
1

Efficiency differentials and Intra-industry Trade 

Rod Falvey , David Greenaway and Zhihong Yu

Leverhulme Centre for Research on Globalisation and Economic Policy, School of Economics,
University of Nottingham, Nottingham NG7 2RD , U.K.

September, 2003

Preliminary and incomplete draft.  Comments welcome.

Abstract 

This paper constructs a trade model with heterogeneous firm and cross-
country efficiency differences to investigate the impact of trade on
asymmetric countries.  We show that the trade pattern and composition
of trade is determined by the trade off between cross-country size
variation and efficiency difference.  Opening up to trade increases the
productivity threshold to survive and the aggregate industry efficiency in
both more efficient and less efficient countries, while the productivity
threshold, probability of death and proportion of exporting firms are
higher in the more efficient country.  As a consequence, trade leads to
industry rationalization and consumer welfare gains in both countries but
the magnitude is stronger in the more efficient country. 
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1 Introduction

"New" trade theory models such as (Krugman (1980) and Helpman and Krugman
(1985) rest on the assumption of efficiency symmetry between monopolistically
competitive firms. As a consequence, since love of variety and scale economies lead
to two-way trade , all existing firms export and firms from each country are of
identical size, exports and market share in the world, even in the presence of transport
costs and different market size. Recently, however, a substantial empirical literature
has identified robust firm level evidence on productivity heterogeneity and its link to
exports (Bernard and Jensen 1995, 1999a,b, 2001; Bernard and Wagner 1997; Aw,
Chung and Roberts 1998; Bigsten, Collier, Dercon et al. 2000; Clerides, Lach and
Tybout 1998; Girma, Greenaway and Kneller 2003a, 2003b). As was summarised  by
Bernard, Eaton, Jensen and Kortman(2000): "Most strikingly, exporters are in the
minority; they tend to be more productive and larger; yet they usually export only a
small fraction of their outputs. This heterogeneity of performance diminishes only
modestly when attraction is restricted to producers within a given industry."  On the
other hand, there is a growing body of empirical evidence that trade may lead to
substantial industry efficiency gains through inter-firm reallocation and rationalisation
effect. (Tybout and Westbrook 1995 , Bernard and Jensen 2001, Pavcnik, 2002 and
see Tybout 2001 for a survey). All these stylised facts highlight the importance of
incorporating firm efficiency heterogeneity into new trade theory.  

A recent wave of "heterogeneous firm trade models" has emerged, led by Bernard,
Eaton, Jensen and Kortman (2000), Melitz(2002), Helpman and Melitz and Yeaple
(2002), Jean (2002) and Montagna (2002), which extend the new trade theory  to
incorporate firm productivity differences.  In the pioneering model, Melitz (2002)
based on Dixit-Stiglitz monopolistic competition, firm heterogeneity is generated
from an un-parameterised distribution which characterises firms' pre-entry efficiency
uncertainty. In the presence of fixed export costs, more productive firms self-select
into both the domestic market and the export market. Therefore survivors are those
whose productivities are higher than a threshold, whereas exporters are those whose
productivities are above a higher  threshold . Trade liberalisation forces the least
efficient firms to leave by raising the domestic entry threshold, and reallocates market
share towards more efficient exporting firms by lowering the export threshold. Melitz
(2002) shows how trade generates industry efficiency improvement and welfare gains
for all identical countries involved. An important contribution of the Melitz model
was the emphasis of firm heterogeneity as an underlying pre-requisite for the welfare
enhancing effect of trade.  In order to focus on the role of with-in industry firm
productivity differences, Melitz considers only trade between countries with identical
size and firm productivity distributions. As a consequence the impact of trade is
symmetric between countries. However at the country level there is also significant
evidence on the cross-country efficiency differences in the advanced industrial
nations.

What happens to the model if we allow trade between asymmetric countries with
different industry efficiency levels and market sizes?  Montagna (2002) shows that
free trade will equalise the productivity threshold in countries with different
productivity distribution, so that the trade-induced rationalisation effect only occurs in
the less efficient country. However Jean (2002) demonstrates in both countries self-
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selection is stronger after opening to trade, if trade costs are low and the cross-country
efficiency gap is small.  

This paper extends the Melitz (2002) and Helpman, Melitz and Yeaple (2002) model
to investigate the impact of trade on asymmetric countries ， with a special focus  on
the role of cross-country efficiency gaps in the determination of the composition of
trade and overall welfare. We construct a two country, two sector model with both
with-in industry firm productivity differentials and cross-country efficiency
differences. The differentiated good sector is characterized by Dixit-Stiglitz
monopolistic competition , while the constant return to scales homogenous good
sector  adjusts to compensate the labour supply and trade balance. The pre-entry
productivity uncertainty is modelled by an exogenous distribution over firm costs. In
the closed economy , free entry leads to an endogenous efficiency cut off required for
firms to survive . In equilibrium, countries which differ in both size and efficiency
levels exhibit similar characteristics in the differentiated good sector:  the probability
of death and survival, the average firm size and profit are identical across countries ,
though the productivity threshold and aggregate productivity is higher in the more
efficient country. In the open economy, the trade pattern and the composition of trade
depend on the trade off between countries’ relative market size and efficiency gaps. In
the case of intra-industry trade, the probability of death, the proportion of exporting
firms, and the average firm size and profit are all higher in the more efficient country.
In contrast to Montagna (2002), we find that opening up to trade raises the
productivity threshold required to survive and the aggregate industry efficiency in
both countries but the rationalisation effect is stronger in the more efficient country.
As a consequence, exposure to trade generates welfare gains for both more efficient
and  less efficient countries, but the more efficient country enjoys a higher degree of
efficiency and welfare improvement.

The rest of the paper is organised as follows. Section 2 sets up the model. The closed
economy equilibrium is derived in section 3. Section 4 discusses the open economy
equilibrium and analyses the impact of trade. Section 5 draws some concluding
remarks.
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2 Model Setup

Consider two countries , home ( ) and foreign(*) , endowed with a single factor labour
which is used to produce in two sectors H and D. Sector H produces a homogenous
good and sector D produces a differentiated good. 

