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What Can YOU Do About Climate Change?

Ankur Desal

Nov 7, 20'20
«Wilberg Library
VIRTUAL EDITION




Billions of people
+410 million 2015-2020
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Share of global carbon dioxide emissions from fuel
combustion (2015)
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Mauna Loa
American Samoa
South Pole
Global Trend

Global Seasonal Cycle
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Global Temperature Difference from 1950-1980 (NASA GISS)

~0.3 degrees F
~0.16 degrees C

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Year

1.8 degree F per ~3 C for doubling of CO,
100 ppm (20 yrs emissions) Anomaly Smoothed




Temperature Difference (Fahrenheit)
versus 1950-1980

NASA GISS
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https://www.nytimes.com/2020/01/10/world/australia/australia-wildfires-photos.html
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Estimated % of adults who think global warming is happening (72%), 2020

Select Question:  Global warming is happening v | Absolute Value

Click on map to select geography, or: Wisconsin v | Polk County, Wisconsin v \ Un-Select \
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Global Warming’s Six Americas: Five Year Trend

Dismissive ¥ 5 pts

Doubtful ¥ 3 pts

Disengaged.y 1 pt

Cautious ¥ 4 pts

ConcernedVv 2 pts

Alarmed A 15 pts

2015 2020

. N _ 13 609 YALE PROGRAM ON GEORGE MASON UNIVERSITY
Data from 11 national surveys (N = 13,609) Climate Change #="88 CENTER for CLIMATE CHANGE
from March 2015 to April 2020. Communication (&’ COMMUNICATION




Climate change: US formally
withdraws from Paris agreement

FOURTH NATIONAL CLIMATE ASSESSMENT

Volume II: Impacts, Risks, and Adaptation in the United States

OFFICE OF THE GOVERNOR

EXECUTIVE ORDER #352

Relating to the Creation of the Governor’s Task Force on Climate Change

WISCONSIN INITIATIVE ON CLIMATE CHANGE IMPACTS

Nelson Institute for Environmental Studies | Wisconsin Department of Natural Resources

WORKING GROUPS v TRENDS AND PROJECTIONS IMPACTS AND ADAPTATION EDUCATION AND OUTREACH ABOUT v CONTACT US
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POLICY SUPPORT

Fund research into renewable energy sources

86% |14%

Support
Regulate CO2 as a pollutant

Support Oppose

Set strict CO2 limits on existing coal-fired power plants

68% |32%

Support

Require fossil fuel companies to pay a carbon tax

68% |31%

Support

Require utilities to produce 20% electricity from renewable sources

65% |34%

Support

BEHAVIORS

Discuss global warming at least occasionally

35% | 64%

At least occasionally 7 Rarely/Never '
Hear about global warming in the media at least once a week

25% | 74%
At least weekly Once a month or less often
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What is Climate?

» Climate is the average of weather

— “Climate is what you expect, weather is
what you get” —Andrew John Herbertson

» Climate changes naturally (over eons)
and by humans (over centuries)




Climate is your
personality

Weather is your
mood

Prof. J. Marshall Shephatg
U. Georgia
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Daily Temperatures: EAU CLAIRE 2020

Data as of 15-Nov-20

Daily Temperature Range, Year-to-Date
1981-2010 Ave. Max Temperature
1981-2010 Ave. Min Temperature

Wisconsin State Climatology Office
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Annual Values at Eau Claire Area (WI) EAUthr 9

Midwestern Regional Climate Center
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N America

North America Land Temperature Anomalies, July
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Global Land and Ocean Temperature Anomalies, July
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12-month moving average
Anomalies relative to 1951-1980 mean

Global Mean Temperature

1850 1870 1890

1930

1950

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

12-month moving average, 95% confidence range
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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




Che Rodnen & Otamaten Times
WAITEMATA & KAIPARA GAZETTE.

PRICE~10s perannum in advance

WARKWORTH, WEDNESDAY, AUGUST 14, 1912,

3d- per Copy.

‘Science Notes and News.|
, - |

COAL CONSUMPTION AFFECT.
ING CLIMATE.

The furnaces of the world are now |
burning about 2,000,000,000 tons of !
coal a year. When this is burned,
uniting with oxygen, it adds about
+ 7,000,000,000 tons of carbon dioxide
to the atmosphere yearly. 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.




