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Fitzroy, 1862
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““Accurate interpretation is the real deficiencyAccurate interpretation is the real deficiency””

Claim:                                                  (implicaClaim:                                                  (implication)tion)

The difficulty is not initial conditions   (no The difficulty is not initial conditions   (no ““chaoschaos”” fix)fix)

The difficulty is not parameter values  (no The difficulty is not parameter values  (no ““stochastic physicsstochastic physics”” fix) fix) 
(empirically vacuous)(empirically vacuous)

The difficulty is not determinism          (no The difficulty is not determinism          (no ““stochasticstochastic”” fix)fix)

The difficulty is not The difficulty is not withinwithin todaytoday’’s model class  (no Bayesian fix)s model class  (no Bayesian fix)

The difficulty is not with the policy makers (they only need The difficulty is not with the policy makers (they only need 
probabiitiesprobabiities when when ““wewe”” tell them they can have probabilities.)tell them they can have probabilities.)
In what  year did climate prediction move beyond understanding tIn what  year did climate prediction move beyond understanding to quantitative forecasting?o quantitative forecasting?

Smith (2002) Chaos and Predictability in Encyc Atmos Sci



VVUQ Park City           Aug 2011                               © Leonard Smith

““Accurate interpretation is the real deficiencyAccurate interpretation is the real deficiency””

Claim:                                                  (implicaClaim:                                                  (implication)tion)

The difficulty is not initial conditions   (no The difficulty is not initial conditions   (no ““chaoschaos”” fix)fix)

The difficulty is not parameter values  (no The difficulty is not parameter values  (no ““stochastic physicsstochastic physics”” fix) fix) 
(empirically vacuous)(empirically vacuous)

The difficulty is not determinism          (no The difficulty is not determinism          (no ““stochasticstochastic”” fix)fix)

The difficulty is not The difficulty is not withinwithin todaytoday’’s model class  (no Bayesian fix)s model class  (no Bayesian fix)

The difficulty is not with the policy makers (they only need The difficulty is not with the policy makers (they only need 
probabiitiesprobabiities when when ““wewe”” tell them they can have probabilities.)tell them they can have probabilities.)
In what  year did climate prediction move beyond understanding tIn what  year did climate prediction move beyond understanding to quantitative forecasting?o quantitative forecasting?



VVUQ Park City           Aug 2011                               © Leonard Smith

““Accurate interpretation is the real deficiencyAccurate interpretation is the real deficiency””

Claim:                                                  (implicaClaim:                                                  (implication)tion)

The difficulty is not initial conditions   (no The difficulty is not initial conditions   (no ““chaoschaos”” fix)fix)

The difficulty is not parameter values  (no The difficulty is not parameter values  (no ““stochastic physicsstochastic physics”” fix) fix) 
(empirically vacuous)(empirically vacuous)

The difficulty is not determinism          (no The difficulty is not determinism          (no ““stochasticstochastic”” fix)fix)

The difficulty is not The difficulty is not withinwithin todaytoday’’s model class  (no Bayesian fix)s model class  (no Bayesian fix)

The difficulty is not with the policy makers (they only need The difficulty is not with the policy makers (they only need 
probabiitiesprobabiities when when ““wewe”” tell them they can have probabilities.)tell them they can have probabilities.)
In what  year did climate prediction move beyond understanding tIn what  year did climate prediction move beyond understanding to quantitative forecasting?o quantitative forecasting?



VVUQ Park City           Aug 2011                               © Leonard Smith

Questions (mine)
Does model inadequacy do in probability just as nonlinearity did in least squares?

(if so, what then is UQ?)
What are “good” initial conditions/parameters in simulation-based forecasting?

Is weighting models a nonsense?

Is a prior on a model parameter a nonsense?

In weather-like problems, is it rational to treat predictive distributions as 
probability density functions?

When might the Bayesian Way be the best available (in an ad hoc sorta way).

Can model-based probabilities provide sustainable odds?

Is the Bayesian Way treacherous?

Is there a viable in-principle approach for handling model class inadequacy?
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http://www.ukcip.org.uk/

Is it plausible to provide a  PDF of hottest or 
stormiest summer day in 2080’s Oxford???

http://ukclimateprojections.defra.gov.uk/content/view/1263/521/#limitations
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““ClimateClimate”” has been changinghas been changing……

The grey band The grey band 
represents traditional represents traditional 
observational observational 
uncertainty.uncertainty.

These distributions do not These distributions do not 
respect the law of large numbers!respect the law of large numbers!

The grey bands on the The grey bands on the 
far right far right ““the likely the likely 
range.range.”” (semi(semi--subjective)subjective)

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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http://www.youtube.com/watch?v=hpFifHgZyrg
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Weather-like Challenges vs Climate-like Challenges

In “weather-like” challenges one has access to a large forecast-verification archive 
and decisions are being made frequently enough (every few seconds, daily, weekly 
…) so that out of sample evaluation is possible, and the pain of past mistakes 
remains fresh.

