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Tropical Cyclones

Basics & Classifications

Definition: A rotating, organized
system of clouds and thunderstorms
that starts over tropical or subtropical

waters and has a closed circulation
near the surface
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Tropical Cyclones

Necessary Ingredients
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. rm ocean water through a deep layer

* Unstable atmosphere with sufficient moisture

* Low vertical wind shear

* Pre-existing disturbance near the surface (away from equator)
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African Easterly Waves (AEW): Also called tropical waves, e
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.

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

Old Frontal Boundary: 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 along the U.S. coastline.
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Atlantic Hurricane and Tropical Storm Activity
Based on Data from 1944 to 2020
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What Does an “Average” Season Look Like? Zf;t"‘v‘v‘E’A':Ei b m

AtlantiC LO ng'Te m C I i matO I Ogy Building A Weather-Ready Nation!

Based on the last 30-years of data (1991-2020) from the North Atlantic Basin...

An “average” season is comprised of:
* 14 Tropical Storms (i.e. systems given names; sustained winds 39-73 mph)
* 7 Hurricanes (sustained winds of 74+ mph)
* 3 Major Hurricanes (Category 3-5; sustained winds of 111+ mph)

Average date of first Tropical Storm: June 20
Average date of first Hurricane: August 11
Average date of first Major Hurricane: September 1

Pre-season and early season formations do NOT necessary mean the overall season will be above
normal (some are, some are not - NO correlation exists).
* Thus, early season development can NOT be used as a reliable predictor for later season
activity.
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Atlantic Hurricane Climatology
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Historic June Hurricanes
Passing within 150 n. miles of Mechanicsville, MD (1851-2021)
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Dust from the Saharan Desert travels across the Atlantic each summer, usually reaching Florida
from June through early August

Not only can this cause air quality problems, but it can limit tropical cyclone development
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Atlantic Hurricane Climatology
August
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Historic August Hurricanes
Passing within 150 n. miles of Mechanicsville, MD (1851-2021)
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Atlantic Hurricane Climatology
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Historic September Hurricanes
Passing within 150 n. miles of Mechanicsville, MD (1851-2021)
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Hurricane Return Period
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Passing within 100 n. miles of Washington DC (1851-2021) Building A Weather-Ready Nation
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Four Types of Impacts

All tropical cyclones can produce one or combination of these
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~ WIND FLOODING

STORM SURGE TORNADOES

Saturday, August 2,2025

Baltimore / Washington DC

f1oA" WEATHER FORECAST OFFICE
Building A Weather-Ready Nation!

Remember that a hurricane’s
category only speaks to the wind
threat!

The other threats (especially
flooding rain) can be especially
devastating, even from a tropical

storm if conditions are right.

Flooding is most frequently
our biggest impact from
tropical systems!

weather.gov/washington



Flooding Rain Impacts

Most fatalities are caused by water hazards!

1963 c 2012
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2024 Flooding Rain Impacts ot ol

Building A Weather-Ready Nation!

* Water (freshwater flooding, storm surge, rip currents/surf, marine incidents) was responsible for

* 599% of direct deaths from tropical cyclones in the United States (127)
* 83% of direct deaths from tropical cyclones in other countries across the region (73)

* Freshwater flooding accounted for the most direct deaths

* Hurricane Helene: 95
* Hurricane John: 29

12 of the 13 storms that caused direct deaths had at least 1 fatality attributed to freshwater

flooding

Asheville, NC (Helene) Acapulco, MX (John)
e '-4--—:“;1’.“:‘_'_1!"’-"'“ S -

x“‘
T

i
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Most fatalities are caused by water hazards! Building A Weather-Ready Nation

Three Types of Flooding

Flood Warning:
NWS warning for a slower rise of water in low areas and

around streams that impacts roads and possibly
structures.

| : R | Record Setting Rainfall 2017-18
NWS warning of a very dangerous situation due to rapid :
h h : , A . Hurricanes Harvey, Florence, and Lane have each set state
change & the power of moving water.A rapid & extreme records for tropical cyclone rainfall with Harvey’s rainfall of
flow of high water into a normally dry area, or a rapid 60+ inches setting the U.S. record

rise in a stream above flood level, beginning within 6
hours of rain, often within | hour.

