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Abstract

In this paper we consider how the location, organization and output of knowledge production evolve
within domestic firms following acquisition-FDI in order to understand the aggregate effect on an
index of domestically produced innovations. We find strong differences according to how close the
acquiring MNE is to the technologically frontier. Frontier MNEs are more likely to close R&D
activities in acquired affiliates, but when they are retained they expand employment of high-skilled
R&D workers and transfer R&D knowledge. Non-frontier MNEs make fewer changes to R&D.
Overall the effect of acquisition-FDI on the domestic innovation index is positive.
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1. Introduction

Modern theories of growth and development (Acemoglu, 2007; Arora et al., 2011; Bloom et al.,
2012; Aghion et al., 2014) emphasise technology and its evolution as an explanation for differences in
income levels across countries. This technology stock is usually defined as the sum of that produced
domestically, together with the technologies that have diffused internationally in an embodied or
disembodied form (Coe and Helpman, 1995; Keller, 2004). Multinational firms (MNEs) are at the
heart of discussions around the determinants of this stock as they account for the majority of global
R&D expenditures and share their knowledge across their international affiliates (Helpman, 1984;
Markusen, 1984; Branstetter et al., 2006; Keller and Yeaple, 2013).

Globally, most foreign direct investment (FDI) takes the form of mergers and acquisitions, often
involving R&D active firms (UNCTAD, 2005, 2007). Such acquisitions therefore impact domestic
technology levels, but how? Guadalupe et al. (2012) show that acquired subsidiaries increase
technology adoption as a result of their access to a larger market. But, what are its effects on the
domestic innovation capability of acquired firms and what are its aggregate effects?* What happens
with research employment? Do subsidiaries become more reliant on international technology transfers
versus domestic production of knowledge, are there differences across types of MNEs, and does this
alter the productivity of the innovation process? To answer these questions, we examine the effects of
acquisition-FDI on the production of knowledge by acquired firms and then combine these to describe

the evolution of an aggregate domestic technology index.

The starting point for our analysis assumes that MNESs have the incentive to generate and to share
knowledge across their affiliates as efficiently as possible and will therefore alter R&D structures in
response to new acquisitions (Helpman, 1984; Markusen, 1984; Branstetter et al., 2006; Keller and
Yeaple, 2013). We capture these changes by following changes in the probability of starting and
shutting down research labs, and then conditional of keeping research facilities, we study changes in
internal and external R&D spending, R&D employment disaggregated by level of education and
patents per euro of expenditure of acquired firms in the time periods following acquisition. We use a
difference-in-differences approach with non-acquired domestic firms as a counterfactual. To control

for possible selection on observables, we use the propensity score matching previously deployed to

! Acquisition-FDI is sometimes subject to fierce political scrutiny because of fears it can damage domestic technology
levels. For example, the proposed takeover of the British-Swedish firm AstraZeneca by Pfizer in 2014 led to requests for
guarantees for the retention of research jobs in the UK from the Prime Minister, the leader of the Opposition and the
president of the Royal Society.



study the productivity and employment effects of foreign acquisitions by Chen (2011), Criscuolo and
Martin (2009); Greenaway and Kneller (2007) and Guadalupe et al. (2012) amongst others.?

To capture the aggregate effects on domestic innovation we calculate the change in an index of
domestically produced innovations per euro of expenditure following a period of acquisition-FDI.
Within this index, the aggregate effect of FDI depends upon the response of innovation outputs within
acquired firms (a within-firm effect measuring the change in innovation output per euro of expenditure
keeping constant the innovation spending of the firm), but also between firm reallocation effects
(measuring the change in innovation spending keeping innovation output constant), a cross effect
(measuring the change in output and spending) and an entry and/or exit effects (measuring the start, or
cessation of R&D).®> We also allow these outcomes to differ across acquisitions, with different
responses when the acquiring-MNE is closer to the technological frontier. This paper represents the
first attempt in the literature to model the effects of acquisition FDI on the evolution of R&D output

together with its location and organization within acquired firms in this way.

The data we use are an annualized version of the Spanish Community Innovation Survey (CIS)
and contain detailed information on expenditures, employment and innovation outputs. Within the
time period we study (2004 to 2009) there are 300 acquisitions of R&D active domestic firms. These
represent 3.7% of total Spanish R&D expenditures, indicating the importance of understanding the
effect of changes in ownership of this type.* Consistent with versions of the CIS for other countries,
the data include a direct measure of R&D technology transfers within the MNE: imports of knowledge
from the business group.® That Spain represents a country that would not typically being viewed as on
the technological frontier provides an important aspect of our investigation as it ensures heterogeneity
in these knowledge transfers across MNEs that we then exploit empirically.® We consider frontier
foreign acquisitions if the MNE is headquartered in a technologically intensive country or not. In the
baseline regressions we adopt a conservative classification and include only MNEs from Germany
Japan, and USA as technological frontier countries. Of the 300 acquisitions, 104 are by frontier MNES
and 196 are MNEs that are behind the technological frontier.

2 If the acquisition decision was driven by non-R&D factors that are correlated with observable affiliate characteristics
such as size this will be controlled for through our matching exercise. If it was driven by unobservable time-invariant
heterogeneity related either to the affiliate it will be controlled for through the difference-in-differences approach.

3 This approach was originally applied to decompose aggregate productivity.

4 In Spain, 22% of total R&D expenditures are by foreign owned firms. This compares to 19% of total US R&D spending
(NSF, 2016) and 25% in Germany (DIW, 2016).

> R&D imports do not include royalties, licenses, trademarks or franchise fees (those are included in a different question
of the survey).

8According to the European Commission, Spain is considered a ‘moderately’ innovative country (European Innovation
Scoreboard, 2009).



From the analysis we are able to show that the acquisition of R&D active firms by foreign MNEs
has a positive effect on the stock of domestically produced knowledge, accounting for 7.14% of the
growth in the Spanish technology index over a 5-year period. This is a significant change in the
domestic technology production caused by acquisition-FDI, in particular given these firms accounted
for a smaller share of expenditures (3.7%). A large part of this increase is accounted for by the within
effect; the innovation output of acquired firms increases. This increase is driven by changes that occur
when acquisition is from a technological frontier MNE. For these firms, we find evidence of skill-
upgrading and large increases in technology transfers of scientific knowledge from elsewhere within
the MNE. These positive within effects are offset to some extent by negative between effects, as R&D
expenditures fall when acquisition is by a non-technologically-leading MNE and by the increased risk
the R&D labs are closed by frontier MNES.

An explanation for our results is that R&D active MNEs face an opportunity cost of choosing a
globalized R&D strategy and retaining innovation within the acquired subsidiary, versus the closure
of the acquired lab and the relocation of this R&D effort elsewhere. These opportunity costs can be
because innovation is produced with increasing returns to scale as in Arkolakis et al. (2014) or because
there are localized knowledge spillovers as in the model of Ekholm and Hakkala (2007). These
incentives are likely to vary with the technological leadership of the MNE. If the opportunity cost is
high, as it might be for technologically frontier MNEs, the acquired R&D lab may be closed and
knowledge creation concentrated within a single location. Alternatively the MNE will exploit
complementarities in the knowledge base across different locations by sharing its scientific knowledge
between its labs.” The MNE will then retain the affiliate R&D lab and decentralize R&D globally. If
the technology transfers that occur in this outcome are complementary to high-skilled personnel, then
the R&D process in the acquired lab will also be restructured to take advantage of intrafirm knowledge
transfers. Frontier MNEs have more valuable knowledge to share and might undertake the greatest

reorganisation, thereby increasing the retained R&D lab’s rate of innovation by the greatest amount.®

" For example, Nocke and Yeaple (2008) discuss the importance of complementarities as a determinant of acquisitions.
Moraga et al. (2018) study the effect of mergers on R&D investments when firms have different R&D projects that differ
in their degree of innovativeness. For a summary on the literature of R&D complementarities between merging firms see
Jullien and Lefouili (2018). The Financial Times (2014) reports the growing importance of collaboration and sharing
technology across different labs to generate innovations. These flows of R&D are economically important. For example,
the National Science Foundation (NSF, 2012) reports that, in the US during 2009, the exports and imports of R&D and
testing were $18.2 billion and $15.8 billion, respectively, most of them within MNEs. This represents 1.7% and 1.5% of
exports and imports of trade in goods respectively

8 Regarding the reorganization of the R&D, Federico et al. (2017) consider that R&D might decline after merger activity
due to R&D duplication or substitutability of some innovative activities.



A different mechanism that can also lead to an increase in innovation expenditures following
acquisition are due to a market size effect as in Guadalupe et al. (2012) or Denicolo and Polo (2018a).
In the model of Denicolo and Polo (2018a), innovation is not firm-specific, and therefore mergers
might increase innovation and the sharing of technologies because the scope for the application of new
technologies increases.® Therefore, the effects of acquisition-FDI depend upon the survival of R&D
labs, together with the effects on the organization of R&D that might arise from knowledge

complementarities or sharing technologies within a globalized R&D structure.

Our findings make novel contributions to the literature on innovation and acquisition-FDI. For
Spain, Guadalupe et al. (2012) find that technology adoption increases in acquired affiliates. Stiebale
(2016) extends this literature to show that innovation in the merged entity as a whole rises. Of interest,
he shows that this occurs largely as a consequence of a rise in innovation in the acquirer, with declines
in innovation for the acquired affiliate. In contrast, we find that innovation in the acquired firm rises,
but only for those acquired by technologically-frontier MNES. This rise in innovations combined with
declines in expenditures, suggest rising productivity and therefore our findings provide a novel
explanation for the ample evidence for productivity improvements that follow from acquisition FDI
(Arnold and Javorcik, 2009; Criscuolo and Martin, 2009; Chen, 2011).*°

We also make a contribution to a literature that explores partial effects of acquisition-FDI on total
R&D expenditures. These results appear to depend strongly on the country being considered, with a
mix of positive and negative effects found for total R&D spending (Bandick et al., 2014; Stiebale and
Reize, 2011) and on the empirical literature of the effect of mergers on R&D (Bertrand and Zuniga,
2006; Szics, 2014; Haucap et al., 2018). Compared to these articles, we study total expenditures
alongside other organisational changes, including closure, and also how acquisition affects innovation
output. Moreover, we analyse indirect effects of FDI-acquisition, or in other words, we study the
impact of acquisition on R&D for the non-acquired firms.

Finally, we can relate our findings to a number of different avenues of research on MNEs found
in the existing literature. Firstly, they are consistent with a number of stylised facts about the R&D
behaviour of MNEs. Alongside being major producers of new technologies (Criscuolo et al., 2010,
Dunning and Lundan, 2008; Javorcik, 2010) MNEs are more globalised in their R&D locations than

® The increased probability of shutting research labs following acquisition provides support to the theoretical model of
Denicolo and Polo (2018b).

