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Summary: In this study, the panel co-integration test combined with structural
breaks was used to explore the long-term co-movement between FDI and patent
and trademark applications, in accordance with 33 OECD countries from 1999
to 2018. The robust results demonstrate that both innovation variables including
patent and trademark co-move with FDI in the OECD sample. Furthermore, this
long-term co-movement of FDI and innovation experiences some structural
breaks during the period 2003-2010. Finally, there is a long-term co-movement
between FDI inflows and innovation activity in OECD countries.
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Previous literature typically investigates the relationships between FDI and innovation
from two directions separately, including uni-directional causality running from FDI to
innovation, or the influence of innovation activities on attracting FDI. However, scant stud-
ies pay attention to the bi-directional relationship between FDI and innovation. Moreover,
little research has attempted to expand attention onto the dynamic relationships between
innovation and FDI. Since structural breaks are normal events in economics, ignoring them
may contribute to misunderstanding the relationship between FDI and innovation. This
research finds that the bi-directional co-movement between innovation and FDI is com-
monly neglected by previous wisdom. Therefore, the essential contribution of this study is
that we examine the long-term dynamic co-movement between innovation and FDI in 33
OECD countries from 1999 to 2018, using a co-integration approach with breaks.

The rest of this paper runs follows. Section 1 is the existing literature review. Sec-
tion 2 gives the theoretical background. Section 3 provides a description about the method
and data, including the panel stationary test and the panel co-integration model. Section 4
exhibits the empirical results and Section 5 presents our main conclusion.

1. Literature Review

Plenty of studies have found that innovation activities are positively associated with foreign
direct investment (FDI). From the theoretical aspects, the existing literature has explored
the mechanism through which FDI affects national innovation performance in the host
country (Kui Yin Cheung and Ping Lin 2004; Titus O. Awokuse and Hong Yin 2010a, b;
Judy Hsu and Yu-En Tiao 2015). Specifically, Cheung and Lin (2004) discuss four chan-
nels in greater details. First, local firms can obtain a technology spillover effect from
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advanced products from international firms. Second, more skilled workers trained by in-
ternational firms enter local market, which encourage firms to formulate their own innova-
tion program. Third, mature technologies brought by international firms lower the test cost
of new technology. Fourth, technology spillover happens through vertical industrial link-
ages.

As is well recognized in the empirical literature, FDI has a positive effect on inno-
vation activities (Beata Smarzynska Javorcik 2004; Awokuse and Yin 2010a, b). For ex-
ample, using an ordinary least square (OLS) estimation and 138 industry sectors in 2004
as the sample, Mario Kafouros, Chengqi Wang, and George Lodorfos (2009) explore the
determinants of national innovation performance in emerging economies like China. The
empirical evidence indicates that international trade and FDI are important determinants of
national innovation performance. Additionally, Cheung and Lin (2004) examine the influ-
ence of FDI on provincial innovation output in China and note that FDI significantly pro-
motes innovation development. Andrea Ascani, Pierre-Alexandre Balland, and Andrea
Morrison (2020) utilize data of manufacturing sectors in Italy to explore the impact of FDI
on local innovation. They find that inward FDI indeed promotes local innovation, and this
effect is stronger in science-based activities.

Numerous studies contrarily demonstrate that innovation exhibits considerable in-
fluence on FDI inflow, because international enterprises often bring advanced technologies
to host countries. More commonly, Theodore A. Khoury and Mike W. Peng (2011) indicate
that innovation differences affect FDI, especially in developing countries. The authors state
that strong intellectual property protection may lead to increased FDI. Aside from this, the
other specific reforms are innovation-related, like patent laws that respect foreign intellec-
tual property rights can actually attract more FDI.

Not only is the literature concerned about the determinants of innovation, but also
the shocks from innovation to FDI (Kafouros, Wang, and Lodorfos 2009; Khoury and Peng
2011)". Studies have shown that intellectual property rights play an important role in at-
tracting FDI. Improvements in intellectual property rights led to a sharp increase in foreign
investment in China from 1992 to 2005 (Awokuse and Yin 2010a, b). Furthermore, the
empirical results of Hsu and Tiao (2015) on the impact of property rights protection on FDI
in 11 major Asian countries again show that improving patent protection helps to attract
more FDI inflows.

