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Cross-Border M& Asand Innovative Activity of Acquiring and Target Firms
by
Joel Stiebale

Abstract

This paper analyzes the effects of cross-border mergers and acquisitions (M&As) on the
innovation of European firms. The results indicate a considerable increase in post-acquisition
innovation in the merged entity. This is mainly driven by inventors based in the acquirer's
country, while innovation in the target's country tends to decline. The asymmetry of effects
between acquiring and target firms increases with pre-acquisition differences in knowledge
stocks, indicating a relocation of innovative activities to more efficient usage within
multinational firms. Instrumental variable techniques as well as a propensity-score matching

approach indicate that the effect of cross-border M&As on innovation is causal.

JEL classification: F23, D22, G34, O31
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Non-Technical Summary

There has been a huge increase in the number of cross-border mergers and acquisitions (M&As) over the
past decades especially within industries in which research and development (R&D) and innovation are of
particular importance. This development has led to a controversial policy debate and to restrictions on
international M&As in many countries. A particular concern is that foreign acquisitions might lead to a
reduction of innovation or to a relocation of innovation activities from target firms to other countries, since
multinational firms often tend to cluster their R&D activities close to the headquarters or their main
corporate production unit.

This paper analyzes the following research questions: (1) What is the impact of cross-border M&As on
innovation in the merged entity as a whole? (2) Do cross-border M&As induce a relocation of innovative
activity across countries and between acquirers and acquisition targets?

From a theoretical point of view, the relationship between international M&As and innovation is
ambiguous. On the one hand, there might be synergies between the knowledge of acquirer and target firm
which lead to more innovations after acquisitions. Further, after a cross-border M&A, firms might have
higher incentives to innovate if the transaction provides access to new markets. On the other hand, cross-
border M&As can induce a reduction in competition and may require substantial financial resources from
the acquiring firm which are then lacking for innovation expenditures.

This paper provides empirical evidence on the effects of cross-border M&As on the innovation of
European firms. The results indicate that, in the merged entity as a whole, cross-border M&As lead to a
large increase in innovation - measured by patenting and R&D expenditures. It seems that this can be
explained to some extent by complementary knowledge in acquiring and target firms, since the effects are
particularly pronounced if both firms have been engaged in successful innovation activities before cross-
border M&As. It is further found that acquiring firms are characterized by higher innovative activity than
target firms before acquisitions. After an acquisition, these differences are amplified. Most of the overall
positive effect of cross-border M&As on innovation comes from innovative activity carried out in the
country of the acquirer's headquarters, while innovation in the target's country tends to decline. This
asymmetric effects are particularly pronounced if there are large differences in pre-acquisitions innovation
activities between acquiring and target firms. After a cross-border M&A, innovation activities seem to be
relocated towards more efficient parts of multinational firms.

At first glance, the results provide some rationale for decision makers in policy to block inward foreign
acquisitions in their country, as innovation in target firms seems to decrease on average after international
M&As. Restricting inward foreign acquisitions may, however, be a myopic strategy if it induces restrictions
from other countries as a response. From an international point of view, restrictions on cross-border M&As
may reduce global innovation activities - and therefore long-term economic growth - as they prevent a
relocation of innovation activity towards more efficient usage and enhanced innovation in acquiring
countries.



1. Introduction

It is a well documented empirical fact that multioaal companies outperform other
firms and that they are responsible for much ofviloeld’s research and development (R&D)
expenditures and innovative activitie. large part of the foreign direct investment ([Fbf
multinational companies takes the form of crossiboimergers and acquisitions (M&AS),
especially among developed countries and in indisstwith a high R&D intensity
(UNCTAD, 2005, 2007).

The effects of international M&As on R&D and inntiem have important policy
implications since innovative activity is regardesia key factor for productivity and growth.
Although most governments spend a lot of effortattnacting greenfield FDI (new firms or
production units founded by foreign investors), réhaés a controversial policy debate
regarding the effects of foreign acquisitions innm&ountries (see, for instance, Motta and
Ruta, 2012; Bertrand et al., 2012). A particulanan is that international acquisitions might
lead to a reduction or relocation of innovation\aties. For instance, speaking about foreign
takeovers in the UK, Bob Bischof, vice-presidenttd German-British Chamber of Industry
and Commerce, recently stated: “I think there’srgweason to be worried. Very often the
R&D goes abroad and the rest followslt’s a recipe for disaster and a slow hollowing ofit

our industrial base heré.”

Moreover, restrictions on international M&As arenmooon. For instance, under the
Investment Canada Act, the Canadian governmenblcak foreign takeovers over a certain
size if they do not pass a "net benefit test".00%2 the French government decided to impose
restrictions on foreign acquisitions in severahtggic sectors - including industries with high
knowledge intensity like the automotive sector,oinfation systems and biotechnology.
Similar plans to thwart foreign takeovers, whichvdéabeen regarded as a response to

restrictions in France, have been discussed amalignl politicians recently.

! See, for instance, Benfratello and Sembenelli §200riscuolo et al. (2010), Criscuolo and Mar@0Q9),
Greenaway and Kneller (2007), Helpman et al. (2@04)ame a few.

See "Foreign takeovers revive talk of UK declirféihancial TimesSeptember 8, 2013
(http://lwww.ft.com/cms/s/0/a0ea0bb8-08d7-11e3-808244feabdc0.html#axzz2vkXLXFsO, accessed March
19, 2014). Further policy debates include the imhpéforeign takeovers in the US and the potential
protectionist characteristic of China's "anti-moaolydaw" (see, for instance,
http://www.nytimes.com/2008/04/07/business/07saiePpagewanted=all and Anu Bradford, “Chinese
antitrust law: The new face of protectionismAyffington PostAugust 1, 2008).

3 Recent examples of policy intervention on spetikeover cases include the bid of Shuanghui latemnal of
China for Smithfield Foods, which was under revigmwthe Committee on Foreign Investment in the US
(http://dealbook.nytimes.com/2013/05/30/running-tia¢ional-security-gantlet-in-a-pork-deal/, accesstarch
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What are the effects of cross-border M&As on inriveaactivity? Economic theory
provides some, albeit limited, guidance on thissjoe. On the one hand, cross-border
M&As might spur innovative activity due to techngiotransfer or improved market access
(see, for instance, Guadalupe et al., 2012). Ormother hand, there might be negative effects
on innovation due to a reduction of competitioreaf&As or debt financing of M&As
raising the costs of external funds for R&D (seetisa 2 for details). Hence, the relationship

is unclear from a theoretical point of view.

While much of the empirical literature on crossdwmr M&As has focused on the
effects of foreign ownership on productivity (sder instance, Chen, 2011; Arnold and
Javorcik, 2009), a recent strand of the literakmghasizes innovation as a key determinant
of multinationals' productivity advantage (e.g. Galape et al., 2012; Criscuolo et al., 2010).
Yet, existing empirical evidence on the effectscaiss-border M&As is mostly limited to
target firmé, while much less is known about the corresponeiffects on acquirers and the
merged entity as a whole. Evidence on the effectgass-border M&As on investing firms
and the combined entity is, however, essentialetoagcomplete picture of the global effects
of cross-border M&As on innovation and other outesmMoreover, | argue that the effects
of M&As on target (or acquiring) firms cannot bdlyuunderstood without looking at both

parties.

This paper analyzes the following research questi@gh) What is the impact of cross-
border M&As on innovation in the merged entity? @9 cross-border M&As induce a
relocation of innovative activity across countriasd between acquirers and acquisition
targets? This paper is, to the best of my knowletlgefirst empirical study to analyze at the
firm level the effects of international M&As on tlenovation activities of the acquirer and
acquisition target simultaneously. By focusing athbacquiring and target firms, rather than
on one side of the acquisition only, this papertgbuates to our understanding of the overall
impact of cross-border M&As. This approach alsobéggm an analysis of how different
characteristics of acquiring and target firms, dhdir interaction, affect post-acquisition

outcomes.

For this purpose, a unique firm-level data setasstructed that combines data on

innovation activities of European firms with balargheet data and an M&A database.

19, 2014), the potential acquisition of Alstom ofRce by General Electric and the heavy discusaioong
politicians in the UK of whether to intervene agaithe takeover of Astra Zeneca by Pfizer.

* Recent exceptions that look at the effects oratilipiiring companies are Bertrand and BetschingexZpand
Stiebale and Trax (2011).
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Measurement of innovation is mainly based on papptications instead of survey questions
on new products and processes as used in somet negeers on foreign ownership and
innovation (e.g. Guadalupe et al., 2012). Therefthre focus of this paper is on innovations
new to the market rather than on the transfer dadtieg knowledge within multinational
firms.> However, alternative measures, such as R&D expaedi are analyzed as well.
Exploiting data on the location of inventors allothe location of innovation to be identified
separately from the location of patent ownership.

A major empirical challenge arises because foreigguirers and acquisitions targets
might differ in both observable and unobservablaratteristics from other firms. Thus, the
empirical framework accounts for unobserved firmtehageneity and the possible
endogeneity of cross-border acquisitions. In tlaiggy, several alternative empirical strategies
are used to identify causal effects. First, dynaooant data models are estimated, using
pseudo maximume-likelihood and generalized methddsaments (GMM) techniques. These
account for both unobserved heterogeneity and rdiffees in a variety of observable
characteristics. Further, linear and non-lineatrumeental variable (IV) models are employed.
In these models, identification is achieved by eiplg changes in international accounting
standards - that are aimed at reducing informatasymmetries in international
transactions - and variation in the distance tceifpr markets across firms. Finally, a
propensity-score matching approach in combinatiath & difference-in-differences (DiD)

estimator is used to construct an adequate cagrioip.

To preview the results, all of the various alteivatestimation techniques suggest that
international M&As lead to a substantial increasannovation in the merged entity (more
than 20% within the first three years in most sfieaions). Analyzing heterogeneous effects,
it is found that the impact mainly depends on prgudssition firm heterogeneity rather than on
industry or country heterogeneity. The estimatei@otf on the merged entity are most
pronounced if both acquirer and target firm haviarge pre-acquisition innovation stock.
This suggests that access to intangible assetsimm@ortant element of cross-border M&As,
which is in line with recent theoretical contribars in international economics (e.g. Nocke
and Yeaple, 2007, 2008).

® Using patent-based measures of innovation hasaththntages and disadvantages over alternativeroatc
measures, as discussed in detail in section 4.

® For instance, Karkinsky and Riedel (2012) analyae cross-country variation in tax rates affecesltcation
of patent ownership within multinational firms. daction 5.3, it is shown that the results in thespnt paper
cannot be explained by differences in statutoryré@s across countries.
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It is further found that much of the increase indwmation can be attributed to inventors
based in the country of the acquiring firm's headtgrs, while innovation in the country of
the target firm's headquarters tend to decrease.nidin reason for this relocation seems to
lie in the higher level of innovation in acquirifgms before cross-border M&As. The
asymmetry of effects among acquirers and targeteases with pre-acquisition differences
in patent stocks, indicating a relocation of innoxa activities towards more efficient usage

within multinational firms across countries.

The estimated effects cannot be explained by aosstry variation in statutory
corporate tax rates, suggesting that the role asfstier pricing is limited for the effects of
M&As on innovation estimated in the present pagéis result, together with the fact that
similar effects are found for citation-weighted grats and R&D expenditures, suggests that
the estimated effects indicate an overall incréasenovation activity rather than a change in
intellectual property (IP) strategy. It is furthimmund that the increase in innovation is also
accompanied by a growth of sales and productivaynfthe perspective of the merged entity.
This implies that there might be aggregate gaios fcross-border M&As.

The rest of this paper is organized as follows.tiBec2 summarizes the related
literature, section 3 describes the empirical sfat and section 4 provides a description of

the data. Results of the empirical analysis aregared in section 5 and section 6 concludes.

2. Related literature

This paper is related to several strands of liteeathat look at M&As from the perspective of
international economics, industrial organizationprporate finance, and strategic
management.lt is useful to discuss the various motives farssrborder M&As identified by

this literature since the effects on innovationldéely to depend on the motivation behind the

deals.

