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Abstract

Although the analysis of the relationship betweeternational trade and economic growth
has an important tradition in the economic literattwhe specific focus on a related matter, the
link between export variety and economic growthmas a relatively unexplored field of
research. Recently, a few studies have approa¢hedssue, adopting a neo-Schumpeterian
framework. In line with this general frame of arsdy in this paper we investigate the impact
of export variety on economic growth, cross-relgtine variety dimension with technological

upgrading.

Cointegration econometric results based on theuBoese experience over the past four
decades (1967-2010) show that increased relateetyaias led to a significant growth bonus,
but only in the case of technology advanced sectoh® impact of export variety on
economic performance seems, therefore, to be ¢ondd by the technological intensity of

the products involved.
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1. Introduction

Since the industrial revolution, the level of véyief the economic system has increased
markedly, with the emergence of many new objects activities (Saviotti and Frenken,

2008). This trend of increasing variety has been addrebgeskveral streams of research in
the economic literature, including internationade studies. Notwithstanding, the study of
the relationship between international trade varagtd economic growth remains a relatively

unexplored topic of analysis.

Recently, some empirical studies have approactetssiie for a number of countries, finding
in most cases a positive and significant impaatasfety in economic growth (e.g., Funke and
Ruhwedel, 2005; Boschret al, 2012). To our knowledge, the inter-relatednessauiety
and technology dimensions has not, however, bedresskd yet in the literatutdue to the
well-know role played by technological upgradingeowgrowth (e.g. Fagerberg, 2000;
Fagerberget al, 2007), it can be conceived that changes in wahave different effects over
economic growth, depending on the technologicafiler@f the products involved. In this
paper we explore this issue, focusing on a countrich experienced substantial change in
both the volume and the composition of internatidreede during the period under analysis.
In the last half a century, Portugal experiencatgaificant increase in trade openness, which
accompanied the country’s transition from an agdpucal to an industry-based economy, with
several studies stressing the role played by isangaeconomic integration as an important
source of economic growth (e.g., Afonso and Agwan05; Mateus, 2006; Cabral, 2008). We
undertake a more detailed analysis of this linkaneixing the specific role played by
gualitative change in Portuguese exports on thatcga economic record. The investigation

is theoretically grounded within neo-Schumpetersaguments, which stress the dynamic,

! A recent exception is the work from Hartegal. (2012), but in this case the analysis is basednoployment,

rather than productivity growth.



cumulative, and path-dependent features of econdewelopment (Amendola and Gaffard,

1998; Kruger, 2008).

Econometric testing is carried out using highlyadigregated annual export data (ISIC 4-digit
industry level) from the CHELEM database, whichoais for a thorough assessment of
variety. By performing a longitudinal study, an eggech that has been rather scarce in the
literature, we provide a more comprehensive accaidinthe inter-relatedness features of
history, technology, trade and growth. In facthaitgh longitudinal and cross-section studies
are complementary, the degree of attention to ldethardly the same. The analysis of a wide
set of countries may uncover a numberstfiised factsbut the economic history and the

individual country’s specificities are necessadiyerlooked?

The empirical analysis is performed using cointegnatechniques, which allow for the
estimation of long-run parameters in a relationstgt includes non-stationary variables.
Export variety is measured with recourse to entropgasures, which are crossed with
technology and innovativeness dimensions, by usaajoral classification schemes (OECD,
2002; Tidd and Bessant, 2009). We include alsorabau of control variables, providing a

more rigorous account of the role played speciffday our main explaining factor.

The paper is organized as follows. Section 2 pewid brief account on the relationship
between variety and economic growth, describingom#jeoretical and empirical results.
Section 3 presents the economic background, pmyidn overlook of economic growth and
export variety in Portugal between 1967 and 201€ctiBn 4 presents the econometric
framework and the estimation results. Section Sckemies, providing a synthesis of results

and presenting some policy implications.

% We recall in this respect Pack’s contention aceydo which“the challenge for empirical work is to test the
implications of the new theory more directly (..} tneans testing its insights against the econ@wadution of

individual countries using time series dat@Pack, 1994, p. 70)



2. Export variety and economic growth: theory and empirical findings

Variety is related to the notion of structural cgenwhich is typically seen as representing
changes in the number and relative weights of dutoss that compose an economic system,
driven either by changes in demand or supply-safgofs (Saviotti and Frenken, 2008;
Kruger, 2008; Silva and Teixeira, 2008). Varietifatis, however, from structural change, as
it can take place at lower levels of aggregatiom,(within sectors), representing changes that
are not necessarily related to the emergence, atixtm or changing weights of sectors

(Saviotti and Pyka, 2004).

The concept of variety is therefore included witkine broad notion ofjualitative change
being defined by Saviotti and Frenken (2008, p.) 235the number of actors, activities and
objects required to describe the economic systevariety increases whenever new objects
are produced and new activities are required talyme those new objects, being thus a

“measure of the extent of differentiation of themamic system{Saviotti, 2003: 226).

Product variety can assume different forms, takilage both within sectorsglated variety,

and between sectorar(related variety (Frenkenet al, 2007; Saviotti and Frenken, 2008).
The former is termedelated since products and services from a specific seot likely to

be more closely connected by sharing similar chiaretics, than products and services
belonging to different sectors (Saviotti and Frank2008). Unrelated variety, on the other
hand, refers to the variety between the main seabthe economy, representing the entry of
new products and services that are unrelated tprénexisting ones. Capabilities required to
produce related variety are similar to the alreaxligting on the economy, and thus easier to
acquire than the capabilities necessary to theyatazh of unrelated varieties. Moreover, as

the capabilities and institutions of a specificteecan be easily transferred to related sectors,



an increase in related variety is easier to accisimghan an increase in unrelated variety

(Saviotti and Frenken, 2008).