The temperature at LHR tomorrow noon
Natural Gas required to heat the UK next week
Generator failure on a National Grid (UK, Japan, W. Australia)
Day-trading automated systems

“Climate-like” challenges typically require one-off decisions either in unique 
circumstances or transient dynamics. There is no relevant large forecast-verification 
archive. Decisions are being made infrequently enough (years, decades, once) that 
the pain of past mistakes has faded, and the blame for any error today will probably 
fall on someone else (the next government, the guy that replaces you…)

Climate Change Mitigation   (emissions pathway with 50/50 chance)
Climate Change Adaptation  (damns, cables, buildings, power station cooling)
Nuclear Waste Disposal
The next flu pandemic
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http://www.youtube.com/watch?v=hpFifHgZyrg

In climate-like problems we are stuck with 
robots.

If we test them to destruction can we 
understand how the break?

Can we send them back over and over again,
(so that we still love the early ones)

http://www.google.co.uk/imgres?imgurl=http://www.jpl.nasa.gov/images/spacecraft/ranger/ranger3-craft-browse.jpg&imgrefurl=http://www.jpl.nasa.gov/missions/index.cfm%3Fmission%3DRanger&usg=__b9bCBKDa-QxjoCq6nzDnveO3rV0=&h=534&w=528&sz=31&hl=en&start=3&zoom=1&tbnid=TpmPEwjJH23XLM:&tbnh=132&tbnw=131&ei=imRBTtmeJcfx0gH3mKDTCQ&prev=/images%3Fq%3Dranger%2Bspacecraft%26hl%3Den%26sa%3DX%26rlz%3D1T5GGLL_enUS253GB254%26tbm%3Disch&itbs=1 
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Distinguishing Weather & Climate
Weather-like Predictions

and 
Climate-like Predictions?

http://www.nhc.noaa.gov/archive/2008/graphics/al09/loop_5W.shtml

Extreme weather
Weather forecast

Climate extreme 
Climate forecast:

“We will see 6 active blobs 
more often in the 2030’s.”



VVUQ Park City           Aug 2011                               © Leonard Smith

But what about chaos and ensembles?

The Western Australian (1994)
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In the NAG board, probability In the NAG board, probability 
forecasting corresponds to forecasting corresponds to 
predicting with a collection predicting with a collection 
(ensemble) of golf balls(ensemble) of golf balls……

How might ensembles help us How might ensembles help us 
understand uncertainty? understand uncertainty? 
Consider the  Not A Galton Consider the  Not A Galton 
(NAG) Board.(NAG) Board.

Ensembles inform us of Ensembles inform us of 
uncertainty growth uncertainty growth within our within our 
model!model!
(Telling us about the next golf (Telling us about the next golf 
ball.) ball.) 

Enter  Ensembles
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In the NAG board, ensembles In the NAG board, ensembles 
correspond to predicting with correspond to predicting with 
a collection (ensemble) of golf a collection (ensemble) of golf 
ballsballs…… but if reality is not a but if reality is not a 
golf ball, then how do we golf ball, then how do we 
interpret these distributions?interpret these distributions?
Climate predictions require Climate predictions require 
extrapolating out of the extrapolating out of the 
observed archive:  into the observed archive:  into the 
knownknown--toto--bebe--different (blue different (blue 
dice) unknown. dice) unknown. 
The best we can hope for is The best we can hope for is 
consistency between modelsconsistency between models
(in distribution).(in distribution).
And anticipate And anticipate ““Big SurprisesBig Surprises””

Science can expect surprises outside of model-land
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FForecasts busts in a Chaotic Circuitorecasts busts in a Chaotic Circuit

512 member ensembles512 member ensembles
Best known 1Best known 1--step modelstep model
512 step free running forecasts512 step free running forecasts

So wait until we know the So wait until we know the 
future, then look for model future, then look for model 
trajectories that trajectories that ““shadowshadow”” the the 
obsobs to within the noise.to within the noise.

(But what is noise, really?)(But what is noise, really?)
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Model 1

Model 2

Moore-Spiegel Circuit (by Reason Machette)
One Initial StateOne Initial State Another Initial StateAnother Initial State
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WeatherWeather
ForecastingForecasting
Lead times:Lead times:

Bad Spread (with theBad Spread (with the
correct  magnitude)correct  magnitude)

Evidence of nontrivial Evidence of nontrivial 
model error:model error:

How then do I How then do I 
determine determine ““goodgood”” data data 
assimulationassimulation??
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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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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 do do 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?



VVUQ Park City           Aug 2011                               © Leonard Smith

Verification, Validation, & Uncertainty Verification, Validation, & Uncertainty 

If  fail verification tests should the code be run anyway?If  fail verification tests should the code be run anyway?
Weather: yes, Climate: ?maybe/not?Weather: yes, Climate: ?maybe/not?

