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Abstract 

Is deindustrialization a natural phase in the path of economic development of nations? Is the inverted “U” figure that relates 

the share of industry value added in a country’s gross domestic product to its per capita income levels a valid representation 

for any country at any time? Are there countries where the “natural” process of deindustrialization occurs early? Is the 

Brazilian economy a victim of early deindustrialization? This study made the analytical option to treat the phenomenon of 

deindustrialization within the scope of theories of economic development, particularly the idea of structural change as a 

synthesis of the development process. The pivotal concept of unbalanced growth developed by Albert Hirschman is the 

inspiration for this work. The study is essentially descriptive. Based on the OECD Leontief matrices, the traditional indicator 

of backward linkages was calculated and a new indicator – leakage – was defined, representing the degree of leakage of 

backward linkages by means of imports. This indicator was calculated using the two versions of the OECD Leontief matrices 

- total and domestic -, that shows the total value of backward linkages and the value of backward linkages which impacts 

only the domestic structure. The study performs a comparative analysis of the aggregate and sectoral linkage and leakage 

indicators for three countries: Brazil, China, and the United States, from 1995 to 2018.  

The study shows that China implemented a successful structural change based on the substitution of imports with 

international integration and reaped as a result a significant increase in its growth potential. It is like China adopted a 

reinterpreted version of the import substitution industrialization (ISI) model. Comparatively, in Brazil, the international 

integration did not bring significant gains to the economy’s growth potential, when measured by the value of the coefficients 

of direct and indirect impacts. The United States enters as a counterpoint to demonstrate that advanced economies with a 

diversified and balanced productive structure tend to be more stable regarding structural changes. The study also verified 

the existence, in many sectors, of a positive relationship between international integration and gain in growth potential. It 

was possible identified for which sectors their dynamic impacts increases as the supply of imported inputs grows. 

Keywords: Structural change, Development strategy, Unbalanced growth, Leontief matrix, Linkages, Leakages. 

 

Resumo 

Mudança estrutural: Brasil, China e Estados Unidos 1995-2018 

Será a desindustrialização uma fase natural no caminho do desenvolvimento econômico das nações? Será o formato de “U” 

invertido que relaciona a percentagem do valor acrescentado da indústria no produto interno bruto de um país com os seus 

níveis de rendimento per capita uma representação válida para qualquer país em qualquer momento? Existem países onde 

o processo “natural” de desindustrialização ocorre precocemente? A economia brasileira é vítima da desindustrialização 

precoce? Neste estudo fez-se a opção analítica de tratar o fenômeno da desindustrialização no âmbito das teorias do 

desenvolvimento econômico, apoiando-se na ideia de mudança estrutural como uma síntese do processo de 

desenvolvimento. O conceito de crescimento desequilibrado, proposto por Albert Hirschman, é a inspiração deste trabalho. 

O estudo é essencialmente descritivo. Com base nas matrizes Leontief construídas pela OCDE, o indicador tradicional de 

encadeamento para trás foi calculado e um novo indicador – vazamento -, identificando o vazamento, por meio de 

importações, dos encadeamentos a montante, foi definido. Este indicador foi calculado utilizando-se as duas versões das 

matrizes Leontief da OCDE - total e doméstico -, que mostram o valor total dos encadeamentos para trás e o valor dos 

encadeamentos para trás que impactam apenas a estrutura doméstica. O estudo realiza uma análise comparativa do 

desempenho agregado e setorial dos indicadores de encadeamento e vazamento para três países: Brasil, China e Estados 

Unidos, de 1995 a 2018. 

O estudo mostra que a China implementou uma mudança estrutural bem-sucedida baseada na substituição de importações 

com integração internacional e colheu como resultado um aumento significativo no seu potencial de crescimento. 

Comparativamente, no Brasil, a integração internacional não trouxe ganhos significativos ao potencial de crescimento do 

país, quando medido pelo valor dos coeficientes de impactos diretos e indiretos. Os Estados Unidos são o contraponto para 

demonstrar que economias avançadas com uma estrutura produtiva diversificada e equilibrada tendem a ser mais estáveis 

no que diz respeito as mudanças estruturais. O estudo verificou também a existência, em muitos setores, de uma relação 

positiva entre integração internacional e ganho de potencial de crescimento. Foi possível identificar para quais setores seus 

impactos dinâmicos aumentam à medida que cresce a oferta de insumos importados. 

Palavras-chave: Mudança estrutural, Estratégia de desenvolvimento, Crescimento desequilibrado, Matriz de Leontief, 

Encadeamentos, Vazamentos. 

JEL: 014. 
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1 Introduction  

 This work is the result of a period of study as a visiting scholar at Columbia University in the 

years 2022 and 2023, at the invitation of Professor Albert Fishlow, whom I thank for the generous 

opportunity to benefit from his keen and thought-provoking comments and his vast knowledge of the 

Brazilian economy and society.1 

 Deindustrialization is a hot topic in Brazil and has received great attention from Brazilian 

researchers. Countless studies have been conducted using different methodologies and varied 

databases and the divergence of diagnoses and therapies is remarkable. The matter has moved beyond 

the academic sphere and is an important item on the political and electoral agenda in Brazil. 

 As chief economist at the Institute of Studies for Industrial Development (IEDI) in the mid-

2000s, I actively participated in this debate, at a time when the discussion on Brazilian 

deindustrialization was linked to the issue of exchange rate appreciation that plagued the economy, 

especially the industrial sector. 

 Studies on exchange rate misalignment were conducted and a series of seminars to deal with 

the subject were organized. 

 Years later, as a retired professor at the Institute of Economics at the University of Campinas, 

I became interested in the subject again and realized that a different methodology from the ones 

usually employed would be necessary to better understand the phenomenon. I then resorted to the 

concepts I used in my master’s thesis in the distant year of 1985, under the guidance of Professor 

Maria da Conceição Tavares. In that work, I used the newly constructed first Brazilian input-output 

matrices (the ones available were for the years 1970 and 1975) to identify “industrial complexes” - 

an analytical category in vogue at the time - with the aim of understanding the feedback mechanisms 

of production through the coefficients of direct and indirect impacts.2 

 The availability by the OECD of harmonized input-output matrices and Leontief matrices for 

several countries in the period from 1995 to 2018 made the option for the new methodology feasible. 

The vibrant academic environment and exceptional material conditions at Columbia University also 

made the work possible. 

 The study presented here is descriptive. It is a first approach. It aims, in fact, to evaluate the 

possibilities opened up using this methodology and this database. The deepening of the analysis and 

the eventual formulation of ideas for the interpretation of the phenomenon are tasks that still demand 

work and the use of more sophisticated methodologies. It is not a task for a solitary researcher. 

 Based on the OECD Leontief matrices, the traditional indicator of backward linkages was 

calculated, and a new indicator (leakage) was defined, representing the degree of leakage of linkages 

to the outside, by means of imports. This new indicator was possible to calculate because the OECD 

                                                      
(1) All the opinions presented here are my responsibility and do not represent the opinion of Professor Fishlow or 

the Institute of Latin American Studies (ILAS), an institution linked to the School of International and Public Affairs (SIPA), 

at Columbia University, which kindly hosted me for this period of study. 

(2) Currently, input-output matrices have been widely used in the operationalization of computable general 

equilibrium (CGE) models. 
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Leontief matrices are constructed in two versions: total and domestic. The difference between the 

indicators corresponds to the degree of leakage of backward impacts. 

 A comparative analysis of the indicators for three countries was conducted: Brazil, China, 

and the United States. The reason for choosing these countries was due to the theoretical approach 

adopted in the work. The option to treat the phenomenon of deindustrialization within the scope of 

theories of economic development placed the idea of structural change at the forefront of the analysis, 

as a synthesis of the development process, in line with the main scholars on the subject, especially 

Albert Hirschman. 

 The pivotal Hirschmanian concept of unbalanced growth is the inspiration for this work. 

 Brazil, China, and the United States are paradigmatic cases for the study of structural changes. 

While China experienced one of the most fantastic structural changes in recent history, the economic 

structure of the United States remained stable and that of Brazil involuted. 

 The analysis was conducted at two levels: aggregate and sectoral. First, we studied the 

evolution of average aggregate indicators and their respective dispersion coefficients. 

 Second, at the sectoral level, the linkage and leakage indicators were analyzed for each of the 

sectors of activity3. This analysis sought to verify whether there is any relationship between sectoral 

linkage and leakage indicators. For this purpose, correlation indices between these indicators were 

calculated. 

 Anticipating some of the work’s conclusions, the results obtained show that the degree of 

sectorial leakage (measured by the leakage indicator) is related in distinct ways with the sectoral 

linkage indicators. The magnitude of backward impact indices varies, sometimes negatively and 

sometimes positively, depending on the degree of leakage. In principle, contrary to common sense, 

the indication is that in several sectors of activity, in the three countries, the power to generate 

productive impacts increases as the supply of imported inputs increases. 

 At the end of each section presenting the sectoral indicators, a hierarchy is made comparing 

the relative position of the sectors at the beginning and at the end of the period. For the linkage 

indicator, the hierarchy shows the effect of structural changes on the magnitude of the indicator, 

identifying which are the sectors of activity today with the greatest power to generate effects of 

productive chaining and, in the case of the leakage indicator, those that currently have the highest 

degree of leakage impacts on the production chain to the outside. 

 In addition to this brief introduction, this paper has 8 other sections. In the following section, 

the main theoretical references of the study are pointed out and the indicators and the database are 

defined. Section 3 shows the evolution of the aggregated linkages and leakages indicators. Sections 

4, 5, and 6 present the evolution of sectoral indicators, respectively for Brazil, China, and the USA. 

Section 7 makes a comparative analysis of the sectoral indicators between countries, and section 8 

presents the sectoral correlation coefficients between linkage and leakages. At the end, section 9 

presents the conclusions of the work. 

                                                      
(3) For periodization, I considered the Five-Year Plans in China, the alternation between republicans and democrats 

in the United States, and the transition from the PSDB to the PT in Brazil, along with the brief post-impeachment PMDB 

period. 
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2 Deindustrialization and structural change 

 Is deindustrialization a natural phase in the path of economic development of nations? Is the 

inverted “U” figure that relates the share of industry value added in a country’s gross domestic product 

to its per capita income levels a valid representation for any country at any time? Are there countries 

where the “natural” process of deindustrialization occurs early? Is the Brazilian economy a victim of 

early deindustrialization? 

 These issues have guided the debate about industry in Brazil for at least 20 years and a 

consensus on the subject is still far from being reached. Even due to the lack of a minimum consensus 

on the matter, none of the attempts to put in motion an industrial (and technological) policy that could 

reverse the phenomenon have been successful so far. 

 In the absence of a consensus capable of sustaining the implementation of a comprehensive 

strategy to relaunch industry and the economy itself on a sustainable trajectory of long-term growth, 

what prevails are sectorial and particular interests, which manage to transform the fulfillment of their 

specific demands into public policies through their access channels and pressure mechanisms. 

 Perhaps the difficulty in reaching a mutual understanding and establishing basic principles 

for a development strategy is that the debate has focused only on industry, losing the perspective that 

industrial activity is part of a complex productive structure, linked by monetary and productive flows 

to agricultural, extractive, and service activities. 

 It is not a question of minimizing the importance of industry for economic development - 

which occurs, as it is known, especially through the generation of static and dynamic economies and 

the diffusion of technical progress, among other mechanisms, as sustained in the Kaldorian tradition. 

