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Abstract 

This Thesis aims at analysing the effects of technological changes and international trade on wage 

and employment inequalities between skilled and unskilled workers in developed countries. 

To highlight this state of affairs I have drawn on the statistics and analyses of a cross section of 

economists and analysts specifically related to three global markets—The OECD countries, the 

United States, and China.  

What is evolving at present, is that advanced countries are moving towards a scenario in which 

there is a significant gap in terms of wages and the rate of employment between skilled and 

unskilled workers. This scenario, if not properly managed, could lead to serious social problems.  



3 
 

List of figures 

Figure 1: US male wage inequality 1937 - 2005 ................................................................................... 8 

Figure 2: Change in male wage inequality OECD countries in the 1990s and 2000s .......................... 9 

Figure 4: US Service-providing employment trend from 1940 to 2020 (pre COVID - 19) ................. 10 

Figure 3: US manufacturing employment trend from 1940 to 2020 (pre COVID - 19) ..................... 10 

Figure 5: US manufacturing vs non-manufacturing employment and real value added .................. 11 

Figure 6: US net tech employment growth and a comparison between average wage paid 

diversified by percentiles in net tech sector and other sectors ........................................................ 13 

Figure 7: Changes in Chinese export pattern to the US  from 1983 to 2012, divided in skill intensity 

groups ................................................................................................................................................ 14 

Figure 8: Input choices depending upon factor prices ...................................................................... 16 

Figure 9: Link between good and factor prices .................................................................................. 17 

Figure 10: From good prices to input choices .................................................................................... 18 

Figure 11: Changes in the output mix ................................................................................................ 18 

Figure 12: Price convergence caused by trade .................................................................................. 20 

Figure 13: effects of international trade and skill biased technological change on wage and 

employment inequalities ................................................................................................................... 22 

 

List of tables 

Table 1: Variables definition .............................................................................................................. 25 

Table 2: Average variables value for the sample considered from 2001 to 2015 ............................. 26 

Table 3: Estimation results grouped by clusters ................................................................................ 27 

Table 4: Empirical impact of High-tech sector growth on low-tech industries ................................. 30 

Table 5: Empirical impact of High-tech sector growth on wage paid to low-skilled and middle-

skilled workers ................................................................................................................................... 32 

Table 6: Scores of different occupational skills for occupations of interest. .................................... 34 

Table 7: Percentiles scores of different occupational skills for occupations of interest ................... 34 

Table 8: Estimation results ................................................................................................................. 35 

Table 10: Estimation results controlling for computer use intensity ................................................ 37 

Table 9: Estimation results controlling for repetitiveness ................................................................. 37 

file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507441
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507442
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507443
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507444
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507445
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507446
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507446
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507447
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507447
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507448
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507449
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507450
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507451
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507452
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507453
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507453
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507454
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507455
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507456
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507458
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507458
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507459
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507460
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507461
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507462
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507463


4 
 

Table 11: Industry-level changes in Chinese import exposure and US manufacturing employment39 

Table 12: Import competition and outcomes in US local labor markets (1990–2007) ..................... 40 

Table 13: The empirical effects of North–South) trade (Developed – Developing countries) on the 

employment growth rate in the North .............................................................................................. 43 

Table 14: Technological change caused by increased Chinese imports ............................................ 46 

Table 15: Employment rate and survivals .......................................................................................... 47 

Table 16: Changes in wages paid to college educated workers due to increased Chinese imports . 48 

  

file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507464
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507465
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507466
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507466
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507467
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507468
file:///C:/Users/stefa/Desktop/UNIVERSITA'/V%20ANNO/II%20SEMESTRE/THESIS/THESIS%20(1).docx%23_Toc49507469


5 
 

List of Content 
 

1. INTRODUCTION ............................................................................................................................. 6 

2. TRENDS ......................................................................................................................................... 8 

2.1 Wage inequality trends ......................................................................................................... 8 

2.2 How manufacturing employment has changed over time ................................................. 10 

2.3 How the U.S. tech industry and the tech workforce have changed in the last decade ...... 12 

2.4 Patterns of exports between Developed and Developing countries .................................. 14 

2.5 Trend recap ......................................................................................................................... 14 

3. THEORETICAL REVIEW ................................................................................................................ 16 

3.1 The Heckscher-Ohlin Model and its expectations ................................................................... 16 

3.2 Trade, Skill-Biased Technological Change and income inequality ........................................... 20 

4. EMPIRICAL FINDINGS .................................................................................................................. 24 

4.1 “Intra-Country Wage Inequality in the OECD Countries”. 2018. Manuel Carlos Nogueira and 

Óscar Afonso .................................................................................................................................. 24 

4.2 “Do low-skilled workers gain from high-tech employment growth? High-technology 

multipliers, employment and wages in Britain”. 2019. Neil Lee, Stephen Clarke ......................... 29 

4.3 “Identifying the Multiple Skills in Skill-Biased Technical Change”. 2019. Seth Gordon Benzell, 

Erik Brynjolfsson, Frank MacCrory and George Westerman. ........................................................ 33 

4.4 “The China Shock: Learning from Labor-Market Adjustment to Large Changes in Trade”. 

2016. David H. Autor, David Dorn, and Gordon H. Hanson ........................................................... 38 

4.5 “The 1990s trade and wages debate in retrospect”. 2018. Adrian Wood .............................. 41 

4.6 “Trade Induced Technical Change? The Impact of Chinese Imports on Innovation, IT and 

Productivity”. 2011. Nicholas Bloom, Mirko Draca and John Van Reenen ................................... 45 

5. CONCLUSIONS ............................................................................................................................. 50 

6. REFERENCES ................................................................................................................................ 53 

 



6 
 

1. INTRODUCTION 

My Thesis addresses a topic which has been much written about in recent years and which has 

been analysed by renowned economists and data scientists from different countries around the 

world. I am specifically speaking about the disproportionate inequalities in wages between skilled, 

and unskilled workers caused by improving international trade and technological changes. 

Although this serious issue transcends both female and male workers, for this study, I have chosen 

to address the plight of male unskilled workers versus the progress of male skilled workers. 

Many factors play into the predicament that unskilled workers find themselves in today.  

Economists may differ in opinion on the prevailing circumstances. I have selected three global 

economies as the bedrocks for my study, namely OECD countries, the United States and China.  

Wage inequalities based on workers’ skills have increased in several countries since the beginning 

of the 1980s (e.g. Stephen Machin and John van Reenen 1998; David H. Autor, Lawrence F. Katz, 

and Melissa S. Kearney 2008). Economists mainly identified the so called “Skill Biased 

Technological Change” and International Trade, as the main drivers for expanding this skilled wage 

gap. Whether Skill Biased Technological Change affected this gap more than International Trade, 

has been one of the major issues in economic studies in the last decades (e.g. Daron Acemoglu 

2003, Afonso 2012). 

According to the theoretical Heckscher – Ohlin model, both of these drivers significantly widen the 

wage differential between skilled and unskilled workers in developed countries (e.g. Krugman, 

Obstfeld and Melitz in “International Economics theory and policy”). Specifically, a reduction in the 

relative price of imported goods leads to a decline in the return on that factor which is intensively 

used in the production of those goods. Conversely, a rise in the relative price of exported goods 

leads to an increase in the return on the specific intensively used factor. Therefore, while trading, 

developed countries specialising on skill-intensive goods (technologically advanced goods), 

expanding the relative demand and relative wage for skilled workers (e.g. engineers, software 

developers, ecc...) at the expense of unskilled workers (e.g. restaurant waiting staff, assembly line 

workers ecc...). 

In this paper I first illustrate a number of trends, which summarize several major variations in 

OECD labor markets (attention focused on the US). These trends aim at presenting the issues at 

the core of my report. Secondly, I present the theoretical predictions provided by Krugman, 
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Obstfeld and Melitz through the Heckscher – Ohlin model regarding wage and employment 

inequalities between skilled and unskilled workers in developed countries. I proceed to compare 

these predictions with empirical findings obtained by top economists in their empirical studies and 

researches. Specifically, I illustrate those results obtained by their econometric models and 

summarize their “considerations”, in order to understand whether the theoretical predictions 

resulted to be verified. Finally, conclusions will be illustrated in the final section. 

To conclude this introduction, I am highlighting the fact that what you will discover in the 

following sections originates from empirical researches based on realistic cases developed by 

different economists, which will be referenced accurately and honestly. 
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2. TRENDS 

2.1 Wage inequality trends 

In this section we will observe several trends which are useful to illustrate the core issues as the 

basis of our discussion. 

The following graph is taken from Goldin and Katz (2008) and it was commented on by John Van 

Reenen in his article “Wage inequality, Technology and Trade: 21st Century Evidence”. 

In this graph, the economist shows how US male wage inequality evolved from 1935 to 2005. Our 

interests in this figure rely on the blue line, which represents the wage difference between the 

90th and 10th percentiles. These numbers identify the two extreme ends of the skill levels required 

by different jobs. Therefore, at the 90th percentile we recognise those jobs which need highly 

qualified, educated, trained and skilled people (e.g. C.E.O., C.F.O., bankers, lawyers ...) while at the 

10th percentile we recognise those job positions which do not require a deep experience to 

develop specific skills (e.g. restaurant waiting staff, cleaners ... ). These percentiles recognise the 

so called high skilled workers (90th percentile) and low skilled workers (10th percentile). In the 

Figure 1: US male wage inequality 1937 - 2005 
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middle of this range there are intermediate job positions, which require better skills as we move 

towards the 90th percentile. In these types of analysis, percentiles lower than 10 and higher than 

90 are not considered in order to avoid outlier situations.  

In his article, John Van Reenen indicates that the blue line is following a “U-shape”, suggesting that 

the wage difference between the 90th (skilled workers) and the 10th percentile (unskilled workers) 

has not always followed the same trend. As John Van Reenen explains, there was a drop in 

inequality from 1935 to the mid-1950s. After that period, wage inequality was almost stable until 

the 1970s, when inequality took off and has continued to rise ever since. Inequality rose faster 

from the late 1970s to the late 1980s. 

Although the United States have one of the highest wage inequalities among advanced countries, 

this phenomenon is also very prominent in almost all developed countries throughout the world. 

Indeed, as John Van Reenen writes, the same broad pattern is observed in the UK. Moreover, the 

economist shows in Figure 2 (taken form Machin and Van Reenen 2010) that the UK and the US 

are not out of line with the experience in other OECD countries. As a matter of fact, wage 

inequality rose across almost all countries and, in Australia, Denmark, Germany and New Zealand 

Figure 2: Change in male wage inequality OECD countries in the 1990s and 2000s 
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inequality rose more than in the UK. Therefore, as also indicated by Atkinson et. al. (2010), 

increasing wage inequality between skilled and unskilled workers is a globally widespread 

phenomenon. 

