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Uncertainty and Variability

The following provides information on the concepts of variability and uncertainty in
the form of questions and answers related to exposure assessment. A list of
resources that provide guidance on assessing uncertainty and variability in exposure

and risk assessments follows.

For further information refer to the course materials in the tutorials section, including
the participant reading packef for EXA 407: Assessing Uncertainty and Variability in
the Context of Exposure Assessment developed for the Risk Assessment Training
Experience (RATE) program.

o Uncertainty and Variability Q and As:
o What is the difference between variability and uncertainty?

o What factors contribute to variability and uncertainty in exposure

assessment?

o How do variability and uncertainty affect risk assessment?

o How should an exposure assessment be designed to ensure variability

is well-characterized and uncertainty is limited?

o How are variability and uncertainty addressed in risk assessment?

o Tools for Assessing Uncertainty and Variability

e References

Uncertainty and Variability Q and As:

What is the difference between variability and uncertainty?

Variability Uncertainty
Refers to the inherent heterogeneity or diversitleefers to a lack of data or an

of data in an assessment. It is “a quantitative fincomplete understanding of the




jdescription of the range or spread of a set of context of the risk assessment
Values (U.S. EPA, 2011), and is often expressed decision. It can be either qualltatlve
through statistical metrics such as variance, or quantitative (U.S. EPA, 2011).

fstandard deviation, and interquartile ranges that

jreﬂect the variability of the data. o

: o . © o Uncertainty can be reduced |
o Variability cannot be reduced, but it can

or eliminated with more or

be better characterized. : 1 F
better data. 1

;For example, body weigHt \)at_*i_es b'et‘..r'.rees- members of a study populatlon Theaverage
fbody weight of the population can be characterized by coliecting data; collecting an
Eexact measured body weight from each study participant will allow for better
funderstanding of the average body weight of the population than if body weights are i
estimated using an indirect approach (e.g,, approximating based on visual inspection).f
‘!But, the assessor cannot change the individual body weights of the study population,é

and therefore cannot decrease the variability in the population,

Uncertainty can be qualitative or quantitative. Qualitative uncertainty may be due to a:
!Iack of knowledge about the factors that affect exposure, whereas quantitative
uncertainty may come from the use of non—precise measurement msthods. Chemicall
fconcentrations in environmental media can be approximated using assumptions (more,
uncertainty) or described using measured data (less uncertainty). Uncertainty can bel
introduced when defining exposure assumptions, identifying individual parameters (i.e.;

fdata) making model predictions, or formufatmg Judgments of the rlsk assessment j

Top of Page

What factors contribute to variability and uncertainty in exposure
assessment?

Variability Uncertainty
;In an exposure asssssment variability may beExposure scenario uncertainty might

present in: result from:

§

¢ Measurements of source contaminant; o Descriptive errors
concentrations . o Aggregation errors

e Environmental parameters (e.g., pH, .o Professional judgment errors



Incomplete analysis

-]

temperature, or other factors that :
influence fate, transport, and o  Measurement or sampling errors

Model uncertainty (e.g.,

-]

transformation of a contaminant)

i

o Human exposure factors (e.g., age, i relationship errors, parameter
gender, behavioral patterns, location, ! uncertainty, selection of
socioeconomic factors, individual incorrect model, modeling errors)

| susceptibilities)
[

;When. consider-ing“e_a populatlon’s -éwxp'osﬁ;e A{o urban ailr pollution, variability may existri
i i
in the measured pollution exposure concentrations due to when, where, and how the
dlfferent measurements were taken (e.g., weekday vs. weekend measurements near
:roads in a city' s financia! district can be very different; measurements from persona]
:alr monitoring devices will vary across individuals due to individuals’ behavior, such as
lhow much time they spend outdoors). Variability may also exist in the population 1tseif
:whlch could explain variability in the exposure measurements. For example, members-
lof a study population who bike to work on busy roads may have higher exposure to alr
lpollutlon than members of the population who commute in a vehicle with the wmdowsl
%closed. Younger members of the study population may have faster breathing rates -

fthan older memhbers, resulting in greater exposures.

fUncertainty in risk assessment can be present in the characterization of the exposure

scenario, the parameter estimates, and model predictions,

For example, grouping individuals with unique measured exposure levels into
jcategories of exposure ranges can introduce aggregation errors and subsequent
:uncertainty. Incomplete analysis might occur if a certain exposure pathway is not

iconsidered, introducing uncertainty in the total estimate of exposure.

Parameter estimates can have uncertamty due to random errors in measurement or :
sampimg techniques (e.g., Imprecise monitor instruments or the choice of a

iless precise technique) or systemic biases in measurements (e.g, total exposure
?estimates are reported consistently without considering contributions of a specific ,
iexposure route). Parameter estimates can also include uncertainty due to use of '

:surrogate data, misclassifications, or random sampling errors.