But only recognizing an analytical approach that starts from industry and then moves on to the 

economy as a whole, from the particular to the general, is insufficient, perhaps incorrect, and certainly 

incapable of understanding the phenomenon of deindustrialization. 

 Recovering the concept of structure as an analytical category is the first step towards 

understanding the roots of Brazilian deindustrialization. 

 As a corollary of this approach, deindustrialization is seen not as something restricted to the 

industrial sector, but as part of a broader process of structural change. 

 And structural changes are historically determined processes resulting from the combination 

of numerous factors, some general and others idiosyncratic to each country. 

 This study recovers key ideas that emerged in the debate on development, industrialization, 

and deindustrialization. These will serve as a background for the analysis of the structural changes 

that occurred in Brazil, China, and the United States in the period from 1995 to 2018. Only works 

that directly contributed to the design of the approach adopted in the study are referred to here. The 

other texts consulted are listed separately at the end of the paper. 
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2.1 Development, industrialization, and deindustrialization 

 In a study for the World Institute for Development Economics Research (WIDER), Sukti 

Dasgupta and Ajit Singh4 use the Kaldorian framework to analyze evidence of deindustrialization in 

various developing countries, occurring at per capita income levels lower than those observed in the 

industrialization of advanced economies. 

 Specifically, they assess the hypothesis that the development of sectors other than industry - 

in the specific case of India, the services sector - may be the key for countries with lower per capita 

income to reach the level of development of advanced economies. 

 In conclusion, the authors state that: “The results indicate that manufacturing continues to be 

a critical sector in economic development, but services overall, as well as many individual services, 

including those connected with ICT, also make a positive contribution in a number of developing 

countries such as India.” 

 This conclusion is valid, however, for services that present “dynamic activities in the 

Kaldorian sense”, as the authors point out in a previous work5. More than the nature of the activity in 

the sector, it is the presence of dynamic activities in the Kaldorian sense that can transform a non-

industrial sector into an additional engine of growth and contribute to catching up with advanced 

economies. 

 Emphasis on the additional term is important. The authors maintain that the results of the tests 

conducted in the study show that, in general, industry remains the main mechanism for boosting 

economic growth in countries with lower per capita income. In this sense, in a paper published by the 

Center for Business Research at the University of Cambridge, Singh argues that “...The main policy 

implication of this analysis is that India should take advantage of its strength in ICT and use it 

extensively in all areas of the economy in order to upgrade manufacturing, agriculture as well as 

services, to compete effectively in the world economy.” 6 

 The idea is obviously not to generalize the Indian model, but to retain the concept that, to be 

successful, an industrial policy must consider the specificities of each country, strategically using the 

intersectoral interactions of the most dynamic and internationally competitive sector to boost growth 

and raise the international competitiveness of domestic industry. 

 This approach to the issue of deindustrialization, which seeks to identify the idiosyncratic 

elements of each country that drive the process of loss of industry importance, whether in terms of 

added value or industrial employment, gained impulse with the contribution of José Gabriel Palma. 

In rigorous statistic work applied to an extensive database, Palma validates the “U” shape as a 

representation of the relationship between industrial employment and per capita income over time, as 

proposed by Rowthorn (1994), but problematizes it in time and space, proposing the existence of four 

                                                      
(4) Dasgupta, S. and A. Singh (2006). Manufacturing, Services and Premature Deindustrialization in Developing 

Countries – A Kaldorian Analysis, Research Paper N0 2006/49, United Nations University, World Institute for Development 

Economics Research (UNU-WIDER). 

(5) Dasgupta, S. and Singh, A. (2005). “Will Services Be the New Engine of Indian Economic Growth? 

Development and Change 36(6): 1035-58. 

(6) Singh, A. (2008). The Past, Present and Future of Industrial Policy in India: Adapting to the Changing Domestic 

and International Environment, Centre for Business Research, University of Cambridge Working Paper, n. 376. 
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sources of deindustrialization: (1) an Inverted-U Relationship Between Manufacturing Employment 

and Income Per Capita; (2) a Declining Relationship Between Income Per Capita and Manufacturing 

Employment; (3) a Decline in Income Per Capita Corresponding to the Turning Point of the 

Regression; and (4) Dutch Disease.7 

 Palma argues that the process of deindustrialization is much more complex than most hurried 

analyzes might indicate at first sight, due to several factors and depending on the group of countries 

considered. Both the level of per capita income at which the turning point in the relationship takes 

place and the intensity of the decline vary by country or group of countries. There is no general rule 

that could be associated with a natural process in any country at any time. For him, a country’s 

deindustrialization is a specific and historically determined phenomenon. 

 Particularly interesting is the idea that the “Dutch disease” would account for an overshooting 

in the trajectory of deindustrialization, an additional shift in the curve associated with a sudden surge 

in primary exports or services. Rather than being the cause of deindustrialization, the Dutch disease 

is an aggravating factor in the process, in addition to the other factors driving the loss of positive 

impacts on aggregate employment arising from industrial activity. 

 Palma also analyzes the recent industrialization (or rather, the reindustrialization) of a group 

of countries that managed to transform the “curse” of natural resources into a “blessing”. In the words 

of the author: “…, Finland, Sweden, Malaysia, and, to a lesser extent, other Southeast Asian countries 

rich in natural resources (such as Indonesia, the Philippines, and Thailand) prove that, from the 

perspective of manufacturing employment, there is no such thing as the so-called curse of natural 

resources. It seems patently clear that countries rich in natural resources or having a high potential 

for developing strong export services activities have sufficient degrees of freedom to allow them to 

pursue trade and industrial policies aimed at continuing to develop a strong manufacturing sector—

let alone to implement policies designed to avoid the Dutch disease.”8 

 Giovanni Dosi, Frederico Riccio, and Maria Enrica Virgillito9 are also in line with rescuing 

the diversity of deindustrialization processes, in an even more radical way. Based on a long-term 

cross-country analysis and adopting a sectorial characterization based on Pavitt’s (1984)10 taxonomy, 

the authors categorically reject the idea of a natural tendency towards deindustrialization and the 

inverted “U”11 shape as a general representation of the evolution of the relationship between the 

degree of industrialization and per capita income. 

                                                      
(7) Palma, J. G. (2005). Four Sources of “De-Industrialization” and A New Concept of the “Dutch Disease”, in 

Ocampo, J. A. (2005). Beyond Reforms - Structural Dynamics and Macroeconomic Vulnerability, Latin American 

Development Forum Series, United Nations Economic Commission for Latin America and the Caribbean (ECLAC) and 

World Bank, Stanford University Press and World Bank. 

(8) Palma (2005, p. 108).  

(9) Dosi, G., Riccio, F. and Virgillito, M. E. (2021). Varieties of deindustrialization and patterns of diversification: 

why microchips are not potato chips, Structural Change and Economic Dynamics 57, p. 182-202. 

(10) Pavitt, K., (1984). Sectoral patterns of technical change: towards a taxonomy and a theory. Res. Policy 13 (6), 

p. 343-373. 

(11) The authors analyze a panel of data from INDSTAT2/UNIDO, Penn World Table 9.0, and MVA/UNIDO for 

173 countries from 1963 to 2015. 
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 The analysis is carried out at two levels: using industry segments according to the ISIC 

classification and using Pavitt’s taxonomy. The authors find a diversity of relationship formats, 

whether considering segmentation by industry sectors, or by segmentation according to technological 

standards and learning regimes from a neo-Schumpeterian/evolutionary perspective. 

 The fundamental reason for the diversity of trajectories when industrial sectors are regrouped 

according to their patterns of technology generation, absorption, and diffusion is “... in the timing and 

in the response to globalization.”12 The authors thus join Dani Rodrik, who, in his decisive 

contribution to the debate on deindustrialization and early deindustrialization, proposes the 

globalization of the world economy as the driving factor behind the recent deindustrialization of 

developing countries. 

 In Rodrik (2016)13 there is a vigorous study on the trend towards deindustrialization of 

advanced economies and the early deindustrialization of developing economies. Regarding the latter, 

Rodrik states that “With some exceptions, confined largely to Asia, developing countries have 

experienced falling manufacturing shares in both employment and real value added, especially since 

the 1980s.”14 A first result to be highlighted from the study is that in advanced economies 

deindustrialization manifests itself only when measured in terms of the share of industrial 

employment in total employment, but the same does not happen with equal intensity or in a 

generalized way when measured in terms of participation of industry added value in GDP, a fact 

generally obscured by the use of value added series in current prices instead of constant prices. 

 Referring to Robert Z. Lawrence and Lawrence Edwards15, Rodrik notes that the traditional 

explanation for the loss of participation of industrial employment in relation to employment in the 

service sector resides in the difference in the productivity growth rate between these sectors, with the 

manufacturing sector historically showing higher rates than other sectors of the economy. The 

adjustment of productivity differentials takes place through changes in relative prices and, if the 

elasticity of substitution between employment in industry and other sectors of the economy is less 

than unity, equilibrium in the new vector of relative prices occurs with a fall in demand for industrial 

employment. 

 This rationale would be able to explain deindustrialization in advanced economies in a 

general way, but it would be inadequate to interpret the same phenomenon in developing economies. 

The reason for this inadequacy lies in the process of domestic price formation in developing 

economies following their opening up. 

 Less developed economies, due to their small participation in the global manufacturing 

market, are international price takers and “import” the deindustrialization of advanced countries 

through the adjustment of productivity differentials and relative prices promoted in global markets. 

With economies open to international trade, this adjustment occurs more quickly and intensely, 

compared to the period when domestic industries were protected from international competition. 

                                                      
(12) Dosi, G., Riccio, F. and Virgillito, M. E. (2021, p. 194). 

(13) Rodrik, D. (2016). Premature deindustrialization, J Econ Growth 21, p. 1-33. 

(14) Rodrik, D. (2016, p. 2). 

(15) Lawrence, R. Z.; Edwards, L. (2013). US Employment deindustrialization: Insights from History and The 

International Experience. Peterson Institute for International Economics, Policy Brief No. PB13-27. 
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 This is why Rodrik identified the opening of developing economies to international trade in 

the context of market globalization as the primary cause of the precocious deindustrialization of these 

economies.16 

 Specifically in the case of Brazilian deindustrialization, there are a vast number of studies 

addressing the issue from different angles, using various statistical and econometric methodologies, 

and obtaining results that are in some cases even contradictory. 

 It is worth highlighting the work by Regis Bonelli and Samuel Pessoa17, published as a Text 

for Discussion by IBRE/FGV, in which the authors make reasoned criticisms of the very construction 

of the indicator traditionally used to measure the “degree of industrialization” of an economy, that is, 

the ratio between the added value of the industry and the added value of the economy as a whole, 

obtained from the national accounts. 

 Among other limitations of the indicator, the authors point out the one resulting from changes 

in the system of national accounts of the IBGE in 1989-1990 and 1994-1995 that resulted in 

discontinuities in the series of participation of the manufacturing industry in the gross domestic 

product. Another distortion was related to the “servitization” process of originally industrial activities, 

not adequately captured in the national accounts. The authors also draw attention to the need for 

methodological corrections for the construction of the indicator for the series of national accounts 

prior to 1995 and at constant prices. 

