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Bottom Line

« Climate is warming and change is projected
to accelerate in next century with continued
iIncreases 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 supports action on
climate change and is hungry for credible,
legitimate, salient information on how to do so






The continued release of CO, to the
atmosphere from burning fossil fuels would
“almost certainly cause significant changes” and
“could be deleterious 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







What is Climate?

* Climate is the average of weather

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

— “Climate is your personality, weather is
your mood” —Marshall Shepherd

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

L 4
AVERAGE GLOBAL SURFACE TEMPERATURE AND ATMOSPHERIC CO,
15 -
Iu il
S S
“J 3
R E S
Se ] ¥
02 1] &
O i .
B 8 =
= E 11 8
! = | S
=4 1 ] ”
0 ] o
.
1000000 8000000 6000000 4000000 2000000 0

YEARS BEFORE PRESENT

TEMPERATURE DATA: ZACHOS ET AL., 2001 TRANSFORMED AS IN HANSEN & SATO, 2012; CO2 DATA: LUTHIET AL., 2008

Mann et al., 2003, EOS



Temperature (°F)

52.5

50

47.5

45

42.5

40

Southern Wisconsin

WIO7 Annual Temperature based on 1895-2016

Midwestern Regional Climate Center

! Rl

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

-®- Temperature - Average: 45.60°F - Trend: 1.02 °F/century

ick and drag to zoom



Anamaly (°C)

-0.0
-0.1
-0.2
-0.3
-0.4
-0.5
-0.6
0.7
-0.8
-0.9
-1.0
-1.1

1.8
1.7
1.6
1.5
1.4
1.3
1.2
11
1.0
0.9
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1

1880

1880

1200

N America

North America Land Temperature Anomalies, July

3.0

2.0

1910 1920 1930 1940 1950 1960 1970 1980 19390 2000 2010

(4.} Arpwouy



Anomaly (°C)
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12-month moving average
Anomalies relative to 1951-1980

Global Mean Temperature

CC BY-4.0
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* The study of climate change is well-
established. We know how climate
changes and what is mostly causing
current change



Planetary (inc. Earth) temperature is determined
by interaction of sunlight warming Earth’s

. surface, and “greenhouse” gases that absorb
pag® infrared radiation (Fourier 1824, Tyndall 1861)

CO, is a greenhouse warming gas and emitted
from coal, oil, gas (Arrhenius 18906)

Oceans can only take up a fraction of CO,
produced by combustion (Revelle 1957)
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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)

Short and long term observed warming
patterns are linked to greenhouse gases
(Callendar 1938, Mann 1999)

Significant warming in the 20" century is

mostly explained by atmospheric CO, (Manabe
__ 1967, Hansen 1984)
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Global primary energy consumption

Global primary energy consumption, measured in terawatt-hours (TWh) per year. Here 'other renewables' are
renewable technologies not including solar, wind, hydropower and traditional biofuels.
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Source: Vaclav Smil (2017) and BP Statistical Review of World Energy cCcBY



400 Atmospheric CO, (ppm) 400
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Other evidence: decreasing radiocarbon content of atmosphere, acidification of
ocean, increased water use efficiency of plants, concentrations tracks emissions



Paleoclimate proxies

Reviews, theory,
combined lines of evidence
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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 showa 3 C +/-1.5C
response to doubling of CO, by 2100 with the
primary uncertainty in range of emissions
(IPCC 1990, 1995, 2001, 2007, 2013)

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

S~ 2= \\orld Bank, NCA, WICCI, DOD 1979-present)



Global Fossil CO, Emissions

40 Gt -
CO,

35 -
2000-10
+3.1%/yr

30 -

1990-2000
+1.1%/yr
25 -

2010-17
+1.0%/yr

Projection 2018

37.1 Gt CO,

A 2.7% (1.8%—3.7%)

20‘|

1990 1995 2000 2005

2010 2015 18

projected



16 Gt
CO;

12

O D

Fossil CO., Emissions and 2018 Projections
Projected global emissions growth: +2.7% (+1.8% to +3.7%)

1960 1970 1980 1990 2000

2010 2018

projected

Projected Gt CO, in 2018

All others 15.3
A 1.8% (+0.5% to +3.0%)

China 10.3

A 4.7% (+2.0% to +7.4%)

USA 5.4

A 2.5% (+0.5% to +4.5%)

EU28 3.5

V¥ 0.7% (-2.6% to +1.3%)

India 2.6
A 6.3% (+4.3% to +8.3%)



crosaL carson  QObserved emissions and emissions scenarios

PROJECT

The emission pledges submitted to the Paris climate summit avoid the worst effects of climate
change (red), most studies suggest a likely temperature increase of about 3° C (brown)
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http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/
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Winter

