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Abstract

Research background:In existing studies two main channels of internagiotechnology
spillovers are extensively discussed — trade antl NBvertheless empirical studies give
mixed results regards the nature and extent oétead FDI spillovers.

Purpose of the article:The aim of the article is to study import and fgredirect invest-
ments (FDI) as channels of international TFP spdlts.

Methods: We employ dynamic spatial autoregression (SAR) outhOur panel comprises
data for 41 developed and upper mid-developed cesmver the period 1995-2014.
Findings & Value added: Our preliminary results show that (1) the trade anestment
channels are both important for technology transf2y the degree of their significance
depends on the absorptive capacity such as godidycpfethe institutions.
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Introduction

Total factor productivity (TFP) provides a syntbetissessment tool to
measure the evolving efficacy of inputs derivingnfr progress in technol-
ogy. Easterly and Levine (2001) suggest that “envsts should devote
more effort toward modeling and quantifying TFP’heéof the well-known
TFP determinants are spillover effects of techrnpl¢gr more general
productivity). Spillover effects are particulariytéresting as an internation-
al phenomenon. The influential work by Coe and Help (1995) has gen-
erated a numerous follow up studies aimed at déegéehe understanding
of technology spillover.

Spillover effects may be transmitted by a few cledginSome part of
capital endowment is purchased overseas and hasitive effect on the
quality of domestic gross fixed and human capitatls Foreign direct
investment facilitates the direct and indirect sfen of technology.
Knowledge transfer is promoted through foreign étadnd in particular
through goods and service imports from countrieth vimnore advanced
technology. Knowledge transfer may also be promatedhe formal and
informal exchange of human capital stock acrodemint countries due to
trade- and FDI unrelated relationships. Individe@alintries may also bene-
fit from global science and technology resourced gatent solutions.
There is a growing body of literature that addresdiéferent channels of
international spillovers. Nevertheless, whethererimational technology
spillovers are FDI and trade-related is still aated issue.

Considering the above, further in-depth researcedsired to verify the
hypothesis on the relevant role of selected trassionm channels of interna-
tional TFP spillover effects. The aim of the paj®eto elucidate on import
and FDI as the channels of international TFP sgite using dynamic spa-
tial autoregression (SAR) methods. We also tedet(ae. import) and FDI
unrelated spillovers using a geographical distamegrix. Our paper is
structured as follows: in the next section, weaewthe related literature on
international spillover effects, in section 2 wedliss the data and the em-
pirical model. Section 3 presents the empiricalltes

Literature review

Grossman and Helpman (1991) analyzed the impattabanology spillo-
vers through trade have on a small country. Thegest that knowledge is
related to the “number of contacts” that an agexs Wwith its trading part-
ners abroad. They argue that local knowledge dapitikely to vary posi-
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tively with the extent of contact between domestients and their coun-

terparts in the international research and busicessnunities and that the

number of such contacts increases with the levebaimercial exchange.

Coe and Helpman (1995), using a sample of 22 ad¢hoountries over the

period 1971-1990, investigated the trade-relateghicél of international

knowledge transmission. They found statisticaliyndicant and relatively
large values for the trade-related channel.

Initially, trade has been considered as a mainmélasf technology dif-
fusion; however, further studies increased the ramah channels, adding
foreign direct investment, R&D and internationatguding (for literature
review to the year 2007 see: Isaksson, 2007). Atglewiew of selected
studies after 2007 is provided in Table 1. Two mahannels of interna-
tional technology spillovers are discussed — traiet FDI. Empirical stud-
ies give mixed results, but mostly show that tedbgy diffusion via FDI
and trade is the main factor for TFP growth. Furti@e, some authors
indicate the importance of additional factors thahance absorption of
knowledge. The details are shown in Table 1.

The state of the art of current research on patedliannels of interna-
tional TFP spillovers selected in Table 1 can barsarized as follows:

- they identify many paths and different ranges chtmlogy spillover
across borders (i.e.: import, export, inward FDltward FDI, patents
stock),

— import and FDI are channels which are more ofteamexed than others
(this can be an incentive for further research)

— most of them use the static and dynamic panelatadysis,

— most of them confirmed statistically significanikages between TFP
and selected channels of spillovers.

