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Unit 1: Course Introduction

◆ Administrative Details
◆ Activity: Getting to Know Each Othery g
◆ Course Overview
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Administrative Details

◆ Start and end times each day
◆ Lunch and other breaksLunch and other breaks
◆ Restroom and telephone locations
◆ Emergency exits◆ Emergency exits
◆ Smoking policy
◆ Pager/cell phones on silent◆ Pager/cell phones on silent
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Course Background

H i R di Ch llHurricane Readiness Challenges:
◆ Areas are vulnerable to hurricanes
◆ Population is growing and seasonal
◆ Population is not experienced with◆ Population is not experienced with 

hurricanes
◆ Forecasting technology has limitations
◆ Hurricanes are not just a coastal problemj p

El t d d tElected and emergency management 
officials must make critical decisions to 
save lives and protect property.
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Course Goal

Develop a Hurricane Readiness 
Checklist that covers tasks to be 
accomplished within your 
functional areas. 
Th h kli t h ld l ddThe checklist should also address 
internal and external communication and 
coordination issues required for effectivecoordination issues required for effective 
operation.
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Course Objectives

1. Explain the hazards associated with a 
hurricane for their local areas.

2 Use National Weather Service (NWS)2. Use National Weather Service (NWS) 
advisory products to determine the level of 
threat that an approaching storm poses. 

3. Describe technical information from Hurricane 
Evacuation Studies (HES), HURREVAC, and 
other sources that can be used when 
developing or evaluating an integrated and 
comprehensive hurricane action plan for local 
jurisdictions. 

FEMA Hurricane Readiness − Coastal Communities
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Course Objectives (continued)

4. Describe the communication and 
coordination efforts needed within a 
jurisdiction with other jurisdictions andjurisdiction, with other jurisdictions and 
agencies, and with the state throughout 
the hurricane action planning process.

5. Develop a Hurricane Readiness Checklist as 
a guide for time-phased actions. 

6. Identify community/individual performance 
needs and the training needed to meet them.
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Course Agenda

D 1
◆ Unit 1: Introduction

Day 1
Unit 1: Introduction 

◆ Unit 2: Hurricane Readiness
◆ Unit 3: Hurricanes and Hazards◆ Unit 3: Hurricanes and Hazards
◆ Unit 4: Pre-Season Readiness
◆ Unit 5: Hurricane Evacuation Studies◆ Unit 5: Hurricane Evacuation Studies
◆ Unit 6: Monitoring the Storm
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Course Agenda

D 2
◆ Unit 7: Evacuation Decision Considerations

Day 2
Unit 7:  Evacuation Decision Considerations

◆ Unit 8:  Hurricane Readiness Checklist
◆ Unit 9: Re-entry◆ Unit 9:  Re-entry
◆ Unit 10: Conclusion
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Course Materials

◆ Participant Guide
◆ Hurricane Readiness

Checklist 

FEMA Hurricane Readiness − Coastal Communities 1-9



Unit 2:  Hurricane Readiness

Overview of Sequence of Actions◆ Overview of Sequence of Actions
◆ Key Individuals and Agencies

A ti it 2 1 H i R di C t l◆ Activity 2:1—Hurricane Readiness—Coastal 
Communities
Lessons Learned◆ Lessons Learned
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Unit 2:  Objectives

At the conclusion of this unit participants should be able to:

◆ Explain the acronyms, terms, and definitions relevant to this 
unit;

At the conclusion of this unit, participants should be able to: 

unit;
◆ Describe the components of a Hurricane Readiness 

Checklist;
◆ List the key emergency management positions agencies◆ List the key emergency management positions, agencies, 

and organizations responsible for the development and 
implementation of the Emergency Operations Plan;

◆ Identify the roles and responsibilities for each of the◆ Identify the roles and responsibilities for each of the 
individuals and/or agencies; and

◆ Identify the Emergency Support Functions (ESFs) involved 
in hurricane decision making and protective actions
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in hurricane decision-making and protective actions.
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Hurricane Readiness Checklist

◆Comprehensive guide to direct hurricane◆Comprehensive guide to direct hurricane 
preparedness and decision-making both pre- and 
post-storm

◆Decision/Actions are effective if based on an 
understanding of tropical cyclones, their hazards, 
community vulnerabilities NWS forecast productscommunity vulnerabilities, NWS forecast products, 
and a good decision-making process

◆Public and private involvement is essential
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Hurricane Readiness Checklist

The Hurricane Readiness Checklist should beThe Hurricane Readiness Checklist should be 
community-specific:
◆ The checklist should be time-sequencedq
◆ Identify responsible agencies or officials for each task        
◆ Evaluate priority of actions to be addressed
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Phases of the HRC

◆ Hurricane Readiness Checklists are 
structured around the following phases:
– Pre-season and preparedness
– Monitoring

P t ti ti ( t t )– Protective actions (evacuate or stay…)
– Post-storm actions

Re entry– Re-entry
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Importance of the HRC

Why is a HurricaneWhy is a Hurricane 
Readiness Checklist 
important?
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Importance of the HRC

◆ Prompts for timely action
◆ Supports decision/action-making pp g

accountability
◆ Structures documentation
◆ Ensures coordination and communication
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Key Individuals and Agencies 

Who should beWho should be 
involved in the 

H d lHRC development?
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Unit 3: Hurricanes and Hazards

◆ Hazards◆ Hazards
◆ Potential Effects of a Tropical Storm or 

HurricaneHurricane 
◆ Precautions for each Tropical Storm System 

Threat LevelThreat Level
◆ Activity 3:1—Assessing Hurricanes and 

HazardsHazards
◆ Lessons Learned
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Hurricanes and Hazards

◆ Average of 11 tropical◆ Average of 11 tropical 
storms each year;  6  of 
these become hurricanes, ,
of which 2 become major 
hurricanes.

◆ About 5 hurricanes strike 
the U.S. coastline in an 
average three-year periodaverage three-year period. 
Landfalling hurricanes 
normally cause billions in 
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Major U S Hurricane StrikesMajor U.S. Hurricane Strikes 
2004-2005, Winds > 110 MPH

1. Charley – CAT 4
2. Ivan – CAT 3 (5)
3. Jeanne – CAT 33. Jeanne CAT 3
4. Dennis – CAT 3 (4)
5. Katrina – CAT 3 (5)
6. Rita – CAT 3 (5)
7 Wil CAT 3 (5)7. Wilma – CAT 3 (5)

FEMA Hurricane Readiness − Coastal Communities

Two CAT 4 and Five CAT 3 struck U.S. Mainland
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Major Hurricanes 2006 2008Major Hurricanes, 2006-2008
Winds > 110 MPH

1. Gordon – CAT 3
2. Helene – CAT 3
3. Dean – CAT 53. Dean CAT 5
4. Felix – CAT 5
5. Bertha – CAT 3
6. Gustav – CAT 4
7 Ik CAT 47. Ike – CAT 4
8. Omar – CAT 4
9. Paloma – CAT 4

FEMA Hurricane Readiness − Coastal Communities

Gustav and Ike made landfall as CAT 2 Hurricanes.
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2005-2008 Hurricane Seasons
Normal 2005 2006 2007 2008Normal 2005 2006 2007 2008

Named 
Storms 11 *28 *10 15 16
Hurricanes

6 15 5 6 8
Major 
Hurricanes 
(winds >110 

h)
2 7 2 2 5

mph)

*Post-season analysis identified one additional tropical cyclone     
d i th 2005 d 2008 Th t d
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Tropical Cyclones – 1851-2004
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M i D l t R i S S f T tMain Development Region Sea Surface Temperature        
Anomalies since 1951

Increase in  
tropical activity 
beginning in 1995

FEMA Hurricane Readiness − Coastal Communities



Average Sea Surface Temps - May
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Average Sea Surface Temps - June

FEMA Hurricane Readiness − Coastal Communities 3-14



Average Sea Surface Temps - July
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Multi-Decadal Cycles
1905-321905 32 

28 years

47 Majors

1 68 MH/1.68 MH/yr

1933-64

33 yearsy

89 Majors  

2.0 MH/yr

1965-1994 

30 years

48 Majorsj

1.6 MH/yr

1995-2008
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53 Majors 
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Active Atlantic Multi-decadal Signal
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Upper Level Steering Currents
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Th “C V d ” S A t d S t b T k i thThe “Cape Verde” Season – August and September Tracks in the
Atlantic
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Tropical Cyclone Classifications 

◆ Tropical Depression
(Sustained Winds: below 39 mph)

◆ Tropical Storm◆ Tropical Storm
(Sustained Winds: 39-73 mph)

H i◆ Hurricane                          
(Sustained Winds: 74 mph and higher)
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SaffirSaffir--Simpson Simpson 
Hurricane  ScaleHurricane  Scale

CATEGORY   WIND SPEED        DESCRIPTION      
(MPH)

74-95          MINIMAL      Irene ‘99

96 110 MODERATE F

1

2 96-110        MODERATE     Frances

111-130          MAJOR         Ivan 

2

3

131-155        EXTREME       Charley4

FEMA Hurricane Readiness − Coastal Communities
> 155     CATASTROPHIC   Andrew5



Satellite Imagery by Category

Tropical StormTropical Storm Category 1Category 1 Category 2Category 2Tropical StormTropical Storm Category 1Category 1 Category 2Category 2

FEMA Hurricane Readiness − Coastal Communities

Category 3Category 3 Category 4Category 4 Category 5Category 5
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Global Tropical Cyclones

11 266

16

?

16

10 7 9
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Atlantic Basin Hurricane Climatology
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Tropical Storm and Hurricane Hazards

◆ Storm surge

◆ Coastal and inland◆ Coastal and inland 
winds 

◆ Tornadoes 

◆ Flooding◆ Flooding

FEMA Hurricane Readiness − Coastal Communities 3-26



RememberRemember
Although all hurricanes contain the 

same hazards...
Although all hurricanes contain the 

same hazards...same hazards...same hazards...

…all hurricanes are not alike!…all hurricanes are not alike!
FEMA Hurricane Readiness − Coastal Communities



FLOYD VS ANDREW -- A SIZE COMPARISONFLOYD VS ANDREW -- A SIZE COMPARISON
FEMA Hurricane Readiness − Coastal Communities

FLOYD  VS.  ANDREW -- A  SIZE  COMPARISON
Larger storms will generate hazardous 

conditions over a much greater area

FLOYD  VS.  ANDREW -- A  SIZE  COMPARISON
Larger storms will generate hazardous 

conditions over a much greater area



Storm SurgeStorm Surgegg
The greatest potential forThe greatest potential for
loss of  life in a hurricane
is  from  the storm surge.

Historically storm surge hasHistorically storm surge hasHistorically, storm surge has   
claimed nine of ten victims
Historically, storm surge has   
claimed nine of ten victims

FEMA Hurricane Readiness − Coastal Communities

claimed nine of ten victims 
in hurricanes.

claimed nine of ten victims 
in hurricanes.



