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The world works not 
because a few people 
know a lot, but because 
many people know a little.

Economic complexity is 
about understanding how 
that knowledge comes 
together. 



Economic complexity

machine learning

+

economic data

= 

development outcomes

Starting in 2006-2007



Why Machine 

Learning

Because factors of 

production, and in 

particular knowledge, 

are highly specific and 

non-fungible (not 

interchangeable).
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1
0

https://writings.s tephenwolfram.com/2023/02/what-is-chatgpt-doing-and-why-does-it-work/





1
2

Word Embeddings Provide Semantic Representations That Transcend Parts of Speech Grammar





At the library, the students opened their…. 

sandwiches

books

mouths

laptops

Vaswani, Ashish, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones, Aidan N. Gomez, Łukasz Kaiser, and Illia 

Polosukhin. "Attention is all you need." Advances in neural information processing systems 30 (2017).

Attention!



10,000
words

100 million
pairs

1 trillion
triplets

10,000
trillion
4-grams

104 108 1012 1016 1020

100 million
trillion
5-grams

Words Bigrams Trigrams

1080

20-grams
…

4-grams 5-grams 20-grams

It is a BIG problem!
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Use neural networks to approximate these functions

With only a “few“ billion parameters



Agriculture

Manufacture

Manufacture Labor Intensive

Capital  Intensive

Capital Intensive

Agriculture Labor  Intensive

“Parts of Speech” Economics



Just like we can count the

number of words in each

sentence or paragraph, and their

co-occurrences, to create 

representations of their semantic 

meaning, we can count the

number of economic activities

that are present across cities,

regions, and countries to create

representations of the knowledge 

embedded in them.

Spark Ignition Engines, Tobacco,

Engine Parts, Aircraft Parts,

Vaccines, Plywood, Tractors, Coffee,

Frozen Bovine Meat, etc…

Spark Ignition Engines, Engine

Parts, Aircraft Parts, Aircraft, Wheat,

Wine, Perfumes, Vaccines, etc…

Crude Petroleum, Refined

Petroleum, Petroleum Gases,

Wheat, Aircraft Parts, etc.

NLP, LLMs Economic Complexity



But……
Who cares about 

Economic 
Complexity?













Two Basic Ideas
in Economic Complexity

Complexity IndexesRelatedness

Hidalgo et al. Science (2007) Hidalgo & Hausmann. PNAS (2009)



Relatedness





1979 1996



Products

CHINA:
(He et al. 2017
Gao et al. 2021)

BRAZIL
(Jara-Figueroa et al. 
2018)

SWEDEN:
(Neffke, Henning, Boschma 
2011)

(Kogler et al. (2013), Boschma 
et al. (2015), Alstott et al. 
(2016))

(Guevara et al. 
(2016))

(Hidalgo et al 2007)

Industries

Research Areas Patents

THE PRINCIPLE OF RELATEDNESS

César A. Hidalgo, Pierre-Alexandre Balland, Ron Boschma, Mercedes Delgado, Maryann Feldman, Koen Frenken, Edward Glaeser, Dieter F. Kogler, Andrea Morrison, Frank 

Neffke, David Rigby, Scott Stern, Siqi Zheng, Canfei He, & Shengjun Zhu. “The Principle of Relatedness” CCS 2018. Springer Proceedings in Complexity. Springer (2018)

Products Industries

Research Areas Patents



Jun, Bogang, Aamena Alshamsi, Jian Gao, and César A. Hidalgo. "Bilateral relatedness: knowledge diffusion and the evolution of 
bilateral trade." Journal of Evolutionary Economics 30 (2020): 247-277.

Bilateral Relatedness

Product Relatedness:

Enter same market with 

similar product.



Jun, Bogang, Aamena Alshamsi, Jian Gao, and César A. Hidalgo. "Bilateral relatedness: knowledge diffusion and the evolution of 
bilateral trade." Journal of Evolutionary Economics 30 (2020): 247-277.

Bilateral Relatedness

Product Relatedness:

Enter same market with 

similar product.

