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Tyndall (1861) 



Tyndall and uncertainty 

 “Approximate results were easily obtainable, but I 
aimed at exact measurements” 

 “… a perfect galvanometer is the result” 

 “… during the seven weeks just referred to, I 
experimented from 8 to 10 hours daily”… but these 
experiments, though more accurate, must 
unhappily share the fate of the former ones.” 

 “I am unable at the present moment to range with 
certainty oxygen, hydrogen, nitrogen, and 
atmospheric air in the order of their absorptive 
powers, though I have made several hundred 
experiments…” 

 Source: Tyndall Lecture (1861) 



Tyndall and uncertainty 

 “It is exceedingly probable that the absorption of 
the solar rays by the atmosphere, as established by 
M. Pouillet, is mainly due to the watery vapour 
contained in the air.” 

 “Every variation of this constituent (aqueous 
vapour) must produce a change in climate. Similar 
remarks would apply to the carbonic acid diffused 
through the air.” 

 

Source: Tyndall Lecture (1861) 



Tyndall and uncertainty 

 “… a slight change in [atmospheric] variable 
constituents would suffice for … different amounts 
of heat preserved to the earth at different times. 
Such changes in fact may have produced all the 
mutations of climate which the … geologists 
reveal” 

 “However this may be, the above facts above cited 
remain; they constitute true causes, the extent 
alone of the operation remaining doubtful” 

Source: Tyndall Lecture (1861) 



Uncertainty 
 « The term “uncertainty” implies anything from 

confidence just short of  certainty to informed 

guesses or speculation.  

 Lack of  information obviously results in uncertainty, 

but often, disagreement about what is known or even 

knowable is a source of  uncertainty.  

 Some categories of  uncertainty are amenable to 

quantification, while others cannot be expressed 

sensibly in terms of  probabilities » 

S. H. Schneider, Uncertainty is prevalent in the climate change debate  (www.climatechange.net) 

Steve‟s website) 



Greenhouse effect once 

was speculative... 

The idea of “greenhouse effect” appeared 
progressively: 
E. Mariotte, 1681: Sun’s light and heat easily pass 

through glass and other transparent materials, heat 
from other sources does not 

de Saussure, 1760, uses the analogy of a greenhouse 

J. Fourier, 1824: summarize his and previous works on 
heat and the temperature of the Earth 

Substance responsible for heat absorption not known 

Sources: IPCC AR4, and  

J.R. Fleming, Historical Perspectives on Climate Change, OUP 1998 



J Fourier, 1824 

Source 

Source: J.R. Fleming, Historical Perspectives on Climate Change, OUP 1998 

 



Many 19
th

 century scientists contributed 

knowledge on climate change 

Tyndall, 1861: experiments on IR absorption;  
he also notes that changes in the amount of CO2 
and H2O could explain past climate changes 

Other important contributions, e.g. 
T. C. Chamberlin (water vapour feedback… ),… 

Arrhenius, 1896: suggests that a 40% increase or 
decrease in the atmospheric abundance of CO2 
might trigger the glacial advances and retreats. 

Sources: IPCC AR4, and  

J.R. Fleming, Historical Perspectives on Climate Change, OUP 1998 



Early 20
st

 century : 

uncertainty still fundamental 

Arrhenius suggests that doubling CO2 implies 
+5°C global warming; thinks that this might be 

beneficial (e.g. more food…) 

But knowledge on the details of IR absorption by CO2 
still appears limited by that time (see e.g. Fleming, OUP 
1998), so that Arrhenius quantitative result may have 
partly resulted from compensation of errors (J-L. 
Dufresne, 2009) 

At the time, doubt still significant on the role of CO2: K 
Angstrom (1900) suggests that CO2 and H2O absorb in 
the same spectral region, … 

(1) http://www.lmd.jussieu.fr/~jldufres/publi/2009/HDR_JLD.pdf 



11 IPCC 

Additional physics incorporated 

in successive climate models 



(IPCC TAR Guidance paper, 2001) 



“Cascade of Uncertainty”  

Pidgeon and Fischoff 2011 
Slide courtesy of Richard Moss 



Explosion of uncertainty 

S. H. Schneider, J. Lane, 2006 (Modified after R.N. Jones, Climatic Change 45, 403–419, 2000) 



Jean-Pascal van Ypersele 

(vanypersele@astr.ucl.ac.be) 

Why the IPCC ? 

 

     to provide policy-
makers with an 
objective source of 
information about   

 causes of climate 
change,  

 potential environmental 
and socio-economic 
impacts, 

 possible response 
options.  

