e s .  

In  a  bottom-up approach t h e  v a r i a b l e s  a r e  f i r s t  determined 

a t  t h e  r eg iona l  l e v e l :  

3 r where vm i s  a  n a t i o n a l  v a r i a b l e  and wn, w i g  a r e  v a r i a b l e s  

p e r t a i n i n g  t o  reg ions  r and r ' ,  r e spec t ive ly .  The corresponding 

n a t i o n a l  v a r i a b l e  i s  found by adding up t h e  r eg iona l  va lues :  

The causa l  o rde r ing  fol lowing from a  bottom-up approach can 

be represen ted  by: 

where B 1 ,  is an I x  I mat r ix  which may be a  diagonal  mat r ix  bu t  

which may a l s o  a t t a i n  more complex forms. Given (2.10) w e  may 

say t h a t  t h e  n a t i o n a l  v a r i a b l e  i s  caused by t h e  r eg iona l  ones. 

Some mul t i r eg iona l  models a r e  pure bottom-up o r  pure top- 

down models: they con ta in  exc lus ive ly  bottom-up o r  top-down 

r e l a t i o n s h i p s  between v a r i a b l e s ,  r e s p e c t i v e l y .  There a r e  a l s o  

models us ing a  top-down approach f o r  some v a r i a b l e s  and a  bottom- 

up approach f o r  o t h e r  v a r i a b l e s ,  however. These models a r e  

c a l l e d :  reg iona l -na t iona l  models ( c f .  Courbis [I9801 and Nijkamp 



and Rietveld  [I9801 ) . I n  t h e  presen t  paper we w i l l  focus our  

a t t e n t i o n  on t h e  r e l a t i o n s h i p  between r eg iona l  production and 

n a t i o n a l  production.  Consequently, one must be aware t h a t  when 

we speak of a  top-down approach t o  r eg iona l  product ion t h i s  does 

no t  mean t o  say t h a t  t h e  p e r t a i n i n g  model i s  a  pure top-down 

model. 

A mixed approach a s  a  v a r i a b l e  a r i s e s  when on t h e  one hand 

t h e  n a t i o n a l  v a r i a b l e  i s  determined by t h e  r eg iona l  v a r i a b l e  

while on t h e  o t h e r  hand t h e  reg iona l  v a r i a b l e  i s  determined by 

t h e  n a t i o n a l  v a r i a b l e .  

An example of t h i s  approach a r i s e s  when (2 .8)  and 2.9) a r e  

w r i t t e n  a s  a  dynamic model: 

which impl ies  t h a t  x: is caused by x ~ - ~ ~  while xt i s  caused by 
r 

X t '  

r Another example a r i s e s  when we i n t e r p r e t  x  a s  r eg iona l  

production which i s  t h e  sum of t h e  r eg iona l  product ion i n  var ious  

economic s e c t o r s .  For some s e c t o r s  ( e . g . ,  n a t i o n a l  s e c t o r s )  a  

top-down approach may be adopted: 

r where xi and xi denote t h e  reg iona l  and n a t i o n a l  product ion 

colume i n  s e c t o r  i f  re spec t ive ly .  For o t h e r  s e c t o r s  (e .g . ,  

r eg iona l  s e c t o r s )  a  bottom-up approach may be more appropr ia te :  



Hence we f i n d  t h a t  on t h e  one hand xf i s  caused by xi, whi le  on 

t h e  o t h e r  hand x  i s  caused by xr 
j 1' 

We t u r n  now t o  t h e  c l a r i f i c a t i o n  of  t h e  terms r e l a t e d  t o  

t h e  predominance of demand o r  supply i n  determining r eg iona l  

production.  A model i s  demand o r i e n t e d  when t h e  volume of 

product ion f a c t o r s  i s  determined by t h e  volume o f  r eg iona l  pro- 

duct ion.  

A simple example of a  demand o r i e n t e d  model i s  t h e  fo l -  

lowing model: 

where: Y' = r eg iona l  product  

cr = r eg iona l  consumption 

II = r eg iona l  investment (exogenous) Q 
EI = reg iona l  employment. 

The causa l  o rde r ing  implied by ( 2 . 1 3 )  can be represen ted  

a s  fol lows:  

which i n d i c a t e s  t h a t  t h e  l abo r  market v a r i a b l e  i s  caused 

by t h e  endogenous product  and demand v a r i a b l e s  yr and cr with- 

o u t  any feedback. 

Supply o r i e n t a t i o n  i s  def ined  a s  follows: A model i s  

c a l l e d  supply o r i en t e? ,  when t h e  volume of reg iona l  production 

is  determined by t h e  volumes of one o r  more of t h e  product ion 

f a c t o r s .  A simple example of a  supply o r i e n t e d  model where 

c a p i t a l  i s  t h e  r e s t r i c t i v e  production f a c t o r  is: 



where K; i s  t h e  c a p i t a l  s t o c k  i n  r e g i o n  r a t  t h e  b e g i n n i n g  o f  

p e r i o d  t .  A s  i n d i c a t e d  by Bo a n d  y  : - 

t h e r e  i s  a  c a u s a l  o r d e r i n g  be tween  K r  y r ,  a n d  cr. t '  

Note t h a t  s u p p l y  o r i e n t e d  models  a l so  i n c l u d e  t h e  case o f  

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

I n  ( 2 . 1 8 )  w e  g i v e  a  s i m p l e  example  o f  such  a case where c a p i t a l  

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

r e s t r i c t i v e  one :  

A mixed supply/demand o r i e n t a t i o n  arises when on t h e  o n e  

hand  r e g i o n a l  p r o d u c t i o n  i s  d e t e r m i n e d  by t h e  s u p p l y  o f  p ro -  

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

f a c t o r s  i s  d e t e r m i n e d  by r e g i o n a l  p r o d u c t i o n .  An example  of 

s u c h  a model i s  : 



In t h e  fol lowing s e c t i o n s  we w i l l  d i s cus s  examples of  t he  

model types  a r i s i n g  from a  conf ron ta t ion  of  t h e  two a s p e c t s  of 

causual  s t r u c t u r e  d e a l t  wi th  i n  t h i s  s e c t i o n  ( s ee  Table 1 ) .  

These model types  should be conceived of a s  i d e a l  types .  I t  

i s  no t  easy t o  f i n d  a  mu l t i r eg iona l  model which completely f i t s  

t h e  t r a i t s  of t h e  i d e a l  type.  When smal l  depa r tu re s  from the  

i d e a l  type do a r i s e ,  i t  w i l l  be mentioned i n  t h e  t e x t .  



3 .  A SUPPLY ORIENTED TOP-DOWN APPROACH TO REGIONAL 
PRODUCTION: CANDIDE-R 

3.1 DESCRIPTION OF CANDIDE-R 

CANDIDE-R i s  a r eg iona l -na t iona l  model f o r  t h e  Cznadian 

economy. CANDIDE s t ands  f o r  Canadian Disaggregated In t e rdepa r t -  

mental Econometric model; R s t ands  f o r  r eg iona l .  The model 

d e a l s  with f i v e  reg ions  and has  been i n s p i r e d  by t h e  CANDIDE 

model, a macro-economic model f o r  Canada. I t  i s  no t  a s a t e l l i t e  

model of CANDIDE, however. The aim of t h e  CANDIDE-R model i s  an 

ex-ante and ex-post a n a l y s i s  of  t h e  economic development poss ib i -  

l i t i e s  of t h e  va r ious  s e c t o r s  and regions  on t h e  medium term. 

The p re sen t  d e s c r i p t i o n  of t h e  model i s  based on dgAmours, Simard, 

and Chabot-Plante [I9751 and on dgAmours, F o r t i n ,  and Simard 

[1979]. I t  i s  noteworthy t h a t  t he  au thors  p r e s e n t  a :omparison 

of t h e  outcomes of t h e  CANDIDE and the  CANDIDE-R model and con- 

c lude  t h a t  f o r  s e v e r a l  v a r i a b l e s  t h e  na t iona l - reg iona l  model g ives  

rise t o  more accu ra t e  f o r e c a s t s  than t h e  n a t i o n a l  model. 

I n  t h e  model, t h e  volume of i n d u s t r i a l  product ion i n  region 

r is  based on t h e  fol lowing top-down approach4: 



where: Xi = industrial production 

Ti = rate of capacity utilization in the 

industrial sector 

Ki = capital stock in the industrial sector. 

The basic idea underlying (3.1) is that the regional distribution 

of industrial output is based on the regional distribution of 

capital which is a clear indication of the supply orientation in 

this model. The formulation actually used in the model is obtained 

by a partial adjustment version of (3.1) : 

From (3.2) we may conclude that the main variable determining the 

regional distribution of production is the regional capital stock. 

Also for this variable a top-down approach has been adopted. 

National investment Ii is repartitioned according to exogenous - 
(not necessarily fixed) weights aft: 

where the sum of the weights is equal to one. The authors 

mention that this exogenous repartitioning enables one to eval- 

uate the differential consequences of alternative regional 

investment policies. 

Regional industrial employment E: is directly linked with 

regional industrial production: 

r - 
Eit - 1: (2) 'i t-1 + ~;AX:,~-,] 'it (3.4) 

The term between brackets accounts for fluctuations in labor 

productivity. This formulation implies that for employment a 

bottom-up approach has been adopted. 



Figure 1 .  Causal s t r u c t u r e  of t h e  i n d u s t r i a l  s e c t o r  of 
CANDIDE-R. 

na t iona l  
investment 

Labor supply i s  determined i n  t h e  model by applying 

p a r t i c i p a t i o n  r a t e s  t o  var ious  age groups determined i n  a  

demographic submodel. One of t h e  explanatory v a r i a b l e s  of t h e  

p a r t i c i p a t i o n  r a t e s  i s  t h e  reg iona l  wage l e v e l .  The reg iona l  

wage l e v e l  i n  i t s  t u r n  depends on reg iona l  employment and 

p r i ce s .  

na t iona l  
production - 

The causa l  s t r u c t u r e  of t h e  r e l a t i o n s h i p s  d i scussed  has  

been represented i n  Figure 1 .  The f i g u r e  c l e a r l y  shows t h e  

top-down approach t o  reg iona l  production and investment and 

t h e  r o l e  of r eg iona l  c a p i t a l  a s  a  r e s t r i c t i v e  production f a c t o r .  