Only recently, cross-border M&As started to recein®re attention in the field of
international economics. One implication of thierdature is that the motives for international
M&As can be quite different from those for greeftfignvestment$.Cross-border M&As

can, for instance, be conducted to access the eomepitary firm-specific assets of

" The literature on cross-border M&As from the pexdjve of the management literature is surveyeshimizu
et al. (2004).

8 E.g., Nocke and Yeaple (2007, 2008) argue thattR&xlis motivated by production cost differencemas
countries usually takes the form of greenfield stugents. See Blonigen (2005), Greenaway and Kn@0#7)
or Helpman (2006) for an overview of the determtaasf FDI in general.
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acquisition targets (Nocke and Yeaple, 2008; Ndtbaod Persson, 2007). Often, these
complementary assets will be of an intangible matisuch as know-how, patents, and
innovative products which increase the returns &DRand thus spur innovation in the

merged entity.

Recent research argues that cross-border M&As Isanb& undertaken to gain access
to foreign markets. For instance, foreign acqusittargets might use the acquiring firm’s
existing distribution channels (Guadalupe et @12 or acquirers may choose target firms
that have previously invested in export network$ofigyen et al., 2012) or that possess
market-specific capabilities such as marketing dig® (Nocke and Yeaple, 2007.
Improved market access can induce innovation bseasing the incentives to invest in cost-
reducing or quality-enhancing activities, since slumk costs of these activities can then be

applied to a larger production output (Guadalupal.e2012)"

Another potentially important motive for M&As is éhstrengthening of market power (e.g.
Kamien and Zang, 1990; Neary, 2007; Horn and Pers¥a01). M&As inducing a reduction

in competition have a theoretically ambiguous dff@e innovation incentives. On the one
hand, reduced competition will increase market esteard margins — and thus the output to
which cost reductions or quality-improving innowets can be applied. On the other hand, in
an oligopolistic market, a reduction in competiticould decrease innovation incentives as it

tends to lower the sensitivity of demand to enhdreféciency or quality?

M&As might also decrease innovation where debtrfgiag is used, as that will tend to raise
the costs of external funds for R&D (Long and Raeeaft, 1993), or where they are non-
profitable and arise only out of a manager’s wtititaximization (Shleifer and Vishny, 1988).
In addition, M&As might also decrease innovationtle resulting entity through increased

organizational complexity and a disruption of ebthled routines (Hitt et al., 1991, Hitt and

° Efficiency gains through complementary assetsals® an important motive for M&As in the literatusatside
of international economics (e.g. Jovanovic and Reas, 2008; Roéller et al., 2001). Since empiricédience
indicates that cross-border M&As are rarely asgediavith input-output linkages (see, for instandgzen et
al., 2008), the discussion in this section prinyaidicuses on horizontal M&As.

19 several theoretical and empirical contributiorguarthat FDI is sometimes motivated by the desitauild an
export platform (see e.g. Blonigen, et al., 200khdm et al., 2007), especially in a tariff-fre@bk such as the
European Union (Neary, 2002).

1 Related to that, there is substantial evidencerttaaket size in general, and exporting as a resptmfalling
trade costs in particular, increases the incentivéisvest in innovation.See e.g. Cohen and Le{1®89) for an
overview of innovation and market structure andpagiothers, Bustos (2011) and Aw et al. (2007, 2008
analyses of exporting and innovation.

12 The overall effect of product market competitianionovation depends on market characteristicstyihe of
innovation, and the degree of R&D spillovers ($eejnstance, Vives, 2008 and Schmutzler, 2010rdoent
discussions).



Hoskisson, 1990; Ahuja and Katila, 2001). The ermogiranalysis in this paper indicates
whether international M&As in European countriexr@ase or decrease innovation in

merging firms on average.

Besides the effects of M&As on innovation in thergeal entity, both from a theoretical and
from an economic policy point of view it is of imést to see where innovation takes place.
Thus, this paper also studies the effects of iatgonal M&As on the relocation of innovative
activity. The location of innovative activity miglthange for several reasons after cross-
border M&As. First, M&As could be accompanied byredocation of economic activity
towards more efficient firms (Neary, 2007; Breihli2008; Jovanovic and Rousseau, 2008).
Further, there are incentives for the concentratwdninnovation activities at corporate
headquarters beyond the effects on firms' gener@litees. For instance, the knowledge
capital model (Carr et al., 2001) explains the texise of multinational enterprises by firm-
specific assets which are costly to replicate lamt loe transferred to foreign subsidiaries. This
induces multinational firms to concentrate actestilike R&D at corporate headquarters.
Sanna-Raddacio and Veugelers (2007) argue thag ther further benefits to centralizing
R&D due economies of scale and a reduced riskabin@logy spillovers to competitors (see
also Kumar, 2001). The empirical analysis in thespnt paper investigates whether acquirers
and targets will be affected asymmetrically andarnghich circumstances a concentration of

innovation activity is more likely.

The overall effect of cross-border M&As on innowatiis, due to the various factors
discussed above, unclear from a theoretical pofnview. Thus, the research question
ultimately boils down to an empirical matter. Casan et al. (2005) and Veugelers (2006)
provide an overview of existing empirical studias the impact of M&As on innovation
which have yielded mixed results. Most of thesalistsl analyze domestic acquisitions or do
not explicitly differentiate between internatioreid domestic M&AS? In contrast to this

literature, the present paper has an explicit facusross-border M&As.

Empirical evidence on the effects of internatioN&As is so far mostly limited to
target firms and has yielded mixed results as Hi¢ibr instance, Guadalupe et al. (2012) find
that foreign acquisitions are accompanied by teldgyoupgrading in acquisition targets in
Spain and that this effect is mostly concentratedrag firms that start exporting through the

foreign parent after acquisition. Garcia-Vega et(2012) analyze the heterogeneous effects

13 See Bena and Li (2014) for a recent contribution.
14 See Stiebale and Reize (2011) for a more detailedview of the literature on foreign ownership and
innovation.
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on R&D expenditures in Spanish target firms aceggdio the investors' origin. They find
negative effects on internal R&D if acquirers amxdted in countries with a higher
technological development but positive effecthé aicquirer comes from a country of lower
technological development. The downsizing of inkérR&D seems to be accompanied by
increased R&D purchases from foreign parents lacateechnologically advanced countries.
Stiebale and Reize (2011) find that foreign acdoiss lead to a reduction of R&D
expenditures in German acquisition targets on @eerm contrast, Bertrand (2009) estimates
positive effects on the R&D intensity of acquire@ich firms, and Bertrand et al. (2012) find
that acquired firms invest more in R&D than sulmidis established trough greenfield
investments. All these papers lack evidence of hdernational M&As affect innovation in
the merged entity as a whole. While the presen¢ipageludes an analysis of effects on target
firms as well, it also estimates impacts on acqgifirms and the merged entity and analyzes
how acquirers' characteristics affect post-acqaisiinnovation in target firms and vice versa.
It also differs from the studies cited above asfttoeis is on patent-based metrics and thus on
innovation new to the market rather than on innovahew to the (target )firm.

There is not much evidence on the effects of chmsder M&As on the innovation
activities of acquirers. In an industry-level studertrand and Zuniga (2006) find some
positive effects on R&D in the acquirers’ sectortie source country which mainly stem
from industries with a medium technological intéysiStiebale (2013) estimates positive
effects on the R&D intensity of acquiring firms.d-8ample is, however, limited to small and
medium-sized enterprises in Germanihere is, to the best of my knowledge, no emglirica
study that simultaneously analyzes the effectsro$szborder M&As on innovation in the
merged entity and on acquirers and acquisitioretargnvolved in the same deal. This paper

aims to fill this gap.

3. Empirical strategy

The aim of the empirical analysis is to estimate éffects of cross-border M&As on
innovation outcomes and the relocation of innowatetivity. The empirical model builds on

a framework for analyzing innovative outcomes deped by Blundell et al. (1995). Since

15 Desyllas and Hughes (2010) provide some eviddmatectoss-border M&As have a more pronounced
negative effect on the acquirer's R&D intensityntid@mestic M&As, but international M&As are not thoeus
of their study. Marin and Alvarez (2009) find ttetquisitions undertaken by foreign-owned firms pai® have
a negative impact on the acquirers’ innovationvéadis, in contrast to acquisitions by domesticalyned firms,
but they do not analyze the impact of cross-boadeuisitions explicitly. Ahuja and Katila (2001} well as
Cloodt et al. (2006), analyze differences in a daropmerging firms according to cultural distarEween
acquirer and target firm, but they do not addreescausal effects of international acquisitionsgeer
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innovation is measured as a count variable, tre fitoment of the model, the expected

number of patents, is specified as:

E[R]=exp(x5)

3 3
where x,8=) IMA,,J +Y DMA @ +pG, ,+ 7 _a+ ¢+ .
k=1 k=1

Pi: denotes the number of patent applications in ye#ra firm does not engage in
M&As in the sample period?;; equals the number of patent applications of firffia firm is
involved in M&A activity within the sample period;; equals the sum of patent applications
of acquirer and acquisition target before the aitjoh and the total number of patent
applications in the merged entity after the M&A. Aquivalent approach is used for control
variables as well. This procedure is often employethe M&A literature (e.g., Gugler and
Siebert, 2007; Conyon et al., 2002a,b).

In an extension of the model, only patent apploregi with inventors located in the
country of firmi’'s headquarters are included M. This variant of the model is estimated
separately for acquirers and targets, together thithsample of control firms, to investigate
whether cross-border M&As have asymmetric effecis ad to a relocation of innovative
activity across countries.

IMA andDMAdenote dummy variables that take the value of bfiem i has engaged
in international and domestic M&A activity respeelly in a given yearG, is a measure of

firms’ lagged innovation activities. In the baselispecification, this is measured by the
lagged number of patents, but alternative meassuet as a lagged patent stocks and

logarithmic transformations are considered as welldenotes a vector of firm-, country-,
and industry-specific control variables, accoufis unobserved time-invariant firm
heterogeneity, ang includes time dummies to capture macroeconomia@s common to

all firms. All firm-specific explanatory variablese lagged to avoid including regressors that
are affected by M&A variables or innovation outcanidustry and country dummies enter

all estimations to control for permanent differende market structure, and industry—

country—pair specific trends are added to someifsga@ns.

Several empirical challenges have to be addresgetieoempirical model. First, the
outcome variable, which is based on patent cousig,non-negative integer variable with a
high share of zeros. Further, it is likely that bserved firm attributes like managerial ability,
corporate culture, attitudes to risk, and techniokrgor product characteristics are correlated
with both the decision to engage in M&As and inrtoxa activity. Finally, pre-acquisition
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patent applications should be taken into accounalme of state dependence in innovative
performance and pre-acquisition differences in wation between acquirers, targets and
other firms. Due to the presence of lagged valde¢beodependent variable, strict exogeneity
of the regressors is violated by definition. It atso likely that there is feedback from
innovative activity to future decisions about M&Asd other variables like productivity and
firm size.

To address these econometric problems, dynamictodata models are estimated.
Following Blundell et al. (1995, 2002), pre-sampiéormation on firms' patent applications
is used to control for unobserved time-invariantnfiheterogeneity’? Compared with other
panel data techniques for count data models, gasiication has the advantage that it does
not assume strict exogeneity of the regressorscoimrast to the estimation techniques
proposed by Wooldridge (1997) and Chamberlain (J,9%9& procedure does not rely on the
validity of lagged variables as instruments. p@ticularly advantageous if the regressors are
characterized by a high persistence (as typicallynd for innovation indicators — see e.g.
Malerba and Orsenigo, 1999), since in this casgddgalues of the regressors can be weak
instruments for (quasi-)differenced equations. bhseline specification can be estimated by
maximizing the pseudo likelihood based on the finsiment of a Poisson model. Consistency
requires only the first moment to be correctly $fped and does not rely on the equality of
mean and variance underlying the Poisson distobu{see, for instance, Blundell et al.,
1995).