;Finally, model uncertainty occurs due to a lack of information or gaps in scientific



ftheory require&'fo make accurérlfé”pt;edic.;-tibng. ']”VEVocie:Iﬁuﬁcertaihty can be--ﬂ;; resuEt ofﬁ
Lincorrect inference of correlations or relationships within the model, oversimpliﬁcation?
of situations in the model, or incompleteness of the model. Use of surrogate data
:instead of specific, measured data or a failure to account for correlations between

ivariables can also contribute to model uncertainty.
Top of Page
How do variability and uncertainty affect risk assessment?

When variability is not characterized and uncertainty is high there is less confidence i.n
the exposure and risk estimates; characterizing variability and reducing uncertainty
increases the confidence in the estimates. A risk assessment report should also
address variability and uncertainty to increase transparency and understanding of the
assessment, Addressing variability and uncertainty can inform decision makers about

the reliability of results and guide the process of refining the exposure assessment.

However, not all exposure evaluations are of the same complexity, and thus the level
of complexity in evaluating uncertainty and variability can vary from one assessment
to another. A tiered approach, starting with a simple assessment, is sometimes used
to determine whether additional evaluation is required to further address uncertainty
and variability. See the Tiers and Types Tool Set of EPA-Expo~Box for more

information on using a tiered approach for exposure assessment.
Top of Page

How can an exposure assessment be designed to ensure variability is
well-characterized and uncertainty is limited?

Variability and uncertainty will exist in any assessment. Before conducting an
exposure assessment, it might be helpful to consider the following questions to ensure
that the study design limits uncertainty and that potential variability is appropriately

characterized.

Note that this list is intended as a starting point; it is not a complete list of items that
should be considered. Each assessment design will have unique considerations for

uncertainty and variability. Further, based on the nature of the assessment, some of




these questions might not be applicable (e.g., some assessments do not use measured

data).

Example Question

\Will the assessment collect
‘\environmental media
‘concentrations or tissue
faoncentrations as a marker of

‘exposure?

EWhat /s the detection limit of
Eeqwbment used to measure
échemioa/ concentrations in
‘environmental media or tissue

samples?

Considerations

!
When using tissue concentrations or other

biomarkers:

|
5
J
|

|
i
i
i
i

L

Timing of exposure compared with the |
timing of sample collection that may aﬁ’ectﬁ
the measurement i
ADME processes that might affect the
measured reading compared to the
exposure level

Collection, storage, and analysis process

for samples

When using environmental media concentrations:

%What /s the sensitivity of methods

iused to identify outcomes?

Nurr;ber of samples collected

Spatial area

Timing of collection compared to certain
environmental processes (i.e,,
precipitation, temperature fluctuations,
seasonality)

Collection, storage, and analysis process

for samples

Quantity of measurements; precisic-:;n“of"'“ |
measurements; number of duplicates

Depending on detection limit, :
concentrations below detection level, but
above zero, could have impact measured '

outcomes

Possibility that outcomes are misclassified
(false positives or false negatives)
Reliability of the source of outcome data °



(e.g., doctor—diagnosed illness vs.

self-reported iliness)

o Inter-individual variability—variability
among individuals (e.g., age, gender,
Which characteristics of the study; sthnicity, occupation, heaith status,
?popu Jation might play a role in ' activity patterns, dietary preferences)
gun derstanding the findings? o Intra—individual variability—changes in an
: individual over time (e.g., body weight,

ingestion rates, daily food intake)
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How are variability and uncertainty addressed in risk assessment?

Variability can be presented in a number of ways including tabular outputs, probability
distributions, or qualitative discussion. Numerical or graphical descriptions of
variability include percentiles, ranges of values, mean values, and variance measures
(such as confidence intervals or standard deviation). A probability distribution would
be a graphical representation of a central tendency value plus a confidence interval or

standard deviation. Variability can also be discussed qualitatively.

National Research Council’ s Science and Judegment in Risk Assessment (1994)
outlines the following techniques for addressing variability: ignoring variability;
disaggregating variability; using an average value or maximum or minimum value; and
bootstrapping or probabilistic techniques (e.g., Monte Carlo analysis).

o lIgnore Variability. While completely ignoring variability is not suggested, it can
be used in conjunction with other techniques. It is important to note that the
concept of ignoring variability requires the consideration of possible
consequences of ignoring it. Ignoring variability would be useful only if the
variability is small and all estimates are similar to the assumed value. One
example would be EPA’ s default assumption that all adults weigh 70 kg. This
estimate ignores the variability in adult body weights, but the estimate is
correct within 25% for most adults. Therefore, in order to “ignore” variability in

adult body weight, there must be some prior knowledge about the variability,



followed by a decision not to use this variability.

