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ABSTRACT

The main objective of this paper is to investigatapirically the effects of the tradable
productive structure and real exchange rate (RERhe real per capita income growth rate
and economic complexity for a diversified samplecotintries. It can be highlighted three
contributions in the present work. Firstly, takimgaccount different technological gap levels
in dynamic panel modeldiff GMM) it was found that manufacturing is the prommhe
tradable sector to achieve greater real per capt@ame growth rate, independently of the
magnitude of the technological gap considered areh @aking in accounting the service
sector. This fact supports the “engine of growtiipdithesis concerning manufacturing in the
developing countries. Secondly, the farther théadise of the countries” sample in relation to
the technological frontier considered, the gretterpositive effect of the lagged undervalued
RER on the real per capita income growth rate. [inthe Dumistrescu and Hurlin (2012)
causality tests for heterogeneous panel data itedibat the manufacturing share to GDP in
developing economies are especially importantHerttigher level of economic complexity in
a mutual causation.

Key words: Economic growth, productive structure, technologigap and real exchange
rate.
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RESUMO

O principal objetivo do presente artigo € investigepiricamente os efeitos da estrutura
produtiva industrial (manufatureira) e da taxa denbio real (RER) sobre a taxa de
crescimento real do produfger capitae o nivel de complexidade econbémica para uma
amostra diversificada de paises. Trés contribuigdedem ser destacadas no presente
trabalho. Primeiramente, considerando-se difereritess do hiato tecnoldgico em um painel
dindmico ¢liff GMM) constatou-se que a inddstria manufatureira € tor seadable
fundamental para maiores niveis da taxa de crestonreal do produtger capita,
independente da magnitude do hiato tecnoldgicoiderszio, mesmo quando se considera o
setor de servicos, corroborando a hipotese edgihe of growth Outra contribuicdo do
presente trabalho € que quanto maior a distancipaises em relacdo a fronteira tecnologica,
maior o efeito positivo da taxa real de cambio dejada defasada em relacdo a taxa de
crescimento real do produper capita.Por fim, vale destacar que os testes de causalaade
Granger de Dumistrescu e Hurlin (2012) para dadopa&nel indicam que a participacao da
indUstria manufatureira no produto das economiasiesenvolvimento € importante para o
maior nivel de complexidade econémica das mesmas.

Palavras chaves:.crescimento econémico, estrutura produtiva, hiatmalogico e taxa real
de cambio.
JEL: F43, 033, L16 and L60.



INTRODUCTION

The manufacturing central role to economic groeutidl the technological catching up
process are highlighted in Szirmai (2012), ThirlWa0D05), Tregenna (2009), McCombie and
Roberts (2002), among others, through stylizedsfanod empirical analysis. In these studies it
is clear that the process of economic growth depefdhe productive structure composition
and, especially for the developing economies, destry is the engine of long-term growth

According to Rodrik (2016) manufacturing tends experience relatively stronger
productivity growth and technological progress otbe medium to longer term. So,
premature deindustrialization blocks off the maiaywof fast economic convergence in low
and middle income countries.

In Rodrik (2009 and 2016) it can be seen thatrapéd economic growth of developing
economies since the 1960s is associated with tlgeda transfer of productive resources
(labor and capital) to the most modern industriasthis sense, the structural shift toward
industrial activities worked as a driver of economiowth.

Szirmai (2012) presents a series of empiricalthedretical arguments about the role of
industry as the “engine of growth” in developingpeomies. Basically, productivity in this
economic sector is higher than in agriculture bseahe transfer of resources from this sector
to the industry provides a “structural change bbnitikis “bonus” comes as a result of the
transfer of work from economic activities with loproductivity to high productivity
activities. This automatically raises the overalbquctivity of the economy. However, the
pattern of structural change also at some poimctirresources to the services sector, given
that productivity growth in this sector is usudibyver than in the industrial sector, countries
begin to experience some “burden” in relation ie #tructural change.

The manufacturing sector, in particular, offerespl opportunities for economies of
scale, which are less available in agriculturerothie services sector, according to Szirmai
(2012). In addition, the manufacturing sector «ffgreater opportunities for the advancement
of technologies incorporated in the goods and ptsesgreater technological diffusion
capacity to other sectors. Part of this dynamicucxdecause of the so-called productive
linkages and spillover effects, which are strongighin this sectoft.

Felipe Leon-Ledesma, Lanzafame and Strada (2068) the Kaldorian theoretical
framework to analyze the Asian performance from stsuctural change perspective
According to them the economic growth verified hetpanel of countries was strongly
associated with the increasing industrial shatbéneconomies studied (Kaldor’s first Law).

More specifically, in Felipet al. (2009) the sector with the greatest economic drowt
elasticity, after controlling for other variablesdaexogenous shocks, was the industrial sector
as a whole, followed by the services sector anad tthe activities of the manufacturing
industry. The greater elasticity of the industgattor in relation to the manufacturing sector
was due to the forward and backwards linkages efattivities related to electricity and
infrastructure economic activities. Moreover, tfeature of the industry is based on the fact
that the accumulation of capital and technical pesg have been stronger in this sector,
having important spillovers effects to the resth&f economies in the sample of countries.

! According to Rodrik (2016) it was the industrzaliion process that permitted catching up and cgevee
with the West by non-Western nations, such as Jap#re late 19 century, South Korea, Taiwan and China,
among others countries.

2 In this work industry it is considered the divis#10-45 of the International Standard Industrials€ification
(ISIC) and when referring to the manufacturing isity it is considered the divisions 15-37 of theetnational
Standard Industrial Classification (ISIC).

® The authors conducted an analysis for 17 devejopinintries in Asia for the period 1980 to 2004.



According to this literature the process of ecommognowth depends on the productive
structure composition and at different stages ekligment certain sectors are dominant in
terms of its influence on per capita income grovette. However, the role of manufacturing
as a driver of this growth (“engine of growth”) @epls of the level of technological gap and
the real exchange rate, which influence its contipetiess.

The non-price competitiveness of tradable proddetsends largely on the technology
gap. The greater the distance of one country cairggra technological frontier, the lower
tends to be the technological cumulativeness and kbwer the non-price competitiveness.
Moreover, the price competitiveness of these prtsddepends on the real exchange rate
(RER) level as overvalued exchange rates leads gmgressive reduction in the share of
manufacturing industry and induces an increasiagsfier of production activities to other
countrie$.

In view of this literature, the main objectivetbis paper is to investigate the effects of
the tradable productive structure and the real @xgé rate (RER) on the per capita income
growth rate and the level of economic complexity dosample of underdeveloped countries
from 1990 to 2011. The level of economic complexigveloped by Hausmann and Hidalgo
et al. (2011) provides empirical support for the Kaldarigrounds, which understands the
productive sophistication as one of the importamdition for higher levels of per capita
income growth rate for developing econonties.

As further will be discussed in the next sectiatespite the empirical evidences and
stylized facts regarding the importance and suégkdsvelopment strategies based on the
manufacturing sector as engine of growth, ther tmains a lack of robust empirical
content to present how this sector influences ptdel sophistication besides economic
growth. In order of doing so, it will be tested haaezonomic complexity responds to
manufacturing, technological gap, undervalued emgharate and the per capita income
growth rate (besides the interrelationship amoegehvariables in term of causality).

