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Greenhouse Gas Theory

Fourier, 1812
Tyndall, 1856
Arrhenius, 1896
Chamberlin, 1899

the carbon dioxide and water vapor of the
atmosphere have remarkable power of absorbing ...
heat rays, while the oxygen, nitrogen, and argon of
the atmosphere possess this power in feeble
degree only. It follows that the effect of the carbon
dioxide and water vapor is to blanket the earth with
a thermally absorbent envelope

The thickness of the atmosphere above Earth is
equivalent to a single coat of paint on an orange
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1965 Report of the Environmental Pollution Panel President's Science Advisory Council
Possible effects of increased atmospheric carbon dioxide on climate:
warming
Other possible effects of an increase in atmospheric carbon dioxide:
Melting of the Antarctic ice cap
Rise of sea level
Warming of sea waters (effects on fisheries, decrease in Arctic sea ice)
Increased acidity of fresh waters

"The climatic changes that may be produced by the increased CO,
content could be deleterious from the point of view of human beings."

1968 Report to the American Petroleum Institute
Stanford Research Institute

"... CO;, and submicron particles, may be the cause of serious world-wide environmental changes”

"Significant temperature changes are almost certain to occur by the year 2000 and these could bring about
climatic changes."
"... there seems to be no doubt that the potential damage to our environment could be severe"
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Earth’s Energy Balance
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Earth’s Energy Balance and the Greenhouse Effect
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Global primary energy consumption by source
Primary energy is calculated based on the 'substitution method' which takes account of the inefficiencies in fossil fuel
production by converting non-fossil energy into the energy inputs required if they had the same conversion losses as

fossil fuels.
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GDP vs. energy use per capita in 2016 (ex. OECD countries)

The Energy-Economy @ Africa @ Americas @ Asia @ Europeand Eurasia @ Middle East
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| Global Average Temperature 1850 - 2021
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Land data prepared by Berkeley Earth and combined
with ocean data adapted from the UK Hadley Centre
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Global temperature anomalies relative to 1850-1900 average |
Vertical lines indicate 95% confidence intervals
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The Temperature Increase Is Not Spatially Homogeneous

Relative to 1951-1980 Averages : www.BerkeleyEarth.org
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U.S. 2022 Billion-Dollar Weather and Climate Disasters
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This map denotes the approximate location for each of the 15 separate billion-dollar weather and climate disasters that impacted the United States January — September of 2022.
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U.S. 2021 Billion-Dollar Weather and Climate Disasters
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1980-2022 United States Billion-Dollar Disaster Event Cost (CPI-Adjusted)
* 2020 ($111.5B) € 2012($147.1B) M 2021 ($152.6B) @® 2005 ($248.7B) A 2017($366.7B) ¥* 2022 ($29.3B)

— Average ($54.0B)

$400.0- ( $400.0
A

$350.0 = T $350.0

$300.0 $300.0
v $250.0- @ ===== @ = == == ©5250.0 @
s B =
g ]
S $200.0- -$200.0 o,
e o
S S
2 )
@ $150.0- 0981500 @

*
$100.0- » ¥ —Ts1000
- S ¢
$50.0- -$50.0
) ™ /T
‘ PR i > g : o —
§0.0 ey —  — e g S ‘ ‘ . : ‘ $0.0
January  February March April May June July August  September October November December

Updated: October 11, 2022
*Costs not included for Hurricane lan (September 2022), Western Wildfires (Spring-Fall 2022), Hurricane Fiona (September 2022)

Brookhaven

National Labhoratory

Event statistics are added according to the date on which they ended.
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The Global Risks
Report 2022
17th Edition

INSIGHT REPORT
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FIGURE 1.8

“Identify the most severe risks on a global scale over the
next 10 years”

Il Economic M Environmental Wl Geopolitical Wl Societal [l Technological

Climate action failure 6th Infectious diseases

Extreme weather Human environmental damage

3rd Biodiversity loss Natural resource crises

Social cohesion erosion oth Debt crises

. < e}

Livelihood crises Geoeconomic confrontation

Source: World Economic Forum Global Risks Perception Survey 2021-2022



The Enel‘gy-E nvironment different energy production

Nexus modes have implications
for climate forcers, weather
and climate patterns

climate changes feedback
on the efficiency and
sustainability of energy
production

Climate Solutions
urban infrastructure,

alternative energy, or
climate intervention have

varied efficacy under
changed climates and
affect climate
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Where do greenhouse
gas emissions
come from? _

There is no single
piece of the economy
that accounts for
greenhouse gas
emissions and climate
change...

