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INTRODUCTION

Middle income trap describes an economy the neither falls behind nor catches up (Lee, 2013). 

This paper discusses two dimensions of middle income trap, focusing Brazil since 1870. On the one hand there are economic forces pushing towards economic growth in Brazil, with or without government policies to stimulate it. On the other hand, since 1870 the global economy had four technological revolutions led by economies at the center (Freeman and Louçã, 2001).

As Graph 1 shows, the Brazilian economy grew over time. According to Maddison's data, between 1870 and 2008, Brazil grew from a GDP per capita of US$ 713.00 to US$ 6,429.00 (in 1990 International Geary-Khamis dollars). An intertemporal comparison indicates that in 1870 the Brazilian GDP per capita was equal to the Japanese GDP per capita and that in 2008 the Brazilian GDP per capita was similar to the USA GDP per capita in 1929 or 1939. 
GRAPH 1
GDP per capita Brazil 

(GDP per capita in 1990 International Geary-Khamis dollars)

(1870-2008)
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   SOURCE: Maddison (2010), author's elaboration

Between 1870 and 2008, four technological revolutions pushed growth at the dynamic center of the system, therefore we need to evaluate what Brazilian economic growth meant in terms of international comparisons. Graph 2 presents a long term dynamics of Brazilian economy vis-à-vis the USA economy, a long-term pattern that shows that between 1870 and 2008, the Brazilian GDP per capita oscillated around 20% of the USA GDP per capita. 

GRAPH 2
GDP per capita gap between Brazil and USA (Y) 

(GDP per capita in 1990 International Geary-Khamis dollars)

(1870-2008)
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SOURCE: Maddison (2010), author's elaboration

The gap with the USA economy in 1870 was the same of the Japanese economy. According to Maddison's Project data, between 1700 and 1870 Brazil and Japan had very similar trajectories vis-à-vis the USA: in 1700 both economies were very similar to the USA (gaps in the neighborhood of 1.00: Japan 1.08; Brazil 0.87) and during the XVIII and XIXth centuries the US economy grew faster than both Japan and Brazil, with their gaps increasing in 1870 to 0.302 and 0.292, respectively.
 Their trajectories were similar a little further, until 1894 (Japanese gap = 0.251; Brazilian gap = 0.231), and after that they diverge: in 1900 the Japanese gap was at 0.288 while Brazil increased to 0.166.
 As it is well known, Japan performed two catch ups during the XXth Century (Odagiri and Goto, 1993), breaking twice with the middle income trap, reaching a gap of 0.429 in 1939 and 0.419 in 1963, while Brazil oscillated around a gap of 0.200, as shown in Graph 2.


This long term pattern can be described as a "middle income trap" (Lee, 2013; Paus, 2014). In other words, the Brazilian economy was not able to achieve stable growth trajectories, with an economic history punctuated by fractures and interruptions. Those growth trajectories are interrupted by turning points in 1922, 1933, 1949, 1961, 1976 and 1980, illustrated as turning points in Graph 2.

Graph 2 presents the context for a discussion of the middle income trap, since this phenomenon is highlighted by a dynamic comparison between the country under investigation - Brazil, in this paper - and the leading country - USA, since the 1870s. This Graph shows why it is not enough to look to a specific country's statistics of GDP per capita. Graph 1 could suggest a steady development process, with minor breaks expressed by some years when the GDP per capita decreased vis-à-vis the previous year. However, Graph 2 puts those data in context, presenting a more complex picture - although the Brazilian economy did show a steady growth during last century, the trajectory vis-à-vis the leading economy - USA - was composed by ups and downs, oscillations around 20% of USA GDP per capita, and a similar comparative position in 1895 and 2008. Graph 2 shows periods when the gap was shortened, and those periods will organize this paper - let's call them "gap-reducing periods". Although in 2008 the Brazilian economy lagged behind the USA economy by a similar gap than in 1895, that economy was structurally very different. This is related to a positive side of the middle income trap - it is not easy to preserve this middle income level, and those limited gap-reducing periods were important to preserve that 1895 level. This Graph 2 also helps to locate the turning points were those gap-reducing periods were interrupted. 


The definition of those "gap-reducing periods" is important to differentiate them from "spurts" as defined by Gerschenkron (1962). Those spurts consider mainly a specific economy. There are important discussions regarding the meaning of those moments for development. For example, Gerschenkron (1962) mentions one spurt for German catch up while Ohkawa and Kohama (1989, p. 15) mention three spurts for Japanese catch up: the first between 1913-1919 (p. 29), the second in the late 1930s (p. 176) and the third in "latter part of the 1950s and was largely sustained over the 1960s" (p. 270).
 In this paper, this concept of gap-reducing periods may or may not be directly related to domestic spurts of investment, as the analysis of middle income trap is essentially a comparative analysis, an analysis that includes the possibility of one gap-reducing period based on a deep crisis in the leading country.
 Therefore, an issue to be investigated is whether a gap-reducing period is based on spurts of local investment or not. The difference between an economy in a MIT and a successful catch up country may be in the role of spurts of investment: for Ohkawa and Kohama (1989, p. 176) to delimitate phases of development. Gap-reducing periods in countries under the MIT are again and again interrupted, therefore not demarcating phases in a sense of a systematic approximation with the income level of the leading country.

Graph 3 complements Graph 2, presenting data for 1990 and 2016. 
GRAPH 3
GDP per capita gap between selected countries and USA (Y) 

 (GDP per capita, PPP, constant 2011 international $) 
(1990-2016)
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SOURCE: World Bank (2018), author's elaboration

Graph 3 is based in more recent data (World Bank, 2018), although with different methodology - therefore the difference between those two graphs for similar years (1990-2008). 
 Graph 3 helps to show the stability of the Brazilian trajectory after 1990. Graph 3 suggests one additional gap-reduction-period, between 2002 and 2010.

Furthermore, Graph 3 shows a comparison between different trajectories: South Korea is a successful catch up trajectory, South Africa and Brazil are clearly in a middle income trap, Russia may be a new country in that trap, China seems to be following a trajectory that might lead to overcoming this trap, and India might be joining the middle income level. This cross-country comparison is important for lessons on the middle income trap and how to overcome it and for a dialogue between different countries.


With those two sets of data, it is possible to organize a broad picture of Brazilian economy history to analyze the long term dynamics of the relationship between Brazilian GDP per capita and US GDP per capita. Table 1 presents data shown in Graphs 2 and 3, summarizing the seven gap-reducing-periods identified there. Those data and information of duration and size of each gap-reduction-period contribute to organize the paper.
TABLE 1

Gap-reducing-periods: duration (years), gap reduction (%) 

and average annual gap reduction (%)

(1900-2016)

	GAP-REDUCING-

PERIOD


	NUMBER 

OF

 YEARS


	INITIAL GAP


	FINAL GAP


	GAP REDUCTION

(%)


	AVERAGE ANNUAL

GAP REDUCTION

(%)



	1918-1922
	5
	0.1427
	0.1821
	27.6103714
	5.5220743

	1929-1933
	5
	0.1648
	0.2251
	36.5898058
	7.3179612

	1944-1949
	6
	0.1123
	0.1855
	65.1825467
	10.8637578

	1956-1961
	6
	0.1737
	0.2137
	23.0282096
	3.8380349

	1967-1976
	10
	0.1782
	0.2633
	47.7553311
	4.7755331

	1978-1980
	3
	0.2546
	0.2796
	9.8193244
	3.2731081

	2002-2010(*)
	9
	0.1868(*)
	0.2321(*)
	23.1367731
	2.5707526


SOURCE: Maddison (2010) - Graph 1 -, World Bank (2018) for 2002-2010 (*)
 - Graph 2 -, author's elaboration. 


This paper is organized in six sections. The first section reviews the literature, investigating connections and theoretical links between the literature on underdevelopment and the recent literature on MIT, suggesting a two-sided dynamic that creates gap-reducing-periods and gap-increasing-periods. The second section summarizes the Brazilian case discussing seven gap-reducing-periods. The third section presents seven gap-increasing-periods. The fourth section presents key features of the outcome of those processes - the unequal and heterogenic Brazilian economy. The fifth section reviews lessons from successful catch up processes. The sixth section suggests policies for overcoming the MIT. 
I- NOTES FOR A THEORETICAL BACKGROUND: UNDERDEVELOPMENT AND THE MIT


A tentative theoretical framework to deal with the dynamics described by Graphs2 and 3 must involve two dimensions. On the one hand it deals with changes at the dynamic center of the system, on the other hand it is related to how regions and countries react to the impact of those changes. The movements, the ups and downs shown in Graphs 2 and 3 express those combined phenomena. 


Therefore, a tentative theoretical background might begin facing a key variable of long term capitalist dynamics - technological revolutions (Perez, 2010). At the dynamic center of the system, technological revolutions push economic development and GDP per capita growth and start the global diffusion of those new technologies. Kondratiev (1926) and Schumpeter (1939) suggested a periodization of the impact of those technological revolutions at the center - a framework of long waves of capitalist development, cycles of 50 to 60 years. Freeman and Louçã (2001) updated those long waves, contributing to the understanding of the long term dynamics of capitalism. Recent research investigating movements in the rate of profit in the US economy (the leading country since 1875) suggests a more turbulent dynamics, with a superposition of cycles of 23, 20 and 35 years. Those combined and turbulent cyclical movements might be related to GPTs and other special new branches of production, and their overlapping (Ribeiro et al, 2017).
 

The other dimension of this dynamic is the impact of those technological revolutions at economic backward countries and at the periphery of the system. Since the Industrial Revolution (the first technological revolution), the leading country could offer a sort of benchmark or a target to followers to catch up (Braudel, 1986, p. 546) - moving targets, given the succession of technological revolutions at the center (Perez, 2010).


In the history of economic thought, elaboration on this subject may be identified in List (1848) - Germany in formation searching for catch up with UK -, in the "Great Debate" of Soviet industrialization in the 1920s, between Bukharin and Preobrajensky, that Nove (1992, p. 126) describes as anticipating the major themes of modern development economics, a discipline that emerged in the 1940s (Meier, 1984), with pioneers such as Lewis (1984), Prebisch (1984) and Myrdal (1984), a discipline further elaborated by a second generation of pioneers, represented by Furtado (1987), among others. From List to Furtado, each generation faced the subject of development (or catch up) in completely different conditions, different technological revolutions - with different leading sectors, different leading nations -, different gradients of technological and economic backwardness. 

This area of economics may be combined with more recent studies of successful catch up countries – Gershenkron (1962), for Germany; Ohkawa and Kohama (1989), for Japan; Amsden (1989), for South Korea; Wade (1990), for Taiwan. The literature on innovation systems was developed dealing with this subject, since Freeman's (1987) study on Japan and the chapters on Japan, South Korea, and Taiwan in Nelson's (1995) book. 

Those successful catch up experiences meant the "overcoming of underdevelopment" for the structuralist approach (Furtado, 1992). The successes of South Korea and Taiwan highlighted a phenomenon that was the persistence of underdevelopment, even after industrialization of countries in Latin America, Africa and Asia. This contrast between few catch up countries and lots of persistently underdeveloped countries stressed that underdevelopment was a "historical trap" (Furtado, 1992, pp. 37-59). This trap - even as a middle income trap - is not a new phenomenon, as Graph 2 shows: Brazil is within this trap since 1870 (y = 0.30).

Recently this "historical trap" received an increasing attention of researcher under a new title: MIT. Keun Lee (2013), in the intellectual context, presents an important elaboration on how to overcome this MIT, using South Korea and Taiwan as examples. Paus (2014) organizes a literature review on Latin America, example of how to stay in the MIT. 

Previous research based on a dialogue between the structuralist school (represented by Furtado) and the evolutionist school (represented by Freeman, Nelson and Perez) suggests a very specific mechanism - or dynamics - that might underlie the logic of this MIT - an specific articulation between domestic processes in backward countries like Brazil and technological revolutions at the center of the capitalist system: a two dimensional process (Albuquerque, 2007, pp. 675-677).


First, the domestic process at the periphery: 

"The historical starting point is the formation of a social-economic elite, in general in the exporting activities related to agricultural goods demanded by countries at the centre. This wealthy social-economic elite (never greater than ten percent of the population) adopts consumption patterns similar to those countries where the first technological revolutions were taking place. This elite has enough resources to import goods from developed countries to consolidate its consumption patterns. Hence, an internal market for these goods is created. Once there is a market for the wealthy minority, opportunities for a limited industrialization arise. Then, during the beginning of the industrialization, the process of import substitution internalizes the production of those goods that replicate the consumption patterns of developed economies. However, import substitution requires protection for internal production of consumer goods and subsidies for the import of capital goods. Here we see a very important feature of the whole process: the incentives for import of capital goods at least temporarily block the development of an internal capital goods industry. And both the evolutionists and the structuralists would stress that this temporary blockade has lasting effects for internal technological development. The result of this combination of protection for the consumer goods industry and subsidies for imports of capital goods is a specific developmental path, which combines productivity gains with growth of unemployment. This specific path explains the origin of a growing structural employment surplus. This process leads both to modernization and marginalization: industrialization begins, but instead of solving the employment problem, it brings the seeds of new sources of unemployment. Therefore, modernization and marginalization are combined products of this specific developmental path. 
Later, an internal production of some capital goods for these consumer goods industries may take place, pushing the economy to the stage of a “high level underdeveloped economy”. But even this limited capital goods industry is not able to mitigate the growing structural employment surplus phenomenon" (Albuquerque, 2007, pp. 675-677). 

