What Can Network Science Tell Us About Cities?

Dr Nick McCullen University of Bath




Network Theory

Network Science / Complex Systems Science

» The study of how things connect / interact

Nodes: Individuals

Edges: Links / Connections
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Online/Offline Social Network




http://en.wikipedia.org/wiki/Internet_map
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Interconnected Urban Networks

Figure: © Leonardo Dueds—Osorio.
From: https://simonsfoundation.org/features/science-news/
treading-softly-in-a-connected-world/
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Interconnected Urban Networks

Figure: © Leonardo Dueds—Osorio.
From: https://simonsfoundation.org/features/science-news/
treading-softly-in-a-connected-world/
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A Brief History of Network Theory

KONINGSBERGA

By Merian-Erben [Public domain], via Wikimedia Commons



The Konigsberg Bridge Problem

By Bogdan Giusca (Public domain (PD)) [GFDL (http://www.gnu.org/copyleft/fdl.html)], via Wikimedia Commons



The Seven Bridges of Konigsberg

https://en.wikipedia.org/wiki/Seven Bridges_of Koénigsberg



Resolution by Leonhard Euler in 1736

https://en.wikipedia.org/wiki/Seven Bridges_of Koénigsberg
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Go Well Money & Policy |

What if They Closed 42d Street and Nobody Noticed?

By GINA KOLATA

Published: December 25, 1990
ON Earth Day this year, New York City's Transportation Comnmissioner Ei FacesooK
decided to close 42d Street, which as every New Yorker knows is always W TWITTER
congested. "Many predicted it would be doomsday," said the Commissioner,

4§ coocLE+
Lucius J. Riccio. "You didn't need to be a rocket scientist or have a

- ; . EMAIL

sophisticated computer queuing model to see that this could have been a
major problem.” SHARE
= PRINT

But to everyone's surprise, Earth Day generated no historic traffic jam.

Traffic flow actually improved when 42d Street was closed. B reprINTS



“Braess’ paradox”

T: Number of cars on section

Modified from: http://en.wikipedia.org/wiki/Braess’s_paradox
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“Braess’ paradox”

T: Number of cars on section

time = % + 45 = 60min

Modified from: http://en.wikipedia.org/wiki/Braess’s_paradox
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“Braess’ paradox”

T: Number of cars on section
. __ 150 200 __ .
time = 37 + 20+ = 55min

time = % + 45 = 60min

time = 45 + % = 65min

Modified from: http://en.wikipedia.org/wiki/Braess’s_paradox
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“Braess’ paradox”

t=T/10 _.

-

t=20min
\ =110
T: Number of cars on section
time = 150 + 20+ 200 = 55min
time = % + 45 = 60m|n

time = 45 + % = 65min

~~ 62min!

Modified from: http://en.wikipedia.org/wiki/Braess’s_paradox
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“Braess’ paradox”
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T: Number of cars on section

time = % + 45 = 60min

. 150 200 __ :
time = 35 + 20 + S0 = 55min

~~ 62min!

Modified from: http://en.wikipedia.org/wiki/Braess’s_paradox
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“Braess’ paradox”

t=T/10 _ .
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T: Number of cars on section

time = % + 45 = 60min

. 150 200 __ :
time = 35 + 20 + S0 = 55min

~~ 62min!

. __ 150 250 _ .
time = S0 + 20 + 0 = 60min

= 65min!

Modified from: http://en.wikipedia.org/wiki/Braess’s_paradox
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Cities are Important




Cities are Important

» Cities are expanding:
» Over 50% people living in cities,
» by 2050: 60%—80%




Cities are Important

Cities are expanding:
Over 50% people living in cities,
by 2050: 60%—80%

Buildings consume 20%-40% of total energy.

Commuting alone accounts for 5%-10%. ..
Total transport ~50%

t: Osério, McCullen, Walker & Coley. Sustainable Cities and Society (2017)
©Jasvipul Chawla
“Integrating the energy costs of urban transport and buildings.”



Cities are Complex Systems
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Is there a Science of Cities?
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[Luis M. A. Bettencourt, José Lobo “Urban scaling in Europe”, Journal of the Royal Society Interface (2016)]



Developing a Scientific Theory

Analyse
Bata

Test /
Observe

Mels
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Unsaved View
=1 £:5d on Heat map of Median consumption Postcode level electricity

estimates
This dataset contain the number of electricity meters and consumption
levels in BANES at postcode level.
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Unsaved View

Based on Heatmap of BANES Estimated Annual average daily flows
(AADFs) - major roads
AADF figures are produced for each junction to junction link on the ¥
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Automated Data Extraction

import pyosmparse as pop



Automated Data Extraction

import myfunctions as my
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Spatial Analysis
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Data/Spatial Analysis
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Data/Spatial Analysis
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Data/Spatial Analysis
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Data/Spatial Analysis
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“Space Syntax”

[Batty, M., Predicting where we walk. Nature, 388(6637), 19-20, (1997)]



“Space Syntax”
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[Hillier, Bill. " Space is the machine: a configurational theory of architecture.” (2007)]



“Space Syntax”
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Connectivity and Traffic in Bath




Traffic Flow in Bath
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What Math Can Tell Us About
Technology's Spread Through Cities




Modelling the Spread of Innovation

-

» Perceived usefulness of innovation: U = (XD -+ 6 + ”)/m
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Simulating and comparing scenarios

fraction of adopters
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For More Information

Multiparameter Models of Innovation Diffusion on Complex Networks

M. Rucklidge!, C. S. E. Bal
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innovation through communities, can be modeled as dynamical processes on network

for mathematical insights to be ped

1. Introduction. Social phenomena, such as the spread of a technological or behavioral

8,9, 17). Our model, introduced in section 2, builds on previous threshold diffusion model

s incorporating sociologically realistic factors yet remains simple enough

An example of a particular application of this model is the adoption of innovations related

to energy behaviors and technologies by individual households. These innovations are often

not directly visible to an adopter’s peers, but ¢ :ation of the benefits of ac
occur through interaction be

THE NEW SCIENCE e

an individual's social ci "
will be influenced by the network of social contacts be

OF CITIES S

MICHAEL BATTY




\ :
‘ E:ﬁe Pig & FI!“E

f:'Ear—e:cen's. Head {ihe Rising

gne SalamandEﬁmE old Gree _] —_
1

“ﬂ'IE Rawven

{&I‘he Bo

Lf?ng's Arms
J{iceciag ghe Volunteer |

alloy's
é?he Griffin ﬂl

ﬁaa rricks Head

ﬂlan D'Brienscﬂ-he W

ﬁhe Grapes

&th Brew House

| Ei'he Ale House
@'he Trinity Eﬂ]e Huntsman

[Bambre

‘::ﬁ-.e Cork ifn.ls.‘c.a.l Palace

. gohgut{i_ﬂj'le Lamkb and Lion of I -t



Where's the Maths?
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