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Abstract:

This study examines how the dissemination of reteand development (R&D) and
technology affected economic performance in difiei®@outh American countries from 1990 to
2010. The objective is to understand the relatigndietween countries in the process of
international technology diffusion, i.e. measurixgernalities and identifying the mechanisms
through which technology is transferred.

To answer these questions, we consider the Schenmgetgrowth model proposed by
Ertur and Koch (2011). This framework accounts tfee interdependences between countries
(resulting from R&D externalities) from both a tletical and an empirical point of view. With
this spatial panel model, we assess the extenthiohmone country's productivity affects the
productivity of other countries in the region aedttthe effectiveness of R&D in terms of direct
and indirect impact on the economy. Different speaiions of the spatial weight matrix are
considered in order to investigate the differentinamisms of technological diffusion.

The originality of this study lies firstly througthe use of R&D measures that allow
different sources of funding to be distinguishead.plrticular, we can thus assess the role of
R&D expenditure from national sources in comparisath R&D expenditure from foreign
sources which, in the context of developing coestris a key issue. In addition, we provide an
assessment of the role of absorptive capacityrindeof research expenditure or investment in
human capital on the productivity levels of cousdrin the region.

The results suggest that of the various factorsrgehing South America’s economic
performance, public sector funded R&D investments, &0 a lesser extent, private sector funded
R&D, have a positive impact on these countries’dpuativity. In contrast, however, foreign
investment in research does not produce the expéarefits. We also observe that there are
significant international spillovers from R&D adties. The ability to disseminate technologies
and to take advantage of these international sty however, differs from one country to
another. Our estimates indicate that Brazil hastipagd itself as the main actor in the region in
terms of technological diffusion, while Bolivia the country most likely to benefit from these
spillover effects.



Résume:

Cette étude examine comment la diffusion de laeette et développement (R&D) et de
la technologie affecte la performance économiques dizs différents pays d’/Amérique du Sud au
cours de la période 1990-2010. L'objectif est dengendre les relations entre pays dans le
processus de diffusion technologique internatignalest-a-dire mesurer les externalités et
d'identifier les mécanismes par lesquels la tedyielest transférée.

Pour répondre a ces questions, nous considéransdéle de croissance schumpétérien
proposé par Ertur et Koch (2011). Ce dernier resrdpte, d’un point de vue théorique comme
d’'un point de vue empirique, de l'interdépendamtesepays résultant des retombées de la R&D.
Grace a ce modele de panel spatial, nous évaluams glielle mesure la productivité d'un pays
affecte la productivité des autres pays de la rége nous testons l'efficacité des dépenses de
R&D, en termes d’impact direct et indirect sur b@domie. Différentes spécifications de la
matrice de pondération spatiales sont considérdées de rendre compte des différents
mécanismes de diffusion technologique.

L'originalité de cette étude réside tout d’abordsla mise en place de mesures de R&D
permettant de distinguer différentes sources detiament. Ainsi, nous pouvons en particulier
identifier le role de la R&D financée par des sagroationales relativement au role des activités
de R&D financées par des sources étrangeres, ceogstitue, dans le contexte de pays en
développement, un enjeu tout a fait essentiel. lErepnous fournissons une évaluation du réle
des capacités d'absorption, en termes de dépeasexlierche ou d’investissement en capital
humain, sur les niveaux de productivité des paysetie région.

Les résultats suggerent que parmi les différenteraidnants de la performance des
eéconomies d'Amérique du Sud, les investissemeni®&dh financés par la sphere publique, et
dans une moindre mesure par la sphére privée,roimhpact positif a la fois sur la productivité
de ces pays. En revanche, les investissementgyéteaen matiere de recherche ne produisent
pas les effets bénéfiques attendus. Nous obseregatement qu'il existe des retombées
internationales importantes issues des activitéR&8B. Toutefois, la capacité a diffuser des
technologies et a tirer profit de ces retombéesrmationales differe d’'un pays a l'autre. Nos
estimations montrent que le Brésil se positionneroe le leader de la région en termes de
diffusion technologique tandis que la Bolivie sefaipays plus enclin & bénéficier de ces effets
d’entrainement.

Keywords: Total Factor Productivity, Technology diffusion asial panel model

JEL Codes: 03, 04, R11



INTRODUCTION

Much research has focused on the impact of innowatind technology upon economic
performance. It has been noted that country gramatinot be explained by factor accumulation
alone. Several factors impact on changes in eca@®mproduction levels, including advances in
technology, changes in externalities, and changethe composition of production sectors.
Another important factor influencing the differesda economies is organisational change such
as the adoption of lower cost production methodsudh investment in Research and
Development (R&D), Information and Communicatiorecfinology (ICT), and other measures.
Productivity differences thus explain a large pdrthe income differences across countries and
technology plays a key role in determining suchdpaivity. Nowadays, only a small group of
rich countries account for most of the world’s néechnology creatioh.The pattern of
worldwide technical change is therefore determimeldrge part by international diffusion. Two
important aspects have to be considered in studyitegnational technology diffusion: first,
what determines the extent of international teabgwldiffusion and, secondly, what are the
channels through which technology is spread? limgortant to note that even though
international technology diffusion is increasingratative terms, technology diffusion is neither
inevitable nor automatic: investment in domestaht®logy is necessary (Keller, 2004). The aim
of this study is to shed light upon about what happened in South American countries with
respect to the importance of technology and the 06IR&D investment in the productivity of
their economies.

This region has recently faced significant changeaerms of growth. Both the level of growth
and the intensity of its technological componentehancreased. This can be observed through
three main stylised facts. First of all, the regibaverage of R&D per GDP ratio in 1990 was
0.09%. In 2000 this figure was 0.18% and by ther 4.0, it had increased to 0.339%f the
countries in the region, Argentina and Brazil exhibe highest level of R&D per GDP. Brazil
prominently increased its R&D expenditure, reacHiri8% of GDP in 2010.