 After making the necessary adjustments, Bonelli and Pessoa conduct a cross-section analysis 

for a set of 170 countries, estimating the expected shares of industry in GDP considering several 

variables indicative of the degree of economic and technological development, factor endowment and 

size of the countries. In the case of Brazil, the authors compare the expected results with those verified 

and conclude that the development model based on import substitution produced an excessive 

industrialization of the country from 1970 to 1993, considering the international pattern captured by 

the cross-section analysis. They maintain that recent deindustrialization (if it occurred) was due to 

macroeconomic factors – low growth, high interest rates, and the tax burden – and the economic 

opening that, in the end, would have aligned the participation of Brazilian industry in the GDP to the 

international standard, correcting the excessive industrialization of the pre-opening period. 

                                                      
(16) Trade liberalization appears as an important explanatory variable for the deindustrialization process of most 

developing economies in a recent study by Elisangela Araújo, Eliane Araújo, Samuel C. Peres and Lionello F. Punzo. The 

authors estimate an equation of determinants of industrial added value, with panel data for a selected group of countries in 

the period 1970 – 2017 and find a significant negative coefficient for the variable economic openness. It is interesting to 

observe, on the other hand, that this same variable has a significant value and a positive sign for the group of developed 

countries. See Araujo, E. Araújo, E., Peres, S. C. and Punzo, L. F. (2021) An investigation into shapes and determinants of 

deindustrialization processes: Theory and evidence for developed and developing countries (1970–2017), Economy 22,  

p. 129-143, 2021. 

(17) Bonelli, R. and Pessoa, S. (2010). Desindustrialização no Brasil: um Resumo da Evidência, IBRE – FGV. 

Texto para Discussão, n. 7. 
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 The work of Edmar Bacha in 201318 also looks to macroeconomics for the foundations of 

deindustrialization in Brazil. Using a simple macroeconomic model with two sectors (tradables and 

domestic), Bacha demonstrates that the strong inflow of foreign capital and the rise in commodity 

prices (external bonanza in the author’s terms) caused changes in the relative prices between tradable 

and domestic goods and, consequently, in the demand of these sectors. As a result of the 

macroeconomic adjustment to the external positive shock, the occupation of labor shifted from the 

industrial sector to the service sector.  

 In a distinct perspective from the previous ones, Célio Hiratuka and Fernando Sarti19 draw 

attention to the impacts on Brazilian industry of the transformations in the global productive structure 

resulting from the intensification of global inter-firm competition and the reorganization of large 

transnational companies. The changes in the productive structures were, in the authors’ evaluation, in 

the direction of “... an intense de-verticalization, with the fragmentation of activities accompanied by 

an intense international transfer of productive stages, in order to take advantage of the possibilities of 

cost reduction, accompanied by gains in scale and scope, made possible by the expansion of markets 

and the coordinated management of geographically dispersed activities.” 20 

 It is important, in fact, to bring external “microeconomic” conditions to the debate on 

Brazilian deindustrialization. In the context of economic globalization and the impressive growth of 

international flows of goods and services, it is imperative that the search for the fundamentals of the 

loss of importance of Brazilian industry, both in the domestic and international scenario, has the 

international frame of reference as its starting point. 

 Finally, André Nassif, Carmem Feijó and Eliane Araújo21 make an important contribution to 

the debate by analyzing Brazilian deindustrialization, promoting the encounter between 

Kaldor/Thirlwall and the neo-Schumpeterians, adding sectoral elements related to patterns of 

technological change and innovation to the analysis.  

 From reading the texts referred to here, the following general conclusions emerge, which 

serve as a reference for the approach adopted in this work: 

1. Deindustrialization and early deindustrialization are historical processes robustly proven 

by empirical studies, whose occurrence cannot be placed in doubt; 

2. When measured for industry as a whole, the trajectory of the relationship between the 

share of industrial employment or industrial value added in aggregate employment or GDP and 

the country’s per capita income presents the shape of an inverted “U” in general; 

                                                      
(18) Bacha, E. (2013). “Bonança externa e desindustrialização. Uma análise do período 2005-2011”. In: Bacha, E.; 

Bolle, M. (Org.). O Futuro da Indústria no Brasil: Desindustrialização em Debate. Rio de Janeiro: Civilização Brasileira.  

(19) Hiratuka, C.; Sarti, F. (2017). Transformações na Estrutura Produtiva Global, Desindustrialização e 

Desenvolvimento Industrial no Brasil, Revista de Economia Política, v. 37, n. 1 (146), p. 189-207. 

(20) Hiratuka, C.; Sarti, F. (2017, p. 198). 

(21) Araujo, E.; Feijó, C. e Nassif, A. (2014) Structural change and economic development: is Brazil catching up 

or falling behind? Cambridge Journal of Economics 2015, 39, p. 1307-1332.  
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3. However, when calculated in a segmented way for sectors or groups of industrial sectors, 

the generalization of the inverted “U” shape is not verified; 

4. Even when calculated for industry as a whole and when there is a recognizable pattern 

in the trajectory, a detailed analysis of the phenomenon indicates that its probable causes and its 

form of manifestation differ depending on the country and the historical moment considered; 

5. Productivity differentials between domestic and international producers and the intensity 

of international trade flows are decisive drivers of the early deindustrialization of developing 

economies; 

6. When analyzed by subgroups of developing countries, there is no evidence of 

widespread deindustrialization. In fact, in most Asian countries, the opposite occurred; 

7. There are indications that sectors of activity other than industry can present Kaldorian 

properties of generation and diffusion of technical progress and innovations; 

8. Macroeconomic factors can also play an active role in promoting deindustrialization 

through relative price adjustments and the generation of sectoral profitability differentials that 

directly influence the allocation of resources and investment decisions; 

9. In the Brazilian case, although there is evidence of deindustrialization, understanding 

the causes and intensity of the phenomenon requires further studies and a consensus on the nature 

and consequences of deindustrialization is still far from being achieved. 

 

2.2 Unbalanced growth, import substitution and structural change 

 In the mid-1980s, the World Bank published a study22 conducted by Hollis Chenery, Sherman 

Robinson, and Moshe Syrquin, with contributions from other researchers, which established essential 

benchmarks for understanding the debate on industrialization and development. 23 

 At the beginning of the report, the authors define the concept of development adopted in the 

work: “Development is now conceived as the successful transformation of the structure of an 

economy.”24 The corollary of this statement would be: there is no development without a successful 

transformation of the economy’s production structure. Industrialization is, by definition, structural 

transformation, and understood by many as the key to the development of countries with lower per 

capita income25. 

                                                      
(22) This study is the third in a series whose two previous ones are “A Comparative Study of Sources of Industrial 

Growth and Structural Change”, published in 1975, and “The Sources of Growth and Productivity Change”, published in 

1980. 

(23) Chenery, H., Robinson, S. and Syrquin, M. (1986) Industrialization and Growth – A Comparative Study, 

Oxford University Press, World Bank. 

(24) Chenery et al. (1986, p. ix). 

(25) On the debate of the 1950s and 1960s about the benefits of industrialization see Rosenstein-Rodan, P. (1943). 

“Problems of Industrialization in Eastern and South-eastern Europe.” Economic journal 53 (June-September): 202-11. 

Mandelbaum, K. (1945). The Industrialization of Backward Areas. Oxford: Blackwell. Prebisch, R. (1950). The Economic 
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 The authors make an important methodological division between studies on industrialization, 

development, and economic growth: 

There are two contrasting views of the way economic growth occurs. In the neoclassical tradition, 

GNP rises as the result of the long-term effects of capital formation, labor force expansion, and 

technological change, which are assumed to take place under conditions of competitive 

equilibrium. Shifts in demand and the movement of resources from one sector to another are 

considered relatively unimportant because labor and capital produce equal marginal returns in all 

uses.  

In the second, broader view, economic growth is regarded as one aspect of the transformation of 

the structure of production that is required to meet changing demands and to make more 

productive use of technology. Given imperfect foresight and limits to factor mobility, structural 

changes are most likely to occur under conditions of disequilibrium; this is particularly true in 

factor markets. Thus, a shift of labor and capital from less productive to more productive sectors 

can accelerate growth. Although this type of structural analysis has not received the same rigorous 

formulation as general equilibrium theory, it can provide a basis for empirical analysis (Chenery 

et al., 1986, p. 13).  

 In fact, the distinction between the two theoretical approaches - on the one hand, models of 

equilibrium, of neoclassical extraction, and on the other hand, structural changes that generate 

imbalances – is necessary to smooth the terrain of the theoretical-academic debate on development 

strategies and, by derivation, from the debate on industrialization and deindustrialization. 

 In the table below, taken from Chenery et al. (1986), the authors summarize the main 

distinctions between the two theoretical approaches.26 

 

 

 

 

 

 

 

 

                                                      
Development of Latin America and Its Main Problems. New York: United Nations Economic Commission for Latin 

America and Nurkse, R. (1961). “Balanced and Unbalanced Growth.” In G. Haberler and R. M. Stern, eds., Equilibrium 

and Growth in the World Economy. Cambridge, Mass.: Harvard University Press, all cited in Chenery et al. (1986). 

(26) Chenery et al. (1986, p. 15). The balanced growth models, regardless of their specific formulation, consider in 

the analysis and definition of the equilibrium path of the economy in the process of industrialization macroeconomic 

determinants – fiscal, monetary and balance of payments effects on the productive structure. Currently, the most advanced 

models in this analytical perspective are the Computable General Equilibrium (CGE) models. 



Structural change: Brazil, China, and the United States 1995-2018 

Texto para Discussão. Unicamp. IE, Campinas, n. 462, maio 2024. 13 

Alternative views of growth 

 
 

 There are obvious implications of the chosen theoretical approach for the profile of proposed 

policy initiatives within the scope of a development strategy. The very idea of the need/possibility of 

implementing development strategies and policies depends on the theoretical framework adopted. 

 The idea of imbalance refers, in this context, to imbalances in the productive structure, arising 

from the exogenous generation of profitability differentials between sectors of the economy, inducing 

investments in these sectors. This notion of disequilibrium should not be confused with the, to a 

certain extent, skewed interpretation that structural disequilibria is equivalent to macroeconomic 

disequilibria, whose most obvious manifestation is inflation. 

 It is also true that the creation of profitability differentials between sectors of the economy 

demands some kind of public policy (tax, commercial, technological, regulatory etc.) but does not 

necessarily imply direct action via public investment, although there are cases where this may be 

necessary. From the need for some form of public intervention, however, it does not follow that an 

unbalanced growth strategy is necessarily inflationary. On the contrary, productivity gains and 

overcoming bottlenecks in the supply of goods and services resulting from successful transformations 

in the structure of production should have a permanent and long-term deflationary effect. 

 The formulator of the strategy of economic development through unbalanced growth was 

Albert O. Hirschman. 

 In the preface to the 1961 edition of the classic The Strategy of Economic Development27, 

Hirschman outlines the basic difference between the idea of unbalanced growth and the traditional 

                                                      
(27) Hirschman, A. O. (1958) The Strategy of Economic Development, Yale University Press. In this book, 

Hirschman presents his theory, combining theoretical elements with extensive empirical experience, and addresses a variety 

of themes, all related to the debate on economic development. He uses concepts from anthropology, sociology, macro and 
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vision of balanced growth: “In other words, I do not deny by any means the interrelatedness of various 

economic activities of which the balanced growth theory has made so much. On the contrary, I 

propose that we take advantage of it, that we probe into the structure that is holding together these 

interrelated activities. As in the atom, there is much energy here that can be and is in fact being utilized 

in building up economic development nuclei. Later, these nuclei look as though they could never have 

been separated even for a single instant when in fact they might never have been assembled, had not 

a sequential solution, i.e., an unbalanced growth sequence was found, by accident, instinct, or 

reasoned design. …”28. 