We would like to expand the existing literaturetwé study of import
and FDI channelasing dynamic spatial autoregression (SAR) methods.

Research methodology & data

Different types of spatial interaction effects mag considered (Elhorst,
2017): (1) endogenous interaction effect, which sneas whether the de-
pendent variable of unit “i” depends on the dependeriables of other
units, (2) exogenous interaction effects in tha tlependent variable of
unit i depends on the explanatory variables of otimts, (3) an interaction
effect among the error terms. Consequently, diffespatial econometric
models are proposed (Anseénal., 2008, Elhorst, 2017) — among others:
(i) the spatial autoregressive (SAR) model contajrthe endogenous inter-
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action, (ii) the spatial error model (SEM) contaipithe interaction effect
among the error terms. As we are looking for inteoa between TFP of
“I” country and TFP of the other countries, we eoypthe SAR model.
SAR models have some limitation (Elhorst, 2017).They show only one
type of spatial interaction effect. (2) Spilloveffeets are global by con-
struction. (3) The ratio between the spillover efffand direct effect is the
same for every explanatory variable. Nevertheless,approach gives ac-
ceptable results regarding our main goal of theaes.

The following dynamic spatial autoregression (SAR)del is estimat-
ed:

N k
TFP, =g, + pTFP,_ +p,> wTIFP, + > v,X ,, +&, (1)
j=1

Jj=1
where TFP is total factor productivity, X is thé e€control variables.

Dynamic SAR specification allows for the additiosphatial autoregres-
sive term:

N
p. 2 wTFP, 2
j=1

where wy denotes spatial weights.

We use three different sets of spatial weights:
— inverse of physical distance between capitals,
— investment links computed as the ratio of FDI stfsokn country “j” to

total FDI stock in country “i”,

— trade links computed as the ratio of import valuenf country “j” to

total import value of country “i".

The first set of spatial weights allows to captarkarger picture of spa-
tial links that are trade- and FDI unrelated anadpced by the “diffusion
of ideas” (Eaton & Kortum, 1996; Fracasso & Vittuddarzetti, 2013),
with no underlying international market transacsioifhe second set of
spatial weights allows for the capture of spillowes the foreign invest-
ment channel, and the third via the import channel.

The model is estimated with the bias-corrected iguasimum likeli-
hood approach proposed by ¥ual. (2008) using the Stata function xsmle
developed by Belottét al. (2016). The heteroscedasticity robust standard
errors, which allow for different variances of #eor term in each country,
are reported.
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Elhorst (2010) shows that the bias corrected guasimum likelihood
approach proposed by Yt al. (2008) outperform others like: ML estima-
tor based on Hsiagt al. (2002) and the GMM estimator based on Arrelano
and Bond (1991). Recently, some new proposals hage developed, but
bias corrected quasi maximum likelihood approachdpces acceptable
results compared to other different estimatorsheffixed effects dynamic
panel data models.

Our panel comprises data from 41 developed andrupgkdeveloped
countries over the period 1995-2014. We take intmant 35 members of
the OECD and the EU states that are not in the QEED Bulgaria, Croa-
tia, Cyprus, Lithuania, Malta and Romania. The ligtl of the countries are
presented in Table 2.

TFP data was taken from the Penn World Table (Feseetsal., 2015).
We examine: TFP level at current PPPs and TFPrestant national prices.
A growing body of literature shows several deteanis of TFP in micro,
meso and macro levels (Isaksson, 2007; Islam, 2B@Bjlorrow et al.,
2010; Danquatet al., 2014). In this article, the macro approach i
applied. Based on theoretical and empirical stydhes following sources
of TFP change could be mentioned:

- gross fixed capital stock formation and learningdming among the
investors (Kaldor, 1957; Arrow, 1962; Danquetfal., 2014);

