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Maximum Potential

Surge Inundation Northwest Florida

e Quick elevation rise
generally confines the
greatest surge along
immediate coastal areas.

Barrier island locations most
susceptible (Perdido Key,
Pensacola Beach, Okaloosa
Island, etc.)

Pensacalg \ e S vk Northern portions of

Perdido, Escambia, and East
Bays very vulnerable to
surge due to lower lying
river valleys and the
narrowing shape of the bays
tends to funnel water
advancing northward.

Highest Observed Water

Levels Pensacola, FL

NOS/NOAA/CO-OPS
Top-10 Highest Water Levels
8729840, Pensacola FL

Date Height (Feet above MHHW) Event Category Event Source

September 16, 2004 954 Tropical Hurricane Ivan High Water Mark
September 20, 1926 742 Tropical 1926 Miami hurricane High Water Mark
September 16, 2020 560 Tropical Hurricane Sally Observed Peak Water Level
August 29 2005 543 Tropical Hurricane Katrina Observed Peak Water Level
October 4,_1995 471 Tropical Hurricane Opal Observed Peak Water Level
July 10, 2005 4.26 Tropical Hurricane Dennis Observed Peak Water Level
September 12,1979 425 Tropical Hurricane Frederic Last Recorded Water Level
September 28, 1998 3.97 Tropical Hurricane Georges Observed Peak Water Level
August 31_1950 33 Tropical Hurricane Baker Last Recorded Water Level
September 26,2002 3.08 Tropical Hurricane Isidore Observed Peak Water Level

eThese are the top 10 highest water levels observed at Pensacola, FL

e Currently, this tidal gauge at Pensacola (located the Port of Pensacola) is the only tide gauge located in
northwest Florida. The next closest gauge is located in Panama City.




lvan & Sally

Outcomes

Radar Image from National Weal ce: KMOB  07:02 UTC 0971672004

+ McComb

Radar Image from National Weath KMOB _07:02 UTC 09/16/2004

Hurricane lvan
eLandfall: September 16, 2004 in Gulf Shores, AL
eLandfall Intensity: 120mph, 943mb
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Same Location - Different Surge

NERAD LEVELTT
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Hurricane Sally
el andfall: September 16, 2020 in Gulf Shores, AL
elandfall Intensity: 110mph, 965mb

lvan & Sally

Outcomes

Same Location - Different Surge

+ McComb

Hurricane Sally
ePeak Storm Surge Inundation: 5-7 ft
e Greatest surge and damage was in the inland bays and not
along the Gulf. Total water levels were further compounded
by excessive rainfall.

Hurricane lvan
e Peak Storm Surge: 10-15 ft from Pensacola to
Destin
e Surge devastated both Gulf-facing shores and inland
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Large Battering Waves Northwest Florida

e Deeper water reaches closer to
the coastline of northwest
Florida.

e This is results in larger waves
making it closer to shore before
breaking.

e Large, breaking waves result in
wave run up/set up that results
= in enhanced flooding of barrier
¥ Deeperwater  ANGEEEE O 55 NER islands prior to the arrival of
closertoshore [SJEEEE YN RS the main surge.

e These large waves also can
produce damage to the barrier
1slands.

Surge Vulnerability Florida Panhandle/Apalachee Bay

7 alachee Bay is one of the most surge-prone
‘ areas in the United States

IShapeJofithelcoast]

(funneling in)

-AND-

iShallow]shelfiwaters] |

AMPLIFY
surge

The shallow shelf waters
extend many miles offshore.
A shallower slope to the
coast tends to make an area
more prone to the effects of
storm surge.




Surge Vulnerability Florida Panhandle/Apalachee Bay

Narrow, sharp slope shelf - Wide, gently sloping shelf -
More typical of the Florida Panhandle Similar to Apalachee Bay

Surge Vulnerability Florida Panhandle/Apalachee Bay

Category 3 (SLOSH MOM) Storm Surge Inundation Height Above Ground
0 [ ] [ . [ZZALeveed Area (consult local officials for flood risk;
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http://drive.google.com/file/d/1d0fRrHmySqDPnKq9HONEct7Bz9w_VhRC/view
http://drive.google.com/file/d/1Fhb-dqQ5IG7vlHCL2z3uq8_aEK-4-THf/view
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NWS Tampa Bay Evacuation Difficulties

The 5 Most Difficult Hurricane Evacuation
INCECRIIRUERES

. Southwest Florida

. Tampa Bay area, Florida

. Delmarva Peninsula (DE, MD, VA)
. New York City/New Jersey Coast
. Southeast Florida