Exporter Relatedness:

Enter same market as 

geographic neighbor.



Jun, Bogang, Aamena Alshamsi, Jian Gao, and César A. Hidalgo. "Bilateral relatedness: knowledge diffusion and the evolution of 
bilateral trade." Journal of Evolutionary Economics 30 (2020): 247-277.

Bilateral Relatedness

Product Relatedness:

Enter same market with 

similar product.

Exporter Relatedness:

Enter same market as 

geographic neighbor.

Importer Relatedness:

Enter the geographic 

neighbor of a current 

market



oec.world



Economic Complexity

The use of dimensionality 

reduction techniques (e.g. SVD) to 

summarize the sophistication of 

productive structures.

Economic Complexity Explains

Economic Growth

Hidalgo and Hausmann, 2009;  

Chávez et al., 2017; Domini, 2019; 

Hausmann et al., 2014; Koch, 

2021; Lo Turco and Maggioni, 

2020; Ourens, 2012; Stojkoski et 

al., 2016

Inequality

Hartmann et al., 2017,Barza et 

al., 2020; Ben Saâd and 

Assoumou-Ella, 2019; Chu and 

Hoang, 2020; Fawaz and 

Rahnama-Moghadamm, 2019

Emissions

Can and Gozgor, 2017; Dordmond

et al., 2020; Fraccascia et al., 2018; 

Hamwey et al., 2013; Lapatinas et 

al., 2019; Mealy and Teytelboym, 

2020; Neagu, 2019; Romero and 

Gramkow, 2021



Economic Complexity

ECI

Knowledge of a place

is the knowledge of the activities

present in it

Knowledge of an activity 

is the knowledge of the places

where it is present

Knowledge can be estimated

as the solution to a linear 

eigenproblem

Hidalgo CA, Nature Review Physics (2021), PNAS (2009)



When f and g are defined as 
simple averages….

The “easy way” to estimate Kc and Kp is to simply iterate the mapping, starting with Kp=Mp and Kc=Mc. The 

mapping converges after about 20 iterations.
Hidalgo CA, Nature Review Physics (2021), PNAS (2009)



The Economic Complexity Index as an 
optimization problem

Servedio, Vito DP, Alessandro Bellina, Emanuele Calò, and Giordano De Marzo. "Economic Complexity in Mono-Partite Networks." arXiv preprint 
arXiv:2405.04158 (2024).

Let Vi be a vector whose entries describe a location (e.g. country) or 

an activity (e.g. product). Let Aij be a matrix connecting locations and 

activities. Then ECI is a solution that minimizes the cost function U:    



But is not that easy!

China & USA ~ 15 to 20 trillion GDP

Macedonia ~ 0.0012 trillion GDP

Units of observation are not comparable!



Exports

RCA

Mcp

Mcc’

ECI



Economic Complexity Index (Trade)

1998 2008 2022



1998 2008 2022



Economic Complexity Explains Future Economic Growth

Explains more growth than institutions

Explains more growth than education

Atlas of Economic Complexity (Puritan Press 2011, MIT Press 2014) 



Domini, Giacomo. Explorations in Economic History 83 (2022): 101421.



Economic Complexity Explains Variations in Income Inequality

Hartmann, Guevara, Jara-Figueroa, Aristaran, & Hidalgo,. World Development (2017)



Economic Complexity Explains Greenhouse Emission Intensity



Hidalgo et al. Economic Complexity Theory and Applications. Nature Review Physics (2021)



Gao, Jian, and Tao Zhou. "Quantifying China’s regional economic complexity." Physica A: 

Statistical Mechanics and its Applications 492 (2018): 1591-1603.

Economic Complexity of Chinese Provinces Using Data on Publicly Listed Firms



DataMexico.org

Economic Complexity of Mexican States Using Industry Data

Central Bank of Mexico

http://DataMexico.org


Multidimensional 
Turn

In 2009:

ECI(trade)

Economic Growth

In 2023:

ECI(trade), ECI(tech), ECI(research)

Economic Growth, Inequality, Emissions



Limitations of trade ECI

Stojkoski, Viktor, Philipp 

Koch, and César A. 

