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PREFACE 

The work on regional development at IIASA is oriented 
to problems of long term development of regions and systems 
of regions. For this purpose models of growth and develop- 
ment at the interregional level have been designed and 
implemented in a number of economies open to international 
trade, among others in Bulgaria and Sweden. 

The design of such models as well as economic policies 
has to take into account the susceptibility to international 
trade and growth cycles. It has generally been assumed that 
openness is closely related to the size of the national 
economy. This casts serious doubts on this hypothesis. It 
claims that most economies, whether small or large, must in- 
corporate the influence of international trade and factor 
relations in their models of planning and forecasting. The 
paper has been presented at the IIASA Task Force Meeting on 
"Problems in Long-Term Macroeconomic Planning and Forecasting 
in Small, Open Economies," 19-21 September, 1979.  





INTRODUCTION 

This  paper  ha s  two o b j e c t i v e s .  The f i r s t  o b j e c t i v e  i s  
problem-oriented.  I t  h a s  always been assumed t h a t  openness  t o  
i n t e r n a t i o n a l  d i s t u r b a n c e s  must n e c e s s a r i l y  be  g r e a t e r  f o r  
s m a l l e r  economies. Neoc l a s s i ca l  i n t e r n a t i o n a l  t r a d e  t h e o r y  as 
w e l l  a s  e m p i r i c a l  ev idence  a l s o  seem t o  s u p p o r t  such a hypo thes i s .  
I t  i s  obvious  t h a t  i n c r e a s i n g  t h e  s i z e  o f  an  economy l e a d s  t o  an  
i n c r e a s e  i n  t h e  t o t a l  d i v e r s i t y  of f a c t o r  supply .  Thus t h e  pos- 
s i b i l i t y  o f  a c h i e v i n g  op t ima l  r e sou rce  a l l o c a t i o n  th rough  r e g i o n a l  
s p e c i a l i z a t i o n  and i n t e r r e g i o n a l  t r a d e  would dec rease  t h e  neces-  
s i t y  t o  engage i n  i n t e r n a t i o n a l  t r a d e .  I n c r e a s i n g  r e t u r n s  t o  
s c a l e  i n  p roduc t ion  would a l s o  c o n t r i b u t e  t o  a  dec reas ing  pro- 
p e n s i t y  t o  i n t e r n a t i o n a l  t r a d e  w i t h  t h e  i n c r e a s i n g  s i z e  o f  t h e  
n a t i o n a l  economy. The s t a t i s t i c a l  a n a l y s i s  i n  t h i s  paper  c a s t s  
s e r i o u s  doub t s  on v a l i d i t y  o f  smallness-openness c o r r e l a t i o n  i n  
a dynamic p e r s p e c t i v e .  

The second o b j e c t i v e  of  t h i s  p a p e r  i s  t o  examine t h e  r e l a t i v e  
u s e f u l n e s s  of  two d i f f e r e n t  approaches  t o  i n t e r n a t i o n a l  t r a d e  and 
l o c a t i o n  modeling. The f i r s t  approach p re sen t ed  i s  a  de t e rmin i s -  
t i c  n e o c l a s s i c a l  model o f  t r a d e  and l o c a t i o n  w i th  an e x p l i c i t  
t ranspor ta t ion-communicat ion s e c t o r .  Th i s  model i s  n o t  an  e q u i l i -  
brium model b u t  a model o f  op t ima l  t r a d e  and l o c a t i o n .  The 
in format ion  neces sa ry  t o  suppor t  t h e  optimum i s ,  however, of  t h e  
same n a t u r e  a s  t h e  p r i c i n g  i n fo rma t ion  o f  t h e  market  system. It 
can ,  t h e r e f o r e ,  be  assumed t h a t  a market  system can s u s t a i n  t h e  
s o l u t i o n  acco rd ing  t o  t h i s  model. The second approach t o  t r a d e  
and l o c a t i o n  modeling i s  t o  u se  a s t o c h a s t i c  t r a d e  model, based on 
in fo rma t ion  t heo ry ,  and a p r i o r i  i n fo rma t ion  c r e a t e d  by a dynamic 
inpu t -ou tpu t  model. It i s  shown t h a t  such a n  i n t e g r a t e d  t r a d e  
and l o c a t i o n  model can  g e n e r a t e  more e a s i l y  r e f u t a b l e  hypotheses  
t han  t h e  n e o c l a s s i c a l  model and  t h a t  it a l s o  performs s t a t i s t i c a l l y  
w e l l  a t  a l l  l e v e l s  o f  agg rega t ion .  

One g e n e r a l  conc lus ion  o f  t h i s  paper  i s  t h a t  t r a d e  must be  
seen  i n  a framework of  growing and s t r u c t u r a l l y  changing supply  
and demand c o n d i t i o n s  i n  d i f f e r e n t  p a r t s  o f  t h e  world economy. 
The proposed t h e o r e t i c a l  framework i s  one a l t e r n a t i v e  f o r  such an  
a n a l y s i s .  Another conc lus ion  i s  t h e  one t h a t  s u s c e p t i b i l i t y  and 
smal lness  are n o t  i n t r i n s i c a l l y  t i e d  t o  each  o t h e r .  The dominant 
f e a t u r e s  i s  now t h a t  openness i n c r e a s e s  i n  most economies whether 
s m a l l  o r  l a r g e .  One can ,  t h e r e f o r e ,  conclude t h a t  t h e  c r e a t i o n  
of p lann ing  and f o r e c a s t i n g  models f o r  open economies i s  a g e n e r a l  
need. Furthermore,  t h e  n e c e s s i t y  f o r  i n t e r n a t i o n a l  c o o r d i n a t i o n  
of  economic p o l i c i e s  seems t o ' b e  e q u a l l y  impor t an t  f o r  s m a l l  and 
l a r g e  n a t i o n s .  



1. SPECIALIZATION OR TRADE DEPENDENCE OF COUNTRIES 

An economic area (nation or regionj can be said to be specialized 

if it exchanges. some of its products for products from 

other economic areas. Trade, location of productionland speci- 

alization are thus different aspects of the same phenomenon. 

Ohlin (1933) has formulated this in a forceful way. 

"When...the costs of transportation within regions and 

countries are taken into account, there is need for a 

general localization theory, which considers at the 

same time regions and districts of many different kinds, 

among which are the various countries...A theory of 

international trade must, therefore, be founded upon 

the .general localization theory; indeed, it consists 

of a localization theory which gives special attention 

to the circumstances arising from the existence of a 

number of countries ..." 
The limiting case of a household is normally the most speciali- 

zed unit in economics, because it produces a certain type of 

labor that is exchanged for almost all goods and services, which 

are used by the household members. The specialization is, 

however, never complete. Some services are mostly produced 

within the household, for example, food preparation and wash- 

ing. At the extremely aggregate level we have the world as a 

whole, which is a closed system from the economic point of view 

and which, as a whole, is completely unspecialized. Between 

these spatially differentiated extremes we find all degrees of 

specialization and, correspondingly, all degrees of dependence 

on trade. 

From these considerations as well as from the comparative static 

analysis of the next section, we would expect to find a strong 

relation between the size of an economy and its reliance on 

trade, and, thus, its specialization of production. A rough 

classification of developed countries also reveals a relation 

between size and trade reliance. 

