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NWS National Hurricane Center NWS Forecast Office
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Forecasts the track Forecasts the impacts
Forecasts the intensity Forecast the threats

All tropical cyclones around North America! For everyone in our local area

Building has 10-inch thick walls made from 3000 cubic yards of
concrete, reinforced with 45 miles of steel reinforcing rods
We work together!

To decide where & when

to issue WATCHES & WARNINGS




National Weather Service hurricane forecast and warning products are like a mosaic...
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Definitions

« Tropical Cyclone: a
rotating organized system
of clouds and t-stormes.

— Forms and derives its energy
from warm tropical waters.

— Warm core and non-frontal.

— Strongest winds near the
center in the eyewall.

— Wind maxima in the lowest

10 kft.
- Symmetry of precipitation.




Definitions

o Extratropical cyclone: a
storm system that primarily
gets its energy from
temperature contrasts
across the storm.

— Frontal
— Cold core

— Strongest winds far removed
from center.

— Strongest winds near jet stream
level (>30 kft)

— Asymmetry of precipitation
(heaviest left of track)




|dentification

« What tropical cyclones are called varies by
ocecal...

— Atlantic/Eastern
Pacific Oceans:

H u r r i Can es Hurricanes %
— Western Pacific: SET
Typhoons IR 4

— Indian Ocean:



Classification

Stage Sustained wind speed
(mph)

Tropical Depression Less than 39 mph (must
have a closed surface
circulation)

Tropical Storm 39-73 mph
Hurricane 74 mph or greater

Major Hurricane 111 mph or greater (Cat 3)




Saffir-Simpson Hurricane
WIind Scale

Category Winds Damage
74-95 mph Some Damage

96-110 mph Extensive Damage

THE SAFFIR-SIMPSON SCALE IS ONLY A WIND SCALE!

Storm Year Location SSHS Storm Surge
Ike 2008 Upper TX coast Cat 2 15-20 ft

Charley 2004 Southwest Florida Cat4 6-7 ft

For more information on the Saffir-Simpson Hurricane Wind Scale:
http://mwww.nhc.noaa.gov/aboutsshws.php




TROPICAL CYCLONE
COMPONENTS AND
FORMATION



Ingredients for Development

Warm ocean waters
— At least 80F through a depth of about 150 ft

Relatively moist air near the mid-levels (10,000-18,000 ft)
of the atmosphere

A pre-existing near surface disturbance

Low values (<20 kt) of vertical wind shear (change of wind
speed/direction with height) between the surface and the
upper troposphere. | =

Relatively steep lapse rates

— Potentially unstable to
moist convection

Generally a minimum
distance of 300 miles from
the equator




L_ocations for Development



http://www.nhc.noaa.gov/nhcexit.php?http://www.srh.noaa.gov/jetstream/tropics/tc_basins.htm

L_ocations for Development
North Atlantic

Also called tropical waves, this is an inverted trough of low pressure
moving generally westward in the tropical easterlies. A trough is defined as a region of
relative low pressure. The majority of tropical cyclones form from easterly waves.

*West African Disturbance Line (WADL): This is a line of convection (similar to a
squall line) which forms over West Africa and moves into the Atlantic Ocean. WADL's
usually move faster than tropical waves.

*TUTT (Tropical Upper Tropospheric
Trough): is a trough, or cold core low in the
upper atmosphere, which produces
convection. On occasion, one of these i
develops into a warm-core tropical cyclone.

Remnants of a
polar front can become lines of convection
and occasionally generate a tropical
cyclone. In the Atlantic Ocean stormes, this
will occur early or late in the hurricane
season in the Gulf of Mexico or Caribbean 77,

1w 0F2 0,15
Sea.
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« Rainbands — curved
bands of rain and
thunderstorms that
spiral outward from the
eye wall

— Often associated with
tornadoes

— Breaks between rainbands
may be relatively rain-free
with lighter winds

— Tend to get progressively
stronger the closer they
are to the eye wall




TROPICAL CYCLONE
CLIMATOLOGY



Hurricane History — Until 2013

Hurricane History

Data from 1949 in the Pacific, from 1851 in the Atlantic
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North Atlantic Climatology

June

June

[ Likely 5

1 More likely '~

4~ Prevailing tracks
g’

i A NOAA



North Atlantic Climatology

July




North Atlantic Climatology

August

[ Likely )
1 More likely .
[ Most likely
<4~ Prevailing tracks




North Atlantic Climatology

September

[ Likely

More likely
[0 Most likely
< Prevailing tracks




North Atlantic Climatology

October

[ Likely 1
More likely

[ Most likely
4 Prevailing tracks

NOAA



North Atlantic Climatology

November

November

[ Likely

!’. A NOAA



North Atlantic Climatology

Hurricane season runs from June 1st-November 30th

Average date of
first named
storm:

July 9
Average date of
first hurricane:
August 10

Average date of
first major
hurricane:
September 4
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ATLANTIC BASIN

AVERAGE CUMULATIVE NUMBER OF SYSTEMS PER YEAR
PERIOD OF RECORD: 1966 - 2009

CAT 3 OR GREATER

JAN1 Fee1 MaR1 AprR1 Mav1 Jun1 Jur1  Auc1 Sep1 Oct1 Nov1 Dec1

Average date of
last named storm:
November 23




Frequency

(per 100 years)
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Atlantic Basin Storm Count
(Including Subtropical Cyclones)
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Probablllty of Named Storm

dean Uccurrenc




Return Period - Hurricane

Return Period (Years)
Hurricane (>=64kt)

@ 57

Q© s

O 12-16
@ 1724

@ 2550

Coastal County

-

70°W




Return Period — Major Hurricane

Return Period (Years)
Major Hurricane (>=96kt)

@ 422
| @ 23-32

G

) 33-52
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@ 53-120

| @ 121290

Coastal County
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Atlantic
Ocean

>Tropical systems within 125nm of
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HAZARDS



U.S. Atlantic Tropical Cyclone Deaths, 1963-2012

Rainfall-induced
Flood

Storm Surge 25%
50%

Surf 5%

Offshore 5%

Wind 5-10%
Tornado 5%
Unknown 5% ~-Other
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Storm Surge

Greatest potential for loss of life related to a
hurricane is from a storm surge.