The above-mentioned sources  do n o t  con ta in  a  complete descr ip-  

t i o n  of t h e  CANDIDE-R model. Therefore,  it is  n o t  poss ib l e  t o  

f i n d  ou t  whether t h e r e  i s  a  feedback from t h e  r eg iona l  l abo r  

markets on na t iona l  production and, hence on r eg iona l  produc- 

t i o n .  Such a  feedback could follow a  t r a j e c t o r y  such a s :  

r eg iona l  unemployment, reg iona l  wages, n a t i o n a l  wages, n a t i o n a l  

production.  The ex i s t ence  of such a  feedback would mean t h a t  

CANDIDE-R is  n o t  a  pure supply o r i e n t e d  model. 

r eg iona l  
investment 
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3.2 EVALUATION OF CANDIDE-R 

This  model was one o f  t h e  f i r s t  o p e r a t i o n a l  r eg iona l -  na- 

t i o n a l  models. I n t e r e s t i n g  a r e  t h e  top-down approach t o  i n v e s t -  

ment and p roduc t ion  and t h e  bottom-up approach t o  employment. 

The t h e o r e t i c a l  b a s i s  o f  t h e  equa t i ons  i s  n o t  always s t r o n g .  

One should  be aware, however, t h a t  t h e  s p e c i f i c a t i o n  o f  t h e  model 

i s  n o t  on ly  based on t h e o r y ,  b u t  a l s o  on d a t a  a v a i l a b i l i t y .  The 

s p e c i f i c a t i o n  of (3 .1)  and (3 .2 )  i s  weak f o r  a t  l e a s t  two reasons .  

F i r s t ,  t h e s e  s p e c i f i c a t i o n s  do n o t  guaran tee  t h a t  t h e  sum of  t h e  

r e g i o n a l  s h a r e s  i s  e q u a l  t o  1. Second, t h e  i n c l u s i o n  o f  t h e  

c a p a c i t y  u t i l i z a t i o n  r a t e  T g i v e s  rise t o  s t r a n g e  r e s u l t s .  When i 
p o t e n t i a l  o u t p u t  i n  t h e  i n d u s t r i a l  s e c t o r  i s  e q u a l  t o  CiKi and 

a c t u a l  o u t p u t  i s  Xi,  t h en  Ti = X i / c . K  s o  t h a t  TiKi = X i / c i 0  
1 i' 

s u b s t i t u t i o n  of t h i s  r e s u l t  i n  (3.2) y i e l d s :  

which means t h a t  a f t e r  a l l  t h e  r e g i o n a l  sha r e  o f  p roduc t ion  i n  

p e r i o d  t i s  complete ly  based on t h e  s h a r e  i n  pe r i od  t - 1,  whi le  

t h e  c a p i t a l  s t o c k  does n o t  e x e r t  any i n f l u e n c e .  Also t h e  a u t h o r s  

themselves sugges t  t h a t  it might  be b e t t e r  t o  remove t h e  Ti 

v a r i a b l e s  from (3 .2)  s o  t h a k  t h e  r e g i o n a l  p roduc t ion  s h a r e  i s  
5 d i r e c t l y  r e l a t e d  t o  t h e  r e g i o n a l  c a p i t a l  s h a r e  . 

3.3 RELATED MODELS 

The REM model, developed f o r  t h e  Nether lands  ( c f .  Van D e l f t ,  

Van Hamel, and Hetsen [I9771 and Van Hamel and Van D e l f t  [I9781 

and t h e  model proposed by Crow [I9791 a r e  s i m i l a r  t o  t h e  CANDIDE-R 

model. I n  bo th  models t h e  r e p a r t i t i o n i n g  o f  inves tment  among 

r eg ions  i s  t h e  main d r i v i n g  f o r c e  behind t h e  model. I n  c o n t r a s t  

w i th  t h e  CANDIDE-R model, t h e  r e p a r t i t i o n i n g  o f  inves tment  is n o t  

based on exogenous weights  b u t  on v a r i a b l e s  i n d i c a t i n g  t h e  compar- 

a t i v e  advantage o f  t h e  r eg ions .  Investment  s u b s i d i e s  a r e  p a r t  o f  

t h e  comparat ive advantages .  Consequently,  i n  t h e  REM and Crow 

models it i s  i n  p r i n c i p l e  p o s s i b l e  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  

of  va r i ous  inves tment  schemes. 



4. A DEMAND ORIENTED TOP-DOWN APPROACH TO 
REGIONAL PRODUCTION: RENA 

4.1 DESCRIPTION OF RENA 

The RENA model has been developed for the preparation of 

the Belgian Economic Plan 1976-1980 (RENA stands for REgional- 

WAtional). Three regions have been distinguished in the model. 

A sectoral breakdown has not been introduced. The model 

includes a well-developed national block dealing with, among 

others, foreign trade, the government sector, a monetary 

sector, and income determination. 

The regional block of RENA deals with the labor market 

and production. For production a top-down approach has been 

adopted whereas for wages, investment, and employment a bottom- 

up approach is used. The description of the model will be 

based on the following publications: de Falleur, et al. [I9751 

and Thys-Clement, van Rompuy, and de Core1 [1979]. 

Regional production is obtained by the following 

repartitioning procedure. First regional production is 

determined by means of: 



where: X = production 

V = f i n a l  demand minus investment 

I = investments 

Thus, r eg iona l  production depends on n a t i o n a l  f i n a l  demand 

minus investment and on r eg iona l  investment.  There i s  no 

guarantee  t h a t  C xr = X and hence i n  a  second s t e p  xr is  com- 

puted a s :  

It follows from ( 4 . 2 )  t h a t  t h e  growth o r  d e c l i n e  of n a t i o n a l  

f i n a l  demand may have d i f f e r e n t i a l  e f f e c t s  on t h e  growth o r  
r d e c l i n e  of  t h e  reg ions ,  e s p e c i a l l y  when t h e  c o e f f i c i e n t s  a  

and bL vary l a r g e l y  among t h e  regions .  The on ly  f i n a l  demand 

category which appears  a t  t h e  r eg iona l  l e v e l  i n  ( 4 . 2 )  i s  

investment.  6 

The reg iona l  a l l o c a t i o n  of production f a c t o r s  i s  based on 

t h e  fol lowing production func t ion :  

which impl ies  t h e  p o s s i b i l i t y  of  s u b s t i t u t i o n  between l abo r  

E~ and c a p i t a l  

The f a c t o r  demand funct ions '  a r e  based more o r  l e s s  

d i r e c t l y  on ( 4 . 3 )  given t h e  o b j e c t i v e  of p r o f i t  maximization. 

For r eg iona l  investment we f i n d :  



where: I = investment 

w = wage l e v e l  

s = use r  c o s t  of c a p i t a l  

IO = exogenous p a r t  of investment (among o t h e r s :  

government investment)  

Thus, investment behavior i s  inf luenced by r e l a t i v e  p r i c e s  

from t h e  pas t .  Via sr the  e f f e c t s  of investment and i n t e r e s t  

subs id i e s  on p o l i c y  v a r i a b l e s  can be s tud ied .  

The l abo r  .demand func t ion  reads  : 

I n  t h i s  r e l a t i o n s h i p ,  X: i s  t h e  maximum poss ib l e  ou tpu t  given 

t h e  c a p i t a l  s tock .  This  v a r i a b l e  can be der ived  from t h e  

production func t ion  ( 4 . 3 ) .  Thus, (4.5) means t h a t  t h e  r eg iona l  

l abo r  i n t e n s i t y  depends on t h e  lagged r eg iona l  wage r a t e  and 

t h e  reg iona l  r a t e  of capac i ty  u t i l i z a t i o n .  

Regional unemployment can be found a s  t h e  d i f f e r e n c e  

between r eg iona l  employment and reg iona l  l abo r  supply.  The 

r eg iona l  wage r a t e  i s  determined by the  n a t i o n a l  p r i c e  l e v e l  

and t h e  reg iona l  volume of  unemployment. 

The causa l  s t r u c t u r e  of t h i s  model has  been dep ic ted  i n  

Figure 2 (an arrow wi th  a n ' *  i n d i c a t e s  a  t ime- lag) .  According 

t o  t h i s  f i g u r e ,  RENA is  a  pure demand o r i e n t e d  model- it does 

n o t  show any feedback from t h e  r eg iona l  wage r a t e  on t h e  

r eg iona l  production volume. One should be aware, however, 

t h a t  Figure 2 i s  only  a  s t y l i z e d  r ep re sen ta t ion  of  t h e  RXNA 

model. I n  r e a l i t y  t h e  RENA model does conta in  a  feedback from 

t h e  r eg iona l  wage r a t e  on t h e  r eg iona l  production l e v e l .  This 

feedback follows t h e  t r a j e c t o r y :  r eg iona l  wage r a t e  --t n a t i o n a l  

wage r a t e  -4 n a t i o n a l  p r i c e  l e v e l  -+ n a t i o n a l  f i n a l  demand --t 

r eg iona l  product ion.  Obviously, t h i s  feedback i s  i n d i r e c t ;  



n a t i o n a l  f i n a l  demand 

r eg iona l  production 

r eg iona l  investment 

capac i ty  u t i l i z a t i o n  
r eg iona l  c a p i t a l  s tock  

) r eg iona l  employment I 

/ r e q i a n a l  unemploynent 1 r eg iona l  

t I wage r a t e  I 

1 r eg iona l  l abo r  supply 1 
Figure 2. Causal s t r u c t u r e  of t h e  RENA model. 

it proceeds a long v a r i a b l e s  a t  t h e  n a t i o n a l  l e v e l .  We conclude,  

t h e r e f o r e ,  t h a t  al though t h e  RENA model does no t  show a  pure  top- 

down demand o r i e n t e d  approach t o  r eg iona l  product ion,  it c e r t a i n l y  

provides  a  good . i l l u s t r a t i o n  of  t h e  main f e a t u r e s  of such an 
7 approach . 

4 . 2  EVALUATION OF RENA 

The f a c t o r  demand func t ions  of t h e  RENA model a r e  based on 

r eg iona l  production func t ions  and have a  f i r m  t h e o r e t i c a l  foun- 

da t ion .  The s p e c i f i c a t i o n s  a l low f o r  s u b s t i t u t i o n  between c a p i t a l  

and l a b o r  induced by changes i n  r e l a t i v e  p r i c e s .  Consequently, t h e  

RENA model can be used t o  s tudy t h e  d i f f e r e n t i a l  e f f e c t s  of  p r i c e  

p o l i c i e s  (e .g . ,  investment s u b s i d i e s )  on t h e  r eg iona l  a l l o c a t i o n  

of product ion f a c t o r s .  

