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How did you come to studying
olobal warming!?

Ph.D in biophysics and Postdoc in neurobiology at
Caltech

Principle Scientist at Amgen in Research and
Automation Technologies

Lecturer in Physics, Computer Science/Mechatronics,
and University programs at CI
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Global climate is conceptually
simple and mind-boggling complex!

Physics gives us powerful understanding of the forces
that drive climate (and life)

Scientists have pieced together
key facts from laboratory, field,
computer models, and theory.

Complex systems and their
models have inherent

uncertainties that can be

misinterpreted. ricad




Two “worlds” of
Theory and Experiments

Theories Experiments

\ % \ %
Predictions €<— Compare —> Results

The scientific method compares predictions and results.

* When they agree, confidence 1n the theory increases

* When they disagree, theory must be modified

« “Extraordinary claims require extraordinary proof” — Carl Sagan
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['ve been studying global warming

since ~1984
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[s global warming a hoax?

Global Average Temperature
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GISTEMP Seasonal Cycle since 1880

Temperature Anomaly w.r.t. 1980-2015 (°C)

Seasonal cycle from MERRA2. Figure: NASA/GISS/GISTEMP v4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
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https://data.giss.nasa.gov/gistemp/graphs_v4/

What evidence indicates how the
climate has changed over time!



Air bubbles in glacial ice trap
samples of Earth’s atmosphere

Provide a history of greenhouse gases that stretches
back more than 800,000 years.

The chemical make-up of the ice provides clues to
the average global temperature.




Antarctic Time Series for CO,, CH,4 and Temperature
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How does population correlate!
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How does the Sun’s radiation
impact the Earth temperature!



Earth’s temperature begins with
the Sun.

Radiation
Energy
Flow
Antarctic Circle
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The Greenhouse Effect

Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

Into space F r‘ into space




The equator receives more radiant solar
energy than it radiates - so it’s hotter.
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The poles radiate more energy than they
absorb from space - so they’re cooler.
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https://energyeducation.ca/encyclopedia/Radiative forcing



https://energyeducation.ca/encyclopedia/Radiative_forcing

Does the Earth’s orbit around the
Sun influence global temperature?



Insolation W m™

Milankovic cycles are periodic
changes in Earth’s orbit.

Insolation - different periods and areas
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Do these cycles explain the observed

variations!’
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There is correlation but other phenomena must
also contribute.



Has the Earth ever been as
warm as it is today?



Global Temperature History

Large human societies have only existed during a stable
climate

Temperature of Planet Earth

|Cm[ 0]5] D|C|P|Tr| ) K Pal [ Eocene I Ol | Miocene Pliocene ] Pleistocene Holocene
+14 P’“* SeSr——— e 25
42 = o=

@ e 420
g +10 - ;“Vu 3 g o s AC% g
g +8 4 - & M - +15 g
g ! m©
S +6 - [0 8
T i =
o o
© 42 - ' a
I 0 ‘ —
2 ! 2
S — > “n 3

> | aciatic

— Noper et ol (2008 - 02 bom EOCARS £ 200
6 - Roper o 312004 - COZ om prowies i 20 . TR0t w5 3 (2008 & Hansen 31| 2013
ol T T T T T T T T T 1
500 400 300 200 100 60 |50 40 30 20 10 5 4 3 2 1000 800 600 400 200| 20 15 10 5 0

571014 Milligns of years before present Thousands of years lpefore present (2015 CE)

55.5 million 130,000

years ago years ago

2500ppm CO2 280ppm CO?2




Where are

we nNow!

Before the
Industrial
Revolution, Earth’s
climate changed
due to natural
causes unrelated to
human activity.

(Note the right side of
the graph is on a very
different time scale.)
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Recent warming anomaly began with the
Industrial Revolution

Global average temperature change
HadCRUT (1850- )
(°C) | - === NOAA(1850-) - - - - -~ -~ — — - - - - - - é
=== Berkeley Earth (1850-)
+1.0 | === NASA GISTEMP (1880-)
=== Japan Met JRA-55 (1958-)
- mmm ECMWF ERA5 (1979-) - - - - - — - - \

+0.5 |
,,,,,,,,,,,,, A W S
A f N
d ! A
0 ‘ {~‘~%#/ ,k / v
R L LA
08 V4-—nm——-—Hnu -———

.1850 1875 1900 1925 1950 1975 2000 2025

The CO, (and methane) increases have the isotopic
signatures of fossil fuels.



