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The hypothesis that when the imitation risk is supported from exports then the decision to patent abroad is in-
tensified is coming under scrutiny in the present paper, using data from 28 OECD countries. We investigate this
issue, via two routes: the full sample for all source countries and a group-based. Higher exports increase the im-
pact of imitation risk in the destination country on patenting abroad. The impact is positively correlatedwith the
source country's size. Business cycle impact is statistically significant and positive but the counter intuitive sign of
the IPR regime in the destination country demands further investigation. Finally, the distance variable is statisti-
cally significant and negative, verifying gravity model.
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1. Introduction

The world experienced an unprecedented internationalization of
economic activity during the last three decades. International trade
and foreign direct investment dominated this internationalization
assisting, among others, the developing countries to accelerate their
growth rates (e.g. Schneider, 2005). Internationalization, on the other
hand, led to the re-allocation of global economic activity, with OECD
countries becoming gradually knowledge and technology oriented
economies. In this environment, inventors from a country faced the
dilemma of expanding the protection of their invention in foreign
countries.

As a result of the trend in international patenting during the last two
decades, as Paci et al. (1997) note, firms in developed countries aim at
the commercial exploitation of their invention in foreign countries ei-
ther through exports or through licensing. Royalties and licence fees be-
come more and more an important source of international income
(Beattie, 2012) and, accordingly, the decisions of these inventors are af-
fected by the intellectual property rights protection framework of the
destination country.
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Research has moved towards identifying the factors on which this
decision might depend on, given the difficulty to identify the determi-
nants of patent value (e.g. (Ernst et al., 2010; Petrick and Echols,
2004). A track of the literature has followed Eaton and Kortum (1996)
who argue that imitation risk plays a significant role in the decision to
patent in a foreign country. Another track of the literature has followed
Smith (1999, 2001) who related the decision to export to a destination
country with the intellectual property rights protection framework in
this country.

This paper aims to explain the decision to patent abroad based on
the assumption that imitation risks do matter in relation with the
country's exports to the destination country since a certain share of
the patents granted by the source country patent office has internation-
al economic value and the patentee seeks protection in foreignmarkets.
It relies on an augmented gravity model to explain international
patenting of 28 OECD countries using data for the period 1995–2005
when most of the major institutional changes regarding intellectual
property rights after the TRIPs agreement has been implemented. In
order to make our results more robust, we decided to follow in our em-
pirical estimations two routes: the full sample for all home countries
and a group-based (“big” and “small andmedium” home countries), di-
viding countries according to their level of innovative activities. We
quantify the abovementioned hypothesis, using panel data methodolo-
gy, in the following way: higher exports from source to destination
country imply higher impact of imitation risk in the destination country
on patenting abroad. In particular, where the imitation risk has a posi-
tive impact on the decision to patent in a foreign country, the impact
Evidence fromOECD countries, Technol. Forecast. Soc. Change (2016),
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will be even more positive the higher the level of exports from the
source to the destination country. The result holds for the full sample
of countries and for the group of “small and medium” ones. However,
for the group of “big” countries the positive impact is not affected by
the interaction. Even though the individual variables, imitation risk
and exports, seem to impact the decision to patent abroad, the comple-
mentarity (interaction) is not statistically significant suggesting that
patenting abroad decision for the group of “big” countries is pursued
for other reasons than protecting exports.

The rest of the paper is organized as follows. Section 2 presents the
theoretical background and the hypotheses setting. Section 3 presents
the model and the data. Section 4 presents the empirical results and a
discussion. Finally, Section 5 offers some concluding remarks.
2. Theoretical background and hypotheses setting

Because national patents protect inventions only in domestic mar-
kets, inventors may decide to patent abroad. It is a fact that patenting
abroad has increased dramatically during the last three decades as
data from theWIPO database reveal. From the same database, however,
we conclude that a fraction of national patents is also patented abroad.
Some of the inventions do not have any economic value (Cohen and
Levin, 1989) and consequently the patentees would never try to patent
abroad given that patenting abroad bear significant administrative and
financial costs1. Then again, some of the patentees who could put into
effect the commercial exploitation of their patents do not identify a
technological or entrepreneurial opportunity and subsequently leave
their patents idle at the national patent office (Goniadis and
Varsakelis, 2012). From the patentees that, eventually, exploited com-
mercially their patents in the nationalmarket, some do not aim at an in-
ternational route and some others do not patent abroad because they
cannot see technological or entrepreneurial opportunities in othermar-
kets. The patentees, who recognise a technological or entrepreneurial
opportunity in international markets and aim at the international ex-
ploitation of their patent, examine next whether this opportunity is
country specific (usually the home country) or generic. If the invention
is home specific, the patentees do not have an economic incentive to
patent abroad. If the invention is generic, a potential economic value ex-
ists, even with someminor modifications of the invention, and the pat-
entees consider the case of patenting abroad. To the extent that
patentees perceive the potential economic value of their patents in for-
eign markets they should examine the countries where patenting their
inventions is profitable. They compare the potential economic benefit
from the patent with the cost of patenting in the specific country. This
cost-benefit analysis influences the selection decision of the countries
that are worth to patenting at. Hence, the decision to patent abroad
takes a strategic character rather than of a simple short run decision.

