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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 

non-interchangeable or

non-fungible.



Parts-of-speech representation of words do 

not honor their non-fungibility



1
0

Word Embeddings Provide Semantic Representations 

That Transcend Parts of Speech Limitations



Agriculture

Manufacture

Manufacture Labor Intensive

Capital  Intensive

Capital Intensive

Agriculture Labor  Intensive

“Parts of Speech” Representation of 
Products or Activities



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.

AI or LLMs Economic Complexity



But...
Who cares about 

Economic Complexity?



Economic Complexity is the First Mission of Malaysia’s

New Industrial Master Plan



The future of European Competitiveness. “Draghi Report” 2024

Economic Complexity was used in the recent Draghi Report to the EU



Economic Complexity has motivated the creation of dozens of economic 

data observatories 



Two Key Concepts

Complexity IndexesRelatedness

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





Corradino 

D’Ascanio







1979 1996

Relatedness



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

The probability that an economy 

enters (exits) an activity, increases 

with the number of related activities 

present in that location.



Let’s Look at Indonesia



http://oec.world



http://oec.world



http://oec.worldJun et al. JEE 2019



Economic Complexity

Measures of the value of an 

activity (e.g. a product, industry, 

etc.) and of the portfolio of 

activities present in an economy.

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



Economic Complexity

ECI

The complexity (Kc) of an 

economy is the complexity (Kp) of 

its activities.
The complexity (Kp) of an activity is 

the complexity (Kc) of the 

economies where that activity is 

produced.

Complexity can be estimated as a 

solution to the following 

eigenproblem.

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





India
(Poor & quite complex)

Singapore
(Rich & Complex)

Qatar
(Rich & Not too Complex)

Liberia
(Poor & not complex)



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

Among other outcomes



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



Limitations of ECI trade

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 Different Data Sources



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

ECI Tech



Stojkoski, Viktor, Philipp Koch, and César A. Hidalgo. "Multidimensional economic complexity and inclusive green 

growth." Communications Earth & Environment 4.1 (2023): 130.

ECI Research



ECI Trade, Tech, & Research

are complementary

Stojkoski, Viktor, Philipp Koch, and César A. Hidalgo. "Multidimensional economic complexity and 

inclusive green growth." Communications Earth & Environment 4.1 (2023): 130.



Let’s Look at Indonesia



ECI Trade ECI Tech ECI Research



Multidimensional Economic Complexity predicts Indonesia will be one

of the potentially fastest growing economies in the world

http://oec.world*Growth can be larger since these estimates suffer from regression to the mean.



Indonesia is in a region with high economic growth potential

*Growth can be larger since these estimates suffer from regression to the mean. http://oec.world



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.

Moving into digital trade

Digital Products



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)

Creating a dataset on digital products

(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 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.



Digital Trade is High Complexity

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



Digital Product Trade Has Few Origins

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



Let’s Look at Indonesia



Digital Import Estimates by Indonesia (2021)  11.6B USD

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



Putting these ideas 
into practice







Relatedness = Direction of the Wind



Complexity = Value of the Destination



You don’t want to 
simply follow the 

wind.

You want to 
navigate to the 

right destination. 



http://oec.world







…to Conclude



Economies 

are Complex



Because

Knowledge is
non-fungible !



6
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To understand the economy in detail we need 

granular representations



Economic complexity is that change!

It provides granular representations of economies that can help us 

understand where they stand and where they are going.

Research: centerforcollectivelearning.org

Tech: datawheel.us


