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Complexity Science Hub: Research topics

* » Foundations of Complex Systems

Societies Under Stress

> Collective Minds
» Human Migration
» Social Complexity & Collapse

Societies in Transition

> Urban Sustainability
» Transforming Economies
> Algorithmic Fairness

Metabolism of Societies . : .
> Financial Technologies

»> Supply Chain Science
» Healthcare & Medicine
> Health Across Species

> Data Analytics
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New: Digital Innovation School

A Graduate program in complexity science in cooperation with partner
universities

A 5-7 new students each year

A Training leaders for business, administration and research with the
skills to shape the digital transformation

A Duration 10 years



Science of Cities / Transforming Economies

&

3

—

<))

S

@)

O

SimoneDaniotti XiangnarfFeng SandorJuhasz JohannedVachs

PhD student Postdoc Postdoc Associate Prof
Physics/CS Applied Math Econ Geo Applied Math

n

| -

e

©

S

o

0

< |

B é-‘

O LjubicaNedelkoska Eddie Lee

Economics Physics



Economic growth
A long run perspective



The great acceleration
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Maddison 2001: The world economy a milennial prespective,

Maddison 2005: Measuring and Interpreting World Economic
Performance 1502001
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The great divergence
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Complexity has been increasing
Global stock of knowledge expands exponentially

books and manuscripts
in Europe USPTO patents
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There Is just too much to learn!



Division of labor

Proposal:
1 A { 2 O A Kowmedyskeepsgrowing
N A Ly R A Gdapuadiita cénprehendknowledgedoesnot
A KnonL/IedgAeget,s distributed acrossan expandingarray of
O SELISNI a ¢
A Divisionof labor is not the ¢ 2 NXwBy@&becomemore

efficient, but to deal with the growing body of global
knowledge(ct Jacobs1969 Beckeret al., 2007)




How specific Is human capital?



Flows out of car manufacturing
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Flows out of car manufacturing




Flows out of car manufacturing

Other services
Health care

Education

Public administration

Business services

Manufacturing

Electricity, gas and water supply
Construction



Sort industries
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X endup in industries

representing 2% of
employment in
Germaneconomy



Industry space

Labor market as a network of human capital linkages
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Industry space

Labor market as a network of human capital linkages

.222: printing

.2-21: publishing : .
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tive industries

. 925 cultural activiti

Predicts

A Firm diversification A Emergence and growth of local industries
(NeffkedHenning, SMJ 2013) (Neffke, Otto,Weyh JEBO 2017)

A Inter-firm spillovers A Duration of unemployment after displacement in plant

(TimmermansBoschmaJoEG2014;Cséafordet al. 2016) closures (Neffke, Otto, Hidalgo, 2017)



How Is collective knowledge organized?
Coordinating distribute@xperitise



Studying the transformation of societies
coordinate complexity

AData requirements
ALong time periods (processes are slow)
ADetailed information on capabilities (e.g., micro data)
AInformation on complete teams (i.e., no samples)

ACombine two large historical datasets

AUS Census  1850¢ 1940
AUSPTO 1790¢ 2019
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9

Andres Matté Hartog Sultan
GomezLievano Orazbayev



Workflow Inference and matching

A

Annual reports, United States Commissioner
of Patents, 1856 - 1953
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1.591.361 patents \

