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1. What is uncertainty?



LEARNING ABOUT QUANTITIES

 In both measurement and modeling, we are often interested in learning about quantities. 

 Quantity – a property of a phenomenon, body, or substance, where the property has a magnitude that can be          
expressed as a number and a unit [adapted from JCGM VIM 2012].

 (In modeling, the quantity of interest is sometimes only hypothetical, e.g., the temperature that  

the ocean surface in a location would have at a future time under a particular ghg scenario.)

 Our efforts culminate in a result that assigns a value to the quantity, e.g., T = 19.7 Celsius,     

which has some associated uncertainty.

https://www.bipm.org/documents/20126/2071204/JCGM_200_2012.pdf/f0e1ad45-d337-bbeb-53a6-15fe649d0ff1?version=1.11&download=true


Is the uncertainty a property of the result…

…or is it a property of us? 



THE ERROR VIEW OF UNCERTAINTY

 Uncertainty is a property of a result. It is the magnitude of total possible error in the result – its 

possible deviation from the true value – which depends on the process by which it was produced.

 Random error: “component of measurement error that in replicate measurements varies in an   

unpredictable manner” (VIM3, p. 23).

 Systematic error: component of measurement error that “in replicate measurements remains constant        

or varies in a predictable manner” (VIM3, p. 22). 

 A criticism: This view “focus[es] on unknowable quantities: the ‘error’ of the result of a measurement 

and the ‘true value’ of the measurand” (JCGM 2008, p. 3). 



THE EPISTEMIC VIEW OF UNCERTAINTY

 Uncertainty is a property of us. An uncertainty estimate characterizes the extent to which we are 

currently unable to exactly determine the best value to assign to the quantity.

 “parameter, associated with the result of a measurement, that characterizes the dispersion of the values 

that could reasonably be attributed to the measurand” (JCGM 2008, p. 2). 

 Our inability to exactly determine the value can stem from our awareness of random effects in the 

measurement process, uncertainty about how to correct for recognized systematic effects, and 

even ambiguity in the way the quantity is defined. 

 Note that small uncertainty on this view does not necessarily imply small error!

 “…even if the evaluated uncertainties are small, there is still no guarantee that the error in the 

measurement result is small; for . . . a systematic effect may have been overlooked because it was 

unrecognized. (JCGM 2008, p. 51) 



AN EXAMPLE…

T = 19.7 ± 0.3 Celsius

 Error view: The estimate of T is (very probably) not more than 0.3 C from the true value.

 Epistemic view: We can reasonably assign T values between 19.4 and 20.0 C.



AND HYBRID VIEWS ARE POSSIBLE TOO…

 Uncertainty is a property of us. An uncertainty estimate characterizes the extent to 

which we are currently unable to exactly determine the true value of the quantity.

 Do we have to choose a single view? 

 I don’t think so. Different views may be more appropriate in different circumstances.



2. The importance of uncertainty assessment



WHY BOTHER TO ASSESS UNCERTAINTY? 

 It’s just good practice. 

 Your paper might not get published unless you discuss the uncertainty associated 

with your results.

 It’s unclear what we can infer from a result without information about its associated 

uncertainty!!  



Was SST in 2020 
more than 0.5C 
warmer than in 
1950?

We can’t answer 
confidently without 
uncertainty info! 

https://data.giss.nasa.gov/gistemp/graphs_v4/



https://data.giss.nasa.gov/gistemp/graphs_v4/



UNCERTAINTY INFORMATION IS NOT AN OPTIONAL ADD-ON…

 A complete measurement result includes an estimate of the value of the quantity, 

plus uncertainty information.

 “In general, the result of a measurement is only an approximation or estimate of the value 

of the measurand and thus is complete only when accompanied by a statement of the 

uncertainty of that estimate.” (JCGM 2008, p. 4)

 Likewise, in meteorology there is the adage that a forecast is incomplete without 

information about of its associated uncertainty.



https://www.nola.com/news/hurricane/hurricane-beryl-louisiana-cone-of-uncertainty/article_30fc0886-3adc-11ef-a57b-d38b2639c12f.html



3. Uncertainty models and budgets



VARIETIES OF UNCERTAINTY ASSESSMENT

 Uncertainty assessment can be qualitative or quantitative, and more or less rigorous. 

 Qualitative uncertainty assessment might involve, for instance:

 listing the main sources of uncertainty affecting the measurement process

 flagging data points in which there is relatively low confidence (because of how they were produced)

 Qualitative information is better than providing no uncertainty information at all! 

 But community standards in many domains have been evolving to expect (or at least to value) 

quantitative uncertainty estimates produced via a formal uncertainty analysis. 



