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ABSTRACT 

We consider a semi endogenous R & D growth model with international trade, foot-loose capital, and local and interna- 
tional knowledge spillovers in a closed economy and also international knowledge spillovers in an open economy. We 
show that by opening trade two regions diverge (converge) with (not) sufficiently high intertemporal knowledge spill- 
over in the R & D sector and elasticity of substitution between modern goods, and not sufficiently high (sufficiently 
high) richer country A’s share of firm owned. 
 
Keywords: Opening Trade; Foot-Loose Capital; R & D Growth; Scale Effects; Regional Inequality; Local and  

International Spillovers 

1. Introduction 

The effect of opening trade on regional inequality is an 
important theme because the world economy has been 
experiencing an opening of trade, and it affects on re-
gional inequality has been changing along with the on-
going trade opening, such as the rapid integration of 
China into the world economy since 1978. 
“The ratio of international trade to GDP rose from 9.85 

percent in 1978 to 42.78 percent in 2002.” 
(Wan, Lu, and Chen [1], p. 38) 

Chen, Jin, and Lu [2] show that opening international 
trade creates industrial agglomeration in China. More-
over, Wan, Lu, and Chen [1] show that opening trade 
sharply increased regional inequality in China. Jian, 
Sachs, and Warner [3] show that regional income con-
verges from 1978 to 1990, and then diverges in China. 

Rapid opening is not peculiar to China. The dramatic 
change in the condition of opening applies to Germany 
since 1989. Kosfeld and Lauridsen [4] show that East 
Germany weakly converges to West Germany in income 
per capita and labor productivity after the collapse of the 
Berlin Wall. 

Moreover, rapid opening is not a finished tale. North 
Korea and South Korea, for example, may integrate in 
the future, and we need to consider what may happen to 
inequality after North Korea opens trade with other 
countries. Thus, the effects of opening trade on regional 
inequality remains an important topic in regional science. 

There are many studies examining theoretical effects 

of further exposure to trade on location of firms and re-
gional inequality and empirical papers examining effects 
of exposure to trade on regional inequality. Using a static 
model, Behrens, Hamilton, Ottaviano, and Thisse [5,6] 
examine the effect of taxes on the location of firms with 
foot-loose capital and tax competition and harmonization. 
The effects of further exposure to trade are also exam-
ined in growth models. For example, Martin and Ottavi-
ano [7] show that the growth rate does depend neither on 
the location of firms nor on the level of iceberg costs in a 
knowledge driven endogenous growth with scale effects¸ 
international R & D spillover, footloose capital, and in-
ternational trade. In contrast, Martin and Ottaviano [8] 
find that as iceberg costs decline, the growth rate in-
creases in a lab equipment R & D based growth model. 
Minniti and Parello [9] find that further exposure to trade 
has no impact on the growth rate and regional inequality 
in a two country1 semi-endogenous growth model2. The 
former comes from diminishing returns to knowledge in 
the R & D sector. The latter is because change in re-
gional inequality depends on differences in the elastic-
ity of price indexes with respect to iceberg costs. It in-
duces country B to imports relatively more varieties but 
is offset by relocation of country B’s firms to country A. 

1The two countries are the same except for the larger share of country 
A’s capital. 
2See Dinopoulos and Thompson [10], Jones [11] and Dinopoulos and 
Sener [12] for survey articles about scale effects in the growth litera-
ture. See Jones [13] and Segerstrom [14] for a semi endogenous 
growth model and Dinopoulos and Thompson [15] for a fully endoge-
nous growth model. 
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These results can be derived even under a prohibitive 
tariff level. 

In this paper, we investigate the effect of opening up a 
closed economy to a restricted open economy on regional 
inequality as in Minniti and Parello [9] with autarkic lo-
cal knowledge spillover and international knowledge 
spillover in an open economy. It has an ambiguous effect 
on regional inequality which depends on the initial de-
gree of regional inequalities, and that these regional ine-
qualities themselves depend on differences in price indi-
ces and per capita expenditures. More specifically, when 
intertemporal knowledge spillover and the elasticity of 
substitution are (not) very large and also country A’s 
share of the capital stock is not too high (is too high) 
with autarkic local spillover in R & D, inequality falls 
(rises). 