River Flooding:

Runoff from heavy rain enters a river and causes it to
Overﬂow Its banks' OCCUFS over the course Of many /(2 Flornce (2018) - 35.93/26.63 inches Lane (2018)'- 520 inches
hOU rs to a feW da)/S. North Carolina/South Carolina Record Hawaii Record
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Flooding Rain Historic Impacts an:'t"*v‘v‘E’A';‘:E: ::‘:;SA':T"C‘)?F:E’“ o

Worst Tropical-Related Flooding in NWVS Baltimore/VWashington History Building A Weather-Ready Nation!

Hurricane Camille 1969 - Nelson Co.,VA: 27.00”

LA 2]

_ -

sicane Camille }pfgfﬁu;‘g%\ |
quist 16-21 1969 Yy 4&78
12170 sit \,,\j‘ - n G

HURRICANE CAMILLE

*

ON AUGUST 20, 1869, TORRENTIAL RAINS.
FOLLOWING REMNANTS OF HURRICANE
CAMILLE, DEVASTATED THIS AREA. A RAIN-
FALL IN EXCESS OF 25 INCHES LARGELY §
WITHIN A 5-HOUR PERIOD, SWEPT AWAY OR R
BURIED MANY MILES OF ROADS. OVER 100
BRIDCES AND OVER S00 BUILDINGS. 114
| PEOPLE DIED AND 37 REMAIN MISSING. THE
mmmmmrwsmmom
Ammmmmtnanmsm
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Flooding Rain Historic Impacts - - CE e
Worst Tropical-Related Flooding in NWS Baltimore/VWashington History ’

Building A Weather-Ready Nation!

i

Hurricane Camille (1969) Wills Cove and Fortune Cove

* Deadliest natural disaster in the state of Virginia

* Atleast 151 people died in VA, most in Nelson County

* 27" of rain in mostly 5 hours

» After reanalysis, rainfall totals just over 30 inches were
recorded in as little as eight hours.

* 6th highest crest on record on the James River

* Total of nearly 3800 landslides within Nelson County

caneC m|IIe
° st162 969

12170 SIteE

Flooding Rainfall Tropical Cyclone Records:
* Virginia: Hurricane Camille (1969) - 27" of rain in
Nelson County

* Maryland: Hurricane Eloise (1975) - 14.23" of rain in
Westminster

o ima:
P 00" Wext Central Nelson County, VA
10.06* Mississippi Test FaC|I|ty, MS

o P “)
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MR WL U £ T
o\ T,
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StOI"m Sur’ge |mpacts Baltimore / Washington D

Wh at affe CtS StO m Su rge h c ight? Building A Weather-Ready Nation!

Many factors determine height of storm surge
® The larger the storm is in size, the higher the storm surge will be and the larger area of coastline that will be
affected

® The stronger the winds, the higher the potential storm surge
® Fast moving storms = higher surges along the open coast
® Slow moving storms = greater flooding inside bays and estuaries

Highest surges occur usually to the right of where QI 5o oo ot e e et s s o

and directly accounts for about half of the deaths associated with
tropical storms and hurricanes in the U.S. NOAA coastal flooding

the center of the storm makes landfall e s e e e D el
on potential impacts. be inundated as a result

of storm surge.

Direction of storm approach often impacts the
extent of storm surge.

normal high tide

Shallow sloped shorelines, as opposed to steep Nice
ones, are prone to higher storm surges Weathe! Arcas above high tide

are normally dry. - - - -,

if’f‘

T

normal high tide

“ N | weather.gov

hurricanes.gov
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Storm Surge Impacts in Mid-Atlantic e il ot s

ROIe Of the Chesap eal(e Ba)’ Building A Weather-Ready Nation!