2.2 How manufacturing employment has changed over time 

The manufacturing industry has radically changed throughout the history, shifting away from the 

old assembly lines where a lot of unskilled workers were dedicated to very simple and repetitive 

activities. As a matter of fact, as a consequence of technological progress, now people must 

manage those machines used for numerous simultaneous automated activities, which replaced a 

large number of unskilled workers.  

Figure 3 shows how American manufacturing employment has changed over time. As we can see, 

manufacturing employment experienced a strong decrease at the end of the World War II but 

then, however, it increased again until the 1970s. Through the 1970s we can recognise a 

Figure 3: US manufacturing employment trend from 1940 to 2020 (pre COVID - 19) 

Figure 4: US Service-providing employment trend from 1940 to 2020 (pre COVID - 19) 
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fluctuation level, which is irrelevant in our analysis, while from the mid-1970s a decreasing trend is 

clearly recognisable ever since, even if a very weak growth has been experienced in the last 

decade.  

If we analyse the employment evolution regarding service-providing sectors instead, the situation 

is totally different. As a matter of fact, differently from manufacturing employment, this trend has 

always registered a positive and monotonic growth, except for short periods of time reflecting 

different recessions which impacted the American Economy. Furthermore, looking at these 

recession periods from both manufacturing and service-providing perspectives, it is evident that 

manufacturing employment suffered much more than the service-providing employment sector.  

Another significant pattern could be found by comparing manufacturing employment evolution to 

figure 1, from Goldin and Katz 2008, illustrating how US male wage inequality evolved from 1935 

to 2005. As I previously referenced, John Van Reenen illustrated that a decrease in inequality 

occurred from 1935 to the mid-1950s. After that period, wage inequality remained stable until the 

1970s when inequality took off and has continued to rise ever since, with a faster growth from the 

late 1970s to the late 1980s. This trend seems to be closely connected to manufacturing 

employment evolution. From the 1950s to the 1970s, when wage inequality proved to be stable, 

manufacturing employment grew. Conversely, since the 1970s, when wage inequality has started 

its growth, manufacturing employment has always decreased.  

A comparison between how US male wage inequality evolved, and the evolution of service-

providing employment does not show a similar path. In fact, service providing employment 

evolution has continuously grown since the 1940s. 

Figure 5: US manufacturing vs non-manufacturing employment and real value added 
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Very significant observations were made by Teresa C. Fort, Justin R. Pierce and Peter K. Schott in 

their research “New perspectives on the decline of US manufacturing employment”. Graphs above 

compare manufacturing vs Non-manufacturing employment evolution on the left, whereas on the 

right, they show the value-added evolution provided by both manufacturing and other GDP 

industries. 

In their work, Teresa C. Fort, Justin R. Pierce and Peter K. Schott recognised two main notable 

trends. The first one is similar to the one that we have previously illustrated, and it refers to the 

divergence between manufacturing employment from non-manufacturing one, while the second 

one has not been defined yet. 

By looking at the graph on the right, the authors recognised that despite the remarkable decline in 

the US manufacturing employment, there has been a monotonic rise in the real value added 

provided by manufacturing activities. Moreover, this rise registered a rate close to the non-

manufacturing GDP activities one, over the same period of time. It is important to note, however, 

that non-manufacturing activities have always increased their employment over time, as opposed 

to the manufacturing industry. 

 What the authors explain is that the combination of declining employment and rising output, 

corresponds to an indication that, in the long-run, labour productivity has increased in 

manufacturing sectors due to technological development. In addition, Teresa C. Fort, Justin R. 

Pierce and Peter K. Schott, suggest that if expenditures dedicated to manufactured goods have a 

fixed percentage on consumers total spending, an improvement in labour productivity would lead 

to a reduction in the need for workers to satisfy the demand for those goods. 

2.3 How the U.S. tech industry and the tech workforce have changed in the last decade 

The following graphs were taken from “The definitive guide to the U.S. tech industry and tech 

workforce”, an annual statistical analysis which studies how American tech industry has changed 

through years under different perspectives.  

Differently from the manufacturing sectors, the tech industry requires people with a developed 

knowledge of technologies, programming, software etc. Employees in this industry should have 

followed technological based university courses and they should also be always updated about 
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technological changes. Therefore, the majority part of workers in the tech industry are skilled 

workers. 

 

The first graph represents the employment evolution of the American tech industry from 2010 to 

2019. Keeping in mind how manufacturing employment evolved through recent years, we can now 

recognise a totally different trend. Specifically, this trend is benefitting from a much stronger 

growth than the manufacturing one. Indeed, as the statistical analysis explains, people employed 

in the net tech industry were 12.1 million in 2019 which correspond to an absolute increase of 2.3 

million or a relative increase of 23% on the level registered in 2010. Specially, 2018 recorded the 

largest growth reaching 334.000 net new jobs, followed by 2015, year during which 315.000 net 

new jobs were created. 

Another relevant statistic provided by this analysis is illustrated in the comparison between 

median tech wages and median national wages divided in percentile groups. The median wage, as 

defined in this guide, refers to the 50th percentile. At this percentile level, the tech wage is 

estimated to be 84.284$, which nearly doubles the 44.432$ provided by the median wage of the 

U.S. labour force.  

It is therefore evident that the high-tech industry is experiencing a rapid growth which leads to a 

very high employment growth rate and significant wage differences with other types of industries. 

Figure 6: US net tech employment growth and a comparison between average wage paid 
diversified by percentiles in net tech sector and other sectors 

Source: “The definitive guide to the U.S. tech industry and tech workforce” 
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2.4 Patterns of exports between Developed and Developing countries 

In order to illustrate this trend, I 

based my research on Chapter 5 of 

“International Economics Theory and 

Policy” by Krugman, Obstfeld, and 

Melitz.  

In this book the authors analyse how 

export, divided into four different 

skill-intensity groups, evolve in case of 

a country grows and shifts to a 

relatively skill abundant country. 

Krugman, Obstfeld and Melitz 

analysed the Chinese case from 1983 

to 2012 and explained that, during 

this period, China saw a substantial increase in skill abundance. The accompanying graph, taken 

from their book, shows how Chinese exports to the U.S., divided in skill intensity groups, changed 

over the time considered. In their analysis, the authors clearly highlight that the “specialization” of 

Chinese exports shifted from least skill-intensity sectors towards high skill-intensity ones. 

2.5 Trend recap 

These trends provide us with different information about the current scenario in which workers, in 

developed economies, are living. As John Van Reenen explains, the wage and employment 

inequality between skilled and unskilled workers in developed countries, has continuously grown 

for decades. Although the US has one of the highest wage inequalities, this problem is also very 

significant in almost all advanced countries throughout the world.  

Teresa C. Fort, Justin R. Pierce and Peter K. Schott recognised that despite the remarkable decline 

in the US manufacturing employment, there has been a monotonic rise in the real value added. 

The authors explain that the combination of declining employment and rising output, corresponds 

to an indication that, in the long-run, labour productivity has drastically increased in 

manufacturing sectors due to technological development, substituting a large number of unskilled 

workers which were dedicated to a group of very simple and repetitive activities.  

Figure 7: Changes in Chinese export pattern to the US  
from 1983 to 2012, divided in skill intensity groups 

Source: International Economics Theory and Policy, 

Krugman, Obstfeld and Melitz 
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The situation is radically different in the high-tech sector, where high-skilled workers are required 

to operate and develop technology. This sector benefited from a 23% employment growth in the 

last nine years and, compared to other industry median wages, it pays much higher salaries. It is 

therefore evident that the American high-tech industry is experiencing a continuous and 

remarkable growth, as opposed to the American manufacturing sector. 

The changing pattern of Chinese exports should be compared to the previously illustrated trends 

regarding the fall of manufacturing employment and the growth of the tech industry in the US. By 

doing this, we can recognise that, as Krugman, Obstfeld and Melitz explain, international trade is 

changing in China, moving towards high skill-intensity sectors for exporting, following a pattern 

similar to a developed country such as the US.  

Therefore, our interests rely on understanding whether the previously mentioned wage and 

employment inequalities between skilled-unskilled workers in developed countries have been 

caused by technological changes and international trade. 
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3. THEORETICAL REVIEW 

In order to understand the theoretical reasons at the basis of the previously illustrated wage and 

employment inequalities between skilled and unskilled workers in developed countries we can 

exploit the Heckscher-Ohlin Model.  

In this section we will present this model, based on Krugman, Obstfeld and Melitz, from a 

theoretical perspective. By analysing empirical researches in the empirical section, we will 

understand whether its theoretical predictions materialised. Specifically, we will empirically 

understand which are the effects of international trade and the so called “skill biased 

technological change” on wage and employment inequalities between skilled and unskilled 

workers in developed countries. 

3.1 The Heckscher-Ohlin Model and its expectations 

Before starting with the discussion of the H.O. Model I would like to underline the fact that 

everything I wrote in this section was taken from the book “International Economics Theory and 

Policy” by Krugman, Obstfeld and Melitz. This book enabled me to understand the empirical 

research discussed in the next section. 

There are different assumptions at the basis of the 2 by 2 model used by Krugman, Obstfeld and 

Melitz to introduce the discussion. The first assumption they make is that there are two countries, 

two goods to produce and two factors of production. Countries are called “Home” and “Foreign” 

while goods are described as “cloth” (measured in yard) and “food” (measured in calories). In their 

explanation the authors assume that factors of production are mobile in the long run, thus labour 

could be used in both industries where capital could be used both for buying a power loom and for 

buying a tractor. The supply of capital and labour is fixed for 

each Economy.  

In this model producers do not have to consider a fixed amount 

of input requirements for producing one unit of product but, 

instead, they can rely on a trade-off. Therefore, to produce one 

calorie of food, a farmer can use more or less capital or labour. 

One important item to remember here is the fact that the more 

labour/capital a farmer uses for producing one calorie of food 

for example, the less is its marginal contribution to the Figure 8: Input choices depending 
upon factor prices 
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production. This choice is driven by the relative costs of the factors of production. Relative factor 

demand curves illustrated above show that, if wages w are high while rental rates r are low, the 

producer will exploit relatively little labour and a lot of capital (e.g. German industrial production). 

The FF curve illustrates this relationship for the production of food while, conversely, the CC curve 

illustrates this relationship for the production of cloth. An important aspect that Krugman, 

Obstfeld and Melitz highlight in this graph is that the CC curve is shifted out relative to FF. They 

highlight that for any given level of factor price, cloth production always requires more labour to 

capital than food production does. The authors write that this is due to the fact that cloth 

production is labour-intensive while food production is capital intensive. 