Storm Surge 

Abnormal rise in ater le el ca sed b ind◆ Abnormal rise in water level caused by wind 
and pressure forces of a hurricane
Can s eep 50 to 100 miles ide along◆ Can sweep 50 to 100 miles wide along 
coastline

FEMA Hurricane Readiness − Coastal Communities 3-30



Shallow Slope vs. Steep Slope
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Storm Surge

A large dome or mound of water created byA large dome or mound of water created by

• the force of the wind blowing across a water 
surface,  
• the low atmospheric pressure in or near the eye, 

dand
• the slope of the continental shelf

The main cause of 
storm surge is wind

FEMA Hurricane Readiness − Coastal Communities 3-32
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Still Water

Surf’s 
Up!!
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LANDFALL

Sand Dunes
on Barrier 

Island

WindWind Wind

STORM SURGE
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FEMA Hurricane Readiness − Coastal CommunitiesThe “Radius of Maximum Winds” or RMW is found in the eyewall and 
is critical data for properly initializing storm surge models. 



Start of shelf trapped wave
up the Florida Coastup the Florida Coast
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1 Gallon of Water Weighs 8 Pounds

1 cubic yard of water1 cubic yard of water
weighs 1,700 pounds!weighs 1,700 pounds!

3-39FEMA Hurricane Readiness − Coastal Communities



Before Hurricane Katrina 2005

The Carter House, Pass Christian, Mississippi
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After Hurricane Katrina 2005

The Carter House, Pass Christian, Mississippi
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Before Hurricane Katrina 2005

The Dantzler House, Biloxi, Mississippi 3-42



After Hurricane Katrina 2005

The Dantzler House, Biloxi, Mississippi 3-43



2008 Hurricane Ike – Bolivar, TX



2004 Hurricane Ivan Damage

What will happenWhat will happen 
to our highways 
and causeways?and causeways?
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Hurricane Dennis Storm Tide

Dog Island, Orlando Sentinel

Lost 6 ft of sand

Navarre Beach, NOAA 

FEMA Hurricane Readiness − Coastal Communities
July 10, 2005
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Coastal and Inland Winds 

Wind damage may include:Wind damage may include:
◆ Homes and businesses 
◆ Trees along roadways◆ Trees along roadways
◆ Electric and telephone lines
◆ Signs and traffic control devices◆ Signs and traffic control devices
◆ Water lines and underground 

utilities
◆ Radio and television towers
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Wind DamageWind Damage

◆◆ Homes and businessesHomes and businesses
◆◆ Trees along roadwaysTrees along roadways

Emergency Emergency 
Managers Managers 

◆◆ Trees along roadwaysTrees along roadways
◆◆ Electric and telephone linesElectric and telephone lines

Si d t ffi t lSi d t ffi t l
gg

should should 
anticipate anticipate 
d td t

◆◆ Signs and traffic control Signs and traffic control 
devicesdevices

◆◆ Water line and undergroundWater line and undergrounddamage to:damage to: ◆◆ Water line and underground Water line and underground 
utilitiesutilities

◆◆ Radio and television towersRadio and television towers
FEMA Hurricane Readiness − Coastal Communities

◆◆ Radio and television towersRadio and television towers
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120120

100100

120120

Wind Wind Tornadic
G sts

Tornadic
G sts

Credit: NHC
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Pressure 
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86% f TC86% f TC86% f TC86% f TC

GustsGusts

6060 C4C4

86% of  TC 86% of  TC 
wind damage  wind damage  
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86% of  TC 86% of  TC 
wind damage  wind damage  
is caused     is caused     

4040
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by major by major 
hurricanes hurricanes 
(Cat 3, 4 & 5)(Cat 3, 4 & 5)

by major by major 
hurricanes hurricanes 
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2020
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SIMPLE HURRICANE PHYSICS

Hurricane Winds
Hurricane Motion
Net Observed Winds
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SIMPLE HURRICANE PHYSICS

Hurricane Winds
Hurricane Motion
Net Observed Winds
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Tropical Cyclone Wind Structure
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E i t l A lExperimental Analyses                         
Hurricane Research Division (HRD)
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Hurricane Charley Minimum Central Pressure
9 - 14 August 2004
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Manufactured Homes – Evacuate!

FEMA Hurricane Readiness − Coastal Communities

Hurricane Charley – 2004, Punta Gorda, FL
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Wh t i th bi t diff l th U S tWhat is the biggest difference along the U.S. coast             
between 1940 and today?

Mi i B h

FEMA Hurricane Readiness − Coastal Communities

Miami Beach
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Florida Coastal County Population
1900 - 2000

Florida Coastal County Population
1900 - 2000
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Tornadoes 
Tornadoes with tropical cyclones:p y
• Nearly 60% of hurricanes that 

made landfall (1948 to 1986) 
d t l t t dspawned at least one tornado

• In general, tornadoes 
associated with hurricanes areassociated with hurricanes are 
less intense than those that 
occur in the Great Plains. 

• However, tropical cyclones 
allow for the potential of a 
significant outbreak of

FEMA Hurricane Readiness − Coastal Communities

significant outbreak of 
tornadoes.
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Tornadoes add to the storm's destructive power!

◆ Tornadoes are most likely to occur in the right-front◆ Tornadoes are most likely to occur in the right front 
quadrant of the hurricane.

T d l ft f d l h b dd d i th◆ Tornadoes are also often found elsewhere embedded in the 
rainbands, well away from the center of the hurricane.  This 
makes them very hard to detect.y

◆ Tornadoes associated with tropical cyclones can form with 
little or no warning and dissipate just as fast becauselittle or no warning and dissipate just as fast because 
tornado-producing circulations in hurricane supercells tend 
to be smaller and shorter-lived

FEMA Hurricane Readiness − Coastal Communities 3-59



Where Do Most Tornadoes Occur?

• More than 90% of all• More than 90% of all 
Tropical Cyclone induced 
tornadoes occur in the right 

Greatest 
Tornado 
Threatg

front quadrant of the storm 
relative to the storm motion 

Threat

• Most develop more than 
100 miles away from the100 miles away from the 
center of the storm
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Tornadoes in Hurricane Dennis

Tornado damage in Brandon

3-61



Right Front Quadrant

StormStorm 
Motion
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Right Front

Storm 
M ti

Right Front 
Quadrant

Why do tornadoesWhy do tornadoesMotion Why do tornadoes 
form?
Why do tornadoes 
form?

Friction over land 
creates low-level 
Friction over land 
creates low-level 
wind conditions 
favorable for the 
development of 

wind conditions 
favorable for the 
development of 

FEMA Hurricane Readiness − Coastal Communities

p
tornadoes

p
tornadoes

Credit: NHC



Tornadoes in Hurricane Dennis

Tornado damage in 
Brandon, FL
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Hurricane/Tornado Meteorology
What is happening to make tornadoes develop?pp g p

◆ In the right front quadrant, the orientation and speed of the 
winds create vertical wind shear profiles somewhat 
resembling those of the Great Plains supercell thunderstormsresembling those of the Great Plains supercell thunderstorms 
- the shear being in a shallower layer but often stronger. 

◆ Occasionally a tornado will happen in the inner bands as Occas o a y a o ado appe e e ba ds as
well, but the large majority still form outside the hurricane 
force wind zone. 

◆ B t d d i i l ti i h i◆ Because tornado-producing circulations in hurricane 
supercells tend to be smaller and shorter-lived than their 
Midwest counterparts, they are harder to detect.
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Tornadoes far from the Center
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Monitoring Tornado Threats

◆ A tornado watch is usually issued when tropical◆ A tornado watch is usually issued when tropical 
cyclone rain bands are about to move onshore. The 
watch box is generally to the right of the tropical 
cyclones pathcyclones path. 

◆ The Storm Prediction Center issues outlooks (1-3 
days) and watches (~6 hrs) for severe weatherdays) and watches ( 6 hrs) for severe weather 
including tornadoes

◆ Tornado Watch information is coordinated and re◆ Tornado Watch information is coordinated and re-
distributed through the local National Weather 
Services offices

FEMA Hurricane Readiness − Coastal Communities 3-67



2005 Tropical Cyclone Tornadoes

221 Total
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Flooding 
◆ Hurricanes typically can produce 6 to yp y p

12 inches of rain…or more!
◆ Inland flooding has been the primary 

f t i l l l t dcause of tropical cyclone-related 
fatalities over the past 30 years

◆ The risk from flooding depends on a◆ The risk from flooding depends on a 
number of factors: 
– Storm speed
– Storm interactions with other weather 

systems
– Terrain

FEMA Hurricane Readiness − Coastal Communities 3-69
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Precipitation Efficiency

Drier, Less 
Efficient Air

 Ocean-Atmosphere Interaction
 Instability and Lift

L  Tropical Environment Favorable 
for Raindrop Formation

L

Moist, Very 
Efficient Air Tropical Cyclones form in an 

i t i d fenvironment primed for 
precipitation and they transport 
that environment to landmasses
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Percentage of Significant Floods g g
Associated With Tropical Cyclones
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Some Notable Flood-Producing Storms
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A Spectrum of Flooding

Flash FloodsFlash Floods

Dam BreaksDam BreaksFastFast RespondingFastFast Responding

Urban ImpactsUrban Impacts

Traditional
Main Stem
Traditional
Main Stem Coastal

Plain
Coastal
Plain

Storm
Surge
Storm
Surge

PlainPlain
Closed 
Basin
Closed 
Basin
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Size and Strength

Strength = Rainfall

Size =Size = Rainfall

Storm size and strength are not reliable indicators 
of the heavy rainfall potential in your area

FEMA Hurricane Readiness − Coastal Communities

of the heavy rainfall potential in your area 
3-75



Storm Speed

Cyclones are steered by winds in large-scale weather systems (LSS)

STRONG LSS

L L
weak LSS

L

H
H

Katrina (2005) Allison (2001)

What is the relationship between speed/direction and rainfall? 

Katrina (2005) Allison (2001)
Faster S  l  o  w  e  r

FEMA Hurricane Readiness − Coastal Communities

What is the relationship between speed/direction and rainfall? 
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Storm Speed

Storm Speed FasterSlower
Katrina (2005)Allison (2001) p

R i f llE t

FasterSlower

L E tRainfallExtreme Less Extreme

Storm speed may impact heavy rainfall potential but 
there are many other potential factors to consider.

? Non-Cyclone Features 
? Terrain Impacts 
? Persistent Rain Bands

? Erratic Cyclone Motion

FEMA Hurricane Readiness − Coastal Communities
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Erratic Cyclone Motion

Tropical Storm AllisonTropical Storm Allison
June 4-17, 2001

St T t l R i f ll

June 8-9, 2001June 5-6, 2001

Storm-Total Rainfall
Slow; Erratic Motion Led to Record Rainfall

C t HPC

FEMA Hurricane Readiness − Coastal Communities

Courtesy: HPC

Courtesy: NWSWFO HGX
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1970-99 U. S. TROPICAL CYCLONE DEATHS

FRESHWATER FLOOD 59% FRESHWATER FLOOD 78%

ALL PEOPLE CHILDREN (UNDER AGE 13)

FRESHWATER FLOOD  59% FRESHWATER FLOOD 78%

OTHER 41% OTHER 22%

FEMA Hurricane Readiness − Coastal Communities
Credit: NHCCredit: NHC3-80
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Forces on Vehicles Crossing Streams
The car will float downstream when:

Stream Force  > Friction Force

Vehicle Weight

Stream Force

FEMA Hurricane Readiness − Coastal Communities
Buoyancy Force

Friction Force
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Activity 3:1 Assessing Hurricane Hazards

◆ What is the potential storm surge in your 
jurisdiction?