The track of a hurricane in relation to the mouth of the
Chesapeake is the biggest determinant for storm surge
In our area.

Wilmington ] Stafford

1933 e

MARYLAND

Hurricane

Sflver Spring Annapolis

UNNAM

Cumberland Hagerstown

Martinsburc :
. 9 Frederick

Romney 5
£ Atlantic City

® A track west of the mouth = bigger surge
® A track east of the mouth or offshore = lesser surge _

Winchester Germantown

Ashburn
E
Denton

-«  The tracks of Isabel (2003)
= & 1933 Hurricane
| efficiently pushed storm
<y — surge into and up the bay.

Fredericksburg

These hurricanes typically make landfall in the Outer
Banks of North Carolina, then track northwest across
Virginia.

orge

Pocomoke City
Chaylottesville .

Chincoteague

VIRGINIA
Richmond -xmore

® West of Norfolk = devastating for bay
® West of Richmond = catastrophic everywhere

Chester

Petersburg

Isabel
= (2003)

Henderson

'Virginia Beach

\ Direction of storm surge

Suffolk - Chesjpeake

Historically, the worst-case scenario occurred twice:

1933 Chesapeake Bay-Potomac Hurricane
2003 Hurricane Isabel

Saturday, August 2,2025 n X NWS _BaltWash weather.gov/washington



Baltimore / Washington DC

4, NORR WEATHER FORECAST OFFICE 5@&
| Building A Weather-Ready Nation! =

Storm Surge Historic Impacts

Chesapeake/Potomac Hurricane - August 1933

Hurricane Isabel - September 2003

* Unusually high storm surge (6-8 feet above normal) in the Chesapeake
Bay and Potomac River Basin (highest levels since the
Chesapeake/Potomac Hurricane of 1933)

* Resulted in substantial flooding of residences and businesses

* Peak Surge Heights:

.. .l_..
* Annapolis, 6.33 feet (extensive damage at the Naval Academy) Flooding in St. George Island
* Baltimore, 7.26 feet = 1k

LN

3 - =
~ ¥ ™

* Washington, DC, 8.10 feet (Georgetown at start of Wisconsin Ave.)
* Old Town Alexandria (Portions of King Street under 5-6 feet of
water)

1] RO

i
(T Y

i

L

.
h’l : J

7

N

Saturday, August 2, 2025 weather.gov/washington



Hurricane Wind Impacts
Coastal vs. Inland Winds

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

 Reconnaissance aircraft

 Land based radars

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

Inland Tropical Winds:
Once hurricanes move inland, they lose their energy source, plus 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

Baltimore / Washington DC

WEATHER FORECAST OFFICE
Building A Weather-Ready Nation!

Saturday, August 2, 2025
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Baltimore / Washington DC

1Ak WEATHER FORECAST OFFICE
Building A Weather-Ready Nation!

Hurricane Wind Historic Impacts

Hurricane Hazel - October 1954

Peak Wind Gusts:
* Sustained 78 MPH, Gust 98 MPH at Reagan National (DCA)
112 MPH gust at Patuxent River NAS (Maryland’s highest hurricane wind gust)
* 90 MPH at Annapolis

Trees knocked down near the
Capitol grounds. (AP Photo)

~ US Naval Academy the day after
- hurricane on flooded sea wall,
October 1954. (Baltimore Sun staff)

Saturday, August X NWS _BaltWash weather.gov/washington



TOrnaCIO ImPaCtS Baltimore / Washington

H u I"I"i cane |Van (2004) TO n ad O O Utb I"eal( Building A Weather-Ready Nation!