2. Theoretical Background

One of the important reasons for attracting FDI is to gain advanced technology through
access to products as well as services and hence improve innovation performance locally
(Daniele Archibugi and Andrea Filippetti 2011). The diffusion spillover effects of FDI are
an objective existence. Mamica Skenderi Konstandina and Geoffrey Gatharia Gachino
(2020) clearly show that FDI is able to promote technology transfer in the host country, as
it can bring about a spillover effect of technology, which stimulates independent innovation
via technology imports and learning. Independent innovations helps promote feedback in
attracting more FDI inflow (Awokuse and Yin 2010a, b; Hsu and Tiao 2015). Zoltan Acs
et al. (2010) find a positive correlation between innovation activity and FDI growth rate in
developed countries, but innovation activity and FDI show a negative association in most

! There are few papers that explore the effect of innovation activities on attracting FDI (Khoury and Peng
2011).
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developing countries. Therefore, FDI may move and grow together with innovation in the
long-run, especially in OCED countries that exhibit greater economic development levels
compared to developing countries.

It is also noted that the relationship between FDI and innovation is unable to remain
constant and is likely to experience some structural changes. For instance, Rashid Sbia,
Muhammad Shahbaz, and Helmi Hamdi (2014) show that the series of FDI follow a sta-
tionary process with some structural shifts. Sakiru Adebola Solarin and Shahbaz (2015)
also demonstrate that structural breaks exist in the series of FDI. In fact, FDI series tend to
cointegrate with some macroeconomic variables with structural breaks. A. Oznur Umit and
H. Isil Alkan (2016) suggest that FDI has a long-term cointegrated correlation with em-
ployment under structural breaks. Therefore, structural breaks may be important in analyz-
ing the long-term co-movement in FDI and innovation correlation activities and hence can-
not be ignored in the model.

The need to consider structural breaks could be explained in the following ways.
Structural breaks are a normal case in economics, as many political and economic incidents
cause huge impact on FDI attractiveness or innovation performance. Structural breaks are
an unneglectable problem in macroeconomic series since they cannot avoid common ex-
ogenous shocks like a global financial crisis (Chun-Ping Chang, Chien-Chiang Lee, and
Meng-Chi Hsieh 2011)2. For example, external factors (i.c., the 2008 global financial cri-
sis) have brought a significant shock to FDI and innovation activities. In this case, there is
a sharp decline in global FDI, and enterprises are also less likely to invest in innovation
programs in order to survive during a crisis period. As a result, exogenous shocks including
common ones and country-specific shifts will impact the long-term relationship between
FDI and innovation, and as a result structural changes need to be accounted for in the esti-
mation.

3. Methodology and Data
3.1 The Panel Stationary Test with Structural Breaks

Because a structural break may disturb the stationarity of macroeconomic series, structural
breaks need to be considered in studies concerning the relationships between FDI and in-
novation. The literature has demonstrated the importance of structural breakthroughs in
examining the existence of unit roots (Chang and Lee 2015). Eric Zivot and Donald W. K.
Andrews (1992) develop the minimum test widely-used endogenous test. Junsoo Lee and
Mark C. Strazicich (2001) as well as Todd Jewell et al. (2003) investigate a model with
endogenous structural breaks that brings about more significant result.

In this section we follow the models with the consideration of a structural break
developed by Josep Lluis Carrion-i-Silvestre, Tomas Del Barrio-Castro, and Enrique
Lépez-Bazo (2005), which are designed to test the null hypothesis of panel stationarity as
follows:

YVie = @+ Loy 0 DUie + Bit + Yoy Vi DTiie + €ie (1)

where y;; is the variable of interest in country i at time t, the dummy variable
DT}y =t — T}y for t > T}y, and T}, denotes the k™ date of the break in country i,

2 Such a crisis presents a negative influence on innovation and research and development in all countries.
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k={1,...,m;}, m; = 1. Implications of Equation (1) mean each country may have a distinct
number of structural breaks.
The test statistic for the null hypothesis as follow:

Z() = W(LME(A)—E)

- N(0,1). (2

We note that the limiting distribution of the test statistic is standard normal. To
ensure robustness, we calculate the bootstrapped critical values.

3.2 Panel Co-integration Tests with Structural Breaks

According to the Joakim Westerlund (2006) panel co-integration test, the data generation
process of dependent variables is as follows:

FDIyy = vijSBit + BiXit + €, (3)
€t =Ty + Uy, 4)
Tig = Tig—1 + @il (5)

X;; individually indicates the variables for innovation activities, patent and trade-
mark; ;is a country-specific slope; SB;; implies the deterministic components including
structural breaks; and j = 1, ..., M; refers to the break points. The locations of the structural
breaks are given in the form of fixed fractions A;; € (0,1) of T such that T;; = [Ai jT] and

To check for the existence of a long-term cointegrated relationship, the panel La-
grange multiplier (LM) test statistic is constructed as follows:

_ 1wy oM+l aTij 2,202
Z(M) = N Zi=1 Zj:L1 Zt:Tij—1+1(Tij - Tij—l) 0; Si,t' (6)
Here, S;, = Z]tczrij_1+1 é;., and &/, is the regression residuals obtained using any

valid estimate of the co-integration vector, such as traditional dynamic OLS (DOLS) esti-
mates.

