Data, Modelling and the Science of Cities

Dr Nick McCullen ACE — University of Bath




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

ECOSYSTEME BRUXELLES (16.178 ha)
ENERGIE NATURELLE ~ ENERGIE TOTALE

PLANTES HOMMES (1075000 )
150010t frais 59.10%t frais i
750.10°t sec 19.10° t sec Bilan 58

EXPORTATION (10" kcal)
89

ENERGIE DE SUPPLEMENT
IMPORTATION (10" kcal)

BILAN D'EAU__(10°)
5 57 Eaux usées

(MS) 3
Importation (10*t)7* T2~
450 /
(e 220 ccy

[Charbon 430!
[Pétrole 900
[Essence 500 il
loaz__ 64

/’ i leme 4 | di 237
/]

Eg%ﬂs : 40
Déchets :277

Déchels solides’

Produits ;:\
manufacturés 7

Duvigneaud, P., Denayeyer-De Smet, S., 1977. L'Ecosystéme Urbs, in L'Ecosystéme Urbain Bruxellois, in
Productivité en Belgique. In: Duvigneaud, P., Kestemont, P. (Eds.), Traveaux de la Section Belge du Programme

Biologique International, Bruxelles, pp. 581-597.



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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Developing a Scientific Theory

Analyse
Bata

Test /
Observe

Mels



Network Models

Network Science / Complex Systems Science

» The study of how things connect / interact

Nodes: Individuals

Edges: Links / Connections



http://en.wikipedia.org/wiki/Internet_map



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/


https://simonsfoundation.org/features/science-news/treading-softly-in-a-connected-world/

Connectivity and Traffic in Bath




Traffic Flow & Pollution 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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Continuing the Cycle...

Analyse
Bata

Test /
Observe

Mels