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

2:09 PM

Tornado production can occur for days after
landfall, regardless of time of day

Remnants of lvan produced the worst local
tornado outbreak in recent history (9/17-18/04)

35 Tornadoes: VA (23), MD (9),WYV (3)

weather.gov/washington
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Tornado Historic Impacts

Remnants of Hurricane Ivan (2004)
* Produced record number of tornadoes in VA
* Virginia Record ~70 (old record 32)
» Official Ivan tornado count: 113 (SPC)
* U.S.record: Beulah (1967): 148 tornadoes (Gray)
* Hurricane Ivan (2004): 113 tornadoes (SPC)
* Hurricane Frances (2004): 109 tornadoes (SPC)
* Hurricane Andrew (1992): 62 tornadoes
* Two tornado concentrations (swarms) with Ivan: NW FL and VA-MD

NWS Baltimore/Washington Forecast Area
* 35 total tornadoes: VA (23), MD (9), WV (3)
* Tornadoes by rating: 9 FO, 13 F1, 12 F2, 1 F3

* ( Fatalities and 14 Injuries

Baltimore / Washington DC

NOAR WEATHER FORECAST OFFICE :\%ﬂ
Building A Weather-Ready Nation! =

Orange Co.Tornado 9/17/04

y -~
,}./

Fauquie‘r' CdﬁTornado 9/17/04

Saturday, August 2,2025
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Balti hi D
TOrnadO IPaCtS altimore / Washington
J1oAR WEATHER FORECAST OFFICE é@é

Impacts from remnants of Hurricanes Isaias (2020) & Ida (2021) Building A Weather-Ready Nation!

Dunkirk
North BEeach

Chesapeake
Beach

e
HuntinatoVeg_

2% e w

\

v

Remnants of Hurricane lsaias

(8/4/20) produced two EF-0 & two
EF-1 tornadoes in Southern MD

Remnants of Hurricane Ida (9/1/21) produced an
EF-2 in Annapolis (left) and EF-1 in Edgemere (right)

Saturday, August 2,2025 n X NWS _BaltWash weather.gov/washington



Hurricane Milton Tornado Impacts (2024)

Historic Tropical Cyclone Tornado Outbreak in FL

Baltimore / Washington DC

NOAA WEATHER FORECAST OFFICE 5@;‘2
Building A Weather-Ready Nation! =

-85°

_800

Tornadoes

EF_rating
0
¢ 1
¢ 2
¢ 3

Unknown

25°

Saturday, August 2,2025

=1 X NWS_BaltWash

* 45 known tornadoes, | tornadic waterspout

e 3 EF3 tornadoes
* First tropical cyclone in SPC’s database

(since 1995) to produce more than |
EF3

6 fatalities due to tornadoes

weather.gov/washington



Indirect Fatalities el b Ul
[ORH WEATHER FORECAST OFFICE -@ffj

LO nge r'Te Fm I m PaCtS Building A Weather-Ready Nation!

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

Cardiovascular failure

Cardiovascular failure
of evacuee

Evacuation (not with vehicle)

Vehicle accident w/evacuation
(not with tree)

Vehicle accident (not w/
evacuation, not with tree)

Most frequent factors
e Cardiovascular

* Loss of electricity

* Vehicle accident

e Evacuation

Vehicle hit downed tree

Tree work

Fire (not from open flame at
residence)

Residential fire from open flame

Carbon monoxide poisoning

Electrocution
Hypothermia

Medical equipment outage

il & g

Saturday, August 2,2025
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Baltimore / Washington DC

loas WEATHER FORECAST OFFICE

Indirect Fatalities

LO nge r'Te Fm I m PaCtS Building A Weather-Ready Nation!

U.S. INDIRECT DEATHS (1963-2012)

Victim Age

Number increases generally with age

Number of Indirect Deaths

Eight times as many victims over 70
years old as under 21 (influence of
heart attacks)

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81+

Age

Saturday, August 2, 2025 weather.gov/washington



Indil‘ect Fatalities Baltimore / Washington DC

FRg  \WEATHER FORECAST OFFICE @

LO nge I’-TG Fm I m PaCtS Building A Weather-Ready Nation!