Without clear evidence of validation, can UQ hope to provide anyWithout clear evidence of validation, can UQ hope to provide anything thing 
more than sensitivity analysis?more than sensitivity analysis?

Uncertainty Quantification: What is the deliverable? When might Uncertainty Quantification: What is the deliverable? When might one one 
expect anything other than the Probabilities regarding the next expect anything other than the Probabilities regarding the next model model 
run (which are uninformative in terms of decision making).run (which are uninformative in terms of decision making).

How should I approach UQ when the best available models are not How should I approach UQ when the best available models are not 
empirically adequate?empirically adequate?
?What year did climate prediction move beyond understanding to q?What year did climate prediction move beyond understanding to quantitative forecasting?uantitative forecasting?
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Ensembles reflect diversity within a model class; its 
decision relevance depends on the model class in hand.

A measure of model sensitivity?
or

A decision relevant probability?
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Probability and Weather-like Simulations

Here we usually have a “unconditioned distribution” called “climatology”

It is “unconditioned” inasmuch as it does not take into account our 
knowledge of the current state of the system.

In addition we have a number of model simulations that are conditioned on 
current observations, s, and of course on the model used.

the subscript i denotes the model used

Given that we know the model is inadequate, this notation is already odd…

But in the weather case, we use the forecast-verification archive to 
determine when the model has less skill than climatology, and thereby  
cope with model inadequacy.

Pclim(x| archive)

Pi(x| s, Mi)
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α

Blending Predictive Distributions and ClimatologyBlending Predictive Distributions and Climatology

M1 =α1 P1 + (1-α1)Pclim

1

Pclim

P1

Lead time

1  -

½ -

0  -

Even with a perfect model and 
perfect ensemble, we  expect α to 
decrease with time for small neps

Small :: neps << nclim

When α1 ≈ 0 the forecast consists of  pure 
climatology; the simulation informs the 
forecast for as long as it can, but no longer.

J Bröcker, LA Smith (2008) From Ensemble Forecasts to 
Predictive Distribution Functions Tellus A 60(4): 663. 
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Probability in Climate-like Simulations

Here the problem is one of extrapolation, we have no relevant forecast-
verification archive and we do not know the climatology (that being our aim!)

Arguably, the best we can hope for is agreement between our models (in 
distribution) which suggests the details do not (better: did not) matter.

We do not have that sort of agreement today, even for the planet’s 
temperature.

And we have a hodge-podge of various types of “uncertainties” mixed 
together and shown to policy makers on the same graph:

LA Smith, (2002) What might we learn from climate forecasts? Proc. National Acad. Sci. USA 4 (99): 2487  
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Scientific Uncertainty in GMT >> model rangeScientific Uncertainty in GMT >> model range

The grey band The grey band 
represents traditional represents traditional 
observational observational 
uncertainty.uncertainty.

Diversity NOT Uncertainty! Diversity NOT Uncertainty! 
These distributions do not respect These distributions do not respect 
the law of large numbers!the law of large numbers!

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

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

IPPC holds the model range too narrow even in GMT!IPPC holds the model range too narrow even in GMT!
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It is irrational to base decisions on a model-based PDF when known model 
inadequacy dominates the model-PDF (“blocking”)! 

(My subjective PDF is not constrained by any model-PDF when I know 
(aka believe) that the model is likely to be mis-informative!)

Diversity of My Models need not reflect Uncertainty in My Future

If I want a decision-relevant PDF I have to return to the Science

Sit and think    <-------------->         Simulate and Count

GOL_PIP_launch_localities.pdf

A climate scientist can easily know 
that the probability of the real world 
falling above the 90% line of the 
UKCP PDF can be much much
greater than 10%. Say > 50%

What is the chance of falling above the 90% line of model-PDFs?

20%     30%    50%20%     30%    50%

X  X  X  X  XX  X  X  X  X
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When might Model-based PDFs be of value?
My goal here is similar to R. CoxMy goal here is similar to R. Cox’’s s ““Stable probabilityStable probability”” (AJP, 1946)(AJP, 1946)

(It would be interesting to trace how the idea that climate models could 
provided quantitative insight came about.)

Mechanisms == Insight
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Target
Lead-time

day

Spatial
Scales

Temporal
Average
Scale

metres

km

1000km

weeks

years
hours          weeks               years                decades             centuries 

The decision relevance of model-based PDFs will 
depend on the realism of model simulations in 
space, time and lead-time, and of course, the 
relevant aspects of the question in question.

ModelModel--basedbased--PDFsPDFs are incomplete without an are incomplete without an 
estimate for estimate for Prob(BigProb(Big Surprise), as a function Surprise), as a function 
of lead time, for the relevant space and time of lead time, for the relevant space and time 
scales.scales.
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Very schematic Very schematic schematicschematic of of Prob(BigProb(Big Surprise) Surprise) ““surfacesurface””..

