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Executive summary 

 

This report draws the main conclusions and policy implications from a large 

research project, titled “Value Added in Motion” and commissioned by ENEL 

Foundation, in which the evolution of industrial development and its geography 

are analysed in conjunction with the evolution and the geography of energy 

availability and of the main demographic and migration patterns that shape 

labour supply. 

The goal of the “Value Added in Motion” project has been to understand the 
future geography of economic activities between and within advanced and 

emerging economies and to uncover and discuss how such trends do in fact 
depend on the deep interconnections between industrial value added, 

migration and energy.  

The research program also provided forceful evidence and analytical 

arguments on the importance of using a comprehensive and all-embracing 

framework including the geography of economic activities and migration flows 

to make reliable predictions on the future demand and supply for energy. 

 

The main findings of the report can be summarised as follows. 

 

Industrial value added is increasingly concentrated in emerging 

economies – especially China – that are becoming the largest world producers 

of industrial value added. This leadership has to a large extent been acquired 

thanks to a massive expansion of the urban workforce, especially of unskilled 

workers, with little – if any – productivity gains. Projections to 2035 suggest a 

further increase in the industrial value added produced by emerging countries.  

 

Yet, mature economies are resilient in the production of industrial 

value added and they are preserving and strengthening their leadership in 

industrial productivity. Indeed, in absolute terms industrial value added has 

not declined in mature economies. Its viability rests (i) on a much higher 

productivity compared to emerging countries and (ii) on the fact that mature 

economies specialize in high-value added segments of the production chain. 

Outsourcing is a key driver of this pattern of geographical specialization of 

industry. Projections to 2035 suggest that real industrial value added of 

mature economies will not decline, although their share of world manufacturing 

value added will be lower. 

 

Migration and Demography are key drivers of GDP growth. Along with 

technical change and productivity, demographic and migration patterns are – 

and will be – key ingredients of GDP growth, Demography and migration 
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provide key factors of production, but also demand. Our scenarios to 2035 

clearly show that demography and migration flows are fundamental drivers of 

the future location of industrial value added. The share of foreign born 

population will be much larger in 2035 under our high growth scenario. 

 

Energy efficiency and the migrant mix are key covariates of the 

pattern of industrial specialisation. Industry in emerging economies is less 

labour and energy efficient than in mature ones. There is a very significant 

positive correlation between the quality of industrial production (in terms of 

productivity), the quality of energy consumption (in terms of energy efficiency) 

and the quality of migration (skill intensity). This positive correlation holds in 

both high and low income countries, but there is a sizeable gap in all of these 

parameters between the two groups of countries. Industrial development 

occurs through the clustering of investments in emission reductions and 

human capital, also acquired through migration. 

 

Pressure on environmental improvements will affect the future 

geography of industrial activities. In-depth empirical analysis shows that 

the reduction of emissions in industrial activities in rich countries occurs 

through two channels: technological innovation and a change in the 

composition of industry towards less polluting activities, both in terms of entire 

industries or through the outsourcing of parts of the value chain. At the same 

time, through trade and outsourcing, polluting activities tend to concentrate in 

low income countries. Projections on energy efficiency show a moderate 

improvement between 2011 and 2035, if we do not take into account 

technological improvements and increasing investments in green technologies 

and renewable sources of energy. The Paris Accord of COP21 involves stringent 

voluntary targets for emission reductions also for emerging countries. This will 

reduce the scope for these countries to specialise in highly polluting industries 

in the earlier stages of industrialisation and will likely strengthen the 

comparative advantage of industry in mature economies.  

 

The inevitable shift to cleaner industries and a gradual ban of highly 

polluting technologies will de facto imply the diffusion of standards 

that all countries will rapidly have to pursue. The consequence is that 

there will be a need for massive investments in developing cost effective green 

technologies. And that these technologies and the resources to implement 

them will have to be transferred and adapted to low income countries. The 

easy avenue of cheap, low skill polluting industry is reaching an end point. The 

global division of labour we have observed up to now, will probably no longer 

be viable and sustainable. Other global equilibria will have to emerge. 

Environmental policies and standards for the mitigation of climate change are 
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crucial in determining the future industrial paradigm and its geography. What 

we expect is a convergence in standards and environmental outcomes that will 

also force an overall technological convergence and upgrading in industry and 

a dramatic re-haul of the supply of energy and electricity. 
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1. Introduction 

 

Industrial development has always been fully intertwined with two key sources 

of inputs: energy and labour. It is difficult to understand future and present 

patterns of industrial development and their geography without looking at the 

same time at the process through which energy is made available to industrial 

plants through different sources (renewable, non-renewable etc.). At the same 

time a large supply of labour, either through internal demography, but mostly 

through migration, has always been instrumental to the expansion of industrial 

facilities. The link between these variables of course generates a complex 

pattern of self-reinforcing demand and supply factors. If we observe the 

geography of these flows through time, we detect surprisingly matching 

patterns. 

Yet, these flows have generally been studied in isolation. Therefore, the actual 

interaction among these variables is not easy to understand, because, as we 

will argue, their patterns are co-generated without a clearly identifiable 

process of causality. 

Also the nature of their interaction has evolved with time. Early industry had to 

be located close to energy sources: water reservoirs, coal mines, etc. The 

expansion of the electrical grid early on and diffused generation later on, 

through renewable sources, make the concentration of industry close to large 

generation plants less necessary. Equally the automation of industry makes its 

reliance on large inflows of unskilled labour less binding, whereas the 

availability of highly skilled and trained individuals becomes an increasingly 
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crucial factor. Factories are becoming gradually more and more labour and 

energy efficient. They can be built in the middle of a desert, powered by solar 

energy, with a large concentration of engineers on the shop-floor (Tesla’s 

Gigafactory in Nevada). In this respect, these patterns interact not only in 

quantitative terms, but also in terms of their quality and increasingly so: 

labour productivity, skilled migration and energy efficiency. 

This report draws the main conclusions and policy implications from a large 

research project “Value Added in Motion”, involving many scholars and 

international research centres. It identifies the key patterns of those three 

variables, combining the analysis of historical long term global flows (section 

2), with analytical insights on specific issues affecting their interaction (section 

3). It then discusses projections to 2035 for a subsample of large countries 

world wide (section 4). Finally, it concludes discussing the key policy issues 

(section 5).  
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2. Geography: Where do we stand? 

 

 

 

 

 

 

 

 

 

 

 

 

In this section we revisit the main trends we observe up to now in energy, 

industrial value added, and migration. While in the next sections we directly 

delve on the papers of the project, here we irst highlights trends in the location 

of value added, energy production, and migration in quantitative terms (total 

industrial value added; total energy consumption; total migrants as a share of 

total population) and then in qualitative terms (value added per worker – 

labour productivity; value added per unit of energy – energy productivity; 

share of skilled migrants on total migrants – skill intensity of migrants). 

The heat maps presented below describe the interconnections between 

industrial value added, migration and energy consumption. As in Barba, 

Frattini and Pica (2014) countries are ranked according to the variable shown 

in the figures. Colours differ according to the family of data they refer to (blue 

for value added, red for migration and green for energy) and the percentile in 

the distribution in each of the variables analysed the country belongs to. The 

darker the shade, the higher is the percentile of the country in the map. To get 

a sense of the joint evolution of value added, migration and energy 

consumption around the world we focus on 1980 and 2012, the latest available 

year,2 thus providing an up-to-date picture. 

 

                                                           
2 Due to data availability, for migration we use 1990 instead of 1980 and 2013 instead of 2012. 

Box: key findings 

1. Emerging economies and especially China are today the largest 

world producers of industrial value added. 

2. This leadership has to a large extent been acquired thanks to a 

massive expansion of the urban workforce, especially of unskilled 

workers. 

3.  Industry in emerging economies is less labour and energy efficient 

than in mature ones 

4. In absolute terms industrial value added has not declined in mature 

economies. 

5. The viability of industry in mature economies rests on a much 

higher productivity than in emerging ones. 

6. Mature economies specialize in high value added segments of the 

production chain. 

7. Outsourcing is a key driver of this process of reallocation 
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2.1. Quantities 

The first maps refer to real value added (Figures 2.1.a and 2.1.b) and energy 

consumption (Figures 2.2.a and 2.2.b). Not surprisingly, the geographical 

patterns are mostly driven by size. Large countries like China and India 

exhibited a high level of real value added and energy consumption already 

back in the 80s, much before the start of their present phase of rapid 

industrialization. However, the shades of emerging economies and of the 

countries of the former Soviet bloc (note that there are no data on former 

USSR in 1980) and in some Latin American countries become darker in 2012, 

as manufacturing expands in these areas. 

Since the beginning of the 1980s, Asia has become the world’s leading 

employer in manufacturing in terms of both levels and shares. Slightly later, at 

the end of the 1990s, Asia also became one of the world’s leading value-added 

creators in manufacturing in terms of both shares and levels: the Asian growth 

was mostly driven by a rise in employment with relatively few changes in 

productivity, as argued below. As discussed in the background report, this 

seems to reveal a possible three-stage trajectory in the emergence of “Factory 

Asia”. First, structural change has massively reallocated labour to 

manufacturing. Second, with delay, the value added has caught up. Third, with 

even more delay, the value added per worker may follow suit. 

 

Figure 2.1 a, b 

 

(a) 
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(b) 

 

What is more surprising is the resilience of the manufacturing sector in mature, 

high-income, countries. Figure 2.1.b shows that in 2012 the U.S., Canada and, 

in general, Western European countries still rank very high both in terms of 

real value added and energy consumption: thus they seem to be able to 

preserve their leadership through rapid technological upgrading and an 

efficient use of their resources (see figures 2.4.a and 2.4.b, below). At the 

same time, while real value added in manufacturing (in levels, not shares) has 

been rising in Europe and in the U.S. for the last forty years thanks to 

productivity gains, manufacturing employment (the number of employees) has 

been declining somewhat since the mid-1970s. This trend, with rising value 

added and declining employment in manufacturing, has been dubbed “jobless 

growth”. 

Energy consumption in lower-income countries is also boosted by the 

expansion of highly polluting activities (Figure 2.2a,b). In contrast, mature 

economies, the US, and several European countries have moved to lower 

percentiles, even though they have maintained their lead vis à vis China. This 

whitening of their green shades is partly the outcome of the relative effect of 

the ascent of the emerging economies, but partly due to the increasing 

stringency of environmental policies and thus the declining energy intensity of 

individual activities, from power generation, to industries, to household 

consumption, as we will discuss below in section 2.2. 
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Figure 2.2 a, b 

 

(a) 

 

 

(b) 

As to migration patterns, as shown in Barba, Frattini and Pica (2014) the 

countries with higher levels of value added per worker are those that attract 

the highest number of immigrants. Figures 2.3.a and 2.3.b show that the share 

of migrants over the total population is higher in high-income countries. This is 

not surprising given that income differentials between high- and low-income 

countries are one of the key drivers of migration flows. What is more 

interesting to note is that this pattern has strengthened over time, as the 

migrants’ share has increased, especially in Southern European countries and 

the US between 1990 and 2010. 
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Figure 2.3. a, b 

 

(a) 

 

(b) 

Of course migrants do not only move towards high-income countries. There 

are also large migrant communities in resource-rich countries, like the 

Emirates and Saudi Arabia or Kazakhstan. In these countries, there is a need 

for skilled workforce in the resource sector; immigrants, though, also provide 

non-tradable services that the local population is unable or unwilling to 

provide. 

Interestingly, the share of migrants is low for rapidly growing China. This is 

somehow related to the very large local rural population, which provides a 

huge reserve of workers for the urban industry, and to the ensuing low wage 

levels. The Chinese internal migration flows are very large, crowding out the 
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inflows from abroad. The industrial expansion of emerging economies like 

China absorbs much more labour per unit of value added than the industrial 

expansion in mature economies. Therefore, it naturally attracts a large 

workforce towards cities, where it is a crucial input to industry. 

However, the composition of the labour force also matters a great deal. As 

industry moves towards activities with high value added per head, it also 

requires increasingly skilled workers. This, coupled with higher value added per 

worker and therefore higher wages, will plausibly lead to larger migration flows 

towards China over the next decades. 

 

2.2. Quality 

The analysis of per capita intensities of the flows analysed above provides 

insights on the geographical evolution of living standards and of their drivers, 

and it allows us to distinguish between the quantitative and the qualitative 

evolution of the patterns discussed above. 

In Figures 2.4.a and 2.4.b, which present the maps referring to real value 

added per worker, emerging countries gradually move up the ladder in the 

thirty years between 1980 and 2012, and their shades become gradually 

darker. Even though there are persistent differences in the per capita 

intensities, it is interesting to observe that catching up in productivity is 

somewhat taking place. In particular, the eastward part of the maps, as well as 

China and India, become darker between 1980 and 2012. Yet, in this respect, 

they still lag behind mature economies. 

As documented in Barba, Frattini and Pica (2014), emerging economies have 

gradually shifted towards high-value-added industries, after gaining mastery of 

low-value added, labour-intensive activities. The entrance into high-tech 

activities is eased by the geographical fragmentation and the unbundling of 

production stages. Emerging economies initially focus on relatively simple 

stages, like assembly, and then move on to more sophisticated stages and up 

the value chain. 

Even though China has been able to strengthen its productivity in some high-

tech industries, most of its productivity growth has taken place within 

industries in which it already had a well-established position and, at the same 

time, the rise of industrial value added is driven more by increasing 

employment than by productivity growth. This pattern is likely to evolve 

towards faster growth of value added and productivity increases in high-value-
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added industries as well, even though it is not visible in the aggregate data 

yet. 

 

 

Figure 2.4 a, b 

 

(a) 

 

(b) 

 

 

As pointed out above, Figures 2.4.a and 2.4.b show that mature economies are 

still able to maintain their lead. This is due to the fact that both productivity 
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and capital intensity in mature economies are much higher than in emerging 

ones, which is why value added per worker is also higher and relatively stable. 

Consequently, old industrial economies keep the lead in value added and value 

added per worker in industry within Europe and North America. Large 

emerging countries have climbed to top places but at a slow pace, slower than 

their rising share in high employment industries, and they have not climbed to 

the top places in the ranking of countries in terms of value added per worker. 

In other words, their expansion has mostly been driven by the fast growth of 

employment in industry. Overall, this is a sign of the slow reorganization of the 

global economy into three interconnected industrial poles in the three main 

continents. 

The slow pace of productivity in emerging countries is also reflected in the 

energy productivity shown in figures 2.5.a and 2.5.b. Energy productivity 

refers to the ratio of value added to energy consumption. We will discuss below 

how the transition from low to high value added is interrelated to the transition 

from low to high energy efficiency, shown by the fairly good overlap between 

the blue and the green maps (2.4 and 2.5). Figure 2.5 shows that energy 

productivity remains persistently higher in mature economies in 2012, 

reflecting the higher use of energy-saving technologies as well as of targeted 

management practices in high-income countries. Emerging economies move to 

higher percentiles of energy productivity, turning into darker shades of green 

between 1980 and 2012. Yet, they mostly remain below mature economies. 