According to a study by Donald Lewis, VP of ATKINS at the 2012 National Hurricane

NWS Tampa Bay Southwest Florida and Tampa Bay

Landfalling Cat 2




NWS Tampa Bay

Landfalling Cat 2
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Nature Coast

Main Takeaways:

NWS Tampa Bay

Weather Forecast Office

Remember that every storm is unique; this is
only meant to highlight vulnerable areas

Barrier Islands take a huge brunt of the
surge where they exist — realize that with
strong storms, new passes may be carved
into these islands

Surge can push well inland along the Nature
Coast, inside Tampa Bay and Charlotte
Harbor, and along rivers

Small changes in the storm can make for
large differences in the outcome of where the
highest surge occurs. Our probabilistic
forecasts account for these variances.

Tropical Storm Eta Storm Surge Tampa Bay/Ruskin, FL &

Feet Above MHHW

Blinta Gordy

Fort Myers

Highest Surge values
recorded were in Tampa Bay
(3.87 ft at Old Tampa Bay)

More of a NNE movement —
landfall near Cedar Key, FL

Over $50Million in damages
mainly from surge

£ 8 > @NwsTampaBay weather.gov/tampabay
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NWS Tampa Bay A Look Back at 2020 TS Eta

“Just a Tropical Storm”

Tampa — Sarasota — Lido
Bayshore Key

10:00PM

Bradento

SE FL Atlantic coast: Narrow continental shelf/depth
rapidly increases just a few miles offshore

. Florida Gulf coast: Wide shelf/very gradual increase in
__depth. Concave coastline south of Marco Island

. Biscayne Bay: very shallow body of water on concave
coastline south of Downtown Miami

5/10/2021 weather.gov/miami
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MOMis for Southern Florida Peninsula — Palm Beach to Collier

Category 5 (SLOSH
MOMs) Storm Surge
Inundation

Inundation Height
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above ground
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5/10/2021 weather.gov /miami 17

Hurricane Irma — Widely Varying Surge Impacts

OSW W 8SW BOW TSW 70'W 65SW 60'W S5W SOW 45'W  40W  IS'W  0W  25W  20W  15W

45'N
Hurricane Irma

30 Aug - 12 Sep 2017 WEATHER FORECAST OFFICE

Storm Surge Watch Warning @Miami/South Florida

357 Ao e $OAMEDT S 9310 ®  Storm Surge Waming all but
Palm Beach and Broward
counties

Life-threatening inundation
from storm surge Gulf Coast
sections of SW Florida

Up to 15 feet inundation
portions of Gulf Coast

+ 3-5feet lower Biscayne
Bay
+ 2-3 Atlantic Coast Miami
Beach northward

0w 75W oW 65w oW ssW X 5w aow sW oW T eathet goy/ (bt

5/10/2021
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Irma Su Verification

Prahahilictic Hurricana Starm Surge
Hurricane Irma - Advisory 39 <» > +0h< >  5pm, Fri, Sep 8, 2017 EDT

CLAY

Hurricane Irma
Peak Storm Surge Values
Across South Florida

NO BEACH

=—Sun JPM‘.d‘Smpn Cat 4 NNW 10mph

4

Surge (AGL)
= 1FootOrless I Greater Than 6 Feet
®  Greater Than 1Foot M Greater Than 9 Fost
Greater Than 3 Feet Source: NWS Survey, USGS, NOAA

City of Fort Lauderdale
& National Weather Service MiamilSouth Florida

P-Surge forecast verified best in Everglades City area (max surge 8-10 feet). Probably verified well
in Mainland Monroe County (no gauges/surveys to confirm)

weather.gov/miami 19

Close Call

RDG water level, NWIS site 260831081472500

, Observed vs Forecast Simulated S
. Surge it

¢ Sorm uage ndatn S e buncaion
- -
2 oo i
- -
Y
|
Napies | | L ~30mm
¥ Everglades City >~ Everglades City
Marco |G g -
~ 50,000 people with 3+’foot ~ 200,000 people with 3+ foot
surge inundation surge inundation
v [
. \ &,
Observed Track Forecast Track from 5 PM e
Saturday, September 9™ Advisory / b/

* Water rose 8 feet in just over 9 hours (min. 3.9 ft below MHHW at
1200 EDT to max. 4.13 ft above MHHW at 2124 EDT). Max rate of
rise: ~ 3 ft/hr. Gauge location on bridge about 1/8 mile north of dock
in picture at left

5/10/2021 weather.gov/miami
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East Central Florida Storm
Surge Planning & Readiness

* Hurrevac/HVX - SLOSH MOMs/MEOWs
and Readiness

SLOSH MOMs and MEOWs

. Pre-seas to Pre-Watch Plann

‘Stoem Surge (SLOSH) Explorer

(T pe—

Click the items below to specify the landfall
attributes for a mulitple scenario MEOW.

