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Presentation Outline

Cities as complex systems.
Cities & Transport.
Disruption:

— COVID-19 pandemic.

— Urban informatics.

Implications for change & future
sustainability.
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Cities are systems of systems

= Cities are complicated systems of
Interacting systems:

Physical (non-biological) world

— Economic. Biological world (living ecosystem)
o SOCIal' Human Systems
— Political. -
Political
— Health. (power, “taking’)
— Technical: —‘IQ»
(money, “trading”)

 Transportation.
 Information.
* Energy.

\ Technological
(applying energy)

» They are embedded within even more
complex biological & physical worlds.

U’“‘ Mobility
Network



The Tube Network Area (A,)

Illlllll . _
z EEEEEEER l They are also social networks:

e AN A RN BN . Cites are massive social
'm EENNENE networks, generating myriads of

Ay

g

outcome of each

- e el 4 Y T A (economic, social,

REEEEE
TI11

cultural, political, ...).
= The bigger the city, the more

(Betterfcburt, 2013) h . .
. T | potential interactions there can be.
% -’5 p=112 RP=0.7 Ry Eimi- f=0.093 RA°=0.80 ".!.l . . .
p N O = These grow non-linearly with city
N | size & generate agglomeration
3 > PP T S 1|E- . .
SRR T el economies (scaling).
b'f' 1”: p=1.15 szﬁ-m o ,-,:1 ?BE ' fi=-0.247 F|5=u.39
g 12 o E * ' - (Bettencourt, et al. 2007)
kN Fa

12 13
LM Popliation]

Fig. 2. The pace of urban life Increases with dity size In comtrast to the pace
Fig.1. Examplesof scaling relationships. (a) Total wagesper Msa inzood for  of biclogical Iife, which decreases with organtsm size. (3} Scaling of walking
the 5. {blue polnts) vs. metropolitan population. (B) Supercreative employ-  Spead ve. p:-p ulaticon for cities around the world. () Heart rate vs. the siza
ment per MSA n 2003, for the U5, (blue paints) vs. metropalitan population.  {mass} of crganisms.

Best-fit scaling relations are shown as solid lines.




To MIT/ N, W7 28 N ¢ &

$
N
=g CO
Bunker Hill Hoosac §\

A oo ) Transport & Cities

&’ Gaﬂ:; //l’ﬂgf"d g’esrfa . ] ]

AP wb e v 7 | Throughout history the location, size, shape and
> Q@é} 55‘:;:33%5 /"§ \‘\ NZC‘EE ﬂ‘\ RZVHeUI:IeeATYERYST&"\\@@\;& : . . . ) o
e economic & social functioning of cities has been

Thomas P. O'Neill\%

Ws\/\\ A% w1 | fundamentally influenced by transportation technology,
o AN s | Infrastructure and services.

to Charlestow

Playground

| -"Hamson Gra C
Otis e Old West

LDNGFELLOW i S -
CAMBRIDGE ST Church \\‘c‘* 477 Christoph Wharf !
ol -—M* S
G Hoew & B 3t /. Intl. . . . . . P
BEACON HILL E wourcsrm ]S | sufok 2 % I
BHayden uy, g—Univ. (5 o Loﬂgw C tral---
&, I-?;e Mi e}}on = SuffoIkCo OIdState HaII SINE S entra, to Salem |
Boat “Smith < PINCKNEY® | ST S€a | [ State Ct: Hse ™ o Hse. 1Boston al) 5 Wharf
. HavenZff-Hse: - l;hullp? (T VERNON, STHse. KTng s/ Oy g ..Massacrcf(' Customw \—< xceluwaﬁz%l]and . .
ik o £ s, to land an making the land accessible, they make
Viemorial 55 S2 CharlesStS‘B°5t°"Athe"ae“mi e \Ntﬁ@ 40 ‘Jlndla Wharf y y
IShellg=ll — T Mtg Hse: Shaw Mem’i Ygf £ Sr *old Comev Bookstore 4 Rowe's Wharf
gy\ES‘“ - sKGranary Burymgﬁround 04,,9€ ] M\LKI‘ ’%:7 ; Ferry to Hingham .
a2 g ~Park street Church O ATHIRE DN It u Seful
\\6) L

2
Boston A Mtg:Hse.| |3

Common 17, Downtown N7, &
= B (28rg Baylies Bostont Sl oS ‘3\ 12\ kle
- Mansion S/ J" Cross g A Y~
2 Gibson N @ Massacre 9 ,1 A CIA / 4 o
2 Housé Public %, Monument 4%' The Opera 04, R|C @, Courthouse
TMus. B Garden % Q House $ g§ S N [
1@ Arlin & Cen. Burymgé‘ § §
¢ > mGround “[Avepy g S

