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Abstract - 

 

This paper applies complex networks techniques to the study of world trade, with a focus on imperfect 

competition and development literature. The analysis uses a database of 4657 HS products and 183 

countries to measure world market concentration by companies’ country of origin from 2007 to 2017. 

The empirical findings corroborate some of structuralist and development economists’ claims, namely: 

countries with high-income per capita focus on producing and exporting manufactured and complex 

goods in more concentrated markets, whereas countries with low-income per capita specialize in 

producing and exporting non-complex commodities in less concentrated markets. 
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1 – Introduction 
 
Classical German development economists, like F. List, K. Marx or J.A. Schumpeter, understood that 

productive activities differ in their ability to generate growth and development. Unlike Anglo-Saxon 

neoclassical economics, they emphasize uneven growth and technological change at the core of their 

theories (Reinert, 1996, p.161).  For the ‘German’ economic tradition, which has been the basis of the 

policies pursued by almost every country before they kicked away their ladder (Chang, 2002), growth 

and welfare in general increase when a compositional shift occurs from low-quality activities to high-

quality ones, towards the technological sophistication of the productive tissue. This latter conclusion 

bears some resemblance with the old structuralism development literature, in works made by Prebisch 

(1950), but especially Singer (1950). Shifting from low- to high-quality activities is, however, an 

enormously difficult task. Economic development is predicated on this leap. High-quality activities 

present significant learning curves, rapid technological progress, high R&D content, large potential 

for economies of scale and scope and brand differentiation. In general, they appear in markets with 

oligopoly structures and monopolistic competition. The lack of competition allows productive gains 

to be retained in the form of higher profits and wages, allowing income to rise and development to 

flourish. In opposition, low value-added activities are generally carried out in poor or middle-income 

countries with typically low technological density (low R&D content, low technological innovation, 

absent learning curves, and absent potential for division of labour). Where low quality activities 

prevail, productivity gains reduce prices in the long term, instead of providing higher income (Reinert, 

2010). As it happens among firms in a specific country, entry barriers significantly bar the access of 

entrant firms from the emerging world into international markets. In order to develop its economy, a 

country must be able to build companies in sectors that are already widely occupied. This is no small 

feat for an emerging market economy; without entering these markets and conquering relevant shares, 

there can be no relevant productivity gains; hence, no economic development.  

 

On can reach similar conclusions by following Michael Porter’s insights and recommendations, 

namely: avoid entering “dog markets”, that is, markets with no entry barriers nor economies of scale 

and scope and where information is abundantly available. In this sense, underdevelopment is mostly 

dominated by dog industry specialization. On the other end of the spectrum, “star industries” are 

defined as activities in which imperfect competition and all the characteristics of this kind of market 

structure generally prevail. Porter (1990) draws on the industrial competition literature to state that 

“competitiveness” consists in positioning one’s country in “star” activities.  However, as Erick 

Reinert observed, “star industries” are, in general, mostly found in rich countries, whereas low value-

added (“dog industries”) activities are usually the specialty of poor or middle-income countries. 

(Shafaeddin, 2012, p.193). Essentially, Porter’s strategy amounts to a more sophisticated version of 

claims made by the mercantilist and cameralist schools of thought. How does one measure these 

propositions empirically? Ideally, one could study the participants in structures of world markets as 

revealed by international trade. If the classical development economists’ proposition is correct, one 

should find that countries with higher income per capita specialize in the production of manufactured 

goods in more concentrated markets and poor countries specialize in activities more closely connected 

with commodities production. This paper uses complex network techniques to study these ideas and 

the world trade network. Fagiolo et al. (2008), Jesus, Kumar e Abdon (2010) and Deguchi et al. (2014) 

have done similar studies but not with the focus adopted here. The contribution of this paper lies in 

its empirical work, based on computational methodologies for market structure and complex network 

analysis. The results reported here considered a database with 4657 6-digit HS system products and 

183 countries for the period 2007-2017. The paper comprises 3 sections beyond this introduction. 

Section 2 addresses the productive sophistication metrics of the Atlas of Economic Complexity. 

