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Future Tropical Cyclone Flood Hazard 
Outline 
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Flooding)during)Hurricane)Katrina)(2005)) Es#mated)change)due)to)the)0.75)m)of)sea9
level)rise)since)c.)1900)

•  A 0.75-m sea-level rise (SLR) leads to a 1.3-m increase in flood elevation 
•  Changes to wetlands dominant factor 

Future Tropical Cyclone Flood Hazard 
Motivation 
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Future Tropical Cyclone Flood Hazard 
Joint Probability Method with Optimal Sampling (JPM-OS) 

Historical storm method Joint probability method 

For New York City, from Resio & Irish, 2015, Curr. Clim. Change Rep. 
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Future Tropical Cyclone Flood Hazard 
JPM-OS 

Joint probability matrix 

From Resio et al., 2009 Nat. Hazards 
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Future Tropical Cyclone Flood Hazard 
JPM-OS 
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Joint probability matrix 

From Resio et al., 2009 Nat. Hazards 

Accurate$numerical$integra;on$requires$100,000s$of$storms$"$Use$op;mal$sampling$



Future Tropical Cyclone Flood Hazard 
JPM-OS: Surge Response Functions (SRF) 

General form for maximum surge response 

 where: 
   is a continuous surge response function 
x is location of interest 
xo is landfall location 
cp is hurricane central pressure near landfall 
Rp is hurricane pressure radius near landfall 
θ is hurricane track angle with respect to the shoreline  
vf  is hurricane forward speed near landfall 
ε is uncertainty in the surge response  

From Resio et al., 2009 Nat. Hazards 

z)



Future Tropical Cyclone Flood Hazard 
JPM-OS: SRFs 

Using 145 simulations for Texas coast: 
mean error = -3 to +1 cm 
RMS error = 11 to 22 cm 

9 

A 90-km alongshore moving average was applied to the simulated data to 

obtain spatially dependent estimates of ! ; in general, storms making landfall on 

the upper Texas coast are characterized by larger values of !  whereas storms 

making landfall on the lower Texas coast are characterized by smaller values. 

Data analysis revealed a strong linear correlation between !  and L30, when L30 is 

less than 40 km (Fig. 4). For larger L30, !  approaches a constant value of 0.88. 

Curve fitting by linear regression yields the following relationship for the Texas 

coast: 

! xo( ) =
0.05L30 xo( )! 0.70 when L30 xo( ) < 40 km

2.03
L30 xo( )!31.4

+ 0.88 when L30 xo( ) " 40 km

#

$
%%

&
%
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   (4) 

where L30 is in km. On the Texas coast, !  has a maximum of 1.15 about halfway 

between Matagorda and Galveston. In this region, the continental shelf rapidly 

widens and changes orientation (see Fig. 1). The wider shelf results in relatively 

more surge generation to the north, thereby shifting the location of highest 

alongshore surge northward. The additional surge in this area may arise from a 

combination of increased wind surge and Eckman setup, as occurred during 

Hurricane Ike in 2008 (Kennedy et al. 2011). In locations with more gradually 

varying regional bathymetry, we would expect a monotonic increase in !  with 

L30.  

 Fig. 3 also showed that both storm size and continental shelf width impact 

the degree of asymmetry that is evident in alongshore surge distribution. The role 

of storm size and continental shelf width on this asymmetry can also be seen in 

the preliminary dimensionless scaling results (Fig. 5, top pane). Here, we consider 

the ratio Rp/L30, where larger values of Rp/L30 represent relatively larger storms 

making landfall over relatively narrow continental shelves. As Fig. 5 (top pane) 

shows for the northernmost location (see Fig. 1), larger values of Rp/L30 result in 

narrower dimensionless surge distributions in the alongshore region to the north 

of highest alongshore surge. No significant trend was observed in the alongshore 

region to the south of highest alongshore maximum surge, consistent with the 

dimensional results in Fig. 3. In addition, at locations to the south, when L30 < 40 

km, no significant trend with Rp/L30 is evident; this is expected since in this region 

wind surge generation is limited owing to predominantly offshore-directed winds 

10 

as the storm passes over the continental shelf. We introduce the following 

correction into the dimensionless alongshore variable in order to account for this 

asymmetry: 
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where c is a dimensionless regional scaling constant. For the Texas coast, the 

constant c = 0.75 and was determined by inspection. Fig. 5 (bottom pane) shows 

the resulting shift and general convergence of the data in the preliminary 

dimensionless space. 