17t

storm tide e
2 ft normal

high tide =

NOAA/The COMET Program

w— Mean sea level



Storm Surge

There are a large number of considerations iIn
determining the height of the storm surge, some
of which aren’t meteorological

— The stronger the winds, the
higher the potential storm
surge.

— Highest surges occur usually
to the right of where the
center of the storm makes
landfall.

eesuretnven Surge — Fast moving storms = higher
e ey Wl surges along the open coast.

— Slow moving storms = greater
flooding inside bays and
estuaries




Storm Surge

« The larger the stormisin
size, the higher the storm
surge will be and the
larger area of coastline
that will be affected.

- Direction of storm OB E
approach often impacts i | T4 o

L TR — i
the extent of storm surge. N O e
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 Shallow sloped shorelines,
as opposed to steep ones,
are prone to higher storm
surges
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Storm Surge Video

Thes DORET Progr e

The COMET Pragram



Storm Surge Damage




High Winds

« Maximum surface wind speed in a
hurricane estimated by...

— Satellites
— Reconnaissance aircraft
— Land based radars

« Each time you go up a Saffir-Simpson
category, the damage goes up roughly
by a factor of five.

— A category 4 hurricane will produce 25

times more damage than a category
two hurricane.

« High rise buildings, particularly at
the higher levels, are prone to a
hurricane’s winds

— Wind speed tend to increase with
height.

— Recent research suggests that winds
increase one Saffir-Simpson category
as you go up 500 ft.




High Winds

NHCs wind projections and
Saffir-Simpson scale rating Is
based on sustained winds;
localized gusts may be much
stronger

Two main threats from wind

Winds lift a corner of a roof,
then invade the inside, lifting the
roof away, then continuing to
damage the exposed structure

Winds turn debris into
projectiles which damage other
structures

. Most damage is done by this
method

. Can be deadly

y

;"‘H_ Evelvn Shanahan



High - Inland Winds

Once hurricanes move inland, they lose their energy
source

— Very warm ocean waters

 Friction from the land helps to slow winds

Winds usually decrease at the

same rate over time, regardless

of how far inland the storm is
A fast moving storm will be
able to bring much stronger
winds further inland than a
slower moving one.

A category four hurricane at
landfall can weaken very
rapidly to a category one in
just six hours.
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Tornadoes

» Typically occur on the right side of the storm
— This is the side where winds tend to blow onshore, bringing warm moist
tropical air inland.
» As the hurricane is making landfall, friction slows winds close to the
surface, while winds aloft are still spinning rapidly. This creates a
favorable wind profile for tornadoes to form.

« Tornadoes spawned from tropical systems are rarely accompanied by
lightning and even more rarely associated with hail.




Tornadoes

UL [Poel e SPC Storm Reports for 09/17/04
can occur fOr dayS Map updated at 12042 on 09/24/04

after landfall]

*They can also
develop at any time of
the day or night
during landfall

TORHADO REPORTS.. {(59)

WIND REPORTSHI..... (26:1) o
Remnants of [van pengtisidbany = Hioh Wi Feport (55K 1)

produced AR 0] 23l [o otz | |l TOTAL REPORTS....... (128)

er gervice T PRELIMIMARY DATA OMLY.
tornado outbreak (35

tornadoes) in recent
history (Sept 17, 2004).
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Inland Flooding

« Two types occur:

— Flash Flooding: A rapid and
extreme flow of high water
Into a normally dry area, or a
rapid water level rise in a
stream or creek above a
predetermined flood level,
beginning within six hours of
the causative event.

— River Flooding: runoff from
heavy rain enters a river and
causes it to overflow its
banks. Occurs over the
course of many hours to a
few days.



http://blogs.fayobserver.com/weather/files/2009/03/flash_flood_car.jpg
http://upload.wikimedia.org/wikipedia/commons/4/46/Hurricane_Isabel_flood_damage_Maryland.jpg

Inland Flooding

® Freshwater ﬂOOdlng accou nted Leading Causes of Tropical Cyclone Deaths in the U.S 1970-1999
for more than half (59%) of U.S.
tropical cyclone deaths. e

— 63% of U.S. tropical cyclone Flooding

59%
deaths occurred in inland o
counties. .J r‘;f.,_;:’g;;

. A

« 23% of all tropical related 5ur°2'l‘i;’2%
deaths in the United States are X
from people in their vehicles
during inland flooding.

— Driving into flooded roadways

Source: Edward Rappaport—Chiet, Technical Support Branch, Tropical Prediction Genter

« 78% of all child deaths
associated with tropical systems
are due to inland flooding.

— Playing in/near swollen streams
or other flood waters



http://www.srh.noaa.gov/srh/tadd/

Inland Flooding

Some of the greatest rainfall amounts in recorded history occur
from weak tropical systems that drift slowly or stall over an area.

