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Chapter 2

Offshoring and the Functional

Structure of Labor Demand in

Advanced Economies

2.1 Introduction

In this chapter, we analyze the relation between offshoring and onshore labor demand in

a country-industry setting. There is a large extant body of literature on this topic that is

further discussed below. We contribute to this by analyzing the effects of offshoring in a

so-called ‘business function’ framework. Instead of analyzing the impact of offshoring on

demand for workers with particular skills or levels of educational attainment, we analyze

the demand for workers who participate in a particular business function group: R&D,

fabrication, management or marketing. We show that this offers new, and more nuanced,

insights into the effects of offshoring on labor demand in advanced countries.

There is abundant academic research that lays a theoretical foundation of the relation-

ship between offshoring and onshore labor market outcomes, even though the channels

and predictions differ by theory. Feenstra and Hanson (1997) model offshoring as trade

in intermediate inputs in a two-region (North-South) setting. The developed North is

relatively skilled abundant and therefore exports skill-intensive intermediates to the de-

veloping South. The model assumes that the offshored intermediates are less skill-intensive

than those remaining onshore but more skill-intensive than the production of the interme-

diates in the South. As a result, the skill intensity of production in both the North and the

South increases, driving up demand for skilled labor and accordingly the skill premium

in both countries. Other theories try to model the effects of North-North offshoring and
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22 Chapter 2.

labor market outcomes. Burstein and Vogel (2010) study two identical countries that are

both advanced. With a drop in trade costs, both countries start to offshore by exporting

inputs. With the assumption of productivity being skill labor biased, the less produc-

tive firms contract their production, and production resources are redistributed towards

the more productive firms. Exporters are those firms with higher productivity in both

countries. As a result, the demand for high-skilled labor increases in both countries and

so are the skill premiums, as in the Feenstra and Hanson (1997) model. Complementary

to Feenstra and Hanson (1997), Grossman and Rossi-Hansberg (2008) provide a theo-

retical framework that studies ‘trade in tasks’. Along a continuum, tasks are performed

by increasingly skilled labor. They assume that the wage of skilled labor is the same in

both the North and the South but the unskilled wage is lower in the South. The North,

therefore, has an incentive to offshore unskilled tasks to the South, with the possibility

that it leads to a higher wage level for domestic unskilled workers in the North but with

no effect on the wage of high skilled labor. As a result, the skill premium declines in the

North. This situation is referred to by the authors as one where the ‘productivity effect’

dominates the ‘relative-price effect’ and the ‘labor supply effect’.

There is a long list of research that provides empirical evidence to the theoretical pre-

dictions, typically trying to identify the relationship between offshoring and the onshore

labor market outcomes. The common practice in this research is to use variation at

the country-industry level data with a panel structure, and investigate the relationship

between changes in offshoring and the relative demand of onshore skilled workers (e.g.

Berman et al. 1994; Feenstra and Hanson, 1999; Hsieh and Woo, 2005). These stud-

ies typically find the rise in offshoring improves the demand for skilled labor and skill

premium in both the North and the South.

In this chapter, we study the relation between offshoring and onshore labor demand

across 13 manufacturing industries in 16 developed economies over the years 1999-2007.

We provide empirical evidence for both North-North and North-South offshoring by using

data from the World Input Output Database (WIOD). We bring two main contributions

to the existing (empirical) research on this topic. Offshoring is typically measured by the

share of imported intermediate inputs following Feenstra and Hanson (1999), and labor

demand is characterized by skill or educational attainment type. We differ, firstly, by

considering another type of offshoring, which is what we will call ‘the final stage offshoring’

measured by intermediate inputs being exported. Secondly, we classify workers by the

activity their occupation is associated with rather than their skill levels. In the next

paragraph, we will further elaborate on why the two innovations are important and how

that enriches the analysis.

We consider two types of offshoring: intermediate stage and final stage offshoring. The



543645-L-bw-Jiang543645-L-bw-Jiang543645-L-bw-Jiang543645-L-bw-Jiang
Processed on: 6-5-2020Processed on: 6-5-2020Processed on: 6-5-2020Processed on: 6-5-2020 PDF page: 37PDF page: 37PDF page: 37PDF page: 37

2.1. Introduction 23

first concept is measured by the widely used measure from Feenstra and Hanson (1999),

defined by the imported intermediate inputs as a share in total intermediate inputs used.

This measure captures the process of offshoring intermediate production stages abroad

and imports the intermediate inputs back to the home country to further carry out the

final assembly. We refer to this as intermediate stage offshoring. However, this measure

does not incorporate another type of offshoring, which is offshoring of the final stage of

production. For final stage offshoring, intermediate inputs produced at home are assem-

bled in foreign countries. Therefore, the export of intermediate inputs abroad potentially

captures this process. This second type of offshoring is studied in previous works by Liu

and Trefler (2008) and Andersson et al. (2017), where it is called, somewhat confusingly,

‘inshoring’. In Liu and Trefler (2008), inshoring refers to ‘the sale of services produced in

the US to unaffiliated parties in low-wage countries’, whereas Andersson et al. (2017) ex-

tend the definition by including both goods and services, affiliated and unaffiliated groups,

and low and high wage countries. In our study, we call this process final stage offshoring,

as the final stage assembly of intermediate inputs happens in other countries. We expect

that final stage offshoring is negatively related to onshore fabrication cost share, as in

particular assembly tasks are performed offshore. For example, Apple puts the assembly

plant in China and the fabrication workers who perform assembly activities in the US

would relatively decline. We also expect intermediate stage offshoring to be negatively

related to onshore fabrication cost share, as it reflects a process of domestic workers who

produce those intermediates being replaced by foreign workers.

A second innovation is that we distinguish workers by activities/business functions they

perform (we use the two terms interchangeably throughout this chapter) according to

their occupation. The common practice of related studies is to distinguish labor by

their skill intensity, which is often measured by education attainment. However, the

skill intensity of labor does not correspond directly to the offshoring decision of firms.

Multinational firms typically organize their activities around business functions such as

fabrication, R&D, and management (Porter, 1985; Sturgeon and Gereffi, 2009; Nielsen,

2018). There is not a clear cut mapping between business function and skill intensity. On

average, we expect R&D workers to be more skilled than fabrication workers. However,

not all fabrication workers are low skilled, and vice versa, not all R&D workers are highly

skilled. With management and marketing workers, the relation to skill intensity is even

more indecisive (Timmer et al. 2019). If offshoring decision is made about what business

function to offshore, then its relation to labor market outcomes should be more about

labor related to different business functions rather than their skill levels. As a result,

we believe focusing on business function rather than skill level gives us a more direct

perspective to investigate production fragmentation using offshoring and the onshore labor

market outcomes. Firms in developed countries tend to offshore production and assembly
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activities to benefit from the low factor costs abroad. As a result, the onshore relative

demand for fabrication activity would decline. However, the relative demand for other

activities, such as R&D, management or marketing is yet to be determined and depends

crucially on the substitution and complementarities across activities that are not well

known. For example, Defever (2006) emphasizes the impact of complementarities between

R&D and fabrication activities that are carried out in one location and discusses other

motives for the co-location of activities. Furthermore, in our analysis, we also distinguish

the offshoring destinations in terms of developing countries and developed countries, as

some research finds that the destination of offshoring also matters for the impact on

onshore labor demand (e.g. Harrison and McMillan, 2011; Ekholm and Hakkala, 2008).

Ekholm and Hakkala (2008) find that offshoring to low-income countries is correlated with

lower demand for workers with middle education level, but a higher demand for workers

with a high education level. However, the opposite result is found for offshoring to high-

income countries. We will investigate whether the same variation in impacts is found for

different types of workers characterized by the activities their occupations are related to.

Starting from a translog cost production function, we derive a system of equations on

cost shares of different business functions, which we subsequently relate to offshoring in-

dicators and a set of control variables like ICT capital to output ratio. We estimate the

parameters of the system using the Seemingly Unrelated Regression (SUR) technique.

The main results are based on data for manufacturing industries. They indicate that final

stage offshoring is significant negatively related to fabrication cost share, which suggests

that moving the final assembly stage abroad reduces the demand for onshore fabrica-

tion workers. Perhaps more interesting is our finding that intermediate stage offshoring

is significant positively correlated with the cost share of R&D activities but negatively

correlated with the cost share of management activities. Intermediate stage offshoring is

not significantly related to the cost share of fabrication or marketing activities. We show

that the results are robust to different specifications. Furthermore, we find that offshoring

to different destinations generally has varied and sometimes even opposite effects on the

onshore functional demand. For example, intermediate stage offshoring is significant pos-

itively associated with the onshore fabrication cost share if the destination is high-income

countries, but the opposite holds if the destination is developing countries. Final stage

offshoring is negatively correlated with onshore demand for fabrication activity, whatever

the destination is. As a result, we conclude that the impact of offshoring on onshore

functional labor demand depends crucially on what stage of production is offshored, and

where the offshoring destination is.

The rest of the chapter proceeds as follows. Section 2.2 briefly reviews the relevant

measures of offshoring. Section 2.3 presents the empirical model based on a translog cost

function, and estimates a system of equations using the SUR technique. In section 2.4, we
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introduce the data sources and provide descriptive statistics on offshoring and functional

structure of labor demand with our sample. In section 2.5, we report the baseline results

based on the manufacturing industry sample, and the extension results from the non-

manufacturing industry sample. Furthermore, we report the results and discussion of the

instrumental variable (IV) approach. Section 2.6 concludes.

2.2 Measurement of offshoring

It is important to know what we mean by offshoring before considering how we can

measure offshoring. In the spirit of Hummels et al. (2018), we think there are two

key elements of offshoring. Firstly, offshoring is related to intermediate inputs that are

used in the production process, rather than final goods for consumer demand. Secondly,

intermediate inputs should be traded, rather than domestically produced. Put otherwise,

offshoring entails the outsourcing of a task initially performed at home, which is now

performed abroad and embodied in an import.

A widely used offshoring measure is the one introduced by the pioneering work of Feenstra

and Hanson (1999). It is based on information from input-output (IO) tables. The IO

table displays how much inputs are used in each sector and their relative importance in

cost-shares. The degree of offshoring in an industry is measured as the share of imported

intermediates in the value of total (non-energy) intermediates. In Feenstra and Hanson

(1999), there are two types of offshoring, namely broad offshoring and narrow offshoring.

The narrow definition of offshoring only considers imported intermediate inputs by in-

dustry from that same industry as a share in total non-energy intermediates. The broad

definition considers all imported intermediate inputs by an industry as a share in total

non-energy intermediates. The difference is in the characterization of the input as poten-

tially producible by the industry under consideration. One important advantage of the

narrow measure by Feenstra and Hanson (1999) is that the industry is likely to be able

to produce the imported input itself. Even though we are not able to observe whether or

not the firm could have produced the input by itself, however, narrow offshoring allows us

to observe the similarity between the imported intermediate input and the output being

produced, as they are both from the same industry (Hummels et al. 2018). It is more

likely that a firm would have been able to produce the inputs that are from the same

industry to which the main output of the firm belongs.

In this chapter, we apply the offshoring measure of Feenstra and Hanson (1999) using

the WIOD. Besides, we also take into account another type of offshoring which we call

‘final stage offshoring’. This has been called ‘inshoring’ by Liu and Trefler (2008) and
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Andersson et al. (2017), but we prefer our naming. We define final stage offshoring as

the ratio of the export of intermediates by a local industry to that same industry in other

countries as a share in total non-energy sales. As this process reflects that firms produce

the intermediate inputs themselves and export those inputs abroad for final assembly,

therefore we call it final stage offshoring. To distinguish this type of offshoring from the

more well-known offshoring type described by Feenstra and Hanson (1999), we call the

latter ‘intermediate stage offshoring’ as firms offshore the intermediate stage production

abroad.