Where in spaceWhere in space--time time 
might GCM output add might GCM output add 
value to statistical value to statistical 
models & scientific models & scientific 
reflection?reflection?
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HadCM3 missing elevation
2min x 2min obs – HadCM3

Climate Model Schematic Climate Model (the squares)

http://www.windows.ucar.edu/tour/link=/earth/climate/cli_models3.html

A dangerously schematic schematic

“included” vs
“realisitically simulated”
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At what lead times do 
inadequacies in downstream 
flow (or precipitation) result in 
feedbacks with beyond local 
impacts?

One-way coupled regional 
models  cannot account for 
missing physics or inactive 
feedbacks. 

The Dust Bowl

Missing mountain ridges:
And long term feedbacks 
(bio-feed backs, albedo, …)
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Target
Lead-time

day

Spatial
Scales

Temporal
Average
Scale

metres

km

1000km

Model Relevance in Quantitative Decision Support

weeks

years
hours          weeks               years                decades             centuries 
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If precip over the Amazon (or Okeefenokee) is 
badly simulated, the biomass will be badly 
simulated, this missing/extra feedback may lead 
to model irrelevance… First local, then global. 

Timescales for such things may be sound 
science!
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In this

http://www.globalchange.gov/images/cir/pdf/20page-highlights-brochure.pdf

http://www.ipcc.ch/publications_and_data/ar4/wg1/en/figure-spm-4.html
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Obs
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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? 

Obs

AR4 Simulations without 1900-1950 anomaly adjustment Ed Tredger, 2009

Anomalies may be fine for mitigation.
They are a nonsense for adaptation.

(and the laws of physics.)
(and biology.)

(Ice melts at  zero C, plants die at ….)
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What do we do given such systematic errors?
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“Pink Runs”
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If there is a high probability that model inadequacy dominates the 
model-PDF, then the decision-relevance of model-based PDFs
must be evaluated in terms of the science.

At some lead-time, for a given target, the model-PDF will be 
classed as no longer decision-support relevant…

Let’s consider using Newton’s Laws as our model, and ask the 
question:

“What is the location of the Earth 1000 years from today?”

Probably Wrong: How Model-based PDFs go bad
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Model Relevance and the Location of the Earth

If our computer model 
is based on Newton’s 
Laws, and the Question 
is the location of the 
Earth in 1000 years….

Monte Carlo sampling of 
from a prior distribution 
of initial condition and 
mass of each major 
planet will yield a final 
time distribution one 
thousand years hence, 
from which we can form 
a sensible PDF. 

Bayesian Discrepancy terms, based on different integration schemes, 
compilers and computer hardware may yield valuable information. 
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Our models allow us to draw a balloon in space that captures 99%
of the model-earth trajectories.

And our/my subjective probability that our Earth will fall outside 
that corresponding real-world balloon might rationally be ~1%

The Probability of being outside the 99% level?

SUN

The orange balloon 
corresponds to a 
probability contour 
for capturing the 
Earth.
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Model Relevance and the Location of  Mercury
If our computer model is 
based on Newton’s Laws, 
and the Question is the 
location of Mercury….

Then this approach is 
absurd.

Newton’s Laws are long 
known to fail for Mercury. 

And science could warn us 
the Newtonian-PDF was 
misleading long before 
General Relativity 
provided an empirically 
adequate model! 

Discrepancy based on different integration schemes, etc, will  lead to over-
confidence, belief in spurious accuracy and bad decision making!
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Our model allows us to draw a balloon in space that captures 99%
of the model-earth trajectories.

And our subjective probability that the real earth will fall outside 
that corresponding real-world balloon might be rationally be ~1%

The Probability of being above the 99% level?

And for Mercury? 
Our subjective probability that the real Mercury will fall outside the 
real-world balloon corresponding to the volume that captures 99% 
of our model-Mercury trajectories… might be say, ~90%!say, ~90%!

For Mercury, relevant science is more informative than the Newtonian model.

SUN

Sit and think, don’t just simulate and count!
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http://ukclimateprojections.defra.gov.uk/images/stories/projections_pdfs/UKCP09_Projections_A3.pdf

THIS IS NOT ABOUT BEING COMPETATIVE BUT ABOUT BEING USEFUL!

More transparency urgently needed: And not in the PDFs
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Structural Uncertainty is Noted in the IPCC AR4:

Although quantitative statement of the systematic errors on the 
previous slide are not easily found…
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>>

Source: Met Office
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The basic insight here is not new

Fitzroy, 1862

?What year did climate prediction move beyond understanding to q?What year did climate prediction move beyond understanding to quantitative forecasting?uantitative forecasting?
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Moving Forward:
Plausible Planets or Implausible Earths?

How can we best develop our models as the available 
computational power increases?

A) Simulate potentially real planets that get more and more 
Earth-like while omitting any Earth-relevant process for which the 
model cannot provide coherent physical drivers on Earth-like 
scales. (no suggestion of linear superposition intended!)  

