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Abstract

In this article, we develop an endogenous growth model to analyze the impact of

knowledge spillovers, the disparity in initial endowments and production tech-

nologies on economic growth of two trading regions. We found that the growth

rates of technology development of the two regions become uneven unless they

have an identical initial steady-state labor allocation between technology

development and intermediate inputs. Trade in intermediate goods and knowledge

spillovers improve welfare in both regions. 
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I. Introduction

Over the last two decades, there has been a growing body of theoretical studies
focusing on the impact of trade on endogenous economic growth. However, the
results obtained from the many studies are conflicting. One set of studies has
shown that trade between two regions results in uneven economic growth. Other
studies have found just the opposite. Studies that found uneven growth rates
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focused on non-tradable knowledge and human technology, such as: (i) the disparity
in initial endowment (Krugman, 1991, Matsuyama, 1991); (ii) the difference in
human capital accumulation (Azariadis and Drazen, 1990, Becker et al., 1990,
Stokey, 1991, Buiter and Kletzer, 1991); and (iii) learning by doing (Boldrin and
Scheinkman, 1988, Krugman, 1987, Lucas, 1988, Young, 1991). Studies that result
in even growth rates generally have been based on assumptions such as (i) similar
technologies between the two regions (Azariadis and Drazen, 1990); (ii) the
possibility of knowledge spillovers (Grossman and Helpman, 1990, 1991 Feenstra,
1996); (iii) imitation and diffusion (Krugman, 1987, Segerstrom et al., 1990, Rivera-
Batiz and Romer, 1991a, 1991b); and (iv) balance of trade (Goo and Park, 1999). 

The models that illustrated even growth rates depend on the crucial assumption
of steady state equilibrium with constant prices, equal labor forces, balance of
trade, and/or knowledge spillovers between the two regions. Devereux and
Lapham (1994), however, argued that the knowledge-driven models with identical
endowments and production technologies between two trading regions leading to
even growth rate are unstable unless the stocks of knowledge of the two regions
are exactly equal prior to trade. In the light of this argument, this paper goes back
to the basic assumptions underlying even/uneven growth rates. We consider a
knowledge-driven model with different endowments and production technologies
between two trading regions. We then show that as long as the initial share of a
steady state labor allocation is the same in two trading regions, the balanced
growth rates are equalized in the long run.1 

The organization of the paper is as follows. In section 2, we describe a basic
model of trade. Section 3 presents a simple general equilibrium model. In section
4, the balanced growth path is derived in a steady state after trade, considering
tradable/non-tradable intermediate goods. It also discusses the results and demon-
strates how and why the growth rates of technology development can be even or
uneven. Section 5 analyzes the effects of trade in intermediate goods and
knowledge spillovers on welfare. Section 6 concludes the paper. 

II. The Model

We consider an economy with two regions: the South and the North. On the

1This result will hold for the cases such as: (1) the intermediate goods are tradable/non-tradable between
two regions; (2) all firms face constant transportation costs in moving their goods across their regions;
(3) knowledge diffuses perfectly/imperfectly across regions. If we consider constant transportation costs,
there is a level effect but no growth effect.



556 Youngwan Goo and Seonghoon Lee

consumption side, we assume that both regions have the same taste parameters for
product varieties. Consumers in both regions are allowed to have identical,
homothetic preferences. A time-separable utility function of a representative
consumer in region j is given by

where ρ is the subjective discount rate; N and S denote North and South,
respectively. From now on, the superscripts denote the regions where goods are
consumed, while the subscript denote the regions where goods are produced.

 is the consumption of the final goods produced by region chosen by
consumer in region k at j time τ. As in Grossman and Helpman (1990), this
consumer’s maximization problem can be solved in two stages. In the first stage,
we derive an indirect utility function by solving consumers maximization of static
utility for a given level of expenditure at time t. In the second stage, we can solve
the optimal pattern of expenditure. Let the instantaneous subutility function  

 be of a CES form such that , for
, where  is the elasticity of substitution. Because the instan-

taneous subutility function  is homogenous of degree one, an
indirect utility function can be written as , where

 denotes the price of final goods produced by region k at time t and 
denotes a consumer’s given level of expenditure in region j at time t. From the first
stage consumer’s utility maximization problem, the consumption of final goods
produced by region k chosen by consumer in region j at time i can be written as

