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ABSTRACT
The aim of this paper is to consider the adjustment process of the spatial structure in a two-country economy where both
labor and capital are mobile. For this purpose, we combine the model of New Economic Geography with the phase diagram technique. We show that the agglomeration processes are not always monotonic since the mobile factors interact
with each other. More specifically, even when both factors are eventually agglomerated to one country, it is possible
that labor and capital move in opposite directions in the adjustment process. Differences in factor endowment ratio and
market size play significant roles in this transition path.
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1. Introduction
This paper examines dynamic paths of agglomeration.
We construct a two-country, two-good, and two-factor
model, and let both factors move between countries gradually. Because the adjustment processes of the two factors interact with each other, we expect that dynamic
paths of agglomeration would become complex.
Related to our concerns, the New Economic Geography (NEG) literature has provided rich theoretical insights on the factor mobility and distribution of economic
activity across the geographical space. However, while it
has mainly focused on spatial equilibrium, it seldom presents explicit details on dynamic paths of agglomeration.
This paper aims at filling the gap1.
Our results show that agglomeration processes are not
always monotonic. When the difference in the factor endowment ratio between countries is large, the factors are
adjusted toward the symmetric equilibrium, reducing the
factor endowment differentials. Once the difference becomes sufficiently small, both factors are fully agglomerated to one country because of the scale merit. As a result,
dynamic paths of agglomeration acquire a distorted shape.
The remainder of this paper is organized as follows.
Section 2 presents the model. In Section 3, we describe
1

We can refer to Baldwin and Venables [1] as a related paper. To consider the international factor mobility, they have shed light on roles of
distortion and expectation, while the key factors in our model are factor
endowment ratio and market size. See their paper for more details.
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the transition of the spatial structure. Section 4 concludes.

2. The Model
Our model is based on the footloose capital model, which
is established by Martin and Rogers [2]. We consider an
economy with two countries (Home and Foreign), which
are denoted by H and F , respectively. In this economy, there are two sectors: one is the homogeneous agricultural goods sector and the other is the differentiated
manufactured goods sector.
We assume that there are L individuals. Each individual owns one unit of labor and one unit of capital and
decides where to live and invest. The preference of an
individual is represented by the following Cobb-Douglas
utility function:
U=

1
1− μ

μ μ (1 − μ )

M μ A1− μ ,

where μ is the share of expenditure on manufactured
goods, A is the consumption of agricultural goods, and M
is the quantity index of manufactured goods. The quantity index of manufactured goods takes the following
Dixit and Stiglitz [3] type CES function:
σ

σ −1

 σ −1
M =   q (ω ) σ dω  , σ > 1,
Ω
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where Ω is the set of varieties in the manufacturing
sector, q (ω ) is the consumption of variety ω ∈ Ω , and
σ is the elasticity of substitution among varieties. Then,
the well-known price index corresponding to M is written
as follows:
P =   p (ω )
Ω

1−σ

dω 


1
1−σ

,

(1)

where p (ω ) is the price of variety ω .
Next, we describe producers’ behavior. In the agricultural sector, labor is the only input and technology provides constant returns to scale; hence, one unit of labor is
required for one unit of output. We assume that this sector is perfectly competitive and that agricultural goods
can be traded between countries at zero transportation
cost. If we use this agricultural good as the numeraire, as
long as it is produced in both countries, the wage rate in
both countries can be fixed to unity.
Firms in the manufacturing sector use one unit of capital as the fixed input and a units of labor as the marginal input. We further assume an iceberg-type transportation cost (τ > 1) in the trade of differentiated manufactured goods between countries.
The profit function of each firm ω ∈ Ω located in
country i ( i = H , F ) is

π i (ω ) = pii (ω ) qii (ω ) + pij (ω ) qij (ω )
− a  qii (ω ) + τ qij (ω )  − ri ,

where pij (ω ) is the price of the variety produced in
country i and sold in country j , qij (ω ) is the quantity of the variety produced in country i and sold in
country j , and ri is country i’s rental rate of capital.
Each firm sets its price to maximize its profit. Then,
the price becomes2
pii (ω ) =

aσ
τ aσ
, pij (ω ) =
, i, j = H , F .
σ −1
σ −1

(2)

With these prices, we can rewrite country i’s price index, Pi , in the following way:
Pi =

1
aσ
ni + φ n j )1−σ , i, j = H , F , i ≠ j ,
(
σ −1

1−σ

where φ = (τ )
represents the freeness of trade, which
takes 0 to 1, while ni is the number of firms located in
country i . Since each firm uses one unit of capital as the
fixed input, ni equals the amount of capital invested in
country i .
Given the zero profit condition, the rental rate of capital in country i is
aqi
,i = H, F,
ri =
σ −1
2

Hereafter, since every firm sets the same price, we omit the variety
index.
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where qi = qii + τ qij is the total output of the firms located in country i .
Since the market must be clear, qi , is written as
 E  P σ φ E j  Pj σ 
qi = μ  i  i  +
   , i, j = H , F , i ≠ j ,
Pj  pii  
 Pi  pii 


(3)

where Ei is the total expenditure of country i .
Using the above results, we can obtain the rental rate
of capital in country i in the following way:
ri =