Although the estimation technique discussed scafaounts for a variety of control
variables, time-invariant unobserved firm heteraggn and feedback from innovation to
future decisions about M&As, it is still possibleat the estimated coefficients do not reflect a
causal effect of international M&As on post-acquisi innovation. This is because
unobserved time-varying factors such as markettaadnology shocks — if not sufficiently
accounted for by the control variables — might @ffdhe profitability of both M&As and
innovation activities. To check whether these datiens drive the previous results, linear
and non-linear IV models are estimated in two aH&ve specifications. For the linear

specification, the transformatiom(P, +1) is used to retain the exponential relationship

%This approach exploits the fact that patent apfitioa are available for a much longer time span tither
variables (see section 4 for details). Specificaltg average number of patent applications irptbesample
periods and a dummy variable indicating at least pre-sample patent are used for the baselinefigaicin.
Alternative measures are also considered as atr@asscheck in section 5.3. Blundell et al. (2083®)w that
pre-sample patent activity is a sufficient statistir firms’ fixed effects if the regressors foll@wstationary iid
process. Although the theoretical results on tloperties of the estimator rely on an assumptionttteanumber
of pre-sample periods approaches infinity, Blundetl. (2002) demonstrate that the pre-sample mean
estimators perform well even when the number oétpariods is small.

9



between the dependent variable and the regredédfbe linear specification has the
disadvantage that it does not account for the coature of patent applications, but it has the
advantage that standard test statistics such dsingaument tests can be computed.

For the non-linear IV specification, following Wingkijer and Santos Silva (1997), a

GMM estimator that is based on an additive errac#gation is applied. It is assumed that
P, =exp(x, B)+ y, , which yields the moment conditidgf P, —exp(x £ | w )]= 0.'®

w, is a vector of instrumental variables which cordatfie exogenous variables

|
included inx and at least one exclusion restriction, i.e. aabde which affects international
M&As but not innovation activity and is also unaglated with unobservables affecting
innovation. For both linear and non-linear IV majelt least one such exclusion restriction is
necessary.

The first exclusion restriction used is based oanges in accounting uniformity and is
measured as the yearly growth in the number ofstighpeers (at the two-digit industry level
across countries in the sample) that use the saowmuating standards (DeFond et al., 2011;
Henock and Oktay, 2012). This variable is affectsd the mandatory introduction of
international financial reporting standards in Epg@uring the sample period. Suppose a firm
has used a national accounting standard used bndu8try peers in the same country in year
t-1 and there are 50 industry peers in Europe.|lbfithese 50 firms adopt international
accounting standards in yefirthe accounting uniformity measure takes a valud.0As
argued by DeFond et al. (2011), a uniform stateacdounting standards improves the
comparability of financial performance across coest and thus reduces information
asymmetries and facilitates cross-border investsieklvidence on the real effects of
accounting is rather limited and it seems unlikgdgt accounting standards have a direct
effect on innovation outcomes of firms.

The second IV measures the (physical) distancedsstyotential acquirers and foreign
acquisition targets. It is defined as the logaritbinthe minimum distance of a firm (based on
Zip codes) to the closest border. This variabletwap the well known proximity—

concentration tradeoff (see e.g. Brainard, 1997) the effect of trade costs on cross-border

Y This transformation is rather arbitrary but is ecoomly used in empirical studies (e.g. Bloom et2011).

18 The moment condition contains a transformed conséam but all slope coefficients are identicathe
vectorp. Alternative estimation techniques are a full maxmmlikelihood estimator and the two-stage estinmatio
procedure suggested by Terza (1998), both of wdiietbased on relatively strong distributional agstions,

i.e. that the error terms of the patent equatiahafirst-stage Probit model are jointly normallgtdbuted.

These estimation procedures produced relativeliabiesresults and sometimes led to convergencdepmsh
indicating that the distributional assumptions @oemet in the present application. See Windmé&ge08) for a
discussion of alternative count data models.
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M&As in particular (Hijzen et al., 2008). If acqens use foreign acquisitions as an alternative
to exporting, distance to the border should havpositive effect on the probability of
undertaking a foreign acquisition. An acquirer ntighll choose to acquire a close-by firm
within the acquisition target country to reducensaction costs, as there is evidence that the
costs of monitoring and knowledge transfer increagh distance (Blanc and Sierra, 1999;
Degryse and Ongena, 2005). Hence, distance todfgeibshould have a negative effect on
the probability that a firm becomes a target faefgn acquisitiort?

A potential concern with the measure of distancéteign markets is that it might be
correlated with regional characteristics that datee investment opportunities. However,
most differences in regional innovativeness shda@diccounted for by the control variables.
For the distance measure to be an invalid instraymewould have to be correlated with the
growth of patenting conditional on variables sushralustry and country dummies, firm size,

productivity and lagged patenting.

Several time-variant variables capture firm- andkagspecific characteristics (the next
section details the construction of the variablésjirm’s size, measured as pre-acquisition
sales, captures the potential to spread the gam fnew or improved products over
production output. Productivity accounts for diffieces in efficiency and captures the
selection of heterogeneous firms into foreign merk@gielpman et al. 2004; Nocke and
Yeaple, 2007, 2008). Capital intensity captureded#ihces in production technologies. A
liquidity ratio accounts for financial factors whicmight be a prerequisite to finance
innovative activities and sunk costs for entry irdgoforeign market (see, for instance,
Greenaway et al., 2007). A firm’s age enters thel@hand serves as a proxy for experience
and the stage of the product life cycle. The rabest of the model to the introduction of
several time-variant industry- and country-specifiariables is checked; these include
domestic market growth rates, net entry rates, stiglevel patent stocks, and industry-,

country- and industry—country pair-specific trends.

4. Data and variables

Several different data sources had to be mergemnstruct the data set used in this
paper. Data on cross-border and domestic M&As vesteacted from the Zephyr database
compiled by Bureau van DijkZephyr provides information about the date and eafi a

19 A similar IV is used, for instance, by Vannoorergie (2012) to instrument trade openness and lep&lé
(2013) to instrument foreign acquisitions. Therevglence that distance indeed plays an importdatin the
selection of acquisition targets (see e.g. Chaktaéad Mitchell, 2013; Stiebale and Reize, 2011).
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deal, the stake owned by the acquirer before ated atquisition, the source of financing, as
well as a description of the transaction and offitmas involved in the deal. Compared with
other M&A data sources, like Thompson Financial Bdies data, the Zephyr database has
the advantage that there is no minimum deal vabreaf transaction to be included. A
comparison of aggregate statistics derived from caloulations using the Zephyr database
with those from the Thompson financial data regbnteBrakman et al. (2007) shows that the

coverage of transactions with a deal value abov&10%nillion is very similaf®

The second data source used was the Amadeus dataltesh provides information on
financial data as well as ownership and subsidigrmation for European firm. Different
updates of the database have been merged to cémtueatry and exit of firms and a broader
sample to identify acquirers and acquisition tesgdthe Amadeus database was used to
gather information on firms’ industry affiliatiodpcation (zip codes), sales, productivity,
capital intensity and liquid assets. Unconsolidaaedounts were used in order to separate
economic activity in acquiring firms and acquisititargets and across countries. Amadeus
firms were merged with the transaction data fromlge by a common firm identifier.

The main estimation sample contains 229,479 firaryebservations on 62,511 firms
and 941 international M&As. A 50% ownership thrdshis used to define M&As, which is
common in the literature (e.g. Guadalupe et al1,220This sample is restricted to M&As
within Europe and to transactions for which infotima on both acquirer and target are
available. To isolate the effect of cross-border A&& firms that engage in multiple
acquisitions are excluded, which again is commothéM&A literature (e.g. Conyon et al.,
2002a,b). This leaves 941 cross-border acquireds9dd foreign acquisition targets in the
main estimation sample. However, in section 5.8, émpirical framework is extended to
include multiple acquisitions as well as acquisiion which either the acquirer or the target

firm (but not both) are located outside Europe.

Data on patent applications were taken from thestBadatabase, which has been
developed by the European Patent Office and the [DEG&tent applications were extracted
for the years 1978-2008 for all the companies endample. The data on patent applications

are merged with the other firm-level data sets gisircomputer-supported search algorithm

2 US$10 million is the minimum threshold for M&As ke included in the Thompson database. Calculations
are available from the author upon request.

2L Amadeus is provided by Bureau van Dijk as wellthis paper, update numbers 88 t0184 are used. The
Amadeus database has been used in numerous elngtinidi@s on international trade and FDI (seejrfetance,
Budd et al., 2005; Helpman et al., 2004; Koningd ¥andenbussche, 2005). Although Amadeus contains
information about foreign subsidiaries, the datandballow for a distinction between greenfield Fipid cross-
border acquisitions in many cases. For this reasancombined with the Zephyr database in thespné paper.
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based on the firms’ names, addresses, and zip .cBtesy match was checked manually to

ensure high data quality.

As it is possible that some firms file patents sudbsidiaries or parent companies, data
on subsidiaries for each company from the Amadatsbase were extracted as well. Further,
the data include information on inventors and thatation, which enables the separation of
the regional creation of an innovation from patewnhership. The main outcome variable is
the number of patent applications filed with thedpean Patent Office per year. The focus
on European patents avoids international differenoepatenting procedures affecting the
results. Only patents that were ultimately granieste used but they are dated back to the
application year to account for the time lag betwapplication and grant of a patent. A firm's
patent stock is defined as the cumulative numbgratént applications between 1978 and the
current year, assuming a 15% yearly depreciatita (fallowing the procedure used by, e.g.,
Griliches, 1998; Hall et al., 2005).

Using patents as an innovation indicator has bdtratages and disadvantages over
alternative measures (see e.g. Griliches, 1998)ohtrast to R&D expenditures, patents are
(at least an intermediate) innovation output indice and thus also account for the
effectiveness with which innovation is pursued.tker, as the number of patents is derived
from administrative data, this indicator does naidnto rely on self-reported measures of new
products and processes, which are often used ovation studies. Patenting is costly and a
granted patent requires a certain degree of nqvahy this reduces the risk of counting
innovations of little relevance. Finally, the numio¢ patents is a well established indicator of
innovation which has been used in several recediesf? and patent applications seem to be
highly correlated with other common indicators ohavative performance (e.g. Hagedoorn
and Cloodt, 2003; Griliches, 1998).

The downside of taking patents as an innovatiomcatdr is that not every invention
becomes patented, and - depending on firms' infmvatrategies - firms may make more or
less use of formal IP rights protection (e.g. Hadtl Ziedonis, 2001; Ziedonis, 2004). It can
also be expected that there will be substantiahtran in the value of patented innovations.
To address these problems, two alternative measueesised. First, the results for patent
counts are compared with those using citation-wemhpatents, which are likely to be
correlated with the importance of innovations. tbss-border M&As induce an increase

(decrease) in patenting for strategic reasons, veelld see a decline (rise) in the average

22 gee, for instance, Aghion et al. (2005, 2009, 2088na and Li (2014) and Seru (2014).
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number of citations per patent (cf. Bloom et al1P2). Second, R&D investments are used as
an alternative outcome variable, although, unfately, most companies in Amadeus do not
disclose their R&D expenditures. This informatisrtherefore complemented with data from
the European R&D scoreboard (European Commissiohl)? but it was possible to collect
this information for only 2,638 firms and 9,600 ebstions. Hence, this variable is used only
in a robustness check on a reduced sample. Firtallgpnstruct regressors at the industry
level, data from Eurostat and the OECD STAN datelaais used.

