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What can YOU do about
climate change? a4 jittle

Global temperature change
Relative to average of 1971-2000 [°C]
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What can WE do about
climate change? 4ot/

Global temperature change since 1850 Future choices up to 2100










From 1970s to 2010s:
33% decline in ozone pollution
64% reduction in nitrates

' 98%.reduction in lead
Remember acid rain?
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Session of the IPCC Bureau
i5th Session of the IPCC
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The Common Octopus May Stop Being Common Due to

Climate Change

Authors: Ted Espinola, Kai Houston, Sean Kim, Sean Lee

The Brainy Octopus is a Quick Adapter to Climate
Change, But the News is Not as Good as You
May Think

2 LakesOfindia @ May 21,2022 @@ Uncategorized







o Y%
-

.
1 Q
" H
e




University of Wisconsin-Madison

ﬂiﬁnaﬂmmﬁmfﬁtﬂiMhenc and

Who We Are

Since 1948 we have grown into one of the leading
departments in our field of Atmospheric and Oceanic
Sciences. We have strong graduate and
undergraduate programs which are nationally
recognized. We graduate about 15 Ph.D. and M.S
students each year; our graduates are active in
research labs and universities around the world. We
graduate approximately 20 B.S. students each year;
they choose options allowing a focus on weather
systems or general atmospheric science.

Space Science and Engineering Center
University of Wisconsin-Madison

S,

Our faculty of 15 has long maintained breadth and '@I@‘

special strength in three areas: \W} Center for Climatic Research
NELSON INSTITUTE

s UNIVERSITY OF WISCONSIN-MADISON

o Climate systems, including the ocean
« Satellite and remote sensing
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The continued release of CO, to the
atmosphere from burning fossil fuels would
“almost certainly cause significant changes”
and “could be J’eleterious from the point of

view of human beings [...] and marked
changes in climate, not controllable through
local or even national efforts.

U.S. President's Science Advisory to
President Lyndon B. Johnson 1966
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COAL CONSUMPTION AFFECT
ING CLIMATE.

The furnaces of the world are now
burning about 2,000,000,000 tons of

coal a wvear. When this is burned,
uniting with oxyvgen, it adds about

+ 7,000,000,000 tons of carbon dioxide

to the atmosphere yvearly. This tends
to make the air a more effective blan.
Ket for the carth and to raise its

temperature. The effect may be con. |

siderable in a few centuries.
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Bottom Line

» Climate is warming and change is projected
to in next centur?l as a result of
continued increases in fossil fuel emissions

* Vulnerable aspects of society and ecosystems
are at risk from these changes without
appropriate mitigation or adaptation
measures

* The public increasingly action on
climate change and is hungry for credible
legitimate, salient information on how to do
SO




12-month moving average
Anomalies relative to 1951-1980 mean

Global Mean Temperature

1850 1870 1890

1930

1950
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CC BY-4.0
Robert A. Rohde (@rarohde)
Berkeley Earth (www.BerkeleyEarth.org)

12-month moving average, 95% confidence range
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Global temperature change
Relative to average of 1971-2000 [°C]
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Global Temperature
Since the Last Ice Age

1 WORLD WITHOUT POLAR ICE
4 WORLD WITH POLAR ICE

Settled farming begins; Industrial Revolution begins;
sea level about 160 ft (50 m) sea level about 8 in (20 cm)
lower than today. lower than today.

7

1 WARMER THAN TODAY

Ice sheet one mile thick 4 COLDERTHAN TODAY
over Boston; sea level 420 ft
(120 m) lower than today.
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Summer temperatures

2005-2015

Extremely cold Extremely hot

https://www.nytimes.com/interactive/2017/07/28/climate/more-frequent-extreme-summer-heat.html
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Initiative on Climate Change Impacts »

ImnacIS@ﬁ\sulutmns orawarmercumate

https://wicci.wisc.edu/




Historical Change in Annual Temperature
from 1950 to 2020

Source: Nelson Institute
Center for Climatic Research
Data: NOAA NCDC nClimDiv
#* Significant Trend
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Historical Change in Annual Precipitation
from 1950 to 2020

o
@

Source: Nelson Institute
Center for Climatic Research
Data: NOAA NCDC nClimDiv
* Significant Trend

% Change (from 1950 to 2020)




lce Cover on Lake Mendota
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Datat from Wisconsin State Climatology Office




WISCONSIN AVERAGE TEMPERATURE:
HISTORICAL (1900-2020) AND PROJECTED (2020-2090)

