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An urban species

https://sites.google.com/a/mmrschool.org/mmr-cities/home
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Stark differences in levels of urbanization, 
wealth, innovation, health, crime, etc… 

Why? 



A presumptuous goal?
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Three takeaways

1. There is a statistical regularity present in urban 
systems called “Urban Scaling”.

2. Every social phenomenon has a “complexity” 
that summarizes many of its statistical 
properties.

3. Ideas from Cultural Evolution are needed in 
order to account for the differences in 
development across cities.



Metropolitan Statistical 
Area (MSA) Year Population Larceny-theft 

Carson City, NV M.S.A. 2010 55,119 3,141 

Let’s internalize the types of questions
we’re asking



Why 3,141?
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Why 768?

Metropolitan Statistical 
Area (MSA) Year Population Larceny-theft 

Carson City, NV M.S.A. 2010 55,119 768 
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Why 20?

Metropolitan Statistical 
Area (MSA) Year Population Robbery Larceny-theft 

Carson City, NV M.S.A. 2010 55,119 20 768 

Source: https://www.fbi.gov/about-us/cjis/ucr/crime-in-the-u.s/



Robbery in Bridgeport 
= 

Larceny-theft in Carson City ??
Metropolitan Statistical 

Area (MSA) Year Population Robbery Larceny-theft 

Carson City, NV M.S.A. 2010 55,119 20 768 

Bridgeport-Stamford-
Norwalk, CT M.S.A. 2010 895,941 991 10,986 

Source: https://www.fbi.gov/about-us/cjis/ucr/crime-in-the-u.s/
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Metropolitan Statistical 
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• Collective systems are full of 
interdependencies, interactions, feedback 
loops, etc…



A methodological decision

• The conventional approach:

Multivariate regression analysis
(  Identifying effects/r.h.s.)



A methodological decision

• The conventional approach:

Multivariate regression analysis
(  Identifying effects/r.h.s.)

• An alternative approach:

Scaling analysis
(  Identifying mechanisms/l.h.s.)
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“Scaling Analysis”

• Studying a phenomenon as it changes with
scale (e.g., size):
– Regularities
– Important underlying mechanisms

1. Slope of the line: 
Gravitational interaction
decays with the square
of the distance.

2. Intercept of the line: 
Gravitational force is
proportional to mass.



If interested… 

• “In the beat of a heart”, John Whitfield (BIOLOGY)

• “Critical Phenomena in Natural Sciences”, 
Didier Sornette (PHYSICS & COMPLEX SYSTEMS)

• “Fractals, Chaos, Power Laws”, Manfred 
Schroeder (GENERAL, ENGINEERING & PHYSICS)

• “G.I. Taylor and the Trinity test”, M.A.B. Deakin
(2011) (HISTORY OF ATOMIC BOMB)
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Allometric laws in urban systems



Allometric laws in urban systems

Bettencourt, L.M., Lobo, J., Helbing, D., Kühnert, 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.



















Urban Scaling: Y =  Y0 N (1.1667)

Table S3, from:
“The Origins of Scaling in Cities”, 
Bettencourt, L. M. A. (2013, Science)
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cities are more 
educated, innovative, 
productive, 
entrepreneurial (… but 
also more violent, 
unhealthy), etc…?

• Productive individuals 
self-select into larger 
urban areas.

• However, additional 
assumptions would be 
needed to explain the 
scaling law.

• It wouldn’t explain the 
disproportionate 
concentration of crime 
and disease in larger 
urban areas.
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The question of
Individual vs. Systemic effects

• Holistic:
– Is output (aggregate GDP, 

patents, crime, disease, 
etc…) a function of the 
number of social 
connections?

• More individuals engage 
in productive as well as 
harmful, disadvantageous 
activities.



Urban Scaling: Y =  Y0 N (1.1667)

Table S3, from:
“The Origins of Scaling in Cities”, 
Bettencourt, L. M. A. (2013, Science)

Why do different urban activities 
scale differently?!
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Economics

y = f ( )



International trade
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Very similar approach to R. Carneiro
(1962, 1967, 1970)



… it is the type of pattern you’d expect 
if countries were playing a game…

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.

















The product space predicts which 
products will be produced next

- Entry into new product is easier if 
you already produce related 
products

- Products appear in cascades 
(Klimek/Hausmann/Thurner 2012)

Source:
Hidalgo C.A., Klinger B., Barabási A.-L., and Hausmann R., 2007. The Product Space Conditions the Development 
of Nations. Science (317) pp. 482-487.





1965

Thailand                                            Ghana 

Thailand vs. Ghana in the Product Space
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Thailand                                            Ghana 



The Theory of Economic Complexity

• Economic processes arise from a multiplicity 
of factors.

• More complex processes require more factors.
– # of factors required = complexity = q

• Richer countries have more factors.
– Endowment of factors = diversity = r
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Metropolitan Statistical 
Area (MSA) Year Population Robbery  Rate (cases per 

100,000 inhabitants)
Larceny-theft (cases per 

100,000 inhabitants)

Carson City, NV M.S.A. 2010 55,119 36.3 1,393.3 

Michigan City-La Porte, IN 
M.S.A. 2010 111,553 81.6 2,656.1 

Chico, CA M.S.A. 2010 222,130 70.7 1,582.4 

Lansing-East Lansing, MI 
M.S.A. 2010 450,078 79.1 1,763.5 

Bridgeport-Stamford-
Norwalk, CT M.S.A. 2010 895,941 110.6 1,226.2 

Las Vegas-Paradise, NV 
M.S.A. 2010 1,951,609 240.6 1,580.0 

Phoenix-Mesa-Glendale, AZ 
M.S.A. 2010 4,229,275 124.0 2,400.4 

Los Angeles-Long Beach-
Santa Ana, CA M.S.A. 2010 12,912,749 189.5 1,428.3 

New York-Northern New 
Jersey-Long Island, NY-NJ-
PA M.S.A.

2010 19,042,526 164.2 1,300.3 

Source: https://www.fbi.gov/about-us/cjis/ucr/crime-in-the-u.s/



• Robbery rates do not seem to increase 
exponentially with population size.

?
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• Robbery rates do not seem to increase 
exponentially with population size.

• The diversity of factors (i.e., cultural traits) does 
not change in proportion to population size.

Cumulative culture

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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Contact info:
Email: andres_gomez@hks.harvard.edu
Twitter: @GomezLievano
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Learning at Different Levels

• Individuals learn by going to school, by doing, 
by interacting.

• Cities “learn” by attracting new individuals 
with more diverse skills (Florida, 1995, Futures).



• Individuals are limited by the amount of 
knowledge that they can learn; 

Learning at Different Levels



• Individuals are limited by the amount of 
knowledge that they can learn; 

• Societies, however, are not.

Learning at Different Levels



Example
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Example

City c has 2 inventors (from a population of 3).



The Model

• The activity in question requires Na substeps.
• The substeps provided by the city as a Nax1 vector,      , 1 for 

the substeps provided, 0 otherwise. 
• We represent the substeps that person j needs using a Nax1

vector,        , with 1 for the missing substeps, 0 otherwise.
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The Model

• The main parameters, r and q:
– r: the average “diversity” of the city.
– q: the average “complexity” of the activity.

• Prevalence of the activity in the city:
• E[ Y ] = f(N, r, q) = ?
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