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http://www.macmillanlearning.com/Catalog/product/earthsclimate-thirdedition-ruddiman

The last glacial maximum B8 Reading
About 20,000 years ago...

_ * Northern Britain was covered by
an ice sheet

e was 120 metres lower
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http://www.ipcc.ch/report/ar5/wg1/
http://www.climatechange2013.org/images/figures/WGI_AR5_Fig5-3.jpg

Natural & human-influenced carbon cycle  Bgessh

Annual transfers, natural and human-caused (GtC) 2010-19 o
 Human activities

have tipped the
natural carbon
1.6 94 ATMOSPHERE cycle out of

t 2 t 55 5.1 balance
-4 ' . This is driving
Increases in

h atmospheric CO,
| ‘ concentrations

R « CO, concentrations
LAND highest in at least
2 million years

60

113

Values in billions of tonnes of Carbon per year from IPCC (2021) Ch5



https://www.ipcc.ch/report/ar6/wg1/#FullReport

OUR CO, EMISSIONS ARE HEATING PLANET

« Greenhouse gases reduce
infrared heat loss to space

* Increases in greenhouse gas
concentrations intensify the
greenhouse effect and heat
the planet (more energy
arriving than leaving)

* Pollutant particles
reduce heating by reflecting
sunlight

Evidence: www.ipcc.ch reports
Observations, physics, simulations
See also: climate.nasa.gov
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http://www.ipcc.ch/
https://www.youtube.com/watch?v=bhfBPrqfV9M
https://climate.nasa.gov/
https://gml.noaa.gov/ccgg/trends

Everything emits radiation energy e ﬁrgté‘eﬁiit#;

units: Watt per
square metre (Wm-)

Temperature in Kelvin =
Temperature in °C+ 273.15

Cool things: long wave- Hot things: short wave-
length/thermal infrared length radiation, e.g. the
radiation, e.g. us ~300 K sun ~6000 K
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~ Outgoing Longwave
Radiatioh (OLR)

~ Sis the solar constant (about 1361 Watts per square metre, W/m?)

30% of incoming sunlight is reflected back to space by clouds, tiny
- aerosol particles and bright surfaces (e.g. deserts).

So absorbed sunlight is (S/4) x (1 - 0.3) = (1361/4)x0.7 = 238 W/m?

This is balanced by infrared cooling to space to give us our planet’s

. average temperature of around 15°C. But rising concentrations of

- greenhouse gases such as carbon dioxide are reducing the infrared cooling _
so more energy is arriving than leaving and the planet is heating up.


https://scratch.mit.edu/projects/179953994/
http://www.metlink.org/climate/pcc-updates-science-teachers/#1
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*Clouds affect radiation fluxes
c - Radiation fluxes affect clouds

© Stuarf Webster 2006

Feedback demonstration



Feedback Loops Amplify Climate Change BB pezdine
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Water vapour & climate B Reading
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» Atmospheric rivers linked
to UK flooding
* More atmospheric water:
» increases intensity
of rainfall & flooding
» Amplifies climate
change through a
feedback loop
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https://www.met.reading.ac.uk/~sgs02rpa/MISC/ERA5_wv_201512.gif

How do we make predictions?

* What’s a prediction?
* Scientists use observations and experiments to understand the
physics of the environment
* Physics of atmosphere, ocean & land encapsulated in millions of
lines of computer code to construct climate simulations
* They are used to:
e understand past climate change

e project how climate will change
over future decades and centuries
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https://www.youtube.com/watch?v=bhfBPrqfV9M
V2_N512-QT-Y2JJqkCjgWF2uLqx-H264_Widescreen_640x360.mp4

It is indisputable that human activities - = ﬁﬂ‘;ﬁ‘fﬁg
are causing climate change
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf

Recent changes in the climate are widespread, [ vy
rapid and unprecedented in thousands of years ~~ Reading
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https://www.ipcc.ch/report/ar6/wg1/#SPM

Changes in Antarctic and Greenland Ice Sheet mass
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http://psc.apl.washington.edu/research/projects/arctic-sea-ice-volume-anomaly/
https://www.ipcc.ch/report/ar6/wg1/#FullReport
https://www.ipcc.ch/report/ar6/wg1/#SPM
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« 20cm increase in global mean sea
level 1901-2018

« Rate of increase currently about
4cm per decade and accelerating
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http://www.climatechange2013.org/images/report/WG1AR5_Chapter13_FINAL.pdf
http://www.climatechange2013.org/images/report/WG1AR5_Chapter13_FINAL.pdf
http://sealevel.colorado.edu/
https://www.ipcc.ch/report/ar6/wg1/#FullReport
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Continued global warming is projected to further g i
eading

intensify the global water cycle including the
severity of wet and dry events




Some changes in the climate system are irreversible but
many changes can be slowed or stopped by limiting warming
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exceeded during the 21st century unless
deep reductions in CO, and other
greenhouse gas emissions occur in the
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http://www.climatechange2013.org/images/report/WG1AR5_SPM_FINAL.pdf
http://www.climatechange2013.org/images/report/WG1AR5_SPM_FINAL.pdf

Solution: Cut CO, Emissions to Net Zero B8 Reading

i

The near linear relationship
between the cumulative
CO, emissions and global
warming for five illustrative
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« Each 1000 billion tonnes of
CO, emission increases
global temperature by ~0.5°C

» ltis still physically possible to
limit global warming to 1.5°C,
but that requires deep
reductions in CO, and other
greenhouse gas emissions in
the coming decades

Solutions: COP26 & beyond
« (Greenhouse gas emission
cuts across all sectors

"« Capture and store CO,

« Adapt to climate change


https://www.ipcc.ch/report/ar6/wg1/#SPM

Summary

« Earth’s climate has always varied but it is an established
fact that human activities are now driving climate change

 Recent changes in climate are widespread, rapid and
unprecedented in thousands of years.

 Human activities are intensifying extreme climate events,
including heat waves, heavy rainfall, and droughts

« Every bit of global warming increases the magnitude of
regional climate change including the severity of extremes

* |tis possible to limiting warming to 1.5°C with immediate,
rapid, and large-scale reductions in greenhouse gas
emissions

IPCC report: www.ipcc.ch/report/ar6/wg1/

Department of Meteorology: research.reading.ac.uk/meteorology/
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