Storm Year Location Amount

TS Amelia Medina, TX

TS Claudette Alvin, TX

Jalacingo, MX

TS Allison Houston, TX

TS Alison (2001)



Inland Flooding

Rainfall amounts from tropical systems
within WFO Sterling’s Warning Area

Nelson Co., VA: 27.00” Hurricane Camille 1969
Waynesboro, VA: 20.20” Hurricane Isabel 2003
Shenandoah NP, VA: 18.93” TS in 1942

Ft. Belvoir, VA: 13.48” remnants of Lee 2011

Westminster, MD: 14.23” Hurricane Eloise 1975
Westminster, MD: 13.56” Hurricane Agnes 1972
Parkville, MD: 11.65” remnants of Lee 2011
Annapolis, MD: 11.60” Hurricane Floyd 1999
Leonardtown, MD 11.52” Hurricane Irene 2011

Berkeley Springs, WV: 7.94” Hurricane Agnes 1972
Hardy Co., WV: 6.90” Hurricane Hazel 1954
Pendleton Co. WV: 6.87” Hurricane Eloise 1975



Inland Flooding

Irene2011

," ! '_(
rricane Iren’e-} WA

August 24-30, 2011
3423 sites - A

Maximum: 15.74"
Bayboro, NC

Lee 2

011

Maxima:

120.96"" Colonial Beach 1.

2 SSE, VA
A

_-~ Holden,
Pine'Grove 1 SW, PA



BREAK TIME!

Please be back In your seats
INn ?? minutes.



Forecast Process

« The National Hurricane Center in Miami, FL IS
responsible for issuing watches, warnings,
forecasts and analyses of hazardous tropical
weather. (http://www.nhc.noaa.gov)

» Local NWS Weather Forecast Offices (WFOs)
participate in the forecast process and issue
area specific watches, warnings and statements
tailored to reflect threats in their region.
(http://www.weather.gov/washington)



http://www.nhc.noaa.gov/
http://www.weather.gov/washington

NHC: Outlook Phase > 48 Hours

Graphical and text based s aphical Tropical Weather Outloc
components. Ntional Huriane Center _ Miami.Florid

Issued at 2 & 8 AM/PM EDT

Displays a satellite image of
the tropical North Atlantic
Basin. i
Circles areas of potential d
tropical development

Displays active tropical
systems.

Areas of disturbed weather
are color coded based on the FSE= G T
likelihood of development Outloo VA TR W TR
Use s can CI |Ck on each 800 PM EDT WED JUL 16 2008 Satellite Image: 0652 PM EDT
Outlined areas denote current position of systems discussed in the Tropical Weather
feature to see a text Outlook. Color indicates probability of tropical cyclone formation within 48 hours.
description of the feature C—Jlow<30% @ Medium 30-50% @ High >50%




Watch Phase < 48 Hours

« Hurricane Watch: Sustained winds of 74
mph or higher are possible within the
specified area within 48 hours.

» Tropical Storm Watch: Sustained winds of
39 to 73 mph are possible within the
specified area within 48 hours.




Warning Phase < 36 Hours

Sustained winds of 74
mph or higher are expected somewhere
within the specified area within 36 hours.

Sustained winds
of 39 to 73 mph are expected within the
specified area within 36 hours.




Tropical Cyclone Track Forecast
Cone and Watches/\Warnings

« Highlights areas under
watch/warning

e Forecast track
e Position forecasts

« Cone conveys
track/strength errors

— To form the cone, a set of
imaginary circles are placed
along the forecast track at
each forecast interval.

— The size of each circle
encloses 67% of the
previous five years official
forecast errors.

— The cone is then formed by
smoothly connecting the
area swept out by the set of NOTE:
circles. '

: Conditions may be felt
) icl\f)ﬁgk/lled Issuance 5 & 11 way beyond center point on the graphic.




Tropical Cyclone Forecast Cone

Forecast
Period
(hours)

Circle Radius
Atlantic Basin
(nautical miles)

2014

Circle Radius
Atlantic Basin
(nautical miles)

2015

Circle Radius
Atlantic Basin
(nautical miles)

2016




NHC Product — Public Advisory

Tropical Storm JOAQUIN

-Lists all watches and
warnings, storm’s
position, current
motion and maximum
sustained winds.

eIncludes information
on storm tides, e o s s e o
rainfall and tornadoes
assoclated with the
storm.

*Updated every six
hours, except 3 hours
when watches or
warnings are in effect.




NHC Product — Forecast Advisory

 Contains a list of all current watches and warnings on a
tropical or subtropical cyclone, as well as the current latitude
and longitude coordinates, intensity and storm motion.

 Contains forecasts of the cyclone positions, intensities, and
wind fields for 12, 24, 36, 48, and 72 hours from the current
synoptic time. The advisory may also include information on
any pertinent storm tides associated with
the cyclone.

 Special Forecast/Advisories may be issued at any time due to
significant changes in warnings or in the cyclone.



NHC Product — Discussion

 Explains the reasoning for the analysis and
forecast of a tropical or subtropical cyclone. It
Includes a table of the forecast track and
Intensity.

* |ssued every six hours when cyclones are active.
Special tropical cyclone discussions may be
Issued at any time due to significant changes In
warnings or in the cyclone.



Wind Speed Probabilities

e Cumulative

— Overall probability the event
will occur sometime during
the specified cumulative
forecast period

— What are the chances this
event is going to happen to
me?

— Do | need to prepare?
 Individual

— Probability the event will start
sometime during the specified
Individual forecast period

— When is the event most likely There are probability graphics for
to start at my location? winds exceeding several thresholds
— How much time do | have left (34, 50, 64 kt)

to prepare?