◆ What areas are prone to flooding if you 
receive 6 to 12 inches of rain?

◆ What areas are most susceptible to high-wind 
damage?

FEMA Hurricane Readiness − Coastal Communities 3-83



Lessons Learned

Wh t l h◆ What lessons have 
been learned as a 
result of a hurricane or 
a tropical storm in 
your county / 
municipality?u c pa y

◆ What can be improved 
in the identification ofin the identification of 
the hazards within the 
your jurisdiction?

FEMA Hurricane Readiness − Coastal Communities 3-84



Unit 4: Pre-Season Readiness

◆ Evaluate plans
◆ Test/update tools and equipmentp q p
◆ NWS coordination
◆ Conduct trainingg
◆ Public awareness
◆ Activity 4:1—Hurricane Readiness ChecklistActivity 4:1 Hurricane Readiness Checklist 

for Public Education and Awareness
◆ Lessons Learned
FEMA Hurricane Readiness − Coastal Communities 4-1



Effective Pre-Season Decision-Making

Effective decision-making greatly depends on 
pre-season preparedness and coordination.

FEMA Hurricane Readiness − Coastal Communities 4-2



Pre-Season Readiness Decision-Making

◆A ll i f d bli h◆A well-informed public has a 
greater chance of survival from 
tropical cyclones p y

◆A comprehensive public education 
and awareness program improves 
th d i bilit fthe response and survivability of 
the affected public

◆Creativity is needed in developing a public education◆Creativity is needed in developing a public education 
program and soliciting assistance from other 
governmental agencies and private organizations

FEMA Hurricane Readiness − Coastal Communities 4-3



Evaluate Plan 

Re ie local h rricane plans and anne es◆ Review local hurricane plans and annexes 
with staff and Emergency Support Function 
agenciesagencies

◆ Assess jurisdictions capability and resources
C d t i /d ill◆ Conduct exercises/drills
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Test/Update Tools and Equipment

◆ Update decision assistance tools to current 
application HURREVAC, SLOSH, or others?

◆ Emergency Alert Systems
◆ NOAA Weather Radios
◆ Generators
◆ Highway message boards and signageg y g g g
◆ Other equipment?
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Hurricane Awareness Study

The study showed that homeowners:
◆ Perceive a low level of hurricane risk

Thi k th ll d f

The study showed that homeowners:

◆ Think they are well prepared for 
hurricanes, but they are not 

◆ For the most part, have taken no action to protect their◆ For the most part, have taken no action to protect their 
homes from hurricanes

◆ Lack a thorough knowledge of hurricanes
◆ Think it is too expensive to take preventive actions, but 

lack awareness of how much preventive actions cost 
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NWS Coordination

◆ Meet with Weather Forecast Office (WFO) staff 
before a storm threatens
L t t t i f ti f th N ti l H i◆ Locate contact information for the National Hurricane 
Center, River Forecast Centers, other NWS 
resources

◆ Understand local WFO operations and advisory 
products
A i d i i f ti b it f◆ Accessing advisory information: websites, conference 
calls, etc.

◆ Other resources to consider?
FEMA Hurricane Readiness − Coastal Communities
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Conduct Training

◆ Staff
◆ Elected officials
◆ Primary and Secondary ESF personnel

– Mass care
– Evacuation/transportation officials
– Law enforcement
– Local volunteers
– Others?
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Public Education and Awareness

◆ Use of Media for Communication
– Devise a strategy that will be effective in your 

jurisdiction.  For example, you will need to 
consider:

• Media effectivenessMedia effectiveness
• Language and literacy issues
• Computer literacy and access

Special populations• Special populations

What other considerations would you include?
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Published Materials

How published materials can be used for public

◆ Publish a special section in your local newspaper with 

How published materials can be used for public 
awareness and education:

emergency information on hurricanes
◆ Publish a preparedness booklet for public distribution
◆ Develop a CD-ROM learning program or instructional 

video targeting schoolchildren or other groups  
◆ Create preparedness displays for area malls or public◆ Create preparedness displays for area malls or public 

buildings

◆ Oth r id a f r i g ri t at rial ?
FEMA Hurricane Readiness − Coastal Communities 4-10
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Television, Radio, and the Internet

How TV radio and the Internet can be used for public

◆ Produce a television special for broadcast on a local 

How TV, radio, and the Internet can be used for public 
awareness and education:

cable channel
◆ Produce a public service announcement for broadcast 

on a local radio stationon a local radio station
◆ Post preparedness information on the Internet, and 

create links from other websites to yourscreate links from other websites to yours  

◆ Other ideas for using TV, radio, and the Internet?
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Public Forums

How public forums can be used for public awareness and

◆ Give a presentation at a school board or PTA meeting

How public forums can be used for public awareness and 
education:

◆ Set up a booth at a community safety fair or other 
public event

◆ Teach a workshop at a local conference or civic 
meeting

◆ Other ideas for using public forums?
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Partner Organizations

Partner organizations that might assist with public

◆ Law enforcement 

Partner organizations that might assist with public 
awareness and education:

◆ Schools and other educational institutions 
◆ Volunteer agencies
◆ Civic organizations  

◆ Other ideas for partner organizations in your◆ Other ideas for partner organizations in your 
community?
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Activity 4:1 Pre season Actions for Public Education andActivity 4:1—Pre-season Actions for Public Education and 
Awareness

◆ Present a sampling of strategies for public p g g p
education and awareness
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Lessons Learned

◆ What regional/local media 
capability and public 
awareness material does 
your community have?your community have?

◆ How is this media 
capability utilized and 
when?

◆ How does pre-season 
awareness differ from 
operational public 
i f ti ?information?

◆ How effective are your 
mitigation procedures and 
processes?

FEMA Hurricane Readiness − Coastal Communities
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Unit 5: Hurricane Evacuation Studies

◆ The Hurricane Evacuation Study (HES) Overview◆ The Hurricane Evacuation Study (HES) Overview 
◆ Components

P d t S Atl HURREVAC D i i A◆ Products: Surge Atlas, HURREVAC, Decision Arc, 
Technical Data Reports.   

◆ Post Storm Hurricane Assessment◆ Post-Storm Hurricane Assessment 
◆ Activity 5:1—Using HES Products

L L d◆ Lessons Learned
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•Federal Emergency Management        

HES Partnerships
g y g

Agency

•Army Corps of Engineers

•NOAA: National Weather Service & 
Coastal Services Center

•State & Local EmergencyState & Local Emergency 
Management

•Regional Planning Councils

•Volunteer Organizations Active in 
Disasters 

•Others????

FEMA Hurricane Readiness − Coastal Communities
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HES Study Purpose

To provide emergency management 
officials information that will assist themofficials information that will assist them 
in hurricane evacuation decision-making
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As well as…

◆ Several key success points and purpose of the update to the HES:
◆ Ensuring consistency of format and methodology
◆ Allowing continuity of critical information 
◆ Promoting unified preparedness and response activities during regional◆ Promoting unified preparedness and response activities during regional 

or statewide disaster operations
◆ Obtaining current demographic analysis by county, including those 

people not easily captured by Census data
Completed and will be published Spring of 2009– Completed and will be published – Spring of 2009

– Will be provided to all local governments, regional planning councils, and 
emergency managers

– Will be used to enhance data for Florida’s Catastrophic Planning project
– Will be used to support revisions to the Statewide Shelter Plan and provideWill be used to support revisions to the Statewide Shelter Plan and provide 

solid, documented source of population data critical to calculating shelter 
demand
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11 Regional Planning Councils
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Florida Catastrophic Planning

Florida Catastrophic Planning:

 Engages local, state & federal planners and subject-matter experts 
across all disciplinesacross all disciplines.

– Is a Local UP approach critical to comprehensive preparedness
response. 

– Involves all stakeholders and disciplines including faith-based,
non-profit and private enterprises.

R lt i d i i t l th t b d ll h d– Results in decision tools that can be used across all hazards
regardless of size or geographic location.  

– Results in an all hazards/ all discipline Catastrophic
Pl

FEMA Hurricane Readiness − Coastal Communities

Plan. 

5-6



Catastrophic Planning continued…
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Catastrophic Planning continued…
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1. Technical Data Report

HES Products

Comprehensive analysis for coastal counties concerning key 
factors impacting an evacuation.

2 Storm Surge Maps & Evacuation Zones2. Storm Surge Maps & Evacuation Zones
Illustrating storm surge inundation areas based on intensity.

3. Evacuation Clearance Times3. Evacuation Clearance Times 
Estimates time required to evacuate at-risk storm surge vulnerable 
areas based on the arrival of tropical storm force winds.

4. Decision Assistance Tools 
HURREVAC, SLOSH, ETIS & Future ARC IMS programs
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1.  Technical Data Reports

•Hazards Analysis

•Vulnerability Analysis•Vulnerability Analysis

•Behavioral Surveys

Sh lt A l i•Shelter Analysis

•Transportation Analysis
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Hazards Analysis

Wi dWind
Storm SurgeStorm Surge

Flooding
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Hazards Analysis

•Storm surge has the highest 
potential  for death and damage

St i th i•Storm surge is the main reason 
we evacuate the coast

•HES Studies utilize SLOSH for•HES Studies utilize SLOSH for 
storm surge estimation 

Did you know:  The SLOSH model is the official 
forecast tool of the National Hurricane Center
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Hazards Analysis 
SLOSH – Sea, Lake, Overland, Surge, from Hurricanes:

FEMA Hurricane Readiness − Coastal Communities



Hazards Analysis 
Storm Surge Time History Points: 
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H d A l iHazards Analysis
Understanding Tropical

•Develop components within 

Understanding Tropical 
Cyclone Flood Potential:

HURREVAC to monitor threat

•Utilize FEMA Mitigation data to 
f fidentify coastal flood inundation 

areas (100/500 year zones) 

Did you Know:  Between 1970 and 1999 
approximately 59% of all tropical cyclone death 
occurred from freshwater flooding.  
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Vulnerability Analysis
•In 2003, 32 million people lived in coastal counties from  
TX t ME (f 18 illi i 1970)TX to ME (from 18 million in 1970)   
•$150 billion in 2004 & 2005 sustained in damages
•Average Annual physical damages $10-$11 Billion
•1995-2005 was the 2nd most damaging decade in history
•If the 1926 Miami Hurricane hit today it would cost - $157 
BillionBillion
•85% of total damages are caused by Major Hurricanes 
during 1926-2005. 
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Vulnerability Analysis

•Identifies who/what will be impacted?
•Citizens residing in storm surge areas
C i i l f ili i•Critical facilities 

•Mobile/Manufactured home communities
•Vulnerable Shelters
•Roadway network, bridges, etc
•Other areas to be considered?
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V l bilit A l i
VULNERABLE 
POPULATION BY