10 See also Harris and Robinson (2002), Girma et al. (2007), Greenaway and Kneller (2007), Arnold and Javorcik (2009),
Keller (2010), and Maksimovic et al. (2011) among others.
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non-MNEs (Bloom and Griffith, 2001; NSF, 2011; Guadalupe et al., 2012).1! They have also been
shown to use more intensively knowledge sourced internationally within their R&D production
function (Veugelers and Cassiman, 2004; Criscuolo et al., 2010) and transfer knowledge to their
affiliates (Branstetter et al., 2006; Bilir and Morales, 2015).

The rest of the paper is organized as follows. Section 2 details the data used and Section 3 the
empirical methodology. Section 4 describes our main empirical results and provides an overall
quantification of the effect of foreign acquisition on the domestic knowledge production. Section 5
presents some tests for the robustness of our main findings including pre-existing trends, an alternative
definition of frontier-MNEs and measures of indirect effects using the methodology of Girma et al.
(2015) that controls by Stable Unit Treatment Value Assumption (SUTVA) violation. Finally, we draw
the conclusions from the study in Section 6.

2. Data

The data we use is drawn from an annual survey of Spanish firms called Panel de Innovacién
Tecnoldgica (PITEC).'? This survey has been conducted since 2004 by the Spanish National Institute
of Statistics as an annualised version of the Spanish Community Innovation Survey (EUROSTAT).
We use information for all years between 2004 and 2009. The survey is designed to be an unbalanced
panel, representative of firms operating in the manufacturing and service sectors. Each year firms are
asked to provide information on a number of key performance characteristics, such as sales,
employment, ownership, industry and, of interest in this paper, innovation activities. In order to study
the effects of acquisition-FDI relative to a counterfactual of non-acquired firms, we exclude from the
sample firms that are always foreign owned, those that were acquired more than once, public firms
and those without R&D expenditures throughout the sample period. Our final sample contains 7,719

firms.

To construct our measure of acquisition-FDI we use information on the ownership of the firm,
specifically the country location of the headquarters of the owner, and the proportion of equity they

hold. We identify foreign acquisitions by a change in the majority equity holder of the firm to one

11 Bloom and Griffith (2001) provide detailed evidence on the internationalisation of R&D amongst the G5 countries.
According to the National Science Foundation (NSF, 2016) around 13% of all expenditures on R&D by American MNEs
are conducted outside of the United States.

12 For details of the survey see http://icono.fecyt.es/PITEC/Paginas/descarga_bbdd.aspx.



where control is outside of Spain (i.e. who controls more than 50% of the equity).*® There are 300
acquisitions of domestic firms by foreign multinationals during the period 2004-2009. These
acquisitions are from 27 different countries, with the three-quarters accounted for by just seven
countries (France 53, Germany 49, US 49, UK 25, Italy 20, Netherlands 19 and Switzerland 12).

We are interested in differences between frontier and non-frontier foreign acquisitions. We
consider frontier foreign acquisitions if the MNE is headquartered in a technologically intensive
country. In the baseline regressions we follow Acemoglu (2009) and adopt a conservative
classification of frontier as including only MNEs from Japan, Germany and USA. In the analysis we
label these as frontier acquired and remaining acquisitions as non-frontier acquired. Under this
definition there are 104 acquisitions from frontier countries and 196 from non-frontier countries,
mostly from other EU countries. We test the robustness of our findings to an alternative categorisation
of frontier acquisitions in Section 5.

The PITEC data provides a large amount of detail on innovation including innovation expenditures.
Summary statistics for these are shown in Table 1, while Table Al in Al in the On-line Appendix A
provides definitions for each line of spending. The most aggregated measure of expenditure in the
survey is labelled total innovation expenditures. This includes three categories of spending: internal
R&D (R&D undertaken within the firm within Spain); spending on external R&D (a firm’s purchases
of R&D conducted by other firms, including other plants from the same business group in other
countries); and non-R&D expenditures (which includes expenditures on training for workers, product
alternations, market research and advertising).}* The data allow for further disaggregation of external
R&D into domestic purchases or imports, which we label external-domestic R&D, and external-
foreign R&D expenditures, respectively.®® Finally, the survey also provides information on R&D
spending by type of provider. With this information, we can further separate external-foreign R&D
expenditure into imports of knowledge from the headquarters and from other affiliates within the same

business group abroad. Following Criscuolo et al., (2010) we use this to measure R&D technology

13 This measure is consistent with Balsvik and Haller (2010), Bandick et al. (2014), Guadalupe et al. (2012) and Javorcik
and Poelhekke (2017). It defines who has ultimate control of the acquired firm.

14 External R&D expenditures are defined as: “Acquisitions of R&D services through contracts, informal agreements, etc.
Funds to finance other companies, research associations, etc, which do not directly imply purchases of R&D services are
excluded”. R&D services are defined as: “Creative work to increase the volume of knowledge and to create new or
improved products and processes (including the development of software)”. They specifically exclude licenses and
royalties, which are a different question in the survey.

15 For the average firm, external domestic spending accounts for the majority of total external R&D expenditures (93% on
average).



transfers within the MNE.® Within the estimations we express all R&D expenditures as a share of

total innovation expenditure, except for total innovation expenditures where we use the logged value.

In order to calculate the aggregate effects of FDI we need to be able to identify episodes of entry
and exit from R&D. We describe firms as R&D active, if they record positive internal R&D
expenditures. This is the value of R&D expenditures conducted within Spain. We denote as quitters
those firms with positive internal R&D expenditures in period t-1 that then record zero expenditures
in period t, and do not record positive values in any future time period, t+s with s>1. Entrants are those
with zero internal R&D expenditures in period t-1 that then record positive expenditures in period t,

and in future time period, t+s with s>1.%7

Within the data, 3,530 non-acquired firms cease R&D at some point during the sample period,
which represents 47% of the 7,719 non-acquired firms. Of the 300 acquired firms, 117 cease their
R&D operations post-acquisition, some 39% of acquired firms. This would appear to suggest that
acquisition-FDI reduces the likelihood that R&D facilities in Spain will be shut, but as we show below,
foreign MNEs are more likely to acquire ‘better-performing’ firms. As such firms are less likely to
shut-their R&D, such a conclusion is premature. In comparison to the rate at which acquired firms stop
R&D, starting R&D post-acquisition occurs very infrequently. There are just 8 firms in the dataset

that are acquired and then switch from zero to positive internal R&D expenditures.

The dataset also contains information on the employment of R&D personnel. Rather than aggregate
these, we use them as they are reported in the original data; that is as total employment, and then by
education level, employees with a PhD, employees with a 5-year BA degree, employees with a 3-year

BA degree and employees without higher education.

3. Empirical strategy

Our goal in the paper is to study empirically the change in R&D outputs, expenditures and
entry/exit due to acquisition FDI. The fundamental evaluation problem for such a question is that the
counterfactual outcome of not being acquired is unobserved. Our approach follows standard practice
in the literature and we combine matching with difference-in-differences. The difference-in-

differences (DID) method allows us to follow changes to R&D between the pre- and post-acquisition

16 This measure does not include other forms of technology transfer from the parent such as those of organisation capital,
software or management technologies. The PITEC data does not include information on such types of technology transfer.
17 Qur results are robust to an alternative classification of R&D quitters based on zero R&D expenditures in two consecutive
years.



time periods, versus those in firms that have not been acquired (control group). The regression equation
is specified such that it removes the influence of observable and unobservable non-random elements
of the acquisition decision that are constant or strongly time persistent. We also remove the effect of
time-specific shocks to the economy that might affect R&D for all firms. As the comparison between
acquired firms and the control group of non-acquired firms remains vulnerable to the presence of non-
random sample selection, we use matching to select pairs of firms with similar observable
characteristics and pre-treatment trends prior to the change in ownership. For the inference of causal
effects of acquisition to be considered valid, we require the assumption that, conditional on the
observable characteristics that are relevant for the acquisition decision, the potential outcomes of

interest for the treated and non-treated firms are orthogonal to acquisition.

To construct our control group of non-acquired firms we begin by estimating a model for the
probability of being acquired.*® We use a probit model where we regress a dummy variable indicator
of whether the firm becomes acquired during the sample period on various innovation inputs,
controlling simultaneously for a number of other factors that potentially influence this probability
(described in Xit1).X® Formally,

lifo+X, p+d:+&:>0

1
0if 6+X, p+d,+& <0 1)

Acquisition;; = {

In equation (1), Acquisition;; is adummy variable that takes the value one if there is a change
from domestic to foreign ownership in period t. The vector X;,_, reflects pre-treatment firm
characteristics that influence acquisition, d, denotes time dummies, and &;; is the error term, which we
assume is normally distributed with variance 2. In all regressions we use cluster robust standard errors.

The results are reported in Table 2.

Amongst the observable characteristics we follow Chen (2011) and include a measure of labour
productivity (measured as sales per employee), physical investment per employee, sales growth and
firm size (employees, measured in various size-bands).?’ In addition we consider how acquisition
depends on pre-acquisition differences in R&D expenditures. In Table 2 column (i) we include the
logarithm of total innovation expenditures and a measure of innovation intensity (total innovation

expenditures/turnover). In column (ii) we add the ratio of expenditures on external to internal R&D,

18 Rosenbaum and Rubin (1985) show that if conditioning on X makes the non-participation outcome independent of the
treatment status it is also independent when conditioning on P(X).

19 We use a pooled cross-sectional approach. The results also hold if we use a random effect probit model.

20 Arnold and Javorcik (2009), Harris and Robinson (2002), Balsvik and Haller (2010) and Guadalupe et al. (2012) have
also shown that foreign MNESs are more likely to select domestic firms that are more productive and larger.



along with two measures of expenditures of R&D expenditures from within the same business group.
These are a dummy variable if these latter expenditures are non-zero, which we use to capture whether
being a MNE (in R&D) matters or not for acquisition, and their ratio over total external R&D spending,
which captures the extent to which this source of knowledge is used. In column (iii) we separate the
measure of total innovation expenditures into external and internal R&D expenditures, while in column
(iv) we drop the variable measuring the ratio of expenditures on external R&D from the same business
group over total external R&D expenditure. We use columns (v) and (vi) to allow for differences in
the types of firms that are acquired by frontier versus non-frontier firms and in column (vii) we test
whether these differences are statistically significant. In all of the regressions we include year and

industry dummies (measured at the two-digit level).

The results from Table 2 indicate that firms acquired by foreign MNEs are fundamentally different
from non-acquired firms in Spain, with strong evidence of cherry-picking when measured by R&D
and non-R&D characteristics. Focusing on the R&D variables the results indicate that foreign owned
firms target Spanish firms that have greater internal R&D expenditures or are international in their
R&D. While we find some suggestive evidence that there may also be differences in the type of firms
acquired by MNEs at the technological frontier from those that lie behind, these differences are not

statistically significant (Table 2 columns (V) to (vii)).

