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Presentation outline

Red River Flood of 1997
2D Hydrodynamic Modelling
Spatial and temporal variation of risk
Uncertainty in floodplain management
Fuzzy set theory
Fuzzy risk measures : (1) Combined reliability and vulnerability index
(2) Robustness index
(3) Resiliency index
Methodology for spatial and temporal representation of fuzzy risk measures
Conclusion
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Project objectives

 Methodology to represent spatial and temporal variation of risk
In floodplain management

 Methodology to spatially and temporally represent risk
associated with uncertainty

Research contributions

* Introduce spatial and temporal variability in flood risk
assessment

2-D Hydrodynamic Modelling for Evaluation of Flood Risk in Space and Time
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Red River Flood 1997
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2D Hydrodynamic Modelling
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Operation of Inlet Control Structure
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Uncertainty associated with flood risk management

« Lack of data and ambiguity

e Hydrologic uncertainty

« Hydraulic uncertainty

« Economic uncertainty

e Structural uncertainty

« Spatial and temporal uncertainty

* Individual heterogeneity

* Precise knowledge of goals, constraints and consequences
« Lack of knowledge in representation of mathematical model

2-D Hydrodynamic Modelling for Evaluation of Flood Risk in Space and Time
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Fuzzy set theory
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Fuzzy risk measures
Combined reliability & vulnerability Index

Fuzzy membership function
of acceptable level of flood
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Fuzzy risk measures

Resiliency Index
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Spatial and temporal representation of fuzzy risk measures

value

Flood damage membership

Flood damage
................................................ ) members‘Eip 1
value 1

S

Acceptable level

[

of flood damage <

>

[

Flood damags

-l

Flood damage
image

Estimation of the overlap area between flood damage and
acceptable level <1f flood damage

Flood dama

lCase 1 Case 2 l Case 3

[N

(xy)

O]

N

N

v
—
—>

<«

Weighted area approach

J. l l

v
Flood damage image #;
with weighted overlap “¢ = 7 ﬂ
area ok

\ge

Slide 12 of 20



Fuzzy reliability index in space and time

Fuzzy calculation GIS maps
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Fuzzy

robustness index in space and

Fuzzy calculation

GIS maps
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Fuzzy resiliency index in space anc

= Water surface generation
o=
S g i
c
E © c
w ®8
= oo
] c T
o O
92
[
‘ Determining the difference between water surface elevation and ground surface elevation ‘
= T T -
2 Minimum flood water level Mean flood water leve! Maximum flood water level
g = (Lower bounc) (Modal value) (Upper bounc)
o
~ SFE = E
o o= O - ;
L o 8o -
F B>d -
1] g T H = =
T3
eY
=1
=
Depth damage analysis ‘
@ =) % Minimum Ia‘nd damage Mean Iant‘:l damage Maximum land damage
25 % % (Lower bound of flood damage) (Modal value of flood damage) (Upper bound o‘*fﬂood damage)
g & o v v
Ensg
S Q€5 — —
ogLE — —
8%8c 3
o S5®% 8
o gy
[Tt =
- 2
o
o &£
= o
o=
() 1) -g 5 = - =
5 53
<]
5 = GE) E Depth damage analysis
U:-’ % E % Minimum building damage Mean building damage Maximum building damage
o £ o © =g (Lower bound of flood damage) (Modal value of flood damage) (Upper bound of flood damage)
(O] fLes o v v v
° S c=c
EO05 5
S =9 F
DL > -
Saog=? .
0265 —
Cgos=
c
< 2 - - -
[ P -
SEw d ‘ Determination of ﬂood‘damage recovery time ‘ ‘
N 2Zdg ¢ ¢ ¢
w o= O
w >0
5 © 3 g E Lower bound of the Modal value of the Upper bound of the
E g & © flood damage flood damage flood damage
- recovery time recovery time recovery time
— >
g E ‘ Generation of fuzzy recovery time membership function ‘
h
©v S5 ©
i BSE
= ]
0 c R Determination of maximum recovery time, T(t
O N
°z2
value
1
>
=]
© £ i
& o z‘ ICenter oRgravity
(2]
5 28
=
< ‘0 .
e
0
t |z [
Recovery time, t

time

Slide 15 of 20



Slide 16 of 20

Results (London Ontario)
Spatial reliability-vulnerability index
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Results (London Ontario)
Spatial robustness index
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Results (London Ontario)
Spatial resiliency index
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Conclusions

Represents spatial and temporal uncertainty

Spatial and temporal variation of flood risk under
uncertainty

Assessment of reliability and vulnerability of area under
flooding

Ablility to adapt
Recovery time
Minimize flood damage
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Thank you
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