To explain the next concept Krugman, Obstfeld and Melitz 

assumed that an economy produces both cloth and food. 

They explained that if wages increase, the price of goods, 

which require labour for production, also increases. As the 

authors explain this increase in price depends however on 

the involvement of the factor price in production. Therefore, 

an increase in wages will have a stronger impact on cloth 

price than on food price because, as the authors explain, 

cloth production is labour intensive and thus, labour 

involvement is relatively higher than capital involved. This 

relationship is illustrated in figure 9. 

Krugman, Obstfeld and Melitz now integrate figure 8 and figure 9 in figure 10. They set on the left 

side figure 9, turned counterclockwise 90 degrees, while on the right side they set figure 8. In 

order to explain the following concept the authors start from specific values in the previous graph. 

They initially presume  a starting relative price of cloth to food quals to to (Pc/Pf)1. At this level the 

ratio between wages and capital is set to (w/r)1. Based on this ratio Krugman, Obstfeld and Melitz 

equalize the relative amount of labour to the amount of capital used in both productions to 

(Lc/Kc)1 and (Lf/Kf)1.  

The authors now presume a relative price increase of cloth over food (Pc/Pf). Specifically, they 

suppose a relative price increase of cloth over food to the level indicated by (Pc/Pf)2. Under  these 

new conditions, Krugman, Obstfeld and Melitz explain that the ratio between wage to rental rate 

would rise to a new level indicated by (w/r)2. Labour becomes relatively more expensive to 

Figure 9: Link between good and 
factor prices 
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capital, therefore, as the authors show in their graph, both sectors tend to avoid the use of labour 

and prefer to use more capital for producing goods. This is illustrated by the decreased levels of 

labour to capital employed in production of cloth and food (Lc/Kc)2 and (Lf/Kf)2. 

Krugman, Obstfeld and Melitz now presume an increase in the economy’s labour force. This 

increase, as explained by the authors, leads to the aggregate ratio L/K of the overall economy to 

increase. Considering unchanged relative prices (Pc/Pf)1, ratios of labour to capital employed 

remain constant. How can the economy employ the new labour force in case the relative labour 

demanded in both sectors does not change from (Lc/Kc)1 and (Lf/Kf)1? 

Krugman, Obstfeld and Melitz explain that a new allocation of 

both labour and capital between industries is necessary. As 

discussed before, the cloth industry is labour intensive 

relative to the food industry and thus, at a certain relative 

price of cloth to food, it always requires a higher ratio of 

labour to capital employed in production. Therefore, as the 

authors illustrate, there should be an absolute increase of 

Figure 10: From good prices to input choices 

Figure 11: Changes in the output mix 
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both labour and capital allocated to the cloth sector without changing the ratios between labour 

to capital in both sectors. In this situation the overall economy will produce more cloths and less 

food because it is allocating more capital and labour to the cloth industry. This phenomenon is 

represented in figure 11.  

By exploiting this graph, Krugman, Obstfeld and Melitz introduce the concept of biased expansion 

of production possibilities. The authors firstly illustrate that now the economy is able to produce 

more cloths and food than in the previous case. However, the authors show that, although the 

quantity that could be produced is higher for both cloth and food, the outward shift of the frontier 

is much larger towards cloth than food. Krugman, Obstfeld and Melitz call it biased expansion of 

production possibilities. They add that this phenomenon occurs when the improvement of the 

production possibility frontier is stronger towards a specific sector. 

Krugman, Obstfeld and Melitz graphically show in figure 11 that the improvement is so strongly 

biased in the direction of cloth that if the relative price (Pc/Pf) does not change, the new 

production-mix of the overall economy results to be at point 2. At this point a dramatic decrease 

of food produced is registered (Qf2) along with a broad rise in cloth produced (Qc2). 

The authors explain that a rise in the labour supply disproportionally increases the production 

possibility frontier towards cloth. Conversely, if a capital supply increase is registered, the 

production possibility frontier would be biased towards food. Keeping in mind that cloth 

production is labour intensive, the authors illustrate that if we are dealing with an economy which 

is relatively more labour abundant than capital, it will supply cloth relatively better than an 

economy which has a relative higher supply of capital to labour. 

Krugman, Obstfeld and Melitz: “An economy will tend to be relatively effective at producing goods 

that are intensive in the factors with which the country is relatively well endowed” 

In all the previous theoretical discussions Krugman, Obstfeld and Melitz assumed that there was 

no international trade between Home and Foreign countries. From this point on, the authors 

introduce international trade in their model. 

Krugman, Obstfeld and Melitz assume Home country to be labour abundant relative to Foreign 

country (higher L/K available to the overall economy) and vice versa. Reminding us about what we 

saw in the previous section, the authors explain that the production possibility frontier of Home 

country is shifted out more towards cloth production than the production possibility frontier of 
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the Foreign country. Therefore, relative production of cloth to food (RS) in the Home country will 

be higher than that of Foreign (RS*). In addition, Krugman, Obstfeld and Melitz explain that, since 

trade makes relative prices to be equal in both countries, the relative price of cloth over food will 

be the same in each country, represented by point 2 in the illustration  below. 

In figure 12 Krugman, Obstfeld and Melitz 

identify as RD the relative demand curve, 

which is supposed to be the same for both 

countries. Thus, the relative price of cloth over 

food in the Home country increases in the case 

of International Trade and, oppositely, it 

decreases in Foreign countries. Krugman, 

Obstfeld and Melitz argue that the economy 

exports those goods which see a price increase 

in that economy. Thus, in our example, Home 

will export cloth (as its relative price rises in 

Home) and import food. This is because Home 

is labour abundant and cloth production is labour intensive. 

Krugman, Obstfeld and Melitz about the Heckscher-Ohlin Model: “The country that is abundant in 

a factor exports the good whose production is intensive in that factor”. 

3.2 Trade, Skill-Biased Technological Change and income inequality 

In the previous section Krugman, Obstfeld and Melitz illustrate that the distribution of income is 

remarkably affected by international trade. In their example, they explain that after the 

introduction of international trade in the economies, Home starts exporting cloth as the country is 

labour abundant and it sees a rise in the relative price of cloth coming from the new market. Thus, 

they explain that those people whose income comes from labour are better off, as the ratio (w/k) 

increases, while those people whose income comes from the use of capital are definitely worse 

off. The scenario is reversed in the Foreign country. Krugman, Obstfeld and Melitz state: 

“Owners of a country’s abundant factors gain from trade, but owners of a country’s scarce factors 

lose”. 

Figure 12: Price convergence caused by trade 
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Let us now understand how the authors adapt the Heckscher-Ohlin model to employment and 

wage inequalities between skilled workers and unskilled workers. Particularly, we will now 

understand the theoretical impact of technological change and international trade on the 

previously mentioned inequalities. In their book, the authors adapted the HO model to the US 

case, however it can also be adapted to almost all developed countries. 

Krugman, Obstfeld and Melitz illustrate that since the US is relatively well endowed with high-

skilled workers relative to low-skilled ones, international trade can affect high-skilled workers 

making them better off at the expense of the low-skilled end. In their case study called “North-

South Trade and Income Inequality”, the authors argued that what is happening is a move towards 

factor-price equalization. As a matter of fact, based on the factor-model predictions, they highlight 

that by trading, developed economies, which are relatively capital and highly skilled labour 

abundant, and newly industrializing economies (NIEs), which are relatively unskilled labour 

abundant, the wage of high-skilled workers, in developed economies, is increasing at the expense 

of the wage paid to low-skilled workers. 

As we understood when analysing different trends involving wage and employment differentials, 

inequality has steadily risen since the 1980s. Although international trade played a role in this 

phenomenon and even though trade between developed and developing countries significantly 

improved in the economic history, Krugman, Obstfeld and Melitz argue that trade still corresponds 

to a minor percentage of the total expenditures in developed countries. Specifically, they noticed 

that in developed economies the export of highly skilled labour, for what concerns skill-intensive 

industries, and the import of unskilled labour, in labour-intensive industries, still correspond to a 

minor portion of skilled and unskilled labour supplies. For this reason, the authors argue that trade 

alone did not play a very significant role in widening wage and employment inequalities. As a 

matter of fact, the view of Krugman, Obstfeld and Melitz, in addition to other well-known 

economists, is that new production technologies stressed workers’ skills more. The examples 

made by the authors are computers and new technologies which can be used in as technology-skill 

complementary, therefore technology complements the work of a skilled person and increases 

his/her performance (e.g. data visualization tools for high management to monitor KPIs). The 

authors call this phenomenon “skill-biased technological change”.  

Krugman, Obstfeld and Melitz continued their theoretical discussion by analysing the theoretical 

impacts of both international trade and technological change on wage and employment 
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inequalities between skilled and unskilled workers. They modified their two-factor production 

model to consider the effects of technological change, which they defined as skill-biased. They 

now contemplate two new factors of production which are skilled and unskilled labour. These 

factors aim at producing two new goods which are high-tech and low-tech goods. From a more 

practical perspective we can think at these goods as microprocessors (high tech) and shoes (low 

tech).  

In figure 13 the authors illustrate how the relative factors demand behaves in the analysed 

industries. Specifically, they illustrate that the ratio reflecting relative employment between 

skilled-unskilled workers (S/U) depends on the relative wages (Ws/Wu). This approximates what 

we saw in the previous discussion regarding cloth and food. Krugman, Obstfeld and Melitz 

supposed the high-tech industry to be skilled labour intensive thus, the HH curve lay on the right 

of the LL curve. To better understand the figure above we should keep in mind the SS curve 

represented in figure 9, which established the positive relationship between the skilled-unskilled 

wage ratio (Ws/Wu) on the y-axis and the relative price of high-tech goods and low tech goods on 

the x-axis. 

In panel (a) the authors illustrate the effect of an increase in international trade between 

developed and developing economies. As they illustrate in their book, an increase in the relative 

Figure 13: effects of international trade and skill biased technological change on wage and 
employment inequalities 
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price of high-tech goods to low-tech goods leads to an increase in wage inequality between skilled 

and unskilled workers, represented by the increase in the ratio Ws/Wu along the SS curve. This 

increase in inequality (relative cost for producers), however, results in a relative employment 

reduction of skilled workers to unskilled workers in both industries, illustrated by the movements 

along the curves HH and LL.  