To fulfill the proposed objectives, this artickedivided into 6 other sections besides this
introduction. Section 2 presents the theoreticalkbeound concerning to the relationship
between productive structure composition and econgmowth. Section 3 presents the data
sources and all variables to be used in the nestioss. Section 4 presents an analysis
through dynamic panel method (GMM) for a sample 84f countries to analyze the
relationship of per capita income growth rate amddpctive structure (tradable) among
different levels of technological gaps and considgthe effects of RER. Section 5 presents
the Granger causality tests for heterogeneous gdrah Dumitresco and Hurlin approach
(2012) in a reduced sample (64 countries) taking iaccount the level of economic
complexity as a proxy for productive sophisticatidmrough this test can be checked more
adequately the robustness of the results obtaméutkiprevious section meanwhile it tests the
hypothesis of the relationship between manufaogurend the level of production
sophistication. Finally, in Section 6 some conausiare drawn.

2. Productive structure and economic growth

In the early stages of economic development thiewtural sector is dominant both in
terms of employment as in the value added shareorfling as the per capita income growth

* See Palma (2005) and Bresser-Pereira (2010)xé&mgle, for this process.

® It must be highlighted that the tradable sectosssidered in this work is the primary sector and th
manufacturing industry. This occurs because theotigsis to be tested in the econometric exercises i
concerning the “engine of growth” potential in teda to manufacturing, though, it is considered deevice
sector in the empirical tests. Many services, sashnformation and communication technology (ICTHhy a
finance, are highly productive and tradable. Nehaldss, these service industries are typically highill-
intense and do not present the productive linkageisspillover effects over the economy (mainlytie tow and
middle-income countries).



the sector with the highest relative share becamesndustrial. Rowthorn and Ramaswamy
(1997) highlighted two factors that explain thisange: i) the effect of Engel Law, i.e., the
proportion of income spent on goods from the admical sector declines, while the per
capita income increases, causing a change in titerpaf demand for agricultural products
toward industrial goods and services and ii) on sbpply side, the fast growth of labor
productivity in agriculture makes a reduced neadworkers, moving them to the services
sector, but especially for the industrial sectorthie early stages of industrialization.

This last factor is called by Szirmai and Verspa@2011 and 2015), Szirmai (2012)
and Syrquin (1984 and 1988) of “structural chargenus”. This effect is temporary,
lasting only while the share of manufacturing indyss increasing. The transfer of resources
from manufacturing to the services sector generatdsurden” related to structural change,
known in economic literature as Baumol disease (B#au1967), in which, with the growth
of the services sector, the income per capitaafageowth tends to decline.

The combined effect of these two factors highkghby Rowthorn and Ramaswamy
(1997) generates a reduction both in absolute termdsin relative terms of employment and
value added of the agricultural sector for theustdy. After a certain level of economic
development the industry declines, i.e., therepsogess of deindustrialization.

Rowthorn and Ramaswamy (1997) formalized the emongrowth process, in which
there is an increase in the industrial sector simatiee early stages of economic development
and subsequently de-industrialization and transitoan economy where the services sector
it is dominant in the later stages. Thus, the astipoesent formally that “deindustrialization”
may occur as a result of successful economic dpueat. Similarly, Rowthorn and Wells
(1987) also explain that this process may be reltdea higher stage of development where
the standard of per capita income is, as a rugndni

Kaldor (1966) noticed this phenomenon occur betw#850 from 1965 in the UK
economy, which grew more slowly than other advaneeshomies. The main reason was
related to the level of “maturity” of the Britislcenomy at the time. This “maturity” was
related to the high level of per capita incomeha period, the lack of labor reserves in low-
productivity sectors (as in agriculture) that coh&ltransferred to the industrial sector. In this
context, the economic growth rate was reduced dubé slowdown in the manufacturing
industry.

The decreasing share of manufacturing in the dgeel economies was mainly in the
late 1960s and throughout the 1970s, as analyz&bwihorn and Ramaswamy (1997) and
Szirmai (2012). However, it was not linked to armipa in terms of the aggregate consumption
pattern of the industrial sector to the servicestmeor the pattern of North-South
international trade, but reflected mainly the impaf differential productivity growth (and
technological progress) between manufacturing adices. This productivity increased
consistently faster in manufacturing. Then, thevises sector absorbed a greater proportion
of employment just to keep its output rising (Rowth and Ramaswamy, 1997, p.12 and
Rodrik, 2016, p.3).

According to Szirmai and Verspagen (2011 and 2@i%) Szirmai (2012), after the
Second World War, industry (and manufacturing, artipular), has emerged as the main
economic activity of many developing countries,Bhg a new international trade structure
and productive specialization. Some developing treesin the period experienced a rapid
process of catching up and increasing income, whwvels linked to the industrialization
process that began. This view is in line with tle®remic growth process in Kaldorian
tradition where is in the manufacturing industrattthere are more opportunities for capital

® So, it is more evident that not only the intraseait productivity of the primary sector and sergiceatters for
economic growth, but the intersectoral productivityainly from manufacturing, which affects the age
productivity of the economy.



accumulation, static and dynamic economies of scalme intense technological progress
and spillover effects (Kaldor, 1966 and 1967).

In general, in the case of several Latin Americaantries, this process of increasing
industry share in the economy occurred via of ihgabstitution industrialization (ISI) as a
necessary first step to build a local productioseh@ssential for the countries insertion in the
international markets. In some Asian countrieshsag South Korea, a growth strategy led by
exports was persecuted (i.e. export-led strateghdsd, undervalued RER, according to Woo
(2004) and Gala (2008), were critical to the highases of economic growth observed in
Asian countries. Over the past 30 years, whilerL&imerican countries, in general, were
focused on an inward industrialization, Asian co@st (such as South Korea and Taiwan)
pursued a growth strategy led by exports, with kigacentives for exporters and industry
and competitive real exchange rates (Gala, 20@86pand Rodrik, 2006, p.20).

In Latin American countries the decline of indysthare in the economy occurred at a
level of per capita income much lower. Moreovergrothe past decades this process of
reduction in the share of manufacturing and inguasr a whole in these economies was due
to a number of causes such as persistent exchaamge nmisalignment (overvalued),
technological asymmetries (i.e. high technologgag), financial openness and terms of trade
appreciation (Palma, 2005 and Bresser-Pereira arddvii, 2008)’

Rodrik (2016, p. 4) points that as these econoropned to trade without a strong
comparative advantage in manufacturing, they beaagh@nporters, reversing a long process
of import substitution industrialization. Besidesiost developing countries “imported”
deindustrialization from advanced countries as thegame exposed to the relative price
trends produced in the latter. This decline inriative prices in the advanced economies put
a squeeze on manufacturing in the developing ec@smmainly in the countries where the
technological gap were greater. The consequenctesé processes are the strong reduction
in employment and value added share in developuogtcies.

This reduction in the manufacturing share to GDPlawer levels of economic
development in Latin America and others develogognomies has long-term consequences
in terms of its economic growth potential and redgd¢echnological asymmetries, that is, the
chances of technological catching up and incomevegence are diminished or
unsustainable (falling behind situation). This ecause the transfer of resources and labor
from manufacturing sectors to lower productivitytigties (such as in agriculture and
mining) can produce a smaller growth per capiteoine, as well as a lower level of
productive sophistication.

Despite of the empirical evidences and stylizettsfaabove mentioned regarding the
importance and successful development strategisedban the manufacturing sector as
engine of growth and the negative effects of trenmature decrease of its GDP share, there
still remains a lack of robust empirical content poesent how this sector influences
productive sophistication.