Vulnerability Analysis
POPULATION BY 
EVACUATION ZONE
(BASED ON THE YEAR 
2000 POPULATION 
ESTIMATES))
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Behavioral Analysis
Helping coastal decision makers understand how their 

•My house survived Camille… I’ll be okay

community will react to a tropical cyclone threat:  

•I hope my house survives the winds.
•What about my pets?
•A Category 1 isn’t too bad.A Category 1 isn t too bad.
•I don’t live on the beach.
•I don’t have reliable transportation.
I will leave once Hurricane Warnings are•I will leave once Hurricane Warnings are 

issued. 
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Behavioral Analysis
What type of data is collected:  

 % of the population 
that will evacuate

 % of the total # of 
evacuating vehicles which 
might be towing boats, 

t il t
 When the evacuating 

population will leave

camper trailers, etc.
 Probable destinations of 

the evacuating households
H th th t d # of vehicles that the 

evacuating population 
will use

 How the threatened 
population will respond

will use
 Evacuation responses 

of tourists
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Evacuees Going to Public Shelters
Avg. All Zones

Behavioral Analysis
•5 to 8% of evacuees will seek public 
shelter

B i k GA
Savannah GA

Beaufort SC

Charleston SC

Myrtle Beach SC

Southeastern NC

Eastern NC
shelter

•80% is typically the best participation 
rate expected

0 10 20 30 40 50 60 70 80 90 100 
Percent of Evacuees

Southeast FL

Treas. Coast FL

East Central FL

Northeast FL

Brunswick GA

•95% consider watches/warnings 
important when considering evacuation

•A majority of citizens evacuate from•A majority of citizens evacuate from 
wind and not storm surge

•75% rely on local news channels for Weather Channel
Local TV

Relied on Sources a Great Deal

information 

Other Cable
Word of Mouth

CNN
Radio
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Percent of Respondents

AOL
Internet



Transportation Analysis
The Transportation Analysis utilizes data produced by 
the other analysis to determine traffic congestion and 
clearance times:  

◆ Demographics
◆ Behavioral Assumptions
◆ Evacuation Routes◆ Evacuation Routes
◆ Roadway Capacities
◆ Travel Patterns
◆ Model Results
◆ Clearance Times
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Transportation Analysis
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Transportation Analysis

Components & Products  of 
the Transportation p
Analysis
– Evacuation Routes
– Roadway Capacities
– Participation Ratesp
– Destinations
– Response Rates

FEMA Hurricane Readiness − Coastal Communities
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Shelter Analysis

Key Sheltering Issues:Key Sheltering Issues:
– Location/Identification

C it– Capacity
– Training
– Structural Integrity
– Response Rates
– Official vs. Good 

Samaritan 
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2 St S Atl & E ti Z2.  Storm Surge Atlas & Evacuation Zones
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Storm Surge Atlas

St / tl b d MOM t t ti lStorm surge maps/atlases are based on MOM storm surge potential 

Maximum of Maximum Storm 
Surge Potential “MOM”

C i f h d f•Consist of thousands of runs

•Different intensities, pressure, 
angles, forward speed, wind radii, 

tetc.

•One per category 

FEMA Hurricane Readiness − Coastal Communities 5-30



Storm Surge Atlas

MOM Hazard Atlas

Moving from Paper to Digital GIS format 5-31



Evacuation Zones
Should be designed to effectively communicate the hazard warning 

d t th bli b t ti id ti
◆ Created by Local, State, and Federal EMA 

representatives to move people out of hurricane 
hazard vulnerable areas

order to the public; best practice considerations:  

hazard vulnerable areas.   
◆ Delineated by major geographic features, such as 

major roads, rivers, political boundaries, etc.
◆ M i l d i d t t iti t f t◆ Mainly designed to get citizens out of storm surge 

vulnerable areas.
◆ Designed to improve warning order 

communication and promotes phased evacuationscommunication and promotes phased evacuations 
◆ Serve as the foundation for Evacuation Clearance 

times.
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Evacuation Zones

•Zones must be communicated to citizens through 
an extensive public awareness outreach campaign.
•Turnover at the local level – Zones are oftenTurnover at the local level Zones are often  
forgotten
•In reality, evacuations can be politically driven and 
not plannednot planned.
•Zone terms are confused with floodplain terms
•Emergency Managers fail to issue evacuations 
based on the Zones created by the HES.
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3. Evacuation Clearance Times

When the first evacuating vehicle enters 
the road network, ends when the last  ,
vehicle reaches an assumed point of 
safety - includes travel time and waiting 
in traffic congestion (does not relate toin traffic congestion (does not relate to 
any one particular vehicle)
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HURREVACHURREVAC
is the final
“end product”

f th HES dof the HES and 
is a software 
program that
includes NWS
information and
evacuation dataevacuation data 
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HURREVAC

S ft th t i i◆ Software program that is a primary 
decision-making tool for emergency 
managers.g

◆ Funded through the FEMA national 
hurricane program and is free to 
G t iGovernment agencies. 

◆ Website is: www.hurrevac.com. 
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Application of HURREVAC
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www.hurrevac.com

Evacuation Timing Features

Must download your state

Evacuation Timing Features

Must download your state 
Clearance Times to view 
timing screens
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Scroll down to state
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LocalLocal
Clearance

TimesTimes
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Decision Arc Mapping Utility

◆ Decision arc mapping 
utility relates the 
general time required 
to evacuate risk 
areas according to 
the storm threat 

◆ A user must have the 
correct Clearance 
Times to use this 
ffeature 
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Post Storm Assessment

90
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Prepared BY: National Hurricane Center Storm Surge Team
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Post Storm Assessment             
High Wind analysis conducted after Charley.  

90 89Storm
Track
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Prepared BY: National Hurricane Center Storm Surge Team
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Hurricane Charley
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Evacuation Participaiton Rates in Charley
 by Location and Risk Zone
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Believe Home Would Flood Dangerously
 in 155 MPH Hurricane
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2004 Charley Evacuation      
Post Storm Behavioral Findings:

• Evacuees selected evacuation routes because it was the route 
they routinely use. 
49% t 70% f t t f i d d l ti

Post Storm Behavioral Findings:

•49% to 70% of evacuees went to friends and relatives. 
•Very few respondents stated that they took routes because of 
recommendations from officials.  
•1 3 cars per family were used•1.3 cars per family were used. 
•Less than 5% towed trailors/boats/motorhomes.
•37% to 52% said they spent less than $50 per day during the 
evacuation.evacuation. 
•82% of those who stayed said they would stay again if Charley hit 
today – Storm Surge Education! 
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•Principle reason for not leaving a Cat 1 area = well built house followed 

2004 Charley Evacuation

by track of storm.  

•48% of SW FL respondents think house residing in Cat 1 surge area is 
f i 155 h C t 4 Citi ti b/ f i d t isafe in 155mph Cat 4- Citizens are evacuating b/c of wind not surge in 

Cat 1-3 storm surge vulnerable areas!

•63% of the SW FL residents in a Cat 1 zone did not hear and•63% of the SW FL residents in a Cat 1 zone did not hear and 
Evacuation Notice.  

•43% of residents do not know who issues a warning43% of residents do not know who issues a warning.

•12% of SW FL stated that work kept them from leaving.

FEMA Hurricane Readiness − Coastal Communities
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Post Storm Assessment

◆Counties not issuing phased evacuation 
orders according to Evacuation Zonesorders according to Evacuation Zones.

◆Typically found that many citizens never hear 
a specific evacuation warning ordera specific evacuation warning order.

◆EM's may focus to much on the forecast track 
and not considered the error cone sufficientlyand not considered the error cone sufficiently.
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Who Issues Evacuations?

Wh k d if ffi i l t ld th t t f I◆ When asked if an official told them to evacuate for Ivan, 
affirmative answers varied considerably by region: Monroe 
County 75%, Louisiana 63%, Mississippi 50%, Alabama 34% 
and the Florida Panhandle 28%.

How Does The Public Interpret Forecast 
and Evacuation Order?and Evacuation Order?

◆ What is the difference between Mandatory, Voluntary, 
Recommended, Partial, Full, etc. etc?  

◆ The watches and warnings issued by the National Hurricane g y
Center (NHC) were somewhat important or very important factor 
in the evacuation decisions for 95% of these households. 
However…their knowledge of the meaning of watches and 
warnings is limited.

FEMA Hurricane Readiness − Coastal Communities

g

5-61



◆ Well Designed Zones to promote phased evacuations
◆ Social Capital Issues How does the public receive the

Post Storm Assessment

◆ Social Capital Issues – How does the public receive the 
message? 

◆ How do we determine Real Time Evacuation 
Participation Rates?

◆ Who should evacuate & Where do we evacuate?
◆ Increase public awareness and self assessment 

capabilities
◆ What about reentry?◆ What about reentry?
◆ Travel 10’s of miles not 100’s!  
◆ Reduce the number of people evacuating through public 

FEMA Hurricane Readiness − Coastal Communities
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Activity 5:1—HES Products
Divide the class into three groups—
G AGroup A:
What HES products might be useful during a hurricane 

evacuation RESPONSE (both pre-landfall and post-
l df ll h )?landfall phases)?

Group B:
What HES products might be useful for community 

MITIGATION activities?

Group C:
What HES products might be useful for 

PREPAREDNESS activities?
FEMA Hurricane Readiness − Coastal Communities
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Lessons Learned

◆ How can the hurricane 
studies and products 
help in preparing for ahelp in preparing for a 
tropical cyclone?

◆ How do you use the 
products in your pre-products in your pre-
season planning 
procedures and 
processes?processes?

◆ Who can update your 
HES?
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Unit 6: Monitoring the Hurricane
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Unit 6: Monitoring the Hurricane

◆ Tracking Tropical Depressions, Tropical 
Storms and HurricanesStorms, and Hurricanes

◆ Roles of Hurricane Forecasting Organizations
◆ Ad isor Prod cts for Monitoring H rricanes◆ Advisory Products for Monitoring Hurricanes 
◆ Hurricane Forecasting 

L L d◆ Lessons Learned
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◆ Tropical Prediction Center/National Hurricane Center 

National Weather Service

p
(TPC/NHC)- Hurricane forecast (broad view)

◆ Hydrometeorological Prediction Center (HPC)- national y g ( )
rainfall forecast and outlooks  (NHC backup)

◆ River Forecast Centers (RFC)-Rain/River observations, 
tl k d f toutlooks and forecasts

◆ Storm Prediction Center (SPC)- Severe weather outlooks 
and watchesand watches

◆ Local Weather Forecast Office (WFO)- Community specific 
information watches and warnings
FEMA Hurricane Readiness − Coastal Communities

information, watches and warnings
6-3



Monitoring the Hurricane
◆ Local leaders must have◆ Local leaders must have 

current and accurate 
information regarding 
t i l l (itropical cyclones (i.e., 
tropical depressions, 
tropical storms, and 
hurricanes)

◆ Improved forecasts have 
contributed to a significantcontributed to a significant 
reduction in the number of 
deaths attributed to 
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Tracking Hurricanes

i fAircraft

Satellites
Dropsondes
and RAOBs

Radar

and RAOBs

Radar

Ships and Buoys
Land 

Stations
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Satellite Location
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SatelliteSatellite--based Wind Databased Wind Data
◆◆Meteorological satellites return information on areas where Meteorological satellites return information on areas where 

no other data is availableno other data is available
◆◆Satellite cloudSatellite cloud--motion winds motion winds –– created by tracking cloud created by tracking cloud 

elements from one satellite image to the nextelements from one satellite image to the nextelements from one satellite image to the nextelements from one satellite image to the next
◆◆Passive microwave winds Passive microwave winds –– an instrument (such as a an instrument (such as a 

Stepped Frequency Microwave Radiometer) on a satellite Stepped Frequency Microwave Radiometer) on a satellite 
detects the microwave radiation emitted by the ocean detects the microwave radiation emitted by the ocean 
surface.surface.