This reflects both the overall structure of emerging economy – whose industrial 

composition is still strongly oriented towards energy-intensive sectors – and 

the fact that they are less inclined towards green policies that promote energy 

efficiency. China is a notable exception: while in countries like India 

industrialization and thus the relocation of dirty sectors has been quite limited, 

China has experienced an impressive growth of both low-tech and energy-

intensive productions. The scope of energy saving improvements is thus 

greater in China than in most other emerging economies, and  it is likely to be 

favoured by technology transfer through FDI in energy intensive sectors. 
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Figure 2.5 a, b 

 

(a) 

 

 

(b) 
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3. Links. The interplay between energy, value added and migration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Even though patterns are fairly similar, it is not obvious to see how these three 

sets of variables interact, as discussed in Vona and Galeotti (2014). This is of 

course crucial from a policy perspective and also for the strategic decisions 

firms (industry and energy) and individuals (migration) should undertake. For 

example, should policy makers in a developing country aiming at fostering 

industrial development invest in the electrical infrastructure to power industrial 

plants in a specific location? Or should they rather focus on dispersed 

generation through renewable sources? Or, again, should advanced countries 

aim at controlling migration flows? How far such controls might hinder flows of 

Box: key findings 

 

1. Along with technical change and productivity, demographic and 

migration patterns are and will be key ingredients of GDP growth.  

2. Demography and migration provide key factors of production, but 

also demand. 

3. There is a very significant positive correlation between the quality 

of industrial production (in terms of productivity), the quality of energy 

consumption (in terms of energy efficiency) and the quality of migration 

(skill intensity).  

4. This positive correlation holds in both high and low income 

countries, but there is a sizeable gap in all of these parameters between 

the two groups of countries. 

5. Energy efficiency and the availability of skills through migration are 

key co-determinants of this geographical division of labour of industry. 

Industry in emerging economies is less labour and energy efficient than in 

mature ones. 

6. Industrial development occurs through the clustering of 

investments in emission reductions and human capital, also acquired 

through migration. 

7. In-depth empirical analysis shows that the reduction of emissions in 

industrial activities in rich countries occurs through two channels: 

technological innovation and a change in the composition of industry 

towards less polluting activities, both in terms of entire industries or 

through the outsourcing of parts of the value chain. 

8. At the same time, through trade and outsourcing, polluting 

activities tend to concentrate in low income countries. 
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industrial workforce? Should they rather aim at specific skill mixes of migrant 

workers? 

All these and many other questions rest with no answer if the interplay among 

our three key variables is not well understood. In what follows we discuss 

these interactions. Taking stock of the analysis performed in the background 

reports and of the results of the academic papers, we will discuss how the 

three variables co-move and are jointly determined. 

As in the background report (Barba Navaretti et al. 2014), we combine these 

three dimensions through the lens of a production function, whereby energy 

and migrant workers are inputs to industrial output, as shown in Figure 3.1 

(blue arrows). Not only does their availability affect the size of industry, but 

their composition in terms of energy sources and skills of migrants also affects 

the characteristics of the economy, especially in terms of its productivity. 

 

Figure 3.1 

 

 

However, as shown in Figure 3.1 (green arrows), industrial outcomes clearly 

influence energy investments and migration flows as they are key components 

of the demand for both. Consequently, the causal relationship between 
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industrial output, energy and migration is not easily identifiable. This Report 

examines the key analytical issues shedding some light on the nature of these 

links. 

In the following section we discuss the link between industrial value added and 

human capital and specifically the skill intensity of migration flows. The next 

one focuses on the link between industrial value added and energy 

consumption and efficiency. In the final one we examine the link between 

migration flows and energy consumption. 

 

3.1. Skills, global value chains and the quality of industrial activity 

The rapid expansion of Asian countries, especially China in the ladder of the 

largest world producers of industrial value added has been mostly driven by 

the enormous inflows of unskilled workers from the countryside to the urban 

industry rather than by labour productivity. We have clearly documented this 

pattern in the background report and this is reflected in several pieces of 

evidence reproduced here (Barba Navaretti et al. 2014).  

Figure 3.2 

 

 

 

Figure 3.2 reports trends in value added per worker for the major world 

regions and clearly shows how Asia is still lagging behind compared to North 

America and Europe. These productivity trends are not of course homogeneous 

within regions. For all of these regions there is a fairly dramatic gap between 

the productivity of industrial activity in mature and backward economies. 
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Figure 3.3.a reports this gap within Asia between Japan and China (with South 

Korea catching up); Figure 3.3.b for North America, distinguishing between 

Mexico and the US and finally Figure 3.3.c for Europe, showing a considerable 

and persistent productivity gap between Western and Eastern European 

countries. 

 

Figure 3.3 a, b, c 

 

(a) 

 

 

(b) 
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(c) 

 

An insightful illustration on how industrial development in backward economies 

is very much related to flows of labour comes from a very detailed analysis of 

the relationship between internal migration in China’s provinces and the 

evolution in industrial specialization following the accession of China into the 

World Trade Organization (WTO) in 2001. More specifically, the paper by 

Facchini, Liu, Mayda and Zhou focuses precisely on this question, and studies 

whether reduced trade uncertainty due to China's accession to the WTO in 

2001 triggered changes in internal mobility of Chinese workers. In particular, 

the authors investigate whether changes in trade policy uncertainty (which is a 

key exogenous shock to industrial development) affected local demand for 

labour, thus putting pressure on the existing internal migration system – which 

was highly regulated as a result of the so called “hukou” system. 

Facchini, Liu, Mayda and Zhou find that Chinese prefectures facing a larger 

decline in trade policy uncertainty, and therefore more affected by trade 

liberalization leading to changes in industrial specialisation, experience larger 

inflows of migrant workers. They also find a relationship between the 

complexity of industry and the skill composition of migrants. In fact, the effect 

of trade liberalization is especially large for skilled migrants. This shows that an 

evolution of Chinese industrial activity towards high value added activity does 

require large inflows of skilled labour. 
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The Chinese example is fairly consistent with the broader evidence we have for 

all our sample countries of a positive correlation between the average 

productivity of industry and the skill intensity of the stock of migrants.  

 

Figure 3.4. a, b, c 

 

(a) 

 

 

(b) 
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(c) 

 

In Figure 3.4.a we report for all the OECD countries the plot between labour 

productivity of industry and the skill intensity of the migrant stock. The 

positive correlation between these two variables is pretty strong. If we broaden 

the sample of countries beyond the OECD (the latest available data are for the 

year 2000), we can also notice that the relationship between these two 

variables is non-linear (Figure 3.4.b). It is steeper for low levels of skill 

intensity of migrants and flatter for higher ones. In other words, if we could 

infer a causal relationship between these two variables (what we cannot do on 

the basis of these simple correlations) we could argue that the marginal effect 

of an increase in the skill intensity of migrants is especially strong when the 

skill intensity is low. Actually, as shown by Figure 3.4.c the picture is less 

straightforward. Here we divide our sample countries between high and low 

income ones. Notice that the correlation line is steeper for high income 

countries than for low income ones. The bottom line is that it is true that the 

marginal effect of skilled migrants is higher for low levels of skill intensity, but 

this is especially true for those countries which are sufficiently developed and 

have an adequate infrastructure to effectively exploit such skills in industry. As 

we will argue below, this is also important if we consider the link between 

energy efficiency and migration. 

If emerging countries are still lagging behind in terms of industrial productivity, 

they are also catching up. We have seen above in Figure 3.3.a the sudden and 

steep take off of South Korea. We also see that if we just focus on the most 

recent period, productivity of China’s industry has been growing fast and 

approaching Europe and the US (Figure 3.5). 



 

22 
 

As discussed at length in the background report and as also analysed in-depth 

by several of the papers in the project, outsourcing might provide a rapid 

shortcut for entering into more advanced industrial activities. According to the 

paper by Hanson in this project, it is undisputed that global production sharing 

is a key feature of XXI century international trade. As national economies have 

become more integrated firms have fragmented production across borders 

thereby expanding trade in intermediate inputs and creating vertical linkages 

in trade flows. Economic reforms in emerging economies, the proliferation of 

regional trade agreements and improved global logistics have all helped propel 

global production sharing. This ongoing process of fragmentation is important 

because it changes relative factor demands and rewards, which affects income 

inequality worldwide and contributes to public unease about offshoring. At the 

same time, production sharing within global value chains (GVCs) can magnify 

the overall gains from international trade. 

 

Figure 3.5: Real value added per worker in manufacturing (%) 

 

 

Figures 3.6 a,b,c, show clearly that the foreign content in the value added of 

exported products in emerging economies, in the three world regions, are 

consistently larger in emerging than in mature economies. In other words, the 

industrial structure of these countries is much thinner than in developed 

economies. This implies that the values and the growth of gross flows like 

output or exports overestimate the actual contribution of countries to the 

creation of industrial value added. This is clear for China, as reported in Figure 

3.7. Whereas gross output of advanced sectors like electrical and electronic 

equipment, chemicals or transport is growing very rapidly and faster than any 
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other sector, value added of these industries is growing at a slower pace than 

in traditional and less technology advanced sectors. This implies that the 

contribution of domestic value added to the fast growth of gross output of 

technologically advanced industries is still relatively small. The key question, 

though, is how these countries can exploit the opportunities offered by 

outsourcing to climb the “value chain”. As we will see, this process and the 

geographical pattern of outsourcing is very much related to factor endowments 

and especially labour and skills. 

 

Figure 3.6 a,b,c: Foreign Value Added Share of Gross Exports 

 

(a) 

 

 

(b) 
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(c) 

 

Figure 3.7: China’s GDP and VA Growth by Sector 

 

Source: Baldwin and Lopez-Gonzalez (2013) 

 

As stressed by Wei et al. in this project, a “value chain” represents value 

added at various stages of production, which runs from the initial phase such 

as R&D and design to the delivery of the final product to consumers. A value 

chain can be national if all stages of production occur within a country, or 

global if different stages take place in different countries. In practice, most 

products or services are produced by a global value chain (GVCs). The 

emergence of global value chains (GVCs) has indeed changed the pattern of 

international trade in recent decades. Different stages of production now are 
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often conducted by multiple producers located in several countries, with parts 

and components crossing national borders multiple times. While the deficiency 

(i.e., due to trade in intermediates) of official trade statistics as a description 

of true trade patterns has been well recognized, measures of global value 

chains based on sequential production are still under development. 

GVCs are a pet concept in management and policy circles. It is, therefore, 

quite surprising that a full picture of their global map has struggled to emerge. 

A prominent reason can be found in the lack of a consensus view on how to 

measure their defining features in a consistent way. That is why the paper by 

Wei et al. develops a “GVC index system” with the ambition of defining the 

gold standard for GVC measurement. The system includes three types of 

indexes based on both forward and backward inter-industry and cross-country 

linkages: a “production length index” for the average number of production 

stages and complexity of the global value chain; a “participation index” for the 

intensity of a country-sector’s engagement in global value chains; and a 

“position index” for the location of a country sector on a global value chain, or 

the relative distance of a particular production stage to both ends of a global 

value chain. While similar measures had been already put forth, the new 

indices of Wei et al. contain improvements that are desirable and sensible also 

from the viewpoint of intuition as all these indexes are built from the 

decomposition of GDP by industry statistics and can be further divided into 

different components with clear economic interpretations. 

Based on their “GVC index system”, Wei et al. are able to provide a 

comprehensive picture of each country/sector pair’s GVC activities from 

multiple dimensions. Their findings run against the received wisdom based on 

previous (often inconsistent) measures. In particular, they show that previous 

findings on production chains for the US are not globally representative. More 

precisely, the fact that the production chain has become shorter, and that 

value-added has gradually shifted towards the downstream stage, closer to the 

final consumers, are both unique to the US input-output tables. First, Wei et al. 

show that emerging economies like China have experienced a gradual 

lengthening of the overall production chain and the lengthening of production 

by these countries dominates shortening of production by others, so that the 

world as a whole experiences a lengthening of the production process. Second, 

they decompose changes in total production length into changes in the pure 

domestic segment, changes in the segment related to direct value-added 

trade, and changes in the segment related to global value chains. By further 

separating the production length of GVCs into domestic and international 

segments, they show that the ratio of international production length versus 

total production length of GVCs has increased for all countries. Third, they 

show that all countries in the world increased their GVC participation during 
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1995–2011. And finally, they use the three types of newly defined GVC indexes 

as explanatory variables to analyse the role GVCs have played in transmitting 

economic shocks in the recent global financial crisis and find that a 

country/sector’s GVC position has significant impacts. The further the 

country/sector pair is located from the final consumption end, the lesser the 

impact of the global economic shock. In addition, the impact of the financial 

crisis increases with the length of the international portion of the relevant 

global value chains. 

But how has all this global fragmentation of production emerged? In his paper 

Hanson discusses possible explanations. Offshoring entails dividing industry 

production stages across countries. On the one side, production of a final good 

requires a set of inputs or tasks which vary in their factor intensity or in their 

ease of being performed abroad. Changes in total factor productivity or in the 

cost of offshoring affect the subset of inputs or tasks that firms in skill-

abundant countries choose to locate in the labour-abundant countries. On the 

other hand, within industries a lot of production occurs sequentially. The firm 

occupying the first link in the chain produces inputs which it ships to the firm 

occupying the second link which contributes its value added before shipping 

inputs on to firm number three and so forth until production of the final good is 

completed. Variation in country capabilities in coordinating manufacturing or in 

handling more complex production — where typically coordination costs and 

production complexity increase as one moves along the manufacturing chain — 

determines how the sequence of production stages is organized internationally. 

On both counts, when trade barriers are low enough individual countries will 

specialize in different stages of industry production. 

Hanson reaches the conclusion that the main drivers of the global 

fragmentation of production are the different factor intensity and ease of being 

performed abroad that characterize different sets of inputs or tasks. This 

conclusion is reached by studying assembly offshoring for China, Mexico and 

the US with the aim of tackling the following three questions. First, in which 

industries does production sharing occur? Second, what are the characteristics 

of the industries that are intensive in the use of export assembly? Third, which 

countries specialize in offshoring-intensive sectors? He finds that in all three 

countries export assembly is concentrated in a handful of sectors, including 

apparel, electronics, footwear, furniture, toys, and transportation equipment. 

The industries share characteristics that make production amenable to 

offshoring. First, factor intensity varies across production stages. R&D is skill 

intensive, the production of parts and components is often capital intensive, 

and the processing and assembly of components into final products is labour 

intensive. Second, the technology of the distinct production stages permits 

their physical separation. For instance, designing shoes, chips, or TVs can 
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occur far from the production of leather shoe pieces, silicon wafers, or LCD 

displays, which in turn can be physically separate from the assembly of these 

components into final goods. Third, communication and transport costs are 

sufficiently low that firms are not deterred from locating design, parts 

production, and assembly in countries far from each other or from the location 

of final consumers. 

