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What is uncertainty?
• All types of

limitations in available knowledge

that affect

• the range and
• probability
of possible answers to an assessment question.

Terminology from "Guidance on Uncertainty in EFSA Scientific
Assessment (Revised Draft for Internal Testing) " EFSA, 2016
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What is uncertainty?
Uncertainty
limitations in knowledge

Variability

observable differences in
the real world

 Variability is a property of the real world
 Uncertainty relates to our state of knowledge

 Uncertainty can be modified (e.g. by further research)
 Variability cannot be altered by additional research but
by making changes to the real world e.g. by risk
management (change exposures of specific population
groups)
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Types of uncertainties
Assessment inputs
• Ambiguity
• Methodological quality of
data sources
• Sampling uncertainty
• Assumptions and expert
judgement
• Extrapolation uncertainty

• Distribution choice
• Other uncertainties

(from draft EFSA Guidance 2016)

Assessment structure/
model uncertainties
• Ambiguity
• Excluded factors
• Use of fixed values

• Relationship between components
• Evidence for the structure of the
assessment
• Calibration or validation with
independent data
• Dependency between sources of
uncertainty

• Other uncertainties
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Sources of Uncertainty

(from ECHA Guidance R.19, 2012)

• Scenario uncertainty

level of accuracy of the scenario description/identified uses.
• Model uncertainty
adequacy of the (mathematical/statistical) model used with the
scope and purpose of the assessment.
• Parameter uncertainty
- Measurement errors
- Sample uncertainty
- Selection of the data used for assessing the risk
- Extrapolation uncertainty
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Why do we need to address uncertainty?
Risk definition (IPCS 2004):

"The probability of an adverse effect in an organism system,
or (sub)population caused under specified circumstances by
exposure to an agent."
IPCS, 2004. IPCS Risk Assessment Terminology. Harmonization Project Document No. 1.
International Programme on Chemical Safety. WHO,Geneva.

The degree of uncertainty determines the probability

that an effect reaches unacceptable levels
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Exposure

ADI or TDI

Exposure

ADI or TDI

Exposure

ADI or TDI

Why do we need to address uncertainty?

Decision makers need to know the related uncertainty
around a result/prediction, i.e. the range and likelihood of
possible outcomes

 Avoid giving firm conclusions on weak basis
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How can we address uncertainties?
Incorporated in standardised procedures, i.e.
• Using predefined methods with e.g. default factors

Schroeder et al, Toxicology in Vitro 25 (2011) 589–604

• Using conservative default values (body weight etc.)
… but need to check always whether there are non-standard /
uncovered uncertainties
9

How can we address uncertainty?
QUALITATIVE

describes the impact without
quantification

 Choice of methods depends on
needs
 Be quantitative wherever possible

DETERMINISTIC

range of possible outcomes
without their probabilities

PROBABILISTIC

range and probability of
possible outcomes
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 Words like negligible/likely are
associated differently by each
person
 Quantification allows also to
combine several sources of
uncertainty / multiple
uncertainties

How can we address uncertainty?
Uncertainties not quantified individually

Individually
assessed
using
quantitative
methods

Combine by
calculation

Individually
assessed
using
qualitative
methods

Not
individually
assessed by
any method

Not able to
quantify
individually
or
collectively

From EFSA Draft Guidance
on Uncertainty 2016

Identified
uncertainties

Quantify combined
contribution by
expert judgement

Combine by calculation
(preferred) or expert judgement
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Description of
Quantitative expression
of combined uncertainty & unquantified
uncertainties

Combined
characterisation of
identified uncertainties

Qualitative uncertainty assessment
• Narrative text describing the direction and / or magnitude
of the impact
"Children […] could potentially exceed the TDI by more than
threefold […] unknown whether such high level exposure
scenarios may occur in Europe."(EFSA Statement on Melamine
2008)

• Ordinal scales/standardised terms like low/medium/high
with some verbal definitions
• Scores or symbols with verbal definitions

Strengths: simple to use, facilitate discussions, good for
prioritisation and unquantifiable uncertainties
Weaknesses: Ambiguity, hamper combining uncertainties
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Qualitative example 1
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From EFSA Draft Guidance on Uncertainty 2016