Summer

Projected Change in Seasonal Temperatures
. 1980 to 2055 (° F)
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Standard deviation ("normal”) based on 1951-1980
Northern Hemisphere summer maximum temperatures




So what's the big deal?

https://nca2018.globalchange.gov/



https://nca2018.globalchange.gov/
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Projected Heavy Rainfall

Change in 2"+ inches per 24 hr rain events:
Statistically downscaled GCM, 1980-2055 (SRES A1B)
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Source: UW-Madison
Nelson Institute
Center for Climatic Research



Forest Composition Shifts

Current Lower Emissions Higher Emissions

Forest Types
B White/Red/Jack Pine _ Loblolly/Shortleaf Pine g Oak/Hickory ) Maple/Beech/Birch _| Elm/Ash/Cottonwood
Spruce/Fir _) Oak/Pine _| Oak/Gum/Cypress _J Aspen/Birch ) No Data

David Mladenoff, UW-Madison
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co, OCEAN IMPACT

i s j The emission of carbon dioxide (CO,) into the atmosphere increases the concentration
e of CO, in the oceans. This boosts the growth of algae, which can deplete oxygen in the
' water, and lowers the water's pH, which places greater energy demands on marine life,

It also interferes with chemical signalling both in and between such organisms, as well
as damaging shells and coral skeletons through chemical reactions that reduce the
amount of available carbonate. Not all species are affected equally, but the overall
consequences for marine ecosystems could be considerable.

Increased levels of
atmospheric CO,

CO, dissolves
in ocean

Increased concentration
of CO,

Phytoplankton and CO, reacts with water creasec <h require more
dead zones ——)) 0" centration of energy to maintain
hydrogen ions their internal pH

¥



Hurricane Strength and Ocean Temperatures

E— Cat. 1 — Cat 2 E— Cat 3 . Car 4 E— Cal. 5

70 75 80 85
Average Water Temperature (F) at Core Location (Prior 30 days)

Kemal densiy functions of SSTs by hurmicane calegory. Aol under oach curve lopresents 100 of humcanes of that type. Humcane wind spoeds via HURDAT

Relative Frequency by Type




Regional Slowdowns of Tropical Cyclone Movement

Between 1949 and 2016 over Land and Water

North
Pacific Ocean

North
Pacific Ocean

Madagascar Region

<100°E » /

Adapted from "A Global Slowdown of Tropical Cyclone Translation Speed" by J.P. Kossin, published in Nature 2018

www.ncei.noaa.gov NOAA National Centers for Environmental Information #NOAANCEI

U 2

Average Water Temperature (F) at Core Location (Prior 30 days)

Karmal gensey ol S5Ts by hurnioan QOTy. AMpa Under each curve 100% of of that typeo. wind spoecs via HURDAT.




Number Of Natural Catastrophes
Global - 1980-2016

Source: Munich Re, Geo Risks Research

Number
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IPCC 2007 AR4 TS5.4.3 Magnitudes of ADVERSE impacts for varying amounts of climate change

Global mean temperature increase from pre-industrial

IPCC quotes in blue.
Impacts start where
text box begins.

Edges of boxes and
placing of textindicate
the range of
temperature change to
which the impacts
relate.

The impact chart
omitted extreme
weather events, that
increase most impacts
The SPM impact chart
was identical except it
omitted the singular
events

Estimates are for the
2020s, 2050s and
2080s, (used by he
IPCC Data Distribution
Centre) and for the
2090s.

Note that equilibrium
temperatures would
not be reached until
decades or centuries
after greenhouse gas
stabilisation.

Peter Carter
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UNFCCC objective quoted in AR4 ...'prevent dangerous ..interference with the dimate system...within a time frame sufficient to allow
ecosystems to adapt naturally to climate change, and to ensure that food production is not threatened’



The IPCC et al

Intergovernmental Panel on Climate Change (http://www.ipcc.ch/)
— Established 1985 by UNEP and WMO

