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1. What do we mean by Economic Complexity?

ÅWhat are things made out of?
ÅMachines, raw material and labor.
ÅKnowledge.

ÅMarkets allow us to access knowledge that is scattered among people.

ÅProducts are vehicles for knowledge.

ÅAdam Smith: the division of labor is the secret of the wealth of nations. Ą

ÅModern reinterpretation: the division of labor is what allows us to access a 
quantity of knowledge that none holds individually.

ÅMarkets and organizations allow the knowledge that is held by few to reach 
many.  Ą They make us collectively wiser.

ÅThe amount of knowledge in a society depends on the diversity of knowledge 
across individuals and on their ability to combine this knowledge, and make use of 
it, through complex webs of interaction.
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1. What do we mean by Economic Complexity? (cont.)

ÅTypes of knowledge:
ÅExplicit: can be transferred easily by reading a text or listening to a conversation. 
ÅTacit: it is hard to transfer and embed in people as it requires a long and costly process, 

constraining the process of growth and development.

ÅDifferences in prosperity are related to the amount of tacit knowledge that 
societies hold.

ÅBecause embedding tacit knowledge is a long and costly process, we specialize. Ą 
This is why people are trained for specific occupations and why organizations 
become good at specific functions.

ÅCapabilities are the modularized internally coherent chunks of embedded 
knowledge that allow an individual (or organization or even network of 
organizations) perform a certain function.

ÅIn response to the expansion of knowledge, University education responded by 
increasing the diversity of degrees rather than the length of the undergraduate 
programs. Ą Society adapts to expanding knowledge by distributing coherent 
pieces of it among individuals. 
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1. What do we mean by Economic Complexity? (cont.)

ÅMost products require more knowledge than what can be mastered by 
any individual, requiring the interaction of individuals with different 
capabilities.

ÅKnow-who: knowledge of who has the requisite chunks of knowledge.

ÅKnow-where: knowledge of where the people and organizations that 
have this knowledge are located.

ÅThe complexity of an economy is related to the multiplicity of useful 
knowledge embedded in it.

ÅEconomic complexity is expressed in the composition of a ŎƻǳƴǘǊȅΩǎ 
productive output and reflects the structures that emerge to hold and 
combine knowledge.
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1. What do we mean by Economic Complexity? (cont.)

ÅKnowledge can only be accumulated, transferred and preserved if it is 
embedded in networks of individuals and organizations that put this 
knowledge into productive use and avoids its lost when the holder 
retires or die.

ÅComplex economies are those that can weave vast quantities of 
relevant knowledge together, across large networks of people, to 
generate a diverse mix of knowledge-intensive products.

ÅIncreased economic complexity if necessary for a society to be able to 
hold and use a larger amount of productive knowledge, and it can be 
measured from the mix of products that countries are able to make.
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2. How do we measure Economic Complexity?

ÅHow to go from what a country makes to what a country knows?

Ą If making a product requires a particular type and mix of knowledge, then the 
countries that make the product reveal having the requisite knowledge.

1. Countries whose residents and organizations possess more knowledge have 
what it takes to produce a more diverse set of products.

2. Products that demand large volumes of knowledge are feasible only in the few 
places where all the requisite knowledge is available.

     Ubiquity is defined as the number of countries that make a product.

Ubiquitous products are more likely to require few capabilities, while less 
ubiquitous products are more likely to require a large variety of capabilities.

More complex products will be produced by fewer countries and therefore will be 
less ubiquitous. 

The amount of knowledge that a country has is expressed in the diversity and 
ubiquity of the products that it makes.
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2. How do we measure Economic Complexity? (cont.)

Define ὓ  as a matrix that is ρ if country ὧ 

produces product ὴ, and π otherwise. 
Diversity and ubiquity can be measured by 
summing over rows or columns of that 
matrix.

ὈὭὺὩὶίὭὸώὯȟ ὓ  ρ

ὟὦὭήόὭὸώὯȟ ὓ  ς
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2. How do we measure Economic Complexity? (cont.)
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2. How do we measure Economic Complexity? (cont.)

ÅTo generate a more accurate measure of the number of capabilities available in a country, or required by a 
product, we need to correct the information that diversity and ubiquity carry by using each one to correct for the 
other.