The t h e o r e t i c a l  j u s t i f i c a t i o n  of t h e  r e p a r t i t i o n i n g  procedure 

( 4 . 1  ) and (4 .2)  i s  weak. Also, from t h e  viewpoint of e s t ima t ion ,  

t h e  r e p a r t i t i o n i n g  procedure i s  ques t ionable .  The problem i s  t h a t  

al though (4 .2)  guarantees  a  cons i s tency  between n a t i o n a l  and 

r eg iona l  d a t a ,  t h i s  cons i s tency  requirement has  n o t  been imposed 

with  t h e  e s t ima t ion  of  t h e  c o e f f i c i e n t s  i n  (4.1) . Accordingly, 

t h e  q u a l i t y  of t h e  e s t ima te s  of  t he  c o e f f i c i e n t s  i s  ques t ionable .  



5 .  A TOP-DOWN APPROACH TO REGIONAL PRODUCTION W I T H  
A M I X E D  SUPPLY DEMAND ORIENTATION:  BALAMO 

I n  t h e  p r e c e d i n g  s e c t i o n s  w e  have d e a l t  w i t h  m u l t i r e g i o n a l  

models showing main f e a t u r e s  o f  e i t h e r  t h e  demand o r  s u p p l y  

o r i e n t e d  t y p e .  However, i n  many models t h e r e  i s  a  c l e a r  i n t e r -  

a c t i o n  of  demand and supp ly  v a r i a b l e s  i n  d e t e r m i n i n g  t h e  r e g i o n a l  

p r o d u c t i o n  volume. These models c a n n o t  be c l a s s i f i e d  a s  b e i n g  

e x c l u s i v e l y  demand o r  s u p p l y  o r i e n t e d .  T h e r e f o r e ,  we i n t r o d u c e  

a s  a  t h i r d  type :  models w i t h  a  mixed supply-demand o r i e n t a t i o n .  

I n  t h i s  s e c t i o n  w e  p r e s e n t  a s  an example t h e  BALAMO model. 

5 .1  DESCRIPTION OF BALAMO 

BALAMO i s  a  model f o r  t h e  Japanese  economy. I t  c m t a i n s  

a combinat ion  o f  a  m u l t i r e g i o n a l ,  BALanced i n p u t - o u t p u t  model 

and a n  o r d i n a r y  Adjustment  Model i n  t h e  s p h e r e  o f  p r o d u c t i o n  

and l a b o r  s u p p l y  (hence t h e  name BALAMO). The model d e a l s  

w i t h  space  a t  t h r e e  l e v e l s :  n a t i o n ,  r e g i o n s ,  and l o c a l i t i e s .  

The number o f  l o c a l i t i e s  i s  4 6 .  There have been d i s t i n q u i s h e d  

e i g h t  economic s e c t o r s  ( t h r e e  f o r  n a t i o n a l  goods,  two f o r  

r e g i o n a l  goods,  and t h r e e  f o r  l o c a l  goods) . 
The model h a s  been used t o  s t u d y  t h e  e f f e c t s  o f  govern- 

ment i n v e s t m e n t s  i n  road  i n f r a s t r u c t u r e  on t h e  economic 



development of t h e  l o c a l i t i e s .  The fol lowing d e s c r i p t i o n  i s  

based on Kawashima [I9771 . 
The model assumes a s  given 

- a n a t i o n a l  input-output  t a b l e  

- n a t i o n a l  f i n a l  demand f o r  n a t i o n a l  goods 

- r eg iona l  f i n a l  demand f o r  r eg iona l  goods 

- l o c a l  f i n a l  demand f o r  l o c a l  goods 

- d i s t r i b u t i o n  c o e f f i c i e n t s  t o  a l l o c a t e  t h e  ou tpu t  

sha re s  of  r eg iona l  goods t o  l o c a l i t i e s .  

By means of  t h e s e  d a t a  t h e  r eg iona l  and l o c a l  product ion volumes 

can be computed f o r  t h e  e i g h t  s e c t o r s .  These volumes a r e  

i n t e r p r e t e d  a s  production p re s su re  l e v e l s  and w i l l  be denoted 
*r 

as Xi,t* 
Labor supply i s  assumed t o  r e a c t  i n  t h e  fol lowing way on 

t h e  production p re s su re  : 

Symbols: Ei = employment i n  s e c t o r  i 
* 

Xi = production pressure  i n  s e c t o r  i 

Xi = r e a l i z e d  production l e v e l  i n  s e c t o r  i 

I n  t h i s  s e c t i o n  r r e f e r s  t o  l o c a l i t i e s .  

The o t h e r  production f a c t o r  is  t h e  l o c a l  road s tock  sr. 
The road s tock  i s  determined by exogenous v a r i a b l e s :  road 

s tock  investment (a p o l i c y  v a r i a b l e )  and road s tock  replace-  

ment, t h e  l a t t e r  being r e l a t e d  t o  t h e  i n t e n s i t y  of use  i n  

t h e  previous per iod.  

The p o t e n t i a l  supply ~f , i n  s e c t o r  i of l o c a l i t y  r 

dur ing per iod  t is: 



t 
l o c a l  r e a l i z e d  p r o d u c t i o n  

n a t i o n a l  f i n a l  demand - 
1 

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

1 

F i g u r e  3 .  Causa l  s t r u c t u r e  o f  s e c t o r  i i n  t h e  BALAMO model.  

l o c a l  l a b o r  s u p p l y  

Note t h a t  i n  ( 5 . 2 )  S: h a s  t h e  c h a r a c t e r  o f  a  p u b l i c  good: it 

can  be used  by a l l  s e c t o r s  i i n  t h e  l o c a l i t y .  Conges t ion  is  

n o t  d e a l t  w i t h  i n  t h i s  fo rmula ;  it does  p l a y  a  r o l e  i n  t h e  

i n t e n s i t y  o f  u se  o f  t h e  road  s t o c k  mentioned above.  

l o c a l  r o a d  s t o c k  

The r e a l i z e d  p r o d u c t i o n  l e v e l  i s  based  on t h e  ITollowing 

a d j  us tment  p r o c e s s  : 

1 
l o c a l  p o t e n t i a l  s u p p l y  

T h i s  e x p r e s s i o n  i n d i c a t e s  t h a t  t h e  c o n s t r a i n t s  on t h e  produc-  

t i o n  l e v e l  a r i s i n g  from t h e  demand and s u p p l y  s i d e  a r e  t o  a  

c e r t a i n  e x t e n t  s o f t .  Korna i  [I9801 i n d i c a t e s  t h a t  s u c h  s o f t  

c o n s t r a i n t s  can  g i v e  rise t o  many t y p e s  o f  a d a p t i v e  b e h a v i o r .  

The c a u s a l  s t r u c t u r e  o f  t h e  BALAMO model h a s  been 

r e p r e s e n t e d  i n  F i g u r e  3 .  The top-down c h a r a c t e r  o f  t h e  model 

i s  o b v i o u s .  Also  t h e  supply-demand i n t e r a c t i o n s  a p p e a r  c l e a r l y :  

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

o f  demand ( p r o d u c t i o n  p r e s s u r e )  and p o t e n t i a l  s u p p l y .  



5 . 2  EVALUATION OF BALAMO 

I t  i s  an a t t r a c t i v e  p rope r ty  of t h e  BALAMO model t h a t  it 

combines an inpu t -ou tpu t  model wi th  an econometric  model. 

Thus it  is p o s s i b l e  t o  combine d e t a i l e d  in format ion  about  i n t e r -  

s e c t o r a l  l i n k s  wi th  t h e o r e t i c a l l y  well-developed behav io ra l  

equa t i ons  concerning f a c t o r  supply and product ion d e c i s i o n s .  

I n  t h i s  way, t h e  BALAMO model enab les  one t o  d e a l  e x p l i c i t l y  

wi th  d i s e q u i l i b r i u m  phenomena a t  t h e  markets  of  f i n a l  p roduc t s .  

W e  have t h e  fo l lowing  c r i t i c a l  comments: 

1 .  The d i s t r i b u t i o n  method i s  a s  such an i n t e r -  

e s t i n g  dev ice  t o  avoid  t h e  n e c e s s i t y  t o  c o n s t r u c t  

r e g i o n a l  and i n t e r r e g i o n a l  inpu t -ou tpu t  t a b l e s .  

A problem may be  t h a t  t h e  n a t i o n a l  input-output  

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

smaller s c a l e .  Another problem i s  mentioned by 

t h e  au thor :  t h e  d i s t r i b u t i o n  method may g ive  

rise t o  i n c o n s i s t e n c i e s  i n  t h e  s ense  t h a t  t h e  

l o c a l  o u t p u t s  i n  a  s e c t o r  do n o t  n e c e s s a r i l y  

add up t o  t h e  n a t i o n a l  ou tpu t  i n  t h a t  s e c t o r .  

2 .  Changes i n  t h e  l a b o r  supply  i n  s e c t o r  i of 

l o c a l i t y  r may, among o t h e r s ,  r e f l e c t  changes 

i n  t h e  p a r t i c i p a t i o n  r a t e ,  migra t ion  from one 

reg ion  t o  ano the r  r eg ion  and t h e  change of  

occupat ion from one s e c t o r  t o  ano the r  s e c t o r .  

I n  ( 5 . 1 )  t h e  exp lana tory  v a r i a b l e  f o r  t h e s e  

phenomena is  t h e  d i sc repancy  between product ion '  

p r e s su re  and r e a l i z e d  product ion i n  t h e  p rev ious  

pe r iod  i n  t h e  p e r t a i n i n g  l o c a l i t y  and s e c t o r .  

Assuming t h a t  a c t i v i t i e s  such a s  migra t ion  o r  

change of  occupa t ion  a r e  based on a  comparison 

o f  a l t e r n a t i v e s ,  it seems b e t t e r  t o  adopt  

r e l a t i v e  d i s c r epanc i e s  a s  t h e  exp lana tory  

v a r i a b l e s .  



3 .  The model does n o t  c o n t a i n  a  l i n k  between t h e  

r e a l i z e d  p r o d u c t i o n  and t h e  f i n a l  demand. The 

l a t t e r  i s  s imply  exogenous. For example, f i n a l  

demand f o r  l o c a l  goods i s  n o t  r e l a t e d  t o  v a r i -  

a b l e s  such a s  l o c a l  income o r  l o c a l  p o p u l a t i o n .  

Th i s  means t h a t  t h e  BALAMO model i s  a c t u a l l y  a  

p a r t i a l  model. 

