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1.  Introduction 

Over the last few decades the value of world trade as a share of world output 
has grown rapidly. In addition vast developments in the fields of information 
technology and communication proceeded. The period was accompanied by a 
large increase in income inequality, measured by the rise in the relative wage of 
skilled to low-skilled workers, and a large increase in the relative unemployment 
rate of low-skilled to skilled workers in developed countries. These changes 
raise the eminent questions on how international trade and technological change 
interact and how these forces affect wages and employment of different skill 
groups. 

The existence of overall gains from trade liberalisation is one of the core 
propositions of neoclassical trade theory despite the fact that there are both 
winners and losers within countries due to distributional consequences of trade. 
Based on the standard Heckscher-Ohlin model of international trade the 
distributional consequences are summarised by the Stolper-Samuelson theorem 
(Stolper and Samuelson, 1941). The theorem predicts that trade liberalisation 
will benefit an economy’s relatively abundant factor of production and harm the 
economy’s relatively scarce factor of production. 

But the use of these models is accompanied by several limitations. Since 
factor markets of these models are supposed to be frictionless markets, 
equilibrium unemployment is ruled out by assumption. But unemployment is a 
core issue in the political and public debate on trade liberalisation. Furthermore, 
although the Heckscher-Ohlin model assumes profit maximising firms, 
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operating under constant returns to scale, they have no deterministic role in 
determining the pattern or commodity composition of trade. Rather economic 
activity takes place in sectors, and international competitiveness is fashioned by 
relative factor endowments between potential trading partners. In addition, 
within neoclassical models regarding the distributional consequences of 
international trade and technological change, technological change is treated 
without effect on trade. 

In this paper we present a two-country model of trade and technological 
change to address the questions of how these forces interact and how these 
forces affect the wages and the employment of skilled and low-skilled workers. 
According to the discussed limitations of neoclassical models we take account of 
the following issues: 

First, we account for heterogeneous firms which differ in their productivity. 
According to Melitz (2003) firms have to make a productivity draw from an 
exogenous distribution which determines whether they produce and export, and 
an endogenously determined productivity threshold determines who does and 
does not export. Only the most productive firms export to foreign markets, 
whereas less productive firms sell their products domestically.2 By this means, 
trade liberalisation leads to reallocation of resources not only across industries 
but also across firms within industries. This is in line with the empirical evidence 
that much of the observed reallocation occurs across firms within industries 
rather than between industries (see Levinsohn, 1999; Attanasio et al., 2004). 
Also the literature on observed heterogeneity in size and export status within 
sectors leads us to assume that productivity differences take place across 
producers within sectors (e.g. Bernard and Jensen, 1999). 

Secondly, we account for search-and-matching frictions in the labour market. 
Technological change leads, in the Schumpeter’s term of creative destruction 
(Schumpeter, 1942), to the destruction of jobs and the creation of new jobs. 
Furthermore, resources specialise in the comparative advantage sector. During 
these processes workers who lose their jobs experience a period of job search, 
before finding new employment. Regarding search and matching frictions in the 
labour market Mortensen and Pissarides (1994), and centralised in Pissarides 
(2000), present a framework which captures steady-state equilibrium 
unemployment. 

                                                 
2For literature concerning empirical evidence on firm selection into export markets see e.g. 
Dunne et al. (1989); Davis and Haltiwanger (1992); Bernard and Jensen (1995, 2004b); Roberts 
and Tybout (1997); Clerides et al. (1998); Bartelsman and Doms (2000). 
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Thirdly, we consider different sectors and factors of production. In the 
tradition of Heckscher-Ohlin model, factors of production are mobile between 
sectors. Considering this assumption together with the assumption of 
heterogeneous firms operating in sectors, allows for the reallocation of resources 
within and between sectors. For this reason, changes in relative factor rewards 
are traced back also to the reallocation of resources between sectors, an 
allowance which is rarely observed in the research on heterogeneous firms, e.g. 
considered by Larch and Lechthaler (2011). 

Fourthly, firms face productivity shocks. These shocks arise from 
technological progress. The way of introducing it is motivated by Schumpeter’s 
"creative destruction" idea, in the sense that technological progress can come 
about through job destruction and creation of new and more productive jobs. Job 
destruction reveals due to obsolescence. New jobs emerge from new 
technological innovations, while at the same time making existing jobs obsolete 
since the wages grow in new jobs. So, jobs are created at the technological 
frontier and keep the same technology until job destruction. This consideration is 
based upon the requirement that long-run equilibrium models should be 
consistent with the existence of constant unemployment rates when there is a 
balanced economic growth (see Pissarides, 2000). Moreover, the extent of 
productivity shock depends on the skill intensity of the sector where the firm is 
operating. According to the literature on skill biased technological change, we 
assume that the productivity of a firm is positively correlated with its skill 
intensity. This is in line with empirical evidence that exporters and large 
producers in manufacturing tend to be relatively skill intensive (see Bernard et 
al., 2006; Bustos, 2011; Verhoogen, 2008; Alcalá and Hernández, 2010; Molina 
and Muendler, 2009). It is also in line with various other empirical studies (e.g. 
Griliches, 1969) which support the idea that skilled labour is relatively more 
complementary to equipment capital than is unskilled labour. E.g. Nelson and 
Phelps (1966) contend that more educated, able or experienced labour deals 
better with technological change. 

To feature these issues we trace back to the model of Larch and Lechthaler 
(2011). We make use of their framework on two asymmetric countries with two 
sectors and two factors of production i.e. allow for comparative advantages and 
labour market frictions in a model with heterogeneous firms. Within this 
framework we take into account productivity changes due to technological 
progress. Along with Pissarides (2000) we take into account the stylized fact that 
with balanced economic growth the rate of unemployment is constant and show 
that this enables us to explain how technological change drives inter-sectoral 
trade in addition to intra-sectoral trade where some firms export and others do 
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not. Hence, we contribute to the debate on the causality between exports and 
productivity. 

There is a large literature which refers to wage inequality and unemployment 
in an open economy. In Davis (1998) trade increases wage inequality in the U.S. 
flexible labour market and it increases unemployment in Europe, facing a 
binding minimum wage. In this model, unemployment appears among unskilled 
workers in Europe, rather than among skill groups of both trading partners. 
Moore and Ranjan (2005) distinguish between different skill groups and make 
use of the labour market Pissarides-Model to allow for search unemployment in 
each skill group. There are two tradable goods. The skilled tradable intermediate 
good is solely produced with skilled labour and the unskilled tradable 
intermediate good is solely produced with unskilled labour. Hence, the model 
does not allow for labour reallocation across sectors. The unemployment rate 
and the real wage in each sector respond to the price of sectoral output. Against 
it, Dutt et al. (2009) combine the Pissarides labour market search model with the 
Heckscher-Ohlin international trade theorem and the Ricardo trade model to 
contribute to differences across countries and factor movements across sectors. 
They formalise a national unemployment rate but leave room for the 
consideration of different skilled groups. 

In contrast, recent research on heterogeneous firms and unemployment aims 
to consider trade of asymmetric countries and its effect on each skill group of 
each trading partner. A model of heterogeneous firms and search frictions in a 
one-sector and closed economy is regarded by Felbermayr and Prat (2011). 
Felbermayr et al. (2011) extend it to a symmetric-country model by considering 
a one-sector economy. In contrast, Bernard et al. (2007) account for 
heterogeneous firms and comparative advantages i.e. asymmetric countries of a 
two sector and two factors of production economy but assume perfect labour 
markets. The results of Bernard et al. (2007) and Felbermayr et al. (2011) are 
combined by Larch and Lechthaler (2011) to a model of asymmetric countries 
with two sectors and two factors of production, heterogeneous firms and 
search-and-matching frictions in the labour market. 

The theoretical literature points to differing performance characteristics of 
exporting and non-exporting firms. But there is the debate on the question 
whether these differences result from the decision to export or the export activity 
itself. E.g. Bustos (2011) considers the concurrence of trade and technological 
upgrading. She studies the impact of trade liberalisation on technology 
upgrading and shows that firms in industries facing higher reductions in tariffs 
increase their investment in technology faster. The possibility of upgrading 
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results from increased revenues produced by trade integration. Burstein and 
Vogel (2010) model the interaction between skill-biased technology, 
international trade and wage inequality between skilled and unskilled workers 
and confirm that trade liberalisation increases the relative demand for skill, 
analogous to the effect of skill-biased technological change.3 Studies show that 
firm self-selection into export markets leads to productivity change both through 
learning by exporting and learning to export (see Greenaway and Kneller, 2007). 
Independent of the measure of productivity as labour productivity or TFP 
Bernard and Jensen (1999) and Bernard and Jensen (2004a) found that 
productivity growth of exporters is not significantly different from 
non-exporters. This implies that the growth effects from learning by exporting 
are not permanent. Furthermore, they provided evidence that new exporters were 
already among the best and differed significantly from the average non-exporter. 
Aw et al. (2007) show that investment in R&D and activity on the export market 
leads to a higher productivity growth than just exporting. They argue that R&D 
investments are necessary for firms to benefit from their exposure to 
international markets. Similar results are given by López (2004). He finds that 
investment and productivity rise in the period before firms enter the export 
market, while domestic sales are constant. He argues that this is consistent with 
investment in technology for sales to foreign but not domestic markets. Hence, 
literature shows that firm self-selection into export markets leads to a 
productivity change through both, learning by exporting and learning to export. 

The main results of our model can be summarised as follows. As 
technological progress favours the skilled intensive sector more than the 
low-skilled intensive sector, the sectors face different productivity changes. 
With technological change, the wages of skilled and low-skilled workers 
increase in both sectors but to different extents. When trade costs decrease, the 
aggregate productivity differences of sectors lead to inter-sectoral trade. The 
within sector effects reveal that wages increase and unemployment decreases in 
the export sector and that wages decrease and unemployment increases in the 
import sector. Differences in wages will cause migration of workers which 
results in the between sector effects of increasing unemployment in the export 
sector and decreasing unemployment in the import sector. The reallocation of 
workers between sectors reveals results similar to the Heckscher-Ohlin theorem. 
These effects are counteracted by intra-sectoral trade as it increases the demand 
for low-skilled workers. 
                                                 
3For further work on technology, trade and inequality see e.g. Acemoglu (2003); Yeaple (2005); 
Matsuyama (2007); Zeira (2007); Verhoogen (2008); Helpman et al. (2010); Costinot and Vogel 
(2010) and Vannoorenberghe (2011). 
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Section 2 outlines the model whereby 2.1 refers to final goods and 2.2 to 
intermediate goods production. The labour market equilibrium and thus the 
wage bargaining process are described in 2.3. In 2.4 we take account of the rate 
of unemployment as well as the income of unemployment. The conditions of 
firm entry and exit of the markets are considered in 2.5, the between and within 
sector effects of inter-sectoral and intra-sectoral trade in 2.6. Section 3 draws out 
our conclusions. 

2.  The Model 

We consider an economy that is characterised by two different factors of 
production (skilled and low-skilled labour) and two different sectors of 
production. One of the sectors is assumed to be skill intensive. Both the skilled 
and unskilled workers can switch between the sectors. 