Does water vapour come after mountains?
Does vegetation come after water vapour?
Do we avoid the penguin effect? (until it is simulated realistically)

B) Via an hodgepodge of unphysical/unbiological simulations 
resembling no planet that could possibly exist, but “including”
every phenomena we can think of that might be important 
(including penguins), and hoping the simulated planets will 
suddenly become Earth-like at some resolution in an ill-defined 
higgledy-piggledy way.

One might argue physical intuition is more effective in evaluating 
plausible planets, as there is physics to intuit in that case. (and 
at least a few examples.)
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And for Application: Robust, Representative and Relevant
Robust: not fragile, meteo PDFs are not expected to change substantially 
(a) as models undergo incremental development or (b) under slight 
changes in the analysis or (c) given the evidence suppressed. “Cox-Stable”

Representative: each meteo driver known to play a significant role in the 
question of interest is thought to be adequately represented (realistically 
simulated) to the extent that each simulation is fit to inform this question.

Relevant: in a form that users can use/exploit for the decision of interest 
using tools they like, spatial and temporal resolution and so on.

This is an ordered list:
First relax relevant, as other useful questions might be answered. 
Impact PDFs are only decision-relevant if robust and representative.

Next relax representative: a set of simpler questions might still be 
addressed, given only a subset of the meteo drivers, as long as PDFs of 
those meteo phenomena were robust.

Without Robust, arguably the model-PDF is not a subjective PDF for the 
phenomena at all. (Recall Manabe and Wetherall, 1975)
(doesn’t someone have to believe it for it a Bayesian to count it as a PDF?) 

Where E = (EC U ES)
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Watch out for the Penguin Effect

The challenge of climate change will be with us for 
some time.

Can we maintain parallel streams: pure research 
to apply in 2050, and applied research to improve 
the position we are in when we get there?

When selecting a thesis problem: should you go 
after something important, like understanding 
cloud dynamics (better)?

Or be the first person in the world to include the 
penguin effect in a global model? (and thereby all 
but assured a job at a rival modelling centre?)

THERE IS NO PENGUIN EFFECT
(My prior on this effect is zero)
It is a joke regarding climate, but sadly not careers!
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http://www.youtube.com/watch?v=hpFifHgZyrg
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http://www.youtube.com/watch?v=hpFifHgZyrg

In climate-like problems we are stuck with 
robots.

If we test them to destruction can we 
understand how the break?

Can we send them back over and over again,
(so that we still love the early ones)

http://www.google.co.uk/imgres?imgurl=http://www.jpl.nasa.gov/images/spacecraft/ranger/ranger3-craft-browse.jpg&imgrefurl=http://www.jpl.nasa.gov/missions/index.cfm%3Fmission%3DRanger&usg=__b9bCBKDa-QxjoCq6nzDnveO3rV0=&h=534&w=528&sz=31&hl=en&start=3&zoom=1&tbnid=TpmPEwjJH23XLM:&tbnh=132&tbnw=131&ei=imRBTtmeJcfx0gH3mKDTCQ&prev=/images%3Fq%3Dranger%2Bspacecraft%26hl%3Den%26sa%3DX%26rlz%3D1T5GGLL_enUS253GB254%26tbm%3Disch&itbs=1 
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In Climate-like problems we have to deal with robots

http://www.auburn.edu/~vestmon/robotics.html

1. A computer simulation must not mislead a policymaker, or through inaction, allow a decision maker 
to be mislead.

2. A computer simulation may be post processed using state-of-the-art statistics/graphics expect where 
such post-processing would conflict with the First Law

3. A simulation may be improved (towards the Laws of Physics) so long as funding such improvement 
does not conflict with the First or Second Law.
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In Climate-like problems we have to deal with robots

0. A simulation must not harm the credibility of science, or, through inaction, allow the credibility of 
science to come to harm

1. A computer simulation must not mislead a policymaker, or through inaction, allow a decision maker 
to be mislead.

2. A computer simulation may be post processed using state-of-the-art statistics/graphics expect where 
such post-processing would conflict with the First Law

3. A simulation may be improved (towards the Laws of Physics) so long as funding such improvement 
does not conflict with the First or Second Law.\

0. A robot may not harm humanity, or, by inaction, allow humanity to come to harm. 

(With thanks to Ken Judd for the zeroth law.)
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Questions (mine)
Does model inadequacy do in probability just as nonlinearity did in least squares?

What are “good” initial conditions/parameters in simulation-based forecasting?

Is weighting models a nonsense?

Is a prior on a model parameter a nonsense?

In weather-like problems, is it rational to treat predictive distributions as 
probability density functions?

When might the Bayesian Way be the best available (in an ad hoc sorta way).

Can model-based probabilities provide sustainable odds?

Is the Bayesian Way treacherous?

Is there a viable in-principle approach for handling model class inadequacy?

If our model class does not admit an empirically empirically-adequate model …

The “truth” is out there  -vs- there is no “truth”.     (There is no true model-state)

We can extract insight, but not numbers. (IPCC model democracy is a distraction)

If the model parameter is empirically vacuous or the model class inadequate…

No clear examples yet.

