The Metrosphere
How Humans, Infrastructure
and Nature Shape the
Emerging Environment of
Cities
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A new environment

(surfaces, air layers,
water bodies, snow
cover) the dynamics
of which are largely
controlled by human

design and activities
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Cities today ] R
consume ~ 75% of energy, B IR Cities are where
A'Ee fithe Grand Challenges
will be overcome

emit ~ 80% of GHGs




Urban infrastructure will double
by 2055

Natural
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Urban Grand Challenge:

How to design and plan these
new buildings and infrastructure,
while advancing resilience,
environmental quality,
sustainability, equity,

and livability

Human-made
Systems
Anthroposphere




» Radiative: darker surfaces, geometric trapping. « Geometric: complex surface are better at
trapping radiation and slowing wind.

« Material: (e.g. concrete) that can store a lot of
heat for a long time. « Eco-hydrologic: lack of pervious soils and
vegetation reduces surface water and

 Metabolic: human activities such as space e
P evapotranspiration,

heating and combustion engines release L i : : .
anthropogenic heat and pollution. § but may still increases biogenic emissions
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» Radiative: darker surfaces, geometric trapping.

« Material: (e.g. concrete) that can store a lot of

heat for a long time.

* Metabolic: human activities such as space
heating and combustion engines release
anthropogenic heat and pollution.

« Geometric: complex surface are better at
trapping radiation and slowing wind.

« Eco-hydrologic: lack of pervious soils and

vegetation reduces surface water and
evapotranspiration,

but may still increases biogenic emissions
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@Urban heat Island @ Increased intensity and
duration of heat waves

@ Modified precipitation & @ Changing precipitation and
urban water cycle evaporation patterns

@ Modified ecology and @ lImpacts on ecology and
biogeochemical cycles biogeochemical cycles

* How will these impacts (and mostly their extremes) interact?
 Will there be positive or negative or no feedbacks?
* How should we deal with the risk and try to mitigate it?



Temperature

Heat waves are the
largest cause of weather related fatalities in US
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No interaction

rural urban
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Temperature

Negative interaction

rural urban



Temperature

Synergistic interaction

rural

Larger hazard and exposure
in cities?

How can we protect them?

urban
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 Transitions in the spatial and temporal scales

* Transitions in sensing strategies and devices
* Transitions in mobility and space use
* Transitions in heat mitigation technologies

* Transitions in equity of technology and action



URBAN
CLIMATES

T. R. Oke, G. Mills,
A. Christen and J. A. Voogt

The design
criteria for
resilience need to
account for the
tails of the hazard
distribution, not
only the mean
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Daily variations of the

ASOS Observations : DMH — BWI

UHI in Baltimore
UHI = Turban (’xi’t)_ Tmral (rﬂt)
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Daily variations of the
UHI in Baltimore

WRF simulations

UHI = Turban (xi’t)_ Tmral(ri’t)

. Critical for resilience . .
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Landsat Surface Temperature August 14 2002 10:30am

Mean 110.5 F
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https://www.nasa.gov/centers/goddard/news/topstory/2005/nyc_heatisland.html




Particulate Matter
2.5 microns

The environmental stressors vary strongly in time and in space (horizontally and vertically)
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Predictions

pm max

Gradient Boosting
is enough .

Predictions
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Reggio Emilia | Marinello 2021
Barcelona | Baldasano 2020
Madrid | Baldasano 2020

Seattle | Xiang et al 2020
Northern California | Liu et al 2021
Southern California | Liu et al 2021
Salt Lake | Chadwick et al 2021
Naijing | Wang et al 2020

Boston | Hudda 2020

Milan | Collivignarelli et al 2020
Florida | Karaer et al 2020

Delhi | Mahato et al 2020

Across ours + 12 studies

Elasticity for NO, = 0.71
Elasticity for PM = 0.56




Mobile Urban Sensing Technologies http://site.princeton.edu

Cellular Microcontroller Rechargable http://must.prlnceton.edu

Antenna & GPS Lithium Battery Solar Panel
Waterproof _ T — .
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Figure 5. Mean RMSEs of monthly mean (a) T, and (b) T by different measurement networks over the entire studied area of four
cities.
RDF: Randomly Distributed Fixed For extremes’