Measuring offshoring comes with empirical problems. The most common critique of this

method is the use of the ‘proportionality assumption’ as it is not reflecting reality (e.g.

Housman et al. 2011). That is, as data on the imported intermediate inputs by industry

is scarce for most of the countries, the common approach in the empirical analysis is to

rely on information from IO-tables. However, many IO-tables are constructed based on

the assumption that every industry in an economy imports each intermediate input in

the same proportion as the economy-wide use of the input (Winkler and Milberg, 2012).

This proportionality assumption can be misleading for some industries. Feenstra and

Jensen (2012) proposed an alternative method that uses firm-level data on imports and

production to construct firm-level IO-tables and further aggregate them to the industry

level. They found that at the three-digit industry level, the correlation between offshoring

shares measure with and without the proportionality assumption is 0.68, and a higher

correlation of 0.87 if the shares are value-weighted. According to Feenstra (2017), an

alternative to the proportionality assumption is using the firm-level share of imported

inputs, however, the firm-level import data is quite scarce and not available for many

countries.

Another critique of the offshoring measure by Feenstra and Hanson (1999) is that they

do not address the possibility of goods crossing multiple borders during the production

process. It might, for example, be the case that a product imported from China by the

US also contains US value-added. To alleviate this concern, a new measure of offshoring

has been proposed, which distinguishes between the domestic and foreign value-added

in exports (Johnson and Noguera, 2012; Koopmans et al. 2014; Los et al. 2016). The

advantage of this method is to indicate how much value is added to the export of a

country from foreign countries and home country respectively, which are expressed as

foreign value added in exports (FVAiX) and its counterpart domestic value added in

exports (DVAiX) respectively. FVAiX and DVAiX indicate the degree that countries are

involved in the GVC. With further analysis in the framework of IO-tables, FVAiX and

DVAiX can be related to employment, which shows how much employment can be affected

by an increase (decrease) in FVAiX or DVAiX. However, this approach of relating FVAiX

and DVAiX with employment should be used with care. According to Feenstra (2017),
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relating FVAiX to employment effects takes the increase in exports as exogenous. In other

words, it is an ex-post analysis treating final demand as given, and then using it to derive

the demand for jobs. However, the change in exports and their impacts on employment

are endogenous and it is unclear how FVAiX affects wages. This is where the measure

of Feenstra and Hanson (1999) has an advantage over FVAiX. The research that uses

narrow offshoring shows that it acts as a shift parameter in the labor demand and the

interaction of prices and quantities can be modeled. For example, consider the model by

Feenstra and Hanson (1997) we briefly discussed in the introduction, the developed North

offshored intermediate inputs to the developing South. These intermediate inputs are less

skill-intensive than the ones remain in the North, but more skill-intensive than the ones

produced in the South. As a result, the skill intensity of production in both the North

and the South increases, driving up demand for skilled labor and accordingly the skill

premium in both countries. This model with offshoring measure as a shift parameter in

the demand for labor is compatible with the general equilibrium of the economy (Feenstra,

2017).

There are also other measures of offshoring that are mainly based on firm-level data.

For example, Feenstra and Hanson (1997) use the share of foreign plants in total plants

within an industry as an indicator of offshoring. Ebenstein et al. (2014) use the growth in

employment of affiliates of the US multinational firms as an indicator of offshoring. The

idea is that if a firm expands its employment by establishing an affiliate abroad, it is an

indication that the inputs or tasks that had been produced within the firm domestically

are now being done offshore. The firm-level measures of offshoring avoid the problem

with the proportionality assumption. However, according to Hummels et al. (2018),

these offshoring measures based on multinational data miss offshoring that does not take

place in-house but at arms-length through market transactions.

Another indicator of offshoring is based on information from the so-called ‘factory-less

goods producing firms (FGPFs)’ (Bernard and Fort, 2015). FGPFs are firms and plants

that do not get involved in the production process themselves but are heavily involved in

those activities that are related to the production of goods, like design the goods they sell

and coordinate the production activities (Bernard and Fort, 2015). This is a new form of

task specialization that separates goods production activity from other supporting service

activities. Without task specialization, all these activities should have been produced

within the firms in the domestic market (Hummels et al. 2018). Clearly, FGPFs differ

from our measure of ‘final stage offshoring’ in that FGPFs do not engage in production

activities to produce intermediate goods or assemble final products.

To summarize, among all the offshoring measures we outline above, the industry level

offshoring measure from Feenstra and Hanson (1999) is the most widely applied method,
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but with the limitation that the measurement often relies on information from IO-tables

that are frequently based on the proportionality assumption. The FVAiX approach incor-

porates the possibility of goods crossing multiple borders during the production process.

However, the limitation is that it is not consistent with the general equilibrium of the econ-

omy. The recent availability of firm data allows researchers to adopt firm-level offshoring

measures, which avoids the industry level limitations. However, it is not always possible

to apply these measures as detailed firm-level data is not available in many countries.

Furthermore, it is important to remember that offshoring is related to the concept of

import competition but these concepts are intrinsically different. For example, Autor et

al. (2013) have investigated the effects of exposure to Chinese import competition on

the local labor market in the US. They find that local areas that are more exposed to

Chinese import competition have both lower employment of manufacturing workers and

a decline in wages. However, import competition differs from offshoring as the former

involves import of not only intermediate inputs but also final goods. Therefore, both

processes affect the local labor market outcomes, but import competition may differ in

its effects on the organizational structures of firms and the locations of various activities

in the production network compared to offshoring (Hummels et al. 2018).

2.3 Empirical model

In section 2.3.1 we describe the econometric model we use for the baseline empirical

analysis. In the baseline, we will focus on manufacturing industries, and in the addi-

tional analysis, we will also investigate non-manufacturing industries. In section 2.3.2, we

describe our IV approach for the identification analysis of manufacturing industries.

2.3.1 Baseline model

To analyze the role of offshoring on changes in the functional structure of labor demand,

we propose to use the translog cost function framework as introduced by Christensen

et al. (1973). This framework has frequently been used in studies about the impact of

international trade on labor demand, mainly because of its flexibility: it can approximate

any functional form and allows for varying elasticities of substitution.

Given that we will distinguish between labor income from four business functions, we will

have a system of four equations. Instead of estimating single equations of labor demand

as in Michaels et al. (2014), we simultaneously estimate a system of variable functional
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labor demands using panel data techniques as in Hijzen et al. (2005). The right-hand side

variables in the equations are the same. In order to impose cross-equation constraints, we

use Iterated Seemingly Unrelated Regressions (iSUR) to estimate the model (Wooldrige,

2011), further discussed below.

The variable factors of labor demand are reflected by labor cost shares of business func-

tions. In our main analysis, we examine R&D, fabrication, management and marketing

activities. Together these sum up to the total labor cost share in value-added. We assume

the industry cost functions can be approximated by a translog function that is twice dif-

ferentiable, linearly homogeneous and concave in labor income by business function. We

focus on a short-run cost function, keeping capital and output (quasi) fixed. Hence, both

output and capital are treated as exogenous in the short run, as in Berman et al. (1994),

Feenstra and Hanson (1999), Hijzen et al. (2005) and González-Dı́az and Gandoy (2016).

The short-run cost function can be expressed as:

lnC(w, x)S = α0 +
F∑
i=1

βilnwsi +
K∑
k=1

βklnxsk +
1

2

F∑
i=1

F∑
j=1

γsilnwsilnwsj+

1

2

K∑
k=1

K∑
l=1

γkllnxsklnxsl +
F∑
i=1

K∑
k=1

γiklnwsilnxsk

(2.1)

Where C refers to total variable costs; wsi denotes prices for labor in business functions

i = 1, . . . , F and industry s = 1, . . . , N . It is common to treat labor as a variable input in

short-run cost function. However, labor may not be fully flexible in reality (Van Heuvelen

et al. 2019), which will be further discussed in Chapter 4. The variable xsk denotes

the number of fixed capital inputs or output, and offshoring k = 1, . . . , K in industry

s = 1, . . . , N . We omit time subscripts for simplicity.

We assume cost minimization and take the first order derivative of the cost function,
δlnCs

δlnwsi
= ( δCs

δwsi
)(wsi

Cs
).Using Shephard’s lemma it follows that δlnCs

δlnwsi
equals the demand for

the chosen business function i in industry s, and hence δlnCs

δlnwsi
= Lsiwsi

Cs
= Ssi equals the

payments to business function i in industry s relative to total variable costs in industry s,

which we will denote by the cost shares Ssi. We obtain the following equation to estimate

the labor demand by business functions in each industry:

Ssi = βi +
F∑
j=1

γijlnwsj +
K∑
k=1

γiklnxsk + εi (2.2)
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Where Ssi is the labor cost share of a business function in total labor compensation in

a certain industry and
∑F

i=1 Ssi = 1.2 We impose constant returns to scale to ensure

that the cost function is linearly homogeneous in prices of the variable business functions,

hence
∑F

i=1 βi = 1 and
∑F

j=1 γij = 0 for any i. Symmetry implies that γij = γji. Since

the summation of the cost shares of all business functions is equal to one by definition,

we have
∑F

i=1 γik = 0. Furthermore, we also add country, industry and time dummy to

equation 2.2.

The relation between the two types of offshoring and functional specialization is of par-

ticular interest. As reviewed in the introduction of this thesis, many studies find that

intermediate stage offshoring lowers the demand for low-skilled workers while raising the

demand for high-skilled workers. Timmer et al. (2019) show that R&D is relatively high-

skill intensive while fabrication is relatively low-skill intensive, though it is difficult to

assign management and other activities like sales and marketing to particular bundles of

factor requirement. We, therefore, expect that intermediate stage offshoring is negatively

related to the fabrication cost share, but positively related to labor cost shares of R&D

activities. About the final stage offshoring, Andersson et al. (2017) suggest that the

impact on labor demand is a priori unclear. 3 Whether or not the offshored activities

are high or low skill-intensive is a crucial factor in play. In other words, if the final stage

offshoring is mainly related to high skill activities, then the relative demand for high skill

workers will increase at home. To the opposite, if final stage offshoring is mainly related

to low skill activities, then the onshore relative demand for high skill workers should de-

crease. We also expect that the destination of the offshoring will play an important role

for the potential divergent effects on different types of labor, and will investigate this in

the empirical analysis.

Besides trade variables, technology is the most important control variable in our frame-

work, which provides insights on the effect of technological change on functional special-

ization. We use ICT capital stock to output ratio as a proxy of technological change.

The literature has documented a negative relationship between technological change and

the low-skilled wage bill shares but a positive relationship between technological change

and the high-skilled wage bill share based on the skill-biased technological change and the

routine-biased technological change hypothesis (Bernard and Fort, 2015; Feenstra 2017;

Hummels et al. 2018). In our study, we expect technological change to be negatively

related to labor cost share of fabrication activities, but positively related to labor cost

share of R&D activities.

2We take logarithms for all explanatory variables in equation 2.2, except for offshoring which is
measured as a share.

3Andersson et al. (2017) define the export of intermediate inputs inshoring, instead of final stage
offshoring.
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In our baseline analysis, the system of share equations with the parameter restrictions is

estimated by iterating Zellner’s method for SUR equations. Since the business function

shares sum to one, the disturbance covariance matrix of the system is singular and one

equation needs to be dropped. In contrast to standard SUR, the estimation results from

the iSUR are invariant to the equation deleted. Therefore, we combine the iSUR estimator

with country, industry and time fixed effects to estimate the system given by equation 2.2.4

The parameter estimates of the cost function are used to examine the effects of the two

types of offshoring on the functional structure of labor demand controlling for technology.