Patent number

AR Dete issuiad ' 1.775.803 inventors :
‘ ensus matchin
Inventor name 812.511 matched inventors C g 10
Invgntor location Variablos 68460000 ot . good
Ass!gnee fams # patents 68440000 v e excellent
Ass!gnee type 1.591.361 Technology, 18000 e
Assignee location # inventors e 0.8
1.775.803 « technology codes
+ novel combinations 17000 S prs s,
gn 3000 =] *e
] Patent £ 06 P e
s United States Variables g ; = 2500 2 .e?® P l..n L
az Ps A P a0 No.: 4 B = i seet™ 8, o
Se:l‘etnl:l etal. o i et 42018 a g + team dummy 5 4 & ~ htY
” Patent number g - « assignee name 2000 204 X LY
(50 v orrErTIS A s @ e s # Dt festind 2 i S 5 y \
o T isrogn oo USPC primary code 5 » . grantdate 1500 @
™ 13715, o on T £3 « research lab
o 4 USPC secondary codes £ £ in 1000 0.2 .
R g zY | Inventor
3 S W v E £3 500
(73) Assignee Albert Einstein College of Medicine, . s *: locaﬁon 0
e e, Y (05) . Hon® 0.0
L. o Lo 1860 1880 1900 1920 1940
1) Ape Mo 16m0ns3 A kg ool s e
C « gender estimate grant year
Research labs, National Research Council + surname national origin
'1920 - 1956 Bl ock, NLP Variables + place of birth*
« industry*
98. Beatrice Company, 1526 S. State St., Chicago, Tll Lab name try
T e o KW Siructor) & -l Nosiut and Lab location *: matched sample only
Research sork: One-tenth time on butter, milk, lce and eggs. Lab founding date .4 O t | .
99. Beaver Chemleal Corp., Damascus, V:
Réscorch stof; Glen M. Semyth, director: 3 chemists, 1 engineer and 1 as- #labs 821.113 1946 - 1969: Patstat CCUpa Iona grouplng
[Research work: Full time on dyestuff process inve tion lines of 7.990
wultur, isarino and vata: spplication of avestulfy ang. thelr d9¢ing prop- 433.242 patents ~
erties; manufacture of intermediates for dyestuff. 455544 inventors .
D Variables
US Censuses (IPUMS) 1850 - 1940) Technology, -
L4
PSS S Variables « technology codes - » P
TS — « novel combinations -~
Name
Location Ediont -
-
Gender . « team dummy
; gCCUPat'O" . assignee name
= ge . assignee type o
A Place of birth g;?j;asr:ors « grantdate
N Inventor ¢
E + Office professionals Clerical and Kindred
« gender estimate +  Artists and entertainers Sales workers
« surname national origin +  Technical workers ®  Craftsmen
# inventors +  Scientists Apprentices
) 1.128.477 - +  Health care « Operatives
Varlables 1975 - 2000: Patentview »  Other professionals Service Workers (private household)
National origin of 1.214.393 patents By o oy e nousEnel)
surname 2.200125 inVenlDl’S * Managers, Officials, and Proprietors * Laborers
Variables: Same as Patstat e

above

GATALT

NBEf |

u

U
X«
<
(0p))

Q¢

Q¢

m\



Geocoding (1850)



Geocoding (1860)



Geocoding (1870)



Geocoding (1880)



Geocoding (1900)



Geocoding (1910)



Geocoding (1920)
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Geocoding (1930)
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eocoding (1940)
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Result

AMatched censuses 1851040

A650M individuals, linked across waves
AOccupation, industry, detailed location
AAge, gender, race (+ some other information)
AFamily relations among them

AUSPTO linked to census
A4M+ patents
A17921975

Alnventors, locations, technology classes
A~ 8000 unique R&D labs



Burden of knowledge:

Gaining new knowledge requires greater investments
IN mastering existing knowledge

(1) Changing learning curves
(2) Emergence of specialized inventors
(3) Emergence of teamwork



New combinations:

Share of patents with a new combination of technology
classes
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Burden of knowledge

Increasing level of formal skills

engineers
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Academic patents

Professors and universities

professors
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Burden of knowledge

The rise of teamwork
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Organizational innovation: Corporate research

(1) Rise of industrial research lab
(2) Labs support team coordination
(3) Labbased teams create more novelty



Team coordination

From families to firms and labs

coordination mechanism
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Labor inputs and novelty

Engineers and teams

point estimate
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Consequences for the
geography of innovation



Shifts In the geography of invention
System 2: the rise of the Rustbelt

1856-1899 1900-1919 1920-1945

Bl over-representation system 1

Bl over-representation system 2
A Two geographical shifts
A Reconcentration of inventive activity in fewer locations
A Reconcentration of inventive activity in largest cities

A These shifts are led by system 2 and followed by system 1
A Until 1925, locational patterns of system 1 and system 2 diverge
A From 1925 on, spatial convergence of system 1 and system 2



Conclusions

Confluence of shifts in the US innovation system

A In the 1920s, we witness a-@volution of
A Explosion of novelty
A Rise of teams
A Worker specialization: long learning curves + rise of engineers
A Organizational innovation: rise of corporate R&D and research labs
A Shifting geography of innovation

A (ne\{[v htirdles for participation in invention for foreigporn inventors and women that last until into the 221
century

A System 2 performs well until 1950
A From 1950s on, radically new combinations in decline
A In the 1970s, system 2 seems to only enhance incremental noveltybsed teams underperform
standalone inventors

A What happened?
A Decline of research labs? (Arora et al., 2020)
A Teams are getting too large? (Wu et al., 2019)
A New organizational innovations required? (online platforms?)