As analysed in Melitz (2003), firms are heterogeneous with respect to their 
productivity, implying that the least efficient firms drop out of the market and 
only the most efficient firms take up export to a second country with iceberg 
transportation costs. 

The labour market is characterised by search and matching frictions as 
Pissarides (2000) points out. Hence, a firm has to pay a fixed cost to post a 
vacancy. This vacancy will be filled with a certain probability, which depends 
on the tightness of the labour market, defined as the ratio of vacancies to 
unemployed workers. 

Technological progress is embodied in new jobs, hence productivity in 
existing jobs does not change. With job destruction and creation of new and 
more productive jobs, firms face a productivity shock ܫሺ߬ሻΔ߮ where ߮ is the 
productivity of the firm and ܫሺ߬ሻ is an indicator function with 

ሺ߬ሻܫ ൌ ቄ0 if ݐ ൏ ߬
1 if ݐ ൒ ߬

ቅ, 

where ߬ is the instant of productivity shock.4 If technological progress and 
hence productivity shock takes place, then the skilled intensive sector faces a 
higher Δ߮  than the low-skilled intensive sector. The following derivations 
apply for ݐ ് ߬. 

  

                                                 
4We use ()-brackets to denote the arguments of functions, otherwise [] and {}. 
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2.1  Final Goods 

There are two countries, the home country ܪ and the foreign country ܨ. 
The following equations describe the home country, whereby similar definitions 
apply to the foreign country. The preferences of the households for two goods 
which are produced by two different sectors ݅ ൌ 1,2 are given by the utility 
function  

 Ψு ൌ ሾԧଵ
ுሿఈభ ⋅ ሾԧଶ

ுሿఈమ, (1)

where ߙଵ ൅ ଶߙ ൌ 1. The total consumption of the final good ݅ in country ܪ is 
denoted by ԧ௜

ு and the income share spend on the final good ݅ is denoted by 
 .௜ߙ

On the other hand, these two consumption goods are aggregates of the 
intermediate goods, whereby the production function of the aggregate good 
yields to  

 ܳ௜
ு ൌ ൝ሾܯுሿି

ଵ
ఙ න ሾ

ఠ೔,ೕ
ಹ ∈ஐ೔

ಹ
ሺ߱௜,௝ݍ

ு ሻሿ
ఙିଵ
ఙ ݀߱௜,௝

ு ൡ

ఙ
ఙିଵ

, (2)

where ߪ ൐ 1 denotes the elasticity of substitution between any two varieties of 
inputs. The mass ܯு of available intermediate inputs in country ܪ is produced 
by monopolistically competitive firms and the measure of the set Ω௜

ு represents 
the mass ܯு. The quantity available of the intermediate input ߱௜,௝

ு  is denoted 
by ݍሺ߱௜,௝

ு ሻ . There are ݇ଵ  varieties of intermediate inputs ( ݆ ൌ 1, . . . , ݇ଵ ) 
produced in sector ݅ ൌ 1 and ݇ଶ varieties of intermediate inputs (݆ ൌ 1, . . . , ݇ଶ) 
produced in sector ݅ ൌ 2 , hence ߱௜,௝

ு ∈ Ω௜
ு . With the normalisation ܯு  it 

follows that the rate of unemployment does not decrease with the size of the 
economy (see Felbermayr et al., 2011). Aggregate production covers aggregate 
consumption and the various costs that accumulate during the production 
process such as fixed costs of production and costs of vacancy posting.  

The price index is given by  

 
௜ܲ
ு ൌ ൝

1
ுܯ න ሾ

ఠ೔,ೕ
ಹ ∈ஐ೔

ಹ
ሺ߱௜,௝݌

ு ሻሿଵିఙ݀߱௜,௝
ு ൡ

ଵ
ଵିఙ

, (3)

where ݌ሺ߱௜,௝
ு ሻ is the price of variety ߱௜,௝

ு . In the following we abstain from 
index ݆.  
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2.2  Intermediate Goods 

According to the household’s utility function (1) and the production 
function of the aggregate good (2) the inverse demand for each intermediate 
good reveals as  

ሺ߱௜݌ 
ுሻ ൌ ሾݍሺ߱௜

ுሻሿି
ଵ
ఙሾ ௜ܲ

ுሿ
ఙିଵ
ఙ ቈ

௜ܻுߙ

ுܯ ቉

ଵ
ఙ
. (4)

Thereby, the total income of country ܪ is denoted by ܻு.  

There is a continuum of firms, each choosing to produce a different variety of 
the intermediate good. All firms have different productivity levels indexed by 
߮ሺ߱௜

ுሻ ൐ 0. Higher productivity is modeled by producing a variety at lower 
marginal cost. Since every variety of intermediate input ߱௜

ு is produced by one 
firm, firms are indexed by ߮௜

ு . In order to entry the market and to start 
production, firms must first make an initial investment, modeled as a sunk set-up 
cost ݂ ൐ 0 . Besides the domestic market, producers can serve the foreign 
market via exports. Entry into the export market entails again a fixed investment 
cost ௫݂ ൐ 0. These costs reveal when an exporting firm must e.g. set up new 
distribution channels in the foreign country or when it must inform foreign 
buyers about the products. Trade costs are modeled as iceberg transportation 
costs, whereby ܶ ൒ 1 units of a good must be shipped in order for 1 unit to 
arrive at destination. At time ߬ the home country faces a productivity shock. 
That means, at time ݐ ൏ ߬ firms productivity reveals as ߮௜

ு and at time ݐ ൒ ߬ 
firms productivity reveals as ߮௜

ு ൅ Δ߮௜
ு. Hence, domestic and foreign inverse 

demand for intermediate goods producer ߮௜
ு yield  

ௗሺ߮௜݌ 
ு, ߬ሻ ൌ ሾݍௗሺ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሻሿି

ଵ
ఙሾ ௜ܲ

ுሿ
ఙିଵ
ఙ ቈ

௜ܻுߙ

ுܯ ቉

ଵ
ఙ

 (5)

௫ሺ߮௜݌ 
ு, ߬ሻ ൌ ሾݍ௫ሺ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሻሿି

భ
഑ሾ ௜ܲ

ிሿ
഑షభ
഑ ቂ்ఈ೔௒

ಷ

ெಷ ቃ
భ
഑
  (6)

where ܫሺ߬ሻ is the indicator function that takes value one when ݐ ൒ ߬ and zero 
when ݐ ൏ ߬ and indexes ݀ and ݔ denote the domestic and export market.  

If firms decide to sell their products both on the domestic and the export 
market, they allocate their products so as to maximise total revenues. That 
means, that equal marginal revenues across markets are given and tend to result 
in ݌ௗሺ߮௜

ு, ሻݑܽ͡ ൌ ௫ሺ߮௜݌
ு, ߬ሻ/ܶ. This shows that exporters have to set higher 
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prices in the foreign market reflecting the trade costs ܶ to serve this market. The 
proof is given in Appendix A.1.  

The firms technology of production is represented by a Cobb-Douglas 
production function  

ሺ߮௜ݍ 
ு, ߬ሻ ൌ ሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿ ⋅ ሾܵሺ߮௜

ுሻሿఉ೔ ⋅ ሾܮሺ߮௜
ுሻሿଵିఉ೔   (7) 

where ܵሺ߮௜
ுሻ and ܮሺ߮௜

ுሻ are the number of skilled and low-skilled workers 
and ߚ௜  is the relative share of skilled workers in total product. ܵሺ߮௜

ுሻ and 
ሺ߮௜ܮ

ுሻ are inputs in the production process for both, the domestic and the 
foreign market. The firms number of skilled and low-skilled workers does not 
alter at time ߬ since new and more productive jobs displace existing jobs.  

As a result of sales on the domestic market the revenues of a firm in country 
ܪ  with productivity ߮௜

ு  are given by ܴௗሺ߮௜
ு, ߬ሻ ൌ ௗሺ߮௜݌

ு, ߬ሻݍௗሺ߮௜
ு, ߬ሻ and 

from sales on the foreign market by ܴ௫ሺ߮௜
ு, ߬ሻ ൌ ௫ሺ߮௜݌

ு, ߬ሻݍ௫ሺ߮௜
ு, ߬ሻ/ܶ. Based 

on these equations, the total revenue of the firm is given by  

 
 

ܴሺ߮௜
ு, ߬ሻ ൌ ൛ሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿሾ ௜ܵௗ

ு ሿఉ೔ሾܮ௜ௗ
ு ሿଵିఉ೔ൟ

ఙିଵ
ఙ ሾ ௜ܲ

ுሿ
ఙିଵ
ఙ ቈ

௜ܻுߙ

ுܯ ቉

ଵ
ఙ

 

 
 

൅ܫሺ߮௜
ுሻ൛ሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿሾ ௜ܵ௫

ுሿఉ೔ሾܮ௜௫
ு ሿଵିఉ೔ൟ

഑షభ
഑ ሾ ௜ܲ

ிሿ
഑షభ
഑ ቂ்

భష഑ఈ೔௒ಷ

ெಷ ቃ
భ
഑
,   (8) 

whereby ܫሺ߮௜
ுሻ is the indicator function with value one when the firm exports 

and value zero when the firm only sells its intermediate inputs on the domestic 
market.  

2.3  Wage Bargaining 

Within this section we describe the labour market equilibrium, whereby the 
labour market is characterised by search and matching frictions. Wages are 
bargained individually in the following sequence of actions. At each period, the 
intermediate good producer decides about the optimal number of vacancies ߭, 
taking the wage rate as given, of which only a certain share ݉ሺߠሻ is filled. The 
matching technology brings together the workers and the firm and wages are 
bargained before production takes place. The number of matches depends 
negatively on labour market tightness ߠ ൌ ܸ/ܷ, where ܸ is the total number of 
vacancies posted on a specific labour market and ܷ  is the number of 
unemployed workers on this labour market. All payments are made at the end of 
each period. Before the beginning of the next period, the match could be 
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resolved due to exogenous reasons with probability ߩ . The workforce’s 
evolution of a firm is given by  

௜ܮ
ுሺݐ ൅ Δݐሻ ൌ ሾ1 െ ௜ܮሿߩ

ுሺݐሻ ൅ ݉ሺߠ௅೔
ுሻݒ௅೔

ு 

 ௜ܵ
ுሺݐ ൅ Δݐሻ ൌ ሾ1 െ ሿߩ ௜ܵ

ுሺݐሻ ൅ ݉ሺߠௌ೔
ுሻݒௌ೔

ு (9)

Solving the game by backward induction, we first characterise the firms 
optimal vacancy setting behaviour, and then solve the bargaining problem. The 
market value of an intermediate producer is given by  

௜ܩ
ுሺݐ, ߬ሻ ൌ

1
1 ൅ ݎ

ሼܴሺ߮௜
ு, ߬ሻ െ ௅೔ݓ

ுሺݐ, ߬ሻܮሺ߮௜
ுሻ െ ௌ೔ݓ

ுሺݐ, ߬ሻܵሺ߮௜
ுሻ െ ݂ ௜ܲ

ு 

 െݒ௅೔
ுܿ ௜ܲ

ு െ ௌ೔ݒ
ுܿ ௜ܲ

ு െ ሺ߮௜ܫ
ுሻ ௫݂ ௜ܲ

ு ൅ ሾ1 െ ௜ܩሿߜ
ுሺݐ ൅ Δݐ, ߬ሻሽ, (10)

where ݎ denotes the interest rate, and ݓௌ೔
ுሺݐ, ߬ሻ and ݓ௅೔

ுሺݐ, ߬ሻ the wages for 
skilled and low-skilled workers, respectively. A firm faces fixed costs ݂ ൐ 0. 
The costs of posting a vacancy are given by ܿ  (measured in units ofthe 
aggregate good) and the firm will be destroyed with the exogenous probability 
  Maximisation of the value of the firm requires .ߜ