Through the economic complexity indicator of Haasim and Hildalgaet al. (2011) it
will be possible to test whether the level prodeesophistication captured by this indicator is
affected by the relative share of manufacturingustdy in a diverse sample of developed and
developing countries.

The level of complexity of economies is measureterms of the product composition
of their productive structures taking into accotiné diversity and ubiquity of tradable

" For a thorough analysis of the causes of deinidlisation processes at the international leves, Rewthorn
and Coutts (2004) and Palma (2005). Although iissussed briefly here the “early” deindustrialiaat the
main focus is on industry (especially the manufaest) as a dynamic sector (s) and driver (s) ofnecoic
growth, as we highlighted in the literature on thifbject in this section.



products® The greater the diversity of products that reqkinew-how, technologies and
knowledge and lower the ubiquity of these produttte, more it tends to be. This variable
measures indirectly the level of sophisticationtlod productive structure of the countries
because it considers the ubiquity and diversityraflable production as dependent on the
specialization level and the stock of knowledge.

In the context of this discussion, in section 4lvek empirically investigated the
relationship between the per capita income groaté and the production structure (tradable)
considering different levels of technological gapdahe effect of the real exchange rate
(RER), taking into account a set of control varegbthrough dynamic panels. In section 5 it
will be tested the interrelationship between the gapita income growth rate, technological
gap, manufacturing, real exchange rate (RER) andagnic complexity (used as a proxy for
productive sophistication) through Granger caug#adists for panel data. Before the empirical
estimates in Section 4 and 5, in section 3 areepted the data, sources and the control
variables.

3. VARIABLES, SOURCES AND CONTROLS

Given the empirical models to be tested in Sestibrand 5, where will be taken into
account the influence of tradable productive stireeon per capita income growth rate, this
section will present the variables, sources andrabwariables for the panel data estimations
(broad sample) and Granger causality tests (redsemeqble). For the broad sample, the panel
estimation is unbalanced, with random missings Koge84 countries (n=84) to 22 years of
analysis (t = 22), where 18 are developed counames66 are developing countries. For the
reduced sample, which includes the economic contglexdicator was used an unbalanced
panel with 64 countries, where 47 are developingraerging countries and 17 developed
countries. Appendixs 1 and 2 are presented thetgesrby name. This reduced sample
covers the period 1990-2011able 1 (below) presents the abbreviation, a lutefcription
of the variables used in the econometric modelstlagid sources.

Table 1 —Description of the variables used in the modedsineasures and sources

| Abbreviations | Brief variable description | Source |
pibpc per capitaGDP in real terms (US$ dollars - 2005) IMF
tcpibpce Real per capita GDP growth rate IMF

Manufacturing sector share to GDP (value addedg)in 15-37 divisions

vamanu from thelnternational Standard Industrial ClassificatiqisIC)* WDI- GGDC
. Primary sector share to GDP (value added , in %5 division from i
vapnm International Standard Industrial ClassificatigiSIC)* WDI- GGDC
vaserv Services sector share to GDP (value added , in %8-99 divisions from  WDI- GGDC
International Standard Industrial Classificatig¢iSIC)*
Author’s own
. : elaboration
gaptec Technological gap between countries from Verspaf683) methodology based on PWT
8.0
Author’s own
. RER adjusted by the Balassa-Samuelson effect aogpiml Rodrik (2008) elaboration
misxrate .
— undervaluation measure. based on PWT
8.0

8 The construction of this indicator is based orerinational trade data. The justification of Hausmamd
Hidalgo et al. (2011) for this is that these datas have a stdiwkd classification linking countries to their
products. In principle, if countries produce godhat do not export, they are not so specializeterms of
quality and/or lack international competitiveneBmally, Hausmann and Hidalget al. (2011) emphasize that
this indicator does not take into account non-toéelalata due to a limitation of the majority of oties
regarding the quantity and quality of the data latée.

® The random missings were less than 1% in the amptes.



Purchasing Power Parity (PPP) in relation to GDBaah country measured

PPP in US$ units of 2005. PWT 8.0
Xrat Nominal exchange rate for each country in termd®A dollars PWT 8.0
Author’s own
. . . elaboration
rer RER adjusted by the Purchasing Power Parity (PPP) based on PWT
8.0
. Annual inflation rate (from th€onsumer Price Index CPI, for each
txinfla WDl
country)
fokf Gross fixed capital formation as a proportion afiged GDP WDI
Government consumption in terms of goods and ses\iit relation to GDP
govexp . World Bank
in real terms.
humank (I;’fe;(;eentage of the population of each country ihdigducation regardless WDI
ttrade Terms of trade: index calculated as the percentaie of the unit export WDI

value index in relation to the unit import valueléx - base year 2000.
eci Hausmann e Hidalget al. (2011) complexity indicator MIT

Fonte: Elaboracédo prépria.

Nota: * Revision 3.0 of thdnternational Standard Industrial Classificatiofor economic activities of the
United Nations Statistics Division (UNSD); Valuedad is the net product of the economic sector aftieling
the gross value of the entire product and subtrgdtie intermediate goods involved in the producficocess. It
was calculated without taking into account dedutidor depreciation, depletion and degradation aitiral
resources. Relative participation (%) calculatedatstant prices in terms of 2005 dollars. IMIaternational
Monetary FundWDI - World Development Indicatar®WT -Penn World TableB.0 (see Feensts al, 2015)
and MIT -Massachusetts Institute of Technolo@GDC -Groningen Growth and Development Center

The use of value added for the tradable and nalalda sectors is particularly important
when working with the industry assumption of “ergimf growth”, since the main
implications of this sector on growth is captured its relative share by this measure.
According to Tregenna (2009, p.439-441).

) the effects of the industry on growth through fordvand backward linkages are
more strongly linked to its economic effect in terof value added : even if this
economic sector lowers its employment share, it icanease the value added
share and rise the demand for capital goods andrtiwaint of raw materials in the
upstream sector besides promoting incentives taceedcosts in downstream
sectors;

i) the effects of the economies of scale and learhinrgoing (stronger in this sector)
on the industry growth in terms of value added &ardeased production are
compatible with lowers employment levels, so thet@ecan increase its share in
terms of value added , without necessarily havicgresstant or increasing share of
workers and as technical progress and innovatierparticularly important in this
sector it follows that it is also compatible witketexpansion of the manufacturing
industry in terms of production and value added ilavheducing the share of
workers employed.

The technological gapgéptecor G) is defined following the methodology used by
Verspagen (1991), Verspagen (1993), Fagerberg j188gerberg and Verspagen (2002) and
Fagerberg, Srholec and Knell (2007), among otHarshis case the technological leader is
the United States and its per capita GDP is a pfoxyproductivity. Thus, the technological
gap is measured by the ratio of US per capita GDpared to other country per capita
GDPs, such that = (GDPpcgy4/GDPpc;,).

The assumption behind this measure is relatedhdonmay the evolutionary approach
works with the idea of technological gap. They teeléhe technological level of each
productive system with its innovative activitieshigh level of innovative activity means a
greater share of “new” products in relation to Gife a further extension of the use of “new”



techniques in the production process. Since thesegoods and techniques involve a higher
level of prices and productivity, respectivelyfotlows that countries with higher levels of
innovative activities tend to display higher vahgded per worker or per capita income than
others.

From the foregoing context, the technological logg up occurs when the
technological gap decreases and can positivelyenfie the per capita income growth rate
over the process of income convergence.

