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Abstract: 

Increased advancements in technology and communication as well as the ongoing reduction in trade 

barriers has further internationalized production. This paper will start with a brief review of the 

literature outlining some of the key channels by which GVCs can affect relative wages. Since this is 

ultimately an empirical question, the paper then goes on to explore the World Input Output Database 

(WIOD) and decomposes it along Wang, Wei and Zhu’s (2015) decomposition method providing 

various interesting and commonly used proxies for production sharing, such as VS, VS1, VS1x and an 

improved VAX ratio. Besides information on global production sharing, WIOD provides relative wage 

data per skill type of worker which allows estimating the effects of various GVC proxies on relative 

wages from a large panel dataset, inhibiting 37 countries and 30 industries across 15 years. So far, 

preliminary analysis provides some evidence of a factor bias effect where domestic value added that 

is exported and eventually returns home (VS1x) increases (decreases) the share of high skilled labour 

compensation if subsequent production happens in a country that is less (more) skill abundant than 

the home country. Similarly, domestic value added that is exported and consumed in a more (less) 

skilled abundant country (VAX_B) tends to increase (decrease) the share of high skilled labour 

compensation. These findings are in line with standard offshoring theories that follow the factor bias. 

On the other hand, this paper does not find any significant evidence of a sector bias effect, i.e. global 

production sharing in lower skilled industries does not seem to affect relative wages significantly 

different than in higher skilled industries. 
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Introduction 
Recent technological advancements and reductions in trade barriers have led to a large rise in global 

production sharing, as can be seen from the rise of trade in intermediates (Johnson & Noguera, 2009; 

Amiti and Wei, 2005) or the increase in foreign value added in exports (Hummels et al, 2001). As 

Baldwin (2006) puts it, the unbundling of the production process has such large and widespread 

effects that one could speak of a new paradigm in economics. Indeed, it has far reaching effects on 

labour markets, the productivity of firms and the development of nations. This paper looks specifically 

at the effect of global value chains on relative wages and employment within participating countries. 

The distributional effect of trade is probably one of the most researched topics within economics and 

remains of interest today, due to the changing trade environment. Although a lot has been written, 

there is still a lot of work to be done. On the theoretical side, various models exist that try to explain 

how global value chains affect relative wages and employment, but they lack to give an unambiguous 

answer. On the empirical side, the measurement of global value chains has recently seen some strong 

improvements with notably contributions by Timmer et al (2014), Koopman, Wang and Wei (2014) 

and Wang, Wei and Zhu (2015) whose joint efforts have led to better data on global value chains in 

the form of the Trade in Value Added (TiVA) and the World Input Output Tables (WIOT).  

This paper first provides a brief review of some of the key channels identified in the literature via 

which GVCs can affect relative wages. The lessons drawn here will serve as a guideline for the empirical 

exercise, which will use the World Input Output Database (WIOD) and decompose it by the latest 

decomposition method developed by Wang Wei and Zhu (2015, henceforth WWZ, 2015). This method 

improves and extends the information provided by WIOD, for example by correcting for double 

counting and a separation of value added and consumed per location (home or foreign). Besides that, 

it provides many interesting proxies for global value chain participation. The WIOD further provides 

us with data on total as well as relative (skill specific) labour compensation, I am able to find the 

composition of the compensation per skill type. Combining that with the GVC data allows me to 

examine, empirically, what the effect is of global value chains on domestic relative wages. 

Conceptual framework 
Numerous models exist that try to model the effect of global value chains1 on relative wages and 

employment, dating back to the early 90s (Jones and Kierzkowski, 1990). These models however, have 

still not provided an unambiguous effect as the underlying microeconomic foundations can 

significantly alter the results (See Feenstra, 2001). This section will therefore not try to formally test a 

model, nor will it provide a new theory. Instead, what it tries to do is identify common themes in the 

literature and consequently try to identify these in the data empirically. In doing so, it will follow the 

structure set up by the model of Grossman and Rossi-Hansberg (2008) that identifies a productivity 

effect, a price effect and a labour supply effect of offshoring on relative wages.  

Jones and Kierzkowski (1990, 2001) and Arndt (1997) were among the first to note that offshoring can 

lead to productivity improvements by offshoring the low skilled intensive parts of production to low 

wage countries. In doing so, firms can achieve cost savings that can make the sector in which it occurs 

more productive, much like a technological improvement would. These cost savings and the resulting 
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increase in productivity will result in profit opportunities, and cause the sector to expand. This will 

lead to increased demand for the factor of production used most intensively in its production and 

consequently raise its relative return. This is why such authors, along with Leamer (1998) for example, 

started to stress the importance of the sector bias of offshoring. If offshoring would occur in the low 

skilled sector of a country, it would increase the relative demand and pay of low skilled labour and 

reduce wage premia, while offshoring in the high skilled industry would do the opposite. The factor 

bias, i.e. the skill intensity, of the offshored activities was irrelevant.  

This stream of thinking was heavily criticized by Krugman (2001) who stated that the sector bias of 

technological change did not matter at all, but that the factor bias was all that mattered. These 

conflicting results are based on different assumptions. Where advocated of the sector bias assumed a 

small open economy that was unable to affect world prices as well as local technical change (or 

offshoring), Krugman assumed a large economy and simultaneous technical change. Under such an 

assumption, a second effect of offshoring kicks in, modelled by Grossman and Rossi-Hansberg as the 

price effect of offshoring. This effect can best be explained by the fact that in perfectly competitive 

industries, cost savings would not lead to profit opportunities, but rather lower prices. Only if the 

country is indeed too small to affect world prices and they are the only one that can benefit from the 

productivity improvement (be it by offshoring or technological progress), can they achieve profit 

opportunities which would consequently affect factor returns. Contrarily, if the country is sufficiently 

large or the productivity effect sufficiently widespread, the world price of the good experiencing this 

shock would drop, and Stolper-Samuelson decrease the return of the factor of production used most 

intensively in its production. With such endogenous price determination, the effects on relative factor 

returns can be offset by a substitution in demand effect resulting from the relative price changes. 