Besides reporting the estimated results stated above, we will also report the elasticities

of substitution and the elasticities of business function demand. Among others, these are

used to determine the economic significance of the regression coefficients. Furthermore,

among others, substitution elasticities are used to examine whether two business functions

are complementary to each other. Note that the coefficients γij in equation 2.2 are the

second order derivatives to the business function prices. Hence, a negative estimate of

γij can loosely be interpreted as a net-complementarity between business function i and

j. As it implies a price increase of business function j decreases the cost share paid to

business function i and hence the usage of i must decrease. More formally, the substi-

tution elasticities between business functions (σij) are given by the Allen-Uzawa partial

elasticities of substitution:

σij =
γij
sisj

+ 1 (for i 6= j) (2.3)

The price elasticity of demand for business function i to the price of j(εij) is given by:

εij = σijsj =
γij
si

+ sj (for i 6= j)

εii =
γij
si

+ si − 1 (for i = j)
(2.4)

We can use the price elasticity of demand for the business function to check for the

concavity of the cost function in factor prices. As is clear from these definitions, elasticities

depend on cost shares that vary across observations. We follow common practice (e.g.

Hijzen et al. (2005)) and evaluate the elasticities based on the unweighted average cost

4The standard one-step SUR combines multiple equations into one stacked form and estimates it using
ordinary least squares. The iSUR is estimated using maximum likelihood. We use the latter and although
it might not always converge, it did in all our applications in the main analysis. The empirical results
from iSUR are close to the standard one-step SUR.
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shares across all observations that are included in the regression analysis. 5 We will report

the own-price elasticities in the result section.

However, to satisfy the concavity condition in factor prices, all the own-price elasticities

being negative is a necessary but not sufficient condition. We need to further check

whether the cost function satisfies the cost minimization assumption. The Hessian matrix

of second-order derivatives for factor prices must be negative semi-definite for the cost

function to be well-behaved. We examined whether the curvature conditions are satisfied

at each observation using the approach suggested by Diewert and Wales (1987). The

curvature conditions are not satisfied at all points in our estimates, but it is in the majority.

Finally, the economic significance for business function i concerning a change in a fixed

variable is given by:

εik =
γik
si

(2.5)

Therefore εik is the relative change in functional cost shares when there is a unit change

in the fixed variable like offshoring and ICT capital stock to output ratio.

2.3.2 Instrumental variable approach

In the econometric model, we can control for industry and country heterogeneity owing

to the panel structure of the data. There are still steps to take if we aim to identify the

causal relationship between offshoring and the functional specialization across country-

industry pairs. As discussed in other literature (see e.g. Autor et al. 2013; Hummels et

al. 2014; Andersson et al. 2017), a concern for causal interpretation of the results from

the econometric analysis is that both the offshoring measures and labor cost shares in

equation 2.2 may correlate with demand or productivity shocks. For example, suppose

that new technology like automation of certain tasks in assembling cars through a robot,

decreases demand for workers in fabrication activities in the domestic economy and at the

same time also makes it easier to offshore assembly lines to other countries. This shock will

have an impact on both offshoring (up) and the fabrication wage cost share in the domestic

industry (down, assuming wages remain constant) of the relevant country-industry pair.

As a result, the OLS estimate is biased due to the simultaneity issue. The direction of the

bias depends on the relative effect of productivity shock on offshoring and cost share. The

identification challenge is particularly relevant for firm-level studies as firm-level shocks

5We use a small letter s in equations 2.3 and 2.5 to denote that the elasticity is evaluated at the mean
share for business function i.
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to demand or productivity will affect trade and wage-setting simultaneously (Hummels

et al. 2014). This endogeneity issue might be much less of a concern on the industry

level which we analyze. In any case, we conclude that more generally, intermediate inputs

trade and labor cost shares may be correlated due to unobserved industry level demand

and productivity shocks, and we will try to solve this problem.

In our study, we try to deal with this endogeneity issue by constructing an instrumental

variable (IV). The IV should, in theory, be correlated with the endogenous variable off-

shoring, but not directly related to cost shares of each country-industry pair. In other

words, the connection between the IV and cost shares in a country-industry pair only

comes indirectly from the connection between the IV and the endogenous variable. In the

spirit of Autor et al. (2013) and Hummels et al. (2014), we construct an IV to identify

the causal effect of intermediate stage offshoring on functional specialization. We instru-

ment intermediate stage offshoring using a newly constructed variable which we call the

world export supply (WES).6 The WES captures the change in the world export supply

of products by an industry. In general, using WES as an instrument controls for produc-

tivity changes from the concerned country-industry pair that would affect both trade in

intermediate inputs and wage-setting simultaneously. As a result, the instrument may

potentially alleviate endogeneity biases.

To construct the instrument WES for offshoring, we select the top ten countries in export

value to measure world export supply as they account for a relatively big share of the

international trade value. The ten exporters are China, the US, Germany, Japan, South

Korea, France, the Netherlands, Italy, the UK, and Canada. Relevant world export

supply (WEScdt) for a particular country c is the total export value from industry d

of the ten exporting countries (excluding country c) to the same industry in the world

market, minus their exports to industry d in country c, in period t. WES captures global

supply shocks regarding products from industry d, which may originate from exogenous

productivity shocks in the exporting countries (e.g. liberalization of the Chinese economy

leading to productivity growth in Chinese exports). In other words, WES captures the

comparative advantage of the exporting countries, which affects offshoring for the focused

country-industry pair. However, we exclude the export to the focused country-industry

pair from WES, which means WES is not directly related to the wage setting of the focused

country-industry. In order to construct WES, we require bilateral intermediate trade flows

for country-industry pairs. These are taken from the WIOD. Our indentification strategy

also has limitation considering several countries from the top ten exporters are from the

EU. This could potentially affect the quality of the IV as the underlying drivers of the

6We also construct the IV for final stage offshoring, which is the world import demand (WID). However,
the instrument is too weak to work adding both IVs in the regression analysis. WES and WID are the
original names of IVs from Hummels et al. (2014).
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endogeneity problem may be correlated among these countries.

Since we have a system of equations that relate to each other, it is in our interest to be

able to impose cross equation constraints. This means that we need to find an estimation

method that allows us to estimate the system of equations simultaneously and can address

the endogeneity issue at the same time. Zellner and Theil (1962) introduced Three Stage

Least Squares (3SLS), which is generally more efficient than 2SLS when cross equation

constraints are needed. 3SLS is a special version of 2SLS that takes advantage of cor-

relations of cross equations. According to Wooldridge (2011), when estimating a system

of equations, if all equations are correctly defined, then system estimation like 3SLS is

asymptotically more efficient than a single equation estimation like 2SLS. The first stage

of 3SLS is to estimate the model in 2SLS, the second stage is to use 2SLS estimates to

compute residuals to derive cross equation correlations, and the last stage is to use GLS

to estimate the model parameters.

2.4 Data and descriptive statistics

2.4.1 Data construction

We have a panel dataset that includes 16 high-income economies from 1999 to 2007. For

each economy, 31 industries are distinguished, including both manufacturing and non-

manufacturing industries.7

Data for the cost shares of the business functions is obtained from Timmer et al. (2019).

They collect detailed information on the income and occupation of workers from detailed

surveys and census data for 40 countries and 35 industries. The labor cost shares are

calculated using the relative wage and employment share of occupations. The time-series

information on occupations and wages of workers is collected. Occupations are mapped

to activities using as a guideline according to the list of business functions proposed by

Sturgeon and Gereffi (2009), which itself is derived from a list of generic business func-

tions first proposed by Porter (1985). There is no standardized classification of business

activities (Brown, 2008), but typically the main distinction is between fabrication and

headquarter (Markusen, 2002). Headquarter is further split into R&D, management and

other activities which mainly include sales and marketing services. The wage data is from

EUKLEMS, where the labor compensation and employment information are provided on

the industry level. Combining with the labor cost shares information on business function

level from Timmer et al. (2019), we are able to calculate the wages of different business

7For the full list of the economies and industries, please refer to Appendix Table 2.A8 and 2.A9.
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functions by industry.

We relate changes in functional specialization to trade in intermediate inputs. We dis-

tinguish two types of offshoring, namely intermediate stage offshoring (Int-Off) and final

stage offshoring (Fin-Off). Figure 2.1 illustrates the mechanisms of the two types of off-

shoring. Consider a specific industry from home country, on the one hand, it can purchase

intermediate inputs from abroad or home country; on the other hand, it can also sell in-

termediate inputs and final goods abroad or to the home country. It is important to

first understand how offshoring is defined and then we will come back to the relation in

Figure 2.1.

Figure 2.1: Intermediate stage and final stage offshoring

Note: This figure illustrates the process of the two stages of offshoring. Dark grey box and light grey
circle represent home country and foreign country respectively. P and S represent purchase and sales,
For and DOM represent foreign and domestic respectively. II refers to intermediate inputs.

Our measures of offshoring are obtained from the annual World Input-Output Tables,

release 2013 (Timmer et al. 2015), and include offshoring to foreign affiliates and/or

arm’s length transactions in intermediates. ‘Intermediate stage offshoring’ is measured

as previously by Feenstra and Hanson (1999). Intermediate stage offshoring is precisely

the offshoring defined by Feenstra and Hanson (1999), namely the share of imports in

intermediate inputs use. In this chapter, we also consider another type of offshoring,

namely ‘final stage offshoring’, which is closely related to the so-called ‘inshoring’ concept

introduced earlier in Liu and Trefler (2008) and Andersson et al. (2017). To be specific,

we define final stage offshoring as the sale of intermediate goods and services produced

in the home country abroad. Exporting of intermediate inputs may be the result of

quality reputation, firm-level economies of scale or supply of a specific kind of intermediate

input (Andersson et al. 2017). Whatever the motivation is, exporting a higher share of

intermediate inputs abroad is indicative of the assembly of final production stages. Most

existing research mainly focuses on intermediate stage offshoring in the vein of Feenstra
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and Hanson (1999). However, given the importance of offshoring of final (assembly)

stage to especially low cost developing countries, it is relevant and important to also

investigate the relationship between this other type offshoring and the onshore functional

labor demand. To measure final stage offshoring, we consider intermediate inputs in total

sales. So for a particular industry, we define two offshoring indicators: the intermediate

(Int-Off) and final stage (Fin-Off) offshoring are defined as follow:

Int−Off =
P II
For

P II
For + P II

DOM

(2.6)

Fin−Off =
SIIFor

SIIFor + SIIDOM + SF
(2.7)

Variables P and S represent purchases and sales of Intermediate Inputs (II) from (to)

domestic (DOM) and foreign (For) industries. Feenstra and Hanson (1999) provide fur-

ther refinement of offshoring measures, distinguishing between the so-called ‘narrow’ and

‘broad’ measures. The narrow definition of intermediate stage offshoring only consid-

ers the traded intermediates by an industry from that same industry as a share in total

non-energy intermediates. The broad definition considers all traded intermediates by an

industry as a share in total non-energy intermediates. 8 Feenstra and Hanson (1999)

prefer to use the narrow definition of offshoring as it is thought to come closer to the

essence of fragmentation which takes place within an industry. We follow them and use

the narrow measure in our main analysis, but will examine the sensitivity of the results

to using the broad measure of offshoring.

We also construct the narrow measure of final stage offshoring, which is the export of

intermediates by an industry to that same industry as a share in total non-energy sales

(as in Andersson et al. 2017). In addition, we also construct the broad measure of final

stage offshoring as all exported intermediates by an industry as a share in total non-

energy sales. We focus on the narrow offshoring measure in our analysis and consider the

sensitivity of the results to using the broad measure of offshoring.