When Hanson searches for evidence of these characteristics in offshoring 

industries, it is variation in skill and capital intensity that shows up the most 

strongly. Offshoring sectors tend to be ones that pay low-wage workers 

relatively low wages, consistent with high average intensity in the usage of 

low-skilled labour, and that exhibit relatively high variation in wages across 

workers within the sector, consistent with high variation in skill intensity across 

production stages. He finds no evidence that more routine-task-intensive 

sectors are more prone to engage in the offshoring of final assembly. The 

importance of skill intensity for export assembly is also apparent in the fact 

that labour-abundant countries cycle through offshoring industries as they 

develop, frequently starting out in apparel, footwear, and toys. They later tend 

to move into electronics and electrical machinery. Specialization in 

transportation equipment tends to be more idiosyncratic, with relatively few 

countries making the transition to this sector (See the paper by Head and 

Mayer for this project). These patterns of industry dynamics (from apparel and 

footwear to electronics and machinery) are strongest in labour-abundant East 

Asia. Indeed, this is precisely the pattern we have observed for China and 

described above. They are not present in resource-abundant countries that 

specialize in exporting primary commodities. 

What do these results imply for where research on offshoring should be 

headed? First, offshoring, at least in the form of moving assembly operations 

abroad, appears to be a viable strategy in a limited portion of manufacturing. 

In fact, in many industries technological constraints prevent the physical 

separation of many production tasks. Second, factor intensity is a primary 

motivation for why firms offshore. Although problems in contracting or 

coordinating production are often seen as driving offshoring, Hanson argues 

that factor intensity motivations for fragmenting production appear to be 

among its first-order determinants. Third, there is substantial dynamism in 

country specialization in offshoring sectors. This dynamism appears to be 

associated with changes in factor supplies (for instance, high levels of human 

and physical capital accumulation in East Asia). It may also be related to 

improvements in industry productivity, perhaps associated with foreign direct 

investment. Hence the interplay between migration flows affecting labour 

endowments and the dynamics of industrial value added is crucial to the 

evolution of the geography of industry. 
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3.2. Global value chains, industrial efficiency and energy efficiency 

 

Similar to the relationship between the quality/productivity of industrial value 

added and the skill composition of migrants, we also observe (Figure 3.8) a 

pretty robust positive correlation between labour productivity and energy 

consumption (measured as total energy consumption divided by total 

population). Figure 3.8 reports observations for 72 countries for the latest 

observable year which is 2012. This implies, as it is well known and also 

documented in the background report, that as countries become richer 

(industrial value added per worker is highly correlated to GDP per capita) they 

consume more energy per capita, probably because the structure of economic 

activity becomes more energy intensive (growth of industry and transition 

towards energy intensive industries). This correlation is broadly driven by a 

scale effect, the quantitative expansion of economic activities. 

Yet, as argued in the background report, as countries become richer they also 

become more energy efficient, and therefore partly mitigate the scale effect. 

This link is especially strong and noticeable with respect to industrial 

productivity. Figure 3.9 reports a scatter plot of the average labour 

productivity and average energy productivity (industrial value added per unit 

of energy consumption) in 2012, for the same countries of Figure 3.8. Energy 

productivity measures essentially how much value added each unit of energy is 

able to generate. Here too we can observe a strong positive correlation. 

 

Figure 3.8 
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Figure 3.9 

 

 

Energy efficiency is achieved through a technical effect, i.e. the development 

and implementation of clean technologies, and a composition effect, i.e. a 

gradual change in the composition of industrial activities towards or away from 

cleaner activities. 

The evidence shows that the mix between these three ingredients (scale, 

technology and composition) crucially depends on the level of development of 

the countries considered. Technical and composition effects are especially 

important in enhancing energy efficiency in advanced economies and much 

less relevant in developing countries. The difference between these two group 

of countries is clearly observable in Figures 3.10 and 3.11, which decompose 

the correlation between industrial value added and energy consumption and 

energy productivity respectively for low and high income countries. Even 

though the positive correlations observed for the whole sample still persist, the 

gap between these two groups of countries is clearly visible. Figure 3.10 shows 

that both labour productivity and energy intensity are much higher for the rich 

countries. Here the scale effect is staggering. There is a large and discrete 

quantitative gap in the energy intensity of the two groups.  

A similar pattern is observed for energy productivity, even though the gap 

between the two is less visible, as the magnitude of the effect is partly watered 

down by the large value of the measures of value added compared to 

population.  The relationship between labour and energy productivity appears 

to be especially strong for high income countries. 



 

30 
 

Figure 3.10 

 

 

 

Figure 3.11 

 

 

What are the drivers of this positive relationship between energy and labour 

productivity in industry? How far is this dominated by a technology effect or 

rather a composition effect? And how far does trade affect this relationship? 

Finally, what is the role of environmental policy? 
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As discussed in the background report, this link between industrial productivity 

and energy productivity does not provide an easily detectable causal relation. 

Free trade and free capital movements provide very strong incentives for 

countries to specialize according to their comparative advantage. The pattern 

described above is likely to be self-reinforcing: the division of comparative 

advantage based on energy intensity will strengthen the specialization of 

mature economies in clean products and leave the production of polluting 

goods to emerging ones. Paradoxically, for example, the path of convergence 

in energy efficiency of China towards the US and Western Europe slowed down 

visibly after the entry of China into the WTO. 

This pattern of geographical specialization takes place through different 

channels that are not always captured by the sectoral composition of industrial 

production and trade flows. In fact, both technology and composition effects 

take place also within industries. For instance, energy intensity is not 

necessarily time invariant within industries: even high-intensity activities like 

chemicals or metalworking have become more efficient with time, with gains 

mostly concentrated in advanced countries. This has largely been achieved 

through technical change, but also through the geographical fragmentation of 

global value chains within industrial processes. Indeed, the unbundling of value 

added across different areas of the world has also been driven by the cost of 

energy. Firms operating at the global level in high-income countries retain only 

their relatively cleaner and energy efficient stages of production. This process 

partly takes place through foreign direct investments (hence the importance of 

free capital movements). 

Another ingredient affecting the link between industrial value added and 

energy efficiency is of course environmental policy. Driven by growing 

concerns for climate change, demand for a cleaner environment plays a key 

role in shaping the policy responses to the negative externalities generated by 

traditional energy sources, such as carbon and oil. As both the energy use per 

unit of output produced and the carbon-content of energy technologies are 

objects of individual preferences, countries adopt public policies to mitigate the 

harmful consequences of energy consumption. Concerns, and consequently 

policies, are much more stringent in high income countries. 

These policies are likely to have considerable effects on the country’s energy 

mix and on the location of energy-intensive industries. Solid empirical evidence 

reported in the background report indicates that environmental policies 

stringency affects the location choice of energy intensive firms. We also 

document the gap in environmental policy stringency between developed and 

developing countries, and how this gap has been exploited by multinational 

corporations to relocate the energy-intensive segments of their activities. As 
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already noted, it is not by chance that the improvements in energy efficiency 

of China slowed down visibly after the entry of China in the WTO. 

The interaction between environmental policies, countries stage of 

development and resource abundance in shaping energy efficiency, trade 

patterns and industry composition is addressed by several papers in this 

project. A preliminary issue to tackle is how to measure the stringency of 

environmental policies. Albeit a methodological issue, it is essential to the 

assessment of the consequences of any policy design. 

Galeotti, Salini and Verdolini (2015) focus on how to measure and compare 

environmental policy stringency across countries. Since each country adopts an 

array of heterogeneous policies, such as emission standards, emission trading 

schemes, taxes, investment incentives and R&D subsidies, it is necessary to 

derive synthetic aggregate indicators to perform cross-country comparisons. 

This is also useful to assess which policy mix is more effective in increasing 

energy efficiency. The focus is on OECD countries, as key data are available 

only for them. 

The final outcome is quite mixed. Identifying “the” synthetic indicator is an 

impossible mission, as each one provides different and non-comparable 

country rankings. All the same, two indicators perform especially well both 

statistically (in terms of their impact of energy efficiency) and in terms of their 

economic impact, particularly when this effect is measured conditional on per 

capita income. These are an indicator measuring the implicit tax rate of energy 

and an indicator measuring the degree of diversification of environmental 

policies These results lend support to the standard textbook argument that 

tax-based instruments are more effective than emission limits in providing 

incentives to adopt technologies that reduce the use of energy per unit of 

output. Even though the literature is ambiguous on the relative effectiveness of 

different schemes, recent research has highlighted the lack of effect of 

emission trading schemes, because of the poor design of such schemes due to 

lobbying of major businesses in energy intensive sectors. In addition, a 

diversified portfolio of policies is effective in targeting different economic actors 

and sources of emissions and in coping with the uncertainty characterizing 

investments in clean technologies. 

Also, the result that the effectiveness of these policies in fostering energy 

productivity in high income countries is consistent with our descriptive 

statistics above (Figure 3.11), showing that the correlation between labour and 

energy productivity in industry is especially large for high income countries. 
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The paper of Galeotti et al. helps identifying the underlying drivers of this 

correlation. First, in spite of the inclusion of environmental policies, per-capita 

income is positively associated with energy efficiency. This positive association 

can depend on two completely different mechanisms. On the one hand, it may 

indicate a positive correlation between country’s stage of development, the 

capacity to innovate and thus the efficiency of productive inputs, including 

energy, i.e. the so-called technology effect. On the other hand, it can reflect 

the relocation of polluting activities from developed to developing countries, 

i.e. a so-called composition effect. Clearly, the two explanations have 

completely different implications in terms of solutions to fight climate change. 

If the technique effect accounts for the bulk of the documented decline in 

energy (and emission) intensity of developed countries, efforts should be 

concentrated on the transfer of technology and know-how to developing 

countries. If instead emission reductions in developed economies primarily 

depend on a relocation of polluting industries, efforts should be concentrated 

on basic research to make clean technologies competitive with dirty ones. 

Further light on this matter is provided by the paper by Levinson, which 

provides a direct identification of the importance of these two mechanisms on 

the basis of the historical experience of the USA over the period 1982-2007. 

Levinson uses micro data of energy intensity for 473 industries in 

manufacturing. Manufacturing, indeed, accounted for the bulk of the 40% 

decline of energy intensity in the US over the same period. Moreover, since the 

manufacturing sector is easier to relocate abroad, it is more exposed to the 

composition effect. The use of detailed industrial classes reduces the risk of 

misclassifying within-sector composition as technical improvements. 

Levinson shows that the bulk of the increase in energy efficiency in the US is 

explained by a technique effect and not by deindustrialization or by the 

changing composition of the industrial sector. Interestingly, the composition 

effect works rather against this trend of energy efficiency improvements. A 

plausible explanation of this surprising result is that energy prices are low in 

the US relative to other countries. Also the decline in industrial value added in 

the country due to the growing competition of emerging countries like China, 

has mostly affected industries that use little energy per unit of output, i.e. 

textile and apparel. 

These results hold for the aggregate US market. If we look at what happens in 

individual Sates, the outcome is not as straightforward and sometimes even 

inconsistent with the aggregate picture. Comparing the American States is 

useful, as they apply different sets of environmental policies and regulations. 

Once more it is therefore possible to analyse the effectiveness of price-based 

vs. command and control policies in explaining the difference in energy 
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intensity of industry across States. As in Galeotti et al., Levinson also finds that 

price-based policies, captured in this case by higher electricity prices, are 

associated with higher than average declines in overall energy intensity. In 

contrast with the aggregate picture, the bulk of this decline is due to a 

composition effect. Consequently, to an internal relocation of energy intensive 

activities from states with higher-than average-electricity prices to states with 

lower-than-average electricity prices. 

The absence of composition effects in the aggregate masks substantial 

heterogeneity when looking at finer geographical units. To understand the full 

implications of these relocation processes, the key issue is whether 

composition and technique effects reinforce or compensate each other. 

Trade data do indeed show that these effects can be self-reinforcing. Weber, 

Gerlagh, Mathys and Moran (Weber et al. henceforth), study the evolution of 

the CO2 embedded in trade, using data for 35 sectors and 40 countries over 

the period 1995-2009. They find that, within the same sectors, CO2 exporting 

countries tend to have higher emissions per value added compared to their 

trade partners. 

The paper takes however the broader perspective of the role of trade in 

emissions. Carbon emissions embodied in trade are a significant part of global 

emissions. They have risen over the last 15 years, from about one quarter of 

total emissions before 2000 to approximately one third post-2000. This mirrors 

the growth in the traded portion of global GDP over the same period. 

Independently of sector structure, dirty countries tend to specialize in 

emission-intensive sectors. This finding suggests a comparative advantage 

mechanism for CO2 and lends support to the hypothesis that trade 

liberalization tends to increase global emissions. As, on average, emission-

intensive countries have shifted from trade deficits to surpluses, a larger share 

of goods is now produced in emission-intensive countries, consequently 

increasing global emissions. Emission intensity is indeed higher in countries 

with a surplus (i.e. China) than in countries with a deficit (i.e. US). In relation 

with the findings of Levinson, this implies that an important part of the 

improvements in energy efficiency in the US cannot just ascribed to the 

composition and technique effect, but it is associated with large trade deficits. 

Yet composition issues are anyhow relevant drivers of the higher average 

emission intensities of traded goods relative to the average final consumption 

good. Indeed, few emission intensive sectors make large part of world trade, 

notably: coke, refined petroleum and nuclear fuel; chemicals and chemical 

products; basic metals and fabricated metal. 
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All this does not mean that autarky would lead us to a cleaner world. As we 

have noticed energy efficiency rises considerably as countries move up the 

value added ladder in their industrial activities, and trade is instrumental to 

this long term process. The issue is therefore related to the growing 

contribution to the total value of international trade of emerging countries, 

which have not yet achieved higher levels of efficiency in industry, neither 

measured in terms of labour nor of energy productivity. 

 

3.3. Skill availability and energy intensity 

The final ingredient of the analysis of the interaction between the three pillars 

of this research project is the link between energy productivity and the 

availability of human capital through skilled migration. 

Figure 3.12 reports our usual measure of energy productivity in relation to the 

share of skilled individuals in the total stock of migrants. The data 

unfortunately refer to the year 2000 as we have no available data on the share 

of skilled migrants after this period, in line with figures 3.4.b and 3.4.c. Again 

we observe a positive correlation for all the countries in our sample. The 

positive correlation holds also when we divide the sample between high and 

low income countries (Figure 3.13). As usual the regression line for high 

income countries is above the one for low income ones, as the former have 

much higher levels of energy productivity, whatever the skill intensity of their 

stock of migrants. 

 

Figure 3.12 
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Figure 3.13 

 

 

The fact that, as argued in the previous section, the diffusion of clean 

technologies is limited in emerging countries is quite of a puzzle. Why, as 

reported by Weber et al., has there been a limited technology transfer between 

developed and developing countries? A first possible explanation for this puzzle 

is that developing countries cannot profitably adopt energy-efficient 

technologies because they lack appropriate workforce skills, mostly technical 

and engineering skills in scarce supply in developing countries. 