(1)

Equation (1) shows that  is positively related to  and negatively
related to . Plugging equation (1) into  yields the indirect

utility function: . In the second

stage, the representative consumer in region j at time t chooses the time pattern of
expenditures in order to maximize

,
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where , is the interest rate at time  is the wage rate
of the representative consumer in region , is the consumer’s labor supply, and

 is the value of the consumer’s asset at time t. Assuming that capital market
is integrated, consumer’s in both regions face a common interest rate. The
necessary condition for the maximization problem gives the optimal path for
expenditure,

(2)

Equation (2) shows that the growth rate of consumer’s expenditure is positive
(negative) if interest rate of the integrated capital market is greater (less) than the
consumers subjective discount rate.

On the production side, each region produces final goods, Y, and intermediate
goods, x. Each region also develops technologies, A. The final goods are produced
by intermediate inputs, whereas all intermediate inputs and new blueprints are
produced by employing labor. New intermediate products are imperfect substitutes
for existing products, which are imperfect substitutes themselves. That is, the
technology of producing final goods exhibits imperfect substitution among
intermediate inputs and thereby this degree of substitutability will generate the
degree of competition in the intermediate goods market. Moreover, each producer
of intermediate input producer is differentiated from others in the sense that they
can solely access their own blueprints and thus can maintain their monopoly
power. The level of the technologies developed in the North is different from that
in the South. Let  be the level of the technologies developed in the North and

 be that in the South. Intermediate goods may or may not be tradable. When
intermediate goods are not tradable, in order for the North (South) to produce final
goods, the North (the South) will use intermediate goods produced only in the
North (South). When intermediate goods are tradable, each region can use inter-
mediate goods produced from the other region for final goods production. The
production functions for final goods in both regions are CES production functions
such that only intermediate goods are used as inputs. Let  be the output of final
goods produced in region k. The production function of the final goods in region

k is

 for  or S, and , (3)
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where  and θ is 0 or 1. Here,  denotes the input demanded in region
k for intermediate goods i produced in region j, and  corresponds to non-
tradable intermediate goods while  corresponds to completely tradable
intermediate goods. The profit function for final goods in region k becomes

 where  is the effective price
in region k for intermediate goods i produced in region j. From these profit
functions, we can derive the optimal allocations. The necessary conditions for
optimal  in region k becomes

. (4)

Let  be the unit labor requirement for producing intermediate goods. That
is, the production function of intermediate goods in each region is 
where , for  or 1, denotes the quantity of intermediate
input i produced in region k, and  denotes the labor input employed in
producing intermediate input i in region k. Since the demand elasticity for the
intermediate goods is  in both regions, the monopoly prices for
intermediate goods become , which is the constant markup
over the marginal costs. With this monopoly price for intermediate goods and the
derived demand functions for intermediate goods given by equation (4), we can
derive the optimal allocations of x’s in terms of the level of final goods and the set

of prices,  which is given by  .   Plugging these optimal

allocations into the production function of final goods given by equation (3) yields
the price function of final goods

, for (5)

This price function of final goods shows that an increase in the level of
technologies or trade in intermediate goods between the two regions leads to a
decrease in the price of final goods, while an increase in wage rate raises the price
of final goods. 