Maximum Wind Speed
Probability Table

Intensity (Maximum Wind Speed) Probability Table
Tropical Storm Paula Advisory Number 1
5:00 PM EDT QOect 11 2010

Forecast Time

12 huur 24 hour | 36 hour | 48 hour | 72 hour | 96 hour | 120 hour
far far loa [ for far
Wind Fldl'IQE’ (mph;) g ,w Tue | zPmTue |2 A wed | 2 oM wed| 2P Tru | 2PM A | 2 PM S

| 'II. ﬁ ﬁ

Hurricane (all categories) 200
-- Calegory 1 (74-95)
- Galegory 2 (96-110)
-- Cafegory 3 (111-130)
- Calegory 4 (131-155)

- Calegory 5 (>~158)

65 mph | 75 mph | 80 mph

Shows the probability that the maximum sustained surface wind

speed will be within various intensity ranges during the next 120
hours.




Tropical Cyclone Storm Surge
Probabilities

y I nltlated by the N HC Whenever a Tropical Cyclone Storm Surge Probabilities
h u rr|Cane Watch Or Warn | ng |S |n ﬁnmz:ﬂfEs;ﬁlr?;;%?g:dﬁsixg{mGVD-'I929) at individual locations

effect (... 48 hou rs befo re the arrival For the 77 hours from 05 AM EDT Wed Sep 01 to 10 AM EDT Sat Sep 04
of tropical storm force winds)

*Provide emergency managers, media,
and the general public with
information that enhances their
ability to make preparedness
decisions.

*The graphics provide the overall
chances that the specified storm surge
will occur at each individual location
on the map during the forecast period
indicated.

The probabilities are based on errors
during recent years in the official
track and intensity forecasts issued by

Legend

the NHC. o

%o- <90%
%6 - 100%

-Probabilities that may seem relatively
small may still be quite significant.



Storm Surge Watch/Warnings

Prototype Storm Surge Watch/Warning Graphic*

Hurricane Zelda
Advisory 12 Issued: FriJul 04 2014 8 PM EDT

Philadelphia

Baltimore B

Annapolis r;{ ‘?

Washington

Richmond

Norfoik

Prototype Storm Surge Watch/Warning

I Frototype Storm Surge Warning
Frototype Storm Surge Watch

E



Additional Resources on NHC
Webpage

Surface Wind Field: shows the areas  Wind History: shows how the size of

otentiallv beina affected by the the storm has changed, and the areas
spustalned¥/V|ndsgof tropical gtorm force potentially affected so far by sustained
(in orange) and hurricane force (in red) winds of tropical storm force (in orange)

and hurricane force (in red)

,3‘ Surface Wind Field of Hurnc:ane Paula : T

Susiained Winds as of 400 P CDT Tue Oct 12, 2010 J‘\tl' visary MNumber &

HATIONAL WEATHER SERVICERATIONAL HURRICANE CENTER

. \#b\
- 250 TROPICAL STONM I AND HURRICANE FORCE WIHD SWATHS OF PALLA
FROM ADVISORIES | THROUGH &




FROM THE WEATHER
FORECAST OFFICE...



Hazardous Weather Outlook

Designed to alert
customers to expected
hazardous weather and its
potential impact out to
seven days

Wil reference any
tropical cyclone activity
beyond the time period
addressed by NHC
products (currently 5
days).

137 AM EDT FRI AUG 26 2011

THIS HAZARDOUS WEATHER OUTLOOK IS FOR THE
MARYLAND PORTION OF THE CHESAPEAKE

BAY.. TIDAL POTOMAC RIVER...AND ADJACENT
COUNTIES IN CENTRAL MARYLAND AND NORTHERN
VIRGINIAAS WELL AS THE DISTRICT OF COLUMBIA.

.DAY ONE...TONIGHT NO HAZARDOUS WEATHER IS
EXPECTED AT THIS TIME. .

DAYS TWO THROUGH SEVEN...SATURDAY THROUGH
THURSDAY HURRICANE IRENE LIKELY WILL IMPACT
THE MID-ATLANTIC REGION LATE SATURDAY INTO
EARLY SUNDAY. ATROPICAL STORM WATCH HAS
BEEN ISSUED FOR THE AREA. PLEASE REFER TO OUR
LATEST HURRICANE LOCAL STATEMENT
/WBCHLSLWX/ FOR MORE DETAILS. AFTER THE
STORM...STRONG GUSTY WINDS WILL BE POSSIBLE
LATER ON SUNDAY IN THE WAKE OF IRENE. UPTO
STORM FORCE WINDS WILL BE POSSIBLE ON THE
WATERS.

SPOTTER INFORMATION STATEMENT... SPOTTER
ACTIVATION WILL BE POSSIBLE AGAIN THIS
WEEKEND. $$



Hurricane Local Statement

» Issued to alert the public, media, and local
decision makers about the potential or actual
storm effects due to tropical cyclone

— Provides information to...

 Assist in the preparation and implementation of

necessary precautions for the protection of life and
property

« Minimize the economic losses as a result of tropical
cyclones.