Section 3 will summarize the main insights behind the literature on imperfect competition and 

economic development and empirically analyze world trade patterns and market concentration based 

on complexity analysis. The last section draws some conclusions and points to further research on the 

matter. 
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2 – Measuring the technology ladder with economic complexity analysis 

Hausmann et al (2011) develop networks and complexity techniques to create a method capable of 

measuring countries’ productive sophistication, or “economic complexity”. Their method devised to 

build economic complexity indicators culminated in an Atlas (http://atlas.media.mit.edu) that collects 

extensive material on countless goods and countries since 1963. The two basic concepts used to 

measure whether a country is economically complex (ECI index) are the ubiquity and diversity of the 

products in its exports. If a certain economy produces non-ubiquitous (or rare) goods, this indicates 

the presence of a sophisticated productive tissue. Non-ubiquitous products must be divided into those 

with high technology - therefore difficult to produce (airplanes, for example) - and those that are 

highly scarce in nature, such as diamonds, which are naturally non-ubiquitous. To control for the 

problem of scarce natural resources in complexity measurement, the authors of the Atlas rely on an 

ingenuous technique: they compare the ubiquity of a good produced in a certain country with the 

diversity of exports of countries that also export the same good. For example, Botswana and Sierra 

Leone produce and export something that is rare and, therefore, non-ubiquitous: rough diamonds. On 

the other hand, their export basket is extremely limited and undiversified. These are thus cases of 

non-ubiquity without complexity. Medical equipment, for instance, is something that usually only 

rich countries can manufacture. Such equipment is non-ubiquitous and show up in diversified 

exporters such as Japan, the United States and Germany. In other words, non-ubiquity with diversity 

means “economic complexity”. A country with a highly diversified exports profile of ubiquitous 

goods (fish, fabrics, meat, ore, etc.) shows no great economic complexity, and merely does what 

everyone else can. Diversity in the absence of non-ubiquity means lack of economic complexity. The 

same reasoning applies to the determination of the complexity level attached to goods (PCI index). 

Those produced by a few countries with diversified exports are deemed complex. Those produced by 

many countries with non-diversified exports are deemed to be low-complexity goods.  

One of the chief virtues of economic complexity (ECI) and product complexity (PCI) indexes such 

as these is that no relevant qualitative judgments are made concerning the production and exports of 

the goods in question. In other words, there is no judgment of the merit in terms of what one considers 

to be complex or non-complex; these indexes are merely results of empirical routines run by 

algorithms. Based on this rationale, the authors rate several countries to arrive at robust correlations 

between income per capita levels, economic inequality, and economic complexity (Hausmann et al 

2011 and Hartman et al 2017). For example: Japan, Germany, the United States, the United Kingdom 

and Sweden have always been among the top-10 in complexity rankings in the past 30 years or so. 

The Economic Complexity literature also makes another important empirical contribution: by 

calculating the probability of several countries co-exporting certain goods, it creates an interesting 

metric of the productive knowledge embedded in products and of the local capabilities that their 

production requires: the “product space” (Hidalgo et al 2007). The higher the probability of two 

products being co-exported, the greater the indication that they contain similar characteristics and 

therefore require similar productive capabilities to make, standing as “sibling” or “cousin” products. 

The co-exportation indicator ultimately serves as a measure of the productive knowledge linkage 

between products, that is, it indicates the productive connections between a variety of goods thanks 

to the shared production requirements. Goods with high connectivity are therefore loaded with 

knowledge and technology potential to become knowledge hubs; whereas goods with low 

connectivity require simple production capabilities with low potential for know-how multiplication.  

For example, countries that produce advanced combustion engines will probably have engineers and 

know-how that will enable producing a variety of similarly sophisticated goods. Countries that only 

produce bananas or other fruit have limited knowhow and will probably be unable to produce more 

complex goods. It is important to emphasize, at this point, that it is difficult to directly measure and 

capture such local productive abilities. Products themselves can be observed from international trade, 
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but not countries’ ability to produce them. This kind of network clustering methodology shows as 

well that manufactures are usually characterized as more complex goods, and commodities as non-

complex. Out of the 34 main product communities calculated based on a compression algorithm that 

the Atlas uses (Rosvall and Bergstrom 2007), machinery, chemicals, aircraft, ships and electronics 

stand out as more complex and mutually interconnected goods (that is, as knowledge hubs). On the 

other hand, gemstones, oil, ores, fish and shellfish, fruits, flowers and tropical agriculture show very 

low complexity and connectivity. Grains, textiles, construction equipment and processed foods lie at 

an intermediate position between more and less complex goods. As emphasized above, according to 

structuralist authors, economic development may be regarded as the mastery of more sophisticated 

production techniques that generally lead to the production of high value-added goods and services. 

