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Hurricane History of New England
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Hold on! What about TS, Cat 1, Cat 2...
Saffir-Simpson Hurricane Wind Scale

Surge, rainfall, and pressure fit the scale
like a square peg in around hole

(ateqory  Central Pressre  inds (mph) firge Damage
KATRINA (3)

IKE (2)

Millibars Inches Catastrophis

) I 27 e m— I’ » Extreme
i - T SANDY (ET)

CHARLEY (4)




Decision Making in the Face of Uncertainty

Key Questions:

Will we be impacted by the storm, and if so when? For how long?
How much coastal flooding and where?
What about wind and inland flooding from rain?

Who do we need to evacuate?

When does the evacuation need to start and how long will it take?

HES and NHC/NWS products assist/support you with evacuation decision making
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Hurricane Evacuation Studies (HES)
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Transportation Analysis

Critical Information for Planning and-Response...




Hazards Analysis

Understanding Storm Surge Potential

« Storm surge has the highest potential
for death and damage

Mean sea level

e Storm surge is the main reason we
evacuate the coast

» Worst Case Scenario Surge Maps used
to assess risk in your community

Analysis: Hazard Vvulnerability Behavioral Shelter Transportation
Products: Surge Maps Evacuation Zones Planning Data Clearance times
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What are the zones based on?

Storm surge vulnerable areas created
using the SLOSH model

Maximum of Maximum Storm
Surge Potential “MOM”

e Consist of thousands of runs

 Different intensities, pressure,
angles of approach, forward
speed, wind radii

* One per category — Worst case
scenarios

Analysis: Hazard Vulnerability Behavioral Shelter TransSportate
Products: Surge Maps Evacuation Zones Planning Data Clearance




Evacuation Zones

“Know Your Zone”

« Communicate risk to the public

« Communicate evacuation orders by zone

stand Sound
Long Isten Long Island S0t nid

Analysis: Hazard Vulnerability Behavioral Shelter Transportation
Products: Surge Maps Evacuation Zones Planning Data Clearance time




Vulnerability Analysis

Who may need to evacuate and What is at risk

* Citizens residing in surge
prone areas 3.0 Vulnerability Analysis

: Critical Facilities: Fire Stations — Fairfield County
Community | Zone® | Asset | Address

. S |_zp
° C I f | Bridgeport BRIDGEPORT FIRE DEPT - ENGINE 245 OCEAN TERRACE 06605
rltlca acl Itles COMPANY 7 AND LADDER 11

BRIDGEPORT FIRE DEPT - RESCUE 30 CONGRESS 5T 06604
SQUAD 5 - HEADQUARTERS

COMPANY 3 AND 4
LADDER &

W BRIDGEPORT FIRE DEPT - ENGINE 265 BEECHMONT AVE D6E06
BRIDGEPORT FIRE DEPT - ENGINE 104 EVERS ST 06610
COMPANY 15

 Mobhile/Manufactured
home communities

COMPANY 12
° Vu | ner ab I e s h e | ters BRIDGEPORT FIRE DEPT - ENGINE 3115 MADISON AVE 06606
COMPANY 16
BRIDGEPORT FIRE DEPT - ENGINE 950 BOSTON AVE 06610
COMPANY AND LADDER 10

[infand | NORGTON REIGHTS FIRE BE7T | 209 NOROTON AVE__|

FAIRFIELD FIRE DEPT STATION 1 - 140 REEF RD 06224

» Colleges/Universities

HEADQUARTERS
[Iond | PAFIELD FRE GEPT STATION2 | GO0 ENNNGSRD___|
[Tond | FARFIELD FRE DEFT STATIONS | 300 ACKWANAVE |

Greenwich GREENWICH FIRE DEPT STATION 5 - 207 SOUND BEACH AVE 06870
SOUND BEACH

Analysis: Hazard Vulnerability Behavioral Shelter Transportation
Products: Surge Maps Evacuation Zones Planning Data Clearance times




Vulnerability Analysis
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Hurricane Behavioral Analysis

Attitudes about risk from hurricane hazards — Primarily storm surge
Evacuation intentions and past experiences

Evacuation destinations

Evacuation routes [ he & s s

~M e EREEEs Y EEY W

Sources of forecast information

S -
Stamford
Table 4-2: Perceived Vulnerabhility of Home — Believe Home would Flood Dangerously fr Hurricane Barrier