- human capital stock formation (Schultz, 1961; Uzaw@65; Lucas,
1988; Mankiwet al., 1992; Vandenbusscleeal., 2006);

- the accumulation of science and technology exgeri®&&D expendi-
tures and patents (Shell, 1966; Schmookler, 196&dR, 1990; Aghion
& Howitt, 1992, 1997; Jones, 1995; Guellec and Rattelsberghe de la
Potterie, 2001; Griffittet al., 2004; Abdih & Joutz, 2005);

- the rate of innovation and the distance from thehnielogy frontier
(Aghion & Howitt, 2006);

- trade openness (Grossman & Helpman, 1991; Isla®8;2ZDanqualet
al., 2014),

- FDI (Isaksson, 2007);

- the institutional environment (King & Rebelo, 19%ebelo, 1991; Ac-
emogluet al., 2001; Freire-Seren, 2001; Nicoletti & Scarpe803;
Rodrick et al., 2004; Ulubasoglu & Doucouliagos, 2004; Acemoglu,
2013; Balcerzak & Pietrzak, 2016);

- geography (Rodriclet al., 2004; Isaksson, 2007; Islam, 2008; Danquah
et al., 2014);

- spillover effects (Beckegt al., 1990; Romer, 1986; Romer, 1990; Coe
et al., 1997; Lucas, 1988; Furkova & Chocholata, 2017).
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Consequently, our set of macroeconomic controlavées is comprised
of relevant variables in line with previous studighey include, among
others: human capital indicators, research andloewent expenditures,
quality of institution indicators and capital stodihe data sources are pre-
sented in Table 3.

Results & discussion

First, we have focused on TFP level at current PRP#ternational spill-
over transmission channels turned out to be gtatilst significant. Both
geographic distance as well as FDI and import plagle in promoting and
sustaining international TFP spillover effects. Tdetails are shown in
Table 4.

It is also necessary to draw attention to certasults concerning con-
trol variables. The institutional environment tuilneut to be statistically
significant. Due to the collinearity of variablesjch as political stability
and absence of violence/terrorism (PSAVT), govemmeffectiveness,
regulatory quality, rule of law, and control of ogption, PSAVT repre-
sents the institutional environment as a whole. f@selts for human capi-
tal index and PSAVT allow an interpretation where¢bhg positive role of
international spillover effects must imply certabsorption capacity, such
as high quality of institutional environment.

The applied measure of human capital, i.e., hunagital index, is
based on the average years of schooling and amesdstate of returns to
education. A negative sign of the coefficient iosgly surprising, but not
rare in past studies (Balta & Mohl, 2013). Acemoglwal. (2006) have
pointed out that investments in research-type doéucgwhich usually
needs more years of education) should pay off imoateas that are close
to the world technological frontier because su@daarspecialize in innova-
tion. Investments in vocational and lower typegadication (which is usu-
ally shorter) should pay off most in areas below téchnological frontier.
It is likely that the relationship between yearsdfiooling and TFP is more
complex than simply linear — which is beyond then @nd scope of our
paper and requires separate research.

Domestic patents have a significant effect on TR$ofiar as import-
related spatial effects are taken into accountyTkenain insignificant for
other cases, which may suggest that domestic TkiPgsly based on tech-
nology stimulated by the inflow of FDI.

Variables such as FDI inflow and trade opennespaiand import as
% of GDP) are no significant. In other words, FBflow and foreign trade
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volumes in our research do not matter. What matterghere investment

comes from and the direction of trade. Interesyingl&D expenditure also

turned out to be irrelevant. The research seenmuggest that domestic
R&D expenditure may be of lesser significance ifPTfelies on interna-

tional spillover effects. This is reflected in tbpinions revealing the actual
significance of R&D for pushing the technology ftien in only several of

the most developed countries. It seems reasonalpeirsue in-depth re-
search in the area and replace the R&D independeiable in the face of

the fact that international databases fail to mtewsatisfactory data on the
subject. It would be recommended to redefine kndgde creation as

a resource rather than a stream variable.