Whereas an outward shift of the relative supply of sector X increases the output of that good and 

consequently low skilled wage, the drop in its price causes the low skilled wage to drop in line with 

the Stolper Samuelson principle. Then, this price effect can completely offset the productivity effect 

on relative wages and all that remains is the factor bias of offshoring. That is, relative wages of high 

skilled labour will increase if the skill intensity of the offshored activities is low skilled and decrease if 

it is high skilled. Xu (2001) provided some consolation to this discussion, by showing under which 

specific conditions the sector and the factor bias mattered. 

By taking the productivity and price effect as two separate factors into the model, it allows for the 

difference between small open economies and large economies and thus the discussion about the 

sector and factor bias. Finally, it takes into account a third channel by which offshoring can affect 

relative wages that is only present in large economies. As addressed by GRH as the labour supply 

effect, offshoring can free up domestic labour due to their tasks being offshored. Assuming that it is 

low skilled intensive tasks that are offshored, the domestic supply of domestic labour increases, 

decreasing their factor payments. Baldwin and Robert- Nicoud have another explanation for this, but 

it is effectively the same thing. What they refer to as shadow migration2, they see the effects of 

offshoring as being able to access low skilled labour abroad, while still using domestic technology, and 

machinery. So, while the productivity effect works in favour of the offshored factors’ returns, the 

labour supply works to its detriment. 
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The model has a few drawbacks as well, notably it does not condition the effects on the relative skill 

abundance of participating countries, a point that is of crucial importance as indicated by Davis (1998) 

and Khalifa and Mengova (2012). It further ignores the important contribution made by Feenstra and 

Hanson, who showed that while a task may be low skilled intensive from the Northern perspective, it 

may be viewed as skilled intensive by the South3. Finally, by choosing a Heckscher Ohlin set up, it 

prevents the possibility of technology spillovers from North to South, which is an important argument 

for firms in Southern countries to engage in GVCs in the first place. For this to work, we would need a 

Ricardian model, in the sphere of Clare-Rodriguez who has largely applied GRH model in a Ricardian 

setting but her model does not focus on the wage distribution or skill premia, rather on average wages.  

As the above section shows, to date, the literature is still struggling to incorporate all the different 

channels in which GVCs can affect relative wages and employment in an all-encompassing way. 

Indeed, the notion made by Kohler still stands: “While there is a lot of casuistic evidence showing what 

might happen in a specific case, an all-encompassing framework is still missing”. Therefore, this paper 

takes an empirical approach, but aims to condition the empirical exercise on the conditions set out by 

the literature. Before specifying the empirical set up, this section will first outline the main channels 

via which GVCs can affect relative wages. In doing so, it will draw heavily on GRH (2008) but try to 

adapt where necessary. In short, GVCs can affect relative wages and employment in participating 

countries via a productivity effect, a price effect and a labour supply effect. 

Measuring value in global value chains, theoretically 
Measuring global production sharing is an extremely difficult concept since offshoring refers to 

management decisions made at the micro level that cannot be easily linked to macro-economic trade 

statistics (WTO, 2005). Because of such problems, there are currently still no official measures or even 

reliable statistical indicators on the extent of offshoring (Bottini et al, 2005). Therefore, the literature 

has resorted to using proxy measures4 which, at best, take a short-cut view of offshoring which have 

serious caveats. Whereas earlier research focused on identifying intermediate inputs in trade, more 

recent literature seems to be converging to using a set of macro level statistical indicators that focus 

on the amount of value added in trade. While these concepts are fairly straightforward from a 

theoretical perspective, significant problems arise when trying to apply them to empirical data, as will 

be discussed in the next section. 

Initially (up until 2012), measuring production sharing was mostly done by identifying foreign 

intermediates in trade. Starting with Feenstra and Hanson (1998), they measured offshoring as the 

foreign content, as measured by foreign intermediates, in total domestic output. This was extended 

by Hummels, Ishi and Yi (1998, 2001) who, rather than looking at the proportion of foreign 

intermediates in final output, looked at the share of foreign inputs in exports5. Defined as vertical 

specialization or VS, they measured the use of imported inputs in producing goods that are exported. 

Besides looking at foreign value added in exports, which can be classified as backward participation, 

they also proposed a measure for forward participation, coined VS1, as the amount of inputs a country 

exports that are consequently used in another country’s production for exports. This measure was 
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eventually extended by Daudin et al (2011) to look the share of DVA exported that returns home, 

termed VS1*. This measure is interesting as it can serve as a fairly direct measure of offshoring, where 

a country/ firm produces part of a good, exports it for further processing and then reimports it to use 

at home.  

While Hummels et al focused on the share of foreign intermediates, more recent research focuses on 

measuring value added6. Started with the work of Johnson and Noguera (2012) who built on the work 

by Hummels et al by developing a quasi-inverse measure of VS that rather looks at the domestic value 

added in exports (VAX), rather than trade in intermediates. While this proxy may work well on a 

national level, it can lead to significant drawbacks on a sectoral or bilateral level, as shown by Wang 

Wei and Zhu (2015). Namely, they show that it is vital to distinguish between forward and backward 

VAX ratios on the sectoral level because they measure different things. On a national level, there is no 

problem as the total domestic value added by all the sectors in gross exports (backward VAX) will be 

equal to the domestic value exported (forward VAX). However, on a sectoral level, the domestic value 

contributed by certain sectors to a particular sector will not be equal to that sectors contribution in 

other sectors’ exports7. More specifically, while forward VAX would include a sector’s VA exported in 

other industries, it would exclude contributions by other sectors in its own value added exported. 