5 . 3  RELATED MODELS 

A r e l a t e d  model h a s  been developed f o r  t h e  U.S.A. by 

Treyz [I9801 . I n  t h i s  model t h e  f o c u s  i s  on t h e  de termina-  

t i o n  of  t h e  s h a r e  o f  employment i n  s e c t o r  i o f  r e g i o n  r 

compared w i t h  n a t i o n a l  employment i n  s e c t o r  i. Treyz b a s e s  

t h e s e  s h a r e s  on i n t e r r e g i o n a l  t r a d e  r e l a t i o n s h i p s .  I n  t h e s e  

t r a d e  r e l a t i o n s h i p s  a  key r o l e  i s  p layed  by r e l a t i v e  p r i c e s  

( i n c l u d i n g  t r a n s p o r t a t i o n  c o s t s )  which a r e  used  i n  a ve ry  

s o p h i s t i c a t e d  way. T h i s  i s  an  i m p o r t a n t  d e p a r t u r e  from t h e  

BALAMO model where p r i c e s  a r e  n o t  d e a l t  w i t h  i n  a e x p l i c i t  

way. Another d i f f e r e n c e  i s  t h a t  i n  t h e  model o f  Treyz,  

unemployment i s  taken  i n t o  c o n s i d e r a t i o n ,  w h i l e  i n  t h e  BALAMO 

model it i s  n o t .  



6 .  A SUPPLY ORIENTED BOTTOM-UP APPROACH TO REGIONAL 
PRODUCTION: MORSE 

6 . 1  DESCRIPTION OF MORSE 

MORSE i s  a Model f o r  t h e  a n a l y s i s  o f  Regional  development,  

Sca r se  r e s o u r c e s  and Employment and h a s  been developed f o r  

Sweden. I t  d e a l s  w i t h  8 r e g i o n s  and 9 economic s e c t o r s  and is 

based on i n t e r r e g i o n a l  inpu t -ou tpu t  a n a l y s i s .  The s c a r s e  

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

s e v e r a l  energy s o u r c e s .  MORSE has  been fo rmula ted  a s  a pro- 

gramming model w i t h  t h r e e  o b j e c t i v e s  which a r e  r e l a t e d  t o  

consumption, energy use  and employment i n  s e v e r a l  p e r i o d s .  The 

model has  been used among o t h e r s  t o  s t u d y  t h e  s e n s i t i v i t y  o f  

t h e  r e g i o n a l  consumption and inves tment  p a t t e r n  w i t h  r e s p e c t  t o  

i n c r e a s e d  o i l  p r i c e s  and t h e  abol ishment  o f  n u c l e a r  power. The 

fo l lowing  d e s c r i p t i o n  of  MORSE i s  based on Lundqvis t  [1980].  

The d e c i s i o n  v a r i a b l e s  i n  MORSE a r e :  

: produc t ion  l e v e l  i n  s e c t o r  i, r e g i o n  r ,  t i m e  t 'it 

C: : consumption l e v e l  i n  r e g i o n  r ,  t i m e  t 

r 
'it : inves tment  l e v e l  i n  s e c t o r  i, r e g i o n  r ,  t i m e  t 

EXt : n a t i o n a l  e x p o r t  l e v e l .  



The set o f  f e a s i b l e  s o l u t i o n s  of  t h e  model i s  d e f i n e d  by 

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

- supp ly  c o n s t r a i n t s  

- commodity b a l a n c e s  

- c o n s t r a i n t s  based on p o l i t i c a l  p r e f e r e n c e s .  

The supp ly  c o n s t r a i n t s  r e l a t e  t o  l a b o u r ,  c a p i t a l  and/or 

a r e  r e l a t e d  t o  energy,  r e s p e c t i v e l y .  The l a b o u r  c o n s t r a i n t  has  

been formula ted  f o r  each  r e g i o n  and p e r i o d  s e p a r a t e l y :  

r where lit is  t h e  l a b o u r  c o e f f i c i e n t  i n  s e c t o r  i, r e g i o n  r ,  

p e r i o d  t ,  and E: i s  t h e  supply  o f  l a b o u r  which i s  exogenous 

i n  t h e  model. 

The c a p i t a l  c o n s t r a i n t  h a s  been formula ted  f o r  each  s e c t o r ,  

r e g i o n  and p e r i o d :  

r I n  t h e  i n e q u a l i t y ,  tit, 6i  and ~f~ deno te  t h e  c a p i t a l  c o e f f i c i e n t ,  

t h e  r a t e  o f  d e p r e c i a t i o n  and t h e  i n i t i a l  c a p i t a l  s t o c k ,  respec-  

t i v e l y .  Energy c o n s t r a i n t s  a r e  imposed f o r  4 t y p e s  of energy 

(k=1, . . , 4 )  a t  t h e  n a t i o n a l  l e v e l  : 

- r r where E k t f  eikt and eckt deno te  t h e  supp ly  o f  energy and t h e  

energy c o e f f i c i e n t s  f o r  s e c t o r  i and f o r  consumption, r e s p e c t i v e l y .  



The commodity balances  i n  MORSE imply t h a t  t h e  r eg iona l  

supply ( inc lud ing  imports)  i n  each reg ion ,  s e c t o r  and t i m e  

per iod  should be l a r g e r  than o r  equal  t o  t h e  demand from t h e  
9 

own reg ion ,  from o t h e r  regions  and from i n t e r n a t i o n a l  expor t s  

The fol lowing demand components have been d i s t i ngu i shed :  i n t e r -  

mediary d e l i v e r i e s ,  consumption and investment.  The c o n s t r a i n t s  

have been formulated a s  follows: 

Symbols: m = import c o e f f i c i e n t  

B = r eg iona l  s e l f - s u f f i c i e n c y  i n  p rov i s ion  of 

in termediary goods 

y = r eg iona l  s e l f - s u f f i c i e n c y  i n  p rov is ion  of 

consumption and investment goods 

a  = input-output  c o e f f i c i e n t  

a c  = consumption c o e f f i c i e n t  

a i  = consumption of . investment goods 

w f s  = propor t ion  of  r eg iona l  imports  of  

s e c t o r  i i n  region s coming from 

region r 

e x  = expor t  c o e f f i c i e n t  

The p o l i t i c a l  c o n s t r a i n t s  have been imposed t o  ensure  t h a t  

c e r t a i n  socio-economic goa l s  are s a t i s f i e d  i n  each period:  

1 .  a  lower bound on r eg iona l  consumption 

2 .  a  lower bound f o r  t he  balance o f  payments 

3 .  an upper bound on r eg iona l  unemployment 

4 .  a  lower bound on t h e  n a t i o n a l  c a p i t a l  s tock  



MORSE has been implemented f o r  t h r e e  consecut ive  f ive-year  

per iods  (1975-1990). I n  t h i s  a p p l i c a t i o n ,  MORSE comprised 417 

dec i s ion  v a r i a b l e s  and 498 c o n s t r a i n t s .  I n  o rde r  t o  analyze 

t h e  causa l  s t r u c t u r e  of MORSE, we f i r s t  r ewr i t e  t h e  i n e q u a l i t i e s  

i n  terms of e q u a l i t i e s  by means of s l ack  v a r i a b l e s  g. Thus, 

when t h e  c o n s t r a i n t s  de f in ing  t h e  s e t  of f e a s i b l e  s o l u t i o n s  i n  

MORSE a r e  represen ted  by 

where x - i s  t h e  vec to r  o f  dec i s ion  v a r i a b l e s ,  t he se  i n e q u a l i t i e s  

a r e  r e w r i t t e n  as :  

In  t h e  p re sen t  case  t h i s  i s  a  system c o n s i s t i n g  of  915 v a r i a b l e s  

and 498 e q u a l i t i e s .  Once t h e  ob jec t ive  func t ion  i s  known, one 

can determine which element of  (6.6) i s  t h e  opt imal  s o l u t i o n  

(assuming t h a t  (6.6) has  a  f e a s i b l e  s o l u t i o n )  . When t h e  ob jec t ive  

f u n c t i o n i s  l i n e a r ,  it i s  a  s tandard  r e s u l t  of l i n e a r  programming 

t h a t  t h e  optimal s o l u t i o n  can be w r i t t e n  as :  

where x - and c o n s i s t  of t he  b a s i c  elements of  t h e  opt imal  

s o l u t i o n  and where D and i c o n s i s t  of t h e  columns corresponding 

t o  2 and i .  In  t h e  case  of MORSE, (6.7) i s  a  system of 498 

equat ions  and 498 v a r i a b l e s .  The 4 1 7  v a r i a b l e s  which a r e  no t  

represen ted  i n  2 and a r e  zero.  



Express ion  ( 6 . 7 )  e n a b l e s  one  t o  a n a l y z e  t h e  c a u s a l  s t r u c -  

t u r e  o f  MORSE a l o n g  t h e  l i n e s  o f  S e c t i o n  2 .  The exogenous 

v a r i a b l e s  r e p r e s e n t e d  i n  t h e  v e c t o r  c are: t h e  s u p p l y  o f  l a b o u r ,  - 
t h e  i n i t i a l  c a p i t a l  s t o c k ,  t h e  supp ly  o f  ene rgy  and lower  o r  

upper  l e v e l s  f o r  socio-economic v a r i a b l e s .  W e  conc lude  t h a t  t h e  

model i s  s u p p l y  o r i e n t e d  when (some o f )  t h e  s l a c k  v a r i a b l e s  

r e l a t e d  t o  t h e  supp ly  c o n s t r a i n t s  are non-zero.  Given t h e  f a c t  

t h a t  approx ima te ly  h a l f  o f  t h e  c o n s t r a i n t s  is  o f  t h e  s u p p l y  

t y p e  w e  may s a y  t h a t  it i s  v e r y  improbable  t h a t  none o f  t h e  

supp ly  c o n s t r a i n t s  i s  a c t i v e .  Hence, w e  may conc lude  t h a t  

MORSE i s  a l m o s t  c e r t a i n l y  a supp ly  o r i e n t e d  model (see F i g .  4 ) .  

I t  i s  i m p o r t a n t  t o  pay a t t e n t i o n  t o  t h e  r o l e  o f  t h e  o b j e c -  

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

model. I t  i s  n o t  d i f f i c u l t  t o  see t h a t  t h e  answer t o  t h e  ques-  

t i o n  whether  a c o n s t r a i n t  i s  a c t i v e ,  does  i n  g e n e r a l  n o t  o n l y  

depend on  t h e  v a l u e s  o f  - c and D ,  b u t  a l s o  on t h e  c o e f f i c i e n t s  

o f  t h e  o b j e c t i v e  f u n c t i o n .  T h i s  is  o b v i o u s l y  a p r o p e r t y  o f  

programming models which i s  n o t  s h a r e d  by a n a l y t i c a l  o r  p r e -  

d i c t i v e  models.  