Internationalization strategy may follow three tracks: exports, li-
censing and foreign direct investment (FDI). Foreign direct investment
used to follow the stand alone strategy in the previous decades, that is
a production unit produced the entire product to serve the destination
market. However, this strategy has changed during the last decades
and multinational firms try to optimize their production process by in-
creasingly locating the various stages across different countries; they
are organized within global value chains (GVCs)2, as illustrated by the
high correlation between FDI stocks in countries and their GVCs partic-
ipation index (OECD, 2014). In the case of GVC, the mother company
transfers knowledge to its subsidiary in the foreign country related to
the specific stage of production (e.g. a certain piece of machinery).
Based on this fact, the local rival firms could replicate only this partial
1 As reported in Financial Times: “According to EU estimates, it costs about €30,000 to
get a bundle of national patents to cover all 27 member states…” Financial Times, Jun
22, 2012 – accessed on 27 Sep. 2012: www.ft.com/cms/s/0/cbf2298c-bbab-11e1-90e4-
00144feabdc0.html.

2 We would like to thank one of the anonymous referees for pointing out this issue.
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knowledge. Therefore, patenting in the destination country might not
be economically beneficial since GVCs spread in a large number of coun-
tries and the patent document “total knowledge” is difficult to match
with specific stages of production. We argue that the firms organised
as GVC are more interested in patenting in the final product markets
(domestic or foreign). To our knowledge, literature so far has analysed
the flow of intangibles in a supply chain context by case studies only
(Hall and Andriani, 1998; Choi et al., 2004) where there was privileged
access to firm data. According to recently published data from OECD
(October 2015; OECD-WTO TiVA initiative3, but they are presented in
five-year intervals for the period 1995–2008 and annual thereafter)
the Foreign Value Added Share of Gross Exports averages range from
11.2% in Japan to 54.2% in Luxembourg for the period of 1995–2011.
Overall for the large, in terms of patenting abroad, OECD countries this
share is lower than 25%.

In summary, for the reasons presented above, although the GVCs are
admittedly important in the context of global manufacturing and value
chain (e.g. Hall et al., 2011) we opt to focus on gross international trade
data.

In the case of international trade and foreign direct investment the
patentees extract the monopolistic rent of the patent while in the case
of licensing extract a part of the economic value of the inventions
through royalties and fees. In all cases, the inducement to patent in
the destination country is the risk of imitation from local firms and
firms from other countries which have commercial interest in the desti-
nation country, extracting thatway part or sometimes the full economic
value of the invention. The imitation risk is lower the higher the tacit
componentwhile in advanced industrial countries, intellectual property
rights may impede imitation of certain capabilities (Teece, 2004).

Empirical literature, using data mainly from the US and other big in-
novative countries, has tried to determine the factors which are consid-
ered in the answer to the question: “Where do I patent?” More
specifically, it has mainly focused on the imitation risks that inventors
face in other countries, even though the inventor protects the invention
at home through a domestic patent. In their seminal paper, Eaton and
Kortum(1996) considered international patenting in amodel to explain
the impact of world innovation on economic growth. They found that
the physical distance, the human capital, as a proxy for the imitation
risks, and the patent protection framework of the destination country
affect the patenting abroad decision (the distance's importance is also
confirmed in (Drivas and Economidou, 2014)). Eaton and Kortum
(1996, 1999) argue that imitation cost plays a significant role in the in-
ventors' decision to patent their idea in a foreign country. This cost in-
creases with the knowledge base of the outsiders and the commercial
interest to the destination country. Based on the Eaton and Kortum
data set, McCalman (2001) verified these results, in an effort to estimate
the impact of theGeneral Agreement on Tariffs and Trade (GATT) –Uru-
guay round on the transfer of income and McCalman (2005) estimated
the impact of the Trade-Related Aspects of Intellectual Property Rights
(TRIPS) agreement on the short and long run growth. Those findings
were further verified by Yang and Kuo (2008) with data for the OECD
countries and Archontakis and Varsakelis (2011)who adopted a gravity
model to explain the US residents international patenting in the OECD
countries.

Besides the imitation risks, another track examined specific aspects.
For example, Harhoff et al. (2007) assessed to what extent validation
and renewal fees aswell as translation costs affect the validation behav-
iour of patent applicants. They rely on a gravity model that aims at
explaining patent flows between inventor and target countries within
the European patent system. To further enforce this evidence, Ulku
(2007) found that an increase in the share of researchers in labour has
a positive effect on innovation only in the big market OECD countries
that include the G7. Acemoglu and Linn (2004) using data at firm
3 Sourceof data fromtheOECD's link:http://www.oecd.org/sti/ind/measuringtradeinvalue-
addedanoecd-wtojointinitiative.htm.
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4 The decision to patent abroad is a two stage decision processwhen the unit of analysis
is the firm. At the first stage the firm decides to export or not. If the firm decides to export,
then the second stage refers to the country of destination of exports and patenting. Unfor-
tunately, this information is not available at the national level. Future research could pro-
vide interesting results concerning this issue using data at firm level.

