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Climate Change
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And the window of time to prevent
dangerous impacts is closing fast.

Katharine Hayhoe , Texas Tech
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Climate Change Story

Nitrogen (Np)

Greenhouse gases, like
CO, and methane,
absorb infrared radiation.
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Climate Change Basics

CO, levels have been
Increasing since industrial
revolution
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CO, Concentration (ppm)
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Leading to a enhanced greenhouse effect

Greenhouse Effect

CO, and other gases in the atmosphere
trap heat, keeping the Earth warm
Long

wavelength

Short

wavelength '\
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Earth Is getting warmer

Observed Global Temperature Anomaly
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Europe (1864 0 2022)



Geneva Is getting warmer

This region has warmed by 1.6C so far.
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https://www.carbonbrief.org/mapped-how-every-part-of-the-world-has-warmed-and-could-continue-to-warm

A few degrees may not seem like much &

37°C = healthy 39°C =sick
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Sea Level Change
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Sea Levels are rising

1880 1900 1920 1940 1960
YEAR

1980

2000 2020
CREDIT: CSIRO

i

PI

PERIMETER
INSTITUTE



Satellite Altimetry: Measuring Sea Level

Jason-2

W &—— Altimeter

ﬁm\

Microwave radiometer
measuring water vapour

altitude

Sea surface
height
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A few centimetres may not seem like much é
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The question i1s Why?

1880 2017

And what can we do about it?
Pl rezmere



Heat

A Predict
A Observe
A Explain
A Apply
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Predict : What happens to the balloons ?

o~y

| air

Will the balloons pop at the same time?
If not, which will pop first? Why? P aseres
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Predict : What happens when water heats up ?

Straw \
- Water line
Cap with hole

>
H Water bottle

Will the water level rise, fall or stay the same?
Why? I‘j:[PERIMETER
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Predict : What happens when ice melts?

/ — \/‘*"ﬁs\/ - l\
rL ) f _J/ -—W:terkline —
| —— Water ———— wj

What will happen to the water level in each
container? Why? P reeres
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Make your 3 predictions and explanations!
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How do these observations
relate to the Earth?
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Observe and Explain
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Apply :
/0% of the Earth iscovered by water
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Oceans are hotter

Global ocean heat content
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@ 0-700m
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What happens when water heats up ?

Straw \
-« Waterline ~
Cap with hole

“ Water bottle

.
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How does this relate to the Earth?
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Thermal Expansion of Water
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Steric Height (mm)

Measur
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ARGO

Measuri ng

<
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6 -12 hours at surface
! to transmit data to satellite

[

Descent to depth
~10 cm/s (~6 hours)

1000 db (1000m)

# . Total cycle time 10 days

Salinity & Temperature
profile recorded during ascent
~10 cm/s (~6 hours)

Float descends to begin
profile from greater depth
2000 db (2000m)
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ARGO: Measuring t he
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Observe and Explain
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How does this relate to the Earth?
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Apply:
Land Ice vs Sea Ice

Pola.r Ice
Tce shaeis
sea Lce
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A melting iceberg does A melting glacier adds
not cause a direct water to the ocean and
change in sea level causes a direct change Iin
sea level
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GRACE: Measuring Land Ice Mass
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Antarctica mass (Gt)

Greenland mass (Gt)

-2000

-2500

-5000

-500

-1000

-1500

MY

2004 2019

2007 2010 2013 2016

-1000

-2000

-3000

-4000

“

2004 2019

2007 2010 2013

YEAR

2016

Antarctica ice mass is
decreasing at 150 Gt per year

> 420 Gt per year!

Greenland ice mass is
decreasing at 278 Gt per year
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Satellite Altimetry: Measuring Sea Level

Jason-2

W &—— Altimeter

ﬁm\

Microwave radiometer
measuring water vapour

altitude

Sea surface
height
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Measuring the Height of the Sea
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change in sea level (cm)

2

observed sea level

1995

Sea Level Budget

2005

thermal expansion + added water

2010

thermal expansion

2015

added water
{mostly meltwater)
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More heat waves

Normal
\,
— Normal
2004-2014
-4 =3 -2 -1 0 1 2 3 4

Standard deviation ("normal”) based on 1951-1980
Northern Hemisphere summer maximum temperatures
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Economic costs of climate change

INSURED CATASTROPHE LOSSES (2018 dollars]
W EARTHQUAKE/TSUNAMI M8 WEATHER-RELATED DISASTERS 1 MAN-MADE DISASTERS

$140 hillion

HURRICANES JAPAN, HURRICANES

KATRINA, NEW ZEALAND HARVEY,
120 RITA, EARTHQUAKES, IRMA,

WILMA THAILAND MARIA

J FLOOD
_ CAMP FIRE,
100 TYPHOON
JEBI
HURRICANES IVAN, HURRICANES HURRICANE
a0 CHARLEY, FRANCES IKE, GUSTAV SANDY |
I
SEPTEMBER 11 10-YEAR
go  ATTACKS MOVING
L AVERAG

40
20
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

SOURCE: SWISS RE INSTITUTE PERIMETER
INSTITUTE



Social costs of climate change
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HUMANITY'S GREATEST
CHALLENGE IS ALSO OUR

GREATEST OPPORTUNITY
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Wh a t causing the warming ?

