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1 Introduction

Over the past few decades it became conventional wisdom that factory jobs
could be done cheaply in some far-flung corner of the world but more
important innovation work should stay in-house in high-cost countries.
Manufacturing was seen as just a cost centre, so it was often offshored. Now
many companies reckon that production makes a big contribution to the
success of research and development, and that innovation is more likely to
happen when R&D and manufacturing are in the same place, so increasingly
they want to bring manufacturing back in-house.

- The Economist (2013)

Much concern has been raised recently by politicians and policymakers in ad-
vanced economies as to whether domestic manufacturing activities is a prerequisite
for more knowledge-based activities at home1. This is seen in light of the rapid
rise in offshoring2 over the past two decades coupled with a substantial decline in
domestic manufacturing jobs. Since knowledge-based activities are often coupled
with technological and technical advances, this debate also concerns the deter-
minants of long-run growth in general. When concerned about domestic labor
markets and its ability to sustain high-skilled jobs, it therefore becomes of interest
to assess whether globally oriented firms take offshoring and high-skilled inputs as
substitutes or complements in the production process. In this paper, the focus is
on research and development (RnD) activities as an important high-skilled input
for domestic firms.

On the one hand, RnD and offshoring may be substitutes if the development of
new products and processes is performed with better synergies when production
is carried out at home next to the laboratory instead of abroad. On the other
hand, relocating production to a foreign country may mean freeing up resources
to increase RnD spending at home where the comparative advantage is present,
thus rendering RnD and offshoring complements. The literature so far offers no
clear, explicit answer to this question.

1The above quotes are examples of many related statements. For an example from the
business literature, see e.g. Pisano and Shih (2012).

2I shall refer to offshoring throughout the paper as the relocation of intermediate inputs from
domestic to foreign suppliers, those suppliers being either within or outside the boundaries of
the firm. In practice, I measure offshoring at the firm level as the total value of imports and do
not distinguish between imports from firms within the same business group and other foreign
firms.
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This paper therefore seeks to fill this gap by asking the question: Is offshoring
complementary to or a substitute for RnD at the firm level? By employing a rich
firm-level dataset on RnD activities and intermediate imports as well as looking
at exogenous offshoring shocks, I am able to focus on the channel running from
offshoring to domestic RnD which is of considerable concern to public policy.

Focusing on the relationship between trade and innovation, a number of papers
offer useful theoretical frameworks. One example is Bloom et al. (2013) where
some production factors are assumed to be “trapped” within firms in the shorter
run. After a trade shock reduces the price for one of the goods that the firm
had been producing, the opportunity cost goes down for inputs that are trapped
within the firm. The firm does more innovation, not because of an increase in the
value of a newly designed good, but rather because of a fall in the opportunity
cost of the inputs used to design and produce new goods.

Naghavi and Ottaviano (2009) suggest an endogenous growth model with off-
shoring. The model features an RnD sector supplying blueprints for firms pro-
ducing intermediate inputs, the production of which may be offshored. Transport
cost parameters affect the decision to relocate intermediate goods plants but not
RnD. Therefore, it is shown that if offshoring is associated with reduced feed-
back from plants to laboratories, firms may choose to offshore even though it
damages the growth rate of the economy. This highlights the importance of clar-
ifying empirically whether plant and laboratory activities are complementary or
substitutable.

Another way of approaching the question asked in the paper is to test directly
for complementarity or substitutability in a CES production function framework.
This is indeed the approach taken in section 3 of this paper and is inspired by
the paper by Kmenta (1967) and subsequent work (e.g. Duffy and Papageorgiou
(2000)) applying similar methods, although the mentioned papers use aggregate
data to answer questions related to economic growth.

The empirical literature concerning the connection between concepts related to
RnD and offshoring can be said to be centered around three papers. On the one
hand, we have the contributions by Bustos (2011) and Goldberg et al. (2010). Al-
though these papers both look at developing countries and not advanced economies,
their research questions are related to my work. On the other hand, we have the
study by Bøler et al. (2012) for an advanced economy, but where the causal rela-
tionship in general runs from RnD to offshoring and not the other way round as
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in the paper at hand. In addition to these papers, there are a number of stud-
ies either with a different focus (e.g. the service sector), different data (survey
data, binary measures of offshoring and RnD), or without a clear identification
strategy. In section 2, I will briefly review the mentioned references and related
articles and point out how this paper contributes to the literature. Overall, this
paper contributes by being one of the first to investigate the direct connection
between offshoring and domestic RnD activities for an advanced economy using
rich firm-level data on both intermediate imports and domestic RnD while at the
same time employing a clear identification strategy using an instrumental variable
approach.

One problem in the existing literature is the lack of clear identification strategies to
confront the endogeneity issues inherent in this type of studies. One source of such
potential endogeneity issues is the example of a local demand shock making both
further offshoring and RnD more profitable without any direct channel linking
these two variables. To address these potential problems, I follow Hummels et al.
(2014) and instrument offshoring using world export supply (WES)3. The idea
is to find exogenous variation in the global supply of intermediate goods driven
by changes in the exporting country’s overall trade patterns as determined by
comparative advantage or other classical international trade factors. This variation
is then related to the input product bundle used by a given firm.

In the analysis, I choose to measure RnD activity at the firm level in two different
ways. First, I use the number of RnD professionals employed. RnD professionals
are identified using information about educational attainment and occupational
codes from the worker-level data. Second, I look at total internal RnD expendi-
tures of the firm. For offshoring, I choose a broad measure defined simply as the
total value of imported goods for any given firm in any given year.

Looking first at RnD as measured by the number of RnD workers employed,
my findings initially indicate no immediate connection between offshoring and
RnD conditional on firm capital, employment and total sales levels. However,
this changes once the IV strategy is implemented. Here, a doubling of offshoring
activity leads to another 0.57 RnD professionals employed, corresponding to about
25 percent of the sample mean number of RnD professionals. Looking instead
at internal RnD expenditures of the firm, the picture emerging is more or less

3A similar instrumental variable method is developed in Autor et al. (2013) who look at the
effects of import competition from China on the US labor market.
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the same. While there is no significant effect of in the initial specifications, the
coefficient jumps up and becomes significant once the instrument is applied and
firm fixed effects are included. With this formulation, a doubling of offshoring
tends to be associated with a 50 percent increase in internal RnD spending.

Having established that increasing offshoring opportunities tend to cause firms to
increase overall RnD activity, I then try to dig deeper and look at the composition
of RnD activities. Specifically, I separate internal RnD spending into process and
product RnD as reported by the firms. Once the IV strategy is applied, we see a
doubling of offshoring being associated with a 19 percentage point increase in the
share of RnD spending going to product innovation. This indicates that firms de-
ciding to offshore an even larger part of their manufacturing activities in response
to an exogenous shock to offshoring opportunities not only choose to increase their
overall commitment to internal RnD. They also tend to reallocate RnD resources
towards product RnD, possibly at the expense of less process RnD. This suggests
that firms with less internal manufacturing activities have less of an incentive to
internally perform RnD related to the production process. On the other hand,
cheaper imported intermediate inputs now raise the potential profitability of new
products, thus inducing firms to shift RnD focus in this direction.

The rest of this paper proceeds as follows. Section 2 provides an overview of
existing literature related to this paper. Section 3 provides a simple production
function framework highlighting the possibility of substitutability or complemen-
tarity between offshoring and RnD activities. Section 4 introduces the data and
the identification strategy. Section 5 presents the main results as well as a number
of extensions and robustness checks. Section 6 concludes.

2 Existing literature

This section briefly reviews the main contributions to the empirical literature
concerning the connection between concepts related to RnD and offshoring as well
as a number of related articles and points out how this paper contributes to the
literature.

