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Differences in productivity 



Why are countries poor (or rich?) 

• When Adam Smith published his book in 
1776, the richest country in the world was 4 
times richer than the poorest country 

• According to the World Development 
Indicators (2011) published by the World 
Bank, the poorest countries in the world in the 
world in 2008 were: 



Congo, Dem. Rep. 99 297 
Burundi 111 354 

Guinea-Bissau 128 497 
Eritrea 147 584 

Haiti 410 1088 

Guinea 417 1113 
Bangladesh 462 1233 

Kenya 464 1470 

Cape Verde 1632 3239 

Turkmenistan 1705 6138 

Ecuador 1746 7402 

Morocco 1770 4056 

Chile 6229 13370 
Mexico 6591 13407 
Croatia 6796 17219 

Czech Republic 7632 23341 

Poorest 

X 4  

X 4  

X 4  

US$ per capita 

At market prices PPP 



X 4  

The richest  

Australia 24401 33369 

Belgium 25055 33520 

Germany 25420 33665 

Canada 26143 36039 

Hong Kong, China 34587 40599 

Switzerland 37789 37780 
United States 38206 43179 

Japan 40481 31484 
Norway 42684 49711 

US$ per capita 

At market prices PPP 

The US is 387 times richer (or 145 at PPP) than the DR Congo 



The least productive 

X 2  

X 2  

X 2  

Productivity per worker in US$ 

Guerrero 5281 Honduras 

Sinaloa 10945 Jamaica 

Nuevo Leon 42281 Korea  

Guanajuato 20827 Malasia 



Productivity per worker, 2009 

(without oil and mining) 

note 

Source: Employment by industry and federal entity, 2009 Economic Census 



The explosion of growth in income per capita 



Income per capita in the US 

25 



The Great Divergence 



LAND 

CAPITAL HUMAN 
CAPITAL 

LABOR 



Years of schooling and income per capita 

France 1985 
US$ 21315 

 Mexico 1993 
10544 

Ghana 1998=1015 

GDP per capita in constant dollars, logs 

Thailand 2005 
US$ 6751 

 



Our answer 

Collective productive knowhow 



It is because the US and others 
learned about new ways of making 

new products 



Knowhow 

 
= the competence to perform a 

task 





Knowhow ≠ 

Comprehension 

 



Collective Knowhow  

 
= the competence to do things that 

no individual can do 





Where is technology? 
• It comes in three  ontologies 

• Embedded 

– Lipid salts 

• Codified 

– Blueprints, recipes 

• Tacit 

– Speaking a language, playing a sport or an 
instrument, diagnosing a problem 

– Learned by doing, hard to transfer 

– How can you learn what you don’t do? 

 



Tacit knowledge and diffusion 
• Goods and blueprints can easily be moved 

around 

– There is cel phone service in Somalia 

• Tacit knowledge moves through much 
narrower channels 

• Technology changes its composition 

– Translator vs. Google Translate 

– Employee vs. kiosk 

 





Who has more productive 
knowledge? 



An Inuit? 



…or Modern Man? 



Tacit knowledge needs to be in 
brains 



What do you do when a tooth hurts? 

Search the web and fix it 

yourself? 

 

…or look for a dentist 
 



If knowledge increases, where do 
you store it? 





Major areas of concentration at Harvard 

• African and African American Studies 

• Anthropology 

• Applied Mathematics 

• Astrophysics 

• Biomedical Engineering 

• Chemical and Physical Biology 

• Chemistry 

• Chemistry and Physics 

• Classics 

• Computer Science 

• Earth and Planetary Sciences 

• East Asian Studies 

• Economics 

• Engineering Sciences 

• English 

• Environmental Science and Public Policy 

• Folklore and Mythology 

• Germanic Languages and Literatures 

• Government 

• History 

• History and Literature 

• History and Science 

• History of Art and Architecture 

 

 

• Human Developmental Biology 

• Human Evolutionary Biology 

• Linguistics 

• Literature 

• Mathematics 

• Molecular and Cellular Biology 

• Music 

• Near Eastern Languages and Civilizations 

• Neurobiology 

• Organismic and Evolutionary Biology 

• Philosophy 

• Physics 

• Psychology 

• Comparative Study of Religion 

• Romance Languages and Literatures 

• Slavic Languages and Literatures 

• Social Studies 

• Sociology 

• South Asian Studies 

• Special Concentrations 

• Statistics 

• Visual and Environmental Studies 

• Studies of Women, Gender, and Sexuality 

 

50 
 

Standard 

Fields of 

Study 



How do we use productive 

knowledge 

• Products differ in the number of 

personbytes they require 

• To create products with more than 1 

personbyte, you need to aggregate 

personbytes 

• This is done in networks of individuals we 

call firms 

– Firms can do things individuals cannot 

• …and in networks of firms 

– Firms cannot make all they need 









FACTOID  
( f r o m  K l e n o w  a n d  H s i e h ,  2 0 1 1 )  

• In the US the average employee works in an 
organization with 100 workers 

• India has 4 times the population of the US 

• 100 * 4 = 400? 

• In India, the number is 4 

• How many personbytes can you embed in a 
product in a firm of 4 people? 

• What does it say about the productivity of 
micro-enterprises and the informal sector? 

 







Steve Jobs did not know how to make 
a computer 





The Oscars 



THE DIVISION OF KNOWLEDGE VS. 
THE DIVISION OF LABOR 

 Division of knowledge then 

BUTCHER BAKER CANDLESTICK 
MAKER 



OUR ANSWER 
 

The division of knowledge at the individual, organizational and societal 
level (city, region, country) makes people more productive, which in turn 
might explain the GREAT DIVERGENCE.  



