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Coastal Inundation Risk Assessment

Why is Coastal Flooding Unique?

« Coasts are highly dynamic, landscape constantly changing

« Storm surge depends on meteorology + generation capacity

* Physics extremely important for accurate surge estimation

* Asingle event spans a wide range of return periods

« More difficult to mitigate because of the short timeframe

* Almost always have multiple hazards at same time

« ~50% of weather-related damages due to coastal storms (since 1980)

MVirginiaTech



Coastal Inundation Risk Assessment

e Motivation for PFHA
e Surge response functions (SRF)
e Theoretical Basis
e Parameterization
e Validation
e Extreme-value analysis: JPM-0OS
e Uncertainty
e Examples

e Shortcomings/lack of knowledge
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Coastal Inundation Risk Assessment

Motivation for PFHA

A robust and accurate method for determining hurricane surge extreme
value probabilities is required.

Historical surge population approach Joint probability method
Return eriod 25° :SE' Texas Track Paths - — XSSE — TXNSE — SE45 — WeLA
DU Gt S HIREENE A AENEENEE
N - - e - - el Bl B | 34° B Wy b v :W&'*’ \51; o D ? i ¥ 1 o ~~~~~~~'i~~ i - EW i i i
‘ E8 Y VI
Katrina level at Point 1 . | f . TR
3 =1 . . I T /': 31'5 AN NN AVAYEY ‘ “ i E ¢4
B Direct Hit ] SO LK Sl
'E Asymptote P E = V. i
=] = e a— 29°
E 1 | ezt E. 28° Eoftr b g bbb e LUSAYARSEOANE B D Dy
[ T
= . i _ 27°
* aH et . Non-event " -
/'F' Asymptote oar
d 23"
i | | | | i 22°
0.5 1 1.5 2 25 3 "
L.ﬂnIITH
20°
19° E
B o e i am nmmmmnmmnm ]
99" -98° -G7° 06" 05" -04° -93° -92° -91° -G0° -89 88" 87" -86° -85° -84" -83" -G2° -81° -80°

MVirginiaTech



Coastal Inundation Risk Assessment

Surge Response Functions
General form for maximum surge response:

gm(x) =¢(x.p,.R,.v,.0.x,))+¢,

2 2 2 2 2
82 - gﬁde + surge simulation waves winds = 7
where:

¢ is a continuous flood response function,

X is location of interest,
Po is central pressure,

X, IS landfall location,

Ry is hurricane pressure radius near landfall (Thompson and Cardone 1996),
6 is hurricane track angle with respect to the shoreline,
V¢ is hurricane forward speed near landfall, and

&z is epistemic uncertainty in the flood response (Resio et al. 2012)
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Coastal Inundation Risk Assessment

Surge Response Functions

e Shallow-water momentum balance:

du 9& T,
ot ox  p, h(x)
e Assume:;

e Steady winds over long period

e Wind stress in quadratic form

¢ ([ p, c,V?
dx | p, | gh(x)

e Assume continental shelf of constant depth
with width, L:

o, \e,V?
—| La L
- (pw)gw

£ = XlAp<LT>

where Ap = P, —p,
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Coastal Inundation Risk Assessment

Surge Response Functions

¢ Influence of depth profile:

L €
< =X1Aph*— = 90
2 B -100¢
. . . ()]
¢. = dimensionless depth function 1508 . . .
0 50 100 150
X (km)
* Influence of hurricane size: Coastline
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h.¢. L R | | Extent of
L. winds
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winds

@Vu‘gmlaTech From Irish and Resio, 2010, Ocean Eng.



Coastal Inundation Risk Assessment

Surge Response Functions

e Influence of forward speed:

o[

e Influence of approach angle:

£ =4 pr( )w,( )%()

h.¢,
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Coastal Inundation Risk Assessment

Surge Response Functions

Storm surge and tides — ADCIRC (Luettich et al. 1992)
* Hydrodynamic model:

oH —
—+VH(UH> —0

ot
U (7 o7 P, ) I
- . V — V ’ _ N .
ad CROL gH(Q+ 5o “”)+kaU+pr Hp,
* Finite element, variable resolution soN N ] oon
. 3 Hoqsto,p s /) &Q:
* Model forcing: e
» Wind stress & Barometric pressure ., '
(Thompson & Cardone 1996): ,2.’ N
* Vt, 6, ¢, Rp, track position, ... 28°N '“ N\ e
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Coastal Inundation Risk Assessment

Surge Response Functions
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Coastal Inundation Risk Assessment

Joint Probability Method with Optimal Sampling (JPM-0S)

-1

TR(zmaX)={1— fffxff(po,Rp,vf,e,xo)[H(zmax-[¢(x,p0,Rp,vf,e,xo,MSL)+gz])]dxodedvdepdpo

povaf 0 x,
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Coastal Inundation Risk Assessment

Joint Probability Method with Optimal Sampling (JPM-0S)
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Coastal Inundation Risk Assessment

Uncertainty

Uncertainty = Aleatory + Epistemic

Aleatory = 0.23 m, T, = 50 yr \

0.55m, T, =500 yr [ ! \
2 2 2 2

v
Epistemic =0.70 m
A
! 2 2 2 2 !
tide t surge simulation waves + 8winds

Aleatory + Epistemic=0.74 m, T, =50 yr
0.89 m, T, =500 yr

VirginiaTech From Irish and Resio 2013 ASCE Waterw.