Differently from panel (a), in panel (b) Krugman, Obstfeld and Melitz illustrate the effects of 

technological change on wage and employment inequalities in developed countries. The authors 

name this technological change as “skill biased” because the relative demand for skilled workers in 

both the industries will shift out (which means the HH and LL curve shift to the right) and because 

of its complementarity with skilled workers generates productivity improvements in the high-tech 

industry. In this discussion Krugman, Obstfeld and Melitz explain that a technological innovation 

results in a higher skilled-unskilled wage ratio, considering an unchanged relative price of high-

tech goods as the SS curve shifts upward. In this case, differently from the previous situation, 

despite of the increase in the skilled-unskilled wage ratio (relative cost for producers), producers 

in both industries face the technological change by hiring relatively more skilled workers than 

unskilled one, as illustrated by the rightward movements of HH and LL. Therefore, the conclusion, 

reached in this case, is an increase in wage inequality and a higher relative employment between 

skilled and unskilled workers. 

To conclude this section, the theoretical perspective of Krugman, Obstfeld and Melitz argues that 

international trade per se does not create both wage and employment inequalities between 

skilled and unskilled workers. Conversely technological change, which results in the so called “skill 

biased technological change”, is expected to widen both wage and employment inequalities 

between skilled and unskilled workers through an overall growth of the economy biased towards 

tech industries which are skill intensive. 
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4. EMPIRICAL FINDINGS 

In this section we will understand whether the theoretical predictions by Krugman, Obstfeld and 

Melitz proved to be true or not. Specifically, we will analyse different empirical researches, 

conducted by top economists, in order to clarify the roles played by international trade and skill 

biased technological change (technological progress) in widening wage and employment 

inequalities between skilled and unskilled workers in developed countries.  

4.1 “Intra-Country Wage Inequality in the OECD Countries”. 2018. Manuel Carlos Nogueira 

and Óscar Afonso 

The first empirical research that I will illustrate was conducted by Manuel Carlos Nogueira and 

Óscar Afonso, two economists from Portugal. I obtained this research from their article “Intra-

Country Wage Inequality in the OECD Countries”. Their work aims at illustrating the impact of both 

skill biased technological change (SBTC) and international trade (IT) on wage inequalities in 30 

different OECD countries, based on data from 2001 to 2015.  

The authors, in this article, studied how these factors contributed to enlarge the wage differential 

between workers who have completed higher education (skilled labour) and those workers who 

have a lower level of education (unskilled workers). Nogueira and Afonso grouped different 

countries in seven clusters, which reflect seven groups of countries which are homogeneous 

within each group and heterogeneous between them.  

• Cluster 1: Australia, Canada, Estonia, New Zealand and Switzerland. This cluster presents 

homogeneity in terms of low wage inequality and it is the one with countries that heavily 

invest on R&D. Therefore, the authors expect SBTC to be the main driver of inequality. 

 

• Cluster 2: Slovakia and Hungary. A cluster with high wage inequality countries. These have 

the lowest rate of R&D expenditure on GDP and they have the highest degree of openness 

to trade. 

 

• Cluster 3: Luxembourg. The authors did not consider it in their analysis because it is an 

outlier. 
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• Cluster 4: the USA, Germany, Japan and Korea. The cluster with most populated countries 

and the highest rate of R&D investments. The SBTC is expected to be the main cause of 

inequality by Nogueira and Afonso. 

 

• Cluster 5: Czech Republic, Greece, Portugal and Turkey. Cluster reflecting the poorest 

countries in the considered sample which share the highest wage inequality rates. 

 

• Cluster 6: Austria, France, Ireland, Italy, Netherlands, Poland, Slovenia, Spain and the UK. 

 

• Cluster 7: Belgium, Denmark, Finland, Norway and Sweden. Cluster with the lowest rate of 

wage inequality and a high rate of R&D investments. 

The analysis will show that both SBTC and IT are significant in enlarging the wage gap in almost all 

the 30 countries analysed. However, the authors explain that, by looking at individual clusters, 

some of them are more affected by SBTC, some by IT and just one cluster is simultaneously 

affected by both the theoretical predictions.  

Nogueira and Afonso indicate in Table 1 the variables they used in their analysis. They named the 

dependent variable WPT-WPS. It represents the wage differential between college educated 

workers (High skilled) and high school educated workers (Low skilled). The authors defined a set of 

explanatory variables which explain the dependent ones.  

Table 1: Variables definition 
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As we can see, in addition to SBTC and International Trade, there are other variables influencing 

the wage differential, such as FDI, immigration, education and GDP per capita. However, for the 

purpose of this report, I decided not to consider them in the following discussion.  

Nogueira and Afonso defined the skill biased technological change variable as a measure of total 

R&D spending as a percentage of total GDP by each country (e.g. Manchin and Van Reenen 1998) 

while international trade as a measure of the degree of openness (Trade) to express trade 

intensification (e.g. Mathias Thoenig and Thierry Verdier 2003). 

Nogueira and Afonso reported in Table 2 the average values of the wage differential, the SBTC and 

IT for each country. By analysing this table, the authors highlight the US, Portugal, Greece, 

Hungary and Slovakia as those countries with the highest wage inequality while they highlight 

Finland, Estonia, Belgium, Sweden and Denmark as those countries with the lowest wage 

differentials. 

Based on the theoretical HO model predictions, Nogueira and Afonso explain that the SBTC 

variable is expected to increase the wage differential between skilled and unskilled workers. For 

what concerns the international trade variable, instead, they explain that the effects of this 

variable on wage differentials are ambiguous and mainly depend on a country’s specialization. 

They expect the wage inequalities to be higher in countries specializing in high-tech products 

Table 2: Average variables value for the sample considered from 2001 to 2015 



27 
 

which produce and export these types of goods. Therefore, the authors expect those countries, 

which are relatively skill abundant, to present higher wage differentials. 

Results obtained by Nogueira and Afonso in their cluster analysis are shown in table 3. In these 

results the authors highlight different significance for both SBTC and international trade for 

different clusters. Here are the most important points to take away. 

As they expected, cluster 1, which is composed of countries that heavily invest in R&D activities, is 

strongly and mainly affected by SBTC. As a matter of fact, the related coefficient presents a 

positive and statistically significant value. Moreover, other things equal, a rise of 1% in R&D/GDP 

ratio widens the wage gap between skilled and unskilled workers by 0.137%. The authors did not 

provide any additional comments regarding international trade for this cluster as the IT coefficient 

does not reveal high statistical significance. 

For what concerns cluster 2, a cluster composed of small countries with high rates of wage 

inequality, Nogueira and Afonso highlight the fact that international trade plays a predominant 

role in increasing wage inequality. As they illustrate in their article, the related coefficient shows a 

very high and statistically significant value and, other things equal, a 1% increase in the degree of 

openness to trade generates a 0.21% increase in wage differential. However, what seems to 

contradict the theory is the expected effect of SBTC. As a matter of fact, the authors expect the 

SBTC effect to be negative and statistically significant, conversely to the theoretical predictions. 

Table 3: Estimation results grouped by clusters 
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Regarding cluster 4, a cluster represented by highly industrialized countries, Nogueira and Afonso 

argue that the theoretical effects provided by the HO model are evident. As we can see in table 3, 

both the coefficients are positive, suggesting that the HO model predictions are verified. The SBTC 

coefficient is positive; for each additional 1% of R&D investments, the wage inequality is expected 

to rise by 0.098%. However, particular attention should be given to the international trade 

coefficient, which is remarkably positive and statistically significant. The authors argue that goods 

imported from unskilled labour abundant countries negatively affect unskilled workers in the skill 

abundant country. Therefore, in this cluster, international trade is supposed to be the main driver 

of inequality and, other things equal, the authors expect the wage inequality to rise by 0.153% for 

each additional 1% of international trade openness.  

Cluster 5 shows a low R-squared value and therefore it will not be discussed. 

Nogueira and Afonso, similarly to what observed in Cluster 2, explain that international trade is 

the main source of wage inequality for those countries included in cluster 6. Indeed, table 3 

presents a high and statistically significant value of international trade coefficient on wage 

inequalities. Specifically, if the degree of international trade openness increases by 1%, the wage 

inequality between skilled and unskilled workers is expected to rise by 0.10%. No comments were 

added for the coefficient related to SBTC as it does not show a great statistical significance. 

Finally, for what concerns cluster 7, a cluster led by Nordic countries, Nogueira and Afonso explain 

that both IT and SBTC are responsible for widening wage differentials, however the largest 

contribution is provided by the technological change. Both the coefficients associated to IT and 

SBTC register a positive and statistically significant value, clearly in line with the theoretical 

predictions of the HO model. However, the authors illustrate that when R&D investments and IT 

openness improve by 1%, the wage inequality rises by 0.0227% and 0.0115% respectively. 

Therefore, in this cluster the wage gap due to technological change nearly doubles the one 

generated by international trade openness.  

To finalize their discussion, Nogueira and Afonso identify cluster 7 as that cluster which better fits 

the theoretical predictions; thus, where both SBTC and international trade are significant in 

widening wage inequalities. However, when Nogueira and Afonso consider OECD countries all 

together, they recognise in international trade the main driver for wage inequalities. Therefore, as 

they explain at the end of their work, if we examine each cluster separately, the conclusions differ 

based on the economic reality of each country. 
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4.2 “Do low-skilled workers gain from high-tech employment growth? High-technology 

multipliers, employment and wages in Britain”. 2019. Neil Lee, Stephen Clarke 

Nogueira and Afonso recognised international trade to be the main drive of wage inequality in 

those countries included in cluster 6. As previously mentioned, they did not add any comment 

regarding the impact of SBTC on wage inequalities as, although its coefficient proves to be 

negative, it does not show a good statistical significance. Cluster 6 is a group of advanced 

countries encompassing Austria, France, Ireland, Italy, Netherlands, Spain and the United 

Kingdom. Therefore, it could be interesting to further analyse the effects of the skill biased 

technological change on one of these countries. This is the reason why I will illustrate the empirical 

findings of Neil Lee and Stephen Clarke which were presented in their research called: “Do low-

skilled workers gain from high-tech employment growth? High-technology multipliers, 

employment and wages in Britain”. This research aims at illustrating how employment rates and 

wage rates of low and mid skilled workers were affected by high-tech growth, in the UK, from 

2009 to 2015. 

