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Presentation Outline

1. The “Science of Cities”.

2. COVID-19 Impacts.
a. Short Run.
b. Longer Run.

3. More Disruptions.
4. Final Words: Investing in the Future.
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COVID-19 & Cities

= COVID-19 is a “direct attack” on the whole raison
d’etre of cities:

— To bring people together to interact.

— To create massive positive feedback loops generating
both economies of scale and agglomeration.

— To be “the containers of civilization” (Mumford, 1961).
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The Tube Network Area (4,)

cross-sectional area ! . . . . . . . .
e WO I S . length traveled by
people, goods, and
information

Cities as Social

oy

= (Cities are massive social .
networks, generating e
myriads of interactions
(economic, social,

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

(Bettencourt, 2013)
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But the virus spreads precisely through these
same social networks.

Long-Term
Care Home
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Cities are also Systems of Systems

= (Cities are complicated
systems of interacting

SYStemS . Physical (non-biological) world
— Economic.
— Social.
.. Biological world (living ecosystem)
— Political.
. Health. Human Systems
— Technical: (povwen,

(power, “taking”)
(money, “trading”)
* Energy.
\ Technological
(applying energy)

— Information.



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

- In partiCUIar, the URBAN ACTIVITY SYSTEM

:[‘ransporteg,t 101 System N Land ) Transportation
mediates” between all | Development | Network

activities in space,

influencing land |

development, the location ﬁ Automobile

choices of households, firms | [= 7| Location Choice Ownership

& other activities.

= The distribution of people,

Y

businesses & activities, in Activity
turn, drives the demand for | |«  scedutes Travel Demand
transportation.
= “Transportation 101” !
< Activity .
Patterns Network Flows

Manheim, M.L. (1978)

Fundamentals of Transportation .
Systems Analysis Volume 1: Basic (Meyer & Miller, 2013)
Concepts, MIT Press
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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.

= COVID-19 is disrupting this interaction.
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System of Systems (3): Urban Form & the
Municipal Economy

Demand for
commercial &
residential

Space Rents /
Land
Values

Urban
Economy

Taxes:
Property
Sales
Income

Public

Transit Ridership & revenues
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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 parameters of the
system, given the system
structure.

G —— et
The Lorenz Attractor
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Changing the Attractor

X(t) = population at time t

= Disease spread is a
classic problem in X(t+1) = oX(0)
p()pulati()n dynamics No balancing control

-----

, Populati indefinitel

(blI‘thS & deaths Of. the opulation grows inderinite })‘7"”1 / =
population — in this >

case the populations 4

of viruses & infected  xa+y) @XM >

1 Ve B ing control. 3
lndIVIduaIS) ) e want to find an om’ /F\'« %

drives the virus/infected

= The “control

arameter” oL population to zero. oo / w]
etermines the Not one that causes w
behaviour of the recurring outbreaks. . l
system. \ 1
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Controlling COVID-19 Spread

feedback

{\ Control parameters S= "Susceptible"
ﬂ I = “Infectives”
dl dR R = “Removed”

== BIS — yl — =yl
s v T

= Control strategies should be designed to affect the control
parameters (reduce 3 & increase y):

— Timing & extent of shut-downs & re-openings.
— Testing & tracking.

— Social distancing.

— Wearing masks.

— VACCINES!
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Controlling COVID-19 Spread

feedback

{\ Control parameters S= “Susceptible”
ﬂ /= “Infectives”

d_R _ R = “Removed”

= Control strategies should be designed to change the
control ) e } & increase y)

— VACCINE S

Involve breaking social & economic
networks & interactions.
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Short-run Impacts

= The short-run impacts of pandemic
lockdowns, etc. on the urban system have
been profound and deeply damaging.
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Small Business Closures

Lo 1T Be

PO e I
el el | | Canadian small
businesses
closed by end of

2021 (> 11n 6).

= 2.42M jobs lost
(13% of total
employment).
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(Canadian Federation of
Independent Business, 2021)
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Average Sold Price

Housing Market Impacts

= Housing market impacts have
been mixed.