« Will be issued ASAP after
each NHC advisory

» Once conditions affecting
local area, updates will
come every 2-3 hours




Hurricane Local Statement

» Big changes In past couple of years
— Much of the product is now automated

— Uses keywords which will facilitate display on
automated systems

« Contains an overview and segments

— Overview has basic information
that applies to the entire forecast area

— Segments (optional) provide tailored details for
each region



Hurricane Local Statement

The Overview:

— NEW INFORMATION

« Any new Watches or Warnings that have been issued
« Changes to expected hazards

— wind speeds now forecast higher/lower than before

— surge forecast higher or lower

— rainfall forecast higher or lower

— AREAS AFFECTED

— WATCHES/WARNINGS

— STORM INFORMATION

— SITUATION OVERVIEW

— PRECAUTIONARY/PREPAREDNESS ACTIONS
— NEXT UPDATE



Hurricane Local Statement

The Segments:
— NEW INFORMATION

« Specific to the segment

— PROBABILITY OF TROPICAL STORM/HURRICANE
CONDITIONS

— PRECAUTIONARY/PREPAREDNESS ACTIONS
— WINDS -or- WINDS AND SEAS

— STORM SURGE AND STORM TIDE

— INLAND FLOODING

— TORNADOES -or- TORNADOES AND
WATERSPOUTS



Tropical Cyclone Impact Graphics

» Categorical depictions of the four
threats from tropical cyclones

» Verbal descriptions for each category

Elevated
R

 Four areas:
— Wind Threat
— Tornado Threat
— Storm Surge Threat
— Flooding Rain Threat

.,
Upda-‘t:ag,r:ﬁ__;h? pm Fri .&u‘ql

SLATH,

Wind Threat - NWS Baltimore/Washington g@?
Kot



http://www.weather.gov/ghls/php/ghls_index.php?sid=lwx&threat=wind

Widespread wind damage. Many large trees uprooted
or snapped and many power lines down. Widespread power
outages in the hundreds of thousands expected for an
extended period of time. Significant damage to many poorly
s constructed buildings. Mobile homes at risk. Wind-blown
High Wind 5 e debris will make many roadways impassable.

Potential,.
Impacts

Extreme
ol Fgpo T

Moderate 4

Low :

None

Coastal Flooding — Most Likely
Some tidal flooding of immediate shore front
property and damage to boats and piers likely. Significant
erosion, high waves and inundation may cause waterfront and
Coastal Floodin g shoreline access roads to close.

Potential....,

Impacts

Extreme
High

. Moderate
Low e
None




Sorsh | Inland Flooding — Most Likely

Inland Flooding Small stream or river flooding expected with
: 4 OFRUMBL .. | - some flash flooding possible. Some damage to low-lying
mpacts

Bxtreme. o homes and businesses. Some road closures will occur.
High«-
Moderate
Low
None

Tornado — Most Likely
An elevated threat to life and property. Widely
scattered tornadoes and waterspouts are possible. If
realized, a few locations may experience minor to
Tornado . moderate tornado damage. If tornado warnings are
Potential . | issued for your area, take cover.




WFO Products

« Some other hazard products you may
encounter:

— Flood Watch

— Flood/Flash Flood Warning

— Tornado Watch/Warning

— Special Marine Warning (for waterspouts)
— Extreme Wind Warning



Extreme Wind Warning

Purpose: Immediate protective action is urgently within an

Interior portion of a well-built structure due to the onset of
extreme tropical cyclone winds

Issuance Criteria:
— Tropical cyclone is a CAT 3 or greater -AND-
— Sustained winds of 100 kt

(115 mph) or greater

are expected to occur

In an area within

one hour.




& http:/fwww.weather.gov/ v/ tropical P-dile Tropical Weather

ter Weather BB Suggested Sites
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LOCAL EXAMPLES



|_ocal examples

(not a complete list)

Storms in the past decade highlight all of threats that
the Mid-Atlantic faces from tropical systems or their
remnants

« Lee (2011) — rainfall

* lIrene (2011) — winds, rainfall

« Hanna (2008) — rainfall

 Ernesto (2006) — rainfall, winds, storm surge
 Jeanne (2004) -- rainfall

 lvan (2004) -- tornadoes

« Isabel (2003) — storm surge/fresh water flooding/river
flooding; also high winds



Hurricane Irene (2011)

The most significant tropical cyclone to strike the Northeast since
Hurricane Bob in 1991.

Became a tropical storm shortly
before 0000 UTC Aug 215t e

Briefly major hurricane Aug 24t

Landfall #1 near Cape Lookout, NC
Sat. AM Aug. 27t - Cat 1 — max
sustained winds near 85 mph.

The center of the cyclone passed less
than 15 miles off the coast of Ocean
City just after 2 AM on August 28"

Landfall #2 near Little Egg Inlet, NJ
around 5:35 am on Aug 28™.

Landfall #3 over New York City
around 9 AM on Aug 28t as a
tropical storm.

Directly responsible for 48 deaths;
damage in the US estimated to be

$15 88 Track graphic from Tropical Cyclone Report for Hurricane Irene
' Lixion A. Avila and John Cangialosi, NOAA/NWS, National Hurricane Center, Miami FL




Hurricane Irene (2011)

e Largest Impact locally was to AuJ;‘fSR.%,&e;&;
lower Southern MD & the S sies” g ¢
western Shoreline of the - ‘.

Chesapeake Bay

— Wind Damage

(homes/businesses/trees) W Maximum: 15.74"
) &1 Bayboro, NC

— Flooding from rainfall (roads
closed/damaged)

— Power Outages

o VA: 2.5 million outages

» 2"d highest level in VA history
(Hurricane Isabel #1)

o DC/MD: 850,000 outages




Hurricane Irene (2011)

Timeline

* Tropical Storm Watch
5 pm Thursday, August 25th
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Hurricane Irene (2011)

Timeline

5 am Friday, August 26th

Drum Pt.-Smith Pt. &
St. Mary’s County upgraded @ 11 am
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Hurricane Irene (2011)