ÅFor countries, this requires to calculate the average ubiquity of the products that it exports, the average diversity 
of the countries that make those products and so forth.

ÅFor products, this requires to calculate the average diversity of the countries that make them and the average 
ubiquity of the other products that these countries make.

ÅThis can be expressed by the recursion:

Ὧȟ
ρ

Ὧȟ
ὓ ɇὯȟ  σ

Ὧȟ
ρ

Ὧȟ
ὓ ɇὯȟ  τ

We then insert (4) into (3) to obtain

Ὧȟ
ρ

Ὧȟ
ὓ

ρ

Ὧȟ
ὓ ɇὯȟ  υ

Ὧȟ Ὧȟ

ὓ ὓ

ὯȟὯȟ
 φ
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2. How do we measure Economic Complexity? (cont.)

The previous expression (6) can be rewritten as:

Ὧȟ ὓ Ὧȟ

ὓ ὓ

ὯȟὯȟ
 χ

where

ὓ
ὓ ὓ

ὯȟὯȟ
 ψ

We note (7) is satisfied when Ὧȟ Ὧȟ ρ. This is the eigenvector of ὓ  which is associated 
with the largest eigenvalue. Since this eigenvector is a vector of ones, it is not informative.. We look, 
instead, for the eigenvector associated with the second largest eigenvalue. This is the eigenvector that 
captures the largest amount of variance in the system and is our measure of economic complexity. 
Hence, we define the Economic Complexity Index (ECI) as:

ὉὅὍ
ὑ ὑ

ίὸὨὩὺὑ
 ω

Where ɇ represents an average, ίὸὨὩὺ stands for standard deviation andὑ ὉὭὫὩὲὺὩὧὸέὶ έὪὓ  
associated with the second largest eigenvalue.
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2. How do we measure Economic Complexity? (cont.)
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2. How do we measure Economic Complexity? (cont.)
Analogously, we define a Product Complexity Index ╟╒╘. Because of the symmetry of the problem, this can be done simply 
by exchanging the index of countries ὧ with that for products ὴ in the definitions above. Hence, we define ὖὅὍ as:

ὖὅὍ
ὗ ὗ

ίὸὨὩὺὗ
 ρπ

Whereὗ ὉὭὫὩὲὺὩὧὸέὶ έὪὓ  associated with the second largest eigenvalue.

Product Code (SITC4) Product Name Product Community Product Complexity Index

7284 Machines & appliances for specialized particular industries Machinery 2.27

8744 Instrument & appliances for physical or chemical analysis Chemicals & Health 2.21

7742 Appliances based on the use of X-rays or radiation Chemicals & Health 2.16

3345 Lubricating petrol oils & other heavy petrol oils Chemicals & Health 2.10

7367 Other machine tools for working metal or metal carbide Machinery 2.05

Product Code (SITC4) Product Name Product Community Product Complexity Index

3330 Crude oil Oil -3.00

2876 Tin ores & concentrates Mining -2.63

2631 Cotton, not carded or combed Cotton, Rice, Soy & Others -2.63

3345 Cocoa beans Tropical Agriculture -2.61

7367 Sesame seeds Cotton, Rice, Soy & Others -2.58

Top 5 products by complexity

Bottom 5 products by complexity
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2. How do we measure Economic Complexity? (cont.)

https://oec.world/en/rankings/pci/hs4/hs92
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2. How do we measure Economic Complexity? (cont.)

ÅWhen associating countries to products it is important to take into account the size of the export volume of countries and that of the 
world trade of products. 

Å Even for the same product, we expect the volume of exports of a large country like China, to be larger than the volume of exports of a small country 
like Uruguay.

Å We expect the export volume of products that represent a large fraction of world trade, such as cars or footwear, to represent a larger share of a 
ŎƻǳƴǘǊȅΩǎ exports than products that account for a small fraction of world trade, like cotton seed oil or potato flour.

ÅTo make countries and products comparable we use .ŀƭŀǎǎŀΩǎ definition of Revealed Comparative Advantage or RCA, where a country 
has a RCA in a product if it exports more than its άŦŀƛǊέ share, that is, a share that is equal to the share of total world trade that the 
product represents.

