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The world is spiky
population, wealth, innovation, energy consumption 
are concentrated in cities! 

Night lights over South America, 1997

Florida & Stolarick, 2005



“[Real cities, present] situations in which 
        several dozen quantities are all varying simultaneously 
                                                  and in subtly connected ways”

Jane Jacobs
The death and life of great American cities 1961 

555 Hudson St, NYC 



But a Science of Cities requires general facts...



Map of our data   
coverage and analysis July 2012



When a city doubles in size 

its economic productivity per capita increases by 15%

Sveikauskas 1975



When a city doubles in size 

its per capita violent crime increases by 16%

Glaeser & Sacerdote  1999



general scaling of metropolitan GDP across nations

Bettencourt & Rodriguez, 2012



Scaling as an entry point for theory	

Aggregate urban Indicators obey
functional cities

Yi(t) = Y0(t)e
⇠i(t)N�

i (t)

total urban quantity 
in city i at time t

e.g. wages in New York intercept 
for urban system

wages in city of 1 person

population 
of city i at time t

population of New York

scaling exponent

proportionality of rates of 
change for Y and N

SAMI
statistics of fluctuations

Bettencourt et al., 2007, 2009, 2010,...



Smoking gun

Volume of Infrastructure Social Outputs
~ N βi ~ N βs

βi = 1−δ βs = 1+δ
 δ  0.15

𝜷i = 0.84±0.03 𝜷s = 1.13±0.03



The Origins of Scaling in Cities

Bettencourt 2012, submitted

Cities obey 4 general principles:

1. Mixing Populations

2. Decentralized infrastructure networks
                  

3. Bounded human effort
                                      is ~constant of city size.

4. Social outputs reflect local human interactions
                               

 
A(N ) = aNα , α = D

D + H

2
3

US MSAs

 An (N )  ρ
1/DN  N 5/6

G = (ga0l)

Y (N ) ~G N 2

An (N )
~ N 7/6

𝛿=1/6



Predictions and Consequences

Urban Scaling Relations Model (D=2,H=1) Model (D, H) Effect
Land area A = aN↵ ↵ = 2

3 ↵ = D
D+H spatial densification

Network volume An = An0N⌫ ⌫ = 5
6 ⌫ = 1� � = D2+DH�H

D(D+H) growth of infrastructure
Network length L = L0N� � = 2

3 � = ↵ area filling networks
Average network width S̄ = S̄0N �̄ �̄ = 5

6 �̄ = 1� � widening of roads
Interactions per capita y = Y0N � � = 1

6 � = H
D(D+H) increased interactions

Socioeconomic rates Y = Y0N� � = 7
6 � = 1 + � = D2+DH+H

D(D+H) acceleration of social rates
Power dissipation W = W0N! ! = 7

6 ! = 1 + � increased congestion
Land Value PL = P0N �L �L = 3

2 �L = 1 + ↵ + � increased land rents

Table 1: Urban indicators and their scaling relations. The first column shows expected mean-
field values for scaling exponents vs. population size (D = 2, H = 1). The second column
shows the value of scaling quantities in general D spatial dimensions. The third column de-
scribes the effect.

(a) (b)

Figure 1: Scaling of urban infrastructural and socioeconomic quantities. (a) Total lane miles
(volume) of roads in US metropolitan areas in 2006 (blue dots). Lines show the best fit to a
scaling relation Y = Y

0

N� (red), with � = 0.849± 0.038 (95% CI, R2 = 0.65), the theoretical
prediction for � = 5/6 (yellow) and linear scaling � = 1 (black). (b) Gross Metropolitan
Product of US metropolitan area in 2006 (green dots). Lines show the best fit (red), with � =
1.126 ± 0.023 (95% confidence interval, R2 = 0.96), the theoretical prediction, � = 7/6
(yellow), and proportional scaling, � = 1 (black).
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Bettencourt 2012, submitted



Scaling of social ties from cell phone networks

Schläpfer et al, 2012









Great !  But what’s inside the city?

general functional composition and 
	 	 	 	 	 	 	     the statistics of exceptions



Professional makeup of US cities



























Bettencourt & Samaniego 2012, submitted



Establishment composition of US cities
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SAMIs  statistics and dynamics

log student-t

Multiplicative random processes

a & b & c & ...& z
events in each 
city  correlated 

over time and to 
each other 

Bettencourt & Rodriguez, 2012

see Andres’ talk
Gomez, Youn, Bettencourt, in press



Science of Cities:  Dynamics

endogenous growth theory
flows of information, matter and energy

the city and the urban system

average properties of social interactions
networks of infrastructure

Zipf’s law
Gibrat’s law

births, deaths & migration

statistical nature
of micro-processes in cities

d

dt
lnYi(t) =

d

dt
lnY

0

(t)
| {z }

system wide growth

+ �|{z}
scaling

d

dt
lnNi(t)

| {z }
population growth

+
d

dt
⇠i(t)

| {z }
SAMI dynamics

??



1. Can there be a science of cities?
Yes! 

2. Why yes?
The existence of pervasive and systematic regularities, 

the universality of urbanization.

3. What do we know?  What don’t we know?
Good data on developed urban system. Need data on developing cities, 

larger span of time. more individual and mesoscopic observations. 
Experiments, not just observations.

4.  Science(s) of cities?
No!  “there’s only one” 

Multidisciplinary: social networks in space and time enabled by 
infrastructure.

5. What should a science of cities be able to accomplish?
Appreciation for the primacy of the social city. 

Put a value on infrastructure. 
Open-ended innovation. Sources of productivity.  Resilience

6. How to do it?
data  ->  theory  ->  data  ->  theory -> ...
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“What happened […] with the rise of the cities, was that many functions 
that had heretofore been scattered and unorganized were brought together 
within a limited area, and the components of the community were kept 
in a state of dynamic tension and interaction. 

In this union, made almost compulsory by the strict enclosure of the city wall, 
the already well-established parts of the proto-city - shrine, spring, village, 
market, stronghold - participated in the general enlargement and concentration 
of numbers,  and underwent a structural differentiation that gave them forms 
recognizable in every subsequent phase of urban culture. 

The city proved not merely a means of expressing in concrete terms 
the magnification of sacred and secular power, but in a manner 
that went far beyond any conscious intention it also enlarged all the dimensions 
of life. Beginning as a representation of the cosmos, a means of 
bringing heaven down to earth, the city became a symbol of the possible.”

Lewis Mumford
The city in history, 1961