— Provides review of science on causes of climate change (WG1), impacts of
climate change (WG2), options of adaptation and mitigation (WG3)
— Entirely volunteer run, with nomination process, support from UN trust fund
— Assessment report ever ~4 yrs since 1990, a conservative estimate of state
of science, in details and summary for policymakers
Supports efforts of global climate change harm reduction under U.N.
Framework Convention on Climate Change (UNFCCC), adopted 1992
— Conference of Parties (165 signatories, 197 ratifiers) meets annually to
update plans and form protocols for emissions reduction: Kyoto Protocol
(1997, effective 2008-2012/2013-2020) and Paris Agreement (2015,
effective 2016-)
Has spurred many national and regional efforts on climate change
assessment (National Academies, DOD, World Bank, WICCI),
regulations (Clean Power Plan, Regional Greenhouse Gas Initiative,
state level energy mandates), and industries (Tesla, BP carbon
capture)



http://www.ipcc.ch/
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12¢ 12¢ 12¢
09¢ 09¢ 03¢
06C 06¢ 06¢
03¢ 03¢ 03¢
00C 00C 00C
03¢ 03¢ 03¢
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
1990: IPCC First Assessment Report 1995: IPCC Second Assessment Report 2001: IPCC Third Assessment Report
1.2C ! 120 ! 12C !
09¢ E 09¢ E 09¢ E
0.6C i 0.6C E 06¢ E
i i i
03¢ ; 03¢ ! 03¢
i
0.0C ; 0.0C : 00C ;
03¢ : 03¢ : 03¢ :
1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020
2007: IPCC Fourth Assessment Report 2013: IPCC Fifth Assessment Report C8
12¢ 1.2¢
09¢ 09¢
0.6C 0.6C
03¢ 03¢
00C 00C
-0.3C -0.3C

1970 1980 1990 2000 2010 2020 1970 1980 1990 2000 2010 2020



What Are The Options?

« Adaptation

* Mitigation



Temperature relative to 1861-1880 (°C)

Warming versus cumulative CO, emissions
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What Are The Options?

« Adaptation

— Economic/political (relocation, tech transfer,
payments for damages, reduce poverty, educate)

— Technological (resilient tech, seawalls, genetic
hybrids, cure malaria, colonize new planet)

* Mitigation






What Are The Options?

« Adaptation

— Economic/political (relocation, tech transfer,
payments for damages, reduce poverty, educate)

— Technological (resilient tech, seawalls, genetic
hybrids, cure malaria, colonize new planet)

* Mitigation
— Economic (taxes, cap and trade, R&D)

— Regulatory (treaties, bans, compacts, fuel/energy
standards, public transit, voluntary agreements)

— Societal (sustainable development, education)

— Technological (CO, capture, geoengineering,
green tech, alternative energy, energy efficiency)



crosar carson  Carbon quota for a 66% chance to keep below 2° C

PROJECT

The total remaining emissions from 2017 to keep global average temperature below 2° C
(800GtCO,) will be used in around 20 years at current emission rates

Data: IPCC/CDIAC/GCP/Peters et al. 2015

Total 2°C Budget
"N 4000 - Quota  Non-CO -
é\' 3670 770 . Data to 2016
O Past Fossil
+ 3500+ Fuels and
(@) Industry
" 3000 - 1542
S
D
& 20001
o
) i
> 1500 Future
T CO
= 1000- T 816
= 1 Total remaining
3 %1 CO, quota
816 Gt CO,

O_

Grey: Total CO,-only quota for 2° C with 66% chance. Green: Removed from CO, only quota. Blue: Remaining
CO, quota.
The remaining quotas are indicative and vary depending on definition and methodology
Source: Peters et al 2015; Global Carbon Budget 2016



http://iopscience.iop.org/article/10.1088/1748-9326/10/10/105004
http://www.globalcarbonproject.org/carbonbudget/

Annual Emissions: Top Four Emitters per capita
251 -

USA 16.2
tonnes/person in 2017

China 7.0
EU28 7.0

World 4.8

India 1.8
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@® Global Carbon Project e Data: CDIAC/UNFCCC/BP/USGS



F = Global CO, emissions
Includes combustion,
flaring of natural gas,
cement production, oxi-
dation of nonfuel hydro-
carbons, and transport

28.56
gigatons CO,

P = Global population
Total number of human
beings—call it 6 billion.

F=P

E = Consumption per person

/ Gross world product

\ Population

$10,000

(

e = Energy intensity of
gross world product

A
/Global energy consumption |
|

\\ Gross world product j‘

( )
7,000 BTUs
per dollar

f = Carbon used to make
all that energy
/

I Global CO; emissions \

|~,\Global energy consumpt-on/j
( )

60 tons of C
per billion BTUs

http://climatemodels.uchicago.edu/kaya/

KAYA IDENTITY


http://climatemodels.uchicago.edu/kaya/

55 K Annual Emissions: Top Four Emitters per unit GDP
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U.S. Emissions
* Carbon Capture & Storage

3

After Pacala and Socolow, 2004;
ARl CarBend Spreadsheet
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Reset Data Just Recent Spins

http://globalchange.mit.edu/focus-areas/uncertainty/gamble



http://globalchange.mit.edu/focus-areas/uncertainty/gamble

Community standards
do change

» Education and generational change
— Recycling

* Innovation
— The Ozone Hole

* Regulation
— Acid rain



Global Treaties

There is no international rules making
body!

