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WHY IS THIS WORKING GROUP 
FOCUSED ON ERROR & UNCERTAINTY?

• Unsure about 
‘Measurements’ of:

– Structural 
(topographic)

– Functional (water  
and sediment flux)

– Tracing (Linking 
sources to sinks)



PURPOSE OF TALK

Highlight what is understood about uncertainty
and errors with a particular focus on:

1. Understanding semantics as it leads to 
different strategies for dealing with both

2. Encouraging the articulation of significance of 
uncertainty and errors prior to the crusade 
against both



CONFESSIONS …. 

• My selective summary 
based on my biases

• More recent progress 
has been made… but 
fundamentals have not 
changed

• This topic kind of bores me… 
but it is very important 

• For my sins… PhD on 
‘Uncertainty in River 
Restoration’

• Best thing about vaguely 
defined PhD topic was I had 
to synthesize and articulate
my way out of the clouds and 
fluff of uncertainty into 
something I could actually do



MOST OF THIS COMES OUT OF… 

From: Wheaton, JM, Darby, SE and Sear, DA, 2008. The Scope 
of Uncertainties in River Restoration. In: S.E. Darby and D. 
Sear (Editors), River Restoration: Managing the Uncertainty in 
Restoring Physical Habitat. John Wiley and Sons, Chichester, 
U.K., pp. 21-39. DOI:  10.1002/9780470867082.ch3.

From: Wheaton JM. 2008. Uncertainty in Morphological 
Sediment Budgeting of Rivers. Unpublished PhD Thesis, 
University of Southampton, Southampton, 412 pp. 

https://www.researchgate.net/publication/230799329_The_Scope_of_Uncertainties_in_River_Restoration
https://www.researchgate.net/publication/230799329_The_Scope_of_Uncertainties_in_River_Restoration
http://dx.doi.org/10.1002/9780470867082.ch3


OUTLINE

1. Semantics & Lexicon

2. Typology of Uncertainty

3. Strategies for Dealing With Uncertainty

4. Identifying Significance of Uncertainty

5. Communicating Uncertainty Effectively

6. Summary



UNCERTAINTY IS MISUNDERSTOOD…

To the general public, 
some scientists and 
decision makers:

• Sign of weakness

• Like saying you don’t 
know anything

• Confusing

To enlightened scientists:

• A statement of knowledge

• Useful information

• Full-employment act

Lack of sureness about something… NOT a lack of 
knowledge.



IS IT ALL BAD?

• How many of these 
carry a negative
connotation?

• Which other ones at 
least scientifically hint 
at a lack of rigor?

• Which might 
correspond to genuine 
opportunity?

From: Wheaton, JM, Darby, SE and Sear, DA, 2008. The Scope 
of Uncertainties in River Restoration. In: S.E. Darby and D. 
Sear (Editors), River Restoration: Managing the Uncertainty in 
Restoring Physical Habitat. John Wiley and Sons, Chichester, 
U.K., pp. 21-39. DOI:  10.1002/9780470867082.ch3.

http://dx.doi.org/10.1002/9780470867082.ch3


CONCEPTS RELATED TO UNCERATINTY

• Accuracy – correctness or freedom from error

• Confidence – degree of belief or level of ‘certainty’

• Divergence – similar causes or drivers producing 
dissimilar effects (can obscure predictability)

• Error – difference between measured or calculated value 
and ‘truth’ OR a blunder /mistake

• Exactness – synonym for accuracy – an ‘exact’ number 
has no uncertainty

• Expectation – anticipation of probable or certain events

• Equifinality – different causes/processes producing same 
effect/outcome (obscures hind-casting)

• Precision – how close measurements are to each other

• Repeatability – ability to reproduce same measurement

• Risk – measure of likelihood of an undesirable event



ERROR ≠ UNCERTAINTY

• Error

– A mistake or blunder (when an event)

– A measure of degree of inaccuracy in a calculation 

• e.g. 2% error (calculated by difference between known & 
measured values)

– One way of expressing uncertainty 

• Uncertainty

– Lack of sureness…

• e.g. lack of knowledge about level of error

– A statement about degree of knowledge

– Arises from both limited knowledge and natural 
variability



ACCURACY AND PRECISION

The term precision is often used to refer to the repeatability of 
measurements. In both diagrams six measurements have been 

taken of the same position, represented by the center of the circle. 
On the left, successive measurements have similar values (they are 

precise), but show a bias away from the correct value (they are 
inaccurate). On the right, precision is lower but accuracy is higher.



UNCERTAINTY REVISED

• Uncertainty does not equate to a lack of knowledge

• A statement of uncertainty is not a sign of weakness… it 
is useful information

• ‘What in life is worth having that you didn’t have to take 
a risk to get?” – Professor Mike Clark

Figure from Wheaton et al. (2008)
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MORE CONSTRUCTIVE DEFINITION

Figure Adapted from Van Asselt and Rotmans (2002): http://dx.doi.org/10.1023/A:1015783803445

• Considered in terms of sources

• Provides a rationale for treating 
different sources differently

• Reveals that some sources 
might be better to embrace…

http://dx.doi.org/10.1023/A:1015783803445


Figure Adapted from Van Asselt and Rotmans (2002): http://dx.doi.org/10.1023/A:1015783803445

CONSIDER SOURCES…

http://dx.doi.org/10.1023/A:1015783803445


Figure Adapted from Van Asselt and Rotmans (2002): http://dx.doi.org/10.1023/A:1015783803445

DEGREE… A MEASURE OF POTENTIAL

SIGNIFICANCE

So where does 
‘error’ fit in?

http://dx.doi.org/10.1023/A:1015783803445
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COMPETING PHILOSOPHICAL ATTITUDES

These contrasting philosophical approaches  to 
dealing with uncertainty are rarely explicitly 
identified in restoration practice or science. 