Second, changes at the center: 

"..... Technological progress at the centre keeps introducing new products, leading the elite to update its consumption patterns. Then there are new imports of goods followed by new import substitution. This new industrialization demands the necessary import of capital goods. In summary, dynamically there is a process that undergoes permanent renewal by the dynamics triggered by technological revolutions at the centre and consolidated domestically by the specific developmental path outlined by Furtado. The end result is the reproduction of the modernization-marginalization polarization over time. On the one hand, with regard to modernization, local industries are “pushed” by the adoption and by the permanent update of consumption patterns diffused from developed countries; since the technological revolutions take place at the centre, this continuous effort at least allowed the Brazilian economy to preserve a more or less stable “gap” vis-à-vis developed countries. On the other hand, with regard to marginalization, the unemployment generated by the use of capital-intensive techniques is not absorbed by the underdeveloped local capital goods firms (which, when they do evolve, evolve in a lagged and incomplete way). This unemployment affects the structural surplus labour. This process of “modernization-marginalization” leads to a permanent renovation of structural dualism: once there was dualism between agriculture and industry, then between the traditional and modern sectors; and now there is dualism between formal and informal employees of modern sectors as industry and services. In other words, as Furtado writes, “industrialization has been aggravating the dualism in the labour market” (2003b, p. 97)" (Albuquerque, 2007, pp. 675-677). 

Third, the overall outcome: 

"The overall result is a more complex and deeper social heterogeneity (2003a, p. 11), that is incorporated into all sectors of activity, including the scientific and technological dimensions. Structural heterogeneity, with this combination between “modernization-marginalization”, leads to a complex internal organization: Gilberto Freyre stressed the co-existence and simultaneity of different “social times”, in a work on early 20th Century Brazil (this is even truer in the beginning of the 21st Century!). Souza (2000) presents an interpretation of Gilberto Freyre’s work, stressing this persistent renewal of this duality, now symbolized by the contrast between rich and isolated villas (fortified enclaves) and shanty towns (favelas)" (Albuquerque, 2007, pp. 675-677).

Those processes may represent a particular lock-in, a structural lock-in where demand - an important determinant of technological process (Klevorick et al, 1995, p. 186) is key element: 
"Income concentration is related to demand, but it is also related to supply factors of technological innovation (inequality in education – general and technical -, limits to university access, access to credit etc): these income distribution-related factors block the spread of the success cases identified in section II.3 throughout the whole economy. Problems derived from the income concentration hinder the emergence of a diversified set of individual organizations and institutions described by Malerba (2004) that feeds the formation of innovation systems. This discussion about income concentration clarifies a common misunderstanding: underdevelopment is not just a low-growth trap. An underdeveloped country may achieve high growth rates. The problem with underdevelopment is that occasional (high) growth achieved may even deteriorate a perverse income concentration (Furtado, 1987, p. 211). Drèze and Sen (1989, p. 189) highlight “how a strategy of unaimed opulence can lead to a tremendous waste of opportunities provided by rapid economic growth”. In sum, underdevelopment is directly related to income concentration: a perverse income distribution that reproduces itself through time and throughout different economic structures and political regimes. Hence, the orientation of technology of an underdeveloped country is embedded in this income distribution pattern". (Albuquerque, 2007, pp. 682-683)

This summary of major topics of a theoretical framework for MIT introduces two movements that might be investigated for a better understanding of the MIT. 

On the one hand, there are gap-reducing-periods, basically dependent on domestic efforts at the periphery, searching for economic growth. Those domestic efforts push a backward economy forward, achieving higher growth rates than economies at the center, causing approximations in terms of GDP per capita - gap reductions. For economies in the MIT those approximations are interrupted, given structural problems that must be investigated. On the contrary, in successful catch up economies persistent growth is achieved, overcoming structural constraints. In gap-reducing-periods the driving force is in the backward country.

On the other hand, there are gap-increasing-periods, basically dependent upon new waves of technological revolutions or new GPTs at the center that push forward economies at the center, widening the gap. In those gap-increasing-periods, the dynamics is imposed by advanced countries.


Different combinations of those two dimensions are possible: advances in the center and growth at the periphery, or simultaneous crises at the center and at the periphery. Depending on the combination, they may intensify or mitigate gap-reducing or gap-increasing-periods.


The evaluation of historical experience in Brazil might help to elucidate the roots of MIT. This is the subject of the next two sections, one focusing gap-reducing-periods and the other focusing gap-increasing-periods. 

II- GAP-REDUCING-PERIODS AND STRUCTURAL CHANGE 


Section II presents the long term evolution of Brazilian economy, reviewing how it was able to absorb and incorporate in the domestic economy some industrial and technological advances generated in leading economies. This section will review structural changes took place in the Brazilian economy between 1870 and 1980, as they enabled the preservation of this middle income position. 

The gap in 1870, shown in Graph 2, is emblematic: according to Maddison's data, Brazilian gap vis-à-vis Japan was almost the same: 0.292. From 1870 and 1900 this Brazilian gap further deteriorated, reaching 0.166. This deterioration of the Brazilian gap - from 0.871 in 1700, and from 0.514 in 1850 - is consequence of the very limited development of manufacturing activities in Brazil while in the US revolutionary changes were taking place in their industry and economy (Chandler, 1977, for a historical account of the period between 1866 and 1922). Among the main features of this historical period in Brazil, there was the late beginning of the construction of a national economy in 1808 and the very late abolition of slavery between in 1888 (Paula, 2012). 

Taking the gap in 1900 as our starting point, this section is organized by each spurt gap reduction shown in Graph 2. Those six gap-reducing periods (spurts? mini-spurts?) presented in this section are related to important structural changes that took place in the Brazilian economy, all representing changes in the dynamics of Brazilian economy. Although those periods are well defined in Graph 2, during the history of Brazilian economy they are interconnected. Suzigan (1986, p. 75) suggests links between phases from 1900 and 1950, that with different dynamics organize a long transition of Brazil's economy from an agrarian economy to an industrial economy (p. 366).

II.1- FIRST STEPS FOR A NEW DYNAMICS (1918-1922): DECREASING INFLUENCE OF AGRICULTURE ON MANUFACTURING EXPANSION

Between 1918 and 1922 Graph 2 shows a first gap-reducing period. It is related to important changes in the Brazilian economy, as Suzigan (1986, p. 366) puts forward: before the First World War the market for industrial products was "created by the expansion of exports of the agrarian sector", especially through "linkages of consumption and production". This dynamics of industrial investment induced by the expansion of an agro-exporting economy may be one reason why the falling behind of the US economy was mitigated after the initial years of the XXth century, because since the decade of 1900 "the incipient domestic industrial sector was already stimulating investments in other activities through backward and forward linkages" (Suzigan, p. 75). In chapter 3, Suzigan describes the specific industries that developed before 1914-1918: textiles (cotton, jute and wool), hats, footwear, wheat milling, sugar, beer, matches, and some branches of the metalworking sector, all using imported steel and iron (p. 248). 

The technologies that are being developed are more predominantly related to the first technological revolution, while UK had already concluded the second technological revolution (steam power) and USA was completing this and developing industries related to the third technological revolution. In other words: domestic production of some industries of previous TRs and imports from most recent TRs.

The First World War, according to Suzigan (1986, p. 368) represents a change in this dynamic, as the performance of the exports from agrarian sector still influenced the growth of the market for industrial products, but decreasingly. After the First World War there are institutional changes, with some protection to manufacturing activities and governmental help for specific industries (Suzigan, 1986, p. 369). 

In 1919 begins a boom in economies at the center, "translated to a great and generalized rise in the price of commodities", with impacts on exports of coffee, large enough to sustain a fast recovery of imports (Fritsch, 1990, p. 46). Industrial expansion in 1919-1920 explained by demand to replace obsolete machinery, given the adverse shock of war (p. 91). This gap-reducing-period (1918-1922) combines this expansion in the Brazilian economy with a retraction in the US economy - excluding the expansion of the US war economy between 1915 and 1918, the pre-war GDP per capita level of 1914 was resumed only in 1924, while the Brazilian GDP per capita grew 31.3% between 1914 and 1924. 


The industries that developed after the First World War are different from those developed before, representing "the beginning of diversification of industrial investment and also of the beginning of transition towards an economy ruled by the industrial capital" (Suzigan, 1986, p. 261). There is here an important change in the dynamic of the economy, as "the industrial investment did not concentrate anymore only in sectors complementary to the export economy, increasingly focusing the production of intermediary goods such as cement, steel and iron, chemical products, fertilizers, paper and pulp etc, and capital goods, including machines and equipment" (pp. 261-262). 

Once again, the contrast of the technological level of those new industries introduced in Brazil - basically a combination of technologies of first and second TRs - while in USA the third technological revolution was taking shape (Perez, 2010). 

II.2- US GREAT DEPRESSION AND BRAZILIAN RECOVERY (1929-1933): 
                    BREAKING THE LINKS BETWEEN AGRO-EXPORTS AND 

                    INDUSTRIAL GROWTH

The second gap-reducing period indicated by Graph 2 combines a deep and long crisis at the leading country and fast recovery in Brazil. This gap-reducing period is also related to an important structural change in Brazilian industry, according to Suzigan (1986, p. 261, p. 369): in the 1930s the relationship between the performance of the agrarian-exporting sector and industrial investment was not anymore significant.

The crisis of 1929 had important consequences for changes in Brazil. Initially, the impact was huge - GDP shrunk by 13.3% between 1928 and 1931. There was a key political change, meaning the end of a historical period in Brazil - República Velha (Old Republic) with a political and military coup that led Getúlio Vargas to the federal government - he would stay until 1945. 

1930 is a dividing line in Brazilian political life: the agrarian elites did not rule the country anymore, giving room for economic policies favoring industrial development. Abreu (1990, p. 78) reviews the debate on the economic implications of that political change, concluding that "in practical terms, Vargas adopted policies that tended to favor the industry".

According to Suzigan (1986, p. 365), the Great Depression of the 1930s and the crisis of the exporting sector (coffee) the previous pattern of "industrial investment induced by the expansion of the export economy was broken" - a new dynamic emerged. The 1930s represent a "turning point in the transition towards an industrial economy" (Suzigan, 1986, p. 366). Abreu (2013, p. 186) evaluates that "[t]he import control policy, coupled with the strong exchange rate devaluation, was important to explain the increase in the balance of trade and ensured the reorientation of the demand for domestic products, which played a decisive role in the recovery after 1932".

This new dynamic may explain part of the domestic side of the gap-reducing period between 1929 and 1933, which as indicated by Graph 2 led the Brazilian economy to a gap of 0.225 in 1933, a level that was overtaken only in 1973 (gap = 0.232). This new dynamic explains why the Brazilian economy, between the trough of 1931 and 1941 grew steadily, with a GDP per capita 30.14% larger in 1941 than in 1931.
 As this growth began before the recuperation of the US economy, Graph 2 shows that peak in 1933.


As a demonstration of further qualitative changes in the nature of industrial investments, Suzigan (1986) shows how during the 1930s there was an important development in metal-mechanical industries, with 42 new firms (p. 295), distributed in branches such as agricultural machinery, machines for textiles, machines for woodwork, machine-tools, printing machines, elevators, among others (p. 297).  

In the 1930s a "more persistent and increasingly articulated action, deliberated and comprehensive aiming at the industrialization begins" (Suzigan and Vilela, 1997, p. 32), with some elements of industrial policy such as targeting sectors - steel making and paper and pulp - and using specific instruments - exchange rate devaluation, revision of rates of customs duties, and administrative restrictions to imports (Suzigan and Vilela, 1997, p. 45).

The persistence of contrast between technologies implemented in Brazil and technologies in USA: Brazil was still adopting a combination of technologies of the first TR and second TR, while the third TR had matured and emerging technologies of the fourth TR were taking place. 

In sum, the growth process between 1931 and 1941, related to policies and changes triggered by the impact of the 1929 Great Depression, concluded the pre-Second World War manufacturing structure and experience that Amsden (2001, p. 99) evaluated as decisive to understand the divide between countries in the "rest" or in the "remainder" of global economy.

II.3- SECOND WORLD WAR AND LATE 1940s (1944-1949): CONCLUDING THE TRANSITION - INDUSTRY OVERTAKES AGRICULTURE IN GDP

Although Graph 1 shows an increase in GDP per capita between 1933 and 1944 (28.84%), Graph 2 shows 1944 as the largest gap in the XXth century (gap = 0.112). This trough in 1944, therefore, is consequence of the strong growth of US war economy (see Kennedy, 1999, especially chapter 18: The War of Machines). The strong growth of the US economy during the Second World War and after its readjustment related to a reconversion of a war economy to a civil economy - meaning probably the initial movements of a new long wave of development associated with the fourth technological revolution (Perez, 2010, p. 190) - explains why in 1949, after a growth of 54.25% since 1933 in the GDP per capita, the new peak (0.186 in 1949) has a larger gap than the previous peak (0.225 in 1933). 

Although there is no industrial policy in a "wide sense", Suzigan and Vilela (1997, p. 45) describe important elements of industrial policies during the Second World War and in the 1940s: targeting sectors - steel making, heavy engines, iron ore, alkalis -, using specific instruments - exchange rates overvaluation, administrative controls, quantitative restrictions, licensing regime -, and state investments in infrastructure - electric power, transportation. 

In 1941 a state-owned steel plant was created - Companhia Siderúrgica Nacional (CSN) -, in the framework of agreements with the US regarding the Brazilian involvement in the Second World War. Its operations began in 1946. 


In 1948 a plan for industrialization (SALTE) was prepared, but it was only approved by the Brazilian Congress in 1950, and its implementation abandoned in 1951. 


Viana (1990, p. 114) describes the use of imports control after 1946, its different phases and its increasingly use for industrial promotion. For Viana, this period shows a transition to a new phase of industrialization, a phase of creation of industries of electric appliances and other durable consumer goods (p. 115).

During this gap-reducing period the Brazilian economy completed its transition to an industrial economy, as Suzigan (1986, p. 366) puts forward. This may be captured by data on the share of industry and agriculture in the country's GDP show: in 1947 agriculture represented 20.72% of GDP and industry 25.20% (Bonelli, 2003, p. 375).