 For Hirschman, development is a chain of imbalances: “... the sequence that ‘leads away from 

equilibrium’ is precisely an ideal pattern of development from our point of view: for each move in 

the sequence is induced by a previous disequilibrium and in turn creates a new disequilibrium that 

requires a further move.”29 

 The disequilibrium Hirschman refers to is not that short-term mismatch between supply and 

demand that results in a shortage (or excess) of demand and is eventually corrected by price 

adjustments, but rather the disequilibrium of the supply structure, corrected only through investment. 

 Hirschman proposes redefining the concept of induced investment, in a way that is more 

appropriate to the reality of underdeveloped countries. Traditionally, induced investment is defined 

as that which occurs in response to past increases in demand, induced, in this case, by pressure on 

installed capacity. The induction to which Hirschman refers comes from the complementarities and 

externalities generated by current investment. In his words, “[t]his definition makes induced 

investment look very much like the multiplier: each investment is conceived as inducing a series of 

subsequent investments…”30 

 The transmission mechanism by which complementarities and externalities generated by 

investment induce new investments, that is, the investment multiplier, is operationalized by the 

backward linkages and forward linkages, defined by Hirschman in chapter 6 of The Strategy of 

Economic Development. 

 In the input-output analyzes initially developed by Wassily Leontief31, the premise adopted 

is that, in the short term, the technical coefficients of production are fixed or vary monotonically with 

production, so that the expansion of the production of a sector requires the expansion of the 

production of all sectors that supply its inputs (backward linkages). If there is no domestic production 

capacity to meet the increased demand for inputs, this demand will be met by imports. 

 In the other direction – the destination of sectoral sales, the existence of a domestic supply of 

a given good should, in practice, stimulate its own demand, provided that the product proves to be 

competitive with similar imported goods. As long as it is efficient in terms of prices and quality, a 

                                                      
microeconomics, and political economy to outline his analytical framework. Here we refer only to those passages of the 

book relevant to the foundation of the approach adopted in the present work. 

(28) Hirschman, A. O. (1958, p. viii). 

(29) Hirschman, A. O. (1958, p. 68-67). 

(30) HIrschman (1958, p. 71). 

(31) Leontief, W. W. (1941) The Structure of American Economy 1919-1929 an Empirical Application of 

Equilibrium Analysis, Harvard University Press. 
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theoretical excess of supply capacity will induce an increase in production in the downstream sectors 

(forward linkages). The increase in intermediate domestic demand, complemented by final demand 

(exports, public and private consumption – always in competitive terms), will feed back the effects 

of backward chaining and put the economy in a growth spiral.32 

 Hirshman proposes a simple model of induced investment having as key variables sectoral 

imports and the minimum economically viable scales of production. Given an aggregate growth rate 

of the economy and a certain supply structure in which domestic production capacity is lower than 

the demand in certain sectors, the volume of imports from these sectors tends to grow and, eventually, 

exceed the minimum viable scales, inducing investments in the creation and/or expansion of the 

production capacity of goods whose volume of imports has grown.33 

 The effectiveness of the investment will depend on the expectation of maintaining the 

imbalance over a reasonable time horizon, as well as on solving the financing of capital investment. 

However, the essential thing is that the basic requirement for conducting the investment – the 

existence of demand – would be contemplated. 

 The model, despite its simplicity, also helps to explain the fact that even at a constant rate of 

economic growth, the trajectory of the rate of gross capital formation is not linear and investment 

booms occur, especially in the initial stages of the process of industrialization of less developed 

economies. It also helps to explain why in advanced countries, once an extensive and diversified 

domestic industrial base is built, the investment rate tends to be more stable and driven especially by 

technological advances. 

 In summary, based on the idea of unbalanced growth, at the end of the day Hirshman proposes 

a development strategy based on inducing private investment to replace imports. 

 Ten years after the publication of The Strategy of Economic Development, in an article 

published in the Quarterly Journal of Economics34, Hirschman faced criticism of the “import 

substitution industrialization” (ISI) model and the disenchantment with this development strategy that 

emerged after its initial success (disenchantment shared even by its main formulators). In this article, 

Hirschman re-presents the driving elements of the ISI, the distinct stages of the process and slightly 

reformulates the scheme of inducing substitutive investment proposed in The Strategy. 

 In this reformulation, one point deserves emphasis: the crucial importance of market size. In 

the words of the author: “[t]hese considerations make us understand better the tremendous importance 

of market size (so well illustrated by the exceptional achievements in Latin American of Mexico and 

Brazil) if the backward linkage process is to be vigorous”35. At the end, in defense of the model, he 

writes: “This paper has no means denied the various difficulties which the ISI process is apt to 

experience; in fact, they have on occasion been shown to be more deepseated than had been thought. 

                                                      
(32) The intensity, frequency, and specificity of relationships between groups of sectors lead to the configuration of 

“complexes” or sectoral clusters, in general geographically close. 

(33) Hirschman (1958, ch. 6, p. 98-119). 

(34) Hirschman, A. O. (1968) The Political Economy of Impost-Substitution Industrialization in Latin America, 

The Quartely Journal of Economics, v. 82, n. 1, Feb., Oxford University Press. 

(35) Hirschman, A. O. (1968, p. 16). 
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At the same time, our exploration of the characteristics of the process has made it possible to discern 

avenues toward continued industrial growth that remain open to the late latecomers.”36 

 Import substitution was, effectively, the development strategy adopted by most Latin 

American countries. With the support of the Economic Commission for Latin America and the 

Caribbean (ECLAC), and under the leadership of Raúl Prebisch, the ISI became state policy, directing 

economic policy, especially foreign trade, in almost all countries of the region. 

 The debate about the benefits, rights and wrongs of ISI is huge and remains open. Whether 

ISI is capable of fully explaining the industrialization of the region or if it responds only to delimited 

phases of this process is a controversial topic. 

 It is far beyond the scope of this study to comment on this immense literature. What we will 

do next is to note the ideas of Albert Fishlow, one of the most distinguished scholars on the subject, 

which are more related to the study developed here. 

 Fishlow has been studying the economic development of Latin America and especially Brazil 

for the last almost 60 years. His work is extensive and, in addition to dealing in depth with the 

economy in its various dimensions, he also makes advances in the fields of politics and political 

economy. 

 In his 2013 essay, Fishlow (2013)37 identifies three characteristics of Brazilian 

industrialization: (1) the sequential pattern of import substitution, moving from textiles to 

intermediate goods and then to consumer durables (capital goods being far from the central focus of 

the process); (2) the cyclical pattern inherent to import substitution generating imbalances in specific 

sectors and in the trade balance; and 3) the leading role of state action. 

 The first of the three features’ points to the fact that the sequence of the import substitution 

process matters. The profile of the sectors subject to import substitution is decisive for the format and 

continuity of the process. The effects of import substitution by domestic production on the balance of 

payments, return on invested capital, job creation and domestic income will differ according to the 

sectoral direction of import substitution. These effects depend on the minimum scale of efficient 

production, the size of the market and the sectoral productivity level. 

 The second characteristic has another relevant implication. With the advance of 

industrialization towards the production of durable consumer goods, the industrial structure becomes 

even more intensely subject to the cyclical behavior of economic activity, not only due to variations 

in income and credit, but also to the consumption profile of the population and the lagged effects of 

the multiplier-accelerator interaction on installed capacity. 

 The resumption of post-crisis industrialization in the early 1960s would occur with the First 

National Development Plan (I PND) in 1971, and with the Second National Investment Plan (II PND), 

                                                      
(36) Hirschman, A. O. (1968, p. 32). 

(37) Fishlow, A. (2013) Origens e consequências da substituição de importações: 40 anos depois, In Bacha, E. e de 

Bolle, M. (org.) O Futuro da Indústria no Brasil: Desindustrialização em Debate, Civilização Brasileira, 2013. In this article 

Fishlow revisits the theses presented in his classic work: Fishlow, A. (1972) Origins and Consequences of Import 

Substitution in Brazil in DI MARCO, L. E. International Economics and Development Essays in Honor of Raúl Prebish,  

p. 311-365, Academic Press. 
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now focused on infrastructure, petrochemicals and intensifying the flow of science and technology to 

the productive sector. However, the option to finance this investment package with external resources 

proved to be wrong. External factors – rising oil prices and, later, rising international interest rates – 

led the country to a foreign debt crisis, interrupting ISI’s hitherto successful path. 

 The debt crisis blocked the advance of Brazilian industrialization. 

 Finally, on the role of the Brazilian state in industrialization, Fishlow records that there is a 

broad consensus that it was essential. The government activated all possible mechanisms to promote 

industry: direct investment, public spending, tariff protection, quotas, currency devaluations, multiple 

exchange rates, economic and labor regulation, public credit etc. 

 In an article from 1990, Fishlow reaffirms the decisive role of the State in the continuity of 

the post-industrialization development process, seeking support in the literature of market failures to 

combat the anti-State wave advocating market liberalization: 

If anything, modern economic theory has reinforced a more skeptical view of laissez-faire. 

Incomplete markets, imperfect information, strategic interactions, principal-agent problems, 

transactions costs, and bounded rationality take up a large part of the microeconomic literature. 

… 

Even if there has been implementation failure in Latin America, that is an argument for correcting 

it, not for pursuing a second-best policy of laissez-faire in the presence of externalities that can 

be exploited to accelerate economic development. Paradoxically, the very array of powerful 

private interests celebrated by the rent-seeking and related literature requires a strong state to 

manage successful reform. In the absence of state capacity, concentrated market and political 

power and other imperfections may make laissez-faire an nth-best choice38. 

 In his most recent work, in partnership with José Eustáquio Ribeiro Vieira Filho39, he 

reaffirms the essential role that the state still has in promoting development, but in a different way 

than the one it played in ISI. The task now would be to implement actions and public policies for 

innovation and technology that promote a significant increase in the productivity and competitiveness 

of the Brazilian economy. 40 

 The authors study three cases of successful institutional arrangements (Embrapa, Petrobrás 

and Embraer) and conclude that public-private cooperation initiatives are the most efficient way to 

promote long-term productivity growth in the current phase of Brazil’s economic development: 

“Overall, the agricultural and industrial revolutions at Embrapa, Petrobrás, and Embraer serve as 

examples of public policy, effectively designed and implemented, and enabling long-term increases 

in productivity. Extremes, whether taken up by the state or by private initiatives, are unlike to yield 

better outcomes.”41 

                                                      
(38) Fishlow, A. (1990) The Latin American State, Journal of Economic Perspectives, American Economic 

Association Summer, 1990, v. 4, n. 3, p. 61-74. 

(39) Fishlow, A. and Vieira Filho, J. E. R. (2020) Agriculture and Industry in Brazil Innovation and 

Competitiveness, Columbia University Press. 

(40) An extensive study on productivity in Brazil can be seen in De Negri, F. and Cavalcante, L. R. (ed.) (2014) 

Productivity in Brazil, performance and determinants, ABDI: IPEA, 2014. 