5 Deslect NOM

Category o | o =l el i
Forward Speed: 05 10 15 20 25

Tide High
Remove fromMap  Update  Export Data
d ‘Mindcasts (modeling of past storms )

m: | BETA (2020) - publshed 09/22/20

DisplayonMap  Update  Export Dat

Storm Surge (SLOSH) Explorer

MOMs 300 MED ping of hypothetical storms)

Click the items below to specify the landfall
attributes for a mulitple scenario MEOW.

Category

Forward Speed: 05 10 16 20 25

o [l 2l o e 5

Readiness
between 48 - 120 hrs before TS winds

MEOWs  Available in
SLOSH o, Hurrevac/HVX

Available in
SLOSEEEE Hurrevac/HVX

Storm Surge Watches Potential for Life-threatening

& Warnings

Storm Surge Watch/Warning Graphic*

Hurricane Dorian
Advisory 037 Issued: 11:00 AM EDT Mon Sep 2

I Stom Surge Waring

Storm Surge Watch

Surge

'NHC Potential Storm Surge Flooding Map
Hurricane MATTHEW (2016) Advisory 33

From 05 AM EDT day October 06 to 11 AM EDT a
S \ %y

Potential Storm Surge Flooding*
Intertidal Zone/Estuarine Wetiand
I Greater than 1 foot above ground
Greater than 3 feet above ground
[T Greater than & feet above ground
[ Greater than s feet above ground

Storm Surge Watch: The possibility of
life-threatening inundation from rising
water moving inland from the shoreline
somewhere within the specified area,
generally within 48 hours

Storm Surge Warning: The

from rising
water moving inland from the shoreline
somewhere within the specified area,
generally

Potential Storm Surge Flooding Map:
Provides a risk assessment for decision
makers depicting the height above
ground level the water could reach.
Depicts the reasonable worst case
scenario for storm surge flooding at any
given location (10 percent chance of
exceedance).

11
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East Central Florida Beachfront, Intracoastal,

Surge Considerations Inlet Storm Surge

7, ® Dunes generally well developed along east cental
ka' € ‘ally [
) ;?Vn;? a, \\ Example: Cat 4 MOM Elorl_dag{)arrjer_:;/_slangs tand cFa)n proylke atp]altural §
i arrier to significant storm surge risk with low en
e \Volu5|a County Tropical Cyclones (TS to low end Catf ).
\\ ® With stronger tropical cyclones, storm surge risk
extends along the intracoastal due to bathymetry and
e low elevation along intracoastal side of barrier islands
and mainland including Merritt Island.
g.at ‘.‘f. NtIS ® Inlets, St Lucie Inlet/River, Ft Pierce Inlet, Sebastian
Py el Suree Inlet and River, Ponce Inlet/Spruce Creek, Tomoka
e River allow for inland surge flooding vulnerability
EﬁS‘ R NoXa Road with major hurricanes.
t\e mainland, ® Cat 4-5 MOM - details inland extent with water level
- : rises along inland rivers/creeks. Water potentially
across 1-95/FL Turnpike near St Lucie River in Martin
: county and potentially across 1-95 near Tomoka River
0e Ay and Spruce Creek in Volusia county for Cat 4-5 MOM
! W\ scenario.
: OSpruce %“" £ ....\
Greekelr™ MR
Category 4 (SLOSH MOM) Storm Surge Inundation Height Abov urge
! _ o 3 ui'_w- |ZZALeveed Area (consult local officlals for flood risk

Barrier Island Surge Vulnerability: Example: Martin County
Beachfront & Intracoastal Cat 3 MOM

Cat 3 MOM el

L
- LI
5.7 ft AGL)\ y £
Riverfront N &
LB
|
%
Cat 3
/M oM
, 6-8 ft AGL
. Beachfront
Category 3 (SLOSH MOM) Storm Surge Inundation Height Above Ground
m 5: nJ g RJ qﬁ" [ZZZ\eveed Area (consult local officlals for flood risk)

12
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East Central Florida Satellite Beach
Historical Surge Impacts 2004

=
Major Dune Erosion: — ! Bottom Line:

Undermines vulnerable

are
Coastal structures

issued for the protection of
life and property.

Importance of getting people out of
harms way.