This is what the economic complexity indicator ultimately captures based on the ubiquity and 

diversity of the various countries’ exports profiles. The Atlas’s results point in the direction that 

classic development economists suggested for world trade specialization: rich countries are able to 

produce highly sophisticated manufactured goods whereas poor countries are not; a feature we will 

explore empirically in greater depth next. 

The first step in our empirical approach was to study the structure of international trade between the 

years 2007 and 2017. After several screenings for missing data, our final database consisted of 4657 

HS 6-digit products and 183 countries (https://www.foreign-trade.com/reference/hscode.htm). 

Income per capita calculations were performed using constant 2017 PPP income per capita. As a first 

step we replicated the methodology of Felipe et alli (2012) to classify all goods in terms of complexity 

and per capita income. Each data point in Figure 1 is a foreign trade product with the weighted average 

income per capita of the countries exporting this product in 2007-2017 (X-axis) and the product’s 

complexity (Y-axis). The graph shows a pattern of products associated with high income per capita 

and high complexity. This may be viewed as a version of the ladder of technological development 

that countries must climb in order to advance their productive capabilities  

Figure 1: developed by the authors for the 2007-2017 period using Felipe et alli (2012) method 

 

The next step involved splitting the HS 6-digit products into three groups, following a technological 

pattern inspired by the considerations of classical development economists (figure 2). Goods were 

classified according to their technological intensity, namely: undifferentiated and ubiquitous 

commodity-type goods, increasingly non-ubiquitous manufactures with low technological density 
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and those with medium/high technological composition. (HS codes in parenthesis). We then build 

again the scatter plot conceived by Felipe et alli (2012) using colors to denote types of goods. The 

results show higher complexity in manufactures and lower complexity in commodities. 

 

Commodities (red) 

01-05 Animal & Animal Products (190) 

06-15 Vegetable Products (290) 

16-24 Foodstuffs (175) 

25-27 Mineral products (141) 

 

Low-tech manufactures (black) 

39-40 Plastics / Rubbers (187) 

41-43 Raw Hides, Skins, Leather, & Furs (57) 

44-49 Wood & Wood Products (205) 

50-63 Textiles (750) 

64-67 Footwear / Headgear (50) 

68-71 Stone / Glass (181) 

72-83 Metals (531) 

90-97 Miscellaneous (349) 

 

Medium-/high-tech manufactures (blue) 

84-85 Machinery / Electrical (733)  

86-89 Transportation (129) 

28-38 Chemicals (689) 

 

Figure 2: developed by the authors for the 2007-2017 period using Felipe et alli (2012) method 

 

 

 

 

 

Almost all countries in the world produce commodities. These are products at the bottom of the 

technology ladder. Most countries produce low-tech goods. These products are located all along the 

technology ladder. Medium/high-tech products lie at the top of the technology ladder and seem to be 

mostly produced by countries with per capita income above US$ 20.000.  
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3. Climbing a ladder with imperfect competition 

 

Conventional microeconomics, following Anglo-Saxon tradition, focuses its analysis on perfect 

competition or extreme cases of monopoly. Imperfect competition is never emphasized but seen as 

special cases, like monopolistic competition, classical duopoly (Cournot, Von Stackelberg, Bertrand 

models) or "Kinked demand curve" models (Kreps 1990). Numerous empirical and historical studies 

show, however, that in the origins of modern industry there was no such a thing as perfect competition 

and that the trend towards oligopolies is not the exception, but the rule where strong technical progress 

and capital accumulation co-exist (Sylos Labini, 1962). In Marshallian equilibrium analysis 

(Marshall, 1890), each profit-maximizing firm equals its marginal cost to its marginal revenue. In the 

short run, above-normal profits can occur. In the long run, however, firms' free entry and exit and the 

diffusion of new techniques lead to an industry equilibrium. In this new situation, each firm is at its 

long-term average minimum cost, earns normal profit, and no entries or exits occurs anymore. 

Diseconomies of scale limit firm size and all productivity gains go to the prices due to the competition 

process among firms. The assumption of cost-free technological diffusion and perfect information 

prevents innovative firms from maintaining their cost differentials for a prolonged period. If the 

number of firms decreases, the free entry mechanism again guarantees the return to the industry 

equilibrium. In brief, perfect competition assumes many sellers and buyers, product homogeneity, 

free entry and exit of firms, profit maximization goals, no government regulation, perfect mobility of 

factors of production and perfect knowledge.  