Division of knowledge now 
 



The differences: the number of 
personbytes 

 



In sum,  

• We are not richer because we individually hold more knowledge 
• …but because more knowledge is held at the social level 
• We are limited in the amount of knowledge we can individually 

hold 
– Call that 1 personbyte 

• …so the only way we can have more knowledge at the social level is 
through the division of knowledge (and hence of labor) 

• Why do we know more than the Inuits?  
– Because they each individually hold all the PK and we hold only a small 

fraction 

• Most of modern production requires many personbytes 
• These are put together in networks of people we call firms 
• …and in networks of firms 
• Why, in this setting, does technology not diffuse across countries? 



The 

Theory of Economic 

Development… 



If you have only one letter… 

… there aren’t many words to write. 



If you have three letters… 

You can write 4 words: 



Now you have four letters… 

You can write 8 words: 



Think about all the words you 

could write with: 

You could write 595 words such as: 



• Countries that have more personbytes will be able  

to make more products 

They would be more diversified 

 

• Products that require more personbytes will be made  

by fewer countries 

Products will be less ubiquitous 

 

• Countries that have more personbytes will be able to  

make products that require more personbytes 

• Products that are less ubiquitous 

 

• Products that require many personbytes are made countries that have 

many personbytes, but countries with many personbytes should be 

more diversified 

 

 

 

INTUIT ION 



(Year 2000) 

Diversification of a country/ 

Number of Products a country makes 
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Hidalgo, Hausmann (2009) 
PNAS 106(26):10570-10575 

Evidence of the Connection between the diversity of 
inputs and that of outputs 
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Diversity-Average Ubiquity Municipalities 

FOR CHILE 2008 

It also works within countries: Chile 
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Happens within countries too:  

Chile 

Industries (Sorted by Ubiquity)
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…and Turkey 
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Diversity and average ubiquity of Turkey's cities



Mexican States 



Mexican cities 



The Great Acceleration and the 
Great Divergence 



Relationship between letters and words 

or Na->1 

or Na->infinity 

Hausmann and Hidalgo (2011) JOEG 

Fraction of Capabilities/Personbytes Available  
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The deep cause of the Great Divergence 

Fraction of Capabilities Available 
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How do we 
measure a 
country’s 
personbytes? 





Economic Complexity Index 



Economic Complexity 

ECI correlates with GDP per capita 
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Countries with Natural Resource 
 Exports<10% of GDP 

Countries with Natural Resource 
 Exports>10% of GDP 



Economic Complexity controlling for 
NR Exports 
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How are 
personbytes 
accumulated? 



SO, HOW DO SOCIETIES ACQUIRE 
PRODUCTIVE KNOWLEDGE? 

• Productive knowledge is tacit: very hard to 
acquire 
– Knowledge resides in the brains of people... 

– ... It is easier to move the brains than the knowledge 

– As a result, knowledge diffuses only slowly and across 
narrow channels 

 

• ... and requires teams with complementary skills 
– You need all the letters to make the word 

– In a world of increasing complexity, teams become more 
and more intricate 

– This makes the coordination problem exponentially harder 
 

 

 
 

 



LEARNING AS AN INDIVIDUAL 

There is little-to-no delay between feeling the temperature of a hot pan and 
deciding to take your hand off it. 



LEARNING AS A TEAM 

STIMULUS 

MUST RESPOND TOGETHER 

? 

? 

? 
? 

? 

? 



LEARNING AS A TEAM IS HARD 



THE BIRTH OF SUCCESSFUL INDUSTRIES 
STEVEN KLEPPER 

NEW INDUSTRIES…. 

• a successful firm is established 

• employees learn from the firm 

• employees leave the firm to set up new firms  

• spin-offs are often much more successful than 
other firms… 

• ... and generate a new wave of spin-offs 

= A CLUSTER OF HIGH PERFORMING FIRMS 
ARISE 



Example 1: DETROIT 

All successful car firms in 
Detroit came out of OIds 
Motor Works 



Example 2: SILICON VALLEY  

Silicon Valley consists almost exclusively of 
Fairchild Semiconductor renegades 





CHICKEN & EGG PROBLEM: ACQUIRING NEW PERSONBYTES 

• You cannot make watches without watchmakers 

• You don’t want to be watchmaker if nobody makes watches 

• You cannot become a watchmaker because there are no 
watchmakers to learn from 

• You need not only watchmakers but also precision machinists, 
marketing teams, etc. 

• How do societies overcome this problem? 

• By moving into products that are “nearby” 



What does nearby mean? 

• If two products require similar productive 
knowledge, countries that can make one should 
also be able to make the other 

 

 

 

 

• Divide by the maximum to minimize false 
positives 



               Mapping out the Forest 



CA Hidalgo, B Klinger, A-L Barabasi, R Hausmann. 
Science (2007) 





Community characteristics: Complexity, 

Connectedness and Market Size 



How do monkeys jump? 





Malaysia 1975 

CA Hidalgo, B Klinger, A-L Barabasi, R Hausmann. 
Science (2007) 



Malaysia 1980 

CA Hidalgo, B Klinger, A-L Barabasi, R Hausmann. 
Science (2007) 



Malaysia 1985 

CA Hidalgo, B Klinger, A-L Barabasi, R Hausmann. 
Science (2007) 



Malaysia 1990 

CA Hidalgo, B Klinger, A-L Barabasi, R Hausmann. 
Science (2007) 



Malaysia 1995 

CA Hidalgo, B Klinger, A-L Barabasi, R Hausmann. 
Science (2007) 



Malaysia 2000 



Mexico 1979 



Mexico 1989 



Mexico 1999 



Mexico 



A tale of two countries 

Ghana Thailand 



1962: Roughly equal income 

Ghana Thailand 

$295 $363 
GDP per capita (constant 2000 US$) 



Human capital story: 
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Thailand 
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Divergence, big time 



How do we explain growth? 