II.4- PLANO DE METAS (TARGETS PLAN - 1956-1961): A NEW PHASE IN THE IMPORT SUBSTITUTION PROCESS

As a key structural change took place in late 1940s (industry overcoming agriculture in GDP), new policies were required to go ahead in the industrialization process. Between 1950 and 1956 there was a new set of elements of industrial policies that included important institutional initiatives (Suzigan and Vilela, 1997, p. 45). More directly related to later policies, there was the creation of a national development bank - BNDE, in 1952 -, another of distinctive institutions that differentiate Amsden's "rest" from her "remainder" (2001, p. 132). Other institutions key for the later deepening of development are CNPq (1951) and CAPES (1951). There was also the creation of Petrobrás (in 1953). Those initiatives ground what Suzigan and Vilela (1997, p. 33) evaluate: "especially in the second Vargas administration, there begun the creation of an institutional planning basis". 


- Orenstein and Sochaczewski (1990, p. 173-174): an exchange rate reform in 1957, with an implicit content to stimulate an acceleration of the "substitution of capital goods, reducing previous emphasis on the substitution of consumer goods" (p. 174). This reorientation was in line with the "stage that the process of substitution/industrialization had reached". This reform meant "a deepening in the process of substitution, as it reached more advanced levels of industrialization" (p. 175). An outcome of this new focus can be grasped by the data that show that in 1959 the domestic production of capital goods covered 63% of local demand (Lago, 1979, p. 459). This outcome may be related to a diagnosis made by Furtado (1986, pp. 144-146) about Brazil as a "high-level underdeveloped economy" (economia subdesenvolvida de grau superior), given this limited but important domestic capability.


Suzigan and Vilela (1997) identify the Targets Plan as "the first effective experience of industrial development planning as the central element of a comprehensive strategy of economic development" (p. 33), the first case of industrial policy "in wide sense" (p. 37).
 Targeted sectors - steel making and metallurgy, heavy chemicals, heavy mechanical and electric machinery, motor vehicles and auto parts, shipbuilding, paper and pulp, cement -; instruments and auxiliary policies - simplified multiple exchange rates, 1957 tariff, law od national similar, exchange rate bonus to manufacturers; financing through BNDE, Banco do Brasil and regional banks; and state investments in infrastructure - energy (electric power generation, nuclear, coal, refining of oil), transportation (Suzigan and Vilela, 1997, p. 46).


This period establishes a pattern of tripartite structure of capital ownership - foreign capital, private domestic capital and state-owned firms – that, with quantitative changes in relative share of those three forms of ownership, is preserved until today.

This gap-reducing-period is important because it took place during an expansionary phase of US economy - the US GDP per capita grew steadily during this period (4.46%). Therefore, Brazil reduced the gap because it grew faster (28.52%).


In this gap-reducing-period, during the expansion of the fourth TR (Perez, 2010), Brazil was now adopting a combination of technologies of the second TR and third TR. 

II.5- BRAZILIAN "MIRACLE" (1967-1976)


This is economic growth related to the so-called "Brazilian miracle” (Lago, 1990) - in Graph 2, the peak in 1976. 

There were attempts of industrial policies, such as PED (in 1967) and I PND (in 1972, for 1972-1976) (Lago, 1990, pp. 236-237). Preparation of this phase during important institutional changes, a new political regime after the military coup of 1964, and consequently, various changes that reshaped the state - new wage legislation, new tax structure, bank reform etc. Those changes were a political answer to the stalemate related to the end of growth of the previous period - Graph 1 shows that only in 1966 the GDP per capita was greater than the level achieved in 1962. Another connection between this gap-reducing-period and previous expansion: industry's initial growth was based in the great idle capacity available (Lago, 1990, p. 239), 


According to Suzigan and Vilela, there were elements of industrial policies used during the "cycle of expansion 1968-1973": targeted sectors - steel making, non-ferrous metals, petrochemicals, shipbuilding -; instruments and auxiliary policies - devaluation, raise of tariff rates, import requests, similarity tests, national participation agreements, taxes exemptions, fiscal credit; and state investments in infrastructure - energy, transportation, urbanization/sanitation (Suzigan and Vilela, 1997, p. 47-48).


The US GDP per capita grew between 1967 and 1969, then between 1970 and 1973, and only in 1976 US GDP per capita overtook its 1973 level. Important changes in global scenario - end of Bretton Woods in 1971, oil crisis in 1974, probably related to the exhaustion of the expansion of the fourth TR. In contrast, Graph 1 shows that Brazilian GDP per capita grew every year between 1967 and 1976 (indeed, until 1980).
 This pattern of gap reduction is different from the pattern presented in the previous approximation (subsection II.4).

During the end of the fourth TR, Brazil was still adopting a combination of technologies of the second TR and third TR.

II.6- SECOND NATIONAL DEVELOPMENT PLAN (1978-1980)


Internationally, problems derived from a second oil crisis: US GDP per capita with negative growth between 1979 and 1980 (but in 1980 a GDP per capita greater than in 1978) - a gap-reduction-period with domestic growth contrasted with crisis in US.


This gap-reducing-period is related to a second industrial policy in a wide sense, according to Suzigan and Vilela (1997, p. 33), with improvements such as more selectivity in the policies. Targeted sectors - capital goods, basic inputs, telecommunications, aircrafts, armaments, nuclear energy, informatics -; instruments and auxiliary policies - system of crawling pegged exchange rates, raise of tariff rates, import requests, similarity tests, national participation agreements, quotas, import budgets of public agencies and state enterprises, indices of domestic content, import control of computers, taxes exemptions, fiscal credit; financing through BNDE, Banco do Brasil and regional banks; and state investments in infrastructure - energy, transportation, warehousing, telecommunications, urbanization/sanitation (Suzigan and Vilela, 1997, p. 47-48). 

In a review of the literature on the outcomes of those policies, Carneiro (1990, p. 313) concludes that in general those evaluations are positive: "the overall restructuring objectives have been achieved, albeit in longer deadlines than scheduled", and "to the sectors most favored by industrial policy, performance can be illustrated by the fall ... in the share of imports between 1973 and 1979". Furthermore, "the results of import substitution also contributed to the internalization of investment expenditures" (Carneiro, 1990, p. 313).

In this gap-reducing-period there is another structural change: according to Conjuntura Econômica (September, 1984), the value of exports of manufactured products overtook the value of non-manufactured products in 1978, while according to Chami (2003, p. 419) in 1981the exports of manufactured products reached 50% of Brazilian exports, reaching 59.8% in 2000.  


For the subject of this paper, in 1980 according to Maddison's data (Graph 2), Brazil reached the smallest gap: 0.280. 

The combination of technologies in this phase becomes more diversified. In the global scenario, there is a combination between the end of the fourth TR with initial evidences of a cluster of emerging technologies that would trigger a fifth TR. Brazil was now adopting a combination of technologies of the second TR and third TR - now a debatable choice of sectors. But there were exceptions: aircraft (successful, with Embraer)
, nuclear energy (mixed results, although a nuclear plant was built and operated). An attempt of a policy for informatics - limited initial success, for example, in banking automation in the 1980s. 

II.7- COMMODITIES' BOOM AND GROWTH (2002-2010)


After the peak of 1980 (see Table 1), a sequence of crises combining the exhaustion of the military regime - ended in 1985 -, the problems in the transition to a democratic regime - first presidential elections in 1989 - and the consequences of the economic program of the first elected president made the gap return to 0,2060 in 1992. After 1992, small recovery after a successful anti-inflationary plan (Plan Real, in 1994) and then again a trajectory of increasing the gap - certainly related to a push in the US economy related to a new TR - TICs. 

In 2002, according to the Graph 3, a new trough. Then, a limited but relatively long lasting growth period, related to the increased demand for commodities such as iron ore. Between 2002 and 2010 the gap was reduced by 23.137% (Table 1). 

However, this gap-reducing-period has a very peculiar nature: it was combined with a change in the pattern of exports: in 2008 natural resources became the main sector of exports from Brazil, ahead other industrial sectors (by intensity of technology).

The roots of this gap-reducing-period must be better investigated, but it might show a very specific period, which is not articulated with forward structural change. The gap reduction between 2002 and 2010 may indicate a predominance of passive insertion in the international division of labor, with structural adjustments determined by strong international market forces. Those adjustments, that could be connected to some level of deindustrialization (see Graph 4), took place when new technologies are in the market (the fifth TR, TICs) (smartphones, search mechanisms, digitalization) and first signals of a new TR (a sixth TR?) are investigated (OECD, 2016). This could mean a strange combination of a gap-reducing period with an increase in relative technological backwardness.

It is important to stress that this last gap-reducing-period did not reach the peak of 1980 (see Table 1), an evidence of the challenge ahead for the Brazilian economy.


II.8- STRUCTURAL CHANGE AND GAP-REDUCING-PERIODS

The main point of this short and focused review of Brazilian economic history shows a strong correlation between some sort of structural change in the economy and gap reduction vis-à-vis the US economy. There seems to be a regularity: each approximation is, at large, related to structural changes within the Brazilian economy.  Those structural changes - transition from an agricultural economy to an industrial economy, transition from consumer goods industries to intermediary and capital goods industries (limited) - underlie the achievement and persistence of a middle income status. 

This regularity explains a difficult side of this middle income status: it depends upon important domestic efforts. Although there is not a direct relation between industrial policies in a "wide sense" in those gap reductions (Suzigan and Vilela, 1997), in each approximation - probably with one exception, the period 2003-2010 (Suzigan, 2017) - there were elements of industrial policies implemented, and among them two industrial policies in a "wide sense" - Targets Plan and II PND (Suzigan and Vilela, 1997).

Those structural changes are combined with waves of institutional building (Suzigan et al, 2011): 1808; 1870-1900; 1930-34; 1948-1952; 1964-1980, that may be interpreted of a discontinuous process of formation of key institutions of Brazilian system of innovation. Although with mismatches with gap-reducing-periods, those waves of institutional building might prepare conditions for growth, for successful industries, sectors, and/or regions - and be one ground for the unequal nature of Brazilian innovation system (see Appendix A1).
III- REPETITION OF INTERRUPTED TRAJECTORIES AND GAP-INCREASING-PERIODS

This section focuses on those gap-increasing-periods, initiated after downturn years of the gap-reducing-period discussed in section II. Those gap-increasing-periods are 1922-1926, 1934-1944, 1949-1953, 1961-1966, 1976-1978, 1980-2003 (Graph 2), and 2014-2016 (Graph 3). 

III.1- 1922-1926: INTERNATIONAL RECESSION, EXCHANGE RATE DEPRECIATION AND MONETARY SHOCK

Suzigan (1986, p. 91) describes an international recession beginning in early 1920s, and an exchange rate crisis - currency depreciation, that blocked necessary imports of machine tools. Fritsch (1990, p. 46) describes the commodity boom and a large trade balance in 1919, collapsing in 1920. Later, in 1922-1926 it was implemented a monetary shock as adjustment policy. In 1926 the GDP per capita was at the level of 1922. As the US economy recovered and grew from 1922 to 1929, the gap-reducing-period is explained by the combination of stagnation in Brazil and growth in the US.

III.2- 1934-1944: RECOVERY OF US ECONOMY AND SECOND WORLD WAR

This gap-increasing-period is related (according to Graph 1) to limited increase in Brazilian GDP per capita - only in 1939-1940 and in 1942 there were decrease in those data. The dominant force in this gap-increasing-period was the recovery of US economy (stabilization from the implementation of New Deal policies) and growth (related to Second World War) - and all structural changes related to those events.

This limited growth within Brazil, and those two negative growth periods in 1939 and 1942 are related to exchange rate crisis both in 1938-1940 (IBGE, p. 444) and 1941-1942 (Abreu, 1990, p. 93).  

In 1938-1940, triggered by the external shock from the recession in USA (1937), there was a retraction in Brazilian exports (not coffee). This retraction of exports, led to shortage of international currencies that combined with the increase in imports led to exchange rate problems - the answer was exchange rate control and imports control after 1937. In 1941-1942, the beginning of Second World War led to closure of traditional European markets to Brazilian exports, with a decrease in the trade balance (Abreu, 1990, p. 93).

III.3- 1949-1953: BEGINING OF THE EXPANSION OF THE FOURTH LONG WAVE IN THE USA

Between 1949 and 1953, the Brazilian GDP per capita, according to Graph 1, did not fall. However, the growth was limited by an exchange rate crisis in 1952, For Bastos (2001, p. 401) this crisis reflected the persistent dependence on exports of primary goods and in the lack of investments in capital goods and intermediary goods, which impacted the need for imports. Viana (1990, pp. 125) presents the global context of the Korean War and its relation to a new mismatching (p. 128) between increase in imports and reduction of exports (especially of cotton) as a cause of this exchange rate collapse. 


This limited domestic growth, shown in Graph 1 is contrasted with the US resuming growth, related to an expansion of industries related to the fourth long wave - the long post-war expansion. Therefore, this gap-increasing-period is explained by a contrast between strong growth in the US and a limited growth in Brazil.   

III.4- 1961-1966: POLITICAL CRISIS AND ECONOMIC EXHAUSTION

A deep political crisis, related to a GDP per capita decrease between 1962 and 1965, resuming the level of 1962 in 1966. This deep crisis may be related to an exhaustion of the investments of the Targets Plan and an indication of the need to further structural change. During the initial years of the military government was implemented an adjustment plan (PAEG), that introduced changes to answer those limits of previous patterns of growth - changes in banking structure, taxation, labor relations, wage policies etc. Those adjustment policies changed the pattern of economic growth that became typical of the military regime, especially in relation to income concentration.


This negative growth in Brazil contrasted with steady growth of US economy, still in the long post-war expansion - related to the expansive phase of the fourth long wave. 

III.5- 1976-1978: END OF AN "ECONOMIC MIRACLE" 


Contradictions of the "miracle" (especially the intensification of problems related to income distribution, probably problems derived from attempts to go ahead with policies already completed - more import substitution in relatively backward industries), problems in the balance of payments derived from the international crisis of 1974 - oil, end of Bretton Woods and the end of the expansive phase of the fourth long wave - contributed to the deceleration of the growth rates of previous period. The deceleration of Brazilian growth rates - that remained positive, according to Graph 1, was greater than the deceleration of US rates determining the increase in the gap shown in Graph 2. 