An alternative explanation is that, in several sectors, fragmentation of the 

value chain allows to export the most polluting segments of production in 

developing countries (i.e. basic chemicals). As argued in section 3.1, the value 

added per head of these activities tends to be low in emerging economies and 

associated with an intensive use of unskilled labour. So, in the fragmentation 

of the value chain these countries acquire both energy intensive and unskilled 

labour intensive activities. A large flow of skill migrants may therefore 

considerably change this pattern of specialization. 

The Norwegian oil industry case, analysed by Bratsberg, Raaum and Rogeberg 

(2015) is an example of an advanced country, endowed with a highly skilled 

labour force, which nevertheless attracts a considerable amount of foreign born 

workers in its large oil sector. Foreign workers have a particular importance in 

the petroleum sector as this sector differs from the rest of the Norwegian 

private sector economy along a number of dimensions. Specifically, operators 

are often large, international companies operating in multiple locations 
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globally, and served by a network of knowledge-intensive suppliers and sub-

contractors.  

Labour market treaties, such as that of the European Economic Area, allowing 

for higher than elsewhere shares of foreign workers in resource intensive 

sectors would be one way of preventing the resource movement aspect of 

Dutch disease, namely the tendency of all domestic factors to be employed in 

the booming energy sector where they are able to command higher returns.  

Inflows of foreign workers might mitigate the tendency for private sector 

wages to be bid up by a petroleum sector in need of more labour. Bratsberg et 

al. 2015 show that the petroleum sector is significantly more skill intensive 

than the rest of the Norwegian economy. Comparing natives and immigrant 

workers, immigrants appear to be significantly more skilled. Additionally, the 

petroleum sector is characterized by a widespread usage of so called “posted 

workers”, temporary migrant workers, hired abroad and employed for a short 

period of time in Norway.   

All this evidence suggests that in this industry migrants are used as a flexible 

tool to address skill shortages, and that often these shortages are short term 

in nature. Yet, and importantly for the rest of the Norwegian economy, the 

petroleum sector serves as a potential “point of entry” for skilled immigrants 

that later move out of the petroleum sector and into other parts of the 

Norwegian economy. There are also spillover effects from worker mobility from 

the petroleum sector to the mainland economy. Those with experience from 

the high-tech petroleum sector bring knowledge externalities that raise the 

productivity of coworkers in their new firm. This is witnessed by the fact that 

high-skilled foreign petroleum workers tend to earn more than similarly skilled 

foreign workers if and when they move to other jobs in mainland industries. 
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4. Where are we heading at? Scenarios to 2035 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the previous chapter we have discussed what the data and the paper 

commissioned in this project tell us about the interlinkages between industrial 

value added, and especially industrial productivity, skilled migration and 

energy efficiency. In what follows we will discuss projections to 2035 for these 

variables. In assessing and discussing future trends we will take stock of the 

findings of the previous chapter. We will first discuss macro scenarios and then 

discuss how these affect our variables of interest. 

We provide projections under two alternative scenarios: a “high-growth” 

scenario, which we will label “brisk”, and a “lower-growth” scenario, which we 

will label “sluggish”. Both scenarios are derived from a reference case scenario.  

The scenarios are characterized by different assumptions about the evolution 

of energy prices and energy efficiency, TFP, population size and skill levels, 

and migration flows. Their main ingredients are summarized in Table 1 in 

Appendix A1. 

Box: key findings 

 

1. Projections to 2035 suggest a further increase in the industrial 

value added produced by emerging countries. 

2. Projections to 2035 suggest that real industrial value added of 

mature economies will not decline, although their share of world 

manufacturing value added will be lower. 

3. Our scenarios to 2035 clearly show that demography and migration 

flows are fundamental drivers of the future location of industrial value 

added. 

4. The share of foreign born population will be much larger in 2035 

under our high-growth scenario. 

5. Projections on energy efficiency show a moderate improvement 

between 2011 and 2035, if we do not take into account technological 

improvements and increasing investments in green technologies and 

renewable sources of energy. 

6. The Paris Accord of COP21 involves stringent voluntary targets for 

emission reductions also for emerging countries. This will reduce the 

scope for these countries to specialise in highly polluting industries in the 

earlier stages of industrialisation and will likely strengthen the 

comparative advantage of industry in mature economies. 
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Specifically, the brisk scenario is characterized by increases in TFP across 

countries driven by technological catching-up – thus by each country’s initial 

distance from the technological frontier – and by differences in human capital. 

Equally, in the brisk scenario education in each country grows by a speed 

determined by its distance from the education frontier. For this reason, 

assumptions about the evolution of migration and demography have an 

important role in the projected evolution of the world economy. In the brisk 

scenario, we adopt the UN’s high fertility projections on population growth. 

However, we amend the UN’s projections by considering the migration 

projections obtained by Docquier and Machado (2015), which account for the 

long-run interactions between human capital accumulation, migration and 

growth. These latter projections generally predict a higher stock of migrants in 

advanced economies and a lower stock in emerging economies, relative to the 

baseline UN figures.  

The brisk scenario assumes low environmental constraints, which are reflected 

in the assumption of low energy prices. As a consequence this scenario implies 

no significant changes in energy efficiency over time. Energy prices are indeed 

assumed here to provide the key incentive to investment in energy efficiency.  

The sluggish scenario considers instead a world characterized by high energy 

prices, which triggers a progressive increase in energy efficiency with respect 

to the brisk scenario, up to a 25% higher efficiency in 2050. We also assume in 

this scenario that capital mobility becomes increasingly limited, and that by 

2035 countries return to financial autarky. The sluggish scenario is also 

characterized by a generally lower TFP growth, due to several factors. First, we 

consider a slower growth rate of education in all countries. Second, we assume 

that in this scenario a deteriorating economic environment, lower trade and 

FDI flows and possibly less collaborative technical programs will lead to 

reduced TFP convergence in low and middle-income countries, but less 

technical progress in developed countries as well, although to a lesser extent. 

Consequently, compared to the benchmark case of the brisk scenario, we 

assume here a 25% lower TFP growth for high income economies and 50% 

lower for the emerging ones. Additionally, in the sluggish case demographic 

evolution is characterized by low fertility worldwide, consistently with the UN’s 

low-fertility projections, also as regards migration.  

We show initially the impact of these scenarios on the reference case average 

growth rates between today and 2035. At this stage we focus on broad 

regions, following the two steps projection exercise carried out by Fouré and 

Fontagné (2015). 

In the first panel in Table 4.1, column (1) presents annual growth rates for the 

regions and columns (2) and (3) show the difference between each scenario 
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and the reference case. China shows a 6.5% average growth rate to 2035 

under the reference case. This is the highest figure among regions considered. 

In the brisk scenario we report almost no variation in GDP growth and in the 

sluggish scenario -2.8 percentage points. For all countries, the sluggish 

scenario definitely provides very adverse outcomes. The brisk scenario positive 

outcomes, but of a much smaller magnitude than the sluggish scenario. For 

Europe, the sluggish scenario is driving the region as a whole in the vicinity of 

1% annual growth.  

In the second panel, column (4) shows 2035 GDP levels at 2005 US$ exchange 

rates and prices. Columns (5) and (6) indicate the percentage deviations from 

the 2035 level. We observe that differences in growth rates accumulate into 

large differences in the value end of period real GDP. World GDP is 21% lower 

(2.6% higher) in the sluggish (brisk) scenario, compared to the reference case.  

Finally, in the third panel we report the share of word GDP in 2035 for each 

region and how these shares will be affected by the two scenarios. Notice, that 

even if China is assumed to have a faster growth rates than the other regions 

throughout, Europe and the US will still be the two largest world regions in 

2035. Compared to the reference case, China’s share will decline in both the 

brisk and the sluggish scenarios 

 

Table 4.1 – GDP Projections under the Brisk and Sluggish Macro Scenarios 
 GDP growth GDP IN 2035 Share of World GDP 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

 Reference Sluggish Brisk Reference Sluggish Brisk Reference Sluggish Brisk 

USA 1.85 -0.53 +0.23 20621 -11.29 +5.42 20.2 +2.42 +0.56 
Japan 1.56 -0.54 +0.05 6721 -11.62 +1.23 6.6 +0.76 -0.09 
EU 1.63 -0.56 +0.24 21235 -11.92 +5.69 20.8 +2.33 +0.63 
Brazil 2.58 -0.96 +0.05 2041 -19.53 +1.10 2.0 +0.03 -0.03 
Russian 

Federation 
3.94 -1.65 +0.19 2387 -30.75 +4.38 2.3 -0.29 +0.04 

India 5.58 -2.01 +0.00 4774 -35.76 +0.07 4.7 -0.88 -0.11 

China 6.48 -2.81 -0.03 19145 -45.89 -0.55 18.7 -5.94 -0.57 

Latin America 2.94 -0.71 -0.01 4644 -14.69 -0.19 4.5 +0.35 -0.12 

Middle East and 

North Africa 
2.84 -0.38 +0.06 4883 -8.18 +1.31 4.8 +0.76 -0.06 

Sub-Saharan 

Africa 
4.94 -1.38 +0.02 2705 -26.18 +0.50 2.6 -0.18 -0.05 

Rest of Asia 3.70 -0.96 -0.10 6733 -19.32 -2.16 6.6 +0.12 -0.30 

Rest of the 
World 

2.80 -0.68 +0.20 6321 -14.07 +4.47 6.2 +0.52 +0.11 

 

Total World 2.90 -1.04 +0.11 102210 -20.79 +2.58 100.0   

Total 

Developed 
1.89 -0.55 +0.20 58156 -11.62 +4.68 56.9 +6.58 +1.16 

Total 

Developing 
4.74 -1.80 -0.01 44054 -32.88 -0.18 43.1 -6.58 -1.16 

 

Now, how do individual drivers generate these aggregate GDP outcomes?. 

Details are of course reported in Fouré and Fontagné 2015. Here, in Figures 
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4.1 a,b, we report a synthetic decomposition of the deviations of real GDP in 

2035 attributable to the key drivers used in the basic model.  

Total Factor Productivity (TFP) is the main contributor to GDP changes in our 

Sluggish scenario (Figure 4.1.a). In other words, negative deviations of TFP 

from the reference case account for a very large share of the aggregate 

deviations in GDP. Demography, education and energy productivity appear to 

have relatively more marginal impacts. On the brisk side (Figure 4.1.b), 

migration – notice that deviations are here smaller than for the sluggish 

scenario - is indeed the key driver of changes. This underlines the importance 

of demographic trends and population movements in future GDP growth, once 

TFP growth (which in fact represent technological progress and gains in overall 

productivity) is taken into account. that The reader will take care of the 

different units in the two panels of the figure however. Notice the very sizeable 

role of migration in the EU and the US. Also the fact that China is projected to 

have limited TFP growth also in the brisk scenario and virtually no immigration, 

with an ageing indigenous population explains why in table 4.1. we report 

negative deviations in both scenarios for this country. 

The decomposition of figures 4.1 a,b are carried out assuming that each 

variable moves independently of the others. In other words, by allowing 

variables to vary one at the time. In fact, in the two scenarios all variables 

move simultaneously (e.g. education fuels TFP; low energy productivity 

counterbalance the benefits of a low energy price; demography drives saving 

and investment in addition to capital mobility).  Black crosses in the two 

figures compute deviation in GDP if all these changes occur simultaneously. 

Notice that the order of magnitude of the deviations does not change sizeably.  
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Figure 4.1 (a,b) 

Contributions of individual variables to GDP levels in 2035. % deviations from the 
reference case 

(a) Sluggish 
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(b) Brisk 

 

 

We now move ahead and discuss how the aggregate trends described feeds 

into the future dynamics of energy, value added and migration until 2035 

under the two sluggish and brisk scenarios. Drawing especially on Fontagné 

and Fouré (2015) and on Docquier and Machado (2015), we will provide a 

descriptive picture of the joint evolution of these three variables for ten large 

advanced economies: France, Germany, Italy, Spain, United Kingdom, USA, 

Canada, Japan, Australia (joint with New Zealand) and Korea; as well as for 

five large emerging economies: Brazil, Russia, India, China, Turkey and 

Mexico. 

We first start with a series of figures where we plot for each country the 

historical values of the variable of interest (e.g. industrial value added) and its 

value in 2035 under the brisk and the sluggish scenario. We divide the figures 

with a 45o diagonal. If dots are above the diagonal, then future values are 

predicted to be smaller than actual ones. If they are below the diagonal they 

will be larger. 

The first two figures (4.2 and 4.3) report the projections for total value added 

and value added per worker (a measure of productivity). As for total value 

added, especially under the brisk scenario, all emerging countries are below 

the line whereas mature economies are on or above the line. This pattern is 

less marked under the sluggish scenario, where emerging countries are 

assumed to grow 50% less than under the brisk scenario, and mature 

economies only 25% less. 
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Figure 4.2 

 

 

Figure 4.3 

 

 

Anyhow, as a consequence of the development and catching up of emerging 

countries, the share of Europe in the world value added is expected to decline 

in both scenarios, and China to increase its global leadership. Manufacturing 

real value added is predicted to expand in developing countries (e.g. China, 

Mexico, India, Brazil, Russia) and to stay roughly constant (notice, not decline) 

in developed countries, thus confirming its resilience in the developed world. 
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Quite different is instead the picture on value added per head (industrial 

productivity) capturing the quality of industrial activity. Here catching up is 

much more limited, with one exception, South Korea, which anyhow already in 

2011 has achieved very high levels of productivity. Under the brisk scenario 

South Korea takes the global leadership, whereas under the sluggish one is 

just behind the US. Also China will move up the ladder, but its productivity is 

predicted to stay behind many mature economies also in 2035, even under the 

brisk scenario. Productivity will remain higher in developed countries than in 

developing ones. This is partly so because also advanced economies manage to 

keep increasing productivity and hence also their dots lay below the 45o line. 

Despite the underlying modelling assumption of technological catching-up, and 

despite emerging countries reducing the labour intensity of their technologies, 

projections show that by 2035 cross-country convergence in labour 

productivity will still be far away. 

The magnitude of the reduction of European countries in the share of world  

industrial value added is predicted to differ across broad sectors, and exhibits 

significant differences between scenarios, as shown in Table 4.2. 

