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In this paper, we investigate the impact of economic development on 
international trade from a theoretical perspective, which considers quality-
differentiated products and preference diversity for quality. We model two 
trading partners, and evaluate the effects of per capita income and 
technology on trade volume and intra-industry trade. We show that the 
volume of trade and the share of intra-industry trade increases as per capita 
income increases. Furthermore, we also demonstrate that the volume of 
trade is proportional to the level of technology, and that the intra-industry 
trade share increases as the technology in the two countries become similar. 
This theoretical model may explain why trade volume and intra-industry 
trade tend to be higher in rich countries than in poor countries. 
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I. INTRODUCTION 

 
Trade has become more concentrated among rich countries, and trade 

among these countries is principally intra-industry trade (IIT). For 
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example, trade within the OECD countries has increased at a much faster 
rate than has OECD trade with the rest of the world (RW). The ratio of 
OECD-OECD trade to OECD-RW trade increased from 0.84 in 1961 to 
1.58 in 1990 (Bergoeing and Kehoe, 2003). 

Why is the volume of trade higher among rich countries? Does the 
growth of income create more trade volume? Why is intra-industry trade 
share higher in trade among rich countries? In an effort to answer these 
questions, we constructed a theoretical model that considers quality-
differentiated products and preference diversity for quality. We assume 
that each country produces different types of quality-differentiated 
products in the same industry, and exchanges its product with the other 
country. However, this type of intra-industry trade differs from what is 
developed by Krugman (1979) and Lancaster (1980), who consider 
horizontally differentiated products, but this paper considers quality 
differentiated products that can be ranked vertically. Moreover, Krugman 
(1979) emphasizes supply side factors like economies of scale, but this 
paper focuses on demand factors like preferences for quality.  

Trade of products that can be ranked according to differences in quality 
in the same industry are called vertical intra-industry trade. Greenaway et 
al. (1994) and Fontagné et al. (2006) showed the empirical methodology 
to decompose total intra-industry trade (IIT) by SITC code into vertical 
IIT and horizontal IIT, and showed that the increase in total IIT is 
principally the result of increases in vertical IIT. Since this paper 
considers two-way trade of quality-differentiated products, it is different 
from the horizontal intra-industry trade suggested by Krugman (1979).  

This paper’s approach is associated with Linder (1961), and Flam and 
Helpman (1987), as it emphasizes the role of demand on the international 
trade of goods. Flam and Helpman (1987) previously developed a 
theoretical model in which the North exports high-quality products and 
the South exports low-quality products, and then assessed the effects on 
trade from technical progress, income distribution, and population growth. 
Some empirical studies have demonstrated that the exporter’s GDP per 
capita exerts positive effects on the average unit value (Schott, 2004; 
Hummels and Klenow, 2005; Hallak, 2006). These studies showed that 
quality differentiation exerts an effect on trade.  
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In this paper, we elucidate the impact of increases in income on the 
volume of trade, as well as vertical intra-industry trade using a theoretical 
model. As presented by Gabszewics and Thisse (1979), as income 
increases, preferences for and the willingness to pay for quality increases. 
This paper also demonstrates that the increase in income per capita 
increase the volume of trade and vertical IIT.  

The paper is organized as follows. Section II provides the basic model 
with a summary of the price competition section of Wauthy’s study 
(1996). Section III derives the determinants of trade volume and vertical 
IIT share and their empirical implications. Our conclusions are provided 
in the final section. 

 
II. THE MODEL 

 
1. Basic Model  

 
We model an industry with quality-differentiated products, in which 

two firms produce products, of different quality. These products are sold 
to consumers who have different preferences for quality. Each consumer 
may purchase a good from one of the firms, or none at all. We assume the 
quality costs to be zero. 

A representative consumer’s indirect utility function is described as 
follows. 