◆◆Scatterometer windsScatterometer winds anan activeactive instrument that firesinstrument that fires◆◆Scatterometer winds Scatterometer winds –– an an activeactive instrument that fires instrument that fires 
microwave pulses at the ocean surface and detects the microwave pulses at the ocean surface and detects the 
returned signal from small waves.  This signal is related to returned signal from small waves.  This signal is related to 

FEMA Hurricane Readiness − Coastal Communities
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Radar Location

FEMA Hurricane Readiness − Coastal Communities



Wind Downburst speeds of 
nearly 200 mph in high

Wind Downburst speeds of 
nearly 200 mph in high
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radar reflectivity regions
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radar reflectivity regions



Limitations of LandLimitations of Land--based Radar Wind Databased Radar Wind Data

◆◆WSRWSR--88D winds have relatively short88D winds have relatively short--range (~125 nrange (~125 n◆◆WSRWSR 88D winds have relatively short88D winds have relatively short range ( 125 n range ( 125 n 
mi), which means they are normally only useful after mi), which means they are normally only useful after 
warnings are up and preparation decisions have been warnings are up and preparation decisions have been 
mademademade.made.

◆◆The WSRThe WSR--88D only detects winds blowing toward or 88D only detects winds blowing toward or 
away from the radar, which makes it difficult to away from the radar, which makes it difficult to y ,y ,
evaluate the full wind field from a single fixed radar.evaluate the full wind field from a single fixed radar.

◆◆The WSRThe WSR--88D has internal sampling issues which can 88D has internal sampling issues which can 
reduce the spatial coverage (“purple haze”)reduce the spatial coverage (“purple haze”)reduce the spatial coverage ( purple haze ).reduce the spatial coverage ( purple haze ).

◆◆The WSRThe WSR--88D winds are typically measured several 88D winds are typically measured several 
hundred to several thousand feet above the surface.hundred to several thousand feet above the surface.
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Hurricane Reconnaissance Aircraft

Air Force WC-130 NOAA WP-3
FEMA Hurricane Readiness − Coastal Communities

Air Force WC 130 NOAA WP 3
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Hurricane Reconnaissance Aircraft

NOAA G-IV
FEMA Hurricane Readiness − Coastal Communities

(High Altitude Reconnaissance)
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Hurricane Reconnaissance Aircraft

T-6
(Th Fi t “H i R i ” Ai ft)
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(The First “Hurricane Reconnaissance” Aircraft)
July, 1943
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RECONNAISSANCE FLIGHT PATH

Aircraft “ALPHA”Aircraft ALPHA” 
Pattern
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90 kt90 kt
95 kt

105 kt

90 kt90 kt

RECON  FLIGHT-LEVEL  WINDS

HURRICANE  GEORGES  9/20/98 20-23ZRECON  FLIGHT-LEVEL  WINDS
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Dropsondes are released 
from Hurricane Hunterfrom Hurricane Hunter 
aircraft at an altitude of 
about 10,000 feet.
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C id bl Diff B t Fli ht L l Wi d d

Since a hurricane is a

Considerable Differences Between Flight Level Winds and 
Surface Winds

Since a hurricane is a 
“warm-core” low, winds 
increase downward from { flight-level (10,000 ft){

However, friction causes 

{ the wind to decrease in 
the lowest 1,500 ft of the 
eyewall

{
FEMA Hurricane Readiness − Coastal Communities

eyewall

Credit: NHC
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H u r r i c a n e  G e o r g e s  -  E y e w a l l
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Limitations of Surface DataLimitations of Surface Data
◆◆ Data often lost during landfalls due to power failures, Data often lost during landfalls due to power failures, ◆◆ g p ,g p ,

communications failures, or station destruction.communications failures, or station destruction.
◆◆ Instruments almost never sample the maximum wind, Instruments almost never sample the maximum wind, 

hi h i llhi h i llwhich occurs in a small area.which occurs in a small area.
◆◆ Instrument placing and exposure can seriously affect the Instrument placing and exposure can seriously affect the 

measured wind speedmeasured wind speed –– resulting in both lower and higherresulting in both lower and highermeasured wind speed measured wind speed resulting in both lower and higher resulting in both lower and higher 
wind measurements.wind measurements.

◆◆ Friction reduces the Friction reduces the surfacesurface wind speeds over land, which wind speeds over land, which 
lt i i ifi t i d d diff b tlt i i ifi t i d d diff b tcan result in significant wind speed differences between can result in significant wind speed differences between 

just offshore and just onshore.just offshore and just onshore.
(major(major source of HURREVAC problems!)source of HURREVAC problems!)

FEMA Hurricane Readiness − Coastal Communities

(major(major source of HURREVAC problems!)source of HURREVAC problems!)
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Why understand the limitations of observations?

• Analysis (and forecast) of the size of a Tropical 
Storm or Hurricane plays an important role in the 
location and timing of watches and warnings

• Timing of onset of various wind speeds plays a• Timing of onset of various wind speeds plays a 
critical role in evacuation and emergency services 
decisionsdecisions

FEMA Hurricane Readiness − Coastal Communities 6-20



Hurricane Forecast Coordination

Forecasts and Warnings are Coordinated With:
 The The HydrometeorologicalHydrometeorological Prediction Center (HPC) and Prediction Center (HPC) and 
Ocean Prediction Center (OPC) in Washington D COcean Prediction Center (OPC) in Washington D COcean Prediction Center (OPC) in Washington, D.C.Ocean Prediction Center (OPC) in Washington, D.C.

 Local National Weather Service offices in the Local National Weather Service offices in the 
potentially affected areapotentially affected area

 Department of Defense (DOD) officesDepartment of Defense (DOD) offices Department of Defense (DOD) officesDepartment of Defense (DOD) offices

 Caribbean meteorological officesCaribbean meteorological offices
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National Weather Service

◆ Tropical Prediction Center/National Hurricane 
Center (TPC/NHC)

◆ Hydrometeorological Prediction Center (HPC)
◆ River Forecast Centers (RFC)
◆ Storm Prediction Center (SPC)
◆ Local Weather Forecast Office (WFO)( )

FEMA Hurricane Readiness − Coastal Communities 6-22



Which NWS Office Does What?

• National Hurricane Center 
o Issues Coastal Tropical Storm/Hurricane Watches & 
Warnings

• Local Weather Forecast Office• Local Weather Forecast Office
o Issues Inland Tropical Storm/Hurricane Watches & 
Warnings
o Issues Extreme Wind Warnings for CAT 3+ Eye Wall 
Winds
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Which NWS Office Does What?

• Storm Prediction Center
o Issues Tornado Watches

• Local Weather Forecast Office
o Issues Tornado Warnings

FEMA Hurricane Readiness − Coastal Communities 6-24



Which NWS Office Does What?

• River Forecast Center
o Run computer models and create guidance

• Weather Forecast Office
I A i l & Ri Fl d W t h &o Issues Aerial & River Flood Watches & 

Warnings 
o Issues Coastal Flood Watches & Warningso Issues Coastal Flood Watches & Warnings
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Which NWS Office Does What?

• National Hurricane Center
o Creates the BIG picture
o All WFO products are based on their 
guidance

Weather Forecast Office• Weather Forecast Office
o Creates the local picture of hurricane affects 
o The Hurricane Local Statement is the maino The Hurricane Local Statement is the main 
summary of expected local impacts!
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Role of Local Weather Forecast Office

Communicate
Analyze all 
the various 

products and 

Develop localized 
picture of 

timing and affect

Communicate 
uncertainty and 
impacts so our 
customers can 

forecasts
timing and affect

make informed 
decisions
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WFO Webinars to Emergency Management

◆ Contact your local WFO for 
details

◆ Every 6 hours around NHC 
Advisory issuance
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Advisory Products for Monitoring Hurricanes

TPC/NHC d f t f d i d tTPC/NHC produces four types of advisory products:

Tropical cyclone public advisory

Tropical cyclone forecasts/advisory

Tropical cyclone discussion 

Tropical cyclone wind speed probabilities

All four advisory products are issued every 
six hours for all tropical cyclones.
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Time (UTC)Time (UTC) Task / EventTask / Event

TPC/NHC Six-hour forecast cycle

Time (UTC)Time (UTC) Task / EventTask / Event

00:0000:00 Synoptic time, cycle beginsSynoptic time, cycle begins

00:4500:45 Receive satellite fix dataReceive satellite fix data

01:0001:00 Initialize modelsInitialize models

01:2001:20 Receive model guidance, begin Receive model guidance, begin 
preparing forecastpreparing forecast

02:0002:00 NWS/DOD hotline coordination callNWS/DOD hotline coordination call

03:0003:00 Advisory package deadlineAdvisory package deadline

FEMA Hurricane Readiness − Coastal Communities

03:1503:15 FEMA conference callFEMA conference call

06:0006:00 Next cycle beginsNext cycle begins



ZCZC MIATCPAT3 ALL                                                                            TTAA00 
KNHC DDHHMM BULLETIN

Public Advisory (Partial Example)
KNHC DDHHMM                                                                       BULLETIN                                   
HURRICANE CHARLEY ADVISORY NUMBER 16                                                
NWS TPC/NATIONAL HURRICANE CENTER MIAMI FL                                
5 AM EDT FRI AUG 13 2004

...HURRICANE CHARLEY IN THE FLORIDA STRAITS...

