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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
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Red River Flood 1997
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RADARSAT1 Image, May 01, 1997

RADARSAT1 Image, Spring, 1997 Inlet Structure and
Floodway
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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
• Hydrologic uncertainty
• Hydraulic uncertainty
• Economic uncertainty
• Structural uncertainty
• Spatial and temporal uncertainty
• Individual heterogeneity
• Precise knowledge of goals, constraints and consequences
• Lack of knowledge in representation of mathematical model
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Fuzzy set theory
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Recovery time, t 
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Flood damage image 
with weighted overlap 

area

Flood damage 
image

Spatial and temporal representation of fuzzy risk measures
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Fuzzy calculation GIS maps
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Flood damage 0

1

Membership 
value First acceptable level of flood damage 

Second acceptable level of flood damage

 

Flood damage 
0

1

Membership 
value 

Common overlap area 

Area of high significance 

 Common overlap area 

Area of high significance 

Flood damage 0

1

Membership 
value 

functionmembershipdamagefloodofareaWeighted
areaOverlapWeighted

)CM(MeasureityCompatibil =

21

1
CMCM

RO f −
=

Fuzzy Robustness 
index

Slide 14 of 20



S
TE

P
 2

In
tr

od
uc

tio
n 

of
 w

at
er

 
le

ve
l v

ar
ia

tio
n 

(±
 2

0 
cm

)

Fl
oo

d 
da

m
ag

e 
an

al
ys

is
 fo

r 
re

si
de

nt
ia

l a
nd

 
ag

ric
ul

tu
ra

l l
an

ds

ST
E

P 
1

G
en

er
at

io
n 

of
 

flo
od

pl
ai

n 
m

ap

Fl
oo

d 
da

m
ag

e 
an

al
ys

is
 fo

r o
ne

 a
nd

 
tw

o 
st

or
y 

bu
ild

in
gs

 
w

ith
 b

as
em

en
t

ST
E

P 
3

G
en

er
at

io
n 

of
 fl

oo
d 

da
m

ag
e 

m
em

be
rs

hi
p 

fu
nc

tio
n

S
TE

P 
4

A
na

ly
si

s 
of

 
re

co
ve

ry
 ti

m
e 

fr
om

 fl
oo

d 
da

m
ag

e

S
TE

P
 5

G
en

er
at

io
n 

of
 

fu
zz

y 
re

co
ve

ry
 

tim
e

S
TE

P
 6

A
na

ly
si

s 
of

 fu
zz

y 
re

si
lie

nc
y 

in
de

x

Fuzzy resiliency index in space and time

Lower bound of the 
flood damage 
recovery time

Upper bound of the 
flood damage 
recovery time

Modal value of the 
flood damage 
recovery time

2

1

2

t

-1

t

t
f t

t

t T(t) dt
RS =

T(t) dt

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

∫

∫

%

%

Slide 15 of 20

 

Recovery time, t 

 

1 

Membership 
value 

 

 
t1 

0 
t2 t3 

Center of gravity 



Spatial reliability-vulnerability index
Results (London Ontario)
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Spatial robustness index
Results (London Ontario)
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Spatial resiliency index
Results (London Ontario)
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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
• Ability to adapt
• Recovery time
• Minimize flood damage
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Thank you
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