(From Wheaton et al. 2008)



REDUCE UNCERTAINTY

• Uncertainty is a 
nuisance

• It should be 
constrained 
wherever possible

• Unquantifiable 
uncertainty difficult 
or impossible to 
constrain

Figure from Wheaton (2004)

http://www.joewheaton.org.uk/Research/Projects/URR.asp


COPE WITH UNCERTAINTY

• Fuller appreciation of types 
of uncertainty

• Uncertainty still viewed as 
a nuisance

• Acceptance of uncertainty 
as a given

• Explicit link to adaptive 
management

Figure from Wheaton (2004)

http://www.joewheaton.org.uk/Research/Projects/URR.asp


EMBRACE UNCERTAINTY

• Uncertainty seen as 
useful information

• Explicit recognition of 
uncertainty sources

• Use of natural 
variability as an 
opportunity

• Explicit linked to 
adaptive management

Figure from Wheaton (2004)

http://www.joewheaton.org.uk/Research/Projects/URR.asp


WHY TYPE OF UNCERTAINTY MATTERS

• It helps determine 
different ways to address 
it…



TRANSFORM UNCERTAINTY TYPES

• Central to embracing uncertainty

• Many examples of structural uncertainties & 
uncertainties due to variability can be transformed 
(and thereby reduced) to unreliability uncertainties

Figure Adapted from Van Asselt and Rotmans (2002): http://dx.doi.org/10.1023/A:1015783803445

http://dx.doi.org/10.1023/A:1015783803445
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SIGNIFICANCE DEPENDS ON PERSPECTIVE

So what?

• Whether or not uncertainties matter, depends 
on who’s asking and/or what criteria are

• What matters needs to be:

– Defined for practitioners or scientists by stakeholders 
and/or decision makers

– If defined by practitioner or scientist, needs to be 
stated as an assumption



IS SIGNIFICANCE STRICLY ABOUT RISK?

• Do opportunities exist in those uncertainties?

• Do we risk missing opportunities by avoiding risk?

 Image from: http://www.kfwimer.com/images/ss-subprime.jpg
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Figure from Sear, Wheaton and Darby (2008): Gravel 
Bed Rivers VI: DOI:  10.1016/S0928-2025(07)11162-7

http://www.kfwimer.com/images/ss-subprime.jpg
http://dx.doi.org/ 10.1016/S0928-2025(07)11162-7
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“But there are also unknown unknowns: the ones we 
don't know we don't know.”  

-Donald Rumsfeld

“It’s not the things you don’t know that matter, 
it’s the things you know that ain’t so.”

- Will Rogers



HOW TO COMMUNICATE UNCERTAINTY 
WITHOUT SOUNDING LIKE A QUACK?

• Know the audience (general public vs. peers)

• Complete transparency of source and type of 
uncertainties

• Relate significance in terms of audience’s criteria

• Clear identification of uncertainties leading to risks versus 
opportunities versus both

• Distinguish between transformable uncertainties & total 
unknowns (e.g. irreducible ignorance) 

• Highlight tradeoff between cost of knowing more and 
taking acceptable risks



MIX OF COMMUNICATION OPTIONS

Method Appropriate For

Qualitative Description Unquantifiable and/or unquantified 
uncertainties

Probabilities Expressions of confidence or likelihood

Measures of Variance Uncertainties due to variability

Upper & Lower Limits (+/-) Well constrained uncertainties due to 
inexactness

Fuzzy Numbers Uncertainties due to vagueness and ambiguity

Scenarios & Conceptual Models or 
Simulation Models

Uncertainty about future (gets away from 
actual prediction)

Definition of Plausible Outcomes Structural & Variability Uncertainties Leading 
to Predictive Uncertainty



INVOKE THE PRECAUTIONARY PRINCIPLE 
& USE ADAPTIVE MANAGEMENT

Source: 
http://www.cmar.csiro.au/research/mse/images/adaptive_cycle.gif

http://www.cmar.csiro.au/research/mse/images/adaptive_cycle.gif


WHAT WILL HAPPEN?

• Avoid making absolute 
prediction (will vs. could)

• Predicate prediction on 
scenarios, testable 
hypotheses & well 
understood models

Figure from Sear, Wheaton and Darby (2008): Gravel Bed Rivers VI
 Image from: http://apgaylard.wordpress.com

• Part of prediction 
can simply be 
defining what can’t 
happen 

http://apgaylard.wordpress.com/
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CONCLUSIONS

• Embracing uncertainty provides a transparent 
and more robust means to assist decision 
makers and stakeholders in proceeding and 
making decisions without all the answers

• A rich variety of tools exist for practitioners and 
scientists to communicate uncertainties to 
various audiences

• Don’t let errors and uncertainties distract you 
from addressing the real questions
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SOME GOOD READS ON THE SUBJECT…

• Wissmar and Bisson’s (Eds) ‘Strategies for Restoring River 
Ecosystems: Sources of Variability and Uncertainty in 
Natural and Managed Systems’



MODEL OUTCOME – IS IT RIGHT?

ID Discretisation Process laws Parameterisation

1 Y Y Y

2 N N N

3 Y Y N

4 Y N N

5 Y N Y

6 N Y N

7 N Y Y

8 N N Y

MODEL STATE MATRIX OUTCOMES

Replicates

Reality?

Y

Y or N

Can only replicate 

reality

TYPE I

Replicates reality 

incorrectly

TYPE II

OR

Correctly does not 

replicate reality 

(but it might 

approximate it)

TYPE III

OR

Incorrectly does not replicate reality.
TYPE IV

OR

Table from Steve Darby