 

 

Established by WMO and UNEP in 1988  

 



What did the First IPCC 

Assessment Report (FAR) say? 

 

Jean-Pascal van Ypersele 

(vanypersele@astr.ucl.ac.be) 



(from IPCC WGI (1990)) 

 



(from IPCC WGI (1990)) 



Working Group 1 SAR, 1995 



 



Working Group 1 SAR, 1995 

Mis-framed confidence: “high” it is in the range 

<5% 

chance?? 

No way!! 



IPCC TAR Uncertainty 

Guidance 
• Approximately 40 contributors & 

reviewers 

• 2 rounds of drafting, review, and 

revision 

• Addressed both “internal” 

(uncertainty assessment) and 

“external” (communication 

aspects) challenges 

• Proposed standardized 

language 

 

(Based on a slide by Steve Schneider at the IPCC expert meeting on uncertainty, July 2010) 



Two Key Challenges Addressed 

1. For cases when an uncertain parameter is 

needed and limits in data or understanding 

preclude standard statistical approaches, 

provide advice on improving internal 

process of making “expert judgments” 

2. To address challenge that words mean 

different things to different people, provide 

approach for calibrating and standardizing 

communication (both internal and external 

audiences) 



Recommended Process 

1. Identify the most important factors and uncertainties that 
are likely to affect the conclusions.  

2. Document ranges and distributions in the literature 

3. Make an initial determination of the appropriate level of 
precision  

4. Characterize the distribution of values that a parameter, 
variable, or outcome may take 

5. Rate and describe the state of scientific information 
(using recommended terminology) 

6. Prepare a “traceable account” [of all aggregations] 

7. OPTIONAL: Use formal probabilistic frameworks for 
assessing expert judgment  



Communication: 
Mapping Words 
to Probabilities 

Probability that subjects associated 
with the qualitative description
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Figure from G. Morgan, adapted from  

Wallsten et al., 1986 

This figure shows the 

range of probabilities 

that people assign to 

words, absent any 

specific context 



Rating Confidence 

Two sets of confidence 
terms were proposed 

Quantitative scale 
proposed as IPCC 
standard 

Qualitative scale proposed 
as “supplement” 

Idea for confidence “radar 
plots” 

 

(1.00)
“Very High Confidence”
(0.95)

(0.95)
“High Confidence”
(0.67)
(0.67)
“Medium Confidence”
(0.33)
(0.33)

“Low Confidence“
(0.05)
(0.05)
“Very Low Confidence”
(0.00)



Likelihood vs Confidence 

Likelihood Level of Confidence ≠  

The chance of a defined 

outcome occurring in the 

physical world. 

Is estimated, using appropriate 

information about probability 

and 

expert judgment. 

The degree of understanding 

and/ or consensus among 

experts. 

Is a statement about the basis 

for the  

expert judgment. 

Distinct concepts 



(From IPCC AR4 WGI, 2007) 



TAR 

SAR 

FAR AR4 

A Progression of Understanding: Greater and Greater 

Certainty in Attribution 
FAR (1990): 

“unequivocal detection 

not likely for a decade” 

SAR (1995):  “balance 

of evidence suggests 

discernible human 

influence” 

TAR (2001):  “most of 

the warming of the  

past 50 years is likely  

(odds 2 out of 3) due  

to human activities” 

AR4 (2007): “most of 

the warming is very 

likely (odds 9 out of 10) 

due to greenhouse 

gases” 

IPCC 



 



 



 

(From one of Steve’s presentations) 





Development of AR5 Guidance 

July 2010:  

IPCC Cross-Working Group Meeting on Consistent 

Treatment of Uncertainties  
Jasper Ridge Biological Preserve, Stanford, CA 
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 Decision:  

• Update AR4 Guidance to improve distinction 

and transition  between different metrics and 

consistent application across WGs 

 Result:   

• Guidance Notes for Lead Authors of the IPCC 

Fifth Assessment Report on Consistent 

Treatment of Uncertainties 
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Development of AR5 Guidance 



Degree of Certainty for Findings 

Two metrics based on evaluation of evidence and 

agreement: 

 

– Level of confidence in the validity of a finding 

• Qualitative 

 

– Quantified measures of uncertainty in a finding  

• Expressed probabilistically 
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Evaluation 

37 

Evidence 

and 

Agreement 

  EVIDENCE   and 
– Type  

 e.g., mechanistic understanding,               

theory, data, models, expert judgment 

– Amount 

– Quality 

– Consistency  

 

AGREEMENT 

 

 

Provide a traceable account of evaluation of 

evidence and agreement in chapter text. 
 