Backward measures on the other hand would include the value added by other sectors in the current 

sectors exports but exclude its contribution in forward VA exported. This can lead to heavily distorted 

values as a certain sector can export 0 domestic value added itself but can provide inputs to other 

sectors that export. In that case, VAX could technically go to infinity8. The same concept applies on the 

bilateral level where trade can go via third countries: two countries can have large volumes of value 

added trade but little gross exports, as they may go via a third country. A second problem with the 

traditional VAX ratio identified by WWZ is that it does not capture some of the important features of 

international production sharing, specifically at what stage of the supply chain a country operates at. 

For example, 2 countries can have the same VAX ratio but for different reasons. Therefore, WWZ 

propose a fairly simple modification to the VAX ratio. Namely, instead of dividing domestic VA by gross 

exports, they propose to divide it by DVA that remains abroad, or (B+C) / I. This (backward) measure 

would be strictly bounded by 1, while the forward measure of VAX is not. 

We can best illustrate these measures using a Figure. Figure X builds on from the original graphical 

demonstration by Hummels et al to explain VS, the share of foreign value added (A) divided by gross 

exports (E). The original VAX ratio as outlined by Johnson and Noguera can be illustrated by domestic 

value added (B+C) divided by gross exports (E) and is thus the inverse of VS. More complicatedly, VS1 

is the domestic value added that is consequently used by the foreign country in its production of 

exports (G) as a percentage of gross exports (E). VS1*, the domestic value added exported and used 

in foreign exports (G) as a share of total exports (E) is found by dividing G by E. Finally, the modified 

VAX ratio can be indicated by domestic value added (B+C) that remains abroad (I). 
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sourced. VA allows for the possibility that imports contain some domestic content. 
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VAX ratio. However, the problem lies in the indirect value added contributed. Namely, the indirect VA contributed by other 
sectors to, say, sector X (= backward contribution), will not equal sector X’s forward contribution in value added of other 
sectors.  
8 There would still be indirect value added of the industry under consideration but 0 gross exports.  
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In a practical sense, applying the above measures requires detailed trade data on the direction, origin 

and final destination or use of intermediate and final goods trade, per industry and country. Since such 

detailed data does not exist, researchers have combined data on intermediate inputs trade from e.g. 

COMTRADE databases, and matched it to Input Output tables to arrive at the above measures. Input- 

Output tables are a natural source for data on international production sharing as they break down 

the inputs received per industry, with international IO tables specifying the international origin of 

these inputs. They further specify whether certain goods that cannot be naturally classified as a final 

or intermediate good (e.g. car tires) are indeed used as final demand by households or as intermediate 

demand by industries and used for further processing. Finally, they show the value added per industry 

as well as their gross output. Note that I-Os can allow us to apply the proxies proposed by Feenstra 

and Hanson, and the backward participation or VS1 by Hummels et al. However, it cannot measure 

VS1, or forward participation, as this would require matching bilateral trade flow data to the input 

output relations (Hummels et al, p82).  

Getting to such a true international Input-Output table that correctly accounts for trade in value added 

and intermediate goods is one of the main research objectives since the Global Forum on Trade 

Statistics organized jointly by the WTO and UNCTAD in 2011. From this initiative, various new 

databases and research papers have emerged that try to compose such an ICIO table and these 

initiatives will be discussed next.  

Measuring value in global value chains, practically   
The main problem with how we measure trade is that those methods are based on the assumption of 

trade in final goods. However, as trade flows are increasingly characterized by intermediate goods – 

indeed 2/3rds of current trade flows are in intermediate goods – we run into various measurement 

problems. Two of the main problems are that gross trade flows inhibit double counting as well as value 

added outside the bilateral trade position, i.e. via a third party. The double counting problem 

originates whenever intermediate goods cross borders more than once, which is very likely in a system 

characterized by international production sharing. An often cited example for the second problem is 

when China exports goods, much of the value added in those exports originated in neighbouring 

countries such as Japan and Korea. Noguera and Johnson (2012) were among the first to use data that 

focuses on value added, rather than gross flows. Such data is the key objective of many recent efforts 

to properly account for quantifying international production sharing and therefore deserves some 

more attention. 

Constructing an international bilateral inter country input output table  
The pioneering work of Hummels et al motivated the research by Noguera and Jones (2012) who, in 

their construction of a global ICIO, focus on trade in value added, rather than gross terms. This 

technique combines traditional input-output tables with bilateral trade data from a variety of 

countries. In doing so, they make two important proportionality assumptions. One is that imports per 

sector are split in final and intermediate good use in the same proportion as is the case on the national 

level of imports. Secondly, intermediate imports are split across purchasing sectors in proportion to 

their overall imported intermediate use, i.e. the import proportionality assumption. Then, using the 

resulting global bilateral input-output table, they perform a calculation that allocates the gross output 

produced in each source country to the destination in which it is ultimately absorbed in final demand. 

They then use value added to output ratios from the source country to compute the value added 



associated with these implicit output transfers. The end result is a data set of “value-added exports” 

that describes the destination where the value added produced in each source country is absorbed”. 

It is from this database that they were able to construct the VAX ratio.  

