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Hurricane Katrina (2005) — Mississippi
1200 deatbhs, 5108 billion damage
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Hurricane lke (2008) - Bolivar Peninsula, Texas
20 deaths, $29.5 billion




Hurricane Irene (2011) - Outer Banks, NC
_41 deaths, at least $7 billion (still pending)
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"« Introduction to Storm Su rge

e Who is vulnerable?
e What is Storm Surge?
e Factors affecting Storm Surge

e Measuring Storm Surge
e Data and associated limitations




17% in Atlantlc coastal countles and
16% in Hawaii (U.S. Census Bureau 2010)

e QOver half of the Nation’s economic productivity is located
within coastal zones

e 72% of ports, 27% of major roads, and 9% of rail lines within
the Gulf Coast region are at or below 4 ft elevation (CCSP, SAP
4-7)

e Storm surge of 23 ft: 67% of interstates, 57% of arterials,
almost half of rail miles, 29 airports, and virtually all ports in
the Gulf Coast area subject to inundation (CCSP SAP 4-7)
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Dying Vegetation due to Salt Water Intrusion

Baton B ouge
-

Lake Charles

A i TR  hiaTd ‘¥
The brown region along the coast indicates dying vegetation due to Salt Water bum. The brown area in the Gulf of Mexico
indicates a high concentration of sediment that was taken from the coastal areas when the surge waters flowed back into the
gulf. Imagery courtesy of NASA. Map made by Donovan Landreneau and Jonathan Brazzell NWS Lake Charles




House of David and Kimberly King
Waveland, Mississippi
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s Coastal areas are at mcreasmg r|sk from sea-level rise and storm
3 surge

IR

e Sea-level rise and storm surge place many U.S. coastal areas at increasing
risk of erosion and flooding. Energy and transportation infrastructure and
other property in coastal areas are very likely to be adversely affected
(Global Climate Change Impacts in the U.S. 2009)

 Rising sea-level provides a higher “base” for future
surge/inundation events thus producing an increasing threat to

Coastal communities

Ecosystems (wetlands, critical species, habitat loss, etc)

Transportation systems (highway systems, ports, rail)

Economic viability (tourism, transport of goods, natural resources)

Energy
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Gulf Coast

Biloxi, Mississippi Key West, Florida
Katrina (2005) Georges (1998)
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Southeast
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i T e Pawley’s Island, South Carolina
Rodanthe, North Carolina Hugo (1989)

|sabel (2003)

Jacksonville, Florida North Hutchinson Island, Florida
Fay (2008) (Jeanne 2004)




Mid-Atlantic
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Hampton, Virginia
|sabel (2003)

Surf City, New Jersey Manhatten, New York
Donna (1960) (Irene 2011)




New England

Narragansett Bay, Rhode Island
Carol (1954)

Providence, Rhode Island
1938 Hurricane

Westport, Massachusetts
lIrene (2011)

Connecticut
Carol (1954)




=== ownswlle TX 25yea?§?:'--' ”T\?IS 18 years —
— 1980 (Allen) — 2005 (Katrina)

e Galveston, TX 18 years e Mobile, AL 23 years
— 1983 (Alicia) — 2004 (lvan)

e New Orleans, LA 19 years e Tampa, FL 23 years
— 2005 (Katrina) — 1921

e Houma, LA 18 years e Naples, FL 14 years
— 1992 (Andrew) — 2005 (Wilma)




What is Storm Surge?

= STORI\/I SURGE is an abnormal rise of water generated by .

STORM TIDE is the water level rise during a storm due to
the combination of storm surge and the astronomical
tide

17 fit

storm tide ==
15 ft Surge
2 ft normal
high tide ==

— [\flean sea level




e Predicted water levels

wes  (Observed water levels

Date & Time




Storm Surge from Hurricane Irene

Rumley Marsh on the Pamlico River in North Carolina
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Low Water from Hurricane Irene

Pamlico Sound at Cape Hatteras, NC
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Storm Surge from Hurricane lrene

516945 Kings Point, NY

New_ Rochelle, NY , S——
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== e Breaking waves also contribu
¢ level through wave runup/setup