Å If ὢ  represents the exports of country ὧ in product ὴ, we can express the RCA that country ὧ has in product ὴ as:

Ὑὅὃ

ὢ
Вὢ

В ὢ
Вȟὢ

 ρρ

ÅFor example, in 2008, Brazil exported $11 billion of soybeans, and .ǊŀȊƛƭΩǎ total exports were $140 billion. At the same time, ǎƻȅōŜŀƴǎΩ 
world total exports were $42 billion, and ǿƻǊƭŘΩǎ total exports were $12,000 billion. Therefore, .ǊŀȊƛƭΩǎ RCA for soybeans is

Ὑὅὃ ȟ

ρρ
ρτπ

τς
ρςȟπππ

ςς 

ÅTherefore, given that the Ὑὅὃ ρ, it can be said that Brazil has a revealed comparative advantage in the soybeans market.
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2. How do we measure Economic Complexity? (cont.)

Canada
Section: Vegetable Products
HS4: Rapeseed
Exports: $5.17bn
RCA: 15

United States
Section: Vegetable Products
HS4: Sorghum
Exports: $2.08bn
RCA: 8

Mexico
Section: Foodstuffs
HS4: Beer
Exports: $5.49bn
RCA: 14

Brazil
Section: Vegetable Products
HS4: Soybeans
Exports: $39bn
RCA: 36

Australia
Section: Textiles
HS4: Wool
Exports: $2.28bn
RCA: 38

Russia
Section: Mineral Products
HS4: Asphalt Mixtures
Exports: $1.08bn
RCA: 13

China
Section: Footwear and Headware
HS4: Artificial Vegetation
Exports: $4.41bn
RCA: 5

India
Section: Vegetable Products
HS4: Rice
Exports: $10bn
RCA: 18

Japan
Section: Chemical Products
HS4: Photographic Chemicals
Exports: $3.62bn
RCA: 14

Germany
Section: Instruments
HS4: Microscopes
Exports: $1.06bn
RCA: 4

Cambodia
Section: Textiles
I{пΥ Yƴƛǘ ²ƻƳŜƴΩǎ {ǳƛǘǎ
Exports: $1.84bn
RCA: 34

Vietnam
Section: Vegetable Products
HS4: Coconuts, Brazil Nuts and Cashews
Exports: $3.37bn
RCA: 20

Thailand
Section: Vegetable Products
HS4: Cassava
Exports: $1.29bn
RCA: 26
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2. How do we measure Economic Complexity? (cont.)



www.bankandfinance.net

3. Why is Economic Complexity important?

ÅEconomic complexity reflects the amount of knowledge that is 
embedded in the productive structure of an economy, and it is highly 
positively correlated with GDP per capita.

https://oec.world/en/rankings/eci/hs6/hs96?tab=chart
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3. Why is Economic Complexity important? (cont.)

Å9ŎƻƴƻƳƛŎ ŎƻƳǇƭŜȄƛǘȅΣ ǘƘŜǊŜŦƻǊŜΣ ƛǎ ǊŜƭŀǘŜŘ ǘƻ ŀ ŎƻǳƴǘǊȅΩǎ ƭŜǾŜƭ ƻŦ ǇǊƻǎǇŜǊƛǘȅΦ !ǎ ǎǳŎƘΣ ƛǘ ƛǎ Ƨǳǎǘ ŀ ŎƻǊǊŜƭŀǘƛƻƴ ƻŦ 
things we care about. The relationship between income and complexity, however, goes deeper than this.

ÅCountries whose economic complexity is greater than what we would expect, given their level of income, tend 
to grow faster than those that are άǘƻƻ ǊƛŎƘέ for their current level of economic complexity. In this sense, 
economic complexity is not just a symptom or an expression of prosperity: it is a driver.

Economic complexity is strongly 
associated with future economic growth. 

The impact of complexity on growth 
ŘŜŎƭƛƴŜǎ ǿƛǘƘ ŀ ŎƻǳƴǘǊȅΩǎ ƭŜǾŜƭ ƻŦ ƛƴŎƻƳŜΦ

Convergence in income levels.

An increase of one standard 
deviation in complexity, which is 
something that Thailand 
achieved between 1970 and 
1985, is associated with a 
subsequent acceleration of a 
ŎƻǳƴǘǊȅΩǎ long-term growth rate 
of 1.6 percent per year.
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3. Why is Economic Complexity important? (cont.)