 

Table 4.2 

  Primary Manufacturing Services 

  2011 
Sluggish 

(2035) 

Brisk 

(2035) 
2011 

Sluggish 

(2035) 

Brisk 

(2035) 
2011 

Sluggish 

(2035) 

Brisk 

(2035) 

European 

Union 

Total 

(bln 

2007 
USD) 

188 460 543 1236 3005 3155 4975 13310 15389 

Share in 
the 

world 

5.6 5.8 6.0 22.3 19.9 18.4 27.2 20.4 20.4 

           

Shares in 

the EU 
(%) 

France 9.1 10.1 11.5 15.1 10.1 11.5 15.1 16.9 16.7 

Germany 10.4 12.7 12.6 20.5 12.7 12.6 20.5 16.6 16.4 

Italy 7.6 9.6 10.4 15.0 9.6 10.4 15.0 8.7 9.1 

Spain 6.9 8.8 8.1 8.8 8.8 8.1 8.8 8.3 8.2 

UK 24.3 17.7 16.9 12.8 17.7 16.9 12.8 18.7 18.7 

Other 

EU28 
41.8 41.2 40.6 27.8 41.2 40.6 27.8 30.8 31.0 

           

Shares in 

national 

economy 

France 1.8 1.7 2.0 17.9 17.0 15.7 80.2 81.3 82.3 

Germany 1.5 2.1 2.1 17.7 19.4 18.8 80.8 78.5 79.0 

Italy 1.5 2.9 3.1 19.2 21.9 20.7 79.3 75.2 76.2 

Spain 2.4 3.0 2.9 17.4 14.7 13.3 80.2 82.3 83.8 

UK 5.9 2.7 2.7 12.0 15.1 13.7 82.2 82.2 83.6 

Other 

EU28 
4.0 3.6 3.7 24.6 18.8 16.9 71.4 77.6 79.4 

Source: Fontagné et al. (2015) 

 

In the brisk scenario, and assuming a continuing trade openness, the European 

share in world value added in the manufacturing sector will see a 3.9 

percentage point decrease by 2035. Conversely, the share of European 

manufacturing is expected to shrink by just 2.4 p.p. in the sluggish scenario 
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and with a slowing down of the process of trade integration, due to developing 

economies performing relatively worse than developed countries. In the 

Services sectors, instead, the European reduction is expected to be larger, 6.8 

p.p., but equal in both scenarios. It is however interesting to note that in any 

case in absolute terms the European manufacturing value-added more than 

doubles between 2011 and 2035.  

Looking more in detail at some individual EU countries, several interesting 

patterns emerge. First, the German, Italian and French share of European 

manufacturing value added will shrink in both scenarios. On the contrary, the 

share in Spain is expected to remain pretty stable, and to even increase in the 

United Kingdom. On the other hand, the share of the manufacturing value 

added of the other EU28 member states is expected to increase by as much as 

13.4 percentage points, indicating relocation of German, Italian or French 

industries to the New Member states. We are therefore likely to head toward a 

future where regional value chains will be considerably more fragmented than 

they are today. It is important to stress, however, that in absolute terms such 

trends do not mean a reduction of the German and the other core economies’ 

value added in manufacturing, which instead increases under both scenarios. 

Share decline because most of the growth in the manufacturing value added in 

Europe will happen outside these countries.  

The outcome for the UK is not straightforward why should a country which has 

been a laggard in manufacturing compared to Germany and Italy should 

instead take the lead in the near future? Of course these results are driven by 

the mechanic relationship between the various underlying drivers of the growth 

in value added, and do not take into account agglomeration and specialisation 

effects (Puga, 2015) which will likely preserve the German and the Italian 

leadership in Europe. Interestingly, the outcome for the UK is simply driven by 

faster GDP growth and a faster dynamic in demography. This confirms what 

discussed above on the key role of demography and migration in generating 

future GDP growth in all industries.  

Looking at countries’ sector specialization, displayed in Figure 4.4, it becomes 

apparent how the pattern of shrinking share of manufacturing valued for 

Germany is driven by its sector-specialization into Machinery and Cars & 

Trucks, which makes it especially vulnerable to the increasing competition of 

China, while Other EU28 and UK manufactures tend to specialize in Metals. 

It is interesting to note that the patterns of country-specific sector 

specialization are indeed varied within the European Union. While the balance 

between manufacturing and services in richer countries (France, Germany, 

Italy, and United-Kingdom) remain more or less stable, Other EU 28 countries 
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record a significant increase in the share of services, converging gradually to 

the 80% observed in the most developed countries. 

 

Figure 4.4 
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Figure 4.5 displays the evolution of energy consumption, measured in million 

tons of oil equivalent per capita, for all the countries considered between 2011 

and 2035. Canada and USA are the largest per capita consumers in 2011, but 

Korea becomes the largest per capita consumer by 2035 in the brisk scenario. 

India remains the smallest consumer in per capita terms. Italy decreases in the 

ranking over time, becoming increasingly energy efficient. Interestingly, under 

the brisk scenario all countries under consideration lie below the 45 degree 

line, meaning that they all increase their per capita consumption of energy. 

 

Figure 4.5 

 

 

As expected, in the sluggish scenario the amount of energy consumption – 

both overall and in per capita terms – is generally lower everywhere as 

compared to the brisk scenario. Yet, the ranking of countries remains relatively 

stable both over time and between scenarios. Per capita energy consumption 

grows everywhere under the brisk scenario. Conversely, in the projections 

obtained under the sluggish scenario per capita energy consumption grows 

only in developing countries, where the effect of growth dominates over the 

effect of increased energy efficiency. Per capita energy consumption in 

developed countries, instead, is predicted to change very little between 2011 

and 2035, precisely for the opposite reason: the energy efficiency effect 

dominates over the income growth effect. 
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Figure 4.6 

 

 

Figure 4.7 

 

 

In Figures 4.6. and 4.7, we focus instead on the evolution of energy 

productivity, measured as GDP per barrel of oil equivalent, over time. Figure 

4.6 shows the historical evolution of energy productivity between 1980 and 

2010. Productivity increased in almost all countries in the sample (with the 

exception of Brazil). At the same time, three groups of countries are evident: 

most advanced economies are very energy-productive, and experience 
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significant productivity growth. Canada and the US, instead, are less 

productive than the other advanced economies, but also went through a 

significant process of increased energy productivity, though their level is 

similar to that of middle-income countries like Turkey, Mexico or Brazil, whose 

productivity remained relatively constant over the period. Finally, Russia, India 

and China stand out as the least productive countries in the sample, but all of 

them experience substantial increases in energy productivity.  

A similar pattern is evident in the projections reported in Figure 4.6. Note that 

these projections are carried out in the absence of technological improvements 

in green technologies and of a recomposition of generation towards renewable 

sources. We still find that, under the assumptions on TFP growth embodied in 

the sluggish and in the brisk scenarios, energy productivity increases in almost 

all countries, except Brazil. Consistently with the hypothesis of higher oil price 

in the sluggish than in the brisk scenario, all countries are expected to have a 

higher energy productivity growth in the former than in the latter.  

Energy productivity gains are predicted to be slightly larger in emerging 

economies (China, India and Russia) than in more advanced countries. Note 

however, that if even emerging economies will commit themselves to 

emissions reduction, as should be the case under the provisions of the Paris 

agreement (which is however due to enter into force only in 2020), we may 

well witness higher energy productivity growth in the currently inefficient 

emerging economies at the bottom left of the graph and therefore some 

pattern of catching up.  

Equally, because of technological change we expect a considerable increase in 

productivity in advanced countries too. Fontagné and Fouré 2015 (see table 

15) show clearly that if we account for an exogenous shift in green 

technologies, gains in energy productivity are magnified. These gains are 

indeed especially high in emerging economies.  

Fontagné, Fouré and Santoni, 2016, also estimate the impact of stringent 

environmental policy on aggregate GDP and manufacturing value added in 

various regions of the world. They estimate the impact of complying with the 

pledges of the Copenhagen agreement which is less stringent than the COP 21 

agreement. They find that the impact of the consequent reduction in emission 

will be limited at the level of world GDP and on the industrial output in Europe.  

So, the expected changes in the location of industrial value added will be to a 

much larger extent driven by macroeconomic forces, demography and 

technological trajectories than by emission reductions.  

As we will discuss extensively in the next section, this result derives also from 

the fact that emission reductions will provide much tighter constraints in 
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emerging countries and consequently less opportunities for industrialisation, 

not fully offset by more technology transfer. Energy producing countries will of 

course be especially affected. For them a reduction in emissions will of course 

imply a decline in demand for their commodities with severe effects on their 

GDP.  

Finally, Figure 4.8 shows that under the brisk scenario, in the next 20 years 

the share of migrants is predicted to increase in all developed countries, with 

Australia, Switzerland and Canada standing increasingly out as top 

destinations. We have indeed seen in figure 4.1 that migration is the key driver 

of growth under the brisk scenario. This is partly because of the assumption of 

high fertility rates in all countries and because of an insufficient pattern of 

income convergence that preserves the relative attractiveness of high income 

countries. An oil-rich country like Saudi Arabia, which is already relying heavily 

on foreign labour, is the only nation expected to decrease its immigrant share 

under the brisk scenario.  

Remarkably, under the sluggish scenario, immigration is instead predicted to 

slow down everywhere, with an immigrant share of the population remaining 

almost steady in Switzerland, Sweden, the UK and Germany, and decreasing 

more markedly in countries like Canada and Australia. This shows once more 

how far technological progress and inflows of skilled individuals are crucial 

drivers of growth. 

 

Figure 4.8 
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5. Conclusions and Policy 

 

 

 

 

 

 

 

 

 

 

 

 

 

This report and the results of this project provide many useful insights on 

policy issues. Of course we have been dealing with the global geography of 

industry, energy and migration, a very broad perspective spanning on all areas 

of the world and several sets of policy dimensions: environmental and energy 

policy; industrial and innovation policy; migration policies and so on. In what 

follows we will not therefore discuss specific policy measures, rather we will 

discuss the broad frameworks in which policies should operate and the 

objectives they could or should pursue to change or enhance the scenarios we 

have analysed. 

The frame our discussion we need to understand the objectives policies should 

pursue. Of course we would all like a world with highly productive and high 

value added industries, no emissions and smooth flows of migrants. But this is 

very unlikely to be the outcome for all countries in the world. Ideally this is 

what voters in mature economies are willing to pursue and policies are indeed 

fully or partially targeted towards these objectives. We will therefore discuss 

what mix of policies could indeed be more effective in this respect.  

Yet, this is not necessarily the case for developing and emerging countries. All 

those which have managed to kick start an effective process of industrialisation 

Box: key findings 

 

1. The inevitable shift to cleaner industries and a gradual ban of highly 

polluting technologies will de facto imply the diffusion of standards that 

all countries will rapidly have to pursue. The consequence is that there 

will be a need for massive investments in developing cost effective green 

technologies. And that these technologies and the resources to implement 

them will have to be transferred and adapted to low income countries.  

2. The easy avenue of cheap, low skill polluting industry is reaching an 

end point. The global division of labour we have observed up to now, will 

probably no longer be viable and sustainable. Other global equilibria will 

have to emerge. 

3. Environmental policies and standards for the mitigation of climate 

change are crucial in determining the future industrial paradigm and its 

geography. What we expect is a convergence in standards and 

environmental outcomes that will also force an overall technological 

convergence and upgrading in industry and a dramatic re-haul of the 

supply of energy and electricity. 
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have initially exploited comparative advantages which are orthogonal to the 

policy agenda defined above: low value added and highly polluting industries 

and disruptive mass migration and urbanization. These, sometimes, appear to 

be stories of the early days of the industrial revolution. Yet the division of 

labour among emerging and developed countries still reflects this pattern, 

which according to our projections could be quite persistent, unless there is a 

clear change in the policy stance. As we will argue below, this change is likely 

to emerge.  

We find that the scales of activities move together: industrial value added; 

energy consumption; stock of migrants. As countries grow and become richer 

scales rise, inevitably. And also that the qualities of activities move together: 

industrial productivity; energy efficiency; skill intensity of migrants. But the 

first does not necessarily come along with the second. Emerging economies 

overtake mature ones in quantities, not in qualities. China is rapidly becoming 

the largest world producer of industrial value added, but energy and labour 

productivity do not rise. So the world is perhaps flat, but still very diverse: 

distance still matters, it is not dead.  

What are the implications for policy? Of course this pattern of specialisation 

has both positive and negative externalities. The positive one is that worldwide 

countries may achieve a sensible division of labour. Industry, through 

investments in technology and quality, is resilient in mature economies. And 

Northern consumers benefit from cheap imports from the South. Large masses 

of unskilled workers find employment and a rise in income in emerging 

economies.  Also, industry, through a composition effect, becomes cleaner in 

the North. Polluting activities move South where voters are environmentally 

less demanding. And of course they generate wealth. Certainly polluting 

wealth, but wealth it is. Also, given that this division of labour increasingly 

takes place through outsourcing and the fragmentation of the production 

process, part of the revenues generated by labour and environment intensive 

industries are transferred to mature economies anyway. And sophisticated high 

tech activities in the North will always demand unskilled labour intensive 

components from the South. 

But externalities are also negative: pollution and global warming is the obvious 

one. Also, this division of labour is unsustainable, as wages rise, and pollution 

reaches unbearable levels for local communities in developing countries. China 

is the case in point, where all these constraints are suddenly becoming more 

and more stringent.  

Consequently, even though mature economies will likely preserve a lead in 

quality, also in developing and emerging countries we will observe a rapid 
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transition towards more stringent environmental standards, technological 

upgrading and a rising demand of skilled migrants. 

It is not sure whether developing countries will manage to easily move up 

through this path of technological transition. South Korea has certainly 

managed; today it has achieved higher levels of average industrial productivity 

than the US. China is still lagging behind and it is not at all obvious that the 

transition will be smooth.  

The COP21 final agreement has set the very ambitious goals to contain the 

increase in global temperatures below 2° Celsius. As discussed in one of our 

policy briefs, this will have very deep implications for the future exploitation of 

already discovered fossil fuels and also for the installed capacity of electricity 

generation. It will also have implications for the industrialisation strategies of 

emerging economies. It is very likely that patterns of early industrialisation will 

no longer be as emission intensive as they have been in the past.  

This will have two implications. First, a large expansion of diffused generation 

through renewables even in developing countries. Again, in another one of our 

briefs, we argue that the increasing cost efficiency of renewable energy is 

opening up unexpected opportunities of expansion of emission free generation 

even in low income countries. Second, there is a need for large technology 

transfers to these countries to assure effective and cheap supply of these 

sources of energy, even for their use as inputs in low value added industries. 

Consequently, there will probably be a decoupling between energy and labour 

productivity. In the sense that energy efficiency will have to rise rapidly, even 

if labour intensity of industry and therefore labour productivity keep lagging 

behind high income countries. 

How will this decoupling be achieved? Partly of course countries should be 

willing to implement more stringent environmental policies, before they reach 

critical thresholds (China today), so at relatively earlier stages of 

industrialisation.  

The historical records are not very encouraging. Three papers in this project, 

Weber et al. (2016) and Galeotti et al. (2016) and Levinson (2016) find that 

the emission trading schemes proposed within the Kyoto protocol had a very 

limited impact on energy efficiency and emission reductions. If any, the effect 

of Kyoto has been to make global trade dirtier through industry relocation. 

In turn, the lowering of oil and gas prices in recent years represents an 

element of concern for global emissions. On this, the paper by van der Ploeg 

helps understanding the possible strategic and political motives behind price 

reductions. Oil producers might paradoxically have an incentive to maintain 
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low prices and discourage the research efforts devoted to new path-breaking 

green technologies.  