 
௜ܩ߲

ுሺݐ, ߬ሻ
௅೔ݒ߲

ு ൌ 0 and
௜ܩ߲

ுሺݐ, ߬ሻ
ௌ೔ݒ߲

ு ൌ 0 (11)

subject to production function (7), firms revenues (8) and evolution of 
employment (9). According these constraints it follows  

 
௜ܮ߲

ுሺݐ ൅ ሻݐ߂
௜ܮ߲

ுሺݐሻ
ൌ 1 െ ,ߩ

߲ ௜ܵ
ுሺݐ ൅ ሻݐ߂
߲ ௜ܵ

ுሺݐሻ
ൌ 1 െ (12) ߩ

 
௜ܮ߲

ுሺݐ ൅ ሻݐ߂
௅೔ݒ߲

ு ൌ ݉ሺߠ௅೔
ுሻ,

߲ ௜ܵ
ுሺݐ ൅ ሻݐ߂
ௌ೔ݒ߲

ு ൌ ݉ሺߠௌ೔
ுሻ. (13)

The first order conditions for vacancy posting read  

 ܿ ௜ܲ
ு ൌ ሾ1 െ ሿߜ ⋅

௜ܩ߲
ுሺݐ ൅ ,ݐ߂ ߬ሻ

௜ܮ߲
ுሺݐ ൅ ሻݐ߂

⋅ ݉ሺߠ௅೔
ுሻ (14)

 ܿ ௜ܲ
ு ൌ ሾ1 െ ሿߜ ⋅

௜ܩ߲
ுሺݐ ൅ ,ݐ߂ ߬ሻ

߲ ௜ܵ
ுሺݐ ൅ ሻݐ߂

⋅ ݉ሺߠௌ೔
ுሻ. (15)

Substituting the constraints into the objective function of the firm, 
differentiating with respect to ܮ௜

ு and ௜ܵ
ு and using the optimality conditions 
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(14) and (15) yields  

 

௜ܩ߲
ுሺݐ, ߬ሻ

௜ܮ߲
ுሺݐሻ

ൌ  
1

1 ൅ ݎ
ቊ
߲ܴሺ߮௜

ு, ߬ሻ
௜ܮ߲

ுሺݐሻ
െ ቈݓ௅೔

ுሺݐ, ߬ሻ ൅
௅೔ݓ߲

ுሺݐ, ߬ሻ

௜ܮ߲
ுሺݐሻ

ሺ߮௜ܮ
ுሻ቉  

൅  
ܿ ௜ܲ

ு

݉ሺߠ௅೔
ுሻ
ሾ1 െ  ሿቋߩ

(16)

 

 

௜ܩ߲
ுሺݐ, ߬ሻ

߲ ௜ܵ
ுሺݐሻ

ൌ  
1

1 ൅ ݎ
ቊ
߲ܴሺ߮௜

ு, ߬ሻ
߲ ௜ܵ

ுሺݐሻ
െ ቈݓௌ೔

ுሺݐ, ߬ሻ ൅
ௌ೔ݓ߲

ுሺݐ, ߬ሻ

߲ ௜ܵ
ுሺݐሻ

ܵሺ߮௜
ுሻ቉  

൅  
ܿ ௜ܲ

ு

݉ሺߠௌ೔
ுሻ
ሾ1 െ  .ሿቋߩ

(17)

Hereby, the firm takes into account the effect of additional employment on the 
worker’s wage. Moreover, the probability ߩ with which the match could be 
resolved and the probability ߜ with which a firm will be destroyed are assumed 
to be independent. According to this, the rate of job destruction is given by 
ݏ ൌ ߜ ൅ ߩ െ ߩߜ  and hence it follows, that without using the first order 
conditions (14) and (15),  

 

௜ܩ߲
ுሺݐ, ߬ሻ

௜ܮ߲
ுሺݐሻ

 ൌ
1

1 ൅ ݎ
ቊ
߲ܴሺ߮௜

ு, ߬ሻ

௜ܮ߲
ுሺݐሻ

െ ௅೔ݓ
ுሺݐ, ߬ሻ െ

௅೔ݓ߲
ுሺݐ, ߬ሻ

௜ܮ߲
ுሺݐሻ

ሺ߮௜ܮ
ுሻ  

൅   ሾ1 െ ሿݏ
௜ܩ߲

ுሺݐ ൅ ,ݐ߂ ߬ሻ
௜ܮ߲

ுሺݐ ൅ ሻݐ߂
ቋ 

(18)

 

௜ܩ߲
ுሺݐ, ߬ሻ

߲ ௜ܵ
ுሺݐሻ

 ൌ  
1

1 ൅ ݎ
ቊ
߲ܴሺ߮௜

ு, ߬ሻ
߲ ௜ܵ

ுሺݐሻ
െ ௌ೔ݓ

ுሺݐ, ߬ሻ െ
ௌ೔ݓ߲

ுሺݐ, ߬ሻ

߲ ௜ܵ
ுሺݐሻ

ܵሺ߮௜
ுሻ  

൅   ሾ1 െ ሿݏ
௜ܩ߲

ுሺݐ ൅ ,ݐ߂ ߬ሻ
߲ ௜ܵ

ுሺݐ ൅ ሻݐ߂
ቋ. 

(19)

Now, we take account of the steady-state conditions. In steady-state, the market 
value of a firm remains constant through time with ܩ௜

ுሺݐ, ߬ሻ ൌ ௜ܩ
ுሺݐ ൅ Δݐ, ߬ሻ. 

Since optimality conditions (14) and (15) do not vary with the level of variables 
௅೔ݒ
ு and ݒௌ೔

ு, the optimal firm size remains constant, so that ܮ௜
ுሺݐሻ ൌ ௜ܮ

ுሺݐ ൅ Δݐሻ 
and ௜ܵ

ுሺݐሻ ൌ ௜ܵ
ுሺݐ ൅ Δݐሻ. Furthermore, according to the optimality conditions 

(14) and (15) steady-state conditions are given by  
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௜ܩ߲

ுሺݐ, ߬ሻ
௜ܮ߲

ுሺݐሻ
ൌ
௜ܩ߲

ுሺݐ ൅ ,ݐ߂ ߬ሻ
௜ܮ߲

ுሺݐ ൅ ሻݐ߂
 (20)

 

and  

 
௜ܩ߲

ுሺݐ, ߬ሻ
߲ ௜ܵ

ுሺݐሻ
ൌ
௜ܩ߲

ுሺݐ ൅ ,ݐ߂ ߬ሻ
߲ ௜ܵ

ுሺݐ ൅ ሻݐ߂
. (21)

Thus, it follows  

 డோሺఝ೔
ಹ,ఛሻ

డ௅೔
ಹሺ௧ሻ

ൌ ௅೔ݓ
ுሺݐ, ߬ሻ ൅

డ௪ಽ೔
ಹሺ௧,ఛሻ

డ௅೔
ಹሺ௧ሻ

ሺ߮௜ܮ
ுሻ ൅ ሾݎ ൅ ሿݏ

డ ೔ீ
ಹሺ௧,ఛሻ

డ௅೔
ಹሺ௧ሻ

  (22)

 డோሺఝ೔
ಹ,ఛሻ

డௌ೔
ಹሺ௧ሻ

ൌ ௌ೔ݓ
ுሺݐ, ߬ሻ ൅

డ௪ೄ೔
ಹሺ௧,ఛሻ

డௌ೔
ಹሺ௧ሻ

ܵሺ߮௜
ுሻ ൅ ሾݎ ൅ ሿݏ

డ ೔ீ
ಹሺ௧,ఛሻ

డௌ೔
ಹሺ௧ሻ

.  (23)

Combining these two equations with the first order conditions (14) and (15) 
yields expressions that implicitly determine the optimal pricing behaviour of the 
firm, whereby marginal costs contain the effect of additional employment and 
expected recruitment costs  

 
డோሺఝ೔

ಹ,ఛሻ

డ௅೔
ಹሺ௧ሻ

ൌ ௅೔ݓ
ுሺݐ, ߬ሻ ൅

డ௪ಽ೔
ಹሺ௧,ఛ೔ሻ

డ௅೔
ಹሺ௧ሻ

ሺ߮௜ܮ
ுሻ ൅

௖௉೔
ಹ

௠ሺఏಽ೔
ಹሻ
⋅ ௦ା௥
ଵିఋ

  (24)

 
డோሺఝ೔

ಹ,ఛሻ

డௌ೔
ಹሺ௧ሻ

ൌ ௌ೔ݓ
ுሺݐ, ߬ሻ ൅

డ௪ೄ೔
ಹሺ௧,ఛሻ

డௌ೔
ಹሺ௧ሻ

ܵሺ߮௜
ுሻ ൅

௖௉೔
ಹ

௠ሺఏೄ೔
ಹሻ
⋅ ௦ା௥
ଵିఋ

.  (25)

The total surplus of a successful match is split between the worker and the 
firm. The worker’s surplus is equal to the difference between the value of being 
employed ܧ௅೔

ுሺݐ, ߬ሻ (ܧௌ೔
ுሺݐ, ߬ሻ) by a firm and the value of being unemployed 

௅ܷ೔
ுሺݐሻ ሺ ௌܷ೔

ுሺݐሻሻ. The firm’s surplus is equal to the marginal increase in the 
firm’s value ߲ܩ௜

ுሺݐ, ߬ሻ/߲ܮ௜
ுሺݐሻ  ሺ߲ܩ௜

ுሺݐ, ߬ሻ/߲ ௜ܵ
ுሺݐሻሻ  since individual 

bargaining implies that, as in Stole and Zwiebel (1996), every worker is treated 
as the last worker employed by the firm, i.e. the marginal worker. Following 
Stole and Zwiebel (1996) we assume that the outcome of bargaining over the 
division of total surplus from the match satisfies the following surplus-splitting 
rules  

 
ߤ

1 െ ߤ
⋅
௜ܩ߲

ுሺݐ, ߬ሻ
௜ܮ߲

ுሺݐሻ
ൌ ௅೔ܧ

ுሺݐ, ߬ሻ െ ௅ܷ೔
ுሺݐሻ (26)
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and  

 
ߤ

1 െ ߤ
⋅
௜ܩ߲

ுሺݐ, ߬ሻ
߲ ௜ܵ

ுሺݐሻ
ൌ ௌ೔ܧ

ுሺݐ, ߬ሻ െ ௌܷ೔
ுሺݐሻ, (27)

where ߤ measures the bargaining power of a worker and thus belongs to [0, 1]. 
Corresponding to Pissarides (2000) the worker’s surplus is given by  

 ሾݎ ൅ ሿݏ ⋅ ௅೔ܧൣ
ுሺݐ, ߬ሻ െ ௅ܷ೔

ுሺݐሻ൧ ൌ ௅೔ݓ
ுሺݐ, ߬ሻ െ ݎ ௅ܷ೔

ுሺݐሻ (28)

and  

 ሾݎ ൅ ሿݏ ⋅ ௌ೔ܧൣ
ுሺݐ, ߬ሻ െ ௌܷ೔

ுሺݐሻ൧ ൌ ௌ೔ݓ
ுሺݐ, ߬ሻ െ ݎ ௌܷ೔

ுሺݐሻ. (29)

These two equations make clear that because of the risk of unemployment the 
permanent income of employed workers, ܧ௅೔

ுሺݐ, ߬ሻ ሺܧௌ೔
ுሺݐ, ߬ሻሻ, is different from 

the wage ݓ௅೔
ுሺݐ, ߬ሻ ሺݓௌ೔

ுሺݐ, ߬ሻሻ.  