Demand and production 

The preferences of a representative consumer are characterised by a Cobb-Douglas
utility function across goods H and D. As a result, the fraction of expenditure spent on
good D is assumed to be a constant β  with β−1  spent on good H.  Production in the
homogeneous good sector H exhibits constant returns to scale. Sector H is the
numeraire and we normalise the common wage rate to one.1 In sector D, market
structure is assumed to be "Dixit-Stiglitz" monopolistic competition. Preferences
across varieties of sector D  are of  a standard CES "love of variety" form.2 The cost
function of an individual firm i is

Diii FqaC +=

where ai denotes the marginal units of labour input required to produce one unit of
output and FD denotes the fixed production costs which is the same across firms. Thus
the firm-specific efficiency level is defined as x=a-1. This market structure yields a
constant elasticity of demand function for each variety produced by a corresponding
unique firm :

ε−= ii Apq   

where the demand shifter A= 1
1
−εβLP  , and εε −

∈
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dvvpP  denotes the

aggregate price index. Notice that A captures market conditions exogenous to an
individual firm , since P reflects the degree of competitiveness of the market and  Lβ
represents the strength of demand. Taking  A as given, the price rule of a profit-
maximising firm with cost a is 

                                                          
1 The units of labour required to produce one unit of H is chosen as one and the price of sector H is set
as the numeraire. Sector H adjusts to compensate the labour supply and trade volume. We assume each
country has positive production in this sector. As a result ,   wage rate is  common across countries.  
2 The utility function is
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where the elasticity of substitution 
ρ

ε
−

=
1

1
, v and V denotes the individual varieties and the

available variety set in market,respectively. )(vq denotes the consumption quantity of variety v
.Consumption of good D can be treated as consuming an aggregate quantity D with an aggregate price
P.



5

ρ
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Note that the price mark-up ρ-1 is constant and is independent of  the aggregate
market variables . As was shown in Helpman,Melitz and Yeaple(2002), the domestic
sales and operating profit of a firm  can then be written as functions of its own cost
level a : 

ε

ρ

−









=

1

)( aAar                

 DFBaa −= −επ 1)(

 where ερρ −−= 1/)1( AB  is the transformed demand shifter. This implies that firm
revenue and operating profit is monotonically decreasing(increasing) in a firm's own
cost(efficiency) level.  

Firm entry , exit and heterogeneity  

There are a large number, strictly speaking a continuum. of potential entrants into
sector D. Entry is unrestricted but each entrant has to make an irreversible investment
FE  i.e. a sunk fixed entry cost to enter. After entry, entrants draw their initial marginal
unit cost a from a common ex-ante exogenous cumulative distribution G(a).In line
with Helpman,Melitz and Yeaple(2002), we use the Pareto distribution to
parameterise the distribution of productivity x. 3 Then the distribution of cost draws is: 

k

a
aaG 





=)(

where a  is the upper bound of the marginal cost a and 
a
1  is the lower bound of the

productivity x. Once an entrant's cost is revealed, it will decide whether to stay or exit
depending on whether the operating profit )(aπ is positive. Since the profit is
increasing in its own productivity, a less productive firm which incurs a negative
profit will immediately exit , whereas a more productive firm earning a positive profit
will choose to stay. Let aD denote the zero profit cutoff cost level such that 

            DDD FBaa −= −επ 1)(  = 0                            [1]

 then aD (xD= aD
-1)  is the maximum(minimum) cost (productivity) level required to

survive in the market. Hence firm entry and exit follow a self-selection process : more

                                                          
3 The cumulative distribution of firm productivity  F(x) is assumed to be Pareto ,i.e. k)

ax
1(-1 F(x) =

and 
a

x 1
> , 1+> εk  .
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efficient (luckier ) firms survive and less efficient(unlucky) firms fail. Therefore the
ex-ante probability of  successful entry and of failure , denoted as pin and pout are :

pin =G(aD)        ,      pout =1-G(aD)

Therefore successful surviving firms exhibit heterogeneous efficiency levels above
the efficiency cutoff xD. Recall that firm revenue and profit are increasing in their own
efficiency levels,  the asymmetric performances across firms such as profit, size,
market share and price can all be attributed to the heterogeneity of the firm-specific
efficiency level . The more efficient firms with lower a have lower price, larger sales,
higher market share and higher profits. 

Furthermore, we assume that the two countries differ not only in terms of  country
size but also the firm cost distributions. We assume that G(a) and G*(a) share
common k  but differ in a i.e. 
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and           a ≤ *a

This assumption implies both countries get access to the best technology practice ,but
the lower productivity bound is higher in the home country . As depicted in figure 1
panel 1,   the home cost(productivity) distribution is dominated by (dominates)  the
foreign country , indicating that the home country is the more efficient.   

3 The Closed Economy

Equilibrium

As was shown in Melitz (2002) and Helpman, Melitz and Yeaple (2002), the
equilibrium in a close economy should satisfy two conditions: the zero profit cut off
condition and zero expected profit condition. For a given demand shifter B, the cut off
cost aD is determined by equation [1]. But B is determined by the degree of
competitiveness of the whole market. Since entry is free, potential entrants will enter
and try their luck, until the number of incumbent firms is so large and the market is so
competitive that the expected net profit 4 for an outsider falls to zero. Hence a
stationary equilibrium is reached when the expected net profit of a potential firm is
zero, since there is no more entry and exit. The zero expected profit condition can be
expressed as :

                                                          
4 Since the operating profit is non-negative: πi=max }{ )(,0 aπ , where DFBaa −= −επ 1)( , then the

expected net profit  can be expressed as  ∫ −−= −Da

ED FadGFBaE
0

1 )()()( επ
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0)()()( =−−= EDDD FaGFaBVE π                [2]

where )1(
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From Eq.[1] and [2] , the endogenous cut off  cost aD  and the transformation of
demand shifter B can be solved as : 
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−
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where  

)1( −−
=

εk
kK >1 

Equation [3] implies that the cut off is jointly determined by the levels of fixed costs
and the distribution of marginal costs. Interestingly, a change in FE and FD have
opposite effects on the cut off. High entry costs lead to higher (lower) cost
(efficiency) cutoff, which weakens the self-selection effect. This is consistent with the
stylized facts from a firm level comparison of self-selection effect in Taiwanese and
Korea manufactures (Bee Yan Aw et al, 2003).5 On the other hand, a higher level of
fixed production cost  corresponds to a lower (higher) cost (efficiency) cut off,  which
strengthens the self-selection effect. Note that the same proportional changes in FE
and FD have no net effect on the cut off. Furthermore, the cut off cost(productivity) is
decreasing(increasing) in ε.  This implies that  self-selection is stronger for industries
in which the degree of substitution across products are higher i.e. the varieties are
more similar. If the fixed costs and elasticity of substitution are symmetric between
countries, the more efficient home country has proportionally higher level of

efficiency cut off relative to its lower  bound  i.e.  1
**
≤=

a
a

a
a
D

D .