In the introduction section, Lee and Clarke compared two different points of view of the economic 

literature. On one hand, they illustrate that there is an optimistic view regarding the impact of 

high-tech growth on low skilled workers. As a matter of fact, the authors explain that there have 

been studies that define high technology as a tradable sector, which can create jobs in the non-

tradable local economy, through the so called “Multiplier effect”. At this point, Lee and Clarke 

mentioned previous works such as (North, 1955; Tiebout, 1956) and they highlight the works 

carried out by Moretti in 2010 and 2013 for the US, which illustrate that for each additional job 

created in the high-tech industry, 4-5 non-tradable service jobs will be created. Conversely, Lee 

and Clarke also show that other studies contested the optimistic view. They explain that there 

have been researches which analysed high tech economies and illustrated strong wage 

inequalities between skilled and unskilled workers in those economies. To provide an example, Lee 

and Clarke referred to the research conducted by Saxenian (1983), which aims at illustrating the 

problems for low skilled workers in the Silicon Valley. Therefore, as the authors explain, although 

this literature shows that high tech growth could create jobs for unskilled workers, it also shows 

that these new jobs recognise low wages, negatively affecting the economic possibilities of 

unskilled workers, particularly when high and growing housing costs are considered. 
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Lee and Clarke initialize their work by analysing the empirical evidence that studies the effect of 

high-tech growth on the employment rate of unskilled workers. To do this, they define their 

regression model described by the following equation: 

 

This model considers some items that are out of our interests, thus I will only illustrate those 

significant variables and coefficients which are in line with the purpose of this report. 

△NonTrade is the dependent variable, it represents the change in the log number on Non-

tradable jobs. Therefore, it approximates the variation of unskilled jobs between 2009 and 2015. 

△Tradeable is the change in log number of tradable high-tech jobs and thus, it approximates the 

variation of skilled jobs in the high-tech sector, between 2009 and 2015. 

The crucial coefficient is β, the so-called “multiplier”. Lee and Clarke explain that, if it results to be 

positive, the growth in high-tech (growth of highly skilled jobs) is followed by a growth in non-

tradable (growth of unskilled jobs) which will be proportional to this coefficient. 

 

Table 4: Empirical impact of High-tech sector growth on low-tech industries 

Table 4 presents the results from the regression of the previous model. Columns 1,2,3 present the 

results using an OLS estimator (Ordinary Least Squares). Lee and Clarke, however, explain that 

results from OLS are weak, as they are statistically significant only at 10% level. To improve this 

data, the authors decided to use the more robust “instrumental variable” (IV). By doing so, results 
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are more statistically significant. These are shown in column 4 and 5, with and without controls 

but, as the authors indicate, the best model is illustrated in column 6. Through this model Lee and 

Clarke obtained a multiplier equal to 0.71, indicating that if 10 high-tech jobs are created (High 

skill job), 7 new non-tradable jobs (Unskilled jobs) evolve. 

The authors then compared their results to the ones obtained by Moretti. They found that 0.71 is 

much lower than 4-5 indicated by Moretti for the US. As Lee and Clarke explain there are different 

reasons at the basis of this difference. However, the important point to remark in this discussion is 

the statistically significant positive relationship between high tech job growth and unskilled job 

growth. 

Following the analysis regarding the effects of the growth of high-tech jobs on the growth of low 

skilled jobs in UK, Lee and Clarke now examine the effects of high-tech growth on low skilled 

workers wage variations. In order to better reflect the real purchasing power variation, the 

authors decided to define their model considering coefficients regarding inflation and housing 

costs. The model defined is the following: 

 

 

This is an advanced model which considers some factors that are not in the interests of our 

discussion, such as local inflations or local housing price change. Therefore, I will only discuss a 

part of the overall results, the part that illustrates the relationship between low skilled workers 

wage variation and high-tech industry growth. 

Those variables that are part of our interests are ln(HourlyPay) and Tech. ln(HourlyPay) is the 

logarithm of hourly pay for both low skilled and middle skilled worker (We will only consider the 

first item). Tech is variable representing the logarithm of the total employment in high tech 

industries. It approximates the high-tech industry growth.  

Lee and Clarke illustrate the results obtained from the regression model in table 5. They explain 

that there is clear evidence that the growth of the high-tech industry decreases the real wage paid 

to low skilled workers. As a matter of fact, in columns 1,2,3,4 they indicate the different negative, 

and statistically significant, coefficients resulted from the four models considered. This negative 

impact is even worse in case the authors account for housing costs, as shown in columns 2 and 4, 

reflecting a lower purchasing power due to inflation and increased housing costs.  



32 
 

Lee and Clarke conclude their analysis illustrating their main findings. 

In line with the optimistic perspective discussed at the beginning of their analysis, the authors 

conclude that there is a positive relationship between the growth of the high-tech industry and 

the employment rate of unskilled workers. They remind the reader of the coefficient that links 

these two variables, which is equal to 0.71. Therefore, as mentioned before, if the high-tech 

industry generates ten new jobs, 7 new non-tradable jobs will be created and allocated to 

unskilled workers. 

The second main central finding provided by this research relies on the relationship between the 

growth of the high-tech industry and wage variations of unskilled workers. This finding, differently 

from the previous one, is in line with the second and pessimistic perspective discussed at the 

beginning of the analysis. As a matter of fact, the authors found a negative and statistically 

significant relationship between the two variables considered. Therefore, if we compare these 

results to the ones obtained for the UK (cluster 6) by Nogueira and Afonso, we can clearly note a 

divergence. Specifically, Nogueira and Afonso found a negative but statistically insignificant 

relationship between SBTC and wage inequality for cluster 6. This relationship, however, could be 

reconsidered when analysing the empirical research by Lee and Clarke, which, in line with the HO 

Table 5: Empirical impact of High-tech sector growth on wage paid to low-skilled and middle-skilled 
workers 
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model predictions, argues that the growth of the high tech industry in the UK leads to a widen 

wage inequality between skilled and unskilled workers in the economy.  

4.3 “Identifying the Multiple Skills in Skill-Biased Technical Change”. 2019. Seth Gordon 

Benzell, Erik Brynjolfsson, Frank MacCrory and George Westerman. 

In their article, Manuel Carlos Nogueira and Óscar Afonso illustrate that, similarly to cluster 6, 

wage inequalities in cluster 4 are significantly impacted by international trade. These economists 

also found that wage inequalities in cluster 4 are impacted positively (the inequality increases) by 

SBTC, although the coefficient analysed to explain this relationship shows a low statistical 

significance. Indeed, this coefficient records a value equal to 0.09896, indicating a positive 

relationship. However, its low statistical significance did not allow Nogueira and Afonso to provide 

any conclusions about the effect of SBTC in this cluster. Cluster 4 incorporated major countries 

such as the US, Germany, Japan and Korea. This cluster represents most populated countries with 

the highest rate of R&D investments, in the samples considered by Nogueira and Afonso. 

Therefore, as the authors illustrate in their article, these factors may indicate the SBTC theory to 

be an important explanation for wage inequalities between skilled and unskilled workers. 

These are the reasons why I decided to include certain in my report some results referenced by 

Seth Gordon Benzell, Erik Brynjolfsson, Frank MacCrory and George Westerman in their work 

called “Identifying the Multiple Skills in Skill-Biased Technical Change”. These American 

economists characterized American occupations, through a statistical analysis, to provide some 

evidence regarding wage and employment growth diversified by skill intensive occupations. 

At the beginning of the introduction section Benzell, Brynjolfsson, MacCrory and Westerman 

explain that, under the conventional theory of skill biased technological change, the jobs which 

suffer more from low wage and employment growth are those which are not complemented by 

new technology but, instead, substituted. Therefore, the aim of Benzell, Brynjolfsson, MacCrory 

and Westerman is to analyse how skills interact with technological change in order to identify 

which are those skills that better pay back in terms of wage and employment growth, in relation to 

technological change. 

Eight different skills are analysed in the article. These skills, as the authors explain, synthesize an 

occupation and they will be provided with a score, and relative percentile score, for each 

occupation studied in the sample considered. In addition, the authors estimated the use of ITC 
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capital for different industries to understand how an industry is affected by and engaged with 

technological change. Benzell, Brynjolfsson, MacCrory and Westerman define the information and 

technology capital intensity of an industry by dividing the information and technology capital by 

the total capital stock. The ITC capital that they considered refers to Computers, mainframes and 

accessories, software, communications equipment and communications structures. 

 

In the following list and tables there are the analysed skills, their absolute scores by occupation 

and their relative percentile scores by occupation.  

• Physicality (PHYS): Arm-Hand Steadiness; Multilimb Coordination... 

• Technical Sophistication (TECH): Repairing Electronic Equipment; Technology Design... 

• Perception (PERC): Speed of Closure; Flexibility of Closure... 

• Leadership (LEAD): Scheduling Work and Activities; Coordinating the Work... 

• Cooperation (COOP): Cooperation; Concern for Others; Social Orientation... 

• Initiative (INIT): Achievement/Effort; Persistence; Initiative; Independence... 

• Mathematics (MATH): Number Facility; Mathematical Reasoning... 

• Teaching and Education (EDUC): Learning Strategies; Instructing... 

Table 6: Scores of different occupational skills for occupations of interest. 

Table 7: Percentiles scores of different occupational skills for occupations of interest 
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Benzell, Brynjolfsson, MacCrory and Westerman defined their regression model as follow: 

   

  

Where j,i,t recognise the occupation, 

the industry and the year (from 2006 

to 2016) respectively.  Xi identifies the 

so-called industry fixed effects. The 

authors illustrate the results from the 

regression in table 8. This regression 

provides results regarding the wage 

variation Y, in occupation j and 

industry i, based on the intensity of 

different skills Fj. The analysis presents 

results without control on the industry 

in the first column while results with 

industry control are presented in the 

second column; it also presents results 

of “wage skewness” but these will not be considered in our discussion. 

Based on this table, on one hand Benzell, Brynjolfsson, MacCrory and Westerman highlight that 

both physical and cooperation intensive occupations register a remarkably negative, and statically 

significant, wage growth. On the other hand, the authors illustrate that occupations which are 

intensive in leadership, math and education record a high, and statistically significant, wage 

growth. 

Benzell, Brynjolfsson, MacCrory and Westerman explain that the relationship between 

occupational skill intensity and wages is due to scarce and valuable skills. An abundant portion of 

American citizens can perform manual and physical intensive activities. Skills such as physical and 

cooperation are not particularly valuable, and these are easily found in the labour market. Thus 

activities, such as quality control, have access to a large supply of personnel, recognising lower 

salaries. Therefore, these skills generally represent job occupations managed by unskilled workers. 

Table 8: Estimation results 
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Conversely, there are fewer Americans who can perform leadership, math or education intensive 

activities. Thus, these are skills which are intensive in those job occupations dedicated to skilled 

workers. 

Benzell, Brynjolfsson, MacCrory and Westerman then shift their focus on how technology is 

affecting occupational skill characteristics in terms of wages and employment rates. Tables 

illustrated below refer to the results obtained by running the previously mentioned model. 

