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Instructions:

The symposium will address several major challenges in The symposium will address several major challenges in 
climate projection, including:climate projection, including:
The formulation of climate modelsThe formulation of climate models
The process of downscaling from global to local scales The process of downscaling from global to local scales 
The derivation of climate statistics and secular trends  The derivation of climate statistics and secular trends  
The interpretation of climate as a dynamical system  The interpretation of climate as a dynamical system  
The construction of risk analyses for climate impacts The construction of risk analyses for climate impacts 
The extraction of climate information for decision makingThe extraction of climate information for decision making

F  and FF  and F~~

““Stimulate DiscussionStimulate Discussion””
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Instructions:

The symposium will address several major challenges in The symposium will address several major challenges in 
climate projection, including:climate projection, including:
The formulation of climate modelsThe formulation of climate models
The process of downscaling from global to local scales The process of downscaling from global to local scales 
The derivation of climate statistics and secular trends  The derivation of climate statistics and secular trends  
The interpretation of climate as a dynamical system  The interpretation of climate as a dynamical system  
The construction of risk analyses for climate impacts The construction of risk analyses for climate impacts 
The extraction of climate information for decision makingThe extraction of climate information for decision making

aimsaims
relevance ofrelevance of

Policy, Decision Support and Mathematical Policy, Decision Support and Mathematical ““preliminaries.preliminaries.””

modelsmodelsof collections of collections 

^               ^                      ^^               ^                      ^

nonlinear nonnonlinear non--recurrent transient distinctrecurrent transient distinct
ssMathematical Mathematical 

Scientific Scientific 
identification identification 

relevantrelevant

^̂ in state of the art models.in state of the art models.
Decision makers are neither dumb (BP) nor naDecision makers are neither dumb (BP) nor naïïve (EDF).ve (EDF).
?will buy due diligence only once: nontrivial risk to credibilit?will buy due diligence only once: nontrivial risk to credibility of science?y of science?
Qualitative interpretations of quantitative models desired (is mQualitative interpretations of quantitative models desired (is more possible?)ore possible?)
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Outline
Knowledge Transfer and Expectation ManagementKnowledge Transfer and Expectation Management
Ensemble Environmental Modelling and Ensemble Environmental Modelling and ““ProbabilityProbability””

Weather and Climate  : Models and Projection OperatorsWeather and Climate  : Models and Projection Operators
Known Inabilities, Unknown Unknowns & Unrealistic Aims (Sales) Known Inabilities, Unknown Unknowns & Unrealistic Aims (Sales) 
Key Open Question:Key Open Question:

At what spatial and temporal scales do todayAt what spatial and temporal scales do today’’s models provide s models provide 
decisiondecision--support relevant information?support relevant information?
Can we build a better mathematical framework for discussing climCan we build a better mathematical framework for discussing climate?ate?

Prognosis: Prognosis: 
The The lowerlower bound on our range of uncertainty will remain largebound on our range of uncertainty will remain large
““All climate is localAll climate is local””: weather forecasting is a win: weather forecasting is a win--win investmentwin investment
OverOver--interpretation of models will lead to poor decision makinginterpretation of models will lead to poor decision making
Realistic model/data interpretation will bring real rewardsRealistic model/data interpretation will bring real rewards
Difficult tactical/strategic questions of resource allocation foDifficult tactical/strategic questions of resource allocation for decision r decision 
support relevance (How often should one run/update large models?support relevance (How often should one run/update large models?))
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Knowledge does not transfer (well) by itself.
.

Especially when market share is valued more than reliability
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Climate Change also calls for a new mix of Climate Change also calls for a new mix of 
truly multidisciplinary knowledge transfer.truly multidisciplinary knowledge transfer.

At present, model output tends to be overAt present, model output tends to be over--interpreted.interpreted.

SocioSocio--economic             Science  Summaryeconomic             Science  Summary

Science BaseScience Base

XX
??mismis--??
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http://http://climatechange.pbwiki.comclimatechange.pbwiki.com//

Climate has stimulated work at the scienceClimate has stimulated work at the science--industry interfaceindustry interface

Huge need for expectation management and sanity checkingHuge need for expectation management and sanity checking
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Commercial (nonCommercial (non--neutral) dissemination complicates things.neutral) dissemination complicates things.
It is hard for salespeople to lead with their uncertainty.It is hard for salespeople to lead with their uncertainty.
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Commercial (nonCommercial (non--neutral) dissemination complicates things.neutral) dissemination complicates things.
It is hard for salespeople to lead with their uncertainty.It is hard for salespeople to lead with their uncertainty.