CO, over the last 2019 years

(Antarctica & Mauna Loa CO- records)

S
>
=
7
c
[}
©
>
=
o
®©
Q
O
e
N

‘Bulk’ ECS (°C)

warming

r’ur = 1r' Modern
| discovered

Rabaul | Greenhouse effect
eruption discovered
. Tianchi Samalas Invention of
@ed_hawkins - o -
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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/




Wisconsin Is getting less cold

Historical Change in Annual TMEAN Historical Change in DJF TMEAN
from 1950 to 2019 from 1950 to 2019

. g:zg Source: Center for Climatic Research, . .f)fég Source: Center for Climatic Research,
#“ Nelson Institute #° Nelson Institute
University of Wisconsin - Madison University of Wisconsin - Madison
Data: NOAA NCDC nClimDiv Data: NOAA NCDC nClimDiv
* Indicates Significant Trend % Indicates Significant Trend
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Change in Date of Change in Date of
Last Spring Freeze First Fall Freeze
from 1950 to 2006 from 1950 to 2006

\Spemg
f Source: Center for Climatic Research & Center 42 f Source: Center for Climatic Research & Center 28
for Sustainability and the Global Environment, e for Sustainability and the Global Environment,
Nelson Institute, University of Wisconsin-Madison 39 Nelson Institute, University of Wisconsin-Madison 26
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Earlier arrival of spring in Wisconsin

Bird migration

Vegetation

Geese Arrival:
29 days

Baptista first bloom:
18 days

Cardinal first song:
22 days

Butterfly weed first
bloom: 18 days

Robin arrival:

Marsh milkweed first
bloom: 13 days

Leopold Shack

Photo Jeifrey Phelps, Milw. Journal Sentmel

§: 55 ecological indicators of
2 ;’} spring occurred on average
1.2 days earlier per decade from

T < 1936 to 1998.

< Source: Bradley et al., 1999. Phenological changes reflect climate change
in Wisconsin. Proc. Natl. Acad. Sci., 96: 9701-9704.

Photo: Aldo Leopold Foundation

Slide adapted from C. Kucharik, UW-Madison




Wisconsin IS wetter

Historical Change in DJF PRECIP (%) Historical Change in JJA PRECIP (%)
from 1950 to 2019 from 1950 to 2019

) g‘/a'ﬂ Source: Center for Climatic Research, ) g(_,:,ﬂ Source: Center for Climatic Research,
»#“  Nelson Institute ¥2“  Nelson Institute
University of Wisconsin - Madison University of Wisconsin - Madison
Data: NOAA NCDC nClimDiv Data: NOAA NCDC nClimDiv
% Indicates Significant Trend * Indicates Significant Trend
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OCCURRENCES OF 3+ DAILY PRECIPITATION
MADISON (AIRPORT) 1950 - 2009
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Where are we headed?

BEz > ~ 5 +43°C
temperatures relative to 1850-1900 mean (+2.8-7.2°C)

SSP3-7.0: Focus on Rivalry and national security ~ Emissions grow steady for the whole century

SSP1-2.6: Focus on Sustainability and well-being  Emissions peaked in 2019, net zero early 2080s

stylised global mean temperatures 1880-2100 | design by Alexander Radtke
data and methodology on www.wamingstripes.com




Projecting into Wisconsin’s future

Change in DJF TMEAN, RCP45: Change in JJA TMEAN, RCP45:
2041-2060 minus 1981-2010 2041-2060 minus 1981-2010

222827 Source: Center for Climatic Research, 22227 Source: Center for Climatic Research,
¥¢“ Nelson Institute %¢°  Nelson Institute

University of Wisconsin - Madison University of Wisconsin - Madison
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Future emissions makes a big difference

Change in Annual TMEAN, RCP45: Change in Annual TMEAN, RCP85:
2081-2100 minus 1981-2010 2081-2100 minus 1981-2010

. 'o”a'ﬂ Source: Center for Climatic Research, g 'o”a'g Source: Center for Climatic Research,
%#°  Nelson Institute %¢“  Nelson Institute
University of Wisconsin - Madison University of Wisconsin - Madison




Best case
+1.4°F = 44% loss

Moderate case
+4.3°F = 94% loss +1.2°F = total loss

Predicted distribution of brook trout in Wisconsin streams under current climate conditions and
predicted losses under three climate-warming scenarios for Wisconsin by mid-century.