Hidalgo. "Multidimensional 

economic complexity and 

inclusive green 

growth." Communications 

Earth & Environment 4.1 

(2023): 130.



International Trade Patents Research Papers

Stojkoski, Viktor, Philipp Koch, and César A. Hidalgo. "Multidimensional economic complexity and inclusive green growth." Communications Earth & Environment 4.1 (2023): 130.

Solution: Combine Data from Different Outputs



Stojkoski, Viktor, Philipp Koch, and César A. Hidalgo. "Multidimensional economic complexity and inclusive green growth." Communications Earth & Environment 4.1 (2023): 130.



Stojkoski, Viktor, Philipp Koch, and César A. Hidalgo. "Multidimensional economic complexity and inclusive green growth." Communications Earth & Environment 4.1 (2023): 130.





Stojkoski, Viktor, Philipp Koch, and César A. Hidalgo. "Multidimensional economic complexity and inclusive green growth." Communications Earth & Environment 4.1 (2023): 130.



ECI(trade) ECI(tech) ECI(research)



Have you ever made a purchase in any of these websites?



Service Trade Data is Not Very Detailed



2,502

Internet 

companies 

with revenues 

of USD 1B+

Decompose

revenue of

each company 

into

29 sectors

Digital 

consumption

Patterns for 2 

sectors: mobile 

apps & games

Gradient-

boosted 

regression tree.

(leave 20% out-of-

sample cross-

validation. MSE 

0.048)

Data Estimation Procedure

(Extends 

data to 129 

additional 

countries 

and to 29 

sectors)

Optimal

Transport

Reallocation

(Assigns trade 

to closest 

subsidiary 

constrained by 

total revenue 

amounts)
13,013

firns and app 

developers

Resulting

Dataset

Bilateral 

digital

product trade 

estimates

for 189 

countries, 31 

sectors,

and 15,255

firms

Stojkoski et al. Nature Communications (2024)



Digital Product Trade

Stojkoski, Viktor, et al. "Estimating digital product trade through corporate revenue data." Nature Communications 15.1 (2024): 5262.



Digital Trade is Growing Fast

25% CAGR 4% CAGR 6% CAGR8% CAGR

Stojkoski, Viktor, et al. "Estimating digital product trade through corporate revenue data." Nature Communications 15.1 (2024): 5262.
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It help us rethink trade balances

Stojkoski, Viktor, et al. "Estimating digital product trade through corporate revenue data." Nature Communications 15.1 (2024): 5262.



Digital Trade is High Complexity



Economic complexity:
A telescope to understand the past & the future



Migrants are known vectors of knowledge flows

• Agrawal, A., Cockburn, I. & McHale, J. Gone but not forgotten: knowledge flows, labor mobility, and enduring social relationships. J Econ Geogr 6, 571–591 

(2006).

• Balconi, M., Breschi, S. & Lissoni, F. Networks of inventors and the role of academia: an exploration of Italian patent data. Research Policy 33, 127–145 (2004).

• Breschi, S. & Lissoni, F. Knowledge networks from patent data. in Handbook of quantitative science and technology research 613–643 (Springer, 2004).

• Singh, J. Collaborative Networks as Determinants of Knowledge Diffusion Patterns. Management Science 51, 756–770 (2005).

• Moser, P., Voena, A. & Waldinger, F. German Jewish émigrés and US invention. American Economic Review 104, 3222–3255 (2014).

• Waldinger, F. Peer Effects in Science: Evidence from the Dismissal of Scientists in Nazi Germany. The Review of Economic Studies 79, 838–861 (2012).

• Waldinger, F. Quality matters: The expulsion of professors and the consequences for PhD student outcomes in Nazi Germany. Journal of political economy 118, 

787–831 (2010).

• Ganguli, I. Immigration and ideas: what did Russian scientists “bring” to the United States? Journal of Labor Economics 33, S257–S288 (2015).

• Borjas, G. J. & Doran, K. B. Cognitive mobility: labor market responses to supply shocks in the space of ideas. Journal of Labor Economics 33, S109–S145 

(2015).