Timmer et al (2012) and Dietzbacher extended the work of Noguera and Jones in their construction of 

World Input Output Tables (WIOD) by combining supply and use tables (As opposed to “constructed” 

IO tables) with bilateral international trade data, following the conventions of the System of National 

Accounts. They track the flows of products across industries and countries and trace value added by 

the labor and capital that is directly and indirectly needed for the production of final manufacturing 

goods. The breakdown of use table into domestic and imported origin is a crucial step. It further 

provides a balanced time panel, with annual data from 1995 till 2011, by benchmarking the SUTs 

against output and final consumption series given in national accounts. This breakdown could be done 

by the import proportionality assumption but the WIOD instead uses “non survey imputation 

methods” that rely on product classification, for example by the BEC classification. Another novel 

addition in the WIOD as opposed to other ICIOs is how it deals with the import proportionality 

assumption. Whereas more traditional ICIOs are derived using a simple proportionality assumption 

that separates individual industry imports into final and intermediate goods by assuming that the use 

of intermediates is equal to the economy-wide share of imports that are intermediates, the WIOD 

takes a more elaborate approach. Namely, it first separates (national?) imports into final and 

intermediate goods using the extended classification scheme of BEC and then uses IPA to allocate 

products to their respective cells within WIOTs. In other words, the WIOD approach first assigns 

imports to one of three BECs: 1) intermediate use, 2) final consumption and 3) investment. This can 

be done by a “concordance” between harmonization codes and BEC categories. After that, they 

allocate imported intermediate inputs across industries using the IPA. So within the 3 BECs there is 

IPA. Timmer, Erumban, Los, Stehrer and de Vries (2014) used these WIOD tables and further 

decompose them by tracing the value added by all labour and capital that is directly and indirectly 

needed for the production of final manufacturing goods with the aim to decompose the value of a 

final product into the value added by all labor and capital employed in its global value chain9.  

A third recent ICIO is constructed by the OECD and WTO. This database makes use of standard IO 

tables and matches them with bilateral trade data to get to an international IO table. As most IO tables 

are harmonised – true for OECD countries while Koopman et al (2012) harmonises Chinas processing 

trade – and they do not extrapolate data to arrive to an annual panel, measurement error will be 

minimal. It is from this database that the Trade in Value Added (TiVA) has been constructed which 

provides data for four years. 

The problem with some of these latest measures is that they rely on assumptions which on a sectoral 

level can lead to significant biases. Firstly, input-output tables make use of the import proportionality 

assumption when assigning domestic and foreign intermediate shares on a sectoral level. The 

assumption is that an industry’s share of import of a particular input is equal to the country’s overall 

share of this input. For example, assume a country imports 10% of its cotton from abroad, it is then 

assumed that every industry that uses cotton, such as the textile industry also imports 10% of all its 

                                                           
9 From this work, they were able to identify four trends: 1) FVA in production has increased, 2) upgrading in 
the sense that more value has been added by high skilled labour and capital and less by low skilled labour, 3) 
within GVCs, especially high income countries increasingly specialize in HS activities, and 4) emerging 
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cotton. This assumption is clearly limiting as some industries might rely more on foreign inputs than 

others, and this is particularly true for developing countries. Overcoming this assumption requires, 

once again, detailed information on trade flows. Various attempts have been made to overcome this, 

for example Feenstra and Jensen (2009), Koopman et al (2010) and Zhu (2011). What these techniques 

come down to is using data with information on product classifications. The goal is to move beyond a 

broad e.g. 3 end-use categories defined by UN Broad Economic Categories (BEC) to the 6-digit HS level 

data in e.g. COMTRADE. Zhu (2011), for example, used the Bilateral Trade Database by Industry and 

end-use (BTDIxE) in which values and quantities of imports and exports are compiled by partner 

country and according to detailed product classifications (HS 2012). The problem however with such 

data however, is that since it does not measure value added, it suffers from double counting once 

intermediate goods cross borders more than once, which is a significant limitation. Thus, whereas 

earlier data sources seem to suffer from a trade-off between coverage – both geographical and over 

time – and the precision of measurement (Bottini et al, p.10), more modern data seems to suffer from 

a trade-off between bias caused by various assumptions and double counting. 

Another problem with these decomposition methods is closely related to the problem of the original 

VAX ratio, namely that the data on value added that comes out of the databases they are not “well 

behaved at the sector, bilateral and bilateral sector level” (Wang, Wei, Zhu) which is due to the 

backward and forward linkage dimensions of production sharing. Decomposing domestic value added 

via backward linkages, like used by Timmer et al, decomposes a country-sector’s final goods and 

services into its original country-sector source. In an IO table, this comes down to summing the rows 

along a column. In other words, it takes a user perspective i.e. the user of the final good, and 

decomposes where the total value added of that good originates from, which is the approach taken 

by Timmer et al. It, however, excludes the value of the contribution of this industry to gross exports 

of other sectors i.e. it includes the export of indirect domestic value added. On the other hand, 

decomposing exports on a forward linkage based method decomposes how each country’s GDP by 

industry is used, directly and indirectly, to satisfy domestic and foreign final demand. In an IO table, it 

takes a horizontal view and decomposes GDP of a country-industry by the place where it is eventually 

used. This supply side perspective is taken by Johnson and Noguera in their calculation of the VAX 

ratio. It excludes, however, value added contribution from any other sectors. As an example, taking 

the electronics sector in country X, forward linkage measures would include the value added by that 

sector in gross exports of the industry itself, as well as exports of industries that use electronics 

indirectly, e.g. automobiles, computers, consumer appliances etc. Such export of indirect value added 

are excluded in the backward linkage measures. However, the forward measure excludes value added 

of other industries in the value added by the electronics industry, such as value added by a glass, 

rubber industry in the making of the electronics products. While this doesn’t lead to any differences 

on the aggregate country level, it can lead to significant differences between both measures on the 

sector, bilateral or bilateral sector level, as shown by KWW. Further, direct value added exports at the 

sectoral level are still the same for both measures but indirect value added exports at the sector level 

are clearly not the same.  

