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The Modeler’s Mantra
This is the best available information, so it must be of value. This is the best available information, so it must be of value. 
Everyone knows the limitations. Everyone understands the implicaEveryone knows the limitations. Everyone understands the implications of these assumptions.tions of these assumptions.
This is better than nothing.This is better than nothing.
No one has proven this is wrong. No one has proven this is wrong. 
There is no systematic error, on average. The systematic errors There is no systematic error, on average. The systematic errors don't matter. don't matter. 
The systematic errors are accounted for in the post processing. The systematic errors are accounted for in the post processing. 
Normality is always a good first approximation. In the limit, itNormality is always a good first approximation. In the limit, it has to be normally distributed, at least approximately.has to be normally distributed, at least approximately.
Everyone assumes it is normally distributed to start with.Everyone assumes it is normally distributed to start with.
Everyone makes approximations like that.Everyone makes approximations like that.
Everyone makes this approximation. Everyone makes this approximation. 
We have more advanced techniques to account for that. We have more advanced techniques to account for that. 
The users demand this. The users will not listen to us unless weThe users demand this. The users will not listen to us unless we give them the level of detail they ask for.give them the level of detail they ask for.
We must keep the users onWe must keep the users on--board.board.
If we do not do this, the user will try and do it themselves.If we do not do this, the user will try and do it themselves.
There is a commercial need for this information, and it is  bettThere is a commercial need for this information, and it is  better supplied by us than some cowboy. er supplied by us than some cowboy. 
Refusing to answer a question is answering the question.Refusing to answer a question is answering the question.
Refusing to use a model is still using a model. Refusing to use a model is still using a model. 
Even if you deny you have a subjective probability, you still haEven if you deny you have a subjective probability, you still have one. All probabilities are subjective.ve one. All probabilities are subjective.
The model just translates your uncertainty in the inputs to yourThe model just translates your uncertainty in the inputs to your rational uncertainty in the future.rational uncertainty in the future.
Sure this model is not perfect, but it is not useless.Sure this model is not perfect, but it is not useless.
No model is perfect. No model is perfect. 
No model is useless if interpreted correctly.    It is easy to cNo model is useless if interpreted correctly.    It is easy to criticise. riticise. 
This model is based on fundamental physics. This model is based on fundamental physics. 
The probabilities follow from the latest developments in BayesiaThe probabilities follow from the latest developments in Bayesian statistics. n statistics. 
Think of the damage a decision maker might do without these numbThink of the damage a decision maker might do without these numbers.ers.
Any rational user will agree. Any rational user will agree. 
Things will get better with time, we are making real progress.Things will get better with time, we are making real progress.
You have to start somewhere.       What else can we do?You have to start somewhere.       What else can we do? It might work, can you deny that?It might work, can you deny that?
What damage will it do?What damage will it do?

I have taught mathematical 
modelling courses for over a 
decade: all my students are 
now urged to pause if they 
ever hear themselves utter 
one of these phrases…
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What should a national academy do if some 
government body is issuing environmental 
forecasts which are thought to be misleading,
economically damaging, and without a scientific 
basis?

This has happened in the UK.
About one hundred and fifty years ago,
with Admiral Robert Fitzroy’s storm 
warnings, and the Royal Society (Galton)…
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Is what follows just old unfair criticisms?

No! (In fact I fall on Fitzroy’s side of the “Storm warning” debate, as did Lloyd’s).
The case against detailed 2007 “climate-proofing” differs in that:

(a) one can learn how to use storm warning, day after day.
(b) storm warning did in fact reflect the weather “thought probable.”
(c)  Fitzroy argued captains to be left entirely to their own judgement.      
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The claim/ aim 
is to provide 
postcode (5km) 
resolution
multivariate
subdaily time 
series for the 
2030’s, 2050’s, 
2080’s …
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The Modeler’s Mantra
This is the best available information, so it must be of valueThis is the best available information, so it must be of value..
Everyone knows the limitations.Everyone knows the limitations. Everyone understands the implications of these assumptions.Everyone understands the implications of these assumptions.
This is better than nothing.This is better than nothing.
No one has proven this is wrong. No one has proven this is wrong. 
There is no systematic error, on average. The systematic errors There is no systematic error, on average. The systematic errors don't matter. don't matter. 
The systematic errors are accounted for in the post processing. The systematic errors are accounted for in the post processing. 
Normality is always a good first approximation. In the limit, itNormality is always a good first approximation. In the limit, it has to be normally distributed, at least approximately.has to be normally distributed, at least approximately.
Everyone assumes it is normally distributed to start with.Everyone assumes it is normally distributed to start with.
Everyone makes approximations like that.Everyone makes approximations like that.
Everyone makes this approximation. Everyone makes this approximation. 
We have more advanced techniques to account for that. We have more advanced techniques to account for that. 
The users demand this. The users will not listen to us unless weThe users demand this. The users will not listen to us unless we give them the level of detail they ask for.give them the level of detail they ask for.
We must keep the users onWe must keep the users on--board.board.
If we do not do this, the user will try and do it themselves.If we do not do this, the user will try and do it themselves.
There is a commercial need for this information, and it is  bettThere is a commercial need for this information, and it is  better supplied by us than some cowboy. er supplied by us than some cowboy. 
Refusing to answer a question is answering the question.Refusing to answer a question is answering the question.
Refusing to use a model is still using a model. Refusing to use a model is still using a model. 
Even if you deny you have a subjective probability, you still haEven if you deny you have a subjective probability, you still have one. All probabilities are subjective.ve one. All probabilities are subjective.
The model just translates your uncertainty in the inputs to yourThe model just translates your uncertainty in the inputs to your rational uncertainty in the future.rational uncertainty in the future.
Sure this model is not perfect, but it is not useless.Sure this model is not perfect, but it is not useless.
No model is perfect. No model is perfect. 
No model is useless if interpreted correctly.No model is useless if interpreted correctly. It is easy to criticise.It is easy to criticise.
This model is based on fundamental physics. This model is based on fundamental physics. 
The probabilities follow from the latest developments in BayesiaThe probabilities follow from the latest developments in Bayesian statistics.n statistics.
Think of the damage a decision maker might do without these numbThink of the damage a decision maker might do without these numbers.ers.
Any rational user will agree. Any rational user will agree. 
Things will get better with time, we are making real progress.Things will get better with time, we are making real progress.
You have to start somewhere.You have to start somewhere. What else can we do?What else can we do? It might work, can you deny that?It might work, can you deny that?
What damage will it do?What damage will it do?

Those in yellow I have 
heard uttered with respect 
to UKCIP08, et al.
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I would like to consider evidence for and against this proposition:

To apply Bayesian Analysis 
to today’s ensemble(s) of climate-model output, 

with the aim of deriving probability density functions 
for decision support

is to commit a fundamental category error. 
(Perhaps 3)
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I would like to consider evidence for and against this proposition:

To apply Bayesian Analysis 
to today’s ensemble(s) of climate-model output, 

with the aim of deriving probability density functions 
for decision support

Is to commit a fundamental category error. 
(Perhaps 3)

Basic point: The diversity among physical models of a phenomena is not 
intended to be indicative of the uncertainty in an actual outcome.

The Diversity of our models does not reflect the uncertainty in our future.
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I would like to consider evidence for and against this proposition:

To apply Bayesian Analysis 
to today’s ensemble(s) of climate-model output, 

with the aim of deriving probability density functions 
for decision support

Is to commit a fundamental category error. 
(Perhaps 3)

Critical post-Copenhagen question(s):

How do we proceed rationally?
How do we limit the damage already in the pipeline?
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The Diversity of our models does not reflect the uncertainty in our future.

This does not imply climate change is not happening.
(It may well be worse than today’s models suggest!)

This is not an attack on Bayesian methodology.
Prob( Moon made of Swiss Cheese | Moon is made of cheese)
[NOT a question of probability calculus –or- a frequentist bias]
more a question of interpreting model noise as if it were signal.

This does not imply ensembles are uninteresting!
I am in part responsible for the largest ensemble of climate            

models ever run (and I just launched 512 more last week!)

This has nothing to do with a need/desire for “perfect models”!

This does not imply that there is nothing for the SAMSI climate 
working group to do! 

(But it does suggests care in designing the questions.)
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Prob( Moon made of Swiss Cheese | Moon is made of cheese)

“Evidence”
“Available Evidence”
“Evidence Considered”
“ X>2 & Y>3 & X+Y < 1”

?

After this slide, whenever I say “Probability” or “Probability Distribution”
I mean to say “decision relevant probability distribution” (where by 
decision I mean an event of more than academic interest!)

It is of course possible, and potentially interesting, to develop a PDF 
related to the properties of next run of climateprediction.net to return 
home….

The decisions I wish to inform regard adaptation or mitigation.
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Decision Support
• Decision Support requires specific questions

– Typical questions: pub kitchens, Atlantic storms, UK floods, Diameter              
of high capacity cables under the streets of London, Norwegian snow fall, castle location, 
subsidence coverage …

• When might quantitative model output add value to decision making?

– Value beyond the use of today’s climate science?

• Why “Better” and even “Best” does not imply model output is 
relevant to policy or decision makers!
– a schematic picture on finding necessary conditions  (re: fit for purpose) 
– estimating the probability of a big surprise
– cost of obscuring what we know with what is also true (the credibility of science)

• How do we make progress in applying climate science +models
– Expectation management and the impact of model noise.
– How to communicate insight when the probability of a big surprise is high.
– Openness to communicate (today’s) limitations. (and estimate next years).
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When can we use models to inform decisions?
Given a decision relevant Probability Distribution we can apply the tools 

of Decision Theory 101

Can Today’s science provide a decision-relevant PDF for the for the 
question of interest to you?

Is this an obvious “yes”?