• Countries converge to the level of income that 
can be supported by their personbytes 

• Therefore the gaps between income and 
personbytes affects future growth 

• But long-run growth should be affected by the 
accumulation of more personbytes 

• This will depend on how easy it is to accumulate 
more personbytes 

• …which is affected by the position of a country in 
the product space 

 
 



Economic Complexity controlling for 
NR Exports 
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How many personbytes you  have? 

How close are  

you to other 

good products? 

Few personbytes 
Hard to add more 

More personbytes 
Easy to add more 

Many personbytes 
Hard to add more  
by just copying others 



The position in the product space 
affects the growth of complexity 



Baseline 
VARIABLES (1) (2) (3) (4) 

          

Initial GDP per capita, logs -0.009 -0.667*** -0.489*** -0.738*** 

(0.125) (0.163) (0.142) (0.145) 

Increase in real NNRR exports pc 4.034*** 3.794*** 4.062*** 3.905*** 

(0.830) (0.919) (0.967) (0.979) 

Initial Economic Complexity Index 1.393*** 0.859*** 

(0.228) (0.197) 

Initial Opportunity value Index 1.235*** 0.832*** 

(0.226) (0.215) 

Constant 1.326 6.267*** 4.894*** 6.776*** 

(1.097) (1.323) (1.173) (1.177) 

Observations 294 294 294 294 

R-squared 0.269 0.390 0.399 0.431 

Year FE Yes Yes Yes Yes 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 





Education 

VARIABLES (1) (2) (3) (4) (5) 

            

Initial GDP per capita, logs -0.762*** -0.954*** -0.884*** -0.776*** -0.921*** 

(0.144) (0.170) (0.154) (0.149) (0.162) 

Increase in real NNRR exports pc 6.604*** 6.146*** 6.218*** 6.593*** 6.001*** 

(1.257) (1.303) (1.331) (1.262) (1.339) 

Initial Economic Complexity Index 0.958*** 0.766*** 0.774*** 0.947*** 0.744*** 

(0.184) (0.174) (0.187) (0.184) (0.181) 

Initial Opportunity value Index 0.851*** 0.805*** 0.869*** 0.850*** 0.827*** 

(0.218) (0.219) (0.210) (0.220) (0.212) 

Initial average years of schooling 0.211*** 0.209* 

(0.066) (0.113) 

Initial percentage of Secondary Complete 0.045*** 0.027 

(0.015) (0.021) 

Initial percentage of Tertiary Complete 0.009 -0.069* 

(0.029) (0.038) 

Constant 6.996*** 8.383*** 8.452*** 8.376*** 8.136*** 

(1.187) (1.235) (1.175) (1.207) (1.184) 

Observations 261 261 261 261 261 

R-squared 0.386 0.406 0.407 0.386 0.417 

Year FE Yes Yes Yes Yes Yes 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 



Productive knowledge vs. formal education: 

what explains growth? 



Institutions 
VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) 

                  

Initial GDP per capita, logs -1.249*** -1.142*** -1.115*** -1.367*** -1.139*** -1.128*** -1.226*** -1.041*** 

(0.194) (0.268) (0.276) (0.194) (0.255) (0.273) (0.213) (0.300) 

Increase in real NNRR exports pc 3.338*** 3.301*** 3.288*** 3.362*** 3.296*** 3.262*** 3.317*** 3.204*** 

(0.827) (0.822) (0.812) (0.825) (0.823) (0.783) (0.826) (0.769) 

Initial Economic Complexity Index 1.459*** 1.500*** 1.506*** 1.377*** 1.502*** 1.446*** 1.471*** 1.425*** 

(0.274) (0.285) (0.283) (0.297) (0.285) (0.273) (0.287) (0.312) 

Initial Opportunity value Index 0.483** 0.467** 0.484** 0.509*** 0.482** 0.502*** 0.486** 0.561*** 

(0.186) (0.190) (0.188) (0.183) (0.188) (0.185) (0.187) (0.199) 

Initial Control of Corruption -0.213 0.209 

(0.316) (0.875) 

Initial Government Effectiveness -0.290 -0.381 

(0.369) (0.775) 

Initial Political Stability 0.372 0.845** 

(0.252) (0.403) 

Initial Rule of Law -0.237 -0.795 

(0.341) (0.841) 

Initial Regulatory Quality -0.251 -0.091 

(0.433) (0.608) 

Initial Voice and Accountability -0.066 0.024 

(0.343) (0.435) 

Constant 12.514*** 11.697*** 11.508*** 13.454*** 11.667*** 11.620*** 12.342*** 11.033*** 

(1.563) (2.109) (2.147) (1.564) (2.002) (2.093) (1.675) (2.308) 

Observations 119 119 119 119 119 119 119 119 

R-squared 0.461 0.463 0.464 0.468 0.463 0.464 0.461 0.485 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes 

Robust standard errors in 

parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 



Institutions vs. productive knowledge:  

what explains growth? 



Competitiveness  

as the secret  

of growth 



Who can predict growth? 

Contribution to the variance of economic growth from  

Economic Complexity Index (ECI) and measures of competitiveness. 