A second problem identified by WWZ in the VAX ratio is that even if it would be well behaved at the 

sector level, it can still not capture some important features of international production sharing. This 

is due to the fact that the structure of the VAX, divided into actual value added as well as double 

counting items. This structure can reveal a lot about a country’s position in GVCs. WWZ divides gross 

exports into 4 components, DVA consumed abroad, DVA returned home, FVA and double counting 



items. For example, high values of double counting indicates long value chains, high level of DVA 

consumed as final goods abroad indicates the country is at the very end (Downstream?) end of the 

chain while increased levels of FVA_INT show upgrading. Indeed, by bridging a gap between official 

trade statistics (in gross value terms) and national accounts (in value added terms), KWW and WWZ 

manage to decompose international intermediate trade into value added and double counted terms 

on a disaggregated, i.e. sectoral level which allows for an integrated framework of various measures 

of vertical specialization and value added trade as outlined in Figure X. This research will use that 

decomposition method and apply it on the WIOD ICIOs.  

Data description 
As outlined, this research will make use of the WIOD tables, and apply the WWZ decomposition 

method, using the decompr package by Quast and Kummritz (2015) on these export flows, arriving to 

four broad trade flows: domestic value added that is absorbed abroad; domestic value that is initially 

exported but eventually returned home; foreign value added, and; pure double counting terms (see 

appendix for a full overview). With these flows, we can accurately measure the main proxies of global 

production sharing as outlined in figure X, without any bias on the sectoral or bilateral level. As WIOD 

provides data on wages, we only need to have a breakdown of how these wages are split between 

different skill categories and for that, we use EU Klems. After combining the information of both 

databases, I am working with a database including 37 countries and 30 industries across 14 years (1995 

– 2011).  

Empirical framework 
As is clear from the theoretical description, while the various channels through with value chains affect 

relative wages can be described, their relative magnitudes and eventual results are ambiguous and 

must be examined empirically. This paper will start off by following the literature in employing a 

translog cost function to examine the overall effect of GVCs on relative wages. This allows one to 

estimate the effects of various structural variables, such as offshoring, on the relative costs of labour. 

To measure GVCs, we use the proxies provided by WWZ decomposition as outlined in Figure 1.  

After that general exercise, the paper tries to identify specific effects as outlined in the conceptual 

framework. In earlier work, Leamer (1998) and Feenstra and Hanson (1999) used a mandated wage 

equation to empirically assess the effect of structural variables such as technological change or 

offshoring on relative wages via their direct (or sector bias or productivity) effect and their indirect 

effect (or factor bias or price effect defined as the effect of structural variables over and above their 

effect on relative wages). This has been applied more recently again by Stone and Cepeda (2012), and 

Edwards and Lawrence (2010).  

Empirical model 
For the first part of the empirical analysis, this paper will employ a fairly traditional method in 

estimating the effects of structural variables, such as global value chains, on relative wages and 

employment. Employed first by Berman et al and later by Feenstra and Hanson, the translog cost 

function provides a useful way to determine which factors affect relative demand for skilled labour. It 

starts from a short run cost function that is dual an industry production function: 

𝐶𝑚 (𝑤, 𝑞, 𝐾𝑚 , 𝑌𝑚, 𝑧)  (1) 



Where w, q, and Km denote payments to low skilled labour, high skilled labour and capital respectively 

in industry m. Ym is gross output and z stands for any other structural variable that can shift the 

production function and therefore affect costs, such as technological change (Berman et al), offshoring 

(Feenstra and Hanson) or global value chains. From this standard production function, we need a 

functional form for costs and the translog cost function provides a useful form as it allows to keep 

certain factors constant. It is denoted as follows: 

ln 𝐶𝑚 (𝑤, 𝑥) =  𝛼𝑚 + ∑ 𝑎𝑗

𝑆

𝑗=1

ln 𝑤𝑗 +  ∑ 𝛽𝑘

𝐾

𝑘=1

ln 𝑥𝑘 + 
1

2
∑ ∑ 𝛾𝑗𝑠

𝑆

𝑠=1

𝑆

𝑗=1

𝑙𝑛𝑤𝑗 𝑙𝑛𝑤𝑠

+
1

2
∑ ∑ 𝛿𝑘𝑙

𝐾

𝑙=1

𝐾

𝑘=1

𝑙𝑛𝑥𝑘 𝑙𝑛𝑥𝑙 + ∑ ∑ 𝜑𝑗𝑘

𝐾

𝑘=1

𝑆

𝑗=1

𝑙𝑛𝑤𝑗  𝑙𝑛𝑥𝑘 

where wj denotes the prices of the optimally chosen variable inputs j=1,…S, and xk denotes the 

quantity of fixed inputs k=1….K.  

From this cost function, we can move fairly swiftly to a cost function for the cost share of labour by 

computing its first derivatives, 
𝜕𝑙𝑛𝐶

𝜕𝑙𝑛𝑤𝑗
= (𝜕𝐶/𝜕𝑤𝑗)(𝑤𝑗/𝐶). Since (𝜕𝐶/𝜕𝑤𝑗) equals the demand for the 

chosen input j, such as skilled labour, for a certain wage rate 𝑤𝑗, it follows that (𝜕𝐶/𝜕𝑤𝑗)(𝑤𝑗/𝐶) 

equals the payments to factor j relative to total costs. In other words, it equals the share of, for 

example, high skilled labour in the total costs of a certain industry.  

Doing so to equation (2) gives us: 

𝜃𝑚𝑗 = 𝛼𝑚 + ∑ 𝛾𝑗𝑠

𝑆

𝑠=1

𝑙𝑛𝜔𝑠 + ∑ 𝜑𝑘

𝐾

𝑘=1

ln 𝑥𝑘 

It is now in a form where we can add further structural variables on the right hand side that, besides 

variable inputs ws and fixed inputs xk, shifts the production function and therefore affects costs. For 

example, the share equation of labour type j in industry m will depend on wages for both types of 

labour as well as capital, output and all other structural variables, as we saw in (1). However, since this 

paper will estimate (3) by pooling data across 28 industries across which variation in wages has little 

information10, the wage terms are typically dropped from the right hand side of (3). 

