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credit: telegraph

25 years !

The problem that drives me: 



Universal Urbanization

lots of data
computing

comparative analysis

Digital Revolution

Urban Science Urban Analytics

settlements in history

future cities

Social Equity

Climate Change

Urban Practice 



Individual

City

Neighborhood

Urban Systems

selection 
segregation 

mixing 
contagion

livability 
safety 

education 
knowledge

migration 
trade 

knowledge diffusion
laws of geography 
gravity law, Zipf’s law


migration, urban hierarchy

scaling laws and agglomeration 
social + physical networks


economy, information, land uses

neighborhood effects 
cumulative (dis)advantage


sorting, inequality, 

environmental quality


social justice

cognition 
life-course 

human development 
seeds of economic growth

Scale Integration Mechanism
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All Scales Matter for Cities 
but different problems at different scalesIUS : Ch 1    



Cities in History

Present Cities

Future Cities

Science: Seek a theoretical framework that can apply throughout history and extrapolate to the future

1. Networks, 2. Heterogeneous Cost/Benefit,   3. Information
Settlements

Technology

Political Systems

Economic Systems

Energy Systems

Need  “micro-foundations” that are deeper and more universal:

observable, predictive, falsifiable

IUS : Ch 1    

Built Environment Design

Transportation Systems

diversity / inequality origins of growth & change



The MIT Press

https://mitpress.mit.edu/books/introduction-urban-science

IUS Chapters    

in this talk



What are Cities? Complex Networks 

People are connected

Places are connected

A “bound-state” between people, organizations and built spaces



How are these functions integrated over Time? Space? Economic budgets? Needs of different individuals?

Job

Health

TransportationEducation

Shopping

Clean Air

Nature

Safety

Water
Recreation

Child Care

Housing

Health
Love

Money
Education

Fun
Food

Services
…

life path (time geography)

Urban Complexity in a “nutshell”
but this is not how Government Departments think ! Or Research Disciplines !



When a city doubles in size  

its economic productivity per capita increases by 15% 

Sveikauskas 1975

https://academic.oup.com/qje/article/89/3/393/1896685?login=true

Quantitative Properties of Cities as function of size:   Productivity, Invention, energy use, built spaces, heigh buildings, contagion rates, speed of walking, mental health 



When a city doubles in size  

its per capita violent crime increases by 16% 

Glaeser & Sacerdote  1999

https://www.journals.uchicago.edu/doi/abs/10.1086/250109



https://www.pnas.org/content/pnas/104/17/7301.full.pdf



Settlements in History: 
Aztecs

Inca

Southwest Pueblo

Maya

Roman Empire

Medieval Europe

19th Century England

National Urban Systems: 
USA

European Union

Brazil

South Africa

Japan

China

India

…

Breaks down in: 
-  Hunter/Gatherer Camps 
- Slums (informal settlements) 
- Shrinking Cities

https://www.science.org/doi/10.1126/science.1235823



Berlin

A.

Naples

Milan

Paris

London

B.

Naples

Madrid

C.

Naples

D.

Naples

Las Palmas

Eindhoven

GDP Urbanized Area

Employment Patents

β=1+1/6 β=1-1/6

β=1

Metropolitan Areas in the European Union

Urban Scaling in Europe 
https://royalsocietypublishing.org/doi/10.1098/rsif.2016.0005



A. B.

C.

Prefectural Cities in China

Growth and development in prefecture-level cities in China
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0221017



Infrastructure & socioeconomic rates

Volume of Infrastructure Social Outputs

~ N βi ~ N βs

βi 1−δ βs 1 δ

𝜷 = 0.84±0.03 𝜷 = 1.13±0.03

United States: Metropolitan Areas

δ ≃ 1/6
The origins of scaling in cities 

https://www.science.org/doi/full/10.1126/science.1235823



R = Radius

Capilco
Aztec Rural Village

The Simplest Model of Settlement Scaling: “The Amorphous Settlement”

The origins of scaling in cities 
https://www.science.org/doi/full/10.1126/science.1235823



The origins of scaling in cities 
https://www.science.org/doi/full/10.1126/science.1235823



The origins of scaling in cities 
https://www.science.org/doi/full/10.1126/science.1235823



= benefit      ~        cost =  ϵR = ϵ

π
A1

2

For Circle:

A = πR2

G
N
A

movementsocial interactions



A(N) = (
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3

sublinear

superlinear

This gets us two good things:

“City” Area:

Total 
Socioeconomic  

Outputs:

Results in: δ = 1
3

too big !The origins of scaling in cities 
https://www.science.org/doi/full/10.1126/science.1235823