Irish and Resio (2010) argued that both storm size and the size of the 

shallow region, specifically the continental shelf region, can limit surge 

magnitude. In the case where storm size is smaller than the continental shelf 

region over which the storm passes, the wind field size effectively limits surge 

generation. On the other hand, in the case where the storm size is larger the 

continental shelf region, the size of the continental shelf effectively limits surge 

generation. Thus, surge magnitude can be expected to scale with Rp/L30. Fig. 6 

shows simulated highest alongshore maximum surge versus Rp/L30, showing that 

surge decreases with increasing Rp/L30 in an almost linear fashion. 

To account for the relative roles of storm size and continental shelf width 

in the dimensionless surge magnitude variable, the ratio Rp/L30 is introduced into 

Eq. 2a as follows: 
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    (6) 

where: 

m2, ! , and !  are dimensionless scaling coefficients varying by location 

and x’ as follows: 

m2 x, !x( ),! x, !x( ),! x, !x( )"
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(
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, and 

[Rp/L30]ref is a regional constant representing the maximum value of Rp/L30. 
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where c is a dimensionless regional scaling constant. For the Texas coast, the 

constant c = 0.75 and was determined by inspection. Fig. 5 (bottom pane) shows 

the resulting shift and general convergence of the data in the preliminary 

dimensionless space. 

Irish and Resio (2010) argued that both storm size and the size of the 

shallow region, specifically the continental shelf region, can limit surge 

magnitude. In the case where storm size is smaller than the continental shelf 

region over which the storm passes, the wind field size effectively limits surge 

generation. On the other hand, in the case where the storm size is larger the 

continental shelf region, the size of the continental shelf effectively limits surge 

generation. Thus, surge magnitude can be expected to scale with Rp/L30. Fig. 6 

shows simulated highest alongshore maximum surge versus Rp/L30, showing that 

surge decreases with increasing Rp/L30 in an almost linear fashion. 

To account for the relative roles of storm size and continental shelf width 

in the dimensionless surge magnitude variable, the ratio Rp/L30 is introduced into 

Eq. 2a as follows: 
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where: 

m2, ! , and !  are dimensionless scaling coefficients varying by location 

and x’ as follows: 
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[Rp/L30]ref is a regional constant representing the maximum value of Rp/L30. 

From Song et al., 2012 Nat. Hazards 

Neglects: 
•  Wave setup 
•  Track angle 
•  Forward speed 



Applied at 259 locations using 38 simulations: 
mean error = -12 to +5 cm,  
RMS error < 50 cm at 96% and < 40 cm at 76% of locations 

Panama$City,$FL:$Coastal$bays$

From Taylor et al., 2015, Nat. Hazards 

Future Tropical Cyclone Flood Hazard 
JPM-OS: SRFs - Wave Setup, Track Angle, Forward Speed 



Future Tropical Cyclone Flood Hazard 
Conclusions & Future Work 

• )Response)of)future)surge)hazard)to)vegeta#on)change)is)complex))
• )Shape)of)extreme9value)distribu#on)sensi#ve)to)vegeta#on)change)
• )Magnitude)of)change)in)surge)hazard)1)m)or)less$

• )Further)evaluate)sensi#vity:)
1.  Vegeta#on)state)
2.  Idealized)bathymetry))

• )Evaluate)changes)in)contribu#ng)joint9probability)parameter)space)

• )Significance)of)direct)es#mate)versus)added)uncertainty)
• )Evaluate)impact)to)flood)plain)(overland)flow)))

 Conclusions (Preliminary) 

Future work 
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