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Masdar City (Abu Dhabi, UAE) 
credit:  Foster + Partners



Lagos 
credit: African Arguments



credit: Eddie Moore/ ABQ Journal
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By its nature, the metropolis provides what  

otherwise could be given only by traveling;  

namely, the strange. 

-Jane Jacobs   
The Death and Life of Great American Cities, 1961.



Economics 
production, competitive advantage  
economies in transportation and production 
knowledge spillovers

Sociology & Social Psychology 
Social interactions & networks 
change, exclusion, segregation

Urban Planning 
Design of space and infrastructure 
Locations, Flows, Zoning 
“Form determines Function” Le Corbusier, Ville Radieuse, 1935

Y=A Lα K1-α

The city according to different disciplines



Spatial Equilibria in the Isolated State	

von Thünen Model  [1826, beginnings Central Place & Locational Theory]

Fujita 2010 The Evolution of Spatial Economics

Renti = Yi (Pi −Ci )−Ti × R[ ].
crop yield

transportation  
cost

net profit

Central Market 
Differentiated Land Uses 

Transportation costs

R



The “Isolated State” model can include geography

credit: http://lewishistoricalsociety.com

http://lewishistoricalsociety.com


E. Burgess1925



Urban Morphology	

Alonso 1960 (Müth-Mills,...,Beckmann,...)     Model of the Monocentric City.

This is the basis of New Economic Geography       Fujita, Krugman & Venables,1999

L

 Land Rents = R(l) 
 Commuting Costs = C(l) 

  y = R(l)-C(l) 

  C(l=0)=0;   R(l=L) = r 

  y = the “budget” per capita 
        set via a production function.



credit: Le Corbusier, Ville Radieuse



Tianjin 
credit: Zhang Lei/World Press Photo 2016





[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 



Cities are complex adaptive systems 

‣ Heterogeneity: Diversity of people, organizations, land uses 

‣ Interconnectivity: Everything is connected in networks 

‣ Scaling: Cities of different sizes have different dis(advantages) 

‣ Circular-Causality: Cause and effect are mixed 

‣ Development: Cities change in open-ended ways 



Geography

Economics

Transportation

Physics
Sociology

Social Psychology
Epidemiology

Criminology

Ecology

Water
Energy

Anthropology
Archeology



Geography
Economics

TransportationPhysicsSociologySocial PsychologyEpidemiology
CriminologyEcology

Water
Energy

AnthropologyArcheology

Data & Experiments
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Full content and enhanced 
graphics at: nature.com/cities

SCIENCE AND THE CITY

T H E  U R B A N  E Q U A T I O N
A fter spending tens of thousands of years living mostly in small  

settlements, humans have entered an urban stage of evolution. As of 
2008, more than half the world’s people live in cities, and the urban 
population is swelling by 1 million every week. By 2030, almost 6 in 

10 people will live in metropolitan areas, which exert a powerful pull as 
economic and social magnets.

That concentration of people gives rise to some of the world’s greatest 
problems, such as air and water pollution, poverty-stricken slums and 
epidemics of violence and illness. Yet throughout history, urbanites have 
produced soaring achievements, ranging from Notre Dame Cathedral to 
the mobile-phone networks that have revolutionized communication.

Cities are also home to considerable scientific capital; they hold most 
of the world’s top universities and the vast majority of its researchers (see 
page 900). This week, Nature examines that special relationship between 
scientists and cities and how each can bring out the best in the other. The 
resources that cities offer can stimulate outstanding science for reasons 
that researchers are just starting to explore (see page 906). On the other 
side of the equation, scientists can assist cities in tackling their biggest 
problems. The Nobel laureate Mario Molina sets a good example, having 

redirected his research to improving the environment in Mexico City, 
one of the world’s biggest megacities (see page 902). 

Scientists are also helping cities to assume a lead position in  
combating global warming. With nations largely paralysed on this 
front, cities have emerged as a testing ground for cutting greenhouse-
gas emissions and for adapting to the changes that warming will bring 
(see page 909). But these efforts are hampered by a disproportionate 
lack of data at the city level (see page 883). Cities must find a way to 
grow sustainably, which will require scientists across many disciplines 
to collaborate with leaders in other sectors of society to develop general 
rules for urban expansion (see page 912). 

The threats to cities and the opportunities they present are attracting 
increasing attention from researchers in many areas. Synthetic biologists, 
for example, are exploring molecules that could clad skyscrapers and trap 
carbon dioxide (see page 916). Scientists have a responsibility to supply 
many more advances of 
that nature to ensure the 
viability of humans as an 
urban species. 
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Wages 
US Metropolitan Areas 
1969-2009

A law in time ...