Disaggregate Variability. Variability can be better characterized by
disaggregating the data into categories. For example, to characterize
inter-individual variability, general population data can be disaggregated into
categories by sex or age. To characterize temporal variability, data taken at

different time points can be disaggregated by sampling time.

Use Minimum/Maximum or Average Values. Using an average value is not the
same as ignoring the variability but rather is a reliably estimated value with
well-characterized bounds of the distribution. An average value would not be
useful if the variability is dichotomous, where an average value does not
actually exist. For best— or worst—case scenarios, a minimum or maximum
value is sometimes used instead of a value that characterizes the variability as
long as it is acknowledged that the assessment is based on an extrems

situation.

Bootstrapping or Probabilistic Techniques. Variability may also be addressed
using probabilistic techniques, such as Monte Carlo analysis, that calculate a
distribution of risk from repeated sampling of the probability distributions of
variables. When the distribution for a parameter is unknown, bootstrapping can
be used to estimate confidence intervals around specific exposure parameters

by resampling from empirical distributions.

Unlike variability, uncertainty can be often be reduced by collecting more and better
data (i.e., quantitative methods). Quantitative methods to address uncertainty include

non—probabilistic approaches such as sensitivity analysis and probabilistic methods

such as Monte Carlo analysis.

Uncertainty can also be addressed in a qualitative discussion that presents the level

of uncertainty, identifies data gaps, and explains any subjective decisions or instances

where professional judgment was used.
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Tools for Assessing Uncertainty and Variability

The table below provides links to and descriptions of some resources that provide

guidance on assessing uncertainty and variability in exposure and risk assessments.
EPA-Expo—-Box Tools for Assessing Uncertainty and Variability

Key: finformation sources

BData sources

BiModels

3

!LI'his report from the Canadian Environmental

f , , %Modelling Centre identifies model equations
GCanadian Environmental i

i . %and descriptive parameters as the main
Modelling !

Centre. (2014). Defining
.Uncertainty and Variability in

icomponents of chemical fate in the

environment mass balance models and

1ﬁdiscuss‘es the relative importance of data input?

Environmental Fate

- ; to model accuracy. The report discusses
Models Exit
i

;:defining uncertainty, variability, difference, and:
error in the framework of model rei;abllity
The AuvTool is mterzded to improve the EPA

’Jomt Institute for Food Safety Stochastlc Human Exposure Dose Simulation |

i

nd Applied Nutrition model through the quantification of uncertamty

(JIFSAN). (2002). AuvTool Exﬂ:!and variability, and fitting statistical :
! : I
' distributions to the model. :

EThis chapter reviews approaches to address

;National Research Council
(NRG). (2009). Chapter 4 -
Uncertamty and Variability = The'
Recurrmg and Recalcitrant

Euncertainty and variability and comments on

whether and how the approaches have been |
applied to EPA risk assessments. A d;scussnon*
of how uncertainty and variability are applled to
each of the stages of the risk—assessment

_E[ements of Risk Assessment. In

;Sclence and Decisions:

‘process and definitions for key terminology
:related to uncertainty and variability are also

‘Advancing Risk

‘Assessment  Exit ; o
! : addressed in this chapter.




j;'l'his resource provides possible sources of
;uncertainty including hazard identification,

toxicity assessment, exposure assessment, and

U.S. Department of Energy 3 o _
risk characterization and describes how

(DOE), (1996). Characterization : o y )
uncertainties can sffect decisions. The analysis

of Uncertainties in Risk

i ; prowdee a discussion of benefits and
Assessment with Special

E o hmdrances of probabilistic uncertainty analyms
Reference to Probabilistic

and deterministic risk assessment and

5
Uncertainty Analysis  Exit
i _ supports the use of multiple risk descriptors,

uncertamty identification and quantification

methods i in risk charaoterlzatton

!
U.S. EPA, (2001). Appendix G ~ . ,
This appendix expands upon concepts

; x
i ;Characterizing Variability and

i . presented in earlier chapters, It does not
Uncertainty in the

] . prov;de detailed equations for performing
Concentration Term. In Risk '

ica[cuiations, but instead refers the reader to

JAssessment Guidance for : ) .
'other Environmental Protection Agency (EPA)

=Superfund (RAGS) Volume Il — -
: guidance documents that provide

Part A: Process for Conducting :

recommended approaches and calculations.
Probabtllstlo RlSk Assessment :

U S. EPA. (2001) Appendlx D~ ‘
This appendix describes the advanced modeling

Advanced Modeling Approaches |

j approaches that can be used in probabilistic
5, for Characterizing Variability and

risk assessment (PRA) to characterize

Uncertainty. In Risk Assessment:
Guidance for Superfund (RAGS)|
|Volume Ilf — Part A: Process for
iGonductmg Probabilistic Risk