U.S. Tropical Cyclone Indirect Deaths associated with Evacuation
(Total = 168)

21-30 31-40 41-50 51-60 61-70

Age (years)

Based on Rappaport and Blanchard (2016)

Saturday, August 2,2025 n X NWS _BaltWash weather.gov/washington



Wa,ves and R|P Currents Baltimore / Washington DC

. . f1oA" WEATHER FORECAST OFFICE
Impacts can occur hundreds of miles away from a hurricane Building A Weather-Ready Nation

BEACH WARNING FLAGS

C R I P c U R R E N I s

Water Closed to Public Break the Grip of the Rip!

M High Hazard

High Surf and/or Strong Currents

Peligro Alto, Resaca Alta y/o Corrientes Fuertes

1721 Medium Hazard

Moderate Surf and/or Currents

| Peligro Medio, Resaca Moderada y/o Corrientes Fuertes
M Low Hazard 1

Calm Conditions, Exercise Caution
‘ Peligro Bajo, Condic!iolnes Calmas?(TengaICuidado . /." W\
M Dangerous Marine Life

Vida Marina Peligrosa Porwwria me preertbd 1o veino ol meew memg swey Y om Whirw
Thay - @t tacvap tomas Ve ovvamgee! bt cas swl Vo soe

Absence of Flags Does Not Assure Safe Waters

B —

¢ Don't fight the current

¢ Swim out of the current, then to shore

¢ If you can't escape, float or tread water

¢ If you need help, call or wave for assistance

Worg wbpimptpa phraet v
Sareanis s on b Saand o e
febsm ng wed vten

¢ Know how to swim el i R DI

e wrie sy

¢ Never swim alone
¢ If in doubt, don't go out

Saturday, August 2,2025
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N/ WEATHER FORECAST OFFICE
N (S fO I 202 5 =° Building A Weather-Ready Nation!

U S RlP Current Viewer Baltimore / Washington DC

U.S. Rip CurrentRisk — | | f : * Rip currents and heavy surf are the

Valid for Today (September 25, 2024)

NWS National Hurricane Center y ‘ 3I‘d-highest cause (|6%) of direct
2 U.S. fatalities from tropical cyclones
CycloneType | - ‘ (based on 2013-2023 data)

O Depression @ Storm @ Hurricane
& Post- troplcal cyclone or remnants

* Many rip current deaths occur from
hurricanes that are well offshore

* |In 2025, NHC will provide a rip
current risk viewer during active
tropical cyclones that will mirror the

‘ rip current information provided by

Caribbean Fa N\ local NWVS offices in their Surf Zone
o D Forecasts

Ly
eNe5AWE1202WE 1152WE1102WE 1 1052W/1002AW/S - 952IW, : W 802W.758W ﬁ)&vv\—-as;\'/\’/_ 1602\,
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National Hurricane Center (NHC)

Most Accurate Hurricane Information

‘. ‘ NATIONAL HURRICANE CENTER and

-

g §, CENTRAL PACIFIC HURRICANE CENTER

ANALYSES & FORECASTS ~ DATA & TOOLS ~ EDUCATIONAL RESOURCES - ARCHIVES ~ ABOUT -~ SEARCH -~

o

Top News of the Day... view past news

e NOAAreleases 2020 seasonal Atlantic/Eastern Pacific hurricane forecast and Central Pacific forecast
» NOAA National Hurricane Center Specialists 1950s-2020s
e Update on National Hurricane Center Products and Services for 2020

Central Pacific Eastern Pacific Atlantic

Disturbance 1: 10% Chance of Cyclone Formation in 48 Hours

¢y As of 2:00 pm EDT Mon Jun 15 2020 ...
»/ " Regardless of development, heavy rainfall could over portions of
_——— northeastern South Carolina and southeastern North Carolina from
“o5 . Tuesday afternoon into Wednesday. For additional information, see
_ = products from your local National Weather Service office.
* Formation chance through 48 hours...low...10 percent.
* Formation chance through 5 days...low...10 percent.