F i n a l l y ,  w e  n o t e  t h a t  MORSE i s  a  model i n  t h e  bottom-up 

mode. Once a s o l u t i o n  of  t h e  model h a s  been  found,  t h e  n a t i o n a l  

p r o d u c t i o n  volume can  be de t e rmined  by a d d i n g  t h e  r e g i o n a l  

volumes. 

F i g u r e  4 .  Causa l  s t r u c t u r e  o f  MORSE. 

r e g i o n a l  l a b o u r  supp ly  
i n i t i a l  c a p i t a l  s t o c k  o f  s e c t o r  i i n  r e g i o n  r 

, n a t i o n a l  ene rgy  r e s o u r c e s  
p o l i t i c a l  c o n s t r a i n t s  

, 

r e g i o n a l  consumption 
p r o d u c t i o n  i n  s e c t o r  i ,  r e g i o n  r 
i n v e s t m e n t s  i n  s e c t o r  i ,  r e g i o n  r 
n a t i o n a l  e x p o r t s  I 



6 .2  EVALUATION OF MORSE. 

MORSE h a s  s e v e r a l  a t t r a c t i v e  p r o p e r t i e s .  I t  g i v e s  a  r a t h e r  

d e t a i l e d  a c c o u n t  o f  t h e  ene rgy  s e c t o r  i n  t h e  economy. F u r t h e r ,  

e x p l i c i t  a t t e n t i o n  i s  p a i d  t o  c a p i t a l  accumula t ion  s o  t h a t  t h e  

model c a n  be  used  f o r  m u l t i p e r i o d  a n a l y s e s .  An i n t e r e s t i n g  

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

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

goods (fir) and f i n a l  demands ( y f )  a r e  n o t  n e c e s s a r i l y  e q u a l .  

An o b v i o u s  drawback o f  MORSE i s  t h a t  p r i c e s  do  n o t  p l a y  

a  r o l e  i n  i t .  Consequen t ly ,  s u b s t i t u t i o n  p r o c e s s e s  induced  by 

p r i c e  changes  c a n n o t  b e  a n a l y z e d  i n  t h i s  model. 

Another  problem w i t h  MORSE i s  r e l a t e d  t o  t h e  s t a t u s  o f  t h e  
r r r  d e c i s i o n v a r i a b l e s  ( X i , C  , I i , E X ) .  No a t t e n t i o n  i s  p a i d  t o  t h e  

q u e s t i o n  whe the r  n e x t  t o  t h e  c e n t r a l  p l a n n i n g  a u t h o r i t y  a l s o  

o t h e r  a c t o r s  ( e . g . ,  f i r m s  o r  househo lds )  i n f l u e n c e  t h e s e  v a r i -  

a b l e s .  Thus it seems t o  be t a c i t l y  assumed t h a t  t h e  c e n t r a l  

p l a n n i n g  a u t h o r i t y  c a n  r e a l i z e  any f e a s i b l e  s o l u t i o n .  Obvious ly ,  

t h i s  assumpt ion  i s  q u e s t i o n a b l e  i n  a  c o u n t r y  s u c h  a s  Sweden. 

Another  problem w i t h  MORSE i s  r e l a t e d  t o  t h e  commodity 

b a l a n c e s .  Accord ing  t o  ( 6 . 4 )  it i s  p o s s i b l e  t h a t  i n  a  c e r t a i n  

p e r i o d  t h e r e  i s  a n  o v e r p r o d u c t i o n  o f  xSt. There  i s  no i n d i c a t i o n  

what happens w i t h  t h i s  s u r p l u s .  The model d o e s  n o t  d e a l  w i t h  

t h e  formation '  of  i n v e n t o r i e s .  

6 .3  RELATED MODELS 

A s i m i l a r  bottom-up supp ly  o r i e n t e d  model can  b e  found i n  

C a r l b e r g  [ 1 9 7 9 ] .  I n  C a r l b e r g ' s  models I and 11, deve loped  f o r  

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

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

t h e  r e g i o n a l  p r o d u c t i o n  volumes a r e  de t e rmined .  An i n p u t - o u t p u t  

model and a n  i n t e r r e g i o n a l  t r a d e  model based  on t h e  g r a v i t y  

concep t  a r e  used  t o  de t e rmine  i n t e r - i n d u s t r y  and i n t e r - r e g i o n a l  

d e l i v e r i e s .  C a p i t a l  does  n o t  p l a y  a  r o l e  a s  a r e s t r i c t i v e  f a c t o r  

i n  t h e s e  models .  



7 .  A DEMAND ORIENTED BOTTOM-UP APPROACH TO 
REGIONAL PRODUCTION: NRIES 

7 . 1  DESCRIPTION OF NRIES 

NRIES (Nat ional  Regional Impact Evaluat ion System) i s  a  

s h o r t  t o  medium term model which has  been developed f o r  t h e  

U.S.A. a t  t h e  Department of Commerce. It d e a l s  with 1 2  economic 

s e c t o r s  and 51 reg ions  ( s t a t e s ) .  I t  has  been used f o r  s e v e r a l  

types  of impact ana lyses  such a s  t h e  e x t e r n a l  s p i l l - o v e r s  of 

new product ion a c t i v i t i e s  i n  a  s t a t e  o r  t h e  d i s t r i b u t i o n a l  e f f e c t s  

of f e d e r a l  g ran t s .  This d e s c r i p t i o n  i s  based on Ba l l a rd  and 

Wendling [I9801 and Ba l l a rd ,  Gustely,  and Wendling [1980]. 

The d i s t i n g u i s h i n g  f e a t u r e  of NRIES i s  t h a t  t h e  produc- 

t i o n  l e v e l s  i n  t h e  expor t  s e c t o r s  of a  region depend on t h e  

t o t a l  production l e v e l s  i n  a l l  reg ions ,  a l l  being endogenous. 

For example, t h e  demand func t ion  of t h e  manufacturing s e c t o r  

f o r  durable  goods (say s e c t o r  j) reads  a s  follows: 



Symbols: xr = production in sector j of region r 
j 

xr = total production in region r 

lxr = interactional production of region r 

wr = wage rate in sector j of region r 
j - 

w = average national wage rate in sector j 
j 

The interactional production lxr has been introduced in ( 7 . 1 )  

to account for the impact of the other regions. It is defined 

as: 

where drrl is the distance between regions r and r' and where 

a has been assigned the value 1 on a priori grounds. Thus lxr 

indicates the weighted sum of the production of all regions 

outside r, the weights being the inverse distances from region 

r. The last explanatory variable in (7.1 ) indicates the 

price elasticy of demand. A relatively high wage level in a 

region gives rise to high prices and, hence, to a reduction in 

the demand in sector j of that region. 

In the non-export sectors, the main explanatory variables 

are regional income yr and regional population. 

The general form of the labor demand function is: 

In this function the third explanatory variable accounts for 

regional trends in labor use, the fifth explanatory variable 

is an indicator of technological development, the sixth variable 

accounts for substitution effects between industries in region 



Labor supply is not modeled directly in NRIES. It can be 

obtained by means of the following roundabout way. NRIES 

contains a demographic submodel dealing with births, deaths, 

and net migration. As a result of the submodel we find that 

the main economic determinants of the regional working age 

population size are: regional income and regional employment, 

both relative to the national level. 

Regional unemployment cannot be obtained as the difference 

between regional labor supply and regional employment since 

the former is not known. Therefore, regional unemployment is 

determined by means of regional working age population and 

regional employment in the following way: 

Symbols: u = unemployment rate 

P = working age population 

Once regional employment and the regional unemployment rate 

are known, the determination of the regional labor supply is 

straightforward. 

A sketch of the causal structure of NRIES can be found 

in Figure 5. The bottom-up structure is evident: national 

variables do not play a role in this scheme; they result by 

aggregating regional variables. Concerning the demand 

orientation of the model we note that capital does not play 

any restrictive role in the model. The role of the production 

factor labor is somewhat more intricate. Labor supply as 

such is not part of the model. However, the working age 

population functions as a substitute for it. Therefore, we 

have to find out in which measure a tight labor market in- 

fluences the volume of regional production. One possibility 

is a Phillips curve relationship between regional unemployment 

and the regional wage rate in sector j. It appears that such 

a relationship does not exist for sector j. The pertaining 

wage rate only depends on price variables, so at most a rather 



wage r a t e  i n  s e c t o r  j 

t 1 production 1 
1 I employment ~ o ~ u l a t i o n  

t 
income from s e c t o r  j 

A l l  v a r i a b l e s  p e r t a i n  t o  a  p a r t i c u l a r  reg ion .  

Figure  5 .  Causal s t r u c t u r e  f o r  t h e  manufacturing s e c t o r  of 
durable  goods ( s e c t o r  j )  i n  NRIES. 

i n d i r e c t  l i n k  may e x i s t  (depending on t h e  measure i n  which 

p r i c e s  a r e  in f luenced  by wage r a t e s ) .  

For some o t h e r  s e c t o r s  P h i l l i p s  curve r e l a t i o n s h i p s  have 

been es t imated  bu t  f o r  t h e s e  s e c t o r s  no d i r e c t  l i n k  e x i s t s  

between wage r a t e  and production a s  i s  t h e  ca se  wi th  s e c t o r  j .  

I n  t h a t  case  an o t h e r  feedhack from the  labour  market on r eg iona l  

production i s  p o s s i b l e ,  however, proceeding along t h e  following 
r r r cha in :  ur --t w -- Y - yr -+ Xi.  i 

W e  conclude,  t h e r e f o r e ,  i 
t h a t  al though t h e  demand s i d e  p lays  an important  r o l e  i n  N R I E S ,  

i t  i s  no t  a  pure demand o r i e n t e d  model. 

7 .2  EVALUATION OF NRIES  

NRIES  i s  a  l a r g e  model; f o r  each of t h e  51 reg ions  a  model 

of 268 equat ions  has been formed, of which 68  a r e  behaviora l .  

Thus, NRIES  enables  one t o  c a r r y  o u t  r a t h e r  d e t a i l e d  ana lyses .  

NRIES  can be used without  an accompanying n a t i o n a l  model: it 

does no t  assume any major n a t i o n a l  v a r i a b l e  a s  given.  

Considerable a t t e n t i o n  i s  pa id  i n  NRIES t o  i n t e r a c t i o n s  

between regions  f o r  t h e  expor t  s e c t o r s .  The p re sen t  s p e c i f i c a t i o n  

of i n t e r a c t i o n a l  demand i s  capable  of improvement by using t r ans -  

p o r t  c o s t s  i n s t e a d  of d i s t a n c e s  and by a l lowing the  g r a v i t y  

parameter a t o  assume o t h e r  values  than 1 .  



