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THE SCIENCE BEHIND CLIMATE MODELS
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CAN CLIMATE MODELS PREDICT THE FUTURE?

• Can climate models tell us what the climate is going to do?

• How do they do it?

IPCC 2021



Future 
temperatures,
Rainfall, 
…

CLIMATE PROJECTIONS

Future 
greenhouse gas 
levels

Climate model

• What is a climate model?

• What is in the black box?



CLIMATE MODELS

• Simply a way of putting together 
our scientific knowledge of climate 
process in a useful form.

• Can be very simple and run on a 
laptop

• Can be very complex requiring 
months of calculations on a 
supercomputer

• Can even be mechanical!
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ONE OF THE FIRST CLIMATE MODELS
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Manabe and 
Wetherald 1967



THE CLIMATE SYSTEM IS COMPLICATED
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BUILDING A CLIMATE MODEL

100 km x 100 km

500 m

> 2 million cubes for atmosphere



CLIMATE COMPUTING
• A powerful computer is needed to do climate change simulations.

• Even on such a powerful computer, is takes a month to simulate 100 
years of Earth system changes.
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A SHORT HISTORY
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WHY AREN’T MODELS PERFECT?

• Different models 
give different 
climate 
projections

Clouds PrecipitationRadiationTemperature

• Clouds and 
precipitation vary 
a lot between 
models



INSIDE A MODEL GRID BOX

• Clouds are much smaller than a 
100 km x 100 km grid box

• Can’t write definitive equations 
for clouds

• Every modelling centre treats 
clouds differently

• Hence models behave 
differently

• Not just clouds …



25 km CLIMATE MODEL SIMULATION
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HOW DO WE KNOW THE MODELS WORK?

• Compare them against the 
past

• But is that cheating?

• We already know the 
answer we want
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HOW DO WE KNOW THE MODELS WORK?

• Can now test predictions from the first models against what actually happened.

15



‘All models are wrong, but some are useful’ 

George Box, 1976

So what are climate models useful for?



WHAT CAN MODELS TELL US?

• Global changes in climate
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WHAT CAN MODELS TELL US?

• Local changes in climate



EARTH SYSTEM MODELLING
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OFFSETTING CARBON

• Earth system models 
can tell us the best place 
to plant trees to offset 
carbon emissions
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HIGH RESOLUTION

• 10 km model

• More realistic 
representation of 
clouds
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DIGITAL TWIN EARTHS
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NOT A BLACK BOX

Climate model

Future 
greenhouse gas 
levels

Future 
temperatures,
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CLIMATE PROJECTIONS

Future 
greenhouse gas 
levels

Climate model

Future 
temperatures,
Rainfall, 
…

• What is a climate model?

• What is in the black box?



CLIMATE MODELS ARE (VERY) USEFUL!
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‘All models are wrong, but some are useful’ 

George Box, 1976


	Slide 1: The science behind climate models
	Slide 2: Can climate models predict the future?
	Slide 3: Climate projections
	Slide 4: Climate Models
	Slide 5
	Slide 6: One of the First climate models
	Slide 7: The climate system is complicated
	Slide 8: Building a Climate Model
	Slide 9: Climate computing
	Slide 10: A short history
	Slide 11: Why aren’t models perfect?
	Slide 12: Inside a model grid Box
	Slide 13: 25 km Climate model simulation
	Slide 14: How do we know the models work?
	Slide 15: How do we know the models work?
	Slide 16
	Slide 17: What can models tell us?
	Slide 18: What can models tell us?
	Slide 19: Earth system modelling
	Slide 20: Offsetting carbon
	Slide 21: HiGH resolution
	Slide 22: DIGITAL Twin Earths
	Slide 23: Not a black box
	Slide 24: Climate projections
	Slide 25: Climate models are (very) useful!