3.3 Panel Dynamic OLS Estimations with Structural Breaks

In order to examine the panel long-term relationships between innovation activities and
FDI, we employ the panel dynamic OLS (DOLS) method, including leads and lags of the

independent variables, as follows:
i

FDIy = a; + 6;X;y + 0;(X * SBy)ie + z CijAXieyj + @
‘ Jj==q;
+X0L i (AX % ASBY) 4y + v,

where «a; indicates the country fixed effects; X;. represents the innovation variable;
(X * SB,); denotes the interaction term of innovation variable with the structural break
variable; q; indicates the leads and lags of the innovation variable; and v;, refers to the
error terms.
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3.4 The Data and Variables

We gather the innovation variables, number of patent applications (Patenf) and number of
trademark applications (Trademark), from the World Intellectual Property Organization
(2016)*. Additionally, the variable FDI (measured by foreign direct investment, net inflow
as % of GDP) is taken from the World Bank’s World Development Indicators (2016)*. Our
final sample covers 33 OECD countries for the period 1999-2018.

Figures 1 and 2 show the time series of Patent and Trademark for 33 OECD coun-
tries respectively. These two figures indicate that the series of FDI and innovation experi-
ence structural breaks in the sample period. We find that Pafent exhibits an overall growing
trend, but with a fluctuation in most countries. It also appears that multiple structural
changes occur around early 2000 and 2007. Similarly, we also plot Trademark for the sam-
ple, which shows the same trend as Patent. All most countries in our sample exhibit a
fluctuation or slumping trend in 2007. This provides preliminary evidence that we should
consider structural breaks when discussing the long-term linkage between FDI and inno-
vation variables. Figures 3 and 4 plot the mean scatters of FDI-Patent and FDI-Trademark,
respectively. From Figures 3 and 4, we roughly conclude that FDI and innovation have a
long-term co-movement trend.
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Figure 1 Plots of Patent by OECD Country (1999-2018)

3 World Intellectual Property Organization. 2016. https://www.wipo.int/portal/en/index.html (accessed
February 02, 2016).

4 World Bank. 2016. World Development Indicators. https://databank.worldbank.org/source/world-devel-
opment-indicators (accessed February 08, 2016).

PANOECONOMICUS, 2022, Vol. 69, Issue 4, pp. 509-525

513



514

Chun-Ping Chang

Australia Austria Belgium Canada Chile Czech Republic

80000 20000 40000 T0000 45000 20000
B S EA B B A ™
20988 10000 25000 40000 30000 10000

] 3] 3 e 3 2 ]

2 2= =5 ] g = 8 8
AR a8 & B H A AR B H A &S

22 =2
ERE

France Germany Grezee

110000 Im 12000
B~ B B

Hungary Israel Japan

15000 12000 200000 200000
N 10000 \M P W 150000 ’\"\,,f 150000
E 5000 000 100000 100000
4]
ks embourg New Zealand Norway Foland
© o 24000 16000 30000
© 22000 25000
= i 100 20000

0 13000 12000 15000
Fortugal Spain Swedan Switzeriand

22000 100000 16000 35000

a0 20000 14000 30000

18000 60000 12000 25000

14000 40000 foooe 20000

Turkey

150000

100000

50000

0

R

Source: Author's calculations.

Figure 2 Plot of Trademark by OECD Country (1999-2018)
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Figure 3 Mean Scatter of FDI and Patent in OECD Countries (1999-2018)
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Figure 4 Mean Scatter of FDI/ and Trademark in OECD Countries (1999-2018)

4. Empirical Results
4.1 Results of Panel Co-integration Test with Multiple Structural Breaks

Preliminary analysis shows that when analyzing the long-term relationships between FDI
and innovation activities, multiple structural breaks need to be considered in the model.
We confirm the stationarity of FDI and innovation under the condition of considering struc-
tural breaks at first. Table 1 presents the results from the panel stationary test with structural
breaks. The null hypothesis is that the sequence is stationary under the potential structural
breaks. We observe that the statistics of the panel stationary test for Patent and Trademark
are insignificant at any level of significance, irrespective of the homogenous case or heter-
ogeneous case. We also find that the statistics for FDI do not show significance in the case
of homogeneity. Overall, the panel stability test results with structural breaks support the
stationarity of FDI, patent, and trademark. Once these series are stationary, we can go ahead
to test the long-term co-movement between FDI and innovation.