The real exchange ratmicxratg was constructed following the methodology projose
by Rodrik (2008). Applying this methodology is piids several comparisons in the relevant
literature between panels of countries over tintes Tariable is essentially the real exchange
rate adjusted by the Balassa-Samuelson effect,ighat real exchange rate adjusted by the
relative prices for the tradables sectors in refatb non tradablé$ So, themisxratevariable
represents an indicator of undervaluationsirate.

The variablemisxrateis calculated from 3 steps. First it is used thenmal exchange
rates from the countriesXRAT;;) and the conversion factor of purchasing poweityar
(PPP;,) to calculate the real exchange ra&R€R;;):

InRER;; = In(XRAT;,/PPP;,) (4.1)

where the index are the 84 countries in the sample amige time index, which in this work
are 22 years (1990-2011). The variableRAT;; andPPP;; are expressed in terms of dollars.
RER values above one indicate that the value oh#t®nal currency is more undervalued
than indicated by the purchasing power parRyK;;). However, the non-tradable sector is
also cheaper in poorer countries (through the Bak&amuelson effect), which requires an
adjustment. Thus, in the second step it takes agtmwunt this effect regressirRER;; in
relation to per capita GDP:

INRER;; = a + Bln (PIBpc;t) + f; + ujr (4.2)

where f; is the fixed effect for the period of time amg, is the error term. The panel
estimation for fixed effects resulted infaof -0.71 (witht value of -30.67 ang value of
0.00) suggesting that there is a strong and sa@amifi influence of the Balassa Samuelson
effect (when the income increases by 10% the nechhange rate falls around 7.1%). Using
robust estimation of (4.2) and correcting for thhrelgpems of the heteroskedastic structure
between the panels and “within” autocorrelatifnis -0.21 {=-21.55), with g value of 0.00,

10 B¢la Balassa (1964) and Paul Samuelson (1964)dependent works, presented methods of calculatiag
exchange misalignment taking into account the tredand non-tradable sectors of the economies. eThes
authors explain that in richer countries the praiditg rate of growth in the industrial sector iggher than in the
services sector. With the labor market definingdtierage level of wage equilibrium among secties price of
services tends to be higher (and thus mean wagks}, the aggregate price level taking into accthege two
sectors tends to be higher in the more developentdes, which causes the real exchange rate terabt
overvalued in PPP terms (the reverse is true ireldping countries , i.e. lower levels of produdiviead
exchange rates to be more depreciated, sincevelatices are lower). Thus, the real exchange(RIER) not
adjusted for these differences between the sectdbos,not present themselves as valid to measure
appreciation/depreciation of real exchange ratesvéver, when RER is adjusted for the differences/éen the
average level of productivity between sectors, 8s4a91964) and Samuelson (1964) explain thafibssible to
make appropriate comparisons. In this contexs, &#ssumed here that the calculation of the redlamge rate of
Rodrik (2008) is a good proxy for the behaviortigtvariable.



i.e. statistically significant and very close tcetBalassa Samuelson effect calculated by
Rodrik (2008).

Finally, in order to calculate Rodrik (2008)issxrate;; indicator, it is estimated the
following equation:

In(misxrate;;) = INRER;; — InRER; (4.3)

Defined this way, the variablenisxrate;; is comparable between the panels of
countries over time. Whemisxrate;; it is above the unit, we have the real exchange ist
set so that the domestically produced goods asatively cheaper in terms of dollar, that is,
the exchange rate is undervalued. Conversely, whianrate;; is below the unit, the real
exchange rate is overvalued. This variable is cedtat zero, with the overall standard
deviation of 0.398664, between standard deviatidbn0.8180682 and within standard
deviation of 0.2432237 (Chart 1).

To ensure the robustness of the empirical estimstin section 4, a set of different
control variables is uséd They are divided between structural and macrosmimvariables.

In the latter case it is taken into consideratiom inflation rate tkinfla), which is a proxy for
economic stability, and monetary policy, gross dixapital formationfpkf), a proxy for the
aggregate investment in the economy, and the gmerhconsumption sharggvexy. It is
expected a negative sign forinfla and a positive sign for the varialflekf. Regarding the
govexp is expected a negative sign suggesting that desntwith a higher share of
government in the final consumption have lowergagita growth rates.

Regarding the structural variables are taking iotmsideration the human capital
through thehumankvariable. This variable must be observed of arlugmary perspective,
l.e., as a proxy for learning ability in a broadise, including technology. In other words, it is
a proxy for human capital at the macroeconomic lleiteis expected a positive sign,
indicating that the higher learning ability, theegter the impact on the explained variable
(income per capita growth rate). The variatdpop captures the effects of the population
growth rate on the explanatory variable. In thisezat is expected a negative sign. Finally the
ttrade variable, which represents the international teofitsade for the sample of countries. It
is expected a positive sign for this variable.

! Rodrik (2008) found a8 of -0.24 (t = -20), with a p-value of 0.00 fopanel of 188 countries within 1950-
2004. However, he used averages of 5 years foddta, conforming subperiods of 11 years. The small
difference between these statistics suggests samstancy of the Balassa Samuelson effect over time.
Correction for heteroskedasticity and autocorretatvas performed using the generalized least sguaethod
(GLS).

12 In this case we are following Gala (2006). A coefensive analysis for potential control variaftasthe
economic growth literature can be seen in Bhaltd.2).



Chart 1 — Density distribution from Epanechnikov Kerneltbé misxrate;; to the panel of
countries
Lo
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kernel = epanechnikov, bandwidth = 0.0293

Source: Author’s own elaboration.

4. ECONOMIC GROWTH AND PRODUCTIVE STRUCTURE: A DYNA MIC PANEL
ANALYSIS (GMM)

In order to investigate the relationship between gapita income growth rate and the
production structure (tradable) it will be used timethodology of dynamic panel which
allows to control for individual unobserved chaeaidtics of the sample that affect the
dependent variable and the possible endogeneitydependent variablés

The estimators for dynamic panels of Arellano &uwhd (1991) and Arellano-Bover/
Blundell-Bond (Arellano and Bover 1995; BlundelldaBond, 1998) are efficient estimators
called Generalized Method of Moment (GMM) widelyedsin empirical researches in cases
where it is observed, according to Roodman (20Q0®eriods (T) smaller than the number of
individual units §); ii) linear functions; iii) lagged dynamic varilgh i.e., influenced by their
own past values; iv) independent variables that rase strictly exogenous and can be
correlated with its past values and possibly curmneralizations of the error term; v)
individuals fixed effects; vi) heteroskedasticitydawithin autocorrelation; vi) some variables
can be predetermined, but not strictly exogenocushat may be influenced by its past values;

13 According to Greene (2012) endogeneity implies aberelation between the covariates and the eson,t
that is,E (X;;u;;) # 0. As in the dynamic model it will be taking intocazint the income per capita growth rate
lagged effects on the present, the conventionahoaefOLS) to panel data leads to inconsistent edtis) since
this variable is correlated with the error term. The traditional sources of endogeneity are dudyiamic
effects such as the cited, simultaneity betweeralbes, omitted variables or measurement errovsoébles.
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vii) possibility of “internal” instruments, i.e. bad on their own lagged variables or “external”
instruments™*

Given these estimator’s features and the objectofethis Section, it is used the
standard Arellano and Bond (1991) procedure fordieamic panel data estimation (see
Equation 1):

tcpibpe, = B, + Stepibpe, _, + Bymisxrate; + f,misxrate,_, +psgapte¢, + f,vamany; +
Bsvaprim + Y\ ¢ BiZ; v + c; + uy (1)

where i=1..N, t=1...T, j=6,...K.. Through this specification it will be tested ttedationship

of per capita income growth rate in relation to thuence of the productive structure
(tradable) at different technological gap levelsilevht takes into account other relevant
variables in the empirical literature on growthtthéect the dependent variable, as the RER
such as in Rodrik (2008 and 2009, among others)p®n technological gap, as it is seen in
Verspagen (1993), among others, controlling forepthariables® The p;’s and¢ are the

parameters to be estimatad, is the random disturbance, which captures the sgrokd
factors on the independent variable apds a random variable that captures the unobserved
characteristics or heterogeneity of each countay dffects the per capita income growth rate.
Z;+j represents the set of control variables, whichafbrspecification were 8° All variables
were considered potentially endogenous and were wisé one lag as instrument for eath.
In addition, we used a robust estimation processh&erocedasticity by the Arellano and
Bond robust covariance matrix (robust vce) and Wiaijer (2005) standard errors.

