The end of pure democracy?

The end of pure democracy?

Democracy is the worst form of government, except for all
those other forms that have been tried from time to time.
— Winston Churchill
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The end of pure democracy?

What is probability?
Wikipedia:
— A way of expressing knowledge or belief that an event will occur or
has occurred.

— Frequentist de nition: the relative frequency of occurren ce of an

experiment's outcome.

— Bayesian de nition: a way to represent an individual's degr ee of

belief in a statement.
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The end of pure democracy?

For your purposes, the Frequentist de nition will do.
What is the chance e.g. of a day with X mm of rain in 2020?

Even though the climate system is (supposedly) deterministic, there
are a number of externalities which are uncertain, e.g.:

— what is today's weather?

— how much CO» will we emit?

— will Mount Mega-volcano erupt?

— will that jacaranda still be alive?

Probability is a way of expressing this uncertainty.
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The end of pure democracy?

IPCC-English, WGI dialect

“...itis unlikely that..”

Likelihood Terminology

Likelihood of the occurrence/ outcome

“...with high con dence..”

Virtually certain
Extremely likely

Very likely

Likely

More likely than not
About as likely as not
Unlikely

Very unlikely
Extremely unlikely
Exceptionally unlikely

> 99% probability

> 95% probability

> 90% probability

> 66% probability

> 50% probability

33 to 66% probability
< 33% probability

< 10% probability

< 5% probability

< 1% probability

Confidence Terminology

Degree of confidence in being correct

Very high confidence
High confidence
Medium confidence
Low confidence

Very low confidence

At least 9 out of 10 chance
About 8 out of 10 chance
About 5 out of 10 chance
About 2 out of 10 chance
Less than 1 out of 10 chance

Produced some confusing statements of the form:

“...with high con dence it is very likely...”
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The end of pure democracy?

WGII dialect

— Uses “likely” terminology where WGI dialect would use

“con dence” terminology.
WGIII used an entirely different language

Airline dialect

— “In the unlikely event of a landing on water...”
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The end of pure democracy?

A new era of climate change information

Climate modelling in the comfort of your own home:
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The end of pure democracy?

...but the answer is still a long way away

Difference between 2038-2057 and 1988-2007
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The end of pure democracy?

What is a climate model?

Fluxes in and
out of a grid cell

Atmospheric
column

R | Vegetative
canopy layer

RSN ——

Runof
direction

Oceanic Surfac grids\ \
column
Land
sub-surface
column

Daith” Stone (stoned@csag.uct.ac.za) CSAG Winter School 2010



The end of pure democracy?

Model average approach (consensus)

Take all of the models, average their results, and that's your answer.

Evidence from weather forecasting that a multi-model average is

more accurate than any single model.

Lenny Smith's Parable of the Three Statisticians.
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The end of pure democracy?

Amazingly, this is what the IPCC WGI does!!

PRrRoJECTED PATTERNS OF PRECIPITATION CHANGES

multi-model

Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999. Values are multi-model
averages based on the SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than
66% of the models agree in the sign of the change and stippled areas are where more than 90% of the models agree in the sign of the

change. {Figure 10.9}
IPCC WGI 2007

Daith” Stone (stoned@csag.uct.ac.za) CSAG Winter School 2010



The end of pure democracy?

Model sign approach (majority rule)

All that matters is the sign of the change.

Terminology . =237mm

Normal (237 +/- 10% = 210-260 mm)
Above Normal (above 260mm)
Below Normal (below 210mm)

% of normal predicted: 80% = 168mm
60% = 126mm
40% = 84mm

40-60% of normal = 84-126mm
100-120% of normal = 237-284mm

—
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The end of pure democracy?

Why this is dangerous:

Precipitation trend (%/K) dry season
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Fig. 3. Expected decadally averaged changes in the global distribution of precipitation per degree of warming (percentage of change in precipitation per
degree of warming, relative to 1900-1950 as the baseline period) in the dry season at each grid point, based upon a suite of 22 AOGCM:s for a midrange future
scenario (A1B, see ref. 5). White is used where fewer than 16 of 22 models agree on the sign of the change. Data are monthly averaged over several broad regions
in Inset plots. Red lines show the best estimate (median) of the changes in these regions, while the red shading indicates the = 1-o likely range (i.e., 2 of 3 chances)
across the models.

Solomon et alii, 2009
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The end of pure democracy?

The IPCC WGI also does this!!