The aforementioned notion of variety is mostly teth to neo-Schumpeterian and
evolutionary streams of research. According to seme/s expressed within this theoretical
frame, three major types of relationships can basaged between variety and economic
growth (Frenkenet al, 2007). The first type, centred on the inter-edimess features of
variety, knowledgespilloversand economic growth, states tisgilloverscan occur not only
between firms within a sector but also betweenassciThis means that the composition of
the economy may affect growth, with countries saleing in a particular composition of
complementary sectors experiencing higher growtbeéond type of relationship sees variety
within the context of a portfolio strategy that da@ used to protect a country from external
shocks. Because unrelated variety refers to setttatglo not possess substantial input-output
linkages, in the presence of a sector-specific lshibe economy is less likely to be disturbed
as a whole (Boschma and lammarino, 2009). The tigjpd of relationship, stemming from
Pasinetti’s (1981, 1993) seminal work on the relahip between growth and structural
change, addresses the long-term effect of varie¢y the economic system. Labour that has
become redundant in pre-existing sectors of an@ogndue to productivity increases and
demand saturation, can only be absorbed by thegemee of new sectors, which promotes

growth in the long-run.

Based on this latter type of relationship, Saviattd Frenken (2008) put forward two main
hypotheses regarding the links between varietythadeconomic performance of countries.
The first one states th&ggrowth in variety is a necessary requirement fondj-term economic

development’ whereas the second claims thadriety growth, leading to new sectors, and

% The conceptual distinction between related ancblated variety is reflected in their measuremerith the

former being generally measured at lower levelsggfregation.



productivity growth in pre-existing sectors, arenggementary and not independent aspects
of economic developmen{(Saviotti and Frenken, 2008: 206). The rationadhihd these
hypotheses lies on the imbalance between prodtyctivowth and demand growth, as derived
in Pasinetti’s (1981, 1993) work. In fact, assumihgt the set of activities of an economy
remains constant over time, the combination of gmgwproductivity with the tendency
towards demand saturation would inevitably leadttactural unemployment, as it would be
possible to produce all goods and services witke@ehsed proportion of inputs (including
labour). The emergence of new sectors thus worksnasans to compensate for the release of
resources determined by productivity growth. Mompwearch activities;activities that
scan the external environment in order to find eitlalternatives to existing routines or
completely new routines{Saviotti and Mani, 1998: 255), are required toggate new goods
and services, which means that an increase inffilseercy of pre-existing sectors is required,

in order to allocate resources to these activ{sawiotti and Frenken, 2008).

In the context of an open economy, however, thélpro of demand saturation may not
constitute such a significant bottleneck, at léashe short run (Saviotti and Frenken, 2008).
Countries that gain market shares with internatidreale can continue to specialize in a
number of sectors, provided that exports in thestoss keep growing. Either way, as new
sectors keep emerging worldwide, the share of tadde country’s sectors of specialization

will ultimately decrease, even if it achieves a mooly in one or more sectors. Specialization
in pre-existing sectors will likely run into dimshing returns, and therefore, even in the
context of an open economy, export variety grovéhstill expected to promote long-run

economic growth (Saviotti and Frenken, 2008).

Typically, the evidence found in studies theorédlycltamed within neo-Schumpeterian lines
corroborates the existence of a positive (and Bogmt) relationship between variety and

growth. Frenkeret al. (2007), in a study based on the Dutch economyl firat related



variety is a source of Jacobs externalities, dukntmwledgespilloversthat enhance growth
and employment. The authors also find that unrélatariety is negatively related to
unemployment growth, which confirms the “portfokdfect” described above. Saviotti and
Frenken (2008), on their turn, using data from Z0D economies, find that faster growing
countries present also the highest levels of exyamiety. The results are sensitive, however,
to the type of variety considered: whereas relagtety emerges as a determinant of growth

in the short run, unrelated variety is only sigrafit in a broader time horizon.

A different impact of related and unrelated varistyalso found in Boschnet al. (2012) and
Boschma and lammarino’s works (2009). In the fornbased on data from Spanish regions
over the 1995-2007 period, the authors find thiy tre related variety component influences
positively growth. In the study focusing on thdiéa experience (Boschma and lammarino,
2009), related variety has always a positive impacvalue-added growth, whereas unrelated
variety has a positive and significant effect omytwo specifications. Very recently, Hartog
et al. (2012) conclude also that only related variety aghbigh-tech industries has a positive

and significant effect on regional employment gtowaking into account the Finnish case.

The impact of unrelated variety on economic grovgttiherefore less clear-cut. Unrelated
variety plays an important role in employment, dampg the effects of sector-specific
shocks on unemployment growth, but its impact oadpctivity growth is not readily

apparent, since knowledgmpillovers are more likely to occur when firms are cognitwel

proximate (Nooteboom, 1999).

Cross-relating the variety dimension with technataupgrading, and since the latter plays
an important effect over economic growth (Fagerp28§0; Fagerbergt al, 2007), it can be

conceived that changes in variety impact diffegenth economic growth, depending on the
technological content of the products involved. Wiexlgespilloversare expected to be more

relevant in technological intensive industriescsifirms in these industries are more capable



to absorb and exploit existing information (O’Malyand Vecchi, 2009; Heindenreich, 2009;

Santamari&t al, 2009).

Summing up, the theoretical positive relationshepneen export variety and growth has been
confirmed by several studies focusing on differamintries’ experiences. There is, however,
some ambiguity with respect to the role played brelated variety, which in many cases has

an insignificant impact on economic growth.