5 A patentee, who wishes to protect the invention abroad, should patent in countries
with high innovation activity and strong knowledge base. The number of patents in the
destination country provides strong representation of innovation since the number of pat-
ent applications is proportional to the extent of innovation (Watanabe et al., 2001).
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level found support for the theory that proclaims that market size is sig-
nificantly important for effective R&D sector (although they admit that
the pharmaceutical sector might be non-representative due to the fact
that it is more research oriented). Finally, as Hall (2004) found that for
new entrants, especially in complex product industries, ownership of
patents may have become an important signal of viability, as the ven-
ture capitalists argue when considering funding these firms earlier in
the life cycle process, patents are essential to provide a claim on the
most important asset of the firm, its knowledge capital.

A significant share of the empirical literature relates trade with the
imitation risks and consequently with patenting abroad. Maskus and
Penurbarti (1995) show that it is not crystal-clear how patent regimes
(i.e. weak versus strong IPRs) affect trade. On the other hand, Smith
(1999, 2001) related the threat of imitation and export sensitivity to
patent rights. Among other results, she found that weak patent rights
protection is a barrier toUS exports (only to countries that pose a strong
imitation threat). Rafiquzzaman (2002) and Co (2004) used export data
in order to focus on IPR protection issues. Rafiquzzaman (2002) found
that Canada exports more to countries with stronger patent rights re-
gime, while Co (2004) using data for the US found that patent rights re-
gimeper sedonot affectUS exports. Finally, Ivus (2010) investigated the
impact of stronger IPR in developing countries on the exports of inno-
vating developed world into their markets: she found that strengthen-
ing IPRs in developing countries raises the value of developed
countries' exports (in patent sensitive industries).

Literature, although not extensively, has provided some evidence
that trade is also a significant factor in the decision to patent abroad be-
cause firms that export in foreign markets have an incentive to protect
their innovation from imitation in the destination country. Dosi et al.
(1990) provided arguments and some evidence that bilateral trade be-
tween two countries is correlated with the international patenting be-
tween the two countries. Putnam (1996) found that international
patenting of a country is correlated with the market size of the destina-
tion country; implicitly assuming that trade does really matter. Finally,
Yang and Kuo (2008) provided further evidence on the correlation be-
tween exports and international patenting.

Since the output of the innovation activity is accruing to the society
due to its public good character, the innovator's actual reward is lower
than the expected one (Arrow, 1962). The greater danger, however,
for the innovator is the imitation of the newly invented goods (or pro-
cesses) either by domestic or foreign competitors. In such a case, com-
petitors will be able to offer new products in the market, usually at
cheaper prices (Ginarte and Park, 1997) and thus, the innovator
would not be able to fully exploit the monopolistic advantage from its
R&D activity.

Therefore, the decision to patent in a foreign country depends simul-
taneously on the decision to export in this country and on the imitation
risks. For example, if a firm aims to export its products in a country with
insignificant innovative activity, and consequently negligible imitation
risks, may decide to export without taking the cost of patenting in this
country. In such a case the firm aims to exploit the first entrance strate-
gic advantage against its potential future competitors.

Based on the above arguments, we explore whether the decision to
patent abroad gains by simultaneous changes in the imitation risk and
exports.

3. Methodology

3.1. The model

In order to empirically test the hypotheses formulated in the previ-
ous section we use an augmented gravity model. This model allows a
comparison of international patenting between OECD countries, since
this choice comprises the bulk of patenting activity (e.g. in the world
share of countries in triadic patent families the OECD-Total is over
90%, OECD (2016); also according to our WIPO dataset regarding
Please cite this article as: Archontakis, F., Varsakelis, N.C., Patenting abroad:
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intra-OECD countries' foreign patenting activity accounted to almost
65% for the period under examination. The model is checking at the
same time for possible similarities/differences given the size of the
source country. The original gravity equation was first introduced by
Tinbergen (1962). Leamer & Levinsohn (1995, p.1384) claim that such
gravitymodels provide “… some of the clearest andmost robust empir-
ical findings in economics”. Gravity models have been used extensively
in the international trade literature (for instance Smith (1999, 2001)
and Rose (2004) and international patenting (for example Picci, 2010;
Archontakis and Varsakelis, 2011; Ghemawat and De La Mata, 2015).

Eq. (1) explains patenting of country's j residents (home country
hereafter) in destination country i (destination country hereafter) at
time t:

P j;i;t ¼ GPaj;tH
b
i;tD

c
j;i ð1Þ

where Pj,i,t are the patent flows from the OECD country j to country i at
time t. The gravity variables are: the total number of patents the resi-
dents of the homecountry j registered (Pj,t); patenting in thedestination
country (Hi,t); the physical distanceDj,i between the home country j and
the destination country i. G is a generic termwhich includes the rest rel-
evant variables of the augmented (“augmented” in the sense of using
more variables, as opposed to the original Anderson (1979) contribu-
tion) gravity equation. In this paper, G includes the trade variable (EX)
and an interaction term (INT), which will be defined later4. It also in-
cludes variables used in literature such the intellectual property rights
protection (IPR) and the business cycle (BC) in the destination country.
Finally, the generalization of the gravitymodel by introducing powers is
common in the literature.