As reported, the estimates of (1) were performaasiclering different technological
gap levels apteg. For the sample used in this estimatesgdgtechas an average of 40.28
and a standard deviation of 1}42It was considered in this econometric exercisat th
countries at the technological frontier have te¢bgical gap less than 1.5 (In Appendix 1 is
presented the sample of countries within this gaje The between standard deviation, i.e.,
between countries was 57.72, with a minimum of @e& a maximum of 311.78.

Based on the classification criteria of the samplat are not on the technological
frontier in relation to the magnitude of the teclugical gap standard deviationsefweely it
is reported in Table 2 the estimates for the dyogmanel specified in (1) for the sample of 84
countries for until one between standard deviafiortermediate” technological gap), in the
range of two to one between standard deviationgl{"htechnology gap) and above two
between standard deviations (“very high” technolggyp). Furthermore, it was estimated in
the second column a dynamic panel for the broadokasee Appendix 1 for the country
samples by technological gap).

It can be observed in the Table 2 that the efiéceal undervalued RER is positive and
significant with a lag for all the technologicalpyevels considered, increasing their effect on
the per capita income growth rate when the teclyicdd gap measure is higher (for each
group of countries). In other words, the greatéeatfof undervalued RER on the per capita

14 A potential disadvantage for this class of estormtis that they can easily generate invalid eséma
depending on model specifications, as Roodman (2&g8ains.

'3 |n the Section 2 the reasons for the importandeexe variables on economic growth was presemed a
justified.

' The control varibles arinfla, humank, govexpirade, fokf e govexp

" According to Roodman (2009), there is no sped¢#at in the literature for choosing the “optimalimber of
instruments, so it is necessary to test the validftinstruments used with tests such as by Sa(§y8&8) or
Hansen (1982).

'8 |t must be emphasized that these values are defatthe mean and the global standard deviatichebroad
sample, that is, without taking into account vaoias “within”, “between” or “weighted” order.
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growth rate is conditional on the technological ¢mpel considered: the farther the sample of
countries is related to the technological frontiee greater the effect of the undervalued RER
on per capita income growth rate.

The variablemisxratewas insignificant statistically without lag in tpanel of countries
with “high” and “very high” technological gap whil@as found negative and significant for
the broad sample and to “intermediate” technolaigiap sample. This result suggests that
the effect ofmisxrate variable affects only the per capita income growdte in a non-
contemporary way.

The variable related to the manufacturing shal@DP was positive and significant for
all levels of technological gap considered as aslin the broad sample. Furthermore, it did
not present significant differences in magnitudeh® different levels of technological gap.
This result suggests that regardless of the teohiwal gap distance of each sample of
countries, manufacturing has a positive and sigaiii effect on the per capita income growth
rate.

The primary sector share to GDP influences negtithe per capita income growth
rate in all technological gap levels considered vath statistical significance only in the case
of “high” and “very high” technological gap. Thigsult implies that even for the sample of
countries considered less developed and with higfedmological gap the primary sector to
GDP does not influence positively the per capitanme growth rate.

Table 2— Dynamic Panel EstimationsGiM) — Arellano e BondRiff GMM —two step Robus)
with Windmeijer (2005) standard errors - 1990 120

Tradable

Tradable+non
Tradable

Intermediate

High Technological

Very High

Underdeveloped

Rk ZIeEn! F2I Techggl;gmal Gap Technological Gap Countries
|.tcpibpc -0.0730 -0.105 -0.216 -0.415 -0.0803
(-1.24) (-1.67) (-1.93) (-4.65) (-1.41)
l.misxrate 7.783" 6.307 7.473 10.717 5.742
(4.36) (2.34) (2.79) (3.65) (2.30)
misxrate -5.142 -5.419 -5.301 -3.083 -3.490
(-2.41) (-2.25) (-1.82) (-1.08) (1.50)
gaptec -0.205 0.0529 -0.269 -0.191" -0.145
(-2.32) (0.45) (-2.49) (-4.00) (-2.82)
vaserv -0.225
(-2.37)
vamanu 0.464" 0.559” 0.510° 0.531 0.275
(2.64) (4.02) (2.74) (2.59) (2.37)
vaprim -0.0744 -0.121 -0.281 -0.312" -0.234
(-0.53) (-0.88) (-5.87) (-3.65) (-2.32)
humank -0.0516 -0.0485 -0.591 0.0615 -0.0710
(-0.57) (-1.46) (-1.46) (0.15) (-1.56)
txinfla 0.00269 0.00139 -0.0610 -0.0958 0.00143
(1.07) (1.03) (-0.64) (-3.09) (0.83)
fokf 0.304" 0.486" 0.0216 0.206 0.246
(2.80) (6.27) (0.52) (1.86) (2.85)
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govexp -0.344" -0.319 0.299" -0.510" -0.290

(-3.05) (-2.09) (3.98) (-2.78) (-1.95)
ttrade -0.00662 -0.00443 0.0469 -0.0358 -0.0289
(-0.36) (-0.34) (4.04) (-0.93) (-2.49)
tcpop -1.553 -1.297" 2.118 -0.520 -0.987
(-1.95) (-3.76) (1.01) (-0.35) (-2.41)
_cons 6.585 -10.01 17.97 49.78 27.15%
(0.85) (-1.50) (2.22) (2.98) (2.93)
Arellano and z=-3.2730 z=-2.2968 z=-1.5004 z=-1.5756 z=-4.3226
Bond’s test for prob>z 0.0011 prob>z 0.0216 prob>z 0.1335 prob>z 0.1151 prob>z 0.0000
AR(1) —A
Arellano and z=-1,1617 z=-1.5921 z=-1.0926 z=-0.46553 z=-0.63057
Bond’s test for prob>z 0.2454 prob>z 0.1114 prob>z 0.2746 prob>z 0.6416 prob>z 0.52
AR(2) —A
Sargan’s test for  chi2(398)=63,5433 chi2(64)=48.34217 chi2(64)=61.10753 chi2(70)=86,67309 chi2(64)=60.10753
overidentified Prob>Chi2=1.0000 Prob>Chi2=1.0000 Prob>Chi2=0.5794 Prob>chi2=0.0860 Prob>Chi2=0.5693

restrictions B

Note: Thet (s) statistics are in brackets; * p<0.05, ** p<D.6** p<0.001. InA — The null hypothesis: there is no “n”
order correlation in the residues.Bn- The null hypothesis: the model is correctly $jiett and all overidentifications
are correct.

Source: Author’s own elaboration.