Table 1 shows that there are a few exceptions to the rule of 

smaller trade reliance with larger size. The Netherlands is 

one of the exceptions with an extremely large trade reliance 

(57% of GNP), although it has a larger GNP than the median for 



Table 1. The r e l a t i o n  between s i z e  of t h e  economy (GNP,  1973) 

and r e l i a n c e  on i n t e r n a t i o n a l  t r a d e  (Exports/GNP, 

1973) - 

Above median I Nether l a n d s  I 
1 Sweden I 

Below median 

Sum 

2 
Canada 
United Kingdom 
Germany ( FRG) 
I t a l y  
France  
A u s t r a l i a  
Japan 
USA 8 

N e w  Zealand I 

Below median 

I c e l a n d  A u s t r i a  
Belgium Denmark 
Norway F in land  
I r e l a n d  
S w i t z e r l a n d  8 

South  A f r i c a  

i 

Sum 

10 



t h e  20 economies i n c l u d e d  i n  t h e  Tab le .  The o p p o s i t e  i s  t r u e  

f o r  New Zealand and S o u t h  A f r i c a .  

The re  i s ,  however, a r a t h e r  l a r g e  v a r i a t i o n  w i t h i n  t h e  cel ls  o f  

t h e  con t ingency  t a b l e .  J a p a n ,  which i s  a p p r o x i m a t e l y  t h e  same 

s i z e  a s  t h e  FRG,has a t r a d e  r e l i a n c e  o f  10 p e r  c e n t  o f  GNP f o r  

t h e  same y e a r  a s  t h e  FRG h a s  a  s h a r e  o f  e x p o r t s  i n  GNP of  20 

p e r  c e n t .  The problem i s  t h e n  t o  f i n d  o u t  what o t h e r  f a c t o r s ,  

b e s i d e  t h e  s i z e  o f  t h e  economy, a r e  o f  impor t ance  f o r  t h e  t r a d e  

dependence o r  s p e c i a l i z a t i o n  of  an  economic a r e a .  

Fu r the rmore ,  it c a n  be  shown t h a t  t h e  a v e r a g e  d e g r e e  o f  t r a d e  

dependence i s  growing s t e a d i l y  f o r  most advanced marke t  economies.  

Tab le  2  shows t h a t  t h e  v a s t  m a j o r i t y  o f  h i g h l y  developed marke t  

economies had a r emarkab le  i n c r e a s e  i n  t h e i r  r e l i a n c e  on  t r a d e  

and s p e c i a l i z e d  p r o d u c t i o n  between 1950 and 1974.  I t  shows t h a t  

t h e  o n l y  c o u n t r i e s  t h a t  have  a  d e c l i n e  i n  t h e i r  t r a d e  r e l i a n c e  

a r e  t h o s e  a t  ex t reme d i s t a n c e s  from t h e  major  c e n t e r s  o f  t h e  

wor ld  marke t .  J apan  and A u s t r a l i a  a r e  two o f  t h e s e  d i s ' t a n t  

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

The problem i s  t o  d e t e r m i n e  i f  t h e r e  i s  a n  o p t i m a l  d e g r e e  o f  

t r a d e  r e l i a n c e  o f  a  r e g i o n * ,  and i f  t h i s  o p t i m a l  d e g r e e  o f  t r a d e  

r e l i a n c e  (and s p e c i a l i z a t i o n )  c a n  change o v e r  t i m e  i n  a c a u s a l l y  

s y s t e m a t i c  way. 

- - 

*Some c o u n t r i e s ,  which r e semble  sub- reg ions  o f  most  o t h e r  
c o u n t r i e s  i n  t e r m s  o f  a r e a  and p o p u l a t i o n ,  l i k e  Hong Kong, 
Singapore--and t o  a  lesser e x t e n t ,  t h e  N e t h e r l a n d s  and Belgium-- 
have e x p o r t  and impor t  s h a r e  w e l l  above h a l f  t h e i r  GNPs. I n  
t h e  former  two c o u n t r i e s  it i s  normal ly  c l o s e  t o  100 p e r  c e n t .  
The maximal s h a r e  o f  e x p o r t s  i n  GNP c a n ,  i n c i d e n t a l l y ,  b e  l a r g e r  
t h a n  100 p e r  c e n t ,  because  t h e  GNP measure d o e s  n o t  i n c l u d e  in -  
termediarycomrnoditydeliveries, which a r e  i n c l u d e d  i n  t h e  ex- 
p o r t s  and i m p o r t s .  



Table 2 .  Exports a s  a percentage o f  GNP 1950 and 1974 i n  

20 developed market economies 

Source: Unctad, Handbook of International Trade and Development 
Statistics, pp. 346-347, 1976. 

Country 

Expansion of interna- 
tional dependence 
Austria 

FR Germany 

USA 

Italy 

Belgium 

Ireland 

Finland 

Switzerland 

Netherlands 

Iceland 

Sweden 

Denmark 

Nor,way 

France 

Canada 

United Kingdom 

Contraction of interna- 
t'fonal dependence 

South Africa 

New Zealand 

Japan 

Australia 

Export value 1950 

14 per cent of GNP 

11 " II II II 

4 " II II II 

12 " II 11 I t  

28 I' 
I t  II 11 

29 I' 
11 I 1  I t  

20 1 1 -  I 1  II I1  

25 " 11 II I1  

41 " 
I I 11 11 

28 " II I1 11 

24 " I I II I1 

27 If 
I I I t  11 

39 " II II 11 

16 " I t  I t  I 1  

23 " I I II I t  

22 " 11 11 II 

Export value 1974 

37 per cent of GNP 

29 I' 
I t  II I1  

8 " 
II 11 II 

24 " 
11 I1 I 1  

54 " I I II II 

44 " I I II 11 

30 " 
II I t  11 

36 " 
I I II I1  

57 " 
II I1  I t  

39 " II II II 

33 " 
I I II II 

36 " II I1  II 

48 " I t  
II II 

19 " I1  II II 

26 " II II 11 

24 " 
I I 11 11 



2 .  NEOCLASSICAL THEORY OF TRADE AND LOCATION 

W e  have i n  t h e  former s e c t l o n  i l l u s t r a t e d  t h e  d e g r e e  of  s p e c i a -  

l i z a t i o n  a t  a  r a t h e r  comprehensive l e v e l .  The o n l y  and r a t h e r  

i n d i r e c t  measure o f  s p e c i a l i z a t i o n  i n  t h a t  s e c t i o n  i s  t h e  

d e g r e e  of  t r a d e  dependence a s  r e f l e c t e d  i n  t h e  export/GNP 

r a t i o s  and i t s  s p a t i a l  d i s a g g r e g a t i o n .  The problem of t h e  

o p t i m a l  p a t t e r n  o f  l o c a t i o n  and t r a d e  of commodities i s  t h e  

s u b j e c t  of t h i s  s e c t i o n .  

T h i s  is  a  problem w i t h  a  l o n g  t r a d i t i o n  i n  i n t e r r e g i o n a l  and 

i n t e r n a t i o n a l  economics. To o u t l i n e  t h e  c e n t r a l  a s p e c t s  o f  t h e  

problem we w i l l  u s e  a  s t y l i z e d  o p t i m i z a t i o n  model t h a t  i n c l u d e s  

a  s imple  t r a n s p o r t a t i o n  s e c t o r .  T r a n s p o r t a t i o n  i s  assumed t o  b e  

a  pure  i n t e r m e d i a r y  i n  t h e  economic system. (See  Lefeber  1 9 5 8 ) .  

The model has  t h e  f o l l o w i n g  b a s i c  e l ements :  

- R e s o u r c e s ,  

- P r o d u c t i o n  t e c h n o l o g y ,  

- T r a n s p o r t a t i o n  t e c h n o l o g y ,  

- T r a n s p o r t a t i o n  n e e d s ,  

- Consumer g o o d s ,  

- Produc ing  and consuming  r e g i o n s ,  and 

- A v a l u a t i o n  o r  w e l f a r e  f u n c t i o n .  

