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The National Weather Service
Your Local Forecast Office

A Provide climate, water,
weather forecasts and

Warrungs to B 1\ “\,._ == .,’\,.T: m l ﬂ —

A Data and products are
used by other governmen
agencies, the private ,
sector, the public and the
global community
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National Weather Service S

NWS National Hurricane Center NWS Forecast Office
Miami, FL Sterling, VA
Forecasts thrack Forecasts thempacts
Forecasts thatensity Forecast théhreats

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

Building has 16éinch thick walls made from 3000 cubic yards
concrete, reinforced with 45 miles of steel reinforcing rods
We work together!
To decide where & when

to issue WATCHES & WARNINGS
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Definitions

A Tropical Cyclone: a
rotating organized system
of clouds and tstorms.

I Forms and derives its energy
from warm tropical waters.

T Warm core and norfrontal.

I Strongest winds near the
center in the eyewall.

I Wind maxima in the lowest
10 kft.
- Symmetry of precipitation.




Definitions

A 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 (>30kft)

Asymmetry of precipitation
(heaviest left of track)




|dentification

A What tropical cyclones are called varies by
oceane

I Atlantic/Eastern
Pacific Oceans:
Hurricanes

I Western Pacific:
Typhoons

T Indian Ocean:




Classification

Stage Sustained wind speed
(mph)
Tropical Depression Less than 39 mph (must

have aclosed surface
circulation

Tropical Storm 39-73 mph

Hurricane /4 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
lke 2008 Upper TX coast Cat 2 15-20 ft

Charley 2004 SouthwesFlorida Cat4 6-7 ft

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




TROPICAL CYCLONE
COMPONENTS AND
FORMATION



Ingredients for Development

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

A Relatively moist air near the midlevels (10,00aL8,000 ft)
of the atmosphere

A A pre-existing near surface disturbance

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

A Relatively steep lapse rates

I Potentially unstable to
moist convection

A Generally a minimum
distance of 300 miles from
the equator




Locations for Development



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

Locations 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.

ANest 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.

ATUTT (Tropical Upper Tropospheric

Trough): is a trough, or cold core low in the
upper atmosphere, which produces sturbancos
convection. On occasion, one of these
develops into a warmcore tropical cyclone.

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

Sea.



Structure

spiral rainbands

eye wall »
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A Rainbandsi curved
bands of rain and
thunderstorms that
spiral outward from the
eye wall

I Often associated with
tornadoes

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

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




TROPICAL CYCLONE
CLIMATOLOGY



All Tropical Cyclones i through
2017

-

‘Tropical Cyclone Tracks

' Data from 1949 in the Pacific, fqu 1851 in {he Atlantic




North Atlantic Climatology

June

June

[ Likely 5

1 More likely '~

“— Prevailing tracks
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North Atlantic Climatology

July




North Atlantic Climatology

August
""?99“ [ Likely "9
_ 1 More likely .
7] Most likely

<~ Prevailing tracks



North Atlantic Climatology

September

[ Likely

More likely
] Most likely
<« Prevailing tracks




North Atlantic Climatology

October

[ Likely 1
More likely

[ Most likely
4 Prevailing tracks

NOAA



North Atlantic Climatology

November

November

!’. A NOAA



North Atlantic Climatology

Hurricane season runs from June $~-November 3@

A Average date of
first named
storm:

July 9
A Average date of
first hurricane:
August 10

A 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  FeB1 MarR1 APR1 MAY1 Jun1 Ju1 Auc1 Ser1 Oct1 Nov1 Dec1

A Average date of
last named storm:
November 23



Frequency

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

T T T Ty T T T T T T T T T T T T T T T T T T T T

Hurricanes
Major Hurricanes

Number of Systems
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Probabllltyf Named Storm
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Return Period - Hurricane

Return Period (Years)
Hurricane (>=64kt)
@ 57
O 81
| 12-16
@ 1724
) 25-50
B Coastal County

70°W




Return Period

I Major Hurricane

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

@ 422

‘Y

Q@ 23-32

A

() 33-52
| @ 53-120
| @ 121-290

Coastal County

70°W
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All tropical systems passing within 65nm
of Washington DC 1851-2016
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HAZARDS



Flooding Rain Tornadoes



Water is What KILLS!!!

, - Water accounts

U.S. Tropical Cyclone Fatalities
1963-2012 for about 90% of
the direct deaths

Surf 6%

ornado 3%
Other 1%

Rappaport 2014




Water Continues to Kill

2016 Fatalities 2017 Fatalities™ 2018 Fatalities

Water Related Water Related Water Related

83% Water Related 91% Water Related 69% Water Related

*excludes Maria due to uncertainty related to causes of direct deaths



Water is What KILLS!!!

2016-18 U.S. Tropical

During the past three seasons,
Cyclone Water Related

more than half the U.S. v

: Fatalities
tropical cyclone water-related
fatalities were vehicle related!

Vehicle
Related




Indirect Deaths

Indirect Fatalities

Longer-Term Impacts

Most frequent factors: cardiovascular, loss of electricity,
vehicle accident, and evacuation




Flooding Rain

Record Setting Rainfall 2017-18

Hurricanes Harvey, Florence, and Lane have each set state
records for tropical cyclone rainfall with Harvey’s rainfall of
60+ inches setting the U.S. record

.
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Harvey (2017) - 60.58 inches Florence (2018) - 35.93/26.63 inches  Lane (2018) - 52.02 inches
Texas & US Record North Carolina/South Carolina Record Hawaii Record




Flooding Rain

A Two types occur:

I 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.

I 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

Flooding Rain

Rainfall amounts from tropical systems
within WFO Sterl i1 ngos

Nel son Co. |, V A 27 . 000 Hurr




Floodlng Rain
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Storm Surge

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

17 ft
storm tide e
2 ft normal

high tide e

NOAA/The COMET Program

— Mean sea level



Storm Surge

There are a large number of considerations In
determining the height of the storm surge, some
of which arenot meteor ¢

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

I Highest surges occur usually
to the right of where the
center of the storm makes

landfall.
A e dien Suae 6 I Fast moving storms = higher
v iy ol surges along the open coast.

raising sea level much

I Slow moving storms = greater
flooding inside bays and
estuaries




Storm Surge

A The larger the storm is in
size, the higher the storm
surge will be and the
larger area of coastline
that will be affected.

A Direction of storm PN E
approach often impaCtS 1A 4 Y. QUADRANT -
the extent of storm surge. 7 /& ON-SHORE WINDS

A Shallow sloped shorelines,
as opposed to steep ones,
are prone to higher storm
surges




Storm Surge Video

Thes DORET Progr e

The COMET Pragram



Storm Surge Damage
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Storm Surge Damage