3. The economic background: growth and export variety in Portugal, 1967-2010

The changes operated with respect to internatiorzale flows and overall patterns of
Portuguese economic growth may be better understpodsorting to temporal delimitations,

as described in Table 1.

Table 1. Evolution of Portuguese exports, GDP, trade openard trade balance (1967-2010)

1967-1973 1974-1985 1986-2000 2001-2010
Export growth (annual av. growth rates 9.7% 7.4% 398 2.8%
GDP growth (annual av. growth rates) 6.9% 2.4% 4.1% 0.5%
Trade Openness (average) 19.1% 21.3% 45.39 66.6%
Trade Balance/GDP (average) -2.1% -2.1% -5.3% -8.7%

Note: Time intervals chosen according to converitiaut-off dates of Portuguese economic history. (¢.opes, 1996,
é(())%‘:():e:European Commission (AMECO database) and own céilooga data at 2005 constant prices

The first phase, from 1967 until 1973, includedPiortugal’s Golden Age (Lopes, 1996), is
characterized by rapid growth and increased tragerdlization following the country’s
integration into the European Free Trade AssodafleFTA), and the establishment of the
Free Trade Agreement with the European Economicr@amity (EEC) in 1972; the second
phase, from 1974 until 1985, is marked by politisatl economic unrest in the outbreak of
the “Carnation Revolution” and of the severe in&tional crisis leading to two IMF

agreements; the third phase, initiated with Poltsigadmission into the European



Community, and which is broadly characterized bylitjpal stability, and economic
convergence, especially during the second hali@fl980s; and finally, the period from 2000
onwards, marked by the introduction of the Euraharacterized by slow growth and severe
national debt problems, which culminated in the atieion of an economic stabilization

agreement with the IMF and the EU (Lopes, 2004td,€1010; Fernandes and Mota, 2011).

Phases of faster growth were usually accompaniestrbng increases in exports. The strong
relevance of exports’ growth as a source of Pogagleconomic growth is acknowledged in
several studies, which refer to the growing opesnesnternational trade as one inescapable
feature in the development path pursued by theuBoese economy after the Second World
War (e.g., Afonso and Aguiar, 2005; Amadaral, 2007). In the present study, we analyze
the relationship between international trade ar@mhemic growth in Portugal between 1967

and 2010, taking into account the qualitative clesng the composition of exports.

Export variety is assessed by computing entropysomes, in line with recent literature in the
field (cf. Frenkenet al, 2007; Saviotti and Frenken, 2008; Boschma andmarmo, 2009;

Boschmaet al, 2012). The entropy coefficient] refers to the expected information content
or uncertainty of a probability distribution (Fremk 2007), being calculated by the following

expression:

H = ipi log, (pi) W

wheren is the number of sectors of composing the econ@ystem ang,; stands for the
share of sectarin total exports.

An important advantage stemming from the use ofethigopy coefficient is that it can be
decomposed at each sectoral level, which avoidmeatity problems (Jacquemin and Berry,
1979). The minimum value of the entropy index @resents total specialization, in which

exports are totally concentrated in one secter=(1,i =1;p; =0,i = 2,...,n), whereas



higher values of this index indicate greater retatdiversification. The highest value

corresponds to the situation of equal shapes=(1/n, V p;).

Unrelated variety, which accounts for variety bedweectors, is measured at higher levels of

aggregation. Export shares at these aggregaticelslegl,) are obtained by summing the

shares at lower levels of aggregatign),(whereS; stands for a sector at a higher level of

aggregation:

h= ) (2)

Thus, a measure of unrelated varidt\/J, or between-group entropy, is given as follows:

G
1
uv = z P, log, (—) (3)
Fy
g=1

Related varietyRV), which accounts for variety within sectors, isnputed as the weighted

average of the entropy values within groulig)(

G
RV = z P, H, (4)
g=1
where
_ D; 1
Hg = Z Elogz Z (5)
= 2

Unrelated variety is computed at the two-digit eedlt level, whereas related variety is
computed as the weighted sum of the entropy afdbedigit level within each two-digit

category. Since no mutual information exists betwedated and unrelated variety, that is,

10



the two dimensions do not tend to co-occur, totalopy equals the sum of related and

unrelated variety:

H =RV +UV (6)
Figure 1 depicts the results obtained from the adatpn of the entropy coefficient. In line
with the analysis earlier performed, it can be gbahPortuguese export variety has increased
since 1967, although this increase has been ealgmiioduced during the last two decades.
Total entropy increased in the seventies but egpeed a decline in the following decade,
reaching a trough in 1987. From this period onwdcdscidental with Portugal’s entry in the
EU), there has been a systematic increase in exposty, which reaches its maximum in

2010.

©
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2009

Figure 1: Total export variety (Portugal, 1967-2010)

Source:CHELEM database and own calculations

Distinguishing between related and unrelated warigtcan be seen furthermore that they
behave quite differently over time (Figures 2 and NMore precisely, whereas unrelated
variety shows an upward trend during the wholeqgketinder study, related variety decreases
from the beginning of the sample until the late ,8@sreasing afterwards. Export variety
within sectors increases only in the last two desadeaching in 2010 values slightly above

those registered in the beginning of the period.

