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Between VS. Within

Acemoglu, D., and Dell, M., "Productivity differences between and within countries."
American Economic Journal: Macroeconomics 2.1 (2010): 169-88.

Labor income across many individuals, across municipalities,
across countries.

Theil inequality index decomposition

Cross-city differences are twice as large as
cross-country differences
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The broad questions

Differences between cities

Why do these differences exist?
What do they consist of?

How do they originate?

How do they change?

Can we intervene?



The organizing idea

Differences in “collective knowhow”
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Research questions

Disciplines

Statistics Dynamics Impacts

*  What does the level * How does collective . *  How can we
of collective knowhow accelerate the
knowhow constrain accumulate, is accumulation of
or determine? § maintained, and/or collective knowhow?
i lost? !

Sociology and Anthropology

Physics Cultural Evolution Public Policy
Economics Epidemiology Systems Engineering
Complex Systems & Networks Modern Statistics &

Evolutionary Economics & Applied Mathematics

Economic Geography
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Theory: Y = fo( X, W) Empirics: ¥ = B0 + B1xiy + BoTin + €

Theory: Y = f3(X, W, 7) Empirics:

Explaining Y one
variable at a time...

from Noun Project
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Explicitly assume Y is

iili—
the consequence of
. many, many, many
explanatory
« » .
TRUTH variables.
Y = f(Xlﬁng X:h X4, e — OO)
Traditional approach
Theory: Y = f1(X) - Empirics: ¥ = Bo + Bixi1 + €
Theory: Y = fo( X, W) Empirics: ¥ = B0 + B1xiy + BoTin + €
Theory: YV = f:;(X‘ W, Z) Empirics:
Explaining Y one |
o . cons:
Va rla b I e at a tl m e ces ﬁ;ﬁtsgu:y;gil:;tvan Driel

Created by Martyn Jasinski
from Noun Project



The ‘“‘view from above”
Y = f(Xl,XQ,Xg,XAL, ce . — OO)

* DoesY change with the
“scalelsize” of f()?
How!?

e How do the X’s

interact!
— What are the statistics
that describe Y?




The ‘“‘view from above”
Y = f(Xl,XQ,Xg,Xgl, ce . — OO)

(» DoesY change with the )
“scalelsize” of f()?
_ How!? )

e How do the X’s

interact!
— What are the statistics
that describe Y?

A



The ‘“‘view from above”
Y = f(Xl,XQ,Xg,Xgl, ce . — OO)

“Scaling Analysis”

(» DoesY change with the ) oo ]
. * Studying a phenomenon as

“scalelsize” of f()? SHIEYIng @ Pt

How? it changes with scale:
g ow: J — Regularities

’ — Important underlying

e How do the X’s mechanisms

inte raCt? g Z p=1.12 R2=0.97 g : p=1.15 R*=0.91

— What are the statistics ;- i

that describe Y? N
2010 1‘1 1‘2 1‘3 1‘4 1‘5 Y ~J NS 1" 1‘2 1‘3 1‘4 1‘5 16

LN[Population] LN[Population]

Bettencourt, L.M., Lobo, J., Helbing, D., Kiihnert, C. and West, G.B., 2007.
Growth, innovation, scaling, and the pace of life in cities.
Proceedings of the National Academy of Sciences, 104(17), pp.7301-7306.

Bettencourt, L.M., 2013. The origins of scaling in
cities. Science, 340(6139), pp.1438-1441.
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With larger city sizes

The “exposure” to the city increases
The density of interactions in space increases
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Factors interact multiplicatively!
X’'s are complementary «
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YIN ~ LN(pun,0)
E[Y|N] = Y,N®

Complementary
interactions!

Not universal!
Not dynamic!
Too aggregated!
Useless!

... Be serious!
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Nature Human Behaviour, 1, 0012.

|.  Most of urban phenomena are the conjunction of complementary
factors.The fewer the factors, the less “complex” the phenomenon.

2.  Cities accumulate these factors through a stochastic evolutionary
process of variation and selection, and cities are the vessels were these
factors combine.

3. And each person in the city is different in the factors they bring to the
city. The exposure of people to the city is what generates the outcomes.



Hidalgo, C. A. and Hausmann, R. (2009).
The building blocks of economic complexity.
PNAS, 106(25):10570-10575.

Hausmann, R. and Hidalgo, C.A. (2011),
The network structure of economic output.J
Econ Growth, 16:309-342.
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* The parameter r is a measure of the diversity of letters.

) “Letters” (i.e., the city’s “collective knowhow”) are
distributed in the population, and are transmitted from
person to person, and from generation to generation.

American Antiquity Wol. 69, No. 2. Apr., 2004 Demography and Cultu...