AT 5 AM EDT 0900Z THE HURRICANE WARNING IS EXTENDEDAT 5 AM EDT...0900Z...THE HURRICANE WARNING IS EXTENDED 
NORTHWARD ALONG THE FLORIDA WEST COAST TO THE 
STEINHATCHEE RIVER. A HURRICANE WARNING IS NOW IN EFFECT 
FOR THE FLORIDA KEYS FROM THE DRY TORTUGAS TO THE SEVEN 
MILE BRIDGE...AND FOR THE FLORIDA WEST COAST FROM EAST 
CAPE SABLE NORTHWARD TO THE STEINHATCHEE RIVER. A 
HURRICANE WARNING MEANS THAT HURRICANE CONDITIONS ARE 
EXPECTED WITHIN THE WARNING AREA DURING THE NEXT 24 
HOURS. PREPARATIONS SHOULD BE RUSHED TO COMPLETION. 
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Tropical Cyclone Public Advisory Format

Primarily intended for the general public, this advisory follows 

◆ Lead statement that highlights significant aspects of the storm 
a standard format to provide the following information :

◆ Watches and Warnings issued

◆ Center location and motion forecast 

◆ Wind speed and intensity 

◆ Expected storm surge 

◆ Actions to be taken 

◆ Associated meteorological events 
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Special Tropical Cyclone Public Advisory
A Special Public Tropical Cyclone Advisory is issued when: 
◆ Storm conditions require issuance between regularly 

scheduled public advisories

A i ifi h h d i i h i f◆ A significant change has occurred, requiring the issuance of 
a revised forecast package

◆ Conditions require change or cancellation of an existing◆ Conditions require change or cancellation of an existing 
warning

◆ A tornado threat develops or the hurricane forecaster 
believes other significant changes have occurred

Content is similar to that of a scheduled advisory, but its format 
b l f l d l l t

FEMA Hurricane Readiness − Coastal Communities 6-33
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Intermediate Tropical Cyclone Public Advisory

An Intermediate Tropical Cyclone Public Advisory is issued

◆ There are tropical cyclone watches or warnings in effect

An Intermediate Tropical Cyclone Public Advisory is issued 
when: 

p y g

◆ Coastal watches or warnings can be discontinued; 
however, they can NOT be issued in this product.

Content is similar to that of the regularly scheduled public 
advisoryadvisory.
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Regular vs Intermediate Advisories
11 AM, Regular Advisory 1 PM, Intermediate Advisory

Updates storm p
position, not 
forecasted 
movement
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Intermediate vs Special Advisories
1 PM, Intermediate Advisory 2 PM, Special Advisory

Updates stormUpdates storm Updates storm 
position AND 

forecasted 
movement

p
position, not 
forecasted 
movement
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Summary of Public Advisories
◆ TC Public Advisory:  Issued every six hours once a tropical 

cyclone has developed

◆ Intermediate TC Public Advisory:  Issued every three hours 
once watches/warnings have been issued and every two 
hours once a reliable center is indicated on radar.  The only 
updates are storm position and discontinuation of any 
watches/warningswatches/warnings.

◆ Special TC Public Advisory:  Issued whenever a significant 
change in a tropical cyclone has occurred (example: windchange in a tropical cyclone has occurred (example: wind 
speed increase or change in storm movement) and/or a 
watch/warning needs to be issued before the regularly 
scheduled TC Public Advisory.

FEMA Hurricane Readiness − Coastal Communities

scheduled TC Public Advisory.
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Tropical Cyclone Forecast/Advisory

C t i i d fi ld i f ti◆ Contains wind field information
◆ Data from this advisory is used to create HURREVAC and 

Internet graphicsg p
◆ Follows a standard format to provide 12-, 24-, 36-, 48-, 72-, 96-, 

and 120-hour forecast positions  
◆ Where appropriate, the tropical storm forecast/advisory will also 

include information, such as:
– Watches/warnings
– Present location, accuracy, and movement
– Other
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The Familiar Watch/Warning Graphic

2008 Hurricane Ike2008 Hurricane Ike

5 days
later



Tropical Cyclone Discussions
Intended for other forecasters, these discussions explain the 

◆ Prognostic reasoning

p
rationale for the current forecast level of confidence.  They  
generally include: 

◆ Prognostic reasoning
◆ The objective techniques employed
◆ NOAA NWS model guidance used◆ NOAA NWS model guidance used
◆ Coordinated 12-, 24-, 36-, 48-, 72-, 96-, and 120-hour 

tropical cyclone forecast points 
◆ Maximum wind speed forecasts for each forecast point
◆ Other meteorological decisions
◆ Plans for watches and/or warnings

FEMA Hurricane Readiness − Coastal Communities 6-40
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Hurricane Statistics 2000-2006

A t h l thAverage watch length was 
489 miles

Average warning length wasAverage warning length was 
417 miles

Average coastal length thatAverage coastal length that 
actually received hurricane 
force winds: 100 miles

Your chance of hurricane force winds:  
- If in a hurricane watch – 20% or a 1 in 5 chanceIf in a hurricane watch 20% or a 1 in 5 chance
- If in a hurricane warning – 25% or a 1 in 4 chance
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Deal or No Deal?
.01

.10.10

1.00

5 00
Banker is offering $200,000 to quit.

5.00 If you say “No Deal”, there is only a 20% 
chance of knocking the $1 million case 

t f l i th t dout of play in the next round.

1,000,000



Deal or No Deal?
.01

.10 The $1 million case is knocked.10

1.00

5 00

The $1 million case is knocked 
out, this is an extreme event!  

5.00
A hurricane is an extreme event!  
It can take away your home, can y y ,
hurt your family, and cost billions 
of dollars.



Forecasting With Uncertainty

5-Year Average
Forecast Errors
2003-20072003 2007

12 hour – 34 miles
24 hour – 58 miles
36 hour – 82 miles
48 hour – 106 miles
3 day – 154 miles

The cone is formed by enclosing the area swept out by a set of 

4 day – 208 miles
5 day – 272 miles

circles along the forecast track (at 12, 24, 36 hours, etc)

The size of each circle is related to the average error 



What if Charley veered a bit to the left?



64 kt Cumulative 0-120 h 18 UTC Thu 12 Aug

Note that 
chances of 
hurricanehurricane 
conditions at 
Tampa Bay and 
Port CharlottePort Charlotte 
are both around 
30%!

FEMA Hurricane Readiness − Coastal Communities
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Wind Forecasts from the NHC
◆ These products provide probabilities of surface◆ These products provide probabilities of surface 

wind speeds of at locations along the coastlines 
and inland sites of the United States and other 

t i i th Atl ti d t N th P ificountries in the Atlantic and eastern North Pacific 
basins are available. 

◆ The probabilities are based on errors during recent e p obab t es a e based o e o s du g ece t
years in the official track and intensity forecasts 
issued by the NHC. 
V i bilit i t i l l i ( i d dii) i l◆ Variability in tropical cyclone size (wind radii) is also 
incorporated. 
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Wind Speed Probabilities Map

Conveys the combined 
uncertainty in track, 
intensity, and storm size 

t h i t that each point on the 
map 
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The Need for this Product

Need for improved means of conveying tropical cycloneNeed for improved means of conveying tropical cyclone 
forecast uncertainty to various types of users

– New product is about a weather event at any specificNew product is about a weather event at any specific 
location

– Conveys chances of wind speeds of at least particular 
thresholds

34 kt / 39 mph (tropical storm force)• 34 kt / 39 mph (tropical storm force)
• 50 kt / 58 mph
• 64 kt / 74 mph (hurricane force)

– Accounts for combined uncertainty in track, intensity, and y , y,
size

– Extends to 5 days
– Includes inland locations
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What do the products tell you?

– What are the chances this event is going to happen to me?
• Do I need to prepare?
• Cumulative period probabilities• Cumulative period probabilities
• New graphics and text products from NHC and CPHC

– When is the event most likely to start at my location?
• How much time do I have left to prepare?

Individual period probabilities• Individual period probabilities
• New text products from NHC and CPHC
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Wind Speed Probs in HURREVAC
•Plotting thePlotting the 
Wind Probability 
text product

Sh i•Showing 
Chances of:

• Hurricane• Hurricane 
Force winds 
(red), 

•50 Kt winds 
(yellow), and 

•TS winds
FEMA Hurricane Readiness − Coastal Communities

•TS winds 
(blue)
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WFO Hurricane Local Statements
Local WFOs analyze NHC products and issue Hurricane Local 

◆ Lead statement
Counties or municipalities included in the HLS

y p
Statements (HLS), which contain: 

◆ Counties, or municipalities included in the HLS
◆ Watches and/or warnings in effect 
◆ Recommended precautionary actions p y
◆ Storm surge and storm tide information 
◆ Present winds and the expected time of onset of tropical     

storm or hurricane force windsstorm or hurricane-force winds
◆ Tornado, flood, flash flood, rip current, beach erosion, and    

inland high wind potential

FEMA Hurricane Readiness − Coastal Communities

◆ The time of the next statement
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Inland Tropical Storm/Hurricane Watches and Warnings

◆ Issued when a tropical storm isIssued when a tropical storm is 
expected to remain at tropical 
storm/hurricane strength well inland

◆ Calls greater attention to the threat 
◆ Issued when tropical storm/hurricane-force p

winds are anticipated beyond coastal areas—even 
though the actual occurrence, time, and location may 
b t ibe uncertain

◆ Wind fields from the tropical storm forecast/advisory 
ill b d id h i th t h

FEMA Hurricane Readiness − Coastal Communities

will be used as guidance when preparing the watch
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Extreme Wind Warning

◆ Issued by a local forecast office when 
sustained winds of 115 mph or higher are 
expected to occur over the warned area 
within one hour

◆ Used ONLY for Category 3 or stronger 
h ihurricanes
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Graphical Tropical Weather Outlook
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http://weather.gov
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Advanced Hydrologic Prediction Service
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Advanced Hydrologic Prediction Service
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Changes for 2009
• The Tropical Cyclone Storm Surge Probability products, previously experimental, 

will become operational. 

• The Atlantic and Eastern Pacific Tropical Cyclone Wind Field Graphics will 
become operational. 

• The Atlantic and Eastern Pacific Graphical Tropical Weather Outlooks will 
become operational.

• The “Special Tropical Disturbance Statement” will be discontinued and replacedThe Special Tropical Disturbance Statement  will be discontinued and replaced 
with a "Special Tropical Weather Outlook". The Special Tropical Weather Outlook 
will be issued when significant changes have occurred to disturbances between 
the regular Outlook issuance times.

• Storm surge information and forecasts in the Public Advisory will be expressed in 
terms of “height above ground level” or “inundation”.

FEMA Hurricane Readiness − Coastal Communities

Go to http://www.nhc.noaa.gov/nhc_new_2009.shtml for a complete list of changes.
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Hurricane Forecasting

◆ The TPC/NHC relies on 
hurricane computer modeling 
and observationaland observational 
instrumentation for hurricane 
forecasting

◆ Over the past 20 years◆ Over the past 20 years, 
forecast accuracy has 
increased  

◆ Despite advances in data 
collection systems, the 
accuracy of forecasts is still 

FEMA Hurricane Readiness − Coastal Communities

limited
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Constructing the NHC ForecastConstructing the NHC Forecast

B d th k l d dB d th k l d d Based on the knowledge and Based on the knowledge and 
experience of the forecaster experience of the forecaster 

bi d ith d l id dbi d ith d l id dcombined with model guidance and combined with model guidance and 
all available dataall available data

 Important to maintain consistency Important to maintain consistency 
with the previous forecastwith the previous forecast

 Also important to remember that the Also important to remember that the 
guidance could be wrong!guidance could be wrong!