= Some increased demand for
larger houses in more suburban
(or ex-urban locations).

» Reduced demand for condos.

= Upper income households
actually have more money to
spend on housing.

= Lower income households in
danger of losing their dwellings.

Sales Volume by Property Type

Average Days on Market

(Source: Zolo, 2021;
https://www.zolo.ca/toronto-real-
estate/trends)
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Central Area Ghost
Towns

= CBD dominated by “white
collar” office-based workers.

= Most shifted to working from
Occupancy Index home (WiH).

December 151, 2021

= Only very slowly returning.

Measuring the return of office employees to downtown Toronto.

= This has a huge impact on:
— Subway ridership.

15%

13%

-
Q
&

— “Secondary” employment

‘ “lll ‘ll"““ (stores, restaurants, etc.).
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(SRRA, 2021)

ge of pre-COVID pancy



Municipal Finances

= Municipal revenues have declined precipitously due to reduced
property taxes, transit revenues, etc.

= At the same time, the cost of social services has increased

[ )
dramatlcallyo Vehicle Boardings - Week ending January 8, 2021
Mode Percentage compared to pre-COVID levels Customer Boarding
; 40% 552,000
26% 91,000
N y __/

22% 326,000

sis
=]
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TORONTO | MNews Total System-wide Boardings: 969,000

Toronto will face opening shortfall of $1.5 billion in
preparation of 2021 budget, city report says

Chris Fox Web Content Writer, CP24
Contact

Published Wednesdaoy. October 14, 2020 10:47AM EDT
Last Updated Wednesday, October 14, 2020 1138PM EDT



Long-Run Impacts (“the new normal”)?

= Systems differ dramatically in terms of their
resiliency and their ability to “bounce back”.

= For some, the “long-term attractor” is so
strong, that the system “returns to normal”,
often surprisingly quickly.

= For others, a “new attractor” emerges that
differs significantly from the old one.
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So what about cities?

= While cities have certainly come and
gone over the course of human
civilization, generally, cities have
historically been very resilient.

= London, Chicago, San Francisco all
recovered after major fires destroyed
much of the city and “built back :
better”. %

= Most European cities suffered
enormous damage in WWII and were [
subsequently completely rebuilt. =

» The great influenza pandemic of 1918-
19 did not substantively change the
course of urban development.
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What about cities, cont’d

* The long-term urbanization trend will
continue — there are too many economic,
cultural & social drivers still at play.

= The “logic” of the urban economy (& human
socialization) is unchanged.

= Unlike the impacts of massive fires & world
wars, the physical city is untouched by the
pandemic and is ready to be “re-occupied” at
a moment’s notice.
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What about cities, cont’d

= So too with the economy, but with some
major uncertainties:

— “Office work” — WtH, virtual offices.
» & hence commercial office space.

— Retail /shopping.
— Restaurants, entertainment.
— Shifts in residential locations.

» Transportation Impacts
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Transportation

= As with every other aspect of our society, COVID-19 has
seriously disrupted our urban transportation system:

— Disastrous declines in transit ridership & revenues.
— Shifts to auto usage.

— Massive growth in online shopping.
— Exacerbated inequities.

— On the positive side:
 Increased walking & biking.
« Experimentation with:
— Alternative street usage.
— “Re-inventing transit”:
» Demand-responsive transit.
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Events vs. Trends/Behaviour

System @

timet + At

System @

time t + 2At

!

Event 1

Perij(_)rmance

Time

| |
‘l' l' tim>e
Event 2 Event 3

We are captivated by the anecdote and by day-to-
day events/news:

* “No-one is returning to the office (ever).”

« “Everyone is moving out of the city.”

* “Transitis dead.”
We are often too quick to extrapolate short-run
events into the longer term.
But the overall story is often quite different.
Great inertias (& rationales for this inertia) exist.
(But, not to say that permanent disruptions cannot
occur.)



Tracking GTA Trip-Making with
Cellphone Data

= Cellphone trace data / Daily trips in sample population
can be used to track
out-of-home
movements.

