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Today’s talk...

* The BAD news (some climate science)

* The GOOD news (solutions are known,
available and getting cheaper fast)

* BUT... we're not moving fast enough
°* Transportation perspectives along the way



The Bad News...

“the planet is now in a
meltdown phase — literally
and figuratively”

Jonathan Overpeck - Washington Post, March 20, 2024
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Anyone
read
this
book?



The globe is warming almost everywhere*
Mean Annual Temperature Trend 1880-2024

2023 Global
Temperature
Smashed Previous
Records

2024 was warmer

2025 closer to 2023
(preliminary)

Now 3 years warmer
than the 1.5°C Paris
Agreement Target

-4.1-4.0-2.0-1.0-0.5-0.2 0.2 0.5 1.0 2.0 4.0 4.9

* NOTE: North Atlantic cooling as predicted - due to
Greenland Ice Sheet melting and precipitation change




Global Warming Has Accelerated: Are the United
Nations and the Public Well-Informed?

James E. Hansen, Pushker Kharecha, Makiko Sato, George Tselioudis, Joseph Kelly, Susanne E. Bauer, ...show all
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We were on
track to < 3°C
global
warming,
but now we
are likely on
track for
greater
warming




Global climate change impacts are continuing
to accelerate

A record 63 billion-dollar weather
dlsaSterS hlt Earth |n 2023 Extreme heat

ations had the ost exper eather disaster ord, and the continent of Africa suffered two of its deadliest.

Supercharged hurricanes,
o e typhoons, tropical cyclones

Extreme rainfall & flooding

Hot drought &
megadrought

Unprecedented wildfire

Warming
supercharges them all




U.S. climate change impacts are continuing to

accelerate

BILLION-DOLLAR DISASTERS

January - December 2025 276 fatalities and $115 billion in damages

e Extreme heat

e Supercharged hurricanes,

typhoons, tropical cyclones

e Extreme rainfall & flooding

* Hot drought &

megadrought

e Unprecedented wildfire

Warming
supercharges them all




U.S. climate change impacts are continuing to

accelerate
Key fact #1: every 1°C increase in Extreme heat
temperature means the Supercharged hurricanes,
atmosphere can hold ~7% more S ey, (e L G eliotines

water Extreme rainfall & flooding

Hot drought &
megadrought

Unprecedented wildfire

Warming
supercharges them all




U.S. climate change impacts are continuing to

accelerate

Key fact #1: every 1°C increase in
temperature means the atmosphere can
hold ~7% more water

Key fact #2: we know with high
confidence that global temperatures will
continue to go up as long as we emit
greenhouse gases to the atmosphere
(primarily via the burning of fossil fuels)

e Extreme heat

e Supercharged hurricanes,

typhoons, tropical cyclones

* Extreme rainfall & flooding

* Hot drought &

megadrought

* Unprecedented wildfire

Warming
supercharges them all




The dry side: 26" year of Southwest megadrought is

really climate change aridification

Aridification Spreading in North
Map released: January 8, 2026 Amenca a New Study Finds

" AY 26, 2020 ARIDIFICATION, CALIFORNIA, DROUGHT,

(oo. JEE

DO Abnormally Dry Drought Impact Types:
D1 Moderate Drought r~ Delineates dominant impacts

D2 Severe Drought S = Short-Term, typically less than
D3 Extreme Drought 6 months (e.g. agriculture, grasslands)

. L = Long-Term, typically greater than
D4 Exceptlonal Drought 6 months (e.g. hydrology, ecology)




Remember - this is a tale of two hydrologic extremes

An intensified
hydrological cycle

can yield increases
In:

* Average
Precipitation

% Change: last 30 years versus 1901-60 average

From: 4t U.S. National Climate Assessment (2018)
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It will continue to get ¥,

wetter, at least in
winter and spring
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Remember - this is a tale of two hydrologic extremes
A s s e % falling in heaviest 1% of events

hydrological cycle
can also yield
Increases In:

* Average
Precipitation

* Extreme Rainfall §

* Flooding

From: 5t U.S. National Climate Assessment (2023)




Why Metro Detroit keeps flooding

An intensified —and how to fix it
B - - v o non -
can also yield
Increases in:
* Average
Precipitation

 Extreme Rainfall

* Flooding




An intensified
hydrological cycle
can also yield
Increases in:

* Average
Precipitation

* Flooding

Extreme Rainfall

Thousands fled for their lives when two
Michigan dams collapsed. More disasters are
coming, experts say.