Impacts — Heavy rainfall

1 NE LEONARDTOWN

3 NW PINEY POINT

1 ENE RIDGE

2 WNW CUCKOLD CREEK
2 N GREAT MILLS

2 W CALIFORNIA

2 S GOLDEN BEACH
PATUXENT RIVER NAS

1 W PRINCE FREDERICK
1W PARK HALL

2 N HUNTINGTOWN
SOLOMONS

2 E BADEN

2 NNE BOWIE

4 SSE WALDORF

1 WSW ODENTON

1 NW GAMBRILLS

1 E BOWIE

CAMP SPRINGS

1 SSW DISTRICT HEIGHTS
3 ESE PASADENA

11.52
10.57
10.46
10.22
10.16
9.76
8.67
8.56
8.33
7.94
7.79
7.75
6.90
6.71
6.70
6.20
5.92
5.85
5.81
5.71
5.71

I 1to2inches i
[ 2103 inches Storm Total Rainfall
3todinches from Hurricane Irene

NWS Sterling, VA

L)
@ (N

I 9 to 10 inches
[/ 10 to11 inches

[ Greaterthan 11 inches
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CREEK
BAY

9 other sites
ranging from
34 1o 40 kts

Hurricane Irene (2011
Impacts — High Winds

Maximum Sustained Wind (ASOS/AWOS/NOS/WxFlow)

Max
Sustained
Wind (>=34kt)

Date/Time

EE
B
Bl
sty
sz L e
o aE.
e
EaisE .

28"/0415 WXFLOW

2810220 WXFLOW

28/0040 WXFLOW

== :50:;' :: Maximum Wind Gusts (mph)

] s0-55 mph Hurricane Irene

[ s5-60mph NWS Sterling, VA
60-65 mph

B 65-70 mph

I Greater than 70 mph
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Allegany \Washingten
Carroll
Garrett
Frederick Baltimore
Mineral Baltimo |
Hamp;him !‘ . _.-'-:
Montgomery / E
Herd i 1000s of
downed
s Shenandoah tfees; many
No Damage a: flooded
fifnce
Pendlcton William foads;
Rockingham
widespread

Harrisonburg

Highland Outages

Augusta
Staunton

O

Waynesboro ),

Spotsylvania

100s of downed

Jenaod 108 of downed R trees; some
trees; scattered flooded roads;

Fockbridge

D

power outages numerous outages

a

Harrisonburg

*
Staunton

Charlotesville




Remnants of T.S. Lee (2011)

Weak Tropical
Storm that
drifted onshore
across
Louisiana on
Sept. 4th

Became
extratropical,
and a triple-
point low
developed on A -
the 5t e ————

Track graphic from Tropical Cyclone Report for Tropical Storm Lee
Daniel P. Brown, NOAA/NWS National Hurricane Center, Miami, FL



Rem

-]

DAILY WEATHER MAP FOR
THURSDAY SEPTEMBER 8, 2011 @ 7AM

ants of T.S. Lee (2011)

System was blocked by
ridging to its north/west
and Hurricane Katia in
the western Atlantic, so it
meandered across the
Ohio and Tennessee
valleys before dissipating
on the 11t

A moisture rich plume
tracked up the east coast,
along a stalled frontal
boundary

Locally, most of the
flooding rains fell on Sept
7th and 8th



Remnants of T.S. Lee (2011)

MARYLAND

PARKVILLE 11.65

OELLA 11.13

ANDREWS AFB 9.06

SAVAGE 8.75

BWI ASOS 8.11

GAITHERSBURG 6.97

BALTIMORE SCI CTR 6.90

HUNTINGTOWN 6.84

COLLEGE PARK 6.72

VIRGINIA

FT BELVOIR 13.48

1 SSE FRANCONIA 12.56

Maxima: JERSEY 12.30
: g_'_' Colonial Beach 1H20%895: \Ifﬁ 2N RESTON 11.97
Pine Grove 1 SW, PA 2N CHANTILLY 9.49
QUANTICO 9.39

COUNTRYSIDE 8.38

WFO STERLING 7.74

1 SE CENTREVILLE 7.59

1 E OAKTON 7.21

DCA ASOS 6.47

IAD ASQOS 6.44

CHO ASOS 5.56



Remnants of T.S.

Road
washout in
Allen’s Fresh,
MD (Charles
Co.) [courtesy
nbcwashington
.com]

Lee (2011)

Day/date

Site Source

Bowie IFLOWS

Kingstowne IFLOWS

Reston
Ft. Belvoir

4.57/3 hr

5.47”/3hr

6.57”/6 hr
7.03”/3 hr

Prob. of
occurrence

less than
0.1%

rainfall

1000-yr
rainfall

. -~
'I ,q"

Park &
Ride lot
Reston, VA
Sept 8,
2011



Rainfall totals
mid August — mid September

TRUMAN DRIVE IN LARGO 24.13
CABIN BRANCH - FORESTVILLE 23.98
LEELAND ROAD IFLOWS 23.62
HERRING RTE. 40 BALTIMORE 23.11
BRISTOL 23.04
BOWIE 22.90
PRINCE GEORGES JUSTICE CTR 22.87
LAKE ARBOR - LARGO 22.52
DISTRICT HEIGHTS 21.49
KINGSTOWNE - FAIRFAX 20.34
FORT MCHENRY 19.83
FORT BELVOIR 18.61

BWI AIRPORT 17.43



Tropical Storm Hanna (2008)

Advisory 36 — Friday 5 Sept 2008

Landfall on 6
Sept 2008 at
Myrtle Beach,
SC

Locally,
Tropical
Storm
Warnings in
effect Friday
morning 5
Sept 2008 to
Saturday
evening 6 Sept
2008



Tropical Storm Hanna (2008)