Based on the results from equation (1), we pair each acquired firm with the closest non-acquired
firm in the same industry and year (excluding those from the same Spanish region) by caliper matching
with replacement.?! Our results are robust to alternative matching procedures based on nearest
neighbour and propensity score reweighting. We present the regressions with the alternative matching
procedures in the On-line Appendix B. We include as controls for the probit specification those in

column (iv) of Table 2.

A crucial assumption in our estimation strategy is that foreign acquisition does not generate
spillovers on non-acquired firms (SUTVA assumption). We initially rule out this possibility, and relax
this assumption in section 5.22 The matching procedure works well for all variables and any sample of
firms (see Table 3) implying that control and treatment groups are equivalent in their observable
characteristics before acquisition for the different samples.?

2L Matching is carried out with STATA command PSMATCH2 by Leuven and Sianesi (2003). The caliper used is equal
to 0.001.

22 As in Girma et al. (2015) we assume that spillovers are concentrated within regions. This extends the more typical
approach in the literature, which is to exclude the possibility of matches outside of the same industry and year (see for
example Javorcik and Poelhekke (2017).

23 The balancing assumption also holds when we separate firms into frontier and non-frontier acquisitions.



4. The Effects of Foreign Acquisitions on R&D
4.1. Does Foreign Acquisition Increase the Likelihood the host’s R&D Labs are Shut?

We begin by examining econometrically the probability that the affiliate will cease R&D following
its acquisition by estimating a probit model and a Cox proportional hazard model.?* The probability

that a firm ceases R&D in year t can be expressed as follows:
Sy =m+ (Acqit—1 + €, Sit = 1if §;; > 0 and zero otherwise. (2)

Where S}, is a latent variable and S;, is the observed binary variable that takes the value one if the
firm ceases internal R&D expenditures and zero otherwise. The indicator Acq;;_, takes the value one
if the firm has been acquired by a foreign MNE in period t-1. If acquisition increases the probability
of stopping R&D we expect ¢ > 0. In the above specification ¢;; is the error term. Using the probit
model we test whether acquisition affects the probability a firm will no longer undertake R&D. We
next allow for the censoring of the observations by estimating a Cox proportional hazard model. This
model assumes that the observed fraction of firms that cease internal R&D expenditures in year t,

relative to those that do not stop at year t is:

h(t) = ho(t) * exp{nAcqic—1}, 3)

where h,(t) is the baseline hazard of stopping internal R&D. A parameter value for n larger than
one implies that acquisition is associated with an increased likelihood that R&D expenditures will end
for acquired firms.

In Table 4, we present formal evidence of the effect of foreign acquisition on the probability of
stopping for the matched sample. In panel A, we show the estimations using a probit model. In panel
B, we report the Cox proportional hazard estimates (we report the hazard ratios). Column (i) shows
the effect of acquisition not distinguishing between the effects of location of the headquarters of the
acquiring MNEs and column (ii) separates acquisitions that occur from countries technologically

leading countries (Germany, Japan and the USA) and those from non-frontier countries.

The results in panel A column (i) indicate that foreign acquisition increases the probability of
stopping domestic R&D by 12.2 percentage points. Column (ii) shows that this effect is larger when
acquisitions are from frontier countries (16.8 percentage points) than from non-frontier countries (13.7

percentage points). A concern with the probit model is that it does not account for the censoring of the

24 The results are identical when using a linear probability model.
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data. To account for this in panel B, we present the results using the Cox proportional hazard estimates.
Column (i) shows that acquired firms are statistically more likely to shut their R&D facilities than
domestic firms with similar pre-acquisition characteristics. Once we distinguish between firms
acquired by frontier or non-frontier countries, we observe that the effect is due to acquisition by MNEs
from frontier countries. Compared to the matched sample of firms, acquisition by frontier MNEs
significantly increases the risk of stopping internal R&D expenditures in the year of the acquisition.
Moreover the effect is large; the risk of stopping is 0.639 times higher after acquisition from frontier
MNEs as compared to non-acquired firms. This is supportive of an argument that the opportunity cost
of innovating within the subsidiary versus elsewhere in the MNE is highest for technologically leading
MNEs and therefore these firms are more likely to choose an R&D structure that shuts these labs. This
might occur because the remaining R&D labs of the MNE are at the knowledge frontier and there is
little additional knowledge that can be acquired from the domestic market.

4.2. Does Acquisition Affect R&D Expenditures and Employment?

In the first three columns in Table 5 we report the effects of acquisition-FDI on total innovation
expenditures (logged), along with the share of total domestic R&D expenditures undertaken within the
firm (internal R&D/total R &D), and the share of total expenditures on R&D services produced outside
of the firm (external R&D/total R&D). In the remainder of the table we consider how the share of total
external R&D spending evolves post-acquisition compared to the matched counterfactual of firms;
where this includes the share of purchases of R&D from other domestic firms (external domestic
R&D/total R&D) and imported knowledge (external foreign R&D/total R&D). Finally, we separate
external foreign R&D further into knowledge imported within the same business group, denoted R&D
technology transfers. To understand whether acquisition also leads to changes in the types of workers
employed in R&D we consider the education background of R&D employees (reported in Table 6).
All of the regressions have the standard difference-in-difference form set out in equation (4) estimated

on the matched sample of firms that remain R&D active:

Yie = kiAcqie * fi + kAcqip—1 * fi + K3ACQie— * fi + 014cqi * nfi + 02ACqir—q ¥ nf; +

+03Acqic—p *nf; + 7; + dp + vy (4)
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where Y;; represents different elements of the knowledge production function (various measures of
innovative expenditures levels, expenditure shares and types of R&D workers). > For ease of
exposition, we present results differentiating between acquisitions by frontier (fi) and non-frontier
MNEs (nfi). The coefficients of interest are k4, k, and k3 which measure the post-acquisition change
in'Y for the treatment group when acquisition is by a technologically frontier MNE, where we allow
this effect to differ in the year of acquisition versus one-year and two-years later. The coefficients
01,0,, and o5 capture the effect of acquisition by a non-technologically frontier MNE. Our
counterfactual are non-acquired firms. Time-dummies are denoted by d, and capture the effects of
any common-shocks that affect both the treatment and the control group together, a set of firm-fixed
effects is denoted by ti, while v;; is the error term. In all regressions, we include industry-specific time
trends and year dummies. The regression is estimated using robust variance-covariance matrix

estimators with clustering at the industry level.

From the results presented in Table 5 it is evident that the changes in R&D expenditures after
acquisition are different when acquisition occurs from a frontier MNE than when acquisition is from
a non-frontier MNE. Total innovation expenditures increase by 14.8% in the year of the acquisition
compared to the control group, and by 94% two years following acquisition (column i) when
acquisition is by a frontier MNE. In contrast when acquisition is from a non-frontier MNE total
innovation spending falls; by 28.6% in the year of acquisition and by 23.5% one year later. The existing
literature has reported rather mixed outcomes from acquisition-FDI on total R&D spending. For
example, Stiebale and Reize (2011) find falls in R&D spending, whereas Bertrand (2009), Bertrand et
al. (2012) and Bandick et al. (2014) report increases. The type of heterogeneity we consider, how close
the acquirer is to the technological frontier, could represent one explanation for these differences.

Total innovation expenditure is the sum of R&D expenditures within the firm, along with R&D
services purchased from external R&D labs, universities etc., where these may be either domestic or
foreign. It also includes non-R&D types of spending such as training, product development and
marketing. The results presented in column (ii) suggest that the share of total R&D spending on internal
R&D, which is made up largely of expenditures on the scientists, engineers and their support differ
markedly post-acquisition to this total innovation spending. When acquisition occurs from a frontier-
MNE, the share of spending on internal R&D expenditures declines in the post-acquisition time period
relative to the counterfactual (by 7.0% in the year of acquisition and by 8.3% one year later). Again,

2 Total R&D and employment are logged values.
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in contrast, they remain constant from a statistical perspective when acquisition was by a non-frontier
MNEs, even though total innovation spending for this group fell on average post-acquisition. To aid
with the interpretation of these changes in expenditure shares we also extract their impact on the level
of spending. The results imply that for acquisitions from frontier countries, internal R&D expenditures
rise by 3.9% in the year of the acquisition. They then decline by 14.3% one year after and increase by
157.0% two years after acquisition. For non-frontier MNES, given that there is no effect in the ratio of
internal R&D to total R&D expenditures (column ii), the change in internal R&D is proportional to
that for total R&D expenditures. This implies that for acquisitions from non-frontier countries internal

R&D expenditures decline by 24.9% in the year of acquisition, and by 20.9% the next year.

For acquisitions by frontier MNEs the decline in the share of internal R&D spending in total R&D
spending along with the rise in total innovation spending is explained by an increase in expenditures
on R&D services provided outside of the firm and in particular by R&D technology transfers. For non-
frontier acquisitions we find no evidence of such transfers.?® That the share of R&D technology
transfers in total spending rises following acquisition indicates the sharing of technical information
between the various R&D labs that the MNE operates. Such evidence helps to explain why MNEs
have been found to use more intensively external sources of knowledge in the cross-section evidence
of Veugelers and Cassiman (2004) and Criscuolo et al. (2010). Our evidence suggests a causal effect
of acquisition on knowledge transfers from abroad. This is also consistent with very recent evidence
of productivity declines following disinvestment in Javorcik and Poelhekke (2017). They argue that
foreign ownership benefits acquired firms due to a constant inflow of knowledge of the type we report.

Within the category of internal R&D much of the expenditures are made up of staff costs. Table 6
shows what happens to skill mix of employment in R&D. We again observe that there are again some
differences between acquirers relative to the counterfactual. For acquisitions from frontier countries
there is an increase in the employment of workers with Ph.D. level training (by 7.8% on the year of
the acquisition). The remaining employment categories remain constant. When acquisition is by an
MNE from a non-frontier country, the number of employees with the 5-year BA degree declines by
25.6% the year of acquisition and by 23.1% one year after acquisition. There are no other changes to
the employment mix. These results are supportive of the idea of skilled bias technology but only for

acquisitions by frontier MNEs.

26 Total innovation spending falls for this group in column (i) because of a decline in non-R&D spending.
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4.3. Does Acquisition Affect Successful Innovation?

In previous sections, we have shown that when acquisition is from a frontier MNE, acquisition
decreases domestic innovation expenditures, increases technology transfers and there is some
reallocation of R&D budgets towards high-skilled workers. Do these changes make the firms more
efficient at generating innovation output? In this sub-section, we explore the effect of acquisition on
innovation output using information on the number of patents applied by the firm. We follow the same

econometric specification set out in equation (4).

In Table 7 column (i) we report our estimates for the effect of acquisition on the number of patents
as a ratio of innovation expenditures, where the former are measured for a three year period following
acquisition.?” From this regression, we find that acquisition has a positive effect on the efficiency with
which patents are generated when the acquiring MNE is from a frontier country. For non-frontier
acquisitions we find a negative effect similar to Stiebale (2016), although it is not statistically

significant.