Does the superior efficiency cut off in the more efficient country make its domestic
market more risky for entrants, in terms of probability of survival and failure?
Inspection of the ex-ante probability of survival reveals:
  

)1(
*

−
==

KF
Fpp

D

E
inin           , 1

)1(
≤

−KF
F

D

E        [5]

where )( Din aGp =  and  *)(** Din aGp =

Hence the probability of survival is increasing in the degree of dispersion parameter k
but independent of the upper cost bound a . This implies that the market is more risky

                                                          
5 The empirical findings from Bee Yan Aw(2003) is that compared to Korea , a country with
significantly higher entry costs , Taiwanese industries exhibit stronger self-selection effects: they are
characterised by smaller within-industry productivity dispersion and smaller proportion of low
productivity plants.  
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in a country with a lower degree of firm level cost (productivity) dispersion. As
depicted in figure 1 panel 2, the probabilities of survival and death are the same for
the two countries, which means the chance for successful entry is not inferior in the
more efficient home country, though it requires a higher efficiency level to survive. 

Equation [4] implies that in equilibrium B is independent of market size, but is
increasing in a . The market size does not affect the equilibrium demand shifter
because, as will be shown below, under free entry the number of firms will be greater
in a larger country. A larger country spends more on the differentiated good but also
attracts more firms to compete for demand. These two effects offset each other so that
an individual firm is indifferent to the size of the market it is competing in. However,
the demand shifter is lower in the more efficient country. This indicates that for a firm
with given cost a, it will be smaller and earn less profit if located in the more efficient
country.

In equilibrium, firms drawing a higher cost level than aD will not produce and quit.
The remaining firms must have lower cost levels than aD . Thus the equilibrium
distribution or ex-post distribution over firm cost , denoted by )(aW , is different from
the ex-ante distribution : 

D

k
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
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



== ,
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                                                       Daa >= ,0                                     [6]

Using the ex-post cost distribution, to solve for the number of existing firms N  in
equilibrium, note that  B is given by6:

)(
)()1(

D

D

aVN
aLGB βρ−

=

substitute it into [4] and rearrange we get the solution for N :

                          
DKF
L

N βρ )1( −
=                                  [7]

The number of existing firms is proportionally increasing in country size L, but is
independent of the entry costs and the lower bound of the cost distribution. Thus in
the closed economy the relative number of firms between the two countries equals
their relative country size: 

** L
L

N
N

=

Average firm performance

                                                          

6 Recall that 11
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From equation [1] , the performance of an individual firm can be written as a function
of its own cost a and the cut off aD

7.Hence the average firm performance of the
industry, including average efficiency, average market price, average output quantity ,
revenue and profit can be written as : 
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The average industry efficiency is proportionally increasing in the cost cut off. This
indicates that the average industry efficiency is higher in the home country

**ˆ
ˆ

a
a

a
a

= ≤1. The average firm size and profit , however, do not depend on the cut

off and thus are equal between home and foreign countries. These two measures are
only determined  by the fixed production costs FD , the degree of firm cost dispersion
and elasticity of substitution.  

The above average measures reflect the mean of firm performance. However a
growing body of empirical literature investigating industry productivity dynamics
focus on the weighted or aggregate industry productivity. 8 Departing from
Melitz(2003)9. We define the weighted average cost as :
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8 See for example Levinsohn and Petrin (1999), Bee Yan Aw (2001), Fernandes (2003), Tybout and
Westbrook (1995) and Pavcnik (2002). 
9 Melitz (2002) uses the weighted harmonic mean of the productivity levels to represent the aggregate
industry productivity, where the weights index the relative output shares.



10

The weights s(a) index the firms’ share of total output and R denotes the total output
of the domestic market. Substitute [7] and [9] into [8] and rearrange , yielding the
aggregate industry cost :

Dak
ka

2
1~

+−
+−

=
ε
ε

                                            [10]

Equation [10] implies that the aggregate industry efficiency is proportionally
increasing in the efficiency cut off . Thus the aggregate industry efficiency is also

superior in the home country: **~
~

a
a

a
a

= . 

Welfare 

Welfare, measured by the utility of the representative consumer, is determined by the
consumption quantity of the homogenous good and the sub-utility or aggregate
quantity of the differentiated good. The quantity of H is straightforward : H= ( )Lβ−1  ,
since the price is one and the expenditure spent on H is Lβ . The aggregate quantity of

the differentiated good D=
P
Lβ  . The aggregate price P can be written as a function of

a 10:
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where Z= ( ) ( ) ρ
β

β ββσ β

β

−−− − 111 kK . The welfare is increasing in country size L and
the country level efficiency 1−a , but is decreasing in the entry costs and fixed
production costs. This is because welfare is negatively related to the aggregate price,
which is decreasing in country size and industry efficiency. A larger country attracts a
greater number of producers and thus the aggregate price is driven down, while firms
in a more efficient country charge a lower aggregate price. The welfare will thus be
greater in a larger and more efficient country as a result of the decline of the good’s
price.

