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MOTIVATION

1 New Flood Maps Needed
(especially after
Hurricane Katrina)

1 New Methodology
Needed
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NEW METHODOLOGY

1 Storm Characterization

8 Numerical Models
1 JPM — JPM-0OS

1 Coastal Flood Elevations
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SUMMARY OF CONCLUSIONS

1 New working methodology for FEMA Coastal
Flood Studies has been developed

1 Efficient JPM has been shown to be accurate
and efficient

1 Wave setup included within the
hydrodynamic simulations improves the
results

i Results are sensitive to subtle processes

1 New efficient methods have been
corroborated over related flood study
projects
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PROJECT ORGANIZATION

1 Characterize the local storm climate
1 Develop method of forward projection

1 Create surge heights with numerical
models

1 Analyze recurrence statistics
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Characterization

1 Storm Parameters
1 Period of Record
1 Schematic Shoreline

1 Optimize the Sample Error/Population
Error Trade Off

1 Parameter Statistics
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Period of Record

11851: Limit of Hurdat

11900: Former FEMA Data Limit
11940: Offshore Aircraft Observations
11960s: Satellites and Data Buoys
11990s: Doppler Radar

12006: Limit Of Study Data
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Period of Record

211851: Limit of Hurdat
21900: Former FEMA Data Limit
=
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Schematic Shoreline

Generalized Coastline
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Storm Parameters

Pressure deficit 1 Major Parameters
. — Pressure deficit
Pressure radius N e
Azimuth — Azimuth
— Landfall
Landtall — Forward speed
Forward speed 1 Special Parameter
Holland B — Holland B
Achamaricsl fde 1 Random Parameters
e — Astronomical tide
Track variations — Track variations
Wind/Pressure Field — Wind/pressure field
. variations
Detalls _ LE_(l:lk of model framework
SKI
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Optimize Spatial Resolution
vsS Statistical Precision

1 Optimal kernel — (width 200
km)

1 Total of 30 Storms (1940-
2006; 85°-95°W)

1 Divide: AP>48 mb
(14);31>AP>48 (16)

8 Chouinard Method (A,AP,0)

— Weights based on track-
to-CRP distance

1 Conditional Rp | AP
Hurricane frequency (from Toro) 1 Simple fit for U

URS Team &



—
-
>

e
jo2]
D

o

=
£

=
=
%)
IS
-
o
=1
12
=
()

-
]

@

Direction & Rate

[ T ]
Calculated Rate
3.E-06 =H=Beta Fit
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Rate (storms/km/deg/yr)

1.E-06
4.E-07

2E-07 5.E-07

0.E+00 x § 0.E+00 k=i ‘A KRR

180 -150 -120 -90 -60 30 O 30 60 90 120 150 184 -180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

Heading (degrees) Heading (degrees)

Lesser 2.57E-4 storms/km/yr Greater 2.88E-4 storms/km/yr

Annual Rate 5.45E-4 storms/km/yr

URS Team 1



Complementary Cumulative Distribution of AP
(Lesser+Greater Storms) at Coastal Reference Site (30.2 N, 89.3 W)
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Pressure Deficit (mb)

Probability Density Function of AP
(Lesser+Greater Storms) at Coastal Reference Site (30.2 N, 89.3)
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Pressure Radius
(depends on AP)

LESSER STORMS GREATER STORMS

Model: In(Rp[nmi])=4.28-0.33*In(DP); si

& Rp(offshore) vs. DP(coast) data
———-—- Rp vs DP (whole Gulf) 84%
= = Rp vs DP (whole Gulf) median
——-—- Rp vs DP (whole Gulf) 16%

Rp(0) vs DP(coast) 84%

E
c
o
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— = Rp(0) vs DP(coast) median

—-—--- Rp(0) vs DP(coast) 16%

DP (mb)

DP (mb)

Conditional Distribution RpJAP => lognormal functions
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Forward Speed

LESSER STORMS GREATER STORMS

Median (m/s): 5
Logarithmic Std. Dev.: 0.43
Mean (m/s): 5.48

Std. Dev. (m/s): 2.47

Median (m/s): 6.04
Logarithmic Std. Dev.: 0.41

Mean (m/s): 6.57
Std. Dev. (m/s): 2.79
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Storm Tracks