T ]
BOYLsToN s7// ESSEX /ST

J/CHINATO
#

% Federal %f?/‘ /(% D
Réserve
0/7,57

mPlaza / W
. 1 0 4V
Colonia 53'85\' ggm Boston Tea ﬂ\dlsdersrr;‘s «

- | S 9 £ y
\ Theatrej /sy, -/~ — / 7//station PartySh < I
> o\ ‘ Ts; 1/2/51 o/ /(Amtrak /0 Boston’ /& DI
el AR 22 Ky = 7 e U/ Fire Mus & e 3 L
< Z il 7S S SN | B
Akabans- et M0 R -
fveauchi g £ am \"“' ‘
Oji-Kamiya N
oy HeShImaciSIS Heg"u“'nlﬁmg Shin-ltabashi it stymee 0 : R i \’3 ’? 3
washimbdsira i = ety N ; "] 2 '
= I —— Wita-Senju - =
Mishigahars =
hin-Takastimadaira H.gadwaéausg'";{!;”.ﬁ abashi- Sugsmo Mishi-Nigpori - 3 i
S e | fieteke JEc i
Marimasu Akatsuka Sengoku
. Mukaig Cplksbukuro =
akoshi
Hikarigaoks H=headai Senkawa| .
Toshimien Kanamechom
bt Hichi
Ophigibinami- e ura
-
Takai A% Gokakui
Shin- E"i‘mE Schisi & E dogauSbashi
Korg
Ogikubo Shnga;h\ HSikano hi TakDanobata R EEedd HoL
Eé‘éﬁ‘ iAo ake
3 = L3 Shinozaki
o Nishi- )
Asagaya  Koeni e Higashi-Ojina MiZe =
= Motoyawata

Makano-Fujimicho,
Ichinoe

Funabori

=
A

H

i
o
£

5

i
%
5
frEg
43

A MorEn (b Minemi P = = = g =
Horw-atsugi ‘Yoyogikoen rakacho (Sunamacm =g g 82 02 g
z £ £ 2 =
“oyagiushara = Tsuklih\ma = 5 & = z
Omotesal Toyosu £ =
Chug-Rinkan Nogizaks Maasaka )| ST ashidaki = & -
LI Ferpongi jzehomenl &
Tatsumi
Shin-Kiba
fr g
frg
1 Yurakucho 8 Tsukii 15 Shin-okachimachi
2 Ginza-1-chome 9 Bakuroyokoyawa 16 Ueno-okachimachi
3 Shin-Tomicha 10 Hedermacho 17 Ushigome Kagurazaka
4 Takebashi ochomae
TOKYO Subway & Shinochanomizu 12 Shinukucsanchame 1 L=hOemeanadichn
13 Takaracho .
Extensions under construction H 23?;’;1?:”“ 12 Shinukugyosnmas 20 Shinjuku-nishigushi

TRTA (Eidan) Linss:
= Line 13 (8.9 kim, 20073

T
Hishi-Magame 2004 @ UrbanRail.Met (R. Schwandl)




System of Systems (1): The Urban Activity and Transport Systems

= The transportation system
"mediates” between all activities in
space, influencing land Land Transportation

development, the location choices e ' e
of households, firms & other ‘
aCtIVItIES Location Choice I Automobile
= The distribution of people, >
businesses & activities, in turn,
drives the demand for .
transportation. Schedules Travel emand
= “Transportation 101"
Activity etwork Elows
Manheim, M.L. (1978) Patterns ok

Fundamentals of Transportation
Systems Analysis Volume 1: Basic

Concepts, MIT Press (Meyer & Miller, 1984, 2001, 2013)
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Town hall

Main square

Furst ling of
wal!

Outer wall

Pre-Industrial Cities

Pre-industrial cities were small, dense and
extremely compact.

Walking and animal-powered vehicles
were the only options for intra-city travel.

Wind and animal-powered transport were
the only inter-city options:

Largely a person-based (individual) supply
of transportation (other than the
roads/streets).

lj Mobility

Network




Transport Revolution 1: N
% Mechanized (“Industrial®) Transport JR &

"= With the Industrial Revolution steam engines
wws . and, later, electrically-powered vehicles

. made mechanized transport possible for the |
first time, providing much higher-speed and
higher-capacity transport services.

= This permitted the size of cities to expand
dramatically, leading to:

— Lower (but by modern standards still
high) densities.
— Vastly larger cities.

...



Transport Revolution 2;
The Automobile Era

= Started in the early 20t Century, but not
having full impact until after WWII.

= Much higher speeds, flexibility of use
and its provision of an affordable
personal means of transportation, the
auto again revolutionized transportation
by “freeing’:
— People from fixed-service public transit.
— Urban development to further spread out

(“sprawl”) in a dramatically increased,
Indeed explosive, way.
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System of Systems (2): Urban Activity & ICT

= But telecommunications also network people & activities together.