Yet, with the Paris agreement, all countries, including the main developing 

ones, have taken serious commitments to reduce their emissions in the next 

twenty years or so. And there are of course also effective measures to 

implement them. For example, price-based policies such as taxes and 

incentives appear to be especially so, according to the analysis of Galeotti and 

Levinson. 

The inevitable shift to cleaner industries and a gradual ban of highly polluting 

technologies will de facto imply the diffusion of standards that all countries will 

rapidly have to pursue. The consequence of course, is that there will be a need 

for massive investments in developing cost effective green technologies. And 

that these technologies and the resources to implement them will have to be 

transferred and adapted to low income countries.  

The easy avenue of cheap, low skill polluting industry is reaching an end point. 

The global division of labour we have observed up to now, will probably no 

longer be viable and sustainable. Other global equilibria will have to emerge. 

Will this also imply a general transition of industry towards high value added 

and skill intensive activities in emerging markets? As discussed above a 

decoupling between high environmental standards and high value added might 

be possible. The paper by Levinson argues that one of the reasons why the re-

composition of US industry is not a critical element underlying the reduction of 

emissions is that what gets transferred abroad are labour intensive industries 

with limited emissions, like clothing and textile. Therefore, as far as 

industrialisation is limited to these “easy” industries, the decoupling is possible. 

However, things get more complex as countries move up the technological 

ladder. The adoption and diffusion of clean technologies in more advanced 

industries, will probably also require the involvement of skilled personnel, and 

the investment costs will force developing countries away from low value 

added activities. Is this possible? Certainly it will be not easy and require 

massive cooperation from advanced countries. Also it will require a rapid 

acquisition of skilled workers, possibly through migration or through a 

reduction of the brain drain towards richer markets. Whatever the outcome, 

the effect on migration flows, especially of skilled individuals, will be sizeable. 

Facchini et al. proves clearly the link between the migration of skilled 

individuals and industrial specialisation for the case of China. 

Also, as shown by several studies of this project (Hanson; Wei et al.), 

fragmentation of production and outsourcing, which is a key kick-starter of 
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early industrialisation, is in fact driven by comparative advantage. Therefore, 

the reasons for transferring production to labour intensive/poor regulatory 

environments will likely fade.  

An alternative possible outcome is that industrial activities will then all move 

back to mature economies, where the skills and technologies for clean and 

high value added industry are readily available. But this, again is not a 

desirable outcome as it will imply an impoverishment of the emerging world 

and pretty dramatic distributive effects. The option of having a clean world at 

the expense of the development of poor countries is also unsustainable. 

Hence, diffused clean power generation will have to rapidly bypass income 

barriers and become available in less developed countries also. 

Naturally, as there is a correlation or a common trend in the quality of 

industrial production, energy use and skills, there should be a parallel pattern 

in the policies implementing them. Certainly, in advanced countries, polices 

aimed at favouring technological upgrading of industry and also acquisition of 

skills through migration should be implemented in parallel with policies 

favouring the transition towards clean economic activities.  

Summing up, what clearly emerges from our discussion is that environmental 

policies and standards for the mitigation of climate change are crucial in 

determining the future industrial paradigm and its geography. What we expect 

is a convergence in standards and environmental outcome that will force an 

overall technological convergence and upgrading in industry. This of course will 

take place through a dramatic re-haul of the supply of energy and electricity. 

Demography and migration will also play a crucial role providing key factors of 

production, but also demand. Our scenarios to 2035 clearly show that 

demography and migration flows are fundamental drivers of the future location 

of industrial value added. 
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6. Appendices 

We report in the following appendices detailed summaries of the academic 

papers commissioned in each of the project pillars. All summaries underline the 

links between papers in each pillar and suggest policy implications. 

 

Appendix A1: Background to the scenario analysis 

The scenario analysis is largely based on Fontagné and Fouré (2015) GDP-

driven CGE approach, based on two pillars. The first is a growth model derived 

theoretically, estimated, and used to make macroeconomic projections for 

more than 160 countries: the “Macro” step, that delivers projections of savings 

rate, energy efficiency, current account and GDP at the country level, imposing 

consistency of the projections in terms of saving and investment at the global 

level. This first step is performed with the MaGE model (Fouré et al., 2013). 

The second step – labelled as the “Sector” step – consists in calibrating the 

dynamic trajectory of CGE model (both sectoral TFP and level of natural 

resources) such that it matches the Macro projections (respectively GDP and 

energy prices) in coherence with sector-specific constraints, current account 

constraints and exogenous agricultural productivity. 

This model provides a sound representation of economic growth for the largest 

number of countries, providing projections of their economic size and 

comparative advantages. The combination of the two drives the location of 

value added at the sector level. Of course, this exercise requires making 

assumptions about the evolution of the key drivers of growth. Beyond 

scenarios on energy prices, the interest is on the impact of migrations and the 

skill level of migrants, for which the analysis relies on projection exercises 

performed in other parts of the ENEL project. Importantly, migration scenarios 

are consistent with Docquier and Machado (2015). 

Two macroeconomic trajectories are defined for the world economy at the 

2035 horizon with MaGE, respectively the “Sluggish Macro” and the “Brisk 

Macro”. These two trajectories are then used to calibrate two dynamic 

trajectories with MIRAGE, respectively the “Sluggish Sector” and the “Brisk 

Sector”, combining MaGE outputs with hypotheses concerning trade costs, 

technical progress in the transport of merchandise and tariffs imposed on 

merchandise imports.  

Table A1 summarizes the different assumptions underlying the two scenarios. 

Table A2 reports a list of the countries/geographical areas and of the sectors 

for which MIRAGE provides projections. 
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Table 1. The two scenarios (Table 4 in Fontagné and Fouré, 2015) 

  Sluggish Macro Brisk macro 

MAGE 

Demography  
Low fertility for all 

countries  

High fertility in all 

countries  
   

Migrations  UN Projections  
Docquier 

(baseline)  
   

Education 

convergence  

+50% half-life 

time  

Reference case + 
Migration from 

Docquier  
   

Differentiated 

TFP  

-50% TFP growth 
rate for low and 

mid income 
countries, -25% 

for high-income.  

Reference case  

   

Oil price  
High price 
scenario (IEA)  

Low price scenario 
(IEA)  

   
Energy 

productivity  

+25% targeted in 

2050  
Reference case  

   

Capital mobility  

Convergence to 

I=S targeted in 
2050, in each 

region  

Reference case  

    

  Sluggish Sector Brisk Sector 

MIRAGE 

Energy prices  High price 
scenario (IEA)  

Low price scenario 
(IEA)  

Transaction 

costs 

25% cut  25% cut  

Transport TFP*  2% annual growth  2% annual growth  

Tariffs  No change (w.r.t. 
2011)  

No change 
(w.r.t.2011)  
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Table 2. countries and sectors (Table 1 in Fontagné and Fouré, 2015) 

Regions  Sectors 

Developed countries  Primary  

France  Crops  
Germany  Livestock  

Italy  Other Agriculture  

Spain  Other Primary  
United Kingdom  Energy  

Other EU  Coal  
USA  Oil  

Canada  Gas  
Japan  Petroleum and coal products  

Australia and New Zealand  Electricity  
Korea  Industry  

Developing/Emerging countries  Food  
Brazil  Textile  

Russia  Metals  
India  Cars and Trucks  

China  Transport equipment  
Association of Southeast Asian Nations  Electronic devices  

Turkey  Machinery  

Other Middle-East  Other Manufacturing  
North Africa  Services 

South Africa  Transport  
Mexico  Finance, Insurance and Business 

services  
Rest of Africa  Public administration  

Rest of the world  Other services 
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Appendix A2: Synopsis of the commissioned energy papers 

 

The papers commissioned within the energy pillar examine the relationship 

between energy input, environmental policies and the geographical 

distribution of value added and productive activities. As common assumption, 

the papers postulate that energy is not only an input in the production 

function but also a component of demand through preferences for 

environmental quality. For the goal of the VAM project, the basic implication 

of this assumption is that energy abundance cannot be considered as the only 

factor affecting the geographical location of energy-intensive industries 

through an effect on energy prices. Although certainly valid in a historical 

perspective, the idea that energy abundance is the main channel through 

which energy affects economic agglomeration is becoming less and less valid 

for two reasons-- beyond the obvious one of the long-term development of 

energy-related infrastructures. On the one hand, natural resource abundance 

relocates talents and investments from sectors that are associated with 

strong agglomeration effects (i.e. manufacturing) to sectors with less stable 

and robust impacts on the local economies (i.e. mining, utilities). On the 

other hand, environmental policies at both the local and global level create a 

wedge in energy costs, which is expected to change in an uncertain and not 

obvious direction in the near future. Indeed, environmental policies can either 

increase or reduce the wedge in energy costs depending on the capacity of 

these policies to induce improvement in low carbon technologies. The 

interaction between these new demand-side elements and the classical 

supply-side argument complicates the analysis of the role played by energy in 

shaping the geographical distribution of value added and economic activities. 

The explicit consideration of this complex interplay is the common theme of 

the papers of the energy pillar.  

 

Uncertainty, confiscation risk and resource depletion 

The main novelty of the theoretical paper of Rick van der Ploeg is to consider 

one particular type of interaction between environmental policies and natural 

resource abundance: environmental policies are treated as a source of 

confiscation risk. Under-ground oil assets become worthless if there is a 

concrete risk that a political change puts a proper price on carbon emissions. 

The confiscation risk is magnified when the risk concerns the invention of a 

path-breaking renewable technology able to fully replace the existing fossil-

fuel one (i.e. storage technologies). The dynamic regime-switching model 

developed in the paper allows to understand the behaviour of energy 

abundant countries facing various types of confiscation risk. The paradoxical 

result is that confiscation risks induces political incumbents to deplete 
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resources too quickly relative to the optimal situation without this risk, thus 

increasing carbon emissions and keeping oil prices low. The second main 

result is that confiscation risk also induces a classical hold-up problem, 

discouraging investments in exploration activities and aggravates the 

inefficiency induced by these confiscation risk. 

The main virtue of the paper is to provide a simple and useful framework to 

understand the impact of several other sources of uncertainty on investments 

and exploitation behaviour. For instance, while it considers a closed economy 

and sources of confiscation risk associated with national political cycles, a 

more realistic source of risk can be external related to the international 

adoption of a carbon tax. Alternatively, the confiscation risk can be seen at 

the firm level as a constraint preventing optimal investments not only in 

exploration activities, but also in energy-intensive industries. The 

technological risk may also be external as innovations spread quite rapidly 

across countries.  

In terms of policy implications, the analysis suggests to carefully consider the 

responses of oil abundant countries and the time consistency of policy 

interventions to improve the effectiveness of environmental policies. 

Additionally, it suggests that not considering environmental policies and 

energy abundance as fully inter-independent would be misleading. The reason 

is that, while in energy scarce countries ambitious policies are desperately 

needed to increase energy supply by investing in renewable energy capacity 

(e.g. Denmark), in energy abundant countries environmental policies 

jeopardize long-term investments in traditional energy sources and thus a key 

source of international competitiveness (e.g. Russia). 

 

Also driven by growing concerns for climate change, demand for a cleaner 

environment plays a key role in shaping the policy responses to the negative 

externalities generated by traditional energy sources, such as carbon and oil. 

If both the energy use per unit of output produced and the carbon-content of 

energy technologies are objects of individual preferences, countries will adopt 

public policies to mitigate the harmful consequences of energy consumption 

and this is likely to have considerable effects on the country’s energy mix and 

on the location of energy-intensive industries. Empirical evidence indicates 

that environmental policies stringency affects the location choice of energy 

intensive firms. There is a gap in environmental policy stringency between 

developed and developing countries, and how this gap has been exploited by 

multinational corporations to relocate the energy-intensive segments of their 

activities. It is not by chance that the improvements in energy efficiency of 

China slowed down visibly after the entry of China in the WTO. 

 

What shapes energy efficiency? 
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The three remaining commissioned papers address these issues considering 

the interaction between environmental policies, country’s stage of 

development and resource abundance in shaping energy efficiency, trade 

patterns and industry composition. While the papers of Levinson and Weber, 

Gerlagh, Mathys and Moran offer direct empirical assessments of the role of 

environmental policies and resource abundance on energy efficiency and the 

location of energy intensive activities, the paper of Galeotti, Salini and 

Verdolini stands by itself offering a methodological contribution on the 

appropriate approach to measure environmental policies. The issue of how to 

compare environmental policy stringency across countries is a hot topic in the 

political debate. Since each country adopts an array of heterogeneous 

policies, such as emission standards, emission trading schemes, taxes, 

investment incentives and R&D subsidies, aggregate indicators are required 

to perform cross-country comparisons and to understand which policy mix is 

more effective in increasing energy efficiency. Although limited to OECD 

countries due to data availability, such a comparison represents a 

contribution to our understanding of the role and effectiveness of energy and 

environmental policies.   

 

Three are the main results of the paper. First, since each indicator offers a 

quite different country ranking, the paper suggests that it is very problematic 

to identify the best indicator to carry out reliable cross-country comparisons. 

Second, all the indicators have a positive and significant impact on energy 

efficiency conditional on per-capita income, although the impact is 

economically significant only for an indicator measuring the implicit tax rate 

of energy followed by an indicator measuring the degree of diversification of 

environmental policies. For these two indicators a 10% increase in regulatory 

stringency leads to a modest 1 to 2 percent increase in energy efficiency. This 

result lends support to the idea that tax-based instruments are more 

effectively than emission trading scheme and emission limits. In addition, 

diversified portfolio allows a country to better cope with uncertainty 

characterizing investments in clean technologies and to target with each 

policy a different set of actors (large players and utilities with trading 

schemes, local producers with feed-in tariffs, producers of specialized 

equipment with R&D subsidies and investment incentives).  

 

A complementary result of the paper of Galeotti et al. is that, in spite of the 

inclusion of environmental policies, per-capita income is positively associated 

with energy efficiency. This positive association can depend on two 

completely different mechanisms. On the one hand, it may indicate a positive 

correlation between country’s stage of development, the capacity to innovate 

and thus the efficiency of productive inputs, including energy, i.e. the so-
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called technique effect. On the other hand, it can simply reflect the relocation 

of polluting activities from developed to developing countries, i.e. a so-called 

composition effect. Clearly, the two explanations have completely different 

implications in terms of solutions to fight climate change. If the technique 

effect accounts for the bulk of the documented decline in energy (and 

emission) intensity of developed countries, efforts should be concentrated on 

the transfer of technology and know-how to developing countries. If instead 

emission reductions in developed economies primarily depend on a relocation 

of polluting industries, efforts should be concentrated on basic research to 

make clean technologies competitive with dirty ones.  

 

The paper of Levinson provides a direct identification of the importance of 

these two mechanisms by analysing the historical experience of the USA over 

the period 1982-2007. The two main advantages of the Levinson’s analysis is 

to use fine grained information of energy intensity for 473 industries and to 

consider only the manufacturing sector, which accounted for the bulk of the 

40% decline of energy intensity. Moreover, since the manufacturing sector is 

easier to relocate abroad, it is more exposed to the composition effect. 