                                                          

10 Recall that B=FDaD
ε-1  = σ-1βLPε-1  , which yields P= ( ) σβ εε 1

1
1
1

−−
−

DD FLa . So P is
increasing in the cost cut off , but decreasing in L. Substitute [3] into it we get the expression of P.  
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3 Open economy 

Superior average and aggregate industry efficiency in the home country implies that it
has a comparative advantage in the differentiated good sector11. At the industry level,
under perfect competition, comparative advantage predicts the pattern of inter-
industry trade : the home will export D and import A. However, as was demonstrated
in Abd-el-Rahman (1991), in conditions of monopolistic competition with
heterogeneous firms, there exist firm level competitive advantages (disadvantages)
against the collective industry level comparative advantages (disadvantages). The
composition of trade is jointly determined by the macro level comparative advantages
and the micro level within-industry heterogeneity. This distinction between firms’
competitive and national comparative where the advantages explains “minority trade
flows in two-way trade” where the direction of trade is opposite to that predicted by
the collective industry comparative advantage. For example, in a comparative
disadvantage industry of country A, the “majority trade flow” is imports. But one
might also observe “minority trade flow” exports in the same industry, because some
“best” or “over-competitive” firms will manage to export despite the collective
industry comparative disadvantage. This “firm competitive advantage VS National
comparative advantage“ hypothesis raises interesting questions for intra-industry
modelling: How the dispersion of firm level heterogeneity, in conjunction with the
comparative aggregate industry performance, determines the composition of intra-
industry trade? What is the key factor of the firms’ competitive advantage12? What is
the role of country size in the trade volume in a heterogeneous firm framework? In
this section we study the nature of trade between the home and foreign country in
equilibrium, once the two heterogeneous countries are open to trade in both sectors.

Entry , Export and Trade costs  

In an open economy , the successful entry conditions remain unchanged : firms face
uncertainty about their productivity before entry , after entry they decide whether to
stay or exit depending on whether their revealed productivity levels are higher than
the domestic entry cut off  aD, which is given by: 

        DD FBa =−ε1)(                  [11]

          DD FBa =− **)( 1 ε              [12]

On the other hand, all entrants are provided with the opportunity to export. In the
trade of the differentiated sector, there exist two types of trade costs: melting ice-berg
trade costs t>113  and fixed export costs FX

14
 . Thus for a successful entrant there is an

opportunity to earn additional export profit on top of its domestic profit. The export
profit of a firm in the home and foreign country is thus given by:

                                                          
11 Recall that the productivity in the homogenous good sector is one in both countries. 
12 Abd-el-Rahman(1991) outlines productivity, size and mark-up as the firm level performance.  
13 The melting ice-berg trade cost assumption implies the firm level "efficiency" is defined in terms of
both good production and transportation. 
14 For simplicity we assume the fixed export costs depreciate immediately and are incurred at the
beginning of each export period ----like production fixed costs.
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XX FBtaa −= − *)()( 1 επ    ,  XX FBata −= −επ 1)()(*        

Since the decision to enter an export market is made after a is revealed , the existence
of fixed export costs leads to the co-existence of exporters and non-exporters in the
same industry. Reasoning analogously to the determination of the domestic cut off aD
, there also exists a export cutoff  cost aX  such that the export revenue of a firm with
marginal cost aX   just covers its export costs:

XX FBta =− *)( 1 ε       [13]

XX FBta =−ε1)*(       [14]

The difference between aD and aX will induce partitioning of exporters and non-
exporters.  Howevr aX> aD , all successful entrants will find it profitable to export .
Thus all existing firms export. Since this scenario is generally not consistent with the
well documented co-existence of exporters and non-exporters within the same
industry15, we rule out the “all firms export” scenario by assuming16:
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where 
D

X
X F

FF ≡

θ reflects the relative trade costs compared to fixed production costs, while μ
represents the efficiency difference between countries. The first equation therefore
ensures that trade costs are sufficiently high so that a proportion of successful entrants
will not find it profitable to operate in the foreign market and remain purely domestic.
The second condition gives an upper bound of the efficiency gap between the two
countries. As will be shown below, if either of the above two conditions does not
hold, at least in one of the two countries all successful entrants will export. The
combination of equations [15] and [16] ensures that in both countries exporting is
conditional on successful entry into the domestic market and there will be no firms
that just export. 

                                                          
15 See for example , among others, Bernard and Wagner(1997) for Germany and Bernard and
Jensen(1995) for US. 
16 Please see Eq.[23] and footnote 19 for the reasoning of these two assumptions.
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Equilibrium 

From [11]-[14],the domestic and export cut off levels are determined by the
exogenous fixed production costs and trade costs, as well as the transformed demand
shifter B.  Though B is exogenous to individual firms, it is endogenous to the whole
economy as a result of the zero expected profit condition. In the open economy, this
condition still holds. Nonetheless the potential entrants include both domestic and
foreign firms. In particular foreign entrants are those who have successfully survived
in their domestic economy and are seeking additional profit in export markets.
Entrants from home and abroad enter simultaneously, then more productive entrants
stay and less productive ones exit. Entry and exit continues until the expected profit
for a potential entrant is driven to zero. The zero expected profit condition in the
home and foreign country can be expressed as 17: 

              EXXDDXD FaGFaGFaVBtaBV =−−+ − )()()(*)( 1 ε                     [17]

EXXDDXD FaGFaGFaBVtaVB =−−+ − *)(**)(**)(*)(** 1 ε    [18]

Similar to the case of the closed economy, equilibrium is characterised by both cut off
conditions ( Eq.11-14) and the zero expected profit condition (Eq.17-18) , as
summarised below:

                                  DD FBa =−ε1)(      ,   DD FBa =− **)( 1 ε       
  
                                    XX FBta =− *)( 1 ε     ,     XX FBta =−ε1)*(      

 EXXDDXD FaGFaGFaVBtaBV =−−+ − )()()(*)( 1 ε

EXXDDXD FaGFaGFaBVtaVB =−−+ − *)(**)(**)(*)(** 1 ε

From the above six equations, the equilibrium cutoff cost levels and the demand
shifters can then be solved as:

kA
DD aa

1

21
1









Ω−
Ω−

=
µ         [19]        

kA
DD aa

1

2

1

1
1** 









Ω−
Ω−

=
−µ       [20]

kA
DX aa

1

2
1 )