Finance 

VARIABLES (1) (2) (3) (4) 

          

Initial GDP per capita, logs -0.756*** -0.712*** -0.720*** -0.781*** 

(0.151) (0.159) (0.178) (0.178) 

Increase in real NNRR exports pc 3.927*** 3.757*** 3.889*** 3.728*** 

(1.008) (0.966) (1.007) (0.948) 

Initial Economic Complexity Index 0.939*** 1.091*** 0.985*** 1.079*** 

(0.213) (0.243) (0.227) (0.240) 

Initial Opportunity value Index 0.859*** 0.831*** 0.855*** 0.821*** 

(0.218) (0.229) (0.228) (0.212) 

Initial Domestic credit provided by banking sector (% of 

GDP) -0.007** -0.013** 

(0.003) (0.005) 

Initial Domestic credit to private sector (% of GDP) -0.003 0.010 

(0.005) (0.008) 

Constant 6.040*** 6.058*** 5.900*** 6.485*** 

(1.162) (1.177) (1.272) (1.288) 

Observations 273 273 273 273 

R-squared 0.474 0.482 0.475 0.485 

Year FE Yes Yes Yes Yes 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 



Projections to 2020 



Who will grow? Who will catch up? 



Who will grow faster? 
Growth in GDP per capita to 2020 



Who will grow faster? 
Total GDP growth to 2020 



DIFFUSION OF KNOWLEDGE ACROSS COUNTRIES 
 

• Products diffuse to neighbors 
– A country is more likely to start building products that its 

neighboring countries are good at 
– Bahar, Hausmann and Hidalgo (2013) 

 

THE COUNTRY SPACE 

When the mobility of watchmakers is limited 



• Products diffuse through migrants 
– Bahar and Rapoport (2013) 

DIFFUSION OF KNOWLEDGE ACROSS COUNTRIES 
 



SO, WHERE DO FIRMS ACQUIRE NEW 
PRODUCTIVE KNOWLEDGE? 

 
• Who brings new kinds of industries to towns in Sweden 

– New industries brought in by entrepreneurs and firms from 
outside the region 

– Neffke/Hartog/Boschma/Henning 2013 

 
• Where do local pioneers get their workers from in 

Germany 
– Pioneer firms have to bring their workers from far away 
– The higher the worker’s skill level, the larger the distance over 

which he/she is sourced. 
– Hausmann/Neffke/Otto 2013 

 

 
 
 



MOVEMENT OF ENTIRE TEAMS OF PERSONBYTES 

Locations of Million Dollar Plants and control groups 



New industries appear in the vecinity 
of the MDP 



GETTING PERSONBYTES FROM ABROAD 
       TEXTILES IN DHAKA 
 
      Bangladesh has… 

• A literacy rate of 55.9% 
• 144 out of 176 in corruption perceptions ranking 
• 146 out of 187 on human development index 

 

 



TEXTILES IN DHAKA 

  

 

 

M. Noorul Quader, 
founder Desh Group 

• 1979: Desh sends 126 Bangladeshi workers for 
a 6 month intensive training in Korea 

• 1988: 56 spin-off companies by Desh workers 
have been established 

• (Klepper and Mostafa 2011) 

 

 

 

& 



TEXTILES IN DHAKA 





CID TEAM 



CID TEAM 



How do we explain growth? 

• Countries converge to the level of income that 
can be supported by their personbytes 

• Therefore the gaps between income and 
personbytes affects future growth 

• But long-run growth should be affected by the 
accumulation of more personbytes 

• This will depend on how easy it is to accumulate 
more personbytes 

• …which is affected by the position of a country in 
the product space 

 
 



Economic Complexity controlling for 
NR Exports 
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How many personbytes you  have? 

How close are  

you to other 

good products? 

Few personbytes 
Hard to add more 

More personbytes 
Easy to add more 

Many personbytes 
Hard to add more  
by just copying others 



The position in the product space 
affects the growth of complexity 



Baseline 
VARIABLES (1) (2) (3) (4) 

          

Initial GDP per capita, logs -0.009 -0.667*** -0.489*** -0.738*** 

(0.125) (0.163) (0.142) (0.145) 

Increase in real NNRR exports pc 4.034*** 3.794*** 4.062*** 3.905*** 

(0.830) (0.919) (0.967) (0.979) 

Initial Economic Complexity Index 1.393*** 0.859*** 

(0.228) (0.197) 

Initial Opportunity value Index 1.235*** 0.832*** 

(0.226) (0.215) 

Constant 1.326 6.267*** 4.894*** 6.776*** 

(1.097) (1.323) (1.173) (1.177) 

Observations 294 294 294 294 

R-squared 0.269 0.390 0.399 0.431 

Year FE Yes Yes Yes Yes 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 





Education 

VARIABLES (1) (2) (3) (4) (5) 

            

Initial GDP per capita, logs -0.762*** -0.954*** -0.884*** -0.776*** -0.921*** 

(0.144) (0.170) (0.154) (0.149) (0.162) 

Increase in real NNRR exports pc 6.604*** 6.146*** 6.218*** 6.593*** 6.001*** 

(1.257) (1.303) (1.331) (1.262) (1.339) 

Initial Economic Complexity Index 0.958*** 0.766*** 0.774*** 0.947*** 0.744*** 

(0.184) (0.174) (0.187) (0.184) (0.181) 

Initial Opportunity value Index 0.851*** 0.805*** 0.869*** 0.850*** 0.827*** 

(0.218) (0.219) (0.210) (0.220) (0.212) 

Initial average years of schooling 0.211*** 0.209* 

(0.066) (0.113) 

Initial percentage of Secondary Complete 0.045*** 0.027 

(0.015) (0.021) 

Initial percentage of Tertiary Complete 0.009 -0.069* 

(0.029) (0.038) 

Constant 6.996*** 8.383*** 8.452*** 8.376*** 8.136*** 

(1.187) (1.235) (1.175) (1.207) (1.184) 

Observations 261 261 261 261 261 

R-squared 0.386 0.406 0.407 0.386 0.417 

Year FE Yes Yes Yes Yes Yes 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 



Productive knowledge vs. formal education: 

what explains growth? 