The supply of production factors has been modeled, in a 

rather superficial way, probably due to data problems. For 

example, capital and investments have not been specified at 

all in N X I E S .  The treatment of unemployment and labor supply 

is not completely convincing. For example, the model does not 

give an explicit explanation of the participation rate in the 

labor market. 



8 .  A BOTTOM-UP APPROACH TO REGIONAL PRODUCTION 
WITH A MIXED SUPPLY-DEMAND ORIENTATION: FUKUCHI'S 
MODEL. 

8.1 DESCRIPTION OF FUKUCHI'S MODEL 

The model of  Fukucki [I9781 has  been b u i l t  f o r  Japan;  

it d e a l s  w i th  n i n e  r eg ions  and t h r e e  sectors. The aim of  t h e  

model i s  t h e  f o r e c a s t i n g  of economic growth on t h e  medium t e r m .  

I n  connec t ion  w i th  t h e  model, a p o l i t i c a l  sub-model h a s  been 

developed,  d e a l i n g  w i th  t h e  i n f l u e n c e  o f  economic c o n d i t i o n s  

on t h e  e l e c t i o n s  o f  members of pa r l i amen t .  

The r e g i o n a l  employment l e v e l  is  modeled as fo l l ows :  

r r r 
l o g  E i t t  = af + bi l o g  x ~ , ~ - ~  + ci l o g  N ~ , ~  

+ di l o g  wr 
i , t - 1  

symbols: Ei = employment i n  sector i 
Xi = produc t ion  i n  sector i 

N = popu l a t i on  

Wi = wage rate i n  sector i 



Note t h a t  only  t h e  cons tan t  term v a r i e s  among reg ions .  Actual ly  

t h e  cons tan t  term has been modeled a s  a  dummy v a r i a b l e .  The 

values  of di appear t o  be nega t ive  ( they a r e  approximately 

equal  t o  - .15) . This  means t h a t  the  employment l e v e l  decreases  

when t h e  p e r t a i n i n g  wage r a t e  i nc reases .  

For t h e  c a p i t a l  s tock  we f i n d :  

r 
= af + bi log  xi, t-l log  K i t  

( 8 . 2 )  

+ c i  log  (:) + di l og  Rt-l 
t-1 

new symbols: Ki = c a p i t a l  s t ock  i n  s e c t o r  i 

R = i n t e r e s t  r a t e  

In  t h i s  equat ion t h e  values  of di a r e  c l o s e  t o  -1, which means 

t h a t  t h e  s i z e  of t h e  c a p i t a l  s tock  i s  very s e n s i t i v e  t o  t h e  

i n t e r e s t  r a t e .  

The production volume per  s e c t o r  i and region r depends 

on t h e  corresponding va lues  of E and K t  and on t h e  volume of  

i n f r a s t r u c t u r e  G, provided by t h e  government: 

r = af + bi l o g  E ~ ,  r r 
log Xi,  + ci  l og  K i I t  

+ di l og  G; 

The model con ta ins  feedbacks from t h e  product ion l e v e l  

on t h e  supply of product ion f a c t o r s  v i a  t h e  populat ion s i z e  

and t h e  wage r a t e .  The economic v a r i a b l e s  i n f luenc ing  

r eg iona l  populat ion s i z e  a r e  t h e  r eg iona l  per  c a p i t a  s o c i a l  

c a p i t a l  and t h e  r eg iona l  l e v e l s  of  product ion,  employment, and 

p r i c e s  r e l a t i v e  t o  t h e  n a t i o n a l  l e v e l :  



r r l o g  N~ = a  + br l o g  N ~ - ,  + c l o g  ( H ~ / N ~ ) ~ - ~  

N e w  symbols: H = s o c i a l  c a p i t a l  s t o c k  

p  = i ndex  o f  consumption p r i c e s  

The o t h e r  feedback i s  based on a  b idd ing  up p roce s s  of 

wages by employers.  The v a r i a b l e s  i n f l u e n c i n g  t h e  wage l e v e l s  

a re :  p roduc t ion ,  popu l a t i on  s i z e ,  and p r i c e s :  

1: - r r r l o g  W i I t  - ai  + b  l o g  X i , t - l  + c l o g  Nt 

The c a u s a l  s t r u c t u r e  impl ied  by t h e  above e q u a t i o n s  can be 

found i n  F igu re  6 .  Lagged r e l a t i o n s h i p s  have been i n d i c a t e d  

w i th  an *. The f i g u r e  c l e a r l y  d i s p l a y s  t h e  mixed supply-demand 

o r i e n t a t i o n  of  t h e  model. The employment l e v e l ,  f o r  example, i s  

caused by t h e  p roduc t ion  l e v e l  i n  t h e  p rev ious  p e r i o d  b u t  i s  a l s o  

a  cause  of  t h e  p roduc t ion  l e v e l  i n  t h e  same p e r i o d .  The bottom- 

up s t r u c t u r e  appears  from t h e  f a c t  t h a t  n a t i o n a l  v a r i a b l e s  do 

n o t  p l ay  a  r o l e  i n  t h e  f i g u r e .  They a r e  n o t  imposed on t h e  model, 

b u t  a r e  t h e  outcome o f  it. 

8.2 EVALUATION OF FUKUCHI'S MODEL 

Fukuch i ' s  model r e p r e s e n t s  an  i n t e r e s t i n g  a t t emp t  t o  

b u i l d  a  pure  bottom-up model. No exogenous in fo rmat ion  abou t  

n a t i o n a l  v a r i a b l e s  i s  needed t o  o p e r a t e  t h e  model. Because of  

t h e  many lagged endogenous v a r i a b l e s ,  t h e  model i s  r e c u r s i v e ,  

which means t h a t  it i s  ea sy  t o  ope ra t e .  

Concerning t h e  s p e c i f i c a t i o n  of  t h e  model, t h e  fo l lowing  

remarks can be made. The c h a r a c t e r  of  (8 .1)  and (8 .2 )  d e s c r i b i n g  

t h e  r e a l i z e d  l e v e l s  o f  t h e  p roduc t ion  f a c t o r s  i s  r a t h e r  obscure .  



Figure  6. Causal  s t r u c t u r e  of s e c t o r  i i n  Fukuchi ' s  model. 

I I 

wage r a t e  
i n  s e c t o r  i 

They cou ld  be i n t e r p r e t e d  a s  demand o r  supply  f u n c t i o n s  o r  a s  

f u n c t i o n s  o c c u r r i n g  i n  t h e  reduced form of t h e  model. Conse 

quen t ly  it is no t  imposs ib le  t h a t  i d e n t i f i c a t i o n  problems a r i s e  

w i th  t h e  e s t i m a t i o n  o f  t h e s e  func t i ons .  Another problem w i t h  

(8 .2 )  i s  t h a t  it is  formula ted  i n  terms of  t h e  c a p i t a l  s t o c k  

i n s t e a d  o f  inves tment  f lows .  Consequently,  it does n o t  

recognize  t h a t  t h e  c a p i t a l  s t o c k  i n  p e r i o d  t depends h e a v i l y  

on t h e  s t o c k  i n  t h e  p r ev ious  pe r i od .  
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I n  (8 .4 )  t h e  r e g i o n a l  popu l a t i on  s i z e  i s  determined with-  

o u t  cons ide r i ng  b i r t h s ,  d e a t h s ,  and n e t  migra t ion  s e p a r a t e l y .  

The popu l a t i on  s i z e  of  t h e  p rev ious  p e r i o d  i s  used t o  d e a l  

wi th  b i r t h s  and dea ths .  S ince  no age groups have been d i s t i n -  

guished,  t h i s  i s  on ly  a  rough approximation.  For  n e t  migra t ion  

t h e  fo l l owing  exp l ana to ry  v a r i a b l e s  are used: r e g i o n a l  p e r  

c a p i t a  s o c i a l  c a p i t a l  and t h e  r e g i o n a l  va lue s  o f  p roduc t ion ,  

employment, and p r i c e s  r e l a t i v e  t o  t h e  n a t i o n a l  va lue s .  I t  

might be argued t h a t  a l s o  f o r  s o c i a l  c a p i t a l  a  r e g i o n a l  va lue  

r e l a t i v e  t o  t h e  n a t i o n a l  l e v e l  would be d e s i r a b l e .  S ince  t h e  

l e v e l  of n e t  m ig ra t i on  i s  n o t  determined s e p a r a t e l y  from t h e  

o t h e r  demographic p r o c e s s e s ,  it i s  n o t  p o s s i b l e  t o  check whether  

t h e  n a t i o n a l  n e t  m ig ra t i on  i s  equa l  t o  ze ro .  

t 

employment popu l a t i on  
i n  s e c t o r  i i n  s e c t o r  i 



9 .  EVALUATION 

W e  draw t o  t h e  fo l lowing  p r o v i s i o n a l  conc lus ions  a f t e r  

t h i s  conc i se  survey of  mu l t i r eg iona l  models. 

1 .  Pure forms o f  top-down o r  bottom-up models do e x i s t .  

Most models a r e  o f  a  mixed n a t u r e ,  however, w i th  a  

top-down approach used i n  one p a r t  o f  t h e  model and 

a  bottom-up approach used i n  ano the r  p a r t .  

2 .  Pure forms o f  demand-oriented o r  supply  o r i e n t e d  

models do e x i s t .  The models d i s cus sed  a r e  mostly 

approximations of  t h e  i d e a l  t ypes ,  however. Although 

t h e r e  may be a  tendency t h a t  demand v a r i a b l e s  p l a y  

a  more impor tan t  r o l e  than supply  v a r i a b l e s  i n  most 

models, it is  n o t  warranted t o  say  t h a t  t h e r e  i s  a  

gene ra l  n e g l e c t  o f  t h e  supply s i d e  i n  m u l t i r e g i o n a l  

economic models. 

3 .  L i t t l e  a t t e n t i o n  has  been p a i d  i n  t h e  abovementioned 

models t o  t h e  l i n k i n g  of  mu l t i r eg iona l  economic models 

wi th  o t h e r  models, e s p e c i a l l y  environmental  models. 

Fukuchi ' s  model i s  l i nked  wi th  a  m u l t i r e g i o n a l  model 

d e a l i n g  wi th  p o l i t i c a l  p r e f e r ences  of  v o t e r s ;  f o r  

NRIES t h e  model b u i l d e r s  mention t h a t  e f f o r t s  are 

made t o  ach ieve  a l inkage  wi th  a  mu l t i r eg iona l  energy 

mode 1. 



