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Deviations from Scaling 
Scale Adjusted Metropolitan Indicators: SAMIs

What is the structure of each city’s deviation?


What is Its local flavor ...?

ξi (t) = ln
Yi (t)

Y0N
β (t)

Urban Scaling and its Deviations,  
Bettencourt, Lobo, Strumsky, West 2010



The differences between cities 

how to measure the effects of history and accident?                                 
how to build “performance” indices? 



Ranking Cities 
independently of their population size

2005

Urban Scaling and its Deviations,  
Bettencourt, Lobo, Strumsky, West 2010



Ranking Cities 
independently of their population size

2005

Urban Scaling and its Deviations,  
Bettencourt, Lobo, Strumsky, West 2010



Temporal persistence  
personal income



Temporal persistence  
patents



Temporal persistence  
of scaling deviations

Persistence times are in the order of a few decades !



Beyond population size 
are there correlations between  

Population size accounts for most of the (co)-variation in these quantities.

Cross correlations explain only 5-15% of the variation.



spatial structure 
personal income

http://santafe.edu/urban_observatory/



spatial structure 
the death of distance

spatial correlations are not significant beyond 200 km

Urban Scaling and its Deviations,  
Bettencourt, Lobo, Strumsky, West 2010



Heat maps from Urban History Clustering Analysis





 The differences within cities 

 neighborhoods and individual heterogeneity 



credit: Mark Turin/BBC News Magazine 

There are over 800 languages spoken in New York City  



“If every one were cast in the same mould,  
                   
                   there would be no such thing as beauty.  

Charles Darwin



Spatial Selection and the Statistics of Neighborhoods (2015)









Universality of City-Wide Distribution

Spatial Selection and the Statistics of Neighborhoods (2015)





Information & Spatial Selection

neighborhood i  
income distribution

city-wide  
income distribution

Bayes’ Theorem

Information  
to explain neighborhood j

Information  
between neighborhoods and income  

for a city
Spatial Selection and the Statistics of Neighborhoods (2015)









What is the Ultimate Function of Cities?



Adam Smith (wealth of nations, ch 2)

if we examine, all these things, and consider what a variety of 
labour is employed about each of them, we shall be sensible that 
without the assistance and co-operation of many thousands, the 
very meanest person in a civilized country could not be provided

Observe the accommodation of the most day-labourer in a 
civilized and thriving country, and you will perceive that the 
number of people of whose industry a part, though but a small 
part, has been employed in procuring him this accommodation, 
exceeds all computation 



credit: bis.gov

Professions in the USA

http://bis.gov


Professional Diversity and Classification Resolution
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Inferring actual diversity D(N):
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A scaling limit exists iff:
D0 →

d0
N0

γ = const. with D(N ) = D0N
γ .



The rank size distribution of professions 

From D(N), for all N, derive frequency distribution

Indices of Diversity: Universality!



Professional Diversity and Urban Productivity

Bettencourt, Samaniego, Youn, 2013
= 0.05

city grows

Specialization and Division of Labor  
as sources of increases in urban productivity



Bettencourt 2014, IEEE 
The role of technology in complex networks

Information, Connectivity & Productivity Growth
Poor

Rich



Interconnected human  societies 
contain more information at higher connectivity costs

Bettencourt 2014, IEEE 
The role of technology in complex networks



development
is the ability to solve  
human problems*

*socially



New and old ways of being connected



In a real sense all life is inter-related.  

All people are caught in an inescapable network of 
mutuality, tied in a single garment of destiny.  

Whatever affects one directly, affects all indirectly.  

I can never be what I ought to be until you are what 
you ought to be, and you can never be what you ought 
to be until I am what I ought to be… 

This is the inter-related structure of reality. 

- Martin Luther King Jr,  Letter from Birmingham Jail.





“How Airbnb and Lyft finally got americans to trust each other”







Rio de Janeiro 
credit: guardian



An “Information Crisis”
The depiction of the city,   
its problems and its potential  
still remain sorely distorted. 

Most cities in the developing world  
are suffering from  
                   an information crisis  
which is seriously undermining  
their capacity to  
develop and analyze  
effective urban policy.





http://civitas.santafe.edu/viz/ 
7,000+ slums

http://civitas.santafe.edu/viz/


http://civitas.santafe.edu/viz/

http://civitas.santafe.edu/viz/


Monrovia, Liberia







The Cities of the Future



Hoornweg & Pope (2014).  
Population predictions of the 101 largest cities in the 21st century 

Wikipedia





The New Urban Agenda



Provided that some groups on earth continue either muddling or revolutionizing 
themselves into periods of economic development, we can be absolutely sure of a few 
things about future cities:   

The cities will not be smaller, simpler or more specialized as cities of today.   

Rather, they will be more intricate, comprehensive, diversified and larger than today’s 
and will have even more complicated jumbles of old and new things than ours do.  

Jane Jacobs  
The Economy of Cities, 1980



Challenge Questions:

1. Do cities in 3D show larger or smaller agglomeration effects?

Recall that :

2. We discussed connectivity and the division of labor as a 
mechanism for mutual advantage, learning and economic growth.  

When does the division of labor fail?   

Think of the most common professions.   What’s the solution?

What’s H so that δ stays unchanged?    What does it mean?


