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IPCC’s Calibrated Language  
High or Very confidence: 

US National Research Council 2010 report Advancing the Science of Climate Change 
(http://www.nap.edu/catalog.php?record_id=12782 

1. Earth is warming 

2. Most of the warming over the last several decades can be 
attributed to human activities  

3. Natural climate variability ... cannot explain or offset the long-
term warming trend. 

4. Global warming is closely associated with a broad spectrum of 
other changes, 

5. Human-induced climate change and its impacts will continue for 
many decades, 

6. The ultimate magnitude of climate change and the severity of its 
impacts depend strongly on the actions that human societies 
take to respond to these risks.  

 

http://www.nap.edu/catalog.php?record_id=12782


High confidence = “≥ 8 out of 10” 

High confidence in 1 & 

High confidence in 2 & ……  

High confidence in 6 

=  High Confidence in 1&2&3&4&5&6 ??????? 

 

IF each has probability 0.8 of being true, 
probability of ALL  [0, 0.8] 

 



Conditional or joint probability??? 

High Confidence: Earth is warming 

High Confidence: Most of the warming over the 
last several decades can be attributed to 
human activities  

 = High confidence: “Given Earth is warming, 
humans caused it” 

OR 

=  High confidence “Earth is warming AND 
humans caused it” 

High Confidence (condition) × High Confidence(consequence) = ? 



1977: Artificial Intelligence turns from 
chess to science E.A.Feigenbaum (1977) The Art of Artificial Intelligence” 

 

The “Grand Masters” don’t reason probabilistically 

 Fuzziness,  

Imprecision,  

Certainty factors,  

Degree of possibility,  

Belief functions,  

Non-monotonic reasoning,  

Random sets, 

 

The fuzzy uncertainty of A & B…& E  = minimum of their fuzzy uncertainties 
 

So, if 
 

fuzzy uncert’y “Quincy is a man” = ½ = fuzzy Uncert’y “Quincy is a woman” 
 

Then fuzzy uncert’y “Quincy is a man  a woman” = ½. 



Artificial Intelligence: 
UAI Proceedings digitized 1985 – 2012 

word count: 



Current flavor of the month…… 

"In fact, the climate change debate is characterized by deep uncertainty, which results 
from factors such as lack of information, disagreement about what is known or even 
knowable, linguistic imprecision, statistical variation, measurement error, approximation, 
subjective judgment, and disagreement about structural models, among others (see 
Moss and Schneider, 2000).” U.S. Senate Committee on Commerce, Science and 
Transportation Hearing on “The Case for Climate  

Deep Uncertainty defies 
quantification because….. 



Deep uncertainty is  
 Frank Knight, Risk, Uncertainty and Profit, 1921 

.  "Uncertainty", [in contrast to risk], concerns 
"partial knowledge" for which "the conception of 
an objectively measurable probability or chance 
is simply inapplicable” 

...but read further.... 

"We can also employ the terms 'objective' and 
'subjective' probability to designate the risk and 
uncertainty respectively, as these expressions are 
already in general use with a signification akin to 
that proposed” 

 



No blame: IPCC synthesizes ‘what’s out there’ 

We, not IPCC, must raise the bar  

The Communicators don’t understand 
uncertainty  

 The problem of communicating 
uncertainty about CC is:  



The bar needs raising 

•  Deniers use uncertainty to shift the proof 
burden 

• Alarmists use uncertainty to frighten us into 
precipitous action  

• No alternative to 

 

• (Forthcoming IPCC report is better) 



Foundations 101 
Ramsey 1926, Savage (Ogashevitz)1954 

If John prefers 
$10,000 if France wins…; $1000 otherwise  
to  
$10,000 if USA wns…; $1000 otherwise,  
  

and 
  

$10,000 if France OR Belgium win…; $1000 otherwise 
is preferred  to  

$10,000 if USA OR Belgium win…; $1000 otherwise. 
etc 

THEN (+continuity, dominance  axioms) 
John’s partial belief is uniquely 
represented as a (subjective) 
probability measure. 



Quantifying Uncertainty: Structured 
Expert Judgment 



Anno 2013 over 100 professional applications 
Partial List: Louis Goossens, Willy Aspinall, Mark Burgman, Tim Bedford, Anca Hanea, Abby 
Colson, Dorota Kurowicka, Oswaldo Morales, Marion Whitmann, John Rothlisberger, Bernd Kraan, 
John Evans, Juoni Tuomisto,  Margret Palmer, David Lodge, Karen Slijkhjiis, Martijn Frijters, Tom 
Mazzuchi, Eric Jager, Fred Harper, Jan van Noortwijk, Nicole van Elst, Bram Meima, Arno Willems 

Nuclear     EU, USNRC 
Aerospace    ESTEC, NASA 
Chemical Process   VROM 
Dose Response    VROM  
Environmental Transport  EU, USNRC, VROM 
Banking / Investment   SHELL, AMS Optie 
Volcanoes    UK, EU 
Aeronautics    VROM, AIRBUS, BA 
Project mngt    Robert Woods Johnson 
Public Health    Health Canada 
Civil Infrastructure   UK, NL, EPA 
Invasive Species    NOAA 
Ice Sheets    RL Foundation, UK 
 



“Uncertainty from random sampling ...omits 
important sources of uncertainty” NRC(2003) 

All cause mortality, percent increase per 1 μg/m3 
increase in PM2.5 

  Amer Cancer Soc. 

(reanal.) 

Six Cities Study 

(reanal.) 

Harvard 

Kuwait, 

Equal weights 

(US) 

Harvard 

Kuwait, 

Performance 

weights (US) 

Median/best 

estimate 
0.7 1.4 0.9657 0.6046 

Ratio 95%/50% 0.44

2.5 
1.12 

4.8 257 63 

Goldilocks 
Uncertainty 

 
 

 

False Certainty 
 

 

False 
Uncertainty 

 
 

 



Expert Performance CAN  be 
objectively measured Very High Information, Very Poor Statistical Accuracy 

True value 

90% Confidence 

False Certainty:      Worse than useless 



Low Information, Good Statistical Accuracy 

   

False Uncertainty:     Useless 



High Information, Decent Statistical Accuracy 

Goldilocks Uncertainty 



The Classical Model 



Expert elicitation 2010, 2012, 2012a (J.Bamber and W. Aspinall) 
Dependence Elicitation Dec. 18, 19, 2012,  (JB, WA, RC) 



                          2010 
                          2012 
 
O  = Observationalist 
M  = Modeler 

Self – weights 

Equal weights 

Performance based weights 

  

20th Century combined Ice Sheet contribution to SLR [mm/yr] 



                          2010 
                          2012 
 
O  = Observationalist 
M  = Modeler 

Self – weights 

Equal weights 

Performance based weights 

  

Contributions to SLR by 2100 [mm/yr] 

60 inches 
“scientists expect 20 to 

80 inches”??? 



What Else? 





Tail (in)dependence: Normal Copula 
“Suppose X is really bad, what is the probability that also Y is really bad?” 

Conditional exceedance probabilities as function of correlation 
                           Normal copula   Reverse Clayton Copula 



Dependence in Ice Sheet Uncertainty? 
Contribution to SLR / yr = Runoff + Discharge - Accumulation 

runoff, discharge, accumulation 



 

“Uncertainty effects”:  

False Uncertainty 

Goldilocks Uncertainty 



What Else? 



Outs of Sample Validation: 
of Classical Model 

62 studies, per study: geomeans of comparisons of PW/EW combined score 
ratios. Eggstaff, Mazzuchi, Sarkani (2013 RESS);  

 



Conclusions 


