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Storm Surge

The Greatest Potential for loss of life in a
hurricane.

Historically, storm surge claims 9 of 10 victims
in a hurricane.

Over 1500 people lost their lives in Hurricane
Katrina...mostly due to Storm Surge.

Over 8000 people died in the 1900 Storm
mainly due to the Storm Surge.



DEFINITIONS:

STORM SURGE is the increase in water level due

to a storm (hurricane / tropical storm / high
winds).

STORM TIDE is the':cotal water level, relative to
a reference datum, during a storm

= Astro Tide + STORM SURGE
+ Rainfall Runoff + Anomaly



Saffir-Simpson Intensity Scale

Cat.

Pressure
980 +

965 - 979
945 - 964

920 - 944

< 920

Winds
74 - 95

96 - 110
111 - 130

131 - 155

> 156

Surge
4-5

6-8

9-12

13-18

18 +

Bay Surge Damage

4-7

8-12

13-18

19 - 24

24 +

Minimal

Moderate
Extensive

Extreme

Catastrophic

Storm Examples
Jerry 1989

Claudette 2003
lke 2008

Alicia 1983
Katrina 2005
Rita 2005

1900 - Galveston
Carla 1961
Labor Day 1935
Camille 1969
Andrew 1992









GENERALIZATIONS:

Maximum storm surge occurs to the right of
the storm trackjyroughly at the radius of max
winds.






GENERALIZATIONS:

Faster-moving hurricanes cause higher
surges AT THE CGOASTLINE than do
slower-moving hurricanes.



GENERALIZATIONS:

For areas with gentle slopes of the
continental shelf, storm surge is large but
waves are small.



GENERALIZATIONS:

Areas with deep water just offshore
experience large waves, but little storm
surge.



GENERALIZATIONS:

Very small, compact hurricanes cause less

storm surge than do large-sized hurricanes.
(Charlie, 2004)

Larger storms impact more coastline and
produce larger storm surge.

(Katrina, 2005...Carla, 1961...lke, 2008)
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What is SLOSH2

¢ Sea, Lake, and Overland Surges from Hurricanes

« A computerized numerical model developed by
the National Weather Service (NWS) to estimate
storm surge heights (and winds) resulting from
historical, hypothetical, or predicted hurricanes.

. 17 ft. Storn Tide
s ] 28 Morrmal High Tide

Source: http://www.nhc.noaa.gov/IHAW2/english/storm_surge.shtml



The: SLOH Model

o Accuracy - generally within £220%0
of peak storm surge

e Accounts for astronomical tides

e Does not include rainfall amounts,
river flow, or wind-driven waves



SLOSH: Purnoses

« Determining the potential
surge for a location

 Basis for “hazard analysis”
portion of coastal hurricane
evacuation plans
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How does NWS
use SLOSH?

e Simulation Studies to support evacuation planning. SLOSH
defines the “potential flooding” by category

e Operational runs for a threatening hurricane

e (Experimental) Probabilistic storm surge forecasts
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Hurricane lke 1030 UTC 12 SEP 2008

Max 1-min sustained surface winds (kt)

Valid for marine exposure over water, open terrain exposure over land
Anslysis bezed on GPSSOMNDE_WL130 from 0512 - 0844 =1 ASOS from 0536 - 1119 21 GPSSOMNDE_SFC from 0512 - 0844 ;)
BACKGROUND_FIELD from 1030 - 1030 z;
SHIP from O8O0 - 1100 z; CMAN from 0335 - 1055 z;
DRIFTING_BUSY from 0820 - 0850 z; MOORED _BUSY from 0520 - 1113 z;
SOES SWIR from OTF02 - 1002 z; SFMR_AFRC from 0227 - 1122 3;
1030 z position extrapolated from 0828 z Vortex wind center using 290 deg @ 12 kts; mslp = 953.0 mhb

-6 —04 —az2 —a0
NE 236 172 127

SE 219 156 111
Sw 489 120 85

NW 190 153 114

—96 —94 —92 —90
Integrated Kinetic Energy: for Winds = TS force: 157 T), for Winds = Hurricane Force: 63 T)
Destructive Potential Rating(0-&8) Wind: 3.5, Surge/Wawves: 5.4

