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“The theory of global warming is a gigantic 
weather forecast for a century or more…therefore 

it can have almost no value as a prediction. “



“… for ordinary ci;zens, it 
is important to recognize 
that scien;sts have done 

their job.”
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To determine whether carbon emissions are 
unequivocally changing climate, look to a climatic 
variable which maximises “signal to noise”: global 
mean temperature. 

The “signal”: the forcing of the climate system 
associated with anthropogenic emissions of 
greenhouse gases.

The “noise”: the chaotic internal variability of the 
climate system. 



Which of these has been 
made more likely by climate 

change to significant extent?

Requires models to simulate 
such extreme events. 



F = ma  E = ω

Comprehensive weather and climate models are based 
on the primitive laws of physics eg

δQ = TdS
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u = ρg −∇p + µ  ∇2u Navier-Stokes 
Equa;ons
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Unpacks into many, many trillions of individual 
equations, describing scales of motion from planetary 

scales to microscopic scales.

…..

10,000km

<1 mm



20km

Even the world’s  biggest computers aren’t big enough 
to represent all scales of motion 

…..

Simplified approximate “sub-grid” formulae to describe the 
effect of atmospheric processes (eg clouds) that the model 

can’t resolve. 

Different models have different approximate sub-grid formulae

10,000km

billions of individual equations



Because of their dependence on the sub-grid parametrisations, models 
are an imperfect simulators of climate on regional scales. 

Model bias against 
observa;ons

Model predictions

Palmer and 
Stevens, 
PNAS to 
appear

Alan Turing



Implica7ons for Mi7ga7on Policy

• Can we afford to be less aggressive with emissions cuts now, on the 
basis that by mid-late century we will have the technology to suck CO2 
out of the air?

• There is a risk that by mid-late century we will have reached “tipping 
points” which cannot be reversed by sucking CO2 back out of the air.

• Understanding and predicting such tipping points requires much greater 
accuracy in simulating and predicting climate at the regional scale than 
we currently have. 

• We currently cannot reliably predict the risk of reaching such tipping 
points in the coming 50 or so years.  



Implications for Adaptation Policy

• Our historical and ongoing emissions will change climate over the 
coming century, regardless of emissions cuts. 

• We have to make society more resilient to the changing intensity of 
weather/climate extremes.

• Nowhere is this more important than in the developing world. 

• A modern-day Marshall Plan is needed to stem the migration crisis away 
from the tropics and towards the poles. 

• However, for such a plan to be effective, we need a much sharper 
picture of how climate change will play out in the different regions of 
the developing world. 

• This requires much greater precision in our ability to simulate and 
predict climate at the regional scale. 





Implica7ons for Geoengineering 
Policy
• “Plan B” if mitigation proves impossible to implement

• E.g. spray sulphuric acid in the stratosphere, creating sulphate aerosols 
to reflect sunlight back to space. 

• What impacts might this have regionally, e.g. on monsoons, or moisture 
supply to tropical rainforests?

• We would never implement such a scheme without reliable knowledge 
of regional impacts

• Requires more accurate models than we have now. 
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What to do?

If we could get our global grid spacing to c. 1km, could start to simulate 
important climatic features much more accurately and would not have 

to rely so extensively on approximate sub-grid formulae. 

However, this will require dedicated exascale computing capability. 
Beyond the budgets of individual climate institutes. 



Required budget. c. $100million 
per year

Extreme Earth (http://www.extremeearth.eu)



Conclusions

• Climate science is far from done and dusted. Instead, it needs to be 
ramped up several notches if we are to have a clearer picture at the 
regional scale of the effects of climate change – vital for informing policy 
on mitigation, adaptation and geoengineering. 

• Climate is too complex and important a system to be modelled simply 
using resources at the institutional or even national level. 

• The emergence of climate as the biggest threat facing society demands 
a more internationally coordinated effort – a CERN for Climate Change. 