Institutions 
VARIABLES (1) (2) (3) (4) (5) (6) (7) (8) 

                  

Initial GDP per capita, logs -1.249*** -1.142*** -1.115*** -1.367*** -1.139*** -1.128*** -1.226*** -1.041*** 

(0.194) (0.268) (0.276) (0.194) (0.255) (0.273) (0.213) (0.300) 

Increase in real NNRR exports pc 3.338*** 3.301*** 3.288*** 3.362*** 3.296*** 3.262*** 3.317*** 3.204*** 

(0.827) (0.822) (0.812) (0.825) (0.823) (0.783) (0.826) (0.769) 

Initial Economic Complexity Index 1.459*** 1.500*** 1.506*** 1.377*** 1.502*** 1.446*** 1.471*** 1.425*** 

(0.274) (0.285) (0.283) (0.297) (0.285) (0.273) (0.287) (0.312) 

Initial Opportunity value Index 0.483** 0.467** 0.484** 0.509*** 0.482** 0.502*** 0.486** 0.561*** 

(0.186) (0.190) (0.188) (0.183) (0.188) (0.185) (0.187) (0.199) 

Initial Control of Corruption -0.213 0.209 

(0.316) (0.875) 

Initial Government Effectiveness -0.290 -0.381 

(0.369) (0.775) 

Initial Political Stability 0.372 0.845** 

(0.252) (0.403) 

Initial Rule of Law -0.237 -0.795 

(0.341) (0.841) 

Initial Regulatory Quality -0.251 -0.091 

(0.433) (0.608) 

Initial Voice and Accountability -0.066 0.024 

(0.343) (0.435) 

Constant 12.514*** 11.697*** 11.508*** 13.454*** 11.667*** 11.620*** 12.342*** 11.033*** 

(1.563) (2.109) (2.147) (1.564) (2.002) (2.093) (1.675) (2.308) 

Observations 119 119 119 119 119 119 119 119 

R-squared 0.461 0.463 0.464 0.468 0.463 0.464 0.461 0.485 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes 

Robust standard errors in 

parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 



Institutions vs. productive knowledge:  

what explains growth? 



Competitiveness  

as the secret  

of growth 



Who can predict growth? 

Contribution to the variance of economic growth from  

Economic Complexity Index (ECI) and measures of competitiveness. 



Finance 

VARIABLES (1) (2) (3) (4) 

          

Initial GDP per capita, logs -0.756*** -0.712*** -0.720*** -0.781*** 

(0.151) (0.159) (0.178) (0.178) 

Increase in real NNRR exports pc 3.927*** 3.757*** 3.889*** 3.728*** 

(1.008) (0.966) (1.007) (0.948) 

Initial Economic Complexity Index 0.939*** 1.091*** 0.985*** 1.079*** 

(0.213) (0.243) (0.227) (0.240) 

Initial Opportunity value Index 0.859*** 0.831*** 0.855*** 0.821*** 

(0.218) (0.229) (0.228) (0.212) 

Initial Domestic credit provided by banking sector (% of 

GDP) -0.007** -0.013** 

(0.003) (0.005) 

Initial Domestic credit to private sector (% of GDP) -0.003 0.010 

(0.005) (0.008) 

Constant 6.040*** 6.058*** 5.900*** 6.485*** 

(1.162) (1.177) (1.272) (1.288) 

Observations 273 273 273 273 

R-squared 0.474 0.482 0.475 0.485 

Year FE Yes Yes Yes Yes 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Dependent variable: 10 year real GDP growth per capita (%) 



Projections to 2020 



Who will grow? Who will catch up? 



Who will grow faster? 
Growth in GDP per capita to 2020 



Who will grow faster? 
Total GDP growth to 2020 



How to think about strategy? 



Strategic concepts 



Economic Complexity controlling for 
NR Exports 
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How many personbytes you  have? 

How close are  

you to other 

good products? 

Few personbytes 
Hard to add more 

More personbytes 
Easy to add more 

Many personbytes 
Hard to add more  
by just copying others 



Current level of complexity 
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Low 

High 

Bridge over troubled 

waters 

 

Strategic bets 
Little space to improve quality 

and few nearby trees 

Stairway to heaven  

 

Parsimonious industrial 

policy 
Help jump short distances to 

other products 

Let it be 

 

It ain’t broke 
Ample space to move 

 in all directions 

 

Hey Jude: make it better 

  

Competitiveness policy 
Improve the conditions of the 

sectors that already exist 

The strategic setting 



The Strategic Setting: intensive vs. extensive 

Bridge over troubled 

waters 

Strategic bets 
Little space to improve quality 

and few nearby trees 

Stairway to heaven  

Parsimonious industrial 

policy 
Help jump short distances to 

other products 

Let it be 

It ain’t broke 
Ample space to move 

 in all directions 

 

Hey Jude: make it 

better 

Competitiveness 

policy 
Improve the conditions of 

the sectors that already 

exist 



Why 
divergence 
then and 
convergence 
now? 