(41) Fishlow, A. (2020, p. 211). 
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2.3 Linkages, leakages, and heterogeneity 

 Input-output matrices are the best representation of an economy’s productive structure. They 

are built from the tables of uses and resources that record the purchase and sale transactions between 

producers and consumers in the economy, considering both final and intermediary sales. An 

additional breakdown of information is necessary to segment final and intermediate consumption by 

national or imported origin. 

 As the registered flows are monetary, certain hypotheses are assumed concerning production 

technology (of the product or of the production sector) to estimate the matrices of technical production 

coefficients. As a result, the input-output matrices thus generated relate production values (by product 

and sector) to final demand and make it possible to estimate the impact of variation in the production 

of a sector on the production of the sectors that produce its inputs, as well as the destination of sales 

(intermediate and final) of each sector. 

 The matrix of direct and indirect production coefficients (Leontief matrix) is obtained by 

transforming the input-output matrix (inversion of the matrix resulting from the subtraction of the 

identity matrix from the input-output matrix). 42 

 In this work, we used the harmonized inverse Leontief matrices for Brazil, China, and the 

United States, provided by the OECD. 43 

 The option to analyze the intersectoral impact coefficients in these three countries is justified 

because they are paradigmatic countries for the approach adopted in this work. 

 Our objective was to reposition the debate on deindustrialization in the context of structural 

changes inherent to the process of the economic development of nations. It should be noted that the 

input-output matrix is built based on transactions between all sectors of the economy and is not 

restricted to the industrial sector. This makes it possible to see industry’s loss of added value 

participation in GDP from another perspective, contextualizing it within the framework of structural 

changes occurring within production chains and under the effect of alterations in the profile of final 

demand. 

 The period for which data are available (1995-2018) is the one that witnessed one of the most 

fantastic structural economic changes in history – Chinese industrialization. Our proposal was to 

compare this magnificent structural transformation with two other opposing realities: the structural 

stability of the American economy and the relative involution of Brazil. 

 In this phase of the work, the analysis of the indicators was only descriptive and only 

dispersion and correlation indicators were performed. More econometrically elaborate work could be 

done, but, due to the small number of observations, the analysis would end up being too generic, using 

aggregated coefficients and a larger set of countries. Thus, the possibility of analyzing specificities 

would be lost, not only by country, but also by sector in each country, which was exactly the initial 

objective of the work. 

                                                      
(42) The input-output model was developed by Wassily Leontief and presented in Leontief, W. W. (1941) The 

Structure of the American Economy 1919-1929, Harvard University Press. 

(43) The tables used were obtained from the address: https://stats.oecd.org/Index.aspx?DataSetCode=IOTS_2021. 

https://stats.oecd.org/Index.aspx?DataSetCode=IOTS_2021
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 The indicators analyzed were backward linkages and leakages. The first ones are the sum of 

the values of the Leontief matrix cells in each column, where each column corresponds to a sector of 

economic activity. Leakages were defined in this study as the difference (in percentage terms) 

between the value of total backward linkages and the value of domestic backward linkages. The 

Leontief matrices available from the OECD are presented in two versions, total and domestic. The 

difference between them is that, in the domestic version, sectoral imports are deducted from total 

intermediate purchases, so that the coefficient captures only the impacts on domestic production. 

Thus, the difference between the total and domestic indicators corresponds to the chaining effects of 

production that “leak” abroad in the form of imports, hence the name leakage. 

 The analysis of the linkage indicators makes it possible to rank the sectors of activity 

according to their potential for generating impacts and to observe changes in this ranking over time. 

It is an indication of the structural changes the country is going through. The determinants of these 

changes are related to macro and microeconomic factors. Variables such as interest rates, exchange 

rates and differentials between domestic and global growth rates are certainly part of these 

determinants. Likewise, technological changes and differences between the cost structures of local 

production and imported products are also part of the list of determinants. 

 However, estimating the contribution of these variables in determining the behavior of the 

indicators would imply conducting more sophisticated econometric exercises applied to a more 

extensive database.  

 The ranking of sectors by magnitude of linkage indicators can also be a kind of “pocket guide” 

for initiatives to reactivate the economy by stimulating demand in sectors with greater impact 

indicators. Considering domestic linkages, such a “guide” can help optimize the use of resources to 

activate the economy in the short term. However, short-term measures should not be confused with 

long-term policies that, in fact, aim to change impact indicators, which are, by definition, fixed in the 

short term. 

 The study of the dispersion coefficients of the linkage indicators also makes it possible to 

advance considerations on the degree of “homogeneity” of the country’s productive structure. The 

smaller the dispersion, the more “balanced” the productive structure. This “balance” would indicate 

that the activity sectors have similar relative importance and there would not be a particular 

dependence on the economy’s expansion capacity of specific sectors. A more balanced structure tends 

to increase the resilience of the economy to supply or demand shocks. 

 In turn, the leakage indicators show the degree of dependence of the sector’s domestic 

production on imports. If ranked and weighted by the relative size of the sectors, in principle, they 

help to identify the best investment opportunities for import substitution. The difference between this 

approach and the traditional ones, which consider only the import volume of a sector, is that imports 

indirectly related to the variation in production of the sectors of activity are also identified. 

 The results of the analysis of sectoral linkages and leakages indicators are presented 

separately by country in sections 4, 5 and 6 below. Prior to this, section 3 presents the aggregated 

analysis, year by year, of these aggregated indicators, separately for the three chosen countries. This 

allows an overview of the profile of structural changes in these countries over the period of analysis 

and the ability to draw some initial conclusions. 
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3 Overview 1995-2018: Brazil, China, and the United States 

3.1 Linkages 

 The evolution of the average linkage indices in the three countries shows the obvious 

difference in the trajectory of the Chinese indicator compared to its Brazilian and American 

counterparts. 

 

Graph 1A 

 

 

Graph 1B 

 
  

The Chinese indicator is superior to the Brazilian and American ones throughout the period 

and distanced itself even more from these from 2002, when it began to grow practically 
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uninterruptedly until 2015, reaching a value 22% higher than in 2002 in the latter year (Graph 1A). 

In 2015, the Chinese linkage indicator was around 40% higher than the Brazilian and American 

indices (Chart 1B). 

 Rather than soaring like an eagle, the Brazilian index corresponds to something closer to a 

“chicken flight” between 1999 and 2010. It grew 8% between 1999 and 2005 and fell 8.5% between 

2005 and 2010, returning in the latter year to the value it had in 1999. 

 The American indicator remained practically constant throughout the period. This behavior 

is representative of the relative structural stability of mature and developed economies. This is to be 

expected because in a highly diversified economy with a reasonable balance in the relative weight of 

each sector of activity in the supply structure, sectoral changes, however impactful they may be for a 

sector, have their effect44diluted in the structure of the economy as a whole45. 

 The linkage average is an unweighted average of the linkage coefficients of each industry 

each year. It is a proxy for the degree of homogeneity/heterogeneity of the country’s economic 

structure in relation to the capacity of each sector of activity to generate productive impacts upstream 

in the production chain. The higher the dispersion coefficient of the linkage indicator, the greater the 

structural heterogeneity and vice versa: the lower the coefficient, the more homogeneous the 

structure. 

 The trajectories of the dispersion coefficients of the average linkages between 1995 and 2018 

of the three countries, shown in Graph 2 below, indicate quite different movements between them 

regarding the homogenization/heterogenization of the economic structure. 

 The dispersion coefficient of the linkage indicator for the American economy, after a fall of 

almost 12% between 1995 and 1999, remained at the same level as that last year until the end of the 

period, indicating remarkable stability for the economic structure. Note, obviously, that this is not 

about macroeconomic stability. The latter was precisely the opposite of what in fact occurred in the 

American and world economy in the period. However, macroeconomic instability did not induce 

significant changes in the structure of the physical production of goods and the supply of services in 

the United States. In comparison with the other two countries, the American productive structure was 

more homogeneous than the Chinese and Brazilian structures for the period46. 

 

 

 

 

 

 

                                                      
(44) In fact, there was a strong asymmetry in the behavior of US sectoral leakage indicators between 1995 and 2018, 

as will be seen in section 6. 

(45) This is probably the reason why the linkage indicator of chaining impacts varied little throughout the reference 

period, as previously noted in subsection 3.1. 

(46) This hypothesis of structural stability of the US economy in the reference period will be confirmed when 

analyzing the behavior of the sectoral linkage indicators, which will be carried out in section 6 below. 
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Graph 2 

 
 

 The trajectories of the Brazilian and Chinese dispersion coefficients tell a different story. 

 In the Brazilian case, the sectoral dispersion index was practically stable between 1995 and 

2005, fell by more than 32% between 2005 and 2010 and has remained constant since then. The 

Brazilian economy became structurally more homogeneous, regarding the ability to generate 

upstream chaining impacts of different activity sectors, from 2005 onwards. This relative 

homogenization is concomitant with the 8.5% drop between 2005 and 2010 in the magnitude of 

chaining effects, denoting the weakening of the economy’s growth potential, as shown in Graph 1A.47 

 In the case of China, the dispersion coefficient went through two distinct phases: in the 

downward phase, from 1995 to 2005, the coefficient dropped by 31%, indicating that the Chinese 

productive structure was becoming more homogeneous. In the ascending phase, from 2005 to 2018, 

the index increased by more than 33%, reaching a level close to that of 1995 at the beginning of the 

period. 

 That is, unlike the Brazilian case, in China the productive structure alternated phases of 

homogenization and heterogenization and consolidated a significant increase in the capacity to 

generate impacts upstream of the productive sectors. 

 In Brazil, there was a “once and for all” shift towards greater homogeneity in the ability to 

generate linkage effects in the economy, without changing the power to generate sectoral growth 

impacts. 

 In both cases, as will be seen in the next section, the behavior of the linkage indicator and its 

dispersion index have an important relationship with the degree of leakage of the effects of productive 

chaining to the outside (leakage indicator). 

 

                                                      
(47) It is likely that the commodity boom experienced from the mid-2000s until the Great Crisis of 2009 was the 

catalyst for this process.  

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

BRA 0,417 0,402 0,386 0,395 0,363 0,397 0,392 0,390 0,400 0,402 0,410 0,400 0,378 0,364 0,361 0,277 0,290 0,302 0,300 0,302 0,285 0,282 0,286 0,290

CHI 0,499 0,488 0,463 0,480 0,460 0,412 0,405 0,396 0,386 0,350 0,343 0,397 0,413 0,408 0,458 0,422 0,387 0,421 0,417 0,437 0,488 0,468 0,464 0,458

USA 0,254 0,248 0,244 0,235 0,224 0,223 0,223 0,219 0,215 0,204 0,218 0,219 0,224 0,236 0,235 0,234 0,233 0,236 0,225 0,224 0,214 0,214 0,214 0,219
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3.2 Leakages 

 Compared to Brazil and the United States, China has always been an economy more 

integrated into international trade than the other two countries. 

 However, if at the beginning of the period, in 1995, the degree of Chinese productive 

integration was much higher than that of Brazil and the United States, this picture changed 

significantly at the end of the period in 2018. 

 In 1995, the degree of leakage of the impacts of Chinese domestic production abroad was 

93% greater than that of Brazil and 70% greater than that of the United States. In 2018, the Chinese 

index was only 10% higher than the Brazilian index and 27% higher than the American one, as shown 

in Graphs 3a and 3b below. 