1








Ω−
Ω−

= − µ
θ      [21]        

kA
DX aa

1

2

1
1 )

1
** 











Ω−
Ω−

=
−

− µ
θ    [22]

DFaB D
1−= ε                         DFaB D

1** −= ε

                                                          
17 Since Expected profit = Expected domestic profit + Expected export profit , we get

E

a a

XDXD FadGFtaBadGFBaEEE D X =−+−=+= ∫ ∫ −−

0 0

11 )())(*()()()()()( εεπππ
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where  k

k

X

D t
F
F −

−
−









=Ω

1
1ε

 is negatively related with the trade costs , aD
A   and aD

A  *

denotes the cut off in the closed economy given by [3]. To ensure the co-existence of
exporters and non-exporters, the following conditions must be satisfied:

            1)1( >
Ω−
Ω−

=
µ

µ
θ

X

D

a
a         and   1)1(

*
* 1 >æΩ− Ω−
= −

µ
µ

θ
X

D

a
a             [23]

Eq.[23] leads to the two assumptions set in Eq.[15] and [16]18. Following this
condition: 

                          11*
*

1

<







Ω−
Ω−

==
k

X

X

D

D

a
a

a
a

µ
µ                                        [24]           

Hence in both countries there exist positive domestic and export productivity cut off
levels , which leads to a self-selection effect in both domestic and export markets.
However, the more efficient home country has a higher domestic productivity
threshold but a lower export threshold. Does this indicate that it is more “difficult”  to
survive but “easier” to export in the more efficient country, in terms of the

probabilities of survival and export ? Let pex= )( xaG  and )( X
in

ex
ex aW

p
p

p ==′ represent

the ex-ante and ex-post probability of export. Comparing pin and pex for home and
foreign , we have:

1
1
1

* 1 ≤
Ω−
Ω−

= −µ
µ

in

in

p
p               [25]

1
* 1 ≥

Ω−
Ω−

= −µ
µ

ex

ex

p
p              [26]

                                           
1

1*

2

≥







Ω−
Ω−

=
′
′

µ
µ

ex

ex

p
p            [27]            

As depicted in figure 1 panel 3, a firm is more likely to export but less likely to
survive in the more efficient country. The more efficient home country is thus more
risky for entrants but more favourable for exporting. Note that p'ex also  represents the
share of  exporting firms. Therefore Eq.[27] implies that in contrast to other studies
under a representative firm framework (Medin 2002), under firm heterogeneity the
relative share of exporting firms is determined by the relative cut off , rather than the

                                                          
18 For  µ=1, Eq.[23] yields  θ>1 . As a result , εεθ −−+−=Ω 1)1( tk <1. For µ>1 , Eq.[23] implies

θ
µ

µ
θ <

Ω−
Ω−

<− 11

This generate the second assumption in Eq.[16].
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relative market size. The more efficient country ,whether it is the smaller or the larger,
will have a larger fraction of exporting firms.

Numbers of firms and the pattern of trade 

In the closed economy, the number of firms N is proportionally increasing in its own
country size but independent of the upper cost bound a . However as will be shown
below, once we consider an open economy N will depend on both country size and
relative country-level efficiency µ. To solve the equilibrium number of firms, note
that expenditure on the differentiated good in either country is shared by domestic
firms and foreign firms: 

**
*

DX

DX

RRL
RRL

+=
+=

β
β

                         [28]

where ∫=
Xa
xX adWNarR

0
)()( , ∫=

Da
DD aNdWarR

0
)()( , ∫=

*

0
)(**)(**

Xa
xX adWNarR    and

∫=
*

0
)(**)(**

Da
DD adWNarR represent the gross export revenues , domestic revenues of all

producers in home and foreign countries, respectively. From Eq. [28]  N and N* can
be determined by: 

L
BaG

taV
N

aG
aV

N
D

X

D

D βρε )1(
*)(*

*)(*
*

)(
)( 1 −

=+
−

          [29]

*
*

)1(
)(

)(
*)(*
*)(*

*
1

L
BaG

taV
N

aG
aV

N
D

X

D

D βρε −
=+

−
     [30]

which yields: 

     ( )Ω−
Ω−

= −1
2 )(1

)1(
γvNN

A
                          [31]

     ( )Ω−
Ω−

= γvNN
A

1
)1(

** 2                               [32]

where NA and NA* denote the number of firms in the closed economy given by Eq.[7],

γ = L/L* denote the relative country size and 
Ω−
Ω−

=







=

µ
µ
1

*
k

D

D

a
av  denotes the relative

cut off , which is increasing in µ. [31] and [32] then imply N>0 and N*>0 if and only
if : 

       1−Ω<<Ω γv                                        [33]

 [33] being satisfied , there will be intra-industry trade between countries. Otherwise
in one country the number of firms will be zero , which indicates that there will be
purely inter-industry trade : If the first inequality does not hold, the home country
specialises in good H and imports good D; If the second inequality is violated, the
foreign country will specialise in good H and import D from the home country. This
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suggests the pattern of trade depends on the relationship between relative country size
and the cross-country efficiency gap, for given trade costs. More clearly, Eq. [33] can
be equivalently written as either of the following two inequalities: 

            );();( Ω<<Ω µγµ YY                                [34]

                                      );();( Ω<<Ω γµγ ZZ                             [35]

where  
1

1);( 1 −Ω
Ω−

=Ω −µ
µ

µY  , 
Ω−
−Ω

=Ω
−

µ
µ

µ
1

);(Y  , ( )
2

1);(
Ω+
+Ω

=Ω
γ
γ

γZ and

Ω+
+Ω

=Ω
)1(

1);(
2

γ
γ

γZ . As is summarised in figure 2 panel 1 ,  intra-industry trade

corresponds to area B, where the combination of µ and γ fall within the "intra-industry
trade boundary" );( ΩγZ and );( ΩγZ , whereas purely inter-industry trade
corresponds to area A and C. Figure 2 highlights the importance of relative country
size in the determination of the pattern of trade. An extreme country size difference
i.e. γ falls out of the range [θ--kΩ , Ω-1], will induce the cessation of the small country's
production in sector D, whatever the country-level efficiency gap is. However, if the
country size difference is not too large, i.e. γ is within the range [θ--kΩ , Ω-1], the trade
pattern is jointly determined by µ and γ. Note that if the country size is identical i.e.
γ=1, and there is no transportation costs i.e. t=1 , then the more efficient country will
specialise in good D if the efficiency gap is greater than a threshold:

Ω
Ω+

=Ω>
2

1);1(
2

Zµ , otherwise , if the efficiency gap is small ,there will be two

way trade in sector D .