Supporting good policy andSupporting good policy and
decision making requires decision making requires 
informed criticism of the informed criticism of the ““best best 
available information.available information.””

Ideally answering Ideally answering onlyonly the the 
answerable questions, and answerable questions, and 
never providing the never providing the ““best best 
available answeravailable answer”” when it is when it is 
notnot decision support relevant.decision support relevant.
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Global mean temperatures are rising faster with time

100   0.074±0.018
50    0.128±0.026

Period      Rate

Years  °/decade
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That is the past: What do we know about the future.That is the past: What do we know about the future.
(Climate models will continue to be improved in every IPCC repor(Climate models will continue to be improved in every IPCC report!)t!)
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But on what space and time scales But on what space and time scales do do we have decisionwe have decision--relevant information?relevant information?
Expectation Management!       Expectation Management!       
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Expectation Management!      Expectation Management!      
UKCIP has been UKCIP has been instructedinstructed on what it on what it willwill provide.provide.
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(This is not a (This is not a ““AGWAGW--denierdenier”” stance)stance)
The credibility of science would profit from a realistic and The credibility of science would profit from a realistic and 
mathematically coherent framework for massive modelling mathematically coherent framework for massive modelling 
projects (more than just climate change, not all projects (more than just climate change, not all extrapolationsextrapolations).).

How do we quantify model uncertainty in the absence of data?How do we quantify model uncertainty in the absence of data?

AIDS deaths in South Africa in 1999                AIDS deaths in South Africa in 1999                ((PilkeyPilkey and and PilkeyPilkey--Jarvis)Jarvis)

UNAIDS (model UNAIDS (model hindcasthindcast)          Total Recorded Deaths (in 1999))          Total Recorded Deaths (in 1999)
250,000250,000 375,000375,000
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(This is not a (This is not a ““AGWAGW--denierdenier”” stance)stance)
The credibility of science would profit from a realistic and The credibility of science would profit from a realistic and 
mathematically coherent framework for massive modelling mathematically coherent framework for massive modelling 
projects (more than just climate change, not all projects (more than just climate change, not all extrapolationsextrapolations).).

How do we quantify model uncertainty in the absence of data?How do we quantify model uncertainty in the absence of data?

EffectiveEffective--percolation flux  (rocks of Yucca Mountain)percolation flux  (rocks of Yucca Mountain)
1984                     4 mm/year           (cores and simulati1984                     4 mm/year           (cores and simulation models)   on models)   
1986                     1 mm/year           (cores and simulati1986                     1 mm/year           (cores and simulation models)   on models)   
1987                     0.5 mm/year        (cores and simulatio1987                     0.5 mm/year        (cores and simulation models)   n models)   
Rates of 0.02 to 1 mm/year    adopted for  risk assessment simRates of 0.02 to 1 mm/year    adopted for  risk assessment simulation modelling   ulation modelling   

1996   1996   Bomb test ClBomb test Cl3636 detected in test tunnels  implies 3000 mm/year detected in test tunnels  implies 3000 mm/year ““near seven faultsnear seven faults””

What is the decision support relevant number?What is the decision support relevant number?
Given the resolution of  the models, what is the Given the resolution of  the models, what is the ““effective percolation fluxeffective percolation flux””??
Is effective percolation flux merely unknown like the speed of lIs effective percolation flux merely unknown like the speed of light (was) or ight (was) or 
the halfthe half--life of the B meson? life of the B meson? 
Or is it empirically vacuous like climate sensitivity and HADSM3Or is it empirically vacuous like climate sensitivity and HADSM3’’s model s model 
entrainment coefficient?entrainment coefficient?

NonNon--statistical adjustments to both of these!statistical adjustments to both of these!
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Lorenz PDF evolution

In the NAG board, NWP In the NAG board, NWP 
corresponds to predicting with corresponds to predicting with 
a collection (ensemble) of golf a collection (ensemble) of golf 
ballsballs……

How might ensembles help How might ensembles help 
us understand uncertainty. us understand uncertainty. 
Consider the  Not A Galton Consider the  Not A Galton 
(NAG) Board.(NAG) Board.
It is neither stochastic or It is neither stochastic or 
chaotic; but at least it is!chaotic; but at least it is!
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A      B       C       D       E       F       G       HA      B       C       D       E       F       G       H