54

Historical
52 |

Mid-range Emissions Scenario
50 |

High-end Emissions Scenario

48 |

46 |




NUMBER OF EXTREMELY HOT DAYS PER YEAR
HISTORICAL MID-CENTURY

Source: Nelson Institute

Center for Climatic Research
Probabilistic Downscaled Data v2.0
University of Wisconsin - Madison

Source: Nelson Institute

Center for Climatic Research
Probabllstic Downscaled Data v2.0
University of Wisconsin - Madison
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FREQUENCY OF
EXTREME RAINFALL

HISTORICAL MID- CENTURY

Source: Nelson Institute I
18

Source: Nelson Institute
Center for Climatic Research
Probabilistic Downscaled Data v2.0

University of Wisconsin - Madison I
\

Center for Climatic Research
Probabilistic Downscaled Data v2.0
University of Wisconsin - Madison I e
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» Atmospheric CO, increasing =~ 2 ppm/yr from
fossil fuel combustion, with 50% going into

land and ocean sinks (Keeling 1960, Tans
1990)

i& Short and long term observed warming

iy rax . Ppatterns are linked to greenhouse gases

7€ f“ (Callendar 1938, Mann 1999)

» Significant warming in the 20t century is

mostly explained by atmospheric CO,
® R ‘(Manabe 1967, Hansen 1984)
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CO, mole fraction (ppm)
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Atmospheric CO; at Mauna Loa Observatory

Scripps Institution of Oceanography i
NOAA Global Monitoring Laboratory A
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GLOBAL CARBON
PROJECT

Global Fos:

Projection 2022

37.5 Gt CO,

A 1.0% (0.1%—1.9%)



https://doi.org/10.5194/essd-14-4811-2022
http://www.globalcarbonproject.org/carbonbudget/

* Planetary (inc. Earth) temperature is
determined by interaction of sunlight warming
W Earth’s surface, and “greenhouse” gases that

absorb infrared radiation (Fourier 1824, Tyndall
11861; Foote 1857)

« CO, is a greenhouse warming gas and emitted
from coal, oil, gas (Arrhenius 1896)

 Oceans can only take up a fraction of CO,
produced by combustion (Revelle 1957)
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Thermal radiation : :
Solar radiation into space: 195 Directly radiated

f :
absorbed by Earth: A rom surface: 40
235 W/m?2 AN

Greenhouse gas

absorption: 350
67 Heat and energy N
in the atmosphere

d The 2

] I

Greenhouse

168 324 i :

. Effect
N 4 v ~_ _)_ &
Earth's land and ocean surface
warmed to an average of 14°C




Horizontal grid
Latitude - longitude

Vertical grid

Height or pressure

Physical processes in a model

Atmosphere Solar Terrestrial

radiation radiation

=

Advection

T

Momentum Heat Water
l Seaice

\

Vertical
exchange
between
layers

B 4 WA

Mixed layer ocean

e

Horizontal
exchange
between
columns




1975: Wally Broecker
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“CO, is to climate what steroids was to baseball...” —Jason Samenow

What’s Really Warming the World?

Skeptics of manmade climate change offer various natural
causes to explain why the Earth has warmed 1.4 degrees
Fahrenheit since 1880. But can these account for the
planet’s rising temperature? Watch to see how much
different factors, both natural and industrial, contribute

to global warming, based on findings from NASA’s
Goddard Institute for Space Studies.

https://www.bloomberg.com/graphics/2015-whats-warming-the-world/




» US per capita fossil fuel emissions exceed most
of the world (DOE, GCP&. China total

emissions now exceeds the US (IEA).

» Climate projections show a3 C+/- 1.5 C
response to doubling of CO, b( 100 with the
e

missions

Frlmar uncertainty in range o
I

PCC 1990, 1995, 2001, 2007, 2013, 2022)

* Modest warming (0-2 C) creates both winners
and losers; warming above 2C or 550 ppm,
losers > winners; warming above 4C, mostly
losers (WMO, ExxonMobil, Stern Review,

;z%/,%f,,’gmmWorld Bank, NCA, WICCI, DOD 1979-
. mmoan  present)

ity 2 4°C Warmer World
HMust be Avol

e 4 2 EE; )
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FUTURE TEMPERATURES

WARMING DEPENDS ON CHOICES TODAY
6°C

(9°F)

NO EMISSIONS
CUTS

1950 2000 2050 2100

Global surface temperature (°C) anomaly relative to 1850-1900
High warming scenario: SSP3-7, Low warming scenario from SSP1-2.6