BREAKING WAVES FEEL BOTTOM DEEP WATER
WAVES AND STEEPEN WAVES NOT AFFECTED BY BOTTOM
>
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Wave Runup

Wave run-up at South Beach, Pacfic Rim National Park Reserve, Vancouver Island

Alghapure Design Studia




Wave Setup

Wave Set-Up

Mean water level

©The COMET Program




Galveston
ke g[rived

HOARANOS/CO-0PS
Verified Water Lewel vs. Predicted Plot
771910 Galvestan Pleasure Pier, Tx
from 2008/09/11 - 2008/09/13
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Freshwater Input - 3

e River input, esp. into bays and sounds

e Mississippi River discharges 200,000 — 700,000 cubic feet per
second

e Rainfall




Total Water
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Total Water

Wave runup

T - wavecrest(total water level)
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Kinetic Analysis Corporation © 2007

Total water level =
Storm surge +
Tides +
Wave setup +
Freshwater




- (entral Pressure Hinds ()

Milibars Inches




No Such Thing as
“Just a Tropical Storm™




a. Top view of Sea Surface  b. Side view of Cross Section “ABC”




Landfall

STORM SURGE

Mainland : Continental Shelf

a. Top view of sea surface and land b. Side view of Cross Section “ABC”
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Factors Affecting
o Surge

Intensity (wmd speed)
Forward Speed
Size
— Radius of Maximum Winds (RMW)
Angle of Approach
Width and Slope of Shelf

Local features — concavity of coastlines, bays,
rivers, headlands, or islands
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Wind and Pressure Components of Hurricane Storm Surge

Effects of Low Pressure

Storm motio

sWind-driven Surge
*Pressuredriven Surge (5% of total) =
Water on ocean-side /
flows away without -
raising sea level much As water approaches land
it “piles up” creating storm surge
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Angle of Approach
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- Wide shelf/
— gentle slope___—

Narrow shelf/

sharp slope



Stm Tide

Start of shelf trapped wa
up the Florida Coast

Tide lgvel:
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| Basin: Gulf Coast ExivaTropic <gli>
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OBSERVED VERSUS SLOSH MODEL CALCULATED SHORELINE
STORM SURGE PROFILES FOR HURRICANE DENNIS (2009)
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Local Features




u:.Observing and Measu ring
Storm Surge

— Tide statlons (NOAA)

-"“”"Trad|t|onally most rehabie
e Limited stations
e Stations often fail at height of event

High water marks (FEMA/USGS)

e Perishable

e Traditionally best method for capturing
highest surge

e Subjective and often include impacts of
wave runup/setup

Pressure Sensors (USGS)
e Relatively new method

e Deployed in advance of storm at
expected location of highest surge

e Can contain effects of waves




"~ NOS Water Level Stations S -

A network of 175 long-term, continuously

- op throughout the
Expanded over time in resp
national and local needs.

Serve as foundation for NOAA's tide prediction

products
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¢ Lines found on trees and structures

created by foam, seed, or other debris

e Survey crews deployed after storm to
locate and record reliable HWMs

e GPS methods used to determine
location for coastal HWMs, which are then
mapped on a vertical datum such as
NAVD88

e Generally include effects of wave
action/wave runup and only a small
percentage of HWMs represent still water
(storm surge)




== * Temporary water-level
" and barometric-pressure

Sensors

e |nstalled right before
cyclone landfall

e Provide information
about storm surge
duration, times of surge
arrival and retreat, and
maximum depths

£ - Co-located barometric and water-level sensor
(9.4) - Maximum surge elevation (feet above NAVD 88)
M >30 -Land-surface elevation (feet above NAVD 88)




eve nt

— Different reference levels (what the heck is the
difference between sea level, MLLW, NGVD?29,
NAVDS8S, etc.?)

e Complicated conversion methods

— Different or even unknown error
characteristics

e Incompatible data sources

— Data measuring different things

e Stillwater versus wave runup




= * \Whatis a vert‘lcal datum and why
‘@should Fcarerai -

e What is the SLOSH model?

e What kind of storm surge products
are available?

e How does NHC forecast storm surge?