Table 1 Panel Stationary Test with Structural Breaks for OECD Countries

. Test Bootstrap critical values
Variable Panel KPSS test -
statistics 90% 95% 97.5% 99%
o~ Homogeneity 6.232 16.266 19.748 23.164 27.631
Heterogeneity 52.636** 40.659 47.340 54.457 64.089
Patent Homogeneity 23.015 165.275 231.733 300.937 425.387
aten
Heterogeneity 23.841 166.709 198.599 221.839 261.585
Homogeneity 12.051 17.160 22.844 29.724 39.261
Trademark i
Heterogeneity 37.269 78.238 95.90 114.056 130.015

Notes: ** indicates statistical significance at the 5% level. The number of break points is estimated using the LWZ information
criteria (or sequential sup-F test) allowing for a maximum of 5 breaks. The long-term variance is estimated using the Bartlett
kernel with automatic spectral window bandwidth selection. In addition, all bootstrap critical values allow for cross-sectional
dependence.

Source: Author’s calculations.
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Tables 2 and 3 respectively list the panel co-integration test results of FDI vs. Patent
and FDI vs. Trademark. In this process, the panel co-integration test can be a good expla-
nation for structural breaks. Accordingly, the panel statistics are insignificant in Tables 2
and 3, suggesting that we cannot reject the long-term cointegrated relationship in the null
hypothesis. This confirms the long-term relationship between FDI with Patents and Trade-
marks at the significance level of 1%, respectively.

Table 2 Panel Co-integration Test with Structural Breaks: FDI vs. Patent

Country M Location of breaks
Australia

Austria 3 2000 2004 2007
Belgium 3 2001 2006 2011
Canada 3 2001 2005 2008
Switzerland

Chile 3 2000 2006 2015
Czech Republic

Germany

Denmark 2 1999 2001

Spain 2 1999 2002

Estonia 2 1999 2007

Finland

France 2 1999 2008

United Kingdom 3 2000 2004 2015
Greece 3 2000 2002 2005
Hungary

Ireland 3 2000 2003 2014
Iceland 4 2001 2004 2007 2015
Israel

Japan 2 1999 2015

Korea, Rep.

Luxembourg

Mexico 2 1999 2012

Netherlands

Norway 2 1999 2012

New Zealand

Poland

Portugal

Slovak Republic 2 1999 2008

Slovenia

Sweden

Turkey 3 2000 2004 2008
United States

Panel LM test 0.921

Notes: The null hypothesis is panel co-integration with breaks. The Panel LM Statistic is asymptotically distributed as normal.
M; is the number of estimated breaks. The breaks are estimated using the Jushan Bai and Pierre Perron (1998, 2003)

procedure with a maximum number of five breaks for each state.
Source: Author's calculations.
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Table 3 Panel Co-integration Test with Structural Breaks: FDI vs. Trademark

Country M; Location of breaks
Australia

Austria 2 1999 2004

Belgium 4 2001 2001 2006 2011
Canada 4 2001 2002 2009 2015
Switzerland

Chile 3 2000 2007 2015
Czech Republic 3 2000 2002 2007
Germany 3 2000 2003 2008
Denmark

Spain 3 2000 2001 2006
Estonia 2 1999 2004

Finland

France 2 1999 2008

United Kingdom 2 1999 2008

Greece 3 2000 2005 2011
Hungary 2 1999 2008

Ireland

Iceland 4 2001 2004 2007 2015
Israel

Japan

Korea, Rep. 2 1999 2001

Luxembourg 2 1999 2008

Mexico 2 1999 2012

Netherlands

Norway 3 2000 2012 2015
New Zealand

Poland 2 1999 2003

Portugal

Slovak Republic

Slovenia

Sweden

Turkey 3 2000 2004 2008
United States 2 1999 2001

Panel LM test 0.789

Notes: Same as Table 2.
Source: Author’s calculations.

Our evidence does suggest that multiple structural changes in the long-term rela-
tionships of the panels need to be considered in the co-integration test. In other words, as
Gene M. Grossman and Elhanan Helpman (1991) and Philippe Aghion and Peter Howitt
(1998) suggestion that innovation is of great importance in the driving force of FDI inflow,
and FDI inflow can promote national innovation development. It is therefore particularly
relevant to understand the relationship between innovation and FDI in order to improve a
country’s international competitiveness.