If not, (a) what would you look for? and (b) how would you proceed?

(a) Information which is believed: Robust.  Relevant. Informative.

(b) When all the models are run and all the approximation are made: 

?What is the probability of a “Big Surprise”? 
(is this a standard Bayesian procedure?)
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July 26, 2007July 26, 2007

August 11, 2007August 11, 2007
Sept 15, 2007Sept 15, 2007

Can current climate science communicate relevant, timely, robust information for John?
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Sept 15, 2007Sept 15, 2007

February, 2009February, 2009

Can today’s science “climate-proof” this pub? Or it’s insurer? 
(or their reinsurer?)
Is it a question of mere probabilities? Or might we have a “Big Surprise”?
How to best manage Expectations (Theirs)  and  Credibility  (Ours) ?
Why is this so hard?

July 26, 2007July 26, 2007

Aug 28, 2009Aug 28, 2009
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Most decisions depend neither on Most decisions depend neither on “average meteorological variables” nor “standard
deviation of the average weather” they depend on the trajectory.the trajectory.



SAMSI S-TAEM Kick-Off 2009          © Leonard Smith

As they are nonlinear we have to evaluate them along trajectorieAs they are nonlinear we have to evaluate them along trajectories. Crops, cables, wind s. Crops, cables, wind 
energy and system failures depend on what and even when weather energy and system failures depend on what and even when weather events unfold. events unfold. 

Hence the ~10Hence the ~1066x10x102121

dimensional spacedimensional space

Loss of pub kitchen
Crop loss/Power-plant shutdown
Two Cat 5 hurricane US landfalls
Cable overload London brownouts

This kind of information is not available from today’s models, 
nor will it ever  be visible in model mean values!
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Uncertainty vs Inadequacy: Newton’s Laws

G m1 m2
F  =    ---------------

r 2

If we believe G is a universal constant, a real number which is not 
known exactly, we can usefully describe our uncertainty via P(G).

A Bayesian approach to new evidence makes perfect sense:
P(G | available evidence)

or better:
P(G | available evidence & Newton’s Laws Universal)

But for almost 100 years we have known that Newton’s Laws are not 
Universal; the point is that G is not a number the value of which is 
uncertain but that arguably there is no such number to be uncertain of! 
Nevertheless, it is good enough to get us to the moon, and back.
A model need not be perfect to be useful now and then. The question is: 

Is it useful for the current purpose?
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Main pointsMain points::
Utility (probabilistic similarity) does not Utility (probabilistic similarity) does not 
require a perfect model, merely one fit for require a perfect model, merely one fit for 
purpose.purpose.
(?or at least plausibly fit for purpose?)(?or at least plausibly fit for purpose?)

Show that physics models can have Show that physics models can have 
trajectory dependent inadequacy.trajectory dependent inadequacy.

Motivate the case for Motivate the case for Prob(BigProb(Big Surprise).Surprise).

Decision support: potential collisions with near Earth asteroidsDecision support: potential collisions with near Earth asteroids
over the next 10000 years. over the next 10000 years. 

We know the Newtonian model is structurally incorrect, its We know the Newtonian model is structurally incorrect, its 
parameters have no precise empirical values to find, but it can parameters have no precise empirical values to find, but it can 
shadow relevant observed trajectories on time scales much longershadow relevant observed trajectories on time scales much longer
than 50 years. (well, some of them.)than 50 years. (well, some of them.)
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PtolemaicPtolemaic

NewtonianNewtonian

General RelativisticGeneral Relativistic

We expect Probabilistic Similarity between We expect Probabilistic Similarity between PDFsPDFs from the Newtonian model from the Newtonian model 
and those of General Relativity (or any future model).and those of General Relativity (or any future model).
A Bayesian approach could prove decision support relevant here.A Bayesian approach could prove decision support relevant here.
(?(?What is the ontological status of a prior on a parameter hereWhat is the ontological status of a prior on a parameter here?)?)
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PtolemaicPtolemaic

NewtonianNewtonian

General RelativisticGeneral Relativistic

We expect Probabilistic Similarity between We expect Probabilistic Similarity between PDFsPDFs from the Newtonian model from the Newtonian model 
and those of General Relativity (or any future model).and those of General Relativity (or any future model).
A Bayesian approach could prove decision support relevant here.A Bayesian approach could prove decision support relevant here.
(?(?What is the ontological status of a prior on a parameter hereWhat is the ontological status of a prior on a parameter here?)?)

Six objects, Six objects, 
4242--dimensional space,dimensional space,
NewtonNewton’’s Lawss Laws
μμ((xxii,p,pii,m,mii,G,G))
““Real solutionsReal solutions”” live on a live on a 
m  < 42 m  < 42 --d manifoldd manifold

Lets go back to 1900Lets go back to 1900……
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PtolemaicPtolemaic

NewtonianNewtonian

General RelativisticGeneral Relativistic

We expect Probabilistic Similarity between We expect Probabilistic Similarity between PDFsPDFs from the Newtonian model from the Newtonian model 
and those of General Relativity (or any future model).and those of General Relativity (or any future model).
A Bayesian approach could prove decision support relevant here.A Bayesian approach could prove decision support relevant here.
(?(?What is the ontological status of a prior on a parameter hereWhat is the ontological status of a prior on a parameter here?)?)