 Maximum sustained
winds generally
averaged 20-30 kt in
the afternoon on the

: Tro ical Storm Hanna
Segtem ber 4-7, 2008 6th
2434 sites

| . « Biggest impact was
‘%\ o
: ,(%./65" Woodbridge, VA from rainfall
.72" St. John, New Brunswick, CN
— Storm total rainfall 9.65”

5

— Numerous reports between
7-9” across northern
Virginia

Track




l
Tropical Depression & ﬁ{\,
Ernesto (2006) ey Jruou RSN 2

« Landfall iIn NC asa Cat 1

» Locally Sept 1-2, 2006 o

« Storm Surge up to T~ y Wrightsville Beach, NC
Alexandria and
Annapolis

— Alexandria 5.5 (NAVDS88)
— Annapolis 3.56° MLLW

— Heavy surf caused damage
at Fairview Beach and
Colonial Beach

« 60 mph winds across
southern Maryland

« Caused millions of
dollars of damage




64kt Pmph)
45N

LTy EEEEE
Remnants of Eassss SEENEEEN
lvan (2004) e ar i
f LTI

Once a Cat 5 storm R
Made landfall in =
Alabama as a Cat 3 i

Tropical Depression
became extratropical
over central Virginia

|_ast tropical statement

V)= P ~Hurricane lvan__
3 % ySeptember 13-26, 2004

issued by NHC wason 7 ¢ 4356 sites
Thursday night, — 3
September 16, 2004 2
System affected WFO 35

Sterling forecast area
on Friday Sept. 17th

4 . - S
{ |\ .-~ "Maximum: 17.00"
B Cruso, NC ',




Remnants of Ivan (2004)

 Produced record
number of tornadoes
(for VA)

— Official Ivan tornado
count: 113 (SPC)
e U.S. record: Beulah

21967): 148 tornadoes
Gray)

e Hurricane Frances
2004): 109 tornadoes
SPC

e Hurricane Andrew
(1992): 62 tornadoes
— Virginia Record ~70
nary toernado plot for TC lvan: 1517 . (OI record 32)

wher 2004. TOTAL=113 with 8 deaths

[omn s e = — Two tornado
gtorm P(r)?‘::.lilctio.n Center | @ _ D | N concentrati 0 nsS
" swarms) with Ivan:
W FL and VA-MD

From 2007 PowerPoint by Manning & Zubrick



Remnants of Ivan (2004)

« 35 tornadoes
In LWX CWA
— 9-F0
—~ 13-F1
R =,
— 1-F3

e 0 Fatalities; 14
Injuries

From 2007 PowerPoint by Manning & Zubrick



Remnants of Ivan (2004)

« Warning Products
Issued:

— 43 -TORs

— 10 - SVRs

— 10 - FFWs

— Spanned a time

THE PATH

T e from 2:30 PM (on
5. " the 17t - 3:45 AM
(on the 18™), Mmost
concentrated in the
3-8 PM time

From 2007 PowerPoint by Manning & Zubrick



Jeanne (2004)

Came about a week
after lvan

Landfall on the east
coast of Florida as a
Cat 3

Locally, it was a
decaying tropical
system undergoing ;o i, .
extratropical ) = e

- - 1 4
t ra n S I t I O n Ve A : -.,__J f ;I\IIV‘S“\[J:’EIBLOMngInHCll:?i'canE Center

Near record |
flooding over West ! § st el

Current Center Location 31.6 N 83.9'W

D Sustained wind < 39 mph

I I ¥ (. Potential Day 1-3 Track Area
I rg I n I a y s/ N, rhin:
" ‘n\ 0 . . f " " 7 "

Tornado in Calvert
County, MD




Tropical Storm Isabel (2003)

One of the most significant tropical cyclones to affect
the region since Hurricane Hazel in 1954 and the
Chesapeake — Potomac Hurricane of 1933.

« After peaking as a e | 1 1 |
Category 5 hurricane, - gl A . |
made | gkl oo | ;
south O B33 erawmer 19, 2003
Hatterdg R

« Maintags |
status || i . QI ;
with thiss . g




Tropical Storm Isabel (2003)

Moderate to Major \ﬂﬂ
River flooding \
occurred in the )

Potomac, Shenandoah,
Rapidan and
Rappahannock rivers.

— In the city of Waynesboro,
300 people were evacuated
and about $250,000 damage
was caused to public
property.

— Flood caused 2 to 3 feet of
water in downtown

(Tf{lrricane Isabel

Storm Total Rainfall
September 17-21, 2003
3009 stations

Maximum: 20.20"
Upper Sherando, VA

Track

Wayneshoro. Rainfall: -
. * 6 —12" in the Shenandoah Valley
— Four people lost their lives - 2 — 6" across western Maryland and
mainly due to drowning. eastern West Virginia

« 1 — 3" across Baltimore and Washington
metro areas.



Tropical Storm Isabel (2003)

Unusually high storm surge e
(6-8 feet above normal) in the e O e el i
Chesapeake Bay and Potomac . . S — _'ﬁ
River Basin (highest levels =_ =
since the T =
Chesapeake/Potomac o

Hurricane of 1933) 3

Substantial flooding from
storm surge was experienced
by residents and businesses
— Annapolis, 6.44 feet MSL
(extensive damage at the Naval
Academy)
— Baltimore, 7.35 ft MSL

— Old Town Alexandria (Portions
of King Street under 5 to 6’ of
water.)

— Washington, DC (Georgetown at
the foot of Wisconsin Ave.),
8.72 ft




Tropical Storm Isabel (2003)

Impacts
« All area airports closed

« WMATA and Amtrak
suspend service

 Federal Government shut
down

* Responsible for 40 deaths
(direct and indirect) In
Vlr%ma Maryland, and
the District

* Nearly $3 billion in total
estlmated damages

* More than 4 million
customers without power




SAFETY

Hurricane Preparedness Week 2016 runs
from May 15th through May 21st.