What do fossil fuels have to do with it?

We accurately know how much fossil fuel is burned
each year - since energy companies sell it (10

GTC/year, or 35 GTCO,/yr)

Atmospheric CO, increase is ~ ¥2 of that, the other 2
is absorbed by the ocean, increasing its acidity and
threatening the planet’s the food chain

The amounts match measurements!

The isotopic signature matches fossil fuels

The timing matches fossil fuels

... therefore, the warming must be from wobbles in the
orbit, sunspots, cosmic rays, ... democrats ...



How will this impact people
and the planet?



Canada’s Athabasca Glacier

/

The glacier has been shrinking by about 15 meters per year.
In the past 125 years, the glacier has lost half its volume
and has retreated more than 1.5 kilometers.



Global Warming and Biodiversity

Abundance of 5,230 species
| Living Planet Index

100% [ ] ]
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North America

20% R Asia and Pacific
| TN Africa r T
Worla
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\Population declines since 1970 Latin America

0%
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There is a biodiversity crisis - half the world’s forests have been
logged in the last 100 years, >90% of the ocean’s large fish are
gone, 10% decline in wildlife since 1970, etc.



Poor people are

disproportionally affected

They contrlbuted the least to the problem and thelr
communities often lack resiliency



Some impacts of global warming

Melts ice caps and glaciers, more rain vs. snow
More floods and droughts
Rising sea levels frequently flood coastal cities

More intense and frequent devastating storms (stronger
atmospheric heat engine)

Longer growing season in polar regions, lethal heat in the tropics
disrupt food production

Disrupting pollination and animal migration patterns
Local and global starvation

More refugees
Alters the ranges of some infectious diseases

Many of these factors are synergistic -- global warming amplifies
uncertainty, chaos, violence, authoritarian responses (“only 1 can
restore order ..."”"), etc.




Future warming models by the
Intergovernmental Panel on Climate Change

4-
- variability between models—
_ 3- high growth (A2)
G -
3 - emission moderate growth (AlB)
g ) scenarios |
E 2-
g - low growth (B1)
0 —————————————————————————————
~
«
—
=
3 I -
) -
o -
K-
3 -
T -
0-

1

]

I

I

I constant CO
: .
I

I

1

I bl ) v v T T T T T 1
1900 2000 2100
Year

Earth will warm ~ 2-6° C over the next century, depending on how
fast carbon dioxide emissions grow



What is the biggest issue for
climate change!



People are causing global warming.

People must mitigate global warming.

Keep fossil fuels in the ground.

Invest in renewable energy.

Make homes energy efficient.

Make manufacturing environmentally clean.
Make farming environmentally neutral.
Protect forests.

Protect the oceans.

Reduce global emissions in transportation.
Reduce consumption.

Achieving most of these requires governmental (and individual) actions.
Focusing on personal “carbon footprints” is a propaganda ploy to maintain
the current system.



Make Governments More Democratic

o Governments should serve the collective interests of its
citizens and future generations, vs. a small group of wealthy
donors and lobbyists

o Limit money in politics.
o How much have you paid your lobbyists this week?
o Enforce ethics standards for public offices.
o Establish equitable tax policy for individuals and corporations.
o Produce long-term budgets, policies, regulations.
o Increase public engagement.
o Heavily fine polluters.



Some Practical Solutions

Uruguay converted its electrical system to >90%
renewable over 10 years (98% green in some years)

“The biggest challenge, however, was to change the
“narrative” about renewables”!

Political stability and a national goal for energy
independence

They are now converting public transport to electric
and encouraging private transport to switch

https://www.youtube.com/watch?v=7 3XJhFBvEk



https://www.youtube.com/watch?v=7_3XJhFBvEk

Building local resiliency

O Following Hurricane Maria, Puerto Rico found

strength in community rebuilding -
https://www.youtube.com/watch!v=xBddgaPzHIQ

The Fight to Take Back

NATIONAL BESTSELLER

“/A POWERFUL READ THAT FILLS ONE WITH, DARE | SAY .. . HOPE?"
—The New York Times

Truth, Courage,
and Solutions for the

Climate Crisis

Edited by Ayana Elizabeth Johnson
& Katharine K. Wilkinson

THE NEW CLIMATE WAR

MICHAEL E. MANN



https://www.youtube.com/watch?v=xBddgaPzHIQ

Adrienna Buller

Our Successes THE
_VALUE
We collectively banned commercial \\//
whaling in 1986 - preserving a keystone
ocean species, a local OF A

tourism industry, ... WHALE

On the lllusions of Green Capiralism

We collectively stopped CFC pollution that
was destroying polar stratospheric ozone

We collectively stopped (legal) slavery - in most
countries without resorting to a bloody civil war

We collectively can do positive things!!
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Choices

Which of these sunrises do you want for your grandkids!
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Supporting slides



Greenhouse effect is necessary for life.