Six objects, Six objects, 
4242--dimensional space,dimensional space,
NewtonNewton’’s Lawss Laws
μμ((xxii,p,pii,m,mii,G,G))

This one scares meThis one scares me

But that one scares me morBut that one scares me mor
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PtolemaicPtolemaic

NewtonianNewtonian

General RelativisticGeneral Relativistic

We expect Probabilistic Similarity between We expect Probabilistic Similarity between PDFsPDFs from the Newtonian model from the Newtonian model 
and those of General Relativity (or any future model).and those of General Relativity (or any future model).
A Bayesian approach could prove decision support relevant here.A Bayesian approach could prove decision support relevant here.
(?(?What is the ontological status of a prior on a parameter hereWhat is the ontological status of a prior on a parameter here?)?)

As long as As long as ““that onethat one”” doesdoes
not appear, I am very not appear, I am very 
happy to interpret a large happy to interpret a large 
Monte Carlo sample as Monte Carlo sample as 
informative and decision informative and decision 
support relevant.support relevant.

But why here and not for But why here and not for 
pub kitchens?pub kitchens?
NewtonNewton’’s Laws are not s Laws are not 
perfect?perfect?
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PtolemaicPtolemaic

NewtonianNewtonian

General RelativisticGeneral Relativistic

We expect Probabilistic Similarity between We expect Probabilistic Similarity between PDFsPDFs from the Newtonian model from the Newtonian model 
and those of General Relativity (or any future model).and those of General Relativity (or any future model).
A Bayesian approach could prove decision support relevant here.A Bayesian approach could prove decision support relevant here.
(?(?What is the ontological status of a prior on a parameter hereWhat is the ontological status of a prior on a parameter here?)?)

Six objects, Six objects, 
4242--dimensional space,dimensional space,
NewtonNewton’’s Lawss Laws
μμ((xxii,p,pii,m,mii,G,G))

But that one scares me more. But that one scares me more. 
How do we account for the How do we account for the 
probability mass probability mass ““lostlost”” duedue
to individual simulationsto individual simulations
(trajectories) which sample (trajectories) which sample 
regions of state space where regions of state space where 
we know our model is we know our model is 
woefully inadequate? woefully inadequate? 

Newton fails too close to the sun or where mercury might be!Newton fails too close to the sun or where mercury might be!

I can easily know my model (class) is inadequate I can easily know my model (class) is inadequate 
here, without knowing how/being able/ to improve it: here, without knowing how/being able/ to improve it: 
what value do ensemble  simulations add in this case?what value do ensemble  simulations add in this case?
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PtolemaicPtolemaic

NewtonianNewtonian

General RelativisticGeneral Relativistic

We expect Probabilistic Similarity between We expect Probabilistic Similarity between PDFsPDFs from the Newtonian model from the Newtonian model 
and those of General Relativity (or any future model).and those of General Relativity (or any future model).
A Bayesian approach could prove decision support relevant here.A Bayesian approach could prove decision support relevant here.
(?(?What is the ontological status of a prior on a parameter hereWhat is the ontological status of a prior on a parameter here?)?)

Six objects, Six objects, 
4242--dimensional space,dimensional space,
NewtonNewton’’s Lawss Laws
μμ((xxii,p,pii,m,mii,G,G))

But that one scares me more.But that one scares me more.

AndAnd discrepancydiscrepancy based on Y<1901 based on Y<1901 
modelsmodels will not helpwill not help (at least not (at least not 
inside the simulation approach)inside the simulation approach)

What do I do if I lose 12% of my What do I do if I lose 12% of my 
simulations this way?simulations this way?

I can easily know my model (class) is inadequate I can easily know my model (class) is inadequate 
here, without knowing how/being able/ to improve it: here, without knowing how/being able/ to improve it: 
what value do ensemble  simulations add in this case?what value do ensemble  simulations add in this case?

Newton fails too close to the sun or where mercury might be!Newton fails too close to the sun or where mercury might be!
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as long asas long as wewe expectexpect Probabilistic Similarity Probabilistic Similarity 
between predictive distributions of the between predictive distributions of the 
Newtonian model and those of General Newtonian model and those of General 
Relativity (or any future model).Relativity (or any future model).

Predictive distributions are useful even if I donPredictive distributions are useful even if I don’’tt
believe they are precise probabilities!believe they are precise probabilities!
My model can be a source of information, My model can be a source of information, 
without a NR belief in simulations.without a NR belief in simulations.