Most of the anticipated structural breaks occurred in 1999-2001 and 2007-2008,
respectively. The positive spillover effect of patents for advanced technology has been
confirmed in the OECD countries. As is widely known, with the development of globali-
zation in every field including, economies and cross-country investment, FDI plays an

PANOECONOMICUS, 2022, Vol. 69, Issue 4, pp. 509-525
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important part in domestic economic performances and technology progress. Looking back
to the development of technology, both patent and trademark applications rose in almost
all OECD countries between 1999 and 2004. This equates to a doubling of filings at the
European Patent Office (EPO) and the United States Patent and Trademark Office
(USPTO) and a 15% increase in filings at the Japanese Patent Office (JPO). The relative
fluctuations in the growth rate of applications in OECD countries since 2001 are mainly
due to the deterioration of the economic situation in OECD countries.

We also find that break points occur in the number of applications for patents and
trademarks around 2008 from Tables 2 and 3. The global financial tsunami broke out in
2008 and spread rapidly around the world. During the global financial crisis, R&D invest-
ment turned pro-cyclical, as seen in surveys of the 2008-2009 crisis on companies in sev-
eral countries (Kadri Ménnasoo and Jaanika Merikiill 2011) and lead to the fell back of
patent and trademark applications in OECD countries. As for companies’ willingness to
invest in the short-term on innovation and R&D spending, the 2008 financial crisis had
several negative effects in most OECD economies (Organisation for Economic Co-opera-
tion and Development 2009; Archibugi, Filippetti, and Marion Frenz 2013; Ana Margarida
Fernandes and Caroline Paunov 2014).

Tables 2 and 3 show that many sample countries, like Canada, Belgium, and Nor-
way, had recovered somewhat from 2011. Innovation performance depends on macroeco-
nomic conditions and maintaining policy priority. Although innovation indicators like pa-
tents and trademarks were affected by the 2008 financial crisis, they were able to recover
with economic performance and policy stimulus. FDI also increased after financial crisis
as there is large international investment demand (Archigugi, Filippetti, and Frenz 2013).

4.2 Panel Causality Test Results

This paper uses the panel DOLS estimation proposed by Chihwa Kao and Min Hsien
Chiang (2001) to determine the relationship between innovation activities and FDI when
these variables co-integrate in the long-run. Table 4 presents the panel DOLS estimates
with structural breaks in the estimated model. In each case, the panel estimates denoted as
Patent and Trademark are significant at least at the 5% level, indicating that innovation
development contributes positively to FDI. We also find that the panel parameter of vari-
able Patent is (0.0005), which is slightly larger than variable Trademark (0.0002). There-
fore, comparing with Trademark, Patent has played a more important role in attracting FDI
into OECD countries. On a per country basis, in 17 of the 33 countries, Patent has a positive
impact on FDI, all effects are positive. However, when the independent variable is Trade-
mark, as shown in Table 4, NULL is found to be rejected at least at the 5% level in 18 of
33 cases. In summary, the country and panel parameters clearly indicate that a favorable
innovation environment is conducive to attracting FDI into OECD countries.

Table 5 provides the results of whether or not higher FDI leads to higher innovation
performance. First, both panel FDI parameters exhibit positive effects on Patent and Trade-
mark, respectively; the influence of FDI on Trademark (6326) is more pronounced than
that on Patent (89.5), providing clear evidence that FDI brings higher contributions to
Trademark than to Patent in OECD countries. In the case of individual results, with Patent
as the dependent variable, 11 of the 33 countries had significantly positive FDI coefficients
at the 5% level, indicating that FDI promotes innovation output in these countries. FDI also
presents positive impacts in 15 countries with statistical significant at least at the 5% level.

PANOECONOMICUS, 2022, Vol. 69, Issue 4, pp. 509-525
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Table 4 Panel DOLS Estimation with Time Breaks: FD/