“ See Theil (1972) and Frenken (2007) for more tetai the properties of entropy indices.
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Figure 2: Related variety (Portugal, 1967-2010)

Source:CHELEM database and own calculations
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Figure 3: Unrelated variety (Portugal, 1967-2010)

Source:CHELEM database and own calculations

An assessment of changes in the technological sbofePortuguese exports can be made by
using the OECD (2002) and Tidd and Bessant's (28@8joral classification schenteShe
OECD classification considers four major categoaesdustries, corresponding to different
R&D intensity levelsiow-tech medium low-techmedium high-teclandhigh-tech industries
Despite the advantages in using the OECD taxonaing,to its inherent simplicity and high

coverage, this classification has a number of ingmiweaknesses - Kleinknedttal. (2002)

5Although sectoral taxonomies hold some caveatsheg can overlook heterogeneity within categoried a
neglect countries’ specificities (Peneder, 2003 k& al, 2005), they remain an important tool for empirica

analysis. The classification of industries accogdimthe two taxonomies is available in the appefitiable 7).
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point out that it neither considers the output ssfiénnovation (the commercial use of new
products, services or processes), since R&D expaedican reflect different levels of
efficiency, nor includes other inputs that alsorelterize the innovation process, such as
design activities, market research or the traimdfigvorkers. In order to overcome these
limitations, we consider additionally a refined sien of the well-known Pavitt (1984)
taxonomy, which takes into account the innovatioteptial of industries, developed by Tidd
and Bessant (2009). This classification considdre following categories:supplier-
dominated sectorsscale-intensive sectorsscience-based sectorspecialized supplier

sectors,and finally,information-intensive sectars

Recalling the previously outlined theoretical argums, knowledgspilloversare more likely

to occur between cognitively proximate firms, stiating productivity growth, whereas the
impact of unrelated variety is essentially produogdr employment. Since we are interested
in analysing the impact of variety on economic gilgwhe decomposition of variety in the
aforementioned technological and innovative categois restricted to the related variety
part.

Related variety among low-tech industries has desg@ markedly since the beginning of the
period (Figure 4), although a slight recovery tqdéce over the last years under analysis. A
decreasing trend is also found since the late 1B70&ld and Bessant (2009) least innovative
category, supplier-dominated industries (FigureRglated variety in scale-intensive sectors
declined markedly between 1967 and 1990 but itemsed afterwards, reaching figures
similar to those observed at the beginning of agogl.

Medium-low and medium-high-tech industries, on dtleer hand, show an upward trend in
related variety, which is particularly strong iretbase of the latter category. Tidd and Bessant

(2009) categories with higher innovative potentildo show an increase in related variety

13



since the beginning of the period, which was steonig the case of specialized supplier
industries, despite the decrease that took platieimore recent years.

Related variety among high-tech industries sufferedor changes during the period under
study, showing a slight tendency of increase friwa mid-1990s until 2006, but declining
afterwards. The more recent years present figuredas to the ones registered during the
seventies and early eighties.

An analysis of the decomposition of entropy in ¢imel of the period reveals that low-tech and
medium-low-tech industries as a whole still accotmt the more than a half of related
variety, despite the fact that the highest valueow registered in medium-high-tech sectors.
A similar conclusion is drawn using Tidd and Bessg2009) taxonomy, with supplier-
dominated and the scale-intensive industries, tvee$t categories in technological and

innovative potential, representing approximatelyp@® cent of export related variety.

1,00 <
N\,
\\
~
o ’I\\
~
0,80 - TSag AN
N\,
\s
-\_\\‘
0, B0 Ny
_______________ fereentt
-----“"ﬁ“~‘” \\-\\ ’,‘--
.........
T e e I i i
................................ /./—_
0,20 | L — _
ST TTmmem e T
o0 +—+—7r7—7V7""7—r—r—r——rrT TV T TV T TTT T T T T T T T T T T T T T T T T T T
r~ o o) o} (o2} N (X9} QO i g r~ (] o) (4% (*)]
© ~ N~ N~ ~ © © © o o o o o o o
o o o o o o o o o o o o o o o
— — — — — — — — — — — N N N I3
High-Tech ~ «ceceeees Medium High-Tech — — Medium Low-Tech  ====- Low-Tech

Figure 4: Related variety by technological content (Portu$867-2010)

Source:CHELEM database and own calculations
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4. Econometric analysis

4.1. Model specification and data

The general econometric specification used in Htenations performed to assess the impact

of export variety on Portuguese economic growitheiined in Equation 7.

Ve = Bo+ P1UVi+ B2 RV + B3 CV: + & (7)

In this expressiony; is the natural logarithm of labour productivitgfohed as GDP per hour
worked in period, UV andRV are the main explanatory variables, representagpectively,
the unrelated and related variety components casdpuatthe earlier sectiogV is a vector of

control variables which may influence productivifyowth, ande; is the error term.

Since we are interested in crossing the varietytanddnology dimensions, we also estimate
Equation 7 using the decomposition of related wari@ccording to the innovation and
technology industry categories defined earlier. &precisely, we decompose related variety
into the high-techRVHT), medium-high-techRVMHT) and medium-low-tech and low-tech
(RVMLTLT) categories, and into specialized suppliBVE$, science-basedR{YSB and

supplier-dominated and scale-intensiR/EDS) categories. These latter specifications allow

15



us to investigate if the impact of related variety productivity growth differs across the
different technology groups, providing in this waypetter grasp on the relationship between

variety, technology and growth.

Following the theoretical arguments outlined in ti#c2, we expect a positive relationship
between related variety and labour productivitygto If a country specializes in a particular
composition of complementary sectors, knowledgéloverswill be more likely to occur

between them, and the country will probably benkefitn higher growth rates. Moreover, a
positive impact on productivity growth is expecfeaim technology-intensive sectors (OECD
taxonomy) and from science-based and specializeplisu industries, the Tidd and Bessant’'s
(2009) categories with higher innovative potentibl. contrast, in the least innovative
categories the relationship is expected to be mupElerate, particularly in supplier-

dominated industries. Actually, this category cepands to a great extent to low-tech

industries, such as textiles, wearing apparel avdrend wood products, among others.