The empirical analysis focuses on European firmschvhare either active in
manufacturing or in knowledge-intensive (non-finafjcservice sectors such as information
technology, telecommunications, transport, R&D, dmasiness-related services (NACE
Revl1.1 / ISIC Rev 3.1 codes 15-37, 62-64, 72-7h)sTs to ensure a focus on industries in
which innovation and patenting are particularly ortgant. The time period spans the years
1997-2008. Summary statistics and descriptionsaofables used in the empirical analysis
can be found in Table 1. The statistics in Tab&e based on consolidated measures, that is,
the sum of acquirer and target characteristicsrbefte acquisition and merged entities after
an M&A.* Table 2 compares pre-acquisition statistics fondi that engage in cross-border
M&A with statistics for the remaining (control) firs. The average innovation intensity of
acquiring firms engaging in international M&A isrderably higher than in non-merging
firms and in acquisition targets. This holds foe thumber of patent applications, patent
stocks, citation-weighted patents and R&D expemeguHowever, acquirers, targets, and

control firms also differ in other dimensions whiate likely to affect innovation.

Total factor productivity (TFP) is computed as sideal from a productivity regression
using the method proposed by Olley and Pakes (1996n size is measured by sales.
Working capital is defined as current assets lessent liabilities relative to total assets.
Capital intensity is measured as tangible fixece@seelative to sales. The figures are in line
with some stylized facts from the trade and Fdriture (e.g. Greenaway and Kneller, 2007)
— multinational enterprises are larger and morelpecove than domestic firms. In the present
data set, this is true for both acquirers and magonal acquisitions targets even before
acquisitions take place. Further, acquirers are avprage multiple times larger than

acquisition targets and they are characterizeddtyen TFP.

% Consolidated measures are constructed from ingividnconsolidated accounts of acquirers and trgeter
than from the consolidated accounts reported indeua. For variables such as firm age and distasceell as
industry- and country-level variables, indicatays fherging firms are based on the larger entityn{ost cases
the acquiring firm).
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Table 3 shows the sample distribution of cross-boetquisitions across regions. The
largest share of acquirers and acquisition targekscated in Western Europe. It seems that
most international M&As take place within ratheamhacross regions. For instance, there are
relatively few cases where acquirers from WesteriNorthern Europe invest into Eastern
European targets and vice versa. Trade theory gweva plausible explanation for this
observation. As argued by Nocke and Yeaple (20BB), that is motivated by exploiting
cross-country differences in production costs Uguakes the form of greenfield investment,
while international M&As are often conducted to ees new markets or complementary firm-
specific assets. Table Al in the appendix showsligteibution of international M&As across
industries. The share of acquisitions is aboveagein knowledge-intensive industries such
as chemicals, machinery and equipment, and IT g&syibut a high share of international

acquisitions also takes place in the food induatrg in business-related services.

5. Results

5.1 Main results

Table 4 shows the results from the dynamic Poissgression models (as described in
section 3) of patent counts on a dummy variabléentakn value one if there was a cross-
border M&A betweert-1 andt-3 and further controls for consolidated companiesolumn
(1), only controls for lagged patenting, pre-samplatenting (to capture unobserved
heterogeneity), domestic M&As, country, industrydaime dummies are included. Further
selection controls, as described in the previougisge are added to the specification in
column (2). Column (3) uses citation-weighted ptteas the outcome variable, and in
columns (4) and (5), separate effects for each ymr an M&A are estimated. Full
estimation results including control variables @vatained in Table A2 in the Appendix.

Without selection controls (column 1), post-acdiosi patenting activity in the
international merged entity is more than 80 lognpoihigher than in control firms. When
selection controls are added, this difference drspistantially (column 2) but remains
economically and statistically highly significanihdicating an increase of about 30% in
innovation measured by patenting after a crossesdvtRA.>*

A potential concern with the use of patents asrmovation indicator is that M&As
might increase the incentives to patent innovatimase than the incentives to create new

knowledge. However, if that was the case, we shee&la fall in citations per patent and thus

4 Due to the exponential relationship between theeddent variable and the regressors, this is cadms
exp(0.274)-1.
15



a smaller association between international M&Ad aitation-weighted patents compared
with non-weighted patents. As column (3) showshgsiitation-weighted patents instead of
simple patent counts yields very similar resultenek, the estimates are clearly not in line
with cross-border acquisitions contributing sollychanges in IP strategi&sin section 5.3,

it is verified that there is a positive associatim@iween international M&As and innovation

input, measured by R&D expenditures, as well.

In column (4), the effects of international M&Aseaestimated separately for three
years. The results indicate that the effect on vative activity is increasing over time.
Column (5) shows that the coefficient of the leadiables (MAw.1, IMA:2, IMAw3) as well as
the contemporaneous effet?M@;) of international acquisitions are insignificamhis shows
that increases in innovation materialize aftereathan before the acquisition and that it takes
some time for international M&As to affect innovati The time lag of one year seems to be
a plausible result since previous research finéshighest correlations between R&D and
patenting in the contemporaneous year (e.g. Hadll.et1986). The absence of a time lag
between R&D and patents can be explained by thetfet the largest part of innovation
activities is related to development rather thahasic research. All in all, the results indicate
a considerable increase in innovation activitytstgrone year after an international M&A.

Results for control variables, depicted in Table ié2the Appendix, are largely as
expected. Lagged TFP, size, capital intensity andking capital are positively correlated
with innovation, younger firms seem to be more waive, and there is state dependence in
innovation activities, as indicated by the positoaefficients for lagged patenting and pre-
sample patents. Interestingly, in contrast to magonal M&As, domestic M&As seem to
have a negative impact on innovation. A possiblplanation is that domestic M&As are
more often undertaken to increase market powerJewimternational M&As might be
predominantly undertaken to gain access to foreignkets or to firm- and country-specific
assets, as discussed in section 2.

Despite the overall positive association betwedarivational M&As and innovation
output, the allocation of innovation activity besveacquiring firms and acquisition targets is

of both theoretical interest and policy relevantable 5 compares results using only patents

% Column (6) in Table A2 in the Appendix shows ttrat estimated effect on simple patent counts is evere
similar, and below the coefficient for citation-\ghted patents, if the estimation sample is restlitd time
periods for which citations are available. The witun in sample size is due to the restriction @fygear period
for citations to be available. Due to the reduciibsample size and the truncation problem fotticites at the
end of the sample period, the remaining resultseuied are based on patent counts. However, altses this
paper are robust to the use of citation-weightedrga. Several additional robustness checks sualicasative
estimation methods and dynamic specifications e@udsed in section 5.3.
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in which at least one inventor was located in toentry of the acquirer's and target’s
headquarters with those of control firms. Contrariables are based on unconsolidated
companies and either acquirers or targets arededlun the estimation sample together with
non-merging controls. Columns (1) and (3) contmrdlydor previous patenting, time, country
and industry dummies, while (unconsolidated) selactontrols are included in columns (2)
and (4). The table shows that the effects of irsttonal M&As are highly asymmetric. While
patents with inventors based in the country ofdbquirer's headquarters increase by more
than 35% (column 2), patenting in the target's tguis reduced by about 40% (column 4).
Note that, as shown in Table 2, acquiring firmsehawch higher rates of pre-acquisition
patenting than target firms. Hence, this translamés an overall positive effect of cross-
border M&As on innovatio° The results indicate a relocation of innovatiotivéty from
foreign acquisition targets to acquirers - whick ar most cases the more innovative and

productive part of the merged entity.

Although the results discussed so far account feargety of control variables, time-
invariant unobserved heterogeneity, and feedbamk finnovation to future decisions about
M&As, one might still be concerned that the estidlatoefficients do not reflect a causal
effect of international M&As on post-acquisitionniovation. There could be unobserved
time-variant factors such as productivity and tedbgy shocks — if not sufficiently accounted
for by the control variables — which affect the antves for both M&As and innovation
activities. In particular, it is possible that acgus that expect future increases in innovation
performance invest in targets with low expectediation outcomes. To check whether these

correlations drive the previous results, IV teclueis|are employed, as described in section 3.

Table 6 shows linear first-stage regressions farsobdated firms as well as for the
probability of becoming and international acquiwar target. As discussed in section 3,
international M&As are instrumented by distancéhte closest foreign market and changes in
accounting uniformity. As expected, accounting amifity increases both the probability of
being acquired and the propensity to engage imtamnational acquisition. For instance, an

increase in accounting uniformity by one standadation increases the probability of being

% These numbers are computed as exp(0.309)-1 fairawgfirms and exp(-0.548)-1 for target firms. tdahat
the overall effect on the merged entity is not diyaequal to the (size-weighted) sum of target aoduirer
effects, as some (although relatively little) inatign is undertaken in countries other than thatioa of
target's and acquirer's headquarters. Full esmmagésults including control variables can be foimd@iable A3
in the Appendix. Also note that since the estimmaample is restricted to M&As for which information both
acquiring and target firm is available, and exchiflens with multiple acquisitions, the number dfservations
for acquirers and targets is identical. The nundf@bservations in regressions for the mergedyeistithe same
as well, since merging pairs are treated as omelfisth before and after the M&A in these specifarad. In all
specifications, the comparison group consists afmerging firms.
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acquired by 0.106 percentage pofit¥his may sound like a small effect, but it is abegual

to a quarter of the yearly acquisition probabibtywong all firms (which is equal to 0.42%).

Distance to the border has a negative impact onptbeensity of being acquired but a

positive effect on the likelihood of acquiring adan firm. For instance, an increase in the
logarithm of distance by one standard deviatioro@alb0 log points or 190 kilometers / 118

miles) decreases the probability of being acquired given year by about 0.11 percentage
points, more than a quarter of the yearly acqoisiprobability as well.

Besides the economic significance, both excludedruments are individually and
jointly highly significant. The Kleinbergen-Paapatstic - which can be regarded as an
approximation of the distribution of the weak-instrent test with non-iid errors - yields
values between 24 and 32. This is higher than tiieat value for a maximum IV bias of
10% of the weak identification test proposed bycBtand Yogo (20053 The overall F
statistic of the first stage is highly significag well.

Results of the linear second stage are present@dlimns (1)-(3) of Table 7, and
results of the non-linear GMM estimator are presénnh columns (4)-(6). The results of
previous regressions are confirmed. There is ableeand highly significantly positive effect
on innovation in the merged entity. This is accomed by a positive effect on patents with
inventors located in the country of the acquiréesadquarters but a decline in innovation
activity that involves inventors in the country thie target firm's headquarters. Due to the
transformation of the dependent variable, marggfigcts on the number of patents cannot be
derived from the linear specification. The estindadéfects in the GMM model for the merged
entity and acquirers (columns 4 and 5) are quiteilar to the baseline specification,
suggesting that a large part of the previously nestied positive correlation between
innovation and cross-border M&As stems from a ches@ct of international M&As on
innovation. The estimated effect for target firmelgmn 6) is negative and in absolute terms
larger than in the baseline estimation but lessipety estimated. The use of two different
exclusion restrictions allows the application oépidentification tests. Results of the Hansen
test statistics, depicted in Table 7, show thatniié hypothesis of orthogonality between the
residuals and the IVs cannot be rejected at corvaltlevels of significance in both linear
and non-linear IV models. Hence, once we accemitating uniformity as a valid 1V, the test

indicates exogeneity of distance to foreign markeis vice versa.

" This is calculated as 3.652*0.00029 based onttirelard deviation of uniformity (reported in Tatleand
the coefficient estimate in column (3) of Table 6.
% The critical value for a maximum IV bias of 10%1.93 in the present case (Stock and Yogo, 2005).
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All in all, the results confirm that cross-bordecqaisitions - possibly induced by
variation in accounting uniformity and distancefaoeign markets - have a positive effect on
patent outcomes in the merged entity and are acaoieg by a relocation of innovation

activities from foreign acquisitions targets to #wguiring firm's country.

5.2 Heterogeneous effects. industry, country and firm characteristics

From a theoretical and from an economic policy pah view, it is important to
understand whether there are positive impactstefnational M&As in general or only under
specific conditions. In this section, heterogeneefiiscts according to industry, country and
firm characteristics are analyzed. As the previcesults do not indicate that endogeneity
problems are severe in the baseline Poisson regmessieterogeneous effects are estimated
using this specification.