Source: IPCC AR6 WG1 CLIMATE CeD CENTRAL




¢) The extent to which current and future generations will experience a
hotter and different world depends on choices now and in the near-term

Future emissions
scenarios:

In
ver

4°C Global temperature change above 1850-1900 levels
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Warming versus cumulative CO, emissions

5
“Business
= as usualg
S
o N %
& Stabilise emission
k] : In~ 30 years
(Us)
= 3
e .
w Stabilise
k= : emissions
[« ¥ =
A T i
2 i Negative~ NOW
® emissions
o :
E ]
o | Obser\/%d_ : 3.67 trillion
: Z/tonnes CO,
; :

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Cumulative anthropogenic CO, emissions from 1870 (GtCO,)




Agricultural Yields (% change)
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Hurricane Strength and Ocean Temperatures

N Cat. 1 — Cat 2 — Cat3 L ' Cat. 4 N Cal.5
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Average Water Temperature (F) at Core Location (Prior 30 days)

Kemal density functions of SSTs by hurricane category. Asoa under each curve ropresents 100% of hurmcanes of that type. Hurmcane wind spoeds via HURDAT







a) Risk of f{'*

species losses

Percentage of animal , . P , S g 'Projected temperature conditions ab
species and seagrasses N L S AVt : ” ' Nats . the estimated historical (1850-2(
osed to poten Wh ot 7" R S v il 4N r g maximum mean annual temperature
dangerous temper: Loey APl 1 e AT e ! :
conditions': ; : v .

1 - R |
Xperienced by ea

no species relocatic

1.5°C

0,652 species of birds
reptiles, amphib

irine inv

yrals, and seagrasses.







Ocean acidification late 1800s

reduced acidity
seawater pH

lower concentration

9 of atmospheric CO,
8 9
T/ CO,

carbon dioxide

M H2003
. carbonic acid
carbonate ions

H+
free hydrogen ions

abundant healthy corals,
mollusks, and other
marine calcifiers

2100 (projected)

increased acidity
seawater pH

higher concentration
9 of atmospheric CO,

| CO
I8 J’ carbon d2|OX|deJ
’ " )

= > H,C0;

carbonic acid

fewer
carbonate ions

H =+
free hydrogen ions

fewer, smaller

marine calcifiers © Encyclopaedia Britannica, Inc.
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THE WORST EFFECTS OF CLIMATE CHANGE
WILL BE PRIMARILY SOLVED BY REDUCING
FOSSIL FUEL EMISSIONS AND ADDRESSING
THE NEEDS OF THE MOST VULNERABLE!




buildings

electricity
Greenhouse Gas Sources

by major sector

industry

food, land use

transportation
24%

DATA FROM EPA
IMAGE BY J. FOLEY, PROJECT DRAWDOWN




 United States China

Germany _ " |

421.7GtC0; /®.  549.4GtCO, "
" Britain

Russia
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® o I S S I on S After Pacala and Socolow, 2004;

ARI CarBen3 Spreadsheet

* Carbon Capture & Storage
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Solutions are abundant

Solutions by Rank

TOTAL
ATMOSPHERIC
CO2-EQ NET COST SAVINGS (BILLIONS
Rank Solution Sector REDUCTION (GT) (BILLIONS US $) us 9)

Materials 89.74 N/A $-902.77
Electricity Generation 84.60 $1,225.37 $7,425.00
Food 70.53 N/A N/A
Food 66.11 N/A N/A
Land Use 61.23 N/A N/A
Women and Girls 51.48 N/A N/A
Women and Girls 51.48 N/A N/A
Electricity Generation 36.90 $-80.60 $5,023.84
Food 31.19 $41.59 $699.37
Electricity Generation 24.60 $453.14 $3,457.63

Ol (N[~

k.

SEE ALL SOLUTIONS BY RANK



https://www.drawdown.org/solutions

UK coal demand in 2022 fell to its lowest level since 1757

Annual demand for coal, million tonnes

250

1600 1650 1700 1750 1800 1850 1900 1950

Carbon Brief




Annual PV additions: historic data vs [IEA WEO predictions

In GW of added capacity per year - source International Energy Agency - World Energy Outlook

120.0 == PV History please send comments to:
s Scenario (NPS) a.e.hoekstra@tue.nl
(@aukehoekstra

100.0




Forests play a critical role in regulating the global
climate. They absorb carbon from the atmosphere

C a r b O n S t O r a g e i n and then store it, acting as natural carbon sinks.
: R
] ~
Earth's Ecosystems | Ueescmemseed (70 i wose
8 D

A : Sany
carbon pools in a trees, trunk & branches

forest ecosystem

Achieving net-zero by 2050 depends { S
on the Earth’s natural carbon sinks. =1 Woody debris, leaf litter

C ar b on Sto ra g e The world's forests absorb around 15.6 gigatonnes However, around 8.1 gigatonnes of CO,
of CO, each year. That's around 3X the annual CO, leaks back into the atmosphere due (o

Tonnes of Carbon per Hectare* emissions of the United States. deforestation, fires and other disturbances.