= There has always been a complex complementary/competitive
(but, overall, synergistic) interaction between travel &
communications.

= The pandemic has massively disrupted & accelerated this
Interaction.
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Attractors

Every system has one or more attractors,
to which the system state will tend to
converge (If left undisturbed).

Attractors are an emergent characteristic of
the system.

The number & location of the attractor(s)
depends largely on the system structure, Iin
particular, its feedback loops.

Once established, an attractor can be
difficult to “break free from”.

N



Urban Attractors (1):
Pre-Industrial & Transit Cities

* Both the pre-industrial & transit (industrial) cities’
“attractor” is one of centralization &
concentration of activities & travel flows.

— Central places (Christaller; Losch).
— Monocentric cities (Alonso).

— Radial transit networks.

— Intensive & mixed use of land.
— Walkabillity.

— Trip length minimization.




Urban Attractors (2): The Automobile City

= Low-density, dispersed population & activities.

= Extensive (often single-) use of land.

» Grid networks; many-to-many travel flows.

= “Edge Cities” (Garrow).

= Car-dependency; very limited walkability (Suburban
Nation).

sUssioNns
AND

PAMELA BUAIS = Mobility maximization.




Urban Attractors (3)

= Both attractors exist within our cities,
“‘competing” with one another.

= Relative "dominance” varies from city to
city & country to country, but the auto-
centric attractor dominates in most cases
(especially in North America).

= Both support the “city as social network”

paradigm, but often in very different ways.
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Disruption!
A third revolution?

= The transportation system was undergoing significant & numerous

technology-based disruptions pre-COVID and will continue to be
shaped by these post-COVID.

= And then came COVID-19, the biggest public health crisis in a

century, which disrupted our economy and our daily lives in
multiple & still-unfolding ways.




Major Disruptions

1. New technologies & services.
2. ICT, loT, Al, Big Data.

3.

Adaptive
Cruise Control

W LDAR
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Climate change.

Quest for social & economic

equity.

Global urbanization.

COVID-19
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Major Disruptions

New technologies & services.
ICT, IoT, Al
Imate change.

Quest for social & economic
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Disruptions: COVID-19 & Cities

= COVID-19 has been a “direct attack” on the whole raison d’etre of
cities:
— To bring people together to interact.

— To create massive positive feedback loops (social networks) generating
both economies of scale and agglomeration.

— To be “the containers of civilization” (Mumford, 1961).
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Urban Informatics: A brave new world.
Solutions or new problems?

= Urban informatics technology (data, computing,
analytics, technology, services) is changing:

— New mobillity technologies & services.

— Transportation system behaviour:
« System management & performance (supply).
* Travel behaviour (demand).

— Our abllity to observe & understand urban systems.

= The pandemic rapidly accelerated many of these
Impacts.




New technologies & services

vav \"r1

VEHICLE-TO-VEHICLE VEHICLE-TO-
INFRASTRUCTURE

>

V22X

VEHICLE-TO-X

= Connected

= Autonomous
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July 2020




= Real-time network

operational control.

» Road pricing.
= Parking control.
» Transit priority.

tttttttt

Ramg Meter and Stop Bar

o SPEED

Transportation System Control & Performance

LIMIT
B




Informatics & Travel Behaviour

New IT technology (data, computing, software, platforms) having a pervasive effect on travel
behaviour.

The pandemic as accelerated many trends & broken old ways of doing things — i.e., it has been truly
disruptive.

IT impacts include:

— Real-time information impacts.
— Activity location choice.

— Trip generation.

— Residential location.

— Auto ownership.

— EV impacts:
« Charging/range issues & impacts on travel patterns.

— CAV impacts: who knows?




A Third Revolution? Shifting Attractors? (1)

Most technology-based “innovations” are, at best, neutral, and,
often, reinforcing wrt attractors:

— Most mobillity services (currently at least) reinforce auto-centric
travel at the expense of transit & active travel.

— Route guidance apps, etc. may make current systems somewhat
more efficient, but do not change basic behaviour.

— Real-time traffic control “efficiencies” reinforce auto-centric travel.
— Transit control lagging in many cases.

N



A Third Revolution? Shifting Attractors? (2)

Toronto Central Area Office Occupancy Index

The pandemic has fundamentally altered the October 1, 2023

home-work commuting relationship.