The first dimension of heterogeneity is variati@ncss industries. Previous research has
mostly analyzed effects of M&As on innovation of maéacturing firms. To ease comparison
with these studies, column (1) in Panel A of TaBleshows separate effects across
manufacturing (the base group) and service indsstrMarket access could be a more
important motive for services, since the latter aseally less easily traded across borders.
However, the results do not reveal significantet#hces across the two types of industry.
Another aspect of industry heterogeneity referthéotype of innovation typically undertaken
in an industry. For this purpose, industries aessified by whether process innovations are
likely to be of more importance than product inntevas2° As column (2) shows, the effects
of international M&As in predominantly process imating industries is a bit less
pronounced, but the difference is not statisticsiggnificant. Hence, the overall positive effect
of international M&As on innovation seems to hotulass different types of industry.

In column (3), the second dimension of heteroggneaitoss-country differences, is
analyzed using the classification from Table 3.yOaldummy variable indicating M&As
from Northern and Western Europe to Southern otdeagurope (or vice versa) is included.
The limited number of patenting firms that are etiéel by international M&As prevents a
more detailed analysis. It seems that internatidh@As between similar countries have a

larger impact on post-acquisition innovation outesiHowever, this effect disappears once a

2 Tobacco (NACE Rev 1.1. code 16), basic metals, f2Byicated metals (28), transport (62), post and
telecommunications (64) and various business iklstevices (741, 745, 746, 747) were classified as
predominantly process innovating industries (prededustry = 1) and all others as product innowatin
industries (process industry = 0, the base group).
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third aspect of firm heterogeneity - pre-acquisitidifferences in patent stocks between
acquiring and target firms - is controlled for (@@in 4).

The results in column (4) also show that the pesigffect of international M&As on
innovation seems to increase with both the acdsirnd the target firm’s pre-acquisition
patent stock. Interestingly, the coefficient IMtA - which measures the effect of international
M&A if both the acquirer's and the target's patstaick is O in this specification - becomes
negative. This indicates that international M&As amlikely to induce innovation if no
innovative activity has been carried out before dloguisition and may even decrease the
probability of starting to innovate. For a positivepact on the merged entity, the pre-
acquisition stock of the acquirer (target) has ¢oldrge if the target (acquirer) has not been
innovative previously. For instance, if the targgite-acquisitions patent stock is 0 and the
acquirer's patent stock is equal to the averagalfonvesting firms (12.98; see Table 2), the
predicted effect on the merged entity is approxatyad. The results show a positive and
significant coefficient for the interaction termrfacquirer's and target's patent stock. Thus,
the effect of the acquirer's patent stock on pogtisition innovation increases with the
target's pre-acquisition patent stock and viceaefhis might indicate complementarities in
acquirers' and targets' pre-acquisition technof8gy.

The role of pre-acquisition firm characteristicarsalyzed in further detail in Panel B of
Table 8. As column (1) in Panel B shows, heterogeaseffects according to pre-acquisition
patent stocks (and their interaction) cannot belagx@d by variation in firm size within
acquirers and acquisition targets. In columns (3 &), separate effects on innovation
carried out in the country of the acquirer’s and target firm’s headquarters are depicted.
The results show that pre-acquisition charactesstiave an asymmetric effect on acquirers
and targets. For instance, the larger the pre-aitouni knowledge stock of the acquirer, the
more pronounced is the positive (negative) efféahternational M&As on post-acquisition
innovation in the acquirer's (target's) countrynifarly, a larger pre-acquisition knowledge
stock of the target firm diminishes the asymmeéffect. Hence, relocation of innovation
activities seems to be most pronounced for largeapquisition differences in capabilities.
This indicates that innovation activities are neibcated from targets to acquirers per se but
to the more efficient part of the multinationalnfir(which is in most cases located in the

acquirer's country.)

% Although the patent data include information akteahnology classes, it is not straightforwarddenitify
complementarities or substitutability within anda@ss technology fields. It is thus left for futuesearch to
analyze this aspect in more detail.
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While the asymmetric effects between acquirer ayuand target country are not in
line with complementarities ipostacquisition innovation, it is possible that theg&trfirm's
pre-acquisitionknowledge stock is valuable to the acquirer'saeseprogram and that this
acquired knowledge is exploited in the acquiregardry rather than in both countries. Large
technology-based firms often acquire small innaxsattompanies whose technologies are
integrated into the acquirer's research progranteyvedrds. A prominent example is the
acquisition of the Australian company Where2, whosgping software became the basis for
Google Maps® Further, target firms might own patents which hareviously blocked

innovation on the part of acquiring firns.

5.3 Extensions and robustness checks
5.3.1 Cross-border M&As involving non-European does and multiple acquisitions

So far, the analysis has been limited to acqursstiwithin Europe and to firms that have
carried out only one acquisition. This restricticannot be relaxed for estimates for the
consolidated entity, as balance sheet data ardelinto European firms and innovation
indicators are constructed from patent applicatianthe European patent office. However,
the effects of acquisitions on innovation carried im the country of acquiring (target) firms
based in Europe can be estimated even if the téagquirer) is located in another part of the
world.

Similarly, separate effects for the acquirer's gr@target's country for firms involved
in multiple deals can be estimat&drherefore, théMA dummy is recoded to take a value of
one if a firm has acquired at least one foreigm fivithin the last three years. For target firms,
IMA takes a value of one if they have been acquiréehat oncé? The number of acquisition

targets increases not only because of non-Europeguoirers but also due to acquisition

31 See, for instance, "The new GE: Google, everywh&eonomistJanuary 18, 2014
(http://www.economist.com/news/business/21594288gsdeals-internet-giant-has-positioned-itself-dee-
big-inventor-and) and David (2013) for further exdes.

%2 For an analysis of the blocking potential of pstesee, for instance, Ziedonis (2004) and Grimpk a
Hussinger (2009).

% In principle, multiple deals could be analyzedtfoe merged entity as well by constructing consaéd patent
counts and balance sheet indicators using all ftrashave been acquired by a particular (grougiof)s) at
any time. However, since all firms that ever acedia firm with a missing value in one of the acdmgitems
would have to be excluded, as would acquirersehat invested outside Europe and their target fithes
increase in the number of cross-border M&As woldd/bry limited. While it would be possible to calle
balance sheet and patent data for some non-Eurdipeesn it would be difficult to construct compatab
variables due to institutional differences in pasystems and different balance sheet reportinglatals across
countries and databases.

% Only a few targets had been acquired more thaa and excluding them did not change the resultshnt
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targets that were acquired by firms that engagedeweral acquisitions as these were
excluded from the baseline specification.

Results using this alternative approach are showiiable 9. The table confirms a
statistically significantly positive effect on adgang firms (columns 1 and 2). This positive
effect for acquirers is even larger than in theebas specification, which seems plausible,
sinceIMA now picks up multiple acquisitions as well. Coluig®) shows that the effect of
non-European M&As is somewhat smaller, but the aleffect (0.641-0.121) is still large
and statistically significant. For target firmsethffects are smaller in absolute terms than in
the baseline regressions. A likely explanation hat tacquirers which invest in multiple
acquisition targets may not relocate innovationvams every time they invest in a new
target firm.

Unfortunately, it is not possible to analyze theldwide effect of this extended sample
of M&As due to a lack of information on non-Europeéirms. However, the estimated
coefficients, together with the fact that acquirans characterized by a much higher degree of
pre-acquisition patent activity than acquisitiong&gs, indicate that firms within Europe can

still benefit from inward and outward internatiodd&As on aggregate.

5.3.2 Alternative outcome variables, identificat&irategies and robustness checks

As discussed in section 4, the use of patent-basedvation indicators has both
advantages and disadvantages over alternative mesastherefore, as a further robustness
check, logarithmic R&D expenditures are used asirmmovation (input) indicator for a
reduced sample, as described in section 3. Tab#hdws the results from linear fixed-effects
regressions. Unfortunately, this regression canubeonly for the merged entity, since R&D
expenditures have to be constructed from consekbahformation to end up with a
reasonable number of observations. The table shbuaisthere is a positive association
between international M&As and R&D which is of slani magnitude to the results for
patenting®

As an additional robustness check, a propensityesg@mtching combined with a DID
estimator is used to check robustness to the fgergi assumptions of Poisson and IV

regressions. An advantage of this approach oveusbeof Vs is that it does not rely on the

% Although only a small fraction of the original nber of observations can be used, the number of Mi&As
nonetheless 330 (more than a third of the origiaahple). The substantially larger loss in the numalbe
observations in the control group is because sinai$ rarely report R&D expenditures. Ideally, omeuld like
to study the effects of M&As on R&D, and of M&As @atents conditional on R&D. However, it would need
more observations on firms with a longer time seaER&D expenditures to construct a reasonablesoreaof
an R&D stock and to estimate a knowledge produdtioction, as, for instance, in Aghion et al. (2p13
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validity of exclusion restrictions to identify awsal effect. Further, it does not require a linear
relationship between control variables and inn@ratand restricts the analysis to firms that
are similar before the acquisition.

However, while the approach allows the selectiao iM&As to be based on time-
invariant unobservables, it imposes the strong rapton of selection on time-variant
observables. Both nearest-neighbor matching angepsity-score reweighting estimations
are conducted® To implement the propensity-score matching, a tLagbdel for the
propensity score is estimated for the consolidabedged entity (before the M&A) and the
control group. The dependent variable in the Logitdel takes a value of one if two firms
merge in the particular year. The matching procedarperformed with replacement and
imposing common support. The change in log(humb@atents +1) compared with the pre-
acquisition period is used as the outcome variahtéall control variables from the baseline
regression are employed as covaridfds. addition, the lagged patent stock is included t
make sure that merged firms and matched controle kasimilar knowledge stock and a
similar trend in patenting before acquisition.

The results of the matching approach can be foundrable 11. The estimated
coefficients, average treatment effects on thetdtgaare somewhat smaller than in the
baseline and IV estimates. However, they have anfalitative interpretation, due to the
transformation of the dependent variable. The miatchstimates confirm the positive effect
of international M&As on innovation in the mergedtigy. A drawback of the matching
estimator in the present application is that maightannot be conducted within industry—
country pairs due to a lack of the number of M&Asl @atenting firms for some industries
and countries. Nonetheless, as Table A5 in the Agipeshows, the balancing property holds
for the treatment and control group (this is alae tfor industry and country dummies not
displayed in the table), although unmatched samplesvery different. Results for the
estimation of the propensity score can be founBable A6 in the Appendix.

Table A7 shows the results of several further raless checks using patent counts for
the merged entity. It can be seen that the posdssociation between international M&As
and innovation also holds for alternative estinratiechniques such as a negative binomial
model with pre-sample patenting or fixed effectaa®ontrol for unobserved heterogeneity, a

fixed-effects Poisson model, and a linear fixecketlf model using the patent stock rather

% See e.g. Caliendo and Kopeinig (2008) for an deerof these methods and Busso et al. (2014) for an
analysis of their finite-sample properties.

3" Exclusion restrictions from the IV models are nséd as conditioning variables in the matching g, as
recent research suggests that matching on varialblies satisfy IV assumptions increases the amotint
inconsistency of matching estimators (Wooldridg202).
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than patent counts as the outcome varidble. Table A8, results from dynamic Logit
regressions, estimating the probability of a |lesst patent application per year, are depicted.
The table confirms the main results obtained framnt-data regressions.

Alternative dynamics, such as controlling for aded patent stock and logarithmic
transformations of pre-acquisition and pre-sampigemqting, do not affect the main
conclusion either, as columns (1)-(3) of Table AQhe Appendix show. The results are also
robust to controlling for time-variant industry- darncountry-specific variables such as
industry-wide patenting, sales growth, and entriega(column 4) and to industry- and
country- (column 5) and industry—country pair-sfiedcrends (column 6).