Skill complementarity
Neffke (Science Advances, 2019)
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Administrative registry data Sweden

ATime period: (1990/)2002010
A Entire Swedish population
A Training sample: 75% of workforce
A Estimation sample: remaining 25%, males60/rsold, private sector: 440k individuals.
A Sociodemographic information, career path, wage, workplace, etc.

AEducation coding
A 500+ combinations-dligit education type and 1 digit education level
A Educational levels:

O 1 primary school 2 different types
O 2 secondary school 2 different types
O 3 upper secondary schodl23 different types

1 4 postsecondary school 71 different types
A 5 tertiary 204 different types

v 6 PhD 59 different types



Program in animal husbandry Applied systems science and
software engineering

Image: http://www.sn Image:Joonspoon Own work, CC BSA 4.0,

online.de/Schaumburg/Landkreis/Themen/Theites https://commons.wikimedia.org/w/index.php?curid=36613
Tages/Nachfolger 680



Nursing, midwifery Nursing, geriatric care

Image: http://www.cardiffandvaleuhb.wales.nhs.uk/news/28870 Image: http://strongholdhomehealth.org/



Educationto-education
coworking

Complementarity: which educations often work together?
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Educationto-education
substitutability

Substitutability: which educations give access
to the same occupations?

education occupation
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Educationto-education
substitutability

Substitutability: which educations give access
to the same occupations?
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Substitutabllity
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Work experience
Complementarityand \Wagecurves
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Work experience
Complementarityand \Wagecurves
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Returns to schooling
Do returns to schooling depend on finding complementary coworkers?

N tertiary

Residual college premium: %57 over primary school

| N

returns to college education



Returns to schooling
Do returns to schooling depend on finding complementary coworkers?

DA tertiary
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Returns to schooling
Do returns to schooling depend on finding complementary coworkers?

DA tertiary

® binl bin 2 bin 3 bin4 = hinb



Returns to schooling
Do returns to schooling depend on finding complementary coworkers?
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Returns to schooling
Do returns to schooling depend on finding complementary coworkers?

N 14 primary sec. upper sec.post-sec. tertiary  Ph.D.
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Complementarity premium (OLS)
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Complementarity premium (FE)

—a—

(wage)/
premium for working

in complementarity teams

0

0 1 2 3
log, (establishment size)
A Why are benefits of complementarity larger in larger establishments?

A Deeper levels of specialization
A Stronger interdependencies



Coordination and cities



Variation in urban wage premiums
(OLS)

Elasticity by complementarity quintile
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Variation in urban wage premiums (FE)
Elasticity by complementarity quintile
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Conclusions

A Growing body of collective knowledge forces us to specialize

A Economy coordinates networks of networks:
A Skills in individual
A Expertise in teams
A Teams in firms
A Firms in global value chains

A Consequences
A Need for innovation in how we coordinate human expertise
A Greater independenciet value of skills depends on who you work with!

A Complexity Science
A High resolution datan skills and capabilities
A Networks that reveal coordination of distributed expertise
A Complexity Science Hup PhD and postdoctoral opportunities









Economic growtlt a longrun perspective

GDPl/cap
4800
2400 -
e a» \\orld
1200 -
- V4
600 ‘_—_—;
-
- -
‘ ’
e es er ar s ar ap b e e a» G o a» @ @
300 T T T 1
0 500 1000 1500 2000
Sources

Maddison 2001: The world economy a milennial prespective,
Maddison 2005: Measuring and Interpreting World Economic
Performance 1502001



The great acceleration
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The great divergence
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Production in a world of
economic complexity



Abandoning the traditional production
function
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How to make a car?
( = car)
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