In the case PHO trajectories stay far from the Sun , it arguablyIn the case PHO trajectories stay far from the Sun , it arguably makes sense to makes sense to 
•• putput ““priorspriors”” on mass, positions and on mass, positions and momentamomenta (and G), (and G), 
•• exploit the simplicity of Newtonian dynamics, andexploit the simplicity of Newtonian dynamics, and
•• verify it might verify it might apply to each trajectoryapply to each trajectory it suggests.it suggests.

How can the Bayesian approach handle the “known unknown” trajectories?
How can we at least communicate that they exist?

“Prob(Big Surprise)”
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The risk of an irrelevant Discrepancy: The risk of an irrelevant Discrepancy: 
The ClimateThe Climate--Bayesians reply is to take several models and compute Bayesians reply is to take several models and compute the discrepancythe discrepancy::

••RungeRunge--KuttaKutta 66thth orderorder
••RungeRunge--KuttaKutta 44thth order (smaller time step)order (smaller time step)
••PredictorPredictor--correctorcorrector
••Hamiltonian (numerically exact energy conservation scheme)Hamiltonian (numerically exact energy conservation scheme)

In the case of NewtonIn the case of Newton’’s Laws, this is a misleading lower bound.s Laws, this is a misleading lower bound.
And was known to be so in 1920!And was known to be so in 1920!

1010

Might one rationally believe:Might one rationally believe:
““relationships between relationships between model errorsmodel errors for different climate variables can for different climate variables can 
reasonably be expected to follow relationships between reasonably be expected to follow relationships between interinter--modelmodel
differencesdifferences for different variables.for different variables.”” Murphy et al 2007Murphy et al 2007
““are unlikely to be fundamentally compromisedare unlikely to be fundamentally compromised””

?@ 5 km, hourly extremes of ?@ 5 km, hourly extremes of precipprecip in 2080? In Y2007 models? in 2080? In Y2007 models? 

I will next argue “no”, first generically for Physics, then for Y2007 GCMs, 
and then suggest question areas for  the SAMSI working group. 
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PX



SAMSI S-TAEM Kick-Off 2009          © Leonard Smith

Back-of-the-Envelop Calculations 

thi
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The simplest(?) climate model:The simplest(?) climate model:

TTeffeff is the effective temperature of the earth, if it is the effective temperature of the earth, if it 
were a black body.were a black body.

(1(1-- )()( rr22SS00) = 4) = 4 rr22 TT44
effeff

energy in = energy outenergy in = energy out
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The simplest(?) climate model:The simplest(?) climate model:

TTeffeff is the effective temperature of the earth, if it is the effective temperature of the earth, if it 
were a black body.were a black body.

(1(1-- )()( rr22SS00) = 4) = 4 rr22 TT44
effeff

AlbedoAlbedo
Area of a diskArea of a disk
Solar constantSolar constant

Area of a sphereArea of a sphere
SB constantSB constant
Effective TemperatureEffective Temperature

energy in = energy outenergy in = energy out
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The simplest(?) climate model:The simplest(?) climate model:

(1(1-- )()( rr22SS00) = ) = 44 rr22 TT44
effeffXXXX XXXX

((1((1-- )S)S00)/()/(44 )) = T= T44
effeff

TTeffeff is the effective temperature of the earth, if it is the effective temperature of the earth, if it 
were a black body.were a black body.
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The simplest(?) climate model:The simplest(?) climate model:

(1(1-- )()( rr22SS00) = ) = 44 rr22 TT44
effeffXXXX XXXX

((1((1-- )S)S00)/()/(44 )) = T= T44
effeff

One could compute the uncertainty in One could compute the uncertainty in ,  S,  S00,, , (and 4, , (and 4, 
as the earth is not a sphere)as the earth is not a sphere)..

TTeffeff is the effective temperature of the earth, if it is the effective temperature of the earth, if it 
were a black body.were a black body.

But we donBut we don’’t;t;
we know/knew the Earth is not a black body and that we know/knew the Earth is not a black body and that ,  S,  S00 areare
functions of frequency (what would  subjective functions of frequency (what would  subjective ““priorspriors”” mean?)mean?)..

The model has served its purpose (The model has served its purpose (““derivingderiving”” T to within 10%!)T to within 10%!)
and so instead and so instead we make a more complicated model.we make a more complicated model.
Besides, we also know Besides, we also know TTeffeff is not only a modelis not only a model--land variable  anyway!land variable  anyway!
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So what does a physical model tell me?
(In what sense can we “get the average” right?)

Consider this case:

Physical simulation models do not tell us about our Earth, (they are far 
too simple), rather they tell us about properties the “average planet”; 
average over those even remotely like Earth are likely to share.

So the energy balance model applies equally well to the Mars, and 
very well to the Moon: the parameter values that change are not “fit”
but specified. 

Similarly: The robust properties of GCMs are those shared with 
planets like Earth but, say, without Iceland, or the Andes,  or a highly 
variable ocean… or where ice is less interesting/more viscous…

The “better” the model, the more Earth-like the class of planets are; 
but it would be a fundamental mistake to take the diversity of these 
“planets” to reflect the uncertainty in our’s in any detailed quantity.
Especially as we know a priori that our Earth is an outlier in that set.