Bustos (2011) studies the impact of a regional free trade agreement on the technol-
ogy upgrading of Argentinian firms. This is done by introducing technology choice
in a model of trade with heterogeneous firms. The finding is that firms in indus-
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tries facing higher reductions in tariffs in export markets improve their technology
faster than firms in other industries. If improvement of technology is associated
with RnD activities, tariff reductions and more global activity leads to higher RnD
intensity, although these results are not directly related to offshoring.

Somewhat related is the finding in Goldberg et al. (2010) where Indian firms rely-
ing on imported intermediate inputs can benefit from an increased variety of those
inputs when trade increases. As such, the benefits to producers are conceptually
much the same as the benefits consumers enjoy from increased product variety
(Feenstra, 2010). Findings suggest that access to more varieties of intermediate
inputs lead firms to expand their product scope. Since the development of new
products is often intimately tied to RnD, this points to a positive association
between offshoring and RnD, although the type of intermediate imports studied
here are likely to be much different in nature than what is relevant for the research
question of this paper.

In Bøler et al. (2012), the authors use Norwegian firm-level data which in many
respects is similar to the Danish data used in this paper. They document a
number of empirical regularities which all suggest a clear positive relationship
between RnD and offshoring. They then set up a theoretical model which they
structurally estimate to confirm the empirical regularities. Finally, they use a
tax break on RnD activities for a subset of firms as a natural experiment and find
that lower marginal RnD costs lead to more RnD spending and employment. Also,
innovation is accompanied by more outsourcing of foreign inputs. The difference in
my paper is that I consider an exogenous shock to the cost of offshoring rather than
to the cost of RnD and then look at the impact on RnD. Also, my identification
strategy is different since I use an instrumental variable approach.

In addition to these papers, there are a number of studies either with a different
focus (e.g. the service sector or import competition), different data (survey data,
binary measures of offshoring and RnD), or without a clear identification strategy.
In Bloom et al. (2011), panel data for European countries for 1996-2007 is used
to examine the impact of Chinese import competition on measures of technical
change, including RnD. China’s entry into the WTO in 2001 is used to correct
for endogeneity. Among other things, they find that employment is reallocated
towards more technologically advanced firms (“trade is bringing in the robots”).
Individual firms facing more import competition see larger increases in innovation
as well. Offshoring is also taken into consideration but no strong positive effect
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on overall innovation is found.

A number of papers more specifically document an overall positive relationship
between offshoring and RnD using different approaches. In Ali-Yrrkö and De-
schryvere (2008), the authors ask whether the offshoring of RnD activities (not
offshoring in general) affects domestic RnD employment at the firm level. Using
Finnish data for 2006, they find that manufacturing firms expanding RnD ac-
tivities within firm affiliates abroad also tend to plan to increase their domestic
RnD. They do not have a natural experiment or an instrumental variable strategy
for identification. In Dachs et al. (2014), data from the European Manufacturing
Survey is used to establish that offshoring firms on average employ a higher share
of RnD personnel. However, although they use a kernel based matching approach
and exploit the temporal structure of their data (they use data on offshoring col-
lected in years prior to the data on RnD), their method appears unable to deal with
e.g. firm-specific demand shocks affecting both the contemporaneous offshoring
decision and future RnD activities, an issue which is addressed in my paper. In
Görg and Hanley (2011), the authors find a positive effect of international out-
sourcing of services (not goods) on innovative activity at the plant level for Irish
manufacturing firms. They also have an instrumental variable analysis (use of
internet as IV for offshoring), although they only have data for 2002-2004.

Using data for 28 emerging market economies, Fritsch and Görg (2015) find a pos-
itive relationship between outsourcing and RnD at the firm level, and the results
are robust to an instrumental variables strategy. In addition to focus on a country
with an advanced economy, my paper contributes by using richer, administrative
firm-level data rather than survey data and is thus able to answer questions in
more detail by e.g. capturing the intensive margin of RnD activities (rather than
using a binary RnD decision variable). Furthermore, since the instrumental vari-
ables strategy in Fritsch and Görg (2015) is relying on country-industry variation,
they are unable to include industry-year dummies in their analyses. As a result, al-
though the authors are capable of avoiding potential bias arising from firm-specific
shocks, they are unable to control for industry-wide shocks within years – an is-
sue that can be resolved by constructing instruments at the country-year-product
level, as in the paper at hand.

Finally, there are also studies pointing to a negative relationship, for example
the paper by Karpaty and Tingvall (2011). Here, using firm-level data for the
Swedish manufacturing sector, a negative effect of offshoring on RnD at home is
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found mostly for small firms. For the multinationals making up the bulk of the
RnD investments, the effect is limited and also confined to offshoring to certain
regions. The paper also has no clear identification strategy.

Only one paper to the knowledge of the author investigates the relationship be-
tween offshoring and RnD using Danish firm-level data, namely the paper by
Junge and Sørensen (2011). They find that firms offshoring core activities have a
greater likelihood of being engaged in RnD and also have bigger RnD intensities.
Although their paper comes close to investigating the same question as the paper
at hand, the authors underscore the possibility of endogeneity issues which are
not addressed in their particular framework.

Overall, this paper contributes by being one of the first to investigate the di-
rect connection between offshoring and domestic RnD activities where the focus
is an advanced economy. Furthermore, by using rich firm-level data on both in-
termediate imports and domestic RnD while at the same time employing a clear
identification strategy using an instrumental variable approach, this paper is able
to provide a detailed and clean attempt to shed light on the issue.

3 Theoretical framework

Is offshoring complementary to or a substitute for RnD? To formalize this question,
consider a firm producing a final good (Y) using capital (K), labor (L), RnD
(R), and imported intermediates (M) as inputs with the following production
technology4:

Y = AKαLβ (Rρ +Mρ)
κ
ρ (3.1)

where A > 0 is total factor productivity, α, β, κ ∈ (0, 1) , ρ = σ−1
σ

, and σ ≥ 0 is
the elasticity of substitution5.

4This formulation is inspired by Hummels et al. (2014). The nested CES specification is
chosen to allow R and K to be either substitutes or complements while keeping a simple and
flexible formulation with relatively few parameters and substitution elasticities restricted to be
constant. For simplicity, I have only included one type of labor L, but this could be readily
augmented with e.g. high and low-skilled labor input, either of which may be modeled as
complements or substitutes for RnD.

5Note that α, β, κ ∈ (0, 1) without further restrictions implies decreasing returns to scale for
each input but nothing about the returns to scale for the aggregate production function.
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If R and M are complements, the firm will react to a falling cost of offshoring by
increasing both its import of intermediates and its RnD activities. This is the
case if ρ < 0 (equivalent to σ < 1), a condition that can then be tested with the
available data.

To arrive at an estimating equation, I begin by taking logs on both sides in equation
(3.1):

lnY = lnA+ αlnK + βlnL+ κln
[
(Rρ +Mρ)

1
ρ

]
(3.2)

In the spirit of Kmenta (1967)6 and subsequent work (see e.g. Duffy and Papa-
georgiou (2000)), this can be rewritten using a first-order Taylor approximation
and some algebra into (see Appendix A for derivation):

lnY ≈ lnA+ αlnK + βlnL+ κc0lnM + κ(1− c0)lnR + κc1 (3.3)

where c0 and c1 are functions of parameters including ρ.

Since I have access to exogenous variation in M and since I am interested in the
relationship between R and M , I rewrite (3.3) to become:

lnR ≈ c1
c0−1 + 1

κ(c0−1) lnA + α

κ (c0 − 1) lnK + β

κ (c0 − 1) lnL (3.4)

+ c0

c0 − 1 lnM + 1
κ (1− c0)

lnY

Obtaining data on R, K, L, M and Y, and assuming a constant total factor pro-
ductivity A, this lends itself to the following statistical model which can then be
estimated using linear methods:

lnR = β0 + β1lnK + β2lnL+ β3lnM + β4lnY + ε (3.5)

It is possible to use the estimates from this equation to derive the implied sign of σ,
the elasticity of substitution. In Appendix A, it is shown that σ < 1⇔ c0

c0−1 > −1
6Kmenta (1967) approximates in the space of parameters rather than the space of variables.