Regarding the control variables, we include a prokihe human capital stockiC), defined
as the average number of years of formal educaifothe working age population. The
importance of human capital on growth is refleadadthe fundamental role played by the so-
called “social capabilities”, which determine theuotry’s capacity to assimilate more
advanced technologies from other economies (Abritmo¥986)’ Moreover, according to

the non-linear model of convergence developed bsspégen (1991), countries with larger

® As pointed out by Pavitt (1984: 35683upplier dominated firms can be found mainly iaditional sectors of
manufacturing”and they'make only a minor contribution to their process ptoduct technology” Moreover,
according to the classification of industries présd in the Appendix, there is a close correspoceldretween
these two categories.

" The term “social capabilities” was originally inttuced by Okawa and Rosovsky (1973: 21®),designate

those factors constituting a country’s ability toport or engage in technological and organizatiopadgress”.
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technological backwardness and lower levels ofrisit learning capability — which, among
other variables, depends on the education of theulaforce — are more likely to widen their
development gapdn empirical terms, although results are not unanisnin this respect, a
vast number of studies have successfully estaldish@ositive) relationship between human
capital and economic growth (e.g., Temple, 1999p#Axygianakiset al, 2002; Ciccone and

Papaioannou, 2009).

To account for the influence of physical capitatwaoulation, the share of investment in GDP
(INV) is also included in the regression. Equipmenestment may translate into high social
returns, as shown by the central role played byhaeeation in the economic history of
countries and by the external economies generatestjbipment investment (De Long and

Summers, 1991; Herrerias and Orts, 2012).

Data on labour productivity, expressed in 1990 W8ads converted at Geary Khamis PPPs
are taken fromThe Conference Board Total Econondatabase, available on-line at

http://www.conference-board.org/data/economydambas

Data on export flows are taken from the CHELEM Hate, which provides detailed
information regarding export and import flows, bah the macroeconomic and industry

levels of analysis, over a rather long time spaon(f1967 to 2010).

With regard to the control variables, data on etlanaare taken from Bassanini and Scarpetta
(2001) for the period between 1971 and 1998, aanh fGilva and Teixeira (2011) for the
period between 1999 and 2003. We extend the coitipgafrom these latter authors up to
2009, applying the same methodology and using ftata OECD Education at a Glance
(several issues). Furthermore, we extrapolate thakees, considering the annual average

growth rate from 1971 to 2009, to obtain data foe years 1967-1970 and 2010. Data on

17



gross fixed capital formation are taken from theRB@TA database, available on-line at

http://www.pordata.pt/

4.2. Estimation method and results

The variables used in the regression display stiargls, as depicted in Figures 2-8, evolving
over time and showing no tendency to revert torthe@an levels. In other words, they are

non-stationary.
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Figure 6: Portuguese GDP per hour worked
(1990 US dollargonverted at Geary Khamis PPPs; natural logarithms)
Source:The Conference Board Total Economy Database
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Figure 7: Average number of years of formal education ofwloeking age population (Portugal,
1967-2010, semilog scale)
SourcesBassanini and Scarpetta (2001), Silva and TeiX@®d1), OECDEducation at a Glance
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SourcesPORDATA database and own calculations

Given the non-stationarity of the variables, rasgrto classical estimation techniques could
lead to spurious regressions (Granger and Newh®Id4). In fact, if the means and variances
change over time, the computed statistics of aessgon model will be also dependent on
time, and consequently, they will not converge he population values as the sample
increases to infinity. Furthermore, hypothesisitgstwill be biased towards the rejection of
the null hypothesis (Rao, 1994). The use of conatiggn techniques is thus required in order
to get reliable estimates (e.g. Granger, 1981; &rggid Granger, 1987). Two or more
variables are cointegrated if, albeit being indintly non-stationary, one or more linear
combinations of them are stationary, becoming stalobund a fixed mean in the long-run

(Dickeyet al, 1991).

In order to obtain a cointegration relationshipwestn a specific group of variables, the
variables must be integrated of the same ordertiWe start by performing th&ugmented
Dickey-Fuller (ADF) (Dickey and Fuller, 1979; 1981) and tRhillips-Perron (PP) (Phillips
and Perron, 1988) unit root tests in order to as$kes stationarity of the variables under

study. The results are presented in Tables 2 and 3.
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Table 2; Unit root tests — variables in levels

Series ADF PP

Y 0.1915 (0) 0.0930 (21)
uv 0.2319 (0) 0.1908 (5)

RV 0.7946 (0) 0.8722 (3)
RVHT 0.0843 (0) 0.0843 (0)
RVMHT 0.2652 (0) 0.2769 (1)

RVMLTLT 0.6148 (0) 0.5772 (1)

RVSDSI 0.5189 (0) 0.5657 (3)
RVSB 0.1040 (0) 0.1209 (2)
RVSS 0.5133 (0) 0.5133 (0)
HC 1.0000 (0) 1.0000 (4)
INV 0.2737 (0) 0.4093 (5)

Notes: For theAugmented Dickey-FullefADF) andPhillips-Perron (PP) tests, we present MacKinnon
(1996) one-sidegb-values. For series Y, UV, RV, RVMHT, RVMLTLT, RVSDSRVSB, RVSS and
INV we specify a random walk with drift and timestid, while for series RVHT we use a random walk
with drift and for series HC we use a random w&@r the ADF test we use the Schwarz Information
Criterion, with an upper bound of 9 lags (figureelesed in parentheses in the ADF column are the la
length). For the PP test, bandwidth selection waslemaccording to the Newey-West (1994) method,
using Bartlett kernel (figures enclosed in pareséisein the PP column represent the Newey-West
bandwidth).