ÅTo explore the robustness of the impact of the Economic Complexity Index on growth, it is shown that while 
ECI is constructed using export data, its relationship with future growth is not driven by export volumes or 
concentration. To do so, different controls are added sequentially, as the increase in the real value of exports 
(2), exports as a share of GDP (3), export concentration (4), log initial population (5). 

In short, economic complexity matters because it helps 
explain differences in the level of income of countries, 
and more important, because it predicts future 
economic growth. Economic complexity might not be 
simple to accomplish, but the countries that do achieve 
it, tend to reap important rewards.
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3. Why is Economic Complexity important? (cont.)

Å Trade-based metrics can overestimate the economic complexity of countries integrated into the value chains of sophisticated 
neighbors (e.g., Slovakia) and underestimate the complexity of countries that are geographically distant to global markets (e.g., 
Australia).

Å In a 2023 article, published in Communications Earth & Environment, Stojkoski, Koch and Hidalgo introduced a multidimensional 
approach to economic complexity that overcomes some of these limitations.

Å They combined data on exports by product, patents by technology, and research papers by scientific field to estimate three 
independent metrics of complexity for 100+ countries and used these metrics to explain international variations in economic 
growth, income inequality (Gini index), and the intensity of greenhouse gas emissions (emissions per unit of GDP).

Å They found that the multidimensional approach significantly improves the ability of these methods to explain inclusive green 
growth, but also, found that these three metrics combined differently for each of these outcomes.

https://www.nature.com/articles/s43247-023-00770-0
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3. Why is Economic Complexity important? (cont.)

ÅFour key findings of their research are:

1. The three metrics of complexity complement each other.
ÅMetrics of technology and research complexity capture information about the complexity of an economy that escape 

trade-based measures of complexity, improving the ranking of undervalued economies and curtailing those overvalued 
by trade.

2. Trade and Technology complexity combine to explain economic growth.
ÅUsing various models, they found that trade and technology combine to predict the 10-year annualized economic growth 

of a country better than trade measures of complexity alone. How much better? About 7 percentage points better in R-
squared. Research complexity, however, does not have a statistically significant impact.

3. Trade and Technology complexity also combine to explain income inequality.
ÅEconomic complexity explains more than 50% of the international variations in income inequality. Higher complexity was 

correlated with lower inequality. Technology complexity slightly (2 %to 3%) improves the model.

4. Countries that score high in all three metrics have lower emission intensities.
ÅLow emission intensity economies score high in all three dimensions of complexity.

üThese results help improve strategic economic diversification and development efforts, as they provide a 
more holistic target than the one provided by metrics of trade complexity alone. Putting the 
multidimensional economic complexity idea together suggests a more comprehensive landscape for strategic 
economic development, balancing multiple targets (growth, inequality, emissions) and opportunities 
(products, patents, and research).
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4. How is Complexity different from other approaches?
Å One strand of the literature has looked at the salience of institutions in determining growth, whereas others have looked at human capital or broader 

measures of competitiveness.

Å Clearly, more complex economies have better institutions, more educated workers and more competitive environments, so these approaches are not 
completely at odds with each other or with Complexity.

Å Some of the most respected measures of institutional quality are the six Worldwide Governance Indicators (WGIs), which the World Bank has published 
biennially since 1996.

Å Here we compare the contribution to future economic growth implied by the WGIs and the ECI . The contribution of each variable is estimated by taking 
the difference between the R2 obtained for the regression using all variables and that obtained for the regression where the variable was removed.

Å Since the WGIs are available only since 1996, we perform this exercise using the 1996-2008 period as a whole and as two consecutive 6-year periods. 
We also compare with each individual WGI and with the six of them together.

Å Figure 4.1 shows that the ECI accounts for 15.1 percent of the variance in 
economic growth during the 1996-2008 period, while the six WGIs 
combined account only for 1.0 percent. For the estimation using the two 
six-year periods, we find that ECI accounts for 10.5% of the variance in 
growth, whereas the six WGIs combined account for 1.6%.

