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Just some basic geography
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Central and South Florida is completely different,
with South-North flowing rivers, shorter and smal
basins with varying response times.
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— Milton (2024) Rainfall Footprint

Generally aligned with the entire I-4 corridor,
centered about 50 mi north of the lan
footprint.

[ llReRRERERRE]

Hurricane lan (2022) rainfall —

Extreme amounts southwest FL with
heavy amounts in the headwaters of the
St Johns River and metro Orlando.
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Outlooks/Uncertainty

So I’'m talking about flash flooding tomorrow, so | need to make an
important distinction. One of these is not like the other. Why?

Experimental 7-Day Flood Hazard Outlook
Includes Flash, River, and Tidal Flood Hazards

Issued: 2022-09-28 04:00 PM CDT (21:00 UTC) | Valid Through: 2022-10-05 04:00 PM CDT (21:00 UTC) | Next Issuance: 2022-09-29 04:00 PM CDT (21:00 UTC)

NWCEE

Flood Hazard Messages

Hurricane Ian

« For information regarding Hurricane Ian
and potential catastrophic flooding
impacts across Florida and considerable
flood impacts in the Southeast, please see
the Tropical Flood Hazard Outlook.

Puerto Rico

« Heavy rainfall may create rises on rivers,
flash flooding, and potential landslides
through Friday.

Disclaimer: This outiook provides an overview of
potential flooding impacts. Please refer to detailed
products issued by local National Weather Service
offices for official forecasts and warnings.
(www.weather.gov)
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To learn more or provide feedback, visit: hitps://nws. weath

DD/PDD_ExpFloodHazarcOutiook 2022.pdf

Excessive Rainfall Forecast

This web page depicts the Excessive Rainfall Outlook (ERO). In the ERO, the Weather Prediction Center (WPC) forecasts the probability that
rainfall will exceed flash flood guidance (FFG) within 40 kilometers (25 miles) of a point.

Product Info | Understanding ERO Categories | ERO Climatology

Day 1

Day 3 Day 4 Day 5

Day 2 Excessive Rainfall Outlook
Valid 1200Z Wed May 06 2026 Through 1200Z Thu May 07 2026

Issued: 0818Z Tue May 05 2026
Forecaster: BANN

DOC/NOAA/NWS/NCEPWPC
E i i Fi ter Discussion
Click to select feature Kansas Missouri
Wichita
Tulsa

Download Excessive Rainfall
Outlooks in GIS Format

KML:
Day1| Day2| Day3| Day4| Day5

Shapefile:
Day1| Day2| Day3| Day4| Day5

GeoJSON:
Day1| Day2| Day3| Day4| Day5

ArcGIS REST Service:
Day1| Day2| Day3| Day4| Day5

Change image opacity: 109,
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Outlooks/Uncertainty

(] T h e fl O O d h a Za rd O u t | O O k I S @ ;::;é";é ls Experimental 7-Day Flood Hazard Outlook

Includes Flash, River, and Tidal Flood Hazards NW( ate
—
sued: 2022-09-28 04:00 PM CDT (21:00 UTC) | Valid Through: 2022-10-05 04:00 PM CDT (21:00 UTC) | Next Issuance: 2022-09-29 04:00 PM CDT (21:00 UTC)

issued by the National Water Fiod Hazard Hessages | £

Center an incorporates riverine F/)\\A

and flash ﬂOOding into one w s
product. |7 KK g,

o It also provides key messages \ﬁj\ .
on the side. Rl

e It does focus on temporal
scales, but these can be
challenging to interpret.

e Thisis a one stop shop for all |EE===="
inland flood hazards.