 

By precisely questioning Marshall's diminishing returns of scale assumption, the literature on 

imperfect competition starts with Sraffa’s (1926) seminal article. It is interesting that in Marshall's 

early editions of the Principles, increasing returns were law. However, it disappeared in later editions 

(Reinert, 1994, p.14). According to Sraffa it was the generalization of a particular case, valid for 

agriculture (land), that transformed decreasing returns in a general law of supply. Sraffa also states 

the reasons why perfect competition could not exist in the presence of increasing returns. In 1933 

Joan Robinson wrote a seminal article (Shove, 1933) later revisited (Robinson, 1953) and was 

followed by Chamberlin (1949). Rather than exploring historical-empirical observations, this early 

literature on oligopoly and imperfect competition departed from inside theoretical critiques and 

explored logical inconsistencies of the neoclassical authors (Frenkel, 1980). Later on, a "new 

oligopoly theory" emerged by revisiting the classic's insights (Marx, Ricardo and Smith) and adding 

some Schumpeter seminal ideas. Schematically, this theory: 1) abandoned the law of diminishing 

returns, 2) worked with discrete rather than continuous variables, 3) stressed the existence of 

structural barriers to entry, 4) emphasized the idea of maximizing long-run rather than short-run 

profits, 5) stressed that technical progress might lead to higher wage and profits, and 6) highlighted 

mark-up pricing as a rule of thumb for price changes and, 7) at least some of them, assumed that 

established firms would maintain their pre-entry outputs ('Sylos Postulate'). From these seminal 

articles, an extensive literature on imperfect competition and possible sources of structural barriers 

of entry flourished, highlighting the following aspects: 1) Absolute cost advantages; 2)economies of 

scale; 3) product differentiation; 4) initial capital requirements. In the late 1970s and the beginning 

of the 1980s, many authors started to explore conditions not only to avoid entering a market, but also 

the conditions to exit from it ("Contestable Market" models). A market is said to be perfectly 

contestable when the potential entrant firms have the same techniques as the established firms and 

can, upon entering, supply any pace of demand (for a discussion, see Baumol (1986), Iooty and 

Szapiro (2013).  

 

According to Sylos-Labini's contributions, barriers to entry are a powerful proxy to the existence of 

oligopolies. Barriers are a function of market size, the Minimum Efficient Scale (MES), the elasticity 

of demand, and the market’s rate of growth. Labini (1984) explored relationships among innovation 

drive, market structure and income distribution, aiming at the dynamic relationship between the pace 

of innovation and changes in productivity. The impact of technological progress on economic growth 
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and its effects on productivity and employment is the core of many articles of Sylos Labini (Labini 

1981, 1983, 1984, 1993, 2005 – all quoted in Corsi, M, 2006, p.609). Labini considers technical 

change as an endogenous process affected, first, by market size. Market's expansion breeds life into 

new activities (new capital and consumption goods). Product innovations improve productive 

performance, thus reinforcing growth. The second source of endogeneity lies in the increase of real 

wages, and the third is the rise of investments. The increase in productivity allows wages to rise. 

However, firms may offset these augmented costs by either increasing division of labour or 

introducing machines. On the one hand, firms may reduce employment; on the other hand, 

investments (third source) stimulate innovation and increase productivity, which, in turn, influences 

the level of investments again, creating a self-reinforcing source of growth and development. 

  

The relationship between imperfect competition and economic development has been obscured in the 

Anglo-Saxon tradition due to its sole focus on a broad measure of productivity delinked from an 

activity-specific approach.  As a matter of fact, the relationship between imperfect competition and 

growth is a very old issue in economics. According to Reinert's research (Reinert 1994, 1996, 2007 

and 2010), the discussion of uneven growth was joint among political economists, way before Adam 

Smith - a tradition that went back to Antonio Serra's writings in 1613 and included some English 

mercantilists. For 'German Economists' (like List, Marx and Schumpeter), uneven growth was the 

rule and was related to the way technological change spreads its benefits, which will depend, in part, 

on the market structure. Why? Essentially, because constant innovations require and reproduce 

imperfect competition structures (Reinert, 1994, p. 174). By assuming decreasing returns as a rule, 

neoclassical economics created a “blind spot” to account for the “extremely different levels of 

development between the nations of the world (Reinert, 1994, p.174). Only in a system with perfect 

information and constant returns to scale, technological changes are irrelevant for the distribution of 

wealth, and all activities are equally suited to promote welfare. However, under increasing returns, 

choosing an economic activity is a crucial strategic decision. 

