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to the chance of something happening, whether
defined, measured or determined objectively or
subjectively, qualitatively or quantitatively, and
described using general terms or mathematically
(such as a probability or a frequency over a given
time period).”
vi JIS Q 31000®
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“Risk in the sense of a measurable probability
and an uncertainty which cannot be measured.”
ii  Harremoés et al. eds. 10

Risk: known impacts; known probabilities.

Uncertainty: known impacts; unknown
probabilities.

Ignorance: unknown impacts and therefore
unknown probabilities.
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“The chance of something happening that will
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have an impact on objectives”
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Risk in the sense of a measurable probability
Knight(g) and an uncertainty which cannot be
measured
JIS Q 2001? FREOMENOLIEZDREROMAEHE | T

FHEDR TR LT DR RO R

Harremoés, P. et al.
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Combination of the probability of occurrence
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“The term risk, and the associated term hazard,
have a lot of definitions, proposed by numerous
experts and institutions. Hazard can be defined
as threats to people and the things that they
value. In the view of Carlsson et al. (2005) an
uncertainty becomes a risk if a probability is
assigned to it. Risk can be defined as the product
of the probability and the eventual impact of a
hazard (Smallman, 2000). In Other words, risk is
the product of the probability or likelihood of an
undesired event and the consequences of that
event.”
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“The following definitions were included (from
the Australian source AS/NZS ISO 31000: 2009):
Risk: the effect of uncertainty on objectives”

Ranke @22

“Risk is more than just multiplying the losses

vii

with the probability of occurrence, it rather deals
with uncertainty about the occurrence and the
consequences.”

“The

summarized as following the general definition as

broad discussion on risk can be

given by the United Nations International
Strategy for Disaster Reduction (UNISDR 2004):
“Risk is the product of the exposure of a society to
a hazardous natural or mankind generated
hazard situation, that may result in (physical,
psychological, social, financial, etc.) threats to the
individual or the society and its/their living
environment, juxtaposed to the capacity of the
society or the individual to cope with the impact.”
The general relationship of hazard and risk is
given in the mathematical equation:

Risk = hazard x vulnerability: coping capacity.
There is a variety of applications on the risk
formula in use, a simplified equation of risk:

risk = hazard xXpopulation X vulnerability

When the population is replaced by physical
exposure:

risk = physical exposure X vulnerability

The following formula wused by insurance
companies generally constitutes the two
components:

risk = frequency X potential maximum economic
loss”
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xii Mousavi et al.36)

“Risk (R) is a function of the probability of a
hazardous event (H) and its consequences for all
the exposed elements (C) :

Risk = Natural hazard X Vulnerability X Elemnts
at Risk”
xiii Lee and Chi®?

“The landslide risk at locality is defined by
Smith (1998) as the sum of the products of the
probability of occurrence of landslide (P and the
loss as a result the landslide (Z).

R=§}m'ﬁ)
i=1

Where R is the landslide risk, and n is the
number of mutually exclusive and collectively
exhausted events or scenarios that can cause a

x1

landslide; and under a given scenario, A is the
probability of landslide (or
“occurrence probability” for short) and Zi is the

of occurrence

estimated loss caused by the landslide.
xiv Meng et al.®®
“The final risk distribution is obtained by
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overlying the impermeability distribution with
the
pressure of the coal floor, using the classification
defined in Table 7.”

Galve et al.89

The following expression was used to estimate

distribution of the resistance to water

XV

risk:

Risk= Hx Potential loss

Where R (risk) is the expected annual economic or
personal loss for each pixel (Euro/yr/pixel,
fatalities/yr/pixel); H (hazard) is the annual
probability of occurrence of sinkholes with
different diameters in each pixel; and potential
loss 1s the expected economic or personal losses if
a sinkhole event takes place.

xvi Van Thienen-Visser et al.“0

“In risk assessment, risk is defined as
Risk = Probability of failure *Impact.

In this study, the probability of failure was
defined as the probability of gas oil leakage (the
incident) and the impact was defined as the
effects health,
environment resulting from the contamination of

harmful on safety and
groundwater.”
Li et al.4D

An index of exceptional risk, demoted herein as
R, is defined as:
R=MARxRATIRX ASIT) X NP|9 X K
Where R is the occurrence probability of an
exceptional A1IR the temporal
probability; AS|T) is the spatial probability of

elements at risk when a risk event occurs; P|S)

XVil

risk; 1S

1s the average vulnerability of elements at risk
located at each spatial position; £ represents the
elements at risk (e.g. the number of persons or
the present value of the property); and AT|R) X
Fsim)x p|9) X Erepresents the consequences of
the exceptional risk.

xviii Ali et al.4?

“The risk R is defined as:

R= 3 PfixCi

Where pfi and (i are the probability and
consequence of failure mode I, and nf is the
number of failures.”
xix Peng et al.@?d

“The landslide dams caused by the Wenchuan
earthquake were classified into four risk levels G.
e. extremely high, high, medium and low risk,



with symbols of I, II, III and IV, respectively)
according to their hazard levels and consequences
to the people downstream,”
xx Chen et al.4¥

“Morgan et al. (1992) proposed a general
equation to assess the individual risk, which is
defined as the annual probability of loss of life of a
specific individual as follows:
Riv = RH X HASIH X RTI9 x WLID
(1)
where RN is the annual risk to an individual;
AH) is the annual probability of the landslide
event; AS| H) is the probability of spatial impact
given the landslide event (e.g., landslide
impacting a specific location); A7|9 is the
probability of temporal impact given in the
spatial impact (e.g., presence of people at the
specific location when the landslide reaches);
WL| D is the vulnerability of the individual given
landslide intensity (e. g., fatality rate).

Morgan et al. (1992) also proposed a general
equation to assess the societal risk of several
hazard events:

MﬂL=§T9WWﬁxPﬁmﬁwawﬁxV@Wﬁxm]
i=1

where KrLoOL is the societal risk, meaning the
potential loss of life; neis the number of hazard
events;I7is event £ EIis the element at risk. “
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risk is the product of the probability or
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Van Staveren'* likelihood of an undesired event and the

consequences of that event
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2y Risk=hazard X vulnerability
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risk = hazard xpopulation X vulnerability
risk = frequency X potential maximum
economic loss
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The risk distribution 1s obtained by overlying
the impermeability distribution with the
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Ri+P Ri+P+ P+U+

Ri P U Re RitP Ri+tU P+U P+Re U+Re 2
+U Re Re
risk 6 9 1 1 17
probability 7 6 21 4 3 42
uncertainty 3 2 5 1 12
reliability 6 7 2 8 23
2} 6 7 3 6 15 2 26 11 2 3 1 12 94

Ri: risk, P: probability, U: uncertainty, Re: reliability
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