The r e s o u r c e s  a r e  assumed t o  be  l o c a t e d i n  r e g i o n s ,  p r i v a t e  i n  

n a t u r e ,  b u t  i n  p u b l i c  c o n t r o l .  The p roduc t ion  technology i s  

assumed t o  be r e p r e s e n t e d  by some n e o - c l a s s i c a l  p roduc t ion  

f u n c t i o n  ( i . e . ,  concave,  c o n t i n u ~ u s ~ a n d  a t  l e a s t  twice  d i f f e r -  

e n t i a b l e ) .  T r a n s p o r t a t i o n  needs a r e  s t r i c t l y  p r o p o r t i o n a l  t o  

t h e  volume sh ipped  between t h e  r e g i o n s  w i t h  an  i m p l i c i t  d i s t a n c e  

e f f e c t  such t h a t  t r a n s p o r t a t i o n n e e d s  i n c r e a s e  w i t h  d i s t a r i ce .  

P roduc t ion  of  t r a n s p o r t a t i o n  i s  a l s o  s u b j e c t  t o  some neo- 

c l a s s i c a l  p roduc t ion  f u n c t i o n s .  

I t  i s  f u r t h e r  assumed t h a t  t h e r e  e x i s t s  some g l o b a l  con t inuous ,  

concave,  d i f f e r e n t i a b l e  w e l f a r e  f u n c t i o n  f o r  t h e  r e g i o n a l  

sy,stem a s  a  whole, which i s  f u r t h e r  assumed t o  b e  a  weighted 



s u m  of t h e  we l f a r e  l e v e l s  of t h e  c o n s t i t u e n t  regions .  A l l  

t h e  weights a r e  assumed t o  be s t r i c t l y  p o s i t i v e .  The model 

now can be formulated: 

r rs i: r 
L k T + s l .  Lki =Lk ; A; 2 0 ; Resource k  

I 1  
{ r  = l , . . . , ~ ,  k = l t - . . m }  

S - rs rs . Fi [ 1 Lli '  I L 2 i I . . . ' 1   if ; Xi - 
r r r production Technoloqy 

s 1 xS? = xi S p a t i a l  commodity 
1 ; d i s t r i b u t i o n  

9 

T r 
T ( X I  L )  2 F [I L l T ' - .  11 L i T )  ; Transpo r t a t i on  r r Techno logy 

A T 2 0  ; 

1 xYS 5 - M: ; as > 0 ; ~ m p o r t  c o n s t r a i n t  f o r  
1 = 

9 commodity i i n  country  i 

1 xqs 1 xSq = 0; T ; Conservation of t o t a l  1 - 1 
9 1 s  S t9  t r a d e  flow f o r  commo- 

La .w . ( I  x;]. . . . , I  x s j )  = w ; 
' 3 s  n 

Welfare 
j s 

Problem: !;iaximize wel fa re ,  s u b j e c t  t o  c o n s t r a i n t s ;  i . e . ,  



S~bols: L = {LrS}= amount of factor service k originating in region ki 
r to be used for production of commodty i in 

region s. 

LET = amount of factor service k originating in region r 

to be used in the production of transportation 

services, 

XI = production of commodity i in region s , 

x = { x T ~ I  = amount of commodity i shipped from producer region 

s to consumer region j. 

The first order conditions of a maximum can now be derived. 

shadow marginal 
p r i ce  of product iv i ty  
commodity of f ac to r  k 
i i n  p r o -  when used 
d u c e r  r e -  f o r  produc- 
g i o n  s t i o n o f c o m -  

m o d i t y  r 
i n  r e g i o n  
s 

shadow 
p r i c e  of 
f ac to r  k 
emerging 
i n  region 
r 

shadow marginal 
p r i c e  of transpor- 
transpor-  t a t i o n  need 
t a t i o n  f o r  f ac to r  

k del ivered 
from region 
r t o  r e g i o n s  

S 
dFi a~ rs r ( \  -) - hk - a T 

1 - rs Lki = 
rS = 0; (lb) 

'T Lki 
r,s,k,i aLki rrslkli aLki 

- - - 
marginal see above see above 
value of 
commodity 
i when 
d e l i v e r e d  
f rom r e -  
g i o n  s t o  
r e g i o n  j 

YqZ - 
marginal shadow 
transporta-  cus tom 
t ion  need d u t y  f o r  
fo r  com- commodity 
m o d i t y  i i n  r e g i o n  j 
i d e l i -  
v e r e d  
f rom r e -  
g i o n  s t o  
r e g i o n  j 



- -NY - 
see above see above marginal 

productivity 
of factor k 
from region r 
used for pro- 
duction of 
transportation 

The f i r s t  i n t e r p r e t a t i o n  can be i l l u s t r a t e d .  I f  t h e  i - t h  

good c o n d i t i o n  i s  s t a n d a r d i z e d  w i t h  t h e  numerai re  good ( * ) ,  

we can i l l u s t r a t e  e q u a t i o n  ( 2 )  a s  i n  F i g u r e  1. 



Marginal 
value of 
commodity i 
in region j 

F i g u r e  1. I l l u s t r a t i o n  of  o p t i m a l i t y  c o n d i t i o n s  f o r  commodity 
t r a d e  

Marginal 
cost of 
transpor- 
tation of 
commodity i 
from region 
s to region 
j 

Shadow 
price of 

F i g u r e  1 i n d i c a t e s  t h e  maximally o p t i m a l  t r a d e  o f  commodity i from 

r e g i o n  s t o  r e g i o n  j .  I t  i s  c l e a r  t h a t  t h i s  maximum c a n  o n l y  oc-  

c u r  i n  a  f r i c t i o n l e s s  economy (where  X = 0) w i t h o u t  custom d u t i e s .  T 

T ")*+ ax:] (A$+k); ($ 
I 

P I I 
I I \ M R S ; ~ , X ,  
I I 

I I I > 
I 

Opt.  i n d i c a t e s  t h e  b e s t  d e g r e e  o f  t r a d e  r e l a t i o n  f o r  a n  economy 

w i t h  t h e  assumed t r a n s p o r t a t i o n  f r i c t i o n s .  T h i s  optimum p o i n t  i s  

de te rmined  a t  t h e  i n t e r s e c t i o n  o f  t h e  m a r g i n a l  v a l u e  c u r v e  and t h e  

sum o f  t h e  FOB-price and t h e  m a r g i n a l  c o s t  of  t r a n s p o r t a t i o n .  I t  

i s  c l e a r  t h a t  t h e  f u r t h e r  a p a r t  a r e  t h e  r e g i o n s ,  t h e  l e s s  i s  t r a d e d  
s j o f  each  one  o f  t h e  commodit ies  and ,  t h u s ,  a l s o  o f  t h e  sum (3T/3Xi 

i n c r e a s e s  w i t h  d i s t a n c e ) .  

comodity i opt. max. 
when produced - - xs j  

in region s i 

The optimum t r a d e  p o i n t  (assumed t o  b e  b i n d i n g )  might  s h i f t  t o  t h e  

r i g h t  a s  a  consequence o f  s i x  d i f f e r e n t  c e t e r i s  p a r i b u s  changes :  

a )  The t a s t e  f o r  commodity i produced i n  r e g i o n  s i n c r e a s e s ,  

b )  Margina l  p r o d u c t i v i t y  i n  p r o d u c t i o n  o f  i i n c r e a s e s  i n  r e g i o n  s ,  
C )  T r a n s p o r t a t i o n  need  p e r  u n i t  o f  commodity i d e c r e a s e s ,  i . e . ,  

by more e f f i c i e n t  packag ing ,  e t c . ,  

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

i n c r e a s e s  , 
e )  The a v a i l a b i l i t y  o f  r e s o u r c e s  used  i n  t h e  p r o d u c t i o n  o f  com- 

modity i i n c r e a s e s .  

f ) ' ~ h e  shadow custom d u t y  d e c r e a s e s  as a  consequence of  d e c r e a s i n g  

impor t  c o n s t r a i n t s .  