Does not account for storm surge!
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Uncertainty - Ensembles

o A deterministic forecast only COVErs | uars:100ay awer Level provabitties &, i

Based on North American Ensemble Forecast System Model Simulations

the first 48 hours.

o« Ensemble forecasts are availableand ...
in some cases extend to 10 days

o Deterministic - single input, single
forecast

e Ensemble - multiple inputs, multiple :=
forecasts oSN =
- Captures all reasonable outcomes \ //,iﬁi 0 Eam

er Level (ft)

(549) MO|d JaA

— ' 540 | median

—— 3 - : 450  |*®= mostlikely 25-75%

for an event )

less likely 5-10%

an 07 an 08 an 09 an 10 an 11 12 an 13 an 14 an 15 an 16 an 17 an 18
[ ] L[] [ L] 7AM 7AM 7AM 7AM 7AM 7AM 7AM 7AM 7AM 7AM 7AM 7AM
o Provides probabllltles e

Model runtime: 01:00 AM EST Jan 09 2023
Southeast River Forecast Center

GOVERNOR’S HURRICANE CONFERENCE®



What is Flood Inundation Mapping

e Flood Inundation Mapping

(FIM) is a depiction of FIM Operational Cycle at NWS Offices
what is expected to flood,

based on the source used. SovA oA et s K

continue. Will also need to consider

. high-water mark surveys and report back
o Static FIMs - Not o SERrC Wi

NO EVENT

FIM SMEs do reviews of static FIMs;
support EMs for planning purposes

The
. o Hydrologi
focused on a specific e o

(FIM Edition) e
Start reviewing HEFS to see where

moderate or major flooding is possible.
Start performing FIM reviews for these
points

event. s il
o Dynamic FIMs - Uses

precipitation for that

specific event.

for more vulnerable stream basins, if possible, and briefing if necessary
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FIM is already in Florida, but...

e FIM is coming to all of Florida by the end
of September, but you’ve probably

already seen FIM. So what is coming?

o The National Water Model FIM and RFC

FIM are coming to our public viewer.

o Specialized FIMs remain available to all
EMs by request, with specific focus on
moderate and major flood locations.

e The FIM EMs receive could differ from

what is on the web - we’ll discuss more
on this in a moment. RFC FIM on NWPS

GOVERNOR’S HURRICANE CONFERENCE®



FIM Operations with Milton

e Milton had a huge rainfall footprint over
an area that experienced flooding with
two prior tropical systems.

e There were a lot of similarities to lan
(2022) with respect to the pattern of
rainfall distribution, though some
differences affected FIM operations.

® The team started FIM ops on Monday,
October 7th.

e Landfall was the evening of October 9th. i
e The last FIM delivered was October 31st. ﬂ
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Some Examples from Milton

NWS Flood Inundation Mapping Services

S Disclaimer: This map is a flood extent map based on the current river forecast. It does not account for any additional rainfall
or uncertainty in the river forecast and should be used conservatively.

In this example, we applied a buffer

to this particular FIM.

Alafia River near Lithia (LITF1) <" rorofricaLustonyy |71 Atcrestareasbeyond shadedin (1
| ! purple have potential to floodas "7

Crest Height: 24.9 ft (river may crest slightly - MSE s?.ows s e:;:; : £ s s

. - £4. pth is not provi ¥, : )

In this case, the RFC FIM had areas lower,around 24.4 f) 3 S e

Map Height Shown: RFC FIM + Partner FIM
FIM Source: National Water Model

that didn’t match well with the e
Partner FIM (AHPS FIM). So we PR
overlaid both in our delivery.

It was later reported the Partner FIM 27—~ v 4Oty
Verified better (the outer buffer) i-c.‘L T e SN T T SN

'Q-‘ 10/11/24 @ 1:20 PM
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Before the rain was on the ground

“'”‘4

NWS Flood Inundation Mapping Services (A)

' Disclaimer: This map shows the flood extent based on a river crest of 26.0 feet. Thls isan approx:mate -based FIM wh:ch
. should be used more conservatively. »

Anclote River near Elfers (ELFF1)

Map shows flood extent
Crest Height: 26.0 ft Depth s not provided
Map Height Shown: 26.0 ft | :

FIM Source: NWM NBM FIM

FIM Type: Static (Depth is not shown)

FIM Creation Time: 10/08/2024 @ 10:40 AMET

ANCLOTE RIVER (FL) NEAR ELFERS AT LITTLE ROAD

15Z 2 15z iz 1sz 152 3z 152 Iz sz 3z 152 3z 152
Ot 60t 7Ok 7 Ot B0t B Ot 9 Ot 90t 100t 1002 110t 110t 120k 120t 130k 13