1880-2015

i

PERIMETER
INSTITUTE



Forcing factors
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OWe Dbasically have thr e
mitigation , adaptation , and suffering.
WedOre going to do some
guestion Is what the mix is going to be.

The more mitigation we do, the less
adaptation will be required and the less

suffering there wil|
- John Holdren (US climate expert)
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Mitigation: Sources and Sinks

Reducing GHGs at the source and/or enhancing carbon sinks.

Rank the sources of GHGsS
(highest to lowest)
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GREENHOUSE

GAS SOURCES

PROJECT
DRAWDOWN

A . Image: Jonathan Foley
Copyright © 2021, Project Drawdown

Source: IPCC WG3 AR5




Mitigation: Sources and Sinks

Reducing GHGs at the source and/or enhancing carbon sinks.

Rank these possible solutions

for effectiveness*®
*CO? reduced per dollar spent

(based on 1.5°C by 2100)
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Project Drawdown Top 10

Onshore Wind Turbines

Utility-Scale Solar Photovoltaics
Reduced Food Waste

Plant-Rich Diets

Health and Education for Girls/Women
Tropical Forest Restoration

Improved Clean Cookstoves
Distributed Solar Photovoltaics
Refrigerant Management

i

2 : PERIMETER
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Every contribution helps




Adaptation

Adjusting to the current and future effects of cllmate change.

Miami Says It Can Adapt to Rising Seas.
Not Everyone Is Convinced.

Officials have a new plan to manage rising water. Succeed or fail,
it will very likely become a case study for other cities facing B

_ I)I PERIMETER
climate threats. INSTITUTE




Personal Action vs Corporate Action

— g

12 5°/ OF ALL INDUSTRIAL
SINCE 1854 @ © CARBON POLLUTION

HAS BEEN PRODUCED BY JUST 5 COMPANIES.

e

| Conoc;F;hiIIips

“Ex¢onMobil

© 2013 Union of f Concerne: d Scientists Source: Heede 2013, Climatic Change

It iIs NOT either OR but BOTH Pl camen



How do we get corporations to change?

A Voluntary mandates
A Change laws

A Consumer pressure (boycotts)

A Public pressure (demonstrations)
A Government incentives
A Economics




o reduce your contribution to climate change

Average values for developed
countries, based on current
emissions.

Hang dry Recycle Wash Replace
clothes clothesin  typical car

cold water  with hybrid

Moderate Impact

0.8-0.2tCOe

Eat a plant
based
diet

Switch Buy green  Avoid one Live Have one
electriccar  energy transatlantic  car free fewer child
to car free flight

High Impact

>0.8tCO,e




What difference do personal actions make?

PRACTICE WHAT
YOU PREACH!

ACTION S HOPE.
THERE {5 NO HOPE
WITHOUT ACTION.,

- RAY ERADBURY o
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WHAT ¢ 1T
A B\G HOAX AND

We C(ReAle A peTTer

WORLD FoR NSTHING ?

* ENERGY INDEPENDE
NCE
* PRESERVE RAINFORESTS

* SUSTAINABILITY
* GREEN JYops

* LIVABLE CiTieg

’ RENEWABLES

+ CLEAN WATER5 AIR
. HEALTHY CH!LDREN

¢ €TC. e,
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Recognize that this Is a loaded issue

A Inter-generational conflict
A Racial inequality

A Hopelessness

A Shame

A Anxiety




Climate Anxiety

Climate change makes me feel...

Sad 68%

Afraid
Anxious
Angry
Powerless
Guilty
Optimistic

Indifferent

onature

i

PERIMETHER
INSTITWITE



Do o o Do

Teaching Climate Change

Give room for emotional response
Give Immediate and concrete

steps to take

Encourage collective response, we
are in this together

Model hope and intentionality

i
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The thing about
climate is that you
can either

be overwhelmed by
the complexity of
the problem or fall
in love with the
creativity of
the solutions.

MARY ANNAISE HEGLAR
CLIMATE JUSTICE WRITER/PODCAST HOST

@100ISNOW




Simple actions you can take:

A Talk about Climate Change

A Reduce your own personal footprint
A Transportation and energy choices
A Carbon offsets
A Dietary choices
A Lobby for systemic change
A Political, social, economic
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GLOBAL WEIRDING

WITH KATHARINE HAYHOE

g
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Resources

CarbonBrief

GEIBE AR ON""C LEMATE

Skeptical
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VITAL SIGNS

Taking the Pulse of Our Planet
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https://www.skepticalscience.com/
https://www.youtube.com/channel/UCi6RkdaEqgRVKi3AzidF4ow
https://www.carbonbrief.org/
https://climate.nasa.gov/