PRrRoJECTED PATTERNS OF PRECIPITATION CHANGES

multi-model

.....

Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999. Values are multi-model
averages based on the SRES A1B scenario for December to February (left) and June to August (right). White areas are where less than
66% of the models agree in the sign of the change and stippled areas are where more than 90% of the models agree in the sign of the

change. {Figure 10.9}
IPCC WGI 2007
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The end of pure democracy?

Frequentist approach (one model, one vote)

Flipping a coin.

Assume all models are equal.
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The end of pure democracy?

Rough measures of complexity and precision
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Moore's Law gives 7-million-fold increase in computing power over

these 25 years.
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The end of pure democracy?

Bayesian approach (all models are equal, but some are
more equal than others)

Climate models are incestuous, so two models may be virtually

identical.

We need to bring in outside information so that we can “weight”

models, rating some models more highly than others.
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The end of pure democracy?

Let's play a game show

There are three doors, one of which has a prize. If you guess

correctly which door has the prize, you win the prize.
You make a guess (Door #2).

The game show host then opens one of the two remaining doors to
reveal that it is empty (Door #3).

The host gives you a chance to change your guess to Door #1.

Do you?
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The end of pure democracy?

Say the prize is behind Door #1.

First choice
Host's revelation

Win if change
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#1
H#H2
NO

Proof!

#1
#3
No

#2
#3

Yes

#2
#3

Yes

#3
#2

Yes
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The end of pure democracy?

Measuring trust in climate models

We may, e.g., trust a British model more than a Somali model.
So we need to measure “trust”.
There is no obvious way of doing this for “model structure”.

Weighting can be based on clustering of model output.

— Do models cluster for physical, family, or social reasons?
Weighting can be done based on performance reproducing past
climate.

— What measure(s) from the past? (Trend in same quantity in past
as in future is the most clearly objective measure, but it is not

necessarily the only objective one)

— Need to adjust weightings according to clustering.
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The end of pure democracy?

You need to trust your degree of trust.
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The end of pure democracy?

Likelihood pro ling approach (Let the intelligentsia
govern)

Most models are junk.
Take all models that give you outcome X.

Retain only the best model according to some measure (preferably of
performance in the past).

You will nd that the best model for outcome X is more likely th an the

best model for outcome Y, so X is more likely that Y.

Can “more likely” be interpreted as “more probable by factor Z"?

Need lots of models.
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The end of pure democracy?

20th C temperature trend

Effective heot copacity
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Courtesy of Myles Allen
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The end of pure democracy?

Inverting the model/monitoring hierarchy approach
(referendum on a supreme leader)

Previous methods use GCMs to predict/project and then

observations to evaluate.

Why not predict/project using the observations and then evaluate
with the GCMs?

Need a simple model to extrapolate observations.

Seems to work well and provides an estimate of accuracy.

Daith” Stone (stoned@csag.uct.ac.za) CSAG Winter School 2010 23



The end of pure democracy?

2024-2033 difference from 1999-2008 over SADC
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(Uncertainty estimated from 34 simulations from 11 GCMSs)
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The end of pure democracy?

Summary of methods

Method Sensible
(defensible)

Model average (consensus) No

Model sign (majority rules) No

Frequentist (one model, one vote) Yes

Bayesian (some models are more equal) | Yes (but be careful!)

Likelihood pro ling (intelligentsia) Yes

Model monitoring inversion (referendum) | Yes
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The end of pure democracy?

How much does this matter?

For adaptation to impacts, perhaps not much.

— The next few decades should be a simple extrapolation of the past

few decades.

— So there is not much scope for models (and statistical
approaches) to diverge.

— But there is scope to be overcon dent.

For mitigation of emissions, possibly quite a bit.

— The climate of 2100 depends strongly on the strength of
feedbacks in the climate system.

— So how climate models interpret those feedbacks is important.
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The end of pure democracy?

So what should | do for the purpose of adaptation to
Impacts
“One model, one vote” is probably good enough.

— “one simulation, one vote” may be more appropriate in certain

cases.

But as Bruce would say: “There is uncertainty in how to sample

uncertainty from model uncertainty”.

If your result appears insensitive to the choice of sensible

methodology then you probably do not need to worry much.

Daith” Stone (stoned@csag.uct.ac.za) CSAG Winter School 2010

27



The end of pure democracy?

Can we quantify the probability of stupdity?

°C from 1961-1990 average
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Know when you are comparing apples with oranges!
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