III.6- 1981-1992: REGIME CRISIS AND LOST DECADE(S)

Graph 1 shows the deep crisis of this gap-increasing-period, as the GDP per capita in 1980 was reached again in 1987 and 1996 and only overcame after 1997. Negative growth in Brazil explains this important gap-increasing-period. 

Exhaustion of the economic model of the military regime, probably some consequences of wrong choices in II PND - the conclusion of industries related to the second and third TRs, some industries of the fourth, and no effective policies for the then emerging technologies, especially TICs - compare with Korea: in 1976 there was the creation of KIET, a research institute for electronics and informatics, among other initiatives (Kim, 1997, p. 228, p. 214). 


After II PND, a sequence of policies that included in the 1980s what Suzigan and Vilela (1997, p. 49) qualified as "an implicit negative industrial policy" - that "resulted from macroeconomic adjustment measures affecting industry in the first years of the decade" (p. 49). Furthermore, Suzigan and Vilela stress that "the late 1980s would be characterized by persistent macroeconomic instability, antiinflationary measures and stabilization plans predominated, precluding industrial policies actions almost entirely" (p. 61).

III.7- 2014-2018: END OF A COMMODITY BOOM AND POLITICAL CRISIS

As in other gap-increasing-periods (see subsection III.1), the end of a commodity boom is a key determinant. The slowdown in the rates of growth of the Chinese economy, that still persisted in 2015 (IMF, 2016), were transmitted through "spillovers to other economies through trade channels and weaker commodity prices" (IMF, 2016, p. 1). Given the dependence of Brazilian economy on exports of natural resources (Graph 4), the impact of this Chinese deceleration was very important. This change in the global scenario - the end of commodities boom - together with an important political crisis, related to an exhaustion of the policies of PT's governments - in central government since 2003 - determined an important recession, comparable to the 1929-1930 period. 
GRAPH 4:

Brazilian exports according to economic sectors - natural resources and others versus manufacturing sectors - by intensity of technology (1997-March 2016) 
(% of total, Brazilian Reais)
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This gap-increasing-period, that Brazil is still in it, can be interpreted as a consequence of the negative structural change of the last gap-reducing-period, with the increase in the dependence on natural resources in exports - with important implications in relation to external vulnerability.

III.8- INTERRUPTIONS, EXCHANGE RATE CRISES AND PREVALENCE OF ADJUSTMENT PLANS


Those interruptions in growth trajectories are related to exchange rate crises and adjustment programs (or restrictive government policies - monetary shocks). 


There were exchange rate crises in 1890-1892 (IBGE, 2003, p. 439), 1920-1922 (IBGE, 2003, p. 439), 1929-1931 (IBGE, p. 444), 1938-1940 (IBGE, 2003, p. 444), 1952-1953 (IBGE, 2003, p. 440; Viana, 1990, p. 133), 1954 (Pinho Neto, 1990, p. 152), 1999 (Werneck, 2014, pp. 347-349), deterioration in the balance of payments in 1962-1963 (Resende, 2005, p. 39), in 1974-1975 (Resende, 2005, p. 43) and in 2002, and a sequence of crises related to the external sector - especially to foreign debt during late 1970s and late 1990s - in 1979, 1982, 1983, 1999 (IBGE, 2003, p. 441). 


There were adjustment plans or restrictive government policies in 1898 (Franco, 1990, p. 12, p. 28), 1924 (Fritsch, p. 54), 1946-1949 (Viana, p. 119), 1951-1952 (Viana, p. 121), 1953 (Viana, p. 136), 1961 (Abreu, p. 198), 1962 (Abreu, p. 206), 1964-1965 (Resende, 1990, p. 222), and a sequence of adjustment plans negotiated with IMF and/or stabilization plans for inflation control - in 1982, 1986-1989, 1991, 2015 and 2016-2018.


Exchange rate crises are consequences of limits of growth process in underdevelopment - Resende and Raposo (2016) articulate the limits of the formation of NSI with the endogenous process that leads to those crises, as the lack of technological dynamism is related to crises in current account - “tendency to show external crises due to recurrence of its CA deficit” (p. 750). Adjustment plans and restrictive policies might not be causes of trajectories interruptions, but they may aggravate and intensify the increase in the gap. The prevalence of adjustment plans - ten plans, according to Abreu (1990) - over industrial policies in the wide sense - two plans, according to Suzigan and Vilela (1997) - during the XXth century in Brazil might be a component of a long term macroeconomics of MIT.

IV- CAUSE AND CONSEQUENCE: UNEQUAL DEVELOPMENT IN BRAZIL AND FOUR VICIOUS CYCLES

How to integrate those forces that on the one hand define gap-reducing-periods and on the other hand define gap-increasing-periods? The existence of those opposing forces throughout the whole XXth defines the middle-income trap. If an economy as Brazil had a succession of gap-reducing-periods, there would be catch up. But that was not the case. Beyond the dynamics of successive technological revolutions that push developed economies, there might be specific structural phenomena that block the intensity of gap reduction and the repetition of gap-increasing-periods.

The conjecture of this paper, based upon the literature reviewed in section I, is that inequality may have a key role. There is, probably, a specific pattern of path dependence and lock in, historically and politically conditioned - outcome of political projects, actions and struggles - that shape the pattern described in sections II and III. 

Inequality might be both a cause and a consequence, because when a broad picture of Brazilian economy is taken, the images will always show inequalities. Graph 5, using the basic variable of this paper - GDP per capita gap vis-à-vis the USA -, shows how different are Brazilian states in this regard. The leading state in Brazil (São Paulo) is between the Brazilian average and the Korean position (SP = 0.413; BR = 0.277). São Paulo is almost four times closer to USA GDP per capita than Maranhão (MA = 0.107).
  
GRAPH 5
GDP per capita gap between selected countries (Korea, Brazil and India), 

selected Brazilian states and USA (Y) 

(2015)
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Those inequalities in income are related to inequalities in the distribution of economic and industrial activities, science and technology resources - see Appendix, Graph A1 and Figure A1).


Those inequalities are present within states also, as Figure 1 presents: maps of levels of UNDP's human development, by municipality. This map for 2010 shows how inequality is distributed throughout Brazil: São Paulo, for instance, has three colors: yellow, green and blue. Minas Gerais have those three plus orange and red. There is a clear division between Northern states - worst IHD - and Southern states - better IHD. If we zoom closer in those data, even at city level, strong inequality will be shown: São Paulo is a city of luxury homes and favelas.
FIGURE 1

Changes in cities - municipalities - indexes of human development

(2010)
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The Brazilian inequality, according to recent research on income and wealth concentration (Souza, 2016), is a structural phenomenon, surviving economic and political changes. 

Graph 6, with data from 1926 to 2013, shows how the richest (wealthier) 1% in Brazil has an income share that oscillated between 20 and 30%. Graph 4 also shows that the richest 10% has an income share greater than 50% in 2010 - this share was more than 60% in early 1970s.
GRAPH 6
Income share of the richest 1% in Brazil (%)

(1926-2013)
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Income concentration shapes other features of Brazilian economy. The most important, probably, is the permanent blocking effect on Adam Smith's dynamics between the growth of the market and the sophistication of labor division (one of the major determinants of technological progress). No less important is the impact on education, another key feature of an innovation system: education. Table 2 shows the prevalence of illiteracy among people older than 15 years - 65.3% in 1900, 50.6% in 1950 and 9.6% in 2010. Table 3, in a dynamic approach, shows that Brazil is nearing what Japan did by 1900. But now, it is necessary not only literacy in Portuguese, but also in Mathematics, English etc. And, given the persistence of income concentration limits in the spread of high quality public and universal education are very important. With deep consequences for science and technology dynamics. 

Given the high prevalence of illiteracy until early 1970s, it is understandable that economic growth met very fast with important limits to further gap-reductions.

TABLE 2
Illiteracy among people with 15 years or more

(1900 - 2010)
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                   SOURCE: Braga (2015, pp. 31-32)

This key role of income concentration for MIT suggests a first vicious cycle: income concentration, limiting the growth of a domestic market and the size of the domestic consumer market, a limitation that impacts one key determinant of technological progress - size of markets. This limits the scope of economic growth, evaporating the energies that would otherwise open room for economies of scale and other economic dynamic forces that increase the output and reduce costs of production. Given the stability of income concentration as shown is Graph 6, this might be a key element of MIT. This income concentration is directly related to old and persistent problems related to literacy and education, another strong blocking factor for economic development. The combination of income concentration and limits to quality universal education may be important determinants of difficulties to entry in new and more sophisticated industries. As discussed earlier, income concentration shapes a very peculiar orientation of technological progress that might be typical of innovation systems at the periphery (Albuquerque, 2007, pp. 682-683).

Those limitations of the first set of vicious cycles lead to a second set of vicious cycles: the lock-in in natural resources and less developed industries - or industries relatively backward given the continuity of TRs at the center - is important to shape the incomplete nature of Brazilian innovation system. This incomplete formation is a structural source of external vulnerability. Therefore, again and again there are current account crises and exchange rate crises. Without institutions to push the entry in new sectors, with higher technological content - at each specific time, related to contemporary TR -, the exports are in products with low demand elasticity, while imports are in products with high demand elasticity. From time to time, the structuralist external constraints to growth take place. External vulnerability - a structural phenomenon - leads to repeated CA crises and exchange rate crises, crises that as section III shows are turning points for many gap-reducing-periods. 

Probably there is a third vicious cycle, related to the strong natural resource base of a country like Brazil. Those resources may be used in a “predatory” way, opening room for a predominance of a predatory economic dynamics over an innovative economic dynamics. Of course that in this innovative dynamic, the use of natural resources would be non-predatory. The vicious cycle here would lie in the natural resources still open to easy capital accumulation, that combined with the income concentration pattern described above - that blocks land reform as implemented in South Korea, Taiwan, Japan (Amsden, 1989, p. 147) and China (Drèze and Sen, 2000, p. 260) - does not push capital towards industrial and economic investment. As Amsden (1989, p. 37) puts forward, land reform in Korea was a tool for directing "idle capital away from land speculation to manufacturing". Lacking political conditions to organize this way to capital accumulation, "natural resources" become a repeated temptation to not go ahead with industrial investment and innovation.

Finally, there might be a fourth vicious cycle, that might link those repeated exhaustion of specific patterns of limited growth - the gap-reducing-periods described in section II - with political tensions and crises, that while they last provoke social and economic stalemates that freezes economic development. Those political stalemates are periods of difficult democratic discussions and elaborations, so necessary to define priorities and creative policies for development.

This fourth vicious cycle - economics slowdowns and political stalemate might be related to the persistent failures in industrial policies since the early 1980s (Suzigan and Vilela, 1997, pp. 49-140) and Suzigan (2017), failures reflected in the persistent and stable gap shown in Graph 3. 

End result of those four vicious cycles: permanent technological backwardness. Brazilian economy is always absorbing technologies of previous technological revolutions.  Technological backwardness is always renewed, but never able to jump to technologies related to contemporary GPTs. This condition may be graphically illustrated by the "Red Queen Effect" (see Graph A.2, Appendix 2).

How to transform those four vicious cycles in positive feedbacks that feed economic development is the question to be solved.
V- LESSONS FROM SUCCESSFUL CATCH UP PROCESSES
The literature on catch up processes is vast and rich (UNIDO, 2005). The whole of Germany's development process, prior to the unification process, was evaluated by Gerschenkron (1952). List (1842) is an important theoretical reference for the creation of what Gerschenkron identified as an "intellectual climate" for the development process, an author who was explicitly inspired by US post-independence policies.

Japan learned from the German process and from the United States process, constructing by trial and error industrial policies that were pillars of the two catch-up processes throughout the twentieth century, before and after World War II. The great lesson of the Japanese process is the plasticity of its industrial policies, which changed in form and content as stages of the industrialization process were completed. Ohkawa and Kohama (1989) describe a process consisting of policies and instruments that change as the major phases of primary substitution of imports, primary substitution of exports, secondary substitution of imports, and secondary substitution of exports follow each other from the beginning of the century. The end of the catch-up process is evaluated at the point where the export of capital goods becomes the majority in the Japanese tariff, which occurred in 1974. One of the first references to the concept of a national innovation system is exactly in a Freeman (1987) text on Japan.

The South Korean process, captured in Figure 3, is described in Amsden (1989) and Kim (1993). Lee (2013) presents a more complete discussion, already discussing the average income trap and the Korean strategy of overcoming it. The Korean process draws lessons from the Japanese process, but has peculiarities in the conduct of politics, with a more intense level of state intervention, especially through the process Amsden (1989) identified as a "reciprocity mechanism," through which the state related with growing private groups, indicating strategic sectors for the company's growth, according to well-articulated government plans. The state banking system played a crucial role in this process. The intensity of science and technology investments and combined growth in these two dimensions can be identified in Figure 1, and the implications of this combined growth relative to per capita income can be identified in Figure 3.

China's catch-up process is still on-going. Graphs 1 and 3 suggest, as already commented, the possibility that China is replicating the Korean process, in new proportions. The Chinese process has been discussed in several studies - Naughton (2007) is a comprehensive summary of the most important historical elements. The Chinese process suggests a new degree of articulation between state and market in the development process, a new pattern of insertion in the global economy - by 2017 a total of 109 Chinese enterprises were in the Fortune Global 500, second behind the United States with 132 companies. In the Chinese case, there is a major controversy over its ability to overcome the average income trap: Acemoglu et al (2012) present a negative evaluation while Lee et al (2014) estimate that China already has the conditions to continue a trajectory that escape from this trap.