We will treat capital as quasi-fixed in the short run in our analysis (see section 2.3).

With the data at hand, we can distinguish between Information and Communication

Technology (ICT) capital stocks and non-ICT capital stocks. We use the real ICT capital

8The excluded energy inputs are mining and quarrying (International Standard Industry Classification
(ISIC) revision 3, industries 10 to 14), manufacture of coke, refined petroleum products and nuclear fuel
(industry 23), and electricity, gas and water supply (industries 40 and 41). This categorization of energy
inputs is larger compared to conventional definitions (O’Mahony and Timmer, 2009), which considers
ISIC rev. 3 industries 10 to 12, 23 and 40. Our industry data is not disaggregated enough to exactly
conform to this definition.
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stock to output ratio (in 1995 prices) as the measure of technology development and

include non-ICT capital stock to output ratio as a control variable. For most country-

industry cells, ICT capital stock information is available until 2007 in the March 2011

update of EUKLEMS (O’Mahony and Timmer, 2009). However, for several countries, the

analysis is restricted to 2005 as capital stock data was not updated. 9 The other data

needed for our analysis, namely value-added, total labor compensation and employment

are taken from the WIOD SEA database. All values are in current US dollars based on

official exchange rates (2013 release, Timmer et al. (2015)).

2.4.2 Descriptive statistics

In this section, we will mainly focus on two sets of descriptive statistics. Firstly, we will

report descriptive statistics on labor cost shares. Secondly, we will report descriptive

statistics on offshoring. In the end, we will have a look at the general patterns of the key

variables that will appear in the regression analysis.

First of all, it is interesting to have a look at some general country-industry comparisons

with labor cost shares regarding different activities. Figure 2.2 shows the cost share by

business functions in the manufacturing industries of four countries, namely Germany,

France, the United Kingdom, and the United States in 1999 and 2007. Although the

trend of an increasing R&D cost share relative to that of fabrication is observed in each of

the countries shown, the levels are rather different. That is, the R&D cost share appears

to be higher in Germany and France compared to that in the UK and the US. In contrast,

cost shares for management appear to be much higher in the UK and the US. The cost

shares of marketing activities are similar across all four countries but that of Germany and

the US are slightly higher. This is consistent with the finding of Timmer et al. (2019).

They find that there is a high level of heterogeneity in functional specialization across

advanced countries with a similar income level. They also find that advanced countries

mainly specialize in R&D activities especially countries like France and Germany. Besides,

other countries like the UK and the US are mainly specialized in management activities.

9These countries are France, Ireland, Luxembourg, and Portugal.
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Figure 2.2: Share in domestic labor cost by activity-Manufacturing industries

Note: This graph shows the average functional share of manufacturing industries in 1999 and 2007,
for Germany, France, the UK, and the USA. Subscript RD refers to the business function R&D and
technology and process development; subscript FAB refers to fabrication activities. Subscript MGT
refers to the business functions general and strategic management; subscript MAR is marketing.

Figure 2.3 reports functional labor cost shares in manufacturing industries in 2007, and it

is sorted on fabrication share from high to low. These are based on an unweighted average

over 21 advanced countries in our sample. We see that there is quite some heterogeneity

from industry to industry in terms of fabrication share. Specifically, fabrication share

varies from more than 60% in the pulp, paper, printing, and publishing industry to less

than 30% in the rubber and plastic industry.
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Figure 2.3: Labor cost shares in manufacturing industries, 2007

Note: Labor cost share is sorted on fabrication share from high to low and it is the unweighted average
over 21 advanced countries. Subscript RD refers to the business function R&D and technology and
process development; subscript FAB refers to fabrication activities. Subscript MGT refers to the business
functions general and strategic management; subscript MAR is marketing.

The R&D share is much lower than the fabrication share, however, there is still much

heterogeneity across industries. Specifically, R&D share varies from around 30% in the

chemical products industry to around 6% in the wood and cork industry. Figure 2.3

indicates that there is not as much heterogeneity across industries for management share

compared to fabrication and R&D activities. For all the manufacturing industries, the

management share is between 10% and 20%. It is highest for wood and cork industry

and lowest for other manufacturing and recycling industry. Figure 2.3 also displays the

labor share for marketing and other activities. There is moderate heterogeneity across

industries. It ranges from around 35% in coke, refined petroleum and nuclear fuel industry

to slightly lower than 15% in other manufacturing and recycling industries.

Table 2.1 reports the average change in functional labor cost share from 1999 to 2007.

It is calculated as the average labor cost share in 2007 divided by the average labor cost

share in 1999. If the ratio is bigger than 1, it indicates an increase in labor cost share from
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1999 to 2007, and it is the other way around if the ratio is smaller than 1. It is clear that

over this period, functional specialization has taken place in all manufacturing industries.

Specifically speaking, the functional specialization has shifted away from fabrication ac-

tivities as all industries see a decline in relative labor cost share in fabrication activities.

On the other hand, the functional specialization has shifted towards an increased cost

share of R&D and management activities. Marketing activities appear no clear common

pattern in the functional specialization.

Table 2.1: Change in labor cost shares, 2007 over 1999

Industry MGT RD MAR FAB
15t16 1.12 1.31 1.02 0.93
17t19 1.22 1.08 1.19 0.89
20 1.10 1.71 1.27 0.86
21t22 1.19 1.28 0.90 0.97
23 1.17 1.31 1.06 0.84
24 0.99 1.19 0.84 0.99
25 1.10 1.13 1.07 0.82
26 1.35 1.18 0.95 0.91
27t28 1.12 1.20 0.97 0.95
29 1.19 1.26 1.00 0.92
30t33 1.08 1.04 1.01 0.96
34t35 1.16 1.07 1.02 0.88
36t37 0.91 1.27 0.95 0.95

Note: The change in labor cost share is calculated as an unweighted average of the average share of 2007
divided by the average share in 1999 over 21 advanced countries. Numbers>1 are in bold. Subscript RD
refers to the business function R&D and technology and process development; subscript FAB refers to
fabrication activities. Subscript MGT refers to the business functions general and strategic management;
subscript MAR is marketing.

Figures 2.4 and 2.5 report descriptive statistics of narrow offshoring, distinguishing two

sets of offshoring destinations: 21 advanced countries and other countries. Figure 2.4 is

for the intermediate stage offshoring and Figure 2.5 for the final stage offshoring in 2007.

Figure 2.4 shows that there is large heterogeneity across industries regarding intermediate

stage offshoring. It is quite low for the food industry but high for textile and metal

industries. For all manufacturing industries, the intermediate stage offshoring to advanced

countries is more important than to other countries. Offshoring to other countries is

relatively more important in the textile industry than in other industries. For transport

equipment (e.g. car) industry, it is the other way around as intermediate inputs are

mostly sourced from other advanced countries. So, making this distinction in offshoring

destination is empirically highly relevant. Similarly, Figure 2.5 also suggests a large

heterogeneity across industries in terms of final stage offshoring. It is also low for the food

industry and high for the textile industry. However, a bit different from intermediate stage
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offshoring, final stage offshoring is also relatively high in electrical and optical equipment.

It indicates that the final assembly is often offshored abroad for electronics just like

Apple puts its assembly plant in China. For most industries, the final stage offshoring

to advanced countries is more important than to other countries. However, textile and

electronics industries are exceptions. For these two, offshoring to other countries is more

important than to advanced countries. To the opposite, for metal and car industries, the

final stage offshoring is mostly to advanced countries. For the car industry, there seems

to be specialization across advanced countries going on in a global production network

(see e.g. Sturgeon et al. 2008).

Figure 2.4: Int-Off by destination-Manufacturing industries in 2007

Note: Int-Off is the unweighted average over 21 advanced countries. The calculation is based on the
narrow measure of Int-Off by destination: advanced countries (adv) and other countries (other).
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Figure 2.5: Fin-Off by destination-Manufacturing industries in 2007

Note: Fin-Off is the unweighted average over 21 advanced countries. The calculation is based on the
narrow measure of Fin-Off by destination: advanced countries (adv) and other countries (other).

Figure 2.6 displays the change in the narrow offshoring index over the period 1999-2007

for 12 manufacturing industries. It is calculated as the ratio between 2007 and 1999. It

shows that intermediate stage offshoring declined for some industries over this period,

most notably electronics and car industries. To the opposite, it increased rapidly in

the rubber and plastic industry. The final stage offshoring increased in all industries

except for the textile industry. Among all industries, the highest increase appears to

be in other manufacturing and machinery industries. Besides, there is a relatively high

positive correlation between intermediate stage offshoring and final stage offshoring in

the cross-section (the correlation is 0.66 in 2007), however, this is not the case over time

as Figure 2.6 suggests. Hence we will include the two types of offshoring separately and

combined in the regression analysis later.
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Figure 2.6: Change in offshoring-Manufacturing industries, 1999-2007

Note: This figure illustrates the change in the offshoring index over the period 1999-2007(ratio of
2007/1999) for manufacturing industries. It is the change in the final stage offshoring on the vertical
axis and the change in intermediate stage offshoring on the horizontal axis. The numbers are calculated
as an unweighted average over 21 advanced countries.

Table 2.2 shows the descriptive statistics of the variables used in the regression analysis:

mean values and average annual changes for the key variables of interest for manufacturing

industries. The top rows show the business function shares. SRD is the labor cost share

of R&D activities; SFAB is the labor cost share of fabrication activities; SMGT is the

labor cost share of management activities; and SMAR is the labor cost share of marketing

activities. The changes in the labor cost share of a certain function indicate the changes

in functional specialization of industry. In Table 2.2 we focus on the general patterns of

the average value of cost shares and offshoring and their average annual changes as these

are closely related to the regression analysis in the next section.
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Table 2.2: Average cost shares and average annual changes for manufacturing industries

Levels Annual Change
Obs Mean SD Obs Mean SD

SRD 1637 14.3% 0.108 1445 0.003 0.041
SFAB 1637 50.3% 0.148 1445 -0.007 0.055
SMGT 1637 15.9% 0.076 1445 0.005 0.055
SMAR 1637 19.5% 0.084 1445 -0.001 0.054
Narrow Int Off share 1637 11.5% 0.114 1445 0.001 0.017
To advanced economies 1637 8.7% 0.093 1445 -0.001 0.014
To developing countries 1637 2.8% 0.034 1445 0.002 0.007

Broad Int Off share 1637 32.1% 0.188 1445 0.006 0.025
To advanced economies 1637 22.4% 0.159 1445 0.000 0.019
To developing countries 1637 9.7% 0.091 1445 0.006 0.019

Narrow Fin Off share 1637 7.8% 0.079 1445 0.001 0.021
To advanced economies 1637 5.6% 0.063 1445 0.000 0.008
To developing countries 1637 2.2% 0.024 1445 0.001 0.007

Broad Fin Off share 1637 24.4% 0.169 1445 0.006 0.043
To advanced economies 1637 17.5% 0.144 1445 0.000 0.022
To developing countries 1637 6.9% 0.048 1445 0.003 0.016

Note: Subscript RD refers to the business function R&D and technology and process development;
subscript FAB refers to fabrication activities. Subscript MGT refers to the business functions general
and strategic management; subscript MAR is marketing.

The mean values indicate that R&D constitutes about 14.3% of the total labor cost.

Fabrication constitutes about 50.3% of labor costs. 15.9% of labor cost is related to

management and 19.5% of labor cost is related to marketing.

Over time, we observe an increase in the average cost share of R&D and a decline in

fabrication activities. This finding indicates a change in the functional specialization that

is in favor of R&D but against fabrication activity, as also noted above. It is a general

pattern across all 16 countries included in our study, although the level and pace appear

to differ across countries.