We turn to explain why these things occur. Regional 
inequality depends on following four ingredients: Dif-
ference in autarkic per capita expenditures, autarkic price 
indexes, and the inverse of per capita expenditures and 
price indexes in the open economy. The first increases 
with difference in capital stock with elasticity which de-
creases in intertemporal knowledge spillover because 
higher intertemporal knowledge spillover means lower 
difference in asset incomes between countries. The sec-
ond decreases with difference in capital stock with elas-
ticity which decreases in elasticity of substitution be-
tween varieties because higher elasticity of substitution 
means lower monopoly power or less love of variety by 
consumers. The third decreases with difference in assets 
income which in turn depends on capital share owned. 
The last depends on the fraction of varieties produced 
with elasticity which also decreases in elasticity of sub-
stitution between varieties because opening trade induces 
country B’s firms to agglomerate to country A, which 
affects price indexes. When intertemporal knowledge 
spillover and elasticity of substitution between varieties 
are too high and share of country A’s share of capital 
owned is not too high (intertemporal knowledge spillover 
and elasticity of substitution between varieties are not too 
high and share of country A’s share of capital owned is 
too high), autarkic regional inequality disappears (ap-
proaches infinity) while regional inequality exists in the 
open economy (and the former prevails in the latter). 
Thus, regional inequality increases (decreases). 

This paper is organized as follows: The next section 
presents the model. Section 3 deals with a closed econ-
omy with a local knowledge spillover. Section 4 dis-
cusses an open economy with local knowledge spillover 
and then analyzes how opening trade affects regional 
inequality. Section 5 concludes. 

2. The Model 

Consider an economy that consists of Country A and 

Country B, each with two factors of production (labor 
and capital) and three sectors (a traditional good, a con-
tinuum of modern goods, and an R & D sector). Coun-
tries are the same in terms of preference, size of popula-
tion, and technology for two manufacturing sectors, but 
Country A has more capital than Country B. Capital can 
move across sectors as well as across countries while 
workers can move between sectors only within the same 
country. Each worker inelastically supplies one unit of 
labor, and the labor force grows at an exogenous r  ate

Lg . The traditional good sector is perfectly competitive 
with constant returns to scale and produces using labor 
only. The modern sector is monopolistically competitive 
and each firm requires one unit of capital as well as   
units of labor. Exporting entails an iceberg transport cost. 
Each producer freely and costlessly determines the loca-
tion of manufacturing, so that instantaneous profits in 
each country are equalized. An R & D sector for creating 
capital which is the source of economic growth is per-
fectly competitive. We consider the knowledge spillover 
that is local in a closed economy and also international 
spillover in an open economy. Superscript * denotes a 
variable associated with Country B. 

3. Closed Economy: The Local Knowledge  
Spillover 

We first explain the consumer. The utility of the infi-
nitely-lived representative consumer is given by  

   
0

log e dLg tU u t     t
 

where  u t  represents the instantaneous utility. The 
instantaneous utility function takes the form  

     1 ,a au t D t Y t
   

where  aY t  is traditional goods and a compos-
ite good of modern goods, 1

 aD t
0,   where   is the 

expenditure share of the modern good while 1   is 
the expenditure share of the traditional good. Lg   
represents the subjective discount rate. The composite 
good of modern goods is given by  

    1 1

0
d ,an t

a iaD t D t i
 
 
 

   
where  an t  is the number of varieties produced and 

 iaD t  is the consumption of the -th variety. The 
value of per-capita expenditure is given by 

i

        
0

d ,an t

at ia ia a aE p t D t i p t Y t   

 iap t  a
ip t  where is the price of the th modern 

good
i -

s and  p t  
and fo

a

dual dem
the price of the The 

indivi r modern goods is 
traditional good. 
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     
 1

,ia a

a

p t E t
t

P t







iaD

 
where  

ndex. The intertemporal budget constraint is 
given by 

is per capita financial assets, 

    1 1

0
dan t

a iaP t p t i
     

is the price i

          ,    a a a L a aa t w t r t g a t E t 
 

where a  a t  aw t the 
wage rate, and  ar t  

ita expe
the market interest rate. The time 

path of nditure is determined by per cap  

 
    .a

a
a

E t
r t

E t
 


 

Our analysis focuses on the steady state with constant per 
capita expenditure. Thus,   .ar t   

 the modernWe turn to explaining -good firm. Starting 

h gives each innovator monop-
ol

to produce a modern good requires one unit of capital 
(the perpetual patent whic

y power). Thus, the total amount of capital must be 
fixed by the total number of varieties so that 

   .a aK t n t  The unit labor requirement associated 
with producing a modern good is .  Given aggregate 
expenditure and other firms’ prices, each firm maximizes 

s profit by setting the profit-maximizing 
price. The profit-maximizing price is

   

its instantaneou
 

.
1

a
ia

w t
p t







 

The demand function for each variety is  

     
   

1
.a

ia
a aw t n t

E t
x t

 
  

The profit function for a modern good is  

       
π .

