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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.
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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

Verb, Nouns, Adjectives, and Adverbs List

Verbs Nouns Adjectives Adverbs
accuse accusation accusing accusingly
argue argument arguable arguably

characterize character characteristic characteristically

condition condition conditional conditionally
darken dark, darkness dark, darkened darkly
destroy destruction destructive destructively
drink drink, drunkenness drunk, drunken drunkenly




Word Embeddings Provide Semantic Representations
That Transcend Parts of Speech Limitations
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“Parts of Speech” Representation of
Products or Activities

Manufacture Capital Intensive

W 7 Agriculture Capital Intensive

u Agriculture Labor Intensive

Manufacture Labor Intensive




Al or LLMs

Just like we can count the
words in each
sentence or paragraph, and their
CcO-occurrences, to Create
representations of their semantic
meaning, we can count the
economic activities
that are present across cities,
regions, and countries to create
representations of the knowledge
embedded in them.

Economic Complexity

Spark Ignition Engines, Tobacco,
Engine  Parts, Aircraft  Parts,

Plywood, Tractors, Coffee,

Frozen Bovine Meat, etc...

Spark Ignition Engines, Engine
Parts, Aircraft Parts, Aircraft, Wheat,

Wine, Perfumes, . etc...
Crude Petroleum, Refined
Petroleum, Petroleum Gases,

Wheat, Aircraft Parts, etc.



But...
Who cares about
Economic Complexity?



Economic Complexity is the First Mission of Malaysia’s
New Industrial Master Plan

HOME NEW INDUSTRIAL MASTER PLAN MISSION ABOUT US EVENTS DOCUMENTS MEDIA

wewd t s FAQ

Home > Mission > Mission 1: Advance economic complexity

Mission 1: Advance economic complexity

Mission 1 focuses on encouraging the industry to

innovate and produce more sophisticated products to Intagrate_in glol_:al value chain
(GVC) (including exports)

increase economic rnmplr‘xwry
@ Expand to higher value-added activities

@ Develop ecosystem to support high value- Value Chain

added activities
9 Establish “vertical integration' for GVC High Value High Value

@ Foster RDCI ecosystern
© Increase manufacturing exports a R&D esign Assembly Logistics Services @
@ ﬂ ) D ) D ) n ) n )

SMEs SMEs SMEs SMEs SMEs

Malaysia's strategic focus is on transitioning to higher value-added activities,

moving beyond traditional manufacturing models towards an innovation- InteQrate il"l other value Chains
driven manufacturing hub
This transformation invelves fostering an ecosystem that encourages the
growth of industries engaged in high-value economic activities, integrating {C):} - -
value chains across sectors and promoting vertical integration among ﬁ . Advanced inspection - —
ASEAN countries solution

Machineryand - Implantable devices .
The Research, Development, Commercialisation, and Innevation (RDCI) eyele Equipment + Minimally invasive Medical
plays a pivotal role in enhancing econemic complexity and cultivating high- (M&E surgical tool Devices

skilled talent, facilitating the introduction of innovative products and services

that drive job creation and economic expansion. Central to this approach is .
the goal of increasing manufacturing exports to bolster Malaysia's economic EV chip v m
growth and global competitiveness

- Superchargers

Electrical and  *Smartsensors .
Electronics (E&E) Automotive

.
>

- Active pharmaceutical gg
Ingredients 00
- Biologics - insulin, vaccines ."

- Solvents, preservatives,
Chemical excipients in generic drugs




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

FIGURE 2
The EU’s position in complex (digital and green) technologies
2019-2022 ;
Internet of Things @
Artificial Intelligence @
Cryptography and distributed ledger technology @
Cybersecurity &
Cloud and Edge Computing &
Quantum Computers @
L

@ cnN
@ v
® us

Hydropower

Geothermal energy ‘ v
Nuclear energy @ ;
Solar energy & @
Battery technology [ :

Biofuels @ @
Wind energy ° @ '
Hydrogen ° i@

Green transports @ i '

Technology Complexity Index

-
-

RELATEDNESS DENSITY

Notes: The results are based on an analysis of patent data to understand the complexity and potential for specialisation in different technology areas. On the
y-axis, technologies are ranked according to how advanced or complex they are, with scores ranging between 0 (less complex) and 100 (more complex). The
x-axis (showing the relatedness density) represents how easily a country can build comparative advantage in a particular technology, depending on how
closely related it is to other technologies the country is already strong in. The size of the bubbles shows how much each country has already specialised in a
technology, using a measure of ‘revealed comparative advantage'(RCA), which reflects their competitive strenght in that field.

Source: European Commission, DG RTD.

The future of European Competitiveness. “Draghi Report” 2024



Economic Complexity has motivated the creation of dozens of economic
data observatories
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" Teopical Agriculture

—

Precious Stones [T}
Aircraft

Two Key Concepts

Relatedness
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Garments.

Hidalgo et al. Science (2007)

Complexity Indexes
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What are the export opportunities of Chile? (1979)

TOTAL: $3.67B




1979

1996

Relatedness




THE PRINCIPLE OF RELATEDNESS

Products Industries Products Research Areas Patents

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

(Hidalgo et al 2007)

- a——

The probability that an economy
enters (exits) an activity, increases

8 with the number of related activities
present in that location.