(without knowing exactly how/why)
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One Dimensional models
SS00

?? TTeffeff

?? ??

COCO22

OO22

NN22

We put in gases and solar radiation,
and get out a temperature profile…
… which we see is not physically realistic! 

T(altitude)

X
X
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SS00

?? TTeffeff

?? ??

COCO22

OO22

NN22

T(altitude)

We put in gases and solar radiation,convection,
and get out a temperature profile…

One Dimensional Radiative-Convective models

… which looks pretty good! X
X

When we have lots of data, 
this is not tuning, but learning.

Where are we today?
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Models may get better and better, but always stay models!Models may get better and better, but always stay models!

Scientists need to be careful to communicate the limitations of Scientists need to be careful to communicate the limitations of current models.current models.
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Science might usefully avoid “Plausible Deniability”
Model-land phrases like “improved”, “better”, “best”, “includes”, 
“state-of-the-art”, “comparable”, “simulates”, “skill” ….

…should be immediately qualified at every use, unless they imply:

Robust, Relevant  and in context Informative
Robust: Thought to be unlikely to change significantly (PDF).
Relevant: All meteorological drivers have been considered.
Informative: predictions on space-time-impact scales of the user. 

Modellers sometimes understandably take offence when 
one complains that their model cannot do something that 
no model in the world can do:  
In application, it would be useful to better distinguish a 
“best model in the world” from a “model that is fit for the 
purpose” at hand.

Scientifically Relevant vs. Decision Support Relevant
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http://ukclimateprojections.defra.gov.uk/images/stories/projections_pdfs/UKCP09_Projections_A3.pdf

Climate modellers, quite naturally, compare their model with 
other modellers models.

But being competitive is decision support irrelevant!

Is the model “fit for purpose” for a given decision/question?

Competitive, better, improving, even best are a distraction 
unless we expect Robust, Relevant, AND Informative.

Relevant Skill:
Large Storms in the UK
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TodayToday’’s States State--ofof--thethe--art models are  better than ever before.art models are  better than ever before.On what space and time scales On what space and time scales dodo we have (robust) climate information?we have (robust) climate information?
(Much larger scales than the model(Much larger scales than the model’’s grid, at least!)s grid, at least!)

One-way regional modelling?
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0                                                    180 360

Norway

If important, this leads to nonlocal effects.
(and the effective creation of water!)

Science knows more than we can Model

Where does the water go?

Model HeightReal Height

Schematic of Missing Mountain Range
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0                                                    180 360

Norway

Before we start using phrases like “Laws of Physics” in 
public, can we:
A) check for internal consistency
B) Find necessary (not sufficient) conditions for this model 
to contain decision relevant information?

Not “how to downscale?” but “whether to downscale?” . 
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Missing Mountain Ridges

Blue    < -500m
Grey    > -500m
Green   >  250m 
Orange >  500m
Red      >  1 km

Continent outlines: National Geophysical Data Center,NOAA 88-MGG-02.via matlab
Hadcm3 model topography  http://www.ipcc-data.org/sres/hadcm3_topo.html
1x1 topography:  http://www.ngdc.noaa.gov/mgg/topo/globe.html.

Orange and red lines correspond to walls 
which water vapour must go over or 
around, walls which are missing in this 
climate model. 

(Walls > 500m and > 1km!)

Resulting changes in the downstream 
dynamics cannot be “fixed” statistically.

Observed minus HADCM3 Height
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We know details of our planet are omitted from the models.
We know at some level details of the model output have no information,
no connection, to our Earth.
We believe that models reflect properties of any planet “like” the Earth,
“in some way”.

For chaotic (perhaps generically for nonlinear) models, the better the 
model the worse the PDF!  (I have a nice simple example of this…)

Should we have more faith in those model outputs which are robust 
across models, and deprecate attempts to combine over model 
structure?

Mathematically, we lack evidence that relevant PDEs are robust to 
infinitesimal perturbations (Clay Prize: Finite time blow up)

And how can we interpret graphs like:
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The grey band The grey band 
represents traditional represents traditional 
observational observational 
uncertainty.uncertainty.

NOISENOISE

These distributions violate These distributions violate 
the law of large numbers!the law of large numbers!

DIVERISITYDIVERISITY

The grey bands on the The grey bands on the 
far right far right ““the likely the likely 
range.range.””
SUBJECTIVE PROBABILITYSUBJECTIVE PROBABILITY

The coloured bands The coloured bands 
represent the widths of represent the widths of 
multimulti--model ensembles.model ensembles.

…… uncertainty(suncertainty(s)  play a key role in deciding how to react.)  play a key role in deciding how to react.
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All yellow yet NOT exchangeable!
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As we refocus from climateAs we refocus from climate--past to the climatepast to the climate--future,future,
how do we cope with such systematic errors, even as how do we cope with such systematic errors, even as 
we work to reduce them? we work to reduce them? 