Independent variable: FD/

Country

Patent Patent*SB Trademark Trademark*SB
Australia -0.002(-3.299) ** 0.004(3.745) ** 0.001 (0.399) 0.001 (0.736)
Austria 0.021(7.645) ** 0.008(6.301) ** 0.001 (4.42) ** 0.003(3.449) **
Belgium 0.010(9.732) ** 0.001 (0.422) 0.001(9.59) ** 0.001 (1.281)
Canada 0.001(5.519) * -0.001 (-0.982) 0.001 (2.329) ** 0.001(0.22)
Switzerland -0.001(-4.432) ** -0.001(-1.45) -0.004(-10.51) ** 0.008(10.17) *
Chile -0.004(-12.900) ** 0.01(23.41) * 0.001 (0.428) 0.001 (0.086)
Czech Republic 0.002(2.735) ** 0.002(1.601) 0.001 (7.95) ** -0.003(-5.489) **
Germany -0.001(-3.374) ** -0.003(-2.849) ** -0.001 (-8.904) ** 0.001 (7.987) **
Denmark 0.002(2.806) ** -0.001 (-0.571) -0.001 (-8.275) ** -0.004(-10.22) **
Spain -0.003(-4.263) ** 0.003(5.1) * 0.001(14.29) ** -0.001(-12.59) **
Estonia 0.005(4.001) ** 0.005(2.71) ** 0.001(13.93) ** 0.006(9.084) **
Finland 0.003(15.97) * -0.003(-6.621) ** -0.001 (-1.234) -0.001(-1.136)
France 0.002(9.038) ** -0.001(-9.803) ** 0.001 (3.046) ** -0.001 (-9.293) **
United Kingdom 0.001(26.49) ** 0.003(44.31) ** 0.001(7.315) ** 0.001 (0.196)
Greece 0.002(3.749) ** 0.001(1.899) -0.001 (-5.503) ** 0.001(10.39) **
Hungary 0.013(8.838) ** 0.013(4.865) ** 0.001(13.12) ** 0.028(37.68) **
Ireland -0.024(-21.65) ** 0.02(11.96) ** -0.003(-20.52) ** -0.008(-10.05) **
Iceland 0.004(3.652) ** -0.002(-1.054) 0.001(9.505) ** 0.006(2.704) **
Israel 0.001(1.012) ** -0.002(-5.502) ** -0.001 (-2.48) ** 0.001 (1.611)
Japan 0.001(3.68) ** 0.004(8.975) ** -0.001(-0.876) 0.001(3.446) **
Korea, Rep. -0.001(-9.225) ** -0.001 (-1.962) ** -0.001 (-2.548) ** 0.001(3.72) **
Luxembourg -0.051(-12.05) ** -0.052(-8.438) ** 0.001(1.368) -0.004(-2.372) *
Mexico 0.006(23.64) ** 0.001 (1.005) 0.001 (6.377) ** -0.001 (-0.404)
Netherlands -0.004(-1.472) -0.004(-1.245) 0.001 (4.56) ** 0.001 (0.023)
Norway -0.001(-0.767) 0.006(22.09) ** 0.001(13.24) ** 0.001(13.81) **
New Zealand -0.001(-1.189) 0.001(1.091) 0.001 (2.781) ** 0.001(2.45) **
Poland -0.006(-48.06) ** -0.002(-20.18) ** 0.001 (14.1) * -0.001(-12.12) **
Portugal -0.004(-2.15) ** 0.006(3.137) ** -0.001 (-0.371) 0.005(1.805)
Slovak Republic 0.004(21.47) ** -0.005(-14.37) ** 0.001 (1.069) -0.001(-3.521) **
Slovenia 0.003(52.91) ** -0.002(-16.41) ** -0.001 (-6.349) ** -0.001(-4.527) **
Sweden 0.004(45.69) ** 0.003(15.4) ** 0.001 (2.526) ** -0.003(-11.71) **
Turkey -0.001(-8.476) ** -0.002(-17.9) ** 0.001 (4.45) ** -0.001 (-5.485) **
United States 0.001(0.387) 0.001(0.185) 0.001 (3.358) ** 0.001(1.881)
Panel 0.0005(20.13) ** 0.0002 (8.507) ** 0.0002(12.63) ** 0.001(4.145) **

Notes: t-statistic is in parentheses. The asymptotic distribution of the t-statistic is standard normal as T and N go to infinity.
** denotes statistical significance at the 5% level. All results allow for up to five structural breaks for each country.

Source: Author’s calculations.

Through Tables 4 and 5 we therefore confirm that in OECD countries, there is a
long-term bidirectional positive causal relationship between FDI and innovation. The em-
pirical results show that the level of innovation activity and the level of FDI are mutually
impactful. In other words, in the long-run, high levels of innovation lead to high levels of
FDI. This indicates that there is an endogenous relationship between innovation activities
and FDI inflows, and any single equation forecast of one or the other could be misleading
in the long-run.
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Table 5 Panel DOLS Estimation with Time Breaks: Innovation