NWS Jacksonville Parallel vs Direct Hit

Last Direct Hurricane Hit 1964 Cat 2 Dora

lel

Direction

w

R

= Category o 7 = fFfEE d L E P Categary 001 2z a 4 s
Directional (SLOSH MEOW) Storm Surge: Inundation Height| ronuara spoca: [08 10l 18 [2l[zs  f0 2 2 : Eorward Spood: 10890 16 [20) 28
AGL |Tide i 2 3 b 1 ¢ Tide High

Yo 8 L

1 2 3 4 5 6 7 & 0 10 01
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. USMC Blount Island Command
NWS Jacksonville /50

Northward Moving/Parallel

Directional (SLOSH MEOW) Storm Surge Inundation Height £ gyar

o (T T - '
M123455?3910>1crﬂ"“GL'E

. Regional Hospitals Downtown JAX
NWS JaCkSOHVllle - St. Johns Riverfront

Northward Moving/Parallel Landfalling CAT 2

Riverside
St Vincent's Medlcal

1 =t 9
Direcfion L Direction &
F ¢ II/ 29 . IIJ
] - o " :
ﬁ w E w E
v e Baptist Medical wan
- Wolfson's |
e Nemour’s e
Category @ 1 2 8 4 & Category @ 1 2 & 4|8
Directional (SLOSH MEOW) Storm Surge Inundation Height| £oryard Spesd. 08 10 15 |20 28 Forward Spood: 08 »
g g g, AGL | Tide High Tide:

14
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NWS Jacksonville

1765 De Brahm Survey Present Day
< H a5 Y, %

October 13, 2016

Vulherable Coastline
2016 Matthew

Matanzas Inlet south
toward Marineland
(Summer Haven)

Direction

Category

Forward Speed: 05 10 15 (20 25

Tide High Directional (SLOSH MEOW) Storm Surge n Heig
I T [ AGL

12 3 4 5 6 7 8 9 10 =00

15
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Florida Keys Storm
Surge

» Labor Day Hurricane (1935)
* Hurricane Wilma (2005)

* Hurricane Irma (2017)

* Hurricane Eta (2020)

Jon Rizzo, Warning Coordination Meteorologist, NWS Florida Keys jonathan.rizzo@noaa.gov

Labor Day Hurricane

® Maximum inundation estimated by SLOSH MEOW just over 9 feet AGL. e . 103

10-min mean winds (kt) @ 10 m for marine exposure

® Measured up to 15 feet above ground level, with wave wash marks
near 23 feet AGL.

® Wave setup (mostly) and run-up likely contributed to an additional
increase of over 5 feet.

I'e Breaking waves also contribute to the total water
i level through wave runup/setup

WAVES FELL BOTTOM DELP WATER
AND STEEPEN WAVES NOT AFFECTED BY BOTTOM

5
‘

3 e D T
Remains of the Matecumbe Hofel after the 1935 Hurricane.

16
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Hurricane Wilma Two Surges; Minora Major

® The center Wilma passed about 60 miles NW of Key

West while intensifying to Category 3 strength.

® A relatively minor surge of 1 to 2 feet AGL occurred
oceanside coincident with the strongest winds.

® A relatively major surge of 2 to 5 feet AGL occurred
after winds decreased to minimal tropical storm force.

[ Raa B pa i

r i £
—__ -

[

Chip Kasper; NWS Florida Keys Chip Kasper; NWS Florida Keys

Hurricane Irma

® Hurricane Irma oceanside storm surge of 3 to 7
feet AGL occurred over parts of the Lower and
Middle Florida Keys.

® As Irma departed to the north northwest, a
relatively minor secondary surge on the
Gulfside of 1 to 2.5 feet AGL occurred from 4
to 8 hours after the winds peaked over land.

Hoight i ot (WHHW)

ws Florida Keys. (Ocean Reef) Matt Moreland, NWS Florida Keys

Mike Hentz; Key West Citizen

17
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Hurricane Eta Where There’s a Bay, There’s a Way

Eta (as a Tropical Storm) produced a minor surge oceanside in the Upper Keys, but more pronounced along
Barnes Sound. Little things

Card Sound
i\{) e 2.69 ft NAVDS88

B‘arnes Sound

\/‘” S sremmeeell  2.00 ft NAVD88
/ Blackwater S}ﬂﬂd—"w

L 8 Estimated 2.0 ft NAVD88

1.32 ft NAVD88 / 1.91+ ft NAVD88

R 1

/jﬂamomd:
-

Florida Bay

10km

gl Estimated 1.5 ft NAVDSS FESSEERVINISESVEIE ST

Florida DOT
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