The deep cause of the Great Divergence 

Fraction of Capabilities Available 
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IS IT BECAUSE OF THE ACCUMULATION 
OF COUNTRY CAPABILITIES OR A 
CHANGE IN PRODUCT TECHNOLOGY? 
 



Is it the country capabilities or product 
technologies? 

-1
.5
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2008 - PS of 1978 2008 - PS of 2008

Today’s 
production with 
today’s product 

space 

Today’s 
production with 

1978 product 
space 



Some answers to old questions 

• Does what you produce matter? 
– Yes, because it affects the amount of inter-industry 

spillovers you will be able to exploit 

– Contrast Chilean Salmon with Malaysian microwave ovens 

• What causes the “resource curse”? 
– The fact that the resource-intensive sectors are in a sparse 

part of the forest 

• What causes growth collapses?  
– Hausmann, Rodriguez and Wagner (2008) 

– A shock to you export sector in countries that are poorly 
positioned in the product space 

 



Some answers to old questions 

• Why has income in the world not converged? 
– Because the distance between products is bigger than the 

typical size of a monkey’s jump 
– Unless they are well positioned  or on steroids monkeys cannot 

reach the central parts of the product space 

• What about globalization matters for convergence? 
– Trade in tasks and global production chains save on the number 

of capabilities that need to be present in a single place 

• Does the dictum “add value to your raw materials” make 
sense? (Hausmann, Klinger and Lawrence, 2008) 
– Not too much: proximity matters but is not I/O related 
– Finish wood 
– Follow the capabilities, not the products 



Summing up 

• What caused the Great Acceleration? 

– More letters (technologies) 

– More words (products) 

•  What caused the Great Divergence 

– The alphabet and the words got longer 

– Countries with few letters could not catch up 



Summing up (cont’d) 

• What is causing the Great Convergence? 

– Globalization of the value chain is making it easier 
for any location to get into the game 

– Trade in syllables  

• But not for all countries 

– Many are still trapped 

 



Summing up 

• Development is about the accumulation of 
productive knowledge at the social level 

• Because individuals are limited, this requires the 
division of knowledge (and labor) 

• But this knowledge needs to be re-aggregated 
through organizations and markets 

• The accumulation of productive knowledge is 
made difficult because of strong 
complementarities 
– Coordination failures 



Summing up (cont’d) 

• The heterogeneous nature of the product space 
affects the intensity of the coordination problem 
and hence of convergence and growth 

• The nature of the obstacles have shifted over the 
past 35 years, making the accumulation of 
productive knowledge easier for middle 
knowledge countries 
– Because of increased tradability of intermediate 

inputs? 

– Because of increased accumulation of personbytes? 



www.cid.harvard.edu/atlas 



The role of globalization 

• Products may be getting more complex 

– Longer words 

• …but value chains are becoming more global 

• Each location needs to have fewer capabilities 

– Words are getting shorter 

– Trade in syllables  

• Easier to get in 

– Lenovo 

 



Useful measures 

• How far is a certain industry from your current revealed 
capabilities? 
– A measure of how difficult it will be to develop it 

 

• How complex is the industry? 
– A measure of how profitable, or how high are the wages it 

would be able to pay 
 

• How strategic is that industry? 
– How connectedness is the industry? How would conquering it 

make future diversification easier 
 

• The efficient frontier 
– How to balance these criteria? 



Two views of the efficient frontier 

• Distance vs. Complexity 

• Distance vs. Opportunity Gain (Strategic 
Value) 
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Nearer 

Further away 





Summary 

Recommended 
product 

communities 

Other 

Product communities 

Number 
of 

products 

Complexity 
target range 

(only) 

Opp. Gain 
target range 

(only) Both Sum 

sum as share 
of number of 

products 

Base Chemicals 33 10 11 10 31 94% 

Chemicals 84 18 14 22 54 64% 

Construction 51 15 5 14 34 67% 

Machinery 183 15 39 52 106 58% 

Agriculture and 108 45 4 49 45% 

Electronics 51 2 1 2 5 10% 

Garments 71 1 1 2 3% 

Miscellaneous 23 8 8 35% 

Not Classified 117 12 16 7 35 30% 

Precision Machin 16 0 0% 

Processed Food 27 15 1 16 59% 

Raw Materials / 102 4 25 8 37 36% 

Total 866 77 180 120 377 44% 



So how does Uganda look in the 

Product space? 



Exports - 1962 



Exports - 1990 



Exports - 2010 



This graph helps determine 
whether a country has 
produced more of the same or 
has diversified over time. 

Evolution of Uganda’s exports per capita 
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Uganda in the product space - 2010 





UGANDA’S EFFICIENT FRONTIER 



Rwanda  

Ricardo Hausmann 

Rwanda 



Rwanda in the Product Space 

Plaited products 33k 

Precious stones 53k 

Unwrought tin 1.5m 

Postcards 130k 

Radioactive chem. 