Secondly, a sustained policy of increased openoesseign trade and foreign direct investment
(FDI) has increased countries’ exposure to techgywldmports of manufactured goods into
South American countries grew at a rate of 4% betwk990 and 201DWithin these imports,
the proportion of technological product also insesh Although the ratio of high-tech impdrts
to total imports remains limited (13.3%), this podjon increased by four percentage points
between 1990 and 2008. The ratio of medium-high-tgeods to total imports was high, at

! The G-7 countries (the largest seven industridliseuntries) accounted for around 84% of the werl@&D
spending in 1995.

2 The calculations are made without Peru for eaeln, \@nd without Venezuela for 2010, because R&[R da¢ not
available for these countries for these datesdtitian, Venezuela data for 1990 and 2000 corredgorthe STA
indicator, considered as an approximation of R&BeTata were collected from the RICYT (Iberoameriead
Interamerican Network of Science and Technologycirs) database which is based on the Frascatudaof
OECD countries.

3 Calculations based on the World Bank’s World Depetent Indicators.

* High-technology aggregation includes manufactdimaedicinal and pharmaceutical products, chemicatenials
and products, armaments, manufacture of compueatrenic and optical products, scientific instruntse and
manufacture of air and spacecraft and related machand electric energy.

® The medium-high-technology aggregation includesufecture of chemical elements and compounds,
manufacture of weapons and ammunition, manufactuetectrical equipment, manufacture of machinerg aon



38.2% and 39.6% respectively in 1990 and 2008. ifibeeasing proportion of these types of
products within total imports could be fairly si§oant in terms of technology diffusion within
South America.

On the export side, the proportion of high-techggl@oods is much lower in comparison to
imports at only 4%, demonstrating that South An@ricountries have not yet developed the
capacity to invent entirely new technologies. Néweless, the sector has experienced a drastic
increase over the last two decades, as this anmamtenly 2.3% in 1990. With respect to the
export of medium-high-technology goods, again, ihi®wer than the percentage imported. Yet,
this sector grew from 9.2% in 1990 to 13.4% in 200®dium-low-technology exports thus
contribute significantly to the total exports fré@outh American countries, which mainly consist
of transport equipment and petroleum products. @tepretation of this is that it could be the
result of absorptive capacity. When a country ssgitdly replicates and adapts pre-existing
technology, the technology is first produced doimaBy. Once international standards are
reached, it can then be exported, as a conseqoétioe country’s absorption capacity.

Despite these changes, important challenges reforaBouth American countries, particularly in

terms of improving quality of life and reducing @oty, unemployment and inequality in income
distribution. Beyond having more resources, it isoaimportant to foster economic

diversification and competitiveness through invesii in infrastructure, education and

innovation. Failure to act now will result in theseonomies continuing to concentrate on
primary products with low added value. Hence thpartance of studying the role of innovation,
R&D, and technology diffusion in the economic growef South American countries.

Given this context, we are interested in invesiigahow technology diffusion operates in South
America, i.e. in measuring knowledge externalibespillovers and identifying the mechanisms
through which technology is transferred. To thisnaiwe consider the multi-country
Schumpeterian growth model proposed by Ertur anch@011). This framework allows us to
take into account the interdependences betweentreggimesulting from R&D externalities.
Based on a spatial panel model, we assess thet éxtehich a country's productivity affects the
productivity of other countries in the region, and test the effectiveness of R&D in terms of
direct and indirect impacts on the economy. Moreoue order to investigate the different
mechanisms for technological diffusion, differepesifications of the spatial weight matrix are
considered. In comparison with Ertur and Koch (901ie originality of this study lies firstly in
the use of R&D measures which allow different searof funding to be differentiated. Thus, we
can compare the role of R&D expenditure from natlosources with the role of R&D
expenditure from foreign sources which is, in tbatext of developing countries, a key issue. In
addition, we rely on panel data from 1990 to 2@&dwing us to control for unobserved country
specific effects.

The remainder of this paper is organised as follollee first section presents the theoretical
framework. Endogenous growth models are shown tadsguate to explain growth in South
American countries and the main building blocksoof spatially augmented Solow model are
set out. In the second section, the empirical $ipation of our Total Factor Productivity (TFP)

electrical equipment, manufacture of motor vehideslers and semi-trailers, and manufacture béptransport
equipment.



equation implied by the multi-country Schumpetermaadel is discussed and the econometric
methodology is introduced. Since we have a pangbadae for South American countries, the
growth model examined in this study requires spatenel econometrics tools. In the third
section, data sources and criteria used to congtracspatial weight matrices are explained. The
fourth section contains the econometric resultsnflaur multi-country Schumpeterian growth
model. In this part, international R&D spilloveneacalculated, providing an assessment of the
intensity of R&D relationships between South Amaniccountries. The results suggest that of
the various determinants of South American econguiformance, public sector funded R&D
and, to a lesser extent, private sphere funded R&We a positive impact on the productivity of
these countries. In contrast, however, foreign shwent in research does not produce the
expected benefits. We also observe that thereigindisant international spillovers from R&D
activities, although the ability to disseminate htealogies and to take advantage of these
international spillovers differs from one countoyanother. Our estimates indicate that Brazil has
positioned itself as the main actor in the areteims of technological diffusion, while Bolivia is
the country most likely to benefit from these inional spillover effects. Finally, in the last
section, the conclusions of the study and recomatemts for broadening its scope are
presented. Some relevant policy recommendationthétarget countries are also suggested.