Treaties are a game of incentives and
disincentives to sign and to comply

Individual countries weigh costs and
benefits

Compliance and monitoring are
contentious issues



Paris

Refocuses goal on temperature below 2 C
limit (global emissions will need to peak in
<20 years, sources must balance sinks by
2050)

Lets countries determines their contribution
$100 billion fund for developing countries

|s set to be in force, now that > 55% of
emissions included in ratified countries™

Compliance and monitoring will be a key
challenge



Alarmed Concerned Cautious

December
2018
n=1,114
-

Disengaged Doubtful Dismissive

>

Highest Belief in Global Warming
Most Concerned
Most Motivated

Lowest Belief in Global Warming
Least Concerned
Least Motivated

VAL.E PROGRAM ON GEORGE MASON UNIVERSITY
Climate Change »~— CENTER for CLIMATE CHANGE
Communication  €( COMMUNICATION

RISK PERCEPTIONS

Worried about global warming 50%

Global warming is already harming people in the US

Global warming will harm me personall

Global warming will harm people in the US

Global warming will harm people in developing countries

Global warming will harm future generations

Global warming will harm plants and animals




There Is support among
Wisconsin residents

POLICY SUPPORT

Fund research into renewable energy sources 50%

Regulate CO2 as a pollutant

Set strict COZ limits on existing coal-fired power plants

Require utilities to produce 20% electricity from renewable sources

BEHAVIORS

Discuss global warming at least occasional 50%

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

http://climatecommunication.yale.edu/visualizations-data/ycom-us-2016/



http://climatecommunication.yale.edu/visualizations-data/ycom-us-2016/

Home / News and Stories / Press release

http://katharinehayhoe.com

GLOBAL WEIRDING
YouTube Channel

16 SEP 2019 | PRESS RELEASE | CLIMATE CHANGE

Canadian Professor-Katharine

Hayhoe named UN Champion of
the Earth



http://katharinehayhoe.com/

Solutions are abundant

 https://www.drawdown.org/solutions

Solutions by Rank

TOTAL
ATMC?OS;ESRIC NET COST SAVINGS (BILLIONS
Rank Solution Sector REDUCTION (GT) (BILLIONS US $) us 9$)
1 Materials 89.74 N/A $-902.77
2 Electricity Generation 84.60 $1,225.37 $7,425.00
3 Food 70.53 N/A N/A
4 Food 66.11 N/A N/A
5 Land Use 61.23 N/A N/A
6 Women and Girls 51.48 N/A N/A
7 Women and Girls 51.48 N/A N/A
8 Electricity Generation 36.90 $-80.60 $5,023.84
9 Food 31.19 $41.59 $699.37
10 Electricity Generation 24.60 $453.14 $3,457.63

SEE ALL SOLUTIONS BY RANK


https://www.drawdown.org/solutions

https://globalclimatestrike.net/



https://globalclimatestrike.net/

The future?

Climate scientists will continue to refine projections of
future change and impacts in response to emissions
and/or policy

Global treaty progress will likely be slow, but there
are successes in deforestation reduction, developing
country support, and renewal energy infrastructure

Bi- or Multi- lateral agreements (e.g., US-China) and
within country “energy arms race” may end up having
the biggest bang for buck

Fossil fuel reserves are getting scarcer, but not
running out anytime soon. Given lags in climate
response, some level of adaptation is inevitable

Risk Management as a field has to grapple with
climate change



http://www.aos.wisc.edu/academics/profms/

PROFESSIONAL MASTERS PROGRAM

Looking for the Research Graduate Program?

WELCOME TO THE BRAND NEW ATMOSPHERIC AND OCEANIC SCIENCES
MASTER’S OF SCIENCE PROFESSIONAL PROGRAM!

We are excited to offer this new 1-year, 30 credit M.S. program
starting with our first class in Fall 2020. Admissions will open up in
late Fall 2019 with a deadline of Spring 2020. Read on to learn

more!

Our degree prepares you for exciting careers in atmospheric and oceanic
sciences, with specialized pathways in 1) meteorological forecasting and
modeling, 2) climate science, risk management, and communication, 3) air

quality science and regulation, and 4) satellite meteorology.


http://www.aos.wisc.edu/academics/profms/