 
( )i iU J J q p= −   (1) 

 
in which q is the unit of quality of the good, and p is its price. The 
population of consumers is differentiated by the parameter iJ , which is 
uniformly distributed between 1 and b. Where b represents the maximum 
willingness to pay for a given level of quality, a consumer should buy a 
good only if it generates non-negative utility. If goods from both firms 
generate non-negative utility, consumers should purchase the good that 
generates the higher non-negative utility.  

One of the firms is modeled to produce high-quality products, and the 
other produces low-quality products. We utilize the subscripts H and L for 
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the high and low quality firms, respectively, and denote the corresponding 
quality level and price by Hq , Lq  and Hp , Lp . JLH denotes the 
marginal consumer who is indifferent with regard to the consumption of 
either of the two products. That is, the consumer, JLH, satisfies 

( , ) ( , )H H L LU q p U q p= . In equation (1), the marginal consumer, JLH, is 
defined as  

 
( )
( )

H L
LH

H L

p pJ
q q

−
=

−
  (2) 

 
Some consumers do not wish to buy any goods at prevailing prices. We 

denote by JL the consumer who is indifferent with regard to the purchase 
of a low-quality product or refraining from buying. In equation (1), this 
type of marginal consumer is defined as  

 
L

L
L

pJ
q

=   (3) 

 
All consumers having Ji > JLH will purchase high-quality goods, all 

consumers having JL < Ji < JLH will purchase low-quality goods, and all 
consumers having Ji < JL will not purchase any goods.1  

 
2. Market Configuration  

 
Wauthy (1996) considered the model presented in section 1, and found 

the optimal prices of quality-differentiated products. The findings of 
Wauthy’s study (1996) can be summarized briefly, as follows.2 

Market configurations are derived from the willingness to pay for the 
different products, represented by the parameter iJ , which is uniformly 
distributed between 1 and b, and that some consumers who are below JL 
do not purchase either of the two products. Therefore, when JL is lower 
than 1, all consumers enjoy non-negative utility from the consumption of 
____________________ 

1 See Wauthy (1996) and Beloqui & Usategui (2005).  
2 Wauthy (1996) allowed firms to select quality in the second stage. However, we assumed that 

quality is exogenously determined by technology. For this reason, we only use the findings of 
Wauthy (1996) in the first stage of price competition. 
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the low-quality product and thus, the market is covered in this case. 
However, when JL is higher than 1, some consumers may not purchase 
either of the two products.  

Wauthy (1996) derived the Nash equilibrium prices in two steps. First, 
he computed the equilibrium prices corresponding to 1LL =  and 1LL > . 
Second, he determined the parameter constellations for which prices 
effectively generate the corresponding market outcome. In this fashion, he 
identified four intervals for the value of b whose bounds depend on the 
degree of product differentiation ( , )L Hq q .  

For each interval of b, the optimal prices of the low-quality good and 
the high-quality good ( * *,L Hp p ) are as follows:3 

 

A) If 4 H L

H L

q qb
q q

−
≥

−
, the optimal prices are: 

* ( )
4

L
L H L

H L

qp b q q
q q

= −
−

 and * 2( )
4

H
H H L

H L

qp b q q
q q

= −
−

  (4) 

 

B) If 2 4H L H L

H L H L

q q q qb
q q q q

+ −
≤ <

− −
, the optimal prices are: 

*
L Lp q=   and  * ( )

2
H L L

H
b q q qp − +

=   (5) 

 

C) If 22 H L

H L

q qb
q q

+
< <

−
, the optimal prices are: 

* 2 ( )
3L H L

bp q q−
= −  and * 2 1( )

3H H L
bp q q−

= −        (6) 

 
D) If 1 2b≤ ≤ , the optimal prices are: 

* 0Lp =  and *
H H Lp q q= −   (7) 

 
The domain defined in A is derived from the condition of 1 < JL, and 

the domains in B and C are derived from the condition JL ≤ 1. The domain 
in D implies that the low-quality firm cannot exist because consumers 
would not buy its product, and that the high-quality firm monopolizes the 
____________________ 

3 See Wauthy (1996) and Beloqui & Usategui (2005) for detailed proofs. 
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market.  
  