He also includes the second order terms but disregard terms of higher orders.

9



Offshoring brains? Complementarity between manufacturing and RnD

which is equivalent to β3 > −1 in the estimation above. This means that RnD and
offshoring activities are complements (σ < 1), i.e. that firms with larger imports
of intermediate inputs tend to also engage more heavily in RnD activities, if the
coefficient resembling c0

c0−1 is not too negative (β3 > −1).

4 Data sources and identification strategy

4.1 Data sources7

The dataset used is based on registry data from Statistics Denmark and con-
structed by combining data on individuals, firms, RnD and foreign trade. Unique
firm and individual identifies allow the datasets to be merged and workers and
firms to be matched in every year. The sample period chosen is 1995-2008, since
1995 is the first year available and the years after 2008 are excluded to avoid the
financial crisis years. Only firms classified as manufacturing firms were kept since
attention is restricted to firms who could at least potentially engage in both off-
shoring and RnD activities, and the manufacturing sector has traditionally been
the case in point for offshoring. Finally, I choose to limit attention to import-
ing firms, thus excluding firms on the extensive margin of the offshoring decision.
Possible problems connected to excluding these firms are addressed below.

Measuring RnD

I acquire data on the number of employees, total sales, and the value of the capital
stock for all firms in the sample. I choose to measure RnD activity at the firm
level in two different ways. First, I use the number of RnD workers employed.
RnD workers are identified using information about educational attainment and
occupational codes from the worker-level data. Second, I look at the total internal
RnD expenditures of the firm. This data comes from the RnD and innovation
survey performed by Statistics Denmark (the Danish version of the CIS-4). It is
based on a stratified sample among a population of firms believed to potentially
being able to undertake RnD. In addition, the largest firms are pre-sampled and
included in every year. These few hundred firms account for the bulk of RnD
activities. As such, the data in principle captures all RnD activity in the Danish
economy.

7For more details on data sources, see Appendix B.
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In addition to the total RnD expenditures, I have information on the share of
expenditures going to product RnD, process RnD, and general knowledge accu-
mulation. It should also be noted that I keep firms with no RnD activity in order
to include firms at the extensive margin of the RnD decision.

Measuring offshoring

The foreign trade statistics on imports contains information on all firms engaged in
importing activities. However, a number of observations will have missing values
for the world export supply instrument (see below) since part of their trade flows
cannot be matched to the BACI trade data for technical reasons. I choose to drop
these observations.

I define offshoring using a broad measure as the total value of imported goods for
any given firm in any given year. The idea is that these imported goods may have
displaced economic activity that could at least potentially have taken place inside
the importing firm. Since I am interested in the firm offshoring decision and the
link between production and RnD activities, it is necessary to consider whether
these imports are final goods or intermediate inputs.

Focusing on the manufacturing sector and disregarding the service sector is useful
for capturing imports used as inputs in production rather than as final goods
for consumption by domestic consumers. This is so since data for service sector
firms includes reselling without value-added, and the share of reselling out of total
imports is typically much higher for service sector firms than for manufacturing
firms.

When using a broad offshoring measure (i.e. including all imported goods as
opposed to only a subset of goods), one concern is that these inputs may not
substitute for relevant manufacturing production factors within the firm. For ex-
ample, imported raw materials or certain manufactured inputs may be unlikely to
have been produced by the firm in question in the absence of import opportuni-
ties. An alternative would be to compute a so-called narrow offshoring measure,
counting only imports from within a set of product categories more closely resem-
bling the product categories produced by the firm. The concern here is that the
range of products counted may be too narrow, thus underestimating the extent
of offshoring. Using a narrow instead of a broad offshoring measure might yield
different results although this is not investigated further in this paper.

Another approach in the literature is to use industry level input-output tables to
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help identify which inputs a firm is importing. This approach is unlikely to give
an accurate picture of imports among Danish firms since even firms within the
same industry have relatively few inputs and outputs in common. Therefore, any
shock to a foreign seller of a particular intermediate input will have very different
effects across Danish firms within the same industry. Instead, utilizing firm-level
data appears to be a more attractive way of measuring offshoring.

See Hummels et al. (2014) for an extensive discussion of these issues as well as
more details about the data patterns mentioned and the possible consequences of
different approaches to measuring offshoring using data on Danish firms and their
imports.

Some descriptive statistics

Table 4.1 shows the number of firms for each year for the final sample. We note
that the number of firms is fairly stable with some decline in the numbers over
the sample period 1995-2008.

Table 4.1: Firms per year
Year Number of firms
1995 3.187
1996 2.747
1997 2.406
1998 2.273
1999 2.279
2000 2.155
2001 2.148
2002 2.155
2003 2.105
2004 2.013
2005 1.900
2006 1.887
2007 1.849
2008 1.767
Total 30.871

Table 4.2 shows summary statistics for the key variables used in the following
analysis. We see a large dispersion in most variables. For the RnD measures, this
owes partially to the fact that a large number of firms have no RnD activities
reported in one or more years.

Information on the share split of RnD expenditures on products or processes is
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Table 4.2: Summary statistics for final sample
Mean Std. Dev. Observations

RnD expenditures 3.3 49.0 30,871
RnD professionals 2.3 33 30,871
Total imports 32.5 129.4 30,871
Total employees 107 397 30,871
Total sales 127.5 835.6 30,871
Capital stock 43 306 30,871
All monetary variables are in local currency (millions DKK).
All statistics (except imports) include observations with values
of zero. Sample period 1995-2008.

only available for a limited set of firms. This is due to the lack of reporting on this
variable by a considerable amount of firms. Table 4.3 shows summary statistics
for this limited sample and indicates that the firms with available information
on the share split of RnD are generally larger firms. This is further illustrated
in Table 4.4. For example, we see that the firms in this limited sample account
for 73 percent of the RnD expenditures and 40 percent of the total sales of the
full sample, even though the limited sample only accounts for 9 percent of the
observations of the full sample. So although any analysis using the share split of
RnD is to be interpreted with caution due to the limited nature of the sample, the
firms considered still account for a substantial part of the total economic activity
of the full sample.

Table 4.3: Summary statistics for limited sample
Mean Std. Dev. Observations

RnD expenditures 26.6 167.1 2,790
RnD professionals 15 103 2,790
Total imports 112.1 236.8 2,790
Total employees 366 891 2,790
Total sales 563.4 2,237.7 2,790
Capital stock 203.3 832.7 2,790
Product RnD (share) 54 42 2,790
Process RnD (share) 11 19 2,790
All monetary variables are in local currency (DKK). Share vari-
ables are shares of total internal RnD expenditures multiplied by
one hundred. All statistics (except imports) include observations
with values of zero. Sample period 1995-2008.

One concern related to the full sample is that the RnD measures do not capture the
fact that firms might rely on externally delivered RnD services instead of producing
them within the firm. To investigate this, Table 4.5 examines the decomposition
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Table 4.4: Limited sample shares of full sample economic activity
Share of value Share of observations

RnD expenditures 73% 9%
RnD professionals 59% 9%
Total imports 31% 9%
Total employees 31% 9%
Total sales 40% 9%
Capital stock 43% 9%
The table shows for each variable used the aggregate value of the
limited sample as a share of the aggregate value of the full sample as
shown in table 4.2. Sample period 1995-2008.

of aggregate RnD spending in the manufacturing sector into internal and external
purchases. It further divides external purchases into several categories. We see
that about two-thirds is internal spending while one-third is externally purchased,
most of which has a foreign origin. This is confirmed in officially available statistics
(see e.g. Statistics Denmark (2014), pp 40-41). What can also be seen from the
data at hand is that half of external spending is purchased from the firm’s own
business group abroad while the rest comes from other foreign firms or research
institutions. So while RnD expenditures within the firm on domestic soil make up
the bulk of RnD activity, it is not a measure without error.