L

MpdlT=

A

uam 110m 113m 11pm 11am 1ipm 113m 11pm 11am L1pm 118m L1pm iiam iipm ilam
Sun Sun Mon Mon Tue  Tuw  Wed Ved Thu Thu Fri Fri Sat  Se Sun
OtG OtG Ot7 Oct7 Ot8 OxB Oct9 Ot9 Oct 100ct 100ct 110ct 11 Okt 120t 120ct 13
Site Time (EDT)
<o Gragh Cresied (114AM Oct 8, 2024) —&— Otssrvid —e— Forscan! (asad 10:46AM Oct 8

OO

”". LR

Observa:ions courtesy of US Geologcal Surve

10/08/24 @ 11:15 AM
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Before the rain was on the ground

E”’IIC’

NWS Flood Inundation Mapping Services (B)

Dlsclalmer: This map shows the flood extent based on a river crest of 26.0 feet. This is an approximate-based FIM which
should be used more conservatively.

t

.*'

Anclote River near Elfers (ELFF1) FOR OFFICIAL USE ONLY
Y Map shows flood extent

Crest Height: 26.0 ft 8l __ Depthis not prowded

Map Height Shown: 26.0 ft ‘

FIM Source: NWM NBM FIM

FIM Type: Static (Depth is not shown)

FIM Creation Time: 10/08/2024 @ 10:40 AMET

ANCLOTE RIVER (FL) NEAR ELFERS AT LITTLE ROAD
Univaersa L

152 3 152 32 1SZ 32 152 X 152 3Z 1SZ 32 152 32 12
Ot em i()rl 7()(: H(X'i l()ﬂ 9 Oct qm1om\o<xxnuﬁn0¢|zm|zmutka1.1
A 1 ! L v S

Lo obu'vcdvmue nunnwr:wnu =
EDT 8-0ct-2024- Flood Stage i [ % "‘»qk

llluh

13,121t H o
b -

am llﬂm 11am 1lpm 11am lle 113am unm 11am llpm 113m llpm uam qu 11

Sun Sun Mon Mon Tus  Tuw  Wed Ved Thu Thu  Fri Fri Sat

OtG Oct 6 Ot7 Oct7 Ot8 OB O oasocmoaxoo«nonuo-zlzoauoan
Site Time (EDT)

- Gragh Crestsd (1134AM Oct B, 2024) & Otescvd —e— Forscas! (asasd 10:46AM Oct B
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Drone Video Matched the FIM

.--
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When it’s flooding - Our Process

Official RFC Forecast
(if available)

Dynamic FIMs may show

some bridges flooded. More
detailed analysis is needed.

GOVERNOR’S HURRICANE CONFERENCE®

Scenario: A heavy rainfall event has moved into your county. A flood prone river is
rising rapidly and the forecast suggests homes could be threatened.

NWS Collaborates
with SERFC/NWC
on FIM type

Y

Incorporate feedback
from SERFC/NWC and
local EM expertise




How long does FIM development
take?

YA NWS Tallahassee Begins Revi | Final Internal
Request with Collaboration,
Received if&#;‘:!a'}.' “ OLINVVLC I ‘ | if needed

T+0 T+5 to T+60 T+60to T+75 >T+75

e We want to provide the best possible maps, but it does take time.
e |t may take up to 90 minutes for a single FIM, depending on location and level
of collaboration needed.

GOVERNOR’S HURRICANE CONFERENCE®



What did Milton FIM Ops Look like?

» FIM Work - Milton
File Edit View Ins

e Over 500 FIM panels produced from Oct 7 - Oct 31 s+ @

e Primary focus was on large basins

@)

©)
©)
©)

e Eventually, mutual aid took place with FIM specialists from non-impacted

areas in the Western Gulf.