Solving the surplus-splitting rules (26) and (27) need to reinsert the 
worker’s surpluses (28) and (29) together with (22) and (23) into the rules. It 
follows that  

௅೔ݓ 
ுሺݐ, ߬ሻ ൌ ߤ

డோሺఝ೔
ಹ,ఛሻ

డ௅೔
ಹሺ௧ሻ

െ ߤ
డ௪ಽ೔

ಹሺ௧,ఛሻ

డ௅೔
ಹሺ௧ሻ

ሺ߮௜ܮ
ுሻ ൅ ሾ1 െ ሿߤ ⋅ ݎ ௅ܷ೔

ுሺݐሻ  (30)

and  

ௌ೔ݓ 
ுሺݐ, ߬ሻ ൌ ߤ

డோሺఝ೔
ಹ,ఛሻ

డௌ೔
ಹሺ௧ሻ

െ ߤ
డ௪ೄ೔

ಹሺ௧,ఛሻ

డௌ೔
ಹሺ௧ሻ

ܵሺ߮௜
ுሻ ൅ ሾ1 െ ሿߤ ⋅ ݎ ௌܷ೔

ுሺݐሻ.  (31)

Hereby, the wages ݓ௅೔
ுሺݐ, ߬ሻ and ݓௌ೔

ுሺݐ, ߬ሻ are functions of ܮሺ߮௜
ுሻ and ܵሺ߮௜

ுሻ, 
respectively. Hence, these two equations are linear differential equation in 
ሺ߮௜ܮ

ுሻ and ܵሺ߮௜
ுሻ, respectively. The solutions are given by  

௅೔ݓ 
ுሺݐ, ߬ሻ ൌ ఓఙ

ఉ೔ఓିఉ೔ఙఓିఓାఙ
⋅
డோሺఝ೔

ಹ,ఛሻ

డ௅೔
ಹሺ௧ሻ

൅ ሾ1ݎ െ ሿߤ ௅ܷ೔
ுሺݐሻ  (32)

and  

ௌ೔ݓ 
ுሺݐ, ߬ሻ ൌ ఓఙ

ఉ೔ఙఓିఉ೔ఓିఓఙାఙ
⋅
డோሺఝ೔

ಹ,ఛሻ

డௌ೔
ಹሺ௧ሻ

൅ ሾ1ݎ െ ሿߤ ௌܷ೔
ுሺݐሻ.  (33)

The proof is to be found in Appendix A.2. Based on these solutions of linear 
differential equations it can proceeded with the deviation of job creation curves 
and wage curves.  
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To derive the job creation curves, first we reinsert the marginal revenue 
functions (given in Appendix (78) and (79)) into the solutions (32) and (33) and 
differentiate the resulting equations with respect to ܮሺ߮௜

ுሻ  and ܵሺ߮௜
ுሻ , 

respectively. Thus, it follows that 

௜ܮ 
ு ⋅

డ௪ಽ೔
ಹሺ௧,ఛሻ

డ௅೔
ಹ ൌ ߤ ⋅ ఉ೔ିఉ೔ఙିଵ

ሾఉ೔ିఉ೔ఙିଵሿఓାఙ
⋅
డோሺఝ೔

ಹ,ఛሻ

డ௅೔
ಹሺ௧ሻ

  (34)

 ௜ܵ
ு ⋅

డ௪ೄ೔
ಹሺ௧,ఛሻ

డௌ೔
ಹ ൌ ߤ ⋅ ఉ೔ఙିఉ೔ିఙ

ሾఉ೔ఙିఉ೔ିఙሿఓାఙ
⋅
డோሺఝ೔

ಹ,ఛሻ

డௌ೔
ಹሺ௧ሻ

.  (35)

Second we substitute the resulting functions into (24) and (25), respectively, and 
get  

௅೔ݓ 
ுሺݐ, ߬ሻ ൌ

డோሺఝ೔
ಹ,ఛሻ

డ௅೔
ಹሺ௧ሻ

⋅ ఙ

ሾఉ೔ିఉ೔ఙିଵሿఓାఙ
െ

௖௉೔
ಹ

௠ሺఏಽ೔
ಹሻ
⋅ ௦ା௥
ଵିఋ

  (36)

ௌ೔ݓ 
ுሺݐ, ߬ሻ ൌ

డோሺఝ೔
ಹ,ఛሻ

డௌ೔
ಹሺ௧ሻ

ఙ

ሾఉ೔ఙିఉ೔ିఙሿఓାఙ
െ

௖௉೔
ಹ

௠ሺఏೄ೔
ಹሻ
⋅ ௦ା௥
ଵିఋ

.  (37)

Finally, with regard to the marginal revenue functions (given in Appendix (66) 
and (67)) the job creation curves reveal as  

௅೔ݓ
ுሺݐ, ߬ሻ ൌ

ߪ െ 1
ሾߚ௜ െ ߪ௜ߚ െ 1ሿߤ ൅ ߪ

⋅ ሾ1 െ ௜ሿߚ ⋅ ௗሺ߮௜݌
ு, ߬ሻሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿ 

 ⋅ ቈ
ܵሺ߮௜

ுሻ
ሺ߮௜ܮ

ுሻ
቉
ఉ೔

െ
ܿ ௜ܲ

ு

݉ሺߠ௅೔
ுሻ
⋅
ݏ ൅ ݎ
1 െ ߜ

 (38)

and  

ௌ೔ݓ
ுሺݐ, ߬ሻ ൌ

ߪ െ 1
ሾߚ௜ߪ െ ௜ߚ െ ߤሿߪ ൅ ߪ

⋅ ௜ߚ ⋅ ௗሺ߮௜݌
ு, ߬ሻሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿ 

 ⋅ ቈ
ܵሺ߮௜

ுሻ
ሺ߮௜ܮ

ுሻ
቉
ఉ೔ିଵ

െ
ܿ ௜ܲ

ு

݉ሺߠௌ೔
ுሻ
⋅
ݏ ൅ ݎ
1 െ ߜ

. (39)

These equations represent the wage conditions when a firm and a searching 
worker meet and agree to form a match. Once the firm and the worker meet and 
a job is created, production continues until shocks arrive. If the economy is 
characterised by technological progress, it is profitable to the firm to detach from 
existing jobs and create new jobs at the technological frontier. Then the firm 
faces a positive productivity shock accompanied by Δ߮௜

ு higher wages. The 
profitability of job separation stems from the fact that, because all new jobs are 
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created on the technological frontier, outside options change with technological 
progress.  

The job creation curves (38) and (39) are firm-specific. To express the wage 
curves as a function of ߠ௅೔

ு and ߠௌ೔
ு, respectively, the solutions (32) and (33) of 

linear differential equations need to be reinserted into (36) and (37). The wage 
curves reveal that  

௅೔ݓ 
ுሺݐ, ߬ሻ ൌ ݎ ௅ܷ೔

ுሺݐሻ ൅
ߤ

1 െ ߤ
⋅
ܿ ௜ܲ

ு

݉ሺߠ௅೔
ுሻ
⋅
ݏ ൅ ݎ
1 െ ߜ

 (40)

and  

ௌ೔ݓ 
ுሺݐ, ߬ሻ ൌ ݎ ௌܷ೔

ுሺݐሻ ൅
ߤ

1 െ ߤ
⋅
ܿ ௜ܲ

ு

݉ሺߠௌ೔
ுሻ
⋅
ݏ ൅ ݎ
1 െ ߜ

. (41)

Furthermore, taking into account the value functions of employed and 
unemployed workers eliminates the value of unemployment in equations (40) 
and (41). According to Pissarides (2000) the value functions of unemployed 
workers are given as  

ݎ  ௅ܷ೔
ுሺݐሻ ൌ ௅೔ݖ ൅ ௅೔ߠ

ு݉ሺߠ௅೔
ுሻሾܧ௅೔

ுሺݐ, ߬ሻ െ ௅ܷ೔
ுሺݐሻሿ (42)

ݎ  ௌܷ೔
ுሺݐሻ ൌ ௌ೔ݖ ൅ ௌ೔ߠ

ு݉ሺߠௌ೔
ுሻሾܧௌ೔

ுሺݐ, ߬ሻ െ ௌܷ೔
ுሺݐሻሿ, (43)

where ߠ௅೔
ு݉ሺߠ௅೔

ுሻ ሺߠௌ೔
ு݉ሺߠௌ೔

ுሻሻ is the probability of an unemployed worker to 
find a new job and ݖ௅೔ ሺݖௌ೔ሻ is the unemployment income. Further, the value 
functions of employed workers are given by  

௅೔ܧݎ 
ுሺݐ, ߬ሻ ൌ ௅೔ݓ

ுሺݐ, ߬ሻ ൅ ሾݏ ௅ܷ೔
ுሺݐሻ െ ௅೔ܧ

ுሺݐ, ߬ሻሿ (44)

ௌ೔ܧݎ 
ுሺݐ, ߬ሻ ൌ ௌ೔ݓ

ுሺݐ, ߬ሻ ൅ ሾݏ ௌܷ೔
ுሺݐሻ െ ௌ೔ܧ

ுሺݐ, ߬ሻሿ. (45)

Combining the value functions of unemployed and employed workers yields  

ݎ  ௅ܷ೔
ுሺݐሻ ൌ ௅೔ݖ ൅

௅೔ߠ
ு݉ሺߠ௅೔

ுሻ

ݎ ൅ ݏ
௅೔ݓൣ

ுሺݐ, ߬ሻ െ ݎ ௅ܷ೔
ுሺݐሻ൧ (46)

ݎ  ௌܷ೔
ுሺݐሻ ൌ ௌ೔ݖ ൅

ௌ೔ߠ
ு݉ሺߠௌ೔

ுሻ

ݎ ൅ ݏ
ௌ೔ݓൣ

ுሺݐ, ߬ሻ െ ݎ ௌܷ೔
ுሺݐሻ൧. (47)

Now, if ݓ௅೔
ுሺݐ, ߬ሻ െ ݎ ௅ܷ೔ሺݐሻ and ݓௌ೔

ுሺݐ, ߬ሻ െ ݎ ௌܷ೔ሺݐሻ are replaced by using the 
wage curves (40) and (41) and the resulting equations are reinserted into (40) 
and (41) the wage curves reveal as  
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௅೔ݓ 
ுሺݐ, ߬ሻ ൌ ௅೔ݖ ൅