4. Most of the multiregional models are only suitable 

for the short and (maybe) medium term. A model should 

satisfy at least the following requirements to be 

suitable for the long-term (say longer than 1 5  years). 

The model should describe the regional distribution 

of capital and of population. Further, the model 

should not be based on the constancy of certain coef- 

ficients which may be expected to change in future. 

The model should not be a partial model; i.e., no 

important element of the economic system should be 

exogenous. Given these requirements we conclude that 

of the five models considered, RENA, NRIES, and 

BALAMO are mainly short term models. CANDIDE-R, MORSE 

and the model of Fukuchi are mainly long term models. 

Thus, among the six there is not typical long term 

model. 

5 .  Consistency problems arise in several models, mainly 

arising from the fact that the specifications of the 

relationships do not explicitly account for the fact 

that regional shares should add up to 1 .  Also in 

other respects certain relationships appear to be 

specified in an unsatisfactory way, for example, 

because of faulty use of economic theories. These 

problems will be partly due to the data bases for 

multiregional models, which are in general rather 

poor. Yet, it is reasonable to conclude that there 

is certainly scope for an improvement of specifications 

in multiregional models. 

6. The models vary largely according to the degree in 

which coefficients are uniform for all regions. For 

example, Fukuchi assumes uniform coefficients for all 

regions (except for the constant tern). The same holds 

true for BALAMO. On the other hand, CANDIDE-R, MORSE, 

RENA, and NRTES estimate all relations for each region 

separately. Obviously, this difference has to do 

with the availability of sufficient time series data. 

For impact analysis the uniformity assumption implies 

that the outcomes of the analysis are of little value 



when one i s  i n t e r e s t e d  i n  t h e  d i f f e r e n t i a l  r e g i o n a l  e f -  

f e c t s  of  n a t i o n a l  measures.  I t  i s  i l l u m i n a t i n g  t o  n o t e  

t h e  l i n k  between t h i s  t o p i c  and a g g r e g a t i o n  t h e o r y :  a  

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

l i n e a r  c a s e  i s  t h e  e q u a l i t y  o f  t h e  c o e f f i c i e n t s  ( e x c e p t  

f o r  t h e  c o n s t a n t  t e r m )  f o r  a l l  r e g i o n s .  

7. Models v a r y  l a r g e l y  i n  s e c t o r a l  d e t a i l .  For  example, 

RENA d e a l s  w i t h  1  s e c t o r ,  NRIES w i t h  12 s e c t o r s ,  and 

t h e  model o f  Treyz w i t h  25  s e c t o r s .  Obvious ly ,  t h e  

v a l u e  o f  impact  a n a l y s i s  i n c r e a s e s  when t h e  economic 

s e c t o r s  a r e  less heterogenous .  

8 .  The number of  r e q i o n s  i s  r e l a t i v e l y  s m a l l  ( n o t  l a r g e r  

t h a n  10) i n  most models,  e x c e p t  f o r  NRIES, d e a l i n g  

w i t h  51 r e g i o n s .  It f o l l o w s  t h a t  t h e  r e g i o n s  w i l l  be 

r a t h e r  he terogeneous .  I n  g e n e r a l  t h e y  do n o t  a l l o w  

a d i s t i n c t i o n  between urban and r u r a l  r e g i o n s .  S i n c e  

t h e  u rban- ru ra l  r e l a t i o n s h i p s  a r e  o f  l a r g e  i n t e r e s t  i n  

many c o u n t r i e s ,  t h i s  i s  o b v i o u s l y  a  d i s a d v a n t a g e  ( c f .  

Gordon [7977]1.  Note, f o r  example, t h a t  s p a t i a l  

economic models f o r  deve lop ing  c o u n t r i e s  a r e  n o t  s o  

much focused on i n t e r r e g i o n a l  l i n k s  i n  g e n e r a l ,  b u t  

more s p e c i f i c a l l y  on u rban- ru ra l  r e l a t i o n s h i p s .  To 

s o l v e  t h i s  problem, i n  BALAMO a t h i r d  s p a t i a l  l e v e l  i s  

in t roduced :  t h e  l o c a l i t y .  T h i s  approach i s  a l s o  

adopted  i n  REGINA, a m u l t i r e g i o n a l  model f o r  t h e  

French economy (cf .  Courb i s  [ 19791 ) . 
9 .  There a r e  some examples o f  models i n  which an  i n p u t -  

o u t p u t  model i s  combined w i t h  econometr ic  r e l a t i o n -  

s h i p s ,  i . e . ,  BALAMO and t h e  models of  Treyz and 

Car lbe rg .  I n  many models t h e s e  inpu t -ou tpu t  r e l a -  

t i o n s h i p s  a r e  n e g l e c t e d ,  however. One shou ld  be  

aware t h a t  when t h e s e  models a r e  used t o  compute 

m u l t i p l i e r  e f f e c t s ,  u n r e l i a b l e  r e s u l t s  may be  

o b t a i n e d .  

10. I n  many c a s e s ,  i n  m u l t i r e g i o n a l  models l i t t l e  

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



Often t h e  i n t e r r e g i o n a l  l i n k s  a r e  modeled i n  an  

i n d i r e c t  way: they  proceed v i a  t h e  n a t i o n a l  le- 

l e v e l .  For example, i n  CANDIDE-R a wage i n c r e a s e  

i n  r eg ion  1 does n o t  d i r e c t l y  i n f l u e n c e  t h e  wages 

i n  r eg ion  2 ,  b u t  does s o  on ly  v i a  t h e  n a t i o n a l  

wage l e v e l ,  which is  one of t h e  de te rminan ts  of  

t h e  wage l e v e l  i n  r eg ion  2. A f i e l d  where one 

would expec t  b i l a t e r a l  l i n k s  i s  migra t ion .  A 

c l o s e r  look a t  t h e  models r e v e a l s  t h a t  on ly  i n  

CANDIDE-R has  an  a n a l y s i s  been made of migra t ion  

from a c e r t a i n  r eg ion  t o  each o f  t h e  o t h e r  r eg ions .  

The o t h e r  models e i t h e r  n e g l e c t  m ig ra t i on  o r  on ly  

d e a l  w i th  it from one r eg ion  t o  t h e  o t h e r  r eg ions  

i n  an agg rega t e  way. Of t h e  models mentioned t h u s  

f a r ,  only  MORSE and t h e  ones o f  Treyz and Car lberg  

e x p l i c i t l y  d e a l  wi th  i n t e r r e g i o n a l  t r a d e .  NRIES 

c o n t a i n s  a f i r s t  s t e p  i n  t h i s  d i r e c t i o n  because of 

t h e  i n t r o d u c t i o n  of  so - ca l l ed  i n t e r a c t i o n a l  v a r i -  

a b l e s .  

W e  conclude t h a t  n o t  a l l  m u l t i r e g i o n a l  models a r e  

s u i t a b l e  t o  s tudy  s p a t i a l  s p i l l - o v e r  e f f e c t s  from 

one r eg ion  t o  ano ther .  

11. P r i c e s  p l a y  a  r o l e  i n  f o u r  of  t h e  s i x  models d i s -  

cussed.  The excep t ions  a r e  BALAMO and MORSE. 

Fukuchi ' s  model a l lows  f o r  a r e g i o n a l  d i f f e r e n t i a t i o n  

of p r i c e s .  The o t h e r  models on ly  c o n t a i n  n a t i o n a l  

p r i c e s .  

12. Wages are a b s e n t  i n  BALAMO, and MORSE b u t  f u n c t i o n  

i n  t h e  o t h e r  models. They a r e  r e g i o n a l i z e d  i n  a l l  - 
case s .  Obviously i n  m u l t i r e g i o n a l  models more a t t e n -  

t i o n  i s  p a i d  t o  r e g i o n a l  v a r i a t i o n s  i n  wages t han  i n  

p r i c e s .  

13. I n d u s t r i a l  inves tment  f i g u r e s  a r e  n o t  always easy  t o  

o b t a i n  on t h e  r e g i o n a l  l e v e l .  For example, i n  NRIES 

and B-0 t h e s e  inves tments  do n o t  p lay  a r o l e .  

This  s tate  of  a f f a i r s  i s  an o b s t a c l e  f o r  t h e  develop- 

ment of  long t e r m  models, as i n d i c a t e d  i n  t h e  f o u r t h  

conclus ion.  



14. I n f r a s t r u c t u r e  i s  a  v a r i a b l e  which is  o f t e n  a b s e n t  

i n  economic models a l though  it may p l a y  an i m p o r t a n t  

r o l e  i n  economic s t i m u l a t i o n  p o l i c i e s .  I n  t h e  s i x  

m u l t i r e g i o n a l  economic models c o n s i d e r e d ,  i n f r a s t r u c -  

t u r e  p l a y s  a  r o l e  i n  no less t h a n  two models. I n  

BALAMO road  i n f r a s t r u c t u r e  i s  a  de te rminan t  o f  i n d u s t -  

r i a l  p r o d u c t i v i t y .  I n  Fukuch i ' s  model, i n f r a s t r u c t u r e  

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

and i n  t h e  f u n c t i o n s  d e s c r i b i n g  n e t  p o p u l a t i o n  migra t ion .  

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

i n  m u l t r e g i o n a l  models a r e  d e s i r a b l e .  

15. M u l t i r e g i o n a l  models can  b e  used f o r  p o l i c y  a n a l y s i s  

when t h e y  d e s c r i b e  t h e  impacts  o f  p o l i c y  i n s t r u m e n t s  

on i n d i c a t o r s  of r e g i o n a l  economic performance such 

a s  r e g i o n a l  p roduc t ion  o r  r e g i o n a l  employment. The 

main p o l i c y  i n s t r u m e n t s  d e s c r i b e d  i n  t h e  s i x  models 

d i s c u s s e d  i n  t h i s  paper  can  be c l a s s i f i e d  a s  fo l lows :  

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

ments: 

CANDIDE-R: d i r e c t  r e g i o n a l  d i s t r i b u t i o n  (3 .3)  

RENA: r e g i o n a l  inves tment  s u b s i d i e s  ( 4 . 4 )  

p u b l i c  i n d u s t r i a l  inves tment  ( 4 . 4 )  

Fukuch i ' s  model: i n t e r e s t  r a t e  (8  - 2 )  

b. inves tments  i n  s o c i a l  c a p i t a l :  

RENA: g e n e r a l  

Fukuch i ' s  model: i n f r a s t r u c t u r e  f o r  

f i r m s  (8 .3)  

i n f r a s t r u c t u r e  f o r  

f a m i l i e s  ( 8 . 4 )  

BALAMO : road  i n f r a s t r u c t u r e  (5 .2 )  

MORSE : n u c l e a r  power (6 .3)  

c. s o c i a l  s e c u r i t y ,  s t a t e  f inance :  

RENA: s o c i a l  s e c u r i t y  revenues and e x p e n d i t u r e s  

t a x  measures,  p u b l i c  consumption 

NRIES: n a t i o n a l  g r a n t s  t o  r e g i o n a l  a u t h o r i t i e s .  