However, in this regression the authors modified it to highlight the results for bottom/top 40 

percentiles of the analysed skills, therefore to further illustrate the difference between unskilled 

and skilled workers. In addition, Table 9 shows results based on the repetitiveness of the 

occupation. We can approximate high repetitive occupations to low-skilled occupations and low 

repetitive occupations to high-skilled occupations.  

Through the analysis of table 9, Benzell, Brynjolfsson, MacCrory and Westerman highlight the fact 

that technology, educating, cooperation and leadership intensive occupations see a high wage 

increase when non-routine, therefore at the top 40 percentiles. This wage growth, however, did 

not register the same positive values for routine occupations. As a matter of fact, in almost all the 

considered skills, the wage growth registered a decrease. Particular attention is given to physical 

and cooperation intensive occupations with high levels of routine, which could well represent 

unskilled workers in the manufacturing sector. Indeed, these types of occupations saw a 

remarkable wage decrease, specifically physical intensive occupations registered a -0.239 in the 

median hourly wage, while cooperation intensive occupations recorded a -0.103. 

In the output illustrated in table 10, differently from table 9, Benzell, Brynjolfsson, MacCrory and 

Westerman organized jobs based on their respective intensity of computer usage. In this table, the 

authors stress the fact that leadership and initiative occupations, when intensively use computer, 

recognise a significant wage growth rate but, conversely, cooperation jobs recognise a good wage 

growth rate in case the job is not computer intensive. The economists explain that this 

phenomenon is due to the complementarity of technology for leadership and initiative intensive 

occupations, as it aims at increasing their performances (high skilled workers). In contrast, 

technology aims at automatizing and robotizing the elementary skills required in cooperation and 

physically intensive jobs (low skilled workers), which registered deep wage drops.  
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In the conclusion section, Benzell, Brynjolfsson, MacCrory and Westerman emphasize that 

leadership intensive occupations (high skilled workers) see a high wage growth rate more 

pronounced in occupations and industry which are computer use intensive or which have a 

significant ITC investment.  

“This is consistent with our hypothesis that technological change is boosting the abilities and 

wages of managers especially in high-tech industries, while individuals who only have cooperation 

skills are finding refuge in low-tech industries and occupations.” 

Conversely, Benzell, Brynjolfsson, MacCrory and Westerman remark the negative relationship 

between physical intensive occupations (low skilled workers) and both their wage and 

employment growth rate. The economists argue that this phenomenon is reflected by robotic 

automation. Moreover, a key statement of this research is “Splitting industries and occupations by 

ITC use, we find further support for these hypotheses: the decrease in wages for physical jobs and 

increase in wages for leadership jobs are driven by high-tech occupations and industries, while the 

increase in cooperation intensive jobs is concentrated in low tech occupations and industries”. 

Therefore the results obtained in this research are clearly in line with the theoretical predictions of 

the HO and the results obtained by Nogueira and Afonso regarding the impact of SBTC on 

inequalities between skilled and unskilled workers.  

Table 9: Estimation results controlling for 
repetitiveness 

Table 10: Estimation results controlling for 
computer use intensity 
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In the previous articles analysed we focused our attention on the technological change, resulting 

in the so-called skill biased technological change which affects wage and employment inequalities 

between skilled and unskilled workers. As we understood in the theoretical review section, 

however, unskilled workers are also affected by international trade. Therefore, the aim of the 

following researches is to illustrate how improved international trade have affected wage and 

employment inequalities between skilled and unskilled workers in developed economies.  

4.4 “The China Shock: Learning from Labor-Market Adjustment to Large Changes in Trade”. 

2016. David H. Autor, David Dorn, and Gordon H. Hanson 

Autor, Dorn and Hanson begin their discussion by reminding the reader what we saw in the 

theoretical review. They highlight the fact that international trade is not Pareto improving. 

 Specifically, based on Krugman & Obstfeld (2008, p. 64), “Owners of a country’s abundant factors 

gain from trade, but owners of a country’s scarce factors lose... [C]ompared with the rest of the 

world the United States is abundantly endowed with highly skilled labor and (...) low-skilled labor 

is correspondingly scarce. This means that international trade tends to make low-skilled workers in 

the United States worse off—not just temporarily, but on a sustained basis.”.  

In their research, Autor, Dorn and Hanson analyse how US wages and employment inequalities 

change with respect to improved international trade between US and China. They studied this 

relationship because they explain that international trade with China provides an excellent 

example for analysing how large trade shocks impact skilled-unskilled workers in advanced 

economies. As a matter of fact, although these countries could well represent an example of the 

“extreme” effects provided by international trade, the results can be approximated to other 

developed countries (Japan, EU countries, Canada ...) and developing (Taiwan, Vietnam, 

Bangladesh ...) countries. As the authors explain, we will see that in addition to positive effects on 

both sides of the economies involved, international trade also shows significant negative effects 

on unskilled workers. 

Autor, Dorn and Hanson start their empirical research by illustrating that a contraction in those US 

sectors more subjected to import competition, will be seen due to better Chinese production 

capabilities and costs reduction of international trade. They highlight this point by summarizing 

the results obtained by Bernard et al. (2006) and showing the empirical results obtained by 

Acemoglu (2016). 
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Autor, Dorn and Hanson explain that Bernard et al. (2006), based on American manufacturing data 

from 1977 to 1997, found high rates of plant exit and employment reductions in those sectors 

more exposed to trade with low wage countries. Moreover, a significantly large employment 

reduction was observed among the remaining plants. 

For what concerns the illustration of Acemoglu’s (2016) results, Autor, Dorn and Hanson explain 

that this research complements the results obtained by Bernard et al. (2006) and it widens the 

time covered, analysing the interval from 1991 to 2011.  Here is the statistical model used by 

Acemoglu (2016) in his research: 

 

For the purpose of this report, I decided to only illustrate the results of the following variables. 

This is an advanced model which also considers other variables out of the interests for this 

discussion. 

• Ljτ: which is defined by the product between 100 and the annual logarithmic employment 

change in industry j over the subperiod t. 

• IPjτ: which is defined by the product between 100 and the annual change in import 

penetration from China to the US in the jth manufacturing sector over the tth time period. 

• β1: which provides information about how significant the exposure of an industry 

employment is with respect to import penetration from China. 

In their empirical work Autor, Dorn and Hanson, illustrate table 11 which was taken from 

Acemoglu et al (2016). By looking at this table, the authors explain that an average import 

exposure growth rate was registered each year from 1991 to 2011 and it was equal to 0.5 

percentage point per year. By individually analysing each period, the economists highlight the fact 

that from 1999 to 2007 this number was equal to 0.84% increase per year and it was much higher 

Table 11: Industry-level changes in Chinese import exposure and US manufacturing employment 
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than in 1991 - 1999, period in which the average import exposure growth rate registered a 0.27% 

increase per year. The authors highlight that this remarkable growth reflects the effects of Chinese 

accession to the WTO. However, through 2007 – 2011 the import exposure growth rate registered 

a lower value than in the previous period, reaching a 0.30% growth rate per year due to the 

negative effects of the global financial crises on international trade.  

By analysing the second row from table 11 Autor, Dorn and Hanson recognise a radically different 

trend in the American manufacturing employment rate. Conversely to the import exposure growth 

rate, the authors indicate that the reduction of the American manufacturing employment, 

resulting in the American manufacturing employment decline, accelerated in the period analysed. 

As a matter of fact, as we can see in the table, the economists recognise an employment rate 

reduction equal to 2.71 log points per year through the period 1991 – 2011. Specifically, by looking 

at individual periods, the authors recognised a 4.3 log points employment reduction per year 

through 1991 – 1999, an annual employment contraction of 3.62 log points between 1999 and 

2007 and an employment drop equal to 5.7 log points per year through the 2007 – 2011. 

Keeping in mind the results illustrated above, Autor, Dorn and Hanson tried to understand the 

effects of international trade on wage differentials between skilled and unskilled workers. In table 

12, taken from Autor et al. (2013) and extended by Chetverikov et al.(2016), the economists reveal 

that those industries more affected by import competition, present significant decreases in 

average weekly wages (Column 6). 

Table 12: Import competition and outcomes in US local labor markets (1990–2007) 
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Autor, Dorn and Hanson then explain the most significant results obtained by the quantile 

regression run by Chetverikov et al (2016). Specifically, as the authors present in their research, 

Chetverikov et al (2016) states that these wage reductions are mainly focused on those workers at 

the bottom four wage deciles, therefore resulting again in a widening wage inequality between 

skilled and unskilled workers. 

In their final section Autor, Dorn and Hanson highlight another very important finding. Although 

increased trade significantly affected the careers of both high skilled and low skilled workers (in 

the article they are recognised as top/bottom paid terciles), especially in the manufacturing 

sector, a crucial difference in their patterns of adjustment can be identified. As a matter of fact, 

the authors found that high skilled workers leaving imports competition exposed sectors, were 

hired in other industrial areas less threatened by imports competition and without suffering wage 

losses. Conversely, low skilled workers were mainly relocated within manufacturing sectors which 

are still negatively impacted by imports competition exposure and, moreover, they suffered from 

wage losses due to their change to alternative employment. 

 

4.5 “The 1990s trade and wages debate in retrospect”. 2018. Adrian Wood 

The analysis conducted by Autor, Dorn and Hanson, provided us with the idea that international 

trade affected those American industrial sectors that were more subjected to the pressure from 

import from low wage countries. Specifically, we understood that this pressure resulted in a 

constant decrease in employment and wage rates in those affected sectors. However, as these 

authors previously explained based on Chetverikov et al (2016), these reductions were mainly 

focused on those workers at the bottom four wage deciles, namely the unskilled workers. 

Nogueira and Afonso, in their article “Intra-Country Wage Inequality in the OECD Countries”, 

recognised the international trade to be a significant cause of wage inequality, between skilled 

and unskilled workers, in most of the OECD countries. Although these results, in addition to the 

ones delivered by Autor, Dorn and Hanson, already recognise a clear growing disparity between 

skilled and unskilled workers in developed countries, such as the US, I wanted to illustrate the 

empirical analysis performed by Adrian Wood in order to further illustrate this phenomenon from 

a statistical and numerical perspective in the overall OECD countries. 
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In this research, Adrian Wood attempts to reconsider the debate that occurred in the 1990s. This 

is a period in which major economists, as he explains, concluded that increasing international 

trade with low wage countries was not negatively affecting low skilled workers in advanced 

countries in a significant measure. It is interesting to note, however, that Adrian Wood and other 

top economists indicate this phenomenon as a key driver for Brexit, Trump and political extremism 

in Europe. 

For the purpose of this report I will only analyse section 3 of “The 1990s trade and wages debate 

in retrospect”. A section in which Adrian Wood reviewed how low skilled workers in advanced 

countries have been harmed, from an economic perspective, by international trade with less 

developed countries, such as China, Taiwan, Vietnam or Thailand. 