Å We conclude that as far as future economic growth is concerned, the 
Economic Complexity Index captures significantly more growth-relevant 
information than the 6 World Governance Indicators, either individually 
or combined.

Å This does not mean that governance is not important for the economy. It 
suggests that the aspects of governance important for growth are weakly 
reflected in the WGIs and appear to be more strongly reflected in the 
economic activities that thrive in each country. These may be more 
effectively captured by the Economic Complexity Index.
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4. How is Complexity different from other approaches?



www.bankandfinance.net

4. How is Complexity different from other approaches? (cont.)

ÅAnother strand of the growth and development literature has looked at the impact of human capital on economic growth.

ÅThe idea that human capital is important for income and growth is not unrelated to our focus on the productive knowledge that exists 
in a society. The human capital literature, however, has placed its attention on measures of formal education. Instead, our approach 
emphasizes the tacit productive knowledge that is embedded in a ŎƻǳƴǘǊȅΩǎ economic activities.

ÅThe standard variables used as a proxy for human capital are the number of years of formal schooling attained by those currently of 
working age, or the school enrollment of the young (Barro and Lee, 2010).

ÅSince these indicators do not take into account the quality of the education received by pupils, they have been subject to criticism 
resulting in new measures of educational quality. These measures use test scores from standardized international exams, such as the 
OECD Programme for International Student Assessment (PISA) or the Trend in International Mathematics and Science Study (TIMSS).

ÅHanuschek and Woessmann (2008) collected data for all the countries that participated in either program and used this information 
to generate a measure of the cognitive ability of students for a cross-section of countries around the year 2000.

ÅThe information on productive knowhow captured by the Economic Complexity Index and by measures of human capital, are not just 
two sides of the same coin. Analytically, human capital indicators try to measure how much of the same knowledge individuals have, 
whether knowledge is measured as years of study of the national curriculum or as the skills mastered by students according to 
standardized international tests.

Å In contrast, the Economic Complexity Index tries to capture the total amount of productive knowledge that is embedded in a society 
as a whole and is related to the diversity of knowledge that a society holds.
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4. How is Complexity different from other approaches? (cont.)
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4. How is Complexity different from other approaches? (cont.)
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4. How is Complexity different from other approaches? (cont.)

ÅFinally, we look at measures of competitiveness. The most respected source of these measures is the World Economic 
CƻǊǳƳΩǎ Global Competitiveness Index (GCI). The GCI has been published since 1979. Over the course of more than 30 
years, the coverage of the GCI has been expanded and improved methodologically, going through two major revisions in 
2001 and 2006. By 1995, the GCR ranked less than 50 countries, but over the years this number has increased, now 
reaching over 130 countries. The claim of the Global Competitiveness Report is that the index captures the fundamental 
variables that drive growth over the medium term.

ÅThe GCI develops over 150 measures of elements that it considers important for competitiveness and then averages them. 
The ECI looks, instead, at the actual kinds of industry that a country can support. Both should capture information that is 
relevant to an ŜŎƻƴƻƳȅΩǎ ability to grow. Which one does so more effectively is an empirical question that we address next.
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4. How is Complexity different from other approaches? (cont.)
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5. How does Economic Complexity evolve?

ÅSo economic complexity seems to matter: it affects a ŎƻǳƴǘǊȅΩǎ level of income per capita and 
drives its future growth.

ÅIt is also distinct from what is captured by measures of human capital, governance and 
competitiveness.

ÅBut how does complexity evolve?

ÅHow do societies increase the amount of productive knowledge embedded in them?

ÅWhat limits the speed of this process?

ÅWhy does it happen in some places but not in others?
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5. How does Economic Complexity evolve? (cont.)

ÅThe complexity of a ŎƻǳƴǘǊȅΩǎ economy reflects the amount of productive knowledge it contains.

ÅThis knowledge is costly to acquire and transfer, and is modularized into chunks we call capabilities.

ÅCapabilities are difficult to accumulate because doing so creates a complicated chicken and egg 
problem. On the one hand, countries cannot create products that require capabilities they do not 
have. On the other hand, there are scant incentives to accumulate capabilities in places where the 
industries that demand them do not exist.

ÅThis is particularly true when the missing capabilities required by a potential new industry are 
many. In this case, supplying any single missing capability will not be enough to launch the new 
industry, given the absence of the other required capabilities.

