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The Basics

What Is storm surge?

What i1Is SLOSH?

Detalls

Assumptions




I? ft. Storm Tide

m:!ig.lrge amount of water. pushed on shore by hurricane winds.
A

m;. ;}Tlde sum of astronomical tide + storm surge.

"”va .

Inundatlon = Storm Tide — Terrain Height or. Depth (New Orleans case)



Landfall
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What is SLOSH?.
Sea, Lake and Overland
from Hurricanes

A computer
model
developed by
the National
Weather
Service (NWS)
to estimate
storm surge
heights and
winds resulting

o from historical,

hypothetlcal
r\predicted
rrlca nes.
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SLOSH Grid

Types of Information fGYgEaCh
SLOSH Grid Cell

Polar coordinate grid
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New Orleans HUriGane
Protection Levee Sys(em

Updated and
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(COE).
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SLOSH Assumptioqé

Levees and barriers are assuUmeadito
maintain structural integrity even ifiever
topped by storm surge. SLOSHIIS not an
engineering model.

No storm freqguency can be attributed to
any MEOW.

Run off from rainfall not included In
SLLOSH. It Is considered to be minor
;,compared to storm surge.

R "J\Nind Waves are not included in SLOSH.
Use 1/3 surge height to get estimate.



Storm Surge Pro

MOMS
MEOWS
Ensembles or P-surge

- When do | use them?




MEOWS
MOMS

Ensemble or
Storm Surge
Probability
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MOM — Maximum of M-':g“

MEOW Maximum Envelope - ' LTINS A
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land falling hurricanes
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Direction
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New Orleans Basini20i2:
How many individual SINoSH

Model Runs are Used torVake

MEOWS? Answer: 238,760

Category

0,1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,1.2.3.4.5
10,1,2,34,5
™ 0,12,34,5
0,1,2,3.4,5
1 0,1,2,3.4,5

Direction
(moving
toward)

Speed
(mph)

5,10,15,25
5,10,15,25
5,10,15,25
5,10,15,25
5,10,15,25
5,10,15,25
5,10,15,25
5,10,15,25
5,10,15,25

Tide - ft
(2.0/0.0)

High,Mean
High,Mean
High,Mean
High,Mean
High,Mean
High,Mean
High,Mean
High,Mean

High,Mean

RMW
(st mi)

15,25,40
15,25,40
15,25,40
15,25,40
15,25.40
15,25,40
15,25,40
15,25,40
15,25,40

Tracks

Runs




MEOW — Maximum Envelope of Water from each erof a
family or ensemble of land falling model hurrica |

Sawe user profile

Units
Scales

Cbservation Sites

. 119 385) Lat: 31.514614 Lon: 91 S138%W Heighi: Ouiside Gxid



MEOW — Maximum Envelope of Water, fronie member. of
a family or ensemble of land falling modelhurricanes.

Animate  Tides wownload  Help
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20T
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Why Do Use MEGMW/SX
Ensembles? |

Because we must take into account
Forecast Error and Size of Tropical Storm

or Hurricane!

Types of Forecast Error

Along track or speed — faster or slower?

Cross track —right.or left?

\ 4l Intensity — stronger or weaker?



National Hurricane Cente
Track Error Trends

NHC Official Track Error Trend
Atlantic Basin

Forecast Error (n mi)
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SLOSH Ensemble developedito
account for uncertaintyansack
and intensity forecasisy
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heneralizations from SL0SH

More intense storms cause higher
surges

Highest surges usually occur to the
right of the storm track

Fast moving storms = high surges
along the open coast

Slow moving storms = greater
flooding inside bays and estuaries



neralizations ieom SLOSH

Larger storms affect longer stretches
of coastline

Direction of storm approach often
impacts the extent of flooding

Shallow slopes in the continental shelf
allow greater storm surge with small
waves

Storm surge is less in areas with
steeper coastal slopes, but large
breaking waves can occur



MOMS _{
Maximum of MEOWS = MOM |

Terrebonne and Lafourche Parishies
including LA Highway 1

MOMS display height in feet NAVDS8S8 for

Tropical Storm

Saffir Simpson Categories 1,2 ,3,4,5
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Just a Few MEQOMW:
LA Highway 1 EG

Category impact

Increasing category from
Tropical Stormto 1
1to 2
2103
Directional impact
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Minor flooding
along LA
Highway 1
south of
Thibodaux.

lLarose to
Golden




-

storm flood in this
particular case.