Adrian Wood starts the discussion of section 3 by referencing Acemoglu’s et al. (2016) research, 

which found that the expanded Chinese imports were estimated to create a loss of 1.4 million jobs 

in the overall American manufacturing employment between 1999 and 2011. Moreover, it was 

projected to decrease American employment in all sectors by 2.6 million jobs. 

It is important to note that, although Adrian Wood reported impact evaluations on labour market 

demand for the OECD countries (North) of increasing export from non-OECD countries (South) in 

2011, he obtained results similar to the ones specific for the individual American labour market. 

Results obtained by Wood illustrate that, on the one hand imports from the South (Developing 

countries) create a loss of 18 million in manufacturing jobs while, on the other hand an increased 

exports from the North (Developed countries) to the South produced 6.4 million new 

manufacturing jobs. Therefore, the final loss of manufacturing jobs was equal to 11.5 million, 

which corresponded to 15% of total manufacturing employment in 2011, as indicated by Adrian 

Wood. 

Differently from the results obtained in the manufacturing industry, Wood indicates that exports 

from the South have a minimal effect on the Northern net overall demand change in service 

industries. As a matter of fact, the economist estimated a net effect equals to -0.6 million jobs, 

which is the result of 7.9 new million jobs created by new export opportunities for Northern 

countries and 8.6 million jobs lost by import competition from the South. 
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Keeping these overall employment changes in mind, Adrian Wood then clearly separates the 

impact of international trade between Northern and Southern countries on low skilled and high 

skilled workers. Specifically, he assumed high skilled workers to be college educated workers and 

low skilled workers to be non-college educated workers. 

By implementing this division, impacts of international trade on employment changes are very 

disproportioned. Adrian Wood states “In both sectors, the net effect of the South’s non-primary 

exports is to increase the demand for skilled (college-educated), relative to unskilled, labour.” 

Results obtained by Wood are clear. New high skilled jobs created by new Northern exports 

opportunities create a positive net effect for high skilled workers in the manufacturing industry 

(+2.5 – 0.5 = +2.0 million jobs). However, as the author indicates, these new jobs are totally 

overshadowed by a dramatic net loss of unskilled manufacturing jobs (+3.9 – 17.5 = -13.6 million 

jobs), thus, creating a net labour loss in manufacturing equals to 11.5 million workers. 

The situation in the service sectors was slightly different from what happened in the 

manufacturing industry. In the service sectors Adrian Wood does not recognise an overall 

dramatic change like in the manufacturing industry, however, he still recognises a significant 

Table 13: The empirical effects of North–South) trade (Developed – Developing countries) on the 
employment growth rate in the North 
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unskilled jobs reduction equals to 7.9 million jobs, due to larger imports from low wage countries. 

This loss was only partially covered by the new 4.5 million unskilled jobs generated generated by a 

higher northern export, resulting in an overall unskilled jobs loss equal to 3.4 million. 

Results related to skilled workers in service sectors are similar to those obtained for skilled 

workers in the manufacturing industry. In this case new skilled job positions generated by higher 

exports from the North (developed countries) were 3.4 million while the loss, resulting from 

higher imports form the South, (developing countries) was equal to 0.7 million. Therefore, the 

overall change of skilled jobs reached 2.7 new million skilled jobs created. 

Reminding us about the HO model and the theoretical impact of international trade on wage and 

employment inequalities between skilled and unskilled workers, we can see a divergence between 

the theory and the results obtained by Nogueira and Afonso and Adrian Wood. As a matter of fact, 

in the theoretical review section, we saw that “international trade per se does not create both 

wage and employment inequalities between skilled and unskilled workers”. Although the HO 

model predicts a higher relative wage inequality between skilled and unskilled workers in 

developed countries (confirmed by Nogueira and Afonso), it also predicts a lower high skilled 

relative to low skilled employment. 

The latter prediction seems to diverge from the results obtained by Adrian Wood regarding the 

changes in the relative employment between skilled and unskilled workers. Adrian Wood 

estimated first an increase of 4.6% in new skilled job positions through the analysed time period. 

Specifically, as we can see in the previous table, this number is further divided in a 2.0% rise in the 

manufacturing industry and a 2.6% rise in the service industry. Results are different for unskilled 

workers. In this case Adrian Wood estimated a decrease of 3.7% in those job positions available 

for unskilled workers through the analysed time period. This percentage is divided into relative 

losses of 2.9% regarding the manufacturing sector and 0.7% regarding the service industry. 

However, the most meaningful number provided by Wood lays on the overall relative demand for 

skilled-unskilled workers which registers a growth of 9%, diverging from the theoretical 

predictions provided by the HO model. 

 

As mentioned by Adrian Wood, his article illustrates that improved international trade between 

the South (developing countries) and the North (developed countries) had significant effects on 
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low skilled workers living in the North. However, Wood also states that, although it is difficult to 

quantify, there is another way through which international trade have influenced the inequalities 

between skilled and unskilled workers in developed economies. This is identified by the effects of 

international trade on productivity or technological change. As a matter of fact, as argued by 

Wood, although the economic literature (OECD, 2017; WTO, 2017) identifies technological 

improvements to be the main responsible for the decrease of unskilled manufacturing 

employment in developed economies, these developments were boosted by growing international 

trade. Specifically, Adrian Wood recognises the low-cost imports from developing countries to 

stimulate what Acemoglu (2003) and Wood (1994) call “defensive innovation” in developed 

economies. In addition, in Wood(1994) the author argued “trade-induced productivity change had 

at least doubled the direct effects of North–South trade on manufacturing employment and the 

relative demand for skilled workers, but the true effect could be either smaller or larger”. 

These are the reasons why I decided to illustrate the results provided in the following article 

“Trade Induced Technical Change? The Impact of Chinese Imports on Innovation, IT and 

Productivity” by Nicholas Bloom, Mirko Draca and John Van Reenen. 

 

4.6 “Trade Induced Technical Change? The Impact of Chinese Imports on Innovation, IT and 

Productivity”. 2011. Nicholas Bloom, Mirko Draca and John Van Reenen 

In this research Bloom, Draca and Van Reenen studied the impact of Chinese imports competition 

on technological change in twelve European countries from 1996 to 2007. Here are their main 

findings: 

• Competition from Chinese imports increased technological change within European firms 

by increasing innovation, total factor productivity (TFP) and management practices. Firms 

dealing with high levels of imports competition from China generate more patents, invest 

more on R&D and IT and increase their total factor productivity. 

• Competition from Chinese imports led to an employment rearrangement in firms in the 

direction of more technologically advanced companies. Specifically, it shrinks employment 

levels and survival probabilities in less technologically advanced firms.  

Bloom, Draca and Van Reenen also underlined that these effects weighted for 15% of European 

technological upgrade from 2000 to 2007. They led to a reduction in employment and in the share 
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of unskilled workers and, moreover, the innovation increase more in those firms and industries 

which were more impacted by reductions in barriers to Chinese imports. 

Therefore, Bloom, Draca and Van Reenen integrated the effects of trade on survival and 

innovation. As they explain, this combination is the cause of technological upgrading in those 

industries most affected by Chinese imports. 

The authors present their core results in table 14, which illustrates the technological change within 

European firms caused by increased imports from China. The authors developed five different 

models which consider five different dependent variables. It is important to highlight the fact that 

all the following relationships have a strong statistical significance, as the least significant 

relationship presents a 5% statistical significance. 

Bloom, Draca and Van Reenen, in column 1, set the patents issued by a firm as dependent variable 

of the model. As we can see, when Chinese imports increase by 10%, there is a 3.2% increase in 

patents issued by a firm. In line with the previous results, column 2 shows the positive and 

significant relationship between IT intensity and imports from China while column 3 shows the 

positive and significant relationship between R&D investments and the same imports competition. 

Bloom, Draca and Van Reenen note that a 10% increase in Chinese imports competition results in 

a 3.6% increase in IT intensity, a 12% increase in R&D investments and a 2.6% in total factor 

productivity. 

The authors highlight the fact that when China joined the WTO in 2001 there was a strong 

reduction in imports quotas and tariffs on apparel and textiles. These reductions took place in two 

waves, the first one was in 2002 while the second one occurred in 2005 and allowed China to 

increase its imports to the EU on apparel and textiles by 240%. The results highlighted by the 

Table 14: Technological change caused by increased Chinese imports 
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authors explain that although the sectors affected by the increase in imports were low-tech 

sectors, European firms in these industries issued 21.638 new patents.  

In table 15 Bloom, Draca and Van Reenen show the reallocation effects by analysing how 

employment grew, in Panel A, and survivals in Panel B with respect to changes of imports from 

China. In column 1 the authors illustrate the strong negative effect of Chinese imports on the 

overall employment. Specifically, a 10% raise in Chinese imports is associated with a 3.5% overall 

employment decrease. Bloom, Draca and Van Reenen, in column 3 and 4, then check for the 

“patenters” sample which are “firms who had at least one patent since 1978”. In this case they 

noted that firms with a high lagged patent stock saw a lower employment decrease following the 

rise in Chinese imports. Similar results were found in columns 5 and 6, where the authors used the 

initial level of IT and total factor productivity. Similarly, the authors determined that high-tech 

firms are in some way protected from the effects caused by the Chinese import shock. These are 

results are very important and allowed the authors to state that firms face Chinese imports by 

investing in innovation but, at the same time, by cutting down on employment. 

 

 

Table 15: Employment rate and survivals 
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The highlighted fact presented by Bloom, Draca and Van Reenen in this table is that imports 

competition from low wage countries seems to boost a quicker technological change while this is 

not true for what concerns imports competition from high wage countries. The reason explained 

by the authors relies on the profitability of low-tech goods imported by the south (low wage 

countries). Specifically, according to this model, the profitability of low-tech goods in the North 

(high wage countries) is negatively affected by the import from the South and producers are 

incentivized to improve the quality of their goods by upgrading the technology.  

Bloom, Draca and Van Reenen now move on analysing the effects of technological changes caused 

by Chinese imports competition on wage growth of college educated workers (skilled workers). 

The authors decided to consider the UK labor force survey for this analysis because the impact of 

Chinese imports is widely spread among Europe and they thought the UK to be a representative 

example. The most significant results highlighted by the authors from table 16 are the following: 

Column 1 illustrates that Chinese imports lead to a higher wage-bill share of college educated 

workers. Here the authors suggest that Chinese trade increases the demand for skills. 

Column 2 shows the increase in the share of wages for college workers caused by technological 

change (IT).  