Feenstra and Hanson (2001) were the first who added offshoring as an additional structural variable 

that affects relative costs. This paper will follow that approach by measuring the effects of various 

GVC proxies as indicated in Figure 1 and quantitatively defined by WWZ, in the following form:  

∆𝑆ℎ𝑠𝑐𝑚𝑡
𝐻𝑆 =  𝛽0 +  𝛽1∆ ln 𝑌𝑐𝑚𝑡 + 𝛽2 ∆ln 𝐾𝑐𝑚𝑡 + 𝛽3∆ ln 𝐺𝑉𝐶𝑐𝑚𝑡 + 𝛿𝑐𝑚𝑡 + ∆휀𝑐𝑚𝑡 

Where the dependent variable is the share of a certain skill type in total compensation in industry m 

of country c during year t. and 𝛿𝑐𝑚𝑡 represents country-industry-time fixed effects. I further first 

                                                           
10 As explained in Feenstra and Hanson (2001) and Berman, Bound and Griliches (1994), the cross-industry 
variation in wages can be simply explained by the nature of the industries; high skilled industries need to 
employ higher skilled workers and pay them a higher wage. Due to their nature, they are unable to hire less 
high skilled workers, simply because they are more expensive.  

(2) 

(3)
)  (1) 

(4)

) 

 (1) 



difference my variables and weigh all my regressions by the average sector share in total labour 

compensation across countries to give a more representative impact of GVCs on the labour markets 

of various countries (See Desbordes and Davies, 2012 for example). 

𝛽3 will be estimated by using the various measures as outlined in Figure 1 that have been made 

accessible by WWZ decomposition. The next section outlines these and their expected effect on the 

cost share of high skilled labour in further detail.  

Identifying the sector and factor bias 

The data allows us to investigate the channels via which GVCs can affect relative wages and 

employment to a larger extent. Namely, by exploiting the partner dimension, we can make inferences 

about the factor bias of GVCs. For example, if the exported foreign value was added by countries with 

a larger relative abundance in low skilled labour, which we could classify as “the South”, we can 

assume that the skill intensity of this value added was relatively low skilled intensive. Contrarily, if the 

foreign value added was done by more skilled abundant countries, we can assume the skill intensity 

of these activities was high. Then, by interacting the GVC proxy with the partner dimension, we can 

separate those activities that were executed upstream into higher and lower skilled intensive 

activities, i.e.: 

∆𝑆ℎ𝑠𝑐𝑚𝑡
𝐻𝑆 =  𝛽0 +  𝛽1∆ ln 𝑌𝑐𝑚𝑡 + 𝛽2 ∆ln 𝐾𝑐𝑚𝑡 + 𝛽3∆ ln 𝐺𝑉𝐶𝑐𝑚𝑡 ∗ 𝑝𝑎𝑟𝑡𝑛𝑒𝑟 + 𝛿𝑐𝑚𝑡

+ ∆휀𝑐𝑚𝑡 

We can identify the sector bias effect in a similar matter, by interacting the GVC proxy with the skill 

intensity of the industry or global value chain affected. As outlined in the conceptual framework, 

production sharing allows for productivity effects within the industry, which will expand it and 

increase the demand and pay to the factor of production used most intensively. For example, VS1x, 

the share of gross exports that will return home, is a close proxy for offshoring as a country produced 

part of a product, then exports it for further processing and then reimports it for domestic final use. 

If this happens in isolation, i.e. only within a certain skill-intensive group of industries, e.g. the low 

skilled industries, we can assume that the factor demand and return for low skilled labour within the 

country11 will increase. Contrarily, if production sharing does not happen in isolation or the country is 

sufficiently large that it affects world prices, the sector bias effect should play no role (Krugman, 2001). 

It is therefore vital to separate the skill intensity of industries that engage in production sharing, which 

can again be done by interacting our GVC proxies with the skill intensity of the industry: 

∆𝑆ℎ𝑠𝑐𝑚𝑡
𝐻𝑆 =  𝛽0 +  𝛽1∆ ln 𝑌𝑐𝑚𝑡 + 𝛽2 ∆ln 𝐾𝑐𝑚𝑡

+ 𝛽3∆ ln 𝐺𝑉𝐶𝑐𝑚𝑡 ∗ 𝑠𝑘𝑖𝑙𝑙 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 + 𝛿𝑐𝑚𝑡 + ∆휀𝑐𝑚𝑡 

As a final step, to include both a factor and sector bias effect, I include a three way interaction term.  

∆𝑆ℎ𝑠𝑐𝑚𝑡
𝐻𝑆 =  𝛽0 +  𝛽1∆ ln 𝑌𝑐𝑚𝑡 + 𝛽2 ∆ln 𝐾𝑐𝑚𝑡

+ 𝛽3∆ ln 𝐺𝑉𝐶𝑐𝑚𝑡 ∗ 𝑠𝑘𝑖𝑙𝑙 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 ∗ 𝑝𝑎𝑟𝑡𝑛𝑒𝑟

+ 𝛿𝑐𝑚𝑡 + ∆휀𝑐𝑚𝑡 

                                                           
11 This is potentially a crucial point, and should be handled properly in the empirical analysis. i.e. the 
dependent variable may have to be on the country partner year level, rather than country industry partner 
year 
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Hypotheses 
Table X outlines various proxies for GVCs that can be extracted from the WIOD employing the WWZ 

decomposition. Appendix X gives a more detailed outline of these proxies.  