5%       5%     20%       15%      15%      5%      10%      5%       5%     20%       15%      15%      5%      10%      25%25%
20x         20x         20x20x 55x        x        66⅔⅔ x       x       66⅔⅔ xx 20x        1020x        10xx 4 x 4 x 

ProbProb
OddsOdds

YourYour
Bet(sBet(s))

PickPick
OneOne

White PinWhite Pin

Distribute a total bet of one Distribute a total bet of one ££ (100 pennies) however you like.(100 pennies) however you like.
Decision support given a relevant probability distribution is stDecision support given a relevant probability distribution is straightraight--forward.forward.
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Lorenz PDF evolution
In the NAG board, the NWP In the NAG board, the NWP 
corresponds to predicting with corresponds 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?

How do we How do we ““verifyverify”” what a what a 
distribution of golf balls tell us distribution of golf balls tell us 
about the single passage of the about the single passage of the 
red ball of reality?red ball of reality?
On weather timescales, we On weather timescales, we 
have a valuable forecasthave a valuable forecast--
verification archive (~2verification archive (~288,2,21010).).
(& it appears more decision(& it appears more decision--support support 
valuable if we focus on valuable if we focus on information information 
contentcontent: no  : no  scenarioscenario interpretation!)interpretation!)
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A      B       C       D       E       F       G       HA      B       C       D       E       F       G       H

5%       5%     20%       15%      15%      5%      10%      5%       5%     20%       15%      15%      5%      10%      25%25%
20x         20x         20x20x 55x        x        66⅔⅔ x       x       66⅔⅔ xx 20x        1020x        10xx 4 x 4 x 

ProbProb
OddsOdds

YourYour
Bet(sBet(s))

PickPick
OneOne

White PinWhite Pin

Distribute a total bet of one Distribute a total bet of one ££ (100 pennies) however you like.(100 pennies) however you like.
Decision support given a relevant probability distribution is stDecision support given a relevant probability distribution is straightraight--forward.forward.

How/Would you change your bets on learning reality was a red balHow/Would you change your bets on learning reality was a red ball? l? 

Who changed their bets on the second round (Reality)? Why? (How?Who changed their bets on the second round (Reality)? Why? (How?))
Of 100 WMO forecasters, roughly half switched; Of 100 WMO forecasters, roughly half switched; 
roughly half of those improved their score (sample over only 3 droughly half of those improved their score (sample over only 3 drops).rops).
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We need a relevant jargon for nonWe need a relevant jargon for non--recurrent nonlinear dissipative recurrent nonlinear dissipative 
dynamical systems useful on finite timedynamical systems useful on finite time--scalesscales::

attractor, mixing, chaoticattractor, mixing, chaotic
Coupled to unknowable single snapCoupled to unknowable single snap--shot systems:shot systems:

shadowing, shadowing, predictability,assimilationpredictability,assimilation
Under transient parameter change (climate & seasonal)Under transient parameter change (climate & seasonal)

structural stability, natural measure (unconditioned distributiostructural stability, natural measure (unconditioned distribution)n)
And accepting multiple model structures of different state spaceAnd accepting multiple model structures of different state spaces s 
connected only via connected only via projectionsprojections
into observation space. into observation space. 

We currently lack the language                                  We currently lack the language                                  to to 
discuss such things clearly.discuss such things clearly.

What sort of verification tools would help users with the Red RuWhat sort of verification tools would help users with the Red Rubber bber 
Ball, noting that we never see the same initial condition twice?Ball, noting that we never see the same initial condition twice?

WeWe’’ll not see two similar medium range ll not see two similar medium range PDFsPDFs before the sun dies.before the sun dies.

As a dynamical system, even weather is nonAs a dynamical system, even weather is non--recurrentrecurrent
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Lorenz PDF evolution
In the NAG board, the NWP In the NAG board, the NWP 
corresponds to predicting with corresponds 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?

How do we How do we ““verifyverify”” what a what a 
distribution of golf balls tell us distribution of golf balls tell us 
about the single passage of the about the single passage of the 
red ball of reality?red ball of reality?
On seasonal timescales: a On seasonal timescales: a 
small forecastsmall forecast--verification verification 
archive (~2archive (~244,2,255).).
(Models disagree in IC distribution. (Models disagree in IC distribution. 
How to blend if model skill varies?)How to blend if model skill varies?)
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Lorenz PDF evolution
In the NAG board, the NWP In the NAG board, the NWP 
corresponds to predicting with corresponds 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?