Qualitative example 2

From Schultz et al. 2015,Regulatory
Toxicology and Pharmacology 72, 586–601

Low
uncertainty

Low-to-moderate
uncertainty

Moderate
uncertainty

High uncertainty

Core structural similarity
i.e., functional groups,
extended fragments
(especially those
associated with chemical
reactivity or its
modification)

Highly similar

Highly similar

similar

Difference in core
structure and
functional groups

Physico-chemical and
molecular

Highly similar

Similar, having a
consistent trend
within values

Minor
differences in
values

Major differences
in values

Abiotic transformation
and/or toxicokinetics,
especially metabolism
e.g. leading to a common
metabolite

Evidence
demonstrating
comparability in
abiotic
transformation
and/or
toxicokinetics
and the same
metabolites,
similar
bioavailability

Evidence
demonstrating
comparability in
abiotic
transformation
and/or
toxicokinetics and
the same
metabolites, similar
bioavailability

No evidence
that abiotic
transformation
and/or
toxicokinetics,
especially
metabolism are
dissimilar

Differences in
abiotic
transformation
and/or
toxicokinetics,
especially in
metabolism

Mechanism of action and
toxicological properties

Evidence
demonstrating
comparability in
mechanism
supported by an
AOP

Evidence
demonstrating
comparability in
mechanism
supported by an
AOP

No evidence
mechanism of
action are
dissimilar

Differences in
mechanism of
action and/or
toxicological
properties
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Deterministic uncertainty assessment
• Impact of uncertainty on the outcome is expressed
quantitatively, using one or more point estimates
• Use fixed numbers as input and provide fixed numbers
as output
e.g. ADI

range of point estimates based on
different combinations of
assumptions
optimistic and pessimistic
assumption point estimates
refined point estimate

point estimate with conservative
assumptions and default values
Estimated exposure
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Deterministic uncertainty assessment
• Impact of uncertainty on the outcome is expressed
quantitatively, using one or more point estimates

use specific
percentile,
often e.g. 95th
percentile
considered
conservative
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Probabilistic uncertainty assessment
• Impact of uncertainty on the outcome is expressed
probabilistically
• Source of uncertainty is quantified using a probability
distribution
• Distribution is propagated through the assessment (e.g.
by Monte Carlo simulation) to generate a distribution for
the assessment output

consumption
database:
daily
consumption

concentration
database:
pesticide
concentration

Distribution of
daily intake
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ECHA Read Across Assessment
framework (RAAF 2015)

AO=Assessment Option; AE=Assessment Element
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Templates for Read Across

Uncertainty associated with
mechanistic relevance and
completeness of the read-across
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From Schultz et al. 2015,
Regulatory Toxicology and
Pharmacology 72, 586–601

Data uncertainty associated with
the fundamentals of chemical,
transformation, toxicokinetic and
toxicological similarity

OECD GD on the Reporting of Defined Approaches
Principle 6: Consideration of known uncertainties
a) the relevance of the “model structure” of the DIP, e.g. the extent of
coverage and weighting of AOP key events and other mechanistic
considerations;
b) the level of confidence (reliability of prediction) associated with the
application of the DIP to different chemicals;
c) the variability of the input data used (generated by the information
sources);
d) the variability of the output data associated with the gold standard (e.g.
animal or human) data used as benchmark data, especially when these are
used as the basis for regulatory decision making and;
e) any other known source of uncertainty (e.g. uncertainty in estimated
exposure levels that are used in a safety assessment).
In each case, the magnitude and impact of the sources of uncertainty should be
considered.
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GUIDANCE DOCUMENT ON THE REPORTING OF DEFINED APPROACHES TO BE USED
WITHIN INTEGRATED APPROACHES TO TESTING AND ASSESSMENT Series on Testing &
Assessment No. 255, ENV/JM/MONO(2016)28

Take home message
 Do not neglect uncertainties
 Present uncertainties transparently

Start simple
• At least qualitative (tabular) description of individual
uncertainties and their combined impact
• Use e.g. EFSA Uncertainty Toolbox
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Stay in touch
•EU Science Hub: ec.europa.eu/jrc
•Twitter: @EU_ScienceHub
•Facebook: EU Science Hub - Joint Research Centre
•LinkedIn: Joint Research Centre
•YouTube: EU Science Hub
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