Table 3; Unit root tests — variables in first differences

Series ADF PP

Y 0.0001 (0) 0.0000 (41)
uv 0.0000 (0) 0.0000 (11)
RV 0.0000 (0) 0.0000 (4)
RVHT 0.0000 (0) 0.0000 (3)
RVMHT 0.0000 (0) 0.0000 (3)

RVMLTLT 0.0000 (0) 0.0000 (2)

RVSDSI 0.0001 (1) 0.0000 (6)
RVSB 0.0000 (0) 0.0000 (3)
RVSS 0.0000 (0) 0.0000 (4)
HC 0.0000 (0) 0.0000 (8)
INV 0.0002 (2) 0.0000 (3)

Notes: For theAugmented Dickey-FullefADF) andPhillips-Perron (PP) tests, we present MacKinnon
(1996) one-sideg-values. For series Y, RV, RVMLTLT, RVSDSI and HCe wpecify a random walk
with drift and time trend, while for series UV, RVWIT and RVSS we use a random walk with drift and
for series RVHT, RVSB and INV we use a random wdikr the ADF test we use the Schwarz
Information Criterion, with an upper bound of 9dadigures enclosed in parentheses in the ADF colum
are the lag length). For the PP test, bandwidtbctieh was made according to the Newey-West (1994)
method, using Bartlett kernel (figures enclosegamentheses in the PP column represent the Newey-
West bandwidth).

As expected, the variables in levels are all natieatary, that is, the null hypothesis of the

existence of a unit root is not rejected at the digmificance level. When taken at first
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differences, they all become stationary, which ¢atks that they are integrated of the same
order [I(1)]. A cointegrating relationship may teére exist among the variables under study.
To test for the cointegration of the series, we thgeJohansen cointegration test (Johansen,
1988, 1991; Johansen and Juselius, 189bje vectors of potentially endogenous variables
(z) and the normalized cointegrating vectgts for the three econometric specifications can

be represented as follows, employing cointegratiotation:

2= (Y UV, RV, HC INV,) , i = 1 - Bai - fai - Bai - fai (8)

% = (Y, UV, RVHT, RUMHT, RVMLTLT, HC, INV,) ,
Bi =1 -pai- fai- Pai - Pai- Psi - Pei 9)

2= (Y, UV, RVSDSI, RVSB, RVSS, HC, INV,) ,
Bi =1 -pui- i - Pai - Pai- Psi - Pei (10)

The cointegration test should be preceded by therm@ation of the number of lags for an
unrestricted VAR model. Using the Akaike informatioriterion, we set the lag order of the
first econometric specification to 1, and the lageo of the second and third econometric
specifications to 3 (cf. Table 4). Furthermore, allew for a linear deterministic trend in the

level data, but only an intercept (no trend) in ¢bentegrating equations.

8 We opted in favour of this method, instead of Bregle and Granger (1987) approach, as the Johaskn
Juselius’ test is able to detect more than onetegrating relationship. Another difference betwésntwo tests
is that the Johansen test derives maximum liketihestimators of the cointegration vectors, whetbhasEngle
and Granger procedure estimates the cointegratiggession using the OLS technique, and tests giduas

for a unit root using the ADF test.
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Table 4: Lag length selection

Number of lags | Specification 1 | Specification 2 | Specification 3
0 -13.1191 -23.8336 -20.0762
1 -20.4486 -32.2746 -27.8101
2 -20.1128 -31.3003 -27.5798
3 -20.2467 -32.2795 -28.1172

Notes:Akaike information criterion values.

Table 5 reports the results of the Johansen’s egiation test for the first econometric
specification which takes variety as a whole (Emquma8). The Trace test does not reject the
existence of one cointegrating vector at the 5%iaance level, whereas the Maximum-
Eigenvalue test presentpavalue of 6.5%. Given these outcomes, we consider the existence
of one cointegrating vector. Choosimg= 1, we obtain the estimates for the normalized
cointegrating coefficients, that is, the long-riqu#ibrium relationship between the variables,

presented in Table 6.

The results show that all variables are statidticagnificant. The coefficients of the control
variables present the expected (positive) signdeeacing a positive effect of both human and
physical capital over long-run labour productivitp. contrast, both related and unrelated

variety are negatively related to labour produtgigrowth.

The finding of a negative relationship between @asing related variety and productivity
growth, contrary to what could be expected, seembet related to the consideration of a
rather crude measure of variety, disconnected ftbentechnology/innovation content of

exports. In fact, the theoretical arguments presipyut forward, which acknowledge the

° The null hypothesis of the Trace test is thatrihenber of cointegrating vectors is less than orabtu the
number of vectorsr], against the alternative hypothesis that theeawaore tham cointegrating vectors, whereas
in the Maximum Eigenvalue test the null hypothesiéges that the number of cointegrating vectors égjainst

the alternative hypothesis that there atel vectors.
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existence of a positive relationship between the twariables, are based on the benefits
accruing from the diffusion of knowled@pillovers which are notoriously higher in the case
of technology advanced industries (e.g., Heidehre2009; Santamarigt al, 2009). In these

circumstances, a more accurate test of the reltiprbetween export variety and economic
growth must take into account simultaneously theetsa and technology dimensions, as

expressed in Equations 9 and 10.

The results of the Johansen’s cointegration testhiese latter econometric specifications are
also presented in Table 5. With respect to Equadipoboth the Trace and the Maximum-
Eigenvalue tests indicate the existence of fiventegrating equations at the 5% level. The
normalized estimates for the “most significant’rdegrating vector, the one which is more in
line with the underlying economic theory (Diboogind Enders, 1995; Handa, 2009), are
presented in Table 6. Once again, all variablesstagstically significant and the control

variables have the expected signs. Unrelated vyareaintains a long-run negative

relationship with labour productivity per hour wetk High-tech related variety has a positive
impact on labour productivity, whereas the oppos$itgpens for related variety among

medium-high-tech industries, and among the boterhriological categories.