Another question is which country has a greater number of domestic producers in the
open economy. In the closed economy a larger country has a proportionally larger
number of firms, but in the open economy where there is intra-industry trade, the
relative number of operating firms is given by :

                                
Ω−
Ω−

=
−

v
v

N
N

γ
γ
1*

1
                           [36]

Substitute [24] into [36] and set it to unity , we derive the relationship between γ and
µ which equalises N and N* : 

Ω−
Ω−

= −11
1
µ
µ

γ =N(µ;Ω)                                     [37]

The schedule is drawn in figure 2 panel 2. On the γ=N(µ;Ω) curve both countries have
the same number of domestic firms. The curve slopes downward since γ is
monotonically decreasing in µ. This indicates that whether a country has more
domestic firms depends on the trade off between its relative market size and its
relative country efficiency level. To the right of the N curve (Area E and C)the more
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efficient home country has a larger number of  domestic firms ; to the left (area A and
D)the more efficient home country has a smaller number of firms . Note that for
L=L*, the more efficient home country will always have a larger number of domestic
firms.   

Intra-industry Trade balance  

As was shown in Helpman, Melitz and Yeaple (2002), if the cost distributions are
identical across countries, a larger country will have more than proportional domestic
sales and foreign sales. This implies that in our two-country model if µ=1, a larger
country will run a trade surplus in the differentiated good sector as a result of the
"home market effect". However, if there is cross-country efficiency differences i.e
µ>1 , then in the case of intra-industry trade the relative trade volume E in sector D is
given by :

Ω−
Ω−

=== − γ
γ
1

2

** v
v

N
Nv

R
RE
X

X    [39]

Setting Eq.[37] to unity , we derive the “ intra-industry trade balance curve” : 

Ω−
Ω−

=
−

µ
µ

γ
1

=E(µ;Ω)                [40]

As depicted in figure 2- panel 3. On the E curve there is purely intra-industry trade,
trade is balanced in the differentiated good sector for both countries and there is no
trade in the homogenous good sector. To the right of the curve (area G and C) there is
trade surplus and to the left (area A and F) there is trade deficit. Note that the E curve
is downward sloping, which indicates the trade balance depends on the trade off
between γ and µ. For L=L*, trade balance depends only on µ for given trade costs.
The more efficient country will be a net exporter of the differentiated good sector.
Note that [39] is increasing in v , so the greater the efficiency gap, the larger(less) the
trade surplus(deficit) is in the home country. 

Hence under the heterogeneous firm framework, in addition to country size we have
investigated another important factor on the determination of the pattern of trade and
intra-industry trade balance: the cross-country efficiency gap or the degree of
comparative advantage.  If the country size difference is not too large , then the
pattern of trade and the trade balance in the differentiated good sector is determined
by the trade off between the efficiency gap and relative market size .

Average performance

In the open economy the firm performance y includes not only  its domestic
performance yD  but also its export performance yX such as sales and profit in the
export markets. As such the average performance can be written as

∫ ∫+=
D Xa a

xD adWayadWayy
0 0

)()()()(ˆ . Thus the average output quantity, revenue and profit

are  given by: 



18

         
                        

                                  ( )exXD pFtFKr 1

1
ˆ −+

−
=

ρ
                                 [41]

                                  ( )
( )exXD pFtFK ′+







−

−
= −11

1
ˆ

ρρ
π                     [42]

                                



















+

−
=

−
−−

1
11 *

)1(
ˆ

k

D

D
XDD a

atFFaKq θ
ρ
ρ

           [43]  

Recall that p'ex and aD*/aD are all determined by µ and Ω, so the average performances
are increasing functions of the cross-country efficiency gap but are independent of
market size. Since p'ex  > pex'* , we have *ˆˆ rr > , *ˆˆ ππ >  and *ˆˆ qq > . In the more efficient
country the domestic firms are on average larger and earn more profit than their
counterparts in the less efficient country. This is because average revenue is the sum
of its average domestic sales and its average export sales

∫ ∫+=
D Xa a

xD adWaradWarr
0 0

)()()()(ˆ . Just like in the case of the closed economy , the first

part D

a

FKadWar
D

ρ−
=∫ 1

)()(
0

 is independent of the cut off and is therefore identical

across countries , but the second part can be written as ∫ −
=

Xa
X

exXxex
KFpadWarp

0
1

)()(
ρ

which  depends on the share of exporting firms, where WX(a) =
k

Xa
a







 denotes the cost

distribution of all exporting firms. Thus the average revenue and profit is larger in the
more efficient country since its proportion of firms who export is higher.   

Next we consider the average and aggregate industry efficiency in the open economy.
Departing from Melitz(2002), we define the average and aggregate efficiency as the
un-weighted and weighted sum of  firm efficiency levels for all domestic producers ,
where the weights represent the share of a firm’s gross output in the total output of all
domestic producers. Under this definition, the arithmetic average efficiency

D

a

a
k
kaadWa

D

1
)(ˆ

0
+

== ∫  is again determined by its own cut off level. However the

aggregate industry efficiency is given by:
 

∫=
Da

aaNdUasa
0

)()(~                                     

                           =   ∫∫ +
XD a

X
a

D aaNdWaSaaNdWaS
00

)()()()(                   [44]

where sx(a) and sD(a) denotes the share of an individual firm’s export sales of the total
output and the share of an individual firm’s domestic sales of the total output:  
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R
ar

as X
x ~

)(
)( =    and 

R
ar

as D
D ~

)(
)( =                                            [45]

where R~ denotes the total output ,including export sales , of all domestic producers: 

∫∫ +=
DX a
D

a
x aNdWaradWNarR

00
)()()()(~                              [46]

                                                                                                                                                                            

Substitute [45] into [44] and rearrange, aggregate efficiency is a function of trade
costs and cut off efficiency levels:

      








Ω+
Ω+

=
v
vaa A

1

ˆ1~~                                                   [47]

                          








Ω+
Ω+

= −

−

1

1

1
*ˆ1*~*~

v
vaa A

where Ω<







Ω=Ω −

D

D

a
a *ˆ 1θ  and Ω<








Ω=Ω − ˆ

*
*ˆ 1

D

D

a
a

θ  . Aa~ , *~Aa denote the autarky

aggregate efficiency levels in home and foreign country, respectively.