• Azoulay, P., Liu, C. C. & Stuart, T. E. Social influence given (partially) deliberate matching: Career imprints in the creation of academic entrepreneurs. American 

Journal of Sociology 122, 1223–1271 (2017).

• Collins, H. M. The TEA Set: Tacit Knowledge and Scientific Networks. Science Studies 4, 165–185 (1974).

• Parsons, C. & Vézina, P.-L. Migrant Networks and Trade: The Vietnamese Boat People as a Natural Experiment. Economic Journal (2017).

• Scoville, W. C. The Huguenots and the diffusion of technology. I. Journal of Political Economy 60, 294–311 (1952).

• Scoville, W. C. The Huguenots and the diffusion of technology. II. Journal of Political Economy 60, 392–411 (1952).

• Kerr, W. R. The Gift of Global Talent: How Migration Shapes Business, Economy & Society. (Stanford University Press, 2018).

• Lissoni, F. & Miguelez, E. Migration and Innovation: Learning from Patent and Inventor Data. Journal of Economic Perspectives 38, 27–54 (2024).

• Autant-Bernard, C. Science and knowledge flows: evidence from the French case. Research policy 30, 1069–1078 (2001).

But most research focus on a recent context and on knowledge flows within an activity (MAR 
spillovers)





Koch et al. Regional Studies (2023)



Knowledge spillovers can occur within and across both locations and activities:

‣ Spillovers across locations within the same activity: 

Immigrant mathematicians    ->     P(region begets mathematicians)

‣ Spillovers across both locations and activities: 

Immigrant physicists    ->     P(region begets mathematicians)

‣ Spillovers within locations across activities: 

Local physicists   ->     P(region begets mathematicians)
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Estimate direct and relatedness effects

E..g.   Do famous immigrant mathematicians contribute to the birth of new famous mathematicians and physicists?

Step 1: Estimate “excess” migration

Step 2: Estimate separate relatedness for immigrants, 

emigrants, and locals

Koch et al. Regional Studies (2023)









Estimating Historical GDPpc

1300 1750
Maddison project Maddison project



Getting from here… … to here

1750
Maddison project

1750
Koch et al. PNAS 2024



Using This…
Place of birth, death, and 

occupation data of famous 
individuals from Wikipedia9. 

~561k famous individuals 
assigned to one of 49 
occupations with a birth or 
death in Europe and North 
America between 1300 and 
2000 (only individuals with at 
least 2 language editions and 
an identifiable occupation).

Koch, Stojkoski, Hidalgo,
PNAS (2024)



Why biographies?
Our collective memory on famous individuals is likely one of the most comprehensive 
representation of the historical geography of knowledge.

The famous individuals that were born at, have died at, immigrated to or emigrated from a 
specific place tell us something about the level of economic development.

Direct Indirect



Model
Regularized Elastic Net

Leave 20% out-of-sample cross validation



Model Performance

Koch, Stojkoski, Hidalgo PNAS (2024)



Validation - Little Divergence

In 1300, the bottom 10th

percentile of the South has 
been as rich as the top 90th

percentile of the North. 
In 1800, the opposite holds: 
The bottom 10th percentile of 
the North exhibits a similar 
income level as the 90th

percentile of the South.

Koch, Stojkoski, Hidalgo PNAS (2024)



Validation – Acemoglu, Johnson, Robinson Atlantic Trade

Acemoglu et al. 2005 Koch et al. 2024



Validation - proxies of economic development

Koch, Stojkoski, Hidalgo PNAS (2024)



Validation - proxies of economic development

Koch, Stojkoski, Hidalgo PNAS (2024)



1300



1400



1500

1500



1600



1700



1750



1800



1850



1900



…to Conclude



The world is complex

made of highly-specific 
and non-fungible 

knowledge



Knowledge is
non-fungible ! 
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Economic complexity methods allow us to make granular 
representations of economies to understand where they stand and 

where they are going.

Research: centerforcollectivelearning.org
Platforms: datawheel.us oec.world



Thanks!
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