In addition, with the effective monopoly price for intermediate goods, the profit
function for intermediate goods in each region is

, (6)
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where  is the aggregate output of intermediate goods in region k. 
The level of technologies in each region evolves

, for  and , (7)

where  is a productivity parameter ,  is the total labor input used for the
technology development in region k, and δ denotes the degree of knowledge flow
across regions. If , then there are no knowledge spillovers between the two
regions. However, if , then there exist perfect knowledge spillovers.
Suppose that there are no knowledge spillovers. Then, these technologies are non-
excludable within the same region, but excludable between the two regions. If
knowledge spillovers are non-excludable both within and between the regions,
then anyone engaged in new technologies can freely access the entire stock of
technologies existing in both regions. Let  be the price of the new technology
developed in region k, then the profit function for this new technology in region k
is . The necessary condition for the optimal new
technology development requires marginal revenue be equal to marginal cost in
region k

(8)

The price of new technology developed in region k is the expected future profits
discounted by the market interest rate, so that . The
no-arbitrage conditions for investment in new technology development can be
obtained by differentiating this equation with respect to time t

. (9)

As Grossman and Helpman (1990) mentioned, this no-arbitrage condition
implies that the interest rate is equal to instantaneous profit over the cost of new
technology development (dividends) and the rate of change in the price of new
technology development (capital gains).

III. General Equilibrium

We complete the model by stating the market-clearing conditions. First, goods
markets are composed of final goods and intermediate goods. We consider an
economy in which final goods are tradable between the two regions while
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intermediate goods may or may not be tradable. The output of final goods
produced in region k at time t should be equal to the sum of its consumption in
both regions at time t. The total supply of intermediate goods in each region at
time t is equal to the input demand for final goods in both regions at time t. The
goods market clearing conditions for final goods and intermediate goods become 

, (10a)

. (10b)

Second, the labor force in each region at time t is devoted to developing new
technologies and producing intermediate goods in each region at time t. Since
labor is assumed to be unmovable across regions, labor market clears when it
satisfies the following 

. (10c)

Finally, asset market clearing condition implies

 for all time t with . (10d)

From the market clearing condition for final goods, we can get the relation of
final goods between the two regions in terms of their relative prices 

(11)

Equation (11) shows that the ratio of North/South final goods is negatively
related to their price ratio. Plugging optimal allocations of x’s into the market
clearing condition for the intermediate goods yields

. (12a)

When there is no trade in intermediate goods, i.e., , with the price function
of final goods given by equation (5), the aggregate output of intermediate goods
in each region becomes
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When intermediate goods are tradable, i.e., , the price of final goods
becomes equal in the two regions from equation (5). Hence the output of final
goods becomes equal in the two regions from equation (11). So, the aggregate
output of intermediate goods in each region becomes

, (12c)

where  and .
If intermediate goods are tradable, the ratio of North/South aggregate output of

intermediate goods does not depend on the output of final goods and their prices.
It depends on the ratio of aggregate stocks of technology and the relative wage
rate. If one region has a higher stock of technology than the other, then the
aggregate output of intermediate goods becomes higher. A higher relative wage
rate, however, leads to a fall in the aggregate output of intermediate goods because
the price of the intermediate goods is a function of the constant markup over the
marginal costs (wage rate). 

IV. The Balanced Growth Path

We consider a steady state in which labor allocations remain constant over time.
As mentioned earlier, intermediate goods may or may not be tradable between the
two regions. In section A, we analyze the balanced growth path in an open
economy where intermediate goods are not tradable and there are no knowledge
spillovers between the two regions. In section B, we allow intermediate goods to
be tradable while knowledge may or may not diffuse between the two regions.

A. Non-Tradable Intermediate Goods 

When intermediate goods are non-tradable (i.e., ), it is natural to consider
an economy in which there are no knowledge spillovers (i.e., ). This
economy allows only final goods to be traded between the two regions. When ,
equation (12b) becomes

. (13)

As technology development growth increases, the growth rate of final goods will
increase proportionally to  times that of technology development, where

