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Earth is getting warmer
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Switzerland (1864 — 2021)



Geneva is getting warmer

armed 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...
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Satellite Altimetry: Measuring Sea Level
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A few centimetres may not seem like much...
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The question is: Whye

And what can we do about i1¢
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A Climate Change demo
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Which gases are fransparent 1o infrared radiation?
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Keeling Curve
https://keelingcurve.ucsd.edu/

* Measurement of the concentration of CO, in the
atmosphere

= Continuous record at Mauna Loa since 1958

Latest CO, reading: 420.10 ppm

(May 4, 2022)
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https://keelingcurve.ucsd.edu/

August 22, 2021

One month

05 Carbon dioxide concentration at Mauna Loa Observatory
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CO2 Concentration (ppm)

1 year

August 22, 2021
Carbon dioxide concentration at Mauna Loa Observatory
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CO2 Concentration (ppm)
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Carbon dioxide concentration at Mauna Loa Observatory

Last fwo years

L3

R "'.’q'@,'g‘

Two years ending August 22, 2021

T T T T T
Daily average

Weekly average
Monthly average

SCRIPPS iwstirwrion o¢

OCEANOGRAPHY wsuois

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug

2019

2021

-

PI

PERIMETER
INSTITUTE



CO2 Concentration (ppm)
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COz Concentration (ppm)

August 22,2021
lce—core data before 1958. Mauna Loa data after 1958.
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CO2 Concentration (ppm)
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Ice—core data before 1958. Mauna Loa data after 1958.
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Nitrogen (Np)

Greenhouse gases, like CO2 and
methane, absorb infrared radiation.

Oxygen (Oy)

August 22, 2021
Ice—core data before 1958. Mauna Loa data after 1958.
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ow do these observations
relate to the Earth?
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Earth’s atmosphere traps heat

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the v
Earth's surface and warms it. Infrared radiation is “ —
emitted from the Earth’s H PERIMETER
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Heat

* Predict
 Observe
« Explain
* Apply




Predict: What happens to the balloons?
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Predict: What happens when water heats up?

Straw
- Waterline ~

ﬁ Cap with hole

|/ B

Water bottle

Will the water level rise, fall or stay the same?¢
Whya I‘)TPERIMETER

INSTITUTE



Predict: What happens when ice melts?
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Make your 3 predictions and explanations!
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Observe and Explain
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Apply:
/0% of the Earth is covered by water
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Oceans are hotter

Global ocean heat content

@ 700-2000m

@ 0-700m

450

400

o o o o o o o
wn o wn o [¥a} o 2l
sl L2l o~ o~ i i

0v6T 2ouls bujwiem (saynof uoijl uonig) saynofenaz

—

I jl PERIMETER
INSTITUTE

<> CB



What happens when water heats up?

Straw \
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How does this relate to the Earthe
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Thermal Expansion of Water

000 00

S A
o

000 0 QXQ»

N e
P Y

‘X“ ! !)X(é»

CcoLD HOT

EEEEEEEEE
TTTTTTTTT



Apply:
Measuring the Ocean’s Volume
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ARGO: Measuring the Ocean’s Volume

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

\

Descent to depth

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

1000 db (1000m)
Drift approx. 9 days

Float descends to begin .

profile from greater depth
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ARGO: Measuring the Ocean’s Volume
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Observe and Explain
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How does this relate to the Earthe
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Apply:
Land Ice vs Sea Ice
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A melting ice berg does A melfing glacier adds
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change in sea level causes a direct change in
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GRACE: Measuring Land lce Mass
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Antarctica mass (Gt)

Greenland mass (Gt)
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Satellite Altimetry: Measuring Sea Level

Jason-2
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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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What's causing the warming?

1880-2015
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Forcing factors
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Effects of climate change

Increased flooding
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Effects of climate change

More exireme weather events
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More heat waves

Normal
— Normal
2004-2014
-4 -3 -2 -1 (1] 1 2 3 4

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

More infense wildfires
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Effects of climate change

Thawing permafrost
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Barrow Atmospheric Baseline Observatory, United States (BRW)
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Effects of climate change

Shifting Ecosystems
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Effects of climate change

Spreading diseases
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Economic costs of climate change

INSURED CATASTROPHE LOSSES (2018 dollars]

BN EARTHQUAKE/TSUNAMI B WEATHER-RELATED DISASTERS
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Social costs of climate change
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Climate Change

It's real...

It's us...
It's serious...

And the window of fime fo prevent
dangerous impacts is closing fast.

Katharine Hayhoe, Texas Tech
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HUMANITY'S GREATEST
CHALLENGE IS ALSO OUR

GREATEST OPPORTUNITY
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“We basically have three choices:
mitigation, adaptation, and suffering.
We're going to do some of each. The
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 will be.”

- John Holdren (climate expert)

PERIMETEFE



Mifigation: Sources and Sinks

= Reducing GHGs at the source
Other

= Renewables 5 Electricity
= Plant-based diet o fireie
= EVs

= Enhancing carbon sinks il Eﬁiiﬁﬂﬁ‘éﬁ
= Reforestation -
= Carbon Capture and Sequestration Agriculture,

Land Use

= Direct Air Capture i) 24




Project Drawdown Top 10

Reduced Food Waste

Health and Education for Girls/Women
Plant-Rich Diets

Refrigerant Management

Tropical Forest Restoration

Onshore Wind Turbines

Alternative Refrigerants

Utility-Scale Solar Photovoltaics
Improved Clean Cookstoves

Distributed Solar Photovoltaics

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

Alternative Refrigerants



Adaptation

Adjusting to the currenT and future effects of climate 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 N

PI PERIMETER
climate threats. INSTITUTE




Recognize that this is a complex issue

Inter-generational conflict
Racial inequality

Defence Mechanisms
Hopelessness

Shame

Anxiety
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Climate Anxiety

Climate change makes me feel...

Sad 68%

Afraid
Anxious
Angry
Powerless
Guilty
Optimistic

Indifferent

©onature PI
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What good will personal actions do?e

PRACTICE WHAT
YOU PPREACH!

ACTION iS HOPE.
THERE S NO HOPE
WITHOUT ACTION.

- RAY ERADBURY o
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Simple actions you can take:

= Talk about Climate Change

= Reduce your own personal footprint
= Transportation and energy choices
= Carbon offsets
= Dietary choices

= Lobby for systemic change
= Polifical, social, economic

-
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Resources

GLOBAL WEIRDING

WITH KATHARINE HAYHOE

CarbonBrief

GEE AR O'N"C LEMATE

Ced

s GLOBALWEIRDINGSERIES COM KTTZORG

. climateprediction.net

the world's largest climate modelling experiment for the 21st century H rNESR_II!‘I’I.FJ_ErE


https://www.skepticalscience.com/
https://www.youtube.com/channel/UCi6RkdaEqgRVKi3AzidF4ow
https://www.carbonbrief.org/
https://climate.nasa.gov/
https://www.climateprediction.net/