For  t h e  f a c t o r  m o b i l i t y  p a r t  o f  t h e  c o n d i t i o n s  we c a n  also draw 

some q u a l i t a t i v e  c o n c l u s i o n s .  One e q u i l i b r i u m  c o n d i t i o n  is :  

1: - a F'I' s X k - - -  A T =  X k  , f o r  any r a n d  s .  

a L k ~  

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

t i o n ,  t h e r e  s h o u l d  b e  f a c t o r  p r i c e  e q u a l i z a t i o n .  O the rwi se ,  t h i s  

i s  g e n e r a l l y  n o t  t r u e .  

The same k i n d  o f  i l l u s t r a t i o n  can  b e  g i v e n  f o r  i n e q u a l i t y  e q u a t i o n  

(1) ) , see F i g u r e  2 .  

Marginal 
productivi- 
ty of factor 
k in produc- 
tion i when 
delivered 
from region 
r to region 
9 

A: / A: 

I I ' rs 
optimal maximal L k i  

commuting "commuting" 
of factor k 
to produc- 
tion of i 
from region 
r to region 
s = optimal 
if there are 
no frictions 

F i g u r e  2 .  I l l u s t r a t i o n  o f  o p t i m a l i t y  c o n d i t i o n s  f o r  f a c t o r  
m o b i l i t y  

The optimum "commuting" p o i n t  f o r  f a c t o r  k  migh t  s h i f t  t o  t h e  r i g h t  

f o r  t h e  f o l l o w i n g  f o u r  c e t e r i s  p a r i b u s  changes  i n  r e l a t i v e  t e r m s :  

a )  The v a l u a t i o n  o f  commodity i i n c r e a s e s ,  

b )  The a v a i l a b i l i t y  o f  f a c t o r  k  i n  l o c a t i o n  r i n c r e a s e s ,  

C )  The m a r g i n a l  p h y s i c a l  p r o d u c t i v i t y  o f  f a c t o r  k  u sed  i n  pro-  

d u c t i o n  of commodity i i n  r e g i o n  s i n c r e a s e s ,  

d )  The need f o r  t r a n s p o r t a t i o n  p e r  u n i t  o f  d i s t a n c e  o f  f a c t o r  k  

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



We can conclude that changes in the transportation and generally 

the communication sectors is of importance for the trade in goods 

and factor services and thus for the optimal degree of speciali- 

zation of an economy. With the secularly decreasing relative 

cost of transportation over the long term,an increasing reliance 

on trade and factor exchange should be expected. It is also ob- 

vious that a forced or natural scarcity of energy in the future 

with a corresponding increase in energy prices and increase in 

transportation prices should lead to a decline in trade and speci- 

alization. With this construction of the model, the prediction 

is clear. Any smooth decrease in availability of energy will 

lead to smooth declines in international and interregional trade 

and commuting of factors. 

Some non-neoclassical studies of this specialization issue have 

indicated that a smooth change in availability of energy for 

transportation might not give rise to smooth responses in terms 

of decreasing degrees of specialization. The consequence might 

very well be "catastrophic". (See Alistair Mees, 1976.) 

We have also shown that the relative regional differentials in 

availability of resources, technology of production, and valua- 

tion of the commodities produced can trigger off changes in the 

level of specialization and thus reliance on trade. It is clear 

from the analysis that the commodity structure of production and 

trade depends on - all the parameters of the problem. However, 

very little can be said on this more specific issue without a 

structurally much more specified model than the one used above. 

These long-term sectorial issues cannot be handled within the 

neoclassical comparative static model used above. Such an 

analysis needs a specification of a dynamic interregional input- 

output model consistent with the general non-spatial form proposed 

by Leontief or von Neumann. An interregional growth model suited 

to such a dynamic specialization analysis is presented in a forth- 

coming paper to be published as a IIASA Research Report. A 

version of this model is briefly discussed in the last section of 

this paper. 



SOME EMPIRICAL MEASUREMENTS BASED ON NEOCLASSICAL TRADE AND 

LOCATION THEORY 

According to the neoclassial theory of trade and location, three 

circumstances are of primary importance for specialization of 

production and trade dependence. These factors are: 

-factor supply, 

-transportation and communication costs, and 

-institutional constraints on the flows. 

Surprisingly enough, very few empirical measurements of total 

trade dependence have been made . International trade economists 

have been much more interested in questions such as commodity 

structure of trade and similar issues. (See, for example, 

Baldwin, 1971; Bhagwati and Bharawaj, 1967; Branson W.H. and 

Monoyois, 1977; Keesing, 1966; andLeontie£, 1956.) 

One of the few econometric studies oriented to explaining total 

trade dependence (total import value in relation to GNP) has 

been done by Balassa (1977). an ow ever, see also Chenery 1960.) 
His measurements are based on an implicit assumption that total 

diversity of factor supply increases with the size of the eco- 

nomy as reflected in national product and population size. He 

also introduced custom duties, measured as the average rate of 

tariffs on manufactured goods. 

The function used was the following: 

log M - 1.03 + 0.76 log Y - 0.13 log P - 0.45 log T; n = 21 countries 

t-values 7.7 9.7 2.8 year: 1970 

where M = total import value in US dollars 

Y = gross national product 11 

P = population 

T = rate of tariffs 

This function has not been derived in any explicit way from theory 

and there is thus no explanation of the choice of functional 

form. I suspect that the form was chosen for ease of interpre-. 

tat ion. 



The effect of size is clear in this estimation. The average de- 

pendence on trade decreases by 24 per cent with an increase of 

GNP of 100 per cent. (Cet.Par.) The influence of size is also 

clearly indicated in the population elasticity. The tariff 

(and thus the price) elasticity is rather high and of the ex- 

pected sign. Balassa: 

"The protection variable itself has the expected nega- 

tive sign and it is significantly different from zero 

at the 1 per cent level. The relevance of the pro- 

tection variable for intercountry differences in im- 

ports can further be indicated by calculating from 

the regression equation hypothetical values of im- 

ports at different levels of protection. 

For a country with a per capita income of $2241 and 

population of 35.6 million, corresponding to mean 

values in the 21 country sample, estimated import 

values are $35.7 billion for a zero tariff on manu- 

factured goods, $12.6 billion for a tariff level of 

10 per cent, $9.3 billion for a tariff level of 20 

per cent, and $7.7 billion for a tariff level of 30 

per cent. For the same tariff levels, the ratios 

of estimated imports to the gross national product 

are 36.8 per cent, 9.6 per cent, and 7.9 per cent, 

respectively. These figures compare to average im- 

ports of $10.3 billion and an average import share 

of 10.6 per cent in the sample." 

Balassa omits the distance factor with the spurious argument that 

the price of transportation of commodities has fallen. He does 

not recognize that this development may have influenced the 

international location of production and thus may have also 

influenced trade. Furthermore, he forgets the great and un- 

changed or even increased importance of other forms of communi- 

cation and its effect on trade dependence. The reason for the 
exclusion of transportation and communication friction from the 

estimation equation is possibly also of a methodological nature. 

Distances are measures of relations between pairs of countries; 

overall measures.of distances can only be computed as indexes 

with all the errors that can be associated with such entities. 



The following sections are devoted to an approach to international 

trade analysis that can accommodate distance effects together 

with any deductive findings from neoclassical theory within a 

stochastic framework. 

TRADE, TRANSPORTATION AND COMMUNICATION - A STOCHASTIC APPROACH 

The neoclassical theory of international trade is a good starting 

point for qualitative, prescriptive analysis. It is, however, 

doubtful if it can serve as an equally good starting point for 

explanatory and empirical analysis. Most of the hypotheses of the 

neoclassical theory of trade and location are-such that they 
. . 

are difficult to refute. For instance, it can always be claimed 

that if this theory is refuted at the level of aggregation used 

in the test, the reason for the error lies in insufficient dis- 

aggregation rather than in the flaws of the theory. In the fol- 

lowing section,I attempt to formulate a theory of international 

trade, which is more suitable for empirical tests and yet pre- 

serves many of the basic assumptions of the neoclassical theory 

of trade. Some of the procedures proposed below have implicit 

similarities to procedures used by Linnemann, Tinbergen, 

P6yhBnen and Nyhus, to name a few. 