Category 2 Category 3 Category 4
B/34 B/3-4 | Non-surge B/3-4
25%
Table 4-3: Perceived Vulnerability — Believe Home would not be Safe

Category 2 Category 3 Category 4

Analysis: Hazard Vulnerability Behavioral shelter Transportation
Products: Surge Maps Evacuation Zones Planning Data Clearance times




Hurricane Behavioral Analysis

« 600 total surveys in state
« 300 in Surge Inundation Zones 1 and 2 (Combined)
« 200 in Surge Inundation Zones 3 and 4 (Combined)

-« 100 in non-surge areas of adjacent coastal communities




Some Key Findings

Serious under-concern about surge
Evacuation intent over-stated

Evacuation intent highest (and better predictor of actual
behavior)

For major storms

For mandatory or ordered evacuations

For households with children

With recent real hurricane experience
Often get “False Experience” effect

Earl/lrene/Sandy?

Analysis: Hazard Vulnerability Behavioral Shelter
Products: Surge Maps Evacuation Zones Planning DatasCle




Shelter Analysis

Understanding Shelter Need

Key Sheltering Information:

Location/ldentification

Potential Shelter Demand

Flood Risk

Cap aci ty 5.0 Shelter Analysis

Scenario A Scenario A
Community Low Occ High Occ

ARC vs. Local Shelter

Pet Friendl|
y _
| NewHaven | 1892 | 19014 | 3254 | 3282 | 400 |

Analysis: Hazard Vulnerability Behavioral Shelter Transportation
Products: Surge Maps Evacuation Zones Planning Data Clearance times




Shelter Analysis
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Figure 5-3: Estimated Evacuating Population Using Shelters for Scenario B High Tourist Occupanc

Shelter Capacity/Demand Maps




Transportation Analysis

Understand traffic congestion potential based upon
evacuation decisions

*Traffic Patterns (bottle necks)
eEvacuating Vehicles

Clearance Time tables
Variables of:

. Response

. Population

- Evacuation Scenarios (one way, Multi state)
. Storm Category

Analysis: Hazard Vulnerability Behavioral Shelter Transportation
Products: Surge Maps Evacuation Zones Planning Data Clearance times




Evacuation Clearance Times - Example

Timeline
H=-48 H=-36 H=-24 H=-18 H=-12 H=-6 H=0 H=+6 H=+12 H=+18 H=+26

/ Evacuation / Forecasted Onset
I Start Time of TS winds or

surge

Clearance Time = 48hrs

Begins when the first evacuating
vehicle enters the road network,
| ends when the last vehicle reaches
Ian assumed point of safety

Hazards

Analysis: Hazard Vulnerability Behavioral Shelter FrEii
Products: Surge Maps Evacuation Zones Planning DatasgCie




Evacuation Decision Calculation

Arrival
Time of
TS
Winds

NHC
Forecast
Advisories

\

$

HES Data:
Pre-determined
Evacuation Zones

Clearance
Time




HES in HURREVAC
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The Hurricane Evacuation Study:

uﬁﬁ'iEA
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Technical Data Reports

Detailed reports of the following analyses:

« Hazards Analysis
- Vulnerability Analysis
- Behavioral Surveys

- Shelter Analysis

- Transportation Analysis New England
Hurricane

Evacuation Study

Technical Data Report
June 2016

US Army Corps
of Engineers.
New England District

Analysis: Hazard Vulnerability Behavioral Shelter Transportation
Products: Surge Maps Evacuation Zones Planning Data Clears




Hurricane Scenario

‘._J' HURREVAC (v.1.6.0) Hurricane Decision Support for Emergency Management

E] Selu'p ‘jllpdate Now ‘ a @lf‘ ﬁ‘ AdViSO ry 40

Tue Sep3 8AM 80mp § 4 Issued at 11AM

Saturday August 31st
Cat 3
Moving 13mph

Center located off the
coast of GA/SC

’ = Assume an 17 hour CT (worst case)

Sal Aug31 11AM 120mph SSCat 3
alurday, August 31D 11 AM EDT_Advisory #40
3W  Maximum Sustaine : 120 mph (Cat 3) Movement: 13 mph NNW

DO forecast positions ~ Polential Track Aea: \.day 13~/ day4-5  Surface Wind Field: (@ at current location
Sustained Wind Speeds: [litropical storm >= 34ky38mph  strong tropical storm >=50kti58mph [l hurricane >= 64kU74mph

New Storm Plot data has been downloaded

Mobilize response assets? Call for an evacuation? When do you take action?