Especially the use of detailed industrial classes allows to ameliorate the 

aggregation bias, i.e. within-sector composition changes can be misclassified 

as technical improvements.  

 

The first striking result of the paper is that, even when using a very detailed 

industrial classification, the bulk of the increase in energy efficiency is 

explained by a technique effect and not by deindustrialization or by the 

changing composition of the industrial sector. Interestingly, the composition 

effect works against this trend of energy efficiency improvements. A plausible 

explanation of this surprising result is that energy prices are low in the USA 

relative to other countries. Allied to this, deindustrialization linked to the 

growing of China has affected mostly industries that use little energy per unit 

of output, i.e. textile and apparel. The second part of the analysis exploits 

differences in energy prices and command and control regulation to offer a 

preliminary explanation of the differences in energy intensity across US 

states. As in Galeotti et al., these preliminary results suggest that price-based 

policies, captured in this case by higher electricity prices, are associated with 

higher than average declines in overall energy intensity and that, in contrast 

with the aggregate picture, the bulk of this decline is due to 

deindustrialization, i.e. the industry’s declining share of gross state product.  

 

Although these suggestive correlations do not imply causality, they indicate 

that there has been an internal relocation of energy intensive activities from 

states with higher-than average-electricity prices to states with lower-than-
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average electricity prices. As a result, the absence of composition effect in 

aggregate may mask substantial heterogeneity when looking at finer 

geographical units. To understand the full implications of these relocation 

processes, the key issue is whether composition and technique effects 

reinforces or compensates each other. Is the relocation of polluting industries 

in regions with less stringent environmental policies necessarily associated to 

the use of more energy-intensive technologies? 

 

To address this issue, the paper of Weber, Gerlagh, Mathys and Moran studies 

the evolution of the CO2 embedded in trade using data for 35 sectors and 40 

countries over the period 1995-2009. The paper takes stock from the large 

worldwide increase in the carbon content of trade to question the standard 

result of the literature on the effect of trade on pollution and emissions, 

namely the positive effect of trade on emission reduction. Two are the novel 

insights of the paper compared to the existing literature. First, as suggested 

by previous discussion, emission intensity may systematically differ across 

countries because of differences in production technologies and not because 

of differences in the industrial structure. Second, trade deficits can contribute 

to explain the rise in the carbon content of trade insofar as emission intensity 

is higher in countries with a surplus (i.e. China) than in countries with a 

deficit (i.e. US). In relation with the findings of Levinson, this implies that an 

important part of the improvements in energy efficiency in the US cannot be 

accounted for by the composition and technique effect, but it is associated 

with large trade deficits. To incorporate these insights into the analysis, they 

first propose a decomposition of the net CO2 emissions into three terms 

(trade deficit, composition effect, technique effect) and then look at the 

correlation between the composition and the technique effect. The final part 

of the paper is devoted to an econometric analysis of the drivers of the three 

terms of the decomposition, focusing on the role environmental regulation 

and coal abundance.  

 

The main results of the paper are the following. First, traded goods have a 

substantially higher emission intensity relative to the average final 

consumption good. Few emission intensive sectors make large part of world 

trade, notably: coke, refined petroleum and nuclear fuel; chemicals and 

chemical products; basic metals and fabricated metal. Second, emission 

exporters increase their net CO2 export not because they increasingly 

specialize in dirty sectors (composition effect), but because both the 

technique effect and trade deficit effects increase. A positive technique effect 

is particularly worrisome as it is positively correlated with the composition 

effect, i.e. CO2 exporting countries tend to have higher emissions per value 

added compared to their trade partners. Finally, concerning the drivers of 
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these significant change in trade-related emissions, the paper show that coal 

abundance increases emission intensity of trade and that the ratification of 

Kyoto, the most important global policy, has reduced emission intensity only 

in small countries. The econometric results also provide some weak evidence 

that coal abundant countries specialize in dirty sectors (an effect mostly 

driven by China), while, consistent with the literature (Aichele and 

Felbermayr, 2015), the ratification of Kyoto is positively correlated with an 

increase in imports of emission-intensive products and thus has a limited 

effect on emission reduction per unit of output. 

 

Appendix A3: Synopsis of the commissioned papers on the geography 

of value added 

The four commissioned papers of the geography pillar target four main cross-

cutting issues at the core of our understanding of the patterns of global 

production and value added creation: 

 Where is world value added currently created, and where will it be 

created in the future? (Wang, Wei, Yu and Zhu; henceforth, Wei et al.) 

 Will the creation of value added be increasingly dispersed or 

concentrated? (Puga) 

 Which tasks will be increasingly ‘offshored’ from more to less developed 

countries? (Hanson) 

 Which products will be increasingly ‘offshored’ from more to less 

developed countries? (Head and Mayer) 

As discussed by Hanson, that global production sharing is a key feature of XXI 

century international trade is undisputed. As national economies have become 

more integrated firms have fragmented production across borders thereby 

expanding trade in intermediate inputs and creating vertical linkages in trade 

flows. Economic reforms in emerging economies, the proliferation of regional 

trade agreements and improved global logistics have all helped propel global 

production sharing. This ongoing process of fragmentation is important 

because it changes relative factor demands and rewards, which affects income 

inequality worldwide and contributes to public unease about offshoring. At the 

same time, production sharing within global value chains (GVCs) can magnify 

the overall gains from international trade. 

Where is world value added currently created, and where will it be 

created in the future? 

As stressed by Wei et al., a “value chain” represents value added at various 

stages of production, which runs from the initial phase such as R&D and design 

to the delivery of the final product to consumers. A value chain can be national 
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if all stages of production occur within a country, or global if different stages 

take place in different countries. In practice, most products or services are 

produced by a global value chain (GVCs). The emergence of global value 

chains (GVCs) has indeed changed the pattern of international trade in recent 

decades. Different stages of production now are often conducted by multiple 

producers located in several countries, with parts and components crossing 

national borders multiple times. While the deficiency (i.e., due to trade in 

intermediates) of official trade statistics as a description of true trade patterns 

has been well recognized, measures of global value chains based on sequential 

production are still under development. 

GVCs are a pet concept in management and policy circles. It is, therefore, 

quite surprising that a full picture of their global map has struggled to emerge. 

A prominent reason can be found in the lack of a consensus view on how to 

measure their defining features in a consistent way. That is why the paper by 

Wei et al. develops a “GVC index system” with the ambition of defining the 

gold standard for GVC measurement. The system includes three types of 

indexes based on both forward and backward inter-industry and cross-country 

linkages: a “production length index” for the average number of production 

stages and complexity of the global value chain; a “participation index” for the 

intensity of a country-sector’s engagement in global value chains; and a 

“position index” for the location of a country sector on a global value chain, or 

the relative distance of a particular production stage to both ends of a global 

value chain. While similar measures had been already put forth, the new 

indices of Wei et al. contain improvements that are desirable and sensible also 

from the viewpoint of intuition as all these indexes are built from the 

decomposition of GDP by industry statistics and can be further divided into 

different components with clear economic interpretations. 

Based on their “GVC index system”, Wei et al. are able to provide a 

comprehensive picture of each country/sector pair’s GVC activities from 

multiple dimensions. Their findings run against the received wisdom based on 

previous (often inconsistent) measures. In particular, they show that previous 

findings on production chains for the US are not globally representative. More 

precisely, the fact that the production chain has become shorter, and that 

value-added has gradually shifted towards the downstream stage, closer to the 

final consumers, are both unique to the US input-output tables. First, Wei et al. 

show that emerging economies like China have experienced a gradual 

lengthening of the overall production chain and the lengthening of production 

by these countries dominates shortening of production by others, so that the 

world as a whole experiences a lengthening of the production process. Second, 

they decompose changes in total production length into changes in the pure 

domestic segment, changes in the segment related to direct value-added 
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trade, and changes in the segment related to global value chains. By further 

separating the production length of GVCs into domestic and international 

segments, they show that the ratio of international production length versus 

total production length of GVCs has increased for all countries. Third, they 

show that all countries in the world increased their GVC participation during 

1995–2011. And finally, they use the three types of newly defined GVC indexes 

as explanatory variables to analyse the role GVCs have played in transmitting 

economic shocks in the recent global financial crisis and find that a 

country/sector’s GVC position has significant impacts. The further the 

country/sector pair is located from the final consumption end, the lesser the 

impact of the global economic shock. In addition, the impact of the financial 

crisis increases with the length of the international portion of the relevant 

global value chains. 

Which tasks will be increasingly ‘offshored’ from more to less 

developed countries?  

But how has all this global fragmentation of production emerged? In his paper 

Hanson discusses possible explanations. Offshoring entails dividing industry 

production stages across countries. On the one side, production of a final good 

requires a set of inputs or tasks which vary in their factor intensity or in their 

ease of being performed abroad. Changes in total factor productivity or in the 

cost of offshoring affect the subset of inputs or tasks that firms in skill-

abundant countries choose to locate in the labour-abundant countries. On the 

other hand, within industries a lot of production occurs sequentially. The firm 

occupying the first link in the chain produces inputs which it ships to the firm 

occupying the second link which contributes its value added before shipping 

inputs on to firm number three and so forth until production of the final good is 

completed. Variation in country capabilities in coordinating manufacturing or in 

handling more complex production — where typically coordination costs and 

production complexity increase as one moves along the manufacturing chain — 

determines how the sequence of production stages is organized internationally. 

On both counts, when trade barriers are low enough individual countries will 

specialize in different stages of industry production. 

Hanson reaches the conclusion that the main drivers of the global 

fragmentation of production are the different factor intensity and ease of being 

performed abroad that characterize different sets of inputs or tasks. This 

conclusion is reached by studying assembly offshoring for China, Mexico and 

the US with the aim of tackling the following three questions. First, in which 

industries does production sharing occur? Second, what are the characteristics 

of the industries that are intensive in the use of export assembly? Third, which 

countries specialize in offshoring-intensive sectors? He finds that in all three 

countries export assembly is concentrated in a handful of sectors, including 
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apparel, electronics, footwear, furniture, toys, and transportation equipment. 

The industries share characteristics that make production amenable to 

offshoring. First, factor intensity varies across production stages. R&D is skill 

intensive, the production of parts and components is often capital intensive, 

and the processing and assembly of components into final products is labour 

intensive. Second, the technology of the distinct production stages permits 

their physical separation. For instance, designing shoes, chips, or TVs can 

occur far from the production of leather shoe pieces, silicon wafers, or LCD 

displays, which in turn can be physically separate from the assembly of these 

components into final goods. Third, communication and transport costs are 

sufficiently low that firms are not deterred from locating design, parts 

production, and assembly in countries far from each other or from the location 

of final consumers. 

When Hanson searches for evidence of these characteristics in offshoring 

industries, it is variation in skill and capital intensity that shows up the most 

strongly. Offshoring sectors tend to be ones that pay low-wage workers 

relatively low wages, consistent with high average intensity in the usage of 

low-skilled labour, and that exhibit relatively high variation in wages across 

workers within the sector, consistent with high variation in skill intensity across 

production stages. He finds no evidence that more routine-task-intensive 

sectors are more prone to engage in the offshoring of final assembly. The 

importance of skill intensity for export assembly is also apparent in the fact 

that labour-abundant countries cycle through offshoring industries as they 

develop, frequently starting out in apparel, footwear, and toys. They later tend 

to move into electronics and electrical machinery. Specialization in 

transportation equipment tends to be more idiosyncratic, with relatively few 

countries making the transition to this sector. These patterns of industry 

dynamics (from apparel and footwear to electronics and machinery) are 

strongest in labour-abundant East Asia. They are not present in resource-

abundant countries that specialize in exporting primary commodities. 

What do these results imply for where research on offshoring should be 

headed? First, offshoring, at least in the form of moving assembly operations 

abroad, appears to be an unattractive strategy in a large portion of 

manufacturing. One possibility is that in many industries technology constrains 

physically separating many production tasks. Second, factor intensity is a 

primary motivation for why firms offshore. Although problems in contracting or 

coordinating production are often seen as driving offshoring, Hanson argues 

that factor intensity motivations for fragmenting production appear to be 

among its first-order determinants. Third, there is substantial dynamism in 

country specialization in offshoring sectors. This dynamism appears to be 

associated with changes in factor supplies (for instance, high levels of human 
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and physical capital accumulation in East Asia). It may also be related to 

improvements in industry productivity, perhaps associated with foreign direct 

investment. 

Which products will be increasingly ‘offshored’ from more to less 

developed countries?  

Hanson’s findings and conclusions are consistent with those of Head and 

Mayer, who focus on assembly in the car industry as a key observation post 

from which to uncover and understand global trends in offshoring. Why is 

offshoring in the car industry of particular interest? First of all, the car industry 

is large and considered important by government policy makers. Passenger 

cars are the largest expenditure category among goods. Industry associations 

in the European Union (EU) and United States (US) report very large 

employment shares for the broadly defined automotive sector. Including parts 

and other related activities, it accounts for 5.8% of the total employed 

population of the EU and nearly 5% of US employment. A second compelling 

reason to study offshoring in the car industry is the existence of extraordinarily 

rich data providing a nearly exhaustive account where products are made and 

then sold. 

Using the auto data set, Head and Mayer conduct three main empirical 

exercises. First, they quantify the magnitude and direction of offshoring. Then, 

they investigate the country-level determinants of the decision to offshore all 

or part of the production of a car model. Finally, they identify the 

characteristics of products that make them more susceptible to offshoring. 

They find that offshoring assembly to lower wage countries is growing but it 

remains limited, and is likely to remain limited also in the future as the location 

of car assembly is mainly determined by access to final customers. 

Consistently with Hanson’s analysis, the results they obtain support a factor 

intensity explanation of offshoring. Firms based in countries that have 

relatively high assembly costs are more likely to offshore in general and the 

most likely models to be offshored are the less expensive cars of brands based 

in high income countries. Interpreting price as a proxy for the skill and capital 

intensity of the model and per capita income as a proxy for abundance in the 

corresponding factors of production, Head and Mayer conclude that models 

characterized by higher skill and capital intensity are assembled where high 

skills and capital are more abundant. 

Will the creation of value added be increasingly dispersed or 

concentrated?  

Wei et al. highlight the rising complexity of global production sharing 

characterized by the lengthening of the value chains and the deepening 

participation of an increasing number of countries. Hanson as well as Head and 
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Mayer stress the roles of countries in global production sharing depends on 

their relative factor abundance and the relative factor intensity of tasks and 

products. Puga considers cities as the natural lab to study these two aspects 

with special emphasis on the matching between skill abundance and skill 

intensity. His conclusions resonate well with those of Hanson and Head and 

Mayer: the same patterns of production sharing that we observe between 

countries at different levels of development can be identified between cities of 

different size. 

