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Outline

= Uncertainty and risk
= Objective risk
= Subjective risk

= A new methodology
= Fuzzy set approach
= Examples
= Water supply risk
= Flood disaster risk

s Conclusions
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Uncertainty

= Current context
= The dangers are more difficult to understand

= Technical, social, economic and environmental
systems are becoming increasingly complex

=« Information is shared much more rapidly

= Consequences
=« Larger damage

= Instead of gradual and local damage much more
widespread loss accumulation

= Need for more active dialogue among
stakeholders

Simonovic Sep 21, 2007




Uncertainty

= Uncertainty — lack of certainty

= Implication is risk
= Significant potential unwelcome effects of system
performance
= Knowledge of potential losses

= Risk reduction

= Understanding the nature of the underlying
threats in order to identify, assess and manage

the risk
=« Understanding the value systems that define the
risk perception

Simonovic Sep 21, 2007
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Risk dilemma

= Three fundamental types of risk

= Objective — the property of real physical systems

= Subjective — the degree of belief in a statement (not
the property of real system)

= Perceived — an individual’s feeling of fear in the face of
an undesirable possible event

= This is perhaps the most important misconception that
blocks the way toward more effective societal risk
management

= The ways society manages risks appear to be dominated
by considerations of perceived and subjective risks, while
it is objective risks that kill people, damage the
environment and create property loss.
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Research context

= The main objective is development of the
possible methodology for the reliability

analysis of systems that will
be capable of:
= (@) addressing uncertainty caused

by variability and ambiguity;
= (b) integrating objective and subjective risk; and

= (C) assisting the management
based on better understanding of temporal and
spatial variability of risk.

Simonovic Sep 21, 2007



Changing paradigm

Ordinary set

(Probability Theory)
X1
x) I, it xeA
X) =
"0, ifxe A
1.0
%
£

Fuzzy set

(Fuzzy Set Theory)

L, X — [01]

[
»

=
o

Membership

v

v

Universe of
Discourse

Universe of
Discourse

Simonovic Sep 21, 2007



probability of satisfactory performance

probability of failure

margin of safety

factor of safety

Simonovic Sep 21, 2007



Fuzzy sets

A fuzzy set is one which assigns grades of membership
between 0 and 1 to objects within its universe of
discourse. If Xis a universal set whose elements are
{x}, then, a fuzzy set A is defined by, its membership
function,

u, : X—=[0,1]

which assigns to every x a degree of membership in
the interval /0, 1].

A = {(X,;,LA(X))}, xe X

Simonovic Sep 21, 2007



SystAem State

M=0.0
or
6 =1.0

M<0.0
or
B <1.0

Region of Complete/Safety

New definition of failure

Region of Partial Failure

Region of Complete Failure

Time

Simonovic
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1.0

0.0

Fuzzy risk analysis

A

Complete Failure
Region

Partial Failure
Region

System-state

Membership value

&\ Universe of discourse
2

Complete Safety
Region

Acceptable Level of Performance

v

Simonovic
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Fuzzy risk analysis

System state

O l:fDSDMin
D-D,,
— l:fDe[DMin’DMean]
~ D, -D,
S(D):< Dean _Dm .
Max if De[D,, ,D, ]
D Max D Mean f Hean e
O l:fDZDMax

Acceptable level of performance

(1 if D< D,
M(D)=16(D) if De[D, D,]}
0 if D>D,
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Fuzzy risk analysis

The compatibility measure

WOA,
CMS L= ’
’ WA,
e provides information about system

reliability and vulnerability
e measure of proximity (overlap)

Simonovic Sep 21, 2007



Fuzzy risk analysis

max {CM.CM,......CM,} LR
Reliability Index = —==
max {LR.LR,........ LR, |

1=k

X

1
CM, -CM,

Robustness Index =

Resilience Index =

Simonovic Sep 21, 2007
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London region water supply

Conveyanee mud
Storage Systems

~
. Water Treatient System

J

-~
J Lutake System

stmseog
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London region water su