One basic idea of this approach is that natural resource abun- 

dance is of minor importance for specialization of production 

and trade. Rather, it is the assumption that production speci- 

alization is determined by national policies of capital accumu- 

lation, education, research and development and by trade patterns 

tying the allocation of policies of one country to allocation 

policies of all other countries. Growth of production and de- 

velopment of trade patterns are thus tied to each other in a 

dynamic theory of location and trade. This idea also forms the 

basis of Leontief's projections in "The Future of the World 

Economy". 



In most theoretical studies of trade, there is no explicit con- 

sideration of the spatial dimension. One notable exception is 

Lefeber (1958). In his approach, used as a basis of the pre- 

ceding section of this paper, a discrete network for transporta- 

tion is assumed to be given exogenously. The structure and 

capacity of this network is assumed to be of importance for the 

structure of trade. Some of the implications, given above, are 

intuitively appealing. Others are more disputable. With deter- 

ministic assumptions as a basis of the analysis, the conclusion 

is that no crosshauling can occur in the system. This conclusion 

is obviously at odds with any empirically observed structure of 

trade and it casts serious doubts on the usefulness of such trade 

equilibrium conditions. 

Linear programming approaches to the same problem employing 

transportation and other trade cost minimization objectives 

give the same no-crosshauling conditions. It does not seem to 

be the objectives as such but rather the deterministic approach 

that gives this result. With the deterministic approach also 

goes an implicit assumption of perfect information on trading 

and production conditions. 

An economic theory based on the assumption of perfect informa- 

tion is almost a self-contradiction in a spatial context. We 

know from many empirical studies (with the pioneering work of 

Hagerstrand in the 1950s) that diffusion of information is 

very much dependent on spatial relations. Thus, trade must rely 

on incomplete information. This introduces a random element 

both in the coupling of buyers to sellers and in the choice of 

transportation services. In the presence of uncertainties, it 

can also be assumed that the contracts between buyers and sellers 

are not based on a strict optimization principle, but that in 

fact, calculated risks are taken into account. Hence, portfolio 

solutions can influence the outcome of the spatial rel.ations. 

The above arguments indicate the necessity of using a stoch- 

astic, rather than a deterministic, model to describe and pre- 

dict patterns of trade. Another, more technical problem adds 



to this picture, namely the problem of aggregation. Aggregation 

over space obviously makes the trade problem less dominant (that 

is, if intraregional spatial variations can be neglected). Other 

types of aggregation of activities, goods and overtime make the 

role of crosshauling more apparent. Even at a very fine level 

of aggregation, small differences of quality, say cars of the 

same make but of different colors, are enough to induce cross- 

hauling over great distances. Temporal variations of, for 

example, stocks, may have the same effect. 

The main non-optimization approaches belong to the class of 

information based models, and such a model will be the focus 

of interest in this paper. However, first some other thoughts 

that are of potential interest in transportation should be men- 

tioned - location modeling. 

Recently, much research in this field has concentrated on the 

handling of information. It has been argued that the changing 

role of transportation is a key feature of post-industrial soci- 

ety. The relative importance of the transportation of goods is 

diminishing (at least as long as no drastic rise in energy prices 

takes place) and the relative importance of information process- 

ing and transfer are becoming greater. Information which is trans- 

ferred by face-to-face contact thus becomes a crucial factor in 

determining the transportation pattern. This is particularly 

so since transfer of material and information often appear in 

combination. The effect of the personal contact system cannot be 

described simply as a cost-minimization or profit-maximization 

process. Empirical evidence shows that social norms, attitudes, 

and habits, as well as legislation have an impact on how contacts 

are made. This is demonstrated particularly well in studies of 

firms that have moved from one region to another and that have 

kept contacts with their former subcontractors, etc., more or 

less intact in spite of the possibility of establishing new, 

closer ones. Obviously, ownership and other legal arrangements 

put restrictions on transportation and trade that cannot be de- 

rived from spatial considerations. Conversely, transportation 

flows that take place within a firm but between units at differ- 

ent locations cannot alway be analyzed, since they are not regis- 

tered in trading accounts. 



I t  i s  poss ib l e  t o  avoid some d i f f i c u l t i e s  i n  working with  causa l  

r e l a t i o n s  between l o c a t i o n  and t r a n s p o r t a t i o n  on t h e  microlevel  

by us ing  a  s t a t i s t i c a l  o r  informat ion theory  approach. The 

problem can t y p i c a l l y  be posed i n  t h e  fol lowing way. Ce r t a in  

flow cond i t i ons  a r e  given exogenously by economic theory ,  f o r  

example, by supply-demand c o n s t r a i n t s  i n  d i f f e r e n t  regions .  

Sometimes some empi r ica l  observa t ions  of i n t e r r e g i o n a l  f lows 

a r e  a l s o  a t  hand. The problem becomes one of e s t ima t ing  t h e  

complete t r anspo r t a t i on - t r ade  p a t t e r n  and of p r ed i c t i ng  t h i s  

p a t t e r n  i n  f u t u r e  s i t u a t i o n s .  The t o o l s  a r e  provided by in fo r -  

mation theory.  A s tandard  example of t h i s  approach i s  t h e  d e r i -  

va t i on  of g r a v i t y  models f o r  t r a v e l  f lows. The d i s t r i b u t i o n  

of t r i p s  der ived  i s . t h e  maximum l ike l i hood  s o l u t i o n  of a  prob- 

a b i l i t y  d i s t r i b u t i o n  cons t ra ined  by a  set of s t a t i s t i c s  on o r i -  

g i n s ,  d e s t i n a t i o n s ,  and on t h e  t o t a l  c o s t  ( o r  d i s t a n c e )  o r  t r i p s .  

A weakness of t h i s  simple approazh i s  t h a t  no a  p r i o r i  informa- 

t i o n  about e x i s t i n g  flows i s  taken  i n t o  account.  However, a s  

shown by Snickars  and Weibull (1977) ,  it i s  p o s s i b l e  t o  d e f i n e  

t h e  mic ros t a t e s  of t h e  s t a t i s t i c a l  d i s t r i b u t i o n  i n  such a  way 

t h a t  a  p r i o r i  informat ion of  t h a t  kind can be incorpora ted .  

This  so-cal led minimum informat ion p r i n c i p l e  has  been shown by 

Hobson (1971) t o  provide a  g e n e r a l i z a t i o n  of t he  Shannon-Weaver 

entropy measure. 

I n  t h e  following a n a l y s i s ,  I w i l l  use  t h e  term "region" i n  t h e  

p lace  of na t i on ,  because t h e  a n a l y s i s  i s  assumed t o  cover t r a d e  

between l o c a t i o n s , i r r e s p e c t i v e  of t h e i r  p o l i t i c a l  s t a t u s .  To 

ob t a in  e s t ima te s  of t r a n s p o r t a t i o n  flows of goods between re -  

g ions ,  a  s i m i l a r  s t a t i s t i c a l  approach can be appl ied .  Let  a i j  

denote t he  usua l  Leontief  i n p u t  c o e f f i c i e n t ,  t h a t  i s ,  t o  pro- 

duce an amount x of goods j an input  a i j x j  i s  needed of goods i. 
j 

a i j  is a  technologica l  c o e f f i c i e n t  t h a t  i s  assumed t o  be indepen- 

den t  of volumes and p r i c e s  (no s c a l e  e f f e c t ,  no s u b s t i t u t i o n )  

and t h a t  remains cons t an t  over  time. I t  seems t o  be a  n a t u r a l  

s t e p  t o  gene ra l i ze  t h i s  input-output  not ion i n  a  s p a t i a l  con- 
r s t e x t  and t o  in t roduce  a  r eg iona l  input-output  r e l a t i o n  a i i ,  where - 

rs denotes  d e l i v e r i e s  from reg ion  r t o  region s. However, a s  

w i l l  be c l e a r  from t h e  s eque l ,  it i s  not  pos s ib l e  t o  express  t h e  



regional input-output relations as a linear function of produc- 

tion volumes x, and hence the definition of a:: cannot be made 

unambiguous. 