elements 800k 

Asbestos 1.2m 

Plastic materials 48k 

Iron / steel 730k 

Insecticides 140k 

Fungicides 470k Cereal / 

grains 

1.1m 

Hydrogen

ated oils 

470k 

Cereal meals / 

flour 39k 

Mineral materials, 

nes 280k 

Other leather articles 160k 

Tin 17m Tea 25m 

Plywood sheets150k 

Basketwork, wickerwork 590k 

Wood decorations 50k 

Rags 48k 

Hides, skins, leather 4.8m 

Iron / 

steel 

waste 

3.9m 

Meals & 

flours 48k 
Cement 

310k 

Essential 

oils 58k 

Vegetable 

materials 910k 

Dried legumes 

290k 

Coffee 58m 

Other base metals 

(niobium) 50m  



Rwanda’s potential future exports 

Medicaments 

Plastics and 

polymers 

Agrochemicals 

Rubber for 

pharma use Bicycle tires 

Pens & pencils 

Batteries 

Agricultural & 

food processing 

machinery & 

parts 

Tractors & 

soil prep 

machinery 

Printed books 

Organic dyes 

Tires & other 

vehicle parts 
Electrical 

transformers 

Wood, pulp, paper, 

newsprint 

Tanning 

substances,  

chemicals, dyes 

Wool yarn, 

animal hair 

Hand tools 
Bovine meat 

Yarn, woven fabrics, fibers 

Wool carpets 

Jewelry 

Footwear 

Silk 

Iron / steel tubes, pipes, 

bars, sheets, metals 

Cigarettes 

Preserved  

milk, cheese 

Alcoholic 

beverages  

Processed food 

and packaging 

Leather, hides, skins 

Wine, olive oil 

Vegetable oils 

Electric wire & 

current 

Small textile articles 

Synthetic precious 

stones 

Tobacco manufactures, 

cigars 

Plaited products  

Precious stones 

Unwrought tin  

Postcards 

Tin Tea 

Plywood 

basketwork, 

wickerwork 

Wood decorations  

Cement Essential oils 

Vegetable 

materials  

Dried legumes 

Coffee 

Niobium  

Live poultry 



Rwanda’s future outside of Africa 

Wood, pulp, 

paper 

Tanning 

substances,  

chemicals, dyes 

Wool yarn, 

animal hair 
Farming & 

forestry  hand 

tools 

Bovine meat 

Yarn, woven fabrics, fibers 

Wool carpets 

Jewelry 

Footwear 

Silk 

Iron / steel tubes, pipes, 

bars, sheets, metals 

Cigarettes 

Preserved milk, 

cheese, 

margarine, 

butter 

Alcoholic 

beverages  

Processed food (jams, jellies, 

sweets, beverages) and 

packaging 

Leather,  

hides, skins 

Wine, olive oil 

Vegetable oils 

Electric wire & 

current 

Small textile articles 

(lace, tulle, etc.) 

Synthetic precious 

stones 

Tobacco manufactures, 

cigars 

Iron, steel rods 



Rwanda’s future exports to the region 

Paper, 

newsprint 

Inorganic acids 

and salts 

Iron / steel 

sheets 

Medicaments 

Plastics and 

polymers 

Fungicides, 

herbicides, 

pesticides, 

fertilizers 

Simple articles of paper, 

metal (stationary, storage, 

builders material) 

Rubber for 

pharma use Bicycle tires 

Pens & pencils 

Batteries 

Agricultural & 

food processing 

machinery & 

parts 

Tractors & 

soil prep 

machinery 

Printed books 

Organic dyes 

Tires & other 

vehicle parts 

Fermented 

beverages 

Electrical 

transformers 

Synthetic 

 fabrics 



LONG VS SHORT JUMPS? 
WHY NOT BOTH? 



China 1980-1985 

N Community Change in RCA N Community New products Presence

1 Electronics 1.23                       1 Textile & Fabrics 12 72%

2 Garments 0.80                       2 Garments 8 90%

3 Textile & Fabrics 0.54                       3 Cereals and vegetable oils 5 38%

4 Cotton, rice, soy beans and others 0.38                       4 Electronics 4 15%

5 Cereals and vegetable oils 0.15                       5 Cotton, rice, soy beans and others 4 61%

6 Misc. Chemicals 0.14                       6 Chemicals and health related products 4 13%

7 Leather 0.13                       7 Processed minerals 2 33%

8 Processed minerals 0.11                       8 Coal 2 33%

9 Coal 0.03                       9 Home and office products 2 74%

10 Milk & cheese 0.02                       10 Misc. Chemicals 1 29%



Korea 1985-1990 

N Community Change in RCA N Community New products Presence

1 Machinery 3.33                       1 Electronics 9 60%

2 Textile & Fabrics 0.78                       2 Machinery 8 14%

3 Chemicals and health related products 0.28                       3 Textile & Fabrics 7 72%

4 Food Processing 0.06                       4 Chemicals and health related products 5 13%

5 Misc. Chemicals 0.05                       5 Food Processing 3 19%

6 Leather 0.03                       6 Not classified 3 38%

7 Misc Agriculture 0.03                       7 Garments 3 79%

8 Coal 0.02                       8 Leather 2 21%

9 Oil 0.02                       9 Home and office products 2 43%

10 Heavy Metals 0.01                       10 Construction materials and equipment 2 16%



Productivity per worker, 2009 

(without oil and mining) 

note 

Source: Employment by industry and federal entity, 2009 Economic Census 



What can explain those differences? 

 

1. Regional effect. Top regions are just more efficient. 
Whatever they do, they do it better.  

2. Ricardian effect. Top regions specialize in those 
economic activities in which they are relatively 
better than other regions. 

3. Composition effect. Top performing regions have 
larger shares of employment in industries that have 
higher average productivities everywhere. 

   



What can explain those differences? 

• Using a method of variance decomposition, 
we are able to isolate the three effects and 
analyze which one can better explain the 
observed differences in productivity.  

 

∆ productivity = + ∆ Composition effect 

   + ∆ Regional effect 

   + ∆ Ricardian effect 



The composition effect dominates 

• Preliminary results indicate that the composition 
effect explains the largest share of the observed 
differences in productivity in Mexico. 
 

• At the state level, 55% of productivity differences 
are explained by composition, 25% by the 
regional effect, 20% by the Ricardian effect. 
 