θ 0=

Xk 2Ak

wk

βkµ
---------

1
1 µ–
------------

PY[ ]
1

1 µ–
------------

Y=

PY PY N, PY S,= = Y YN YS= =

θ 0=

δ 0=

Y· k

Yk

----- 1 µ–
µ

------------ A· k

Ak

----- X· k

Xk

-----+=

εx 1–[ ] 1–



562 Youngwan Goo and Seonghoon Lee

 is the elasticity of demand for intermediate goods. In addition, when ,
from equation (5), the relation of the prices of final goods between the two regions
becomes . Substituting this relation into equation (11)
yields the following relation of the growth rates of final goods between the two
regions

. (14)

Note that  is the elasticity of demand for final goods. If the
North’s wage rate grows faster than that of the South, then the output of final
goods in the South grows faster than in the North proportionally to the elasticity
of demand for final goods. For new technology development, the region that
grows faster in technology development will also grow faster in final goods
proportionally to . 

From Equations (13) and (14) we get the following relation of the growth rates
of new technology development between the two regions in terms of growth
relations of wages and the outputs of intermediate goods

(15)

Equation (15) states that given the growth rates of the aggregate intermediate
goods, the region whose wage rate grows faster also has faster growth rate of
technology development. When there are no knowledge spillovers, equations (6)
and (8) yield . So, the no-arbitrage condition
for technology development given by equation (9) becomes

, (16)

since . The left hand side of Equation (16) is the rate of change in the
price of new technology development (capital gains) and the first term of the right
hand side is the negative of the instantaneous profit over the cost of new
technology development (dividends). Equation (16) says the common interest rate
is equal to dividends and capital gains. From equations (15) and (16), together
with labor market clearing condition given by Equation (10c), the difference in the
growth rates of new technology development between the two regions becomes
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, (17a)

where . 

In a steady state where 2, the difference of the growth rates of new
technology development between the two regions, given by equation (17a), yields
the following proposition.

Proposition 1. (a) In an economy where intermediate goods are not tradable, given
, in a steady state the technology development grows faster in the larger region, as

measured by labor endowments.
(b) The difference in the growth rates of technology development decreases as the elasticity

of demand for intermediate goods increases, and it increases as the elasticity of demand
for final good increases.

(c) In such an economy, the growth rates of technology development become even between
the two regions only if the labor endowments of the two regions are exactly the same.
In other words, initial labor endowments are an important factor leading to equal
growth rates between the two regions.

The above proposition says that the growth rate of technology development will
not be equalized unless the labor endowments of the two regions are exactly the
same. In a steady state where , the difference of the balanced growth rates
of technology development implies that the technology development grows faster
in the larger region, as measured by labor endowments. The larger region has
higher growth rate of technology development, regardless of the degree of
elasticity of demand. The elasticity of demand for both intermediate and final
goods affects the degree of the difference in the growth rates of technology
development between the two regions. The former affects the profit of producing
intermediate goods and capital gains through the growth rate of wage, while the
latter affects capital gains. As the elasticity of demand for intermediate goods
increases, the differences in capital gains and in the profit obtained from producing
intermediate goods decrease. The increase in the final good elasticity of demand
raises the difference in capital gains. The demand elasticity for the intermediate
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2In a steady state, the balanced growth rate of technology development will become constant and hence
the labor devoted to developing new technologies. Since the aggregate labor force available in each
region is fixed, labor market clearing condition implies that the aggregate output of intermediate inputs
also becomes constant. Therefore . If  is not zero in the steady state, then  implies
that . If  is zero in the steady state, there is no production of intermediate goods and
hence no technology development, so we can rule out the case that  is zero in the steady state.
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goods has a negative impact on the difference in the growth rates of technology
development between the two regions, while maintaining a higher growth rate for
the larger region, since it reduces the differences both in capital gains and in the
profit obtained from producing intermediate goods. When the elasticity of demand
for final goods rises the difference in the growth rates of technology development
increases proportionally to the difference in the growth rates of wage, boosting the
larger region to grow much faster.

Let  be the share of the initial steady state labor force devoted to developing
technologies in region k, i.e., . With , in a steady state where

, equation (17a) can be rewritten as

(17b)

In an economy where intermediate goods are not tradable and there are no
knowledge spillovers, equation (17b) yields the following proposition 2. 