URS Team

Whole Gulf Tracks Curved & Similar to Corps’ BRICA
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Along-Track Profiles

JOS6001 Data

|||||||||||||||||||||

||||||||||||||||||||||

|||||||||||||||||||||

o 1% On% _ ane
{ -84° -82° -80

For storms where Rp > 10 n. mi

Rp (landfall) = 1.3 * Rp (offshore)

B (landfall) = 1.0 B (offshore) = 1.27

Decrease in AP(mb) = Rp (offshore n.mi.) -6
max AP = 18 mb, min AP =5 mb
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Joint Probability Method (JPM)

Pllnasqyry > 1= 2] | fx (OPIn(X) > nldx
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Joint Probability Method (JPM)

Pllnasqyry > 11= 2] | fx (OPIn(x) > nldx

I:)[77max(lyr) > 77] ~ Zﬂ“l P[U(Kl) > 77]
=1
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JPM-OS Development Strategy

1 SLOSH model sensitivity tests
— Yields relative importance of parameters

1 Create full JPM (Gold Standard) Analysis

— The 2,967 synthetic storms output at 147 points
form a basis of comparison

1 Use Bayesian quadrature method to create 4 JMP-
OS candidates
— 0S4 =303, 0S5 = 193, OS6 =158 and OS7 = 147

1 Compare JPM-OS candidates to the Gold Standard
(GS) and select “best”

— OS6 yield least synthetic storms while preserving
GS-results

URS Team z



Parameter Sensitivity Tests

Coastal Stations
Varying Central Pressure

Hartison

S}

&

St Tammany

Storm Surge (ft)

Figure 1a

Preliminary Joint Probabillity Model Output Locations

Legend

QGentral Pressure Deficit (millibars) Coastal Stations

Riverine Stations

Inland_Stations

&— Storm Track Line
W d Novermbe

Inland Stations
Varying Central Pressure

Storm Surge (ft)

1 AP>Rp>6>U
e Track spacing = Rp
e 3tracks west & 1 east
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Full JPM (* Gold Standard™)

Prelimin

3
R Values of Rp(nmi)

Central Pressure Deficit Normalized
(mb) Probability 0.01100 0.22200| 0.53400( 0.22200( 0.01100

@6 | Goasss|  6oa| 1343] va3s| ddos|  e571
5.9
.
.
.

Headings (Theta) * -
0.36701] 0.36701] 0.13299
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The Bayesian Quadrature Method

PliTnasqayey > 1= 2] .|, £ (OPIn(x) > 7ldx

I:)[77max(1yr) > 77] ~ Z ﬂ“i P[U(Z.) > 77]
=1

URS Team
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The Bayesian Quadrature Method

JPM-OS6

URS Team
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Comparison Of IMP-OS6 & “GS”

100 Year Surge Elevations

(12 - JPM-Set2

-894 -89.2

Point Location (Longitude)

o ¢ WQ{“&W&A *isg ‘0“.000 LRI 2 w

AR K

-89.4

Point Location (Longitude)
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The JPM-OS6 Case