Except for the “intermediate” technological gapmgée of countries, for all other
estimates the technological gap variable has ativegand statistically significantly effect on
the per capita income growth rate. Thus, the greh&edistance of the relative technological
frontier, the lower tends to be the per capita mearowth rate.

Thehumankcontrol variable only got the expected sign toghmple of countries with
“very high” technological gap, but it was not stéitially significant. Likewise, théxinfla
control variable was negative only in this techigadal gap level. However, it was significant
just in the sample of countries with “very highthmological gap. In relation tiokf control
variable, it can be seen that it has the expedtgdfer all samples, but it was just statistically
significant only in the broad sample and in thééimediate” technological gap sample.

The govexpcontrol variable obtained the expected sign ansl statistically significant
in the broad sample estimations, in the “intermidiand “high” technological gap sample.
However, it did not get the expected sign in theugrof countries with “high” technological
gap.

For ttrade variable, it can be seen that it has a positign sand is statistically
significant only in the case of “high” technolodicmp. Thetcpopvariable was negative and
statistically significant for the countries of “@rmediate” technological gap sample of
countries, but it was not significant statisticalbr the broad sample of countries and with
“very high” technological gap and had a positivgnsin the case of the “high” technological
gap sample of countries.

For the dynamic panel data estimation expresse(l)nit was also estimated the
productive structure effect on per capita incomewgh rate taking in account the non-
tradable sector (in terms of its value added )lierunderdeveloped countries (see Appendix
1 for the countries’ groups). As it can be seengs$tenates presents manufacturing positively
affecting the per capita income. This result wagistically significant. The primary sector
and the service sector, both in terms of its valdéed share to GDP, negatively affect the per
capita income growth rate. Similarly to the lastireates in Table 2, the undervalued real
exchange rate just affect positively the per cagitavth rate in a lagged form. Besides, this
effect was statistically significant.

13



The main hypothesis concerning the negative resiodiut the primary and service
sectors in this econometric exercise is becausthése sample of countries (underdeveloped)
the majority of the activities within these sectpresentdower productivity, value added per
worker and lower skilled labdF.

The technological gap variable negatively affeitis per capita income growth rate
(gaptecwas negative and statistically significant). Thatcol variabledcpop, fbkfandttrade
were statistically significant. Although, the lattead a different sign than the expected. The
variables govexp txinfla and humankwere not statistically significant. Just the forme
variable presented the expected sign.

The above results support the “engine of growtypidihesis presented in section 2 for
the country sample studied. Besides, it was exfeg&tpositive sign for the primary sector
parameter at least for the “very high” technolobigap sample of countries. However, this
was not verified.

In all estimations reported in Table 2 it is n&jected the null hypothesis that
overidentified restrictions are valid at the 1%dkwf significancé. Similarly, it does not
reject the null hypothesis that there is no autetation for higher order than AR (3.
Furthermore, with the two step estimation it wataoted efficient and robust parameters for
any standard of heterocedasticity, whereas foMimelmeijer (2005)’s standard errors it was
avoided the downward bias for the standard errotke estimators.

5. Testing for Granger non-causality in heterogenass panels

In this section it will be applied the Granger reausality test for heterogeneous panels
with fixed coefficients recently proposed by Duraitcu and Hurlin (2012¥. By doing it, it
will be to tested the interrelationships betweer ther capita income growth rate,
technological gap, manufacturing and economic deriy. As we have seen in the previous
section, the manufacturing industry is more impurtaan the primary sector to the per capita
income growth rate, even when taking into accolfferént levels of technological gap or the
service sector. Now, it will be further investigatehe influences/interrelationships
(causalities) between these variables. In addigomlevant question to these tests is whether
the productive sophistication and smaller technickdgyap are the (sole) causes of higher per
capita income growth rate or if they are first thesults of the positive effects of
manufacturing on the sample of economies.

According to Granger (1969) the concept of catysa the capacity of a variable to
assist in predicting the behavior of another vaeiab interest. Therefore, it is the existence of
an intertemporal precedence in the explanationgiWen variable.

19 For further analyses of these features in undeldged countries within these sectors see Su and2Q16),
Rodrik (2008, 2009 and 2016) and Marconi (2015).

2 Whenever there is heteroskedasticity the Sarg@&8)ltest of overidentifying constraints usualljents the
null hypothesis (which is that they are valid). inmeans that there may be the presence of hetdemstitsty,

poor model specification or even inadequate usdehumber of instruments, cf. Roodman (2009).dditéon

to the Sargan test (1958) there is the Hanser(188R). The two tests have good asymptotic propeiti the
absence of heteroscedasticity and autocorrelai®im the case of the panels estimated in Tablop®ever, if
the residues present any of these uncorrected g@nshlthe Hansen test (1982) presents superiostitati
properties, having only the problem of loss of ppwhen the number of instruments used is high.

4l According to Cameron and Trivedi (2010), if theideials of the estimated models are not autocdec|zhey
are expected to be in AR (1) but not in higher arde., AR @>1). If this condition is verified, as in the casfe
the estimates in Table 2, the null hypothesis o$erdal autocorrelation of the residuals is notctgd.

22 The idea of this test was first exposed by HU#B05) at the Lllle Annual Congress of the Frenclm®mic
Association. However, in Hurlin (2005) it can orfilg observed a general outline of the Dumitresclturlin

(2012) test, where cross-dependency issues ar@ar&ed out, as is the case for unbalanced panelslutlin

(2005) the asymptotic and semi-asymptotic theorythef test is not formally developed, which is ddne
Dumistresco and Hurlin (2012) from Monte Carlo siations.
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The Granger causality test (1969) extension toepasata is a fairly recent
methodological approach. The Holtz-Eakin, Newey d&uke (1988) and Koénya (2006)
methodologies are examples of other possible appesa

More recently two other approaches have been imsetie analysis of causal analysis
in panel data and have gained prominence in thermalditerature. In the Kar Nazlioglu and
Agir (2011)’s approach is estimated an error ctioecvector by GMM . However, this
method does not control for the potential crossidecependence between the panels, which
is made in Dumitrescu and Hurlin (201%).

The Dumitrescu and Hurlin (2012)’s approach geasrmore efficient estimators even
in small samples multivariate models. It can beliagpto unbalanced panels allowing
different lags order for different cross sectioitsjrand thus this approach is more robust than
others. Considering two stationary variabtemdy the null and alternative are the following:

Ho Bi =0 Vi=1,..N comp; = (B, .. s @)
Hl: ﬁlzo Vl:l,Nl eﬁl:/:() VL:N1+1,N1+2,'N

The null hypothesis states that the analyzed taakdionship does not exist for any
individual unit panel §;) and the alternative hypothesis indicates that dbrdeast one
subgroup of countries there is a causal relatigngéie. N; + 1,N; + 2, ..., N). Given this
methodological construction of Dumistrescu and Huand test (2012), the test is formally
called Grangenoncausality test for heterogeneous panels.