Aging dams around the country weren't built for today’s weather. Without a major investment in
repairs, thousands of people’s homes — and lives — could be in danger.




An intensified
hydrological cycle
can also yield
Increases in:

* Average
Precipitation

 Extreme Rainfall
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A/ge blooms also grow wdrse with warming



But there is a bigger issue

One that too many ignore



Exceeding 1.5°C global warming could trigger
multiple climate tipping points  science (2022

David I. Armstrong McKay*, Arie Staal, Jesse F. Abrams, Ricarda Winkelmann, Boris Sakschewski,
Sina Loriani, Ingo Fetzer, Sarah E. Cornell, Johan Rockstrém, Timothy M. Lenton*
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Nasa SEALEVEL CHANGE
> Observations from Space

NEWS | February 25, 2025

Rate of Sea Level Rise Doubled over 30
Years, New Study Shows

By Ethan Huang, NASA's Sea Level Change Team

https://sealevel.nasa.gov/news/280/
rate-of-sea-level-rise-doubled-over-
30-years-new-study-shows/

Article

The Paris Climate Agreement and future
sea-level rise from Antarctica

Nature (2021)

https://doi.org/10.1038/541586-021-03427-0 Robert M. DeConto'™, David Pollard? Richard B. Alley??, Isabella Velicogna®,

5 6 H =1 7 . . 8
Received: 15 October 2018 Edward Gasson®, Natalya Gomez®, Shaina Sadai', Alan Condron’, Daniel M. Gilford®,

Erica L. Ashe®, Robert E. Kopp®, Dawei Li"® & Andrea Dutton'™
Accepted: 8 March 2021

“These results demonstrate the possibility that rapid and
unstoppable sea-level rise from Antarctica will be
triggered if Paris Agreement targets are exceeded.”

IPCC (2021):

If > 3°C peak warming = 6-12m sea-level rise possible
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The Good News — The development and
deployment of solutions are also accelerating

* To reduce, mitigate, halt climate change

* To build resilience and adapt to the climate
change that cannot be avoided or halted

* To recover from impacts



Renewable energy deployment in the U.S.?

How much of our energy comes from renewables?

Wind, solar and geothermal energy as a percent of retail electricity sales

In 2024:

Renewables ~90% new
installed capacity:

~50 GW Solar Installed
20 GW in just 3 states:
Texas — 12GW
California — 5GW
Florida —4.7GW

Also, the many states in
the US Climate Alliance
— pledged to hit net-
zero by 2050



Renewable energy deployment in the U.S.?

@ Solar photovoltaic over 1 MW [ Solar photovoltaic under T MW [} Battery Storage over 1MW [ Wind over 1 MW

Total renewable energy nameplate capacity, 2014-2024
00 b 358.9 GW

300.9 GW
300 GW 260.9 GW
229.9 GW
192.9 GW
144.4 GW 163 GW

200 GW

W 129.2 GW
100GW  80.1GW . .

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

0GW

*Values for 2025 are projections.
Sources: Electric Power Annual 2021, Electric Power Annual 2022, Electric Power Annual 2023, Short Term Energy Outlook February 2025, U.S. Energy

Information Administration, Short Term Energy Outlook Data Browser.

In 2024, all low-carbon electricity sources, including wind, solar,
geothermal, hydro and nuclear, supplied nearly 44% of electricity,

while renewables, supplied nearly 25%. e R
AND: EV sales hit 8.7% of total vehicle sales Institute, 2025)



D MY  =+29% A +7.9% £y +1.4%

Global share of Solar generation  Wind generation  Fossil generation
clean electricity growth in 2024 growth in 2024 growth in 2024 _
in 2024 EMB=R

Battery cost fell by an average 20% per year over the last decade as annual
Renewable installations rose by 80% per year

Total installed project cost* ($/kwh) Battery storage capacity additions (GWh)

(solar & wind)
energy is now “After a 40% fall in 2024 in [grid- ‘

| . storage] battery equipment costs, it’s
east expensive clear we’re on track for another major

energy around fall in 2025.”
December 2025 update

50

the globe

(expanding faster I
than total energy ; O____--Il
demand)

Source: IRENA « *Costs of a fully installed and commissioned battery storage project, 2024 prices in USD/kWh of

usable capacity EMBE R




The race to 100% EV sales is well underway

EV share of new passenger car sales (%)

Bubble sizes are relative to total EV sales

The globe is
transitioning
rapidly to

0 10 20 30 40 50 60 70 80

2019

Netherlands
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electrified Jors
mobility
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( EVS)’ eve n a S &ruguqy e Denmark

2025 v us © e Nepal
t h e U S S I OWS Indonegmcalland K.Umg::t o Ethiopia
ingdom

down

Source: IEA (2019 data), Ember analysis of publicly available national data for Jan-Oct 2025.