1. Theoretical framework: Ertur and Koch’s multi-count ry Schumpeterian growth
model

From a theoretical perspective, the ability to stigate the impact of technological progress and
technological diffusion on growth processes dataskbto the development of endogenous
growth models. In new growth theory, models hawemmon structure which can be discerned
by considering a standardised version of Aghion Hiegvitt's 1998 model and Howitt's 2000
model. The mechanism of endogenous growth whick toasider is international technology
diffusion in the Schumpeterian growth model. Theiodel can justifiably be called ‘neo-
Schumpeterian’ because it takes account of theepsomf creative destruction and the
devaluation of previous technologies through olsmace (Michl, 2000).

Invention is modelled as a Poisson process, witlaraival rate depending on the resources
devoted to R&D. The amount of resources devotedesgarch corresponds to an arbitrage
condition equating the marginal cost of the redeavith its marginal value(Howitt, 2000).
R&D investment increases the general stock of kedgé. This in turn makes it less costly to
undertake further research and increases the piotipyof other inputs and outputs (Grossman
and Helpman, 1991). Such knowledge spillovers meg doth within and between countries.

Endogenous growth models have therefore been wsstudy international spillovers. Bianco
and Niang (2012) analysed the role of internati@mallovers in generating gains for a panel of
24 OECD countries. They found that substantial i@sintry spillovers occur, mainly relating
to R&D and human capital variables, which contrégignificantly to productivityCoe and

Helpman (1995) and Eaton and Kortum (1996) alsdistuinternational knowledge spillovers
and showed that such spillovers are not symmetriéaé and Helpman (1995) found that in
developed countries intra-national spillovers addceconomic growth, although international
spillovers had little effect on growth. In contragtey found that in developing countries,



international spillovers from developed countriasl lan important effect on growth, as did intra-
national spillovers.

Given that South American countries participateaha new pattern of global growth as they
make technical advances, endogenous growth modelsugtable for studying their growth. In
addition, endogenous growth theory is concerneth Wit determination of long term growth
rates and this work focuses on how South Amerieatsnomic structure helps its development.
To some extent, the countries of South Americgpare of endogenous development. They may
generate externalities which lead to increasingirnst insofar as technology diffusion and
absorptive capacity are efficient. Hence, in thiglg, the endogenous growth model is tested for
South America.

From this perspective, the model proposed by Eahg Koch (2011) is used, in order to fully
account for spatial dependencies among countribs. model proposed by Ertur and Koch
(2011) is based on the multi-country Schumpetegeowth model developed by Aghion and
Howitt (1998) and Howitt (2000). In the Schumpedearigrowth model, R&D expenditure is
motivated by profit and the distribution of couesi technology depends on their R&D
expenditure. In this model, the effect of technglaiffusion on research productivity implies
convergence on the same growth rate and paraleitrpaths in the long term. Ertur and
Koch'’s contribution is to increase the researchdpotivity function of endogenous growth
models by adding a general process of technologitaetdependence. This leads to a spatial
econometric reduced form which is somewhat latert aot fully exploited by Aghion and
Howitt (1998) or Howitt (2000). The empirical spization proposed by Aghion and Howitt
(1998) or Howitt (2000) thus appears to be mis-#igel; since it omits this interdependence,
which is fundamental in their theoretical modekitireduced econometric form does not capture
all the implications of the multi-country Schump&ie growth model. In contrast, Ertur and
Koch propose a richer interdependence scheme Hyding interactions between countries

notedWii enabling us to conceive of the spatial dependeated®n country and country .

Consider a world with® countries. There is one final outpdit produced under perfect
competition by combining labor and a continuum mtermediate products, according to the
production function:

Qi{ﬂ
V() = Qs (% L A, s @, L (O d "

WhereY:(®) is the country’s gross output at datel:®) = L:(0)e™* is the flow of raw labour
used in production an#: its rate of growth@i(t) is the number of different intermediate
products produced and used in couritryat datet , x;(.t) is the flow output of intermediate
product ¥ € [0. @;®)] ysed at daté , and 4:(.t) is a productivity parameter attached to the
latest version of intermediate go#cE [0, N1,

Innovations result from domestic R&D which useshteslogical knowledge from all over the
world. In other words, there is a worldwide ‘leagliedge technology parameter’ and it is the

maximum value ofl; (v, t) at datel defined as:



A; ()™ = max{A; v, t): v € [0,0Q;(1)]} (2)

Each innovation in sectér of a country® at datet results in a new generation fth product

in the country, whose productivity parameter is
A(ymes

Each innovation creates an improved version ofdkisting product, giving the innovator a
monopoly over a superior product which will destrogmpetitors producing that particular
variety of intermediate good. This process is kn@asrvertical innovation and it was Howitt and
Aghion’s contribution to formalising Schumpeter'stion of creative destruction. Instead of
enjoying permanent monopolies, as in models ofzootal innovation, neo-Schumpeterian
monopolies only last until the next quality impravent wipes them out (Michl, (2000)).

The Poisson arrival ra@s of innovations in each sector is:
¢i(t) = Ak )% A; =0 (3

where 4 is a parameter indicating the productivity of R&Dand where
k,(8) = —=4% s the productivity-adjusted quantity of final put devoted to R&D in each

R
sector. R&D expenditure is decreased by the leaddyg productivity parameter to take into
account the force of increasing complexity; as medbgy advances, the resource cost of further
advances increases proportionally. This hypothesevents growth from exploding as the
amount of capital available as an input to R&D gsamithout limits.

In order to introduce technological diffusion iretBchumpeterian growth model, Ertur and Koch
assume that this productivity parameter is defmeébllows:

T W -

_ A )™
Ai=4 Hﬂf(ﬂ

j=1 4)

They therefore suppose, as do Aghion and Howit®8)9that R&D productivity is a negative
function of the technological gap of countryith respect to its own technology frontier. Indee
the further away a country is from its own techiggidrontier, the higher its productivity in the
research sector because it benefits from the adetmduknowledge in other countries. This
technological frontier is defined as the geometnigan of world knowledge levels denoted by

A;i®, for j = 1....n . Compared to Aghion and Howitt (1998), this tedbgixal frontier is,
however, specific to each country as the resultVaf parameters, which model the specific
access of countriyto the accumulated knowledge of courjtrifhe parameteyi =1 measures

the absorption capacity of countrywhich they assume to be a function of its humapitakh
stock.