3. Two-Country World Model  
 
We modified the model of Wauthy (1996) by representing two 

countries, called Home and Foreign, that trade with each other. Each of 
these countries produces one type of quality-differentiated product, and 
exchanges its product with the other country. Like Helpman and Krugman 
(1985), we assume that there are not any trade barriers and that 
transportation costs are zero.  

We assume that both countries are initially at the same level of 
economic development, so that their per-capita incomes are identical, but 
that their technologies differ from industry to industry. For example, 
Home enjoys higher-level technology in some industries, but Foreign has 
higher-level technology in other industries. As the two countries trade 
with each other, Home exports higher-quality goods in some industries, 
but also exports lower-quality goods in other industries.  

However, we focus on the trade of goods that differ in quality in a 
single industry. Moreover, we assume that each country has one in this 
industry which produces one type of quality-differentiated good, and then 
exchanges its product with the other country. Thus, trade is defined as 
intra-industry trade. 

Without any loss of generality, we assume that the foreign firm 
produces high-quality goods and that the home firm produces low-quality 
goods in the considered industry; this implies that the technology of 
foreign firm is higher than that of the home firm in this industry.4 In 
Grossman and Helpman’s (1991) rising product quality model, quality of 
each product is determined endogenously with R&D investments, but this 
paper assumes the quality of goods is determined exogenously.5 Although 
we consider these qualities to be exogenous, they are dependent on a 
given technology level. The number of consumers in Home and Foreign 
are assumed to be same and normalized to 100% and the distribution of 
____________________ 

4 This assumption is the same as Flam and Helpman (1987).  
5 Grossman and Helpman (1991) considered product quality changes over time due to R&D 

investments, but our model deals with the situation where quality is given, and considers 
comparative statics with one time change of product quality.  
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consumers in both countries is also assumed to be the same, uniformly 
between 1 and b. 

The assumption of zero transportation costs helps us to consider the 
two-country world as a single market with two firms (high-quality and 
low-quality firms), as elucidated in by Wauthy (1996). Thus, we can 
utilize the market configurations derived by Wauthy (1996) in 
investigating trade between the two countries.6 

 
4. Trade between the Two Countries  

 
Because each firm can sell its goods in both Home and Foreign markets, 

consumers will select one good from the Home firm or Foreign firm, 
depending on their tastes for quality. Because we assume that the Home 
firm produces low-quality goods and that the Foreign firm produces high-
quality goods, Home consumers with a taste for high quality buy high-
quality products from Foreign, and Foreign consumers with less of a taste 
for quality buy low-quality products from Home. Thus, Foreign exports 
high-quality products to Home, whereas Home exports its low-quality 
products to Foreign. Foreign’s consumption of low-quality products 
becomes the export value of Home, and Home’s consumption of high-
quality products becomes the import value of Home. Trade between the 
two countries can be assessed by viewing Figure 1.  

 
[Figure 1] Trade between the two countries 

 

 
Note: L

L
L

pJ
q

= , and ( )
( )

H L
LH

H L

p pJ
q q

−
=

−
. 

____________________ 
6 Note that only results in the price competition of Wauthy (1996) are employed in our paper. 
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Foreign  1

b 

b 

1 

LJ LHJ

' ( )Home s Export X

' ( )Home s import M  
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Because we assumed that each consumer buys only one unit of a go
od, we can derive the following import value (M) of Home from Figure 
1.7 

 
1( , ) [ ]

1
H L

L H H
H L

p pM p p b p
b q q

−
= −

− −
   (8) 

 
Similarly, because the consumption of low-quality goods in Foreign 

equals the export value of Home, the export value (X) of Home is 
represented as:  

 
1( , ) [ ]

1
H L L

L H L
H L L

p p pX p p p
b q q q

−
= −

− −
  (9) 

 