EVs include plug-in hybrid electric vehicles and battery electric vehicles. Sales figures in 2025 are an estimate
assuming the same yedr-on-yeadr change seen so far in 2025 continues until the end of the year. For Ethiopia and
Nepal, 2024 data is used as more recent annual data is not publicly available.

@ Europe @ Asia @ Latin America and Caribbean =~ North America ¢ Africa @ Oceania @ Middle East

100

@ Norway

EMB=R



The EV revolution is taking off (GLOBAL)

Electric mobility is growing exponentially across vehicle sizes

2 & 3 wheeler Cars EV Trucks & vans Public charging points
80 million 60 million 3 million 6 million
60
40

40

‘l 20 |
O -lIIIII O _—-.lIIII

2020 2024 2020 2024 2020 2024 2015 2020 2024

25 ‘ Sources: IEA. Note these figures are for the size of the fleet September, 2025 E M B E R







need to go faster
~(including in the U.S.)

WHY?




Yet more reason

for hope:

A large majority of
Americans know
climate change is

real, and are worried
In 2024

National average 71%
Michigan steady at 71%
Ohio at 68%

Texas at 70%

Florida at 70%
California at 77%

Estimated % of adults who think global warming will harm future generations
a moderate amount or a great deal (nat'l avg. 71%), 2024

Select Question:| Global warming will harm future generations
Click map or: = Select a State

Absolute Value

National Cong. Districts | Metro Areas Counties

https://climatecommunication.yale.edu/visualizations-data/ycom-us-2024/



Conclusions...

* Climate change, impacts and costs are accelerating

* Solution cost reductions are accelerating -
* Solution deployment is accelerating

 BUT solutions are still being deployed too slowly

* “Fairness” not being emphasized enough — if everyone
benefits, the energy transition will speed up, in the US
and globally

* Plan on substantial increases in further climate
change impacts going forward, at least 2x what we’'ve
seen so far, and probably more.
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Global greenhouse gas emissions by sector

This 15 shown 1m the vear 2016 - global greenhouse gas emissions were 49.4 billion tonnes CO.eq.
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Global greenhouse gas emissions by sector

This is shown for the vear 2016 - global greenhouse gas emissions were 40.4 billion tonnes CO.eq.

Developing and
Agriculture, im |ementin IOW-
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Ana uUse 2 _
24.2% carbon solutions =
| the 215t century new
economy requiring a
wide range of talents
And fairness must be
a factor in all
solutions

OurWorldinData.org - Research and data to make progress against the waorld's largest problems



Past and future global transformation
of terrestrial ecosystems under

climate change  Science (2018)

Connor Nolan', Jonathan T. Overpeck®’, Judy R. M. Allen®, Patricia M. Anderson®*,

Julio L. Betancourt®, Heather A. Binney®, Simon Brewer’, Mark B. Bush®, A t f G I b | W 1

Brian M. Chase®, Rachid Cheddadi®, Morteza Djamali'®, John Dodson'"'2, m O u n O O a a r m I n g
Mary E. Edwards®'3, William D. Gosling'*'*, Simon Haberle'®, Sara C. Hotchkiss'’,

Brian Huntley®, Sarah J. Ivory'®, A. Peter Kershaw'®, Soo-Hyun Kim'?,

Claudio Latorre®°, Michelle Leydet'®, Anne-Marie Lézine*', Kam-Biu Liu®?,

Yao Liu?3, A. V. Lozhkin?*, Matt S. McGlone>®, Robert A. Marchant?®,

Arata Momohara?’, Patricio I. Moreno>®, Stefanie Miiller>?, Bette L. Otto-Bliesne
Caiming Shen?®', Janelle Stevenson®?, Hikaru Takahara®?, Pavel E. Tarasov>?,
John Tipton®*, Annie Vincens®>, Chengyu Weng>®, Qinghai Xu®’,

Zhuo Zheng>®, Stephen T. Jackson®%'*
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Too much global

warming will profoundly

impact ecosystems (and
their biodiversity)
around the planet
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