This equation shows explicitly that the knowledgewamulated in one country depends on the
knowledge accumulated in other countries. The ruoltintry Schumpeterian growth model
implies technological interdependence between c@mstso each country cannot be analysed in
isolation (Ertur and Koch, 2007).

2. Econometric specification and estimation issues

Based on the steady state equilibrium equation Es&& and Koch, 2011), the econometric
reduced form of the multi-country Schumpeteriarmghbomodel applied to our study describes
TFP of country i, at a given time t as:

n
Kes
luTFPH- =J'9I:r + 181 IEWI:J.I]E + Jlg: ll:lSAﬂ + 185 ll:lﬂﬁ +}"ZWU ll:lTF.PU' + g (5)
J=i

K’ -
e_luTFPn- =lny,; —0.05ln t

Wher 1 + 0.05 is the TFP of countriyat timet .

K
ny; + 0.05;  Investment rate in physical capital over tffeaive depreciation rate of the home
countryi and working-age population growth.

Sari ! Investment rate in the R&D sector.
My Working-age population growth.
Uri Regression disturbance.

The model introduces a spatial lag of the dependemtable defined in the term
T

¥ ). wy; InTFP,

j=i with ¥ representing the spatial autocorrelation coefficiendWii the ijth
element of the spatial weight matrix whose diag@h@ments are zero. This results from the fact
that the R&D of one country spills over nationafdbers.

Our application covers a panel of nine countriesseoled over 21 years. Hence,

t=1990,..2010 and i =1,..9 | The index! represents the countries of South America:
Argentina, Bolivia, Brazil, Chile, Colombia, Ecuagd®araguay, Uruguay and Venezu®la.

We extend Ertur and Koch’s empirical model by idtroing different sources of R&D funding,

which enriches the analysis of the role of R&D imuh America by identifying the impact of

domestic (public and private sectors) and foreigiDRnvestment in the country. Our measure
of R&D investment rate=4ri) is therefore divided into three distinct indioato

puby; : Rate of public sector investment in R&D.

® Peru is not analysed because data on R&D investaremot available.



privy : Rate of private sector investment in R&D.
for:: Rate of foreign investment in R&D.

By distinguishing between national and foreign fimgdsources, besides the R&D carried out in
other countries, we can identify not only the effecdomestic R&D and external R&D on one
country’s economy but, within the country, to wheattent the role of R&D funding from
national sources is significant in comparison to DR&unding from foreign sources. The
differentiation between external knowledge and rimaé knowledge in a country is thus
introduced. It is important to note that throughtiug study, we refer to ‘foreign R&D’ for R&D
carried out inside the country but funded by fanegpurces, and ‘external R&D’ for R&D
carried out outside the country. In addition, we panel data for South American countries from
1990 to 2010, thus introducing a temporal dimensuich has important implications for the
estimation method.

In order to implement our multi-country Schumpetergrowth model, we rely on the panel data
model with error components which are both spatatid temporally correlated, as proposed by
Kapoor et al. (2007). They broaden the generalsethod-of-moments estimators suggested in
Kelejian and Prucha (1998). In their seminal pap&@poor et al. (2007) concentrate on the
random effects model, assuming that explanatoryablas and unit-specific error terms are
independent. However, in applied work this assuomptften does not hold and a fixed effects
specification is employed instead (Mutl and Pfaffayr, 2011).

Consider the following spatial model:

N
View = A Z Wij NYjen + X + diny + Uiy
=1 (6)

Index ¢ = 1L, .N denotes the cross-sectional dimension of the pavigle the index

t = 1,...T refers to the time series dimension of the panetolighout we assume thét is
fixed; i.e., the asymptotic analysis refers to ¢éalky Yiz.v is the (scalar) dependent variable and

N

Z Wi NYjtN
j=1 denotes the spatial lag of the dependent variaitkeW:i;.v being observable non-
stochastic spatial weights. is the associated scalar parametesy denotes a 1#~1) vector
of time-varying exogenous variables afidis the correspondind(- 1) x 1 parameter vector.
din is 1 x L vector of time-invariant variables, including thenstant, withL x 1 parameter
vector. Finallytit.nv is the overall disturbance tefiutl and Pfaffermayr, 2011).

They allow for a cross-sectional correlation of thsturbances. In particular, disturbances are
assumed to follow a Cliff and Ord-type spatial @otoelation (SAR(1)) using the terminology
of Anselin (1988) as proposed by Kapoor et al. 200



N

Ujew = P Z mij NUjrN + €ie,N
i=1 (7)

wheref is a scalar parameter aiitii.n are observable spatial weights (possibly the sasrtbe
weightsWii.n). The perturbation&c.nv have the following one-way error component strrectu

Eie.N = Hin + Vv (8)

where¥ic.y are independent errors a#dy are individual effects, which can be either fixad
random.

3. Data and specification of the spatial weight matries

The analysis is based on information from nine toest Argentina, Bolivia, Brazil, Chile,
Colombia, Ecuador, Paraguay, Uruguay and Venezirela 1990 to 2010. The data recorded
for these countries was extracted from differenirees. GDP and the Gross Capital Formation
variables were collected from the World Bank’'s Wofevelopment Indicators (WDI) and
Global Development Finance (GDF) database. For R&@stment by funding sources and also
for the working-age population variable, the Ibenesican and Interamerican Network of
Science and Technology Indicators Network (RICYTSpanish) was used. It is important to
note that, due to missing data, Venezuela’s R&Dadarrespond to the STA indicafor,
considered as an approximation of R&D. Hence, weslia be cautious with the results for this
country and regard them as an approximation.