The bottom rows of Table 2.2 display the average levels and annual change of the two

types of offshoring, distinguishing between narrow and broad measures, and destinations.

The correlation between the two types of narrow offshoring for manufacturing industries

is 0.68. It suggests that industries that import more intermediate inputs also tend to

export more intermediate inputs. Generally speaking, we would expect industries located

relatively downstream in the production chain to have a higher correlation between in-

termediate stage and final stage offshoring. This is because downstream industries need

more intermediate inputs to undertake production and they are also closer to the final

assembly stage so more prone to final stage offshoring. In our data, among all manufac-
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turing industries, Other non-metallic mineral (0.77), basic metals and fabricated metal

(0.75) and other manufacturing and recycling (0.67) have the highest correlation between

the two types of offshoring. On the other hand, textile and leather products (-0.10), and

pulp, paper, and printing (0.23) have the lowest correlation between the two types of

offshoring.

We see that the levels of final stage offshoring are lower than the levels of intermediate

stage offshoring, for both narrow and broad measures. It suggests that on average, in-

dustries in advanced countries export a smaller share of intermediate inputs abroad for

further assembly than they import intermediate inputs from abroad. Besides, on average,

both types of offshoring increase annually during the 1999-2007 period. The average an-

nual increase in the narrow measure of both offshoring types is 0.1 percentage points, and

it is higher in the broad measure of offshoring (0.6). Furthermore, most of the offshoring

goes to advanced economies. However, from 1999 to 2007, all increase in offshoring goes

to developing countries.

Descriptive statistics for the full industry sample, including also non-manufacturing indus-

tries, is displayed in Appendix Table 2.A1. The mean values show that R&D constitutes

about 12.8% of the total labor cost share. On average, it is higher for manufacturing

industries than for non-manufacturing industries. Fabrication constitutes about 40% of

labor costs. 17.8% of labor is related to management and appears not to differ much

between manufacturing and non-manufacturing industries. 29.4% of labor cost is related

to marketing activities. Over time, we observe an increase in the average cost share of

R&D and management activities, but a decline in fabrication and marketing activities.

Both narrow and broad offshoring increase during the period. The increase appears to

be mainly driven by an increase in offshoring to developing countries. The decline in

fabrication and the increase in offshoring to developing countries provide circumstantial

evidence of the trend that firms in advanced economies offshore fabrication activities to

developing countries.

We will present the relation between offshoring and functional structure of labor demand,

and control for technology in the next section.
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2.5 Empirical Results

This section reports the results of estimating the system of equations using the fixed

effects iSUR. 10 From econometric theory, using iSUR and OLS would give us the same

results as the independent variables are identical in all the equations. We apply iSUR in

the baseline analysis mainly to impose the cross-equation constraints (Wooldridge, 2011).

Cost functions are well behaved if they are concave in wages. That is, the Hessian matrix

of second-order derivatives concerning factor prices must be negative semi-definite. For

each regression, we examine whether the curvature conditions are satisfied on average

as is standardly done (eg. Hijzen et al. 2005). More stringently, one would like to

have curvature conditions satisfied at each observation using the approach suggested by

Diewert and Wales (1987). We find that the curvature conditions are not satisfied at all

points in our estimates, but it is in the majority.

The role of wage changes on changing demand for business functions can be inferred

from the parameter estimates. However, the interpretation of these (and the structural)

parameters is not straightforward, because the factor prices on the right-hand side are

in natural logarithms whereas the dependent variables are not. Instead, we calculate

the wage elasticities that are reported in Table 2.3. A necessary (but not sufficient)

condition for concavity in factor prices is that all the own-price elasticities are nega-

tive. The signs on the main diagonal indeed reveal that elasticities are negative, while

the cross-wage elasticities are positive in all cases, which is as expected, except for the

marketing-R&D pair. Interestingly, own-price elasticities are high for management and

R&D activities. For workers in management and R&D activities, the own-price elastici-

ties are -1.290 and -0.678 respectively, which means that a 1 percent decrease in the wage

of management/R&D workers corresponds to a 1.290/0.678 percentage point increase in

the respective cost share. These elasticities are much higher compared to the own-price

elasticities for fabrication and marketing workers (-0.202 and -0.192).

10We estimated the system of equations using the industry to total economy value added share as
analytical weights to account for differences in economic importance of industries and measurement
error. We also check robustness of the unweighted regression analysis.
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Table 2.3: Wage elasticities

RD FAB MGT MAR
RD -0.678
FAB 0.155 -0.202
MGT 0.433 0.021 -1.290
MAR -0.282 0.026 0.388 -0.192

Note: The elasticity results correspond to the regression results in Table 2.5 using the narrow offshoring
measure. RD refers to the business function R&D; FAB to fabrication; MGT to management and MAR
to marketing.

Of additional interest for our analysis is the viscidity of business functions. The elasticities

of substitution among business functions are shown in Table 2.4. An elasticity below

one indicates that the two business functions are complementary, otherwise they are

substitutes. The substitution elasticity between activities provides us with information

on relationships between business functions. If two activities are complementary, the

change in demand for both would go in the same direction; if the two are substitutes,

then the change in demand for both would go in opposite directions. R&D activities

appear to be complementary to marketing activities, and fabrication activities are also

complementary to management activities. The substitution elasticity between fabrication

and R&D is smaller than, but close to one (0.951), which suggests that there is a weak

complementary relationship between the two activities. This is in line with micro-evidence

from the firm-level analysis by Defever (2012), which also finds that firms co-locate R&D

and fabrication activities when investing abroad. The substitution elasticity between

fabrication activities with management (0.186) and marketing activities (0.155) is much

lower, which suggests that they are particularly complementary. A similar complementary

relationship is also found between R&D and marketing activities. On the other hand,

management activities are strong substitutes for R&D and marketing activities.

Table 2.4: Implied elasticity of substitution

RD FAB MGT MAR
RD
FAB 0.951
MGT 3.813 0.186
MAR -1.727 0.155 3.412

Note: The elasticity results correspond to the regression results in Table 2.5 using the narrow offshoring
measure. RD refers to the business function R&D; FAB to fabrication; MGT to management and MAR
to marketing.

The main results are discussed in two sections. In section 2.5.1 we present our baseline

results based on manufacturing industries. In section 2.5.2 we present an additional
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analysis based on non-manufacturing industries. Furthermore, in section 2.5.3 we present

results from the IV approach.

2.5.1 Results for manufacturing industries

Table 2.5 displays the main results from estimating equation 2.2. We consider the rela-

tionship between the cost shares of functions and the narrow measures of intermediate

stage offshoring and final stage offshoring. As discussed in section 2.4, Feenstra and

Hanson (1999) prefer to use the narrow definition of offshoring as it is thought to come

closer to the essence of fragmentation which takes place within an industry. 11 We also

focus on narrow offshoring in the main analysis. Results based on the broad measure of

offshoring serve for comparison and robustness checks to the baseline results. To control

for time-invariant fixed effects, country, industry as well as year dummies are included in

the regression.

The results suggest that intermediate stage offshoring is significantly related to higher

R&D cost share but to lower management cost share. On the other hand, final stage off-

shoring is significant positively related to R&D, management and marketing cost shares,

but negatively related to fabrication cost share. The negative relation between final stage

offshoring and fabrication cost share is in line with our expectations. Developed countries

normally offshore the final stage to developing countries to benefit from lower unskilled

wages. As a result, demand for onshore workers who perform assembly (fabrication) re-

lated tasks would decline. Both types of offshoring are significant positively correlated

with R&D cost share, which suggests that onshore demand for R&D workers would in-

crease whatever the stage of production that is offshored.

11Full list of results (including wage terms) are presented in Appendix Table 2.A2 and 2.A3.
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Table 2.5: The relation between trade, technology and business function shares-
Manufacturing industries

Cost share of:
R&D Fabrication Management Other

Intermediate Stage Offshoring 0.087*** 0.020 -0.098*** -0.009
(0.020) (0.025) (0.020) (0.019)

Final Stage Offshoring 0.105*** -0.294*** 0.080*** 0.108***
(0.030) (0.037) (0.030) (0.028)

ICT 0.021*** -0.028*** 0.006*** 0.002
(0.002) (0.003) (0.002) (0.002)

non-ICT -0.019*** 0.049*** -0.035*** 0.005***
(0.002) (0.003) (0.002) (0.002)

Constant 0.465*** 0.696*** -0.424*** 0.263***
(0.039) (0.049) (0.040) (0.037)

Observations 1,637 1,637 1,637 1,637
R2 0.797 0.816 0.601 0.585

Note: This table reports estimations of the relation between (narrow) intermediate stage offshoring, final
stage offshoring and business function shares for the manufacturing-only sample. Analytical weight is
used in the regression analysis (value added shares of industries in country’s GDP). Robust standard
errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1). Country, industry and time dummies inclued in
all regressions.

We report the elasticities in Table 2.6 to discuss the economic significance. These elastic-

ities are calculated based on coefficients from Table 2.5 and we focus on those coefficients

that are statistically significant. We are particularly interested in the elasticities for inter-

mediate stage and final stage offshoring. Our main finding is that the type of offshoring

has a major impact on the effects on labor demand. Industries with 1 percentage point

higher intermediate stage offshoring, on average, have a 0.530 percentage point higher

R&D cost share, but 0.863 percentage point lower management cost share. For final stage

offshoring, on the other hand, industries with 1 percentage point higher offshoring, on

average, have higher R&D, management and marketing cost shares (respectively 0.645,

0.704 and 0.655 percentage points), but lower cost shares for fabrication (0.527 percentage

point).

The relation between technology and functional specialization is consistent with our pre-

dictions. Industries with a higher ICT capital stock to output ratio have a significant

higher cost share in R&D and management activities, but lower cost share in fabrication

activities. Quantitatively speaking, if an industry has 1 percentage point higher ICT cap-

ital to output ratio, the R&D cost share is on average 0.128 percentage point higher but

the fabrication cost share is 0.050 percentage point lower than other industries.
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Table 2.6: The elasticity of demand for business function-Economic significance-
Manufacturing industries

RD FAB MGT MAR
Intermediate Stage Offshoring 0.530 0.037 -0.863 -0.054
Final Stage Offshoring 0.645 -0.527 0.704 0.655
ICT capital 0.128 -0.050 0.050 0.009
Non ICT capital -0.118 0.088 -0.305 0.031
Output -0.072 0.009 0.068 -0.007

Note: The elasticity results correspond to the regression results in Table 2.5 using the narrow offshoring
measure. RD refers to the business function R&D; FAB to fabrication; MGT to management and MAR
to marketing.

As a robustness check, we also run the above regression using unweighted equations and

replace narrow offshoring with broad offshoring. The regression results are reported in Ta-

ble 2.7. Generally speaking, the results from unweighted regressions and using the broad

measure of offshoring suggest that the baseline results are quite robust. The magnitude

and significance of the coefficients mostly hold. In Table 2.8, we report the elasticity

of demand for business function concerning different types of offshoring. Table 2.8 in-

dicates the economic significance of the relationship. We focus our attention on those

results with statistically significant relationships. Compared to the baseline results, the

elasticity of demand for R&D function is lower with broad unweighted offshoring measure

(0.338 vs. 0.530). The elasticity of demand for R&D is also much lower with broad final

stage offshoring than narrow offshoring. This indicates that final stage offshoring to the

same industry has a higher economic effect on R&D demand than to other industries.