ARMERIoNN,, Demography and Cultural Evolution: How Adaptive Cultural
Processes can Produce Maladaptive Losses: The Tasmanian Case

Joseph Henrich
American Antiguity
Vol. 69, No. 2 (Apr., 2004), pp. 197-214

Fublished by: Society for American Archaeology
DOl 10.2307/4128416

Stable URL: http:/fwww |stor.org/stable/d128416
Page Count: 18

Subjects: | Anthropology | | Archaeology
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Henrich’s (2004) model of “letter”

accumulation
* Most skillful and * N Apprentices (imitators):
prestigious thief: ‘ﬂ —

‘ AT




In Henrich’s model,
collective knowhow
(i.e., “# of letters in the place”)
is a logarithmic function of population size

r(N) o« —a+05776+ F1In(NV)
= a4+ bln(N)

See also:

Shennan (2001),

Henrich & Boyd (2002),
Powell et al. (2009),
Kline & Boyd (2010),
Mesoudi (2011),

Lehman et al. (2011),
Aoki et al. (2011),
Kobayashi & Aoki (2012),
Derex et al. (2013),
Collard et al. (2013),
Kempe & Mesoudi (2014).
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Models of economic complexity
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Models of cultural evolution
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o Model z, Value

uek

E[Y]

r(N)=a+ bln(N)

® Urban Scaling: E[Y] = e Mall-a) yl+Mab

In(Yp)

10°

= Y, NP

In(Yy) = —M(1—a)g,

g—1 = Mlg,

o = JM(1—a—0bllnN))g,

B—1 «—In(Yy),
B—1 « o,
g « —ln(Yo).
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Dynamics:
How do cities diversify?



Places diversify into
“similar/related” activities

Cumulative culture

(review: Mesoudi,A. (2017). Pursuing Darwin’s curious
parallel: Prospects for a science of cultural evolution.
Proceedings of the National Academy of Sciences,

| 14(30), 7853-7860)

Diversification of

— Exported products
(Hausmann & Klinger 2006, Hidalgo et al. 2007)

_ ; For good reviews:
IndUStrleS - Boschma, Ron. (2017). "Relatedness as
(Neffke et al. 2011, Neffke & Henning 201 3, driver of regional diversification: A

. research agenda." Regional Studies 51, no.

He & Rigby 2015) ~  3(2017): 351-364.
T h I . - Bahar, D., Stein, E., Wagner, R. A., &

— 1echno OgIeS Rosenow, S. (2017). “The Birth and
(ngb)’ 201 5) Growth of New Export Clusters: Which

Mechanisms Drive Diversification?”

— Professional occupations
(Muneepeerakul et al. 201 3)
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Hashmi, N., & Malone, T.WV. (2010).
Evidence for a collective intelligence factor in the
performance of human groups. Science, 330(6004), 686-688.




We are missing a unified formalism

Pr{X.s=1} = e Mrali=re)

* Link creation in hypergraphs

* Dimensionality reduction

— Woolley,A.WV,, Chabris, C. F, Pentland, A,
Hashmi, N., & Malone, T.WV. (2010).
Evidence for a collective intelligence factor in the
performance of human groups. Science, 330(6004), 686-688.

— Turchin, P, et al., (2018).
Quantitative historical analysis uncovers a single dimension of

complexity that structures global variation in human social
organization. PNAS, | 15(2), EI44-EI5].
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* Full social security dataset
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Possibilities potential products by
municipality
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Ricardo Hausmann Authors:! Authors:"
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Theory + ML = great results

i{Can city ‘C’ export

:{Can municipality ‘C’ produce
international product ‘P”?
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Prod Name: Textile articles for technical use
Prod Categoryl Textiles and furniture
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Nomens overcoats, not k..

Missing Growth
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and plastics Packing lids

Electronics  Electric heaters

Electromechanical domes
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Refrigerators, freezers

Cairy machinery

Metals Clasps, buckles etc. of me..

Base metal mountings, fit

Angles of iron or nonalloy ..

Textilesan.. Babiez' garments, knit

Vegetables, Cardboard packing contai..

foodstuffs
and wood

Leather apparel

Other articles of wood

Predicted - Actual
4.00 B

d

B Type

(8) Employment
Export Value
Num Firms
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Cartago
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Electronics
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City Name
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Silicates
Medicaments, not packag..
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Zinc oxide or peroxide
nk
Potassic fertilizers

Textile articles for technic. ]  KeepOnly X Exclude
Shawls, scarves, etc.

Men's overcoats, not knit City Name: Ceecuta Met

Prod Name: Textile articles for technical use
Prod Categoryl Textiles and furniture

0.08067

Nomens overcoats, not k..

Missing Growth

Prod Categ.. Prod Name

Chemicals Plastic household articles
and plastics Packing lids
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Electromechanical domes
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Example: Cucuta. Exports, employment and its
agricultural production
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0.0802
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Code
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Refrigerators, freezers
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Other articles of wood
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and plastics Packing lids

Electronics  Electric heaters
Electromechanical domes

Machinery  Machinery for the industr..

Metals Clasps, buckles etc. of me..
Base metal mountings, fit
Angles of iron or nonalloy ..

Textilesan.. Babiez' garments, knit

Cardboard packing contai..

City Name

:d-.

Predicted - Actual
4.00 8
d
Type
(8) Employment
Export Value
Num Firms
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lh [FU

City Name
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Cartago

Ceret

Prod Category o
(&

Chemicals and pla...

Electronics
Machinery
Metals

Min

[ Stone and alass

Predicted probabilities
0.2540 08550

a D

Predicted probabilities

0.2545 0.6738




Motivation, background, context

Statistics:
The “view from above”

Dynamics:
How do cities diversify?

Examples of applied work



THANK YOU

Contact info:
Email: andres_gomez@hks.harvard.edu
Twitter: @GomezLievano
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