To obtain the real GDP per worker, real GDP isdkd by the number of workers (work-age
population 15 to 64 years old). We meastse, for L = 1,...m | as the growth rate of the
working-age population of the yedr with respect to the yedr—1 . The saving ratet::, for

I = L..,n  js measured as the share of gross investmenbm iG the period. The variable
pub:; | is measured as the share of domestic expendtifutiee public sector on R&D relative to
GDP of the country over the period. The variable?Tiv:i, is measured as the share of domestic
expenditure by the private sector on R&D relativéSDP of the countryover the period. The
variableforsi, is measured as the share of domestic expenditufereign funding sources on
R&D relative to GDP of the countiyover the period. Finally, in line with Mankiw et al. (1992)
among others, we use the sum of the depreciatinafaphysical capitaf and the world
Kij

growth rategw, 9w + 8 = 0.05 | For the capital investment depreciated tefw, + 005 we
multiply it by H:, the human capital stock of the destination cqunfthe latter is measured by

" Scientific and Technological (S&T) activitidsr addition to R&D, scientific and technologicatiaities include
scientific and technical education and trainingESYTand scientific and technological services (ST latter
services include, for example, S&T activities dfréiries and museums, translation and editing of 8&Tature,
surveying and prospecting, data collection on secienomic phenomena, testing, standardisation aality
control, client counseling and advisory services| patents and licensing activities by public bedierascati
2002).



the number of expected years of schooling of céildextracted from the UNESCO database
(available at http://hdr.undp.org).

Since the model to be used contains an interdepeedaattern, a spatial weight matrix, known
as the W-matrix, is constructed. Spatial weightrioes represent a convenient and parsimonious
way to define the spatial dependence between odisang (Lesage and Pace, 2004). This matrix
shows that each country is connected to a set mfhbeuring countries by means of an
exogenous pattern introduced in W. Elements omtaie diagonal are set to zero by convention
whereas elementsii indicate the way countriyis connected to countjy There are many ways
of specifying dependence, such as contiguity, amegimpns, nearest neighbours, other functions
of distance or any other criteria that could expla pattern of spatial dependence. For
interpretive and numerical reasons, a common eds to row-standardise the W-matrix, so
that row sums are unity (see Anselin, 1988). Tylhicahe strategy for constructing a spatial
weight matrix depends on the type of variable bemagelled. In this study, because we are
interested in understanding the mechanisms ofriatemal technology diffusion, we did not
chose one specific W-matrix but tested differergc#ipcations in order to identify which was the
most relevant. Keller (2002) in particular idergdi the role played by geographical distance
between countries as the productivity effects oflR&ecline with distance. However, alongside
physical proximity, international technology diffas literature has also pointed out the key role
played by international trade and FDI (MacGarvig)2, and Coe et al., 1997, Keller, 2004). We
therefore rely on three different weight matrices.

One of these is the geographical distance matrhichwis calculated to be row standardised
matrix. Two measures of distance were availablethenone hand, the geodesic distance which
simply considers the latitude and longitude of toeintry’s main city, and on the other, the

weighted distance using city-level data to assessgyeographical distribution of the population

within each country (CEPII, http://www.cepii.fr) h& latter is used in this study. The idea is to
calculate distance between two countries basedlatetal distances between the largest cities of
those two countries, those inter-city distancesidpeveighted by the share of the city in the

country’s total population.

The second criterion is contiguity. In this weighatrix theW:i elements equal 1 if countiy

and country’ share a border and 0, otherwise. The row starsktdiontiguous matrix is used,
so that the spatially lagged explanatory variabla weighted sum of the explanatory variable
observed in neighbouring countries.

The last specification of our weight matrix reli@s imports. Each elemeitiii represents the

average fraction of country’s imports coming from country with ¢ #Jj , otherwiseWii =0
The database of imports was obtained from the WBadk's WITS software (World Integrated
Trade Solution). This specification raises an intgatr issue for spatial models. The validity of
the estimation techniques requires that the wenggirix be based on exogenous information.
This assumption is relevant for spatial informatismch as distance and contiguity, but is
obviously more questionable for impoft$he similarity of our estimation results using theee

8 This would have been even more doubtful for FBIparticular, R&D intensity as well as the investingate in
physical capital may be directly driven by FDI. $teixplains why we focus here on imports only.



different matrices provides us with a certain rabass check, but it must be borne in mind that
the use of an import weight matrix may potentiddigd to endogeneity problems. In addition, in
contrast to physical distance, trade proximityikelly to change over time. Here only one year,
2010, is used to build our import weight matrix. would be relevant to extend this to
considering a spatio-temporal weight matrix, whvebuld also enable the weight matrix to be
endogenised. However, endogenous W-matrices renaain unsolved issue in spatial
econometrics and are outside of the scope of thiys

4. Estimation results

Based on the methodology presented above, we andlgseconometric results of the estimation
of the TFP model.

Due to the panel dimension of our dataset, thelspadial autocorrelation tests are not suitable.
Baltagi, Song and Koh (2001) considered the prol@éjointly testing for random effects in the
panel as well as spatial correlation across regidresfollow their approach and perform a joint
Lagrange Multiplier (LM) test which simultaneousigsts for the existence of spatial error
correlation as well as random region effects. Tk is important, because ignoring spatial
correlation and heterogeneity due to the randonomegffects will result in inefficient estimates
and misleading inferencéBaltagi et al., 2001). This test leads us to tejlee null hypothesis of
absence of random regional effects and absenceatibsautocorrelation (LM-H = 928.504, p-
value < 2.2e-16).