Table5: Johansen’s cointegration test results

Number of Trace p-value II\E/li gxehn\:glr:é p-value
vectors(r) Statistic Statistic

None 72.5155 0.0300 32.8890 0.0652
_ At most 1 39.6266 0.2361 17.6342 0.5258
sEpZ?;.?.%Zt.eéﬂcl At most 2 21.9923 0.2989 11.0975 0.6376
At most 3 10.8948 0.2180 8.8235 0.3011
At most 4 2.0714 0.1501 2.0714 0.1501
None 284.7446 0.0000 102.6119 0.0000
At most 1 182.1327 0.0000 61.1512 0.0001
Econometric | At most 2 120.9815 0.0000 54.4266 0.0001
specification 2| At most 3 66.5549 0.0004 33.0306 0.0090
At most 4 33.5243 0.0178 22.5462 0.0314
At most 5 10.9782 0.2128 7.7322 0.4066
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None 260.1490 0.0000 87.0596 0.0000
At most 1 173.0896 0.0000 67.0009 0.0000
Econometric At most 2 106.0886 0.0000 44.6015 0.0018
specification 3| At most 3 61.4871 0.0016 32.0015 0.0126
At most 4 29.4856 0.0543 20.0663 0.0699
At most 5 9.4193 0.3280 8.6346 0.3178
Notes:MacKinnonet al. (1999)p-values.
Table 6: Normalized cointegrating coefficients
Variable Equation 8 Equation 9 Equation 10
Y 1.0000 1.0000 1.0000
UV 1.3058 2.4454 1.3501
(0.1839) (0.1641) (0.1091)
0.7480
RV (0.1523)
-4.0272
RVHT (0.5876)
4.1081
RVMHT (0.3151)
1.4031
RVMLTLT 0.1237)
0.9703
RVSDSI (0.1298)
1.6394
RVSB (0.5258)
-1.4464
RVSS (0.4075)
HC -5.6158 -9.8511 -5.0665
(0.3508) (0.4655) (0.2877)
INV -0.8683 -0.4613 -0.8237
(0.1210) (0.0571) (0.0680)

Notes:Figures in parenthesis are the estimated staredewcs.

The results of Trace and Maximum-Eigenvalue testganmding Equation 10 point to four
cointegrating relationships at the 5% significaneeel. The normalized estimates of the
“most significant” cointegrating vector are pregehin Table 6. All variables are statistically

significant and the coefficients of control varieblshow the expected signs.

In this case, the separation of related varietpatog to Tidd and Bessant (2009) taxonomy
indicates a long-run positive impact of one of tagegories with higher innovative potential
on labour productivity growth, specialized supplrdustries, whereas the opposite is found

for Tidd and Bessant (2009)’s least innovative gatees and for science-based industries.
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The negative impact of related variety in scienasdd industries can be related to the
aforementioned specific characteristics of thisugref industries in the Portuguese case,
namely, the strong share of assembly-line prododiimns, such as “TV & radio receivers,
recorders”, which are in fact characterized by lowensity of R&D and innovation
activities’® It also probably reflects the fact that the highiesrease in variety within this
group of industries takes place precisely in a querof deceleration of overall labour

productivity growth (from the late 1990s onwards).

Looking at the results as whole, it can be seeretbee that export variety is only relevant for
economic growth when it occurs in a number of itdes, most notably those more
technology/innovation intensive (high-tech indwesriin the first taxonomy, and specialized

supplier industries, in the lattel).

How do our results compare with previous findingslue relationship between export variety
and economic growth? As indicated earlier, mostigogb studies focusing on the impact of
export variety on productivity (whether measuredewels or growth rates) were based on
cross-section data, and therefore a direct compan$ results cannot be undertaken. In these
cases, a positive relationship between export tyaa@d growth was generally observed,
especially when the related variety component wassidered (cf. Saviotti and Frenken,

2008).

Focusing on the Portuguese case, our findings dacowfirm the existence of a positive
relationship between (broad) related variety atda productivity. In fact, the opposite and
seemingly counter-intuitive result is found, whiseems to be related to the fact that a

significant part of export related variety in therfdguese case took place in low technology

9 See, in this respect, Hobday (1995).
1 There is a strong connection between the sharéigbftech and specialized supplier industries: ISI€-4

specialized supplier industries hold a considerabére of high-tech exports (approximately 40%0603).
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and innovation branches. In this scenario, theratierole that increasing diversification in
exports could have had in promoting significant Wlemige spillovers has not been

accomplished.

This latter assertion seems to be confirmed byeb@nometric results derived from the
specifications crossing technology and variety disi@ns, in which a positive relationship
between export related variety and labour prodigtis found precisely in the industry
groups more intensive in technology and innovatfonhis is in line with the theoretical
arguments stating that inter-industry knowledggllovers and product innovations are

especially relevant in high-tech sectors.

Taken as a whole, our findings suggest therefasg th general, increases in export variety
are not conducive to higher growth, but only whbeyt take place in related technology

advanced industries.
5. Conclusion

In this paper we analyse the joint impact of varighd change in the technology content of
exports on Portuguese economic growth over theftast decades. During this period, the
Portuguese economy underwent considerable chamigenational trade flows, in particular,
experienced strong transformation, acting simultasly as recipients and drivers of
macroeconomic change. Both imports and exportseasad substantially, particularly the
former, with a considerable imbalance between thmimg found in virtually the whole

period under study.