This quick summary is only an invitation to visit a vast literature that investigates processes that Brazil necessarily needs to evaluate. To evaluate critically, because each technological revolution and its corresponding global structural transformations reshapes the preconditions for catch-up processes, also requalifying the lessons received. This determines the originality of each successful catch-up process in relation to previous ones - in terms of industrial sectors, institutional articulations and insertion patterns in the world economy. In addition, geopolitical considerations were important as a policy space in the case of Japan and South Korea, suggesting the necessary attention to these contexts - perhaps requiring creativity to gain room for manoeuvre in different and possibly more adverse geopolitical contexts.

Finally, Perez and Soete (1988) continue to be an important reference, since they suggest that technological revolutions in the centre open "windows of opportunity" for backward countries - an essential evaluation for the current conjuncture, characterized by the emergence of several new GPTs (OECD, 2016).
VI- SUGGESTIONS OF POLICIES FOR OVERCOMING THE MIT

VI.1- STARTING POINT FOR A CATCH-UP PROCESS

If we take the current situation as a starting point for a catch-up process, according to Maddison (2010) in 2010 the Brazilian per capita income was 22.56% of that of the United States, comparable to the distance between Japan and the United Kingdom in 1870 (23.07%), when the Japanese catch up began, and more than double the Korean hiatus in 1960 (10.94%). That is, the current hiatus can be considered a good starting point, in relation to the historical examples mentioned in the previous section. An inter-temporal comparison shows that, according to Maddison (2010), the per capita income of Brazil in 2010 ($ 6,879, GK international 1990 $) would correspond to the per capita income of the United States in 1929 ($ 6,899, GK international 1990 $) or in 1939 ($ 6,561, GK international 1990 $).

Recently, numerous comprehensive diagnoses of the Brazilian economy have been made, among which the PIB Project (www.projetopib.org), for example, is a comprehensive study. There is no shortage of recent papers and comprehensive discussions (Bacha and Bolle, 2013, Barbosa et al, 2015). In these studies, there is a deep awareness of the current problems, especially deindustrialization and related issues. These studies contribute to identifying the current starting point for a successful catch-up process - the state of industry and the Brazilian economy, which has accumulated in recent years. One synthetic diagnosis of the current stage of construction of the country's innovation system locates Brazil among countries that are in an intermediate position - part of an "interaction regime" 2 (Chaves et al, 2017).
The construction of the innovation system in Brazil allows the construction of the heterogeneous structure that characterizes the Brazilian industry, with firms endowed with productive and technological capacity in several sectors. This heterogeneous and unequal characteristic is articulated with the current system of innovation through the existence of "points of interaction" between research institutions, companies and economic sectors. Research carried out within the Catch Up Project (between 2007 and 2015) has built matrices of interaction between science and engineering disciplines and the economic sectors, finding 21 interaction points in a matrix of 320 cells (Britto and Oliveira, 2011). It is, apparently, a pattern of countries in a similar situation, since the data for Mexico and Argentina were reasonably similar (Albuquerque, Suzigan, Arza and Dutrénit, 2015).

These empirical data are articulated with a longer-term analysis that investigates historical roots of some "points of interaction". In this evaluation the decisive role of universities and research institutions supporting successful cases in the Brazilian economy, from the export of soybean to the production of aircraft (Suzigan et al, 2011) is verified.

Evidence of potential already existing from the accumulated scientific capacities in the country and of the capacity of interaction with the productive sector is a list of companies born of strong interaction with the scientific infrastructure of the country and that were acquired by large transnational companies. Three paradigmatic examples suggest potential in areas related to emerging technologies.

The first example is Biobrás, a company founded on the knowledge of researchers at ICB-UFMG: a successful case of insulin production, the company was acquired by Novo Nordisk at the end of 2001 (Valor, 2002).

The second example is in ​​search engines, activity of the post-www era: Akwan, a company founded by DCC-UFMG researchers and sold to Google in 2005 (FSP, 2005).

The third example is in ​​biotechnology with the company Alellyx, founded with important contribution of projects involving Fapesp, company that was sold to Monsanto in 2008 (FSP, 2008).

In this line, the future of Embraer is under discussion, a company that has in ITA one of the pillars of its origin and development and which is currently of interest to Boeing (Financial Times, 2018). In a somewhat different way, but still indicative of important industry potentials in the country, the strategy of the pharmaceutical company Cellera Farma is suggestive: the construction of the company in 5 or 6 years from now "to sell the operation to a US or European laboratory that want to enter the Brazilian market "(Valor, 2017).

All these examples suggest a paradoxical phenomenon, since on the one hand the potential for creating viable companies in strategic areas is clear, but on the other hand the acquisition of these companies can mean blocking their growth and building a dynamic core of companies in sectors strategy that seems to be a key prerequisite for successful catch-up processes.

In this way, the issue that deserves more discussion is the limitation of these "points of interaction", of the successful cases in the industry and the Brazilian economy. The objective of a stable and long-term science and technology policy is to expand these "points of interaction", seeking to generalize these success stories into the productive structure. Possibly there is a mechanism in operation that locks up such diffusion by the economy, due to structural blockages that are sustaining the "middle income trap" in the country. 
Finally, there is an accumulation that may be important to the process of catching the country: the social welfare system in the country, especially the construction of SUS (Brazilian public national health system). As discussed in other chapters of this book, the social welfare system in Brazil would also be at an intermediate, incomplete stage. Although at this stage, this institution offers the possibility of its construction in conjunction with the innovation system. This combined construction would be an institutional innovation that can become an important engine of the development process. It would be an institutional innovation with deep historical roots, since developments related to the science of the health sector are at the origin of our system of innovation (Stepan, 1976). The potential for the development of industrial sectors related to health is enormous and related to several emerging technologies. A potential development derived from the big data sector opens a special opportunity for Brazil in this area, given the existence of the SUS that, articulated with institutions of the innovation system can become an active research and technological creation. That is, given the existence of two intermediate systems (social welfare and innovation), Brazil may be well placed to explore "windows of opportunity" in important emerging areas (OECD, 2016).

VI.2- SCIENCE AND TECHNOLOGY FOR AN ACTIVE INSERTION IN GLOBAL ECONOMY

The intermediate stage of construction of the innovation system in Brazil contributes to the intermediate position of the country in terms of income. The institutional arrangement so far constructed has been able to place the country among the middle-income countries but is shown locked in that position. An arrangement capable of promoting the passive insertion of Brazil into the international economic order. This arrangement left the starting point for the search for active insertion policies in the international order, which demands important structural transformations, the first one being the transformation of the current institutional arrangement. This institutional transformation is an object that involves all the chapters of this book, because all dimensions are interconnected. The dimension of science and technology, however, must play a central role in this rearrangement, especially in the direction of industrial policies.

A synthesis elaboration suggests that the task is to complete the construction of a system of innovation in the country. What involves the interaction between multiple dimensions: centrally it is a question of articulating the dimension of the firms with the dimension of the scientific infrastructure.

The scientific infrastructure must grow to fulfil a set of tasks - for this growth historical obstacles in the country must be overcome, as in particular the problems of basic and average education. One of these tasks is to be an antenna for the absorption of new technologies generated in the advanced centres - a key task in times of emergent technological revolutions, all based on technologies with a strong scientific base. As the country grows and becomes more complex, the scientific infrastructure must provide solutions to new country-specific problems - such as the mobilization of the scientific community around the Zika epidemic (Fapesp, 2016). Given the increasing internationalization of science and technology activities, articulations in the scientific sphere have a leading role in the country's international insertion - Brazil is connected to 171 different countries in its network of international collaborations in 2016 (Ribeiro et al, 2018).
Due to the importance of university-business interaction in the maturation of innovation systems, the scientific infrastructure plays an important additional role in that its participation in international networks allows the companies of the country to connect with world-wide knowledge. The growing presence in these networks positions the country in the face of the emerging international innovation system.
The size of firms is decisive in innovation systems. In countries with the size of Brazil, it is necessary to articulate two movements. On the one hand, large companies must be able to move towards new technological sectors, through diversification and technological renewal - using large accumulated resources to finance entry into emerging sectors, following evolutionary lines related to the company's technological base and aligned with technological trajectories. On the other hand, new companies are essential for the renewal of the technological base and must therefore have private and public financing mechanisms for their development, consolidation and growth. Special concern with conditions for persistent growth, avoiding the early transformation of potential new dynamic companies - including potential for transformation into transnational companies of Brazilian origin, an essential element for an active insertion in the international order - into mere subsidiaries of established transnational companies.
The role of firms in building the innovation system is related to the entry into new industrial and economic sectors aligned with emerging technologies. The widespread concern with deindustrialization has to generate an industrial and technological policy capable of moving forward in new sectors - not necessarily recomposing newly lost sectors. For the definition of these new sectors, industrial policies must be completely remodelled - as Suzigan (2017) explains, the institutional arrangement that was successful in industrializing the country to the traditional industries of the II PND is no longer able to organize entry into new sectors of the fifth and the emerging sixth technological revolutions - and this institutional collapse must be one of the roots of the country's stay in the middle income trap.
As discussed, emerging technological seem to offer a multitude of opportunities, as OECD (2016, p.77) has identified 40 different key technologies that may gain more importance in the near future. A careful evaluation of these technologies, weighing trajectories that are already pursued in the country with existing technological or scientific capacities or capable of construction, can be a first step in the reconstruction of industrial and technological policies for Brazil.
As a suggestion for debates, five sectors could be central to the country's technological catch up - each supported by technological trajectories that depart from traditional sectors in which the country accumulated significant experience:
1 - Biotechnology, given the development already achieved in health, agriculture and given the biodiversity potential of the Amazon region;
2- Nanotechnology, given the accumulation of experience of the country in sectors producing conventional materials, especially those of mineral and metallurgical base;
3 - Solar energy, given the advances in the energy sector - hydraulically based and fossil based - and the sunshine levels of the country, especially in poorer regions;
4- Big data, given the country's capacity in software - demonstrated by companies such as Akwan - and the possibility of harnessing the information wealth provided by SUS as a platform for medical research;
5 - Robotics, given the historical presence of an industry of capital goods in the country, and the strategic role of this sector to raise labor productivity in the country, with consequences on expanding capacity to improve working conditions and articulate changes in the journey with a structural reform of social security.
Another specificity of Brazilian catch up: regional inequality matters (see Appendix, Graph A.1 and Figure A.1), therefore there might be two catch up processes: one within Brazil, with least develop regions reducing their gap vis-à-vis São Paulo, another with the leading countries. Probably, as discussed in section IV, the domestic catch up process - less developed states catching up with São Paulo - is a precondition for a successful catch up process in the global scenario.
Finally, the institutional innovation that may characterize a successful catch up process in Brazil is a development strategy that democratically combines the formation of an innovation system with the formation of a welfare system. Positive feedbacks between innovation system and welfare system may be the dynamic factor that transforms the four vicious cycles discussed in section IV in positive feedbacks that enhances development.
APPENDIX 1: INEQUALITY IN SCIENCE AND TECHNOLOGY BETWEEN BRAZILIAN STATES 



This Appendix presents data on how unequal is the distribution of scientific and technological activities in Brazil. Those data are correlated with data on GDP per capita per state in Brazil, shown in Graph 5. 


Graph A.1 shows at least three different stages of formation of regional systems of innovation. First, there is São Paulo, with the greatest diversification in Brazil (almost 600 WIPO classes). Second, there are five states from Southeast and South, with between 470 and 370 WIPO classes). Third, the rest, with less than 270 WIPO classes (there are 10 states with less than 100 WIPO classes).
GRAPH A.1

Economic diversification by Brazilian states (number of WIPO classes in states patents and coefficient of variation of specialization indexes)

(1990-2001)

[image: image9.emf]
SOURCE: Fapesp (2005, p. 6-26)


Figure A.1 shows how São Paulo (remember Graph 5: São Paulo with a gap of 0.413, while Brazil had 0.277 and Maranhão 0.107). In an international scenario, São Paulo would be ahead of Brazil and in the neighborhood of Argentina. This shows a concentration of scientific and technological resources in São Paulo - and other states in the five first positions in Graph A.1.
FIGURE A.1

Science (papers per million inhabitants) and technology production (patents per million inhabitants), selected countries and São Paulo

(2000) 
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SOURCE: Fapesp (2005, p. 6-6)


Finally, Table A.1 shows that in Brazil the innovation system has important differences - unequal distribution of points of interaction between universities and firms. Table A.1 shows that there are at 29 points of interaction in Brazil - cells in a matrix between industrial sectors and S&E fields where 50% or more of firms evaluate specific field as important for their innovation. Those points where the innovation system works are, unfortunately, not so common. More common are cells with zeros - 144. The Brazilian situation in this regard is similar to other Latin American countries (Mexico and Argentina) and contrasts with the pattern in USA.

TABLE A.1

A comparison between matrices of interaction for USA, Argentina, Mexico and Brazil

[image: image11.emf]


SOURCE: Albuquerque, Suzigan, Arza and Dutrénit (2015, p. 210)


The main issue, therefore, is why those points of interaction are not more common in economies like Brazil, Mexico and Argentina. Probably because of limits of our innovation systems.
APPENDIX 2: BRAZIL SCIENCE AND TECHNOLOGY IN THE GLOBAL CONTEXT - THE CURSE OF THE RED QUEEN EFFECT 
GRAPH A.2 
Technological trajectories of selected countries in an international context of science and technology production 
(patents per million inhabitants, scientific papers per million inhabitants)
(1974, 1982, 1990, 1998, 2006, 2012 and 2014)
[image: image12.emf]
SOURCE: Chaves et al (2017)
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� According to Maddison (2010), between 1820 and 1903 the USA were catching up and forging ahead the UK economy. In 1820 the gap between USA and UK was 0.737 and in 1903 USA GDP per capita overtook the UK GDP per capita.


� At this point, the different levels of social capabilities may be show by data on illiteracy. According to Odagiri and Goto (1993, p. 79), "...illiteracy among the youth was nearly absent by the beginning of this century". In the same time, in Brazil 1900, 65.3% of people older than 15 years were illiterate (Braga, 2015, pp. 31-32).  