Naturally occurring greenhouse gases have a mean warming effect

of about 33 °C (59 °F) on Earth.

740K 240K



How does energy enter and leave the atmosphere?

Solar radiation reaches us
from the sun.

Some of it reflects off
clouds and particles in the
atmosphere before it even
reaches the Earth’s surface.

A

Because the Earth is so
much warmer than space,
it continually gives off heat
as infrared radiation.

Most of that heat escapes
into space, but some
reflects off greenhouse
gases in the atmosphere
and returns to Earth.

Some more reflects off
bright features on the
Earth, like snow and ice.

More greenhouse gases
means more infrared

radiation reentering the
atmosphere, raising the
Earth’s average temperature.

What’s left is absorbed in
the atmosphere or by the
oceans, warming the Earth.

Roughly 30 percent
of incoming
sunlight is reflected
back into space by
bright surfaces like
clouds and ice.

Of the remaining 70
percent, most is
absorbed by the
land and ocean.

The rest is absorbed
by the atmosphere.



As the rocks, the air, and the seas

warm,

As more CO, enters
the atmosphere,
the radiation is
reflected back
towards earth
rather than
escaping into
space — thus
heating the earth
even more.

they radiate “heat” energy

Energy Radiating From Earth's Surface Energy Radiating From Earth's Surface




What is the Global warming?

Greenhouse gases reflect IR radiation.
Act just like the windows in your car.

Copyright © The McGraw-Hill Inc. required for or display.

Visible light /
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Earth is absorbing more energy than it is
radiating back to space.

Reflected Solar Radiation (W /m<) Emitted Heat Radiation (W /m)
E ] [ TS
0 700 a5 350

O About 0.85 Watts per square meter


http://www.nasa.gov/mov/113809main_ceres_15fps_320.mov

Radiation from Sun

and Earth

Absorption of light
by the atmosphere.
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Greenhouse gas contributors (approximate).

4%

6%

mwater vapor
mcarbon dioxide
Omethane

23%

OoZone

67 %

0 This is a combination of the strength of the
sreenhouse effect of the gas and its abundance.

O Methane is a much stronger greenhouse gas than

carbon dioxide, but is present in much smaller
concentrations.



Annual Greenhouse Gas Emissions by Sector

Industrial
processes

16.8%

Power stations
21.3%

Transportation fuels

14.0% Waste disposal

and treatment
3.4%

Agricultural 2 5%

Land use and
byproducts

0
10.0% biomass burning

Fossil fuel retrieval, 10.3% Residential, commercial,

.
processing, and distribution 11.3% and other sources

20.6% 29.5% 40.0% ( 5 62.0%

‘ 1.1%

8.4% 4.8% 215}%

. 0
19.2% 9.1% > Bio% 5.9%
12.9% 29.5% 48.1% 26.0%
Carbon Dioxide Methane Nitrous Oxide

(72% of total) {18% of total) (9% of total)



Primary sources of methane

O Fossil fuel extraction is the largest
source of methane (35%)

O Livestock (32%)

O Landfill and wastewater emissions

(209%)
O Paddy rice farming (8%)

O Land use and wetland changes
Exacerbated by global warming

https://www.unep.org/resources/report/global-
methane-assessment-benefits-and-costs-mitigating-
methane-emissions (2021)



https://www.unep.org/resources/report/global-methane-assessment-benefits-and-costs-mitigating-methane-emissions
https://www.unep.org/resources/report/global-methane-assessment-benefits-and-costs-mitigating-methane-emissions
https://www.unep.org/resources/report/global-methane-assessment-benefits-and-costs-mitigating-methane-emissions

Ocean currents may change.
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Heating may release large deposits of

methane from the ocean floors.
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