 

Reinert develops three dichotomies that look at the same problem from different angles:  

1) "The Collusive Mode" x "The Classical Mode"; 

2) "High-Quality Activities" x "Low-Quality Activities"; and  

3) "Schumpeterian Activities" x "Malthusian Activities".  

 

The dichotomies contrast, respectively, the productivity diffusion process, alternative types of 

innovation processes and types of export activities. Across all of them, the presence of imperfect 

competition is a key aspect affecting dynamics and outcomes. The "Collusive Mode" takes 

investments as indivisible and information as imperfectly available (so patents and internal R&D 

activities are the norm). This mode increases economies of scale, barriers to entry and concentration; 

hence, achieving and maintaining market shares is very important. Alternatively, the "Classical 

Mode" consists of divisible investments, low economies of scale, and so forth, amounting to a faithful 

description of neoclassical’s perfect competition, which has been found more frequently in agriculture 

and in the traditional service sector (Reinert 1994, p.170). From the development perspective, the 

important argument is that in "Classical Modes", the diffusion of productivity goes to lower prices, 

like it happened with the spread of the use of PCs ("Solow effect"), terms of trade turn against the 

industry experiencing technological progress, monetary wages do not change and real wage increases. 

Briefly, the benefits from technological change go to the ones buying the product, be it in the form of 

lowered prices or better quality. On the other hand, if technical change comes together with barriers 

to entry and increasing returns, the ones who receive the benefits will be, first, the entrepreneurs and 

the workers; and later, the government, due to the higher taxable income. The best example of 

"Collusive Mode" would be Henry Ford's US$5 wages. (Reinert, 2010, p.9). 

 

This argument does not rely on the size of productivity gains or even on its growth rate. Agriculture 

can enjoy 'explosions' of productivity (sometimes even higher than most industries), but most 
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agricultural countries do not become rich – the 'agriculture' paradoxes, as Reinert dubs it. The key 

point is precisely the sector’s inability to retain productivity gains, a trait that is related to the type of 

market structure. Reinert goes beyond the tradition of Kuznets (1966), Kaldor (1967) and many others, 

where the importance of manufacturing derives from its potential for strong productivity growth and 

the high-income elasticity of demand for manufactures. Not only does manufacturing, in general, 

deliver higher productivity gains, but these gains spillover into the economy in a way that fosters a 

sustained growth path – this is the central argument. The second dichotomy opposes "high quality" 

and "low quality" activities. New technologies are not all the same in their very nature. High-quality 

activities are the ones where there are steep learning curves, rapid technological progress, high R&D 

content, necessitates and generates learning-by-doing, presents high barriers to entry and exit, 

branded products, economies of scale and scope, investments come in large chunks and all the rest, 

in our perspective here “complex activities”. Briefly, it is a situation of imperfect but dynamic 

competition. Low-quality activities are the opposite, as the reader can imagine. Finally, Reinert's third 

dichotomy, "Schumpeterian" vs "Malthusian" categories, focuses on exports – which have a closer 

relation to the complexity discussion of this paper. In the interest of clarity, the table below 

summarizes the key features in Reinert’s third dichotomy. 

 

 

 

 
Source: Reinert, 2007, p. 151, Figure 12 

 

 

It is important to note that this third description echoes early structuralist claims by Prebisch and 

Singer, including the controversial argument on the long-term deterioration of terms of trade – which 

warrants an explanation. In fact, Prebisch (1950) and Singer (1950), using data from the United 

Nations Department of Economic and Social Affairs, wrote about the “secular decline in terms of 

trade” combining two explanatory elements: 1) the negative effect of low-income elasticity from 

agriculture and raw material products; 2) asymmetric patterns of labour markets between the "centre" 

and the "periphery" (Ocampo and Parra, 2003). The first element derives from the idea that there is a 

downward trend in the relative size of the primary sector during the development process, a point 

shared by all the structuralists. Not only because of the well-known existence of a low-income 

elasticity on demand for food and agriculture products; but also because of technological change that 

saves raw materials or substitutes them using synthetic alternatives, as time goes by. Although shared 

by both authors, the second hypothesis - perhaps more clearly argued by Singer – also concerns 

market structure.  