A possible concern is that innovation and patentimgld be affected by transfer pricing
and differences in tax rates across countries (seenstance, Karkinsky and Riedel, 2012;
Griffith et al., 2011). Although transfer pricingight be of relatively low importance in this
paper, as the location of inventors rather tharidbation of ownership is analyzed, it is still
possible that tax rates affect the location of R&Btivities within firms. If the results
obtained were affected by taxes, we should see riatation of innovative activity is
particularly pronounced for M&As in which the stiity corporate tax rates are lower in the
acquirer's than in the target's country. For thigopse, differences in statutory corporate tax
rates (from the Eurostat website) between acquainer target firm were computed for each
merging pair and interacted withlA. Results including this additional regressor amorted
in Table A10 in the Appendix. It seems indeed thigher tax rates in the acquirer's country
are associated with fewer patents in the mergety §nblumn 1) and the acquirer's country
(column 2) and more patents in the target's couojumn 3). However, this does not
explain the previous results, as the coefficient A - which measures the effect of
international M&As if the tax rate differential egjs O in this specificationis (in absolute
terms) even larger than in the baseline specitoator all three specifications. Further, the
role of tax rates for the relocation of innovatiarthe estimation sample is limited, as, for the
merging pairs, the average statutory tax rate enaitquirer's country is (slightly) higher than
in the target's country (the difference is equd.&8 percentage points on average).

Finally, some preliminary evidence on other outcowaiables, sales growth and
productivity growth, is provided. The results aregented in Table 12. For the consolidated
entity, there seems to be a positive, although eardgkly significant, effect on productivity
(column 1) and a large and highly significantly ijt@s effect on sales growth (2). Similar

% The estimated coefficient for the patent stoakiish smaller than for patent counts but indicateisnéar
increase in patenting, as yearly patent counts@verage equal to about a fifth of the patertks{eee Table
1).
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effects are estimated for acquiring firms: the @ffen sales growth is large and significant
(column 4) but the effect on productivity is ingifggant (column 3). However, this does not
seem to be accompanied by a relocation from tdnges. In contrast, targets display higher
growth of both productivity (column 5) and salesl@@nn 6) after acquisition. Hence, it
seems that there are specific features to innava#ictivities distinct from the overall
organization of production. As discussed in secfpthere are incentives for a geographical
concentration of headquarter activities such as R&D innovation which do not necessarily
apply to general production.

A possible explanation for the lack of significgambductivity effects in acquiring firms
might be that it takes more time for innovationsaffect productivity. Target firms seem to
benefit in terms of higher sales and productivitydicating that part of the knowledge
generated in the acquirer's country (possibly leeftre acquisition) is transferred to
acquisition targets. This interpretation is in liméh recent empirical contributions which
argue that foreign target firms adopt new machimed implement organizational changes
after being acquired by a foreign firm (e.g. Guagal et al., 2012). In the present paper, the
focus is on patents, which capture innovations tewhe market. Hence, the relocation of
innovative activity is not at odds with a transfef existing knowledge after foreign

acquisitions.

6. Conclusion

The effects of cross-border M&As are subject tooatversial debate in economic
policy, especially if they take place in knowledge&nsive industries. This paper analyzes the
impact of cross-border M&As on measures of innamratbutput — constructed from patent
data — of European firms and the relocation of wation activity within multinationals across
countries. After a cross-border M&A, there seem$doa large increase in patenting within
the merged entity of more than 20% within threerge@his correlation is also visible within
industries and countries and after controlling éotarge set of firm-level characteristics,

including pre-acquisition patent activity and unedved firm heterogeneity.

Applying variants of instrumental variable techreguwhich exploit variation in
distance to foreign markets across firms and wvanain accounting standards across
industries, countries and time, it is found thats#n correlations seem to arise from a causal
effect of cross-border M&A on innovation. The rdsudre robust to alternative innovation

indicators such as citation-weighted patents anddR&penditures and the application of a
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variety of alternative estimation methods, inclgdirpropensity-score matching and
reweighting approaches combined with a differemcdHferences estimator. The overall
positive effect seems to hold across industriescanhtries with different characteristics. The
largest impact of cross-border M&As on innovatisrfound when the pre-acquisition patent
stocks of acquiring and target firms are both laff@s indicates that access to innovative

assets in target firms is an important factor festpacquisition innovation outcomes.

Splitting the effect of cross-border M&A by countoy invention, it is found that the
positive association with post-acquisition pategig mainly driven by innovations generated
in the country of the acquirer's headquarters, evtilhere is on average a decrease in
innovations generated in the target’'s country ofertban 40%. This implies that cross-border
M&As are accompanied by a relocation of innovataativity across countries. The main
reason for this relocation seems to lie in the @igtlegree of innovation in acquiring firms
before cross-border M&As. The asymmetry of effeasong acquiring and target firms is
most pronounced if pre-acquisition differences atept stocks are large. This implies that
innovation activity is relocated towards more eéfit parts of the multinational company

rather than from target to acquiring firms per se.

At first glance, the results provide some ratiorfatedecision makers in policy to block
inward foreign acquisitions in their country, asawation in target firms seems to decrease on
average after international M&As. This is partictyahe case if spillovers from innovative
activity are localized. However, the results alsmgest that restrictions on cross-border
M&As may reduce global innovation activities - ahence long-term economic growth and
welfare - as they prevent a relocation of innovagativity towards more efficient usage and
enhanced innovation in acquiring countries. Theeefeestricting inward foreign acquisitions

may be a myopic strategy if it induces restrictitnesn other countries as a response.

For future research, it might be interesting toly®a sample of firms which contains
information on innovation indicators about acqusrand targets around the world. It would
also be interesting to look at other outcome védemlin more detail and to link empirical
results to a theoretical model that analyzes theelmray between acquiring and target firms

and heterogeneous effects of cross-border M&As antioem.
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Tables

Table 1: Summary statistics

Variable Mean SD

patent stock cumulated number of patents, 15% depreciation 5.271 32.676
patents number of patent applications per year 1.031 7.729
patent cite number of patents, weighted by forward citations 7.178 65.461
sales sales in €1,000 15,383 131,739
working capital (current assets - current liabilities)/total assets 0.165 0.329
TFP total factor productivity, relative to industry nrea -0.039 1.003
capital intensity tangible fixed assets / sales 0.577 18.483
age firm age in years 18.425 21.631
pre sample patents  average number of pre-sample patents (1978-2000) 0.095 0.845
IMA =1 if international M&A in current year 0.004 0.064
DMA =1 if domestic M&A in current year 0.015 0.121
R&D R&D expenditures in €1,000 (reduced sample) 20,510 234,688
distance distance to closest foreign market in 100km 2.744 1.547
accounting uniformity growth #industry peers with same accounting practic 2.533 3.652

Notes: Statistics are based on 229,479 observatiocensolidated companies.

Table 2: Mean values of key variables: merging $imnd controls

international M&A

control firms acquirers targets
patent stock 4.186 12.980 2.566
patents 0.783 3.081 0.236
patent citations 6.996 51.069 4.929
sales 9,694 181,917 47,818
working capital 0.161 0.136 0.128
TFP -0.053 0.259 0.219
capital intensity 0.588 0.789 8.013
age 17.963 32.634 27.730
pre-sample patents 0.081 0.251 0.089
R&D 18,181 49,228 13,790

Notes: Statistics are based on unconsolidated coegaValues for
acquirers and targets are based on pre-acquisipierieds. See Table 1

for definitions of variables.
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Table 3: International M&As across regions

target region
acquirer region west north south CEE all
western 203 40 66 53 362
northern 46 126 10 39 221
southern 135 8 88 30 261
CEE 8 1 6 82 97
All 392 175 170 204 941

Notes: Western Europe includes Germany, UK, Netineld, Ireland, Belgium, France, Austria,

Switzerland, Luxemburg. Southern Europe includeailgpltaly, Portugal, Greece, Malta, Cyprus.

Northern Europe includes Sweden, Norway, Finlanehmark, Iceland. Central and Eastern Europe
(CEE) includes Estonia, Latvia, Lithuania, Croat@azech Republic, Romania, Russia, Serbia,
Slovakia, Ukraine, Slovenia.

Table 4: Cross-border M&As and innovation in thergeel entity

1) (2) (3) (4) (5)
patents patents cite weighted patents patents
IMA(t-1/t-3) 0.865***  (0.274*** 0.262***
(0.045) (0.046) (0.059)
IMA(t-1) 0.236*** 0.239***
(0.077) (0.077)
IMA(t-2) 0.263*** 0.266***
(0.072) (0.072)
IMA(t-3) 0.384*** 0.386***
(0.078) (0.079)
IMA(t) 0.034
(0.089)
IMA(t+1) -0.010
(0.107)
IMA(t+2) 0.042
(0.129)
Selection controls No yes yes yes yes
Observations 229,479 229,479 191,451 229,479 229,479
Pseudo R squared 0.629 0.702 0.780 0.703 0.703
Pseudo log likelihoo-17,886 -14,358 -51,128 -14,321 -14,321

Notes: *** (** *) denotes significance at the 1%%H 10%) level. Table shows the results from count-
data regressions for consolidated companies. Thendkent variable is the number of patents per year.
column (3), patents are weighted by forward citagidMA is an indicator variable taking a valueooie

if two firms in different countries merged in thespective years. t refers to the year in which rgate
applications are measured. IMA(t-1)(t-2, t-3) tliere measures the correlation between IMA and
patenting one (two, three) years after the intéonat M&A, while IMA(t+k) measures the correlation
between IMA and patenting k years before the M&#arard errors (clustered by firm) are shown in
parentheses. All regressions include industry, tguand time dummies and control for pre-merger and
pre-sample patenting and domestic M&As. Resultsébection controls can be found in Table A2.

33



Table 5: Cross-border M&A and innovation in the @ogr's and target's countries

) 2) 3 4)

acquirer acquirer target target
IMA(t-1/t-3) 0.429%** 0.309*** -0.947*** -0.548***

(0.053) (0.047) (0.188) (0.184)
Selection controls No yes no yes
Observations 229,479 229,479 229,479 229,479
Pseudo R squared 0.433 0.602 0.395 0.543
Pseudo log likelihood -26,522 -18,630 -19,557 -14,759

Notes: *** (** *) denotes significance at the 1% %5 10%) level. IMA is an indicator variable
taking a value of one if a firm acquired a foreigym (was acquired by a foreign firm) in the
respective year. Standard errors (clustered by)fine shown in parentheses. All regressions
include industry, country and time dummies and stfor pre-merger and pre-sample patenting
and domestic M&As. Results for selection contras de found in Table A3. Only patents with
inventors located in the firms' headquarters amntam. Patent counts and control variables are
based on the acquirer in columns (1) and (2) anthemarget in columns (3) and (4).

Table 6: First-stage regressions

) 2 3
consolidated acquirer target
accounting uniformity 0.00019*** 0.00021*** 0.00029***
(0.00006) (0.00006) (0.00007)
In(distance) 0.00213*** 0.00215%*** -0.00171***
(0.00049) (0.00049) (0.00027)
Observations 229,479 229,479 229,479
R squared 0.040 0.048 0.118
F-test 14.78 15.10 17.25
Kleinbergen Paap rk Wald F 28.94 32.19 24.53
Hansen (p value) 0.105 0.585 0.192

Notes: *** (***) denotes significance at the 1% %§ 10%) level. Standard errors (clustered by
industry) are shown in parentheses. All regressinokide industry, country and time dummies as
well as selection controls. Results for selectiontls can be found in Table A4. In column 1 (2, 3
variables are based on the merged entity (acquéneyet firm).