Taking the logarithms of Eq. (1) we derive the following specifica-
tion that will be estimated:

yjit ¼ cþ a0Xt þ εjit ð2Þ

where yjit is the dependent variable, Xt is the vector of the explanatory
variables, εjit represents the disturbance term, and a is the vector of pa-
rameters to be estimated. More specifically, yjit = logPj,i,t is the log of
number of patents from residents of the home country j in destination
country i (denoted as LPAT).

The vector of explanatory variables Xt includes: logPj,t is the loga-
rithmof total number of patents the residents of the homecountry j reg-
istered in their country (denoted as LOUT) and is used to capture the
first gravity variable i.e. the innovation activity in the home country;
the variable logHi,t is the logarithm of the number of patents registered
in destination country i by nationals of the destination country and
foreigners5 (denoted as LHOST) and is used as the second gravity vari-
able; actually, this variable captures the imitation risks in the destina-
tion country. This variable could be considered as an alternative to the
human capital which was used by Eaton and Kortum (1996) and Yang
and Kuo (2008) as proxy for the imitation risks. However, Griliches
(1979), Pakes and Griliches (1980) and Griliches (1990) defined the
output of the innovative activity of a country, Yi, as a function of the in-
puts (Zit) supplied to the country i and the stock of knowledge (K) avail-
able in the public domain:

Yit ¼ f Zi;Kð Þ ; Zi ¼ Ri;Hi½ �
Evidence fromOECD countries, Technol. Forecast. Soc. Change (2016),
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where f(.) is the knowledge production function (KPF). The vector of in-
puts Zi includes the stream of R&D expenditures (Ri) during the past τ
years (τ ≥ 0); and the stock of human resources (Hi) (e.g. scientists).
The stock of knowledge K available to all innovative countries is the
cumulative output of the knowledge production function. Hence, our
variable LHOST, gives more information for the imitation risk than the
human capital alone. Patents, as the output of the knowledge produc-
tion function of a country (Pakes and Griliches, 1980; Griliches, 1990)
incorporate information not only on human capital but also on R&D ex-
penditures, knowledge spillovers, the absorptive capacity and the effi-
ciency of the national innovation system. The decision to patent in a
foreign country depends on the imitation risk. Imitation comes from
two sources (Eaton and Kortum, 1996). One source is the imitation by
local companies in the destination country; and another is the possible
imitation by companies established in other than the destination coun-
try which target commercially the destination country. If a patent does
not protect an invention in the destination country outsiders will imi-
tate and sell their product to the destination country. If many outsiders
register their patents in a country, they consider their technological and
commercial potential. As long as an invention is not protected ade-
quately in such countries, outsiders have an incentive to imitate. This
risk increases with the knowledge base of the outsiders and their com-
mercial interest to the destination country. A proxy for this latent vari-
ables is their patents granted in the destination country (Archontakis
and Varsakelis, 2011). Thus, LHOST refers to the destination market
and in this market not only nationals can imitate but also the residents
of other countries could sell their imitation products in the destination
market. logDji is the log of the physical distance between the home
country j and the destination country i (denoted as LDIST); the variable
BCit is a proxy for the business cycle effect on the decision of the source
country patentee to register a patent in destination country i (denoted
as BUSCYC); IPRi is an index introduced by Ginarte and Park (1997)
which captures the intellectual property rights protection framework
in the destination country; logEXjit is the logarithm of exports of the
home country j to destination country i in time t (denoted as LEXP)
and its use follows the relevant literature (e.g. Smith, 1999). Finally,
INTjit is an interaction term (see also Section 3.2 for the definition).

The data we have in hand consists of 28 OECD countries across
11 years, 1995–2005. Iceland was included only as a recipient country
since no patent with origin from Iceland has been registered during
the examination period. Thus, for each individual source country there
are amaximum of 27 × 11=297 observations. In order tomake our re-
sults more robust, we decided to empirically investigate Eq. (2), via two
routes: the full sample for all source countries and a group-based (“big”
and “small and medium” source countries). The groups were formed in
the following way: we selected the sum of patents registered in the
source country to its residents (variable OUT in our data set) during
the full sample period as the most representative index of the volume
of the innovative activity of a country. Switzerland was the “cut-off-
point” country (that corresponds to the median) of the variable OUT.
Thus, we opted to dividing the data in two groups, i.e. of “big”, and
“small and medium” countries:

i. the “full set” (full sample) with all source countries.
ii. a group-based, in terms of national innovative activity:
a. The group of “big” countries consisting of the most innovative

countries: Australia, France, Germany, Japan, Korea, United King-
dom and United States.

b. The group of “small and medium” countries consisting of the rest
innovative countries.