Our models were also recalculated to test the thatysbf the outcomes
to changing research methods — all variables waxalculated into 5-year
means. Spatial weights for only 4 of the closestiér partners were also
tested (and 4 closest countries for geographiamlst). In principle, all
results are similar to the baseline research, bpiltover channels being
statistically significant.

The second stage of the research was focused ondyifdmic. Both
spillover channels, i.e., FDI and import, provedbt statistically signifi-
cant. Additionally, two control variables, i.e., FBnd a share of foreign
trade in GDP, proved to be significant, which isimportant change when
compared to the research on TFP levels. Both adabave a positive
effect on TFP change, which may suggest that thayribute to promoting
the short-term effect of international technologichocks. Moreover,
GFCS has a significant positive effect on TFP cleamgly insofar as FDI-
related spatial effects are taken into accounts hcaused by the necessity
to secure a certain quality of gross fixed cagtatk and resource produc-
tivity in countries receiving capital such as FDI rielation to countries
sending the capital. The details are shown in Table

All our results show that foreign knowledge spikbos are negatively af-
fected by distance, are trade-related and FDled|aas well as closely
associated with existing international trade aneg&tment relationships. It
can be concluded that trade and investment chararelsmportant for
technology transfer, but the degree of their sigaifce depends on the
absorptive capacity such as good quality of thetin®ns.

A number of limitations of our research that mafjuence the interpre-
tation should be clearly showed:

- We employ SAR approach that uses only one typ@atia interaction
effect.
— Sets of spatial weights are assumed to remain aanster time.
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— Our study deals with the group of OECD and EU coesti.e. relative-
ly well-developed countries. As a result, spillowrannels typical for
countries with a lower level of development mayumelerestimated in
the study.

— The requirements of including a broad group of OE&Md EU coun-
tries cause that the time period of the study éatly restricted.

Conclusions

We have studied import and foreign direct investtsi¢RDI) as channels of
international TFP spillovers using dynamic spasiatoregression (SAR).
The research carried out on the sample of 41 OB@DE& countries from
1995-2014 corroborates the statistical significanténternational TFP
spillover effects for the following transmissionacimels: geographic dis-
tance, FDI, and import. The above channels turngdti@ be significant
both for TFP levels and TFP change. Apart fromefiect of foreign TFP
through identified transmission channels, we shtherosignificant deter-
minants for TFP levels and TFP change:
- TFP values delayed by one year, which representahgnuity of tech-
nological advance processes
- the quality of the institutional environment, whicheates conditions
that either promote or curtail the opportunitieh&oness the potential of
international TFP spillovers.

In the subsequent stage of the research, the ohseahort will be ex-
panded with a view to more diversity of the cowedrin terms of techno-
logical progress. The list of control variableslvélso be modified and
expanded.
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Annex

Table 1. Selected empirical studies on international spdtoof technologies

Authors

Description

Madsen
(2007)

Madsen, using a dataset on imports of technologlytatal factor productivity for
OECD countries over 135 vyears, examines whetherwletge has been
internationally transferred through the channetrafle. The study shows that TFP
growth is strongly influenced by imports of knowded with no occurrence of
additional channels of knowledge transmission (¢rade openness, knowledge
generated by multinational companies). These satticate that the relationship
between variables (transfer of knowledge througiddrand TFP) is based on
genuine connection. Empirical estimates presentdB of the increase in TFP has
been caused by imports of knowledge. It is alsomshthat TFP convergence is
mainly contributed to by knowledge spillovers.

Madsen
(2008)

The paper considers the effect of internationatmastocks on TFP for 16 OECD
countries over the past 120 years. Three potedtiahnels have been considered:
international patenting, knowledge spillovers tlglouthe channel of imports and
transmission of world knowledge through channetg #ire not related to import or
international patenting. TFP growth is highly detered by patents and knowledge
spillovers through the channel of trade. Howevéie TFP effect is unequally
distributed over the OECD countries. The final fesindicate that international
knowledge is one of the most essential factorsrigebconomic growth, but should
be supported by a highly educated labor force.