It is worth noting that if 42 H L

H L

q qb
q q

−
< ≤

−
(domain B and C in section 

2), the value of LJ  equals 1. Thus, the export value in this case will be: 
 

1( , ) [ 1]
1

H L
L H L

H L

p pX p p p
b q q

−
= −

− −
  (10) 

 
III. TRADE VOLUME AND INTRA-INDUSTRY  

TRADE SHARE 
 

1. Volume of trade and IIT index 
 
Value of export (X) as well as value of import (M) in Home can be 

completely defined after price competition by the three exogenous 
parameters, b , Hq , and Lq . As discussed in Section 2, four market 
configurations exist in accordance with these parameters. For each of 
these market configurations, optimal prices as well as the values of 
exports and imports differ from each other. We allow Hq Q=  
and Lq aQ= , where Q  represents the highest technology available in the 

____________________ 
7 Note that the density of consumers both in Home and in Foreign is 1/ ( 1)b − . 
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region, and a  presents the relative technology level between Home and 
Foreign. Total trade volume is defined as ( X M+ ), and the Grubel-Lloyd 
intra-industry trade index (IIT) is defined as  

 

1
X M

IIT
X M
−

= −
+

 

 
The volume of trade and IIT index for each market configuration are 

summarized in Table 1, and mathematical proofs are provided in the 
Appendix. From these results, we can derive some propositions. 

Recall that b reflects a consumer’s (maximum) willingness to pay for 
quality. If a consumer has a higher income, he will be willing to pay more 
for high quality goods. Thus, per-capita income can be employed as a 
proxy for parameter b. Recall also that, if a firm possesses higher 
technology, it can generate a higher-quality product. Thus, technology 
can be utilized as a proxy for product quality. Using these proxies, we can 
derive the following propositions. 

 
[Table 1] Volume of trade and IIT index in each market configuration  
 

Market Value of b 
Volume of Trade 

( )V X M= +  
IIT Index 

(IIT) 

A 
4
1

a b
a

−
≤

−
 2

2

(1 )(4 )
( 1)(4 )

b a a Q
b a

− +
− −

 2
4

a
a+

 

B 
2 4
1 1

a ab
a a

+ −
≤ <

− −
 2 2 2(1 ) 4 (1 ) 4 3

4( 1)(1 )
b a b a a a a Q

b a
− + − − +

− − 2 2 2

4 [ (1 ) 2 ]
(1 ) 4 (1 ) 4 3

a b a a
b a b a a a a

− − +
− + − − +

 

C 
22
1

ab
a

+
< <

−
 2(5 8 5)(1 )

9( 1)
b b a Q

b
− + −

−
 2

2 2

2( 2)
( 2) (2 1)

b
b b

−
− + −

 

D 1 2b≤ ≤  (1 )a Q−  0  

Note: /L Ha q q≡  

 
Proposition 1: Trade volume increases as the region’s income per capita 
insreases.  

Proof: When 2b > , 0V
b

∂
>

∂
 (See Appendix for mathematical 

derivation). In words the volume of trade generally increases, as b 
increases. Thus, we can assert that trade volume among the high-income 
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regions is higher than that in the low-income regions.  
 

Proposition 2: The vertical IIT index increases as the region’s per capita 
income increases, until per capita income reaches a critical 1 value, after 
which there is no relationship. 

Proof: 0IIT
b

∂
>

∂
 in market configuration B and C, but IIT is 

independent from b in market configuration A (see Appendix for 
mathematical derivation). In words even though IIT increases as the 
region’s per capita income increases, it will eventually stop increasing 
when the per capita income reaches at a certain level.  

 
Proposition 3: The volume of trade increases as the available technology 
in the region increases, whereas the IIT index increases as the technology 
levels between countries become similar. 

Proof: 0V
Q
∂

>
∂

 in markets A, B, and C, and 0IIT
a

∂
>

∂
 in markets A 

and B (See Appendix for explanation). Note that Q is the proxy for the 
highest technology in the region, and parameter a  implies the relative 
technology level of Home to Foreign. 