Table 7: Controlling for endogeneity: GMM and lind¥l

(1) (2) (3) (4) (5) (6)
linear IV linear IV linear IV GMM GMM GMM
consolidated acquirer target consolidated acquirer target
IMA(t-1/t-3) 0.610*** 0.454** -0.435*** 0.270** 0.509*** -1.567*
(0.236) (0.213) (0.138) (0.119) (0.138) (0.876)
Observations 229,479 229,479 229,479 229,479 229,479 229,479
(pseudo) R squared 0.227 0.239 0.184 0.616 0.312 0.287
F-test 20.923 19.712 14.479 - - -
Hansen (p-value) 0.105 0.585 0.192 0.796 0.154 0.748

Notes: *** (** *) denotes significance at the 1%%g 10%) level. Standard errors (clustered by imyligtre shown in parentheses.
IMA is an indicator variable taking a value of difiéwo firms in different countries merged in thespective years. All regressions
include industry, country and time dummies, andhier selection controls. In columns 1&4 (2&5,3&6griables are based on the
merged entity (acquirer, target firm).
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Table 8: Heterogeneous effects
Panel A: Country and industry characteristics

(1) (2) (3) (4)
IMA(t-1/t-3) 0.260***  0.314***  0.365*** -0.269***
(0.050) (0.048) (0.053) (0.071)
IMA *service industry 0.071
(0.105)
IMA * process industry -0.109
(0.122)
IMA( north/south, east/west) -0.264*** -0.042
(0.087) (0.104)
IMA *patent stock acquirer (t-4) 0.020***
(0.001)
IMA *patent stock target (t-4) 0.015%**
(0.002)
IMA * patent stock acquirer (t-4) 0.011***

* patent stock target (t-4) (0.001)
Observations 229,479 229,479 229,479 229,479
Pseudo R squared 0.702 0.705 0.702 0.707
Pseudo log likelihood -14,358  -14,241  -14,353  -14,120

Panel B: Firm characteristics
1) (2) (3) (4)
consolidated consolidated acquirer target
IMA(t-1/t-3) 0.366*** -0.254*** -0.027 -0.558***
(0.107) (0.059) (0.061) (0.216)
IMA *patent stock acquirer (t-4) 0.019*** 0.021*** 0.012%** -1.377*
(0.001) (0.001) (0.001) (0.810)
IMA *patent stock target (t-4)  0.014*** 0.014%** -0.062* 0.218***
(0.002) (0.001) (0.035) (0.040)
IMA * patent stock acquirer (t-4) 0.012*** 0.010*** 0.010*** 0.203

* patent stock target (t-4) (0.001) (0.001) (0.001) (0.127)

IMA *size acquirer (t-4) -0.033
(0.024)

IMA *size target (t-4) -0.007
(0.040)

IMA * size acquirer (t-4) -0.003

* size target (t-4) (0.005)

Observations 229,479 229,479 229,479 229,479
Pseudo R squared 0.705 0.702 0.702 0.707
Pseudo log likelihood -14,241 -14,358 -14,353 -14,120

Notes: *** (** *) denotes significance at the 1%%g 10%) level. Table shows the results from couwatad
regressions. The dependent variable is the nunflptents per year. IMA is an indicator variablkitg a
value of one if two firms in different countries rged in the respective years. Standard errorstérks by
firm) are shown in parentheses. All regressionkigte industry, country and time dummies as well as
selection controls.
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Table 9: Inclusion of multiple acquirers and acdiass outside of Europe

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

acquirer Acquirer target target
IMA(t-1/t-3) 0.613*** 0.641*** -0.151** -0.163***

(0.042) (0.043) (0.061) (0.062)
IMA non-Europe -0.121%** 0.053

(0.045) (0.051)

Observations 232,179 232,179 251,721 251,721
Pseudo R squared  0.649 0.649 0.598 0.598
Pseudo log likelihood -18105 -18101 -16925 -16924

Notes: *** (** *) denotes significance at the 1%%g 10%) level. Table shows the results
from count-data regressions. The dependent variabliee number of patents per year.
IMA is an indicator variable taking a value of oifegwo firms in different countries
merge in the respective years. "IMA non-Europe'ttall value of one if a European firm
acquired a non-European firm (columns 1 and 2) awa-European firm acquired a
European firm. Standard errors (clustered by firang shown in parentheses. All
regressions include industry, country and time digsras well as selection controls.

Table 10: Cross-border M&As and R&D in the mergatitg

1) 2) 3) (4)
IMA(t-1/t-3) 0.219*** 0.224***
(0.056) (0.056)
IMA(t-1) 0.127 0.127
(0.100) (0.100)
IMA(t-2) 0.148* 0.147*
(0.079) (0.079)
IMA(t-3) 0.262*** 0.271***
(0.082) (0.082)
Selection controls no No yes yes
Observations 9,607 9,607 9,607 9,607
R squared 0.014 0.014 0.016 0.016

Notes: *** (** *) denotes significance at the 1%%g 10%) level. Table shows the results
from linear fixed-effects regressions for consdédhcompanies. The dependent variable
is the logarithm of R&D expenditures. IMA is an icator variable taking a value of one
if two firms in different countries merged in thespective year. Standard errors
(clustered by firm) are shown in parentheses. égiressions include firm and time fixed
effects. Selection controls in columns (3) and @lude all time-variant control
variables from the patent regressions.
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Table 11: Propensity-score matching and DiD: avetagatment effects on the treated

1) 2 3) 4) ®) (6)

t+1 t+1 t+2 t+2 t+3 t+3
matching approach 1-to-1 reweighting 1-to-1 reweighting 1-to-1 reweighting
IMA(t-1/t-3) 0.084*** 0.087*** 0.1212*** 0.1172*** 0.133*** 0.126***

(0.031) (0.024) (0.035) (0.028) (0.038) (0.031)
Observations 1,759 220,316 1,759 220,316 1,759 220,316
R squared 0.005 0.003 0.006 0.004 0.008 0.004

Notes: *** (** *) denotes significance at the 1%%g§ 10%) level. Standard errors (clustered by fiarg shown in parentheses.
IMA is an indicator variable taking a value of aifiéwo firms in different countries merged in thespective years. The outcome
variables is In(patents(j)+1)-In(patents(t-1)+13sed on consolidated firms, where t is the yedh@fmerger and j=t+1, t+2 or t+3.
All regressions include time dummies.

Table 12: Alternative outcome variables

1) 2) 3 4) ®) (6)
TFP sales TFP sales TFP sales
consolidated consolidated acquirer acquirer target target
IMA(t-1/t-3) 0.047* 0.172%** 0.038 0.176*** 0.164*** 0.269***
(0.025) (0.033) (0.029) (0.040) (0.037) (0.051)
Observations 163,134 187,273 165,784 189,487 164,241 188,115
R squared 0.150 0.069 0.154 0.070 0.150 0.068

Notes: *** (***) denotes significance at the 1% 9%® 10%) level. Table shows the results from linmagarithmic growth
regressions. IMA is an indicator variable takingadue of one if two firms from different countrieserged in the respective year.
Standard errors (clustered by firm) are shown ieptheses. All regressions include industry, cquatrd time dummies as well as
selection controls.
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Appendix: Additional tables

Table Al: International M&As by industry

Industry Share of M&As in %
Manufacture of food, beverages & tobacco 10.2
Manufacture of textiles 3.08
Manufacture of wearing apparel 0.32
Manufacture of leather and leather products 0.11
Manufacture of wood and wood products 1.38
Manufacture of pulp, paper and paper products 2.23
Publishing, printing and reproduction of recordeedia 2.98
Manufacture of coke, refined petroleum products runclear fuel 0.43
Manufacture of chemicals and chemical products 9.78
Manufacture of rubber and plastic products 531
Manufacture of other non-metallic mineral products 2.66
Manufacture of basic metals 3.83
Manufacture of fabricated metals 4.68
Manufacture of machinery and equipment n.e.c. 7.97
Manufacture of office machinery and computers 0.64
Manufacture of electrical machinery and apparatasn 2.55
Manufacture of radio, television and communicagoipment 1.28
Manufacture of medical, precision and optical imstents 2.34
Manufacture of motor vehicles, trailers and semilérs 2.34
Manufacture of other transport equipment 0.64
Manufacturing n.e.c. 2.23
Air transport 0.43
Supporting and auxiliary transport activities 3.61
Post and telecommunication 0.74
IT-related services 5.31
Research and development 0.53
Business-related services 22.42
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Table A2: Cross-border M&As and innovation in therged entity

1) (2) (3) (4) ) (6)
patents patents Citations patents patents patents
IMA(t-1/t-3) 0.865*** 0.274%** 0.262*** 0.261***
(0.045) (0.046) (0.059) (0.051)
IMA(t-1) 0.236*** 0.239***
(0.077) (0.077)
IMA(t-2) 0.263*** 0.266***
(0.072) (0.072)
IMA(t-3) 0.384*** 0.386***
(0.078) (0.079)
IMA(t) 0.034
(0.089)
IMA(t+1) -0.010
(0.107)
IMA(t+2) 0.042
(0.129)
patents(t-4) 0.025*** 0.010%*** 0.002*** 0.010%*** 0.010%** 0.020***
(0.001) (0.000) (0.000) (0.000) (0.000) (0.001)
D(pre-sample patents) 5.374*** 3.906*** 5.065*** 3.909*** 3.909*** 3.984***
(0.041) (0.043) (0.020) (0.043) (0.043) (0.046)
pre-sample patents 0.041*** 0.066*** 0.021*** 0.067*** 0.067*** 0.043***
(0.003) (0.003) (0.000) (0.003) (0.003) (0.003)
DMA(t-1/t-3) 0.222%** -0.361*** -2.168*** -0.271*** -0.271%** -0.271***
(0.049) (0.048) (0.150) (0.055) (0.055) (0.055)
log sales(t-4) 0.521%** 0.496*** 0.523*** 0.522%** 0.489***
(0.008) (0.005) (0.008) (0.008) (0.009)
working capital(t-4) 0.694*** 0.142%** 0.698*** 0.697*** 0.416***
(0.043) (0.028) (0.043) (0.043) (0.047)
TFP(t-4) 0.343*** -0.015 0.343*** 0.343*** 0.305***
(0.024) (0.011) (0.024) (0.024) (0.025)
capital intensity (t-4) 0.241%** 0.064*** 0.243*** 0.243*** 0.197***
(0.016) (0.008) (0.016) (0.016) (0.017)
log age -0.165*** -0.684*** -0.162*** -0.161*** -0.120***
(0.017) (0.009) (0.017) (0.017) (0.019)
Observations 229,479 229,479 191,451 229,479 229,479 191,451
Pseudo R squared 0.629 0.702 0.780 0.703 0.703 0.708
Pseudo log likelihood -17,886 -14,358 -51,128 -14,321 -14,321 -12,514

Notes: *** (***) denotes significance at the 1% %% 10%) level. Table shows the results from cowatkdregressions for
consolidated companies. The dependent variableistmber of patents per year. In column (3), piatere weighted by forward
citations. IMA is an indicator variable taking alva of one if two firms in different countries medyin the respective year. t
refers to the year in which patent applications @ranted. Standard errors (clustered by firm) dm@w in parentheses. All
regressions include industry, country and time digsm
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Table A3: Cross-border M&As and innovation in tlogairer's and the target's country

1) (2) (3) (4)
acquirer acquirer target target
IMA(t-1/t-3) 0.429%** 0.309*** -0.947*** -0.548***
(0.053) (0.047) (0.188) (0.184)
patents(t-4) 0.047*** 0.024*** 0.041%** 0.027***
(0.001) (0.001) (0.001) (0.001)
D(pre-sample patents) 3.568*** 1.971%** 2.361*** 1.202***
(0.041) (0.040) (0.100) (0.099)
pre-sample patents 0.349*** 0.256*** 1.227%** 0.679***
(0.013) (0.014) (0.050) (0.050)
DMA(t-1/t-3) 0.063 -0.535*** -0.086 -0.801***
(0.057) (0.052) (0.131) (0.131)
log sales(t-4) 0.806*** 0.754**
(0.008) (0.010)
working capital(t-4) 0.463*** 0.289***
(0.059) (0.070)
TFP(t-4) 0.121%** 0.236***
(0.020) (0.024)
log capital intensity (t-4) 0.236*** 0.256***
(0.015) (0.018)
log age -0.161*** -0.162***
(0.017) (0.017)
Observations 229,479 229,479 229,479 229,479
Pseudo R squared 0.433 0.602 0.395 0.543
Pseudo log likelihood -26,522 -18,630 -19,557 -14,759

Notes: *** (** *) denotes significance at the 1%%g§ 10%) level. IMA is an indicator variable
taking a value of one if a firm acquired a foreigym (was acquired by a foreign firm) in the
respective year. Standard errors (clustered by)fine shown in parentheses. All regressions
include industry, country and time dummies and stfor pre-merger and pre-sample patenting
and domestic M&As. Only patents with inventors lechin the firms' headquarters country are
counted. Patent counts and control variables asedban the acquirer in columns (1) and (2) and
on target in columns (3) and (4).