1Assessment

variability and uncertainty including
two—dimensional MCA (2-D MCA),

microexposure event analysis (MEE), geospatlal{

]

'statistics, and Bayesian analysis.

| This dooument is intended to provide
I Einforrmtticm on physiological and behavioral
U.S. EPA. (2008). Chapter 2 —

Variability and Uncertainty. In

factors commonly used in assessing children’ s

'exposure to environmental chemicals, and how
Child—Specific Exposure Factors! ;

Handbook | ;
; exposure. Chapter 2 addresses variability and

children’ s exposure differs from adult

- uncertamty ‘
U.S. EPA. (2011). Chapter 2 — Thls chapter provides a d[sousswn of the typesj
iVarEabiIity and Uncertamty._ In ,of variability e_r_1d uncertamty er_ld metheds for_ !




jExposure Factors Handbook

| .S EPA. (2000). Chapter 3 -

Elements of a Risk

Characterization. In Risk

Characterization Handbhook. 2nd

ed

U.S. EPA. (1992). Chapter 6 —

Assessing Uncertainty. In

Guidelines for Exposure

Assessment

U.S. EPA. (2005). Chapter 8 ~
!Interpreting Uncertainty for

Human Health Risk Assessment.

;ana[yzing and presenting variability and
uncertainty. A reference list with

lpeer—reviewed literature and relevant

govemment reports |s mcluded

'Thls Science Policy Councll Handbook

describes what a risk characterization is, how :

‘characterization are. This chapter contains
[ -
sections on assessing uncertainty and

variabllity

to prepare for a risk characterization (plannmg.
‘and scoping), and what the products of a risk

Thls document describes the general concepts‘

on planning and conducting an exposure

:assessing uncertainty in exposure
assessments.

This chapter, in the Region 6 Multimedia
iF’Ianning and Permitting Division protocol
document, discusses interpreting uncertainty

In Human Health Risk

‘Assessment Protocol

U.S. EPA. (1997). Evaluating
Variability and Uncertainty in

Guiding Principles for Monte

Garlo Analysis

US. EPA. (1985). Methodology

for Characterization of

EUncertainty in Exposure

'of exposure assessment and provides guidance

%assessment. Chapter 6 provides information on;

and limitations in risk assessment process, and

both qualitative and quantttative uncertainty

estlmates

Thls report follows recommendatlons of the ’

!May 1996 workshop organized by the Risk

fAssessment Forum on use of Monte Carlo

deve!opment of guiding principles concerning

‘analysis It discusses issues and advances the |

how to prepare or review an assessment based

on use of Monte Carlo analysis. It includes
Eguidance on svaluating uncertainty and
jvariability that is specific to Monte Carlo
jassessments.
;This resource provides a review of the
‘fstatistical methods for characterizing

uncertainty in exposure assessments.

i
i



E}Assessmenfs . o 7
S Whe Risk- Assessment Guidance for Superfund :
j(RAGS): Volume III: Process for Conducting
| Probabilistic Risk Assessment (Part A)

U.S. EPA. (2001). Risk jprovides guidance for using Monte Carlo

gAssessment Guidance for fanalysis to characterize variability and :
Superfund (RAGS); Volume 1lI - uncertainty in human health and ecological risk:
Part A, Process for Conducting Eassessments. This guidance document includes
fProbabilistic Assessment =7 chapters and 8 appendices describing topics

=including probabilistic analysis, t::omrrtunic:atingE

rlsks and uncertainties, sensitivity analysis, and

; advanced modeling approaches
f ) ) Thls website contains basic information on howf
U.S. EPA Region 8. Region 8

Human Health Risk Assessment:]

an exposure assessment is conducted,

providing examples of considerations to

Exposure Assessment website
; characterize variability.

; | Thls website contains basic information on why
US. EPA Region 8. Region 8 uncertamty analysis should be included in a risk
Human Health Risk Assessment: assessment and contains links to resources for
LUncsart:aunty Analysis website conductmg probabilistic risk assessment and

Monte Carlo Analysrs

ThlS resource is split into two parts: Guldance

f World Health Organization on Characterizing and Communicating
E (WHO)/Internat:onaE Programme Uncertamty in Exposure Assessment and
Jon Chemical Safety Hallmarks of Data Quality in Chemical Exposure

IPCS). (2008). Uncertainty and /\ssessment Topics covered include sources |
! c] :
: Data Quality in Exposure of uncertainty, tiered approach to uncertainty i
! ¥ !
‘ ‘Assessment  Exit analysis, and communicating uncertainty,

| 1} »
Several case studies are also provided.
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