In the case where spatial separation between regions r and s can 

be totally ignored, an unbiased assumption of deliveries to pro- 
s duction, x from sector i in region r, would be 
j 

that is, each unit of production i contributes with the same 

amount or with the same probability. If the number of delivering 

regions is r=l, the expression above is reduced to the usual in- 

put-output relations: 

rs S S x = a  x ij j I 
where x is production of commodity j ( 8 )  ij j 
in region s. 

r s In no other cases can the quadratic expression for flows x ij 

be reduced to linear relationships. There is no reason to 

assume that the introduction of a distance factor or other fric- 

tions would upset this observation. The flows xf; are subject 

to the following general conditions: 

lxrs = a xs input constraint i, j = 1,. . . , s  = 1, (9) r ij ij jr 

~1x5' = x r i r  output constraint i = 1, ..., r = 1, (10) 
j s 

(making the simplifying assumption that no deliveries go to 

capital and labor, and that final demand is treated as endogen- 

ous) . 

It is evident that the maximum likelihood estimate of xrS ij' 



t a k i n g  t h e  two c o n s t r a i n t s  above i n t o  accoun t ,  l e a d s  t o  t h e  

formula  f o r  unb iased  t r a n s p o r t a t i o n  f lows  g i v e n  above. 

E q u a t i o n ( 9 )  can  be g e n e r a l i z e d  t o  i n c l u d e  inves tmen t  f lows.  

According t o  t h e  a c c e l e r a t i o n  p r i n c i p l e  of  c a p i t a l  fo rmat ion ,  

t h e  i n v e s t m e n t t e r m s c a n  be  expressed  a s  a  l i n e a r  f u n c t i o n  o f  

t h e  change o f  p r o d u c t i o n  axS Thus 
j ' 

T h i s  f o r m u l a t i o n  cor responds  t o  t h e  dynamic v e r s i o n  o f  L e o n t i e f ' s  

inpu t -ou tpu t  model. The d i s t i n c t i o n  between f lows  and s t o c k s  i s  

a  r e l a t i v e  one.  I t  can  be  expressed  i n  t e r m s  o f  d u r a b i l i t y ,  

t h a t  i s ,  t h e  t i m e  span d u r i n g  which a  c e r t a i n  commodity is  u t i l i z e d .  

T h i s  p r o v i d e s  an a l t e r n a t i v e  f o r m u l a t i o n ,  whereby d u r a b i l i t i e s  

'i f o r  c a p i t a l  i can be  used t o  l i n k  i n p u t - o u t p u t  c o e f f i c i e n t s  

a  t o  c a p i t a l - o u t p u t  c o e f f i c i e n t s  b i j :  i j  

I n  i t s  s i m p l e s t  form t h e  c o s t s  ( c )  o f  t r a n s p o r t a t i o n  of  goods 

xrs can  be  expressed  a s  a  l i n e a r  f u n c t i o n  of  u n i t  c o s t s  : i j  

i where t d e n o t e s  t h e  c o s t  p e r  v a l u e  of  goods i p e r k i l o m e t e r  and 

d r s  denoted t h e  d i s t a n c e  i n  k i l o m e t e r s .  

I t  i s  f a i r l y  obvious  t h a t  i n f o r m a t i o n  networks can  be inc luded  

i n  t h e  same way t o  r e p r e s e n t  t h e  a  p r i o r i  c o n s t r a i n t s  of  informa- 

t i o n  c a p a c i t y  of  t h e  t r a d i n g  system. The i n f o r m a t i o n  abou t  t r a n s -  

p o r t a t i c n  c o s t s  c a n  be  used i n  v a r i o u s  ways t c  c o n s t r a i n  t h e  set 

of  f e a s i b l e  t r a n s p o r t a t i o n  f lows  and hence t o  e f f e c t  t h e  most 

p robab le  d i s t r i b u t i o n  o f  f lows.  For example, i f  t h e  c a p a c i t y  

i n  terms of  t o t a l  t r a n s p o r t a t i o n  c o s t s  between each  p a i r  o f  



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

Toge the r  w i t h  t h e  two p r e v i o u s  c o n s t r a i n t s  (10) and (11) t h e  maxi- 

m u m  l i k e l i h o o d  s o l u t i o n  becomes 

r s r r s  s s idr s x  = A x  B ( a .  . x  + b i jAx . )  exp  (-yrs i j  i i i j  11 j  3 ) (15 )  

A? and B T j  
1 

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

by t h e  f i r s t  two c o n s t r a i n t s .  They depend o n  t h e  whole t r a d e  

p a t t e r n  

The c o s t  c o n s t r a i n t  c a n  be  d e f i n e d  i n  o t h e r  ways, f o r  example ,  

i n  t e rms  of  t o t a l  c o s t  o r  t o t a l  c o s t  p e r  t y p e  of  goods .  The 

c o r r e s p o n d i n g  changes  o f  p a r a m e t e r s  i n  t h e  fo rmula  f o r  xrS a r e  i j  
obv ious  and w i l l  n o t  be  d e r i v e d  h e r e . .  

A s  no t ed  above ,  t h e r e  a r e  methods t o  improve t h e  e s t i m a t e  o f  t h e  
rs  f low m a t r i x  ( x  ) by u s i n g  a  p r i o r i  i n f o r m a t i o n  a c c o r d i n g  t o  t h e  i j  

minimum i n f o r m a t i o n  p r i n c i p l e  ( S n i c k a r s  and Weibu l l  , 1977) . H i s t -  

o r i c a l  d a t a  o f  f l o w s  xrS t o g e t h e r  w i t h  a c t u a l  d a t a  ( o b s e r v e d  o r  
i j  

exogenous ly  d e t e r m i n e d )  r e l a t e d  t o  t h e  demand and s u p p l y  con- 

s t r a i n t s  (C) c a n  b e  used  t o  e n s u r e  a n  " e f f e c t i v e "  s t a t i s t i c a l  

e s t i m a t e  ( t h a t  i s ,  w i t h  t h e  l o w e s t  i n f o r m a t i o n  c o n t e n t ) ,  



r S 
X r s i j  min - t x i j  l o g  - ^rs , s u b j e c t  t o  (C)  . 
x: 4 

r s 
X 

^ r S 
A Taylor-expansion of  l o g  i n  t h e  neighborhood o f  xrs = x  

X i I i j  
i j  

shows t h a t  t h e  e x p r e s s i o n  above can be approximated w i t h  a  measure 

o f  q u a d r a t i c  d e v i a t i o n  (K6das and Klafszky,  1976):: 

rs 2 
l $ 7 - x  I min - C- r s i j  7 

'i j ,  

I n  many c a s e s ,  t h e  a  p r i o r i  i n f o r m a t i o n  cannot  be g iven  i n  t h e  

form of a  complete h i s t o r i c a l  i n t e r r e g i o n a l  f low t a b l e .  Regional  

t r a d e  in fo rmat ion  i s  o f t e n  a v a i l a b l e  o n l y  f o r  c e r t a i n  branches  

and r e g i o n s .  However, a  f low m a t r i x  can be completed by u s i n g  

t h e  same in fo rmat ion  t h e o r e t i c a l  argument a s  above. Hence, t h e  

mat r ix  xrS i s  d e r i v e d  from t h e  formula i j  

rs X 
i j  . min - 1 xrs log x f s  - x  l o g  - 

X&K i j  X E K  i j  ; j rs  
i j  

( T h i s  cor responds  t o  t h e  assumption t h a t  f o r  xjfK a l l  micro- 

e v e n t s  a r e  assumed t o  be  e q u a l l y  probable . )  I t  should be  noted 

t h a t  a  p r i o r i  i n f o r m a t i o n  prS d e r i v e d  from a  maximum l i k e l i h o o d  i j  
e s t i m a t i o n  o f  a  s u b s e t  of  t h e  c o n s t r a i n t s  does  n o t  add any new 

in format ion .  I n  t h a t  c a s e ,  w e  can p u t  arS e q u a l  t o  a  c o n s t a n t .  i j  