Summary Terms for Evaluation 

38 

Evidence 

and 

Agreement 

• Evidence: “limited,” “medium,” “robust” 

 

• Agreement:  “low,” “medium,” “high” 



Draft Guidance Note for LA of the AR5 on 

Consistent Treatment of Uncertainties 

 

1. Basis of confidence in terms of level of  

evidence and degree of agreement: 
 

- high agreement + robust evidence  level of 

confidence/quantified measure of uncertainty 

- high agreement or robust evidence  

confidence/quantify uncertainty when possible 

- low agreement + limited evidence  summary 

terms for evaluation of evidence 
 

degree of certainty in findings that are conditional on other 

findings should be evaluated and reported independently 
IPCC-XXXII/INF. 9 



Validity of Finding 

40 

Confidence synthesizes evaluation of evidence and agreement 

into a judgment about the validity of a finding. 

Confidence 
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“Very high” 

“High” 

“Medium” 

“Low” 

“Very low” 

Confidence Levels of Confidence 

    Confidence synthesizes evaluation 

of evidence and agreement into a 

judgment about the validity of a 

finding. 
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Evidence 

and 

Agreement 

Confidence 

Likelihood 

or 

Probability 

Sufficient evidence  

and agreement 

Present Summary 

Terms 

Present 

Confidence 

No 

No 

Probabilistic information available? 

Yes 

Degree of Certainty for Findings: Process 



43 

Use more precise probability ranges when appropriate. 

 

Likelihood 

or 

Probability 

Term Likelihood of the outcome 

Virtually certain 99-100% probability 

Very likely 90-100% probability 

Likely 66-100% probability 

About as likely as not 33 to 66% probability 

Unlikely 0-33% probability 

Very unlikely 0-10% probability 

Exceptionally unlikely 0-1% probability 

Probabilistic estimate 

Likelihood expresses a probabilistic estimate of the occurrence 

of a single event or of an outcome lying in a given range. 



Draft Guidance Note for LA of the AR5 on 

Consistent Treatment of Uncertainties 

« In summary, communicate uncertainty 

carefully, using calibrated language for key 

findings, and provide traceable accounts 

describing your evaluations of evidence and 

agreement in your chapter » 

IPCC-XXXII/INF. 9 



We are stuck with uncertainties in 

the climate world.  

Or, as Barrie Pittock wrote: « Uncertainty 
is inevitable, but risk is certain » 

Jean-Pascal van Ypersele 

(vanypersele@astr.ucl.ac.be) 



“Risk”[Conseq X Prob] 

 Explanation 

“Risk management” 

S. H. Schneider, Communicating on the State and Local Level: How Can Scientists Support Policy-Makers?, 2010 



Policy process as multistep 

process   
 Technical analysis: scientific facts are assembled and 

analyzed to estimate the likelihood of  various potential 

consequences (risk of  „selective inattention‟) 

 Policy analysis: an effort is made to examine 

scientifically the varying consequences that might be 

associated with a range of  alternative policies 

 Policy choice: choosing a mix of  option 

 Science can contribute only to policy analysis, not to 

policy choice  

S. H. Schneider, 1989  



Jean-Pascal van Ypersele 

(vanypersele@astr.ucl.ac.

be) 

Source:  IPCC, AR4 (2007) 

The main uncertainty on 2100 climate is related to 

the political will to be (or not to be) on a given 

emission trajectory 

NB: écart par rapport à la moyenne 1980-1999 



A gamble we must not loose 

• As we cannot afford to lose the "planetary gamble" 
Steve Schneider discussed in "Laboratory Earth", it 
will remain extremely important for scientists and 
the IPCC to understand, qualify, and communicate 
uncertainties in the best way, so that good 
decisions can be taken.  

Jean-Pascal van Ypersele 

(vanypersele@astr.ucl.ac.

be) 



But uncertainty cannot be an excuse 

for inaction… 
• …In the same way that Tyndall admirably 

continued his experiments “from 8 to 10 hours 
daily”, seven weeks in a row, even if he was 
uncertain of the results he would obtain.   

Jean-Pascal van Ypersele 

(vanypersele@astr.ucl.ac.

be) 



Useful links: 

www.ipcc.ch  : IPCC  

www.climatechange.net : Steve Schneider 
(interdisciplinary) site 

www.climate.be/vanyp  : my slides and 
other documents 

 

http://www.ipcc.ch/
http://www.climatechange.net/
http://www.climate.be/vanyp


Thank you for your attention 

Jean-Pascal van Ypersele 

(vanypersele@astr.ucl.ac.be) 