Coastal Inundation Risk Assessment

Uncertainty - Aleatory

For estimating surges in large coastal applications to date, the standard has been to
include epistemic uncertainty but to neglect aleatory uncertainty, assuming it was
small for the range of annual exceedance probabilities required in those studies.

However, aleatory uncertainty can be shown to have a form such that

F(z) N o,
where
F(z),F(z') are the CDFs of the results with and without aleatory uncertainty included

[F(Z')]=W[T(Z) ﬁ}

W is highly nonlinear function of its 2 arguments
T'(z) 1s the return period associated with surge level z
N is the number of years in the sample

0,,0, are the measures of dispersion for the extremal distribution and the uncertainty

distribution (which varies with 7'(z))
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Coastal Inundation Risk Assessment

Uncertainty - Aleatory
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Estimated return periods with and without uncertainty:

« Case 1&2: deterministic and delta function approximation
« Case 3: using estimated standard deviations divided by 2
» Case 4: using actual estimated standard deviations
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Coastal Inundation Risk Assessment

Examples — Strength of JPM-0OS
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e Optimal sampling reduces computational requirements by 75%

3
10

e Means to bound upper tail of distribution using Maximum Possible Intensity
e Stable with respect to small changes in sample

e Considers all storms in parameter space contributing to surge level
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From Irish et al., 2011, J. Geophys. Res.
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Examples — Strength of JPM-0OS

T =100 yr -
R Y Al JPM (1:1000)
— — = JPM (1:10000)
gt| - —  — JPM —less one (1:1000)
"""" JPM - less one (1:10000)
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L .
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B yr 10° 10°

T, (yr)
e Optimal sampling reduces computational requirements by 75%
e Means to bound upper tail of distribution using Maximum Possible Intensity
e Stable with respect to small changes in sample

e Considers all storms in parameter space contributing to surge level
MVirginiaTech From Irish et al., 2011, J. Geophys. Res.
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Coastal Inundation Risk Assessment

Shortcomings: Multi/Combined-Hazards

« Within singe events:
« Surge + tides + waves + winds + precipitation
« Tsunami + earthquake

 Consecutive events:

o Storm then storm
o Storm then tsunami, vice versa

« Concurrent events:

« “Superstorm” Sandy = hurricane + Nor’easter
« 2011 MS River flood = inland rainfall event + coastal storm
« Tsunami + hurricane (7?)
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Coastal Inundation Risk Assessment

Shortcomings: Future Conditions (UNCERTAINTY?!)

» Sea-level rise
* Climate variability/climate change

« Landform changes:

Depth (m, MSL, 4 . ; :
144 Aransas Pass —p- *  2000s - existing islands
128 Area3 |’ & 357 O  2030s - existing islands |1
L 8 o 2030s - degraded islands
10.4 - 1 ]
96 11 0 3
8.8 =
80  Area 3 I
7.2 b £ 2.5
6.4 Packery Channel—p c
5.6 ks
4.8 E = 27 %
40 Area3|f g * %
3.2 D 15
2.4 [(}) L *
g:g Area 2 2 * X ¥ ) & ¢
0.8 (T 1t % %
16 *
24 \
3.2 ‘ 0.5 : : : :
40 Area 3 0 2 4 6 8 10
Station

From Irish et al. 2011, Ocean Coastal Mgt.

 Human impacts:
* Land use changes

* Population growth/migration
* Policy/Procedure
* Maintenance

* Adaptation
MVirginiaTech



Coastal Inundation Risk Assessment

Shortcomings: Complex/Coupled Processes
« Surge response coupled with sediment transport, vice versa

« Example: Barrier island overwash and breaching

Post Storm Topography - 09/24/38

Elevation (m, MSL)
O ==

' 1
- O

e

0:00 12:00 0:00
09/21/38 Time (hours)

From Cafiizares and Irish 2008, Coastal Eng.

« Spatiotemporal variation in surges, waves, winds, etc.
* Natural limits

* Methods validation
« What else have we yet to learn?

knowledge 2008

2004
(Sumatra)

2011

(Katrina)
MVirginiaTech time




Coastal Inundation Risk Assessment

Shortcomings: Probability vs. Risk

Single flood probability = multitude of outcomes

Natural: Flood level + Natural/Human
* Velocity * Policy/Decisions
* Forces * Procedures
* Erosion  Maintenance

« Adaptation
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