Therefore like the closed economy, *~~ aa <  . The average and aggregate efficiency of
the more efficient country are all higher than the less efficient country.

Welfare

The aggregate price of good D in the open economy can be written in the same form
as in the closed economy, which is a function of its own domestic cut off :

       ( ) σβ
εε 1

1
1

1
−−

−

= DD FLaP                 [48]

where aD  is given by [19]. P is independent of the size of its trade partner but
increasing in efficiency gap because aD is increasing in µ. If L=L*, price is lower in
the more efficient country P<P* , since aD<aD* the cost cut off is lower in it. Welfare
is thus given by 

U= ( )( ) Θ








Ω−
Ω−

=


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1
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β
β

ε
ββ

β kk

DE
k

FFL
P
LL        [49]

where Θ= ( ) ( ) kK
1

11 11 −− −− ε
β

β ββσ .  Welfare is decreasing in the entry costs, production
costs and trade costs, but increasing in country size and the relative industry
efficiency µ. This means the widening of the efficiency gap between the home and
foreign country will make the home country better off and the foreign country worse
off. If L=L*, U>U* the economic welfare is higher in the more efficient country due
to the lower market price. 
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The impact of trade  

What are the gains and losses for a country moving from autarky to an open economy
under our heterogeneous firm trade framework? If the trading countries are
asymmetric, who are the winners and losers? We investigate this by comparing the
domestic cut off and the probability of death of entrants, average firm performance,
number of domestic firms, aggregate industry efficiency and the welfare between the
closed and open economy.

Exposure to trade lowers the cost cut off level in both countries, but the proportional
decrease in entry cut off cost is bigger in the more efficient country *DD aa && >

,where A
D

D
A

D
D a

aaa −
=&  and 

*
*** A

D

D
A

D
D a

aaa −
=& represent the proportional change in aD

and aD* 19. This implies opening up to trade strengthens the efficiency self-selection
effect in both countries, but the magnitude of such strengthening is greater in the more
efficient country. As a consequence, the death rates of entrants  pout =1-pin also
increase in both countries and the proportional increase is bigger in the more efficient
country : *outout pp && > 20. The higher death rate leads to a reduction of the number of

domestic firms: ( )
2

1

1
1

Ω−
Ω−

=
−γv

N
N
A <1 and  ( )

21
1

*
*

Ω−
Ω−

=
γv

N
N
A <1. In the case of identical

country size i.e. γ=1 , the proportional reduction *NN && <  , indicating that the more
efficient country loses less domestic firms and varieties than the less efficient country. 

Moving from autarky to an open economy, the average efficiency of domestic
producers â  is proportionally increasing in aD. Therefore average industry efficiency
levels also increase in both countries but faster in the more efficient country. The
changes in the aggregate efficiency follow the same pattern. However the increase in
aggregate efficiency in both countries is driven by both an increase in the minimum
surviving efficiency level and the reallocation of the output share towards the more
efficient firms. Since the more efficient country has a larger proportion of exporting
firms and a greater increase in the domestic efficiency cut off, the reallocation effect
is stronger there. Hence the rationalisation effect is stronger in the more efficient