� For a comparison, South Korea reached a gap of 0.411 in 1991.


� The gap between Germany and UK in 1850 was only 0.613, in 1870 was 0.576 - a smaller gap vis-à-vis the Japanese. In 1913 that gap was reduced to 0.714


� Compare the growth of industrial investment in late 1860s, in the years before First World War, in the years after the First World War and after 1933 (Suzigan, 1986, p. 83) with Graph 2.


� For a comparison between two different databases, the gap in 1990 was 0.2121 in Graph 2 and 0.2791 in Graph 3,


� There might be a strong correlation between the MIT and the "Red Queen effect" in science and technology. Graph A.2 (Appendix 2) suggests this correlation between trajectories of Brazil in Graph 2, Brazil, South Korea and China in Graph 3 with their trajectories in Graph A.2 in Appendix 2. This correlation is supported by the literature and can be further discussed (Chaves et al, 2017).


� For 2002-2010, the source is the World Bank (2018). According to World Bank data, in 2002 the gap was 0.2442, and in 2010 it was 0.3007 (Graph 3). To organize a comparison between the two databases, a simple conversion was implemented: the average of the division of the gaps according those two databases for the years they have in common (1990-2008) was 0.7718. This value multiplied the gaps according the World Bank, with the results shown in Table 1. The gap reduction, however, was calculated with the original values.


� This section is organized to show the key theoretical issues that must integrate a framework to deal with MIT. This is a very tentative and draft version, written just to give an overall view to the reader of the basic references for this elaboration, including topics of my previous work. This section must be further elaborated for the final version of this paper.


� This more turbulent dynamics, with overlapping of different GPTs (Rosenberg, 1998) and new branches of production may be a better way to fit the more specific industrial and sectoral catch up dynamics, put forward by Lee (2013) and Lee and Malerba (2017).


� At the stage of elaboration of this draft, working-in-progress paper, we ask for patience of the reader, for using such a long quotation of previous work (Albuquerque, 2007). Next sections will reelaborate those paragraphs to include more recent research. But, those paragraphs might summarize the key dynamic forces operating at the periphery, at least in countries like Brazil, to define a specific lock-in phenomenon that is this trap - underdevelopment.


� This growth is certainly related to a surge in industrial investment after 1933, shown by Suzigan (1986, p. 83).


� "A fase superior do subdesenvolvimento é alcançada quando se diversifica o núcleo industrial, capacitando-se este para produzir parte dos equipamentos requeridos para que se efetue o desenvolvimento" (Furtado, 1986, p. 145).


� For Suzigan and Vilela (1997, p. 37), industrial policy "in wide sense" demands "an indicative plan and formal mechanisms of coordination of instruments and auxiliary policies between themselves and with macroeconomic policy".  


� Between 1967 and 1980 the Brazilian GDP per capita grew 103.41%, while the US GDP per capita grew 29.64%. 


� See Lee and Malerba (2017, p. 347).


� Graph 5 shows Brasília, Distrito Federal (Brazilian federal capital: DF in the Graph) as richer than South Korea, but it is just a very peculiar city, with a concentration of above the average wages of top public servants (Judiciary, Legislative and Executive branches).


� See Appendix Table A.1.
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		UK		320				800				2,815				6,007				10,709				36,232																				42,228		44,249		43,800		44,249		46,046		48,517		50,314		49,640		52,336		54,806		53,234		52,111		50,988		51,886		55,031		57,951		61,770		62,219		62,893		64,016		63,342		66,037		67,160		69,631		71,428		71,203		76,370		77,717		77,942		79,964		81,760		84,007		84,680		85,354		87,600		90,296		91,644		90,745		93,665		94,339		100,180		105,570		105,795		108,266		110,063		112,758		113,881		115,004		115,454		115,004		120,395		124,663		128,257		129,155		129,380		128,706		130,728		135,894		141,959		149,596		150,269		150,269		146,676		146,676		156,559		161,500		168,239		170,485		178,796		186,208		184,861		184,861		189,578		187,556		188,679		194,295		200,808		204,627		196,316		200,808		207,098		213,162		216,307		224,618		226,864		245,058		250,449		252,695		254,268		226,640		212,938		195,642		205,750		212,264		221,024		231,806		223,270		241,240		244,160		251,348		249,551		236,747		238,544		245,507		261,680		271,788		284,142		294,025		297,619		300,539		330,638		360,737		369,721		377,807		362,983		347,035		331,985		327,044		337,376		349,955		347,850		358,234		357,585		371,646		386,789		400,850		405,825		412,315		411,450		428,107		452,768		467,694		472,454		490,625		516,584		529,996		540,163		552,277		574,775		585,207		599,016		611,705		633,352		675,941		666,755		665,984		680,933		695,699		720,501		740,370		728,224		718,733		729,861		755,779		774,665		802,000		837,280		877,143		920,841		940,908		944,610		931,716		933,535		955,305		997,587		1,026,044		1,054,948		1,089,522		1,123,047		1,157,194		1,211,453		1,229,700		1,254,905		1,289,685		1,331,721		1,361,019		1,400,488		1,436,901		1,446,959
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		Log GDP BR										2.6020599913				2.5340261061				2.7589118924				3.4641913706																																																												3.6953941083																																								3.8441664105		3.8545489358		3.8649261915		3.8752928254		3.8857003801		3.8960850854		3.9064427938		3.9168222846		3.9272163306		3.9376181794		3.9479725792		3.9583727325		3.9687630482		3.9791384695		3.9894943128		3.9999131324		4.0102999566		4.020651268		4.0310447166		4.0414321647		4.0518082943		4.0504570948		4.0360297307		3.9765333804		3.9865478134		4.0975696394		4.0650566034		4.0686310637		4.0899051114		4.0915614481		4.0863954271		4.1279142944		4.1279142944		4.1364986082		4.1449165271		4.1573056303		4.1968667472		4.1973908411		4.1942089796		4.2275267849		4.2324370092		4.2778154266		4.2729317794		4.2830297098		4.2751730956		4.2942016007		4.3067037444		4.335738647		4.3268067741		4.3806453192		4.4214887578		4.4304620698		4.4594075672		4.4836443434		4.4833590363		4.4850965014		4.4942937687		4.5247335592		4.5720928903		4.5730457496		4.546382241		4.5365710672		4.5514377985		4.5840370712		4.6189367058		4.6306515757		4.6704685111		4.6844413876		4.7022236803		4.7065129587		4.7108025524		4.7402126346		4.7238167498		4.7804397328		4.7963106239		4.8077784894		4.8513378601		4.8664232195		4.8984893264		4.9255132027		4.9510556703		4.9713129663		4.9964284828		5.0168537381		5.044680844		5.0754009555		5.0816137086		5.1163320721		5.1540494724		5.1890352874		5.2237476705		5.2551542644		5.2808787218		5.2853592436		5.2997752452		5.3084448861		5.3348175215		5.3519450389		5.389026024		5.4253581195		5.4660961741		5.5080702685		5.5525222102		5.6038402023		5.636810739		5.6588867388		5.69794647		5.7177986093		5.7390515117		5.7688518665		5.8055640607		5.7860461858		5.7885487427		5.7734756012		5.7961842643		5.8293616749		5.8628776289		5.8771898719		5.8761658607		5.8901677462		5.8714357375		5.8757573137		5.8744522452		5.8935686994		5.9196929946		5.9375610184		5.9499761525		5.9661736581		5.9670413159		5.9705016881		5.9892023417		5.9948435311		6.0031566782		6.0079077293		6.0319829688		6.0456624565		6.0626959011		6.0797288356		6.1011553571





GDP

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



USA

BRA

Log GDP

USA x Brazil: log GDPs (1870-2008)
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GDP per capita

		Per Capita GDP

		(1990 International Geary-Khamis dollars)

				1				1000				1500				1600				1700				1820		1821		1822		1823		1824		1825		1826		1827		1828		1829		1830		1831		1832		1833		1834		1835		1836		1837		1838		1839		1840		1841		1842		1843		1844		1845		1846		1847		1848		1849		1850		1851		1852		1853		1854		1855		1856		1857		1858		1859		1860		1861		1862		1863		1864		1865		1866		1867		1868		1869		1870		1871		1872		1873		1874		1875		1876		1877		1878		1879		1880		1881		1882		1883		1884		1885		1886		1887		1888		1889		1890		1891		1892		1893		1894		1895		1896		1897		1898		1899		1900		1901		1902		1903		1904		1905		1906		1907		1908		1909		1910		1911		1912		1913		1914		1915		1916		1917		1918		1919		1920		1921		1922		1923		1924		1925		1926		1927		1928		1929		1930		1931		1932		1933		1934		1935		1936		1937		1938		1939		1940		1941		1942		1943		1944		1945		1946		1947		1948		1949		1950		1951		1952		1953		1954		1955		1956		1957		1958		1959		1960		1961		1962		1963		1964		1965		1966		1967		1968		1969		1970		1971		1972		1973		1974		1975		1976		1977		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008

		UK		400				400				714				974				1,250				1,706																				1,749		1,811		1,774		1,774		1,828		1,906		1,957		1,912		1,996		2,069		1,990		1,930		1,869		1,886		1,981		2,067		2,185		2,213		2,272		2,334		2,330		2,451		2,480		2,555		2,602		2,571		2,730		2,757		2,742		2,790		2,830		2,884		2,880		2,881		2,935		3,001		3,023		2,968		3,037		3,031		3,190		3,332		3,319		3,365		3,386		3,434		3,430		3,425		3,403		3,353		3,477		3,568		3,643		3,643		3,622		3,574		3,600		3,713		3,849		4,024		4,009		3,975		3,846		3,811		4,029		4,118		4,249		4,264		4,428		4,567		4,492		4,450		4,525		4,440		4,428		4,520		4,631		4,679		4,449		4,511		4,611		4,709		4,762		4,921		4,927		5,288		5,384		5,421		5,459		4,870		4,548		4,439		4,637		4,760		4,921		5,144		4,936		5,315		5,357		5,503		5,441		5,138		5,148		5,277		5,608		5,799		6,035		6,218		6,266		6,262		6,856		7,482		7,639		7,744		7,405		7,056		6,745		6,604		6,746		6,956		6,939		7,123		7,091		7,346		7,619		7,868		7,929		8,017		7,966		8,240		8,645		8,857		8,865		9,149		9,568		9,752		9,885		10,049		10,410		10,552		10,767		10,941		11,294		12,025		11,859		11,847		12,115		12,384		12,828		13,167		12,931		12,747		12,955		13,404		13,720		14,165		14,742		15,393		16,110		16,414		16,430		16,157		16,133		16,463		17,137		17,561		17,997		18,527		19,023		19,516		20,353		20,590		20,946		21,461		22,096		22,518		23,107		23,642		23,742

		USA		400				400				400				400				527				1,257																				1,376																				1,588																				1,806																				2,178																				2,445		2,503		2,541		2,604		2,527		2,599		2,570		2,595		2,646		2,909		3,184		3,215		3,338		3,339		3,320		3,270		3,294		3,368		3,282		3,413		3,392		3,467		3,728		3,478		3,314		3,644		3,504		3,769		3,780		4,051		4,091		4,464		4,421		4,551		4,410		4,642		5,079		5,065		4,561		5,017		4,964		5,046		5,201		5,301		4,799		4,864		5,459		5,248		5,659		5,680		5,552		5,323		5,540		6,164		6,233		6,282		6,602		6,576		6,569		6,899		6,213		5,691		4,908		4,777		5,114		5,467		6,204		6,430		6,126		6,561		7,010		8,206		9,741		11,518		12,333		11,709		9,197		8,886		9,065		8,944		9,561		10,116		10,316		10,613		10,359		10,897		10,914		10,920		10,631		11,230		11,328		11,402		11,905		12,242		12,773		13,419		14,134		14,330		14,863		15,179		15,030		15,304		15,944		16,689		16,491		16,284		16,975		17,567		18,373		18,789		18,577		18,856		18,325		18,920		20,123		20,717		21,236		21,788		22,499		23,059		23,201		22,849		23,298		23,616		24,279		24,603		25,230		26,052		26,849		27,735		28,467		28,405		28,604		29,074		29,845		30,481		31,004		31,357		31,178

		Portugal		450				425				606				740				819				923																																																												923		991								919												883								891		920		941		945		964		975		933		954		988		966		959		932		969		964		959		947		970		992		1,008		1,034		1,052		1,100		1,114		1,118		1,088		1,128		1,099		1,087		1,101		1,079		1,117		1,125		1,182		1,214		1,249		1,302		1,269		1,266		1,273		1,279		1,233		1,231		1,249		1,219		1,208		1,228		1,242		1,257		1,250		1,258		1,228		1,234		1,212		1,150		1,173		1,229		1,290		1,430		1,473		1,401		1,446		1,419		1,648		1,470		1,610		1,571		1,631		1,643		1,732		1,784		1,669		1,523		1,757		1,747		1,749		1,615		1,747		1,708		1,806		1,893		1,804		1,928		2,071		2,046		2,057		2,086		2,168		2,161		2,298		2,393		2,475		2,564		2,659		2,672		2,794		2,956		3,119		3,330		3,504		3,718		3,992		4,164		4,481		4,873		4,987		5,473		5,871		6,355		7,063		7,048		6,517		6,814		7,166		7,340		7,733		8,044		8,114		8,280		8,255		8,089		8,306		8,641		9,185		9,868		10,372		10,826		11,304		11,417		11,138		11,179		11,614		11,994		12,427		12,939		13,356		13,813		14,021		14,068		13,897		14,048		14,118		14,262		14,482		14,436