 
Proposition 4: If per capita income in the region is very low, the trade 
will be purely characterized by inter-industry trade.  

Proof: When 1 2b≤ ≤ , only the Foreign firm produces, and thus 
Home imports only foreign goods. The firm in Home sells its product 
because the willingness to pay for low quality products is too low. 

  
2. Empirical Implications  

 
We demonstrated that the volume of trade and IIT index are determined 

by parameters b , a , and Q ; and derived some propositions describing 
these relationships. The empirical implications of the propositions can be 
explained as follows.  

First, the maximum willingness to pay variable b implies the difference 
in the willingness to pay for quality among consumers. As presented by 
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Gabszewics and Thisse (1979), a willingness to pay for quality is 
dependent on consumers’ income; the more income one has, the more 
quality one will generally pay for. Additionally, Sutton (1986) also 
derived a similar conclusion, and held that willingness to pay for quality 
increases as income rises. For this reason, per-capita income can be 
considered a proxy for b. In other words, b is a proxy for economic 
development.8 Therefore, propositions 1 and 2 demonstrate that increases 
in the per-capita income for all countries will result in increases in the 
volume of trade and IIT.9 These implications conform to the empirical 
facts that the volume of trade and IIT are higher among rich countries 
than among poor countries (Bergoeing and Kehoe, 2003; Schott, 2004; 
Hummels and Klenow, 2005; Hallak, 2006).  

Second, the value of Q is determined by the technology available. The 
level of technology depend on R&D investments. More than 80% of 
R&D investments are conducted in high-income OECD countries. 
Proposition 3 explains why trade volumes among high-income countries 
are larger than those among low-income countries.  

Third, the value a , the ratio of the amount of low quality to the 
amount of high quality, indicates the ratio of technology levels between 
countries. When the value a  approaches 1, the two countries become 
more similar in terms of technology levels. Proposition 3 shows that IIT 
increases as the value a  increases, which is consistent with the 
empirical fact that IIT is higher among countries with similar production 
technologies. This also implies that technology spillover among countries 
increases IIT. That is, the IIT index increases when a low technology 
country attempts acquire high technology from another country. 

Fourth, proposition 4 shows that intra-industry trade does not occur 
among countries whose income levels are very low. In other words, if the 
dispersion of the willingness to pay for quality is very low, the 

____________________ 
8 The dispersion of the willingness to pay is caused by differences in income. Additionally, we 

assume that consumers are uniformly distributed in [1 b] with regard to their willingness to pay. 
Because per capita income is the average income, it is directly proportional to the average of 
consumer’s willingness to pay (b-1)/2. For simplification, we consider b to be a proxy for per 
capita income or the level of economic development. 

9 As per-capita income increases, consumers prefer more diversity of products and higher 
quality products on average. Therefore, intra-industry trade and the total volume of trade increase 
as per-capita income increases.  
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opportunity for inter-industry trade will be eliminated. Because one firm’s 
product will monopolize the market while the other firm’s product will be 
eliminated based on a narrow range of preferences. This conclusion 
explains why vertical IIT is unlikely between poor countries.  

 
IV. CONCLUSION 

 
In this paper, we evaluated the impact of economic development on the 

trade of quality-differentiated goods between two countries. The principal 
findings are as follows: 

First, our model shows that economic development or the growth of per 
capita income, increases the volume of trade and intra-industry trade, 
which is consistent with a high IIT index and trade volume among rich 
countries. Second, the volume of trade is related positively increases in 
technology, whereas the IIT index is related positively to similar 
technology levels between countries. Third, intra-industry trade is 
unlikely to be observed in regions with very low levels of per capita 
income. This finding implies that trade among low-income countries is 
inter-industry trade, rather than intra-industry trade of goods with 
different quality. The findings in this paper are generally supported by the 
previous studies conducted by Bergoeing and Kehoe (2003), Schott, 
(2004), Hummels and Klenow (2005), Hallak (2006).  

