


Ensemble: group of model simulations

Uncertainty: doubt and ambiguity about future
conditions

Climate Projection: modeled climate state under
a specified scenario
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We do not know exactly what will happen in the
future.

We do have rough idea of the chance of an event
happening.

Formalize that rough idea (quantifying the
uncertainty) to produce a probabillity



Mitigation

Two responses to climate change require different
knowledge of the future.

Mitigation (prevention) needs an “iIf ... then...
will happen”

Adaptation (coping with) needs a more definite
“... will happen”

Only the first kind of forecast is routinely
performed for long-time scale climate change



Suppose we want to build coastal defenses for New
Haven to last 100 years.

What information would you want?

What is the sea-level rise going to be at New Haven
In 21007



Coastal Defenses |

Cost of build up to a certain height

Possible losses if you don’t build up to a certain
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Figure 10.33. Projections and uncertainties (5 to 95% ranges) of global average sea level rise
and its components in 2090 to 2099 (relative to 1980 to 1999) for the six SRES marker
scenarios. The projected sea level rise assumes that the part of the present-day ice sheet mass
imbalance that is due to recent ice flow acceleratlon will perS|st unchanged It does not mclude
the contribution shown from scaled-up ice she '




Obviously, this information is not the most useful.
Probabilities are essential for risk-analysis

Probabillities are provided for weather forecasts









Many different simulations of the same model with
slightly different initial conditions






What, if anything, will we do reduce CO,
emissions in the future?



How can we model the whole climate?
We have to make choices:

What to exclude?



3 Uncertainties = 1 Big
Problem

What Is relative importance of these
factors?

No-one really knows, but all agree
scenario uncertainty dominates at about
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. Two approaches:
Reduce the uncertainties to make more

accurate
Accept the uncertainty and produce

probabillistic forecast

. We need to do both, but the latter has been mainly
ignored.



climate forecast

Need to sample all 3 uncertainties in a systematic
manner

Probabillity In -> Probability Out
Compare initial conditions to observations

Question politicians and economist for
scenario probabilities

How do we even sample model uncertainty?



. Structural - Resolution, Numerical choices,
Dynamic vegetation, Interactive sulfur cycle?

. Parameter - Values of constants In
parameterization not well constrained by
observations



-The Un«

Total Uncertainty

ertaintree -

Initial Condition Scenario Model
A
Parameter Structural
Uncertainty Uncertainty

[ Ocean ][Atmosphere]




Set out to make an Initial investigation into ocean
parameter uncertainty

1.  What parameters are uncertain and by how
much?

2. How big/important is it?

3. Do we need to include in future predictions?



. Ask lots of experts in ocean modelling, what the
most important parameters are.

. Find a range for those parameters (either from the
observational studies or asking experts).

. Prioritise the parameters by their expected effect
on transient climate change.



Small compared to horizontal mixing.



—

line of constant density
Parameterises effects of Mesoscale Eddies
Mainly horizontal
Vertical transfers possible at high latitudes

Largest in Southern Ocean



Parameterise the mixed
layer by working out the
mixed layer depth and then
mixing above (Kraus-
Turner).

Mixed Layer Depth is when
turbulent energy runs out.

Scheme has 2 parameters
- fraction and a decay
length

Mixed Layer
YDepth




/ Ensemble Members

Isopycnal |Background Verticall Mixed Layer
Diffusivity Diffusivity profile Parameters,
(m?s™) (x10°> m2st) [fraction, depth (m)|

Standard 1000 1-15 0.7 100
Low ISO 200 1-15 0.7 100
High ISO 2000 1-15 0.7 100
Low VDiff 1000 0.5-4 0.7 100
High VDiff 1000 2-50 0.7 100
Low LAM 1000 1-15 0.3 100
Med LAM 1000 1-15 0.5 50




The grey bar marks the beginning




. Ensemble spread (range) in surface temperature
climate change signal.



Ensemble spread (range) in surface temperature
climate change signal,
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. Can’t detect changes in thermohaline circulation
behavior from ocean model uncertainty in these
runs

. Atmospheric differences dominate ocean heat
uptake differences

. Climate sensitivity may be sensitive to current
climate
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So uncertainty related to the ocean parameters
exists.

Less important on the global scale than other
modeling uncertainties.

It is important locally though, so should be
Included in probabillistic climate prediction.



Systematic sampling - multiple perturbations
Assigning probabillities

Getting enough computer power to run it.



0.5

- Single parameter - 53 members (Murphy et al., 2004) -
Multi parameter - 128 members (Webb et al., 2006)
Multi parameter - 1148 (Stainforth et al, 2005)
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http://www.bbc.co.uk/sn/climateexperiment/theresult/graph1.shtml

. Climate prediction contains much uncertainty
1. Some of it comes from the models themselves

m.  Probabillistic forecasts provide more information than a
single prediction

iv.  Probabillistic forecasts need “grand” ensembles

v. We are moving towards creating these ensembles



10% chance of very
dangerous sensitivity
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