Krammer
(2010)

The paper studies a panel on 27 emerging econ@n20 developed countries for
the period 1990-2006. Import continues to exisa asain channel of diffusion for
both groups of countries, while FDI remains a leigmificant factor for recipients.
Due to transitional disinvestment and relative ddsmence, domestic R&D capital
stock has a lower impact in Eastern Europe thaweastern Europe. Additionally,
the influence of human capital has been ponderedct¢ordance with the results, at
the same time, it has a direct and indirect effeatctly, these are effects on TFP as
a factor of production, while the indirect effe@ submitted by boosting the
country’s absorptive capacity.

Blomstrd
mé&
Kokko,
(2011)

The paper discusses the connection between FDLtrendiffusion of technology.
The positive effect of FDI is not automatic, bustsongly influenced by a country’s
attributes. Additionally, the host country must arntdke policies that contribute to
affirmative results. Term policies indicate basictivaties focused on fiscal
incentives and technology transfer requirementsatteact multinational foreign
firms; however, they are not depicted as sufficiemtcreate valid knowledge
spillovers. Two additional suggestions are provittgcthe research. The first pays
attention to policies that promote local technatagicapability and labor skills,
which result in better absorption of foreign teclogy, but also cause a decrease in
the transfer cost of intra-firm technology. The @®t suggestion indicates the
importance of a competitive environment. The inseebeffect of spillovers to local
industry is determined by national and internati@meanpetition provided to MNCs.

Fawaz &
Moghada
m (2013)

This paper investigates the dependence of TotabF&roductivity among trading

partners to account for technological spillovereef§. This is done according to
dynamic panel data for the 1960—2010 period foOELD countries. The previous
values of TFP in country “i" positively explain itsirrent values. Most importantly,

the TFP of a country is positively related to tagded values of the TFP of its top
three trading partners.
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Authors

Description

Fracasso
&
Vittucci
Marzetti
(2013)

The paper tests the hypothesis that internatio®&) Rpillovers are global and trade-
unrelated for a sample of OECD countries over #gog 1971-2004. In particular,
via a randomization exercise, the authors rejezntlil hypothesis of a “global pool
of technology” and show that there are partitiofiscountries associated with
relatively strong/weak knowledge spillovers. Theyert estimate a nonlinear
specification that includes, simultaneously, gephbreal distance and international
trade among the determinants of domestic TFP. Gittess find robust evidence that
both factors affect how foreign knowledge impabts domestic productivity of each
recipient country.

Amann &
Virmani
(2014)

The authors address the issue of the effect of éiDITotal Factor Productivity

growth in emerging economies through internatiothnology spillovers. The

paper examines the effect of R&D spillovers resgltfrom outward FDI (transfer

from 18 emerging markets to 34 OECD economies btwi990 and 2010) and

compares the influence with inward FDI results. Hbedy confirms the positive

effect of FDI; however, it indicates an advantagénward FDI. In the case of the

limited technological capabilities of developingoromies, technology transfer is
noted as a factor responsible for the foundatiorteshnological improvement.

Additionally, the research indicates that this sfen reduces the technological gap
and enhances the productivity of the whole econdtimyvever, the transition should

be supported by an appropriate environment ineheiving country (human capital,

policies and effective institutions).

Jinji etal.
(2015)

The paper examines how bilateral trade patterng laavinfluence on technology
spillovers across countries. The analysis inclusample of 55 countries and uses
patent citation data, provided by USPTO. The asthwmte a positive relationship
between horizontal intra-industry trade (HIIT), tieal intra-industry trade (VIIT)
and technology spillovers. However, the effect pted by HIIT is much more
significant. In the case of VIIT, the influenceystat the same level whether export
of high- or low-quality products is examined. Adaditally, the issue of the
technology gap has been raised. In contrast to &fesisfindings, the authors
indicate that technology spillovers can increase thchnology gap between
technologically advanced and less-advanced cosntrie

Bae
(2016)