40



Table A4: Instrumental variable estimation firsaggt results

1) (2) (3)
merged entity acquirer target
accounting uniformity 0.00019*** 0.00021*** 0.00029***
(0.00006) (0.00006) (0.00007)
log distance 0.00213*** 0.00215%*** -0.00171***
(0.00049) (0.00049) (0.00027)
patents(t-4) 0.00021 0.00005 -0.00021***
(0.00056) (0.00026) (0.00007)
D(pre-sample patents) 0.02176*** 0.17707*** -0.11353***
(0.00282) (0.01872) (0.00359)
pre-sample patents 0.00308 0.02488 0.17484***
(0.00395) (0.02068) (0.04372)
DMA(t-1/t-3) 0.05617*** -0.02548*** -0.11499%**
(0.00444) (0.00105) (0.00359)
log sales(t-4) 0.00372*** 0.00490%** 0.00058***
(0.00017) (0.00019) (0.00010)
working capital(t-4) 0.00263*** 0.00349*** -0.00095*
(0.00059) (0.00059) (0.00057)
TFP(t-4) -0.00279*** -0.00375*** -0.00033
(0.00026) (0.00027) (0.00024)
log capital intensity (t-4) 0.00006 0.00004 -0.00007
(0.00011) (0.00011) (0.00011)
log age -0.00050 -0.00098*** 0.00016
(0.00031) (0.00030) (0.00029)
Observations 229,479 229,479 229,479
R squared 0.040 0.048 0.118
F test 14.78 15.10 17.25
Kleinbergen Paap rk Wald F 28.94 32.19 24.53
Hansen (p-value) 0.105 0.585 0.192

Notes: *** (***) denotes significance at the 1% %§ 10%) level. Standard errors (clustered by
industry) are shown in parentheses. All regressinalside industry, country and time dummies. In
column 1 (2,3) variables are based on the mergtty éacquirer, target firm).
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Table A5: Test of the balancing property

Variable Sample Treated Control t-test, p>|t|
propensity score Unmatched 0.15956 0.00362 0.000
Matched 0.15956 0.15949 0.993
log patent stock (t-1) Unmatched 2.2482 0.07881 0.000
Matched 2.2482 1.8861 0.448
log patents(t-1) Unmatched 0.51541 0.01972 0.000
Matched 0.51541 0.45909 0.650
log sales(t-1) Unmatched 10.978 6.7585 0.000
Matched 10.978 11.039 0.459
working capital(t-1) Unmatched 0.25506 0.16052 0.000
Matched 0.25506 0.24649 0.599
TFP(t-1) Unmatched 0.36316 -0.05294 0.000
Matched 0.36316 0.35728 0.891
log capital intensity (t-1) Unmatched 0.29887 0.58816 0.639
Matched 0.29887 0.35927 0.143
log age Unmatched 3.1184 2.6514 0.000
Matched 3.1184 3.1185 0.999
D(pre-sample patents)  Unmatched 0.17747 0.01551 0.000
Matched 0.17747 0.15728 0.241
pre-sample patents Unmatched 0.09513 0.034 0.000
Matched 0.09513 0.07552 0.419

Notes: Table shows mean values of variables foigingr(treated) firms at the year before the M&Asian
control firms. Unmatched and matched refers to sasnpefore and after matching. T-test is a testtler
equality of mean values for each variable acrossys.
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Table A6: Propensity score estimation

log patent stock (t-1) 0.605***

(0.149)
log patents(t-1) -0.516%**
(0.165)
D(pre-sample patents) 0.085
(0.172)
pre-sample patents -1.213***
(0.319)
log sales(t-1) 1.171%*
(0.025)
working capital(t-1) 1.956***
(0.142)
TFP(t-1) -0.471%**
(0.062)
log capital intensity (t-1) 0.178***
(0.040)
log age -0.001
(0.051)
Observations 219,465

Pseudo R squared 0.410
Pseudo log likelihood -3579

Note: *** (** *) denotes significance at the 1%
(5%, 10%) level. Table shows the results from a
Logit regression. The dependent variable takes a
value of one if an international M&A takes place
in year t. Standard errors (clustered by firm) are
shown in parentheses. Regression includes
industry, country and time dummies.
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Table A7 : Alternative estimation methods

) 2 3 4
Neg.bin. Poisson Neg.bin. OLS
Patents patents patents In(pat. stock+1)
IMA(t-1/t-3) 0.565***
(0.217)
post IMA(t-1) 0.354*** 0.445*** 0.041***
(0.075) (0.148) (0.003)
log sales(t-4) 0.704*** 0.054 0.023 0.003***
(0.022) (0.043) (0.044) (0.000)
working capital(t-4) 0.560*** -0.459%** -0.137 0.001
(0.111) (0.070) (0.124) (0.001)
TFP(t-4) -0.240%** 0.217*** 0.079 -0.002***
(0.064) (0.073) (0.098) (0.001)
log capital intensity (t-4) 0.108*** 0.071** 0.127** 0.000
(0.038) (0.034) (0.057) (0.000)
log age -0.278*** -0.186** 0.089 -0.001
(0.050) (0.076) (0.095) (0.001)
patents(t-4) 0.831***
(0.047)
pre-sample patents 2.058***
(0.332)
DMA(t-1/t-3) 0.178
(0.159)
post DMA(t-1) -0.465*** -0.016 0.009***
(0.065) (0.141) (0.001)
Firm fixed effects no yes yes yes
Observations 229,479 229,479 229,479 229,479
Pseudo R squared 0.275 0.702 0.780 0.003
Pseudo log likelihood -8,425 -3,129 -2,737

Notes: *** (***) denotes significance at the 1% %% 10%) level. Table shows the results from cowat&d
regressions for consolidated companies. The depéndeiable is the number of patents per year. IMAan
indicator variable taking a value of one if twaonfis in different countries merged in the respecywars. Standard
errors (clustered by firm) are shown in parentheAfigsegressions include industry, country anddidummies.
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Table A8: Alternative outcome variable: Logit modl® number of patents>0

1) (2) (3)
consolidated acquirer target
IMA(t-1/t-3) 0.638*** 0.581*** -0.549*
(0.157) (0.160) (0.318)
sales(t-4) 0.513*** 0.556*** 0.442%**
(0.019) (0.018) (0.021)
working capital(t-4) 0.775%*+* 0.786*** 0.599***
(0.108) (0.109) (0.125)
TFP(t-4) 0.030 0.060 0.062
(0.057) (0.055) (0.064)
log capital intensity (t-4) 0.198*** 0.206*** 0.175***
(0.037) (0.037) (0.041)
log age -0.181*** -0.230%*** -0.206***
(0.045) (0.045) (0.052)
D(patents(t-4)) 3.005*** 2.433%** 3.151%**
(0.081) (0.139) (0.094)
D(pre-sample patents) 2.361*** 2.433*** 2.641***
(0.112) (0.139) (0.123)
DMA(t-1/t-3) -0.018 -0.481*** -0.570**
(0.139) (0.155) (0.221)
Observations 229,479 229,479 229,479
Pseudo R squared 0.413 0.360 0.378
Log likelihood -5,060 -5,257 -4,299

Notes: *** (** *) denotes significance at the 1%%& 10%) level. Table shows the results from
Logit regressions. The dependent variable takedwe\of one if at least one patent was filed in
year t. IMA is an indicator variable taking a valokone if two firms in different countries

merged in the respective year. Standard errorstéried by firm) are shown in parentheses. All
regressions include industry, country and time digsm
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Table A9: Cross-border M&As and innovation: altéivendynamics

(1) (2) (3 4 (5) (6)
IMA(t-1/t-3) 0.265*** 0.183*** 0.276*** 0.265*** 0.237*** 0.227***
(0.046) (0.047) (0.047) (0.046) (0.046) (0.051)
patent stock(t-4) 0.002***
(0.000)
log patents(t-4) 0.696***
(0.018)
D(patents(t-4)>0) 1.272%**
(0.054)
log patent stock(t-4) 1.058***
(0.017)
D(patent stock(t-4)>0) 2.653***
(0.083)
patent count (t-4) 0.005*** 0.0171%** 0.010***
(0.001) (0.001) (0.001)
log pre-sample patents 0.319*** -0.255%**
(0.027) (0.031)
pre-sample patents 0.005*** 0.079*** 0.064*** 0.112***
(0.000) (0.003) (0.003) (0.006)
D(pre-sample patents) 3.934*** 2.780%*** 0.193*** 3.849*** 3.906*** 3.827***
(0.043) (0.058) (0.074) (0.043) (0.043) (0.044)
DMA(t-1/t-3) -0.331*** -0.233*** -0.385*** -0.281*** -0.403*** -0.419%**
(0.048) (0.049) (0.049) (0.048) (0.049) (0.050)
log sales(t-4) 0.527*** 0.337*** 0.312%** 0.505*** 0.519%** 0.498***
(0.008) (0.009) (0.009) (0.008) (0.008) (0.009)
working capital(t-4) 0.733*** 0.183*** 0.009 0.500%*** 0.714%** 0.437***
(0.043) (0.040) (0.040) (0.043) (0.044) (0.046)
TFP(t-4) 0.361*** 0.084*** 0.016 0.342%** 0.341%** 0.399***
(0.023) (0.023) (0.023) (0.025) (0.023) (0.025)
log capital intensity (t-4) 0.217*** 0.140%*** 0.085*** 0.265*** 0.251*** 0.282***
(0.016) (0.016) (0.016) (0.017) (0.016) (0.017)
log age -0.224*** -0.065*** -0.003 -0.100*** -0.152*** -0.258***
(0.018) (0.018) (0.018) (0.018) (0.018) (0.020)
industry patents 0.502***
(0.024)
market growth -0.012
(0.014)
entry rate -0.044**
(0.018)
Ind.& country trend: no [o na [o yes neo
Ind-country pair trends no no no no no yes
Observations 229,479 229,479 229,479 229,479 229,479 229,479
Pseudo R squared 0.705 0.768 0.773 0.707 0.707 0.743
Pseudo log likelihood -14,203 -11,164 -10,938 -14,121 -14,113 -12,383

Notes: *** (** *) denotes significance at the 1% %% 10%) level. Table shows the results from cowntgdegressions for
consolidated companies. The dependent variableiadmber of patents per year. IMA is an indicatmable taking a value of
one if two firms in different countries merged ihetrespective year. Standard errors (clusteredirny) fare shown in
parentheses. All regressions include industry, trguand time dummies.
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Table A10: Controlling for differences in statutagrporate tax rates

1) (2) (3)

consolidated acquirer Target
IMA(t-1/t-3) 0.345%*** 0.424%** -0.672***

(0.047) (0.048) (0.206)
IMA*tax rate differential -0.065*** -0.082*** 0.117%**
(acquirer - target country)  (0.009) (0.008) (0.028)
Observations 229,479 229,479 229,479
Pseudo R squared 0.703 0.603 0.543
Pseudo log likelihood -14306 -18546 -14750

Note: *** (***) denotes significance at the 1% (5%40%) level. Table shows the results from
count-data regressions. The dependent variabl&d@snumber of patents per year. IMA is an
indicator variable taking a value of one if twonfis in different countries merged in the respective
year. "IMA*tax rate differential” measures the difénce in statutory corporate tax rates between the
acquirer's and the target's country. Standard £(pbustered by firm) are shown in parentheses. All
regressions include industry, country and time digsras well as selection controls.
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