St Johns River (south of Lake George)
Withlacoochee River (the southern one)
Peace River

Hillsborough County River System

GOVERNOR’S HURRICANE CONFERENCE®



Final FIM Thoughts

e FIM is a process that takes time.

o Each Weather Forecast Office has FIM Subject Matter Experts
o Look for more training from your local office this Summer

o We need you to make FIM work effectively.
o Ground truth reports during and after an event improves FIM

creation and upgrades (Milton)

o Don’t wait until an event occurs to assess your flood risk. We can
provide FIMs for planning too. Learn your riverine flood risk well in
advance of any heavy rain event.

GOVERNOR’S HURRICANE CONFERENCE®
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A Quick Background of
al Cyclone Tornadoes

oooooooooo

Hurican lan (2022 GOVERNOR’S HURRICANE CONFERENCE®



Collective Wind Hazard Risk

Consider: to most decision-makers, local assessments of the WIND hazard are
thought to already contain the collective of wind concerns.

Damaging Winds & Higher Gusts Tornadoes & Tornadic Waterspouts

GOVERNOR’S HURRICANE CONFERENCE®



Eyewall of
Major Hurricanes

. | Outer Rainband
" Tornadoes

.« Hurricane Ivan (2004) '

GOVERNOR’S HURRICANE CONFERENCE®

Consider: Wind-related
blunt force trauma and
violent deaths occur in two
well-defined areas of a
tropical cyclone.




Deadliest Tropical Tornado Events

ooooooo

Event Date Deaths Injuries
Hurricane Agnes Jun. 1972 7/ 140+
Hurricane Milton Oct. 2024 6 30+
Hurricane Ivan Sep. 2004 6 15+
Hurricane (Unnamed) Sep. 1882 6 15+

Hurricane Milton
(2024)

Jacksonville

ooooooo

aaaaaa

sllshassee jacksonville

OOOOOOO

aaaaaaa

aaaaa

Hurricane Agnes (1972)

Tallah.
aaaaaaaaaaaaaaaaaaa

OOOOOOO

0000000

Hurricane lvan (2004)

aaaaaaaaaaa

JJJJJJJ

OOOOOOO

aaaaa

Unnamed (1882)
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Understanding Tornadoes in Florida

All Tornadoes in Florida by Month I Strong Tornadoes ‘EF2+!|n Florida by Month
1950-2019 1950-2019

1AN FEB MAR APR MAY JUN o AUG SEP ocT Nov DEC JAN FEB MAR APR MAY JUN JuL AUG SEP oct NOV DEC

0 Damage and loss of life potential grows exponentially as wind increases.
b 94% of all Florida tornado fatalities associated with EF2+ or greater winds.

GOVERNOR’S HURRICANE CONFERENCE®



> - X ) P ‘.__.\U;;’“/‘_
“Hurricane lvan (2004)+

(Vs 0.5 Refl 8hituWed:21:042

Consider: Typically,
counties/parishes or cities do
not have a tornado contingency
within their hurricane
emergency plans.

Conceptual Model(s) of
Tropical Cyclone Tornadoes

Tornadoes that occur ahead of the main wind
event.

Tornadoes that occur amidst the main wind
event.

Tornadoes that occur after the main wind event.

Tornadoes that occur in places away from the
main wind event (in location and/or time);
tornadoes are a primary hazard.

Tornadoes that occur post-landfall over inland
locations; tornadoes are a primary hazard.

GOVERNOR’S HURRICANE CONFERENCE®



MNEXRAD LEVEL-II

KEWX - EGLIN AFB, FL
10/04/1995 12:42:11 GMT
LAT: 30/33/S0 N

LOM: 85/55/15 W

ELEY: 140.0 FT

YCP: 21

REFLECTIVITY
ELEY ANGLE: 0.44
SCAN TIME: 12:42:12

Legend: (Categony) dBZ

=+ 75
+70
+ 65
+ 60
+ 55
+ 50
+ 45
+ 40
+ 35
+ 30
+ 25
+ 20
+ 15
+ 10
T ots)
<=0

Tropical Cyclone Tornadoes

e Often occur in outer rainbands and typically the right front quadrant
e Often occur in families, but can be isolated in occurrence
e Often weaker, narrower, and brief, but can be stronger, wider, and have longer tracks