 Comparing the initial and final years of the series, 1995 and 2018, the Chinese index 

practically returned in 2018 to the value it had in 1995. The Brazilian index increased by around 80%. 

 What is essential, however, is to observe the trajectory of convergence of the degree of 

leakage. 

 China started from a leakage rate almost double that of Brazilian in 1995 (China: 12.27%, 

Brazil: 6.35%). In 2005, the index reached the peak of the series (16.7%) and, from then on, it fell 

back to the level of the beginning of the period (12.58% in 2018). 

 

Graph 3A 
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Graph 3B 

 
 

 It is an arc-shaped trajectory, illustrated in Graph 4 below, with two phases: expansion 

followed by reduction. In the first phase, a growing share of the upstream productive impact of 

Chinese sectoral production leaked abroad through imports. In the second phase, the Chinese 

economy increasingly internalized the chaining impacts, through the expansion of domestic 

production of previously imported inputs. 

 It seems clear that China has implemented a successful strategy of import substitution with 

international integration over the last twenty years, based on what could be characterized as a critical 

re-reading of the import substitution industrialization (ISI) model, responsible for the success of 

Latin-American industrialization, especially in the case of Brazil, as discussed in section 2 of this 

paper48. 

 The basic difference between the Chinese and ISI models is that the former is operationalized 

through integration into the international market, while the latter relies on the closure of national 

markets. 

 Paradoxically to what one might expect, the Chinese strategy of combining import 

substitution with economic openness led to an increase in the domestic growth impact coefficients, 

measured by the linkage indicator, rather than a decrease. Integration into the international market 

was, for China, a driver of development and a growth lever. 

 In Brazil the story was different. 

                                                      
(48) Confirmation of this analysis hypothesis will come in section 7 below, when an analysis of the Chinese sectoral 

linkage and leakage indicators will be carried out. 
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 The Brazilian economy was quite closed in 1995 (leakage index: 6.35%) but, from 1998 until 

2001, it quickly integrated into international trade and, in that last year (2001), presented a leakage 

index just 1 pp lower than that of China (Brazil: 11.43%; China: 12.48%). However, unlike China, 

which continued to expand its connection with international trade, Brazilian integration has stagnated. 

By 2005, the Chinese index had advanced to 16.70% and the Brazilian had fallen to 9.15%. 

 As in the Chinese case, in the Brazilian opening phase, the index of chaining impacts grew 

simultaneously with the growth of the degree of leakage of the economy. With the relative reversal 

of integration, the impact index stabilized. 

 Unlike the Chinese case, the opening of the Brazilian economy 49 only resulted in a “shift” in 

the degree of external dependence of the economy to a higher level than at the beginning of the period. 

 There was no significant substitution of imports. There was no increase in the retention of 

productive impacts by domestic production. 

 Finally, in the American case, the trajectory of the leakage indicator can be described as one 

of moderate expansion. It is also worth mentioning the synchrony of movements of the American and 

Chinese leakage indicators, clearly visualized in Graph 3b: two sides of the same coin. 

 To summarize, Graph 4 below illustrates with dashed lines the trajectories of the degree of 

dependence on the supply of imported inputs for local production in the three countries: displacement 

in Brazil, an arc in China and moderate expansion in the United States. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
(49) The opening of the Brazilian economy to the outside world began in the early 1990s, with the Collor Plan, with 

the elimination of non-customs barriers in 1990, followed by the application of a schedule of tariff reductions, previously 

announced, which took place in February 1991, January 1992, October 1992 and July 1993. See in this respect Kume, H. 

(1996) The import policy in the Real Plan and the structure of effective protection. Text for Discussion, n. 118, IPEA. 
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Graph 4 

 
 

 It seems clear that distinct strategies were underway for integration into international trade in 

Brazil, China, and the United States. 

 

4 Brazil Sectoral 1995-2018 

 As defined earlier, the linkage indicator measures the power to generate productive impacts 

upstream of the production chain of each sector of activity. This indicator is always higher than the 

unit and the excess over the unit corresponds to the number of purchases of inputs resulting indirectly 

from the sector’s production. 

 Domestic linkage captures the net effect of linkage impacts, discounting imports directly and 

indirectly related to the production of each sector. 

 The leakage indicator, on the other hand, measures the degree of leakage of upstream chaining 

impacts to the outside in the form of imports. 
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4.1 Linkage 

 Table 1 below shows the evolution of the domestic linkage of each sector of activity in Brazil 

between 1995 and 2018.50 

 There is no uniformity in the rates of change. Macroeconomic evolution, technological 

changes and the profile of international trade affected different sectors in diverse ways, without 

identifying a single pattern of evolution of the indicator. 

 In 18 of the 44 surveyed sectors, the indicator grew between the first cycle (1995-1998) and 

the last (2107-2018), and in only 10 of them did this growth exceed 5%. In the other 26 sectors the 

indicator fell and in 17 of them the fall was greater than 5%. 

 Of the 10 sectors that showed the greatest positive changes, 8 are service activities. The 

highest growth rates were observed in D64Q66: Financial and insurance activities (20.76%) and 

D45T47: Wholesale and retail trade; repair of motor vehicles (18.03%). The two non-service sectors 

among the 10 highest increases in the indicator are D01Q02: Agriculture, hunting, forestry (8.88%) 

and D41T43: Construction (8.84%). 

 On the negative side, the extractive industry and almost the entirety of manufacturing, as well 

as the services and utilities sectors, experienced a drop in their power to generate domestic impacts 

 The biggest drops were seen in sectors D07T08: Mining and quarrying, non-energy producing 

products (25.22%); D05T06: Mining and quarrying, energy producing products (23.74%); D09: 

Mining support service activities (22.94%) and D24: Basic metals (20.58%). It is noteworthy that 

these were exactly the sectors most positively affected by the commodity boom resulting from the 

extraordinary expansion of the Chinese economy that followed China’s accession to the WTO. 

However, the dynamism of the sector did not translate into expansion of the capacity to generate 

domestic production impacts. The fruits of the growth of these sectors were reaped much more in the 

macroeconomic sphere, especially by contributing to the generation of a trade balance surplus and its 

indirect effects on inflation through exchange rate appreciation. 

 

 

 

 

 

 

 

 

 

 

 

                                                      
(50) The sectors are presented in descending order of the rate of change between the average of the indicator between 

2017 and 2018 and the average between 1995 and 1998. 
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Table 1 

Brazilian domestic linkage (1995-1998 = 100) 

 

 

 Differences in the growth rates of sectoral indicators obviously altered the relative positions 

of sectors in the ranking of their importance in generating chaining impacts. 

 Table 2A below presents, in descending order, the hierarchy of sectors based on the average 

magnitude of domestic linkages indicators for 1995-1999 and 2017-2018. 
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Table 2A 

Brazilian domestic linkage (Value) 

 
 

 Of the 10 sectors with the greatest power to generate domestic impacts at the beginning of 

the period, 4 are no longer among the top 10 in 2017-2018: D07T08: Mining and quarrying, non-

energy producing products; D09: Mining support service activities; D05T06: Mining and quarrying, 

energy producing products and D30: Other transport equipment. 

 The following D29 sectors entered the ranking of the top 10 in 2017-2018: Motor vehicles, 

trailers and semi-trailers, which rose from 13th in 1995-1998 to 3rd; D51: Air transport, from 14th to 

7th; D23: Other non-metallic mineral products, from 11th to 8th and D25: Fabricated metal products, 

from 16th to 10th.51  

 Table 2B below highlights the 10 sectors with the highest linkage power at the end of the 

surveyed period. 

 

 

 

 

 

                                                      
(51) Detailing the factors that explain the behavior of the indicator for each of the sectors is a task that goes beyond 

the scope of this preliminary study which, as stated at the beginning, is descriptive. In this phase of the work, the objective 

was to identify the sectors for which it is worthwhile to deepen the analysis to better understand the determining factors of 

the gain in chaining power. 
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Table 2B 

Brazilian domestic linkage (Value) 

 
 

 These are candidates for key sectors for a rapid expansion of the economy. They are like 

switches capable of activating the feedback mechanism of the upstream production chain. 

 The indicator shows the total variation in production as a function of the variation in 

production in a specific sector, considering the impacts on its supply chain, already discounting the 

effect of leakage abroad. 

 The trigger for putting into action the feedback mechanism of a sector’s production chain is 

the increase in its demand. It is important in this sense that the food and beverage industry occupies 

the second position in the ranking, that is, the improvements in income distribution, with the 

consequent increase in demand for food and beverages, have increased the positive impact on the 

economy. 

 

4.2 Leakage 

 Table 3 below is a portrait of the result of Brazilian-style economic opening. All sectors of 

activity became more dependent on the supply of imported inputs. 

 Service sectors stand out again: 8 of the 10 sectors with the highest growth rates are service 

activities. Sectors D85: Education and D64T66: Financial and insurance activities tripled the value 

of their indicators, 200.20% and 196.98%, respectively. D01T02: Agriculture, hunting, forestry and 

D05T06: Mining and quarrying, energy producing products are the non-service sectors among the top 

10 with the highest rates of change: 87.06% and 86.61%, respectively. 
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Table 3 

Brazilian Leakage (1995-1998 = 100) 

 
 

 The different rates of change in the leakage indicator resulted in alterations in the ranking of 

relative importance of sectors in relation to the degree of leakage of chaining impacts. Table 4A 

shows, in descending order of importance, the hierarchy of sectors at the beginning and end of the 

analysis period (average values between the years 1995-1998 and 20157-2018). 

 The 10 sectors with the highest leakage rates in 2017-2018 are all in manufacturing. Among 

them, D30: Other transport equipment (27.10%) and D26: Computer, electronic and optical 

equipment (23.62%) have the highest indicators. 
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Table 4A 

Brazilian Leakage (Value) 

 
 

 Table 4B below highlights the sectors with leakage indicators greater than 10%. 

 

Table 4B 

Brazilian Leakage (Amount) 

 
 

 These are the sectors whose upstream supply chains theoretically represent the greatest 

opportunities for import substitution. The magnitude of the degree of leakage in these sectors 
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indicates that there would be minimum scales of production at points in the supply chain that would 

make investments in expanding supply possible. 

 The decision to invest obviously depends on countless other factors, but what an approach 

based on leakage coefficients indicates is that one of the essential factors for the viability of any 

investment – the existence of firm demand – seems to be present in the input supply chain of the listed 

sectors52. 

 

5 China Sector 1995-2018 

5.1 Linkage 

 The growth rates of the Chinese linkage indicators were much more significant than the 

Brazilian ones and occurred in a larger number of sectors. 

 In 23 of the 44 sectors, the linkage sectoral indicator increased, while in 12 the fall was less 

than 10% and around 15% in only 3 sectors53. 

 

Table 5 

Chinese Domestic Linkage (1995-2000 = 100) 

 

                                                      
(52) The identification of the magnitude of the linkage impact indicator (linkage) of a sector on each of its suppliers 

separately is possible based on the Leontief matrices used in this study to calculate the sectoral indicator. 

(53) The periods used for the periodization of the Chinese data were those corresponding to the Five-Year Plans. 
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 The sectors that stood out were D01T02: Agriculture, hunting, forestry (47.19% growth), 

D07T08: Mining and quarrying, non-energy producing products (30.72%) and D09: Mining support 

service activities (29.91%). 