Y(t,N) = Y0(t) Nβ(t)  
Urban Equation:



GDP  
cities in 10 nations

A law in across nations ...

Great Britain



A law in across quantities ...

Wages, Crime, Patents, GDP  
US Metropolitan Areas



Infrastructure & socioeconomic rates

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
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Mumbai Train Station 
credit: Randy Olson
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For Principles that Explain Urban Scaling

Cities are social networks  
                embedded in space-time through infrastructure 

1. Mixing Populations 

2. Decentralized infrastructure networks 
                   

3. Bounded human effort 
                                       

4. Social outputs reflect local human interactions 
                               

 
A(N ) = aNα , α = D

D + H
∼
2
3

 An (N ) ∼ ρ
1/DN ∼ N 5/6

G = (ga0l)

Y (N ) ~G N 2

An (N )
~ N 7/6

= constant in N



How Social Interactions determine Urban Space



credit: bondyalu.blogspot.com



R = Radius

Capilco  
Aztec Rural Village

Ortman, Cabaniss, Sturm, Bettencourt, The Prehistory of Urban Scaling (2014)







G N / A=benefit~cost = c R =c’ A1/2 A= ( G/c’ N )2/3



1617
credit:Braun & Hogenberg / Ozgur Tufekci



Napoleonic Cadaster of Paris 1810

The Topology of Cities (2015)



Shanghai   credit:NASA



credit: bing





An ~ d N~N5/6   d = (A/N)1/2

Y= G N N/An ~ G N7/6

The volume of infrastructure grows faster than land

Social interactions  accelerate 



How Urban Space determines Socioeconomic Outputs



Social Network

Social Interaction Types

City “Production Function”

Interactions per person 
increase with city size!

Social Interactions in space and time



The Scale-Independence of City Size 
in the presence of increasing returns and transportation costs

1. Detailed Model of Urban Infrastructure


2. General Model of Cost of Transportation in Cities


3. The Properties of Scale-Independent Equilibrium




l

infrastructure!
hierarchy!
levels!

C. Alexander, 1966

Infrastructure Networks in the City 

length segments
area segments

width segments

s0 >> sh
highways are much wider  

than paths, etc



Japan α = 2
3



The Cost of Socializing in the City

Conservation of Current across infrastructural levels

Resistance accounts for Cost of Movement:

Cost of Transportation scales like Benefits   !!



Equilibrium between social benefits and costs

G"

social"benefits"
""""""""""""""."costs"

city"unstable"

city""exists""

G*"Gmin" Gmax"

Y*.W*"

Y (N ) ~G N 2

An (N )
~ N 7/6

W (N ) ~W0
I 2

An (N )
~ N 7/6

social benefits:

- costs:

High Costs/DispersionCongestion/Danger



Human Effort is conserved: Estimating G

The parameter G 
measures the 
integrated strength 
in interactions. 

For a city it is:

G = Y
N

⎛
⎝⎜

⎞
⎠⎟ .

An
N

⎛
⎝⎜

⎞
⎠⎟

log N

log G

G*

Gmax



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).

9

Scaling and Interdependence  
of  

Social, Economic, Infrastructural and Geographic factors

1
2 α −δ

 Bettencourt (2013) Science



Are cities like other complex systems?



credit: Royce Bair



credit: NASA



credit: www.mostbeautifulthings.net

http://www.mostbeautifulthings.net




credit: MacLean



credit: Robert Stone



1890s New York City 
credit: www.loper-os.org

http://www.loper-os.org


Hong Kong 
credit:Guardian





Schlaepfer,  Lee, Bettencourt (2016)  
Urban Skylines: building heights and shapes as measures of city size
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Statistical Cities
Larger Urban Zones
Municipalities

a
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β =1.12  R2=0.99
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c

Lixa, N = 4,233  
k  = 6,   C  = 0.25 

Lisbon, N = 564,657
k  = 11,   C  = 0.25 

Portugal

Statistical Cities Larger Urban Zones Mobile phone towers

−2−2

Schläpfer et al, 2014

𝛽 = 1.12-1.19
in agreement with theory.

Urban cellphone 
networks

Network clustering 
is preserved: 
same sense of  
community  
in town and country!





Walking Speed vs Population Size



"They're like the walking dead, real slow," griped Dennis Moran, 
46, a fire safety officer at a building in Times Square and a native 
New Yorker. "They have this unnatural habit of stopping in the 
middle of the sidewalk."

credit: Huffington Post



NASA



Cities are  

general-purpose  

Social Reactors



“Super-Superlinear" Scaling of the Internet

Bettencourt, IEEE, 2014



credit: GODMODE