Each and every simulation has 2 to 7 consecutive years of Each and every simulation has 2 to 7 consecutive years of 
““global coolingglobal cooling”” before 2100.before 2100.

Obs

AR4 Simulations without 1900-1950 anomaly adjustment
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Change in precip over a three 
month period (June, July, Aug)
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Read the Boxes!

It is not clear to me how to use 
UKCP PDFs in a decision context 
for extreme events known not to 
be represented in those PDFs.
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What is a “Big Surprise”?
Suppose there is an SAMSI meeting in 2109 to discuss the IPCC AR21
We have 2100 hardware, and knowledge of the “emission scenario”
We can reproduce (shadow) climate change from 1900 till 2100 with good 

fidelity relevant to the insurance sector  (using 2100 hardware)

We contrast our 2100 results with climate models available in 2009:
What is the chance that events of high impact on the insurance sector 
happened? Things that we then understand, but which UKCP09 simply 
could not have foreseen using the model structures available on the 
hardware available in 2009? 

In short: 
What is the probability of a Big Surprise (in 2012? 2040? 2090?) for UKCP users?

How is one to use UKCP numbers for quantitative decision support when 
Prob(BS) is not small? 

(First note: climate scientists in 2009 can often say Prob(BS) is not small).
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Schematic For Decision Relevance

• Clearly specify the Decision Question in terms of local environmental 
phenomena that Impact it    (“hot dry periods”)

• Determine the larger scale “meteorological” phenomena that impact the 
local.                       (“blocking”)

• Identify all relevant drivers (known).            (“mountains”)
Pose necessary (NEVER SUFFICIENT) conditions for model output to 

quantitatively inform prior subjective science based reflection.
• Are local phenomena of today realistically simulated in the model?

– (If not: Are relevant larger scale (to allow “prefect prog”)). If not: P(BS)>>0
• Are drivers represented? (to allow “laws-of-physics” “extrapolation”)
• Are these conditions likely to hold given the end-of-run  model-climate?

If one cannot clear these hurdles, the scientific value of the results does 
not make them of value to decision makers. They can be a detriment. 

And claiming they are the “Best Available Information” is
both false and misleading.
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Are these just old unfair criticisms?

No! (In fact I fall on Fitzroy’s side of the “Storm warning” debate, as did Lloyd’s).
The case against detailed 2007 “climate-proofing” differs in that:

(a) one can learn how to use storm warning, day after day.
(b) storm warning did in fact reflect the weather “thought probable.”
(c)  Fitzroy argued captains to be left entirely to their own judgement.      
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Advantages of unleashing the  “Big Surprise”?
• Big Surprises arise when something our models cannot mimic turns out to have 

important implications for us.
• Climate science can (sometimes) warn us of where those who use naïve (if 

complicated) model-based probabilities will suffer from a Big Surprise.
(Science can warn of “known unknowns” even when the magnitude is not known)

• Big Surprises invalidate (not update) the foundations of model-based probability 
forecasts. (Arguably “Bayes” does not apply, nor the probability calculus.)

(Failing to highlight model inadequacy can lead to likely credibility loss)

Including information on the Prob(BS) in every case study 
allows use of probabilities conditioned on the model (class) 

being fit for purpose without believing it is.
(or appearing to suggest others should act as if they do!)

“When you have eliminated all which is impossible, then whatever remains, however improbable, must be the truth.”
Sherlock Holmes, The Blanched Soldier 

“Whenever you have eliminated the impossible, whatever remains, however improbable, must be true." Spock

(or there was something we failed to think of eliminating: what is P(missed something)?
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Why?

Is this a good idea?

Why?

How might we prevent studies done for laudable “Whys” (understanding, 
advancing statistical methodology, model improvement …) from being mis-
employed as if they were decision support relevant?
Must we explicitly deprecate?
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Questions

Temporal
Detail

Spatial
Detail

Lead time

What do contours of P(BS) 
look like? 
Where does 100 km, weekly, 
rainfall in 2030 fall? 

Please accept for a moment that 
Model Inadequacy makes probability 
forecasting irrelevant in just the same 
way that Chaos made RMS error 
irrelevant. If so:

How might we guide progress?

How might we inform society?
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L.Smith@lse.ac.ukL.Smith@lse.ac.uk
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We are walking in Florida.
You find you have just been bitten on the hand by a snake.
We did not see the snake.
If it was the deadly carbonblack snake, the bite will kill you in a painful 
way, unless you cut off your hand within 15 secs.
I have a hatchet.
You have 5 seconds left.
Did you cut off your hand?

Luckily with climate change we have more than 15 seconds.
How would a society learn to make such decisions?
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““The advantage of confining attention to a definite group of abstThe advantage of confining attention to a definite group of abstractions, is ractions, is 
that you confine your thoughts to clearthat you confine your thoughts to clear--cut definite things, with clearcut definite things, with clear--cutcut
definite relations. definite relations. ……

The disadvantage of exclusive attention to a group of abstractioThe disadvantage of exclusive attention to a group of abstractions, however ns, however 
wellwell--founded, is that, by the nature of the case, you have abstractedfounded, is that, by the nature of the case, you have abstracted from the from the 
remainder of things.remainder of things.