Table 4.5: Aggregate and median RnD expenditures (millions DKK), 2008
Aggregate Median

Total internal spending 14,000 2.07
Total external spending∗ 6,720 0.50
Total foreign spending∗∗ 5,583 0.34
Purchases from foreign firms 2,610 0.29
Purchases from own business group abroad 2,930 2.06
Purchases from foreign research institutions 43 0.10
Foreign spending, own business group abroad (share) 0.52 0.58
Foreign spending, foreign firms (share) 0.47 0.45
Foreign spending, foreign research institutions (share) 0.01 0.06
The table shows for 2008 the aggregate and median RnD expenditures for manufacturing
firms decomposed into various categories. Note that there may be double counting between
internal and external spending bought in Denmark (cf. Statistics Denmark (2014) p. 40).
For discretion reasons, median firm values are calculated as the mean of the five median firm
observations for each variable. For the share variables, values of zero and one are excluded
in the median calculations.
*Total external spending equals total external spending in Denmark plus total foreign
spending.
**Sum of own business group, foreign firms, and foreign research institutions.

Another concern might be that, although the majority of RnD is performed within
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the boundaries of Danish firms, some manufacturing firms non-intensive in internal
RnD might be heavily relying on external firms or institutions to do the job.
However, this does not seem to be the case at any rate of importance. In Table
4.6, we see that the total amount of externally purchased RnD for firms having
less than the average level of internal RnD is only around 2 percent of total
external purchases (irrespective of which internal RnD measure is used). Thus,
we can conclude that most external RnD purchases are performed by firms already
intensive in internal RnD, while firms non-intensive in internal RnD are simply
not using RnD in general.

Table 4.6: External RnD spending by non-RnD-intensive firms, 2008
RnD measure Total spending Share of aggregate
RnD professionals 120 0.02
Internal RnD expenditures 164 0.02
The table shows for 2008 the aggregate external (domestic or foreign) RnD
purchases (in millions DKK) by manufacturing firms with less than average
internal RnD intensity (among manufacturing firms) as measured by either the
number of RnD professionals or total internal RnD expenditures. The share
is out of total external spending among all manufacturing firms in the sample
(6,720 mill. DKK).

Finally, Table 4.7 addresses the concern that firms at the extensive margin of
the offshoring decision excluded from the analysis might play an important role
for domestic RnD activities8. In the table, I temporarily include firms with no
offshoring and divide the sample into four main categories along the intensive and
extensive margins of offshoring and RnD for the year 2008 as an example: about
three quarters of firm-year observations have neither offshoring nor RnD. However,
the firms behind these observations account for only 9 percent of all firm sales,
whereas 58 percent is accounted for by the firms behind firm-year observations
with positive values for both offshoring and RnD and thus being at the intensive
margin for both of these activities. A substantial group of firm-year observations
are undertaking offshoring but without any RnD activities. Finally, the mass of
firms doing RnD without doing offshoring appears negligible. In sum, restricting
attention to firms with offshoring seems to provide a reasonable picture of domestic
RnD activities.

8Note that the sample of offshoring firms considered here is slightly different from the final
sample used in section 5 where some observations have to be dropped to perform the analyses.
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Table 4.7: Number of firms with RnD and offshoring, 2008
RnD professionals > 0 RnD professionals = 0

Offshoring > 0 646 4,361
(58%) (32%)

Offshoring = 0 104 13,272
(1%) (9%)

The table shows the number of firms with or without RnD or offshoring (as
measured by firm imports) or any combination of these two activities. The
percentages indicate the share of aggregate firm sales represented by that group
of firms.

4.2 Identification strategy

In section 5, I will regress time varying RnD measures on time varying firm-level
offshoring as measured by the value of firm imports. The identification problem
facing this approach is that firm-level shocks to firm productivity or the demand
for firm products will tend to affect both the offshoring and RnD decisions of the
firm. For example, as firm demand goes up, a given cost saving from offshoring
might become more profitable. Conversely, developing new products might be
less imperative for the firm. To confront this problem, I construct instruments
correlated with firm imports but uncorrelated with firm productivity and demand
structure.

To further illustrate the identification challenge, consider that offshoring firms
are expected to be different from non-offshoring firms. To the extent that these
differences are time invariant, identifying off changes within firms over time will
be robust to this concern. Table 4.8 shows the result of focusing on firms engaged
in offshoring and including firm fixed effects in a regression of offshoring on firm
outcome variables. We see that rising offshoring is associated with higher sales,
more employees and a larger capital stock. This underlines the identification
problem. It might well be that access to cheaper inputs through higher offshoring
enables firms to expand operations and shift resources from production to RnD.
Conversely, it could be that these outcomes are all affected by shocks to the
demand for products or the productivity of the firm, thus causing the correlation
between RnD and offshoring to be inflicted by simultaneity bias.

In order to account for such endogeneity issues, I follow Hummels et al. (2014)
and instrument offshoring using world export supply (WES), constructed using
COMTRADE bilateral trade data. The idea is to find exogenous variation in the
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Table 4.8: Firm-level effects of offshoring
Log(Offshoring)

Log(Sales) 0.0705∗∗∗
(0.00251)

Log(Employees) 0.635∗∗∗
(0.0276)

Log(Capital) 0.0830∗∗∗
(0.0116)

Firm FE Yes
Observations 30,871
Dependent variable: Log(Offshoring). Sample is identical to main esti-
mation sample and includes larger exporting firms in the manufacturing
sector for the years 1995-2008. Standard errors in parentheses clustered
at the firm level. *p<0.10, **p<0.05, ***p<0.01.

global supply of intermediate goods driven by changes in the exporting country’s
overall trade patterns as determined by comparative advantage or other classical
international trade factors. This variation is then related to the input product
bundle used by a given firm. Formally, world export supply is defined as:

WESjt =
∑
c,k

sjckWESckt (4.1)

Here, sjck is the share of imports of product category k from country c out of total
imports for firm j in the base year. The base year is chosen as the first year of
the sample period (i.e. 1995) if the firm is observed in that year; otherwise, the
first year the firm is observed is chosen as base year. WESckt is the total exports
from country c of product k in year t to the entire world market less Denmark.
By fixing import shares sjck in the base year, the instrumental variable will have
strength insofar as this fixing of the share weights reflects actual data patterns.
This indeed turns out to be overall consistent with the data and may reflect stable
business relationships or the fact that inputs from that particular source is a good
match for the importer in question.

When discussing possible threats to identification, one can distinguish between
problems with the instrumentWESckt itself and the share weights sjck. First, con-
sider a rise in world export supply for some country-product combination caused
by both increasing supply and demand globally and in Denmark. Then world ex-
port supply may be correlated with the profitability of RnD for the Danish firm in
question. As an example, suppose a global construction boom both increases the
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supply of steel and the demand for pumps globally. Then a Danish manufacturer
of pumps using Chinese steel as an input might see both decreasing input costs
and rising prices for its existing products, causing product RnD to be less prof-
itable. As a response, the firm might increase its imports of steel and decrease its
RnD spending. However, this concern is at least partially alleviated by including
industry-year fixed effects and firm output in the empirical specifications, since
this in effect controls for time-varying demand shocks to particular industries and
firms in Denmark.