Economic development can be defined in terms of income per capita 
and the level of available technology level. This paper demonstrates that 
the economic development in both senses exerts a positive impact on the 
volume of trade and IIT. It shows that growth of income per capita and 
growth in technology, through R&D investment and spillover from trade, 
increase the volume of trade and intra industry trade.  

Although we ignore production costs and transportation costs, we 
expect that our results would be similar even if these costs were 
significant. 
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APPENDEX 
 

1. Volume of Trade and Intra-Industry Trade  
 
We let Hq Q=  and Lq aQ= , and substitute them into conditions of b 

and optimal prices in each market configuration of A to D in section II of 
this paper. Then the domain of b for each market configuration and 
optimal prices can be summarized as in Table A1.  

 
[Table A1] Optimal prices under price competition  
 

Market 
Configuration Value of b Optimal price of high-quality 

goods 
Optimal price of low-

quality goods 

A 
4
1

a b
a

−
≤

−
 * 2 (1 )

(4 )H
b ap Q

a
−

=
−

 * (1 )
(4 )L

ba ap Q
a
−

=
−

 

B 
2 4
1 1

a ab
a a

+ −
≤ <

− −
* (1 )

2H
b a ap Q− +

=  *
Lp aQ=  

C 
22
1

ab
a

+
< <

−
* (2 1)(1 )

3H
b ap Q− −

=  * ( 2)(1 )
3L

b ap Q− −
=  

D 1 2b≤ ≤
 

* (1 )Hp a Q= −
 

* 0Lp =
 

 
We can get the export value (X) and import value (M) of Home, by 

putting the optimal prices in Table A1 into equations (8) and (9) or (10) in 
part 4 of the section II, and then we obtain volume of trade (V) and intra-
industry trade index (IIT) for each market configuration. 

 

A) For the first domain when 4
1

a b
a

−
≤

−
  

* * 2
*

2

1 4 (1 )( )
1 ( 1)(4 )

H L
H

H L

p p b aM b p Q
b q q b a

− −
= − =

− − − −
  (A1) 

* * * 2
*

2

1 (1 )( )
1 ( 1)(4 )

H L L
L

H L L

p p p b a aX p Q
b q q q b a

− −
= − =

− − − −
  (A2) 

 
From (A1) and (A2), we can derive volume of trade and intra-industry 

share as follows: 
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2
4

aIIT
a

=
+

   (A3) 

2

2

(1 )(4 )
( 1)(4 )

b a aV Q
b a

− +
=

− −
  (A4) 

 

B) For the second domain when 2 4
1 1

a ab
a a

+ −
≤ <

− −
   

* * 21 [ (1 ) ]( )
1 4 ( 1)(1 )

cH L
H

H L

p p b a aM b p Q
b q q b a

− − +
= − =

− − − −
 (A5) 

* *1 [ (1 ) 2 ]( 1)
1 2( 1)(1 )

cH L
L

H L

p p b a a aX p Q
b q q b a

− − − +
= − =

− − − −
  (A6) 

 
From (A5) and (A6), we can derive volume of trade and intra-in

dustry share as follows: 
 

2 2 2

4 [ (1 ) 2 ]
(1 ) 4 (1 ) 4 3

a b a aIIT
b a b a a a a

− − +
=

− + − − +
  (A7) 

2 2 2(1 ) 4 (1 ) 4 3
4( 1)(1 )

b a b a a a aV Q
b a

− + − − +
=

− −
  (A8) 

 

C) For the third domain when 22
1

ab
a

+
< <

−
  

* * 2
*1 (2 1) (1 )( )

1 9( 1)
H L

H
H L

p p b aM b p Q
b q q b

− − −
= − =

− − −
  (A9) 

* * 2
*1 ( 2) (1 )( 1)

1 9( 1)
H L

L
H L

p p b aX p Q
b q q b

− − −
= − =

− − −
  (A10) 

 
From (A9) and (A10), we can derive the volume of trade and intra-

industry share as follows: 
 

2

2 2

2( 2)
( 2) (2 1)

bIIT
b b

−
=

− + −
  (A11) 

2(5 8 5)(1 )
9( 1)

b b aV Q
b

− + −
=

−
  (A12) 
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D) For the fourth domain when 1 2b≤ ≤   
Only Foreign sells goods to Home, and thus there is no intra-industry 

trade. However, the volume of trade can be calculated by multiplying the 
optimal price set by the Foreign firm with the quantity of goods bought in 
Home. 