Proposition 2. When the shares of the initial steady state labor allocations of the two regions
are the same, the balanced growth rates of technology development are exactly the same in
the two regions, that is  if . Otherwise, they are uneven. 

This proposition implies that the growth rate of technology development must
be uneven across regions unless they have the same share of the initial steady state
labor force devoted to new technology development. An uneven growth rate of
new technology also leads to an uneven growth rate of final goods, as it can be
seen in equation (13).

B. Tradable Intermediate Goods

This section examines an economy in which intermediate goods are traded
between the two regions. With tradable intermediate goods, producers of final
goods will be better off using their own and the other region’s intermediate goods
thanks to externality created by input varieties. In this context, this section focuses
on an economy where intermediate goods are perfectly traded. Since prices of
final goods are equal between the two regions, consumers in each region will
choose optimal amount of consumption of final goods produced from the other
region equal to that from their own, this is  as in equation (1). With the
general equilibrium where all markets clear, the outputs of final goods of the two
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regions are equalized through market clearing condition, because the prices of
final goods are equalized. Equation (11) shows that  with . In
addition, because both the outputs and the prices of final goods are equal between
the two regions, each region’s demand for intermediate goods produced in region
k also becomes the same, that is . Hence, from equation (12c), the
relation of aggregate outputs of intermediate goods between the two trading
regions becomes . So, the difference in the growth rates of
technology development between two regions becomes

. (18)

In a steady state where , equations (6), (8), (9) and (18) yield the
following relation of the growth rates of technology development between the two
trading regions

(19a)

where , for .
In an economy where intermediate goods are tradable, the relation of the growth

rates of technology development between the two regions does not depend on the
elasticity of demand for final goods. This is because when intermediate goods are
tradable, the output of final goods and demand for intermediate goods produced
from one region are equal to those form the other region. Also, the amount of the
consumption of final goods produced from one region is equal to that from the
other region. 

When there are no knowledge spillovers, equation (19a) becomes

, (19b)

where , because .

In an economy where intermediate goods are tradable with perfect knowledge
spillovers (i.e., ), equation (19a) becomes
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since . The above equation immediately yields the following propo-
sition.

Proposition 3: The growth rates of technology development become equal between the two
regions if the shares of the initial steady state labor force devoted to developing new
technologies are equal between the two regions, that is  if . Otherwise,
the technology development grows faster in the region with a relatively higher share of the
initial steady state labor force devoted to new technology development because 
depending on .

In an economy where both regions have equal shares of the initial steady state
labor force used for developing new technologies, the growth rates of the two
regions will be equal after trade regardless of the degree of knowledge spillovers.
Put differently, the even growth rates may not depend on knowledge spillovers but
they depend on the fact that two regions have equal shares of the initial steady state
labor allocations. 

This paper suggests that the even growth rates in knowledge-driven models may
be unstable as in Devereux and Lapham (1994). For example, suppose that we
consider a different steady state defined by the constant price of new technology
development, as in knowledge-driven models. Even though there are no
knowledge spillovers (i.e., ), we could get the even growth rate of
technology development between two regions in a steady state with constant price
of new technology development, as it can be seen in equations (15) and (16),
regardless of total labor endowments in both regions.3 However, we show in
proposition 1 that in a steady state where , the growth rates of technology
development and the wage growth rates become uneven if the effective labor
forces available are not the same between the two regions. Therefore, the steady
state with constant price of new technology development may be unstable if the
labor forces available are not the same in the two regions. Even though we suggest
the possibility of instability of the steady state with constant price of new
technology development, the condition of the instability is different from that in
Devereux and Lapham (1994), because we analyzed a model with different

ΩN ΩS=

A· N
AN
-------

A· S
AS
------= ∆N ∆S=

A· N
AN
--------> <( )

A· S
AS
-------

∆N> <( )∆S

Ωk Ak=

X· k 0=

3A steady state with constant price of new technology development implies that the growth rate of wage
rate is equal to the growth rate of technology development. This, in turn, implies that from equation (16),
labor force devoted to intermediate goods production becomes constant, because interest rate is constant
in a balanced path steady state. The constant labor force devoted to intermediate goods production yields

 in a balanced path steady state, because . Hence, equation (15) implies that
the growth rates of technology development and the wage growth rate become equal between the two
regions, regardless of labor endowments in both regions.