Secondly, one might be concerned with the share-weighting of world export supply
in constructing the instrument. If differences in the technology used across firms
affects both the firm’s decisions to innovate as well as the types of inputs used,
this could cause problems. However, since the following regression analysis is using
within-firm variation, this effectively circumvents the issue. Moreover, if technol-
ogy differences change over time, the fixing of import shares prevents differences
in technological change from having effects on RnD and offshoring.

5 Results

5.1 Empirical specification

In order to answer the question of complementarity between offshoring and RnD,
I follow the framework suggested in equation (3.5) and consider estimating the
following specification:

log (RnDjt) = xjtβ + γlog (OFFjt) + ϕIND,t + ϕj + εjt (5.1)

where xjt is a vector of firm controls (log(capital), log(number of employees) and
log(total sales)) and where I include industry-year (ϕIND,t) and firm-specific (ϕj)
effects.

The model is estimated using each of the RnD measures, i.e. RnD = internal RnD
expenditures or RnD = professionals employed, and both with and without firm-
specific effects. I estimate both using OLS and then subsequently instrumenting
offshoring (OFF) using world export supply (WES) as described above.
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In the following, I compare specifications with and without firm controls. This
addresses the possibility that the effect of offshoring on RnD is working indirectly
through firm scale9. In Section 5.3, I experiment with using RnD and offshoring
intensities as variables in order to further shed light on this issue.

5.2 Estimation results

I first consider the relevance of the WES variable as instrument for OFF. The
results of these first stage IV regressions are shown in Table 5.1. That is, the table
basically shows the results of regressing the endogenous offshoring measure on the
exogenous instrumental variable and including industry-year and firm fixed effects.
The difference between columns (1) and (2) is the inclusion of firm scale controls.
In this section of the paper, the results with firm fixed effects are generally the
preferred specifications since relying on cross-sectional variation between firms
may not be convincing due to the inherent and large natural differences among
firms. Furthermore, as discussed in section 4.2, my identification strategy exploits
variation within firms across years, and including firm fixed effects helps isolating
the desired exogenous shocks to offshoring.

In both specifications, we see clear indications of WES being a relevant instrument
for OFF with F-statistics well above conventionally required levels. We note that
the coefficient on log(WES) is positive and significant, meaning that firms facing
exogenously better conditions for importing intermediate inputs do indeed tend
to engage more in offshoring. We further note that firms engaged more heavily in
offshoring tend to have more employees and higher total sales (although the total
capital stock does not appear significant in this respect).

With the power of the instrumental variable WES confirmed, I now turn to answer
the main question of complementarity or substitutability of offshoring and RnD at
the firm level when RnD is measured as the number of RnD professionals employed.
In Table 5.2, the first column shows a positive connection between offshoring and
RnD, but this relationship does not remain when conditioning on firm capital, em-
ployment and total sales levels in columns (2)-(3) (we note that firms with higher
levels of capital, employment and total sales also tend to undertake more RnD).
However, this changes once the IV strategy is implemented in columns (4)-(5).

9This is somewhat related to the concept of a productivity effect of offshoring as in Grossman
and Rossi-Hansberg (2008).
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Table 5.1: First-stage IV regressions
Log(Offshoring)
(1) (2)

Log(WES) 0.145∗∗∗ 0.109∗∗∗
(0.0104) (0.00935)

Log(Capital) 0.00365
(0.0113)

Log(Employees) 0.234∗∗∗
(0.0336)

Log(Sales) 0.705∗∗∗
(0.0382)

Industry-Year FE Yes Yes
Firm FE Yes Yes
Observations 34,069 30,871
First stage F-statistic 194.98 135.01
Dependent variable: Log(Offshoring). Sample pe-
riod 1995-2008. Observations with RnD expendi-
tures = 0 and RnD employees = 0 included. Stan-
dard errors in parentheses clustered at the firm level.
*p<0.10, **p<0.05, ***p<0.01.

In the preferred specification (5) with both firm controls and industry-year and
firm fixed effects, we see a significantly positive effect with a one percent increase
in offshoring activity leading to another 0.0057 RnD professional employed. This
should be viewed in light of the vast heterogeneity in offshoring among firms in
the sample. If one is willing to extrapolate from the regression results, a doubling
of offshoring leads to 0.57 more RnD professionals, which corresponds to about 25
percent of the sample mean number of RnD professionals.

Looking instead at internal RnD expenditures of the firm in Table 5.3, the picture
emerging is more or less the same. While there is no significant effect of OFF in the
OLS specifications, the coefficient jumps up and becomes significant at the 5 per-
cent level once the instrument is applied and firm fixed effects are included. With
this formulation, a doubling of offshoring activity leads to a roughly 50 percent
increase in internal RnD spending. Also, for both measures of RnD, the coeffi-
cient is well above the value of -1 required for offshoring-RnD complementarity as
predicted in section 3.

When comparing the IV specifications with and without firm controls (i.e. columns
(4) and (5) in either Table 5.2 or 5.3), it is clear that controlling for firm scale has
only little effect on the coefficient on offshoring. This makes it less plausible that

20



Offshoring brains? Complementarity between manufacturing and RnD

Table 5.2: OLS and IV regressions with RnD = professionals employed
OLS regressions IV regressions

(1) (2) (3) (4) (5)
Log(Offshoring) 1.225∗∗∗ -0.518 -0.0408 0.754∗∗∗ 0.574∗∗

(0.342) (0.374) (0.0470) (0.204) (0.282)
Log(Capital) 0.876∗∗ 0.300∗∗∗ 0.297∗∗∗

(0.345) (0.0684) (0.0677)
Log(Employees) 1.689∗∗∗ 0.778∗∗∗ 0.626∗∗∗

(0.575) (0.172) (0.179)
Log(Sales) 1.529∗ 0.382∗∗ -0.0595

(0.808) (0.181) (0.295)
Industry-Year FE Yes Yes Yes Yes Yes
Firm FE No No Yes Yes Yes
Observations 34,069 30,871 30,871 34,069 30,871
Dependent variable: RnD professionals. Sample period 1995-2008. Observations
with RnD employees = 0 included. Standard errors in parentheses clustered at
the firm level. *p<0.10, **p<0.05, ***p<0.01.

the effect of offshoring on RnD is working through firm scale alone.

It is also worth noting the negative bias in the OLS estimates compared to the
IV esitmates, e.g. column (3) versus (5) in Table 5.3. This difference might
be explained in the following way: As discussed in Section 4.2, one threat to
identification is unobserved demand shocks affecting both the offshoring and RnD
decision of the firm. A positive demand shock will tend to raise the profitability of
a given cost saving from increased offshoring. This leads to a positive correlation
between offshoring and the demand component.

The effect of increased demand on RnD expenditures is more ambiguous, however.
Total RnD expenditures in general consist of spending on product and process
RnD. With increased demand for existing products, process RnD becomes more
profitable, all else equal. On the contrary, there may now be less of an incentive
for the firm to develop new products via product RnD. As is soon to be shown,
offshoring tends to change the composition of total RnD towards product RnD.
Since product RnD is the activity being scaled down from a relative point of view,
the total effect of the positive demand shock on aggregate RnD expenditures is
negative.