Panel data should be used because of several benefits, i.e. help to ex-
tractmore information, avoidmulticollinearity problems and givemore
efficient results; better identify and measure effects that are not detect-
able in pure cross-section or pure time-series data. See Baltagi (2001),
Please cite this article as: Archontakis, F., Varsakelis, N.C., Patenting abroad:
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Cameron and Trivedi (1998) and Greene (2003) for more examples
and technical details. Furthermore see Mátyás (1997) and Egger
(2000) for the technical details on the empirical estimations of gravity
models. The individual effect in our case since it is a three way panel
are the pair of the home and destination country. For example, the
pair of UK and Portugal comprises one unit and UK and Poland a differ-
ent unit.

3.2. Data

Amongst a wide variety of new measures of national technological
capabilities (see for a review (Archibugi and Coco, 2005) patent counts
and, more generally, patent-based indicators at country level are more
frequently used to assess countries' innovation performance
(Griliches, 1990; OECD, 2001; Guellec and van Pottelsberghe de la
Potterie, 2001; Khan and Dernis, 2006; Léger, 2007; Van Pottelsberghe
de la Potterie and de Rassenfosse, 2008). It is worth noting, that patents
granted in different patent offices may have different relative weight.
For example, the Japanese patent office requires that separate applica-
tions be made for each technical aspect of an invention (Paci et al.,
1997). Consequently, Van Pottelsberghe de la Potterie and de
Rassenfosse (2008) suggest: «Japanese priority filings to be divided by
three, as Japanese patents are on average composed of fewer claims
(about 8 in 2003, as opposed to 24 in the patents filed at the USPTO)».
Hence, we divided the reported number of Japanese patents by three.

More specifically, for the empirical estimation of Eq. (2), we use the
following variables and the corresponding data. Data on patents were
from the World International Patents Organization database (WIPO).

LPAT, the natural logarithm of the patent flows from the source
country j to the target country i; we used the patents granted to resi-
dents in the OECD countries for the period 1995–2005.

LOUT, the natural logarithmof the total number of patents registered
in home country j to its residents.

LHOST, natural logarithm of the patents registered in destination
country i by nationals and foreigners of the rest of the sample countries
in the OECD countries.

LDIST, the natural logarithm of the weighted distance between the
economic centers of the partner countries as proposed by the Centre
D'Etudes Prospectives et D'Informations Internationales (CEPII).

LEXP, the natural logarithm of the exports of country j to destination
country i. Data are from the OECD database.

INT = the interaction term between exports (LEXP) and imitation
risk (LHOST) is defined as the product of the variable LEXP and LHOST;

INT = LEXP ∗ LHOST.
BUSCYC: a variable to capture the business cycle impact in the desti-

nation country i, i.e. the difference between trend (calculated using the
Hodrick–Prescott filter) and current growth rate. When BUSCYC is neg-
ative, the destination economy slows down; when it is positive the
economy grows. Data are from OECD database.

IPR: an index which captures the intellectual property rights protec-
tion framework of the destination country i: For the measurement of
the patent rights protection, we use the Ginarte and Park (1997) patent
rights protection index. They constructed the patents rights index using
a coding scheme applied to national patent laws. They examined the fol-
lowing categories of patent laws: (1) extent of coverage, (2)membership
in international patent agreements, (3) provisions for loss of protection,
(4) enforcement mechanisms, and (5) duration of protection. Each of
these categories (per country) was assigned a value ranging from 0 to
1. The unweighted sum of these five values constitutes the overall value
of patent rights index. This index is time invariant in our sample period.

Table 1 presents the descriptive statistics of the explanatory vari-
ables for the full sample and for the individual groups. Table 2 provides
the correlation matrix for the full sample. The correlation matrices for
the two groups are similar to Table 2. Consequently, the level of correla-
tions indicates that problems of multicollinearity are not likely to be
manifest in the regression models.
Evidence fromOECD countries, Technol. Forecast. Soc. Change (2016),
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Table 1
Descriptive statistics of explanatory variables.

Explanatory
variables

Mean Std. Dev. Min. Max.

Full sample HOST 28575.6 76910.7 0 393088
OUT 18244.7 39486.8 71 202776
EXP 5016332 1.52e+07 174.2 3.02e+08
BUSCYC 0.164 1.852 −

12.176
5.2

DIST 5536.2 5374.4 141.4 19537.1
IPR 4.165 0.515 2.65 4.88

Big countries HOST 26021.5 73985.8 0 393088
OUT 63309.9 54789.4 7744 202776
EXP 1.05e+07 2.04e+07 2956.5 2.11e+08
BUSCYC 0.169 1.853 −

12.176
5.2

DIST 7255.2 5220.9 281.8 18891
IPR 4.157 0.518 2.65 4.88

Small and medium
countries

HOST 29469.5 77894.8 0 393088
OUT 1618.6 1237.5 71 7877
EXP 3097780 1.24e+07 174.2 3.02e+08
BUSCYC 0.162 1.852 −

12.176
5.2

DIST 4934.5 5297.3 141.45 19537.1
IPR 4.169 0.515 2.65 4.88

Note: The values of the explanatory variables are stated in nominal values, i.e. before tak-
ing logarithms (which are used for the empirical analysis).
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4. Empirical results and discussion

Table 3 presents a summary of the estimation results: the full set of
our sample countries, the group of “big” countries and the group of
“small and medium” ones. The econometric estimation followed was
the panel random effects (RE) for the full sample, the “small and medi-
um” countries and the “big” countries group.