		Brasil										400				428				459				646																																																												686																																								713		717		721		724		728		732		736		740		744		748		752		756		760		764		768		773		777		781		785		789		794		773		730		622		621		783		710		699		717		703		678		730		715		714		713		718		770		755		734		776		769		836		809		811		780		798		804		842		808		895		963		963		1,009		1,046		1,024		1,007		1,008		1,060		1,158		1,137		1,048		1,004		1,018		1,076		1,142		1,150		1,235		1,250		1,276		1,263		1,250		1,307		1,229		1,368		1,386		1,390		1,501		1,518		1,596		1,659		1,672		1,702		1,752		1,784		1,848		1,926		1,896		1,994		2,111		2,221		2,335		2,437		2,511		2,463		2,472		2,448		2,527		2,554		2,704		2,860		3,057		3,278		3,538		3,880		4,081		4,187		4,470		4,565		4,678		4,890		5,195		4,850		4,763		4,498		4,643		4,914		5,202		5,270		5,155		5,224		4,920		4,891		4,800		4,937		5,162		5,296		5,366		5,485		5,414		5,377		5,532		5,525		5,552		5,536		5,772		5,878		6,034		6,196		6,429

				1870		1871		1872		1873		1874		1875		1876		1877		1878		1879		1880		1881		1882		1883		1884		1885		1886		1887		1888		1889		1890		1891		1892		1893		1894		1895		1896		1897		1898		1899		1900		1901		1902		1903		1904		1905		1906		1907		1908		1909		1910		1911		1912		1913		1914		1915		1916		1917		1918		1919		1920		1921		1922		1923		1924		1925		1926		1927		1928		1929		1930		1931		1932		1933		1934		1935		1936		1937		1938		1939		1940		1941		1942		1943		1944		1945		1946		1947		1948		1949		1950		1951		1952		1953		1954		1955		1956		1957		1958		1959		1960		1961		1962		1963		1964		1965		1966		1967		1968		1969		1970		1971		1972		1973		1974		1975		1976		1977		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008

		UK		3,190		3,332		3,319		3,365		3,386		3,434		3,430		3,425		3,403		3,353		3,477		3,568		3,643		3,643		3,622		3,574		3,600		3,713		3,849		4,024		4,009		3,975		3,846		3,811		4,029		4,118		4,249		4,264		4,428		4,567		4,492		4,450		4,525		4,440		4,428		4,520		4,631		4,679		4,449		4,511		4,611		4,709		4,762		4,921		4,927		5,288		5,384		5,421		5,459		4,870		4,548		4,439		4,637		4,760		4,921		5,144		4,936		5,315		5,357		5,503		5,441		5,138		5,148		5,277		5,608		5,799		6,035		6,218		6,266		6,262		6,856		7,482		7,639		7,744		7,405		7,056		6,745		6,604		6,746		6,956		6,939		7,123		7,091		7,346		7,619		7,868		7,929		8,017		7,966		8,240		8,645		8,857		8,865		9,149		9,568		9,752		9,885		10,049		10,410		10,552		10,767		10,941		11,294		12,025		11,859		11,847		12,115		12,384		12,828		13,167		12,931		12,747		12,955		13,404		13,720		14,165		14,742		15,393		16,110		16,414		16,430		16,157		16,133		16,463		17,137		17,561		17,997		18,527		19,023		19,516		20,353		20,590		20,946		21,461		22,096		22,518		23,107		23,642		23,742

		USA		2,445		2,503		2,541		2,604		2,527		2,599		2,570		2,595		2,646		2,909		3,184		3,215		3,338		3,339		3,320		3,270		3,294		3,368		3,282		3,413		3,392		3,467		3,728		3,478		3,314		3,644		3,504		3,769		3,780		4,051		4,091		4,464		4,421		4,551		4,410		4,642		5,079		5,065		4,561		5,017		4,964		5,046		5,201		5,301		4,799		4,864		5,459		5,248		5,659		5,680		5,552		5,323		5,540		6,164		6,233		6,282		6,602		6,576		6,569		6,899		6,213		5,691		4,908		4,777		5,114		5,467		6,204		6,430		6,126		6,561		7,010		8,206		9,741		11,518		12,333		11,709		9,197		8,886		9,065		8,944		9,561		10,116		10,316		10,613		10,359		10,897		10,914		10,920		10,631		11,230		11,328		11,402		11,905		12,242		12,773		13,419		14,134		14,330		14,863		15,179		15,030		15,304		15,944		16,689		16,491		16,284		16,975		17,567		18,373		18,789		18,577		18,856		18,325		18,920		20,123		20,717		21,236		21,788		22,499		23,059		23,201		22,849		23,298		23,616		24,279		24,603		25,230		26,052		26,849		27,735		28,467		28,405		28,604		29,074		29,845		30,481		31,004		31,357		31,178

		Portugal		975		933		954		988		966		959		932		969		964		959		947		970		992		1,008		1,034		1,052		1,100		1,114		1,118		1,088		1,128		1,099		1,087		1,101		1,079		1,117		1,125		1,182		1,214		1,249		1,302		1,269		1,266		1,273		1,279		1,233		1,231		1,249		1,219		1,208		1,228		1,242		1,257		1,250		1,258		1,228		1,234		1,212		1,150		1,173		1,229		1,290		1,430		1,473		1,401		1,446		1,419		1,648		1,470		1,610		1,571		1,631		1,643		1,732		1,784		1,669		1,523		1,757		1,747		1,749		1,615		1,747		1,708		1,806		1,893		1,804		1,928		2,071		2,046		2,057		2,086		2,168		2,161		2,298		2,393		2,475		2,564		2,659		2,672		2,794		2,956		3,119		3,330		3,504		3,718		3,992		4,164		4,481		4,873		4,987		5,473		5,871		6,355		7,063		7,048		6,517		6,814		7,166		7,340		7,733		8,044		8,114		8,280		8,255		8,089		8,306		8,641		9,185		9,868		10,372		10,826		11,304		11,417		11,138		11,179		11,614		11,994		12,427		12,939		13,356		13,813		14,021		14,068		13,897		14,048		14,118		14,262		14,482		14,436

		Brasil		713		717		721		724		728		732		736		740		744		748		752		756		760		764		768		773		777		781		785		789		794		773		730		622		621		783		710		699		717		703		678		730		715		714		713		718		770		755		734		776		769		836		809		811		780		798		804		842		808		895		963		963		1,009		1,046		1,024		1,007		1,008		1,060		1,158		1,137		1,048		1,004		1,018		1,076		1,142		1,150		1,235		1,250		1,276		1,263		1,250		1,307		1,229		1,368		1,386		1,390		1,501		1,518		1,596		1,659		1,672		1,702		1,752		1,784		1,848		1,926		1,896		1,994		2,111		2,221		2,335		2,437		2,511		2,463		2,472		2,448		2,527		2,554		2,704		2,860		3,057		3,278		3,538		3,880		4,081		4,187		4,470		4,565		4,678		4,890		5,195		4,850		4,763		4,498		4,643		4,914		5,202		5,270		5,155		5,224		4,920		4,891		4,800		4,937		5,162		5,296		5,366		5,485		5,414		5,377		5,532		5,525		5,552		5,536		5,772		5,878		6,034		6,196		6,429





GDP per capita
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UK

USA

Portugal

Brazil

GDPpc - 4 countries (1870-2008)
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Varios Paises

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Brazil

GDP pc
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Brazil

Brazil, GDPpc (1870-1940)
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Brazil

Brazil (GDPpc, 1938-2008)
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		UK		400				400				714				974				1,250				1,706																				1,749		1,811		1,774		1,774		1,828		1,906		1,957		1,912		1,996		2,069		1,990		1,930		1,869		1,886		1,981		2,067		2,185		2,213		2,272		2,334		2,330		2,451		2,480		2,555		2,602		2,571		2,730		2,757		2,742		2,790		2,830		2,884		2,880		2,881		2,935		3,001		3,023		2,968		3,037		3,031		3,190		3,332		3,319		3,365		3,386		3,434		3,430		3,425		3,403		3,353		3,477		3,568		3,643		3,643		3,622		3,574		3,600		3,713		3,849		4,024		4,009		3,975		3,846		3,811		4,029		4,118		4,249		4,264		4,428		4,567		4,492		4,450		4,525		4,440		4,428		4,520		4,631		4,679		4,449		4,511		4,611		4,709		4,762		4,921		4,927		5,288		5,384		5,421		5,459		4,870		4,548		4,439		4,637		4,760		4,921		5,144		4,936		5,315		5,357		5,503		5,441		5,138		5,148		5,277		5,608		5,799		6,035		6,218		6,266		6,262		6,856		7,482		7,639		7,744		7,405		7,056		6,745		6,604		6,746		6,956		6,939		7,123		7,091		7,346		7,619		7,868		7,929		8,017		7,966		8,240		8,645		8,857		8,865		9,149		9,568		9,752		9,885		10,049		10,410		10,552		10,767		10,941		11,294		12,025		11,859		11,847		12,115		12,384		12,828		13,167		12,931		12,747		12,955		13,404		13,720		14,165		14,742		15,393		16,110		16,414		16,430		16,157		16,133		16,463		17,137		17,561		17,997		18,527		19,023		19,516		20,353		20,590		20,946		21,461		22,096		22,518		23,107		23,642		23,742

		USA		400				400				400				400				527				1,257																				1,376																				1,588																				1,806																				2,178																				2,445		2,503		2,541		2,604		2,527		2,599		2,570		2,595		2,646		2,909		3,184		3,215		3,338		3,339		3,320		3,270		3,294		3,368		3,282		3,413		3,392		3,467		3,728		3,478		3,314		3,644		3,504		3,769		3,780		4,051		4,091		4,464		4,421		4,551		4,410		4,642		5,079		5,065		4,561		5,017		4,964		5,046		5,201		5,301		4,799		4,864		5,459		5,248		5,659		5,680		5,552		5,323		5,540		6,164		6,233		6,282		6,602		6,576		6,569		6,899		6,213		5,691		4,908		4,777		5,114		5,467		6,204		6,430		6,126		6,561		7,010		8,206		9,741		11,518		12,333		11,709		9,197		8,886		9,065		8,944		9,561		10,116		10,316		10,613		10,359		10,897		10,914		10,920		10,631		11,230		11,328		11,402		11,905		12,242		12,773		13,419		14,134		14,330		14,863		15,179		15,030		15,304		15,944		16,689		16,491		16,284		16,975		17,567		18,373		18,789		18,577		18,856		18,325		18,920		20,123		20,717		21,236		21,788		22,499		23,059		23,201		22,849		23,298		23,616		24,279		24,603		25,230		26,052		26,849		27,735		28,467		28,405		28,604		29,074		29,845		30,481		31,004		31,357		31,178

		Portugal		450				425				606				740				819				923																																																												923		991								919												883								891		920		941		945		964		975		933		954		988		966		959		932		969		964		959		947		970		992		1,008		1,034		1,052		1,100		1,114		1,118		1,088		1,128		1,099		1,087		1,101		1,079		1,117		1,125		1,182		1,214		1,249		1,302		1,269		1,266		1,273		1,279		1,233		1,231		1,249		1,219		1,208		1,228		1,242		1,257		1,250		1,258		1,228		1,234		1,212		1,150		1,173		1,229		1,290		1,430		1,473		1,401		1,446		1,419		1,648		1,470		1,610		1,571		1,631		1,643		1,732		1,784		1,669		1,523		1,757		1,747		1,749		1,615		1,747		1,708		1,806		1,893		1,804		1,928		2,071		2,046		2,057		2,086		2,168		2,161		2,298		2,393		2,475		2,564		2,659		2,672		2,794		2,956		3,119		3,330		3,504		3,718		3,992		4,164		4,481		4,873		4,987		5,473		5,871		6,355		7,063		7,048		6,517		6,814		7,166		7,340		7,733		8,044		8,114		8,280		8,255		8,089		8,306		8,641		9,185		9,868		10,372		10,826		11,304		11,417		11,138		11,179		11,614		11,994		12,427		12,939		13,356		13,813		14,021		14,068		13,897		14,048		14,118		14,262		14,482		14,436

		Brasil										400				428				459				646																																																												686																																								713		717		721		724		728		732		736		740		744		748		752		756		760		764		768		773		777		781		785		789		794		773		730		622		621		783		710		699		717		703		678		730		715		714		713		718		770		755		734		776		769		836		809		811		780		798		804		842		808		895		963		963		1,009		1,046		1,024		1,007		1,008		1,060		1,158		1,137		1,048		1,004		1,018		1,076		1,142		1,150		1,235		1,250		1,276		1,263		1,250		1,307		1,229		1,368		1,386		1,390		1,501		1,518		1,596		1,659		1,672		1,702		1,752		1,784		1,848		1,926		1,896		1,994		2,111		2,221		2,335		2,437		2,511		2,463		2,472		2,448		2,527		2,554		2,704		2,860		3,057		3,278		3,538		3,880		4,081		4,187		4,470		4,565		4,678		4,890		5,195		4,850		4,763		4,498		4,643		4,914		5,202		5,270		5,155		5,224		4,920		4,891		4,800		4,937		5,162		5,296		5,366		5,485		5,414		5,377		5,532		5,525		5,552		5,536		5,772		5,878		6,034		6,196		6,429