ߤ
1 െ ߤ

ቈ
ݏ ൅ ݎ
1 െ ߜ

⋅
ܿ ௜ܲ

ு

݉ሺߠ௅೔
ுሻ
൅
ܿ ௜ܲ

ுߠ௅೔
ு

1 െ ߜ
቉ (48)

and  

ௌ೔ݓ 
ுሺݐ, ߬ሻ ൌ ௌ೔ݖ ൅

ߤ
1 െ ߤ

ቈ
ݏ ൅ ݎ
1 െ ߜ

⋅
ܿ ௜ܲ

ு

݉ሺߠௌ೔
ுሻ
൅
ܿ ௜ܲ

ுߠௌ೔
ு

1 െ ߜ
቉. (49)

 

The equilibrium of the labour market is determined by the job creation 
curve and the wage curve. The interacting of these curves gives the equilibrium 
wage and labour market tightness. The uniqueness of the equilibrium is ensured 
since the wage curve is increasing in ߠ௅೔

ு ሺߠௌ೔
ுሻ and the job creation curve is 

decreasing in ߠ௅೔
ு ሺߠௌ೔

ுሻ. Market tightness enters the wage equation through the 
bargaining power of firms and workers. Analogue to Pissarides (2000) that 
means, a higher ߠ௅೔

ு ሺߠௌ೔
ுሻ indicates that jobs arrive to workers at a higher rate 

than workers do to vacant jobs, relative to an equilibrium with lower ߠ௅೔
ு ሺߠௌ೔

ுሻ. 
Then higher wage rates reveal, since the worker’s bargaining power is higher 
and the firm’s bargaining power lower. As in Larch and Lechthaler (2011), 
referring to Stole and Zwiebel (1996), the assumption that wages are bargained 
individually implies that every worker is treated as the marginal worker. That 
means, the wage of each worker represent their outside option. Workers are paid 
in equal measure across firms with different productivity levels. Each firm 
employs as many workers as are necessary to ensure that the marginal value of 
the last employed worker is equal to the wage. 

Based on Felbermayr et al. (2011), trade liberalisation raises aggregate 
productivity by affecting the average productivity of firms. Analogue, also 
technological progress raises aggregate productivity through this means. This 
means, that because firms are on average more productive and search more 
intensively for workers, the job creation curve shifts upwards. The wage curve 
also shifts upwards because unemployment income is increasing with aggregate 
productivity. Thus, it follows that the adjustment to an equilibrium where wages 
ௌ೔ݓ
ுሺݐ, ߬ሻ  and ݓ௅೔

ுሺݐ, ߬ሻ  and labour market tightness ߠ௅೔
ு  and ߠௌ೔

ு  are higher, 
relative to the equilibrium before technological change and trade liberalisation 
took place. Hence, technological progress and trade liberalisation will affect 
labour market outcomes to the extent that it changes aggregate productivity by 
modifying the average productivity of firms.  
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Proposition 1. When wages are bargained individually, the worker’s wages are 
negotiated to their outside option. With technological progress outside options 
and hence wages and aggregate productivity change. Supplementary, aggregate 
productivity and hence wages change due to trade liberalisation. Thus, both 
technological progress and trade liberalisation affect labour market outcomes. 

 

2.4  The Rate and Income of Unemployment 

Unemployment income ݖ௅೔ and ݖௌ೔ consists of two different components. 
These are the actual income received during unemployment, such as transfer 
payments, and the imputed value of time to unemployed workers. By 
assumption the actual-income component of ݖ௅೔  and ݖௌ೔  is proportional to 
average wages, since unemployment insurance benefits may be indexed to the 
average wage rate because the taxes used to finance them are generally 
proportional to wages and not lump sum. This is in line with Pissarides (2000) 
and confirms the above mentioned adoption that unemployment income is 
increasing with aggregate productivity.  

By assumption there are four labour markets for skilled and low-skilled 
workers of each sector. The matching function describes the probability that a 
vacancy is filled dependent on the tightness of the labour market ߠ௅೔

ு and ߠௌ೔
ு. 

Moreover, the probability for an unemployed worker to find a new job is given 
by ߠ௅೔

ு݉ሺߠ௅೔
ுሻ and ߠௌ೔

ு݉ሺߠௌ೔
ுሻ. Since the rate of job destruction ݏ captures both 

the probability with which a match will be resolved and the probability with 
which a firm will be destroyed, the equilibrium rates of unemployment are given 
by  

௅೔ݑ 
ு ൌ

ݏ
ݏ ൅ ௅೔ߠ

ு݉ሺߠ௅೔
ுሻ

 (50)

ௌ೔ݑ 
ு ൌ

ݏ
ݏ ൅ ௌ೔ߠ

ு݉ሺߠௌ೔
ுሻ
. (51)

With these conditions the flows in and out of unemployment are equal. Once 
workers lose their jobs they experience a period of job search before finding new 
employment by switching between the sectors. The rate of unemployment is a 
decreasing function of market tightness. 
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2.5  Firm Entry and Exit 

Analogue to Larch and Lechthaler (2011), who refer to Felbermayr et al. 
(2011) and further to Melitz (2003), for each sector there is a large number of 
prospective entrants. Prior to entry, firms are identical. To enter the market, 
firms have to pay a fixed and sunk entry cost݂ ൐ 0, measured in terms of the 
final consumption good of the sector the firm wants to enter. Firms then draw 
their initial productivity ߮௜

ு from a common distribution ݃ሺ߮௜
ுሻ, hence they do 

not know their productivity until they start production and sell their goods. The 
cumulative distribution of ݃ሺ߮௜

ுሻ is denoted by ܩሺ߮௜
ுሻ. The productivity of the 

firm stays the same as long as the firm exists and ݐ ൏ ߬. At time ߬ the positive 
productivity shock due to technological change results in a mean value 
displacement of distribution ݃ሺ߮௜

ுሻ . Given that the revenues of firms are 
increasing in ߮௜

ு, there is a threshold ߮௜ௗ
∗ு below which firms do not take up 

production. Similarly, there is a threshold ߮௜௫
∗ு, necessary to produce for the 

foreign market. Hence, with a productivity level between ߮௜ௗ
∗ு and ߮௜௫

∗ு firms 
will serve only the domestic market. The mean value displacement of 
distribution ݃ሺ߮௜

ுሻ  at time ߬  involves a displacement of threshold-values, 
߮௜
∗ு ൌ ߮௜

∗ுሺ߬ሻ. The share of exporting firms is equal to  

௜ߞ 
ு ൌ

1 െ ሺ߮௜௫ܩ
∗ுሻ

1 െ ሺ߮௜ௗܩ
∗ுሻ

. (52)

According to Melitz (2003) the average productivity of firms that sell only 
domestically is defined by  

 ෤߮ ௜ௗ
ு ሺ߮௜ௗ

∗ு, ߬ሻ ൌ ൤ ଵ

ଵିீሺఝ೔೏
∗ಹሻ

׬ ሾ
ஶ
ఝ೔೏
∗ಹ ߮௜

ுሿఙିଵ݃ሺ߮௜
ுሻ݀߮௜

ு൨

భ
഑షభ
,  (53)

and the average productivity of firms that also sell abroad is defined by  

 ෤߮ ௜௫
ு ሺ߮௜௫

∗ு, ߬ሻ ൌ ൤ ଵ

ଵିீሺఝ೔ೣ
∗ಹሻ

׬ ሾ
ஶ
ఝ೔ೣ
∗ಹ ߮௜

ுሿఙିଵ݃ሺ߮௜
ுሻ݀߮௜

ு൨

భ
഑షభ
.  (54)

To characterise the entry threshold ߮௜ௗ
∗ு  in the following, note that it is 

profitable for the firm to start production and to recruit workers when  

 ሾ1 െ ሿߜ
ௗሺ߮௜ௗߨ

∗ுሻ
ݎ ൅ ߜ

ൌ
ܿ ௜ܲ

ுܮሺ߮௜ௗ
∗ுሻ

݉ሺߠ௅೔
ுሻ

൅
ܿ ௜ܲ

ுܵሺ߮௜ௗ
∗ுሻ

݉ሺߠௌ೔
ுሻ

൅ ݂ ௜ܲ
ு, (55)
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where  

ௗሺ߮௜ߨ
ுሻ ൌ ௗሺ߮௜݌

ுሻݍௗሺ߮௜
ுሻ െ ௅೔ݓ

ுܮሺ߮௜
ுሻ െ ௌ೔ݓ

ுܵሺ߮௜
ுሻ െ ݂ ௜ܲ

ு 

 െ
ܿ݌ ௜ܲ

ுܮሺ߮௜
ுሻ

݉ሺߠ௅೔
ுሻ

െ
ܿ݌ ௜ܲ

ுܵሺ߮௜
ுሻ

݉ሺߠௌ೔
ுሻ

 (56)

is the profit from domestic sales of the firm. Hereby, the profits are revenues 
minus wage payments, fixed costs and vacancy costs. With evolution of the 
workforce according to equation (9) and the steady-state conditions ܮ௜

ுሺݐሻ ൌ
௜ܮ
ுሺݐ ൅ Δݐሻ  and ௜ܵ

ுሺݐሻ ൌ ௜ܵ
ுሺݐ ൅ Δݐሻ  it follows that ݒ௅೔

ு ൌ ௜ܮߩ
ு/݉ሺߠ௅೔

ுሻ  and 
ௌ೔ݒ
ு ൌ ߩ ௜ܵ

ு/݉ሺߠௌ೔
ுሻ. Equation (55) accounts for the fact that firms must make an 

initial investment to enter the market and pay vacancy costs but only a period 
later they recruit workers. During this period, the firm will be destroyed by 
exogenous probability ߜ so that the firm never starts production. 

The choice of exporting can be characterised similarly. It is profitable for 
the firm to produce for the foreign market when  

 ሺ1 െ ሻߜ
గೣሺఝ೔ೣ

∗ಹሻ

௥ାఋ
ൌ

௖௉೔
ಹ௅ሺఝ೔ೣ

∗ಹሻ

௠ሺఏಽ೔
ಹሻ

൅
௖௉೔

ಹௌሺఝ೔ೣ
∗ಹሻ

௠ሺఏೄ೔
ಹሻ

൅ ௫݂ ௜ܲ
ு  (57)

where  

௫ሺ߮௜ߨ
ுሻ ൌ ௫ሺ߮௜݌

ுሻݍ௫ሺ߮௜
ுሻ
1
ܶ
െ ௅೔ݓ

ுܮሺ߮௜
ுሻ െ ௌ೔ݓ

ுܵሺ߮௜
ுሻ െ ௫݂ ௜ܲ

ு 

 െ
ܿ݌ ௜ܲ

ுܮሺ߮௜
ுሻ

݉ሺߠ௅೔
ுሻ

െ
ܿ݌ ௜ܲ

ுܵሺ߮௜
ுሻ

݉ሺߠௌ೔
ுሻ

 (58)

is the profit of the firm when selling their products in foreign markets. This profit 
has to be large enough to cover the additional fixed cost ௫݂.  