Table 16: Changes in wages paid to college educated workers due to increased Chinese imports 
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Column 3, instead, integrates both the previous coefficients. In this case the authors highlight that, 

although the coefficients are lower, they both are significant “suggesting part of the association of 

IT with skilled workers may be a proxy for the impact of developing country trade.” 

In column 4 the authors regressed the model by only considering the textile and apparel industry 

which well represents a low-tech industry where import competition from low wage countries is 

harsh. As we can see in this case, the resulted coefficient is higher than in the previous 

regressions. The authors identified these results to be in line with their model. Specifically, imports 

penetration from China leads producers to change production, moving from low tech goods to the 

design and manufacture of new goods. This phenomenon is identified to raise the demand for 

skilled workers and consequently their wage. 

Bloom, Draca and Van Reenen conclude their analysis by summarizing the obtained results. 

In their paper we have understood the impact of trade on technological change in twelve selected 

European countries between “Northern” (high wage) and “Southern” (low wage). The authors 

used firm level data on innovation such as patents, citations and R&D expenses united with data 

on trade. The first result obtained by the economists is the increased levels of patenting, R&D, IT 

in those firms which suffered more by the imports from China.  In the second significant result the 

authors show that jobs and survival rate registered a strong decrease in those low-tech sectors 

which more suffered the Chinese import competition. However, the authors also illustrate that 

high-tech sectors did not suffer from import competition and they did not register significant job 

losses. Bloom, Draca and Van Reenen also note that both these phenomena boost technological 

change and thus, wage and employment inequalities. 
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5. CONCLUSIONS 

Increasing wage inequality between skilled and unskilled workers has been one of the major issues 

studied by labor economists over the last decades. As John Van Reenen (2011) explains, this 

interest was enhanced by empirical research which presented significant variations in the wage 

structure in several countries. As pointed out in his article, wage inequality started its rapid growth 

in the US and UK in the 1980s but then it also affected most other OECD countries. 

Based on Krugman, Obstfeld and Melitz, this report illustrates the theoretical model, namely the 

Heckscher – Ohlin model, which explains two theoretical reasons at the basis of wage and 

employment inequalities between skilled and unskilled workers in developed countries. 

Specifically, both the skill biased technological change and the international trade arguments are 

significant in widening the wage skilled gap. To understand whether these theoretical arguments 

came out to be verified, I compared them with several empirical research conducted by well-

known economists. 

What we understood first is that these factors can differently widen the wage gap in different 

ways based on the economic reality of each country. As a matter of fact, Nogueira and Afonso 

identified cluster 7, consisting of Belgium, Denmark, Finland, Norway and Sweden, as that cluster 

which better fits the theoretical predictions thus, where both SBTC and international trade are 

significant in widening wage inequalities. However, when Nogueira and Afonso consider OECD 

countries combined, they recognise in international trade the main driver for wage inequalities 

and, in some cases, they also detect the impact provided by SBTC to be negligible. 

Alternatively, Lee and Clarke, specifically studied the impact of high-tech industry growth on lowly 

skilled workers in the UK. In their research they conclude that there is a positive relationship 

between the growth of the high-tech industry and the employment rate of unskilled workers. The 

coefficient that links these two variables is equal to 0.71, therefore if the high-tech industry 

generates ten new jobs, 7 new non-tradable jobs will be created and allocated to unskilled 

workers. The second main central finding provided by Lee and Clarke relies on the negative, and 

the statistically significant, relationship between the growth of the high-tech industry and wage 

variations of unskilled workers. In line with the HO model predictions, they argue that the growth 

of the high-tech industry in the UK leads to a widening wage inequality between skilled and 

unskilled workers in the economy. 
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Benzell, Brynjolfsson, MacCrory and Westerman, by analysing the impact of SBTC diverified by skill 

intensive occupations in the US, report a negative relationship between physical intensive 

occupations (low skilled workers) and both their wage and employment growth rate. The 

economists point out that leadership intensive occupations (high skilled workers) see a high wage 

growth rate more pronounced in occupations and industry which are computer use intensive or 

which have a significant ITC investment. The economists argue that this phenomenon is reflected 

by robotic automation, which aim at substituting simple and repetitive activities conducted by 

unskilled workers and complementing complex activities operated by skilled workers. Therefore, 

again, their results seem to be in line with the theoretical predictions of the HO model regarding 

the impact of the SBTC on wage and employment inequalities.  

Autor, Dorn and Hanson analysed the effects of international trade with China on wage 

differentials in the US. Based on Autor et al. (2013), the economists show that those industries 

more affected by import competition present significant reductions in average weekly wages. 

However, based on Chetverikov et al.(2016) and in line with the theoretical predictions of the HO 

model, they states that declines are mainly concentrated on those workers at the bottom four 

wage deciles, widening wage inequalities between skilled and unskilled workers. Moreover, 

although increased trade affected the careers of both high skilled and low skilled workers, high 

skilled workers were hired in other industrial areas less threatened by imports competition and 

without suffering wage losses, while low skilled workers were mainly relocated within 

manufacturing sectors still threatened by imports competition in addition to reported wage losses 

caused by their change to alternative employment. 

Although the HO model predicts increasing international trade to increase the relative wage 

inequality between skilled and unskilled workers in developed countries (confirmed by previous 

articles), it also predicts a lower high skilled relative to low skilled employment. The second 

prediction seems to diverge from the results obtained by Adrian Wood regarding the changes in 

the relative employment between skilled and unskilled workers in OECD countries due to 

increasing imports from non-OECD countries. As a matter of fact, the most meaningful number 

provided by Wood relies on the overall relative demand for skilled-unskilled workers in OECD 

countries which registers a growth of 9%, diverging from the theoretical predictions provided by 

the HO model. 
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This divergence, however, seems to be explained by the same Adrian Wood and Bloom, Draca and 

Van Reenen.  

Wood argues that there is another way through which international trade has affected the 

inequalities between skilled and unskilled workers in developed economies. This is characterized 

by the impact of international trade on skill biased technological change. As argued by Wood, 

although the economic literature (OECD, 2017; WTO, 2017) identifies technological change to be 

the main cause for the reduction of unskilled manufacturing employment in developed 

economies, this technological change was boosted by improving international trade. Particularly, 

Adrian Wood identifies in the low-cost imports from developing countries a stimulus to what was 

confirmed by Bloom, Draca and Van Reenen in their research, and to what Acemoglu (2003) and 

Wood (1994) call “defensive innovation” in developed economies.  

In short, despite all of the research it is clear that with economic development combined with 

progressive advancement in technology the disproportionate wage gap between skilled and 

unskilled workers will prevail regardless of efforts by governments. Lowly skilled workers are 

victims of circumstance. They are caught in a vacuum. Their only way out may be through State 

sponsored training, development and vocational educational programmes. 

  



53 
 

6. REFERENCES 

Machin, Stephen, and John van Reenen. 1998. “Technology and Changes in Skill Structure: 

Evidence from Seven OECD Countries.” 

Autor, David H., Lawrence F. Katz, and Melissa S. Kearney. 2008. “Trends in U.S. Wage Inequality: 

Revising the Revisionists.” 

Acemoglu, Daron. 2003. “Patterns of Skill Premia.” 

Afonso, Óscar. 2012. “Scale-Independent North-South Trade Effects on the Technological 

Knowledge Bias and on Wage Inequality.” 

Krugman, Obstfeld and Melitz. 2018. “International Economics theory and policy” 

John Van Reenen. 2011. “Wage Inequality, Technology and Trade: 21st Century Evidence” 

Goldin, Claudia and Katz, Lawrence F. 2008. “The Race between Education and Technology”. 

Machin, Stephen and John Van Reenen. 2010. “Inequality: Still Higher, But Labour’s Policies Kept it 

Down” 

Atkinson, Tony, Thomas Piketty and Emmanuel Saez .2011. “Top Incomes in the Long Run of 

History” 

Teresa C. Fort Justin R. Pierce Peter K. Schott. 2018. “NEW PERSPECTIVES ON THE DECLINE OF US 

MANUFACTURING EMPLOYMENT” 

The Computing Technology Industry Association. 2020. “The definitive guide to the U.S. tech 

industry and tech workforce” 

Manuel Carlos Nogueira, Óscar Afonso. 2018. “Intra-Country Wage Inequality in the OECD 

Countries” 

Neil Lee, Stephen Clarke. 2019. “Do low-skilled workers gain from high-tech employment growth? 

High-technology multipliers, employment and wages in Britain” 

North. 1955. “location theory and regional economic growth” 

Tiebout. 1956. “A pure theory of local expenditures” 

Moretti. 2010. “Local multipliers. Am. Econ. Rev. Pap. Proceed.” 



54 
 

Moretti. 2013. “The new gwography of jobs mariner” 

Saxenian. 1983. “The urban contradictions of Silicon Valley: regional growth and the restructuring 

of the semiconductor industry” 

Seth Gordon Benzell, Erik Brynjolfsson, Frank MacCrory and George Westerman. 2019. “Identifying 

the Multiple Skills in Skill-Biased Technical Change”  

David H. Autor, David Dorn, and Gordon H. Hanson. 2016. “The China Shock: Learning from Labor-

Market Adjustment to Large Changes in Trade” 

Krugman PR, Obstfeld M. 2008. “International Economics: Theory and Policy” 

Bernard AB, Jensen JB, Schott PK. 2006. “Survival of the best fit: exposure to low-wage countries 

and the (uneven) growth of U.S. manufacturing plants.” 

Acemoglu D, Autor DH, Dorn D, Hanson GH, Price B. 2016. “Import competition and the Great U.S. 

Employment Sag of the 2000s.” 

Autor DH, Dorn D. 2013. “The growth of low-skill service jobs and the polarization of the US labor 

market.”  

Autor DH, Dorn D, Hanson GH. 2013a. “The China syndrome: local labor market effects of import 

competition in the United States.” 

 Autor DH, Dorn D, Hanson GH. 2013b. “The geography of trade and technology shocks in the 

United States.” 

Chetverikov D, Larsen B, Palmer C. 2016. “IV quantile regression for group-level treatments, with 

an application to the distributional effects of trade.” 

Adrian Wood. 2018. “The 1990s trade and wages debate in retrospect”  

OECD (2014). Employment outlook 2014.  

OECD (2017). Employment outlook 2017.  

WTO (2017). World trade report 2017. 

Wood, A. (1994). “North-South trade, employment and inequality: Changing fortunes in a skill-

driven world” 



55 
 

Nicholas Bloom, Mirko Draca and John Van Reenen. 2011. “Trade Induced Technical Change? The 

Impact of Chinese Imports on Innovation, IT and Productivity” 

 

 

 