-rs Another p o s s i b i l i t y  i s  t o  s u b t r a c t  t h e  g iven  x i j  from t h e  m a t r i x  

and t h e  c o n s t r a i n t s  and t h e n  t r e a t  t h e  r e s i d u a l  problem a s  a  

s t a n d a r d  en t ropy  maximizing problem wi thou t  a  p r i o r i  in fo rmat ion .  

However, t h i s  method f a i l s  t o  t a k e  i n t o  account  in fo rmat ion  
-rs abou t  t h e  t o t a l  d i s t r i b u t i o n  c o n t a i n e d  i n  t h e  g iven x i j  . The 

d i sc repancy  can  be shown t o  depend on t h e  r e l a t i v e  s i z e  of K 

and K .  The i n f l u e n c e  o f  t h e  e n t r o p y  d i s t r i b u t i o n  on x€K can  - 
be expressed  a s  an e x p o n e n t i a l  f a c t o r  ax  = a x ,  which t e n d s  t o  



one, a+l when 

Prob ( C x)+l. 
XEK 

We have thus generated a set of equations that can be used to 

determine international trade flows resulting from locational 

choices and different frictions on trade flows. This approach 

can easily be extended to more general situations. The nature 

of this theory is that all prior information in the form of 

theoretical conditions, summation, and other consistency con- 

straints can be easily accommodated and the goal function is 

only there to give a stochastically determined solution. It 

is consequently an easy theoretical matter to include constraints 

on the minimal welfare level of the participants of the trading 

system, resource constraints, economic block formations con- 

straints,and so on. The consequence of each such constraint is 

to add prior theoretical determination of the flows and to leave 

less and less room for stochastic elements. There is one ob- 

servation to be made at this stage. The consistency require- 

ment will enter the reduced form, corresponding to equation 

(IS), in a multipicative way, while all the deterre,lts to trade 

enter the reduced form in an exponential way. 

EMPIRICAL MEASUREMENTS BASED ON STOCHASTIC THEORY OF INTERNATIONAL 

TRADE 

Within the framework of the theoretically limited neoclassical 

trade and location model, we have shown that the optimal exchange 

of commodities decreases with distance between the trade part- 

ners. This distance decay effect is--with some exceptions, such 

as Linnemann, Poyhonen, Pulliainen, and Tinbergen--mostly over- 

looked in the international trade literature. It must be stressed 

that distance affects not only the cost of goods transportation 

but also other forms of frictions on human communication of im- 

portance in establishing and maintaining business relations. 

There are also other - non-distance frictions on trade, created 

by the political and institutional systems as well as cultural 



and language  d i f f e r e n c e s .  We a l s o  have  shown t h a t  t r a d e  f r i c - \  

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

t r a d e  f r i c t i o n  f a c t o r s  a r e  t r e a t e d  i n  a  symmetric way i n  t h e  

f o l l o w i n g  s t a t i s t i c a l l y  e s t i m a t e d  wor ld  t r a d e  e q u a t i o n ,  which  

i n  i t s  form i s  c o n s i s t e n t  w i t h  t h e  s t o c h a s t i c  t h e o r y  of  i n t e r -  

n a t i o n a l  t r a d e .  B e s i d e  t h e s e  b a r r i e r s  t o  t r a d e ,  t h e  e f f e c t  of  

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

c luded  i n  t h e  e q u a t i o n .  

The e q u a t i o n  used f o r  t e s t i n g  h a s  t h e  fo l lowing ,  s p e c i f i c a t i o n :  

where 

x  = e x p o r t s  from c o u n t r y  i t o  c o u n t r y  j ; 
i j  

Si = GDPi + t o t a l  i m p o r t s  t o  c o u n t r y  i ; 

D = G D P .  + t o t a l  e x p o r t s  from c o u n t r y  j ; 
j I 

Ni = { 1 i f  Nordic c o u n t r y  , 
0 o t h e r w i s e  ; 

- Ei - 1 i f  EEC c o u n t r y  I 

( 0 o t h e r w i s e  ; 

1 i f  EFTA c o u n t r y  I 

i 0 o t h e r w i s e  ; 

1 i f  c o u n t r y  i n  which Xoman language  spoken,  
Ri = { 

0 o t h e r w i s e  ; 

1 if c o u n t r y  i n  which Germanic l anguage  spoken,  
Gi = { 

0 o t h e r w i s e  ; 

1 i f  c o u n t r y  i n  which German spoken,  
ti = { 

0 o t h e r w i s e  ; 

1 i f  c o u n t r y  i n  which E n g l i s h  spoken,  
E i  = { 

0 o t h e r w i s e  ; 

d i j  = d i s t a n c e  ( s h o r t e s t  r o u t e )  i n  1000 km from c o u n t r y  
i t o  c o u n t r v  1. 



T h i s  e q u a t i o n  has  been e s t i m a t e d  on world t r a d e  m a t r i c e s  f o r  

1965, 1970, and 1975 ( s e e  appendix f o r  t a b l e  of  1975) .  

The r e s u l t s  f o r  a  set  o f  960 p a i r s  o f  c o u n t r i e s  a r e :  

(23) 
-9 0.69 0.6Se-0.023d. . 1.2N.+0.9E.E.+O.gt. t .+O.?E. E. 

x .  =e (Si) (Dj) 11 e 1 1 3  1 3  1 3 -  ( 1  965) 
11 

A l l  o t h e r  c o e f f i c i e n t s  a r e  n o t  s i g n i f i c a n t  a t  t h e  5% l e v e l .  

T h i s  e q u a t i o n  shows t h a t  i n  1965 t h e r e  was a  s i g n i f i c a n t  marg ina l  - 
d e c l i n e  i n  e x p o r t s  w i t h  a n  i n c r e a s e  i n  t h e  s i z e  o f  t h e  e x p o r t -  

i n g  c o u n t r i e s  o r  i n c r e a s e  i n  t h e  s i z e  o f  t h e  impor t ing  c o u n t r i e s .  

There were o n l y  a  few s i g n i f i c a n t  p r e f e r e n c e  f a c t o r s  i n  t r a d e .  

The Nordic c o u n t r i e s  have t h e  s t r o n g e s t  i n t e r a c t i o n s ,  d e s p i t e  

t h e  f a c t  t h a t  t h e s e  c o u n t r i e s  have a r a t h e r  l i m i t e d  sys tem 

of  formal  t r a d e  agreements .  T h i s  p o i n t s  t o  t h e  f a c t  t h a t  c u l -  

t u r a l  and language s i m i l a r i t y  i s  o f t e n  ve ry  impor tan t  f o r  t h e  

emergence of  c l u s t e r i n g  o f  t r a d e  in terdependency.  

The e f f e c t  o f  t h e  European Common Market i s  markedly lower .  

I t  amounts t o  a  m u l t i p l i c a t i v e  f a c t o r  o f  approx imate ly  2.5.  