Do we have any laboratory experiments  where Bayesian odds could survive?

And if not?  Non-probabilistic odds?

Costing us valuable insight, risking the public credibility of science, and                 
introducing a new “spurious accuracy”
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Bayesian’s Burden
Take up the Bayesian’s burden,
Your best students send out,
To give each and every science,
It’s PDF of quantified doubt.
Sacrifice theoretical advances
In maths, your career may cease, 
To help doubters in the darkness
Find their distributions and peace.
In the dreary halls of  physics,
Encapsulate their beliefs,
Their model’s empirically inadequate,
Still only B’s way gives coherent release.
Extract priors without mercy,
It is the only way,
The numbers must mean something,
Whatever the captives say!
Allow him his posterior only
Not his heart, certainly not his head;
Constrain the result with priors,
Before the data’s been read.
Then free him to act blindly,
As his posterior says he should,
Once he finds a utility function,
All will be well and good.
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To the Physicist Sitting in Darkness
Probabilities are all well and good. And it is a fine thing to get in touch 
with your beliefs and feelings. Shall we bang ahead in our old-time, loud 
pious way, and commit new sciences to the game; or shall we sober up, 
sit down, and think it over first?
The Blessings-of-Subjective-Probability Trust, wisely and cautiously 
administered, is a Blue Chip. But Bayesians have been playing it badly 
of late, and must certainly suffer from it, in my opinion; they have been 
eager to solve every problem, especially the poorly posed ones, and 
the Physicists who sit in Darkness have begun to notice it – they have noticed it and have begun 
to show alarm. They have become suspicious of posteriors on empirically vacuous reals, not to 
mention function spaces; they have begun to resist the kindly extraction of priors. More – they 
have begun to examine them! This is not well. The Blessings of Bayesianism are all right, and a 
good RC commercial property; there could not be better, in a dim light. In the right kind of light, 
and at the proper distance, with the goods a little out of focus, they are a desirable enticement to 
the Physicists who sit in darkness.
Probability theory eases the stress of decision making. And improves the outcome, but not if we 
adulterate it. For the Empirically Adequate and the Large Number Statistic, it is pie. But in cutting 
edge science, and in extrapolation, here the Physicist sitting in darkness is (almost) sure to say: 
“These is something curious about this – curious and unaccountable.” … There have been lies 
yes, but told in a good cause, it might have worked; yet we have passed on a Shadow from one 
who hadn’t it to sell, and long term infrastructure investments are being made.
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http://www.twainquotes.com/Prophecy.html

Don’t never prophesy: If you prophesies right, ain’t nobody going to 
remember and if you prophesies wrong, ain’t nobody going to let you forget. 
Attributed by Chis Chatfield (Time Series Forecasting ISBN 978-1-58488-063-9)
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You do not expect to get the You do not expect to get the ““average weatheraverage weather”” every day!every day!

Climate is what you expect,Climate is what you expect,

What is climate?
Weather is what you get.Weather is what you get.

Robert Heinlein (1973)Robert Heinlein (1973)

Climate is a distribution of multivariate time series!  Climate is a distribution of multivariate time series!  
(It(It’’s not just a number or two)  s not just a number or two)  
And for policy and (most) decision support:And for policy and (most) decision support:
““All Climate is LocalAll Climate is Local””

See also Radio 4’s GQT!
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(Re)Defining
Climate

This definition more 
or less rules out 
many physically 
interesting “extreme 
events” a priori.

http://amsglossary.allenpress.com/glossary/search?id=climate1
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Are Projections
just Predictions?

Hadley Centre
for Climate Predictions and Research

http://www.metoffice.gov.uk/publications/HCTN/HCTN_20.pdf

All predictions are 
conditioned on something(s); 
if we ran2011 models in 2050 
would they admit shadowing 
trajectores?



VVUQ Park City           Aug 2011                               © Leonard Smith

In practice, systematic errors in seasonal forecasting 
(“drift”) are significant: about one degree, while the 
seasonal range of Niño3 is only ~4 degrees!              

ENSEMBLES multi-model: Niño3 SST

Météo France
IfM Kiel
INGV
ECMWF
Met Office

SST drift

RMSE and ensemble spread

multi-model RMSE
ensemble spread
persistence forecast

Thanks to Antje Weisheimer
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Demonstrations of local skill against climatology Demonstrations of local skill against climatology 
on EQUIP timescales (months). on EQUIP timescales (months). 

du, four graphs of du, four graphs of ninonino 3.43.4



VVUQ Park City           Aug 2011                               © Leonard Smith

Even on seasonal scales, forecastEven on seasonal scales, forecast--outcome pairs are precious.outcome pairs are precious.
((““Information contaminationInformation contamination”” happens in CATS, statistical good practice is required.)happens in CATS, statistical good practice is required.)