In Table 7 columns (ii) and (iii), we account for the fact that not all innovations are patented by
examining the effect of foreign acquisition on product and process innovation. Here we find some
differences according to the type of innovation. The results suggest a positive effect on process
innovation when acquisitions are from frontier MNEs. Similar to Guadalupe et al. (2012), we find no

significant effect for product innovation.

Finally, to take into account the market channel stressed by Guadalupe et al. (2012), we refine our
analysis by including (the log of) exports as a control variable. The results of the estimates are
presented in columns (iv) to (vi) of Table 7 for patents, product and process innovations respectively.
These estimations confirm the findings from previous regressions: acquisition from frontier countries
has a positive effect on patent efficiency and process innovation. Of interest, they also indicate a
positive and significant effect for exports, confirming that access to a larger market also increases the
inventiveness of the subsidiary. These results suggest that acquisition-FDI may increase domestic

innovation through a number of alternative channels.

4.4. What is the Aggregate effect of Acquisition-FDI on the Domestically Produced Knowledge
Stock?

27 As in previous regressions in this subsection, we control by firm fixed effects, industry-specific time trends and year
dummies
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To understand how acquisition-FDI impacts collectively on the efficiency of aggregate domestic
knowledge production, we construct an index for the growth of Spanish patents per euro of
expenditure. At a particular point in time the innovation index is measured as the weighted average of
innovation by individual firms. Denoting by P; the aggregate index of technology (in terms of patents)

in a country in year t and AP the change in the index of technology, the effect of acquisition on the

: . . ApAca . .
change in the aggregate index can be expressed as the ratio APT, where AP4<4 is the estimated effect

of acquisition by MNEs from frontier and non-frontier countries as follows:

N N N N
APAT = SyPy = D SoPo = ) SioPi=Pi) + ) PioSic = Sio) +
i=1 i=1 i=1 i=1

N N
D Pe=P)Si=Sw) = ) SFUPo—P)+ D ST (Pronery — P)
i=1 i€exit i€entry

where the variables P;, and S;, represent the patents and the weights of acquired firms respectively
before acquisition, P;; and S;; are the estimated patents and weights of acquired firms after acquisition,
Pientry are patents by firms that start R&D after acquisition and P is the average number of patents in

the economy.

The first part of the decomposition represents the within firm element and measures the change in
patents keeping constant the weights used in the construction of the index: YN, S;o(Pie—Pio) =
ZiEfSio(q)fPio) +Zi€nf5io(<p”fPio), where f means acquisition from frontier country and nf is
acquisition from non-frontier country In this expression ¢/ and @™ are transformations of the
estimated coefficients of acquisition on patents for frontier and non-frontier acquirers in Table 7

column (i).
The second component is labelled the between effect, and measures the change in firm-weights

keeping constant patents: Y, Pio(Si — Sio) = Yies Pio(Sic = Sio) + Ziens Pio(Sit — Sio). The

Niy(1+w/ DS+ D)
YN Nip(1+@/Df +@nf DSy’

weights after acquisition are the estimated values calculated as follows: S;; =

The value N;, is either total innovation expenditures or internal R&D expenditures depending which
weights we use. The expressions @/ and @™ are transformations of the estimated coefficients of

acquisition on total innovation expenditures and internal R&D expenditures respectively for frontier
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and non-frontier acquirers in Table 6 (columns (i) and (ii)). We calculate the average of the significant
coefficient estimates for frontier and non-frontier countries to construct @’/ and @™ . The expressions
D’/ and D™ are indicators of whether a firm has been acquired by a frontier or a non-frontier foreign

firm respectively.

The third element of the decomposition is the cross effect. This effect measures the correlation
between the change in patents and weights. The cross term typically does not have an important

economic impact and it is usually very small.

The exit effect is calculated as in the following expression Y;c, it S&" (P, — P) =
Yicexit & £ S (Pio = P) + Ticonit ans S (Pio — P). The predicted weights are calculated as

Njo(1++D™)
I, Nig(L+e/ +e™ D)

SEXIt = In these weights, the expressions o/ and o™ are the estimated

coefficients on the effect of acquisition on the probability of exit for frontier and non-frontier
acquisitions from the probit model in Table 4 panel A column (ii).

The last component is the entry effect: Yiconsry St~ (Pientry — P). In comparison to the rate at

which acquired firms stop R&D, starting R&D occurs very infrequently. There are 8 firms in the
dataset that are acquired by a foreign firm and then begin R&D. We investigated whether acquisition
FDI is associated with a higher or lower probability of starting R&D and find no statistically significant
effect. Given the low power of a regression with so few examples of starting R&D post-acquisition we
report this in Table A2 in the On-line Appendix A and do not formally include it within our

construction of the index. Finally, as in Bloom et al. (2015) in order to obtain the denominator of the

Ac
ratio AI;—Pq, we use the aggregate growth of patents for the period 2004-2009. This value is equal to

7.7% for the Spanish patents.

The results of this exercise are reported in Table 8. In column (i) we use internal R&D to weight
firms and in column (ii) we use total innovation expenditures as weights.?® As a reminder internal
innovation spending in the data includes R&D spending that occurs internally to the firm within Spain.
Total innovation spending additionally includes R&D resources that are purchased from outside of the
firm, both elsewhere in Spain and from abroad, including those from other parts of the same business
group. To demonstrate the importance of including these external R&D expenditures, including
technology transfers from the parent, we report the results from this aggregation exercise without these

28 As an alternative we also using total employment in R&D as weights. These results, not reported, are very similar to
those for internal R&D expenditures.
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expenditures in column (i) and with them in column (ii). We also separate the within-firm, between-
firm and exit effects according to whether the acquisition is from a technologically frontier or non-

frontier country.

Both the choice of weights and the technology sophistication of the acquirer matters for the change
in the domestic technology index, with the choice of weights particularly important for the overall
effect. In both columns (i) and (ii) the total effect of acquisition-FDI on the technology index is
positive. In the first column acquisition FDI increases Spanish technology by 6.45% for the sample
period, whereas in column (ii) acquisition-FDI increases the Spanish technology index by 7.14%. The
difference between columns is explained by the differential effect on the relative size of the domestic
R&D lab that occurs following acquisition by foreign MNEs (the weights used in the index): the
between component is smaller when we consider internal R&D as weights rather than weights based
on total R&D . Moreover, there is a positive effect from the closure of R&D labs following acquisition,
although this effect is small in magnitude, and an improvement in the inventiveness of acquired firms
(the within effect is positive). In column (ii) the results for the within, between and cross effect are
larger than in column (i). This highlights that simply focusing on domestic R&D expenditures misses
an important component of the benefits of acquisition-FDI on the domestic production of knowledge.
Technology transfers increase the value of R&D conduced within the acquired affiliate. In both
columns the majority of the effect comes from the changes that occur when acquisition is from a
technologically leading country. Taken together, our results suggest that acquisition-FDI enhances the

domestic innovation.

Given that we found a positive impact of foreign acquisition on process innovation, for
completeness we replicate previous calculations using process innovations as the measure of the
Spanish innovation stock. We present the results in columns (iii) and (iv) of Table 8. We assume that
the average growth of process innovations for the period 2004-2009 is equal to the sample mean of
our dataset. We find that the overall effect of acquisition-FDI on the domestically produced process
innovation stock is positive. The effect is equal to 0.45% when our weights are in terms of internal
R&D (in column (iii)) and 1.15% when the weights are in terms of total innovation expenditures (in
column (iv)). Overall, the calculated impacts are smaller when we use process innovations instead of
patents as the measure of innovation output. The main reason for this difference is that the overall
growth of the technological index (the denominator AP ) is larger for process innovations than for

patents.
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5. Robustness
5.1. Alternative Definitions of Technological Frontier Countries

Within our analysis we consider MNEs from Japan, USA and Germany as countries that are likely
to lie at the technological frontier. 2° While the empirical results we present suggests that this
assumption is a reasonable partitioning of the acquisitions that take place in the data, in Table 9, we
test the sensitivity of our results by choosing an alternative definition. For this new measure we
combine country and industry R&D intensity together (R&D expenditures over value added) using
information made available from the STAN database from the OECD. We identify frontier acquisitions
if the MNE is from a country that is above the 90" percentile of R&D spending within each industry.*
Under this new measure, there are 10 acquisitions from the US within industries in which MNEs from
that country are considered to lie at the frontier, 7 from the France and the Netherlands, 4 from
Germany, Japan and Sweden, 3 from Denmark and 1 from the UK, giving a total of 40. Given the large
number of outcome variables we discuss in the paper we focus the results only on the main variables
of interest.

In column (i) of Table 9 we present a regression that analyses the probability internal R&D will
cease for this alternative definition of frontier MNEs. Comparing the results with those in Table 4 we
note that qualitatively they do not change. We continue to find evidence of an increase in the
probability of stopping R&D for firms acquired by MNEs from technologically advanced countries.

In columns (ii) to (iv) we report results for total innovation expenditures, internal R&D and
technology transfers as a share of total R&D spending. The results showed in this Table are again
highly supportive of those using an alternative definition of frontier. In column (ii) we find a significant
increase in total innovation expenditures, in column (iii) a reduction in the share of internal
expenditures and in column (iv), an increase in the share of international technology transfers for firms
acquired by MNEs at the technological frontier.

The effects of acquisition on different the employment of workers with the highest education levels
are reported in column (v) of Table 9. These results consistently suggest that the average quality of

workers increases after acquisition for frontier MNEs. Finally, in column (vi) we display results for

2 Estimating the changes in R&D expenditures shares separately for acquisitions from Germany, Japan and the US
separately suggests that the technology transfers within the firm in column (viii) are largely explained by the FDI from
Germany and the US. We find weaker evidence of the same effect for Japan, although we note there are only 6 acquisitions
from here in the data period.

30'We have also tested the robustness of our results to a definition of frontier MNEs based on the 10 countries with the
highest ratio of Business Enterprise R&D expenditures (BERD) over GDP for the period 2004-2009 and the country-
industry classification described but using the 95 percentile of R&D spending within each industry to define the frontier.
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innovation output. The results in this table are again similar to those already presented in Table 7. We
find a positive effect of foreign acquisition on patenting, where again this effect is significant only for

acquisitions by MNEs from countries at the technological frontier.

5.2. Pre-existing trends

The difference-in-differences method that underlies our estimations rests on the assumption that
the treatment and the control group share statistically similar pre-treatment trends. We perform
additional tests control for pre-existing trends in two ways. First, we conduct a matching exercise
which now includes two years of pre-treatment data and second we conduct a placebo test, bringing
forward the date of acquisition into the pre-treatment period and studying the behaviour of R&D over

this period.