The i n t e r p r e t a t i o n  of  a  parameter  v a l u e  0 .9  can  t h u s  be t h a t  

e x p o r t s  between two c o u n t r i e s  be longing t o  t h e  Common Market 

i s  approx imate ly  250% of t h e  e x p o r t s  between a  Common Market 

c o u n t r y  and a  non-Common Market c o u n t r y  of  s i m i l a r  economic 

s t r u c t u r e .  There  i s  a l s o  a  c l e a r  language e f f e c t  f o r  t h e  

German-speaking c o u n t r i e s :  Germany, A u s t r i a ,  and S w i t z e r l a n d .  

For Germany, t h e  language s i m i l a r i t y  has  j u s t  a s  s t r o n g  an  

e f f e c t  on t r a d e  a s  t h a t  o f  Common Market t i e s .  A s i g n i f i c a n t  

e f f e c t  o f  s i m i l a r i t y  i n  language i s  a l s o  e v i d e n t  among 

Engl ish-speaking n a t i o n s .  T h i s  i s  approximate ly  t h e  same 

a s  f o r  t h e  German-speaking c o u n t r y  t r a d e  p r e f e r e n c e .  I t  i s  

r a t h e r  s u r p r i s i n g  t h a t  t h e r e  i s  no cor respond ing  e f f e c t  f o r  

t h e  Roman-language-speaking c o u n t r i e s .  



The same e q u a t i o n  h a s  been e s t i m a t e d  f o r  1970 and 1975,  

The two t r a d e  e q n a t i o n s  f o r  t h e  1970s i n d i c a t e  a n  i n t e r e s t i n g  

development .  The s u p p l y  and demand e l a s t i c i t i e s  a r e ,  by 1975,  

s i g n i f i c a n t l y  h i g h e r  t h a n  i n  1965.  T h i s  means t h a t  wor ld  t r a d e  

h a s  become more o r i e n t e d  t o  l a r g e r  c o u n t r i e s .  Such a  deve lop-  

ment can b e  i n t e r p r e t e d  i n  a  number o f  ways. The i n t e r p r e t a t i o n  

most c l o s e  a t  hand c o n c e r n s  s p e c i a l i z a t i o n  of  t h e  economies.  

Theeve r - inc reas ing  number o f  d i f f e r e n t i a t e d  commodit ies ,  com- 

b ined  w i t h  i n c r e a s i n g  r e t u r n s  t o  s c a l e ,  means t h a t  a l l  coun- 

t r ies must i n c r e a s e  t h e i r  d e g r e e  of  s p e c i a l i z a t i o n  i n  o r d e r  t o  

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

i m p l i e s  t h a t  a l l  c o u n t r i e s ,  and even t h e  l a r g e s t  ones ,  w i l l  b e  

s p e c i a l i z e d  i n  a  r e l a t i v e l y  l i m i t e d  number of  i m p o r t a n t  pro-  

d u c t s ,  be ing  dependent  on  i m p o r t s  f o r  t h e  m a j o r i t y  of  p r o d u c t s  

used i n  t h e  c o u n t r y .  

Another  i n t e r e s t i n g  r e s u l t  is  t h e  ex t reme r o b u s t n e s s  o f  t h e  

t r a n s p o r t a t i o n  and communication f a c t o r s .  D e s p i t e  t h e  f a c t  t h a t  

t h e  1975 e q u a t i o n  r e f l e c t s  t r a d e  p a t t e r n s  a f t e r  t h e  l a r g e  i n -  

c r e a s e  i n  o i l  p r i c e s ,  t h e r e  is  no i n c r e a s i n g  d i s t a n c e  f r i c t i o n  

i n  t h e  e s t i m a t e .  T h i s  i n d i c a t e s  t h a t  t h e r e  w i l l  n o t  be any  

fundamental  re -ar rangement  of  i n t e r n a t i o n a l  t r a d e  p a t t e r n s  a s  

a  consequence of t h e  rise i n  ene rgy  p r i c e s  a l r e a d y  w i t n e s s e d .  

T h i s  r o b u s t n e s s  o f  t h e  t r a d i n g  p a t t e r n  t o  i n c r e a s e s  i n  ene rgy  

p r i c e s  must  r e s u l t  from t h e  f a c t  t h a t  ene rgy  c o s t s  form a  

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

The e s t i m a t e s  o f  t h e  wor ld  t r a d e  e q u a t i o n  i n d i c a t e  t h a t  t h e  

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

d i r e c t i o n  of  t r a d e  and t h u s  f o r  t h e  achievement  of  a  h i g h e r  

d e g r e e  of  s p e c i a l i z a t i o n  and p r o d u c t i o n .  We can  now conc lude  



this brief empirical section with the following observations: 

- Specialization in terms of trade dependence is generally 
increasing in the world economy. 

- The size of the economy is still a factor that is negatively 
related to specialization and trade dependence. 

- The importance of size has, however, been declining from 
the mid-sixties to the mid-seventies. The largest economies 

are approaching the smaller, developed economies in terms of 

trade dependence. 

- Japan and Australia have in international comparisons, a low 
degree of specialization. This means that many sectors ex- 

posed to international competition in developed European 

economies have a national character in these countries. 

- Trading blocks have been formed. 
- Similarity of language--and possibly also other cultural 
similarities--can be an important factor determining the 

degree of specialization and exchange of goods between two 

economies. 

Similar estimates for individual commodity groups substantiate 

the findings of the aggregate level. Size plays a trade deter- 

rent role also at the disaggregated level but this size deter- 

rence elasticity is not far from 1 in most sectors and for most 

countries involved. It thus seems to be the case that smallness 

and dependence of the international economy will not be as 

closely tied to each other as they have traditionally been. 

LOCATION OF PRODUCTION, TRADE, AND COMMUNICATION IN A DYNAMIC 

CONTEXT 

The approach to trade analysis presented above is very suitable 

for empirical measurements both at the macrolevel and at more 

disaggregated levels. The estimation of trading coefficients 

- a?* and bfy - is straightforward, as described in section 4. 
1 I 

It is obvious fromthisanalysis that in order to predict trade 

flows, the location of production in countries must be known. 

Thus,a determination of trade flows between nations requires 

that location be known, but the determination of locations 



requires that the ars and bfg coefficients, reflecting trade 
1 3  

relations, must also be known. 

A consistent theory involving the proposed model of trade must, 

therefore, determine jointly trade and location patterns. The 

problem is conveniently presented in Figure 3. 

Figure 3. Determination of trade and patterns of location of 

production. 

a 

It has been shown in section 4 that the flow of commodities be- 

tween nations is governed by equation (26) 

ij > 
other constraints 

1 

where 

~eterminat ion 

of probable 

trade pattern 

hrs (;,T) = a parameter representing the influence of the ij correction factors and trade deterring variables, 

T = a representation of transportation and cornrnuni- 
cation networks. 

r s a i j 

r s 
bi j 

w 

This means that trade flows are determined in a quadratic way. - 

r 
X i 
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production 



If these quadratic trade equations are used in a growth frame- 

work of the Leontief closed model of economic growth, that growth 

model must also be quadratic. 

We thus have the growth model: 

where 

rs - 
Q1 = {h. .(x,T)aij>, and 

1 3  

A general growth equilibrium can be defined as a state in which 

s 
where X is the equilibrium rate of growth, with X = g ,for all s t ] .  

j 
This is a non-linear eigenvalue problem for which an economi- 

cally meaningf ul (x>O, X >O) equilibrium solution exists. (See 

~ikaido, 1968; Andersson A.E. and Persson M. I 1979) . 

This analysis shows that it .is possible to formulate a consistent 

general equilibrium theory of location, growth,and trade. This 

approach has also been tested with numerical methods and has 

yielded consistent solutions to the simultaneous location- 

trade problem when representative sets of data were used. 