The negative elasticity of demand for fabrication activity is much bigger with the narrow

measure of final stage offshoring than the broad measure. This suggests that final stage

offshoring to the same industry has a bigger negative impact on fabrication demand than

offshoring to other industries.
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Table 2.7: The relation between trade, technology and business function shares-
Manufacturing industries robustness checks

RD FAB MGT MAR
Intermediate stage offshoring
(narrow, weighted) Baseline 0.087*** 0.020 -0.098*** -0.009

(0.020) (0.025) (0.020) (0.019)
(narrow, unweighted) 0.099*** 0.016 0.085*** 0.002

(0.023) (0.030) (0.022) (0.022)
(broad, weighted) 0.087*** -0.022 -0.089*** 0.024

(0.021) (0.026) (0.021) (0.019)
(broad, unweighted) 0.055*** -0.054*** -0.052*** 0.051***

(0.018) (0.024) (0.018) (0.017)
Final stage offshoring
(narrow, weighted) Baseline 0.105*** -0.294*** 0.080*** 0.108***

(0.030) (0.037) (0.030) (0.028)
(narrow, unweighted) 0.129*** -0.195*** 0.053* 0.013

(0.032) (0.043) (0.032) (0.031)
(broad, weighted) 0.049** -0.124*** 0.051*** 0.024*

(0.014) (0.018) (0.014) (0.013)
(broad, unweighted) 0.072*** -0.091*** 0.022 -0.003

(0.014) (0.019) (0.014) (0.013)

Note: This table reports estimations of the relation between offshoring and functional specialization for
the manufacturing-only sample. Robust standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1).
Country, industry and time dummies added in all regressions.

Table 2.8: The elasticity of demand for business function-Robustness checks

RD FAB MGT MAR
Intermediate stage offshoring
(narrow, weighted) Baseline 0.530 0.037 -0.863 -0.054
(narrow, unweighted) 0.598 -0.029 -0.729 0.012
(broad, weighted) 0.534 -0.040 -0.782 0.146
(broad, unweighted) 0.338 -0.097 -0.459 0.310

Final stage offshoring
(narrow, weighted) Baseline 0.645 -0.527 0.704 0.655
(narrow, unweighted) 0.782 -0.350 0.453 0.079
(broad, weighted) 0.302 -0.222 0.448 0.144
(broad, unweighted) 0.440 -0.163 0.192 -0.015

Note: The elasticity results correspond to the regression results in Table 2.7. RD refers to the business
function R&D; FAB to fabrication; MGT to management and MAR to marketing.

To sum up, the results based on our sample of manufacturing industries indicate that

intermediate stage offshoring is significant positively correlated with R&D cost share but

negatively correlated with management cost share. It is not significantly related to the
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cost share of fabrication or marketing activities. In contrast, final stage offshoring is

significant negatively related to fabrication cost share, which suggests moving the final

assembly stage abroad reduces the demand for onshore fabrication workers. The results

are robust to unweighted regression and the broad measure of offshoring. We conclude

that the impact of offshoring on onshore functional labor demand depends crucially on

what stage of production is offshored.

Some research finds that the destination of offshoring may also matter for the impact on

onshore labor demand (e.g. Harrison and McMillan, 2011; Ekholm and Hakkala, 2008).

To investigate this further, we distinguish between two sets of the offshoring destinations:

other high-income countries and developing countries. In Table 2.9, we report the results

from regression when we enter variables that distinguish between the destinations of

(narrow) offshoring.

We compare Table 2.9 with Table 2.7 and find that offshoring to different destinations is

related to different results for onshore functional demand. The significant positive rela-

tion between intermediate stage offshoring and R&D share happens when the offshoring

destination is high-income countries. Interestingly, intermediate stage offshoring is signif-

icant positively related to fabrication share when the destination is high-income countries

but negatively related to fabrication share when the destination is developing countries.

However, the significance is only at the 10% level. It suggests that only when the inter-

mediate stage offshoring is to developing countries, the onshore fabrication share sees a

decline. For management activities, there is a significantly negative correlation between

intermediate stage offshoring and the management share when the offshoring destination

is high-income countries. If the destination is developing countries, the correlation is pos-

itive but only at the 10% significance level. This suggests that offshoring to advanced

countries probably decreases the onshore demand for management workers as maybe more

management tasks are carried out in other advanced countries. However, offshoring to

developing countries requires more management work at home, congruent with a story

in which multinational companies relocate activities abroad while expand coordination

activities in the home country.

For final stage offshoring, the destination also matters. Different from intermediate stage

offshoring, final stage offshoring is significant positively related to R&D share when the

destination is developing countries. This fits the narrative of factory-less goods producing

firms (FGPFs) like Apple. FGPFs do not get involved in production process themselves,

but are heavily involved in those activities that are related to the production of goods,

like design the goods they sell and coordinate the production activities (Bernard and Fort,

2015). When Apple puts assembly plants in China, it specializes in R&D so that R&D

share at home in the States will increase. For fabrication activities, on the other hand,



543645-L-bw-Jiang543645-L-bw-Jiang543645-L-bw-Jiang543645-L-bw-Jiang
Processed on: 6-5-2020Processed on: 6-5-2020Processed on: 6-5-2020Processed on: 6-5-2020 PDF page: 67PDF page: 67PDF page: 67PDF page: 67

2.5. Empirical Results 53

final stage offshoring is significant negatively related to fabrication share wherever the

destination is. This indicates that offshore the final stage abroad would always negatively

associate with onshore demand for fabrication workers. Final stage offshoring is signif-

icant positively correlated with management share when the destination is high-income

countries but negatively related when the destination is developing countries. Besides,

final stage offshoring is significant positively related to marketing share when the destina-

tion is high-income countries. Table 2.10 reports the economic significance of the above

results. Interestingly, the relative increase in R&D is quite big when the final assembly

offshoring destination is developing countries, which may indicate that FGPFs have a

strong specialization in R&D activities while they offshore the final assembly stage to

developing countries. We conclude that offshoring to different destinations generally has

different and even opposite effects on the onshore functional demand. This holds not

true for fabrication activities when offshoring is in the final stage though: final stage

offshoring is negatively correlated with onshore demand for fabrication activity, whatever

the offshoring destination is.

Table 2.9: The relation between trade, technology and business function shares-
Manufacturing industries, narrow offshoring measures distinguishing offshoring destina-
tions

Cost share of:
R&D FAB MGT MAR

Int Off to:
High-income countries 0.105*** 0.048* -0.144*** -0.009

(0.023) (0.028) (0.023) (0.021)
Developing countries 0.060 -0.161* 0.119* -0.018

(0.068) (0.086) (0.069) (0.064)
Fin Off to:
High-income countries 0.012 -0.320*** 0.188*** 0.120***

(0.035) (0.045) (0.035) (0.033)
Developing countries 0.496*** -0.242*** -0.311*** 0.058

(0.079) (0.098) (0.079) (0.074)
Constant 0.503*** 0.662*** -0.422*** 0.256***

(0.041) (0.052) (0.041) (0.039)
Observations 1,637 1,637 1,637 1,637
R2 0.799 0.811 0.552 0.594

Note: This table reports estimations of the relation between (narrow) offshoring and business function
shares for the manufacturing-only sample. RD refers to the business function R&D; FAB to fabrication;
MGT to management and MAR to marketing. Int Off and Fin Off represent intermediate stage and final
stage offshoring respectively. Analytical weight is used in the regression analysis. Robust standard errors
in parentheses (*** p<0.01, ** p<0.05, * p<0.1). Country, industry and time dummies included in all
regressions.
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Table 2.10: The elasticity of demand for business function-Economic significance-
Manufacturing industries, distinguishing offshoring destinations

RD FAB MGT MAR
Int Off total 0.530 0.037 -0.863 -0.054
Int Off adv 0.647 0.086 -1.244 -0.055
Int Off dev 0.372 -0.289 1.028 -0.110

Fin Off total 0.645 -0.527 0.704 0.655
Fin Off adv 0.075 -0.575 1.631 0.724
Fin Off dev 3.059 -0.435 -2.693 0.348

Notes: The elasticity results correspond to the regression results in Table 2.9 using the narrow offshoring
measure. RD refers to the business function R&D; FAB to fabrication; MGT to management and MAR
to marketing. Int Off and Fin Off represent intermediate stage and final stage offshoring, and adv for
advanced countries, dev for developing countries as destinations respectively.

2.5.2 Extension to non-manufacturing industries

In the main analysis discussed in section 2.5.1, we focus on manufacturing industries

as they are more prone to offshoring than (most) other industries in the economy. In

this subsection, we extend the analysis to non-manufacturing industries as some of these

appear to be increasingly involved in offshoring (Geishecker and Görg, 2013). We also

compare the results to those from manufacturing industries.12 For non-manufacturing

industries, the concept of fabrication activities is not as intuitive as for manufacturing

industries. However, non-manufacturing industries can also get involved in fabrication

activities. On the one hand, firms are classified into industries by the primary activities

they undertake. Besides the primary service activities, firms in service industries may

also perform fabrication activities. For example, an IT company can also package their

software and a restaurant may also have their production line of a branding lunch box.

On the other hand, FGPFs are classified into the wholesale industry as they are like the

traditional manufacturing firms but outsource the entire production line. The transition

process from manufacturing to wholesale firms happens gradually and some firms in this

process are classified into services but may still undertake fabrication activities.

In our baseline analysis, we take the narrow measure of offshoring with analytical weights.

The main regression results for non-manufacturing industries are displayed in Table 2.11,

together with alternative results based on using the broad measure of offshoring with(out)

weight. The baseline results indicate that intermediate stage offshoring is significant pos-

itively related to R&D and marketing cost shares but negatively related to fabrication

share; final stage offshoring is significant negatively related to R&D and fabrication shares,

12We report the results that distinguish offshoring destinations in the Appendix Tables 2.A6 and 2.A7.
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but positively related to management share. These results are robust in other settings for

fabrication and management shares when offshoring is on the final stage, and for marketing

share when offshoring is on the intermediate stage. It suggests that final stage offshoring

is always negatively related to onshore demand for fabrication workers, but positively

related to onshore management workers. This is the same finding for the manufacturing

sample. The main difference from the manufacturing sample is on the relation between

intermediate stage offshoring and onshore fabrication share. For non-manufacturing in-

dustries, narrow offshoring is significant negatively related to domestic fabrication share.

However, broad offshoring is positively related to domestic fabrication share. It is perhaps

because the wider variety of imported inputs raises the learning opportunity or quality

of domestic production within non-manufacturing industries. Table 2.12 reports the eco-

nomic significance of the relationship between offshoring and onshore functional demand

in terms of elasticity. For the baseline analysis, we see that industries with 1 percentage

point higher intermediate stage offshoring have 1.315 percentage point lower fabrication

cost share and 0.288 (0.470) percentage point higher R&D (marketing) cost shares. On

the other hand, industries with 1 percentage point higher final stage offshoring have 2.525

percentage point higher management cost share and 0.555 (2.536) percentage point lower

R&D (fabrication) cost shares. Compared to manufacturing industries, the negative re-

lation between final stage offshoring and onshore fabrication cost share is much bigger

for non-manufacturing industries. This could be partly driven by some FGPFs that out-

source the entire production line abroad and domestic demand for assembly could decline

considerably.

