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Uncertainty

What do we Know?

The climate is changing. The changes will continue and will lead
to very significant problems for global society and societies
around the globe.




What do we Know?

Basic physics tells us that increasing atmospheric greenhouse
gases should lead to global warming.

Atmospheric Greenhouse Gases Are Increasing
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And Global Temperature (and sea level) Is Rising
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Conclusions of the Inter-Governmental Panel on
Climate Change, 2007

“Warming of the climate system is unequivocal, as is now evident
from observations of increases in global average air and ocean
temperatures, widespread melting of snow and ice, and rising
global mean sea level.”

“Most of the observed increase in globally averaged
temperatures since the mid-20t™ century is very likely {>90%} due
to the observed increase in anthropogenic greenhouse gas
concentrations.”

Source: IPCC Fourth
Assessment Report

No surprise
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unlikely to be less than 1.5°C. Values
4.5°C cannot be excluded”

Source: IPCC Fou

Feedbacks

Feedbacks are captured in the concept of “climate sensitivity” —
the equilibrium change in global average temperature with a
doubling of atmospheric CO,. The IPCC say:

“the equilibrium climate sensitivity is likely to be in the range 2°C
to 4.5°C, with a best estimate value of about 3°C. It is very

substantially higher than

rth Assessment Report

Climate Models

Complex, 3-dimensional, Atmosphere /Ocean
General Circulation Models (AOGCMs)

Climate Models are the principle tools
for climate prediction.

Most impacts studies are based on the
predictions of AOGCMS.

A Hierarchy of Climate Models
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Confidence and Uncertainty

“Climate change presents a very real risk. It seems worth a very
large premium to insure ourselves against the most catastrophic
scenarios. Denying the risk seems utterly stupid. Claiming we
can calculate the probabilities with any degree of skill seems
equally stupid.”

Prof.C. Wunsch, MIT, 2007.

Source: IPCC Fourth Assessment Report

Sources of Uncertainty
and How to Include Them In a Climate Forecast

 Forcing uncertainty:
Changes due to factors external to
the climate system e.g. greenhouse
gas emissions (natural and
anthropogenic), solar radiation etc.
How much will mankind emit?
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Sources of Uncertainty

and How to Include Them In a Climate Forecast

* Initial Condition Uncertainty

How is the prediction is affected by our
imprecise knowledge of the current state
of the system at even the smallest scales?
Response: Initial Condition Ensembles
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Sources of Uncertainty

and How to Include Them In a Climate Forecast

* Model uncertainty:

Different models could be as good at
simulating the past but give a different

forecast for the future?

Solution: Perturbed-Physics Ensembles

Change in DJF Northern Europe Temperature
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Exploring Uncertainty: The Climateprediction.net Experiment

¢ To quantify uncertainty we need

’ e gl ’ " ensamble ‘ ’ Foreia Ensemble 100s of thousands of simulations.
¢ Impossible with super computers
-3 m g but possible with distributed
) /§'§ > computing.
23 3 39 |+ Atwww.climateprediction.net
3 3 — people can download the model to
E = their PC.
¢ Using the latest, complex model
10000s 10s 10s means we can get regional detail as
well as global averages.
Latest Statistics

e > 300,000 participants.
e > 24M years simulated.

e >110,000 completed simulations.
(Each 45years of model time)

< 10000 years of computing time.

™ Temperature cells display

ClimatePrediction.net : What it looks like.

‘= Climate Prediction 2
My Experiment Visualisation My Data My Profile  Internet Settings Help




climateprediction.net Screensavers

This globe shows your climate madel running
" ke and time: 260111821 14:00

Current view:
Clouds & surface
Thia compuler madel o1
Faan,

This globe shows your climate model running
Model dato and time: 27,01/1921 03:00

This computer is
contributing 1o the
biggest climate
change experiment
in the world
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Visualization - Seasonal
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CPDN Results
First Results in Terms of Climate Sensitivity

Climate sensitivity is defined as the equilibrium global mean surface
temperature change for a doubling of CO, levels.
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Even more so is identifying what is useful
and relevant in different sectors of society.
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Mediterranean Basin

Regional Behaviour — European Rain and Snowfall

Northern Europe
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Stainforth et al. (2006) — Avoiding Dangerous CC

Some Things We know

« Mitigation is critical if we are going to
maintain a habitable planet; preferably
without descending into conflict.

» Adaptation will be necessary.

* We can’t yet say what will happen
locally but in the next 10-15 years we
may be able to do better.

« Global temperatures will rise.
» Sea level will rise.
» Most glaciers will continue to retreat.

Tuyuksu Glacier, Kazakhstan: a

vital water source

i3 8588
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"We need to treat climate change not as a long term threat to our
environment, but as an immediate threat to our security and
prosperity,”

John Ashton, UK Climate Ambassador.

September 2006.
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