X· k Xk⁄ 0= Xk βkLX k,=
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endowments and technologies between the two regions while Devereux and
Lapham (1994) considered symmetric endowments. 

V. Welfare

Can trade in intermediate goods and knowledge spillovers improve welfare? We
can analyze the effect of trade in intermediate goods and knowledge spillovers on
welfare through an indirect utility function. An indirect utility function is a
function of the prices of final goods and consumer’s expenditure. Lower prices of
final goods and a higher consumer’s expenditure lead to a higher welfare in terms
of indirect utility. Trade in intermediate goods between the two regions affects the
prices of final goods while the degree of knowledge spillovers affects consumers
expenditure through the wage rate that affects the productivity of technology
development. Those relations imply that trade in intermediate goods and
knowledge spillovers improve welfare in both regions. From the price function of
final goods given by equation (5), the effect of trade in intermediate goods on the
prices of final goods becomes negative. Since an indirect utility function is a
decreasing function with respect to the prices of final goods, it is an increasing
function with respect to trade in intermediate goods between the two regions. As
it can be seen in equation (8), an increase in the degree of knowledge spillovers
leads to a rise in the productivity of technology development and hence wage rate.
This increased wage rate will also increase the consumer’s expenditure, which has
a positive effect on indirect utility. Trade in intermediate goods has an externality
effect on the production of final goods and thus reduces their prices. Since the
prices of final goods become cheaper, consumers will demand more goods. The
increased purchasing power improves welfare. With knowledge spillovers, the
existing technologies become non-excludable between and within the two regions.
Thus the availability of the stock of technologies increases. Because the profit
functions for the technology development in both regions are competitive, the
increased productivity of technology development due to the increased knowledge
spillovers raises the wage rate. This raised wage rate has a positive effect on
purchasing power and hence welfare.

The increased growth rates do not mean the equalized economic growth rates.
In other words, trade and knowledge spillovers have both level and growth effects,
so welfare and economic growth rates may increase even though the levels of
welfare and economic growth rates are different between the two regions.
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However, the gap in welfares and economic growth rates between the two regions
may deepen if initial endowments between the two regions are not the same, as in
initial disparity models.

VI. Conclusion

In the literature of even growth, the condition for the production function of
technology development has been made to validate the even growth with identical
production function of technology development and identical labor endowments
between the two regions. We should not underestimate the value of the technology
development production functions. This paper shows that the growth rates become
uneven in an economy where the share of the initial steady state labor allocations
between technology development and intermediate inputs are different between
the two regions. This paper also shows that trade and knowledge spillovers
improve welfare and that they increase the rate of technology development and the
consumption rate. Because trade and knowledge spillovers have both level and
growth effects, welfare and economic growth rates may increase even though the
levels of welfare and economic growth rates are different between the two regions.

This paper analyzes an economy where homogenous labors are not movable
across the regions. When labors are movable across the regions and when each
region has a different level of human capital, the question of how the labors and
human capitals move becomes an important analysis. Furthermore, this paper
focuses on the possibility of uneven growth between two trading regions and does
not derive the share of the initial steady state labor allocations and the growth rates
as a function of economic fundamentals. However, under the assumption of
knowledge spillovers and tradable intermediate goods, the initial steady state labor
shares could be expressed in parameters of preferences, initial conditions of the
levels of technologies, the given endowments, the degree of knowledge spillovers,
and the nature of intermediate goods. So, the growth rates can be derived as a
function of economic fundamentals. This is an important topic for future research.
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