For  RENA, NRIES, MORSE and BALAMO, t h e  c i t e d  r e f e r e n c e s  

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



10 .  FURTHER RESEARCH 

This  paper con ta in s  a  p a r t i a l  a n a l y s i s  o f  some mul t i -  

r eg iona l  models. The a n a l y s i s  w a s  p a r t i a l  i n  t h e  sense  t h a t  

w e  focused on t h e  c a u s a l  s t r u c t u r e  around r e g i o n a l  product ion.  

L i t t l e  a t t e n t i o n  has  been pa id  f o r  example t o  t h e  government 

s e c t o r  i n  t h e  models. The number o f  models considered was 

small and no t  completely r e p r e s e n t a t i v e .  

W e  p l an  t o  c a r r y  o u t  a  more comprehensive comparative 

s tudy  of  mu l t i r eg iona l  models i n  t h e  f u t u r e .  W e  a l s o  p l a n  t o  

pay s p e c i a l  a t t e n t i o n  t o  t h e  po l i cy  a s p e c t s  of  models: t h e  

po l i cy  o b j e c t i v e s  and ins t ruments  de sc r ibed ,  t h e  s c e n a r i o ' s  

developed, t h e  conc lus ions  concerning t h e  e f f e c t i v e n e s s  o f  

ins t ruments  and l a s t  b u t  n o t  l e a s t :  t h e  a c t u a l  use  of models 

i n  r eg iona l  p o l i c i e s  and planning.  



APPENDIX: FORMAL PRESENTATION OF 
CAUSALITY STRUCTURES OF 
SIX MULTIREGIONAL MODELS 

The formal  s t r u c t u r e  of  t h e  models d e a l t  w i t h  i n  t h i s  

paper  w i l l  be d i s c u s s e d  by means of  t h e  m a t r i x  Bo and v e c t o r  

y d e f i n e d  i n  S e c t i o n  2 .  The meaning o f  m o s t  o f  t h e  v a r i a b l e s  .. 
i n  y can  be  found i n  t h e  p e r t a i n i n g  s e c t i o n s .  New symbols - 
are: 

P : p o p u l a t i o n  

L: l a b o u r  supp ly  

V: f i n a l  demand 

CANDIDE-R ( S e c t i o n  3 )  

r r  y =(Ii Ii Ki Xi xr ~f ~f wr ~ 3 '  - l l l i  

- 
Bo - 1 1  1 ) 

Evalua t ion :  Xi c a u s e s  X r 
i top-down mode 

r 
Ki c a u s e s  ~f supply  o r i e n t a t i o n  



RENA ( S e c t i o n  41 

Eva lua t ion :  Xrcauses xr : top-down mode 
X c a u s e s  E~ : demand o r i e n t a t i o n  

BALAMO ( S e c t i o n  5) 

E v a l u a t i o n :  Vit c a u s e s  x i t  : top-down mode 

r c a u s e s  Eit 

r : mixed supply-demand o r i e n t a t i o n  

MORSE ( S e c t i o n  6 )  
r =r = 

y = ( K ~ ~  L E cr ~f 1: EX xi) - 
1 

- 
Bo - ( l 1  

1 1  
1 

r E v a l u a t i o n :  Xi c a u s e s  Xi : bottom-up mode 
r ~r 

K i o f  c a u s e  xf : supp ly  o r i e n t a t i o n  



NRIES ( S e c t i o n  7) 

Evaluat  
=( X .  r cause s  1 1 

I - 
r 

X .  c ause s  
3 

Fukuchi ' s  Model (Sec t i on  8) 

: bottom-up mode 

: demand o r i e n t a t i o n  

Eva lua t ion  : 

x ' r i , t - 1  causes  Kit 

K ; ~  and E ; ~  cause  

\ 

r and Eit 

r 
'it I 

: mixed supply-demand 
o r i e n t a t i o n  



NOTES 

1 .  The time subsc r ip t  w i l l  be de le t ed  where it w i l l  not  g ive  

r i s e  t o  confusion. 

2.  Formulation (2.4) assumes t h a t  t h e  n a t i o n a l  v a r i a b l e  x i s  

t h e  sum of t h e  reg iona l  va r i ab le s  xr. In  some cases  x - 
may a l s o  be t h e  average of t h e  xr (e.g., when x i s  a  p r i c e  

v a r i a b l e ) .  I n  t h a t  case ,  ( 2 . 4 )  should be replaced by 

C wrcr = 1 ,  where wr denotes t h e  weight of region r. 

3 .  The na t iona l  v a r i a b l e  x  is  not  an element of v l ,  ..., v m'  

4 .  We adopt t h e  following n o t a t i o n a l  conventions. The e r r o r  

terms i n  t h e  s t o c h a s t i c  equat ions  w i l l  be de le t ed .  The 

ind ices  r ,  i t  and t r e f e r  t o  a  p a r t i c u l a r  region,  indus t ry ,  

and time per iod,  respec t ive ly .  They w i l l  be de le ted  when 

no confusion w i l l  a r i s e .  

5.  Cf. dfAmours, S h a r d ,  and Chabot-Plante [ 1 9 7 5 ] ,  p. 623. 

6. We i n t e r p r e t  t h e  r o l e  of xr i n  ( 4 . 2 1  a s  a  f i n a l  demand 

component and not  a s  an i n d i c a t o r  of production capac i ty .  

I n  t h e  l a t t e r  case ,  it would not  be reasonable t o  co in  

the  RENA model a s  a demand model. We d i sca rd  t h i s  i n t e rp -  

r e t a t i o n  of a s  an i n d i c a t o r  of production capac i ty  



since it gives rise to a questionable specification of 

(4.2) . We note in passing that Thys-Clement, et al. [I9791 

ignore the role of rr in their diagrammatic representation 
of the RENA model (p. 105). 

7. Note that even if RENA does not contain a pure demand 

oriented approach to regional production volumes, it does 

contain one to regional production shares. 

8 .  For certain sectors a logarithmic version of (5.11 has 

been used. The same holds true for (5.21 and (5.3) . 
9. For sectors with a pattern of location determined by the 

geographical distribution of resources another approach 

has been adopted. For these sectors exogenously specified 

spatial distributions are introduced. 



REFERENCES 

Ballard, K.P. and 3 . M .  Wendling. 1980. The National-Regional 
Impact Evaluation System: A Spatial Model of U.S. Economic 
and Demographic Activity. Journal of Regional Science 
20:143-158. 

Ballard, K.P., R.D. Gustely, and R.M. Wendling. 1980. 
National-Regional Impact Evaluation System. U.S. Depart- 
ment of Commerce, Washington. 

Carlberg, M. 1979. Ein Interregionales Multiaktoreles 
Wachstunsmodell-Dargestellt fiir die Bundesrepublik 
Deutschland. Vandenhoek and Ruprecht, G6ttingen. 

Courbis, R. 1979. The Regina Model, A Regional-National 
Model for French Planning. Regional Science and Urban 
Economics 9:117-139. 

Courbis, R. 1980. Multiregional Modeling: A General 
Appraisal. Paper presented at the Conference on Theore- 
tical and Practical Aspects of Regional Development 
Modeling. Laxenburq, Austria: International Institute 
for Applied Systems Analysis. (Forthcoming). 

Crow, R.T. 1979. Output Determination and Investment Specif- 
ication in Macroeconomic Models of Open Regions. Regional 
Science and Urban Economics 9:141-158. 

d'Amours, A:, G. Fortin, and G. Simard. 1979. Candide-R 
Un Modele National ~ggionalisg de ltEconomie Canadienne. 
In: ~lod&les Rg~ionaux et ~odgles Rggionaux-Nationaw, 
edited by R. Courbis. Paris: Cujas and Editions du CNRS. 
Pp. 175-184. 



Falleur, R. de., H. Bogaert, T. de Biolley, and P. Huge. 1975. 
Use of the RENA Model for Forecasting the Main Lines of 
Medium-Term Economic Policy. In: Use of Systems of Models 
in Planning. New York: United Nations. Pp. 262-288. 

FOX, K.A., J.K. Sengupta, and E. Thorbecke. 1966. The Theory 
of Quantitative Economic Policy. Amsterdam: North 
Holland. 

Fukuchi, T. 1978. Analyse Economico-Politique d'un Dgvelop- 
pement ~6gional Harmonisg. Collections de 1'1nsde, Serie 
C 61:227-253. 

Gordon, I.R. 1977. Regional Interdependence in the United 
Kingdom Economy. In: Structure, System and Economic 
Policy, W. Leontief. Cambridge University Press. 
Pp. 111-122. 

Hamel, B.A. van, and A. van Delft. 1978. Operationeel 
Onderzoek en Regionaal Beleid. In Regionaal Beleid, 
P. ~i jkamp and C. Verhage. Leiden: Stenfert Kroese. 
Pp. 123-156. 

Kawashima, T. 1977. Regional Impact Simulation Model BALAMO: 
For Government Budget Allocation Policy in Japan. In: 
Models for Regional Planning and Policy Making, A. 
Straszak and B.V. Wagle, editors. Laxenburg, Austria: 
International Institute for Systems Analysis. Pp. 152-180. 

Kornai, J. 1980. Economics of Shortage. Amsterdam: North 
Holland Publishing Company. 

Mennes, L.B.M., J. Tinbergen, and J.G. Waardenburg. 1969. 
The Element of Space in Development Planning. Amsterdam: 
North Holland Publishing Co. 

Nijkamp, P. and P. Rietveld. 1980. Towards a Comparative 
Study of Multiregional Models. WP-80-172. Laxenburg, 
Austria: International Institute for Applied Systems 
Analysis. 

Simon, H.A. 1953. Causal Ordering and Identifiability. In: 
Studies in Econometric Method, W. Hood and T.C. Koopmans, 
editors. New York: Wiley, Pp. 49-74. 

Thys-Clement, F., P. van Rompuy, and L. de Corel. 1977. 
RENA, A Regional Model for Belgium. In: Modgles 
~g~ionaux et ~odgles ~g~ionaux-~ationaux. Paris: 
Editions Cujas. Pp. 103-122. 

Treyz, G.I. 1980. Design of a Multiregional Policy Analysis 
Model. Journal of Regional Science 20:191-206. 