EDF: Evenly Distributed Fixed (to cover all percentages of imperviousness) .
WDF: Weighted Distributed Fixed (to skew to more common types of surfaces) you need hybrld networks

MMN: Mobile Measurement Network



Harnessing the urban livability and environmental opportunities
of emerging mobility solutions

Autonomy +
connectivity

sharing

“l

- Monitor the benefits for
> AQ and thermal comfort

electrification



. Reporting thru satellite

T—_communications

P

’ Direct Aircraft to Ground reporting

Airline ! Other
processing
Center

*#% Onboard sensors, Data Processing &
Communications

GTS

Models
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00:00 (UTC) June 7
to 00:00 (UTC) June 10
Averaged diurnal cycles

Roofs’ albedo increased
to 0.7 (computed
dynamically
by the UCM)

Surface
temperature

2m air
temperature
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00:00 (UTC) June 7
to 00:00 (UTC) June 10
Averaged diurnal cycles

UCM in WRF
roofs evaporating
at ~50% of £,

(computed dynamically
by the UCM)

Surface
temperature

2m air
temperature
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Combine UHI + Global Warming

A

very significant adverse impacts

no health
impacts

time



Almost same summertime benefits as a cool roof, but no wintertime penalty
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Incident light

Specular reflection
(perfectly mirrorlike)

Lambertian reflection
(perfectly diffuse)

Retroreflection
(back to source)
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Elevation

RESCc

Bldg. heat storage
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* What are the data analytics or modeling frameworks | have access to,
what can they do?

A How can | make it
happen (or not)?

Why does
It happen?

- What will Prescriptive
:-i happen? Models
@ What Diagnostic
g_ happened? Models
@) Predictive
O Models Urban
Descriptive Planning
Models
hindsight foresight insight R

Scientific Value



THE WORLD'S 20 MOST POPULOUS MEGACITIES (2010 - 2100)

A total of 13 African cities will surpass New York in size over the next 80 years

2010 rop 20 cimies By POPULATION Equity at the Global Scale

@ voscow
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SOURCE: Global Cities Institute visualcapitalist.com




 Technological portfolios should aim to redress existing inequalities, not
only to avoid aggravating them

SURFACE TEMP. INCOME
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https://www.npr.org/2019/09/03/754044732/as-rising-heat-bakes-u-s-cities-the-poor-often-feel-it-most?t=1643409435490
https://www.npr.org/2019/09/03/754044732/as-rising-heat-bakes-u-s-cities-the-poor-often-feel-it-most?t=1643409435490
https://www.npr.org/2019/09/03/754044732/as-rising-heat-bakes-u-s-cities-the-poor-often-feel-it-most?t=1643409435490

An Equitable Technological Future for Cities

By Elie Bou-Zeid

TheSciTechLawyer WINTER 2022

https://t.co/Itdkh58F2q



https://t.co/Itdkh58F2q

* Is the technology equally accessible and beneficial to all citizens?
And if not, will people without access be significantly disadvantaged?
- cell phones

« Could the technology discriminate in its interaction with humans
based on race, color, sex and gender identity, sexual orientation,
age, national origin, religion, or physical or mental disability?

- machine vision and the trolley problem

* Is the plan for the deployment of this technology designed to, or
does it inadvertently, favor access for certain groups or income
levels?

- heat mitigation equity
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Complexity

ML-informed physics? @)

What is a physically- ML& physics inspired design? %
consistent relation What building design and vegetation can

ensure adequate ventilation of the city

between _
ML alone wind and Unl> How can | make it
Physics-informed ML? happen (or not)?
Transparent ML: £ \yind gets week, Why does
| UHI will increase It happen?
Wind got week, What will Prescriptive
UHI increased happen? Models

What
happened?

Diagnostic
Models

Predictive
Models Urbzfn
Descriptive Planning
Models
Extrapolate in e.xtrapolate to a
Interpolate same system different system

Scientific Value






. What are the environmental signatures of emerging mobility technologies in
current cities, and can you teach ML to detect vehicle type with simple data?