ÅIn a world in which capabilities are complementary, new capabilities risk not being demanded 
simply because other capabilities are not present.

ÅIt follows then that new capabilities will be more easily accumulated if they can be combined with 
others that already exist. This reduces the need to coordinate the accumulation of several new 
capabilities simultaneously.
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5. How does Economic Complexity evolve? (cont.)

ÅFor this reason, countries are more likely to move into products that make use of the capabilities that are 
already available.

ÅThese capabilities are available, however, because they are being used to make other products.

ÅAn implication of this is that a country will diversify by moving from the products they already produce to 
others that require a similar set of embedded knowledge.

ÅArguably, it is easier to move from shirts to blouses than it is to move from shirts to engines. This is because, 
in terms of embedded knowledge, shirts are more similar to blouses than to engines.

ÅA testable implication of this logic is that countries will move into products that are similar, in terms of the 
capabilities they require, to the ones they already make.

ÅMeasuring the similarity in the capability requirements of different products is not simple. Identifying the 
precise technical and institutional requirements of each product would involve collecting a mindboggling 
volume of information.

ÅInstead, here we measure similarity using a simple trick. If shirts require knowledge that is similar to that 
required by blouses, but different from that required by engines, then the probability that a country exporting 
shirts will also export blouses will be higher than the probability that it will also export engines.



www.bankandfinance.net

5. How does Economic Complexity evolve? (cont.)

ÅSo the probability that a pair of products is co-exported carries information about how similar these products are.

ÅWe use this idea to measure the proximity between all pairs of products in our dataset. For a pair of goods ὴ and ὴᴂ, 

proximity is defined as ɲ
В

ȟȟ ȟ

, where ὓȟ ρ if country ὧ exports product ὴ with Ὑὅὃρ and π 

otherwise. Ὧȟ is the ubiquity of product ὴ. 

ÅFor example, if in 2008, 17 countries exported wine, 24 exported grapes and 11 exported both, all with RCA>1. Then, 
the proximity between wines and grapes is 11/24=0.46.

ÅThe collection of all proximities is a network connecting pairs of products that are significantly likely to be co-exported 
by many countries. We refer to this network as the product space and use it to study the productive structure of 
countries.

ÅWe care about the structure of the product space because it affects the ability of countries to move into new 
products.

ÅProducts that are tightly connected share most of the requisite capabilities. If this is the case, then countries that 
already have what it takes to make one product will find it relatively easy to move to the next ones.

ÅA highly connected product space, therefore, makes the problem of growing the complexity of an economy easier. 
Conversely, a sparsely connected product space makes it harder.
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5. How does Economic Complexity evolve? (cont.)

Å Imagine that the product space is a forest, where every product is a 
tree. Trees that require similar capabilities are near each other in the 
forest. Distant trees require very different capabilities.

Å If countries are a collection of firms that make different products, we 
can think of firms as monkeys that live on trees, meaning that they 
exploit certain products.

ÅCountries differ in the number and location of their monkeys in this 
common forest. The development process, which implies increasing 
product diversity and complexity, is akin to monkeys colonizing the 
forest, occupying more trees, and moving especially into the more 
complex or fruitier ones.

ÅWhen monkeys jump to nearby trees it minimizes the chicken and egg 
problem of having to accumulate several missing capabilities at once.

Å Furthermore, if trees are densely packed together, it will be relatively 
easy for monkeys to move from tree to tree and populate the forest. 
But if trees are far apart, monkeys may be stuck in their current 
activities.

Å If the product space is heterogeneous, there may be some patches of 
highly related products, where adding capabilities and expanding into 
new products would be easier, and other patches of more loosely 
connected products that make the process of capability accumulation 
and diversification harder
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5. How does Economic Complexity evolve? (cont.)
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5. How does Economic Complexity evolve? (cont.)
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5. How does Economic Complexity evolve? (cont.)



www.bankandfinance.net

5. How does Economic Complexity evolve? (cont.)
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6. How to use the Atlas of Economic Complexity?
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6. How to use the Atlas of Economic Complexity? (cont.)
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6. How to use the Atlas of Economic Complexity? (cont.)
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6. How to use the Atlas of Economic Complexity? (cont.)