Dependent variable

Country Patent Trademark

FDI FDI*SB Trademark FDI*SB
Australia -116.3(-0.868) -3125(-2.659) ** 2100(0.269) -5392(-0.19)
Austria 389.2(2.885) ** -453.7(-1.548) 2462(7.245) ** -738.3(-0.183)
Belgium 195.6(2.802) ** -692.9(-2.04) ** -1866(-1.825) 14810(2.649) **
Canada -175.3(-3.117) * 1711(20.78) * 1995(1.241) -847.1(-0.626)
Switzerland -1962(-3.685) ** -4001(-8.453) ** 4353(1.998) ** -9055(-5.102) **
Chile -285.2(-7.375) ** -917.8(-6.798) ** -1210(-6.064) ** -3282(-4.951) **
Czech Republic 178.8(5.289) ** -6482(-10.07) ** -750.1(-0.822) 8215(3.527) **
Germany -1004(-5.79) ** 4912(2.709) ** -12970(-20.81) ** 23363(13.59) **
Denmark -544.3(-6.178) ** 1782(4.66) ** -2429(-5.107) ** -4453(-2.11) *
Spain -1941(-25.68) ** 3783(15.54) ** -10686(-2.171) ** 39888(2.301) **
Estonia 104.9(3.018) ** -27.15(-0.439) 1409(18.63) ** 2970(13.23) **
Finland -24.98(-0.802) -7454(-14.91) * 1723(4.784) * -9049(-2.779) **
France 537.9(4.641) ** 4266(8.166) ** -1146(-3.835) ** 22100(12.24) **
United Kingdom 477.2(12.28) * 3714(41.29) * -316.7(-1.203) -1452(-1.907)
Greece 260.8(4.004) ** -11112(-15.12) ** 16226(14.42) ** -59412(-19.35) **
Hungary -13.51(-5.304) ** -6371(-46.19) ** 3831(13.07) * -9379(-14.08) **
Ireland 59.62(1.483) -138.8(-2.167) ** -276.9(-0.618) -627.5(-0.063)
Iceland -731.1(-13.34) * 1182(13.66) ** -2677(-8.256) ** 4851(9.243) *
Israel -1591(-7.232) * -3733(-6.07) ** -17847(-3.25) * 3681(0.626)
Japan 6056(0.896) -276378(-5.08) ** 29523(4.033) ** -70099(-3.852) **
Korea, Rep. -8950(-3.17) ** 205580(9.773) ** -33835(-14.56) ** 127375(18.16) **
Luxembourg 23.51(1.527) -4775(-3.968) ** -564.9(-0.519) 7698(1.419) *
Mexico -263.9(-4.991) ** 2185(5.139) ** -7830(-5.275) ** 46604(9.957) **
Netherlands -19.03(-0.405) -2842(-2.027) ** 7917(57.23) * 74182(46.18) **
Norway 162.7(3.842) ** -1125(-24.61) ** 8040(14.93) ** -7771(-8.692) *
New Zealand -423.9(-1.497) -3973(-3.139) * 23437(16.58) ** -47372(-19.23) *
Poland -726.1(-1.653) 5201(2.093) ** 16165(35.59) ** -2623(-3.289) **
Portugal 86.24(1.49) -2913(-3.967) ** -1085(-2.476) ** -9796(-3.972) **
Slovak Republic 361.5(12.61) ** 1464(14.49) * 2744(73.65) * -7571(-31.2) *
Slovenia -263.4(-2.83) * -3528(-2.778) ** 1999(4.541) ** -16201(-8.554) **
Sweden 371.6(10.59) ** 1595(2.771) * 2206(20.65) ** 3138(2.827) *
Turkey 1831(4.462) ** 1348(0.817) 20492(6.965) ** 109126(6.289) **
United States 10892(1.761) 104754(1.994) ** -259893(-5.658) ** 812973(6.043) **
Panel 89.5(3.539) ** 104.1(3.16) ** 6326(37.14) ** 31390(3.161) **

Notes: Same as Table 4.

4.3 Robustness Check: Considering more Factors

Given there are some important variables affecting innovation and FDI, the panel co-inte-
gration test with the consideration of two variables in our baseline estimation may ignore
other important variables, leading to an unreliable conclusion®. As a consequence, we fur-
ther include more variables in the co-integration test to enhance the robustness of our main
findings. Specifically, we consider some variables affecting FDI inflow, including trade

> We thank an anonymous reviewer for providing this valuable suggestion.
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friction, technical barrier, and an innovation policy variable that impact national innovation
performance. Following Xin-Xin Zhao et al. (2020), we use the number of anti-dumping
announcements obtained from the World Trade Organization to proxy trade friction (4D).
Technical barrier (7BT) is measured by notifications of a technical barrier to trade (World
Trade Organization 2016)°. Innovation policy is measured by the percent of R&D financed
by the government and is obtained from the OECD database’.

Table 6 shows the panel co-integration test results about other more important var-
iables. We see that the statistics remain insignificant at the 10% level when trade friction
(AD) and technical barrier (TBT) are included in the model, showing that the null of the co-
integration relationship cannot be rejected, and hence the long-term co-movement between
FDI and innovation remains. Similarly, when the innovation policy variable (GOV) is ac-
counted for in the model, we also observe that the results do not show significance. Con-
sequently, we confirm that our findings about the long-term cointegrated relationship are
robust to the case of including other important factors affecting FDI and innovation.