		Y Br/USA										1				1.06875				0.8713472486				0.513904056																																																												0.3795927896																																								0.2916471506		0.286407323		0.2836215016		0.2781850707		0.2882149641		0.2818253242		0.2864151494		0.2851744136		0.2812310939		0.2571439105		0.2362351613		0.2351837296		0.227772094		0.2289334824		0.2314265743		0.2362669544		0.2358052838		0.2318303776		0.239221967		0.2312382809		0.2339417397		0.2228105197		0.1957836075		0.1786941786		0.1874572081		0.2149751373		0.2025830309		0.1854627316		0.1897069855		0.1735147612		0.1658449437		0.1635213487		0.1616919048		0.1568748233		0.1616427025		0.1546998976		0.1516607929		0.1491099013		0.1609699128		0.1547036737		0.1548682865		0.1656221109		0.1555899567		0.152995737		0.1625134232		0.1640405724		0.1473215388		0.1604327594		0.1427225172		0.1576029362		0.1734601569		0.1809882585		0.1821485235		0.1696238222		0.1642860079		0.1603498526		0.1527166582		0.1611500423		0.1763017361		0.1648771255		0.1687234719		0.1764484537		0.2074754544		0.2251904042		0.2233881862		0.2103568008		0.1990854941		0.1943824969		0.2082747069		0.1924743251		0.1782860157		0.1592706327		0.1261954593		0.1187644717		0.1123711648		0.1187104083		0.1632047405		0.1708169576		0.1760955504		0.1855219148		0.1748417372		0.1682542963		0.1698635701		0.16811782		0.1783549882		0.176724704		0.1737572811		0.1826120814		0.198599076		0.1977709564		0.2061049783		0.2137634275		0.2109168434		0.2012060223		0.1935537088		0.1824611588		0.1787759904		0.1782253351		0.1819455165		0.1884027163		0.2033765943		0.2142189927		0.2218959077		0.2324909568		0.2474604181		0.257152836		0.263304695		0.2598901312		0.2546352625		0.2602510417		0.2796431499		0.2571958156		0.2599069804		0.2377434564		0.2307460898		0.2371909989		0.2449444151		0.2418580694		0.2290968965		0.226532663		0.2120662993		0.2140686601		0.2060239467		0.2090734278		0.2126165184		0.215246081		0.2126777301		0.2105630004		0.2016557257		0.1938731334		0.1943381806		0.1944930667		0.194111236		0.1904039868		0.1933992075		0.1928335008		0.1946136132		0.1975917957		0.2062032732
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		Per Capita GDP

		(1990 International Geary-Khamis dollars)

				1				1000				1500				1600				1700				1820		1821		1822		1823		1824		1825		1826		1827		1828		1829		1830		1831		1832		1833		1834		1835		1836		1837		1838		1839		1840		1841		1842		1843		1844		1845		1846		1847		1848		1849		1850		1851		1852		1853		1854		1855		1856		1857		1858		1859		1860		1861		1862		1863		1864		1865		1866		1867		1868		1869		1870		1871		1872		1873		1874		1875		1876		1877		1878		1879		1880		1881		1882		1883		1884		1885		1886		1887		1888		1889		1890		1891		1892		1893		1894		1895		1896		1897		1898		1899		1900		1901		1902		1903		1904		1905		1906		1907		1908		1909		1910		1911		1912		1913		1914		1915		1916		1917		1918		1919		1920		1921		1922		1923		1924		1925		1926		1927		1928		1929		1930		1931		1932		1933		1934		1935		1936		1937		1938		1939		1940		1941		1942		1943		1944		1945		1946		1947		1948		1949		1950		1951		1952		1953		1954		1955		1956		1957		1958		1959		1960		1961		1962		1963		1964		1965		1966		1967		1968		1969		1970		1971		1972		1973		1974		1975		1976		1977		1978		1979		1980		1981		1982		1983		1984		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001		2002		2003		2004		2005		2006		2007		2008

		UK		400				400				714				974				1,250				1,706																				1,749		1,811		1,774		1,774		1,828		1,906		1,957		1,912		1,996		2,069		1,990		1,930		1,869		1,886		1,981		2,067		2,185		2,213		2,272		2,334		2,330		2,451		2,480		2,555		2,602		2,571		2,730		2,757		2,742		2,790		2,830		2,884		2,880		2,881		2,935		3,001		3,023		2,968		3,037		3,031		3,190		3,332		3,319		3,365		3,386		3,434		3,430		3,425		3,403		3,353		3,477		3,568		3,643		3,643		3,622		3,574		3,600		3,713		3,849		4,024		4,009		3,975		3,846		3,811		4,029		4,118		4,249		4,264		4,428		4,567		4,492		4,450		4,525		4,440		4,428		4,520		4,631		4,679		4,449		4,511		4,611		4,709		4,762		4,921		4,927		5,288		5,384		5,421		5,459		4,870		4,548		4,439		4,637		4,760		4,921		5,144		4,936		5,315		5,357		5,503		5,441		5,138		5,148		5,277		5,608		5,799		6,035		6,218		6,266		6,262		6,856		7,482		7,639		7,744		7,405		7,056		6,745		6,604		6,746		6,956		6,939		7,123		7,091		7,346		7,619		7,868		7,929		8,017		7,966		8,240		8,645		8,857		8,865		9,149		9,568		9,752		9,885		10,049		10,410		10,552		10,767		10,941		11,294		12,025		11,859		11,847		12,115		12,384		12,828		13,167		12,931		12,747		12,955		13,404		13,720		14,165		14,742		15,393		16,110		16,414		16,430		16,157		16,133		16,463		17,137		17,561		17,997		18,527		19,023		19,516		20,353		20,590		20,946		21,461		22,096		22,518		23,107		23,642		23,742

		USA		400				400				400				400				527				1,257																				1,376																				1,588																				1,806																				2,178																				2,445		2,503		2,541		2,604		2,527		2,599		2,570		2,595		2,646		2,909		3,184		3,215		3,338		3,339		3,320		3,270		3,294		3,368		3,282		3,413		3,392		3,467		3,728		3,478		3,314		3,644		3,504		3,769		3,780		4,051		4,091		4,464		4,421		4,551		4,410		4,642		5,079		5,065		4,561		5,017		4,964		5,046		5,201		5,301		4,799		4,864		5,459		5,248		5,659		5,680		5,552		5,323		5,540		6,164		6,233		6,282		6,602		6,576		6,569		6,899		6,213		5,691		4,908		4,777		5,114		5,467		6,204		6,430		6,126		6,561		7,010		8,206		9,741		11,518		12,333		11,709		9,197		8,886		9,065		8,944		9,561		10,116		10,316		10,613		10,359		10,897		10,914		10,920		10,631		11,230		11,328		11,402		11,905		12,242		12,773		13,419		14,134		14,330		14,863		15,179		15,030		15,304		15,944		16,689		16,491		16,284		16,975		17,567		18,373		18,789		18,577		18,856		18,325		18,920		20,123		20,717		21,236		21,788		22,499		23,059		23,201		22,849		23,298		23,616		24,279		24,603		25,230		26,052		26,849		27,735		28,467		28,405		28,604		29,074		29,845		30,481		31,004		31,357		31,178

		Portugal		450				425				606				740				819				923																																																												923		991								919												883								891		920		941		945		964		975		933		954		988		966		959		932		969		964		959		947		970		992		1,008		1,034		1,052		1,100		1,114		1,118		1,088		1,128		1,099		1,087		1,101		1,079		1,117		1,125		1,182		1,214		1,249		1,302		1,269		1,266		1,273		1,279		1,233		1,231		1,249		1,219		1,208		1,228		1,242		1,257		1,250		1,258		1,228		1,234		1,212		1,150		1,173		1,229		1,290		1,430		1,473		1,401		1,446		1,419		1,648		1,470		1,610		1,571		1,631		1,643		1,732		1,784		1,669		1,523		1,757		1,747		1,749		1,615		1,747		1,708		1,806		1,893		1,804		1,928		2,071		2,046		2,057		2,086		2,168		2,161		2,298		2,393		2,475		2,564		2,659		2,672		2,794		2,956		3,119		3,330		3,504		3,718		3,992		4,164		4,481		4,873		4,987		5,473		5,871		6,355		7,063		7,048		6,517		6,814		7,166		7,340		7,733		8,044		8,114		8,280		8,255		8,089		8,306		8,641		9,185		9,868		10,372		10,826		11,304		11,417		11,138		11,179		11,614		11,994		12,427		12,939		13,356		13,813		14,021		14,068		13,897		14,048		14,118		14,262		14,482		14,436

		Brasil										400				428				459				646																																																												686																																								713		717		721		724		728		732		736		740		744		748		752		756		760		764		768		773		777		781		785		789		794		773		730		622		621		783		710		699		717		703		678		730		715		714		713		718		770		755		734		776		769		836		809		811		780		798		804		842		808		895		963		963		1,009		1,046		1,024		1,007		1,008		1,060		1,158		1,137		1,048		1,004		1,018		1,076		1,142		1,150		1,235		1,250		1,276		1,263		1,250		1,307		1,229		1,368		1,386		1,390		1,501		1,518		1,596		1,659		1,672		1,702		1,752		1,784		1,848		1,926		1,896		1,994		2,111		2,221		2,335		2,437		2,511		2,463		2,472		2,448		2,527		2,554		2,704		2,860		3,057		3,278		3,538		3,880		4,081		4,187		4,470		4,565		4,678		4,890		5,195		4,850		4,763		4,498		4,643		4,914		5,202		5,270		5,155		5,224		4,920		4,891		4,800		4,937		5,162		5,296		5,366		5,485		5,414		5,377		5,532		5,525		5,552		5,536		5,772		5,878		6,034		6,196		6,429

		South Korea																						600																																																																																																				604																																																																																		815		843		869		902		1,048		1,018		1,118		1,196		1,265		1,092		1,169		1,065		1,131		1,129		1,119		1,152		1,191		1,190		1,118		1,049		1,046		1,039		1,247		1,236		1,337		1,437		1,561		1,619		1,439		1,600		1,598		1,566		1,566		1,476		683		686		719		768		819		854		787		835		1,072		1,124		1,169		1,149		1,206		1,234		1,243		1,226		1,247		1,245		1,316		1,390		1,436		1,569		1,645		1,812		2,040		2,167		2,332		2,456		2,824		3,015		3,162		3,476		3,775		4,064		4,294		4,114		4,302		4,557		5,007		5,375		5,670		6,263		6,916		7,621		8,027		8,704		9,404		9,803		10,232		10,974		11,850		12,579		13,066		12,282		13,350		14,375		14,947		15,764		16,177		16,873		17,493		18,357		19,243		19,614

		y Bra																																																																																																																										0.247078658																																																																																		0.1615382928		0.1621536469		0.164013797		0.1879454691		0.2154194355		0.1864990009		0.2131113189		0.2113943275		0.2226475606		0.1966595127		0.2195341124		0.1921810032		0.1834541406		0.1810800257		0.1781700232		0.1744210382		0.1811677529		0.181125822		0.161990431		0.1688693394		0.1837948337		0.2117052482		0.2610066607		0.2416524366		0.2445930315		0.231610539		0.2428262614		0.2641907173		0.2193812296		0.2282370927		0.1947762612		0.1607607447		0.1359223356		0.119668559		0.0583267048		0.0746374062		0.0808966785		0.0847380189		0.0915593717		0.0893064695		0.077797734		0.0809725393		0.1009814264		0.1084993163		0.1072654883		0.105262922		0.1104091916		0.1160647234		0.1106625627		0.1082572084		0.109333505		0.1045930439		0.1074564853		0.1087996869		0.1070397989		0.111036467		0.1147695882		0.1219173469		0.1343930887		0.144201977		0.1523990228		0.1540698449		0.1692253354		0.182839073		0.1941643998		0.204794729		0.2148743615		0.2211897508		0.2285346093		0.2214577249		0.2281482551		0.2486908832		0.2646365902		0.2670929531		0.2737029113		0.2949210628		0.3174227598		0.3387012751		0.3481159855		0.3751816823		0.4115934486		0.4207724413		0.433258582		0.4520020637		0.4816650363		0.4985552951		0.5015449356		0.4574366312		0.4813468606		0.5049550706		0.5262107118		0.5510982796		0.5564153355		0.5653645381		0.5738937386		0.5920899814		0.6136685563		0.629098148

		y SouthKorea										1				1.06875				0.8713472486				0.513904056																																																												0.3795927896																																								0.2916471506		0.286407323		0.2836215016		0.2781850707		0.2882149641		0.2818253242		0.2864151494		0.2851744136		0.2812310939		0.2571439105		0.2362351613		0.2351837296		0.227772094		0.2289334824		0.2314265743		0.2362669544		0.2358052838		0.2318303776		0.239221967		0.2312382809		0.2339417397		0.2228105197		0.1957836075		0.1786941786		0.1874572081		0.2149751373		0.2025830309		0.1854627316		0.1897069855		0.1735147612		0.1658449437		0.1635213487		0.1616919048		0.1568748233		0.1616427025		0.1546998976		0.1516607929		0.1491099013		0.1609699128		0.1547036737		0.1548682865		0.1656221109		0.1555899567		0.152995737		0.1625134232		0.1640405724		0.1473215388		0.1604327594		0.1427225172		0.1576029362		0.1734601569		0.1809882585		0.1821485235		0.1696238222		0.1642860079		0.1603498526		0.1527166582		0.1611500423		0.1763017361		0.1648771255		0.1687234719		0.1764484537		0.2074754544		0.2251904042		0.2233881862		0.2103568008		0.1990854941		0.1943824969		0.2082747069		0.1924743251		0.1782860157		0.1592706327		0.1261954593		0.1187644717		0.1123711648		0.1187104083		0.1632047405		0.1708169576		0.1760955504		0.1855219148		0.1748417372		0.1682542963		0.1698635701		0.16811782		0.1783549882		0.176724704		0.1737572811		0.1826120814		0.198599076		0.1977709564		0.2061049783		0.2137634275		0.2109168434		0.2012060223		0.1935537088		0.1824611588		0.1787759904		0.1782253351		0.1819455165		0.1884027163		0.2033765943		0.2142189927		0.2218959077		0.2324909568		0.2474604181		0.257152836		0.263304695		0.2598901312		0.2546352625		0.2602510417		0.2796431499		0.2571958156		0.2599069804		0.2377434564		0.2307460898		0.2371909989		0.2449444151		0.2418580694		0.2290968965		0.226532663		0.2120662993		0.2140686601		0.2060239467		0.2090734278		0.2126165184		0.215246081		0.2126777301		0.2105630004		0.2016557257		0.1938731334		0.1943381806		0.1944930667		0.194111236		0.1904039868		0.1933992075		0.1928335008		0.1946136132		0.1975917957		0.2062032732
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