Puga notes that, over the last few decades, we have seen important changes 

that have made cities increasingly different from each other. Given that many 

of these changes are systematically related to city size, bigger urban areas 

now differ from smaller cities along several important dimensions. In 

particular, the activities that take place in cities of different sizes and the 

characteristics of firms and workers that carry them out are systematically 

different. Some of these differences are the result of firms and workers with 

certain skills being more likely to locate in big cities than others. Other 

differences arise because choosing to locate in big cities has consequences that 

make firms and workers evolve differently. And yet, as big and small cities 

have become more different, they have also become more interdependent just 

like countries at different levels of development. As a result, important lifecycle 

patterns have emerged for firms as well as for workers. 

Workers are often willing to pay the higher living cost of bigger cities not just 

to get higher wages today, but in the hope of learning and acquiring skills that, 

depending on their own characteristics and luck, they may exploit there or 

somewhere else. We can find that a substantial part of the productivity 

benefits of big cities are tied to faster human capital accumulation and learning 

by tracking workers over time and across cities and measuring how the 

experience accumulated in different cities increases their earnings. Such 

analysis indicates that workers in bigger cities do not have higher initial 

unobserved ability. Instead, they obtain an immediate benefit from locating in 

a big city and also accumulate more valuable experience, which makes their 

earnings increase faster over time. And those benefits are portable, since the 

higher value of experience accumulated in bigger cities remains reflected in 

earnings after workers move away. Overall, about one half of the gains from 

working in bigger cities are static and tied to currently working in a bigger city. 

However, about another half accrues over time as workers accumulate more 

valuable experience in bigger cities. 

Just as there are important lifecycle patterns across cities for workers, these 

also exist for firms. Many new firms and products start up in cities that are 

bigger, more educated and more diverse but eventually relocate, making up 
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space for the next generation of new firms and products. In this sense, we can 

think of diversified cities as ‘nursery cities’ where learning takes place and 

specialized cities as the places where the production of mature goods occurs. 

This can be used to explain why, even if innovation and learning concentrate in 

a few large and diverse cities, this does not imply that smaller and more 

specialized cities will disappear. Instead, the diffusion of innovations to exploit 

them in small specialized cities frees up large and diverse cities to concentrate 

in continuously feeding the growth process with new ideas. 
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Appendix A4: Synopsis of the commissioned papers on migration 

Predicting migration flows: a general equilibrium macroeconomic 

model 

The first contribution takes a macroeconomic perspective, with the goal of 

providing a scenario analysis for demographic developments at a global level 

and their interactions with the location of economic activity across regions of 

the world. In particular, in “Income disparities, population and migration flows 

in the 21st century” Frederic Docquier and Joel Machado develop and 

parametrize a dynamic general equilibrium model in which the migration 

decision is endogenized, that accounts for key interdependencies among 

demographic and economic drivers of international migration. The authors 

consider several possible scenarios, providing a very useful set of benchmarks. 

The baseline analysis builds on what the United Nations has identified as the 

“high fertility” scenario – i.e. a setting in which the population aged 25 years 

and above will increase at 1.2% per year on average over the next 85 years, 

bringing it from 3.4 billion individuals in 2000 to 10.4 billion individuals in 

2100, and a series of additional assumptions. In particular, the authors focus 

on an environment in which education policies in source and destination 

countries will not change over this period, and the same is assumed to be true 

as far as migration policies is concerned. Moreover, they assume that in the 

long-run absolute convergence in total factor productivity (TFP) will take place 

between emerging and high-income countries, but this will not be the case 

instead for African countries. Within this setting, Docquier and Machado predict 

a major shift in the location of economic activities across the globe, which will 

result in Asia becoming the main hub of economic activity, producing 59% of 

the world’s total GDP by 2100 – compared to only 38% in 2000. At the same 

time, the underlying UN demographic assumptions indicate a very fast 

population growth in Africa, which will see its share of the world’s total 

population more than double over this period, from 10 to 25 percent of the 

total. Interestingly, the interaction between population dynamics and 

technological diffusion results in an only modest increase in the share of the 

adult population that by the end of the century will be living in a country 

different from the one of its birth: in fact, Docquier and Machado’s analysis 

indicates only a 1 percentage point change, from 3.5 to 4.5 percent. 

Interestingly, and perhaps somewhat surprisingly, half of this change is 

explained by the increased attractiveness of China and India as destination 

countries for migrants, whereas the rest is explained by the increased 

migration pressure from Africa to Western Europe. Under the assumption that 

the EU immigration policy stance will remain constant, the authors’ calculations 

imply that the EU will see the average share of foreigners living in member 

countries more than double, increasing from 7.5 to 17.2 percent. At the same 
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time, immigration rates will remain broadly stable in other high-income 

countries, which have in the past seen large inflows of foreign nationals like 

the United States, Australia or Canada. As the analysis involves several 

significant assumptions, the authors carry out a series of robustness checks, 

and assess the sensitivity of their projections to changes in migration policies, 

different patterns of TFP convergence/divergence, changes in the baseline 

fertility scenarios, and importantly, in individual’s education acquisition 

decisions. The authors highlight how the evolution of TFP in emerging 

economies and in Africa in particular will have a key impact on the size of the 

global population and on its distribution. In particular though, while this is 

likely to affect the attractiveness of developing countries like China and India 

as destinations of population flows, Europe will remain a major destination of 

immigrant flows in all the scenarios considered by the authors. As a result, the 

management of immigration will remain one of the key challenges faced by 

European societies. 

The remaining three studies carried out under the project take instead a 

microeconomic perspective, using individual level data. The first tackles a 

classic question in the migration literature, focusing on the decision to 

emigrate when an individual is part of a household and some of the members 

are left behind. The second studies the link between trade and the location of 

economic activities within a country, whereas the third paper looks at the link 

between immigration and natural resource booms. 

Risk attitudes and migration choices 

As pointed out in a large literature, the decision to emigrate is typically linked 

to the perceived differences in overall welfare levels across locations. The 

information available on the opportunities in the destination is often imperfect, 

and when an individual is part of a household, migration is likely to become a 

household decision, whereby a specific member is sent to a different location 

as a result of a household risk diversification strategy. This feature is common 

both when we think about rural urban migrations within developing countries, 

and when we think about relocation decisions across countries. 

In “Risk Attitudes and Household Migration Decisions” Christian Dustmann, 

Francesco Fasani, Xin Meng and Luigi Minale tackle this question with a focus 

on China, a country which has seen a massive exodus from the countryside to 

urban areas over the past 20-30 years. In particular, their analysis focuses on 

the relationship between individual migration and the risk attitudes of other 

household members when migration is a household decision. The analysis is 

carried out starting from a simple theoretical model highlighting how who 

migrates depends on the distribution of risk attitudes of all household 

members – and not just on those of the individual migrant - and that the 
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availability of a risk diversification strategy to other household members may 

induce relocation decisions that would occur in a setting where only one 

individual were to take his decision. The authors take the predictions of the 

model to the data by using an interesting survey carried out among Chinese 

households, which allows them to measure the risk attitudes of internal (rural-

urban) migrants and those of their families left behind. Three key implications 

of the model are assessed: (i) conditional on migration gains, less risk averse 

individuals are more likely to migrate; (ii) within households, the least risk 

averse individual is more likely to emigrate; and (iii) across households, the 

most risk averse households are more likely to send migrants as long as they 

have at least one family member that is sufficiently risk loving. The empirical 

results not only provide strong evidence that rural urban migration decisions in 

China are taken at the level of the household, but also that the distribution of 

risk attitudes within the household affects whether a migration takes place, 

and who will emigrate. 

Trade, migration and the location of economic activities 

International trade and migration are closely linked features of globalization, 

and standard trade models in the tradition of Heckscher and Ohlin have 

emphasized how trade and migration can be thought of as “substitutes” 

(Mundell 1957). More recent work has focused on individual countries, 

studying how increased exposure to international trade might affect the 

location decisions of individuals within a country, which are likely to react to 

trade-driven shifts in the local labour demand. 

The 2001 accession of China to the World Trade Organization (WTO) 

represents an ideal ground to assess the link between trade and internal labour 

mobility. In “The impact of China’s WTO accession on internal migration”, 

Facchini, Liu, Mayda and Zhou focus precisely on this question, and study 

whether reduced trade uncertainty due to China's accession to the WTO in 

2001 triggered changes in internal mobility of Chinese workers. In particular, 

they investigate whether changes in trade policy uncertainty affected local 

demand for production factors and, in particular, the demand for labour, thus 

putting pressure on the existing internal migration system – which was highly 

regulated as a result of the so called “hukou” system. 

To answer this question, the authors implement a difference-in-difference 

empirical specification based on variation across Chinese prefectures before 

and after 2001, measuring trade policy uncertainty using the product-specific 

normal-trade-relations (NTR) gap. This measure is built by calculating the gap 

between Most Favourite Nation (MFN) tariffs applied by the United States to 

Chinese imports and the threat tariffs that would have been implemented if 

MFN status was not renewed by Congress on a yearly basis (the so called 
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column 2 tariffs of the Smoot-Hawley trade Act). Combining this information 

with data on internal migration rates from the 2000 census and the 2005 mini-

census they obtain several interesting results. First, they show that industries 

and prefectures facing a larger decline in trade policy uncertainty vis a vis the 

United States experience a larger increase in exports towards the United 

States. Second, they find that Chinese prefectures facing a larger decline in 

trade policy uncertainty experience larger inflows of migrant workers. 

Moreover, their results suggest that the effect is stronger for skilled than for 

unskilled workers. 

Natural resource booms as a driver of migration flows 

Natural resources abundant economies often face significant skill shortages, as 

witnessed by the very large numbers of foreign workers living for instance in 

the oil rich countries in the Gulf area. Little systematic microeconomic evidence 

exists though on the characteristics of the workers employed in the natural 

resource sector and on their effects on the broader economy of the destination 

country. In “Migrant labour in the Norwegian petroleum sector” Bernt 

Bratsberg, Oddbjørn Raaum and Ole Rogeberg tackle these questions, taking 

advantage of a unique, very rich linked administrative dataset covering all 

workers employed in the petroleum sector in Norway over the period 1998-

2012. This time span is particularly interesting, as it covers a number of 

significant changes in the macroeconomic environment, ranging from rising oil 

prices and growing investments in the years after 2000, to the (gradual) 

elimination of immigration restrictions with Eastern European countries after 

2004, which led to a very large influx of workers into Norwegian labour 

markets. In their descriptive paper, the authors find several interesting results. 

First, they find evidence that the petroleum sector is significantly more skill 

intensive than the rest of the Norwegian economy. Comparing natives and 

immigrant workers, immigrants appear to be significantly more skilled. 

Furthermore, compared to the rest of the Norwegian economy, this sector is 

characterized by a widespread usage of posted workers - i.e. temporary 

migrant workers that are hired abroad and employed for a short period of time 

in Norway. All this evidence suggests that in this industry migrants are used as 

a flexible tool to address skill shortages, and that often these shortages are 

short term in nature. Even if this is the case, the authors find some evidence 

for the presence of spill over effects from the oil industry to other sectors of 

the Norwegian economy: high-skilled foreign petroleum workers tend to earn 

more than similarly skilled foreign workers if and when they move to other 

jobs in mainland industries. 
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Appendix A5: Complete output of the Value Added in Motion Project 

 

Background Reports 

 Barba Navaretti, Giorgio, Frattini, Tommaso and Pica, Giovanni (2014): 

“How Do Value Added, Migration and Energy Interact?” 

 Barba Navaretti, Giorgio, Ottaviano, Gianmarco, Pica, Giovanni and 

Cerisola, Silvia (2014): “Does it Stay or Does it go? Industrial Value 

Added across Mature and Emerging Economies” 

 Facchini, Giovanni and Frattini, Tommaso (2014): “Where do Migrants 

Go? Population Movements and Economic Activities” 

 Vona, Francesco and Galeotti, Marzio (2014): “The Sustainable 

Management of Energy and Natural Resources and the Geography of 

Economic Activities and of Population Movements: An Overview” 

 

Final Report 

 Barba Navaretti, Giorgio, Facchini, Giovanni, Frattini, Tommaso, 

Galeotti, Marzio, Ottaviano, Gianmarco, Pica, Giovanni and Vona, 

Francesco (2016): “Industrial Value Added, Migration and Energy. 

Reasons and Policies for their Continuous Interaction” 

 

Papers 

 Bratsberg, Bernt, Raaum, Oddbjørn and Rogeberg, Ole (2015): “Migrant 

labor in the Norwegian petroleum sector” 

 Docquier, Frederic and Machado, Joël (2015): “Income disparities, 

population and migration flows in the 21st century” 

 Dustmann, Christian, Fasani, Francesco, Meng, Xin and Minale, Luigi 

(2015): “Risk Attitudes and Household Migration Decisions” 

 Facchini, Giovanni, Liu, Maggie Y., Mayda, Annamaria and Zhou, 

Minghai (2015): “The impact of China’s WTO accession on internal 

migration” 

 Galeotti, Marzio, Salini, Silvia and Verdolini, Elena (2015) “Measuring 

Environmental Policy Stringency: Approaches, Validity, and Impact on 

Energy Efficiency” 

 Hanson, Gordon (2015): “What Do We Really Know about Offshoring? 

Industries and Countries in Global Production Sharing”,  

 Head, Keith and Thierry Mayer (2015): “From Torino to Tychy: The 

limits of offshoring in the car industry” 
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 Levinson, Arik (2015): “Energy Intensity: Prices, Policy, or Composition 

in US States” 

 Puga, Diego (2015): “The changing distribution of firms and workers 

across cities” 

 Van der Ploeg, Frederick (2015): “Rapacious Oil Exploration in Face of 

Regime Switches: Breakthrough Renewable Energy and Dynamic 

Resource Wars” 

 Wang, Zhi, Wei, Shang-Jin, Yu, Xinding and Zhu, Kunfu (2015): 

“Characterizing Global and Regional Manufacturing Value Chains: Stable 

and Evolving Features”  

 Weber, Sylvain, Gerlagh, Reyer, Mathys, Nicole A. and Moran, Daniel 

(2015): “CO2 embedded in trade: trends and fossil fuel drivers” 

 

Scenarios 

 Fontagné, Lionel and Fouré, Jean (2015): “Value Added in Motion: 

Modelling World Trade Patterns at the 2035 Horizon” 

 Fontagné, Lionel, Fouré, Jean and Santoni, Gianluca (2015): “Value 

Added in Motion: Macroeconomic Implications of Energy Price 

Trajectories” 

 Fontagné, Lionel and Santoni, Gianluca (2015): “Value Added in Motion: 

Determinants of Value Added Location within the EU” 

 

Briefs 

 Pontoni, Federico (2016): “Renewable Energies and Distributed 

Generation. Challenges and Issues in Developed Countries and 

Developing Countries” 

 Pontoni, Federico (2016): “Stranded carbon assets: The (hidden) risk of 

fossil fuels. How to assess cost and benefits of investing and divesting 

in carbon intensive sectors” 

 Pontoni, Federico (2016): “CO2 emissions embodied in trade. Analysis 

and policy implications” 

 

Conference  

 VAM Conference, University of Milan, 14-15 May 2015 