 It should be noted that the positive variations of the indicators resulted from the high values 

of the linkage indicator at the beginning of the period, as shown in Table 6. 

 

Table 6 

Chinese Domestic Linkage (Value) 

 
 

 The changes in positions between sectors are highlighted, with the relative loss of importance 

of sectors D24: Basic metals (from 1st to 15th position) and D41T43: Construction (from 5th to 11th 

position) and the gain in importance of sectors D30: Other transport equipment (from 20th to 9th 

position) and D10T12: Food products, beverages and tobacco (from 23rd to 12th position). 

 This movement is certainly due to significant changes in the consumption profile of the 

Chinese population and the growth in the domestic supply capacity of goods whose domestic demand 

has grown. 

 D13T15: Textiles, textile products, leather, and footwear (linkage indicator of 3.209) was the 

sector with the greatest power to generate domestic chain linkage impacts in China in 2016-2018, 

with an indicator almost 12% higher than that of the sector holding the second position: D22: Rubber 

and plastics products (2.8740). 
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5.2 Leakage 

 The opening of the Chinese economy was much more balanced than was the case in Brazil. 

 In exactly half of the 44 sectors, the degree of leakage increased, while it decreased in the 

other half. There is no discernible pattern in the profile of sectors according to the behavior of the 

indicator. There are services, manufacturing and extractive industry and utilities sectors in both 

groups. 

 Among the 10 sectors with the highest positive variations are representatives of all branches 

of activity. 

 

Table 7 

Chinese Leakage (1995-2000 = 100) 

 
 

 The comparison between the leakage indicators at the beginning and at the end of the period 

confirms, in principle, the hypothesis that China promoted an import substitution strategy with 

international integration in the period.54 

 

 

                                                      
(54) In section 7 below, the hypothesis of the existence of a Chinese import substitution strategy will be evaluated 

by analyzing the correlation indices between the sectoral linkage and leakage indicators. 
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Table 8 

Chinese Leakage (Value) 

 
 

 In Table 8 above, it can be seen that there was a significant internalization of upstream 

activities in the information technology and information services sector (D62T63: IT and other 

information services), whose leakage rate fell from 17.03% at the beginning of the period to 9.35%, 

a drop of 45%. The same thing happened with the textile, clothing and footwear sector (D13T15: 

Textiles, textile products, leather and footwear), a drop of around 40%, from 15.98% to (9.86%). 

 

6 Sectorial United States 1995-2018 

6.1 Linkage 

 The behavior of the American sectoral linkage indicators expresses the maturity and 

diversification of the American productive structure. 

 There were 25 sectors with positive or negative variations below 5%, while 14 sectors had 

positive or negative variations between 5% and 10% and only 5 sectors had positive or negative 

variations greater than 10%. 

 It is a portrait of a relatively stable economy from a structural point of view. 
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Table 9 

American Domestic Linkage (1995-1996 = 100) 

 

 

 This relative stability of the productive structure is reflected in the hierarchy of the American 

activity sectors based on the magnitude of the linkage indicators at the beginning and end of the 

period. 

 There is only a marginal shift in the top ten with sector D13T15: Textiles, textile products, 

leather and footwear falling from 4th to 11th and sector D25: Fabricated metal products rising from 

12th to 10th. 
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Table 10 

US Domestic Linkage (Value) 

 
 

6.2 Leakage 

 The behavior of the leakage indicators shows that the American economy looked to 

international trade for the supply of inputs to domestic production processes in a generalized way: of 

the 44 sectors surveyed, in 40 of them the degree of leakage increased. 

 However, as seen above, this greater integration into the international market did not result 

in a generalized drop in the linkage impact indicator. On the contrary, in several of them, the opening 

potentiated the coefficient of domestic production impacts. 

 This also occurred because, except for some sectors, the expansion in the degree of leakage 

was generalized but moderate. 
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Table 11 

American Leakage (1995-1996 = 100) 

 

 

 It is worth mentioning the important substitution of imported inputs for domestic production 

in manufacturing in sector D26: Computer, electronic and optical equipment, which presented a drop 

of 46% (from 15.25% to 8.18%) in the leakage indicator. 

 In addition to this more prominent alteration, there were some changes in marginal positions 

among the 10 sectors with the highest leakage rates, without, however, notable change in the 

magnitude of the indicators. 
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Table 12 

American Leakage (Value) 

 
 

7 Comparative evolution of sectoral indicators: Brazil, China, and United States 

7.1 Linkage 

 The comparison between the linkage indicators of the three countries at the end of the period 

provides a means to evaluate the result of the Chinese and Brazilian integration strategies. It is not 

necessary to speak exactly of an American strategy, given that the American economy was already 

more integrated into international trade. 

 The success of the Chinese strategy is already evident. In only 3 sectors are the impact 

indicators lower in China than in Brazil: D94T96: Other service activities, D64T66: Financial and 

insurance activities and D19: Coke and refined petroleum products. Only the latter is an industrial 

sector. 

 On average, the Chinese upstream linkage impacts indicator is higher than the Brazilian one 

by more than 30%. 

 Compared with the United States, the Brazilian impact indicators are, in general, higher than 

the American ones in the industrial and extractive sectors and lower than the American ones in the 

service sectors. 

 It is also worth highlighting the importance of the agricultural sector for the US economy: it 

is the 7th sector in order of importance of sectoral indicators and is more than 20% greater than that 

of Brazil. 
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Table 13 

Brazilian, Chinese and American Linkages 1995-2018 

 
 

7.2 Leakage 

 The leakage indicator, by definition, measures the degree of dependence on imported inputs 

directly and indirectly related to the production of each sector of activity. 

 At the end of the period under analysis, the Chinese economy was, on average, more open 

than the Brazilian economy and much more open than the American one, with leakage indicators of 

10.76%, 11.99% and 9.33% respectively for Brazil, China, and the United States. 

 Differences in the degree of leakage between sectors, however, go a long way to explaining 

differences in each country’s integration strategies and outcomes. 
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 China, compared to Brazil, has a lower degree of dependence on imported inputs in the 

industrial production sectors. That is, it is more vertically integrated in domestic industrial activities 

than Brazil. 

 
Table 14 

Brazilian, Chinese and American Leakage 1995-2018 

 
 

 The opposite occurs in service activities. In these sectors, China is more dependent on 

imported inputs than Brazil. 

 If the behavior of the sectoral leakage degrees is a good indicator to characterize the 

international integration strategy of the two countries, it can be said that, while China promoted the 

substitution of imports of goods and industrial inputs, the Brazil opted to internalize the offer of 

services and their inputs. 
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8 Sectoral correlation index linkage-leakage: Brazil, China, and United States 

 The correlation coefficients between linkage and leakage express the degree to which these 

indicators “go together”. They do not prove the existence of a causal relationship. However, as the 

Leontief matrix coefficients that generate the domestic linkage indicator used in this study are 

obtained by the difference between the total linkage coefficients and the import coefficients, it is 

likely that a causal relationship between linkage and leakage, if any, will be from the latter to the 

former. 

 The correlation index varies between -1 and +1 according to the strength of the correlation. 

 The correlation coefficients between linkage and leakage express the degree to which these 

indicators “go together”. They do not prove the existence of a causal relationship. However, as the 

Leontief matrix coefficients that generate the domestic linkage indicator used in this study are 

obtained by the difference between the total linkage coefficients and the import coefficients, it is 

likely that a causal relationship between linkage and leakage, if any, will be from the latter to the 

former. 

The positive correlation between the linkage and leakage indicators reveals that greater 

integration into the international market likely contributed to an increase in the power to generate 

domestic chaining impacts upstream of each sector’s production chain. 

 The negative correlation obviously indicates the opposite: greater integration into the 

international market likely contributed to a decrease in the power to generate domestic impacts linked 

upstream of each sector’s production chain. 

 

8.1 Linkage-leakage sector correlation – Brazil 

 The correlation index between the linkage and leakage indicator matrices for Brazil in the 

period 1995-2018 is 0.659.55 

 There is, therefore, a positive relationship between the sector’s degree of integration into 

international trade and the magnitude of the indicator of power to generate upstream chaining impacts. 

 This relationship, however, varies significantly between sectors.56 

 The correlation index between linkage and leakage is positive in 29 of the 44 sectors and is 

greater than 0.500 in 14 of them, as shown in Table 15 below. 

 

 

 

                                                      
(55) The linkage indicator matrix has the years 1995 to 2018 in the rows and the indicator values in the columns. 

The matrix of leakage indicators has an identical configuration. 

(56) The vectors of linkage and leakage indicators considered for the calculation of correlation indices by sector 

have the years from 1995 to 2018 in the lines and the values of the indicators in the column. 
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Table 15 

Brazilian Linkage-Leakage Correlation (I) 

 

 

 Of the 10 sectors with the highest correlation indices, 7 are service sectors, 1 is a utility and 

the others are agricultural sectors. 

 Sector D01Q02: Agriculture, hunting, forestry sector has a correlation index of 0.599, that is, 

60% of the behavior of the linkage indicator of agriculture is associated with greater integration into 

the world economy. 

 On the other hand, the sectors whose linkage indicators were most negatively impacted by 

integration into international trade are D30: Other transport equipment (correlation index -0.803); 

D27: Electrical equipment (-0.618); D24: Basic metals (-0.606) and D26: Computer, electronic and 

optical equipment (-0.554). 
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 Although there is no pattern in the profile of the sectors impacted to a greater or lesser extent 

by integration, it is certain that the greatest negative impacts were concentrated in some specific 

sectors of industry: production of capital goods, computers and other electronic equipment, steel, 

electrical equipment, and other transport equipment. 

 If there is a pattern that emerges from the analysis of sectoral correlation indices, it is that, in 

most cases, greater international integration has boosted the growth of sectoral upstream chaining 

impact indicators in Brazil. 

 In Table 13, when the sectors are ranked in descending order of the variation rates between 

the beginning and the end of the analyzed period, it can be seen that the highest growth rates are 

associated with the highest correlation coefficients. 

 It should also be noted that when positive correlation coefficients are associated with sectors 

in which there was a drop in the linkage indicator, the takeaway is that international integration did 

not drive the decline in the indicator, as the two indicators moved in the same direction. There was a 

drop in the impact indicator and a drop in the degree of leakage. 

 In fact, significant negative effect from greater integration on the generation power of 

chaining impacts occurred in sectors D26: Computer, electronic and optical equipment, D27: 

Electrical equipment, D30: Other transport equipment and D24: Basic metals, in which significant 

declines in the impact indicators are associated with high negative correlation coefficients. 

 Important results are also obtained by analyzing the impact of international integration on the 

sectors that present the highest indicators of domestic linkage impacts. 

 In 7 of the 11 sectors of activity in which the linkage indicator is greater than 2,000, the 

correlation index is positive. Domestic suppliers of inputs to important activity sectors benefited from 

the opening of the economy. 

 Food and beverage, motor vehicle, plastics and rubber, metallurgy and paper activities are 

industrial sectors in which economic openness has led to increased production by domestic suppliers 

upstream in the supply chain. 
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Table 16 

Brazilian Linkage-Leakage Correlation (II) 

 
 

 Graph 5 below helps to understand the relationship between the sectorial correlation indices 

and the magnitude of the respective linkage indicators.57 

 

                                                      
(57) The trendline is a 3rd order polynomial. 
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Graph 5 

Brazilian sector linkage x Correlation index 

 
 

 For values of positive correlation coefficients up to 0.800, the index is mostly associated with 

sectors with higher indicators of chaining power. In the upper range of positive correlation indices, 

between 0.800 and 1.000, the association becomes with sectors with lower linkage indicators. 