For the alternative matching, where we add two years of pre-treatment data, we find results that
closely align with those reported previously. Again, we focus on the main outcomes of interest. The
results are reported in Table 10. We find that the probability of stopping R&D (column (i)) is more
likely when acquisitions is from an MNE at the technological frontier but, if they remain R&D active,
there is an increase in total innovation expenditures (column (ii)) and a shift towards technology
transfers (column (iv)). We also find skill-upgrading (column (v)) and increases in the rate of patenting

for these firms (column (vi)).

In Table 11, we present our placebo-type test, where we regress one and two leads of the acquisition
variables on the dependent variables. The results from these placebo regressions are very different
from previous estimations. As expected, we now find no differences between control and treatment
groups in terms of the probability of quitting R&D (column (i)), as well as R&D expenditures and
R&D personnel in columns (ii) to (v) and innovation output in column (vi). These results point strongly
to a conclusion that the treatment and control group share similar pre-treatment trends in terms of

observable characteristics.

5.3. Indirect effects: Results controlling by Stable Unit Treatment Value Assumption (SUTVA)

violation

Thus far, our calculations of the effects of acquisition-FDI preclude the possibility that there may
exist indirect effects from FDI to non-acquired domestic firms. The literature has discussed several

types of indirect effects (Bloom et al., 2016). A first type includes product market rivalry or business
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stealing effects. In theoretical models the net effect is ambiguous as they depend on whether the
products of the firms are strategic complements or substitutes. In case of product market rivalry there
can be an increase in the R&D investment of the rival firm because the marginal profitability of the
rival firm increases, while under the business stealing effects there is a decrease (Bloom et al., 2016).
These effects might be moderated by the observability of the R&D investments of the acquired firm
(Denicolo and Polo, 2018a; Lopez and Vives, forthcoming). A second type of indirect effect are those
that arise due to technological spillovers. If there are knowledge transfers from the foreign MNE to
the acquired firm, non-acquired firms may also be able to learn of these new technologies, for example
through the information available in the patents or mobility of workers (Balsvik, 2011). As a
consequence, non-acquired firms might have incentives to increase their own R&D expenditures.!
Given that we find that acquisition-FDI leads to reduced domestic expenditures in some cases, but
greater technology transfers, these indirect might plausibly be positive or negative.

We estimate the combined direct and indirect effects using the methodology proposed by Girma et
al. (2015), which they apply to the effects of acquisition-FDI on productivity.*? The approach by Girma
etal. (2015) considers that there are » = 1, ... R industry-region clusters such that SUTVA holds across
clusters but not necessarily within clusters. Calling y¢ the outcome variable (R&D expenditures and
R&D employment) with d=1 if a firm is foreign acquired and d=0 if not, the average potential
outcomes, denoted by yg, are a function of the proportion p of treated individuals in a given cluster.
For a given level of foreign acquisitions p, there are four causal treatment effects: a) The direct causal
effect of the treatment is equal to ¥, =¥, — ¥, . This is the difference in the outcome variable
between foreign acquired and non-acquired firms for a given level of foreign acquisition in a cluster;
b) the indirect effect on the non-treatment is equal to 7y = 75 — 7g. This is the difference in the
outcome variable between a non-acquired firm in a cluster with p foreign acquisitions and a non-

acquired firm in a cluster with zero foreign acquisitions; c) the total treatment effect is equal to )7;8 =
]7,} — 7. This is the sum of the direct and indirect effect and it measures the difference in the outcome
variable between acquired firms in a cluster with p foreign acquisitions and a non-acquired firms in a

cluster with zero foreign acquisitions and d) the marginal treatment effect on the treated is )7;3 =¥ —

31 For a summary of the effects of R&D on non-merged firms see Denicold and Polo (2018) and Jullien and Lefouili (2018).
32 There may of course be further general equilibrium effects on domestic technology production as a results of acquisition-
FDI that occur through price and quantity changes in other markets, in particular in the labour market. Our data sources do
not contain the information necessary to investigate these changes. As the full extent of these general equilibrium changes
are likely to take some time to fully realise themselves, we arguably capture the most important short-run changes.
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7s. This is the difference in the outcome variable for the acquired firms if the proportion of foreign

acquisitions would drop from p to zero.

In our analysis, we establish 32 industry-region clusters with an average of 0.7% foreign
acquisitions. As the methodology relies of a sufficient number of acquisitions within each cluster we
cannot distinguish between types of acquisitions in this part of our analysis. The methodology consists
of two steps: In the first step, we calculate average potential outcomes per each cluster controlling by
selection into acquisition. In order to do this, for each cluster, first, we calculate a propensity score of
being acquired based on firm characteristics given by X.3 Second, we calculate an outcome equation
(where the outcomes are R&D expenditures and employment) using an inverse probability weighted
regression, as follows: y;, = a + fd;, + 6X + error, where i=1, ... N denotes the number of firms in
the cluster. Third, we compute potential outcomes for treated and non-treated as in the following
expression: 3¢ = 1/NYN , @ + d f + 6X with d = 0,1. In the second step, we calculate treatment
effects. In this part of the analysis, we consider the average potential outcomes as the outcome variable
and the proportion of acquired firms as the treatment variable. We control for selection by conditioning
on a generalised propensity score (GPS) via a fractional logit model, where the pre-treatment cluster
characteristics denoted by Z are based on Girma et al. (2015) and include exports, average financial

constraints, labour productivity, average size, internal R&D, physical investment, and sales growth.

eZA

Let 1 denote the vector of estimated coefficients, and T = o7 then the GPS conditional on Z and on

prisequal to G, = [T]Pr[1 — T]*~Pr. We calculate cluster level potential outcomes using the following
polynomial approximation: E[y|G,, p,| = Bo + B1G, + Bopr + B3GZ + Bup? + BsGrp,.

In figure 1, we plot the estimated direct, indirect, total and marginal treatment effect on total
innovation expenditures evaluated at the mean proportion of foreign acquisition. We also include the
90% confidence interval. The direct average effect is positive statistically significant and equal to 0.48,
suggesting that foreign acquired firms in cluster with average foreign acquisitions have 48% greater
expenditures on total R&D than non-acquired firms. The indirect effect is also positive but it is not
significant at standard levels (the error bounds include zero). The total effect is significantly positive
and slightly larger than the direct effect. Finally, the marginal effect is not significantly different from

zero. For this measure of innovation our results therefore do not suggest strong spillovers.

33 We include as pre-treatment firm variables: labour productivity, size, internal and external R&D expenditures, physical
investments and a dummy variable equal to one if the plant had overseas R&D facilities.

34 We thank Sourafel Girma for sharing the program for the calculation of the treatment effects. The pre-treatment cluster
variables are similar to Girma et al. (2015) and they include exports, average financial constraints, labour productivity,
average size, internal R&D, physical investment, and sales growth.
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In figure 2, we show the effects for disaggregated R&D expenditures (internal, external, external
domestic and technology transfers). The result suggest that foreign acquisition has a positive direct
effect on internal R&D expenditures, as we found in the matching regressions in the previous section.
The indirect effect is again positive but it not significant at standard levels. The total effect is positive
and slightly larger than the direct effect. For external expenditures, we find a negative and statistically
significant direct effect and a positive and significant indirect effect. This suggests that acquired firms
tend to reduce their dependence to external technological providers while non-acquired firms
increasingly buy R&D from external providers moving towards a more hybrid R&D structure. Finally,
we do not find significant evidence of either direct or indirect effects from foreign acquisitions on

technology transfers when we do not account for the origin of the MNE.

In the first panel of figure 3, we plot the estimated effects and the 90% confidence interval for total
employees in R&D. The direct average effect is positive suggesting that foreign acquired firms have
larger R&D employment than non-acquired firms. The indirect effect is also positive but it is not
significant at standard levels. The total effect is significantly positive and slightly larger than the direct
effect. This suggests that there might be a positive spillover effect on the R&D employment of
domestic firms but it is imprecisely estimated. The estimated coefficient of the total effect is equal to
0.9. This implies that the number of employees working in R&D in a foreign firm in a cluster with
average foreign acquisitions is 90% higher than the R&D employment of a non-acquired domestic
firm in a cluster with no foreign acquisitions. We interpret this change cautiously given that R&D
employment for the control group is very small. Finally, the marginal effect is not significantly

different from zero.

In the second panel of figure 3, we plot the effects for R&D employment with a PhD. In this case,
the total effect is positive and larger than the direct effect, which is also positive. This suggests that
there is a positive direct effect of acquisition on the R&D employment with the highest education
levels and an indirect positive effect on non-acquired firms.>> We also find some suggestive evidence

of a positive spillovers but again those effects are not statistically significant at standard levels.

From this exercise, we conclude that the direct effects we focus on in Section 4 are the most
important changes that occur to the economy following acquisition. They also confirm that spillover

effects may be present and therefore careful consideration of what represents a valid counterfactual is

3 We do not find any statistically significant effect of acquisition on any other type of employment with the exception of
a positive direct effect on workers without higher education. Taking this evidence together, these results suggest that there
are no significant externalities for R&D employment with 5-year undergraduate degree or lower educational levels.
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warranted when studying the effects on R&D. Finally, as the spillovers we uncover are largely positive,
they imply that our estimates of the direct effects are, if anything, a lower bound on the R&D effects

of acquisition-FDI.

6. Summary and concluding remarks

In this paper, we examine how foreign acquisition influences the capacity to generate innovations
within firms in the host economy. We study this question within the context of the acquisition of an
R&D active domestic firm by a foreign multinational. We provide evidence that acquisition FDI from
technologically advanced countries increases the probability of closing research facilities. Conditional
on keeping the newly acquired R&D lab, these same MNES reorganize their research inputs to become
more skill intensive and there are transfers of technology from the MNE. Alongside these changes to
R&D expenditures the subsidiary’s innovativeness increases. For acquisitions by non-frontier MNES
we find fewer significant changes to R&D post-acquisition and no increases in patents. We propose
that the complementarity between technology transfers and high-skilled workers is a plausible
explanation for why there is a simultaneous rise in high-skilled workers, technology transfers,
innovation and productivity of high-skilled workers after acquisition. Our evidence suggests that
knowledge assets of the target firm may be a motive for acquisition FDI. Together our findings support

the role of ownership to transfer intangibles within the MNE.