Research Areas Patents | | =M “ ‘

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, Sigi Zheng, Canfei He, & Shengjun Zhu. “The Principle of Relatedness” CCS 2018. Springer Proceedings in Complexity. Springer (2018)



Let’s Look at Indonesia



2 LATEST TRENDS [D: POTENTIAL EXPORTS 2 SERVICE TRADE @ ECONOMIC COMPLEXITY
Yearly Trade Exports (2022) Destinations (2022) k
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Product Space

YEAR

2022

SPECIALIZATION

RCA > 1

The product space is a network connecting
products that are likely to be co-exported. The
product space can be used to predict future
exports, since countries are more likely to start
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— £~ LATEST TRENDS (@ HISTORICAL DATA 2 SERVICE TRADE &) ECONOMIC COMPLEXITY

POTENTIAL EXPORTS

L3
Potential Exports Exports with highest growth potential (Indonesia ™)
TYPE
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FLOW
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VIEW
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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)

KA South Ko... 1.88
:E- mm Singapore  1.84

P =
= Finland 1.47
== Slovenia 1.46

14 = Hungary 1.40
N{ls B France 1.34
el ®ieland 134

e



Economic Complexity

The complexity (Kc) of an _

economy is the complexity (Kp) of KC _ f(MCP’ KP)’
Its activities.

The complexity (Kp) of an activity is

the complexity (Kc) of the .

economies where that activity is Kp — g(MCp’ KC)’

produced.

K, = f(McpJ g(McpJ Kc))!

Complexity can be estimated as a
solution to the following
eigenproblem.

 E0deaeA 3636 808 SRan B2 0220852 5e s B3 ke 1A AR o B AR RIR R R e 002 R B RO 390 ot B Rv 00 Ra 0 a8a e R B AR 000

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



GDP per capita, PPP (constant 2011 international $)
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Economic Complexity Index Trade (ECI Trade) vs GDP per capita
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Economic Complexity Explains...

Economic Complexity Index Trade (ECI Trade) vs GDP per capita

Economic Growth $137k
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Hidalgo and Hausmann, 2009; Chavez et al., ()
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Among other outcomes
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ELSEVIER

Patterns of specialization and economic
complexity through the lens of universal

Explorations in Economic History
Volume 83, January 2022, 101421

exhibitions, 1855-1900

Giacomo Domini &

ECI

GDP per capita

Constant

Country fixed

effects

N of observations
N of countries

N of time periods

Adjusted R?

(3)

Next-century
growth

0.509%*
(0.154)
-0.597%**
(0.161)
-0.128
(0.121)

No

96

33

0.221

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

(4)

Next-century
growth

0.400%**
(0.128)
-0.542%*
(0.219)
-0.092%*
(0.043)

Yes

96

33

0.770



Limitations of ECI trade

I |

-1.5 -1 -0.5 0 0.5 1 1.5 2

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

el

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.



ECI Tech

l
I | | 1} 1] 1 1]
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Stojkoski, Viktor, Philipp Koch, and César A. Hidalgo. "Multidimensional economic complexity and inclusive green growth." Communications Earth & Environment 4.1 (2023): 130.



ECI| Research

-1.5 -1 -0.5 0 0.5 1 15 2

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



ECI (technology)
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ECI Trade, Tech, & Research

are complementary
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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



ECONOMIC COMPLEXITY (TRADE)
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Multidimensional Economic Complexity predicts Indonesia will be one
of the potentially fastest growing economies in the world

4.55

B |ndonesia X=y
Growth Forecast (ECI Trade) 2.36 L i Dl

= Growth Forecast (Multidimensional .- -~ oy
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Growth Forecast (ECI Trade)

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



-1.36

Indonesia is in aregion with high economic growth potential

-0.5 0 0.5 1 1.5 2 25 3 3.5 4.2
Predicted Annual GDP per capita growth

*Growth can be larger since these estimates suffer from regression to the mean.

http://oec.world



Moving into digital trade

SB@

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.



Creating a dataset on digital products

2,502

Internet
companies
with revenues
of USD 1B+

13,013
firns and app
developers

orbis

statista %a

7’

Google Play

App Store

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)

(Extends
data to 129
additional
countries
and to 29
sectors)

Optimal
Transport
Reallocation

(Assigns trade
to closest
subsidiary
constrained by
total revenue
amounts)

Resulting
Dataset

Bilateral
digital
product trade
estimates

for 189
countries, 31
sectors,

and 15,255
firms

Stojkoski et al. Nature Communications (2024)
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Trade volume (in USD)

1.2Tk

Digital products

Digital Trade is Growing Fast

25% CAGR
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Physical goods

6% CAGR

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



Digital Trade is High Complexity

0.40
0.35
0.30 | H
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Stojkoski, Viktor, et al. "Estimating digital product trade through corporate revenue data.”" Nature Communications 15.1 (2024): 5262.



Digital Product Trade Has Few Origins
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Let’s Look at Indonesia



Digital Import Estimates by Indonesia (2021) 11.6B USD
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Relatedness = Direction of the Wmd
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Complexity = Value of the Destination




You don’t want to
simply follow the
wind.

You want to
navigate to the
right destination.




£~ LATEST TRENDS (@ HISTORICAL DATA (I POTENTIAL EXPORTS

Diversification Frontier

FILTER
All RCA<1 RCA>1
DEPTH
Section HS2 HS4

The Complexity-Relatedness diagram compares
the risk vs strategic value of a country’s potential
export oppotunities. Relatedness is predictive of
the probability that a country increases its
exports in a product. Complexity, is associated
with higher levels of income, economic growth,
less income inequality, and lower greenhouse
emissions.

Data from BACI HS6 REV. 1992 (1995 - 2022).
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Optimize Exports Portfolio to target the complexity
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Optimize Exports Portfolio to target the complexity
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...to Conclude




Economies
are Complex
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To understand the economy In detail we need
granular representations
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Economic complexity is that change!
It provides granular representations of economies that can help us
understand where they stand and where they are going.
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