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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 real-world 
mathematical modelling 
courses for over a decade: I 
now urge students to pause, 
should they ever hear 
themselves utter one of   
these…
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Those in yellow I have 
heard uttered with respect 
to UKCIP08, et al.
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Overview
• Decision Support requires specific questions

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

• When might UKCP (numbers) add value to decision making?
– Value beyond the use of today’s climate science (also a UKCP specialty)?

• Why “Better” and even “Best” model output does not imply 
relevance to the insurance sector!
– A schematic picture for accessing of UKCP numbers are “fit for purpose”
– Why ABI might ask for the probability of a big surprise, in each application!

• How do we make progress in applying climate science+models
– Openness to communicate (today’s) limitations. (and estimate next years).
– Questions the ABI should expect answers to when using UKCP numbers in risk.

How did the Norman’s account for twentieth century climate 1000 years ago?
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When can we use numbers to inform decisions?
Given a decision relevant Probability Distribution we can apply the tools of 

Decision Theory 101

Can UKCP09 provide a decision-relevant PDF for most questions of 
interest to the insurance sector?

Is this an obvious “yes”?

If not, (a) how to get to yes/no? and (b) how would you proceed?

(a) Is information believed to be: Robust.  Relevant. And Informative.

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

What is the probability of a “Big Surprise”? 
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Climate Science

Decision Making

Understanding

There is a long way between climate science and decision support!
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Climate Science

Computer Modelling

Experimental Statistics

Extreme Economics

Decision Making

Un                der

stand              ing

Uncertainty

Relevant Uncertainties

My aim is to help you find the best questions to ask UKCP climate scientists, 
in order to find out how useful quantitative UKCP data is likely to be for you.
One has to rely more on the Models with climate forecasts, they are harder to 
use than Seasonal or Daily Forecasts, as you cannot see how they go wrong 
and learn how to use them.

I first ran into UKCIP thinking about rainfall (flooding, subsistence, …)
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Change in precip over a three 
month period (June, July, Aug)
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If the models disagree on whether summers will be wetter or 
drier, how exactly do we get useful  daily information?
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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 modeller’s models.
But being competitive is decision support irrelevant!
The ABI might ask instead if 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



ABI London August 2009                                        © Leonard Smith

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. 
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“Storms and Blocking events”:

“explicitly modelled”,
“impacts…considered”,
models “simulate storms”

“In short, the effects …
are taken into account”

Such phrases seem to imply 
we have reliable, decision 
relevant  probabilities for 
future blocking and changes 
in the storm track.
But they do not, really.

Are they meant to imply:

Relevant or
Robust or
Informative

?Decision Relevant Probabilities?

for a given
real world
Application!
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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.

The ABI might ask explicitly!
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The “climate change signal”, as such, is irrelevant here.
Why are we defending it in a report on adaptation?

http://ukclimateprojections.defra.gov.uk/images/stories/projections_pdfs/UKCP09_Projections_A3.pdf

Is this meant to imply we have robust evidence frequency will not change?

This seems a clear, brave and valuable statement that UKCP and Met Office 
products can not quantitatively support reliable decisions on such storms which 
are clearly of interest to the Insurance Sector. Such words should be applauded!

Large Storms in the UK
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A clear statement of which meteorological drivers of insurance impacts are 
well captured in the present, and which are not, would be of significant value.

Wind storms, Heavy rain events, Dry spells…. 
Would UKCP information for this decade have been of use to the ABI in1999?

Things we know cannot model: The 1930’sDust bowl 
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Regarding the User Guidance
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http://ukclimateprojections.defra.gov.uk/images/stories/projections_pdfs/UKCP09_Projections_A3.pdf

Caution: There appears to be a curious belief that if probability distributions 
are “too wide” they will not cause harm. 
Long tails may, of course, make some things appear uninsurable, 
cause over-engineering, …

You can ask for more than:
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What is a “Big Surprise”?
Suppose there is an ABI  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 “the ABI” 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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http://ukclimateprojections.defra.gov.uk/images/stories/projections_pdfs/UKCP09_Projections_A3.pdf

An answer “yes” would lead to “big surprises” (the questions are not answered) 
but what do climate scientists think the probability of a relevant big surprise is? 

If scientists believe it is small (the insurance sector defines “small”) then 
perhaps the PDFs will prove useful as they stand.

But if we agree that they are too large for the insurance sector to neglect them, 
then the quantitative model output is of little use in decision support.

And the good news is we know we do not know! 

Ask for Prob(Big Surprise)
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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 reflections
• 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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For each question asked, the ABI 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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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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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?

?Few businesses  perform 
quantitative calculations  
more than a decade ahead; 
UKCP deprecates explicitly 
the use of probabilistic 
projections before the 
2020s?
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Overview
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Overview
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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)

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

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

model (class) being perfect without believing in them
(or appearing to suggest others should act as if they do!)
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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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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.

Mitigation Decisions are often more simple than Adaptation Decisions
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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. 

Missing Mountain Ridges

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

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

Thanks to Ana Lopez
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0                                                    180        360    

Norway

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

Not “how to downscale?” but “whether to downscale?”

Sciences knows more than we can Model

Where does the water go?

Model HeightReal Height

Schematic of Missing Mountain Range
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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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Typical Errors suggest “Big 
Surprises” relevant to 
Insurance Sector Decisions 
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It is extremely valuable for scientists to be this 
blunt about model error!

Things we know cannot model: The 1930’sDust bowl 
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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 been been ““ruled ruled 
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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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

http://ukclimateprojections.defra.gov.uk/images/stories/projections_pdfs/UKCP09_Projections_A3.pdf
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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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Fitzroy, 1862
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Typical reply to a comment on blocking in GCMs:

“It would require half of all years to be blocked as badly as 
the worst year (for blocking) ever observed in order to wipe 
out the climate change signal.”

The point is, of course, that if your decision is sensitive to 
impacts associated with blocking, then you care not at all 
about “cancelling the climate change signal” in the average 
values!

Your power station (or distribution grid) need only meltdown 
on one weekend, or your crop die on one day, …

Best available information need not be BAMO!
(Biggest available model output)

Scientists need to clearly state each models limits