 In the case of negative correlation indices, the association with sectors with higher linkage 

indices occurs in the range -0.600 to -0.200, but the number of sectors in which this association occurs 

is smaller than the case of positive correlation indices. 

 A reasonable interpretation of this information is that moderate degrees of international trade 

integration are preferable to higher degrees. Openness is necessary and efficient to increase a 

country’s growth potential, but it must be planned by sector to obtain the best result for the economy. 

 In summary, the greater integration of the Brazilian economy into international trade in the 

period 1995 – 2018, seen from the perspective of a disaggregated sector, seems to have contributed 

to an increase in the economy’s growth potential, but in an asymmetric way: services, utilities and 

agricultural activities lengthened their domestic supply chains while industrial activities shortened 

them, letting growing portions of the dynamic effects of the productive chain leak abroad. 
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8.2 Linkage-leakage sector correlation - China 

 The correlation coefficient of the Chinese linkage and leakage indicator matrices is 0.479, 

27% lower than the coefficient for Brazil.58  

 In 23 of the 44 sectors the correlation coefficient is positive; in 21, therefore, it is negative. 
59In 14 of the 23 sectors where there was growth in the linkage indicator, the correlation coefficient 

is positive, that is, the opening of the economy likely contributed to increasing the intensity of the 

upstream linkage impacts. In 9 of the 23 sectors, the correlation coefficient is negative. 

 
Table 17 

Chinese Linkage-Leakage Correlation(I) 

  
 

 The highest growth rates of the linkage indicator are associated with the highest correlation 

coefficients, but it is possible to identify a bias in this positive association: it occurs especially in 

primary activities (extractive and agriculture) and services sectors. 

 In the industrial sectors that recorded the highest growth rates D13Q15: Textiles, textile 

products, leather, and footwear (17.57%) and D30: Other transport equipment (16.40%) the 

                                                      
(58) The matrices and vectors of Chinese indicators have the same configuration as the Brazilian ones. See footnotes 

13 and 14. 

(59) Remember that in Brazil the proportion of positive coefficients is higher: 29 out of 44. 
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correlation coefficients are negative. That is, the growth of the linkage indicator of these sectors is 

associated with a decrease in the leakage indicator, a process, therefore, of internalization of the 

production of inputs directly and indirectly linked to these sectors. 

 Table 18 below shows the hierarchical sectoral correlation coefficients in descending order 

of magnitude of the sectors’ linkage indicators. The initial hypothesis of this study is confirmed, i.e. 

that China implemented a development strategy between 1995 and 2018 based on import substitution 

with international integration. 

 
Table 18 

Chinese Linkage-Leakage Correlation (II) 
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Of the 18 sectors in which the linkage indicator is greater than 2.5000, 15 have negative 

correlation coefficients. And in the 3 other sectors in which the correlation coefficient is positive, the 

magnitude of these coefficients is very small, so that it cannot be said that in these 3 sectors the 

opening of the economy contributed to the growth of these impact indicators. 

 Of these 18 sectors, 17 are industrial sectors. The remaining sector is civil construction. 

 The conclusion is that China achieved an extraordinary increase in the growth potential of its 

economy in the period under review by internalizing the production of virtually all industrial activity. 

 Graph 6 below illustrates the relationship between the sectoral correlation indices and the 

magnitude of the respective Chinese linkage indicators.60 

 
Graph 6 

Chinese sectoral linkage x Correlation index 

  
 

 There is a clear downward trend for linkage indicators as positive correlation coefficients 

increase; the opposite occurs with negative correlation coefficients: higher negative correlation 

coefficients are associated with higher linkage indicators. 

 In short, there are strong indications that the lever of Chinese growth in the period in question 

was the adoption of a successful strategy of import substitution with international integration. 

                                                      
(60) The trendline is a 3rd order polynomial. 
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8.3 Linkage-leakage sector correlation – U.S.A. 

 For the United States, the correlation coefficient of the Chinese linkage and leakage indicator 

matrices is 0.429, close to the Chinese coefficient of 0.479.61  

 Sectorally speaking, however, there are great differences. 

 In the first place, it should be noted that the American linkage indicators were those that 

presented the lowest growth rates among the three countries. At the end of the period, only 3 sectors 

showed growth in this indicator greater than 10% and in only 2 of them the correlation coefficients 

were high, 0.922 and 0.837, respectively for sectors D52: Warehousing and support activities for 

transportation and D53: Postal and courier activities, both service activities. 

 In 27 of the 44 sectors the correlation coefficients are, in module, less than 0.500. 

 

Table 19 

American Linkage-Leakage Correlation (I) 

 
 

 It is the stand out Sector D26: Computer, electronic and optical equipment, which had the 

biggest drop in the linkage indicator in the period (almost 30%) and for which the correlation 

coefficient is high and positive (0.851). To the extent that the linkage and leakage indicators in this 

                                                      
(61) The matrices and vectors of American indicators have the same configuration as the Brazilian and Chinese 

ones. See footnotes 13 and 14. 
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sector moved in the same direction, it can be said that the reduction in the degree of leakage in this 

sector negatively affected the power to generate upstream chaining impacts in its supply chain. It is 

also worth noting that this is the sector with the lowest linkage indicator in the entire American 

production structure (1.336). 

 

Table 20 

American Linkage-Leakage Correlation (II) 

 



Structural change: Brazil, China, and the United States 1995-2018 

Texto para Discussão. Unicamp. IE, Campinas, n. 462, maio 2024. 53 

 Graph 7 below shows the relationship between the sectorial correlation indices and the 

magnitude of the respective American linkage indicators.62 

 

Graph 7 

American sector linkage x Correlation index 

 
 

 As the sectoral dispersion of the American linkage indicators is low (it varied between 0.204 

and 0.254 in the period 1995 – 2018), typical, as already mentioned, of a mature economy, the trend 

of the linkage – leakage relationship in the United States is stability. 

 

9 Conclusion  

 In this work, we have sought to explore the possibilities of using the Leontief matrices made 

available by the OECD to approach the issue of deindustrialization from a new angle: that of 

intersectoral relations. 

 The first strategy was to search the economic literature for references to frame the 

phenomenon of deindustrialization in the context of economic development processes in less 

developed countries. The option was to adopt the idea of an unbalanced growth strategy, proposed by 

Albert O. Hirschman, as a theoretical reference, as opposed to balanced growth models. 

 We looked to the works of Albert Fishlow for elements to better understand the characteristics 

and historical evolution of import substitution industrialization and notes about the current stage of 

the Brazilian development and its challenges. 

                                                      
(62) The trendline is a 3rd order polynomial. 
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 From the vast literature on deindustrialization in developed economies and on “early” 

deindustrialization, although many questions remain open, some points shine through: a) it is 

undeniable that in the case of late industrialization in relation to more advanced countries, the reversal 

of the process – that is, deindustrialization – occurred at per capita income levels lower than those 

seen in more developed countries; b) deindustrialization seems to be a phenomenon that occurs at the 

aggregate level – for the economy as a whole – but it is not confirmed when it advances to more 

disaggregated levels of analysis; c) there are indications that the causes and profile of the phenomenon 

are historically determined and vary from country to country; d) although industry was, and continues 

to be, the sector that most contributed to the increase in productivity and economic growth in 

countries, other sectors can also present typically Kaldorian properties and contribute to the expansion 

of aggregate productivity and drive economic growth. 

 Reframed in the context of economic development, industrialization comes to be seen as 

structural changes that, following the words of Chenery, Robinson and Syrquim, when successful, 

are the very expression of development. 

 In this work, we try to show that China implemented a successful structural change in the 

period analyzed, based on the substitution of imports with international integration, and reaped a 

significant increase in its growth potential as a result. 

 By comparison, in Brazil, in the same period, greater international integration did not bring 

significant gains to the economy’s growth potential, when measured by the value of the coefficients 

of direct and indirect impacts. 

 The United States enters as a counterpoint to demonstrate that advanced economies with a 

diversified and balanced productive structure tend to be more stable regarding structural changes. If 

structural change and development are synonyms, developed countries, by definition, experience 

changes more slowly, primarily associated with innovations and radical technological changes. 

 The study also verified the existence of a relationship between international integration and 

gain in growth potential via productive linkages. It is not a general relationship, applicable to all 

sectors, but it is verifiable that, in most activity sectors, endogenous potential growth increases as the 

supply of imported inputs increases. 

 The Chinese experience shows that economic integration can be used to raise the economic 

productivity and, in a subsequent phase, replace imports and gain space in international trade. The 

key is for a country to make the right choices and tapping into its own sources of competitive 

advantage. 

 These conclusions are based on the analysis of the behavior of the linkage and leakage 

indicators calculated from the OECD harmonized Leontief matrices. 

 The coefficients of this matrix have a great advantage over the various other indicators by 

which an economy can be analyzed because they are a synthesis of macro and microeconomic 

elements and manage to simultaneously capture supply and demand movements. They make it 

possible to identify disaggregated adjustments, by sector of activity, something that the aggregated 

indicators do not allow. 
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 The project we propose to develop aimed to better understand this database. In conclusion, it 

can be assured that conducting more technically sophisticated studies using this database will 

undoubtedly help to improve the understanding of the phenomenon of deindustrialization and the 

structural changes that promote the economic development of developing countries. 
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LIBOREIRO, PABLO R.; FERNÁNDEZ, R.; GARCÍA, C. (2021). The drivers of deindustrialization 

in advanced economies: a hierarchical structural decomposition analysis.  Structural Change and 

Economic Dynamics, v. 58, p. 138-152. 

MARCONI, N.; ROCHA, I. L.; MAGACHO, G. (2016). Sectoral capabilities and productive 

structure: an input-output analysis of the key sectors of the Brazilian economy. Brazilian Journal of 

Political Economy, v. 36, n. 3 (143), p. 470-492. 

MIGUEZ, T.; MORALES, T. (2014). Produtividade do trabalho e mudança estrutural: uma 

comparação internacional com base no world input-output database. In: DE NEGRI, F.; 

CAVALCANTE, L. R. (Org.) (2014).  Produtividade no Brasil: desempenho e determinantes. ABDI: 

IPEA, cap. 7. 

ROWTHORN, R.; COUTTS, K. (2004). De-industrialization and the balance of payments in 

advanced economies. UNCTAD, May.  (Discussion Papers, n. 170). 

ROWTHORN, R.; RAMASWAMY, R. (1997).  Deindustrialization – Its causes and implications. 

Economics Issues, International Monetary Fund, n. 10.  

ROWTHORN, R.; RAMASWAMY, R. (1999). Growth, trade, and deindustrialization. IMF Staff 

Papers, v. 46, n. 1, Mar. 

TAVARES, M. C (1998). Acumulação de capital e industrialização no Brasil. 3. ed. Campinas: IE-

Unicamp. 
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Appendices 

Appendix I: Brazil Linkage 1995-2018 
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Appendix II: Brazil Leakage 1995-2018 
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Appendix III: China Linkage 1995-2018 
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Appendix IV: China Leakage 1995-2018 
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Appendix V: USA Linkage 1995-2018 
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Appendix VI: USA Leakage 1995-2018 

 