The results presented in table 1 are thus obtafnmd a model which considers spatial
dependence between spatial units and allows heteeity across the spatial units using random
effects. As mentioned above, the weight matrix ddaé specified according to different criteria.
In this study, instead of choosiagpriori one specific configuration, different specificatsoare
tested and the estimation results are shown ineTablthe first column reports the results
obtained using inverse distance, the second metiesron the contiguity weight matrix, and the
last column provides estimates based on the impattix. The goodness of fit of the models is
similar, at 59.7%, 58.6% and 57.7%, respectivelycdn, however, be noted that different
specifications of the weight matrix provide diffeteresults. The spatial autocorrelation

paramete¥ and the coefficient of private R&D funding are msignificant in the first model
using our distance weight matrix, but turn out ® dignificant and positive when using the

contiguity and import matrices. In these two speatfons, coefficien¥ measuring the degree

of technological interdependence between countsigigh and significant. These results are
gualitatively equivalent to those from the Ertuddfoch 2011 model. As Ertur and Koch (2011)
state, countries cannot be considered as isoldigeleations. Our estimations therefore provide
evidence of technological dependence between Stugrican countries, due to border sharing



and import relationships. International R&D spilkss would then be supported by both physical
and commercial distance.

Table 1. Total Factor Productivity - Spatial Panel Random Effects Model

Model 1 Model 2 Model 3
Distance-based Contiguity-based Import-based matrix
matrix matrix

Constant 16.575 *** 13.738 *** 12.302 ***
(4.968) (17.533) (2.034)

InK,; — In(n,; +0.05) | 0.146 0.319 0.262
(0.610) (1.246) (1.095)

Inpub,; 0.448 *** 0.461 *** 0.565 ***
(4.344) (4.221) (5.713)

Inpriv,; 0.096 0.107 * 0.104 *
(1.613) (1.684) (1.790)

In for; -0.088 *** -0.091 *** -0.073 ***
(-7.200) (-7.492) (-6.031)

Inn,; 0.032 0.051 0.044
(1.036) (1.484) (1.353)

¥ -0.177 0.080 ** 0.259 **
(-0.629) (2.303) (2.034)

Rho 0.486 0.134 0.317

sigma™2_v 1.039 1.218 1.091

sigma”2_1 1.083 4.218 7.264

Theta 0.021 0.463 0.612

N 189 189 189

K 7 7 7

R2 0.597 0.586 0.576

F 45.471 47.886 49.183

p-value 9.916E-34 5.947E-35 1.358E-35

Signif. threshold: 0.01 *** 0.05 ** 0.1 **

The coefficients of the logarithm of the capitatéstment depreciated term and of working-age
population growth are not significant whichever rabi$ used. This could be explained by the
time and space dimensions of our data which allewtaucontrol for individual effects. Our
country effects would capture the net effects otled other factors not specified in the model
and impacting upon national TFP. Once these effezt® been accounted for, the specific role
played by capital investment and workforce growthuld be of second-order only.

Moreover, we can see that the effect of R&D investtmupon South American countries’
economies is significant, showing that R&D doeseham impact on productivity. Of the effects
we can distinguish that caused by public, privaig f@reign funding. Public investment in R&D
plays a fundamental role in the national develognsénategy of any country within the region.
According to the observed coefficients, we can tbey an increase of 1% in publicly funded



R&D increases TFP by around 0.5%, all else beingakdPrivate R&D investment in these
countries is not as significant as public investimaut also has a positive effect. This provides
evidence that locally-funded R&D investment doeluance the Poisson arrival rate of new
knowledge and plays an important role in growth dhd development process which is
consistent with the multi-country Schumpeteriarmgtomodel.

Conversely, the coefficient of foreign R&D investmbés negative. This is more unexpected, but
is in accordance with the fact that most countokethe region experienced a decrease in R&D
funding from foreign sources during the 1990-201ériqul. This negative effect may be

consistent with critics of the neo-liberal positiatmo consider that foreign investment initially

produces greater growth, but has less optimistigafbns in the long run. They argue that
profits are repatriated to the investing countrthea than being re-invested locally. Income
increasingly accrues to only the wealthiest indmal$, who help to construct economic, political
and social policies which benefit outside interastther than meeting domestic needs. From
another point of view, it has been suggested thist the composition, or structure, of foreign

investment which has the greatest impact on dewgdopountries’ economies, rather than the
total amount of foreign capital receivédn the case of foreign R&D expenditure, other
structural aspects of foreign investment may akseeha significant impact on development. For
instance, the capacity of the host country to atsienknowledge transfers or the sectors into
which foreign investment is directed may be impairfactors.

4.1International R&D spillovers

The model implies that the R&D of one country spitiver to other countries. The relative
importance of foreign technology diffusion can balaated by comparing the TFP elasticities of

domestic and external R&D. Indeed, we evaluate €FRticity of the home country with
respect to domestic and external R&D expendituigceSin this study we differentiate R&D by
funding source: R&D funded by the public sector,[R&nded by the private sector, and R&D
funded by foreign sources, we can compare the itmpad FP of the home country in terms of
domestic public R&D expenditure and external puBl&D; domestic private R&D expenditure
and external private R&D; and foreign sources offR&nding and external foreign sources of
R&D funding. The estimated matrix of elasticitiessing the coefficients of the econometric
reduced form (5) is as follows:

Srep = Ez{f —?W}_l

° In other words, the higher the level of foreignéstment concentrated within a country, the lonerate of
economic growth and vice versa (Kentor, 2003).



For other types of R&D, we follow the same struetun order to know whether the indirect
effects of the TFP are significant, the Delta Meffids used.

We thus quantify the impact of home and foreign R&Kpenditure on the TFP of a given
country, using the weight matrix structure. We gsalthe standard configuration of diffusion
among South American countries where every colsgiifs over into all others"

In order to compute these elasticities, we relypanimport W-matrix. The effects could also be
computed with the contiguity W-matrix. For reasomndrevity, these results are not presented in
their entirety, but are available upon request.