To derive exponents observed in modern cities need to understand  hierarchical complex nature of built environments



Mumbai Train Station 
credit: Randy Olson

People interacting over the built environment: 
fast (people, ~days) and slow (infrastructure, ~decade) time scales

note now that spaces are structured, not amorphous: we need to understand the nature of their networks



l

infrastructure
hierarchy
levelsl

infrastructure length segments

land area segments

width segments

Infrastructure Networks in the City have a Hierarchy

i = 0

i = h h = ln N
ln b

Ni = bi

units of infrastructure  
at level i

s0 = s*b(1−δ)h ≫ sh = s*

width  
highways

width  
doorways

si = s*b(1−δ)(h−i)

ai = ab(α−1)i

ah = ab(α−1)h = aNα−1

land area per person

N = bh

li =
ai

l

lh = a
l

Nα−1 minimal distance between people

keeps increasing with city size 
           (and individual flows)

same everywhere

Highways: wider + faster

Main Roads

Local Roadsremember?

IUS Ch 3



The Cost of Socializing in the City

Conservation of Current across infrastructural levels

flow per unit area 

ρ0v0 ≫ ρhvh

highways doorways
faster and more densely packed

Resistance accounts for Cost of Movement:

Cost of Transportation scales super linearly  
like Social Benefits   !! -> Spatial Equilibrium independent of City population size

the same everywhere 

Parallel resistance because flow can take alternate routes (decentralized networks)



Many quantitative predictions + general consequences

Hm → 0

Number of Professions

COVID-19 Transmissibility


Cost of Housing

Congestion Costs


Building Height and Shape

Information Infrastructure


Water Consumption

Fractal Dimension of Land Use 


…

Implications:



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

Spatial equilibrium between social benefits and costs

Real “Income”: Y(N) − W(N)

cities can exist at “any” population size: scale-invariance

Poor, congested, intense, dangerous Diffuse, sprawling, uneventful 

~Lagos ~”Florida”

calculation in IUS pp 88-89



A. B.

log10 G

log10 N

Scale invariance of degrees of freedom per capita

log G = log Y
N

+ log
An

NTotal degrees of freedom 
per capita social “volume” spatial “volume”

In larger cities, there is more social space and less physical space and vice-versa in smaller cities



Wages US Metropolitan Areas
1969-2016

New York

Silicon Valley

Chicago

Scale invariance of growth rates



Wages US Metropolitan Areas
1969-2016

Economic growth is an Collective Property of the System of Cities



Renormalization of Mean-Field Scaling Exponents from Weak Scale Dependence

running of scaling exponents

corrections from scale dependent of volatilities, exponents “run”



Wages
US Metropolitan Areas
1969-2009

A law in time ...

Y(t,N) = Y0(t) Nβ(t)  

Urban Equation:

Bettencourt et al, PNAS 2007



GDP  
cities in 10 nations

A law in across nations ...

Great Britain



A law in across quantities ...

Wages, Crime, Patents, GDP
US Metropolitan Areas

Bettencourt + West,  Nature 2010
https://www.nature.com/articles/467912a



(Some) Consequences



credit: MacLean



credit: Robert Stone



London

Paris

Madrid

Berlin

Milan

elasticity=33%

Home Value~(Population)1.33

San Francisco

San Jose

Home Value US Metros

Housing is never affordable in large cities



scaling prediction

with Markus Schläpfer and Joseph Lee 

The city in 3D 
shape, energy use and mobility
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Larger Urban Zones
Municipalities
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β =1.12  R2=0.99
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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
Schläpfer, Bettencourt et al, J R Soc I. 2014

𝛽 = 1.12-1.19

Urban cellphone 
networks



Walking Speed vs Population Size

Bettencourt et al, PNAS 2007



, a"Thheyy'rreee lllliiikkkke the wwaaaallkkkkiinnnngggg ddddeeeeaaaddd,, rrreeeaaal ssllooww," gggrrrriiiipppppeeeeeeeddddd DDDDeeeennnnnnnniisss  MMMMoooorraan,, 466, fire safet
s unnaturala bbuuillddinngg inn TTiiimmess SSSSqqqquuaaaarrrreee andd a naattive Neew YYYYYYooooooorrrrrkkkkkeeeer. """""TTTTTThhhhhheeyy hhaavveee tthhis

stooppppiing in the midddlle ooff tthe sidewwwwaalk."

credit: Huffington Post



https://www.pnas.org/doi/10.1073/pnas.2022472118

Mental Health

…and a number of cognitive and behavioral traits



https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4342718