Y ' M) W2

VIR ulliitull

Boreal forests Temperate Temperate grasslands Tropical
forests forests

Deserts and

semideserts

96
123 42

Tundra Wetlands s.:;?aprz::Is Croplands

f Carbon stored
How well soil stores carbon S0 02,5006t Soil contains almost
depends on soil type, vegetation 2X as much carbon
and climate. In general, the as the atmosphere

wetter and colder, the better. and living flora and
animals combined.
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Nature-Based Climate Solutions

Forests

Reforestation

Natural forest mgmt.

Avoided forest conv.

Ag. & grasslands

Avoided grassland conv.

Cover crops

Biochar

Alley cropping

Cropland nutrient mgmt.

Wetlands

Tidal wetland restoration

Peatland restoration

Avoided seagrass loss

B Maximum
B 100 USD Mg CO,e’

50 USD Mg CO,e""

10 USD Mg CO,e™"




CDR method

Implementation
option

Earth system

Removal process:

Land-based

Ocean-based

biological biological

’ Geochemical

Timescale of storage:

Decadesto
centuries

Centuriesto
millennia

Tenthousand
yearsor longer

Storage
medium

Afforestation,
reforestation,
improved forest

management

Agroforestry

Tree planting, ‘
silviculture

Soil carbon

5 Biochar
sequestration

Agrlcultural ‘
practices

Bioenergy with
carbon capture
and storage
(BECCS)

Croppingand forestry

residues

Pasture | ‘
management

Urban and industrial organic

waste

Timberin
construction |

Bio-based )

products |

Land

‘ Purpose-grown biomass

crops

Solid sorbent

‘ Liquid solvent

Peatland
and coastal
wetland
restoration

Enhanced
weathering

Ocean
alkalinity
enhancement

Ocean
fertilisation

Silicate

Rewettin
rocks g

3

Revegetation

‘ Carbonate
rocks

‘ Silicaterocks

fertilisation

N&P
fertlllsatlon

Enhanced
| upwelling

Buildings Vegetation, soils and sediments Geological formations m Vege:ztc;:)r:es:tlsls ang m




GHG emissions over 21 century Warming over the 21+ century

Current 2030 Pledges, Nov 2022
2030 NDCs + extensions

with dark medians (ranges show ambition uncertainty,
across conditional and unconditional NDCs)

and orange 5-95% ranges (climate uncertainty)
(dashed line as of Nov. 2021, see Meinshausen et al. 2022, Nature)

Current
2030 NDCs,

+extensions
beyond 2030
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Medians of IPCC AR6 WG3 scenarios for <2°C (with >67% chance) (C3a)
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Tl his month, is
language written specifically to address the Supreme Court’s
justification for reining in the E.PA., a ruling that was one of the
court’s most consequential of the term. |

« AFP Getty




There is support among
Wisconsin residents

POLICY SUPPORT

Fund research into renewable energy sources
Support
Regulate CO2 as a pollutant
upport
Set strict COZ limits on existing coal-fired power plants

Support

Require utilities to produce 20% electricity from renewable sources

Support

BEHAVIORS

Discuss global warming at least occasionally

At least occasionally 31% 68%

Hear about global warming in the media at least once a week

At least weekly 25% 74% Once a month or less often



http://climatecommunication.yale.edu/visualizations-data/ycom-us-2016/
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EXPLORE TOPICS v COVID-19 RESPONSE CAMPUS NEWS UW IN THE NEWS FOR MEDIA

Five startups from UW with great ideas to
protect the earth

April 19,2023 | By Susan Lee

Removing salt from water
ChloBis Water, Inc.: Energy-efficient water desalination technology

Capturing and storing carbon dioxide
Earth RepAIR, Inc.: Efficient carbon dioxide capture and upcycling

Building sustainable batteries
Flux XII: Renewable long-duration energy storage

Making feedstock into useful chemicals
Pyran: Renewable alternatives to petroleum-based chemicals

Fusion as an alternative source of heat
Realta Fusion: Industrial heat and power from fusion
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