Impact of public sector R&D funding

The following matrix presents the cross-partial ivitives and own-partial derivatives that
inform us about the extent to which each countfiusles its own technology and benefits from

international R&D diffusion. The flow of knowledd®etween countrie5 and/ goes from the

country in columri to the country in ro and the diagonal of the matrix represents spill®ver
within a country, which is the TFP elasticity ofgeven country with respect to its own public
R&D expenditure. Each term of the matrix is asdedavith its statistical significance using the
Delta Method, where the asterisk represents saarifie at 5%.

Table 2. International R& D with public source funding spillovers-Import W-matrix

Arg Bol Bra Chi Col Ecu Par Uru e
Arg | 0.576 * 0.005 * 0.080 * 0.027 * 0.010 * 0.005 * 0.010 0.028 * 0.020 *
Bol | 0.013 * 0.566 *  0.107 * 0.009 * 0.015 * 0.003 * 0.003 * 0.008 * 0.037 *
Bra | 0.068 * 0.005 0.582 * 0.022 0.011 * 0.005 0.011 0.022 0.034 *
Chi | 0.023 * 0.006 * ' 0.073 * 0.570 * 0.015 * 0.012 0.004 0.012 * 0.046 *
Col | 0.005 * 0.003 0.019 * 0.015 * 0.569 * 0.020 * 0.002 * 0.013 * 0.115 *
Ecu| 0.012 * 0.003 * 0.015 * 0.041 * 0.043 * 0569 * 0.002 * 0.010 * 0.068 *
Par | 0.037 * 0.004 * 0.054 * 0.045 * 0.005 * 0.003 * 0.567 * 0.015 * 0.032 *
Uru | 0.038 * 0.003 * 0.083 * 0.012 * 0.006 * 0.005 * 0.009 * 0.572 * 0.034 *
Ven | 0.010 * 0.012 0.044 * 0.011 0.014 0.021 0.010 0.062 * | 0.576 *
High diffusion

9 The Delta Method is an intuitive technique for mpgimating the moments of functions of random Valea when
direct evaluation of the expectation is not feasildlor linear functions g of a random variable ¥g(K)]=g(E[X]).
The Delta Method approximates the expectation ¥j &f taking the expectation of a polynomial appnoation to
g(X). The polynomial is usually a truncated Taysaries centered at the mean of X. For more deta#sOehlert,
(1992).

" Other configurations can be tested in order tatifieclubs of convergence. The results are nosgméed here as
they do not provide evidence of a specific spatialfiguration in South America.



Medium diffusion
Low diffusion

Initially, we see that most R&D spillover terms aignificant, which means that international
spillovers play an important role in terms of TRRvieeen most countries in the area. An increase
in research in other countries of the region lemdseater inflow of technologies and higher TFP
of the domestic country. However, the intensity tbeé effect depends on the particular
relationship between countries.

Brazil is the country with the greatest diffusidnpoiblic R&D to other countries. This is because
Brazil holds an important position in the interoatl trade pattern with a share of 41.9% of
regional imports between 1990 and 2010. AccordinGtievara and Jarrin (2011), Brazil is the
country with the highest share of manufacturingsrtotal exports, which allows other countries
to benefit from its knowledge spillovers. We nokatt Brazil impacts greatly on the TFP of

Bolivia, Uruguay, Argentina and Chile. This is ppdue to the intensity of trade between these
countries and Brazil. Brazil's participation in Bo&’s imports during the period was 41.5%, in

Uruguay’s imports it was 44.4%, in Argentina’s imnsoit was 78.5%, and in Chile’s imports it

was 35.4%. However, trade intensity is not the afriyer. The fact that Bolivia benefits the

most, despite the fact that its import rate frona#ris not the highest, proves that the further
away a country is from its own technology frontiee higher its productivity in the research

sector because it can benefit from the accumulated/ledge in other countries.

We also note that other countries which signifibadiffuse their public R&D across the region
are Chile and Venezuela. The countries that bemef#t from Chile’s spillovers are Ecuador and
Paraguay, while the countries that benefit mosinfidenezuela’s spillovers are Colombia,
Ecuador and Chile. In contrast, Bolivia is a countith very low knowledge spillover to other
countries. Some reciprocal relationships with reédy high elasticities in both directions can
also be observed: between Argentina and Brazilhenane hand and between Colombia and
Ecuador on the other. In general, we observe thatvledge diffuses locally between South
American countries where elasticities show a mediiffusion level.

Impact of private sector R&D funding

We then evaluate the elasticity of TFP of the hocoentry ¢ with respect to domestic
expenditure from the private sector and externaDRs&penditure from other countries’ private

sectors. Thus, we can assess the direct and éhdiinpact of private investment in the R&D
sector on each country’s productivity.



Table 3. International R& D with private source funding spillovers-Import W-matrix

Arg Bol Bra Chi Col Ecu Par Uru Ven
Arg 0,1065 0,0009 0,0148 0,0050* 0,0019* 0,0009 0,0018 0,0053 0,0039
Bol 0,0024*  0,1046 0,0198* 0,0016* 0,0028* 0,0006* 0,0006* 0,0015* 0,0068*
Bra 0,0126 0,0009 0,1075 0,0041 0,0021 0,0010 0,0020 0,0041 0,00¢4
Chi 0,0043 0,0012 0,0136 0,1053 0,0028 0,0021 0,0008 0,0022 0,008b
Col 0,0009 0,0006 0,0035 0,0028 0,1051 0,0036 0,0004 0,0024* 0,0212*
Ecu 0,0021* 0,0005 0,002 0,0076* 0,0079* 0,1051 0,0003* 0,0018* | 0,0126*
Par 0,0068  0,0007 0,010¢ 0,0083* 0,0009* 0,0005* 0,1047* 0,0027* 0,0060*
Uru 0,0070*  0,0005 0,015 0,0023 0,0011 0,0009 0,0017 0,1057 0,0062
Ven 0,0018 0,0022 0,0082 0,0021 0,0027 0,0040 0,00x9 0,0115* 0,1065
High diffusion

Medium diffusion

Low diffusion

When compared with the impact of public R&D on THE impact of private R&D expenditure
is lower and is less significant. In terms of theensity level of the spillovers, similar resulte a

found, Brazil being the country with the greateifudion of private R&D to other countries of
the region.