RMS is an actively misleading evaluation statisticRMS is an actively misleading evaluation statistic for probabilistic skill.for probabilistic skill.

du, two graphs of MDRdu, two graphs of MDR

MDR (Hurricanes)MDR (Hurricanes)

Demonstrations of local skill against climatology Demonstrations of local skill against climatology 
on EQUIP timescales (months). on EQUIP timescales (months). 



VVUQ Park City           Aug 2011                               © Leonard Smith

Decadal ForecastingDecadal Forecasting at global scales.at global scales.

Emma GMTEmma GMT

Back off on Back off on ““Laws of PhysicsLaws of Physics”” justification if post processing is required.justification if post processing is required.
Transparent forecast evaluation in empirical units of interest.Transparent forecast evaluation in empirical units of interest.
Careful (true) crossCareful (true) cross--validation. (And some validation. (And some arguablyarguably true outtrue out--ofof--sample)sample)
Quantitative documentation of historical forecasts (for Quantitative documentation of historical forecasts (for intercomparisonintercomparison))
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PDFsPDFs from dressed decadal forecastsfrom dressed decadal forecasts

Post processing is required even at global scales (more than a mPost processing is required even at global scales (more than a map from model space!)ap from model space!)
RAP is a simple analogueRAP is a simple analogue--based method, above ALL analogues are used (based method, above ALL analogues are used (untuneduntuned).).
Does the greater skill of a GCM cover its cost? (Does it have grDoes the greater skill of a GCM cover its cost? (Does it have greater skill?)eater skill?)

Emma fan chartsEmma fan charts
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Emma fan chartsEmma fan charts
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The Value of GCM output is not The Value of GCM output is not 
overwhelmingoverwhelming even at global scaleseven at global scales..

If GCM outperforms RAP on GMT by about one bit (that is twice thIf GCM outperforms RAP on GMT by about one bit (that is twice the e probprob mass).mass).

For which questions does the greater skill of a GCM cover its coFor which questions does the greater skill of a GCM cover its cost? st? 
Does it really have greater skill?  (Better Statistical PracticeDoes it really have greater skill?  (Better Statistical Practice?)?)

Emma IGNEmma IGN



VVUQ Park City           Aug 2011                               © Leonard Smith

As we move to smaller spatial scales, when, where and at what As we move to smaller spatial scales, when, where and at what 
leadlead--times will simulation models lose their relative skill?times will simulation models lose their relative skill?

As more and more statistical models are tested, how do we As more and more statistical models are tested, how do we 
quantify the statistical significance of the nquantify the statistical significance of the nthth model?  model?  

(What level of performance can we expect in real time?)(What level of performance can we expect in real time?)

Good experimental design is required (i.e. specifying the order Good experimental design is required (i.e. specifying the order 
of locations examined) if statistical significance is to be assiof locations examined) if statistical significance is to be assigned gned 
to local predictions.   to local predictions.   

(Scanning the globe for regions of skill is a nonsense)(Scanning the globe for regions of skill is a nonsense)
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Common, nontrivial, systematic errors

Missing Mountains: The fine structure shows what is missing.
Each AR4 model suffers from related inadequacies
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These are not small errors.  Sometimes over one kilometre !
And they are shared by all (today’s) models!

They hold implications for short term 
phenomena (precip, blocking, …)

X



VVUQ Park City           Aug 2011                               © Leonard Smith

Thanks to Kevin Judd

Africa

Florida

S America

Thanks to Kevin Judd

“teleconnections of the day(s)”
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There is no stochastic fix:
After a flight, the series of control 
perturbations required to keep a by-
design-unstable aircraft in the air look 
are a random time series and arguably 
are Stochastic.

But you cannot fly very far by specifying 
the perturbations randomly!

Think of WC4dVar/ ISIS/GD 
perturbations as what is required to 
keep the model flying near the 
observations: we can learn from them, 
but no “stochastic model” could 
usefully provide them.

Which is NOT to say stochastic models are not a good idea: 
Physically it makes more sense to include a realization of a process rather than it mean!
But that will not resolve the issue of model inadequacy, even as it give us a better model class!

It will not yield decision-relevant PDFs!
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http://ukclimateprojections.defra.gov.uk/images/stories/Other_images/UKCP09_Review.pdf

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

LAS: “If one is sensitive to the duration, intensity and 
frequency of  “blocking events” then the UKCP PDFs
should not be used  (as PDFs)in expected utility analysis.

Can we be more transparent on inadequacy?
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How is a User to judge if UKCIP PDFs are informative?
A Schematic of a Test For Quantitative Decision Relevance

 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 (which are known).            

(“mountains”)

Pose necessary (NEVER SUFFICIENTNEVER 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”)). 

 Are all 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 rIf one cannot clear these hurdles, the scientific value of the results does esults does 
not make them of value to decision makers. They can be a detrimenot make them of value to decision makers. They can be a detriment. nt. 