Based on these definitions the free entry condition is given by 

 
 

݂ ௜ܲ
ு ൌ ሾ1 െ ሺ߮௜ௗܩ

∗ுሻሿ ቊሾ1 െ ሿߜ
గ೏ሺఝ෥೔೏

ಹ ሻ

௥ାఋ
െ

௖௉೔
ಹ௅ሺఝ෥೔೏

ಹ ሻ

௠ሺఏಽ೔
ಹሻ

െ
௖௉೔

ಹௌሺఝ෥೔೏
ಹ ሻ

௠ሺఏೄ೔
ಹሻ

െ ݂ ௜ܲ
ுቋ  

 

 
 
൅ሾ1 െ ሺ߮௜௫ܩ

∗ுሻሿ ቊሾ1 െ ሿߜ
௫ሺߨ ෤߮௜௫

ு ሻ
ݎ ൅ ߜ

െ
ܿ ௜ܲ

ுܮሺ ෤߮௜௫
ு ሻ

݉൫ߠ௅೔
ு൯

െ
ܿ ௜ܲ

ுܵሺ ෤߮௜௫
ு ሻ

݉൫ߠௌ೔
ு൯

െ ௫݂ ௜ܲ
ுቋ. 

(59)

The free entry condition takes into account the behaviour of prospective 
entrants. Thus, entry occurs until expected profits, on the right-hand side, are 
equal to the entry cost, on the left-hand side. An entrant will start producing with 
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probability 1 െ ሺ߮௜ௗܩ
∗ுሻ . Furthermore, an entrant will also export with 

probability 1 െ ሺ߮௜௫ܩ
∗ுሻ. New firms will enter the market as long as profits 

exceed the entry cost. This leads to increased competition which drives down 
profits until they have reached the entry cost. Similarly, firms will exit the 
market if profits are too low. The equilibrium mass of firms is such that the 
labour market clears. Hence,  

௜ܯ 
ுሾܮሺ ෤߮௜ௗ

ு ሻ ൅ ௜ߞ
ுܮሺ ෤߮௜௫

ு ሻሿ ൌ ሾ1 െ ௅೔ݑ
ு ሿܮ෠௜

ு (60)

௜ܯ 
ுሾܵሺ ෤߮௜ௗ

ு ሻ ൅ ௜ߞ
ுܵሺ ෤߮௜௫

ு ሻሿ ൌ ሾ1 െ ௌ೔ݑ
ுሿ መܵ௜

ு, (61)

where ܮ෠௜
ு ሺ መܵ௜

ுሻ is the size of the labour force, equal to an exogenously given 
total number of people, and ܯ௜

ு  is the mass of domestic producers in each 
country. The demand for labour is given on the left-hand side by the sum of the 
demand of all domestic firms for domestic and export production. The supply of 
labour is presented on the right-hand side by the number of employed workers. 
Due to imports from foreign firms, the number of available varieties exceeds 
௜ܯ
ுand thus, given the share of exporting firms in (1), is equal to ܯ෡௜

ு ൌ ௜ܯ
ு ൅

௜ߞ
ிܯ௜

ி.  

Proposition 2. The average productivity of firms depends on the 
threshold-values ߮௜ௗ

∗ு  and ߮௜௫
∗ு , respectively. When the firm’s productivity 

exceeds these values it starts production and exports. Technological progress 
raises the firm’s productivity up to ߮௜

ு ൅ ௜߮߂
ு and thus results in a mean value 

displacement of the distribution of the productivity of firms ݃ሺ߮௜
ுሻ. The mean 

value displacement of ݃ሺ߮௜
ுሻ involves a displacement of threshold-values ߮௜ௗ

∗ு 
and ߮௜௫

∗ு.  

2.6  Between and Within Sector Effects 

In the following we will point out how trade liberalisation and technological 
change interact. In addition we will describe the impact of these two forces on 
wages and employment of skilled and low-skilled worker, respectively.  

Technological progress is expressed in a firms’ productivity change from 
the initial value ߮௜

ு  up to ߮௜
ு ൅ Δ߮௜

ு . That means, it has an effect on the 
average productivity of firms and thus on the aggregate productivity 
accompanied by a shift in the productivity threshold-values ߮௜ௗ

∗ு  and ߮௜௫
∗ு 

which determine whether firms enter the market and export or not. Moreover, 
along with Felbermayr et al. (2011), as long as fixed foreign distribution costs 
are larger than domestic ones, trade liberalisation by means of a reduction in 
variable trade costs or an increase in the number of trade partners raises the 
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average productivity of firms and hence the aggregate productivity. Along with 
Melitz (2003) this results in a reallocation of labour towards efficient firms and 
thus towards exporting firms and away from domestic firms of lower efficiency 
level.  

Now we introduce the following assumptions: country ܪ  is the 
skill-abundant country and it is the only country that faces a productivity change 
due to technological change. In addition, we suppose that the extent of 
productivity shock depends on the skill intensity of the sector where a firm is 
operating. This is in line with the literature on skill biased technological change, 
so that the productivity of a firm is positively correlated with its skill intensity. 
Empirical support comes from e.g. Bernard et al (2006); Bustos (2011); 
Verhoogen (2008); Alcalá and Hernández (2010) or Molina and Muendler 
(2009) who show that exporting firms and large firms tend to be relatively skill 
intensive. And Nelson and Phelps (1966) state, that more educated, able or 
experienced labour deals better with technological change. If sector 1  is 
assumed to be the skill intensive sector then these assumptions are summarised 
by 

 Δ߮ଵ
ு ൐ Δ߮ଶ

ு ൐ 0 (62)

 Δ߮ଵ
ி ൌ Δ߮ଶ

ி ൌ 0 (63)

whereby assumption (62) states that country ܪ  faces a larger productivity 
change in sector 1 than in sector 2. In contrast, with (63), country ܨ faces no 
alterations. In addition, we assume that both skilled and low-skilled worker can 
switch between the sectors within countries. Internationally, they are immobile.  

Technological change in country ܪ increases the average productivity. As 
a result on the one hand, wages increase since jobs are created on the 
technological frontier (see (38) and (39)). On the other hand, since the rate of 
unemployment is a decreasing function of the market tightness (see (50) and 
(51)), it decreases unemployment. We refer to this as the within sector effects. 
Hence, both skilled and low-skilled workers get higher wages in both sectors of 
country ܪ, but because of assumption (62) to a larger extent in sector 1. As 
skilled and low-skilled workers are fully mobile, this leads to movements of 
workers to sector 1, until the values of them are equalised between the sectors. 
Due to these migration flows, unemployment increases in sector 1 . 
Unemployment in sector 2 goes down since leaving this sector leads to an 
increase of the prospects of the remaining workers to find a job. We refer to this 
as the between sector effects.  

  



218 
Journal of Global Economy (ISSN Print-0975-3931, Online -2278-1277), 

Volume 8 No 3, July-September, 2012 

As trade costs decrease, inter-sectoral trade between the two countries rises. 
With trade liberalisation, competition increases whereby driving out the least 
productive firms and rising average productivity. That means that it leads to 
selection of efficient firms into exporting and inefficient firms into exit 
(analogue to Melitz, 2003). Country ܪ specialises in the production of the skill 
intensive good 1, since this sector is characterised by productivity advantages 
relative to sector 2 because of assumption (62) as well as it is the comparative 
advantage-sector. Hereby, it becomes a net-exporter of goods from sector 1 and 
a net-importer of goods from sector 2. The specialisation implies changes in 
relative prices. The price in the export sector 1 goes up and the price in the 
import sector 2 goes down. This will tend to increase wages and decrease 
unemployment in the export sector and decrease wages and increase 
unemployment in the import sector - the within sector effects. The specialisation 
results in reallocation of workers between sectors, similar to the traditional 
Heckscher-Ohlin model. Differences in wages will cause migration of workers 
to sector 1 until the values of the workers are equalised between the sectors. 
That means that unemployment in sector 1 increases and unemployment in 
sector 2 decreases - the between sector effects. As the home country is the 
skill-abundant country, overall the skilled workers should gain whereas the 
low-skilled workers should lose both in terms of wages and employment. But 
these effects can be overlaid by the effects of intra-sectoral trade.  

The rise of intra-sectoral trade can be discussed also due to decreasing trade 
costs. Analogue to Larch and Lechthaler (2011) it follows that if trade costs 
become sufficiently low, the consumers love for variety becomes more 
important, implying that the demand of country ܨ for goods of sector 2 of 
country ܪ  rises. Despite the fact that country ܨ  can produce these goods 
relatively cheaper than country ܪ, country ܪ starts to export these good, too. 
This results in an increased competition in this sector, whereby the least 
productive firms are driven out of the market. This increases average 
productivity in sector 2, raises wages and thus enhances the desire to work in 
this sector.  

Overall, there are diverse effects on wages and unemployment of skilled and 
low-skilled workers. The results give a theoretical foundation of the interaction 
of technological progress and trade between countries with the various labour 
market effects. Hereby, it depends on the extent of technological change, 
inter-sectoral and intra-sectoral trade to describe the overall effects on skilled 
and low-skilled workers.  
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3  Conclusion 

During the last decades, developed countries have become more and more 
characterised by increasing wage inequality and unemployment inequality 
among different skill groups. As for wage inequality, neoclassical general 
equilibrium models mainly trace this back to the two demand-side causes of 
international trade and technological change. Unemployment remained on the 
sidelines. In these models, it can only come from factor market distortions.  

Recent research points to the analysis of trade liberalisation by taking 
account of equilibrium unemployment due to search and matching frictions in 
the labour market. Moreover, this literature refers to the fact that exporting and 
non-exporting firms co-existed in the same industry. Entry to and survival in 
export markets are traced back to the interaction of sunk costs and productivity 
heterogeneity of firms.  

In this paper we presented a model which applied for equilibrium 
unemployment due to search and matching frictions in the labour market and 
heterogeneous firms, differing in their productivity. We took account of two 
different sectors and factors of production. Within this framework, we analysed 
the effects of technological progress on wages and unemployment of the two 
factors, skilled and low-skilled workers. Motivated by Schumpeter’s idea of 
’creative destruction’, technological progress comes about through job 
destruction and creation of new and more productive jobs. Thereby, it raises 
aggregate productivity by modifying the average productivity of firms. As 
trading partners experience technological change, and hence productivity 
shocks, among their sectors at different extents, technology effects on worker’s 
wages and employment differ across sectors. The skilled intensive sector is the 
favoured sector and therefore it becomes the export sector when trade 
liberalisation takes place. As trade liberalisation raises aggregate productivity by 
modifying the average productivity of firms, both, technological progress and 
trade liberalisation affect labour market outcomes. Inter-sectoral trade favours 
the skilled against the low-skilled workers regarding both, wages and 
employment. Intra-sectoral trade counteracts as it favours low-skilled workers, 
too. The overall effects on wages and employment of skilled and low-skilled 
workers depend on the extent of technological change, inter-sectoral trade and 
intra-sectoral trade.  