The author created a model that puts togetheraidiibnal strategic R&D game and
the concept of absorptive capacity to analyze R@lllavers. The effectiveness of a
company’s R&D is constructed based on the typéswalstments: diosyncratic R&D
— willingness to create own innovations, and id=itR&D — absorbing capacity.
According to the studies, own investments can hbathance and decrease the
competitor’'s output, while identical R&D always wdts in a decline. The research
suggests that the increase in the rate of spilloierconnected with a fall in the
number of R&D investments. As indicated, the effextcaused by the free-ride
strategy, in which the company has a tendency togpeater attention on the
absorptive capacity instead of diosyncratic R&DeButhor indicates this effect as
socially negative and mentions the necessity oeguwent intervention. Within the
findings, the importance of IPR protection is emgibed as an incentive for
diosyncratic R&D.
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Authors

Description

Ali etal.
(2016)

The paper expands upon the results of the Coe algntdn model of R&D
spillovers by adding foreign direct investmentshannels for knowledge spillovers.
The authors consider the relationship between keage spillovers from imports
and inward FDI. Additionally, human capital is exagd as a one of the main
factors for knowledge spillovers, with particuldteation on quality-content (based
on journal publications and patent application®gsé&arch was performed using data
collected from 20 European countries between 19862010 and by applying the
cointegration estimation method. The authors hawveficned that domestic
productivity is affected by FDI and import relatsgillovers. Furthermore, it has
been indicated that countries with better adjusbteenan capital can gain an
advantage not only from productivity effects, biley can also benefit from
absorption and transmission of international kndgte spillovers. The final results
emphasize that technological distance is not aifgignt factor in the case of
absorption of knowledge.

Tientaoet
al. (2016)

The TFP growth model is estimated from a sampl&Qaf countries for the period
2000-2011. The main focus is on the role playedebinological spillovers. They
impact productivity growth substantially, as daditenal factors such as R&D and
human capital stock. Technological spillovers areptered by the spatial
autocorrelation coefficient and the indirect impacR&D.

Table 2. List of countries in alphabetical order

pd
©

Country No. Country No. Country No. Country

1 Australia 12 Finland 22 Korea Rep. 32 Portugal

2 Austria 13 France 23 Latvia 33 Romania

3 Belgium 14 Germany 24 Lithuania 34 Slovakia

4 Bulgaria 15 Greece 25 Luxembourg 35 Slovenia

5 Canada 16 Hungary 26 Malta 36 Spain

6 Chile 17 Iceland 27 Mexico 37 Sweden

7 Croatia 18 Ireland 28 Netherlands 38 Switzerland

8 Cyprus 19 Israel 29 New Zealand 39 Turkey

9 Czech Republic 20 Italy 30 Norway 40 United Kingd

10 Denmark 21 Japan 31 Poland 41 United States

11 Estonia

Table 3. Variables and data sources

Abbreviation Variable Data source

TFP1 TFP level at current Feenstra et al., 2015; available  at:
PPPs (USA=1) www.ggdc.net/pwt

TEP2 TEP at constant national Feenstra et al., 2015; available at:
prices (2011=1) www.ggdc.net/pwt

GFCE Gross fixed capital Feenstrat al., 2015; available at
formation (% of GDP) www.ggdc.net/pwt

cs ggﬂt?]la‘iitggzlegr(i::en;t(%nt Feenstrat al., 2015; available at:

millions of USD) www.ggdc.net/pwt




Table 3. Continued

Abbreviation Variable Data source
Human capital index,
based on years of . .
HCI schooling and returns Feenstrat al., 2015; available at www.ggdc.net/pwt
to education
Life expectancy at Human Development Report 2015, United Nations
LEB birth ( %ars) Y Development Programme; available at:
Y http://hdr.undp.org/en/data
Research and
R&D development World Development Indicators, World Bank;
expenditure (% of available at: http://databank.worldbank.org/data
GDP)
PA Patent anplications World Development Indicators, World Bank;
pp available at: http://databank.worldbank.org/data
Trade openness, i.e.
TO }ri:qe s:’tr:;f e(;((?;srt;n%nd World Development Indicators, World Bank;
PO 9 available at: http://databank.worldbank.org/data
services measured as
% of GDP
FDI E\?/fsl(i);edr:;e%tet inflow World Development Indicators, World Bank;
(% of GDP) available at: http://databank.worldbank.org/data
PSAVT Zgggﬁigsé?b'"ty and Worldwide Governance Indicators, 2016 Update;
. . available at: www.govindicators.org
violence/terrorism
GE Government Worldwide Governance Indicators, 2016 Update;
effectiveness available at: www.govindicators.org
RO Requlatory qualit Worldwide Governance Indicators, 2016 Update;
9 y quaity available at: www.govindicators.org
Worldwide Governance Indicators, 2016 Update;
RL Rule of law ; ; A
available at: www.govindicators.org
cc Control of corruption Wor_IdW|de Qovemanc_e I_nd|cat0rs, 2016 Update;
available at: www.govindicators.org
Geographic distance,
GD I.€. Inverse of physical Own calculations based on worldatlas.com
distance between
capitals of countries
:?B’f’z:g“cek”itn“t”h‘fh;z't Bilateral FDI Statistics 2014, UNCTAD; available at
IL economy, by http://unctad.org/en/Pages/DIAE/FDI1%20Statistics/F
geographical origin DI-Statistics-Bilateral.aspx
Trade links, i.e. N . . . .
T external trade by Direction of Trade Statistics (DOTS); available at:

counterpart, import http://www.imf.org/en/data




Table 4. Results for TFP level

IL TL GD
coef. P-value coef. P-value  coef. P-value
TFPL1.1 0.85%** 0.000 0.82%+* 0.000 0.82**  0.000
GFCF -0.00 0.177 -0.00* 0.059 -0.00* 0.062
CSs 0.00 0.708 0.00 0.868 0.00 0.571
HCI -0.08*** 0.000 -0.08*** 0.000 -0.08***  0.000
LEB 0.00 0.761 0.00 0.201 0.00 0.247
PSAVT 0.03*** 0.000 0.03*** 0.000 0.03*** 0.000
PA 0.00 0.155 0.00** 0.032 0.00 0.157
R&D -0.00 0.541 -0.01 0.402 -0.01 0.373
TO 0.00 0.206 0.00 0.281 0.00 0.300
FDI 0.00 0.432 0.00 0.278 0.00 0.506
rho_spatial 0.31%+* 0.000 0.21%* 0.000 0.19**  0.000
R? within 0.80 0.81 0.81
R? between 0.95 0.96 0.96
R? overall 0.93 0.94 0.94
Significant coefficients are denoted with starp & 0.1; ** p < 0.05; *** p < 0.01)
Table 5. Results for TFP change
IL TL GD
coef. P-value coef. P-value coef. P-value
TFP2.1 0.91%+* 0.000 0.86*** 0.000 0.88***  0.000
GFCF 0.00* 0.057 0.00 0.706 0.00 0.301
CSs 0.00 0.553 0.00 0.525 0.00 0.308
HCI -0.05** 0.026 -0.07%x* 0.005 -0.06**  0.008
LEB -0.00 0.118 -0.00 0.199 -0.00 0.293
PSAVT 0.02*** 0.002 0.02*** 0.001 0.02*** 0.001
PA 0.00 0.807 0.00 0.143 0.00 0.462
R&D 0.00 0.958 -0.00 0.717 -0.00 0.707
TO 0.00%** 0.008 0.00%** 0.004 0.00** 0.011
FDI 0.00** 0.049 0.00** 0.023 0.00** 0.012




Table 5. Results for TFP change

IL TL GD
coef. P-value coef. P-value coef. P-value
FDI 0.00** 0.049 0.00** 0.023 0.00** 0.012
rho_spatial 0.09*** 0.000 0.33*** 0.000 0.16*** 0.000
R? within 0.91 0.91 0.91
R? between 0.84 0.82 0.85
R? overall 0.87 0.86 0.87

Significant coefficients are denoted with starp & 0.1; ** p < 0.05; *** p < 0.01)