This was Hurricane Edouard 1996

on Support lor Emergency Management

In this scenario, given a 17
hour Clearance Time,
evacuations would have to
begin Sunday PM in order to
be complete before the onset
of TS force winds.

P EB| e R LGP I3 |
(]
J -

| This would leave 27 hours
from the issuance of this

5| advisory to make an
I i evacuation decision, notify the
public, and mobilize response

assets.




Key forecast products, clearance times and local planning
factors guide Evacuation Decision Making and other
Response Actions

Product Timelines National Weather Service
When is key information available? Tropical Cyclone Products

Tropical Cyclone Products — Distribution Schedule

. Few products
“Large uncertainty
5 Day Forecast
Public Advisory

Wind Speed %

Forecast Discussion More products

Forecast hazards

TS/Hurricane Watches

: . Det I d
:5; _ Ts‘h,H:ﬁcm1,‘_“__%5_ 3 TS/Hurricane Warnings ;s
Hurricane Lol Seatements TS/Hurricane Local Statements s gs

Operational Storm Surge Products




NHC Forecast Cone
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Formed by
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centered on each

forecast point (at
12, 24, 36 h, etc.)

Size of the circles
determined so that,
say, the actual et G Susmamedvind T et Qe

NWS TPCiNational Hurricane Center Movement W at 13 mph S 39-73 mph H 74-110 mph M > 110mph

Sto rm p OS Itl O n at 4 8 Potential Track Area: Watches: Warnings:

Hurricane lke Current Information: @& Forecast Positions:
Center Location21.1 M 75.8W @ Tropical Cyclone () Post-Tropical

El Day 1-3 Day 4-5 Hurricane Trop.Storm I Hurricane I Trop.Storm

h will be within the
48-h circle 67% of
the time




Prototype Storm Surge Watch/Warning Graphic

Intended for general public to enhance the

. ) I Prototype Storm Surge Watch/Warning Graphic*
response to instructions from local officials.

Hurricane Zelda
Advisory 12 Issued: Fri Jul 04 2014 8 PM EDT

Richimond >

Highlights areas that have a significant risk of life- B e i
threatening inundation by storm surge. e 5 .

i Norfolks

Introduces the concept of a storm surge Uit

. Durham Rocky Mount

watch/warning. fn e

to NORTH: <k g
CAROLINA r ojibionfie s e

Issued 48 hours before the arrival of life-
threatening surge (or other hazards that would
impede evacuation).

= SOUTH
CAROLINA"

Issued in collaboration with local NWS Offices.

N &
Earthstar Geographics | Esri, DeLorme

*Prototype Product - For official NWS tropical cyclone
information, see hurricanes.gov. This graphic displays

T areas that would qualify for inclusion under a storm
PrOtOthB Storm surge WatchIWammg surge watch/warning that is under development by the

i National Weather Service. A storm surge warning
I Frototype Storm Surge Warning indicates there is a danger of life-threatening inundation
Prototype Storm Surge Watch from rising water moving inland from the shoreline
somewhere within the specified area, generally within
36 hours. A storm surge watch indicates that life-
threatening inundation is possible somewhere within the
specified area, generally within 48 hours. All persons,
regardless of whether or not they are in the highlighted
areas shown in the graphic, should promptly follow
evacuation orders and other instructions from local
officials. User feedback on the prototype storm surge
watch/warning graphic can be provided at LINK. Upon
completion of development, formal public
comment/review of this graphic and the experimental
storm surge watch/waming will take place in 2016, with
‘operational implementation planned in 2017, if
approved.




Potential Storm Surge Flooding Map

Hurricane X

Atlantic Ocean

A o
2 2 F 3

J- Potential Storm Surge Flooding*
| I Intertidal Zone/Estuarine Wetland
‘: - Greater than 1 foot above ground
l Greater than 3 feet above ground
i Greater than & feet above ground
I B Greater than 9 feet above ground

Displayed Socding values indicate the water height that has sb
8 1-in-10 (10%) chance of baing axcenced

Factors the map takes into account:

» Flooding due to storm surge from the
ocean, including adjoining tidal rivers, sounds,
and bays

» Tides

» Land elevation

» Uncertainties in the track, landfall location,
intensity, and size of the cyclone

Factors the map does not take into account:
» Wave action

» Freshwater flooding from rainfall

» Flooding inside levees and overtopping




Questions?
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617-956-7628
paul morey@fema dhs:gov
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