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G R A P H I C A L A B S T R A C T

A B S T R A C T

Health risk assessments have been carried out worldwide to examine potential health risk due to exposure to
toxic contaminants in various environments. In risk assessment, it is most important to know the nature of all
available information, data or model parameters. It is observed that available information/data are tainted with
uncertainty and variability in the same time, i.e., uncertainty and variability co-exist. In such situation it is
important to devise method for processing both uncertainty and variability into same framework andwhich is an
open issue. In this regards, this paper presents an algorithm to combined approach to propagate variability and
uncertainty in the same framework. The differences and advantages of this algorithm over the existing methods
are presented below:
� The representation of uncertain model parameters are probabilistic together with generalized fuzzy numbers
and normal interval valued fuzzy numbers.

� The results obtained are then interpreted in terms of p-box and fuzzy numbers.
� The advantage of this approach over the existingmethods is that this approach gives an accurate resultant fuzzy
number which is of trapezoidal type generalized fuzzy number that is different from the existing methods.

© 2017 Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.
org/licenses/by/4.0/).

A R T I C L E I N F O
Keywords: Variability and uncertainty, Generalized fuzzy numbers, Interval valued fuzzy numbers, Risk assessment

E-mail addresses: palash.dtt@gmail.com, palashdutta@dibru.ac.in (P. Dutta).

http://dx.doi.org/10.1016/j.mex.2017.01.005
2215-0161/© 2017 Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

MethodsX 4 (2017) 76–85

Contents lists available at ScienceDirect

MethodsX

journal homepage: www.elsevier.com/locate/mex

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mex.2017.01.005&domain=pdf
mailto:palash.dtt@gmail.com
mailto:palashdutta@dibru.ac.in
http://dx.doi.org/10.1016/j.mex.2017.01.005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1016/j.mex.2017.01.005
http://www.sciencedirect.com/science/journal/22150161
www.elsevier.com/locate/mex


Article history: Received 25 November 2016; Accepted 27 January 2017; Available online 31 January 2017

Uncertainty modeling approaches

Uncertainty is an integral and unavoidable part of risk assessment. Based on the nature and
availability of data variability and uncertainty can be modeled using probability theory and fuzzy set
theory.

Probability theory

Probability theory frequently used in variability analysis. If parameters used in prescribed models
are random in nature and followed well define distribution, then probabilistic methods are most
suitable and well accepted approach for risk assessment.

This approach can describe variability arising from stochastic disturbances, variability conditions,
and risk considerations. Variability is characterized by the probability associated with events. The
probability of an event can be interpreted in terms of frequency of occurrencewhich can be defined as
the ratio of the number of favorable events to the total number of events. In this approach, the
uncertainties associated with model inputs are described by probability distributions, and the
objective is to estimate the output probability distributions.[96_TD$DIFF]

A random variable is a variable in a study in which subjects are randomly selected. Let X be a
discrete random variable.

A probability mass function is a function such that [97_TD$DIFF][98_TD$DIFF][99_TD$DIFF]

ðiÞ f xið Þ � 0; iið Þ
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The cumulative distribution function of a discrete random variable X, denoted as F(x) is

FðxÞ ¼ PðX � xÞ ¼
X
x�xi

f ðxiÞ

Let X be a continuous random variable. A probability density function of X is a non-negative
function f, which satisfies

PðX 2 BÞ ¼
Z

B

f ðxÞdx

for every subset B of the real line.
As X must assume some value, f must satisfy

PðX 2 ð�1;1Þ ¼
Z 1

�1
f ðxÞdx ¼ 1

This means the entire area under the graph of the PDF must be equal to unit.
In particular, the probability that the value of X falls within an interval [a, b] is

pða � X � bÞ ¼
Z b

a
f ðxÞdx

The CDF of a continuous random variable X is

FðxÞ ¼ PðX � xÞ ¼
Z x

�1
f ðxÞdx
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