1ia  
a aw t x t L t

t


  

A traditional good is produced using only labor by a 
one-to-one technology. Thus, the aggrega  demand for 
the traditional good is  

te

       
 

1
.a

a

E t L t
Y t

w t


  

a

We now explain the R & D sector. This sector is char-
acterized by free entry and perfect competition, and uses 
only labor as an input. We consider the case of local 
knowledge spillover. A unit labor requirement for creat-
ing capital (new variety) is given by 

 
 
1

,Ia

a

b t
n t

  

where 1   is the intertemporal knowledge spillover. 
The capital (new variety) evolves according to:  

   
 

,Ia
a

Ia

L t
n t

b t
  

where  IaL t  represents the total amount of R&D labor. 
The R & D sector is perfectly competitive and has con-

to labor. The free entry condition is stant returns 
      ,Iab t w

. In stea
a av t w t

dern good firm
here  av t  is the 
dy-state equilibrium

value of a mo- 
, 

 
  1

a L

a

n t g
g

n t 
 




 holds. 

Saving takes the form of riskless bonds or shares of 
firms. The return on shares of firms comes from the 
dividend rate,  

 
 

π
,a

av t
 

plus the capital gain (loss),  

t

 
 

.a

a

v t

v t


 

On the other hand, the retu
given by 

rn on the riskless bond is 
 . Thus, the no-arbitrar t  age condition is  

 
 

 
   

π
.a a

a
a a

Inserting rofit function, free entry condition, a

t v t
r t

v t v t
 


 

the p nd 
 ar t   

as  
into the no-arbitrage condition, it is rewritten 

 
 

   

   
 

1

a a an t E t w t
  

he free entry condition, we derive  

.
a

a
a

v tL t
r t

v t





 

Using t

 
 

a

a

v t
g

v t
 


 

in the steady state. Moreover 

 
 

 
 

1
0

0
an t K

L t L



  

from the fact that  

       0 e 0 egt g
a a a aK t K n t n   t and .

1
Lg

g





 

Substituting these r
yield 

esults into the no-arbitrage condition 

 
 

 
 

 1 20
.

0 1aw t L  
aE t K

   
  

g
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Using the no-arbitrage co
capita expenditure as 

nditions, we get the gap in per 
follows, 

 
   

 
 

1
01

.aE t K

0a a aw t E t K


 

            (1) 

expenditure increases with 
the difference in capital stocks with elasticity 

  
 

The difference in per capita 
1 . This 

with 
is because the dividend rate depends pos
penditures and negatively on the number of va
el

itively on ex-
rieties 

asticity 1   from the no arbitrage condition. Thus, 
there is a positive relationship between per cap pen-
diture and the wage rate. From the free entry condition, 
the intertemporal knowledge spillover reduces the value 
of capital,  thus per capita expenditure. When the 
intertemporal knowledge spillover, ϕ approaches 1, the 
difference in per capita expenditures between the two 
countries disappears. Notice that the fraction of labor 
devoted to the R & D sector is 

 

ita ex

 and

 

1
0

0

K
g

L



 

and the fraction of labor devoted to manufacturing sec-
tors is  

   
 

,a

aw t

and we n

E t 

eed not consider the labor market constraint. 
The difference in the price indexes between the two 

countries is given by: 

 

   
 

 
 

1

Notice that the gap between the price indexes3 depends 
on the difference in capital stock with elasticity 

10a aP t w t K   
.

0a aP t K    
 

          (2) 

 

1

1 
 

because the price index depends negatively on the num-
ber of varieties produced, and the number of varieties in 
each country equals the capital ocks which is raised to st

1

1 
 

When the elasticity of substitution between varieties , ,  
approaches infinity, the difference in the price indexes 
between the two countries disappears because the num-
ber of varieties is not important for consumers and price 

(2),indexes take the same values. Finally, using (1) and  
the real income of Country A relative to Country B is: 

 
 

 
 

1
1

10

0
a

a a

c t K

c t K




 


 

 
   
 

            (3) 

The real income in each country depends on per capita 
expenditure relative to the price index. Thus, autarkic 
regional inequality increases with regi
capital stocks since elasticity,  

onal difference in 

1
1 ,

1



 


 

is non-negative  When  

1
1 0,

1



 



y exists due to  

 

autarkic regional inequalit
   0 0K K .  When  

1
1 0,  

1 

au l inequality does not exist. 