GOVERNOR’S HURRICANE CONFERENCE®



A Review: Hurricane Milton Tornadoes
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https://docs.google.com/file/d/1kkaD24JcO1eL8XIqV3sEAb2zuT8582eH/preview

A Review: Hurricane Milton Tornadoes

NEXRAD Base Retlectivity

GOVERNOR’S HURRICANE CONFERENCE®




A Review: Hurricane Milton Tornadoes

SPC Day 1 Forecast for Wednesday, 09 October 2024
Apalachicola 1630Z Severe Weather Outlook

TOSS City

Tornado Warnings

L AE e NWS offices issued 126 tornado
j warnings, mostly within a

eeeeeeeee

14-hour period
® The second largest number for

a single state on a single day
© 134 in Alabama on April 27, 2011

Slight Risk

GOVERNOR’S HURRICANE CONFERENCE®



Utilizing Real-Time Data Sources

7500-CCTVU at Snake Rd

Tornado captured by FLDOT traffic cameras at I-75/Snake Road at 9:52 AM EDT.

Several tornadoes were captured “live”
via FDOT highway cameras

Severe NeatheL&Statewent
National Weather Service Miami FL
950 AM EDT Wed Oct 9 2024

FLCO11-021-051-099-091400-
JO.CON.XMFL.TO.W.0047.000000T00002-241009T14002/
Collier FL-Hendry FL-Broward FL-Palm Beach FL-
950 AM EDT Wed Oct 9 2024

«+.A TORNADO WARNING REMAINS IN EFFECT UNTIL 1000 AM EDT FOR EASTERN
COLLIER...SOUTHEASTERN HENDRY...NORTHERN BROWARD AND SOUTHWESTERN
PALM BEACH COUNTIES...

At 949 AM EDT, a confirmed tornado was located over Miccosukee Indian
Reservation, or 33 miles south of Montura, moving north at 25 mph.

HAZARD. . .Damaging tornado.

SOURCE...Video confirmed tornado.

IMPACT...Flying debris will be dangerous to those caught without
shelter. Mobile homes will be damaged or destroyed. Damage
to roofs, windows, and vehicles will occur. Tree damage is
likely.

Locations impacted include...
Miccosukee Indian Reservation, Big Cypress Seminole Reservation, and
Rotenberger Wildlife Refuge.

PRECAUTIONARY/PREPAREDNESS ACTIONS...

To repeat, a tornado is on the ground. TAKE COVER NOW! Move to an
interior room on the lowest floor of a sturdy building. Avoid
windows. If you are outdoors, in a mobile home, or in a vehicle, move
to the closest substantial shelter and protect yourself from flying
debris.

GOVERNOR’S HURRICANE CONFERENCE®




Utilizing Real-Time Data Sources

BULLETIN - EAS ACTIVATION REQUESTED
Tornado Warning

National Weather Service Miami FL
448 PM EDT Wed Oct 9 2024

The National Weather Service in Miami has issued a

* Tornado Warning for...
Northeastern Palm Beach County in southeastern Florida...

* Until 515 PM EDT.

* At 447 PM EDT, a reported large and extremely dangerous tornado was
located near Wellington, moving north at 4@ mph.

This is a PARTICULARLY DANGEROUS SITUATION. TAKE COVER NOW!

HAZARD. . .Damaging tornado.

SOURCE. . .Weather spotters reported tornado.

IMPACT...You are in a life-threatening situation. Flying debris
may be deadly to those caught without shelter. Mobile
homes will be destroyed. Considerable damage to homes,
businesses, and vehicles is likely and complete

Other videos received via social T et
media and storm spotters & chasers A et lons Tmperted Tactade’ s

wellington, Palm Beach Gardens, Royal Palm Beach, The Acreage,
Loxahatchee Groves, and Loxahatchee NWR.