The aggregate effect of FDI on domestic technology production is significant and positive,
accounting for 7.14% of the Spanish technology index, where this is mostly due to the technology
transfers received from MNEs at the technological frontier. We incorporate the possibility of R&D

spillovers within the analysis, but find no significant changes of this type for non-acquired firms.
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TABLES AND FIGURES
Table 1: Summary Statistics of Innovation Expenditures by Type of Firm

All foreign acquired firms Frontier foreign acquired Non—frontlgr foreign No_n
acquired acquired
Year t-1 t t+1 t-1 t t+1 t-1 t t+1
Total Innovation Expenditure (log) 11.35 10.41 10.31 11.27 9.88 10.09 11.41 10.72 10.33 9.82
4.77) (5.52) (5.61) (4.56)  (5.80) (5.69) (4.88) (5.34) (5.65) (4.97)
share of total innovation expenditure on...
Internal R&D 0.78 0.71 0.73 0.82 0.70 0.67 0.75 0.72 0.76 0.72
(0.30) (0.34) (0.34) (0.29) (0.35) (0.37) (0.30) (0.33) (0.33) (0.33)
External R&D 0.08 0.12 0.10 0.06 0.13 0.12 0.09 0.12 0.10 0.11
0.17) (0.23) (0.22) (0.17)  (0.26) (0.26) (0.17) (0.22) (0.20) (0.21)
Non-R&D innovation 0.16 0.17 0.17 0.14 0.18 0.20 0.18 0.16 0.14 0.18
(0.28) (0.29) (0.30) (0.26)  (0.28) (0.32) (0.29) (0.29) (0.29) (0.30)
Total External R&D Expenditure (log) 3.66 3.94 3.47 2.62 3.83 3.67 4.22 3.96 3.35 3.47
(5.55) (5.71) (5.53) (5.04) (5.74) (5.68) (5.78) (5.70) (5.46) (5.18)
share of external R&D on...
External domestic 0.73 0.69 0.78 0.66 0.64 0.69 0.73 0.70 0.80 0.94
(0.40) (0.42) (0.38) (0.43) (0.43) (0.43) (0.41) (0.42) (0.36) (0.20)
External foreign 0.27 0.31 0.22 0.34 0.36 0.31 0.27 0.30 0.20 0.06
(0.40) (0.42) (0.38) (0.43) (0.43) (0.43) (0.41) (0.42) (0.36) (0.20)
Total External Foreign Expenditure (log) 141 1.66 1.17 1.19 1.79 1.60 1.63 1.65 1.08 0.43
(3.94) (4.19) (3.52) (3.69) (4.45) (4.10) (4.20) (4.13) (3.36) (2.15)
share of external foreign R&D on...
External-Foreign - same business group 0.60 0.65 0.61 0.55 0.74 0.79 0.62 0.62 0.48 0.05
(Technology transfers) (0.48) (0.46) (0.48) (0.50)  (0.40) (0.40) (0.48) (0.49) (0.50) (0.22)
External-Foreign - other private firms 0.34 0.30 0.21 0.35 0.26 0.21 0.34 0.31 0.21 0.75
(0.47) (0.44) (0.39) (0.47)  (0.40) (0.40) 0.47) (0.45) (0.41) (0.42)
External-Foreign - non-private firms 0.06 0.04 0.18 0.10 0.00 0.00 0.04 0.07 0.31 0.20
(0.24) (0.20) (0.39) (0.32)  (0.00) (0.00) (0.20) (0.25) (0.48) (0.38)
Number of firms 300 300 228 104 104 71 196 196 157 7,419

Note: The symbol t-1 denotes one year before acquisition by a foreign MNE and t denotes the year of the acquisition. Frontier foreign acquired is defined as domestic firms acquired by foreign MNEs from
Japan, USA and Germany (JUG countries). Standard deviations are in parenthesis.
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Table 2: Determinants of Acquisition: Probability of being acquired

Sample All firms All firms All firms All firms Frontier vs. Non-frontier vs. non-  Frontier vs.
non-acquired acquired non-frontier
Regression No. (i) (i) (iii) (iv) (v) (vi) (vii)
Log(Total innovation expenditure) 0.0001 0.0003
(0.000) (0.000)
Log(Total innovation /turnover) -0.0004 -0.0009
(0.003) (0.004)
External R&D/internal R&D -0.0000
(0.000)
Log(internal R&D) 0.0002*** 0.0002*** 0.0001* 0.0001** 0.0000
(0.000) (0.000) (0.000) (0.000) (0.000)
Log(external R&D) -0.0003*** -0.0003*** -0.0002*** -0.0001** -0.0000
(0.000) (0.000) (0.000) (0.000) (0.000)
External R&D same 0.0000 0.0000
business group/external R&D (0.000) (0.000)
External R&D same 0.0424** 0.0633*** 0.0736*** 0.0364** 0.0562*** 0.0000
business group dummy (0.017) (0.020) (0.016) (0.014) (0.016) (0.000)
Labour productivity 0.0028*** 0.0036*** 0.0026*** 0.0026*** 0.0011*** 0.0015*** -0.0000
(0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000)
Physical investment -0.0001 -0.0003** -0.0001 -0.0001 0.0001 -0.0001 0.0000
per employee (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Sales growth -0.0022*** -0.0025** -0.0021*** -0.0021*** -0.0011** -0.0013** -0.0000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.000) (0.000)
Size <50 employees -0.0133*** -0.0121*** -0.0115*** -0.0114*** -0.0041*** -0.0083*** 0.0000
(0.002) (0.002) (0.002) (0.002) (0.001) (0.001) (0.000)
Size: 50-99 employees -0.0039*** -0.0041*** -0.0035*** -0.0035*** -0.0009** -0.0028*** 0.0000
(0.001) (0.001) (0.001) (0.001) (0.000) (0.000) (0.000)
Size: 200-499 employees -0.0001 -0.0008 -0.0003 -0.0003 0.0004 -0.0009 0.0000
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.000)
Size: >=500 employees 0.0013 0.0000 0.0007 0.0008 -0.0001 0.0005 -0.0000
(0.002) (0.002) (0.001) (0.001) (0.001) (0.001) (0.000)
Observations 24,157 17,249 24,157 24,157 21,180 23,916 1,476

Note: In columns (i) to (vi), the dependent variable is a dummy variable that takes the value one if the firm is acquired in year t, and zero otherwise. In column (vii), the dependent variable is a dummy
variable that takes the value one if the firm is acquired by a MNE from Japan, USA and Germany and zero if the acquisition is by a non-frontier MNE. All estimations use a probit model. The coefficients
refer to marginal effects calculated at sample means. Estimated standard errors are clustered at the firm level and shown in parenthesis. All independent variables are lagged one period and are in logarithms
except dummy variables. All regressions include industry and year dummies. * Significant at 10%. ** significant at 5%. *** significant at 1%
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Table 3: Test of balancing hypothesis
Table B3a: Test of balancing hypothesis for non-quitters and quitters

Test of balancing hypothesis for Test of balancing hypothesis for R&D

Sample of firms: non-quitters and quitters active firms
Treated Control  t-test p-value Treated Control t-test p-value

Log(internal R&D) 10.44 10.66 -0.46 0.64 12.56 11.98 1.52 0.13
Log(external R&D) 341 3.21 0.38 0.70 4.12 3.99 0.18 0.85
External same business group dummy 0.04 0.04 0.25 0.81 0.05 0.05 0.04 0.97
Labour productivity 12.16 12.10 0.66 0.51 12.27 12.12 1.39 0.17
Physical investment per employee 6.95 7.48 -1.70 0.09 7.41 7.91 -1.47 0.14
Sales growth 0.03 0.04 -0.48 0.63 0.09 0.06 0.56 0.58
Size <50 employees 0.25 0.24 0.23 0.82 0.20 0.21 -0.17 0.87
Size: 50-99 employees 0.17 0.13 1.10 0.27 0.18 0.12 1.46 0.15
Size: 200-499 employees 0.19 0.18 0.13 0.90 0.19 0.19 -0.06 0.95

Size: >=500 employees 0.14 0.14 0.14 0.89 0.14 0.15 -0.24 0.81




Table 4: The Effect of Foreign Acquisition on the Probability of Stopping R&D using a matched
sample

Regression No. (i) (i)
Panel A: Probability of stopping R&D during the sample period
Foreign acquired 0.122**
(0.052)
Frontier foreign acquired 0.168***
(0.041)
Non-frontier foreign acquired 0.137**
(0.062)
Observations 2,300 2,300
Panel B: Probability of stopping R&D in a given year (hazard rate)
Foreign acquired 0.416***
(0.126)
Frontier foreign acquired 0.639***
(0.180)
Non-frontier foreign acquired 0.284
(0.188)
Observations 2,231 2,231

Note: Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. The dependent variable
refers to whether a firm with positive internal R&D then become zero and remains so during the sample period. Panel A reports
probit estimates on the probability of quitting R&D during the sample period. We report marginal effects. Estimated standard
errors are clustered at the industry level and shown in parenthesis. All regressions include sector trends and year dummies.
Panel B reports Cox Proportional Hazard estimates. * Significant at 10%;** Significant at 5%; *** significant at 1%.

Table 5: The Effect of Foreign Acquisition on Innovation Expenditures using a matched sample

Dependent variable: Innovation Expenditures

Total Internal External External  External Technology
R&D R&D Domestic  Foreign Transfer
Share Share Share Share Share
Regression No. (i (i) (iii) (iv) (V) (vi)
Frontier foreign acquired
Year of acquisition 0.148** -0.070** 0.005 0.048 -0.052* 0.077*
(0.059) (0.030) (0.022) (0.063) (0.024) (0.037)
One year after 0.144 -0.083** -0.004 -0.010 -0.078* 0.035
(0.148) (0.036) (0.023) (0.070) (0.037) (0.046)
Two years after 0.944** -0.116 -0.002 0.227* -0.067** 0.078
(0.331) (0.090) (0.017) (0.103) (0.026) (0.046)
Non-frontier foreign acquired
Year of acquisition -0.286* -0.016 0.012 -0.017 -0.013 0.018
(0.148) (0.062) (0.026) (0.052) (0.010) (0.017)
One year after -0.235** -0.014 -0.004 0.006 -0.005 0.001
(0.097) (0.040) (0.013) (0.071) (0.010) (0.014)
Two years after -0.313 -0.040 0.000 -0.011 -0.042 0.006
(0.208) (0.050) (0.036) (0.146) (0.037) (0.042)
Observations 981 981 981 981 981 981
R-squared 0.232 0.190 0.183 0.173 0.112 0.171

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. All regressions include firm-
fixed effects, sector trends and year dummies. Total R&D spending is the logged value. Internal and external R&D
expenditures are sub-components of total innovation expenditures and are expressed as shares of this total. Internal R&D is
the R&D undertaken within the firm; External R&D is the purchases of R&D by the firm; External domestic and external
foreign are sub-components of external R&D. External domestic is the R&D acquired in Spain by the firm and external foreign
are the imports of R&D. Technology transfers is a sub-component of external foreign. Technology transfers are the imports of
R&D from the business group by the firm. * Significant at 10%;** Significant at 5%; *** significant at 1%.
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Table 6: The Effect of Foreign Acquisition on Employment by Skill Type using a matched sample

Dependent variable: Employees by skill level

5-year 3-year Without
Total Ph.D. Undergrad Undergrad higher
degree degree education
Regression No. (i) (i) (iii) (iv) (v)
Frontier foreign acquired
Year of acquisition 0.115 0.075*** 0.230 -0.055 0.081
(0.183) (0.023) (0.149) (0.078) (0.115)
One year after 0.112 0.013 0.229 0.060 0.041
(0.158) (0.050) (0.214) (0.154) (0.144)
Two years after 0.406* 0.224 0.241 0.498 0.672
(0.211) (0.184) (0.3112) (0.307) (0.437)
Non-frontier foreign acquired
Year of acquisition -0.233** -0.099 -0.296*** 0.013 -0.077
(0.083) (0.112) (0.066) (0.049) (0.105)
One year after -0.285** 0.077 -0.263** -0.146 -0.122
(0.093) (0.062) (0.106) (0.109) (0.123)
Two years after -0.272** -0.077 -0.168 -0.104 -0.086
(0.1112) (0.098) (0.161) (0.209) (0.177)
Observations 981 981 981 981 981
R-squared 0.296 0.187 0.297 0.162 0.224

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, USA and Germany. Dependent variables are the
logarithm of the number of employees. All regressions include firm-fixed effects, sector trends and year dummies. *
Significant at 10%;** Significant at 5%; *** significant at 1%.