  

tarkic regiona

4. Open Economy 

ternational 
traded and of 

ces iceberg costs and of capital 
y traded and so interest rates, in-

We follow Minniti and Parello [9]. There is in
trade of traditional good which is freely 
modern goods which fa
flow which is also freel
stantaneous profits, and the value of capital (patents) are 
equalized between the two countries. Notice that the only 
equilibrium we consider is that both countries produce 
the traditional good whose unit labor requirement and 
price are unity, and so wages are also unity. We assume 
international knowledge spillover in the R & D sector. 

Instantaneous utility depends on the amount of con-
sumption of the traditional good and modern goods, and 
the consumer has the following instantaneous utility 
function:    1

,u Y t D t
  where  Y t is traditional

go
 

ods and  D t  a quantitative index of modern goods, 
1 0,   where is the expenditure share of the com-
posite modern good and 1  is the expenditure share of 
the traditio er ma es the inter- 
temporal uti nction:  

   
0

log e d ,Lg tU u t t     

where 

nal good. Consum
lity fu

ximiz

  denotes the subjective discount rate and Lg  
the population growth rate. The quantitative inde
modern goods is specified by 

x of 

       1 1n t n t
t

  

0 0
d d , 1,i jD D t i D t i       

where  n t denotes the total number of varieties pro-
duced in Country A,  n t  repr

try B, 
 and co

esents the number of 
oduced in Coun e am

y pro n Co try 
varieties 
of the 

pr
i -th va

 iD t  
nsum

is th
ed i

ount 
un

3The difference in price index represents the difference in price index 
relative to the wage rate in Country A and the price index in Country B. riet duced
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A, and  j t  the amount of the j -th variety produced 
in Country B and consum in Country A. The individ-
ual expenditure takes the form  

        
0 0

d d ,
n t n t

i i jE t p D t i p D t j Y t


    

where  ip t indicates the producer price of modern goods 
produced in Country A, 

D

ed 

j 

 jp t
n Coun

  the producer price of 
m duced i , and odern goods pro try B   the
berg co

ned a

 ice-
st. 

ndivThe i idual demands for domestically-produced 
and imported varieties are obtai   


s

   
 1iD t

P t
  

  

i
p t E t

 

and  
 

 1 

 


0 0

n 

 
1  

j
D t j



 n t

price inde
of trade. Pe

p t E t

P t
 

d


according t



where  

 P t

s 
o  

    1 1
d

t

i jp t i p t j   
1 

represents the 
the freenes

x and 1   a m
r capita expenditure accum

easure of 
ulates 

 
 

 
 

 r t ,
E t E t

E t E t




 
 

where  r t is 

  

ational int rest rate. For a firm to 
odern go qu es one unit of 

ount of capital must be equal to 
rieties so that

t
 produc

ital. Thus, t
tal numbe

he in
e on
he to
r of v

tern
start to e m
cap tal am
the to a

e
od re

  

ir

           .WK t K t K t n t n t N t      Moreover, 
producing


x units of a variety requires x and x  units 

of labor for serving domestic and foreign markets, re-
spectively. Thus, the profit-maximizing producer prices 
are 

.
1

p p



 


 

the profit functions for each modern good are  

π π .
1 1

x x 
  

 modern 
good


  

 

The aggregate demand for home and foreign
s is  

 1
,

E E
x

n n n n      

and  

   
   

 1
.

E E

n n n 



 

 
  

 

ve between the two coun-
between the two countries 
neous profits e repatri-

e owner lives, and the in-

n


 





x  

Although a worker cannot mo
tries, firms can freely move 
with zero costs. The instanta
ated to the region where th

 ar

stantaneous profits between the two regions must be 
equalized at each instant in time so that .x x  Divid-
ing both sides of the last condition by the world-wide 
expenditure, ,wE E E   and the world-wide varieties 

  ,N t to get 

 
1

1 1
E E

n n n n

s s

s s s s 



   

, 

where 

E w

E
s

E
  

represe
capita e

n
x
ts Country A’s share of the economy-wide per 
penditure and  

n

n
s

N
  

denotes Country A’s share of total varieties produced. 
Rearranging the result N is d, Country A’s share of e- 

rived as a function of Country ’s share of E and pa- 
rameters as follows: 