Measure Explanation Components in the 
WWZ framework 
(Appendix) 

Forward or backward proxy 

VS Foreign value added in 
exports 

6 + 7 Backward 

VS1 Domestic value added 
in foreign indirect 
exports 

3 Forward 

VS1* Domestic value added 
exported that returns 
home 

4 Both 

VAX_B Domestic value added 
absorbed abroad 

1+2 Depends on the POV. From the 
home country = forward. From the 
partner perspective = backward 

 

The conceptual framework outlined various channels via which GVCs can affect relative wages. We 

can apply these channels specifically on the proxies provided by WWZ and state the expected 

coefficients of these proxies. VS1* is a proxy that closely mimics the dynamics of offshoring, as the 

home country produces parts of a good, then exports it for further processing after it eventually 

returns home for final consumption. When this additional processing happens in the South (North), 

we can assume the factor bias of these activities will be low (high) skilled in nature, raising (decreasing) 

the relative demand for high skilled labour at home along the model of Feenstra and Hanson, for 

example. The sector bias effect would increase (decrease) the demand for high skilled labour if 

offshoring takes place in high (low) skilled industries. Much along the same lines, VAX_B could be seen 

as a measure for inshoring in the sense that it tracks what a home country produces and exports and 

will ultimately be absorbed abroad. Here again can we make inferences about the factor bias of this 

value added. From standard trade theory, that is a 2*2*2 HO type model, one would assume that 

those value added that are destined to more skilled abundant countries would be low skilled intensive, 

as the South focuses on this. Along these lines, we would expect VAX_B destined for the North to 

negatively affect the demand for high skilled labour and thus decrease their relative pay. However, as 

outlined by Feenstra and Hanson, what may be viewed as low skilled from the North may well be high 

skilled from the South, increasing the demand and pay for high skilled labour, so this effect is 

ambiguous. The productivity effect is still present and can be explained again by increased 

specialization and in the specific case of trade with Northern countries, by technology spillovers.  

For the other proxies, the expected coefficients are less predictable as they represent a more infinite 

stream of production sharing, rather than a more straightforward trade relationship where the home 

country is producing something that will either be consumed abroad or at home. For example, VS1 

measures the domestic value added that is exported and eventually re-exported again. Once a third 

country comes into play, the distinction between the relative skill abundance of the countries involved 

becomes blurry12, making it hard to make inferences about the skill intensity of the domestic value 

                                                           
12 Especially since we have no data on the third country 



added. However, we could assume that if the direct partner is the South (North), the home country 

would be involved, as for VS1*, in relatively high (low) skilled activities, increasing (decreasing) the 

demand and return for high skilled labour.  

Measure Partner Expected effect on relative 

high skilled wages  

Skill intensity of 

the industry 

Expected effect on relative 

high skilled wages 

VS  South Increase Low Decrease 

North Decrease High Increase 

VS1 South Increase Low Not clear 

North Decrease High Not clear 

VS1* South Increase Low Decrease  

North Decrease High Increase  

VAX_B  

South 

Increase according to 
standard theory 
Decrease according to FH 
theorem 

Low Decrease  

 

North 

Decrease according to 
standard theory 
Increase according to FH 

theorem 

High Increase 

These hypotheses should be taken with a lot of caution. As outlined in the conceptual framework, 

these channels and expected effects are still highly ambiguous and dependent on the micro 

foundations of the models chosen, but also on the elasticities of factor substitution and commodity 

prices, for which we cannot control in the empirical analysis. 

Preliminary Results 

Starting with the results for regression (8), i.e. the effects of GVCs on relative wages conditioned on 

the trade partner. Here, we can see some – limited – evidence of the factor bias, particularly for VS1x 

and a little bit for VS. Namely, in line with our predictions, if a country produces part of a product, 

exports it for further processing to a country that is more (less) skilled abundant than itself, we can 

assume that the skill intensity of offshored production is relatively high (low), decreasing (increasing) 

the relative demand and factor return of high skilled labour at home. Column (3) shows strong 

evidence of this. Somewhat surprisingly perhaps is that both VAX measurements do not show any 

significant effect on relative wages. More surprisingly is that the sign for VS is contrary to what we 

would expect. That is, foreign value added in less skilled abundant countries tends to be related with 

lower shares of high skilled wages. That is surprising as we would think that the skill intensity of this 

foreign value added would be low, increasing the relative demand of high skilled labour at home. 

Effect of GVCs on wages, per partner 

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

VARIABLES D._VS VS1 VS1x VAX_B 

     

Partner =     

South -0.00977* 0.00324 0.00815*** -0.0112 

 (0.00554) (0.00245) (0.00239) (0.00895) 

Similar -0.00204 0.00128 -2.11e-05 -0.00436 

 (0.00299) (0.00141) (0.00133) (0.00502) 

North -4.29e-05 -0.00146 -0.00428*** -0.00372 



 (0.00298) (0.00159) (0.00143) (0.00457) 

     

D.K -0.00110 -0.000966 -0.000901 -0.000912 

 (0.00137) (0.00133) (0.00130) (0.00131) 

D.Y -0.00415 -0.00380 -0.00389 -0.00371 

 (0.00463) (0.00468) (0.00463) (0.00469) 

     

Constant 0.00353*** 0.00347*** 0.00343*** 0.00342*** 

 (0.00101) (0.00101) (0.00103) (0.00103) 

     

Observations 37,954 37,951 37,951 37,966 

R-squared 0.092 0.091 0.103 0.092 

Number of i 2,960 2,960 2,960 2,960 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

In terms of the sector bias, Table X shows that there is not much evidence of the productivity effect 

having a significant effect on relative wages as production sharing in different industries does not 

seem to affect relative wages differently. This could be explained by the fact that production sharing 

does not happen in isolation i.e. in specific industries. Alternatively, it can be explained by the fact 

that it is a global phenomenon and any cost savings that can be achieved by it will simply result in 

lower world prices of the goods experiencing production sharing. As shown by Krugman and Xu, this 

price effect can completely offset the productivity effect on wages, and all that is left is a factor bias 

effect. 