In the context of the application of the Dumistriesand Hurlin (2012)’s Granger
causality test, the following causal interrelatioips are presented in the format of linear
equations in order to be tested:

K) . K
)vamanui,t—k + XK1 ﬁi( )eCli,t—k + Yoy ﬁi( )gapteci,t—k +

tcpibpe s = a; + Zlk{zl Vi(K
K . Bl.(K)misxratel-‘t_ K+ i (3)

vamanu;; = a; + Z§=1 Vi(K)tCPibPCi,t—k + Z§=1 ﬁi(K)QCii,t—k + ZI;§=1 ,Bi(K)gapteCl-,t_k +

YK B Omisxrate,._y + £, (4)

. K (
ecliy = a; + Yk=1 Vi

K)tCPipri,t—k + Y1 ,Bl.(K)vamanul-,t_k + Yi=1 ,Bi(K)gapteCl-,t_k +

K . Bl.(K)misxratel-‘t_ K+ i (5)
gaptec; = a; + Y- Yi(K)tCPibPCi,t—k + Xke1 :Bi(K)vamanui,t—k + Xke1 :Bi(K)eCii,t—k +

K . Bl.(K)misxratel-‘t_ K+ i (6)
misxrate;; = a; + Y_4 yl.(K)tcpibpci,t_k + YK, ﬁi(K)vamanui,t_k + YK, ﬁl.(K)ecii,t_k +

K
YK B gaptec,_y + €, 7)

Similarly to what is observed in the researchioetseries econometric, the presence of
unit roots in panel data can lead to spurious ew@tioc relations in the Granger causality
tests. In this work it is used the Im Pesaran amd §.997) test and the ADF Fisher and PP

2 In Dumitrescu and Hurlin (2012) the Monte Carlmslations present that even in conditions of exise of
cross section dependence in panel, the resulteedést are robust.
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Fisher tests versions proposed by Maddala and \WW89{land Choi (2001), given the fact
that the panel is unbalanced.

As can be seen in Table 3 onlgpgecis not stationary at 1% significance level. This
variable is | (1) integrated, so that it was vexdfias stationary after the transformation process
of the series (at 1% significance) in the threehmeés employed in order to be used in the
Granger causality tests dgaptec

Table 3— Panel Data Unit Root Tests — 1990 — 2011

| Variable Method (*) Statistic p-value (**) Result | order |

Im-Pesaran-Shin — W — stat -20,1313 0,00 ST

tcpibpce ADF — Fishery? 898,844 0,00 ST 1(0)
PP — Fishey? 1432,72 0,00 ST
Im-Pesaran-Shin — W — stat -3.989119 0(00 ST

vamanu ADF — Fishery? 363,773 0,00 ST 1(0)
PP — Fishey? 293,872 0,00 ST
Im-Pesaran-Shin — W — stat -1,94446 0,02 ST

misxrate ADF — Fishery? 330,332 0,00 ST 1(0)
PP — Fishey? 329,944 0,00 ST
Im-Pesaran-Shin — W — stat -0,87192 0,20 NST

gaptec ADF — Fishery? 361,165 0,00 ST 1(1)
PP — Fishey? 608,03 0,00 ST
Im-Pesaran-Shin — W — stat -5,71239 0}00 ST

eci ADF — Fishery? 298,961 0,00 ST 1(0)
PP — Fishey? 360,412 0,00 ST

Note: (*) Tests considering trend and intercept. The $atection was chosen accordingAkaike Information
Criterion (AIC). (**) In several cases the value had different numbers than zero only fromttiird decimal place
However, for convenience, we chose to report intéiide only two decimal places, which does notaigtfrom the
analysis of the existence of a unit root of theeser

Source: Author’s own elaboration.

The optimal number of lag&] for each estimation in the equation system i) 8+as
defined as 2 by the Hanna Quinn criteria informatio

In the Tables 6 and 7 are reported the calculatiminthe Wald statistics, the zBar
statistics and the associated p-value for the sesnpl7 countries (Table 4 - sample of
developing or emerging countries) and 17 countfigable 5 — Sample of developed
countries) — See Appendix 2 for the sample of coemst

In Table 4 it can be seen that there is a unitloeal causal relationship of the
technological gap in relation to the level of ecmmo complexity, per capita income growth
rate and the manufacturing share to GDP. Simildhgre is a significant and unidirectional
relationship of the economic complexity level tod&rmisxrate and a bidirectional
relationship between the manufacturing share to @dPthe economic complexity level.

As Table 4 presents there is a bidirectional arutianeity of the real exchange rate
(misxratg and the manufacturing share to GDP and a unitoirea relation betweemisxrate
to the per capita growth rate.

It can be observed a statistically significantid@ictional relationship or simultaneity
between the manufacturing share to GDP and petaceqgiome growth rates. Similarly, there
is a bidirectional relationship or simultaneity Ween the manufacturing share to GDP and
the economic complexity level.

These results imply that the premature decreaskeomanufacturing share to GDP in
the developing economies can reduce the level ofymtive sophistication, hindering the
catching up process and the achievement of higaecapita income levels (falling behind
situation). Moreover, the productive sophisticataord smaller technological gap affect in a

24 The Zbar statistic corresponds to the normalizatissic considering T fixed, in this case T=22.
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bidirectional way the manufacturing share to GDB i@nturn, this sector share affects also in
a bidirectional way the per capita income growtie.rdherefore, these results suggest that the
productive sophistication captured by Hausman aidhlbo et al. (2011), affect the per
capita income growth rate through manufacturing.

So, the greater productive sophistication and lemeichnological gap are the causes of
higher per capita income growth rate but there isnatual interrelationship between
manufacturing and the productive sophisticationdiasussed in Section 2 and verified in this
section.

Table 4 - Dumitrescu-Hurlin (2012) Granger Non-Causality TesResults for K=2 -
Emerging or Developing Countries

Hipétese nula (HNC)* : W-Stat. Zbar-Stat. Prob.
eci— dgaptec 3.03212 1.69364 0.0903
dgaptec- eci 4.06259 4.20979 3.E-05***
misxrate— dgaptec 3.14691 1.97393 0.0484**
dgaptec— misxrate 3.09262 1.84136 0.0656
tcpibpc— dgaptec 2.43346 0.23184 0.8167
dgaptec— tcpibpc 21.5187 46.8334 0.0000***
vamanu- dgaptec 3.40307 2.59942 0.0093***
dgaptec» vamanu 3.85992 3.71492 0.0002***
misxrate— eci 2.78905 1.19534 0.2320
eci— misxrate 3.26031 2.37585 0.0175*
tcpibpe— eci 2.94626 1.58916 0.1120
eci— tcpibpc 2.71862 1.01890 0.3082
vamanu- eci 4.55575 5.65794 2.E-08***
eci— vamanu 3.27737 2.44049 0.0147*
tcpibpc— misxrate 2.82625 1.28851 0.1976
misxrate— tcpibpc 3.54271 3.08326 0.0020***
vamanu- misxrate 4.22611 4.79519 2.E-06***
misxrate-vamanu 5.00871 6.75562 1.E-11%*
vamanu- tcpibpc 3.60422 3.23736 0.0012**
tcpibpc— vamanu 3.31266 2.50700 0.0122**

Note: ***, ** Determines the level of significance at 1%nd 5%, respectively. * The null hyphotesidoés not

homogeneously causgHNC).

Source: Author’s own elaboration.

In the diagram 1 it is schematically presentedG@nanger causality relations results for
developing countries (Table 4). It can be seentti@telationship between per capita income
growth rate and productive structure has in the ufaturing an important mechanism for
catching up (i.e. reducing the technological gapyvall as for income convergence.
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Diagram 1 — Interelationship between economic growth, martufing industry,
technological gap and real exchange rate for emgrgi developing countries.

Economic
»| Complexity Level Per capita
income growth
A rate
Manufacturing | Technological Gap >
A

Real Exchange
> Rate (RER)

Source: Author’s own elaboration.

Table 5 presents the Granger causality teststsefulthe developed countries sample.
Differently from the developing countries resulitscan be seen that the technological gap
does not precede unidirectionally the level of ernit complexity, but it precedes the per
capita income growth rate and manufacturing stafeRP.