GOVERNOR’S HURRICANE CONFERENCE®



https://docs.google.com/file/d/1usW80P7a93i0zplQAWenYbe8r84wfPzC/preview

A Review: Hurricane Milton Tornadoes

Confirmed
Tornadoes

e NWS confirmed 45 tornadoes
over central and south Florida
o 6EF-2s
o 3 EF-3s
e 6 fatalities

30°

25°

-85° -80°

% i
7 R \
"*L&. ,(‘M' \1\\ \
Q2 \_

o

§ \
Tornadoes \»j
B s .S \

EF_rating .‘; \ \
| u A

/) \‘
¢ \

)]

-85° -80°
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A Review: Hurricane Milton Tornadoes

St. Lucie County

October 9,2024 - Hurricane Milton
| EF-3 (155 mph)

6 Fatalities

GOVERNOR’S HURRICANE CONFERENCE®



Wellington / Palm Beach Gardens
EF-3 Tornado

e Maximum Wind: 140 mph
® 7 injuries

Morgan G.

wide mobile home after being impacted by the tornado

GOVERNOR’S HURRICANE CONFERENCE®



Lakeport (Glades County)
EF-3 Tornado

e Maximum Wind: 140 mph
3 injuries

GOVERNOR’S HURRICANE CONFERENCE®



Surveying the Damage

Cocoa Beach, FL

GOVERNOR’S HURRICANE CONFERENCE®



Leveraging Informed Designh Graphics

Tornado Threat

NoaNWs St

-
g

Jo

F ando Titusville
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% Kissimmee

Melbourne
95,

Kenansville

Vero Beach

@rt Pierce

Okeechod!\\ 3

WEATHER FORECAST OFFICE
—— Melbourne *} Florida ——

SPC DAY 1 CATEGDRICAL OLTLOOK
15SUEH

VALID: 12002 Vied 10103 - 1200 Thu 10/10
FORECASTER: BROVLES/SQUITIER]
torm Prediction Center, Norman, Oklahoma

. Updated: October 9, 2024

Several to many tornadoes can hinder
emergency plans during tropical events.

Many places may experience...

=> Tornado damage, with isolated immense
destruction

=> Power & communications failures

Examples of potential damage:
=> Roof and wall failures of sturdy buildings. Some
buildings may be leveled.

=> Mobile homes obliterated
=> Large trees snapped or twisted
=> Vehicles & small boats tossed or destroyed

More Details: weather.gov/mib/hti

GOVERNOR’S HURRICANE CONFERENCE®




Where We Are Headed...

Our Future, Driven By New Technology & More Frequent Communication

=> More High-Res Models. Cutting-edge systems
like Warn-On-Forecast rapidly integrate
surface, radar, and satellite data for the most
up-to-date forecasts.

=» Storm-Specific Hazard Predictions. Using Increasing Tornado Threat
machine learning, we’re delivering Through 5 PM :
probabilistic forecasts for individual W
thunderstorms. ) T

= \\

75) Urlandolo‘i " WER \
=> Bridging the Gap: Watch to Warning! High-res  ESos
data + forecaster expertise = faster, more

targeted risk assessments for the public, f““\\ \

Yo stuart \ \

partners, and media—before warnings are RS -

issued.
WEATHER FORECAST OFFICE

Melboume * Florida ——

GOVERNOR’S HURRICANE CONFERENCE®

ML 4-hr Max Probability of At Least One Tornado Repor

Havedllultiple Ways To Get Severe Weather Warnings \
Visit weather.gov/melbourne K .

| Yhat is Expected

=> Rounds of storms developing along the

Treasure Coast, moving northward toward
Osceola & Southern Brevard Counties.

=> Environment is very favorable for one or
more tornadoes to develop.

-> Tornadoes
=> Localized flooding

Know what to do if a
Tornado Warning Is Issued!
Visit weather.gov/safety/tornado

Updated: 1 PM Oct. 9, 2024
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Tornado Threats & Impacts
with Hurricane Milton

William Ulrich
NWS Melbourne, FL

Robert Garcia
NWS Miami, FL

william.ulrich@noaa.gov & robert.garcia@noaa.qgov
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PUBLIC SAFETY

Oscar Hance
St. Lucie County Public Safety Department, EM

Marisa Shivers
Director, Glades County Emergency Management

oscar.hance®@stlucieco.gov & mshivers@myglades.com
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