Having established that increasing offshoring opportunities tend to cause firms to
increase overall RnD activity, I now dig deeper and look at the composition of
RnD activities. Specifically, I separate internal RnD spending into process and
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Table 5.3: OLS and IV regressions with RnD = Log(total expenditures)
OLS regressions IV regressions

(1) (2) (3) (4) (5)
Log(Offshoring) 0.561∗∗∗ 0.0122 0.0529 0.558∗∗∗ 0.524∗∗

(0.0233) (0.0188) (0.0332) (0.179) (0.254)
Log(Capital) 0.167∗∗∗ 0.156∗∗∗ 0.154∗∗∗

(0.0330) (0.0379) (0.0380)
Log(Employees) 0.826∗∗∗ 0.516∗∗∗ 0.400∗∗∗

(0.0661) (0.0879) (0.108)
Log(Sales) 0.349∗∗∗ 0.0635 -0.274

(0.0665) (0.0679) (0.189)
Industry-Year FE Yes Yes Yes Yes Yes
Firm FE No No Yes Yes Yes
Observations 34,069 30,871 30,871 34,069 30,871
Dependent variable: Log(Total internal RnD expenditures + 1). Sample period
1995-2008. Observations with RnD expenditures = 0 included. Standard errors
in parentheses clustered at the firm level. *p<0.10, **p<0.05, ***p<0.01.

product RnD as reported by the firms. It should be noted that the data used for
separating RnD spending into these two categories is much sparser and different
from the dataset used in the above10. Therefore, the following results should be
interpreted with caution.

Table 5.4 shows the result of regressing the share of internal RnD spending going
to product RnD on offshoring and controlling for capital, employment and sales
as before. Once the IV strategy is applied and industry-year and firm fixed effects
are included, we see a doubling of offshoring being associated with a 19 percentage
point increase in the share of RnD spending going to product innovation. This
should be seen in the light of a mean share of RnD spending going to product
innovation of 54 percent.

These findings indicate that firms deciding to offshore an even larger part of their
manufacturing activities in response to an exogenous shock to offshoring oppor-
tunities not only choose to increase their overall commitment to internal RnD.
They also tend to reallocate RnD resources toward product RnD, possibly at the
expense of less process RnD. This suggests that firms with less internal manu-
facturing activities have less of an incentive to internally perform RnD related to
the production process. On the other hand, cheaper imported intermediate inputs
now raise the potential profitability of new products, thus inducing firms to shift

10More specifically, the sample is now limited to exporting, capital intensive firms with a larger
number of employees in certain industries. The year 1995 is dropped as well.
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RnD focus in this direction.

Table 5.4: Composition effects: product RnD (share)
OLS IV

(1) (2) (3)
Log(Offshoring) -0.768 -1.536 19.25∗

(0.780) (1.839) (10.94)
Log(Capital) 0.836 5.576∗∗∗ 6.248∗∗∗

(1.087) (2.119) (2.368)
Log(Employees) -3.021 4.826 4.522

(2.124) (5.640) (6.270)
Log(Sales) 8.108∗∗∗ -5.924 -26.05∗∗

(2.105) (4.412) (10.66)
Industry-Year FE Yes Yes Yes
Firm FE No Yes Yes
Observations 2,790 2,790 2,790
Dependent variable: product innovation as share of all in-
ternal RnD. Sample period 1995-2012. Observations with
RnD expenditures = 0 and RnD employees = 0 included.
Standard errors in parentheses clustered at the firm level.
*p<0.10, **p<0.05, ***p<0.01.

5.3 Extensions

In this section, I first examine the effects of offshoring on RnD when offshoring
is split between different groups of countries. Table 5.5 show the results of this
exercise when RnD is measured as the number of RnD professionals employed
while Table 5.6 measure RnD as internal expenditures. A full set of industry-year
and firm fixed effects are included as in the preferred specifications above. In
both tables, I distinguish between imports from China, all low-income countries,
high-income countries, EU15 countries and OECD countries11. When considering
China for example, only the total value of country-product combinations involving
China are counted as imports for any firm, and the share weights will therefore also
be positive only for these import categories when constructing the world export
supply instrument used here.

The results generally show a negative or no effect when looking at offshoring
from China or low-income countries. For the groups of high-income, EU15 and
OECD countries, we generally see a positive effect from offshoring on domestic

11See Appendix B for details about this country split.
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Table 5.5: Country split IV analysis with RnD = professionals employed
China All low-income High-income EU15 OECD

countries countries countries countries
Log(Offshoring) 1.562 -0.275 0.756∗∗ 1.116∗∗ 0.526∗∗

(1.898) (0.972) (0.339) (0.559) (0.253)
Log(Capital) 0.296 0.415∗∗∗ 0.373∗∗∗ 0.395∗∗∗ 0.339∗∗∗

(0.262) (0.125) (0.0897) (0.109) (0.0794)
Log(Employees) 1.953∗ 1.134∗∗∗ 0.742∗∗∗ 0.680∗∗ 0.717∗∗∗

(1.028) (0.390) (0.252) (0.345) (0.214)
Log(Sales) -1.084 0.584 -0.0241 -0.0310 0.0520

(1.101) (0.705) (0.360) (0.488) (0.299)
Industry-Year FE Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes
Observations 2,294 7,683 23,308 19,547 27,230
First stage F-statistic 14.30 34.14 109.80 91.17 166.14
Dependent variable: RnD professionals. Log(Offshoring) instrumented using world export supply.
Sample period 1995-2008. Observations with zero RnD employees included. Industry dummies
are at the 2-digit NACE level. Standard errors in parentheses clustered at the firm level. See
Appendix B for country group definitions. *p<0.10, **p<0.05, ***p<0.01.

Table 5.6: Country split IV analysis with RnD = Log(total expenditures)
China All low-income High-income EU15 OECD

countries countries countries countries
Log(Offshoring) -1.283∗∗ 0.0746 0.492∗∗ 0.321 0.361∗

(0.598) (0.509) (0.250) (0.330) (0.219)
Log(Capital) 0.158 0.0570 0.197∗∗∗ 0.171∗∗∗ 0.173∗∗∗

(0.124) (0.0570) (0.0500) (0.0589) (0.0446)
Log(Employees) 1.369∗∗∗ 0.273∗∗ 0.455∗∗∗ 0.556∗∗∗ 0.465∗∗∗

(0.394) (0.135) (0.140) (0.164) (0.124)
Log(Sales) 0.281 0.0635 -0.205 -0.110 -0.135

(0.362) (0.339) (0.190) (0.234) (0.164)
Industry-Year FE Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes
Observations 2,294 7,683 23,308 19,547 27,230
First stage F-statistic 14.30 34.14 109.80 91.17 166.14
Dependent variable: Log(Total internal RnD expenditures + 1). Log(Offshoring) instrumented
using world export supply. Sample period 1995-2008. Observations with zero RnD expenditures
included. Industry dummies are at the 2-digit NACE level. Standard errors in parentheses clustered
at the firm level. See Appendix B for country group definitions. *p<0.10, **p<0.05, ***p<0.01.

RnD activities. Hummels et al. (2014) note that 85 percent of imports come
from European countries. Furthermore, around 90 percent of imports from EU
countries have a country within the EU15 as origin, i.e. relatively high-income
countries. This might explain why the results for China and the group of low-
income countries are statistically weak in some of the specifications.

To further shed light on the different effects of offshoring on RnD across country
groups, I again look at the share of internal RnD expenditures going to product
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RnD (as opposed to process RnD). Table 5.7 indicates that the share going to
product RnD tends to decrease when offshoring is going to China or low-income
countries, whereas this share is unchanged when more advanced economies are the
targets of offshoring12.

Table 5.7: Country split IV analysis: product RnD (share)
China All low-income High-income EU15 OECD

countries countries countries countries
Log(Offshoring) -29.82∗∗ -7.215 10.73 18.04 16.42

(14.52) (9.361) (8.114) (14.70) (10.59)
Log(Capital) 12.33 3.844 6.071∗∗∗ 4.333∗ 5.470∗∗

(12.55) (7.660) (2.290) (2.389) (2.323)
Log(Employees) -42.54 18.35 6.650 4.600 4.357

(38.85) (13.70) (6.221) (7.967) (6.958)
Log(Sales) 7.305 -23.18∗ -18.41∗∗ -20.10∗∗ -23.39∗∗

(24.74) (12.30) (7.358) (9.789) (9.411)
Industry-Year FE Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes
Observations 266 677 2,607 2,444 2,727
First stage F-statistic 1.97 8.16 5.96 7.54 5.79
Dependent variable: Product innovation as share of all internal RnD. Log(Offshoring) instrumented
using world export supply. Sample period 1996-2008. Industry dummies are at the 2-digit NACE
level. Standard errors in parentheses clustered at the firm level. See Appendix B for country group
definitions. *p<0.10, **p<0.05, ***p<0.01.