156 Greater Storms /2 Lesser Storms

StormIQ(OWI dp(mb;coast) | Rp(nmi;offshore) V(mis) theta(deg) Prob. Annual Rate (each S Annual
notation) JOS6###% track) StormiD (OWI | dp (mb; | Rp (nmi; theta Rate
J0S6% 66.69 18.61 6.047 -38.91 1.33E-01 1.32E-03 notation) | coast) | offshore) | V™) | (dag) | PP | (each*%
J0S6% 57.17 3082 6.047 -13.49 1.20E-01 2.55E-03 i, - track)
J0S6% 19.72 2293 6.047 38.92 133601 163E-03 CAT2001% 4638 4159  5416| 8758 | 4.74E-02 | 9.37E-04
J0S6% 51.17 1083 6.047 -13.49 120E-01 6.94E-04 CAT2002% _ 3775|  6363|  2005|  2355| 203E-02 | 7A7E-04
10S6% 57.17 2077 6.047 56.66 L08E-0L L19E-03 CAT2003% |  4428|  2164| 34|  6387| 7.61E02| 7.63E-04
J0S6% 92.95 147 5,943 1261 34202 2.68E-04 CAT2004% 071 1272|4931 9324 1.76E01| 1.06E-03
J0S6% 7859 308 6.014 1282 5.34E-02 8.77E-04 CAT2005% 78| 4424 | 4881 | 1127 392E-02| 8.25E-04
J0S6% 7859 16.56 1349 4733 120602 3.71E04 CAT2006% 211 1719 6096 | 3122 | 0.30E-02| 7.60E-04
J056% 7859 8904 6.014 -1282 5.34E-02 2.54E-04 CAT2007% 3467 2432 | 6041 7107 8.75E-02| 1.01E-03
10S6% 7859 16,56 1454 12.86 349E-02 3.08E-04 CAT2008% 4753|  1694|  4378| -3163 | 6.26E-02| 5.04E-04
J0S6% 7002 17.98 5.943 1282 342602 3.28E-04 CAT2009% 42,09 2782 371| 5919 | 0.49E-02 | 1.25E-03
J0S6% 7859 16.56 4.346 -71.04 4.20E-02 3.71E-04 CAT2010% 3467 24.31 2458 525 | B.75E-02 | 1.01E-03
1056% 1287 11.66 5.943 -12.81 1.06E-02 6.58E-05 CAT2011% 4428 | 2164 105 |  -13.83 | 7.62E02 | 7.83E-04
J0S6% 1037 253 6.014 1282 LG5E-02 2.23E-04 CAT2012% 3775|5383  7.804| 4575 | 2.93E-02 | 7.46E-04

10S6% 1037 136 4349 4133 L30E-02 Q.44E05 CAT2013% 3704  2979|  6644| 4664 | 1.01E-01| 144E-03
10S6% 1037 7313 6,014 128 L5E-02 6.44E-05 Notes = S

JOS6% 103.7 136 14.54 -12.86 1.08E-02 7.83E-05
JOS6% 94.47 14.53 5.943 -12.82 1.06E-02 8.20E-05

JOS6% 103.7 136 4.346 -71.04 1.30E-02 9.43E-05
Notes 2. The annual rate for each storm is calculated as the storm probability (column H), times the

annual rate of storms (2.567E-4 storms/km/yr), times the storm spacing (Rp) in km.
1: the Reference storms (e.g., JOS6001) are not assigned any rate. Only JOS600LA, JOS6001B, etc. are used in the probability calculations. 3. The annual rates in column | are the lambda terms in my notes,
2. The annual rate for each storm is calculated as the storm probability displayed here, times the annual rate of greater storms (2.88E-4
storms/km/yr), times the storm spacing (Rp) in km.
3. The annual rates in column | are the lambda terms in the report text

1: the Reference storms (e.g., CAT2001) are not assigned any rate. Only CAT2001A,
CAT2001B, etc. are used in the probability calculations.
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Detalled Tracks

152 GREATER STORMS
/2 LESSER STORMS
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“A Whole Bunch Of Modeling”

Risk Engineer — Storms and Tracks

owl D. Slinn
Winds, Pressure & 50K ADCIRC & SWAN
Deepwater Waves

WAM

URS Tallahassee
ADCIRC & RI Analysis
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JPM With The “Random Term”

Pllnaayn > 1= A | fx Pl (9 +¢ > ] dx = > AP, (%) + &> 1]

. 2 2 2 2
Jg T \/Ggl + 0-82 + 0-83 + 0-84

= Astronomical tide O, — 0.647 feet
» Holland B variations G, — 0.15 * surge elevation
= Model imprecision O3 = 0.77 feet

= Real storm variability O ., — 1.17 feet
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Cumulative Distribution Function

7.0m

8.0m
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Completion

1 Reconcile/combine with MsCIP
1 Add WHAFIS Waves

i1 Prepare DRAFT maps

1 Final Digital Maps

URS Team
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