 
(1 )VT a Q= −   (A13) 
0IIT =   (A14) 

 
2. Proofs of Propositions 1 and 2 

 
It is worth noting that both the volume of trade and the IIT index are 

continuous in b provided that 2b > . For this reason, we need only to 
prove that the volume of trade and IIT increase (or remain unchanged) 
when b increases in domains from A to C, as shown in Table 1.  

 

A) When 4
1

a b
a

−
≤

−
   

Differentiating (A4) with regard to b and noting that 2b >  and 
0 1a≤ < , we can prove 

 
2

2 2

(1 )(4 )( 2 ) 0
(4 ) ( 1)

V a a b b
b a b

∂ − + −
= >

∂ − −
  (A15) 

 
This means that the volume of trade increases when b increases in this 

domain. 
From the IIT formula given in (A3), we can show that parameter b does 

not affect IIT in this domain. 
 

B) When 2 4
1 1

a ab
a a

+ −
≤ <

− −
   

Differentiating (A8) with respect to b, we get   
 

2 2 2 2

2

(1 ) 2 (1 ) 0
4(1 )( 1)

V b a b a a
b a b

∂ − − − +
= >

∂ − −
  (A16) 
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Thus, an increase in b leads to a higher level of trade volume in this 
domain. 

Differentiating IIT formula given in (A7), we obtain 
 

2 2 2

2 2 2 2

4 (1 )[ (1 ) 2(1 )(2 ) 4 ]
[ (1 ) 4 (1 ) 4 3 ]

IIT a a a b a a b a a
b b a b a a a a

∂ − − − + − − + −
=

∂ − + − − +
  (A17) 

 

It is worth noting that whenever 2 4
1 1

a ab
a a

+ −
≤ <

− −  
 

2 2 2( ) (1 ) 2(1 )(2 ) 4 0f b a b a a b a a= − − + − − + − >   
 

Since 0 1a< <  and ( ) 0f b > , we have 0IIT
b

∂
>

∂
. 

Thus, IIT increases in b in this domain. 
 

C) When 22
1

ab
a

+
< <

−
  

Differentiating (A12) with regard to b and noting that 2b >  and 
0 1a< < , we can prove 

 
2

2

(1 )(5 10 3) 0
9( 1)

V a b b
b b

∂ − − +
= >

∂ −
  (A18) 

 
Thus, the volume of trade increases in b in this domain. 
Differentiating the IIT formula provided in (A11), we obtain 
 

2 2 2

12( 2)(2 1) 0
[( 2) (2 1) ]

IIT b b
b b b

∂ − −
= >

∂ − + −
  (A19) 

 
Thus, IIT increases in b in this domain. 
 From the results derived in A, B, and C, propositions 1 & 2 are proven. 
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3. Proofs of Propositions 3 
 
From the volume of trade formulas in A, B, and C, we can directly 

conclude that the volume of trade increases in Q. However, we must also 
assess the effects of parameter a  on IIT index in each domain provided 
in Table 1.10 

 

A) When 4
1

a b
a

−
≤

−
 (or 4

1
ba
b
−

≤
−

) 

Differentiating IIT in (A3) with respect to a , we get 
 

 2

8 0
(4 )

IIT
a a

∂
= >

∂ +
  (A20) 

 
Thus, IIT increases in a  in this domain. 
 