Aspen/birch group
I E!m/ash/cottonwood group
I Maple/beech/birch group
B Oak/hickory group
B Spruce/fir group
B White/red/jack pine group
Non-forest area

B Water

D Assessmenlt area




Growing seasons across northern Wisconsin could
increase by 14 to 49 days by the end of the century

Even if total rainfall increases, these factors may lead
to net drier conditions for Wisconsin’s forests

Frozen ground duration is expected to shrink by
another 1-2 months by the end of the century

Invasive plants will “disproportionally benefit” under
climate change

Deer benefit from climate change over the 21st
century and could have even greater impacts on
forests

Climate Change Field Guide for N WI Forests




What Are The Options?

« Adaptation

« Mitigation




Warming versus cumulative CO, emissions
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What Are The Options?

« Adaptation
— Economic/political
— Technological







What Are The Options?

* Mitigation
— Economic
— Regulatory
— Societal
— Technological




Dane County to go all-renewable with help of
proposed Alliant solar farm

Chris Hubbuch | Wisconsin State Journal Nov 6, 2020

We Energies to retire 1.8 gigawatts of fossil fuel;
utility adding solar, wind, battery storage

Chris Hubbuch | Wisconsin State Journal Nov 6, 2020

Biden Wants to Be the

Climate President. He'll Need Al of South Australia's power comes from solar

Some Help From China.
P panels in world first for major jurisdiction
The U.S.-China relationship is at its

lowest point in a half century, but there

roa alen rAnvercino intaracte nn olnhal

Rolls -Royce plans 16 mini-nuclear
plants for UK

By Justin Rowlatt
Chief environment correspondent




Britain is rapidly phasing out coal

Daily share of Britain's power generated by burning coal

Electric Insights. Last updated at 5:55pm on 31 October

Source: Drax




Annual PV additions: historic data vs [IEA WEO predictions
In GW of added capacity per year - source International Energy Agency - World Energy Outlook
100)
please send comments to:
a.e.hoekstra@tue.nl
(@aukehoekstra

|[EEFA update: Renewables surpass coal in U.S. power
generation throughout the month of April 2020

Utility-scale solar, wind, and hydro exceeded coal-generated power every single day
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ARI CarBen3 Spreadsheet

* Carbon Capture & Storage
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GPP R,

6070.1 16966 #/ Reducing emissions and increasing profit Soz N\ She
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Solutions

Wiesner et al., 2020,
Sustainability







Improving air quality has more than
offset heat/drought related yield losses

We can further improve food security
through air quality regulation

A

X. Liu and Desai



Solutions are abundant

SOLUTION

Reduced Food Waste

Health and Education
Plant-Rich Diets

Refrigerant Management
Tropical Forest Restoration
Onshore Wind Turbines
Alternative Refrigerants
Utility-Scale Solar Photovoltaics
Improved Clean Cookstoves
Distributed Solar Photovoltaics

Silvopasture

Peatland Protection and Rewetting

Tree Plantations (on Degraded Land)

Temperate Forest Restoration

Concentrated Solar Power

* Gigatons COZ2 Equivalent Reduced / Sequestered (2020-2050)

SECTOR(S)

Food, Agriculture, and Land Use / Land Sinks
Health and Education

Food, Agriculture, and Land Use / Land Sinks
Industry / Buildings

Land Sinks

Electricity

Industry / Buildings

Electricity

Buildings

Electricity

Land Sinks

Food, Agriculture, and Land Use / Land Sinks
Land Sinks

Land Sinks

Electricity

SCENARIO 1*

87.45

85.42

65.01

5775

54.45

47.21

43.53

42.32

31.34

2798

26.58

26.03

22.24

19.42

18.60

SCENARIO 2 *

94.56

85.42

91.72

5775

85.14

14772

50.53

11913

72.65

68.64

42.31

41.93

35.94

27.85

23.96



https://www.drawdown.org/solutions

https://globalclimatestrike.net/



https://globalclimatestrike.net/

Terrorism

Water scarcity &
pollution

Rapid

Urbanization

Oppression of

minorities

Lack of
Education WEE

Inequality
Climate Change

Makes Tl/jese

Land
Degradation

Natural
Disasters

Harder or More Expensive
to Solve B

Insecurity
Inadequate

public health

Species
Loss
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