We report two modes for each set (the full sample, the group of
“small andmedium” counties, and the group of “big”); theMode 1with-
out the interaction term and the Mode 2 with the interaction term. We
note that we have also lagged our right hand side variables LHOST and
LEXP (and as a result their product, i.e. the INTER variable, as well) one
period to control for the possible endogeneity of current values of the
explanatory variables (see also Bloom and Van Reenen, 2002). As a re-
sult, this change does not noticeably affect the previous results reported
in the main body of the paper.

The elasticities, for variables defined in logarithms, are equal to the
partial derivatives of LPAT with respect to the corresponding variable.
For example, the elasticity of the patenting abroad with respect to the
size of patenting in the source country, LOUT, for the full sample
(Mode1) is equal to 0.593. Hence, an increase in the size of patenting
at the home country by 1% causes an increase of its patenting abroad
by 0.6%. This finding suggests that as the patents produced by the citi-
zens of a country increase the number of patentees who will seek the
commercial exploitation of their invention in foreign counties, increases
too. Even more, during the examined period our finding indicates that
the majority of patentees aim not only at the domestic market but si-
multaneously at foreign markets for the reasons explained above. The
more globalized the knowledge creation becomes, the less protection
a patentee receives in a single country; therefore, in order to protect
Table 2
Correlation matrix of explanatory variables (full sample).

LHOST LOUT BUSCYC LDIST IPR

LHOST 1.000
LOUT −0.035 1.000
BUSCYC −0.020 −0.001 1.000
LDIST 0.199 0.161 −0.031 1.000
IPR 0.515 −0.011 −0.060 −0.047 1.000
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the competitive advantage of its invention she should exploit the possi-
bility of patenting abroad too.

The estimated coefficient of the LHOST,which is used in this paper as
a proxy for the imitation risks, is statistically significant in all economet-
ric models without the interaction term. The estimated elasticity of
patenting abroad with respect to the LHOST for the three groups follow
a concrete ordered pattern, that is: “big” countries exhibit the higher
and the “small andmedium” countries the lower elasticity; the estimat-
ed elasticity for the group of “big” countries is 0.788, for the full sample
is 0.599 and for the group of “small andmedium” countries is 0.495. The
positive sign indicates that thedecision to patent in a foreign country in-
creases with the volume of patenting in the destination country that is
with the expected imitation risks. This result verifies previous findings
(Eaton and Kortum, 1996; Yang and Kuo, 2008) who found that the de-
cision to patent abroad depends on a degree on the risk of imitation. The
ability to imitate, and consequently the imitation risk, is correlated to
the size of the innovative activity in the destination country. We have
reached the same conclusion, by using a different methodological
approach.

The physical distance variable LDIST is significant and negative as the
gravity model proposes, for all estimated modes. This finding verifies
the results found by Eaton and Kortum (1996), Yang and Kuo (2008)
and Archontakis and Varsakelis (2011)) for the US.

Business cycle (BUSCYC) has similar behavior in all modes, with re-
spect to statistical significance and sign. The sign of BUSCYC is positive.
As Geroski andWalters (1995) point out,major innovations and patents
are pro-cyclical and the causal relations run from variations in demand
to variations in patenting. In this paper, we are interested in explaining
the cross-country versus cross-time variation of patenting from a source
country to the rest countries of theOECD. Our result verifies the findings
of Geroski and Walters (1995) since patenting from the source to the
destination country is positively correlated to the BUCYC variable,
which is when BUSCYC increase, the economy of the destination coun-
try grows, patenting from the source to the destination country in-
creases. Hence, patenting abroad seems to be pro-cyclical, indicating
that it is rather “demand pulled”.

The inclusion of the interaction term changes to negative the signs of
the variables, LHOST and LEXP. We accentuate that the estimated coeffi-
cients of these variables do not have economicmeaning since the corre-
sponding partial derivatives (elasticities) are estimated by taking into
account the interaction term.

The partial derivative (elasticity) of the dependent variable LPAT
with respect to LHOST variable depends on the values of the LEXP and
vice versa. The partial derivative of the depended variable LPATwith re-
spect to LHOST is:

∂LEXP
∂LHOST

¼ â2 þ â6 � LEXP ð3Þ

Where â2and â6 are the estimated coefficients of the LHOST and the
interaction term respectively. Since we are interested in the sign of this
particular derivative over a range of the LEXP variable, we proceed to es-
timate the sign of (3).

According to Hirschberg and Lye (2005, 2010) for w* = â2
â6
, where w

stands for LEXP, the upper and lower critical values of the Fieller's
100(1-a) % confidence interval are the roots of the quadratic equation
kw2 + 2lw + c where:

k ¼ â6−t2a=2Var â6ð Þ

l ¼ − t2a=2Cov â2; â6ð Þ−â2 � â6
� �

c ¼ â2−t2a=2Var â2ð Þ
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Table 3
Full set and group panel estimations (LPAT is the dependent variable).

