Climate Change: Is the
Science Done and Dusted?
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Charles Moore reviews The Age of Global Warming by Rupert Darwall (Quartet)
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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. “
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The real reason some scientists downplay the
risks of climate change

Climate deniers often accuse scientists of exaggerating the thevats
associated with the climate crists, but f anything they're often too
conservative
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Rhough the resules of climate research have been coasivtent foe

decades, climate scientists have struggled 1o convey the gravity of the

situation to laypeople cutside their feld. IF anything, the wider public

oaly recently seems to have awakened 1o the theeat of the clisnate crisis,
Why?
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How Scientists Got
Climate Change So Wrong

Few thought it would arrive so quickly. Now we're facing
consequences once viewed as fringe scenarios.

By Eugene Linden

M Linden hus wethen widedy about chamate changs

Nov & 2008

For decades, most scientists saw climate change as a distant prospect, We now know that thinking was wrong. This summer,
for instance, a heat wave in Europe penetrated the Arctic, pushing temperatures into the 80s across mu~h of the Far North
and, according to the Belgian climate scientist Xavier Fettwassamelting some 40 billion tons of Greenland's ice sheet.

“... for ordinary citizens, it

IS Important to recognize

that scientists 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.
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Global hazards weekly bulletin

Which of these has been
made more likely by climate
change to significant extent?

Requires models to simulate
such extreme events.
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Comprehensive weather and climate models are based
on the primitive laws of physics eg




P §+ wV ju= DI = Vp + U Vu Navier-Stokes

[ Equations
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Unpacks into many, many trillions of individual

equations, describing scales of motion from planetary
scales to microscopic scales.




Even the world’s biggest computers aren’t big enough
to represent all scales of motion
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Simplified approximate “sub-grid” formulae to describe the
effect of atmospheric processes (eg clouds) that the model
can’t resolve.

billions of individual equations

Different models have different approximate sub-grid formulae



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

(a) Preclp blas (HadGEM2-ES, JJA 1986 -2005) (b) Preclp change (HadGEM2-| ES JJA, 2081-2100)

(c)

PreCIp blas (NCAR- CCSM4 JUA, 1986 -2005)

Palmer and
Stevens,
PNAS to
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Model bias against Model predictions
observations

Alan Turing



Implications for Mitigation Policy

e 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 CO,
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 CO, 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.



#AdaptOurWorld

ADAPT NOW: A GLOBAL CALL FOR
LEADERSHIP ON CLIMATE RESILIENCE

BOX ES.

The Triple Dividend in Action
Avoided losses:
+ Early waming systems save lives and assets worth at INVESTING IN ADAPTATION YIELDS
least ten times their cost. Just 24 hours warning of a
coming storm or heat wave can cut the ensuing damage AVOIDED LOSSES
by 30 percent, and spending S800 million on such
systems in developing countries would avoid losses of 4
$3-16 billion per year.
+ Making infrastructure more climate-resilient can add +
about 3 percent 10 the upfront costs but has benefit-
cost ratios of about 4:1. With $60 trillion in projected = A TRIPLE DIVIDEND
infrastructure investments between 2020 and 2030, the
potential benefits of early adaptation are enormous. Soarce: Adagted from COF, GEDRR. and the Worid Bank
Economic benefits:

+ Reducing flood risks in urban areas lowers financial costs, increases security, and makes investments that
would otherwise be 100 vulnerable to climate risks more viable. London's Canary Wharf and other
developments in East London would have been impossible without flood protection from the Thames Barrier.

+ Drip irrigation technologles, first developed to address severe water scarcity, are spreading because they
lead to higher crop productivity than traditional irrigation systems.

Soclal and environmental benefits:

« Mangrove forests provide more than $S80 billion per year in avoided losses from coastal flooding—and
protect 18 million people. They also contribute almost as much (S40-50 billion per year) in non market
benefits associated with fisheries, forestry, and recreation. Combined, the benefits from mangrove
preservation and restoration are up to 10 times the costs.



mplications for Geoengineering
2olicy

“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.



10,000k What to do?

1km

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.
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A CERN for climate change

Providing reliable predictions of
the cimate requires substantial
increases in computing power,
Tim Palmer argues that it is time
for a multinationad facility fit for
studying climate change
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€he New ork Times
Is Climate Change Inconvenient
or Existential? Only
Supercomputers Can Do the Math

Accurate predictions of Earth's warming require computers
that are too expensive for one country or institution.

By Sabine Hossenfelder
Dr. Hossenfeider is a research feflow at the Frankfurt Institute for Advanced Studies.
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Required budget. c. $100million
per year

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



Conclusions

e 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.