Effect of GVCs on wages, per industry 

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

VARIABLES D._VS VS1 VS1x VAX_B 

Industry :     

Low skill manufacturing -0.00517 0.000113 0.000440 0.00633 

 (0.00493) (0.000634) (0.000669) (0.00444) 

Medium skill manufacturing 0.00670* -0.00399*** -0.00161 0.00790 

 (0.00363) (0.00138) (0.00100) (0.00469) 

High skill manufacturing -0.00482 7.66e-05 -0.000501 0.00355 

 (0.00357) (0.00147) (0.000855) (0.00567) 

Low skill Services -0.00237 0.00309** 0.000469 -0.00407 

 (0.00435) (0.00132) (0.00120) (0.00791) 

Medium skill Services -0.00143 0.00211 0.000857 -0.00662 

 (0.00543) (0.00151) (0.00153) (0.00664) 

High skill Services -0.00342 0.000792 0.00113* -0.00973 

 (0.00345) (0.000818) (0.000661) (0.00588) 

     

D.K -0.000906 -0.000770 -0.000760 -0.000772 

 (0.00135) (0.00130) (0.00131) (0.00130) 

D.Y -0.00438 -0.00390 -0.00392 -0.00368 

 (0.00462) (0.00455) (0.00458) (0.00460) 

     

Constant 0.00354*** 0.00345*** 0.00347*** 0.00343*** 

 (0.000996) (0.00101) (0.00101) (0.00101) 

     

Observations 51,488 50,973 50,976 51,501 

R-squared 0.091 0.091 0.091 0.091 

Number of i 4,031 3,989 3,989 4,031 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 



In order to estimate the “final” effect of GVCs on relative wages, we should include both the factor 

and sector bias by using a 3-way interaction term as outlined in (7). Table X shows the outcome for 

this function and shows additional evidence of the factor bias (by comparing the coefficients between 

South and North) for the GVC proxies VS1x, VS1, VS, and to some extent even VAX_B.  

Effect of GVCs on wages, conditioned both on partner and industry level 

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

VARIABLES D._VS VS1 VS1x VAX_B 

Low skilled manufacturing, partner=   

South -0.0351** 0.00735*** 0.0103*** -0.0240* 

 (0.0131) (0.00230) (0.00166) (0.0121) 

Similar -0.00782 -0.00102 0.000457 -0.00296 

 (0.00656) (0.00210) (0.00224) (0.00972) 

North 0.0106 -0.00266 -0.00519*** 0.0328*** 

 (0.0101) (0.00214) (0.00164) (0.0120) 

Medium skilled manufacturing, partner=  

South 0.00664 -0.00280 0.0105*** 0.0168 

 (0.00717) (0.00364) (0.00228) (0.0117) 

Similar 0.00177 -0.00370 -0.00221 -0.000360 

 (0.00973) (0.00407) (0.00272) (0.0137) 

North 0.0164* -0.00702* -0.00774*** 0.0233 

 (0.00928) (0.00394) (0.00262) (0.0157) 

High skilled manufacturing, partner=   

South -0.0201*** 0.00635** 0.00628** -0.0113 

 (0.00641) (0.00251) (0.00253) (0.0104) 

Similar -0.00337 -0.00203 -0.000296 0.00380 

 (0.00530) (0.00405) (0.00166) (0.00805) 

North 0.00381 -0.00551*** -0.00477** 0.0158* 

 (0.00407) (0.00193) (0.00188) (0.00792) 

Low skilled Services, partner=   

South -0.0269* 0.0174** 0.00687* -0.0715** 

 (0.0148) (0.00734) (0.00386) (0.0278) 

Similar 0.00252 0.00122 0.000234 0.00289 

 (0.00553) (0.00256) (0.00158) (0.0102) 

North 0.00515 -0.00244 -0.00292 0.00730 

 (0.00794) (0.00671) (0.00258) (0.0207) 

Medium skilled Services, partner=  

South -0.0147* 0.0132** 0.0128*** -0.0347* 

 (0.00811) (0.00532) (0.00260) (0.0200) 

Similar 4.55e-06 0.00344 -0.00293 -0.00698 

 (0.00530) (0.00463) (0.00328) (0.0176) 

North 0.00464 -0.00559 -0.00426* 0.00444 

 (0.00582) (0.00435) (0.00246) (0.00819) 

High skilled Services, partner=   

South -0.00289 -0.00168 0.00637* 7.69e-05 

 (0.00590) (0.00355) (0.00330) (0.0103) 

Similar -0.00245 0.00203 0.000519 -0.00619 

 (0.00362) (0.00193) (0.00138) (0.00627) 

North -0.00778 0.00188 -0.00354 -0.0235* 

 (0.00615) (0.00269) (0.00272) (0.0121) 

     

D.K -0.00113 -0.00103 -0.000915 -0.00107 

 (0.00136) (0.00132) (0.00131) (0.00130) 

D.Y -0.00397 -0.00358 -0.00399 -0.00334 

 (0.00458) (0.00465) (0.00461) (0.00463) 

     

Constant 0.00356*** 0.00346*** 0.00344*** 0.00339*** 

 (0.00101) (0.00102) (0.00103) (0.00104) 

     



Observations 37,954 37,951 37,951 37,966 

R-squared 0.094 0.094 0.104 0.096 

Number of i 2,960 2,960 2,960 2,960 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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