The introduction of productivity changes due to technological progress give 
rise to new insights concerning the effects of technological change on inter- 
national trade. As long as it affects the economies’ sectors to different extents, it 
raises inter-sectoral trade if trade costs are sufficiently low. A useful direction 
for further research would be to evaluate the theory with empirical data. 
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A  Appendix 

A.1  Equalisation of Marginal Revenues 

The firms revenues from sales on the domestic market are given by  

 ܴௗሺ߮௜
ு, ߬ሻ ൌ ௗሺ߮௜݌

ு, ߬ሻ ⋅ ௗሺ߮௜ݍ
ு, ߬ሻ. (64) 

Using the domestic inverse demand for intermediate good (5) and Cobb-Douglas 
production function (7) the firms domestic revenues reveal as  

 ܴௗሺ߮௜
ு, ߬ሻ  ൌ ቂሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿሾܵሺ߮௜

ுሻሿఉ೔ሾܮሺ߮௜
ுሻሿଵିఉ೔ ௜ܲ

ுቃ
഑షభ
഑ ቂఈ೔௒

ಹ

ெಹ ቃ
భ
഑
.  (65) 

The partial derivatives with respect to ܮሺ߮௜
ுሻ and ܵሺ߮௜

ுሻ reveal as  

 డோ೏ሺఝ೔
ಹ,ఛሻ

డ௅ሺఝ೔
ಹሻ

ൌ ఙିଵ

ఙ
ௗሺ߮௜݌

ு, ߬ሻ ⋅ ሾ1 െ ௜ሿߚ ⋅ ሾ߮௜
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ுሿ ⋅ ൤
ௌሺఝ೔

ಹሻ

௅ሺఝ೔
ಹሻ
൨
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  (66) 

 డோ೏ሺఝ೔
ಹ,ఛሻ

డௌሺఝ೔
ಹሻ

ൌ ఙିଵ

ఙ
ௗሺ߮௜݌

ு, ߬ሻ ⋅ ௜ߚ ⋅ ሾ߮௜
ு ൅ ሺ߬ሻΔ߮௜ܫ

ுሿ ⋅ ൤
ௌሺఝ೔

ಹሻ

௅ሺఝ೔
ಹሻ
൨
ఉ೔ିଵ

.  (67) 

The firms revenues from sales on the export market are given by  

 ܴ௫ሺ߮௜
ு, ߬ሻ ൌ ௫ሺ߮௜݌

ு, ߬ሻ ⋅ ௫ሺ߮௜ݍ
ு, ߬ሻ ⋅

1
ܶ
. (68) 

Using the foreign inverse demand for intermediate good (6) and Cobb-Douglas 
production function (7) the firms export revenues reveal as  

 ܴ௫ሺ߮௜
ு, ߬ሻ  ൌ ቂሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿሾܵሺ߮௜

ுሻሿఉ೔ሾܮሺ߮௜
ுሻሿଵିఉ೔ ௜ܲ

ிቃ
഑షభ
഑ ቂܶଵିఙ ఈ೔௒ಷ

ெಷ ቃ
భ
഑
.  (69)

The partial derivatives with respect to ܮሺ߮௜
ுሻ and ܵሺ߮௜

ுሻ reveal as 

 డோೣሺఝ೔
ಹ,ఛሻ

డ௅ሺఝ೔
ಹሻ

ൌ ఙିଵ

ఙ
⋅ ௫ሺ߮௜݌

ு, ߬ሻ ⋅ ଵ
்
⋅ ሾ1 െ ௜ሿߚ ⋅ ሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿ ⋅ ൤

ௌ൫ఝ೔
ಹ൯

௅൫ఝ೔
ಹ൯
൨
ఉ೔

  (70)

 డோೣሺఝ೔
ಹ,ఛሻ

డௌሺఝ೔
ಹሻ

ൌ ఙିଵ

ఙ
⋅ ௫ሺ߮௜݌

ு, ߬ሻ ⋅ ଵ
்
⋅ ௜ߚ ⋅ ሾ߮௜

ு ൅ ሺ߬ሻΔ߮௜ܫ
ுሿ ⋅ ൤

ௌሺఝ೔
ಹሻ

௅ሺఝ೔
ಹሻ
൨
ఉ೔ିଵ

.  (71)

If firms equalise marginal revenues across domestic and foreign markets  

߲ܴௗሺ߮௜
ு, ߬ሻ

ሺ߮௜ܮ߲
ுሻ

ൌ
߲ܴ௫ሺ߮௜

ு, ߬ሻ
ሺ߮௜ܮ߲

ுሻ
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߲ܴௗሺ߮௜

ு, ߬ሻ
߲ܵሺ߮௜

ுሻ
ൌ
߲ܴ௫ሺ߮௜

ு, ߬ሻ
߲ܵሺ߮௜

ுሻ
 (72)

it follows  

ௗሺ߮௜݌ 
ு, ߬ሻ ൌ ௫ሺ߮௜݌

ு, ߬ሻ ⋅
1
ܶ
. (73)

 

A.2  Solution of Linear Differential Equations 

The solutions of the surplus-splitting rules revealed as  

௅೔ݓ 
ுሺݐ, ߬ሻ ൌ ߤ

డோሺఝ೔
ಹ,ఛሻ

డ௅೔
ಹሺ௧ሻ

െ ߤ
డ௪ಽ೔

ಹሺ௧,ఛሻ

డ௅೔
ಹሺ௧ሻ

ሺ߮௜ܮ
ுሻ ൅ ሾ1 െ ሿߤ ⋅ ݎ ௅ܷ೔

ுሺݐሻ  (74)

and  

ௌ೔ݓ 
ுሺݐ, ߬ሻ ൌ ߤ

డோሺఝ೔
ಹ,ఛሻ

డௌ೔
ಹሺ௧ሻ

െ ߤ
డ௪ೄ೔

ಹሺ௧,ఛሻ

డௌ೔
ಹሺ௧ሻ

ܵሺ߮௜
ுሻ ൅ ሾ1 െ ሿߤ ⋅ ݎ ௌܷ೔

ுሺݐሻ,  (75)

known as equations (30) and (31) above, which are linear differential equation in 
ሺ߮௜ܮ

ுሻ and ܵሺ߮௜
ுሻ, respectively. In the following we abstain from indexes and 

do not denote the arguments of functions. To solve these equations it needs 
taking account of the marginal revenues of the firm with respect to ܮ and ܵ. 
According (8) with ܵௗ ൌ ܵ௫ ൌ ܵ and ܮௗ ൌ ௫ܮ ൌ  total revenues are given by ܮ

 

ܴ ൌ ൛ሾ߮ ൅ ଵିఉൟܮሺ߬ሻΔ߮ሿܵఉܫ
ఙିଵ
ఙ

⋅ ቐሾܲுሿ
ఙିଵ
ఙ ቈ

ுܻߙ

ுܯ ቉

ଵ
ఙ
൅ ሺ߮ሻሾܲிሿܫ

ఙିଵ
ఙ ቈ

ܶଵିఙܻߙி

ிܯ ቉

ଵ
ఙ
ቑ. 

(76)

Denoting  

 Γ ൌ ሾܲுሿ
ఙିଵ
ఙ ቈ

ுܻߙ

ுܯ ቉

ଵ
ఙ
൅ ሺ߮ሻܫ ⋅ ሾܲிሿ

ఙିଵ
ఙ ቈ

ܶଵିఙܻߙி

ிܯ ቉

ଵ
ఙ
, (77)

whereby Γ is independent on ܮ and ܵ, marginal revenues reveal as  

 
߲ܴ
ܮ߲

ൌ ൛ሾ߮ ൅ ሺ߬ሻΔ߮ሿܵఉൟܫ
ఙିଵ
ఙ ⋅ Γ ⋅

ሾߪ െ 1ሿሾ1 െ ሿߚ
ߪ

ܮ
ఉିఉఙିଵ

ఙ  (78)
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߲ܴ
߲ܵ

ൌ ൛ሾ߮ ൅ ଵିఉൟܮሺ߬ሻΔ߮ሿܫ
ఙିଵ
ఙ ⋅ Γ ⋅

ሾߪ െ 1ሿߚ
ߪ

ܵ
ఉఙିఉିఙ

ఙ . (79)

Hence, for (74) and (75) it follows  

ߤ  డ௪ಽ

డ௅
ܮ ൅ ௅ݓ ൌ ൛ሾ߮ߤ  ൅ ሺ߬ሻΔ߮ሿܵఉൟܫ

഑షభ
഑ Γ ሾఙିଵሿሾଵିఉሿ

ఙ
ܮ
ഁషഁ഑షభ

഑ ൅ ሾ1ݎ െ ሿߤ ௅ܷ  (80)

 

 
ߤ
ௌݓ߲
߲ܵ

ܵ ൅ ௌݓ ൌ ൛ሾ߮ߤ  ൅ ଵିఉൟܮሺ߬ሻΔ߮ሿܫ
ఙିଵ
ఙ Γ

ሾߪ െ 1ሿߚ
ߪ

ܵ
ఉఙିఉିఙ

ఙ ൅ ሾ1ݎ െ ሿߤ ௌܷ. 
(81)

Thereby, ݓ௅, ݓௌ, ௅ܷ, ௌܷ, ܮ and ܵ are independent of each other and ݓ௅ and 
 and ܵ, respectively. Otherwise it ܮ ௌ are considered to be functions only ofݓ
would be a system of differential equations or partial differential equations. 
Thus, the differential equations are ordinary linear nonhomogeneous first-order 
differential equations for ݓ௅  and ݓௌ . The general solutions to the linear 
differential equations are the sum of the general solutions of the related 
homogeneous equations and the particular solutions. The solutions of 
nonhomogeneous equations are obtained by finding the particular solutions by 
the method of variation of parameters. 

The general solutions of the related homogeneous equations, ݓ௅
௛ and ݓௌ

௛, 
respectively, are obtained by  

ߤ 
௅ݓ݀

௛

ܮ݀
ܮ ൅ ௅ݓ

௛ ൌ 0. (82)

Separation of variables yields  

௅ݓ݀
௛

௅ݓ
௛ ൌ െ

1
ߤ
ܮ݀
ܮ

 

 න
௅ݓ݀

௛

௅ݓ
௛ ൌ െ

1
ߤ
න
ܮ݀
ܮ

 (83)

and integrating yields  

ln	 ௅ݓ
௛ ൌ െ

1
ߤ
ln	 ܮ ൅ ܿ ൌ ln	 ܮ

ିଵఓ ൅ ܿ 

௅ݓ 
௛ ൌ ܥ ⋅ ܮ

ିଵఓ (84)

with 0 ≦ ܥ ൏ ∞.  
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Analogue for  

ߤ 
ௌݓ݀

௛

݀ܵ
ܵ ൅ ௌݓ

௛ ൌ 0 (85)

it reveals  

ௌݓ 
௛ ൌ ܥ ⋅ ܵ

ିଵఓ. (86)

The method of variation of parameters yields particular solutions of 
nonhomogeneous equations (80) and (81), denoted by ݓ௅

௣  and ݓௌ
௣ , 

respectively. That means, inserting  

௅ݓ
௣ ൌ ሻܮሺܥ ⋅ ܮ

ିଵఓ 

 
௅ݓ݀

௣

ܮ݀
ൌ
ሻܮሺܥ݀
ܮ݀

⋅ ܮ
ିଵఓ െ

1
ߤ
ሻܮሺܥ ⋅ ܮ

ିଵఓିଵ (87)

and  

ௌݓ
௣ ൌ ሺܵሻܥ ⋅ ܵ

ିଵఓ 

 
௅ݓ݀

௣

݀ܵ
ൌ
ሺܵሻܥ݀
݀ܵ

⋅ ܵ
ିଵఓ െ

1
ߤ
ሺܵሻܥ ⋅ ܵ

ିଵఓିଵ (88)

into (80) and (81) yields  

ሻܮሺܥ ൌ ൛ሾ߮ ൅ ሺ߬ሻΔ߮ሿܵఉൟܫ
ఙିଵ
ఙ ⋅ Γ ⋅

ሾߪ െ 1ሿሾ1 െ ߤሿߚ
ሾߚ െ ߪߚ െ 1ሿߤ ൅ ߪ

 