 

According to Singer, in the case of manufacturers, the distribution of technical progress benefits the 

producers, who appropriate them through higher income. In the case of primary products, the benefit 

Characteristics of Characteristics of

 Schumpeterian activities Malthusian actitivitys 

(= 'good' export activities) (='bad' export activities if no

Schumpeterian sector present

Increasing returns Diminishuing returs

Dynamic Imperfect Competition Perfect Competition 

(commoditiy competition)

Stable prices Extreme price fluctuations

Generally skilled laboour Generally unskilled labour

Creates a middle class Creates 'feudalist' class structure

Irreversible wages Reversible wages

('stickness' of wages)

Techincal change leasds to higher wages Technical changes tends to lower price

for the producer - (Fordist wage regime) to consumer

Creates large synergies Creates few synergies

(linkages, clusters)
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translated into lower prices (Ocampo and Parra, 2003, p. 9). This kind of analysis results in two 

possible paths for several emerging nations. One leads to economic development and the 

establishment and maintenance of activities with increasing returns to scale, in particular, but not 

exclusively, manufactures. Economies of scale enable significant productivity gains, exert upwards 

pressure on wages, and generate taxable profits and surpluses. Higher wages lead to increased savings 

and increased demand for more sophisticated goods. Taxable surpluses enable governments to tax 

and invest, preferably in infrastructure and public activities to encourage innovation. The higher cost 

of labor stimulates new waves of investment in labor-saving machinery that further increases 

productivity. The system thus provides feedback into a virtuous cycle. The opposite takes place in 

poor economies dedicated to activities with low returns to scale, in particular commodities extraction 

and agriculture. Real wages do not rise consistently because the system lacks relevant productivity 

gains. There are no surpluses to enable increased profits, savings and taxation. In this case, the system 

is caught in a poverty trap; a vicious cycle devoid of relevant investment and technological innovation, 

one that depends on the world commodities market’s fluctuations. We now explore these issues 

empirically using again economic complexity data. 

 

From the empirical side, measuring the competitive pattern of a market became crucial, making 

concentration indexes popular in industrial structural analysis. Among its different formulas, a pattern 

emerged, namely: the higher the concentration index, the greater the firms' market power, meaning 

that they can set prices above competitors' without reducing their market share. Among several 

measures, concentration ratios (CRs) and the Hirschman-Herfindahl (HH) indices stand out. In this 

work, we use both aiming to relate them to economic complexity measures. Market concentration 

results from firms owning a relevant share of a given market. Here we use the idea in a similar way 

to indicate countries’ shares of international markets. This adaptation of the methodology from firms 

to countries face some limitations, though. Imagine a situation with three producer countries, with 

one firm each, that switch to one producer country with six firms in it. The latter case is probably less 

concentrated than the former. The number of countries in each world market says nothing about the 

number of firms in each country. All we can see with our methodology and data availability below is 

concentration in terms of countries, not firms. CRn, the most traditional index in the literature, 

measures the share of a market’s n largest firms. For example, a market with CR4 = 90 indicates that 

the four largest firms dominate 90% of the market. Concentration Ratio is a positive/normative 

measure that provides the share of the market of the k largest companies in the industry (k = 1, 2, ... 

n). The higher the index value, the greater the market power of the k largest companies. The primary 

deficiencies of these measures are a) they ignore the presence of n-k smaller companies. Thus, 

mergers or market transfers that occur in them will not influence the index; b) the index does not 

consider the relative participation of each company in the group of k largest. That is, market transfers 

that occur within the group do not affect the index. Thus, the use of this indicator over time may lead 

to inconsistencies as the k reference companies may change over time (Resende e Boff, 2013, p.77).  
 

We now use this concept to measure world markets concentration in terms of countries. We calculate 

country concentration for each market for the 4657 products in our database, using an average from 

2007 to 2017: an average CR4 for each product’s market in the period. We plot the results in the graph 

below, comparing the CR4 with each product’s complexity (figure 3). The scatter plot divides 

quadrants into product complexity level and market concentration for the product. Our results show 

that the quadrant with CR4 greater than 50% and PCI greater than zero holds 44% of world products. 

These are concentrated and complex markets.  