Minor flooding along
LA Highway 1 south
ofi Thibodaux.
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has increased from

Cat 1 to Cat 2.

Severe flooding
below Golden
Meadow and south
of Intracoastal

. Waterway.

Holima and
fibodaux




Increasing category.
from 2 to 3 causes
severe storm surge
flooding in most
places.

Stm Tide

NAVD 1988
24

Houma is
overwhelmed.

Deep flood waters
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Summary (
CNgILA

MOMs show that minor flooding can occur:al
Highway 1 even for tropical storms.

As the strength of the tropical storm or. hurricanelincreases,
the degree of flooding increases.

There is a great sensitivity of storm surge flooding for
slight changes in direction, forward speed and hurricane
strength.

Tihe difference between not getting any storm surge
flooding and catastrophic storm surge incident Is a very
fine line that can be easily crossed by nature.

. Inithe real world, all' possibilities come into play including

25 ¢ Atracki/intensity forecast error, size of 'the hurricane and

;» } virrtial water levels left over from prior hurricanes or tropical
AA “storms.




Bonus Round A
Surge Ensemblesé
Exeedance Probabilities

More advanced accounting ofiferecast
error than MEOWS.

Takes in many possibilities including

Track

Strength

Size
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Probabilistic Storm Surgeﬁ
Methodology, {

Use an ensemble of SLOSH runssitoicreate
probabilistic storm surge (P-sUrge)

Intended to be used operationally/SoNtis
based on NHC's official advisory:

P-surge’s ensemble perturbations are
determined by statistics of past performance
of NHC’s advisories

P-surge technique accounts for. Hurricane
forecast errors which impact storm surge:

Cross track errors (iImpacts Location)
‘ Along track errors (impacts Forward Speed)
Intensity errors (Impacts Pressure)

Size of the storm errors.
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Include 90%
of poSSibIe
cross track
error (roughly 3
times the size
of the cone of
error)_

basedion size
) \"";:

Varying Katrina’s Trggsv
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Basin: Matagorda Bay Texas <psx> urt/LES

Varying the Other Paraimeters
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Hurricane Katrina Example

e
y "
dg
q:’ Experimental Tropical Cyclone S5torm Surge Exceedance
‘ii' Heights Which Have a 10¥ Chance of Being Exceeded

Hurricane Katrina {2005) Advisory 23
“Uallq from 11 AM EDT Sun fAug 28 to 04 PM EDT MWed Aug 31

=EE I IES
pbased on

current NHC i & -
advisory and L—mJ 2 j
forecast error. Fe SRR 20k

A 90 % chance |
ofisurge heights
that could
ocCcur.

O/ @nly a 10 %
F: eof

15 17 19 21 23

S Height {in feet above nornal tide}

‘possmle



g Probability of Surge (RESUTGE)
= Hurricane Katrina Exaiiple

Experimental Tropical Cyclone Storm Surge Probabilities

Pro bab”'ty Of @ Chance of Storm Surge >= 10 feet at Individual Locations

Hurricane Katrina {2005) Advisory 23
Surge

?alld from 11 AM EDT Sun Aug 28 to 04 PM EDT MWed Aug 31
Exceeding 10
feet.

Available in one
footincrements MRES@
from 2 to 25 feet. s

Upper bound
|r1creased from

28% F k4 a08% [iiF4
Frobability




NOAA / NWS's Meteorological Developme
Probabilistic Hurricane

This is an experimental produ
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Availlable in real
time in NHC home

page.

Gives zoom, pan
navigation
capability.

Datum used:
NGVD1929.

Goggle Map Interfa?é

Tropical Cyclone Storm Surge Probabilities

Chance of Storm Surge >= 2 feet (NGVD-18289) at individual locations
Hurricane Test (2009) Advisory 15

For the 77 hours from 05 PM EDT Tue May 12 to 10 PM EDT Fri May 15
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Gustav Advisory 30
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Tropical Storm and Hurricane wind /i€l
Increasing storm surge
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Advisory 30

10 Pct Exceedance — Increase in surge valuesnoied &l lareas.
Forecasted landfall strength had decreased, butiwingNi€ldexpanded.
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