 ⋅ ܮ
ఉିఉఙିଵ

ఙ ାଵఓ ൅ ሾ1ݎ െ ሿߤ ௅ܷܮ
ଵ
ఓ (89)

 

ሺܵሻܥ ൌ ൛ሾ߮ ൅ ଵିఉൟܮሺ߬ሻΔ߮ሿܫ
ఙିଵ
ఙ ⋅ Γ ⋅

ሾߪ െ 1ሿߤߚ
ߤߪߚ െ ߤߚ െ ߪߤ ൅ ߪ

 

 ⋅ ܵ
ఉఙఓିఉఓିఓఙାఙ

ఓఙ ൅ ሾ1ݎ െ ሿߤ ௌܷܵ
ଵ
ఓ. (90)

Hence, the particular solutions of nonhomogeneous equations reveal as 
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௣ ൌ ൛ሾ߮ ൅ ሺ߬ሻΔ߮ሿܵఉൟܫ

ఙିଵ
ఙ ⋅ Γ ⋅

ሾߪ െ 1ሿሾ1 െ ߤሿߚ
ሾߚ െ ߪߚ െ 1ሿߤ ൅ ߪ

 

 ⋅ ܮ
ఉିఉఙିଵ

ఙ ൅ ሾ1ݎ െ ሿߤ ௅ܷ (91)

ௌݓ
௣ ൌ ൛ሾ߮ ൅ ଵିఉൟܮሺ߬ሻΔ߮ሿܫ

ఙିଵ
ఙ ⋅ Γ ⋅

ሾߪ െ 1ሿߤߚ
ߤߪߚ െ ߤߚ െ ߪߤ ൅ ߪ

 

 ⋅ ܵ
ఉఙିఉିఙ

ఙ ൅ ሾ1ݎ െ ሿߤ ௌܷ. (92)

Using (78) and (79) yields  

௅ݓ 
௣ ൌ

ߪߤ
ߤߚ െ ߤߪߚ െ ߤ ൅ ߪ

⋅
߲ܴ
ܮ߲

൅ ሾ1ݎ െ ሿߤ ௅ܷ (93)

ௌݓ 
௣ ൌ

ߪߤ
ߤߪߚ െ ߤߚ െ ߪߤ ൅ ߪ

⋅
߲ܴ
߲ܵ

൅ ሾ1ݎ െ ሿߤ ௌܷ. (94)

The general solutions to the linear differential equations are now the sum of the 
general solutions of the related homogeneous equations (84) and (86) and the 
particular solutions of nonhomogeneous equations (93) and (94). Thus, it 
follows  

௅ݓ  ൌ ௅ݓ
௛ ൅ ௅ݓ

௣ ൌ ܥ ⋅ ିܮ
భ
ഋ ൅ ఓఙ

ఉఓିఉఙఓିఓାఙ
⋅ డோ
డ௅
൅ ሾ1ݎ െ ሿߤ ௅ܷ  (95)

ௌݓ  ൌ ௌݓ
௛ ൅ ௌݓ

௣ ൌ ܥ ⋅ ܵି
భ
ഋ ൅ ఓఙ

ఉఙఓିఉఓିఓఙାఙ
⋅ డோ
డௌ
൅ ሾ1ݎ െ ሿߤ ௌܷ  (96)

with 0 ≦ ܥ ൏ ∞. If ܥ ് 0 the wage equations contained a component larger 
than zero which is only dependent on ܮ , ܵ  and ߤ , independent on the 
production (independent on Γ). Hence, by assumption ܥ ൌ 0  and thus the 
solutions of the two differential equations reveal as  

௅ݓ  ൌ
ߪߤ

ߤߚ െ ߤߪߚ െ ߤ ൅ ߪ
⋅
߲ܴ
ܮ߲

൅ ሾ1ݎ െ ሿߤ ௅ܷ (97)

ௌݓ  ൌ
ߪߤ

ߤߪߚ െ ߤߚ െ ߪߤ ൅ ߪ
⋅
߲ܴ
߲ܵ

൅ ሾ1ݎ െ ሿߤ ௌܷ (98)

known as equations (32) and (33) above. 

 

 

  



225 
Journal of Global Economy (ISSN Print-0975-3931, Online -2278-1277), 

Volume 8 No 3, July-September, 2012 

References 

Acemoglu, D. (2003): Patterns of skill premia. Review of Economic Studies 
70:199-230. 

Alcalá, F., Hernández, P. (2010): Firms' main market, human capital, and wages. 
Journal of the Spanish Economic Association 4(1):433-458. 

Attanasio, O., Pinelopi, G., Pavcnik, N. (2004): Trade reforms and wage 
inequality in columbia. Journal of Development Economics 74(2):331-366. 

Aw, B., Roberts, M., Winston, T. (2007): The complementary role of exports 
and r&d investments as sources of productivity growth. The World Economy 
30:83-104. 

Bartelsman, E., Doms, M. (2000): Understanding productivity: Lessons from 
longitudinal microdata. Journal of Economic Literature 38(3):569-594. 

Bernard, A., Jensen, J. (1995): Exports, jobs, and wages in us manufacturing: 
1976-87. Brookings Papers on Economic Activity: Microeconomics pp. 67-112. 

Bernard, A., Jensen, J. (1999): Exceptional exporter performance: Cause, effect, 
or both? Journal of International Economics 47(1):1-25. 

Bernard, A., Jensen, J. (2004a): Entry, expansion and intensity in the u.s. export 
boom, 1987-1992. Review of International Economics 12:662-675. 

Bernard, A., Jensen, J. (2004b): Why some firms export. Review of Economics 
and Statistics 86(2):561-569. 

Bernard, A., Jensen, J., Schott, P. (2006): Survival of the best fit: Exposure to 
low-wage countries and the (uneven) growth of u.s. manufacturing plants. 
Journal of International Economics 68:219-237. 

Bernard, A., Redding, S., Schott, P. (2007): Comparative advantage and 
heterogeneous firms. Review of Economic Studies 74(1):31-66. 

Burstein, A., Vogel, J. (2010): Globalization, technology, and the skill premium: 
A quantitative analysis. NBER Working Paper 16459. 

Bustos, P. (2011): The impact of trade liberalization on skill upgrading evidence 
from argentina. Economics Working Papers from Department of Economics and 
Business, Universitat Pompeu Fabra. 

Clerides, S., Lach, S., Tybout, J. (1998): Is learning by exporting important? 
Microdynamic evidence from columbia, mexico, and morocco. Quarterly 
Journal of Economics 113(3):903-947. 



226 
Journal of Global Economy (ISSN Print-0975-3931, Online -2278-1277), 

Volume 8 No 3, July-September, 2012 

Costinot, A., Vogel, J. (2010): Matching and inequality in the world economy. 
Journal of Political Economy 118(4):747-786. 

Davis, D. (1998): Does european unemployment prop up american wages? 
national labour markets and global trade. American Economic Review 
88:478-494. 

Davis, S., Haltiwanger, J. (1992): Gross job creation, gross job destruction, and 
employment reallocation. Quarterly Journal of Economics 107(3):819-863. 

Dunne, T., Roberts, M., Samuelson, L. (1989): The growth and failure of u.s. 
manufacturing plants. Quarterly Journal of Economics 104(4):671-698. 

Dutt, P., Mitra, D., Ranjan, P. (2009): International trade and unemployment: 
Theory and cross-national evidence. Journal of International Economics 
78(1):32-44. 

Felbermayr, G., Prat, J. (2011): Product market regulation, firm selection and 
unemployment. Journal of the European Economic Association 9:278-317. 

Felbermayr, G., Prat, J., Schmerer, H. (2011): Globalization and labor market 
outcomes: Wage bargaining, search frictions, and firm heterogeneity. Journal of 
Economic Theory 146(1):39-73. 

Greenaway, D., Kneller, R. (2007): Firm heterogeneity, exporting and foreign 
direct investment. The Economic Journal 117:F134-F161. 

Griliches, Z. (1969): Capital-skill complementarity. Review of Economics and 
Statistics 5:465-468. 

Helpman, E., Itskhoki, O., Redding, S. (2010): Inequality and unemployment in 
a global economy. Econometrica 78(4):1239-1283. 

Larch, M., Lechthaler, W. (2011): Comparative advantage and skill-specific 
unemployment. The BE Journal of Economic Analysis and Policy 
11(1)((Contributions), Article 23). 

Levinsohn, J. (1999): Employment responses to international liberalization in 
chile. Journal of International Economics 47(2):321-344. 

López, R. (2004): Self-selection into the export markets: a conscious decision? 
Department of Economics, Indiana University. 

Matsuyama, K. (2007): Beyond icebergs: Towards a theory of biased 
globalization. The Review of Economic Studies 74:237-253. 



227 
Journal of Global Economy (ISSN Print-0975-3931, Online -2278-1277), 

Volume 8 No 3, July-September, 2012 

Melitz, M. (2003): The impact of trade on intra-industry reallocations and 
aggregate industry productivity. Econometrica 71(6):1695-1725. 

Molina, D., Muendler, M. (2009): Preparing to export. Mimeo University of 
California, San Diego. 

Moore, M., Ranjan, P. (2005): Globalisation vs skill-biased technological 
change: Implications for unemployment and wage inequality. The Economic 
Journal 115:391-422. 

Mortensen, D., Pissarides, C. (1994): Job creation and job destruction in the 
theory of unemployment. Review of Economic Studies 61(3):397-415. 

Nelson, R., Phelps, E. (1966): Investment in humans, technological diffusion, 
and economic growth. American Economic Review 56:69-75. 

Pissarides, C. (2000): Equilibrium Unemployment Theory, 2nd edn. Cambridge, 
MA: MIT Press. 

Roberts, M., Tybout, J. (1997): The decision to export in colombia: An empirical 
model of entry with sunk costs. American Economic Review 87(4):545-564. 

Schumpeter, J. (1942): Capitalism, Socialism, Democracy. Harper Perennial, 
New York. 

Stole, L., Zwiebel, J. (1996): Intra-firm bargaining under non-binding contracts. 
Review of Economic Studies 63(3):375-410. 

Stolper, W., Samuelson, P. (1941): Protection and real wages. Review of 
Economic Studies 9:58-73. 

Vannoorenberghe, G. (2011): Trade between symmetric countries, 
heterogeneous firms, and the skill premium. Canadian Journal of Economics 
44:148-170. 

Verhoogen, E.A. (2008): Trade, quality upgrading, and wage inequality in the 
mexican manufacturing sector. The Quarterly Journal of Economics 
123(2):489-530. 

Yeaple, S. (2005): A simple model of firm heterogeneity, international trade, 
and wages. Journal of International Economics 65:1-20. 

Zeira, J. (2007): Wage inequality, technology, and trade. Journal of Economic 
Theory 137(1):79-103. 