Taken together, these results suggest that firms offshoring to China or low-income
countries in general may be motivated primarily by cutting costs, while firms
offshoring to more advanced countries are more inclined to focus on increasing
RnD activities in pursuit of developing new products. As such, this might indicate
that firms indeed tend to react with different strategies as the cost of offshoring
changes: some firms emphasize competing through cost-cutting by offshoring to
low-cost countries. Other firms tend to attempt quality upgrading and developing
new products by engaging in imports from more advanced economies.

As mentioned in Section 1, one theoretical explanation for the relationship between
trade costs and innovation is the “trapped factor” model by Bloom et al. (2013). In
Bloom et al. (2016), the authors suggest measuring the amount of trapped factors
by using measured (i.e. estimated) TFP (MFP). According to their theory, the
level of MFP should be positively correlated with the amount of trapped factors
inside the firm.

In order to explore this, I estimate TFP at the firm level using the method by
12The coefficients here are positive but not statistically significant. The data available for each

group of countries is naturally more scarce than for the main results.
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Levinsohn and Petrin (2003). I then divide firms into quartiles according to the
amount of trapped factors within the firm. Table 5.8 shows the result of regress-
ing RnD on log(offshoring) interacted with quartile dummies for trapped factors.
There appears to be no statistically significant difference of the effects of offshoring
on RnD between firms with different amounts of trapped factors. This may not
be surprising when considering the fact that the Danish labor market is generally
believed to be flexible in an international context with firms able to hire and lay
off workers as needed. To the extent that experienced workers represent trapped
factors, this might help explain these findings.

Table 5.8: Trapped factors
OLS IV

(1) (2) (3)
Log(Offshoring) x TFP 1st quartile 1.230∗∗∗ 0.206∗∗∗ 0.788∗∗∗

(0.380) (0.0557) (0.242)
Log(Offshoring) x TFP 2nd quartile 1.086∗∗∗ 0.198∗∗∗ 0.769∗∗∗

(0.334) (0.0537) (0.238)
Log(Offshoring) x TFP 3rd quartile 1.019∗∗∗ 0.188∗∗∗ 0.752∗∗∗

(0.304) (0.0534) (0.235)
Log(Offshoring) x TFP 4th quartile 1.414∗∗∗ 0.187∗∗∗ 0.744∗∗∗

(0.411) (0.0551) (0.233)
Industry-Year FE Yes Yes Yes
Firm FE No Yes Yes
Observations 30,653 30,653 30,653
Dependent variable: RnD professionals. Sample period 1995-2008. Observa-
tions with RnD employees = 0 included. Industry-year dummies are at the
2-digit NACE level. Standard errors in parentheses clustered at the firm level.
*p<0.10, **p<0.05, ***p<0.01.

As mentioned in Section 5, comparing specifications with and without controls
for firm scale does not seem to change the results much. This suggests that the
offshoring affects RnD not only through increasing firm scale. As a robustness
exercise, I regress RnD intensity on offshoring intensity controlling for capital and
labor intensity. The coefficient on offshoring intensity would then be expected to
be zero if lower costs of offshoring simply increase the scale of the firm both in
terms of import value, sales, RnD etc. However, Table 5.9 shows that this is not
necessarily so since the coefficient on the offshoring intensity is positive.

One final concern is related to the measurement of offshoring where all import
categories are aggregated. These imports include goods that might be used as
inputs in the production of RnD. I address this by excluding product categories
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Table 5.9: RnD and offshoring intensities
OLS IV

(1) (2) (3)
Offshoring / Sales -0.000 0.000 0.002∗

(0.000) (0.000) (0.001)
Capital / Sales -0.165 -0.422∗ -0.239

(0.109) (0.246) (0.291)
Employees / Sales -2.602 -8.718 -647.0∗

(5.717) (8.733) (362.0)
Industry-Year FE Yes Yes Yes
Firm FE No Yes Yes
Observations 33,680 33,680 33,680
Dependent variable: RnD intensity (Total internal RnD
expenditures divided by total sales). Sample period
1995-2008. Observations with RnD expenditures = 0
included. Industry dummies are at the 2-digit NACE
level. Standard errors in parentheses clustered at the
firm level. *p<0.10, **p<0.05, ***p<0.01.

including computers and lab equipment which reduces the number of observations
by around 1 percent compared to the main sample13. As shown in Table 5.10, this
appears to have very little impact on the results.

Table 5.10: Excluding imported RnD inputs
OLS IV

(1) (2) (3)
Log(Offshoring) 0.00445 0.0524 0.526∗∗

(0.0188) (0.0331) (0.257)
Log(Capital) 0.170∗∗∗ 0.157∗∗∗ 0.152∗∗∗

(0.0333) (0.0383) (0.0382)
Log(Employees) 0.826∗∗∗ 0.522∗∗∗ 0.397∗∗∗

(0.0668) (0.0884) (0.111)
Log(Sales) 0.355∗∗∗ 0.0644 -0.270

(0.0667) (0.0693) (0.188)
Industry-Year FE Yes Yes Yes
Firm FE No Yes Yes
Observations 30,545 30,545 30,545
Dependent variable: Log(Total internal RnD expenditures
+ 1). Sample period 1995-2008. Observations with RnD
expenditures = 0 included. Standard errors in parentheses
clustered at the firm level. *p<0.10, **p<0.05, ***p<0.01.

13Specifically, I exclude CN8 product categories in the intervals [84710000-84720000[ and
[90000000-91000000[.
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6 Conclusion

Much concern has been raised recently by politicians and policymakers in industri-
alized countries as to whether domestic manufacturing activities is a prerequisite
for more knowledge-based activities at home. Is offshoring complementary to or a
substitute for RnD at the firm level? On the one hand, RnD and offshoring may
be substitutes if the development of new products and processes is performed with
better synergies when production is carried out at home next to the lab instead
of abroad. On the other hand, relocating production to a foreign country may
mean freeing up resources to increase RnD spending at home where the compar-
ative advantage is present, thus rendering RnD and offshoring complements. The
literature so far offers no clear, explicit answer to this empirical question.

This paper contributes by being one of the first to investigate the direct connection
between offshoring and domestic RnD activities where the focus is an advanced
economy. At the same time, by using rich firm-level data on both intermediate
imports and domestic RnD while at the same time employing a clear identification
strategy using an instrumental variable approach, this paper is able to provide a
detailed and clean attempt to shed light on the issue.