FEMA Hurricane Readiness − Coastal Communities
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TRACK  FORECASTING

◆USE  OF  INITIAL  MOTION,  
CLIMATOLOGY, AND PERSISTENCE

◆USE  OF  INITIAL  MOTION,  
CLIMATOLOGY, AND PERSISTENCECLIMATOLOGY,  AND  PERSISTENCE

◆CONTINUITY  FROM  PREVIOUS  
FORECAST

CLIMATOLOGY,  AND  PERSISTENCE
◆CONTINUITY  FROM  PREVIOUS  

FORECASTFORECAST
◆USE  OF  COMPUTER  GUIDANCE  

MODELS

FORECAST
◆USE  OF  COMPUTER  GUIDANCE  

MODELSMODELS
◆NON-METEOROLOGICAL  FACTORS

MODELS
◆NON-METEOROLOGICAL  FACTORS
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SOME TRACK PREDICTION MODELS USEDSOME  TRACK  PREDICTION  MODELS  USED         
BY  THE  NHC

◆CLIPER◆CLIPER ◆GFDL◆GFDL

(RELATIVELY  SIMPLE) (MORE  COMPLEX)

◆NHC90
◆BAMS
◆NHC90
◆BAMS

◆GFS
◆NOGAPS
◆GFS
◆NOGAPS

◆BAMM
◆BAMD
◆BAMM
◆BAMD

◆UKMET
◆ECMWF
◆UKMET
◆ECMWF

◆LBAR◆LBAR
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Katrina 5 Day Forecast Model Plots
08/24/2005 1:00 pm CDT. 
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Forecasting can be a Challenge!
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Forecasting can be a Challenge!
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GFS Track Forecasts for IvanGFS Track Forecasts for Ivan
Credit: NHC

GFS Track Forecasts for Ivan

FEMA Hurricane Readiness − Coastal Communities9/7/04 12Z – 9/11/04 12Z: SIGNIFICANT 
RIGHT BIAS

9/13/04 12Z – 9/15/04 12Z: EXCELLENT 
IN SPECIFYING IVAN’S LANDFALL 

LOCATION ON GULF COAST.



Inaccuracies in Observations
◆ Having enough observations to supply 

data for the computer models is a 
problem, especially over the ocean  

◆ Observational tools take measurements◆ Observational tools take measurements 
in different ways, and all of them have 
different accuracies

◆ The forecaster must determine, out of all these 
measurements and computer runs, which ones best 
represent the stormrepresent the storm 

◆ Forecasters must also be concerned about rapid 
changes that take place between model runs 

FEMA Hurricane Readiness − Coastal Communities

g p
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Errors in Forecasting

◆ The NHC average 
forecast track error at 
72 hours is roughly

◆ A ‘perfect’ forecast is  
knowing the location 
and intensity with 10072 hours is roughly  

150 nautical miles. 
and intensity with 100 
percent accuracy. 

This gap is the reality that underlies decision-making. 
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Successes and Challenges
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S d Ch llSuccesses and Challenges
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Remarks about Intensity ForecastingRemarks about Intensity Forecasting

- Intensity forecasting is not as advanced as track 
forecasting. Compared to climatology and

- Intensity forecasting is not as advanced as track 
forecasting. Compared to climatology andforecasting.  Compared to climatology and 
persistence, there is only very limited skill.
forecasting.  Compared to climatology and 
persistence, there is only very limited skill.

- Current guidance is provided mainly by 
statistical models.  Improvements in these 
models using oceanic heat content and rapid

- Current guidance is provided mainly by 
statistical models.  Improvements in these 
models using oceanic heat content and rapidmodels, using oceanic heat content and rapid 
intensification criteria, are likely.
models, using oceanic heat content and rapid 
intensification criteria, are likely.

- Dynamical models show little skill in intensity 
forecasting; however, in time, improvements to 
th d l d h d b ti ff

- Dynamical models show little skill in intensity 
forecasting; however, in time, improvements to 
th d l d h d b ti ff

FEMA Hurricane Readiness − Coastal Communities

these models and enhanced observations offer 
hope for the future. 
these models and enhanced observations offer 
hope for the future. 



Three Main Sources of Errors

th d f b ti◆ Methods of observation:
– Satellite

Reconnaissance– Reconnaissance
– Radar

◆ Inaccuracies in the observations or insufficient◆ Inaccuracies in the observations or insufficient 
numbers of observations 

◆ Incomplete understanding of the physics of the 
hurricane and the atmosphere in which it is 
embedded
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Probabilities and Margins of Error

◆ Plan for a storm one category higher than is◆ Plan for a storm one category higher than is 
currently forecast 

◆ Prepare in advance to take action in case 
the track shifts suddenly or the storm’s 
speed increases
– Speed up storm by 6 hours
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Track Errors and Evacuation Decisions

◆ You must make the decision to evacuateYou must make the decision to evacuate 
while keeping track errors in mind –
about 60 n mi at 24 hours
(2-yr running average 2004-2005)(2 yr running average 2004 2005)

◆ Hurricane conditions typically affect a 
swath of about 100 statute miles of 
coastline. Watches and warnings are 
usually issued for 400-500 miles of 
coastline  

◆ Costs of evacuations and loss of life are 
weighed against errors in forecasting to 
decide on a course of action

FEMA Hurricane Readiness − Coastal Communities

decide on a course of action
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HURREVAC as a Forecasting Tool

HURREVAC uses the TPC/NHC advisory

◆ Hurricane’s track

HURREVAC uses the TPC/NHC advisory 
package to graphically show the:
◆

◆ Forecast track errors
◆ Strike probabilities p
◆ Wind fields

When combined with HES information, HURREVACWhen combined with HES information, HURREVAC 
provides data for making an evacuation decision.

HURREVAC IS NOT A WEATHER FORECAST MODEL!!!
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Wind Radii mode of HURREVAC
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NHC Wind Forecasts

Wind is notWind is not
reduced over
l dland

Over land, 
duse speed as

potential for
FEMA Hurricane Readiness − Coastal Communities

gusts
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Wind Radii Issues

◆ R dii t th l ti i d Th◆ Radii are not the real-time winds. They are 
based on forecast extent of winds in 
respective quadrants.respective quadrants.

◆ Winds are not symmetric or “doughnut 
shaped”

◆ Wind radii are not valid over land
◆ Best if used as a rough guide to estimate 

i l d d t f t i l tarrival and departure of tropical storm or 
hurricane force winds. 
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Wind Swath Mode

◆ Hurricane 
force winds 
are notare not 
expected for 
SW Alabama

◆ Just TS winds 
in SE MS.

◆ A good 
planning 
tool?

FEMA Hurricane Readiness − Coastal Communities

tool?
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Wind swath-24 hrs later?

◆ Hurricane force 
winds are now 
expected in SW 
AL and SE MS
B t if d◆ Best if used 
within 24 hrs of 
landfall coupledlandfall, coupled 
with the Decay 
model 

FEMA Hurricane Readiness − Coastal Communities 6-81



Wind Timing Table

◆ Shows wind arrival and end times based on 
the current forecast track, radii, and forward 
speed.
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Wind Timing, Single Location

◆ Breaks down 
wind timing g
hour by hour, 
based on 
f tforecast.
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Unit Summary

◆Hurricane forecasting is a shared responsibility 
between the NHC and the local WFO

◆The NHC provides information about the 
hurricane’s

present position        track
wind speed threat of severe weather
i t it th t f fl d / fl h fl dintensity threat of flood / flash flood
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Repeat:  Role of Local Weather Forecast Office

Communicate
Analyze all 
the various 

products and 

Develop localized 
picture of 

timing and affect

Communicate 
uncertainty and 
impacts so our 
customers can 

forecasts
timing and affect

make informed 
decisions
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Lessons Learned
◆ When monitoring the 

storm what are the 
most critical factors?

◆ How can we◆ How can we 
correct/improve the 
inaccuracies in tropical p
storm observations?

◆ What tools/products 
h b t f lhave been most useful 
and accurate in 
forecasting tropical
FEMA Hurricane Readiness − Coastal Communities

forecasting tropical 
storms?
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Unit 7—Evacuation Decision Considerations

◆ Decision-Making Authority Issues
◆ Hurricane Action Templatep
◆ Risk Profiling
◆ Regional Decision Makingg g
◆ Activity 7:1—Guided Discussion—Current 

Issues

FEMA Hurricane Readiness − Coastal Communities 7-1



Decision-Making Process

◆ Define ultimate authority
◆ Consensus from other elected officials
◆ Verification by local ordinance or state code
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Protective Action Decision-Making

◆ What are some examples of Protective Action 
Decision-Making in your jurisdiction?
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Forecast Factors

◆ Plan for one hurricane category higher than 
forecast

◆ Current forecast
◆ Error cone
◆ Projected storm track
◆ Storm intensityy
◆ Storm direction
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Rule of Thumb

◆ Run from the water (storm surge/flooding)
◆ Hide from the wind
◆ Evacuation should focus on the flood-prone 

areas
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Vulnerable Facilities

◆ Mobile Homes
◆ Substandard Construction
◆ Manufactured Housing
◆ Special Needs Populationsp p
◆ Isolated Areas
◆ Tourist AreasTourist Areas
◆ Special Events
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Who Is Most Vulnerable?

◆ What are some examples in your community 
of vulnerable populations?
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Who Needs to Leave or Stay?

◆ Basic Questions
– Do they live in a storm surge area?
– What structures will withstand the winds?
– What areas are most susceptible to inland 

flooding?flooding?
– Shadow evacuations
– Community isolationCommunity isolation
– Who should leave first?
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In-County vs. Out-of-County Evacuations

◆ How vulnerable is the area?
◆ What resources are available immediately, y

short term, and long term?
◆ What are the host out-of-county 

considerations?
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Th H i Ri k P fil

Effective Evacuation Decisions

The Hurricane Risk Profile 
concept addresses:

◆ What questions must beWhat questions must be 
addressed by state/local 
officials before issuing an 
evacuation?evacuation?

◆ Decision makers must 
guard against shadow g g
evacuations and make 
informed decisions based 
upon the forecast threat
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upon the forecast threat.
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Effective Evacuation Decisions

◆ Politics vs. planned evacuation 
processes

◆ Economic impacts 
◆ Decision making authorityg y
◆ Accountability: can you support 

your decision? y

Evacuation Decision’s are made 
to save lives!
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to save lives!
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Risk Profiling
◆ The HES has determined who isThe HES has determined who is 

vulnerable to tropical cyclone hazards

◆ Risk Profiling concept will help determine 
the specific risk based upon the forecast

– Risk can be tracked and will assist with 
accountability for your decisionaccountability for your decision

– Risk Profiling be used in conjunction with a 
FEMA Hurricane Readiness − Coastal Communities

g j
Readiness Checklist
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Risk Profiling

Where/When/How should you focus yourWhere/When/How should you focus your 
evacuation efforts?  

◆ Defining the Risk Area 

◆ Determining Intensity at which to plan 
evacuations

◆ Consider Evacuation Scenarios and 
timingg

◆ Other Considerations that may impact 
your decision

FEMA Hurricane Readiness − Coastal Communities

your decision
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Defining the Risk Areas               
Who is at risk based upon the current forecast?

◆ Are you within the 
error cone?

◆ Are watches or 
warnings issued?warnings issued?