How this “new normal” will stabilize remains to be o
seen. \/\/\,»m
It may, however, reinforce more dispersed -
settlement patterns, to the detriment of traditional
central places.
— Implications for travel (especially transit) .
— Implications for the functioning of urban
economies / social networks?
May not “change the attractor” but is providing | ml“‘ ‘l
scope for continuing growth of urban areas (more . III|_||!|!!||||| |||||||!||I]Ic|n|!ﬂ AAGAARAY A
people, employment, etc. w/o commensurate aaaaa
growth in traffic -- bending but not breaking the e
curve). i ;b:; oo e ey s
“Physics of transport” remains — parameters may e
Change SomeWhat. Average weekly - 54% Source: SRRA (2023)
Peak Day - Wednesday 69% https://srraresearch.org/covid/category/Occ
Slow Day - Monday 25% upancy%2oIndex

'j Mobility
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A Third Revolution? Shifting Attractors? (3)

= Similarly, the pandemic has rapidly
accelerated e-commerce, etc.

* |mpacts on:

— Travel, especially road-based trips.

« Substituting delivery vehicles for person-
based “shopping” trips.

— Urban economy (retalling, entertainment,
).
= Again, would appear to be reinforcing the
road-based attractor, not altering it.

1)

Restaurants and more,
delivered to your door




A Third Revolution? Shifting Attractors? (4)

= EVs may decarbonize transport.

= But, this will not, in itself, shift the attractor to
address many other important transportation
ISSues:

— Congestion.

— Economic productivity / vitality / competitiveness.
— Quality of life.

— Equity.

— Preservation of farm land & “natural areas”.

TransformTO
Net Zero Strategy 1

A climate action pathway to
2030 and beyond

> 87000
N, embér. 20,% —E GO E K
B 73 m ~= T -

= | B/, Q. 1T r

s i

— 44— ! o —

University of Toronto researchers
re-envisioning our energy systems

-
N

The road to net zero: U of T research group
takes on decarbonization of transportation
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A Third Revolution? Shifting Attractors? (5)

= CAVs: Who knows?
= But most likely they will reinforce the auto-centric attractor.




A Third Revolution? Shifting Attractors? (6)

Microsoft Teams meeting

= Massive, dynamic data are available in ever-
Increasing volumes concerning all aspects of

Meeting ID: 224 251 214 578
Passcade: PXCF5P

urban life, including travel.

= Al-based data analytics & computing power are

enabling us to “see” and (hopefully) understand 200Mm
the city as never before.

Learn More | Meeting options

Home relocation away from PD1 & to PD1

= Telecommunications are increasingly
substituting for travel in ways not seen before. :\
— Virtual, rather than physical, accessibility. L[\ f/k
2‘2500 \ II‘ \/_/\/

1500 \ \
\/ — |eave PD1

Tracking residential relocations during the .
eeg 1000 to DL
pandemic with cellphone data

02001 202004 202007 22000 202101 22104 22107 200 22201
study month



A Third Revolution? Shifting Attractors? (7)

= Technology, in the form of new mobility services, etc. is not, in and of itself, going to
generate a “third revolution” — i.e., a fundamental change in “the urban attractor”.

= This is going to need a “revolutionary” new approach to urban design that:
— Shifts the attractor away from auto-dominance to more “sustainable” modes of travel.

— |Is able to accommodate continuing urban growth (population, economic activity) with
a much “lighter footprint” wrt:

« Land.

* Environmental impact.

 Quality of life (social equity).

= |.e., the “third revolution” (if it is to happen) will be one of land use / urban form

“driving” the land use — transport interaction, not the reverse (which has been the
case throughout history to date).

— Not an easy (or a quick) thing to achieve!

U



A Third Revolution? Shifting Attractors? (8)

= What role can data & data analytics play in this re-invention of
the transportation — land use interaction & urban design?

— Balancing virtual and physical accessibility & interactions.
— Re-inventing public transportation.
— Restoring housing affordabillity.

= How can a system of systems approach help us to find the
“leverage points” to shift the city attractor to greater
sustainability?

— Role of generative design?



And, a final word ...

“Complete communities™ / “15-minute cities” are one starting point for this
discussion. But:

— These are new labels for ideas that have been around for decades (at least).

Need a systems approach. r} Demographics {1
Need to recognize: *

— The “realities on the ground”. Land Use Economy
- Political. L J
e Economic. Transportation
* A huge investment in existing buildings, infrastructure, etc. /\
— Scalability at the regional level. Accessiilty Gongestion
Mobility Pollution/GHG
— Practical pathways from “here” to “there”. Qualty of Lite Loss of Land

ility

U



“We know a tremendous amount
about how the world works, but not

T h an k yo u . nearly enough. Our knowledge is

amazing; our ignorance even more

2»

SO.

Donella H. Meadows, Thinking in

Let, S d i S Cu SS ! Systems: A Primer, edited by Diana

Wright.

“Find the beginning, the slight silver key
to unlock it, to dig it out. Here then is a
maze to begin, to be in.”

Michael Ondaatje, “The Collected Works
of Billy the Kid: Left-Handed Poems”
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