Full sample Small and medium countries Big countries

Mode 1
(RE)

Mode 2
(RE)

Mode 1
(RE)

Mode 2
(RE)

Mode1
(RE)

Mode 2
(RE)

LOUT 0.593⁎⁎⁎

(0.0295)
0.598⁎⁎⁎

(0.292)
0.430⁎⁎⁎

(0.058)
0.431⁎⁎⁎

(0.0577)
0.413⁎⁎⁎

(0.0813)
0.403⁎⁎⁎

(0.082)
LHOST 0.599⁎⁎⁎

(0.0237)
−0.0403
(0.138)

0.495⁎⁎⁎

(0.0295)
0.142
(0.169)

0.788⁎⁎⁎

(0.0378)
−0.175
(0.278)

BUSCYC 0.018⁎⁎⁎

(0.0056)
0.018⁎⁎⁎

(0.0056)
0.018⁎⁎

(0.0072)
0.018⁎⁎

(0.0072)
0.015⁎

(0.0087)
0.015⁎

(0.0086)
IPR −0.754⁎⁎⁎

(0.0525)
−0.743⁎⁎⁎

(0.0524)
−0.650⁎⁎⁎

(0.0686)
−0.639⁎⁎⁎

(0.0687)
−0.812⁎⁎⁎

(0.0796)
−0.831⁎⁎⁎

(0.0796)
LEXP 0.115⁎⁎⁎

(0.0257)
−0.287⁎⁎⁎

(0.0900)
0.062⁎⁎

(0.0307)
−0.172
(0.115)

0.239⁎⁎⁎

(0.0489)
−0.305⁎

(0.164)
INT 0.046⁎⁎⁎

(0.0098)
0.0262⁎⁎

(0.012)
0.0645⁎⁎⁎

(0.0185)
Distance −0.142⁎⁎⁎

(0.048)
−0.158⁎⁎⁎

(0.0476)
−0.135⁎⁎

(0.0573)
−0.146⁎⁎

(0.057)
−0.155⁎

(0.087)
−0.194⁎⁎

(0.088)
Constant −4.851⁎⁎⁎

(0.533)
0.760
(1.314)

−2.646⁎⁎⁎

(0.751)
0.514
(1.675)

−5.803⁎⁎⁎

(1.301)
2.728
(2.787)

Nr Obs 4857 4857 3176 3176 1681 1681

Notes.
a) Standard errors in parentheses.
b) ⁎⁎⁎significant at the 0.01 level;⁎⁎significant at the 0.05 level; ⁎significant at the 0.10 level,
c) LPAT, the natural logarithmof thepatent flows from the source country j to the target country i; LOUT, the natural logarithmof the total number of patents registered in home country j to
its residents; LHOST, natural logarithm of the patents registered in destination country i by nationals and foreigners of the rest of the sample countries in the OECD countries; BUSCYC is a
variable to capture the business cycle impact in the destination country i; IPR is an indexwhich captures the intellectual property rights protection framework of the destination country i;
LEXP, the natural logarithm of the exports of country j to destination country I; INTjit = the interaction term between exports and imitation risk (LHOST in our database) is defined as the
product of the variable LEXP and LHOST; Distance, the natural logarithm of the weighted distance between the economic centers of the partner countries.
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For the full sample estimations (Mode 2), the value of the partial de-
rivative (elasticity) at the mean of the LEXP = 13.696 is equal to 0.589
similar to the estimated elasticity in the equation without the interac-
tion term (0.599). We use direct tests to determine the critical values
(cU and cL) of the LEXP above (below)which the Fieller's 95% confidence
interval for the partial derivative is defined. Using the estimations from
Mode 2, we found that the equation kw2 + 2lw+ c has two roots, cU =
1.519 and cL = −1.66. Hence, for values of LEXP between −1.66 and
1.519 the partial derivative is zero or its sign is uncertain. However,
since the LEXP variable takes values N5.16 the partial derivative is posi-
tive and monotonic taking values from ∂LPAT

∂LHOST = 0.197 for the min

LEXP= 5.16 to themax LEXP= 19.525 is ∂LPAT
∂LHOST = 0.858.

The same discussion applies to the group of “big” countries where
the elasticity of the patenting abroad with respect to LHOST, calculated
at themean of the LEXP variable, is equal to 0.78 similar to the estimated
elasticity in the equation without the interaction term (0.788). For the
group of “small and medium” countries the elasticity of the patenting
abroad with respect to LHOST, calculated at the mean of the LEXP vari-
able, is equal to 0.37 lower than the estimated elasticity in the equation
without the interaction term 0.495.

The sign of the partial derivative for the group of “small and medi-
um” countries is always positive since the two estimated coefficients,
LHOST and INTER are positive. Finally, using the estimations for the
group of “big” countries with the interaction term (Mode 2), we found
that the equation kw2 + 2lw + c has cL = −2.884 and cU = 2.611.
Since LEXP takes only positive values the partial derivative is greater
or equal to zero when the equation includes the interaction term
which is also statistically insignificant.