And claiming they are the And claiming they are the ““Best Available InformationBest Available Information””
is both false and misleading.is both false and misleading.

Sit and think   will trump    Simulate and CountSit and think   will trump    Simulate and Count
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Moving Forward
We need to lower the bar. Clearly state that: 

 We have very little robust quantitative information for adaptation decisions

 The level of systematic model inadequacy in today’s GCMs implies we will 
have to make decisions without robust or representative PDFs
 Climate science may play a larger role than climate modelling

 Planners using UKCP PDFs as PDFs can expect “big surprises”

Can we find a constructive way to 

 Review and critically evaluate UKCP worked examples.  [Prob(Big Surprise)]

 Evaluate and advertise the challenges to interpreting state-of-the-art models in 
support of adaptation. 

 Pose methods to clarify that deep uncertainty at the local space and time 
scales relevant adaptation does not suggest uncertainty in the need for 
mitigation of global warming. 

These challenges exist in other countries too: the UK can lead the world in 
addressing the limitations of the science without fear of the sceptics!
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Hard tasks: Depreciating Oversell
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Having raised expectations, these promises 
cannot just vanish from the website.

But perhaps we could rate 
each of the worked 
examples separately on 

Robust,
Representative

Relevant
They would each score 
high on Relevant, and 
provide a better guide for 
good practice…

…and illustrate likely value 
added by the models using 
the evaluation schematic?
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I do nothave time to discuss the UKCP 
worked examples…
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I do not have time to discuss the UKCP 
worked examples…
But each of these makes naïve realist assumptions

Simulate and Count
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Fitzroy, 1862

How do we reduce these risks?

Lower the bar: Openly admit the difficulty of 
quantitative support for adaptation decisions

Curtail the apparent aim for “Plausible deniability”
(embrace the insights of the Hoskin’s review, do not reword around them)

Manage expectations: find ways for the advancement 
of science to be seen as a “good thing” by users.  

Usual scathing scientific criticism of the overselling of 
current insights (“Climate Proofing” …), especially by 
commercial enterprises and government departments.
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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.
What research question do you hope advance  in the next 5 years?

How would a society learn to make such decisions?
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Overview(1)
Climate GCMs are large nonlinear models.

Robustness of warming to model structure is a plus.

It is a nonsense to assume anomalies are informative for local details
(if the laws of physics respected such transformations, 
we would not need such big nonlinear models: water freezes at…)

Is it not a nonsense to assume such models can be scientifically 
informative on time scales where local feedbacks are nontrivial?

Presenting anomalies in such misleading ways begs misinterpretation.
(not to mention risking our credibility)

So what are we to do given such large systematic errors?
1) Aim for insight, not numbers.
2) Quantify the probability of model irrelevance (with lead time).
3) Demonstrate that they can, in fact, shadow the obs. (after projection)
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As of last week:

In this
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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 that you ractions, is that you 
confine your thoughts to clearconfine your thoughts to clear--cut definite things, with clearcut definite things, with clear--cut definite relations. cut definite relations. ……

The disadvantage of exclusive attention to a group of abstractioThe disadvantage of exclusive attention to a group of abstractions, however wellns, however well--founded, founded, 
is that, by the nature of the case, you have abstracted from theis that, by the nature of the case, you have abstracted 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 your  revising your  modesmodes of of 
abstraction. abstraction. 

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

A N WhitehA N Whitehead. Science and the Modern World. Pg 58/9ead. Science and the Modern World. Pg 58/9

Fallacy of Misplaced Concreteness Fallacy of Misplaced Concreteness 

In the case of physical dynamical systems, probability forecastsIn the case of physical dynamical systems, probability forecasts based on based on 
model simulations provide excellent  realisations of this fallacmodel simulations provide excellent  realisations of this fallacy, drawing y, drawing 
comfortable pictures in our mind which correspond to nothing at comfortable pictures in our mind which correspond to nothing at all, and all, and 
which will mislead us if we carry them  into decision theory.which will mislead us if we carry them  into decision theory.

You donYou don’’t have to believe everything you compute!t have to believe everything you compute!
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Solvency II is a set of regulatory 
requirements for insurance firms that 
operate in the EU designed to prevent 
insurance company failures by 
unbundling “operational risk”.

The aim here is not to integrate over 
all risks and opportunities to estimate 
the PDF of expected annual income but 
simply to ensure that insurers have 
sufficient "regulatory capital" to 
survive any (every) adverse event 
which has more than a 1 in 200 
chance of occurring.

Question: Can climate science 
ascertain whether the probability 
of an outcome is 
a)   >>  1 in 200
b)     ~  1 in 200
c)   <<  1 in 200

Clearly identify risks without the 
investigative distraction of the 
whole shebang PDF.

Solvency II and Risk Management
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1924

http://www.metoffice.gov.uk/climatechange/guide/what/

The link between CO2 and climate is not new!
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That would be 1937

Climate change detection, and forecasting (1937)
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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?