φEj 
μ  Ei
+

 , i , j = H , F , i ≠ j.
σ  ni + φ n j φ ni + n j 

(4)

3. Adjustment Process to Spatial Equilibria
For convenience, hereafter, we normalize the values of
labor and capital to unity and consider the model according to a share basis. We also introduce a new variable, λH , which represents the share of capital invested
in the Home country.
To consider the adjustment process of capital, following standard NEG models, we introduce the following
adjustment process:

λH = aK [ rH − rF ] λH (1 − λH ) ,
where aK ( > 0 ) is the adjustment speed parameter of
capital. With these dynamics and by using Equation (4)
and certain calculations, we can obtain the following
result:

λH  0 as sH +

φ ( 2 sH − 1)
 λH ,
1−φ

(5)

where sH is the share of labor in the Home country.
This result shows the direction of the adjustment of capital.
Next, we consider the adjustment process of labor.
Because wages are fixed to unity, the real income of a
worker who lives in country i and invests in country
j becomes (1 + rj ) Pi μ , i, j = H , F . Workers prefer the
country in which they can earn higher real incomes with
the given investment destinations. Therefore, we consider the following dynamics:
 1 + r
1+ r
sH =  aLH  μH − μH
P
PF
  H


1 + rF
F  1 + rF
 + aL  μ − μ
P
PF

 H



 

sH (1 − sH ) ,

(

where aLH > 0 aLF > 0

)

is the adjustment speed para-

meter of labor in the Home (Foreign) country. The point
of this adjustment process is to show that under the situation of not changing where to invest, each worker
chooses his or her residence by comparing levels of real
income. We can thus easily show the direction of the
TEL
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adjustment of labor as follows:
1
sH  0 as λH  .
2

(6)

From Equations (5) and (6), we can draw a phase diagram as Figure 13. We can use this adjustment process to
explain two cases. First, let us consider the case that the
initial value of ( sH , λH ) is at point A in Figure 1.
Because the initial value is not on the saddle path, the
full agglomeration to the Home country occurs in the
long run. At first glance, when we see that the final configuration of the spatial structure is the full agglomeration, we may consider that both labor and capital monotonically move to the Home country. However, this is not
necessarily true. It is also possible that while capital
moves to the Home country, labor moves to the Foreign
country. Since the amount of capital is small relative to
the size of labor under the line λH = 0 , the rental rate of
capital in the Home country is higher than that in the
Foreign country. This leads to the relocation of capital
from the Foreign country to the Home country.
By contrast, under the line sH = 0 , the number of
firms located in the Home country is absolutely small,
and workers living in the Home country change their
residences to the Foreign country. Then the share of labor in the Home country decreases. After crossing line
sH = 0 , both labor and capital increase in the Home
country because while the amount of capital relative to
the size of labor in the Home country is small, the
amount of capital invested in the Home country is absolutely larger than that in the Foreign country. Then, since
0
1

0

1
2

A

B
0

1

1
2

1
1

1

Figure 1. Phase diagram and dynamic paths.
3

Point

( s , λ ) = (1 2,1 2)
H

H

is a saddle point. Proof on the existence of

the saddle path would be provided on request.
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the location of the Home country is attractive for both
labor and capital, both factors move to the Home country.
Next, we consider the second case, namely when the
initial value of ( sH , λH ) is at point B in Figure 1.
Because the initial value is not on the saddle path, the
full agglomeration equilibrium to the Foreign country
occurs in the long run. As in the first case, the adjustment
process is not monotonic. In the right-hand area of the
line λH = 0 , since the size of labor is abundant relative
to the amount of capital, capital flows into the Home
country. However, because the number of firms located
in the Home country is absolutely smaller than that in the
Foreign country, workers change their residences from
the Home country to the Foreign country. After crossing
line λH = 0 , while the amount of capital is absolutely
small in the Home country, it is large relative to the size
of labor, and thus, both factors move to the Foreign
country.
In these ways, both factors change locations according
to the factor endowment differentials and interact with
each other in their adjustment processes. Finally, we refer to the role of transportation cost, which is a key parameter in the NEG model. Although transportation cost
plays an important role in determining the slope of
λH = 0 , it does not affect the adjustment process qualitatively at all.

4. Conclusions
In this paper, we presented a phase diagram in order to
show the dynamic paths of agglomeration.
Under the situation that two factors are mobile, we
showed that adjustment processes of these two factors
interact with each other, and thus, they become complicated. Moreover, the adjustment process is not always
monotonic. In particular, we showed that even if economic activities are ultimately agglomerated only to one
country, it is possible that, on this transition path, the two
factors change their locations by moving in opposite directions.
Our analysis is tentative, and hence, there are many
remaining issues. We point out only two extensions here.
First, in our model, if the economy is not on the saddle
path, full agglomeration to one country always occurs.
This result may be extreme. To analyze the dispersion of
economic activity, the present model could be extended
to incorporate immobile factors such as land. Second, we
assume a myopic adjustment process for simplicity. If we
consider expectation in the location decision, the adjustment process radically changes (e.g., Baldwin [4]; Krugman [5]). We intend to consider how our results might be
modified by introducing such topics in future research.
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