Hence, the partial elasticity changes over a range of values of the
LEXP. The function that relates the partial elasticity with LEXP, i.e. Eq.
(3), is linear and monotonically increasing with slope the coefficient of
the interaction term. As can be seen in Fig. 1, the slope of the elasticity
with respect to LEXP is steeper for the “big” countries than the corre-
sponding for the “small and medium” countries. It seems that the elas-
ticity of patenting abroad with respect to the imitation risk (LHOST) is
more sensitive to changes in the LEXP for the “big” than for the group
of “small and medium” countries. Consequently, since the variable
Please cite this article as: Archontakis, F., Varsakelis, N.C., Patenting abroad:
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LHOST has been used in this study as a proxy for the imitation risks in
the destination country, the impact of the imitation risks on the decision
to patent abroad is correlated to the volume of trade from the country of
the patentee to the destination country. These empirical findings, the
correlation between international trade and patenting abroad is similar
to those found by Dosi et al. (1990), Smith (1999, 2001) and Yang and
Kuo (2008) given the limitation that 25% of the total volume refers
only to parts of products (GVCs) of international trade.

The sign of the IPR, contrary to common belief is negative for all
groups. Eaton and Kortum (1996) found that countries providing strong
protection are more attractive destinations for foreign patents, using a
relative patent index created by Rapp and Rozek (1990) based on sur-
veys of business and government officials and an examination of patent
laws. However, Bosworth (1984) finds that his “Patent Law” differences
variable is not significant in explaining the patent applications from/
into the UK. In this paper, we used the patent index developed by
Ginarte and Park (1997) based only on the examination of laws. The
negative sign may be attributed to three reasons: First, since a stronger
IPR protection framework implies a higher cost of patenting, inventors
possibly decide to protect their inventions only in a small fraction of
countries. Second, Ginarte and Park (1997) and Bosworth (1984) distin-
guish between statutory versus actual protection (or formal versus infor-
mal), which is whether “laws on the books” are carried out. Especially
they note that “if there is any overestimation of patent rights and pro-
tection, it should be the OECD's measures”. Consequently, although
our result is rather counter-intuitive, there might be the case for further
investigation and construction of alternative IPR protection indices. Fi-
nally, the negative coefficient of the IPRmight be due to the blocking ef-
fect of patents. Stronger IPRs may reduce the applications to foreign
patent offices of narrower less innovative patents and only permit big-
ger step innovations.
5. Concluding remarks

Conventional wisdom suggests that inventors-patentees tend to
protect themselves against imitation, in the countries where such a risk
is high. Imitation risk is higher, the higher the innovative activity of the
Evidence fromOECD countries, Technol. Forecast. Soc. Change (2016),
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Fig. 1. The slope of the partial elasticity ∂LPAT
∂LHOST with respect to LEXP.

7F. Archontakis, N.C. Varsakelis / Technological Forecasting & Social Change xxx (2016) xxx–xxx
country. Furthermore, there is the perception that the cost of patenting in
another country is lower, the smaller the geographical distance between
the home and the destination country. Previous empirical research has
used gravity models to investigate the internationalization of innovation
and patenting.

The present paper has built upon this research and put these issues
under further scrutiny. Using data from 28 OECD countries, for the peri-
od 1995–2005 (Iceland was included only as a destination country), to
explain the variation of patent flows from the source country j to the
target country i (the dependent variable) within the framework of an
extended gravity model. In order to make our results more robust, we
investigated this model, via two routes: the full sample for all source
countries and a group-based (“big” and “small and medium” source
countries).

Imitation risk in destination country is significant in explaining the
patenting abroad decision and so is for the exports from the source to
the destination country. Even though exports on their own contribute
to patenting abroad, the real gains to patenting abroad come from
complementing (interaction) imitation risk with exports.When the im-
itation risk is supported from exports then the decision to patent abroad
is intensified. Higher exports from source to destination country imply
higher impact of imitation risk in the destination country on patenting
abroad. In particular where the imitation risk has a positive impact on
the decision to patent in a foreign country, the impact will be even
more positive the higher the level of exports. This result is for the full
sample of countries and for the group of “small and medium” ones.
However, for the group of “big” countries the positive impact is not af-
fected by the interaction. Even though the individual variables, imita-
tion risk and exports, seem to impact the decision to patent abroad,
the complementarity (interaction) is not statistically significant sug-
gesting that patenting abroad decision for the group of “big” countries
is pursued for other reasons than protecting exports.

Business cycle impact is statistically significant and positive verifying
the argument of Geroski andWalters (1995) for the pro-cyclical behav-
ior of patenting. Finally, the counter intuitive sign of the IPR regime in
the destination country demands further investigation.

Finally, as more non–OECD countries and emerging economies (e.g.
the BRICS6, other Latin American countries) are increasingly integrated
into the world economy and more patent data are available future
6 Brazil, the Russian Federation, India, People's Republic of China and South Africa.
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research could advance our understanding of how international
patenting strategy calibrates with international trade dynamics. Fur-
thermore, as GVCs' role become a dominant feature of world trade, in-
ternational organizations will provide complete data series which
could be used to empirically investigate their impact on international
knowledge diffusion.
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