Impact of foreign R&D funding

A different pattern is found when analysing the auipof foreign investments in R&D on TFP.

As pointed out in section 3, foreign R&D investmembduces a negative effect on TFP,
resulting in negative spillovers between countriagintel and Khan (2004) argue that growth
theories which advocate positive international kisolge spillovers neglect issues of
technological and industrial rivalry. Unfortunatetgchnological rivalry is a world reality and

knowledge diffusion, in principal, can be positmenegative. If an R&D strategy is designed to
pre-empt competition, then spillovers can be neggaflLuintel and Khan, 2004). In the case
ofSouth America, foreign investments in R&D wouldngrate such a negative indirect effect.
Due to the import structure, Bolivia is once madne tountry which faces the highest effects,
followed by Venezuela.



Table 4. International R& D with foreign source funding spillovers-Import W-matrix

Arg Bol Bra Chi Col Ecu Par Uru Ven
Arg -0,0v4* -0,001 * -0,010* -0,004* -0,001* -0,001* -0,001 -0,004 * @03 *
Bol -0,002 * -0,073* | -0,014 * -0,001* -0,002* -0,0004 * -0,0004 * -0,001* -0,009
Bra -0,009 * -0,001 -0,075* -0,003 -0,001 * -0,001 * -0,001 -0,003 -0,004 *
Chi -0,003 * -0,001* -0,009* -0,073* -0,002* -0,001 -0,001 -0,002 * -0,006]*
Col -0,001 * -0,0004 -0,002 * -0,002 * -0,073* -0,003 * -0,0003 * -0,002 * -0,015
Ecu -0,001 * -0,0004 * -0,002 * -0,005* -0,006 *-0,073* -0,0002 * -0,001* -0,009 ?
Par -0,005 * -0,0005* -0,007* -0,006* -0,001* -0,0004 *-0,073* -0,002* -0,004 *
Uru -0,005 * -0,0004 * -0,011 * -0,002* -0,001* -0,001* -0,06 -0,074* -0,004 *
Ven -0,001 * -0,002 -0,006 * -0,001 -0,002 -0,003 -0,001 eBoe -0,074*
High diffusion

Medium diffusion

Low diffusion

5. CONCLUSION

In spite of its small share in world R&D expendé@uBouth America increased its R&D per GDP
ratio by 83% between 1990 and 2010. New growthrihand, more specifically, growth models
with endogenous technical change thus appear astable tool to explain South America’s
growth. Based on Ertur and Koch’s Schumpeteriamvtironodel, we study the impact of R&D
expenditure on countries’ TFP and account for pg@edependencies between South American
countries. According to our theoretical model, daenternational technology diffusion, R&D
expenditure spills over national borders, leadingat spatial structure where the level of
productivity in one country generates indirect effeon other countries’ productivity. In
comparison with Ertur and Koch (2011), our datadeb allows us to investigate the respective
role played by different sources of R&D funding aodcontrol for country unobserved effects
using spatial panel data methods.

The main findings are as follows. First of all, R&Dnding from public and private sources
plays a key role in the productivity of South Aneam countries. In contrast, we found that R&D
funding from foreign sources has a detrimental ichjmen regional productivity. The capacity of
the host country to assimilate foreign investmanstappears to be a key issue. Secondly, spatial
dependence arises which is driven both by phygicakimity between countries and trade
intensity. Thirdly, the cross-partial and own palrtierivatives provide us with an estimation of
the extent to which each country in the area preg@and benefits from international knowledge
spillovers, highlighting the central role played Brazil.



The current work contributes to the empirical study South American growth, taking into
account the main issues concerning the recent waléd pattern of international technology
diffusion, and being one of the few pieces of redeahat focuses on these countries and
evaluates the importance of R&D and technologyuditin on productivity. Through this
research we have been able to test, among othegsisghich determine the growth of South
American countries, the effect of different R&D swes on productivity. We have also been able
to quantify international R&D spillovers betweenesle countries and investigate different
channels of technology diffusion in the area. R&MDh\aties, especially those which are publicly
financed, have been shown to act as a main driv&FB, both directly and indirectly through
international technology diffusion. Evidence shotist this latter relies on both physical
proximity and trade intensity.

Despite this contribution, some limitations of {reper have to be underlined. First of all, as our
main concern was to understand international aratiips within the area, we focused on South
American countries only. We disregarded other smsuraf international knowledge spillovers

and, in particular, the knowledge transfers thay iax@se from developed countries. This would

obviously be a complementary topic to be investigatA second issue that deserves further
attention is the potential endogeneity of the intjb@sed weight matrix. Spatial econometric
tools require that the interaction matrix be exagen The endogenous interaction matrix
remains a research challenge for spatial econarragtelysis.

Although we must remain very cautious in interprgtthe results, our study points to some
public policies issues. Because public fundingrésearch is the highest component of regional
R&D, it is important for public resources to beie#&#nt and for governments to introduce
policies to make funding more focused. In genebalriers to access to and use of public
research infrastructure are an issue. Hence, goets should be encouraged to make this
available under appropriate conditions. Accordiaghe results, the impact of foreign-funded
R&D on growth and productivity is negative, suggegtchanges could be made to the R&D
foreign-funded framework of South American courdriBuring the negotiation process, certain
conditions should be met: firstly, all relevant @rdgsts must be represented (condition of
representation), secondly, all those involved & phocess must have full information about the
consequences of various possible outcomes (condufidull information) and finally, no one
party must coerce the others (condition of non-chatmon). In addition, foreign-funded R&D
may produce favourable results if obstacles tamatiéonal technology cooperation are removed.
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