Table 7: The Effect of Foreign Acquisition on Innovation Output using a matched sample

Dependent variable: Innovation output

Patents/ Patents/

. Product Process . Product Process
lnéegr[])al innovation innovation lnéegr[l)al innovation innovation
Regression No. (i (i) (iii) (iv) (V) (vi)
Frontier foreign acquired
Year of acquisition 0.001 0.039 -0.010 0.0009 0.039 -0.010
(0.001) (0.038) (0.025) (0.001) (0.038) (0.025)
One year after 0.002** 0.040 0.029** 0.0022** 0.040 0.029**
(0.001) (0.031) (0.011) (0.001) (0.031) (0.011)
Two years after 0.008 -0.136 0.081** 0.0084 -0.136 0.080**

(0.007) (0.213) (0.026) (0.007) (0.213) (0.026)
Non-frontier foreign acquired

Year of acquisition -0.000 -0.020 0.022 -0.0002 -0.019 0.021
(0.001) (0.052) (0.028) (0.000) (0.051) (0.028)

One year after -0.001 0.049 -0.051 -0.0004 0.044 -0.043
(0.001) (0.095) (0.082) (0.001) (0.099) (0.079)

Two years after 0.000 -0.006 0.028 0.0007 -0.010 0.033
(0.001) (0.102) (0.190) (0.001) (0.105) (0.190)
Lag exports 0.0003* -0.049 0.080**
(0.000) (0.046) (0.025)

Observations 690 710 710 690 710 710

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by foreign MNEs from Japan, USA and Germany. The
innovation output is the number of patents over internal R&D, product and process innovation for the current year, one year
and 2 years afterwards. Regressions include firm-fixed effects, sector trends and year dummies. * Significant at 10%;**
Significant at 5%; *** significant at 1%.
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Table 8: The Effect of Foreign Acquisition on the Domestic Innovation Index

Innovation Measure: Patents Process Innovation
Weights in terms of: Weights in terms of:
Internal R&D Total R&D Internal R&D Total innovation
expenditures expenditures expenditures expenditures
(i) (i) (iii) (iv)
Within effect Frontier 2.59 2.72 0.23 0.30
Non-frontier 0.00 0.00 0.00 0.00
Between effect  Frontier 3.18 3.34 0.71 0.95
Non-frontier -1.47 -1.17 -0.30 -0.36
Cross effect Frontier 1.83 1.92 0.00 0.55
Non-frontier 0.00 0.00 0.00 0.00
Exit Frontier -0.09 -0.09 -0.09 -0.09
Non-frontier -0.25 -0.25 -0.10 -0.20
Total Frontier 7.68 8.06 0.86 1.70
Non-frontier -1.23 -0.92 -0.40 -0.56
Overall 6.45 7.14 0.45 1.15

Note: All figures are as a percentage of the total increase over the period 2004-2009.

Table 9: The Effect of Foreign Acquisition on Innovation Expenditures for R&D active firms
Using a Matched Sample: Alternative Definition of Technologically Intensive Foreign
Acquisitions

Dependent variable: Innovation Measure

Innovation Hazard of Total R&D Internal Technology

Expenditure stopping R&D Transfer Err_1p|oyees Innovation
measure R&D Share Share with PhD Output
Regression No. () (i) (iii) (iv) (V) (vi)
Frontier: above 90t
percentile 1.190***
(0.371)
Year of acquisition 0.018 -0.054 0.100* 0.232* -0.001
(0.255) (0.087) (0.049) (0.106) (0.001)
One year after 0.329*** -0.160** 0.067 0.111 0.003*
(0.084) (0.068) (0.057) (0.091) (0.002)
Two years after 0.624* -0.288*** 0.040 0.229 0.018*
(0.292) (0.085) (0.067) (0.214) (0.009)
Non-frontier: below-
90t™ percentile 0.316***
(0.118)
Year of acquisition -0.129 -0.035 0.032* -0.047 0.000
(0.101) (0.031) (0.017) (0.066) (0.000)
One year after -0.150** -0.032 0.008 0.057 0.000
(0.061) (0.034) (0.020) (0.049) (0.000)
Two years after -0.008 -0.038 0.025 -0.012 0.000
(0.171) (0.050) (0.023) (0.075) (0.000)
Observations 2,231 981 981 981 981 690

Note: Frontier MNEs are defined as foreign acquisitions from countries with R&D intensity at the 90T percentile within a
given industry. Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in
parenthesis. * Significant at 10%;** Significant at 5%; *** significant at 1%.
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Table 10: The Effect of Foreign Acquisition on Innovation Expenditures for a matched sample
with matching procedure with two year pre-treatment effects

Dependent variable: Innovation Measure

Innovation Hazard of Total R&D Internal Technology

Expenditure stopping R&D Transfer Employees Innovation
measure Share Share with PhD Output
R&D
Regression No. (i) (i) (iii) (iv) (V) (vi)
Frontier foreign
acquired 0.655***
(0.238)
Year of acquisition 0.070 -0.073** 0.051* 0.056** 0.001
(0.081) (0.032) (0.023) (0.019) (0.001)
One year after 0.133 -0.085* 0.017 0.024 0.002*
(0.158) (0.043) (0.035) (0.016) (0.001)
Two years after 0.799** -0.193** 0.066 0.195 0.008
(0.303) (0.073) (0.040) (0.149) (0.007)
Non-frontier foreign
acquired 0.368**
(0.171)
Year of acquisition -0.197 -0.020 0.007 -0.053 -0.000
(0.154) (0.041) (0.020) (0.069) (0.000)
One year after -0.112 -0.023 -0.010 0.093* -0.000
(0.086) (0.044) (0.020) (0.047) (0.000)
Two years after -0.054 -0.058* -0.010 -0.051 0.001
(0.222) (0.028) (0.046) (0.054) (0.001)
Observations 2,225 946 974 974 974 686

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. All regressions include firm-
fixed effects, sector trends and year dummies. * Significant at 10%;** Significant at 5%; *** significant at 1%.

Table 11: The Effect of Foreign Acquisition on Innovation Expenditures for a matched sample.
Placebo test

Dependent variable: Innovation Measure

Innovation Internal Technolo
Expenditure ':,?OZ ;g;jngf Total R&D R&D Transfegy Employees Innovation
measure R&D Share Share with PhD Output
Regression No. (i) (i) (iii) (iv) (V) (vi)
Frontier foreign
acquired -0.306
(0.580)
Year of acquisition 0.336 0.117 -0.017 0.044 -0.001
(0.239) (0.114) (0.011) (0.051) (0.001)
One year after -0.072 0.070 -0.004 0.241 -0.001
(0.301) (0.095) (0.003) (0.174) (0.001)
-0.438
Non-frontier foreign
acquired (0.520)
Year of acquisition 0.150 0.104 -0.018* 0.049 -0.000
(0.172) (0.072) (0.008) (0.104) (0.000)
One year after -0.024 0.038 -0.025 0.092 0.000
(0.183) (0.039) (0.014) (0.070) (0.000)
Observations 1,978 729 777 777 539 1,006

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. All regressions include firm-
fixed effects, sector trends and year dummies. Total R&D spending is the logged value. * Significant at 10%;** Significant at
5%; *** significant at 1%.
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Figure 1: Treatment effects with externalities. Effect of foreign acquisition on total innovation
expenditures of foreign and domestic firms with 90% confidence intervals

<

Total innovation expenditures

T
Direct

Figure 2: Treatment effects with externalities.

T
Indirect

Effects

90% confidence intervals

Internal innovation expenditures

T
Total

Disaggregation by type of R&D expenditure with

External innovation expenditures

|

Direct

T
Indirect

External domestic innovation expenditures

Effects

T
Total

Mg

T
Direct

T
Indirect

Technology transfers

Effects

T
Total

T
Direct

T
Indirect

Effects

T
Total

T
Direct

T
Indirect

Effects

T
Total

35



Figure 3: Treatment effects with externalities. Effect of foreign acquisition on total employees in
internal R&D of foreign and domestic firms with 90% confidence intervals
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Appendix A: Data classification and the effect of foreign acquisition on the probability of

starting R&D

Table Al: Classification of total innovation expenditures

Subcategories of

Definition

Total innovation expenditures [1-3]

R&D internal [1] In-house or intramural R&D: Creative work
undertaken within an enterprise on an occasional or
regular basis in order to increase the stock of
knowledge and its use to devise new and improved
goods, services and processes.

R&D external [2] Acquisition of R&D or extramural R&D: Firm
purchases of creative work on an occasional or
regular basis in order to increase the stock of
knowledge and its use to devise new and improved
goods, services and processes form other companies
(including other enterprises within the group) or
public and private research organizations

R&D external-domestic [2.1] Acquisition of R&D in Spain.

R&D external-foreign [2.2] Acquisition of R&D abroad.

R&D external-foreign same business group [2.2.1] R&D acquisitions abroad from companies that belong

(Technology transfers) to the same business group

R&D external-foreign other private [2.2.2] R&D acquisitions abroad from companies that are
legally independent and do not belong to the same
business group

R&D external-foreign non-private [2.2.3] R&D acquisitions abroad from public
administrations, universities, non-profit
organizations and other international organizations

Innovation expenditures other than R&D [3] Acquisition of machinery, equipment and software:

Acquisition of advanced machinery, equipment and
computer hardware or software to produce new or
significantly improved goods, services, production
processes, or delivery methods.

Acquisition of external knowledge: Purchase or
licensing of patents and non-patented inventions,
know-how, and other types of knowledge from other
enterprises or organizations.

Expenditures on design functions for the development
or implementation of new or improved goods,
services and processes. Expenditure on design in the
R&D phase of product development should be
excluded.

Internal or external training for personnel
specifically for the development and/or introduction
of innovations.