◆ What are your wind 
speed probabilities? 
Are they increasing?

◆ What is the 
forecasted peak 
wind speed at 
impact?p

◆ Is the track trending 
towards or away 
from your coast?
B d th
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◆ Based on these 
factors you should 
have a well defined 
at risk area.



Intensity Planning
The category of storm will drive your evacuations.

◆ What is the current 
intensity?

◆ What is the highestWhat is the highest 
forecast intensity?

◆ How close is the 
intensity to the nextintensity to the next 
category?

◆ How many hours 
before the landfallbefore the landfall 
of the eye?

◆ Based on these 
factors you should

FEMA Hurricane Readiness − Coastal Communities

factors you should 
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expectation of the 
intensity to plan for.



Evacuation Scenarios               
Timing TS winds and clearance times

◆ Is the forward speed 
changing?

◆ What is the 
clearance timeclearance time 
based on the 
Intensity Planning?

◆ What  are the 
differences betweendifferences between 
Direct to Point and 
forecast track timing 
calculations?

◆ What time of day is◆ What time of day is 
the decision time?

◆ Based on these 
factors you should 
h ll d fi d
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Other Considerations                
Planning for events out of your control

◆ Is it a holiday,Is it a holiday, 
special event, or 
weekend?

◆ Are other regions 
ti ?evacuating?

◆ What is the extent 
of impacts for 
others in yourothers in your 
region?

◆ Based on these 
factors you should 
ha e anhave an 
understanding of 
other factors that 
may impact your 
clearance time

FEMA Hurricane Readiness − Coastal Communities
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and ultimately your 
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Florida Risk Profile                
Automating Risk Profiling in HURREVAC

◆ A quick way to getA quick way to get 
a feel for the latest 
risk

◆ Available for 
t t id i k dstatewide risk and 

individual counties
◆ Not the solution 

nor the final wordnor the final word 
on evacuation 
decision making

◆ An objective way 
of assessing riskof assessing risk

◆ Please contact 
your State 
Program Manager

FEMA Hurricane Readiness − Coastal Communities

Program Manager 
for details 

7-18



Regional Considerations

◆ Evacuation decisions by one jurisdiction can 
and do affect others

◆ Inter-county and inter-state coordination is 
necessary

◆ Inland officials must be given adequate notice 
to absorb the impact of other jurisdictions’ 
d i idecisions

◆ State agencies should provide leadership
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Regional Communications

◆ How effectively can you communicate with 
other EOCs?

◆ How do public safety officials communicate?
◆ How effective are your communications with 

the in-county and out-of-county shelters?
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Shelter Considerations

◆ Facility vulnerability
◆ Family and friends
◆ Motels and hotels
◆ Public shelters (American Red Cross and others)
◆ Facility capabilities and POCs◆ Facility capabilities and POCs
◆ Train staff
◆ Good Samaritan Shelters◆ Good Samaritan Shelters
◆ Refuge of Last Resort
◆ Liability

FEMA Hurricane Readiness − Coastal Communities

y
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Activity 7:1—Guided Discussion—Current Issues

◆ Current issues facing your jurisdictions in 
hurricane readiness planning and preparation
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Unit 8:  Hurricane Readiness Checklist

◆ Hurricane Readiness Checklist Overview
◆ Pre-Season Action Considerations
◆ 120, 72, 48–36, and 24 hours before landfall
◆ Impactp
◆ Post-Landfall
◆ Activity 8:1—Hurricane Readiness ChecklistActivity 8:1 Hurricane Readiness Checklist
◆ Lessons Learned
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Hurricane Readiness Checklist

◆ Designed to facilitate coordination between 
local decision-making officials and prompt 
them to initiate hurricane protective actions.
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Pre-Season Action Considerations

◆ Revise and update local plans and SOPs
◆ Train staff, conduct exercises/drills and table tops
◆ Conduct pre season coordination meetings◆ Conduct pre-season coordination meetings

– ESF primary/secondary agencies
– Shelter managers
– Local and Regional Media

◆ Update decision-assistance tool capacity

Are there any other items to be considered?
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120 Hours Before Landfall

◆ Alert Council/Commission Representatives
◆ Contact Local NWS WFO
◆ Contact Chamber of Commerce
◆ Alert Special Needs Entitiesp
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72 Hours Before Landfall

◆ Storm-monitoring actions
◆ Conference calls with NWS/NHC/STATE
◆ Update HURREVAC based on forecasts issuedUpdate HURREVAC based on forecasts issued
◆ Notify response plan agencies and conduct 

preliminary briefings
◆ Partially activate EOC activate phone lines◆ Partially activate EOC, activate phone lines, 

personnel, stage equipment, etc.
◆ Conduct preliminary evacuation meeting (clearance-

time-based)time based)
◆ Initial protective actions to be taken by Emergency 

Management
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48–36 Hours Before Landfall

◆ State conference calls
◆ Activate EOC fully
◆ Public awareness considerations◆ Public awareness considerations
◆ Issue situation reports/press releases
◆ Shelter meetingsg
◆ Additional evacuation/Traffic Control Coordination 

Meetings
◆ Voluntary/mandatory/recommended evacuations◆ Voluntary/mandatory/recommended evacuations
◆ How does a hurricane watch impact decisions?
◆ Identify vulnerable populations

FEMA Hurricane Readiness − Coastal Communities
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24 Hours Before Landfall

◆ Evacuation coordination/Decision meetings
◆ Monitor shelters
◆ Consider refuge of last resort
◆ Respond to various public awareness, p p ,

information, and security issues
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Impact

◆ During the impact phase of a storm, it is 
important to begin planning for an 
immediate/initial response based on the 
perceived and experienced impacts
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Post-Landfall

◆ Impact assessment
◆ Search and rescue
◆ State/neighboring coordination
◆ Public awareness issues and re-entry issuesy
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Activity 8:1—Hurricane Readiness Checklist

◆ Using the Hurricane Readiness Checklist, 
prioritize those items that have the most 
significant impact in your jurisdiction

◆ Add additional items that may be important to 
l i d d i i kiyour planning and decision-making process
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Lessons Learned

◆ What additional issues need 
to be addressed when 
planning for the impact of a 
tropical cyclone or 
hurricane?

◆ What other measures could◆ What other measures could 
be implemented when 
informing the public 
regarding the re-entry 
process?
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Unit 9: Re-Entry

◆ R t i it◆ Re-entry priority
◆ Safety issues
◆ Security issues
◆ Traffic
◆ Zones
◆ Public informationPublic information
◆ Emergency Support 

Functions (ESFs)
◆ Activity 9:1 Best◆ Activity 9:1—Best 

Practices
◆ Lessons Learned
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Re-Entry Guidelines

◆ Now that citizens have evacuated, what is 
your re-entry plan/Annex?

◆ Determine that an area is safe and free from 
further harm or damage before people return 
t th i h d b ito their homes and businesses

◆ It is important to coordinate with other 
iti d i tcommunities and private sources
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Evacuation vs. Re-Entry

◆ Decisions by elected officials
◆ Public information about routes
◆ Zones
◆ Phases
◆ Signage
◆ Traffic management/controlTraffic management/control
◆ Same ESFs
◆ Other?
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Re-Entry Priority
Essential vs. Non-Essential:

◆ Re-entry priority: Who returns first?

Essential vs. Non Essential:

◆ Law enforcement

◆ Search and Rescue

◆ Private sector

◆ Volunteers◆ Volunteers

◆ The “72-Hour Rule”  
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Safety Considerations 

◆ Search and rescue of
casualties

◆ Hazardous Materials
◆ Water and waste 
◆ Roads and bridges
◆ Utilities
◆ Use HAZUS?
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Security Considerations

◆ Protection of lives
◆ Critical facilities

– Public
– Private
– Other

◆ Private property 
◆ ID badges and

passes
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Traffic

◆ Traffic signals 
◆ Conditions of signage
◆ V i bl◆ Variable messages

boards
◆ Road blockades
◆ Personnel to direct

traffic
◆ Alternate routes for◆ Alternate routes for

detours
◆ Other jurisdictions
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Zones

Red Zone No tilities orRed Zone: No utilities or 
public service, extreme 
devastationdevastation

Yellow Zone: Moderate to 
heavy damage debris onheavy damage, debris on 
roads

G Z N l t ffiGreen Zone: Normal traffic 
and activities
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Public Information

◆ Coordinate information with other
jurisdictions and agencies (joint press
releases and press conferences)releases and press conferences)

◆ Provide updated information on extent
of damage and road conditions

◆ Announce re-entry plans with routes
◆ Manage limited access for news media

to promote the messageto promote the message
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Public Information
◆ Emergency Alert Radio (EAS)g y ( )

◆ Public Radio: Statewide

◆ Governor’s Announcement◆ Governor s Announcement
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Activity 9:1—Best Practices 

◆ Using information from a recent tropical 
cyclone or hurricane, discuss the Best 
Practices used throughout the re-entry 
process
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Lessons Learned

◆ How did you involve 
personnel from other 
agencies in the disaster 
response?response?

◆ How well do you plan for 
coordination among Federal, 
state, and local agencies?

◆ Which private vendors might◆ Which private vendors might 
you contact for additional 
support and services?

◆ How well did your plans go 
f i i i h hfor communicating with the 
public, for the purposes of 
re-entry?
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Unit 10: Conclusion

◆ Jurisdictional Plans
◆ Takeawaysy
◆ Resources
◆ Training Opportunitiesg pp
◆ Course Review and Evaluation
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Jurisdictional Plans

◆ How current are your plans?
◆ When was the last time you conducted an y

exercise/drills and/or table-top exercise?
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Takeaways

◆ What are the important 
takeaways you have 
learned from thislearned from this 
training?

◆ How will you implement◆ How will you implement 
those in your 
jurisdiction?
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Resources for Hurricane Planning 

◆ The Internet
◆ Mitigationg

– Mitigation Technical Assistance Programs
– Hazard Mitigation Grant Program 
– Wind and Water Technical Assistance Program
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Training Opportunities 

◆ State and Local Emergency Management Offices 
◆ FEMA, Emergency Management Institute (EMI) 

– Independent study courses 
– Resident courses at EMI 

◆ Emergency Education Network (EENET)Emergency Education Network (EENET)
◆ Other

– Conferences 
– Higher education institutions
– Web-based courses 
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Course Review 

Unit 1: Introduction Unit 6: Monitoring theUnit 1: Introduction 

Unit 2: Hurricane 
Readiness 

Unit 6: Monitoring the 
Hurricane

Unit 7: Evacuation 

Unit 3: Hurricanes and 
Hazards 

Decision Considerations  

Unit 8: Hurricane 

Unit 4: Pre-Season 
Readiness 

Readiness Checklist

Unit 9: Re-entry 

Unit 5: Hurricane 
Evacuation Studies 

Unit 10: Conclusion
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Conclusion 

Hurricane planning is an 
ongoing effort.  
It requires continuous 
evaluation and planning 
to ensure that theto ensure that the 
community is always 
prepared, should aprepared, should a 
hurricane strike. 
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End of Course

Thank you for yourThank you for your 
active participation!
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