 

 

Figure 3: Full sample (Average PCI= 0.003209858, CR4= 0.6213741) 
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Another frequently used index in the literature is the Herfindhal-Hirschman concentration index 

(HHI). It is defined as the squared sum of the market shares of each firm. It assigns greater weight to 

prevalent firms or countries. A market with a single firm or country has HHI = 1, whereas an HHI 

close to 0 indicates a larger number of firms or countries with low market shares. Although CR4 and 

HH are correlated, they are not equivalent to each other since the intertemporal growth pattern of 

these measures is not the same (Resende and Boff, 2013, p. 87). In this way, the analysis benefits 

from looking at both criteria. HHI is the index that antitrust authorities use the most. In general, 

markets with HHI under .01 are considered competitive, with low concentration; those with an HHI 

in the .10-.18 range are regarded as moderately concentrated, and markets with HHI greater than .18 

are deemed concentrated. Our results show that 31.22% of the products in our database have HHI of 

0.1 or less and lie in highly competitive markets; 40.46% of products have HHI greater than 0.1 and 

lesser than or equal to 0.18, in a moderate concentration range; and 28.32% of products have HHI 

greater than .18. Complex products with PCI>0 in moderately and highly concentrated markets with 

HHI>.10 are 36.03% of our base. Figure 4 below shows HHI results for the full sample. 

 

 

Figure 4: Full sample (Average PCI= 0.003209858, HHI= 0.1610596) 
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We now look at market concentration among groups of countries. In the spirit of the world bank´s 

classification of countries according to their income per capita levels we create in a rather arbitrary 

way 6 groups of countries according to their income per capita levels (table 1 below). The world bank 

uses only 4 categories: low-income countries< U$1.046, Lower-middle income countries between 

1,046 - 4,095, upper-middle income countries 4,096 -12,695, and high income countries > 12,695; all 

in 2021 US dollars. Here we use an average of PPP (u$ 2017) income per capita between the years 

2007-2017. Figure 5 shows the scatter plot for HHI among the 6 groups of countries and PCI for each 

product of our sample. Figures 6 and 7 show CR1 and CR2 for these groups of countries respectively. 

We can see more correlation of concentration (measured as CR1 and CR2 indexes) with product 

complexity (measured by PCI) when we compare groups of countries rather than individual countries. 

Our results here suggest that there is some competition among rich countries within markets for 

complex products but no competition between poor and rich countries for complex products. In other 

words, rich countries completely dominate world markets for complex and sophisticated products. 

 

 

 

 

 

 

Table 1: Countries divided into six groups according to per capita income 
 

 

 

Figure 5: PCI x HHI average for 6 country groups - 2007-2017 trade data (4657 products – 183 

countries) 
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Figure 6: Average PCI x CR1 for 6 country groups - 2007-2017 trade data (4657 products – 183 

countries) 

 

 

 

Figure 7: Average PCI x CR2 for 6 country groups - 2007-2017 trade data (4657 products – 183 

countries) 
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4- Concluding remarks 

This paper presents promising results in terms of working with aggregate trade data to study imperfect 

competition in world markets. This kind of empirical approach appears to corroborate long-held 

claims by structuralist economists as well as many of the conclusions obtained by the imperfect 

competition literature. In a nutshell, we have demonstrated a relevant empirical relationship between 

high complexity and market concentration, even though it is not a linear, proportional relationship. 

Producing complex goods involves activities in which imperfect competition generally prevails, 

along with specific market structure characteristics (significant learning curves, rapid technological 

progress, high R&D content, considerable potential for economies of scale and scope, high industry 

concentration, high entry barriers, brand differentiation, and others). To a certain extent, our results 

in terms of the connection between complexity and income per capita analyses were expected, for 

empirical investigation of the Atlas of Complexity already pointed in this direction. The Atlas runs 

numerous regression analysis between income per capita and complexity indexes, using the 

traditional control variables in the literature. Our chosen path here was to study market concentration 

and imperfect competition in the world trade network using measures from The Atlas. Our data is not 

sufficient to affirm a direct and positive relationship between product complexity and market 

concentration among countries. However, our empirical findings demonstrate that more complex 

products (particularly chemicals and machinery) are located in more concentrated markets, 

considering a quadrant division between complexity and concentration. The data also shows a clear 

dominance of rich countries as a group in markets for complex products. The novelty in our results 

lies in analyzing markets specifically in terms of concentration and dominant countries in the global 

trade network. Using concentration metrics based on the number of participants in each global market 

we were able to identify competition patterns in the world trade network.  
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