= Spatial-temporal
imprecision makes
precise trip
1dentification difficult.

— Each line represent
a different set of
pattern recognition

parameters. o ...\
= But overall trend is T e N

clear. N\ Daily new C19 cases

3000
v data_source

@®01_method_01_cell_location_threshols
@®02_method_01_cell_location_threshol
®03_method_01_cell_location_threshols
@ 04_method_02_tower_location_thresh
@®05_method_02_tower_location_thresh

@®06_method_02_tower_location_thresh

seven_day_average
no
(=]
(=]
(=]

07_method_03_revised_location_thres
®08_method_03_revised_location_thres
@®09_method_03_revised_location_thres
@ daily_new_cases
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Tracking Residential Relocations with

Cellphone Data

Temporal distribution of relocations
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0.050

Ratio by total smapled population

F0.010

Home locations are
readily detectable in
cellphone data.

Changes in
residence can
therefore be tracked.

Overall upward
trend in housing
market activity very
clear.
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Where are households relocating
to/from?

Move-in population volume by municipality Move-out population volume by municipality
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Housing Relocations from/to the Toronto
Downtown

Home relocation away from PD1 & to PD1
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More Disruptions

= The transportation system was undergoing
significant & numerous disruptions pre-COVID
and will continue to be shaped by these post-
COVID.

= Just as COVID is the biggest public health crisis
in a century, we are in the midst of the biggest
change in transportation & mobility over this
same century.
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30
Disruptions (1): New technologies & services

va2v V2|
VEHICLE-TO-VEHICLE VEHICLE-TO-
INFRASTRUCTURE

N\ 7 x%#

Va2X

VEHICLE-TO-X

/f@

Traditional public transportation services, such as buses and trains

—o W = Autonomous

= Connected

o O

= OO = Electric

Vanpools, carpools, shuttles, transport network companies (TNCs)
and rideshare pools

Carsharing, bikesharing, scooter sharing in all its forms
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31

Disruptions (2): ICT, IoT, Al & Big Data

At the same time, the technology that is

L

L

SO dlsruptmg transportatlon services is
also generating massive amounts of new
data about travel behaviour that

potentially will allow us to view travel in
new ways:

— Very large samples.

Y

— Dynamic, time-series.

— But (usually) lacking socio-economics.
New analysis and computing methods
are enabling the analysis of these huge
new datasets (machine learning, etc.

that will provide exciting new insights
into how to design & operate our

systems.
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== Disruptions (3): Climate Change

of Onvano

Forecast effect on global temperatures

imated global greenhouse gas emissions
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34Disruptions (5): Global Urbanization

= The challenge of planning/building the world’s emerging cities & mega-cities
is enormous, but world stability, etc., etc. depends on getting the 215t century
urban world “right”.

= A “first-order” world-wide problem that is not being adequately addressed in
most cases.

= (Canadian cities will continue to see significant growth & resulting stresses on
transportation, housing, services, ...

WORLD POPULATION DISTRIBUTION

Chart 1. Ontario population, 1971 to 2046

Number of people (inmillions) oo Reference scenario ~ --~-Low scenario High scenario

pal

Historical | Projected

SWWWWWWTWWW
1971 1976 1061 1986 1001 1996 2001 2006 2011 2016 2021 2026 2031 2036 2041 2046

Sources: Statistics Canada for 1971-2020, and Ontario Ministry of Finance projections.



Transit Investment

= We will continue to need “smart” investment in transit.

= In the Toronto case:

— Much improved “surface” transit (this applies across the country):
* Bus Rapid Transit (BRT).
» High-frequency, prioritized bus routes.
» Demand-responsive transit.

— Much more aggressive use/prioritization of streetcars & LRT.

— Subways: add “real” capacity where needed:
* SmartTrack (a much mis-understood “orphan®)
* Ontario Line (yes, but ...)
* Real RER.

» Current extensions underway of existing lines are largely a waste of money & effort &
will not solve any problems.