How do we How do we ““verifyverify”” what a what a 
distribution of golf balls tell us distribution of golf balls tell us 
about the single passage of the about the single passage of the 
red ball of reality?red ball of reality?
Climate projection requires Climate projection requires 
extrapolating out of red ball extrapolating out of red ball 
archive: into the known to be archive: into the known to be 
different unknown. different unknown. 
The best we can hope for is The best we can hope for is 
consistency between modelsconsistency between models
(in distribution).(in distribution).
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Frequency Distribution of Climate Sensitivity
% > 8o

Black:Black: 4.24.2
Red:Red: 4.94.9
Blue:Blue: 0.00.0

Only one model structure.Only one model structure.
One global averaged variable.One global averaged variable.
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Probability of what exactly?Probability of what exactly?
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RangeRange of Regional Results: of Regional Results: oneone statestate--ofof--thethe--art modelart model

Take home message: Uncertainties are large under even a single sTake home message: Uncertainties are large under even a single sensitivity;ensitivity;
We need to avoid overWe need to avoid over--interpreting pretty pictures of local impacts.interpreting pretty pictures of local impacts.
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But on what space and time scales do we have decisionBut on what space and time scales do we have decision--relevant information?relevant information?
Expectation Management!Expectation Management!
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It is difficult for salesmen to lead with their uncertainty.It is difficult for salesmen to lead with their uncertainty.
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Global models differ substantially, decisionGlobal models differ substantially, decision--relevant relevant 
regional details are not on offer even as probabilities.regional details are not on offer even as probabilities.
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It is difficult for salesmen to lead with their uncertainty.It is difficult for salesmen to lead with their uncertainty.
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Mathematical/Statistical interpretation of decision Mathematical/Statistical interpretation of decision 
support relevance of the means in IPCC chapter 10.support relevance of the means in IPCC chapter 10.
What does a multiWhat does a multi--model mean model mean meanmean in cases like this?in cases like this?

?Some increase, some decrease, none unchanged: average ~ unchang?Some increase, some decrease, none unchanged: average ~ unchanged?ed?

Do any have nonDo any have non--vanishing vanishing 
absolute likelihood?absolute likelihood?

Can our models yield Can our models yield 
understanding without  understanding without  
probabilities or realism?probabilities or realism?

A Users Manual with IPCC?A Users Manual with IPCC?
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The parable of the three statisticians.The parable of the three statisticians.

Three nonThree non--Floridian statisticians come to a river, they want Floridian statisticians come to a river, they want 
to know if they can cross safely. (They cannot swim.)to know if they can cross safely. (They cannot swim.)
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Three nonThree non--Floridian statisticians wish to cross a river. Floridian statisticians wish to cross a river. 
Each has a forecast of depth which indicates they will drown.Each has a forecast of depth which indicates they will drown.

Forecast 1Forecast 1

Forecast 2Forecast 2

Forecast 3Forecast 3

So they have an ensemble So they have an ensemble 
forecast,with three membersforecast,with three members
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Three nonThree non--Floridian statisticians wish to cross a river. Floridian statisticians wish to cross a river. 
Each has a forecast of depth which indicates they will drown.Each has a forecast of depth which indicates they will drown.
So they average their forecasts and decide based on the ensembleSo they average their forecasts and decide based on the ensemble meanmean……

Is this a good idea?Is this a good idea?

Ensemble meanEnsemble mean
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Ensembles contain information, we must be careful not to destroy or 
discard it!

How do we even address these questions?How do we even address these questions?
How to respect physically distinct distributions overHow to respect physically distinct distributions over

initial conditions  (initial conditions  (““mixingmixing””),),
parameter values (parameter values (““nonnon--mixingmixing””),),
model structure (defined how? And in what space?).model structure (defined how? And in what space?).

No!No!
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With this range of uncertainties in the global mean, With this range of uncertainties in the global mean, 
how is one to interpret the patterns above?how is one to interpret the patterns above?
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Model Inadequacy and our three nonModel Inadequacy and our three non--Floridian statisticians.Floridian statisticians.

As it turns out, the river is rather shallow.As it turns out, the river is rather shallow.
Model inadequacyModel inadequacy covers things in the system that are not covers things in the system that are not 
of the model.of the model.

The decisionThe decision--relevant question was could they make it relevant question was could they make it 
across, the depth of the river was only one componentacross, the depth of the river was only one component……
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Investing in models: personal expectations for the next 20 yearsInvesting in models: personal expectations for the next 20 years..