• At the city level, 55% of productivity differences 
are explained by composition, 5% by the regional 
effect, 40% by the Ricardian effect. 



EMPLOYMENT IN THE AUTO INDUSTRY 

note 

Source: Total employment by industry and federal entity, 2009 Economic Census 



Density in the auto industry 

note 

Source: Total employment by industry and federal entity, 2009 Economic Census 



Chihuahua: how feasible and attractive are autos? 



…the related industries are already there 

Employment of industries in Equipo de Transporte subsector, Chihuahua 2009

SCIAN6 

code
Industry

Similarity 

to Autos
Employment

Employment 

intensity
Density

336110 Automóviles y camionetas 100% 0 0% 94%

336310 Motores de gasolina para automoviles 79% 1,727 145% 167%

336370 Piezas metálicas troqueladas para automoviles 73% 35 8% 69%

336340 Partes de sistemas de frenos para automoviles 73% 1,160 253% 186%

336360 Asientos y accesorios interiores para automoviles 72% 21,362 1113% 527%

336330 Sistemas de dirección y suspensión para automoviles 69% 505 125% 157%

336350 Sistemas de transmisión para vehículos automotores 68% 360 64% 156%

336120 Camiones y tractocamiones 67% 0 0% 90%

336210 Carrocerías y remolques 65% 455 72% 121%

336410 Equipo aeroespacial 64% 1,868 557% 433%

336320 Equipo para vehículos automotores 60% 67,666 1202% 508%

336390 Otras partes para automoviles 60% 15,070 546% 398%

336510 Equipo ferroviario 58% 0 0% 79%

336999 Otro equipo de transporte 56% 0 0% 43%

336991 Motocicletas 50% 630 853% 537%

336992 Bicicletas y triciclos 46% 0 0% 35%

336610 Embarcaciones 43% 0 0% 139%

Source: Censo Económico de 2009



Veracruz: less feasible but more strategic 



How to get there? 



Trees to conquer before autos 

Similarity 

to Autos
Density

336110 Automóviles y camionetas 100% 26.7%

336340 Sistemas de frenos para automoviles 73% 30.2%

336330
Sistemas de dirección y de suspensión para 

automoviles
69% 40.4%

333210
Maquinaria y equipo para la industria de la 

madera 
68% 49.5%

331412 Fundición y refinación de metales preciosos 68% 42.8%

333610
Motores de combustión interna, turbinas y 

transmisiones
68% 30.3%

336350 Sistemas de transmisión para automoviles 68% 32.8%

333991 Equipo para soldar y soldaduras 68% 45.3%

333993 Aparatos e instrumentos para pesar 67% 43.2%

335999 Otros productos eléctricos 67% 46.0%

331420 Laminación secundaria de cobre 66% 34.5%

Industry



WHAT CAN YOU DO WITH 
OCCUPATION DATA (BRAZIL) 



What human resources are needed for 

  electrical machinery and which 

are available in Bahia? 



What human resources are needed for 

  electrical machinery in which 

are available in Bahia? 



www.atlas.cid.harvard.edu 



Useful measures 

• How far is a certain industry from your current 
revealed capabilities? 

• How attractive is that industry in terms of its 
revealed level of sophistication? 
– Product complexity 

– Level of income of competitors 

• How strategic is that industry in terms of its 
proximity to other attractive industries? 
– Connectedness to other products 



Distance, complexity and opportunity 
gain 

Maq. Maq. 

Electr. Electr. Quim. Quim. 



Current level of complexity 

E
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Low High 

Low 

High 

Bridge over troubled 

waters 

 

Strategic bets 
Little space to improve quality 

and few nearby trees 

Stairway to heaven  

 

Parsimonious industrial 

policy 
Help jump short distances to 

other products 

Let it be 

 

It ain’t broke 
Ample space to move 

 in all directions 

 

Hey Jude: make it better 

  

Competitiveness policy 
Improve the conditions of the 

sectors that already exist 

The strategic setting 



China 1980-1985 

N Community Change in RCA N Community New products Presence

1 Electronics 1.23                       1 Textile & Fabrics 12 72%

2 Garments 0.80                       2 Garments 8 90%

3 Textile & Fabrics 0.54                       3 Cereals and vegetable oils 5 38%

4 Cotton, rice, soy beans and others 0.38                       4 Electronics 4 15%

5 Cereals and vegetable oils 0.15                       5 Cotton, rice, soy beans and others 4 61%

6 Misc. Chemicals 0.14                       6 Chemicals and health related products 4 13%

7 Leather 0.13                       7 Processed minerals 2 33%

8 Processed minerals 0.11                       8 Coal 2 33%

9 Coal 0.03                       9 Home and office products 2 74%

10 Milk & cheese 0.02                       10 Misc. Chemicals 1 29%



Korea 1985-1990 

N Community Change in RCA N Community New products Presence

1 Machinery 3.33                       1 Electronics 9 60%

2 Textile & Fabrics 0.78                       2 Machinery 8 14%

3 Chemicals and health related products 0.28                       3 Textile & Fabrics 7 72%

4 Food Processing 0.06                       4 Chemicals and health related products 5 13%

5 Misc. Chemicals 0.05                       5 Food Processing 3 19%

6 Leather 0.03                       6 Not classified 3 38%

7 Misc Agriculture 0.03                       7 Garments 3 79%

8 Coal 0.02                       8 Leather 2 21%

9 Oil 0.02                       9 Home and office products 2 43%

10 Heavy Metals 0.01                       10 Construction materials and equipment 2 16%