To sum up, the main difference between the non-manufacturing sample from the man-

ufacturing sample is when offshoring is at the intermediate stage, onshore fabrication

cost share is negatively related to narrow offshoring, but positively related to broad off-

shoring. We think that learning from a wide set of imported inputs from many industries

might partially account for this. On the other hand, as we found for manufacturing,

final stage offshoring is significant negatively related to onshore fabrication cost share for

non-manufacturing industries.
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Table 2.11: The relation between trade, technology and business function shares- non-
Manufacturing industries

RD FAB MGT MAR
Intermediate stage offshoring
(narrow, weighted) Baseline 0.061** -0.226*** -0.041 0.205***

(0.029) (0.044) (0.044) (0.041)
(narrow, unweighted) 0.006 -0.199*** -0.038 0.230***

(0.031) (0.053) (0.051) (0.046)
(broad, weighted) 0.004 0.052** -0.098*** 0.043**

(0.013) (0.021) (0.020) (0.019)
(broad, unweighted) -0.005 0.058*** -0.100*** 0.048***

(0.013) (0.022) (0.021) (0.019)
Final stage offshoring
(narrow, weighted) Baseline -0.118* -0.435*** 0.451*** 0.102

(0.063) (0.098) (0.096) (0.089)
(narrow, unweighted) -0.136** -0.482*** 0.510*** 0.108

(0.064) (0.112) (0.107) (0.095)
(broad, weighted) -0.008 -0.114*** 0.151*** -0.029

(0.013) (0.021) (0.020) (0.019)
(broad, unweighted) 0.031*** -0.166*** 0.159*** -0.024

(0.012) (0.021) (0.020) (0.018)

Note: This table reports estimations of the relation between offshoring and business function shares for the
non-manufacturing sample. RD refers to the business R&D; FAB to fabrication; MGT to management
and MAR to marketing. Robust standard errors in parentheses (*** p<0.01, ** p<0.05, * p<0.1).
Country, industry and time dummies added in all regressions.

Table 2.12: The elasticity of demand for business function- non-Manufacturing industries

RD FAB MGT MAR
Intermediate stage offshoring
(narrow, weighted) Baseline 0.288 -1.315 -0.230 0.470
(narrow, unweighted) 0.032 -1.074 -0.214 0.529
(broad, weighted) 0.017 0.279 -0.563 0.101
(broad, unweighted) -0.026 0.298 -0.581 0.113

Final stage offshoring
(narrow, weighted) Baseline -0.555 -2.536 2.525 0.232
(narrow, unweighted) -0.671 -2.602 2.886 0.247
(broad, weighted) -0.036 -0.614 0.861 -0.068
(broad, unweighted) 0.150 -0.855 0.920 -0.057

Notes: The elasticity results correspond to the regression results in Table 2.11. RD refers to the business
function R&D; FAB to fabrication; MGT to management and MAR to marketing.
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2.5.3 IV estimation

Estimates for the relation between offshoring and the functional labor demand might be

affected by endogeneity issues as discussed in section 2.3. In our setting, the identification

challenge is possibly the industry-level shocks to demand or productivity which affect

offshoring and labor cost shares simultaneously. Controlling for industry fixed effects and

technological change as we have done so far might not be sufficient to address this issue.

Inspired by the identification strategy of Autor et al. (2013) who use Chinese imports to

other eight developed countries as IV for Chinese imports to the US, we aim to identify

the causal effect of offshoring on functional specialization. We follow Autor et al. (2013)

and Hummels et al. (2014) in constructing the instrumental variable WES (for a detailed

construction of the IV see section 2.3).

We use the same regression specification with the baseline analysis in terms of control

variables and industry, country and time fixed effects. We aim to identify the causal effect

of offshoring on functional cost shares, imposing cross equation constraints based on 3SLS

for our IV estimation.

Table 2.13: The relation between trade, technology and business function shares-
Manufacturing industries based on 3SLS estimator

Cost share of:
R&D FAB MGT MAR

Int Off 0.284 -0.520** 0.271 -0.035
(0.247) (0.262) (0.192) (0.168)

Fin Off -0.140 0.140 -0.123 0.124
(0.154) (0.165) (0.121) (0.106)

ICT 0.013*** -0.016*** -0.003 0.007**
(0.003) (0.004) (0.003) (0.003)

Constant 0.190*** 0.680*** -0.026 0.156***
(0.037) (0.048) (0.038) (0.033)

Observations 1,637 1,637 1,637 1,637
R2 0.809 0.799 0.603 0.616

Note: This table reports estimations of the relation between (narrow) offshoring and business function
shares for the manufacturing-only sample. The coefficients are based on 3SLS estimate. Offshoring is
instrumented by WES, which is explained in the main text.

The first stage F statistic is smaller than the 10% critical value, which indicates that we

unfortunately still suffer from a problem with a weak instrument, such that the results

of the IV analysis should be treated with great care. The results are given in Table 2.13.

We find that intermediate stage offshoring is significant negatively related to fabrication

cost share, while in the baseline analysis, the relationship is insignificant. This suggests
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that we underestimate the coefficient in the baseline analysis, even though caveat should

be given with the weak instrument.

2.6 Conclusion

In this chapter, we study the relation between offshoring and the onshore labor market

outcomes across 13 manufacturing industries in 16 advanced countries over the years

1999-2007. We make two main contributions to the strand of literature. Firstly, we

explicitly distinguish between different types of offshoring based on the activity that

is offshored. We think that the offshoring measure that is proposed by Feenstra and

Hanson (1999) and which is most commonly used in the empirical literature is a valid

measure of intermediate stage offshoring. Inspired by the inshoring concept from Liu

and Trefler (2008) and Andersson et al. (2017), we propose a second type of offshoring,

which involves the offshoring of the final assembly stage. It is measured by the share

of exported intermediate inputs in total sales. Secondly, we distinguish workers by their

occupations rather than the skill levels as firms typically make offshoring decisions around

the activities (business functions) they undertake and not around types of workers. This

is relevant, given that there is not a one to one mapping from the educational attainment

of a worker and the type of activity (s)he undertakes. We distinguish four different types

of activities, based on the occupational classification of the workers.

We work with a translog cost function and estimate a system of share equations on business

function cost shares with the two types of offshoring as independent variables. We find

that intermediate stage offshoring is significant positively correlated with the cost share

of R&D activities but negatively correlated with the cost share of management activities.

Intermediate stage offshoring is not significantly related to the cost share of fabrication

or marketing activities. In contrast, final stage offshoring is significant negatively related

to fabrication cost share, which suggests, not surprisingly, that moving the final assembly

stage abroad reduces the demand for onshore fabrication workers. Interestingly, we also

find that the destination of offshoring matters for the result. Intermediate stage offshoring

is significant positively associated with onshore fabrication cost share if the destination is

high-income countries, but the opposite holds if the destination is developing countries.

However, final stage offshoring is negatively correlated with onshore demand for fabrica-

tion activity, whatever the destination is. This indicates that the effects of offshoring on

onshore labor demand are rather nuanced and should be evaluated in the context of the

type of offshoring, as well as the offshoring destination.

This chapter aims to take the first step in investigating the relationship between two
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types of offshoring and onshore functional cost shares. The analysis carried out so far is

based on correlation and we could not establish a strong causal relationship. We tried to

find suitable instruments to deal with the possible omitted variable problem but did not

succeed. The challenge for future work would be to find a strong IV to identify the causal

relationship between offshoring and onshore labor demand. Furthermore, our study is on

the industry level, therefore firm heterogeneity is not taken into account. The firm-level

studies generally find that offshoring has an important impact on wage and employment

of firms, typically a negative impact on demand for unskilled and production workers

but positive for those of high skilled workers (e.g. Biscourp and Kramarz, 2007; Mion

and Zhu, 2013; Andersson et al. 2017). Future work could make use of firm-level trade

in intermediate goods and occupation data to explore the mechanism at the firm level,

considering two types of offshoring and labor structure in a business function framework.
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2.7 Appendix: additional tables

Table 2.A1: Average cost shares and average annual changes for all industries

Average Annual changes
Obs Mean SD Obs Mean SD

SRD 3725 12.8% 0.113 3294 0.2% 0.041
in others 2088 11.7% 0.116 1849 0.1% 0.041
SFAB 3725 40.0% 0.238 3294 -0.5% 0.048
in others 2088 32.0% 0.264 1849 -0.3% 0.042
SMGT 3725 17.8% 0.107 3294 0.4% 0.051
in others 2088 19.2% 0.123 1849 0.3% 0.047
SMAR 3725 29.4% 0.193 3294 -0.1% 0.049
in others 2088 37.1% 0.217 1849 -0.1% 0.054
Narrow intermediate stage offshoring share3725 6.5% 0.098 3294 0.1% 0.015
to advanced economies 3725 5.0% 0.079 3294 0 0.013
to developing economies 3725 1.6% 0.027 3294 0.1% 0.006
Broad intermediate stage offshoring share 3725 25.8% 0.222 3294 0.4% 0.026
to advanced economies 3725 18.6% 0.183 3294 0 0.023
to developing economies 3725 7.2% 0.076 3294 0.4% 0.016
Narrow assembly share 3725 6.5% 0.098 3294 0.1% 0.015
to advanced economies 3725 5.0% 0.079 3294 0 0.013
to developing economies 3725 1.6% 0.027 3294 0.1% 0.010
Broad assembly share 3725 25.8% 0.222 3294 0.4% 0.026
to advanced economies 3725 19.1% 0.261 3294 0 0.051
to developing economies 3725 10.4% 0.183 3294 0.4% 0.043

Note: Subscript RD refers to the business function R&D; subscript FAB refers to fabrication activities.
Subscript MGT refers to the business functions general and strategic management; subscript MAR is
marketing.
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Table 2.A2: Fixed effects iSUR-Manufacturing industries

(1) (2) (3) (4)
γRD,RD 0.026** 0.027** 0.036*** 0.040***
γRD,FAB -0.004 -0.012 -0.022** -0.030**
γRD,MGT 0.052*** 0.049*** 0.059*** 0.051***
γRD,MAR -0.074*** -0.065*** -0.073*** -0.061***
γRD,ICT 0.021*** 0.015*** 0.022*** 0.014***
γRD,nonICT -0.019*** -0.013*** -0.017*** -0.010***
γRD,Y -0.012*** -0.008*** -0.007*** -0.005***
γRD,Offbroad 0.087*** 0.055***
γRD,Inbroad

0.049*** 0.072***
γRD,Offnarrow 0.087*** 0.099***
γRD,Innarrow 0.105*** 0.129***
γFAB,FAB 0.134*** 0.140*** 0.155*** 0.167***
γFAB,MGT -0.052*** -0.053*** -0.053*** -0.053***
γFAB,MAR -0.078*** -0.075*** -0.080*** -0.085***
γFAB,ICT -0.028*** -0.024*** -0.031*** -0.025***
γFAB,nonICT 0.049*** 0.045** 0.048*** 0.042***
γFAB,Y 0.005*** 0.005*** 0.001 -0.0002
γFAB,Offbroad -0.022 -0.054***
γFAB,Inbroad

-0.124*** -0.091***
γFAB,Offnarrow 0.020 -0.016
γFAB,Innarrow -0.294*** -0.195***
Observations 1,637 1,637 1,637 1,637
R2
RD 0.798 0.790 0.799 0.790

R2
FAB 0.819 0.802 0.819 0.805

Note: Estimation of parameters determining factor cost shares in the system of equations as given in
equation 2.2 as shown. The first 2 columns are based on the narrow measure of offshoring and the last
2 columns broad offshoring. Columns 1 and 3 are results with analytical weights and columns 2 and 4
unweighted. All regressions include country, industry and year dummies. ***,** and * refer to 1%, 5%
and 10% significance levels. Subscript RD refers to the business functions R&D; subscript FAB refers to
fabrication activities. The R2 is reported for each regression equation.
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Table 2.A3: Fixed effects iSUR-Manufacturing industries

(1) (2) (3) (4)
γMGT,MGT -0.046*** -0.027*** -0.054*** -0.034***
γMGT,MAR 0.045*** 0.031*** 0.048*** 0.036***
γMGT,ICT 0.006*** 0.006*** 0.006*** 0.007***
γMGT,nonICT -0.035*** -0.032*** -0.037*** -0.033***
γMGT,Y 0.008*** 0.007*** 0.006*** 0.005***
γMGT,Offbroad -0.089*** -0.052***
γMGT,Inbroad