Expenditures on all activities concerning market
preparation and introduction of new or significantly
improved goods and services, including market
research and launch advertising.

Note: The numbers correspond to the classification of innovation expenditures, which we use in the empirical analysis. Source:

PITEC database.
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Table A2: The Effect of Foreign Acquisition on the Probability of Starting R&D using a

matched sample

Regression No. (i) (i)
Panel A: Probability of starting R&D during the sample period
Foreign acquired 0.061
(0.043)
Frontier foreign acquired 0.048
(0.050)
Non-frontier foreign acquired 0.055
(0.045)
Observations 2,335 2,335
Panel B: Probability of starting R&D in a given year
Foreign acquired -0.022
(0.014)
Frontier foreign acquired 0.000
(0.001)
Non-frontier foreign acquired 0.000
(0.000)
Observations 2,068 2,068

Note: Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. Panel A reports probit
estimates on the probability of starting R&D during the sample period. The dependent variable refers to whether a firm with
zero internal R&D expenditures records and continues to record positive internal R&D expenditures during the sample period.
We report marginal effects. Estimated standard errors are clustered at the industry level and shown in parenthesis. All

regressions include industry and year dummies. * Significant at 10%;** Significant at 5%; *** significant at 1%.
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Appendix B: Results with alternative matching procedures

In this section, we replicate our results using a propensity score reweighted estimation.

Table B1: The Effect of Foreign Acquisition on the Probability of Quitting R&D with matching
procedure based on a propensity score reweighted estimation

Regression No. (i) (i)
Probability of quitting R&D in a giving year (linear probability model)
Foreign acquired 0.060**
(0.028)
Frontier foreign acquired 0.122**
(0.048)
Non-frontier foreign acquired 0.035
(0.029)
Observations 35,768 35,125

Note: Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. The dependent variable
refers to whether a firm with positive internal R&D then become zero and remains so during the sample period. Panel A reports
probit estimates on the probability of quitting R&D during the sample period. We report marginal effects. Estimated standard
errors are clustered at the industry level and shown in parenthesis. All regressions include sector trends and year dummies.
Panel B reports Cox Proportional Hazard estimates. * Significant at 10%;** Significant at 5%; *** significant at 1%.

Table B2: The Effect of Foreign Acquisition on Innovation Expenditures for a matched sample
with matching procedure based on a propensity score reweighted estimation

_ _ Total Internal External Extema_ll Exter_nal Technology
Innovation Expenditure R&D R&D Domestic Foreign Transfers
Regression No. 0] Sh_a_lre Shgre Share Share She}re

(ii) (iii) (iv) v) (vi)
Frontier foreign
acquired
Year of acquisition 0.151 -0.065 0.018 0.046 -0.030 0.088**
(0.117) (0.037) (0.028) (0.084) (0.020) (0.034)
One year after 0.297** -0.067** 0.023 0.034 -0.028 0.044
(0.110) (0.026) (0.031) (0.074) (0.016) (0.057)
Two years after 0.795**  -0.122*** 0.063** 0.452%** -0.027 0.085
(0.300) (0.037) (0.021) (0.109) (0.016) (0.060)
Non-frontier foreign
acquired
Year of acquisition -0.068 -0.007 0.029 -0.022 -0.003 0.020
(0.102) (0.023) (0.020) (0.059) (0.007) (0.017)
One year after -0.092 -0.009 0.001 -0.032 -0.003 0.006
(0.056) (0.033) (0.012) (0.054) (0.006) (0.013)
Two years after -0.030 -0.062* 0.011 0.018 -0.015 0.014
(0.222) (0.029) (0.042) (0.118) (0.020) (0.030)
Observations 14,147 14,147 14,147 14,147 14,147 14,147

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. All regressions include firm-
fixed effects, sector trends and year dummies. Total R&D spending is the logged value. Internal and external R&D
expenditures are sub-components of total innovation expenditures and are expressed as shares of this total. Internal R&D is
the R&D undertaken within the firm; External R&D is the purchases of R&D by the firm; External domestic and external
foreign are sub-components of external R&D. External domestic is the R&D acquired in Spain by the firm and external foreign
are the imports of R&D. Technology transfers is a sub-component of external foreign. Technology transfers are the imports of
R&D from the business group by the firm. * Significant at 10%;** Significant at 5%; *** significant at 1%.
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Table B3: The Effect of Foreign Acquisition on Employment by Skill Type and Innovation
Output for a matched sample with matching procedure based on a propensity score reweighted
estimation

. . With 3- Innovation
Employees in Internal Total With With 5-year year Without Output
R&D measure: Ph.D. Ur:jdergrad Undergrad higher
Regression No. . . egree degree education
g (i (i) (iii) g .
(iv) (V) (vi)
Frontier foreign
acquired
Year of acquisition 0.146 0.075*** 0.235 -0.078 0.079 -0.000
(0.148) (0.022) (0.180) (0.118) (0.078) (0.001)
One year after 0.128 0.027 0.256 -0.010 0.049 0.006***
(0.173) (0.019) (0.238) (0.110) (0.103) (0.002)
Two years after 0.351* 0.234 0.288 0.522* 0.771 0.012
(0.173) (0.174) (0.321) (0.246) (0.463) (0.007)
Non-frontier foreign
acquired
Year of acquisition -0.045 0.053* -0.203*** 0.068 0.064 -0.000
(0.055) (0.024) (0.059) (0.103) (0.095) (0.001)
One year after -0.109 0.109** -0.183 -0.079 -0.006 -0.000
(0.139) (0.034) (0.107) (0.094) (0.068) (0.001)
Two years after -0.110 0.030 -0.153 -0.137 0.055 0.001
(0.178) (0.038) (0.145) (0.176) (0.146) (0.001)
Observations 14,147 14,147 14,147 14,147 14,147 10,288

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, USA and Germany. All regressions include firm-
fixed effects, sector and year dummies. * Significant at 10%;** Significant at 5%; *** significant at 1%.

In this section, we replicate our estimations using a nearest neighbour matching procedure

Table B4: The Effect of Foreign Acquisition on the Probability of Quitting R&D with matching
procedure based on a nearest neighbour

Regression No. (i) (i)
Panel A: Probability of quitting R&D during sample period
Foreign acquired 0.104*
(0.054)
Frontier foreign acquired 0.149***
(0.045)
Non-frontier foreign acquired 0.115*
(0.067)
Observations 2,445 2,445
Panel B: Probability of quitting R&D in a giving year (hazard rate)
Foreign acquired 0.335***
(0.121)
Frontier foreign acquired 0.573***
(0.177)
Non-frontier foreign acquired 0.188
(0.190)
Observations 2,370 2,370

Note: Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. The dependent variable
refers to whether a firm with some internal R&D stops and after stopping never continues having internal R&D during the
sample period. We report marginal effects. Estimated standard errors are clustered at the industry level and shown in
parenthesis. All regressions include sector dummies as controls. * Significant at 10%;** Significant at 5%; *** significant at
1%.
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Table B5: The Effect of Foreign Acquisition on Innovation Expenditures for a matched sample
with matching procedure based on a nearest neighbour

_ _ Total Internal External Externz_il Exter_nal Technology
Innovation Expenditure R&D R&D Domestic Foreign Transfers
Regression No. (i) Shle'lre Shﬁre Share Share Sha}re

(ii) (iii) (iv) v) (vi)
Frontier foreign acquired
Year of acquisition 0.136 -0.064* 0.011 0.042 -0.039 0.084***
(0.088) (0.032) (0.020) (0.068) (0.029) (0.025)
One year after 0.165 -0.076* 0.001 -0.021 -0.075** 0.035
(0.127) (0.037) (0.021) (0.062) (0.032) (0.055)
Two years after 0.970** -0.128 0.008 0.287** -0.068** 0.047

(0.325) (0.088) (0.016) (0.095) (0.023) (0.066)
Non-frontier foreign
acquired

Year of acquisition 0.394%** 0,010 0.008 0.000 -0.024 0.014

(0.110)  (0.049)  (0.019) (0.043) (0.013) (0.022)

One year after 0.413***  0.004 -0.016 0.017 -0.025 -0.031

(0.115)  (0.032)  (0.020) (0.069) (0.019) (0.027)

Two years after 0373  -0.015 -0.010 -0.027 -0.066 -0.011
(0.206)  (0.046)  (0.042) (0.139) (0.042) (0.047)

Observations 1,026 1,057 1,057 1,057 1,057 1,057

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, Germany and USA. All regressions include firm-
fixed effects, sector trends and year dummies. Total R&D spending is the logged value. Internal and external R&D
expenditures are sub-components of total innovation expenditures and are expressed as shares of this total. Internal R&D is
the R&D undertaken within the firm; External R&D is the purchases of R&D by the firm; External domestic and external
foreign are sub-components of external R&D. External domestic is the R&D acquired in Spain by the firm and external foreign
are the imports of R&D. Technology transfers is a sub-component of external foreign. Technology transfers are the imports of
R&D from the business group by the firm. * Significant at 10%;** Significant at 5%; *** significant at 1%.

Table B6: The Effect of Foreign Acquisition on Employment by Skill Type and Innovation Output
for a matched sample with matching procedure based on a nearest neighbour

With 5- With 3-

Employees in Internal Total PWhlg] year year Without InCn)O\;ati;)n
R&D measure: " Undergrad Undergrad hil hzl: utpu
Regression No. . . degree degree ghe
(i) (i) (iii) (V) education
(V) (vi)
Frontier foreign
acquired
Year of acquisition 0.146 0.081*** 0.256 -0.023 0.098 0.001
(0.226) (0.022) (0.192) (0.112) (0.139) (0.001)
One year after 0.122 0.008 0.217 0.005 0.087 0.002**
(0.170) (0.044) (0.217) (0.147) (0.146) (0.001)
Two years after 0.425* 0.228 0.210 0.589** 0.654 0.008
(0.209) (0.182) (0.291) (0.239) (0.427) (0.007)
Non-frontier foreign
acquired
Year of acquisition -0.221*** -0.094 -0.221%** -0.019 -0.089 0.001
(0.061) (0.102) (0.050) (0.044) (0.095) (0.001)
One year after -0.302*** 0.063 -0.247** -0.145 -0.148 0.000
(0.092) (0.059) (0.087) (0.105) (0.100) (0.001)
Two years after -0.264** -0.079 -0.133 -0.090 -0.080 0.001
(0.101) (0.086) (0.142) (0.201) (0.167) (0.001)
Observations 1,057 1,057 1,057 1,057 1,057 744

Note: Fixed effects-OLS estimates. Estimated standard errors are clustered at the industry level and shown in parenthesis.
Frontier foreign acquired is defined as domestic firms acquired by Japan, USA and Germany. All regressions include firm-
fixed effects, sector trends and year dummies. In columns (vi), the innovation output is the number of patents over a 3-year
time period. * Significant at 10%;** Significant at 5%; *** significant at 1%.
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