country, which reaps proportionally larger efficiency gains from openness: a&~ >

*~a& , where A

A

a
aaa ~
~~~ −

=&  and 
*~

*~*~
*~

A

A

a
aaa −

=&  denote the proportional increase in

aggregate industry efficiency. 

 
Next we consider changes in average firm performance. Compared to their autarky
measures, Eq.[41] and [42] implies that exposure to trade increases the average firm
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size in both countries and the magnitude of the increase depends on the share of
exporting firms pex .This is because the average domestic sales of all surviving

domestic producers  
ρ−

== ∫ 1
)()(ˆ

0

D
a

D
KFadWarr

D

 remain unchanged moving from autarky

to an open economy but average export sales are increasing in the proportion of
exporting firms. It is somewhat surprising that exposure to trade does not reduce the
average domestic sales of all surviving domestic producers, since the domestic sales
of all existing domestic producers will shrink as a result of import competition.
However notice that openness also eliminates the least productive producers whose
domestic sales are the smallest.  Thus openness also has a positive effect on average
domestic sales. In this model these two effects offset each other so that the net effect
of openness on average domestic sales is zero. On the other hand, exposure to trade
bring the opportunity of earning additional export sales and profits. Thus the overall
effect of openness on firm size and profit is positive, but stronger for the more
efficient country as a consequence of its higher share of exporting firms. 

On the consumer side, the aggregate prices decreases in both countries after opening
to trade, since the cut off costs are lower in the open economy. But we have *PP && > ,
i.e. price is decreasing faster in the more efficient country  because *DD aa && > .
Recall that Eq.[49] , the welfare is decreasing in P. As a consequence , we have

0* >> UU && , exposure to trade increases welfare in both countries , since consumers
enjoy higher aggregate quantity of the differentiated good with a lower price. But the
magnitude of the welfare improvement is greater in the more efficient one, since the
aggregate price is decreasing more sharply in it.     
                                                    

5 Conclusion 



22

                                                            G(a)           G*(a)

Figure 1 Firm cost distributions  and the probabilities of survival

Panel 1  Cumulative cost distributions

probability 100% 

                                                                    1/bh        1/bf            a  
                                                                       

                                                                            a                *a                  a

p: probability    a: marginal labour  cost 
G(a): cost distribution in home country    G*(a): cost distribution in foreign country 
a  : upper bound of  a in home country  , *a : upper bound of a in foreign country 

Panel 2  Successful entry  cut off  and the probability of survival in the close economy

Probability 100%

                                                                       

pin=pin*

                                                         aD      aD*    a                *a                  a 

                                                            G(a)           G*(a)
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                                                            G(a)           G*(a)

Panel 3 Cut off levels and probabilities of survival and export in open economy

Probability 100%

                                                                       

pin*
pin
 

pX
pX*

                                       aX * aX         aD      aD*  a               *a                                a 
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Figure 2  Efficiency gap , country size and international trade  

Panel 1  Trade pattern

        µ

       

          φ

                                                     
                                                                             

                                                                                                                C
                                       );( ΩγZ         B                           );( ΩγZ            
                               A                
 
             1                                                                       
               0         θ--kΩ              Ω                   θ--k 1−Ω   1                                   1−Ω                    γ

Area A:  Inter-industry trade , home country specialise in homogenous good
 
Area B:  Intra-industry trade ,  Area C:  Inter-industry trade , home country specialise in the
differentiated good

Note :   θ--k 1−Ω <(>)1 , if  FX/FD>(<)1

Panel 2  Relative number of firms 

        µ

       

          φ

                                                     
                                                                             
                                                                    N(µ;Ω)
                                                                                                                
                        A                             D                          E             );( ΩγZ                     C
                                            );( ΩγZ
             1                                                                       
               0                                Ω    ψ                                   1                                 1−Ω        γ

  ψ=
Ω+
Ω+ −

k

k

θ
θ

1
1 <1 
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Area A and D: home country has greater number of firms ,
Area E and C: home country has smaller number of firms         
 
Panel 3 Trade balance 

           µ         

          φ

                                                     
                                                                             
                                                               E(µ;Ω)
                                                                                                                
                        A           );( ΩγZ              F                      G                    );( ΩγZ                C

             1                                                                       
               0                            Ω   ω                                        1                                 1−Ω        γ

                ω=
Ω+
Ω+−

k

k

θ
θ < ψ                          :   Trade balance curve      

Area A and F: home country runs trade deficit in the differentiated good sector
Area C and G: home country runs trade surplus in the differentiated good sector

  



26

References 

Aw, Y., Chung and Roberts, K., 1998 , ‘Productivity and The Decision to export:
Micro Evidence From Taiwan And South Korea’ NBER Working paper 6558 

Aw B., Chung S., Roberts M.,  2003 , "Productivity, Output and Failure: A
comparison of Taiwanese and Korean Manufacturers" NBER working paper  8766

Bernard ,Eaton, Jensen and Kortman, 2000, Plants and Productivity in International
Trade, American Economic Review (forthcoming)

Bernard A. and Jensen B 1995, "Exporters,Jobs and Wages in U.S. Manufacturing,
1976-1987" Brookings Papers on Economic Activity , Microeconomics , Washington
DC
   
Bernard A. and Jensen B 1999a, "Exceptional Exporter Performance : Cause , Effect ,
or Both? " Journal of International Economics 47(1) p.1-26

Bernard A. and Jensen B  1999b , "Exporting and Productivity: Importance of
Reallocation " NBER working paper 7135

Bernard A. and Jensen B  2001 , "Why Some Firms Export”  NBER working paper
8349

Bernard, A. and Wagner, J. , 1997,  "Exports and Success in German Manufacturing " 

Weltwirtschaftliches Archiv, 133(1) p.134-157

Bigsten,  Corllier , Dercon et al , 2000 , Exports and Firm-Level Efficiency in African
Manufacturing , Working paper series 2000-16 , Centre for the Study of African
Economies, University of Oxford

Catia Montagna, 2001: "Efficiency Gaps, Love of Variety and International Trade",
Economica, Vol. 68, p. 27 -44 

Clerides, Lach and Tybout (1998) ‘Is learning by exporting important ? Micro-
Dynamic Evidence From Colombia, Mexico, and Morocco’, Quarterly Journal of
Economics, Vol.   Pp.903- 904

Girma, S. Greenaway, D. and Kneller, R. (2003a) ‘Does Exporting lead to better
performance? A Microeconometric Analysis of Matched firms’, Review of
International Economics (forthcoming)

Girma ,  Greenaway D and Kneller R , 2003b, " Export market exit and performance
dynamics: a causality analysis of matched firms" Economics Letters 80 , p. 181-187



27

Helpman , E .,  Krugman , P.R.,  1985 , Market Structure and Foreign Trade . The
MIT press , Cambridge , Massachusetts ; London , England 

Helpman E.,  Melitz M., and Yeaple 2003, "Export vs. FDI" NBER working paper
9439

Jean S., 2002, "International Trade and Firms' Heterogeneity Under Monopolistic
Competition ", Open Economies Review , Vol. 13(3) 291-311   

Krugman. P , 1980 , " Scale Economies, Product Differentiation, and the Pattern of
Trade" , American Economic Review 70 , p.950-959

Medin H.,2002,  "Firms' export decisions-fixed trade costs and the size of the export
market" , Journal of International Economics , 

Melitz ,M , 2002, " The impact of Trade on Intra-industry Reallocations and
Aggregate Industry Productivity" . NBER Working Paper 8881  

Pavcnik N., 2002,  “Trade liberalization , Exit and Productivity improvements:
Evidence from Chilean Plants”, Review of Economic Studies 69 , p.245-276

Tybout and Westbrook 1995, Trade Liberalisation and the Dimensions of Efficiency
Change in Mexican Manufacturing Industries " , Journal of International Economics
39 p.53-78

Tybout,J., 2001 , Plant- and Firm-level Evidence on "New" Trade theories , NBER
working paper 8418


	Efficiency differentials and Intra-industry Trade
	
	Rod Falvey , David Greenaway and Zhihong Yu


	1 Introduction
	2 Model Setup
	Consider two countries , home ( ) and foreign(*) , endowed with a single factor labour which is used to produce in two sectors H and D. Sector H produces a homogenous good and sector D produces a differentiated good.
	Demand and production
	Firm entry , exit and heterogeneity