B) When  2 4
1 1

a ab
a a

+ −
≤ <

− −
  (or 4 2

1 1
b ba
b b
− −

< ≤
− +

) 

Differentiating IIT in (A7) with respect to a, we obtain 
 

2 2 2 2

2 2 2 2 2

4[( 1) ( 2) 2( 1) ( 2) ]
[( 4 3) 2( 2 2) ]

IIT b b a b b a b b
a b b a b b a b

∂ − + − − + −
=

∂ − + − − + +
  (A21) 

 

It is noteworthy that when 4 2
1 1

b ba
b b
− −

< ≤
− +

  

 
2 2 2 2( ) ( 1) ( 2) 2( 1) ( 2) 0g a b b a b b a b b= − + − − + − >   

 

Because ( ) 0g a >  in this domain, we conclude that 0IIT
a

∂
>

∂
 

Thus, when parameter a  increases, IIT will increase in this domain. 
 

C) When 22
1

ab
a

+
< <

−
 (or 2

1
ba
b
−

>
+

) 

____________________ 
10 Note that IIT index is continuous in a  given that 0 1a< < . 
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From the IIT formula in (A11), we observe that a  does not affect IIT. 
From A, B, and C, proposition 3 is proven. 
 
 
 
 



LE DUC NIEM ⋅ TAEGI KIM: ECONOMIC DEVELOPMENT AND TRADE OF QUALITY  385 

References 
 
Beloqui, L., and J. M. Usategui (2005), “Vertical Differentiation and Entry 

Deterrence: A Reconsideration,” Research Support from the Plan National,  
De I+D+I. 

Bergoeing, R. and J. K. Timothy (2003), “Trade Theory and Trade Facts,” 
Federal Reserve Bank of Minneapolis Research Department Staff Report, 
No. 284. 

Flam, H. and E. Helpman (1987), “Vertical Product Differentiation and North-
South Trade,” American Economic Review, Vol. 76, pp. 810-822. 

Fontangé, L., M. Freudenberg, and G. Gaulier (2006), “A Systematic 
Decomposition of World Trade into Horizontal and Vertical IIT,” Review of 
World Economics, Vol. 142, pp. 459-475. 

Gabszewicz, J. and J. F. Thisse (1979), “Price Competition, Quality and Income 
Disparities,” Journal of Economic Theory, Vol. 20, pp. 340-359. 

Greenaway, D., R. C. Hine, and C. R. Milner (1994), “Country-Specific Factors 
and The Pattern of Horizontal and Vertical Intra-Industry Trade in The 
UK,” Review of World Economics, Vol. 130, pp.77-100. 

Grossman, G. M. and E. Helpman (1991), Innovation and Growth in the World 
Economy, Cambridge: MIT Press. 

Hallak, J. C. (2006), “Product Quality and the Direction of Trade,” Journal of 
International Economics, Vol. 68, pp. 238-265. 

Hummels, D. and P. J. Klenow (2005), “The Variety and Quality of a Nation’s 
Exports,” American Economic Review, Vol. 95, pp. 704-724.  

Krugman, P. (1979), “Increasing Returns, Monopolistic Competition, and 
International Trade,” Journal of International Economics, Vol. 9, pp. 469-
479. 

Lancaster, K. (1980), “Intra-Industry Trade under Perfect Monopolistic 
Competition,” Journal of International Economics, Vol.10, pp. 151-75. 

Linder, S. (1961), An Essay on Trade and Transformation, New York, Wiley. 
Schott, P. K. (2004), “Across-Product Versus Within-Product Specialization in 

International Trade,” Quarterly Journal of Economics, Vol. 119, pp. 647-
678. 

Sutton, J. (1986), “Vertical Product Differentiation: Some Basic Themes,” 
American Economic Review: Papers and Proceedings, Vol.76, pp. 393-398. 

Wauthy, X. (1996), “Quality Choice in Models of Vertical Differentiation,” 
Journal of Industrial Economics,” Vol. 44, pp. 345-353. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