CObserved Max. Surface Wind: 92 kts, 63 nm NE of center based on 1030 z BACKGROUND _FIELD
Analyzed Max. Wind: 92 kts, 82 nm ME of center

Uncertainty ->= mean wind speed error: 2.25 kt, mean direction error: -0.21 deg
rmswind speed error: 518 kt, rms direction error: 5.55 deg

Experimental research product of NOAA j AOML f Hurricane Research Division
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Radar loop for lke
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Approx. Distance Scale
Hurricane lke
SH
September 11, 2008 -
4 PM CDT Thursday
MNWS TPC/National Hurricane Center
Advisory 43
Current Center Location 26.0 N 89.4W
Max Sustained Wind 100 mph
Current Movement WHNW at 10 mph
(® Current Center Location
@® Forecast Center Positions
H Sustained wind = 73 mph
D Sustained wind <39 mph
[:l Potential Day 1-3 Track Area
I Hurricane Warning
Hurricane Watch
mmm Iropical Storm Warning




Basin: Galveston Bay (2002)v3 <gl2>

SLOSH Wind field
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Real-time runs exceeded Cat 3 MOM 10 mph High Tide
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Approx.

SH

Distance Scale

Hurricane lke
September 12, 2008
4 AM CDT Friday
NWS TPC/National Hurricane Center
Advisory 45
Current Center Location 26.7 N 91.6 W
kMax Sustained Wind 105 mph
Current Movement WHNW at 13 mph
® Current Center Location
& Forecast Center Positions
H Sustained wind = 73 mph
5 Sustained wind 39-73 mph
D Sustained wind <39 mph
Q;n_ Potential Day 1-3 Track Area
I Hurricane Warning
mmm [ropical Storm Warning




Basin: Galveston Bay (2002)v3 <gl2> | Siorm: c:/sloshplkg/data/rexfiles/i15_gl2.rex
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Fridav morning: Its too late!
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v Hurricane lke
BInOn

September 12, 2008 B
11 PM EDT Friday
Current Location 28.6 N 94.4 W
Max Sustained Wind 110mph —
Current Movement 12mph
Current Location
Forecast Positions
Potential Track Area
Hurricane Warning Dpela
Trop.Storm Warning
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Basin: Galveston Bay (2002)v3 <gl2>

SLOSH Wind field
1 min avg KTS{MPH)
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Post-Storm Run of SLOSH with Actual Track

Basin: Galveston Bay (2002) 3 <gl2- | Storm: ci'sloshplg/datarexfiles/ ThePrelim_gl2.yex
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Kemah - 2007
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Changes for 2009

 Modified Saffir-Simpson Scale
* Probabilistic Storm Surge
e |ssuance times of Watch and Warnings



Saffir-Simpson
Hurricane Scale

CATEGORY WIND SPEED DAMAGE HURRICANE
(MPH) NAME

74-95 MINIMAL CLAUDETTE
96-110 MODERATE IKE
110-130 MAJOR ALICIA

- 155 EXTREME CARLA

=105 CATASTROPHIC 1935 FL Keys
CAMILLE
ANDREW




Probabilistic
Storm Surge

¥
P-Surge



Experimental Tropical Cyclone S5torm Surge Probabilities
Chance of Storm Surge >= 11 feet at Individual Locations
Hurricane Ike {2008) Advisory 47

Valid from 05 PM EDT Fri Sep 12 to 10 PM EDT Mon Sep 1.5.

29

=96

95

58% 6B 7B 88% 98

Probability

54 18% 28 3B% 48%



Experimental Tropical Cyclone S5torm Surge Probabilities 5 .
Chance of S5torm Surge >= 15 feet at Individual Locations m

Hurricane

Valid from 0% PM EDT Fri Sep 12 to 10 PM EDT Mon Sep 1

'5'_-*.-3-"3.

Ike (2008) Advisory 47
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29
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k=12 F 4 487 58% (512 F

Probability
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Issuance Times of Watch and
Warnings

e Watch - 48 hours in advance
 Warning - 36 hours in advance
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