... it is of the utmost importance to be vigilant in critically ... it is of the utmost importance to be vigilant in critically revising yourrevising your modesmodes
of abstraction. of abstraction. 

Sometimes it happens that the service rendered by philosophy is Sometimes it happens that the service rendered by philosophy is entirelyentirely
obscured by the astonishing success of a scheme of abstractions obscured by the astonishing success of a scheme of abstractions in expressing in expressing 
the dominant interested of an epoch.the dominant interested of an epoch.””

A N Whitehead. Science anA N Whitehead. Science and the Modern World. Pg 58/9d the Modern World. Pg 58/9

Fallacy of Misplaced Concreteness Fallacy of Misplaced Concreteness 

You donYou don’’t have to believe everything you compute!t have to believe everything you compute!
Or in terms of Or in terms of ““trusttrust””::
we might we might ““trusttrust”” our models in the way a parent trusts a child,our models in the way a parent trusts a child,
but never in the way a child trusts a parent!but never in the way a child trusts a parent!
This holds all models, and does not damn climate models!This holds all models, and does not damn climate models!
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I am flying to the UK tomorrow.
If an engineer  says my plane will fall out the say over the 
Atlantic tomorrow, I do not ask her “where exactly”.
And I certainly do not plan to fly unless she can tell me!
I plan not to fly.

And if I must fly? 
If she tell me that at a cost of twice my ticket, she can cut 
the probability from 10% to 1%,
or from  1% to 0.1%
or from 0.0000000001% to 0.000000000001% ?

Do I care if she is not sure whether it is from 50 to 5, or if it 
is from 10 to 1?
No, as long as the chance is not vanishingly small already! 
And there are huge costs (to me) associated with waiting:

The Cost (to me) of doing something once my plane has taken off is much higher than 
doing something now.
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Multi-billion dollar extremes (Ike)
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For each question asked, the users should expect and get:
- clear statements of known shortcomings and likely implications in terms of impacts

Quantify: “very high confidence”, “moderate confidence”, “indicative”
- reputation binding statements on what is believed to be robust
- quantitative subjective estimate of a relevant “big surprise” probability from climate 

scientists for every projection!

Even the best methodology available can accompany “the answer” with a statement 
of confidence in its expected relevance to the question asked.  Prob(BS)

And also get a rough idea of how fast model output is likely to improve

Quantitative Projections Demand Quantitative Guidance

What misuses of UKCP09 are officially deprecated?
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Fitzroy, 1862
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Overview

http://ukclimateprojections.defra.gov.uk/content/view/1793/510/

I believe these actions 
would be inappropriate 
even if UKCP distributions 
were decision relevant 
PDFs.

But is it appropriate to 
use UKCP PDFs as such? 

Some UKCIP worked 
examples suggest yes…

Can we use UKCP PDFs
in these three insurance 
sector relevant cases?
Extreme wind frequencies
(?robust realistic storm track?)

Extreme rain 
(informative: flooding)

Extended dry periods 
(informative: subsidence)

Prob(BS) < 10%: Yes or no?

?
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What does it mean to say you can 
provide “plausible realizations” or 
“statistically credible” hourly 
information on weather, after you have 
stated that the basic causes of many 
extremes of obvious interest (storms, 
blocking: flooding and heatwaves) are 
not included?

What is intended physically by the 
phrase “more basic aspects of future 
climate”? The rainfall in a month is the 
sum of the rain each day, the monthly 
average is not “more basic” in any 
sense.

Why might one think it better (“the 
advantages for consistency”) for all 
users to see the same systematic 
errors?

This is not thought to be a good idea in 
the banking sector, for instance.
(Or by the IPCC for global modelling!)
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One would be exposed to significant losses/costs if distributionOne would be exposed to significant losses/costs if distributions which are s which are 
not decisionnot decision--support relevant probabilities are interpreted as if they were.support relevant probabilities are interpreted as if they were.

UKCP distribution may provide insight into things that have not UKCP distribution may provide insight into things that have not beenbeen ““ruledruled
outout””, but how exactly are we to use these distributions to assess ri, but how exactly are we to use these distributions to assess risk, or sk, or 
support decisions in the Insurance sector, if the support decisions in the Insurance sector, if the Prob(BigProb(Big Surprise) is high?Surprise) is high?

This risk of overconfidence  is well 
known and well founded.
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Typical Errors suggest “Big 
Surprises” relevant to 
Insurance Sector Decisions 
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It might prove interesting to 
trace out typical paths from 
climate science to policy 
making…

Climate Science

Computer Modelling

Experimental Statistics

Extreme Economics

Decision Making

Un

der

stand

ing

Uncertainty
Now that we know the 
policy question: 
How many CO2 levels
were tested explicitly?
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