E3 Microsoft Excel - Case Study-Calculation{LH).xls

=@ Eii; Edil Wiew Inzert F_a_'ri'n'at. Tools Data  ‘Window  Help. Type aquestion forhelp  B[S@ 2
- Arial 16 SN i _-&,&,'
DEdayn SRY FBEBR-<I v
Ad - 3
A B H I [ J | K L | 1] | N T
4 Capacity Reguirment
SyeRan bais Average | Design | Meximum Yeay Min | Vearly Avy | Yearl Max
2 I | Daily flow__Capacity__Overipad | " 257 M | TE8TY VI | TERTY TEY.
B |mtake Crib % £ MD ] 1573 0 3400 4548 530 1s7a 28T
_7_|Chiorinator | E*4E Ko/d 360.0 6300 /800.0 245 720 1300
8 [Romtakepipe NS5 & _ LMD N qe73  : o da00 - aseB_ | 530 . 4573 i _ 2857
9 |Travefing Screens MLD | 1573 3400 454 6 530 1573 2557
10 |Pamping Welis Mo | 1573 3400 454 530 1573 2557
11 |Chiorinator If = Koid /OO P BI0O 900.0 245 720 1300 —
12 |Singfe Speed Pump 1 cE E MLD 4539 1‘ 7sn = 100.0 16.8 490 81.2:
13 |Variadle Speed Pump - ‘i MDD | 574 % BER2 1150 193 490 934
| 14 |Singfe Spead Pump 2 E " Mo ] 498 X 750 1000 165 490 81.2
15 |Single Speed Pump 1 (Back-up 5] Mp | 488 Y 750 % 4000 16.8 490 812
16 |Varizble Speed Pump (Back - MLD 574 1‘ 862 1150 19.3 490 934
17 |Singfe Speed Pump 2 (Back-up MLD 4949 ‘. 750 100.0 16.8 490 81.2
AC | AD | AE AF | AG_ | AH | Al | A | AL AWM | AN | AOD | AP
+ |Element-State (Tri-Mo5) Element-State (Trap-Mo5) EIeme:E{fgf:fﬂf'e (Tri) Element-Failure (Trap)
. ) & o F & : & Fd i & ' - : 4
NN R N B L L R i | T e
7 026 0,62 0.7 0.26 044 074 0,57 o 0.0 001
I IS S SN 1S S oSO SN« NS SO S S - S it e DR DR
a 22 0 058 022 003 0.4 0.8 013 035 050
w | -hes 0.40 088 -0.22 0.08 0.41 058 0.33 0T 100
11 026 ez 037 026 044 074 037 o 0.0 (TRuL]
12 0.3 026 083 -0.51 003 0.22 0.53 168 53.54 500
13 0.3 0.32 0.83 0.5 0.0 032 055 168 3.54 500
14 -0 026 083 R R | ~0,0% D2z 053 165 54 500
15 0.3 0.26 083 0.5 003 0.22 0.83 168 3.54 500
16 0.3 0.32 083 -0.51 0.0 0.32 0.53 168 3.54 500
17 - -9.31 Ji o na2e o f  DE3 e e v = I:IEEQ_ e o e L e e L | L& = IB.’EL-! = 500
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—
s
7
o Neutral level _ 7~
3 075 (level 2) -
g s
o Reliable level P -~
c L O N
Z 0-50 (level 1) - Unreliable level
2 7 (level3)
g Pad
= 0.25 - P
0.00 ! ‘ :
0.0 2.0 3.0 4.0 50

Margine of Safety
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0.03

- - System-State (Triangular)

—x%— System-State (Trapezoidal)

7
s
Q
=
S
o 0.02 -
=
4
o
€ 0ot R R U
()
=
0.00 ‘ ) !

0.5 0.6 Margin of Safety 0.8

- - - - Reliable level (level 1) Neutral level (level 2) — — Unreliable level (level 3)
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London region water supply

LHPWSS EAPWSS
Fuzzy Performance Index : : : :
Triangular | Trapezoidal | Triangular | Trapezoidal

. N . 0.042 0.017

Combined Reliability-Vulnerability 0.699 0.642
Robustness (level 2 — level 1) NA NA 1.347 3.314

NA
Robustness (level 3 — level 1) -2.120 -2.473 NA

-1.347 -3.314

Robustness (level 3 — level 2) -2.120 -2.473
Resiliency 0.017 0.017 0.054 0.054

Simonovic
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Implementation example 2

= Extension of fuzzy risk analysis to
spatial problems

= Integration of GIS and fuzzy risk
analysis

= Medway Creek Flooding— North London

Simonovic Sep 21, 2007
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Medway Creek flooding case study

Meters

650 1,300 2,600

AN

- .
DEM of Medway Floodplain
Value

. High : 281 m
Low: 234 m
I cityof LONDON [ | Grain
V77 euit-up I crezingland [

[ urban area [ JHayland
- Recreation - Mixed land

I:I Continuous Row Crop [--"7] Pasture

[Jcom [ Jidie 5t 10 years

+ Damage one story
building
— Modified curve

L S— | -
B siicises : T Taoe 5000
- Water
Roads 0 T T T T T

0.00 0.50 1.00 1.50 2.00 2.50 3.00
Depth of submergence (m)
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Medway Creek flooding case study

Value Value
— Metel Value
. High:1 ™™ High: 13.38 M — Meters
0 650  1.300 2,600 p— 0 650 1,300 2,60( High - 1.87 0 650 1300 2600
My Lo 20 M Lovi: 039
Roads Roads ;ﬂnv:dsn
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Instead of conclusions

= One possible methodology for risk
analysis capable of:
= addressing uncertainty caused by
variability and ambiguity;

= integrating objective and subjective risk;
and

= assisting in risk management based on
better understanding of temporal and
spatial variability of risk.

Simonovic Sep 21, 2007



Instead of conclusions

= Fuzzy risk analysis provides for addressing
uncertainty caused by variability and
ambiguity.

= Risk is described using a combined fuzzy
reliability and vulnerability, fuzzy robustness
and fuzzy resiliency.

= Fuzzy risk analysis has been successfully
extended into a spatial fuzzy risk analysis.

Simonovic Sep 21, 2007



Research

= Over 10 years (postdoctoral fellows, PhD
and MSc cadidates)

= Support:

= National Sciences and Engineering Research Council
(NSERC)

=  Public Safety and Emergency Preparedness Canada (PSEP)
= ICLR

s Resource:
www.slobodansimonovic.com
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