0.051*** 0.022
γMGT,Offnarrow -0.098*** -0.085***
γMGT,Innarrow 0.080*** 0.053*
γMAR,MAR 0.106*** 0.109*** 0.105*** 0.110***
γMAR,ICT 0.002 0.003 0.002 0.003
γMAR,nonICT 0.005*** 0.000 0.006*** 0.002
γMAR,Y -0.001 -0.003*** 0.000 -0.0001
γMAR,Offbroad 0.024 0.051**
γMAR,Inbroad

0.024* -0.003
γMAR,Offnarrow -0.009 0.002
γMAR,Innarrow 0.108*** 0.013
Observations 1,637 1,637 1,637 1,637
R2
MGT 0.603 0.589 0.602 0.587

R2
OTH 0.586 0.686 0.584 0.688

Note: Estimation of parameters determining factor costs shares in the system of equations as given in
equation 2.2 as shown. The first 2 columns are based on the narrow measure of offshoring and the last
2 columns broad offshoring. Columns 1 and 3 are results with analytical weights and columns 2 and 4
unweighted. All regressions include country and industry dummies. ***,** and * refer to 1%, 5% and 10%
significance levels. Subscript MGT refers to the business functions general and strategic management;
subscript MAR is marketing. The R2 is reported for each regression equation.
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Table 2.A4: Fixed effects iSUR-Manufacturing industries, distinguishing offshoring desti-
nations

(1) (2) (3) (4)
γRD,RD 0.030*** 0.029*** 0.034*** 0.036***
γRD,FAB -0.005 -0.011 -0.019* -0.028**
γRD,MGT 0.050*** 0.046*** 0.058*** 0.052***
γRD,MAR -0.074*** -0.064*** -0.074*** -0.060***
γRD,ICT 0.021*** 0.015*** 0.022*** 0.015***
γRD,nonICT -0.020*** -0.014*** -0.018*** -0.011***
γRD,Y -0.014*** -0.010*** -0.008*** -0.003**
γRD,Offbroad,adv 0.137*** 0.137***
γRD,Offbroad,dev -0.007 -0.007
γRD,Inbroad,adv

-0.001 0.012
γRD,Inbroad,dev

0.253*** 0.254***
γRD,Offnarrow,adv

0.105*** 0.121***
γRD,Offnarrow,dev

0.060 0.075
γRD,Innarrow,adv

0.012 0.035
γRD,Innarrow,dev

0.496*** 0.495***
γFAB,FAB 0.138*** 0.141*** 0.167*** 0.167***
γFAB,MGT -0.056*** -0.054*** -0.062*** -0.054***
γFAB,MAR -0.078*** -0.076*** -0.086*** -0.085***
γFAB,ICT -0.029*** -0.024*** -0.030*** -0.024***
γFAB,nonICT 0.048*** 0.045** 0.045*** 0.041***
γFAB,Y 0.006*** 0.006*** 0.002 0.0002
γFAB,Offbroad,adv 0.033 -0.031
γFAB,Offbroad,dev -0.241*** -0.074**
γFAB,Inbroad,adv

-0.151*** -0.106***
γFAB,Inbroad,dev

-0.058 -0.044
γFAB,Offnarrow,adv

0.048* 0.024
γFAB,Offnarrow,dev

-0.161* -0.258***
γFAB,Innarrow,adv

-0.320*** -0.203***
γFAB,Innarrow,dev

-0.242*** -0.154
Observations 1,637 1,637 1,637 1,637
R2
RD 0.802 0.793 0.804 0.795

R2
FAB 0.819 0.802 0.822 0.805

Note: Estimation of parameters determining factor costs shares in the system of equations as given in
equation 2.2 as shown. The first 2 columns are based on the narrow measure of offshoring and the last
2 columns broad offshoring. adv and dev are abbreviations for advanced and developing countries as
offshoring destinations respectively. Columns 1 and 3 are results with analytical weights and columns 2
and 4 unweighted. All regressions include country, industry and year dummies. ***,** and * refer to
1%, 5% and 10% significance levels. Subscript RD refers to the business functions R&D; subscript FAB
refers to fabrication activities. The R2 is reported for each regression equation.
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Table 2.A5: Fixed effects iterated SUR-Manufacturing industries, distinguishing off-
shoring destinations

(1) (2) (3) (4)
γMGT,MGT -0.041*** -0.023*** -0.047*** -0.032***
γMGT,MAR 0.047*** 0.032*** 0.051*** 0.034***
γMGT,ICT 0.006*** 0.006*** 0.006*** 0.007***
γMGT,nonICT -0.033*** -0.031*** -0.034*** -0.033***
γMGT,Y 0.009*** 0.008*** 0.005*** 0.004***
γMGT,Offbroad,adv -0.169*** -0.104***
γMGT,Offbroad,dev 0.130*** -0.021
γMGT,Inbroad,adv

0.115*** 0.070***
γMGT,Inbroad,dev

-0.186*** -0.136***
γMGT,Offnarrow,adv

-0.144*** -0.119***
γMGT,Offnarrow,dev

0.119* 0.023
γMGT,Innarrow,adv

0.188*** 0.142***
γMGT,Innarrow,dev

-0.311*** -0.297
γMAR,MAR 0.105*** 0.109*** 0.108*** 0.111***
γMAR,ICT 0.001 0.003 0.002 0.003
γMAR,nonICT 0.005*** 0.0003 0.007*** 0.002
γMAR,Y -0.001 -0.004*** 0.000 -0.002
γMAR,Offbroad,adv -0.001 -0.002
γMAR,Offbroad,dev 0.118*** 0.102***
γMAR,Inbroad,adv

0.037*** 0.024
γMAR,Inbroad,dev

-0.009 -0.073**
γMAR,Offnarrow,adv

-0.009 -0.026
γMAR,Offnarrow,dev

-0.018 0.161***
γMAR,Innarrow,adv

0.120*** 0.026
γMAR,Innarrow,dev

0.058 -0.043
Observations 1,637 1,637 1,637 1,637
R2
MGT 0.610 0.592 0.620 0.594

R2
OTH 0.586 0.687 0.586 0.690

Note: Estimation of parameters determining factor costs shares in the system of equations as given in
equation 2.2 as shown. The first 2 columns are based on the narrow measure of offshoring and the last
2 columns broad offshoring. adv and dev are abbreviations for advanced and developing countries as
offshoring destinations respectively. Columns 1 and 3 are results with analytical weights and columns
2 and 4 unweighted. All regressions include country and industry dummies. ***,** and * refer to 1%,
5% and 10% significance levels. Subscript MGT refers to the business functions general and strategic
management; subscript MAR is marketing. The R2 is reported for each regression equation.
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Table 2.A6: The relation between trade, technology and business function shares- non-
Manufacturing industries, narrow offshoring measures distinguishing offshoring destina-
tions

Cost share of:
R&D FAB MGT MAR

Int Off to:
High-income countries 0.145*** -0.291*** -0.054 0.201***

(0.037) (0.057) (0.056) (0.052)
Developing countries -0.315*** 0.070 0.022 0.222

(0.109) (0.169) (0.167) (0.155)
Fin Off to:
High-income countries -0.089 -0.474*** 0.501*** 0.062

(0.072) (0.112) (0.110) (0.103)
Developing countries -0.111 -0.367 0.214 0.264

(0.171) (0.266) (0.262) (0.243)
Constant 0.608*** 0.296*** -0.137*** 0.826***

(0.033) (0.051) (0.051) (0.047)
Observations 2,088 1,637 2,088 2,088
R2 0.818 0.811 0.554 0.850

Note: This table reports estimations of the relation between (narrow) offshoring and functional special-
ization for the manufacturing-only sample. RD refers to the business function R&D; FAB to fabrication;
MGT to management and MAR to marketing.Int Off and Fin Off represent intermediate stage and final
stage offshoring respectively. Analytical weight is used in the regression analysis. Robust standard errors
in parentheses (*** p<0.01, ** p<0.05, * p<0.1). Country, industry and time dummies added in all
regressions.

Table 2.A7: The elasticity of demand for business function-Economic significance- non-
Manufacturing industries, distinguishing offshoring destinations

RD FAB MGT MAR
Int Off total 0.288 -1.315 -0.230 0.470
Int Off adv 0.681 -1.689 -0.306 0.458
Int Off dev -1.485 0.409 0.126 0.508

Fin Off total -0.555 -2.536 2.525 0.232
Fin Off adv -0.418 -2.754 2.819 0.142
Fin Off dev -0.522 -2.133 1.204 0.603

Note: The elasticity results correspond to the regression results in Table 2.A6 using the narrow offshoring
measure. RD refers to the business function R&D; FAB to fabrication; MGT to management and MAR
to marketing. Int Off and Fin Off represent intermediate stage and final stage offshoring, and adv for
advanced countries, dev for developing countries as destinations respectively.
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Table 2.A8: Economy list

Economy Dev (0) /Adv (1) In our sample
Australia 1 +
Austria 1 +
Belgium 1
Brazil 0

Bulgaria 0
Canada 1
China 0
Cyprus 0

Czech Republic 0
Denmark 1 +
Estonia 0
Finland 1 +
France 1 +

Germany 1 +
Greece 1

Hungary 0
India 0

Indonesia 0
Ireland 1 +
Italy 1 +

Japan 1 +
Latvia 0

Lithuania 0
Luxembourg 1 +

Malta 0
Mexico 0

Netherlands 1 +
Poland 0

Portugal 1 +
Romania 0

Russian Federation 0
Slovak Republic 0

Slovenia 0
South Korea 1

Spain 1 +
Sweden 1 +
Taiwan 1
Turkey 0

United Kingdom 1 +
United States 1 +

Note: All 40 economies are in the sample of WIOT (2013 release), which we use to calculate intermediate
stage and final stage offshoring. We include 16 developed economies in our sample since there is also ICT
capital information for these economies.
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2.7. Appendix: additional tables 67

Table 2.A9: Industry list

Code Industry Name
AtB Agriculture, Hunting, Forestry and Fishing
C Mining and Quarrying
15t16*Food, Beverages and Tobacco
17t19*Textiles and Textile Products; Leather, Leather and Footwear
20* Wood and Products of Wood and Cork
21t22*Pulp, Paper, Paper , Printing and Publishing
23* Coke, Refined Petroleum and Nuclear Fuel
24* Chemicals and Chemical Products
25* Rubber and Plastics
26* Other Non-Metallic Mineral
27t28*Basic Metals and Fabricated Metal
29* Machinery, Nec
30t33*Electrical and Optical Equipment
34t35*Transport Equipment
36t37*Manufacturing, Nec; Recycling
E Electricity, Gas and Water Supply
F Construction
50 Sale, Maintenance and Repair of Motor Vehicles and Motorcycles; Retail Sale of Fuel
51 Wholesale Trade and Commission Trade, Except of Motor Vehicles and Motorcycles
52 Retail Trade, Except of Motor Vehicles and Motorcycles; Repair of Household Goods
H Hotels and Restaurants
60t63 Transportation
64 Post and Telecommunications
J Financial Intermediation
70 Real Estate Activities
71t74 Renting of M&Eq and Other Business Activities
L Public Admin and Defence; Compulsory Social Security
M Education
N Health and Social Work
O Other Community, Social and Personal Services
P Private Households with Employed Persons

Note: This is a list of industries that are included in the WIOD (2013 release) by ISIC rev. 3 industry
classification code. The ones with a * represent they are manufacturing industries.
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