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Fundamentals of climate science




OFFICIAL

Weather, climate and climate change

“Climate is what
we expect,
weather is
what we get”

Robert Heinlein
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The Climate System

Atmosphere
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What drives the weather and climate

Energy Water
cycle cycle
Winds and Change

ocean currents
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The Water Cycle

. . Water evaporates from rivers
lakes and the ocean

e 2. Water condenses to form clouds

. Loss of water from plants, soil,
animals and people

o Water returns to land

o as precipitation
0 o Water carried downhill by rivers
e e Water seeps into ground and
flows to sea
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Energy Cycle

5. ...but some IR is trapped
by gases in the air
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Winds and
ocean
currents
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© Hadley cel The movement (3 ]
© Ferrel cell of the air and the ocean
O Polar cell rebalances heat

across the globe

o Trade winds \
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Changes

One thing changes everything
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The Carbon Cycle
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Greenhouse Gas Emissions
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Atmospheric CO, continues to rise

February 2025: 427.09 ppm
February 2024: 424.55 ppm

Last updated: Mar 05, 2025




OFFICIAL

CO, Emission Sources

https://globalcarbonbudget.org/carbonbudget2024/



https://globalcarbonbudget.org/carbonbudget2024/
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6 Top CO, emitters

6 Top CO, emitters by country / region 6 Top CO, emitters per capita

https://globalcarbonbudget.org/carbonbudget2024/
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CO, is not the only greenhouse gas

Methane (CH,) and Nitrous Oxide(N,O) are the most important greenhouse gases of many.

https://www.ipcc.ch/report/ar6/wgl/chapter/chapter-2/#figure-2-5



https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-2/#figure-2-5
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Current changes observed in global climate
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Source: FAQ 3.1, Figure 1
in IPCC, 2021, Ch3.



https://www.ipcc.ch/report/ar6/wg1/figures/chapter-3/faq-3-1-figure-1
https://www.ipcc.ch/report/ar6/wg1/figures/chapter-3/faq-3-1-figure-1
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Where is the additional heat in the
climate system going?

Research has found that since the 1970s
more than 90% of the excess energy stored
in the climate system has been absorbed
by the oceans.
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Sea level has risen and continues to rise...

Global mean sea level has risen
by more than 20cm since 1901
through the thermal expansion
of seawater and ice melt on
land.

The rate of GMSLR has
doubled in the past 30 years.



https://climate.metoffice.cloud/ocean_heat.html
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https://nsidc.org/arcticseaicenews



https://nsidc.org/arcticseaicenews
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Melting of Glaciers

Matthias Huss

Source: Community estimate of global glacier mass changes from 2000 to 2023 | Nature



https://www.nature.com/articles/s41586-024-08545-z
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https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
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Climate change is already impacting on extreme weather across the planet

» Siberian heatwave

» Widespread, prolonged event over
the first 6 months of 2020 resulting
in wildfires and loss of permafrost

* Event was 600 times more
likely due to climate change

www.metoffice.gov.uk

European flooding

- July 2021 heavy rainfall event

resulted in extreme impacts, and led
to over 200 deaths

- Event was 1.2 to 9 times more

likely and rainfall intensity 3-19%
higher due to climate change
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North America heatwave

- Record breaking temperatures in

June 2021, 49.6°C recorded in
Canada

- Almost impossible to hit such

record-breaking temperatures in the
Western United States without
human-caused climate change

© Crown Copyright 2025, Met Office
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Current state of the UK climate




Difference (°C)
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UK Climate Changes

Difference (%)

1991-2020
change from
1961-1990
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What is the difference between climate variability
and change?

Left: Timeseries of UK annual average temperature
from 1884-2023 with the hottest and coldest years
in the series highlighted. Credit: Met Office.
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Extreme events are also impacting the UK

» Heatwaves

» July 2022 UK exceeded 40°C for the first
time on record in the UK.

* The Summer 2020 heatwave was
the most significant heatwave of the
last 60 years, leading to over 2500
excess deaths across the UK

* By 2050 hot summers (like 2018)
could happen every other year.

www.metoffice.gov.uk

Heavy rainfall

- February 2020 was the wettest

February on record

- Storm Ciara saw a month’s worth

of rain fall across parts of West
Yorkshire in just 18 hours, leading to
widespread flooding

- By 2070, winter rainfall events,
similar to these, are expected to
increase by up to 25%
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Wildfires

- Figures suggest the number of

UK wildfires has been increasing in
recent years

- Wildfires could be 5 times more likely

by 2100 due to increases in high
temperatures and low summer rainfall;
conditions highly conducive to wildfires.

© Crown Copyright 2025, Met Office
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Climate modelling
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What is in a Climate model?
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Emission scenarios

Intergovernmental
Panel on Climate
Change

Representative
Concentration
Pathways (RCP) &
Shared Socioeconomic
Pathways (SSPs)

www.metoffice.gov.uk © Crown Copyright 2024, Met Office

OFFICIAL



OFFICIAL

Projections of future Global temperature
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Projections
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Warming will not be the same everywhere

From IPCC AR6 WG1


https://www.ipcc.ch/report/ar6/wg1/#SPM
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Rainfall changes will vary too

From IPCC AR6 WG1


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

From IPCC AR6 WG1


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

UK Climate Projections (UKCP 18)
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A diverse set of climate projections:
Global (60km) Observations
Regional (12km) Marine

Local (2.2km) Probabilistic

Headline results:
“a greater chance of warmer, wetter
winters and hotter, drier summers”

“Sea levels have been rising and will
continue to rise”

[;};E,mment Department for == Met Office Environment

for Environment Business, Energy Hadley Centre @ Agency
Food & Rural Affairs & Industrial Strategy

Working together on
UK Climate Projections
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Via the teams’ poll, what do you think the
main effects of climate change will be on
your community in the next 10 years?

www.metoffice.gov.uk © Crown Copyright 2024, Met Office
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