UNCERTAINTY BUDGET

A quantitative accounting of component 

sources of uncertainty in a measurement 

or modeling procedure, which includes 

estimates of the contributions from the 

component sources and combines those 

contributions in order to arrive at an 

estimate of the total uncertainty 

associated with a result.



UNCERTAINTY MODEL

 A similar approach involves an uncertainty model, 

in the form of an equation:

U = f(u1, u2, u3, …), 

where U is the total uncertainty and u1…un are 

component contributions from different sources, 

which need to be estimated. 

 (Calculating the combined/total uncertainty using 

an uncertainty budget requires such a model too.)



TAKING ACCOUNT OF OTHER RESULTS…

 Uncertainty budgets and models often 

consider only sources of uncertainty internal to 

the measurement or modeling activity at hand, 

perhaps in line with the error view.

 But sometimes there are other estimates          

of the same quantity available.

 From an epistemic/hybrid view perspective,  

we should take this info into account in   

arriving at a final estimate for the quantity.

 It can be hard to know how best to do so.

IPCC 2021, Table 2.3.



4. The quality of uncertainty estimates



HOW CAN WE ASSESS THE QUALITY OF UNCERTAINTY ESTIMATES?

1. Are major sources of uncertainty accounted for? 

2. Is the assessment of their contributions done in a careful, well-motivated way? 

3. Are the contributions combined in a sensible way to estimate the total uncertainty? 



IMPROVING UNCERTAINTY ESTIMATES

 The quality of an uncertainty estimate can be improved by:

 accounting for more of the sources of uncertainty actually present 

 refining the estimated contributions from individual sources of uncertainty

 Improving how these contributions are combined

 Uncertainty estimates are sometimes iteratively improved over time in these ways, 

especially when datasets are produced for general usage by a community.

 But improvement needn’t mean smaller uncertainty; accounting for a previously 

unrecognized source of uncertainty could significantly increase the total uncertainty. 



ADEQUATE UNCERTAINTY ESTIMATES

 In practice, it can make sense to evaluate uncertainty estimates in terms of their 

adequacy for particular purposes of interest. 

 Measurements and modeling results are often used for scientific purposes for which 

coarser information about the quantity will be sufficient.
 discriminating among competing hypotheses 

 informing a practical decision

 identifying a fruitful pathway for further research   …

 For many purposes, a complete uncertainty estimate will not be needed; attempting to 

produce one may even be counterproductive, given limited time/resources.



5.  The ethics of uncertainty assessment



MISREPRESENTATION OF UNCERTAINTY CAN HAVE CONSEQUENCES

 When presenting an uncertainty estimate, it’s good practice to clearly communicate 

the extent to which the uncertainty assessment is incomplete or otherwise limited.

 Example: “We have propagated uncertainties associated with model inputs, but we have 

not taken account of structural model uncertainty, which is likely to be significant.”

 This is especially so when results might be used to inform consequential decisions, 

e.g., for climate change adaptation. 

 Misrepresentation of uncertainty in these circumstances can have serious, harmful 

consequences.  



HOW CAN UNCERTAINTY BE MISREPRESENTED? 

 We might simply make a mistake in our uncertainty analysis. Mistakes happen. But 

when the stakes are high, extra effort should be made to avoid mistakes. 

 We might present an uncertainty estimate as if it is complete, when we should 

recognize that significant sources of uncertainty have not been taken into account. 

 We might represent uncertainty with false precision, e.g., providing a PDF, implying 

that we can assign precise probabilities to different values for the quantity, when in fact 

uncertainty is ‘deeper’ than this. 



TWO BASIC CRITERIA FOR CONSEQUENTIAL UQ

 Completeness: we should strive to take account of all 

significant sources of uncertainty, and all relevant 

sources of information.  

 Faithfulness: our uncertainty report should accurately 

describe what we take the uncertainty to be.



Summing up



KEY POINTS

1. What is uncertainty? 

 There are different conceptions of uncertainty: error view, epistemic view, hybrid views…

2. The importance of uncertainty assessment

 Uncertainty information is essential if we are to be able to draw conclusions from data / modeling results.

3. Uncertainty models and budgets

 Uncertainty budgets/models are tools that can help to structure the assessment of uncertainty.

4. The quality of uncertainty estimates

 Ideally, an uncertainty assessment rigorously accounts for all significant sources of uncertainty, but what 
matters in practice is that uncertainty information is adequate for the purposes at hand.

5. The ethics of uncertainty assessment

 Sometimes, misrepresenting uncertainty can be highly consequential; faithfulness and completeness are 
two basic criteria for consequential UQ.  
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