Table 5 — Dumitrescu-Hurlin (2012) Granger Non-Causalitgsis Results for K=2 -
Developed Countries

Hipo6tese nula (HNC)* : W-Stat. Zbar-Stat. Prob.
eci—dgaptec 2.77802 0.64429 0.5194
dgaptec—eci 2.47591 0.20657 0.8363
misxrate—~dgaptec 2.39153 0.08431 0.9328
dgaptec-misxrate 2.77793 0.64415 0.5195
tcpibpc—dgaptec 1.97024 -0.52606 0.5988
dgaptec—tcpibpc 9.97576 11.0726 0.0000***
vamanu-dgaptec 2.50033 0.24195 0.8088
dgaptec»vamanu 6.24219 5.66329 1.E-08***
misxrate— eci 2.04546 -0.38924 0.6971
eci— misxrate 4.18267 2.78310 0.0054**
tcpibpe— eci 2.55254 0.36344 0.7163
eci— tcpibpc 2.44952 0.21052 0.8333
vamanu- eci 2.24962 -0.08620 0.9313
eci— vamanu 3.23175 1.37162 0.1702
tcpibpc— misxrate 3.03894 1.08542 0.2777
misxrate— tcpibpc 3.78911 2.19893 0.0279*
vamanu- misxrate 5.74843 5.10723 3.E-07**
misxrate— vamanu 2.34815 0.06005 0.9521
vamanu-tcpibpc 11.1282 13.0925 0.0000***
tcpibpc— vamanu 5.58742 4.86822 1.E-06***
Note: *** ** Determines the level of significance at 1%nd 5%, respectively. * The null hypothesidoés not
homogeneously causgHNC).

Source: Author’s own elaboration.

The main similar statistical relationship to tf@tind in developing countries is related
to bidirectional or simultaneity concerning the mtacturing share to GDP in relation to per
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capita income growth rates and the fact that theuiaeturing share to GDP temporally
precedes the real exchange rate level. This reggliests that even in developed countries the
manufacturing industry plays an important roleamis of per capita income growth rate.

It was not verified any causal relationship bemveeanufacturing share to GDP and the
economic complexity. Otherwise, the assumption mkhhis result is that the level of
economic complexity in the developed countries darhps come, at least for the most part,
from the services sector.

Finally, it can be seen a statistically significagmmecedence in relation to economic
complexity towards the real exchange rate indigdtot not vice versa.

6. CONCLUSIONS

The main objective of this paper was to inveségatmpirically the effects of the
tradable productive structure and real exchange (RER) on the real per capita income
growth rate and economic complexity for a diveeslfsample of countries.

According to the Kaldorian approach it can be s the increasing returns of scale
in the manufacturing industry and its technologmaillovers to the rest of the economy are
the driving forces behind the positive effectstogtsector on the labor productivity dynamics
and economic growth. In this sense, the empirinalyzes carried out in this article provided
robust results that place the manufacturing ingussitively influencing the level of
economic complexity (proxy for productive sophiation), the income per capita growth rate
and negatively the level of technological gap. theo words, we have found results that
corroborate the role of “engine of growth” in tlsisctor and its important role for the process
of catching up in the developing countries sample.

Even when considered the non-tradable sectormstef its value added to GDP, the
estimates presented that manufacturing still pysitive and statistically significant role
concerning the per capita income growth rate.

The premature decrease of the manufacturing star&DP in the developing
economies can reduce the level of productive stipai®n, hindering the catching up
process and the achievement of higher per captane levels (falling behind situation).

Another important empirical evidence concerns éfiect of the undervalued real
exchange rate on the income per capita rate ofthrovine positive effect of the former to the
latter was conditional on the technological gapeleonsidered and it was lagged. The farther
the sample of countries considered was in reldbahe technological frontier, the greater the
effect of the undervalued RER in relation to theome per capita growth rate.

With the reallocation of resources to non-indastsiectors, such as activities linked to
commodity production (in the primary sector), whrere are decreasing returns to scale, the
real appreciation of the RER reduces the total pebdty of the economy and the structural
change is towards to lower value added goods.eftwey, a structural change that negatively
affects manufacturing in developing economies, particular, reduces the level of
technological development and diversity of tradajpd@ds production, negatively affecting
the level of productive sophistication (i.e. thedkeof economic complexity).

Finally, the found results indicates that the eathange rate is an important economic
policy variable to income per capita growth ratd #me higher level of economic complexity
as well as to the decrease of the technologicalgiape it affects manufacturing.
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Appendix 1 — Dynamic panel — countrisamples by technological gap

Emerging or underdeveloped countries

Developed Countries

(1) “Intermediate” G | (2) “High” G (i.e.| (3) “Very high” G (i.e.| (4) Technological
(i.e. within a standard | within one and two | within two standard | frontier (N=18)
deviation between) standard deviation | deviation between)

between)
Argentina, Bolivia, Bangladesh, Ghana,Ethiopia, Guinea, Liberia}, Australia, Austria,
Botswana, Brazil, India, Kenya, Mali,| Madagascar, Malawi, Denmark, Finland, France
Bulgaria, Cameroon, Mauritania, Pakistan, Mozambique, Tajikistan, Germany, Greece, Italy,
Chile, China, Colombia, | Sudan, Uzbekistan, Tanzania, e Uganda. Japan, Netherlands, New
Costa Rica, Dominican | Vietnam, Zambia, Zealand, Norway,
Republic, Ecuador, Zimbabwe Singapore, Spain, Swede

Egypt Arab Rep., El
Salvador, Estonia, Gabor
Georgia, Indonesia, Iran.
Islamic Rep., Jordan,
Korea. Rep., Latvia,
Lithuania, Malaysia,
Mauritius, Mexico,
Moldova, Mongolia,
Morocco, Namibia,
Nigeria, Oman, Panama
Paraguay, Philippines,
Russian Federation,
Senegal, South Africa,
Thailand, Trinidad and
Tobago, Tunisia ,Turkey,
Turkmenistan, Ukraine,
Uruguay

N

Switzerland, United
Kingdom, United States.

(N=45 and T=22) (N=12 and T=22)

(N=9 and T=22). 18=e T=22)

Broad sample (1)+(2)+(3)+(4)

(N=84 and T=22)

Source: Author’s own elaboration.

Appendix 2 -Dumitrescu and Hurlin (2012)

s Causality test slasip

Developed Countries

Underdeveloped Countries

United States, Australia, Austria, Denmark, Finla
France, Germany, Italy, Japan, Korea. R
Netherlands, New Zealand, Norway, Swed
Switzerland, United Kingdom, Greece.

nédrgentina, Bangladesh, Bolivia, Brazil, Camero
eiChile, China, Colombia, Costa Rica, Dominic
eRepublic, Ecuador, Egypt. Arab Rep., El Salvad

bn,
an
or,

Ethiopia, Ghana, Guinea, India, Indonesia, Jordan,

Kenya, Madagascar, Malawi, Malaysia, Mauritan
Mauritius, Mexico, Mongolia, Moroccao

ia,

Mozambique, Singapore, South Africa, Sudan, Oman,

Pakistan, Panama, Philippines, Senegal, Tanz
Thailand, Trinidad and Tobago, Tunisia, Turke
Uruguay, Vietnam, Zambia, Zimbabwe.

ania,
BY,

(N=17 and T=22)

(N=47 and T=22)

Source: Author’s own elaboration based on

W®I (2015)’s classification.
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