Before Hurricane Season

. Have a preparedness plan. g 2

EVACUATION
ROUTE

— Know evacuation routes

—  Stock non-perishable supplies
—  Don’t forget your pets!

« Make sure all family records, financial information,
and other important documents are in a safe place
with backup copies available to take with you in case
of evacuation.

» Be familiar with your home’s vulnerability to
hurricane hazards.

« Make repairs/reinforcements to your home to better

prepare for a hurricane strike

— Windows/shutters/doors
— Roof/straps
— Garage doors

 Flood insurance!
— http://www.floodalert.fema.gov/
— 1-888-CALL-FLOOD ext. 445



http://www.floodalert.fema.gov/

Before the Storm

Develop a disaster supply kit

« Non perishable food and water (enough for 7 days)
— Canned foods/juices & snack foods
— Non-electric can opener
— 1 gal. water/person/day
— Cooking tools/fuel
— Paper plates/plastic utensils

« Supplies for infants or pets

« Blankets/pillows

« Clothing

« Personal items (toiletries/hygiene) and any medicine
« 2+ waterproof flashlights and extra batteries
 NOAA weather radio or AM/FM radio (battery powered)
« First Aid Kit
« Telephones

— Charged cell phone and extra battery
— Traditional landline telephone

* Important papers
— Document your belongings!

e Cash (ATMs probably won’t be working)




Hurricane Watch

« Continually monitor NOAA Weather Radio or local media
« Get your disaster supply kit

« (et gas for your automobile

« Bring in any outdoor objects that can be relocated inside

« Tie down any outdoor objects that must remain outside

« Board up windows

« Turn refrigerator/freezer to coldest settings, and minimize use in preparation
for extended power loss

« Gather up all prescriptions and over the counter medication and place near/in
the emergency preparedness/first aid Kit

« Decide where you will go if you evacuate. Allow enough time to get there.
— Expect major congestion along evacuation routes
— Hotels will likely fill quickly along major interstates




Hurricane Warning

Generally you are down to under 36 hours
befgreairXp%ct

Continue monitor NWS Radio/local media
Be alert for and heed any evacuations

If you decide to or are asked to evacuate...

— Turn off main water and gas supplies to your
home J PP y

— Make sure someone outside the hurricane
warning area knows your plans

— If¥ou live in a s}or surge zone and time
Re mits, place all indoor Ttems, furniture, etc as
Igh as possible

— Bri ' lothing,
BARRS SRRp lsgyvarm clohing
If you decide your home is your best shelter... "

— Stz;l]y as far away from exterior walls and
windows

— Keep as many flashlights and batteries as
poss?b?e nearyyou J

— When the storm nears, abide by the same safet b
rules you Woulr(gl1 l%r a torna(‘f . / 4




After the Storm

Continue to monitor all available
media sources

Don’t return home until advised
by authorities

Be prepared to assist injured

Stay away from any downed
power lines; Report these to
officials

Be alert for wild animals who
have also been forced from their |
homes '

Make sure food Is not spoiled
before consumption



After the Storm

Take photos of storm damage
before altering it

If home Is damaged, open up
doors and windows to
ventilate/dry home

Minimize telephone use and
driving

Be alert for gas leaks,
electrical system damage, and
sewer and water line issues
(melt your ice cubes for
drinking water)



WRAP-UP & SKYWARN®
OPERATIONAL REVIEW



Key Partnerships

» Emergency Managers

» Other Government Agencies
» Broadcast and Print Media
» SKYWARN Spotters

» Amateur Radio Operators e o
> Cooperative Observers R )

....
¥

- 2 Ehe Washington Post —— — SK“MHN



Storm Spotters & The NWS

SATHARN

You are the resource in the
severe weather warning process.



Reporting Criteria

- Tornado or Funnel (Please be specific!)

« Rotation within storm/rotating wall cloud

« Hail - Pea sized or larger

Wind — 50 MPH or greater (Indicate
gust or sustained, measured or
estimated.)

Damage — Any weather related
damage to trees or property. Give as
many details as possible.



Reporting Criteria

« Heavy Rain — Measured 1” or more

* Flooding & Flash Flooding —
Streams, creeks or rivers out of banks
or flooding of roads from poor
drainage

 |ce Accumulation — Any glaze on surfaces

« Snow Accumulation — Every 2”, or any
accumulation not reflected in the forecast




How to Report Information

1. Call NWS Sterling directly if weather Is imminent:

2. You can email your reports to:

3. Contact local Emergency Management

4. Amateur Radio (when activated)

If you see storm damage after the event, let us know!



Reporting Procedures

VERY IMPORTANT INFORMATION:

This Is very time critical information that needs to be relayed
to forecasters immediately.

Best means to get information to the NWS quickly is via the
telephone or Amateur Radio



Let’s take a minute to enter the
phone number into your cell
phone...

National Weather
Service

main 1 (800) 253-7091

other lwx-report@noaa.gov

home page weather.gov/washington

ull. AT&T 3G

1(800) 253-7091

1

Favorites

2

ABC

JKL

(1)

Recents

o

Contacts

aee
ea8en
eee

Keypad

3

DEF

6

MNO

QO

Voicemail



We are grateful to have you as a
member of our team!

Thank You
Any Questions or Comments? @
Christopher Strong SKYMRN

Warning Coordination Meteorologist
Christopher.Strong@noaa.gov
or
Heather Sheffield Kenyon
General Forecaster/SKYWARN® Program Leader
Heather.Sheffield@noaa.gov