We also account for the financial crisis in the test. As presented in a previous anal-
ysis, the 2008 financial crisis did affect FDI and hence innovation. Actually, this global
event also has had a direct influence on countries’ innovation performance, which may lead
to biased results. Hence, we include the financial crisis variable in the model. In particular,
the variable financial crisis (FS) is set to 1 when the year is lagged behind 2008 and 0
otherwise. The last column of Table 6 presents the corresponding results. It appears that
the test cannot reject the ineffectiveness of long-term movements and argues that FDI and
innovation in OECD countries are synchronized.

Table 6 Robustness Test of Long-Term Cointegrated Relationship

Dependent variable FDI Patent Trademark
Patent+AD 1.538

Patent+TBT 1.025

Trademark+AD 1.036

Trademark+TBT 0.918

FDI+GOV 1.453 0.781
FDI+FS 1.318 1.476

Notes: This table presents the results of the panel co-integration test with breaks. AD is the trade friction variable measured
by anti-dumping number. TBT is the technical barrier variable measure by technical barrier number. GOV is the innovation
policy variable measure by government share in R&D expenditure. FS is a dummy variable that equals 1 if this year is larger
than 2008. This table only presents the panel statistics. Other results are available upon request.

Source: Author’s calculations.

5. Conclusions

Using annual data from 33 OECD countries from 1999 to 2018, this research examines the
long-term relationship between FDI and innovation activity. We aim to address the long-

® World Trade Organization. 2016. Annual Reviews of the Implementation and Operation of the
Agreement. https://docs.wto.org/dol2fe/Pages/FE_Search/FE_S S006.aspx?Query=(%20(@Sym-
bol=%20g/tbt/*%20n0t%20(w%200r%20spec))%20and%20(%20@Title=%20annual %20review))&Lan-
guage=ENGLISH&Context=FomerScriptedSearch&languageUIChanged=true%23 (accessed January 10,
2016).

" Organisation for Economic Co-operation and Development. 2016. OECD Data.
https://data.oecd.org/ (accessed January 10, 2016).
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term co-movement between FDI and innovation and account for potential structural breaks.
Our study compares studies that focus only on a one-way causal relationship from FDI to
innovation or in the opposite direction. Different from the traditional uninterrupted co-in-
tegration studies, we consider both the panel stationarity test with multiple breaks proposed
by Carrion-i-Silvestre, Del Barrio-Castro, and Lopez-Bazo (2005) and the co-integration
test with structural break proposed by Westerlund (2006). At the same time, we also use
the DOLS model with multiple breakpoints to determine the long-term causality between
the variables.

This paper has the following several findings. First, our results indicate that FDI
and innovation follow I(1) processes, and when multiple structural mutations are consid-
ered, there is a significant co-integration relationship between FDI-Patent and FDI-Trade-
mark in OECD countries®. Second, most of the estimated structural breakthroughs occurred
around 2001-2008, when most OECD countries saw a large number of patent and trade-
mark applications and rapid diffusion of technology. Moreover, the global financial crisis
played a significant role in external influences as structural breaks around 2008-2010.
Third, panel DOLS estimates provide evidence that levels of innovation activity and FDI
influence each other, because in the long-run, high levels of innovation lead to high levels
of FDI, and vice versa. In OECD countries, Patent attracts more foreign direct investment
than Trademark, but foreign direct investment contributes more to trademarks than patents.

We believe our empirical results provide more useful information to governments
for formulating economic and trade policies. One policy implication in the long-run is that
innovation must be based on sustained inflows of FDI inflows that can promote innovation
activities. From the perspective of macro-economic policy, FDI affects domestic innova-
tion activities and is one of the main influencing factors®, host governments must attract
greater FDI inflows. Moreover, given that labor-intensive low-tech FDI contributes to less
innovation in the host country compared to R&D-intensive high-tech FDI, governments
should attach more importance on attracting the latter versus the former. In another sense,
innovation can encourage developed countries FDI flows. Therefore, in accordance with
our findings, the empirical implication is that governments of OECD countries should en-
courage the pursuit of more innovation, including original innovation and imitation inno-
vation, in order to increase FDI flows.

We should mention that more specific paths or mechanisms may exist in the long-
term co-movement between FDI and innovation. However, due to space limitations, we
put such an important issue up to other scholars who are interested in this field.

8 A more valuable issue is what are the specific path or mechanism supporting the long-term co-integrated
relationship. We are grateful to anonymous reviewer for this precious suggestion.

% 1t should be noted that FDI is not the sole driver of innovation. There are other important drivers for
innovation development.
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