. How should cities leverage the new vehicles and smart infrastructure as sensing
platforms for continuous and dense monitoring of their future impacts, and how
can the data be more broadly utilized to advance urban livability, sustainability,
and resilience?

. How can we model the different penetration rates, and use these models to
design scenarios with desirable VMTs and modal mix?

. How can we project the individual and synergistic impacts of these technologies
on urban environmental and livability conditions?

. How can cities reimagine urban space to design human-centered infrastructure,
and enable mobility portfolios, that can support their desired outcomes?



Latitude (°)

| |
SO — —_ 0
S b © b © Wa

45
—60
75

1 23 45 6 7 8 9101112
Month

Latitude (°)

o))
-
I

W =~ N ]
S b O W

[T
Lh

T
< bk O
| |

=
Lh
I

1

2 3 45 6 7 8 91
Month

0 11 12

ASW. (W/m?)

0

=25

=50

=75

- —100
-—125

- —150

=175

—200

—225



Complexity

ML-informed physics? @)

What is a physically- ML& physics inspired design? %
consistent relation What building design and vegetation can

ensure adequate ventilation of the city

between _
ML alone wind and Unl> How can | make it
Physics-informed ML? happen (or not)?
Transparent ML: £ \yind gets week, Why does
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Wind got week, What will Prescriptive
UHI increased happen? Models

What
happened?

Diagnostic
Models

Predictive
Models Urbzfn
Descriptive Planning
Models
Extrapolate in e.xtrapolate to a
Interpolate same system different system

Scientific Value



* The efficient movement of people, goods and services is a
critical component of modern economies, particularly in large
towns and cities.

« But transport is also a major emitter of pollutants, GHGs,
noise, and heat in the urban environment, and most of these
emissions are associated with combustion processes.

« Opportunity or threat? A major shift is occurring right now in
urban transportation technology and markets that will have
deep impacts on the environmental footprint of urban mobility.

* NJ is one of the leading states in adoption of electrification
and other new mobility tech: a perfect lab for such a project.



 Electrification: The switch from internal combustion engines to electric ones
will be rapid (especially for the short urban commutes) and will occur
simultaneously with a shift in electric generation to cleaner sources (even the
remaining dirtier ones will be outside of cities). Electric cars will emit less
pollutants, GHGs, noise and heat, enabling a healthier urban environment.

* Micromobility: Scooters, e-bikes, and more novel concepts like the PUMA
are rapidly expanding, and mostly in cities. They transport 1 or 2 people in
much lighter vehicles, emitting less (noise, heat, pollutants and GHGs, since
they are almost exclusively electric), and occupying less street and parking
space.


https://en.wikipedia.org/wiki/Personal_Urban_Mobility_and_Accessibility

« Automation: Fully autonomy (level 5) is not around the
corner, but the earliest roll-out of autonomous technology
will be in cities where all street details and images can be
mapped accurately. Autonomy reduces the cost of trips and
makes them more convenient, increasing traveled miles
and potentially exacerbating environmental disbenefits in
cities. They are expected to significantly reduce traffic
accidents, a positive impact on citizens, but they may also
lead to increased sprawil.

Sharing: Change of ownership models from individually-
owned to a shared fleet is already underway. This shift can
also reduce the cost and increase ease of car transport,
potentially increasing miles traveled, environmental
disbenefits, and sprawl. But it is expected to significantly



« Connectivity: If autonomy and shared mobility also come
with “connectivity” (cars being able to communicate with
each other), the city-scale flow might become more efficient
leading to less traffic jams.

« If autonomy and sharing technologies also accelerate
electrification and promote micro-vehicles, they can have a
significantly positive impact on urban environments.

* Even the technological shifts that may on their own worsen
environmental outcomes could have positive socio-
economic benefits, providing transport access to lower
Income communities.



* How emerging mobility can be harnessed to
ameliorate the environment quality and livability in
our cities.

* reducing urban carbon and air pollution, as well
as water, noise and heat hazards

* reimagining space in cities to shift it from
conventional transportation infrastructure to a use
suited for emerging mobility and smart
infrastructure, serving broader health and
livability goals.