2 Hartoget al. (2012) have also reached a similar conclusionFiatand, although for a different dependent
variable (employment). The authors find that ordlated variety among high-tech industries had d@ipesand

significant effect over regional employment growth.
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According to our findings, Portuguese total expwdriety, measured by the entropy
coefficient, increased markedly in the last twoatkss. Notorious differences arise, however,
with respect to the evolution of its related andelated components. Whereas unrelated
variety displays a positive trend over the wholeiqek related variety decreased from the
beginning of the sample until the late 80s, exhibita positive trend ever since.
Decomposing related variety according to the teldgyand innovation taxonomies, it can
be seen furthermore that the largest part of reélairiety is accounted by low-tech and
medium-low-tech industries, and supplier-dominaad scale-intensive categories, although
there is a marked tendency of increase in varietyhe top technology and innovation

categories.

The investigation of the impact of export variety productivity growth shows a negative
relationship between increasing (broad) exportetgrand labour productivity growth. This
finding, contrary to theoretical reasoning, is shotw be related to the use of a relatively
coarse measure of variety. In fact, using a mooeirate measure, which crosses technology
and variety dimensions, it is shown that the effettincreasing variety on productivity
growth is conditioned by the technological contant innovative potential of industries.
More precisely, an increase in export related ward technology and innovation intensive
industries is positively related to productivityowth, whereas the opposite stands for low-

tech, low-innovation sectors.

These findings suggest that the diversificatiothef export structure matters for growth, but
only when it takes place in the related high-teold anovative intensive segments of the
economy. In open economies which are still far Wwetloe technology frontier, as it is the case
of Portugal, our results seem to indicate thatgyokaction directed to educational and
technology improvement may be required to fostenemic growth. More precisely, policies

involving the increase of the technological infrasture and business R&D, as well as the
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attraction of FDI may be in order to increase thmuntry’s absorption of advanced

technologies and sustain growth.

The analysis performed provides rather clear resatjarding the inter-relatedness features of
export variety, technology and growth. Still, it ynae substantiated or extended in a number
of ways. First, alternative measures can be usgdwy the degree of relatedness between
industries, besides the hierarchy of the IntermafioStandard Industrial Classification.
Among others, such measures can rely on clustersef? 1998), export profiles (Hidalget

al., 2007), production knowledge (Bryce and WintelQ20or skills, captured by labour flows
between industries (Neffke and Henning, 2009). 8dcan order to overcome the
heterogeneity that exists within each categorydpecd or even between firms, information
could be obtained directly from firm data, or usitigssifications that take into account the
Portuguese specificities, which would allow for eore accurate classification of the
technological content of exports. Third, the analysd the impact of export variety and its
technological content on economic growth could leplicated in other countries for
comparative purposes; in particular, it would bdigktening to see if the results obtained
with respect to the Portuguese case also appliedther countries lying below the

technological frontier.
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Appendix

Table 7: Classification of industries

1SIC

rev. 3 Industry OECD (2002) Tidd and Bessant (2009)
01 Agriculture, hunting & related Non manufactupgdducts|  Supplier-dominated
02 Forestry, logging & related activities Non maauttired products  Supplier-dominated
05 Fish, products of fish hatcheries Non manufadtyroducts  Supplier-dominated

10-14 | Mining and quarrying Non manufactured prodiict ~ Scale-intensive

15-16 | Food products, beverages & tobacco Low-tech caleSintensive
17 Textiles Low-tech Supplier-dominated
18 Wearing apparel; fur Low-tech Supplier-dominated
19 Leather products (inc. footwear) Low-tech Supptiominated
20 Wood and products of wood and cork Low-tech Sappominated
21 Paper and paper products Low-tech Supplier-dateih
22 Publishing, printing & reproduction of recordeédia Low-tech Supplier-dominated
23 Man. of coke, refined petroleum prod. & nuclieesi Medium-low-tech Scale-intensive

24-2423 | Chemicals exc. Pharmaceuticals Medium-regh-t Science-based

2423 Pharmaceuticals High-tech Science-based
25 Rubber and plastics products Medium-low-tech Bpeed supplier
26 Other non-metallic mineral products Medium-lexeh Scale-intensive
27 Basic metals Medium-low-tech Scale-intensive
28 Man. of fabricated metal prod., exc. mac. & pqént Medium-low-tech Scale-intensive
29 Machinery & equipment n.e.c. Medium-high-tech e@alized supplier
30 Office and computing machinery High-tech Spéxgal supplier
313 Insulated wire and cable Medium-high-tech Spizeid supplier

31-313 | Elect. machinery & apparatus, exc. ins. aird cable Medium-high-tech Science-based
321 Electronic valves and tubes High-tech Speddlupplier
322 TV & radio transmitters & telephone High-tech peSialized supplier
323 TV & radio receivers, recorders High-tech Sceebased
331 Scientific instruments High-tech Specialized supplier

33-331 | Other instruments High-tech Specialized supplier
34 Motor vehicles and trailers Medium-high-tech |I86atensive
351 Ships and pleasure boats Medium-low-tech Sotdesive
353 Aircraft and spacecraft High-tech Scale-intensive

352+359 | Railroad and other transport equipment nec edilvn-high-tech Scale-intensive

36-37 | Furniture, manufacturing nec; recycling Menlilow-tech Supplier-dominated
40 Electricity, gas and steam Non manufactured yrtd Scale-intensive

741-3 | Legal, technical and advertising Non manufact products  Specialized supplier
749 Other business activities, nec Non manufactpreducts| Information-intensive
92 Leisure, cultural & sport products Non manufaetiproducts  Supplier-dominated
93 Products of other service activities Non manufad products  Supplier-dominated

Sourcesloschky (2008) and Silva and Teixeira (2011)
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