I hope AO+GCM climate model forecasts to converge (in I hope AO+GCM climate model forecasts to converge (in 
distribution), hopefully without the distributions themselves distribution), hopefully without the distributions themselves 
becoming narrow (an indication of forced agreement via overbecoming narrow (an indication of forced agreement via over--
tuning). tuning). Odds on this happening before by ~ 2080 (DARPA extrapolation)?Odds on this happening before by ~ 2080 (DARPA extrapolation)?

I expect significant changes as the science advances ( as in I expect significant changes as the science advances ( as in 
changes in the Atlantic storm track or blocking frequency or changes in the Atlantic storm track or blocking frequency or ……))

I expect (I expect (to seeto see) significant improvement in seasonal forecast ) significant improvement in seasonal forecast 
models, with (realistic) converge in distribution and ensemble models, with (realistic) converge in distribution and ensemble 
distributions with significant skill over climatology. distributions with significant skill over climatology. 

I expect (I expect (to seeto see) surprisingly good improvement in probabilistic ) surprisingly good improvement in probabilistic 
““weatherweather”” forecasts (nowforecasts (now--casting to week three) which allow casting to week three) which allow 
unexpected advances in adaptation and exploitation.unexpected advances in adaptation and exploitation.

Economic value of NUMB weather will become obvious.Economic value of NUMB weather will become obvious.
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Overview
Models are our best tool for understanding; consistency will impModels are our best tool for understanding; consistency will improve!rove!

Model inadequacy limits even probabilistic regional informationModel inadequacy limits even probabilistic regional information
Hurricanes, Atlantic SST gradient, Tropical rainfall, Sea breezHurricanes, Atlantic SST gradient, Tropical rainfall, Sea breezeses……

Agreement between models (in distribution) would boost confidencAgreement between models (in distribution) would boost confidencee
EvenEven while leaving while leaving unknown unknownsunknown unknowns untoucheduntouched

Climate Science needs to be presented so that the expected futurClimate Science needs to be presented so that the expected future e 
advancements of science are seen as a advancements of science are seen as a ““good thinggood thing”” by decision makers.by decision makers.
Prognosis: Prognosis: 

The The lowerlower bound on our range of uncertainties will remain largebound on our range of uncertainties will remain large
““All climate is localAll climate is local””: weather forecasting is a win: weather forecasting is a win--win investmentwin investment
OverOver--interpretation of models will lead to poor decision makinginterpretation of models will lead to poor decision making
Moving to a modelMoving to a model’’s informations information--content timescales will benefit allcontent timescales will benefit all

Accepting this inconvenient ignorance will help us to deal with Accepting this inconvenient ignorance will help us to deal with 
the inconvenient truth of global warming.the inconvenient truth of global warming.
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MSRI Questions (Mine) :
Framework/concepts for transient nonlinear systemsFramework/concepts for transient nonlinear systems
Framework for transient system/model Framework for transient system/model pair(spair(s))

How long can stateHow long can state--ofof--thethe--art climate models shadow?art climate models shadow?
Do pDo p--orbit mismatch vectors show systematic orbit mismatch vectors show systematic ““needsneeds””..

How to project between How to project between obsobs space and model state space and model state space(sspace(s)?)?
Beyond Best: An interpretation of distributions (IC, P, & structBeyond Best: An interpretation of distributions (IC, P, & structure) ure) 
of useful stateof useful state--ofof--thethe--art models (in which no one art models (in which no one ““believesbelieves””).).

How to determine decisionHow to determine decision--relevant spacerelevant space--time scales?time scales?
How to How to betterbetter identify skill in the absence of observations?identify skill in the absence of observations?
Can our models yield understanding without  probabilities Can our models yield understanding without  probabilities 
or realism? (Qualitative info from quantitative models)or realism? (Qualitative info from quantitative models)
How to respect physically distinct distributions (IC, P, M)?How to respect physically distinct distributions (IC, P, M)?
Can we ensure scientific progress is seen as a Can we ensure scientific progress is seen as a ““good thinggood thing””??
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An ensemble of climate “models.”

This is the range of This is the range of 
2xCO2 global average 2xCO2 global average 
temperature in one temperature in one 
model! model! 

It tells us nothing It tells us nothing 
about summer about summer 
temperatures in temperatures in 
London.London.

Except through global Except through global 
things like sea levelthings like sea level

> 100,000 participants  from 150 countries 
> 70,000 simulations (each 45 years long) 
> 8,000 years of computing time
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