The evidence reported in this paper suggests that firms facing an exogenous in-
crease in offshoring opportunities respond by increasing their internal RnD ex-
penditures and the number of RnD professionals employed. More specifically, a
doubling of offshoring activity leads to a 50 percent increase in internal RnD ex-
penditures. Likewise, the number of RnD professionals employed goes up by 0.57
persons every time offshoring is doubled. Furthermore, firms tend to increase the
share of RnD expenditures going to product RnD, while the share to process RnD
tends to decrease. This indicates that firms with less internal manufacturing activ-
ities have less of an incentive to internally perform RnD related to the production
process. On the other hand, the greater scope for using imported intermediate
inputs now raises the potential profitability of new products, thus inducing firms
to shift RnD focus in this direction.
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Appendix A

Derivation of equation (3.3)

Rewrite equation (3.2) with C ≡ (Rρ +Mρ)
1
ρ =

(
R

σ−1
σ +M

σ−1
σ

) σ
σ−1 for notational

simplicity:

lnY = lnA+ αlnK + βlnL+ κlnC (A.1)

We now want to show that lnC ≈ c0lnM + (1− c0) lnR + c1. First, let y =
ln (M/R). Then C = R

(
1 + ey

σ−1
σ

) σ
σ−1 and lnC = lnR + g(y), where g(y) =

σ
σ−1 ln

(
1 + ey

σ−1
σ

)
. The first-order Taylor approximation for g(y) around y0 =

ln (M0/R0) is g (y) ≈ g (y0) + g′ (y0) (y − y0), where g′ (y0) = ey
σ−1
σ /
(

1+ey
σ−1
σ

)
. Re-

placing g(y) with its first-order Taylor approximation, we get

lnC = lnR + g(y)⇒

lnC ≈ lnR + g(y0) + g′(y0)(y − y0)

= lnR + g(y0)− g′(y0)y0 + g′(y0)y

= lnR + c1 + c0ln (M/R)

= (1− c0) lnR + c0lnM + c1

where c0 = g′ (y0) and c1 = g (y0)− y0g
′ (y0).

Deriving the implied sign of σ

To derive the implied sign of σ, the elasticity of substitution between intermediate
inputs and RnD, we use the fact that:

c0 = g′ (y0) = ey0
σ−1
σ

ey0
σ−1
σ + 1

, with y0 = ln
(
M0

R0

)
being the point of linearization.

Given estimates of the quantity c0/(c0−1) from equation (3.4) (i.e. β3 in equation
(3.5)), we can arrive at a value for σ using the following rewriting of the expression
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for c0/(c0−1), denoted by η below for simplicity:

c0

c0 − 1︸ ︷︷ ︸
≡η

=
ey0

σ−1
σ

ey0
σ−1
σ +1

ey0
σ−1
σ

ey0
σ−1
σ +1

− 1
= −ey0

σ−1
σ ⇐⇒ ln (−η) = y0

σ − 1
σ
⇐⇒ σ = y0

y0 − ln (−η) ,

(A.2)

noting that, since from the definition of c0 we can establish that 0 < c0 < 1, we
have η < 0 so that logarithms can be taken on both sides.

In order to finally pin down the sign of σ, we need to ensure σ ≥ 0 by assuming
y0 > ln (−η)⇐⇒ M0/R0 > −η , the plausibility of which is not explored further in
this paper.14 If this assumption holds, it is clear from inspecting the final equality
in equation (A.2) that σ < 1⇐⇒ ln (−η) < 0⇐⇒ −η < 1⇐⇒ η > −1 (it follows
that σ > 1⇐⇒ η < −1 and σ = 1⇐⇒ η = −1).

In sum, RnD and offshoring activities are complements (σ < 1) if the coefficient
resembling η ≡ c0/(c0−1) is not too negative (η > −1). Importantly, this result is
independent of the value of y0 = ln (M0/R0)(which otherwise might be measured
using a set of values for M0 and R0 for the average or median firm, say).

Appendix B

Data appendix

More on data sources

The dataset employed covers the universe of Danish firms and the entire popu-
lation of individuals in Denmark. Data is drawn from administrative registers in
Statistics Denmark (DST) and combines firm data from the Firm Statistics Reg-
ister (FirmStat) and worker data from the Integrated Database for Labor Market
Research (IDA). Data on import and export flows comes from the Danish Foreign
Trade Statistics Register and is at the product and origin or destination level.
This data is combined with the COMTRADE database to obtain data used for

14If y0 < ln (−η), then σ < 0 for all y0 > 0 which must be ruled out. Whether y0 ≡ ln
(

M0
R0

)
>

0 holds or not depends on the ratio of imports and RnD inputs. To have greater imports than
RnD inputs may be reasonable for many globalized firms.
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preparing the instrumental variable. See also the data section of Hummels et al.
(2014) for further details of the data, including the data used to construct the
world export supply instrumental variable.

The datasets are merged using the CVRNR variable. Only observations with
non-missing values of CVRNR in the merged dataset were kept. All firm-year
duplicate observations were dropped (except for the first instance). Only firms
classified as manufacturing firms (i.e. NACE03 in [150000-4000000]) were kept.
The nomenclature for the NACE03 industry variable changes and must therefore
be linked across time. The variable adheres to the following nomenclatures in
the period: 1995: DB93, 1st revision; 1997-2002: DB93, 2nd revision; 2003-2008:
DB03; 2009: DB07. I link DB93,1 to DB93,2 via the key provided in Statistics
Denmark (1996). I then use keys provided from Statistics Denmark to link DB93,2
and DB07 to DB03 which builds on and corresponds closely to the NACE 2003
nomenclature.

For the analysis of composition effects between product and process RnD (Table
5.4), the sample is further limited to exporting firms with a capital stock greater
than the median and a number of employees greater than the 25th percentile. The
year 1995 is dropped and firms in the wood, paper, publishing, mineral processing,
misc. metal, misc. electronics, transportation equipment, and recycling plants
industries (NACE03 codes 20, 21, 22, 23, 28, 31, 35 and 37) are dropped.

On the definition of RnD workers using occupational codes ( ISCO4d)

Following Kaiser et al. (2013), I define RnD workers as employees with either a
BA, KA or PhD degree in the technical or natural sciences working in an oc-
cupation concerned with RnD. Educational levels are measured using the vari-
able HFFSP (highest level of educational attainment). Our occupational variable
ISCO4D is based on the DISCO88 nomenclature from DST (documentation here:
http://www.dst.dk/da/Statistik/dokumentation/Nomenklaturer/DISCO-88/
Stillingsbeskrivelser.aspx). The first digit of the ISCO4D variable classifies occupa-
tions according to their knowledge content. Individuals who “increase the existing
stock of knowledge, apply scientific or artistic concepts and theories, teach about
the foregoing in a systematic manner, or engage in any combination of these three
activities” (category 2) are denoted RnD professionals. Workers categorized as
technicians and associate professionals (category 3) are more likely to use already
existing knowledge and are counted as RnD support workers.
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More on RnD data15

RnD data from 2007 and onwards is collected by Statistics Denmark. First, a
target population of around 20,000 firms is chosen (the number of employees in the
target population corresponds to about 66% of the total number of private sector
full-time employed). Then, a stratified sample based on industry and number of
employees is chosen with the addition of pre-sampled firms to ensure that the most
important firms are included (with respect to size and RnD activity). In 2010,
the total number of firms sampled was 4,797. This is the number of firms in the
raw dataset. The RnD data is collected through electronic or paper forms which
are mandatory for the firms to fill in (for the years 2007-2010 only.

For the years prior to 2007, the data was collected by “Center for Forsknings-
analyse” and answering was voluntary for the firms. In the transition from 2006-
2007 with reporting now made mandatory, Statistics Denmark make the following
points. First, it is believed that more firms now report even though the do not
have RnD which tends to lower average RnD. Second, large firms with a lot of RnD
now also report because they have to and they did not do it earlier because finding
out the numbers is complex and costly. In general, RnD increased 2006-2007 but
not with a statistically significant amount.

There is a considerable amount of missing observations for the RnD expenditure
variable (named U_TOTAL) in several years both before and after 2007. However,
investigation indicates that this variable is often zero for the same firm in other
years which suggests that the missing observation could be regarded instead as
a value of zero. I therefore choose to set missing values of the RnD expenditure
variable to zero.

Country groups (used in section 5.3)

High-income countries are defined as the United States, Japan and EU15 countries.
OECD countries include all OECD member countries as per 1995. Following
Ashournia et al. (2014), I identify low-income countries using the 1989 World Bank
definitions and including Central and Eastern European countries (CEEC).

15See also Statistics Denmark (2011).
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