...S0 there is no single,
simple solution.

ources

UN IPCC Fifth Assessment Report (2014);

UNIVERSITY JN FAO Food Wastage Footprint (2013

Learn more at UN ood Wastage Footprint (2013)

") BI’DthaVEﬂ' [N  climate.universityofcalifornia.edu Percent of global greenhouse gas emissions,
National Laboratory 18
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U.S. Plans for Climate Change, Clean Energy, and Environmental Justice

s What:
\\Q = 50-52% GHG emissions reduction by 2030 (from 2005 levels)
= 100% carbon pollution-free power sector by 2035
. = Net-zero economy by 2050

4 How:

& = |nflation Reduction Act
= Clean Energy Loans ($3.6B)
= Energy Infrastructure Reinvestment ($5B)
= Advanced Technology Manufacturing ($3B)
= Tribal Energy Loan ($75M)

= CHIPS and Science Act

THE LONG-TERM STRATEGY = Energy Innovation

OF THE UNITED STATES » Semiconductor R&D

Pathways to Net-Zero Greenhouse Gas Emissions by 2050 = \Workforce devek)pment
» Manufacturing

= Nature-based Solutions

» Geoengineering
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Solutions & Approaches to Climate Change Mitigation

Fossil Fuels Phase-out, Renewables, Green Tech, Electric Mobility, Reforestation, Plant-based Diet, Carbon Capture ...

Phase out fossil fuels
(coal, oil, gas)
Renewables
Green tech
Electric mobility
Curb deforestation
I :

Reforestation

Reduce meat
consumption

More plant-based diet

Curb population
growth

Carbon capture and
storage technologies
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Global energy consumption, 2000 to 2021
-0.8% trend per year from 2016 to 2021 for oil
!_A_\

-0.1%l/yr
-

+2.5%l/yr
(_A_\

+16.0%/yr

+1, 1%/yr
+0.8%/yr

il

Coal Oil  Natural Nuclear Hydro Other
gas renewables
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Nature-Based
Climate Solutions

A counterpart to
technological
solutions

Can account for up
to 37% of
emissions
reductions needed
to stay below 2°C
by 2030
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THREE STEPS TO NATURAL COOLING

Protect intact ecosystems, manage working lands and restore
native cover to avoid emissions and enhance carbon sinks.

Nature-based solutions could save 10 gigatonnes

of carbon dioxide equivalent per year

%
Avoided emissions 5 Gt CO, yr™' Enhanced sinks 5 Gt CO, yr™!
7 P4 N\

Intact lands
4GtCO,yr"’

Native cover
2GtCO,yr!

Working lands
4GtCO,yr"

PROTECT MANAGE RESTORE
Forests, grasslands Land for crops, Forests, wetlands

and more grazing and timber and more
onature Underlying data are in Supplementary information, Table S1.

Come with ecological,

economic, societal,

and health benefits

* Cleaner air and
water

* Preservation of
biodiversity

* Preservation of soil
cover and quality

23



LEADING CARBON REMOVAL SOLUTIONS

Includes:

Carbon Dioxide

Removal
(CDR)

Solar Radiation

Management
(SRM)

* Reforestation
* Wetlands
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Stratospheric
Aerosol Injection
(SAI)

TECHNOLOGICAL
Storage in rocks and materials
Natural:
Forestry
Agricultural
Includes:
i ; with CCS (BECCS) I
# CO, mineralization .
Technological:
Bioenergy
Less vulnerable to reversal D i re Ct Ca ptu re

Marine Cloud
Brightening
(MCB)

Cirrus Cloud
Thinning (CCT)

Climate Intervention/Geoengineering 101

Geoengineering

STRATOSPHERIC
Increased scattering by AEROSOL
Stratospheric Aerosols ~16-25 KM

ey
8crson
°Q @

Thinning high clouds
to allow more heat
to escape

Increased
scattering by
brightened clouds
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Cover art of New York 2140, by

Kim Stanley Robinson
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NEW YORK'S %
CLIMATE LEADERSHIP and |
COMMUNITY PROTECTION ACT NY CLCPA

GOALS

2050

85% reduction 85% reduction

in statewide 2040 in statewide
GHG emissions GHG emissions

. . 70% renewable Net zero
Environmental Justice (EJ40) energy e e
40% of benefits directed to e

egn electrici
underserved communities e
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The Solution Space

Technological solutions

Electrify all possible sectors

Decarbonize electricity — develop wind, solar,
nuclear, hydropower

Requires new infrastructure

Adopt heat pump technology

Develop alternative fuels

Nature-based Solutions
Protect
Manage
Restore

Behavioral Solutions

Reduce food waste

Reduce energy usage

Adopt a plant-based diet

Drive and fly less (or get an EV)

Choose to live in a walkable community
Educate girls

Personal and Business Step to Climate Action

Educate yourself
Use reputable sources
What are the issues?
What are the solutions?

Understand business requirements to avoid
financial penalties

Assess what you can do
Choose one simple action...then another
and another
Focus on actions that fit your interests
and lifestyle or business needs

...then educate others
As business leaders in your community you
have power and influence

VOTE!
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