 A

1 1 1      
2 1 2n Es s


      

         (4) 

Using these results yields  
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The R & D sector4 is ch
ternational knowledge spillover

arac
petetion, free entry, and in
This sector uses only labor as a product

ven by

 
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where 1   measures the strength of the intertemporal 
. The flow of new varieties is given 

by  
knowledge spillover
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where 

L t

 IL t is the total amount of labor employed in R & 
D. Free entry in the R & D sector implies    Iv t b t  
In the steady-state equilibrium, we obtain 

4Due to international spillover and identical wage rate, R & D activity 
is conducted in two countries. The world production function for R &

D is given by         .I IN t L t L t N t
     

5The main results do not change when we assume local knowledge 
spillover.
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The return on shares of firms comes from the dividend 
rate and capital gains. Thus, the no-arbitrage condition 

 share is on firm        π d dt t v t t r t v t t 
on, we get  

d .  After 
some manipulati

   
 

1

.
0L

w
w g K t

E
   

  

anufacturing sector. 
ional income inequality. 

In the steady-state equilibrium per capita expenditure 
must be constant, which in turn implies 
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We next turn to examine reg
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Thus, we represent the gap in expenditur  
between Country A and Country B as: 
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r share of capital 
owned. The value of capital depends negativ
tertemporal knowledge spillover from the free
dition. When the intertemporal knowledge spillove

Moreover, the difference in per capita expenditure 
between the two countries depends on the difference in 
incomes which itself depends on thei

ely on in-
 entry con-

r   
approaches 1, the difference in per capita expenditure 
between the two countries shrinks, but does not disappear. 
This result differs from the closed economy. Using (4) 
and E  and ,E  we get  
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nditure measures the relatively higher Country A’s expe
due to higher asset income. By substituting ES in

’s share of firms located is given by: 
to (4), 

Country A
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Notice that each consumer earns income from labor 
and financial assets. The former is the same across coun-
tries, but the latter is different across the two countries 
because  

1
.

2ks  This implies 
1

.
2Es  Moreover, 

1
,

2ns   

holds d
ex

ue to Country A’s higher aggregate demand, the 
istence of iceberg costs, and increasing returns in 

modern goods. When Country A’s share of K is large 
and the intertemporal knowledge spillover is small, 
Country A’s shares of  and 
the intertemporal knowledge spillover approaches 1, 

N E are large. Even when 
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By substituting profit-maximizing price and (6) into price 
index in Country A and Country B, We write t relative 
price index of Country A to Country B as 
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The difference in price indexes depends on the propor-

ditures. When 
the elasticity of substitution between modern goods ap-
proaches positive infinity, the difference in
disappears. 

We finally turn to examine the effects of opening trade 
on





 
           (

tion of Country A’s firms located in Country A which 
itself now depends, through the difference in asset in-
come, on the difference in per capita expen

 price indices 

 regional inequality. Using (1), (2), (5), and (7), it6 is 
obtained as: 
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When the elasticity of substitution between varieties 
and inter-temporal knowledge spillover are (not) suffi-

 (7) 

6See Appendix for deriving Equation (7). 
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ciently large and Country A’s capital share is not too 
large (too large), regional inequality increases (de-
creases). The reason why regional inequality is increased 
is because when 

1
1 0

1



  


 

and 1,ks  the au
compared with reg

tarkic regional inequality is very low 
onal inequality and, in other words, 

Country A’s per capita expenditure is higher than Coun-
try B’s per capita expenditure in the open economy as 
w

i

ell as the levels of other components in the North is the 
same as other components in the County B. The reason 
why regional inequality is decreased is when  

1
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1
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
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and 1,ks   th
come is suffici

e level of autarkic Country A’s real in-
ently higher than Coun y B’s autarkic real 

income, that is, regional inequality in the closed econ-
is very

ality can 
raise or reduce inequality in a semi ndogenous gr
model with foot-loose capital, local knowledge spillover 

 large share of capital owned
opening trade has a positive (negative) effect on regional

tarkic local knowledge 
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regional inequality in the open economy through ag-
glomeration due to increasing returns in modern goods 
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5. Concluding Remarks 

We show that opening trade on regional inequ
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in a closed economy, and also international knowledge 
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athematical Appendix 

 this appendix, we derive Equation (7). We can rewrite 
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We further rewrite this equation in a following way. 
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