- Pﬁc least, if not tied to other major investments that really do add capacity & redundancy to
the system.
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Demand-Responsive Transit (DRT)

—_———e—ee— e e e e e e, e, e e e i —— ——— ———

Demand-Responsive Transit

Ride Hailing Ride Sharing On-Demand Transit Fixed Route Transit
{Microtransit}
Stop Service Curb to Curb Stop to Stop
| [
. I I
Routing Single : Dynamic I Fixed
[
l |
Travel Times Fixed | Variable ! Fixed
I I
: I
Connections Direct to destination Direct to hub : Indirect
| [
I I
Level of Sharing Mone : Minimal Frequent | Always
| |
| 1
1
Individualized and personal Service Goals Collective and shared
< Sedans and minivans Vehicle Size Large. 4o0-foot buses
1-2 passengers/hour Productivity 100+ passengers/hour
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B i S https://uttri.utoronto.ca/files/2020/09/UTTRI-
UTTRI THE STATE OF Report-State-Demand-Responsive-Transit-

Research Report DEMAND- Canada-Klumpenhouwer-2020.pdf
RESPONSIVE
TRANSIT IN
Municipality Province Project Timeline

CANADA

Belleville Ontario 2018 to Present

Bowen Island British Columbia 2019
Calgary Alberta 2019 to Present
Cochrane Alberta 2019 to Present
Edmonton Alberta Planned (2021)
Okotoks Alberta 2019 to Present
St. Albert® Alberta Planned (2020)
Waterloo Ontario 2018 to 2019
Winnipeg® Manitoba Planned (Unknown)
Chatham-Kent  Ontario Planned (2020)1°
Milton Ontario 2015 to 201641
Niagara Region Ontario Planned (2020)2
Oakville Ontario 2015 to Present!3
// (L Regina Saskatchewan  Planned (2020)*
""" ' Sault Ste. Marie Ontario 2019 to Present
Willem Klumpenhouwer Saskatoon Saskatchewan  Planned (2020)*

July 2020 * Currently operating dial-a-ride service
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Municipal DRT Experiments

= Belleville
https://www.belleville.ca/en/walk-ride-and- e -

drive/using-belleville-transit.aspx

= Durham Region

https://www.durhamregiontransit.com/
en/travelling-with-us/planning-your- | S
Lok D”Tan’o

travel.aspx
Rl 07 Toronto
- InniSfil 0 T[ Miéiiissauga
Bl Oakville
@)

https://innisfil.ca/transit/
https://www.uber.com/ca/en/u/innisfil/

]

L&\ _Burlington

Hamilton

= Niagara Region o8 gl

https://niagararegion.ca/transit/
on-demand/

gl

s

%
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Highway Investment

= The myth that building new urban highwa will lV o
congestion” unfortunately seems to be alive & well, at least
in Ontario.

= Yes, we need to accommodate growth, but, as with transit,
we need to be much more thoughtful about where capacity
increases are truly needed:

— No alternatives (transit, etc.) exist.
— Meet regional development needs (e.g., Northern Ontario).

— Careful, thoughtful consideration of land use implications:

o Start with where growth “should go” & then work out the
transportation needed to sustainably support this.

« How do we de-couple transportation investment & sprawl?
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Looking ahead ... I am both optimistic &

pessimistic about the future.

= [ do think that we will
“bounce back”.

= But will we “build back
better”?

ENVIRONMENT SOCIETY

SUSTAINABLE URBAN TRANSPORTATION

Demographics

Land Use Economy
GOVERNANCE  FINANCING  INFRA-  NEIGHBOURHOOD Transportation
STRUCTURE
+
Kennedy, C.A., E.J. Miller, A.S. Shalaby, H. MacLean and J.
Coleman (2005). “The Four Pillars of Sustainable Urban
Transportation”, Transport Reviews, 25:4, 393-414.
Accessibility ) Congestion
ol Mobility Pollution/GHG
* Productivit h Accidents
nq; UNIVERSITY OF TORONTO Quality of Li)f/e Loss of Land
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