90W 8ov{) TN 7 6OW,. T seW 40W 30W
Current Disturbances and Two-Day Cyclone Formation Chance: o2 <40% &R 40-60% ¢ > 60%

Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane
® Post-Tropical Cyclone or Remnants

hurricanes.gov

L ast update Mon, 15 Jun 2020 18:01:1

Baltimore / Washington DC

4"%"¢®  WEATHER FORECAST OFFICE
| Building A Weather-Ready Nation!

* 5-day tropical weather outlook -
every 6 hours from May 15 - Nov 30

* Track/intensity forecasts updated
every 6 hours

* Watches and Warnings

TS and hurricane wind speed
probabilities

 Most likely arrival time of TS winds

 Rainfall and Storm Surge

Saturday, August 2,2025

=1 X NWS_BaltWash

weather.gov/washington



: 4 WEATHER FORECAST OFFICE
Big Takeaway: Impacts will occur outside of the cone! Y uilding A WeatherReady Nation!

NHC Official Track & Forecast Cone pelidisnlal bt o

Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.

9l °*Don’t focus on the cone. Impacts
h.. 4N | | S| e . .
5 2 AM Th . will occur outside of the cone!

* The forecast cone, based on historical
error, is where the center of the
storm is forecast to be 67% of the
time!

) | ¢ Highlights areas under watch/warning
. 8 AM Mon

v\ -

90W  85W  BOW - 75W  70W  65W  60W  55W  50W

Tfopicai S'torm Isaias Current information: ® Forecast positions: - ~ SChedUIGd |Ssuance X4/C|a)/ at 5 & I I

Monday August 03, 2020 Center location 30.2 N 80.1 W @ Tropical Cyclone (Q Post/Potential TC

8 AM EDT Intermediate Advisory 25A Maximum sustained wind 70 mph Sustained winds: D < 39 mph AM/PM 3 h h
NWS National Hurricane Center Movement N at 13 mph S 39-73 mph H 74-110 mph M > 110 mph eve r)’ O U rS W en

Potential track area: Watches: Warnings: - . )
s Doy {5 GO Daylds e e L watch/warning in effect

Saturday, August 2,2025 weather.gov/washington



New (Experimental) Cone Graphic Baltimore / Washington DC

oARg  WEATHER FORECAST OFFICE

I n Ian d U . S. WatC h eS/Wa 'n i ngS D S P i Cted =y Building A Weather-Ready Nation!

New cone provided better depiction of the inland (Wind risk from Helene in the southeast United States).
Less emphasis on the cone itself while users are able to focus on watches and warnings depicting wind risk.

Note: The cone contains the probable path of the storm center but does not show &L . Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone. the size of the storm. Hazardous conditions can occur outside of the cone.

B:é’rmuda l b B:é'rmuda

Mexico

e o ; \\

klh?\ -

’: e } % ‘ ’;-' o
7‘\1(AM Wedj\ oF T - \ ?X\1 o'M Wed B F
' : e . £ | | N L s

B g e |
HLxl 0 e i

.
Yl

j;;n_:i:; e & t fr—nalca i
; Legac : 7’7 ; Experimental
105W  100W-_ 75W gacy ., 105W  100W—-__ 95W. _90 é .~85W 80W PE enta

Hurricane Helene Current information: X Forecast positions: Hurricane Helene Current qnformatlon: X ForecaSt positions: | |
Wednesday September 25, 2024 Center location 21.6 N 86.3 W @ Tropical Cyclone Q Post/Potential TC Wednesday September 25, 2024 Center location 21.6 N 86.3 W @Tropical Cyclone QO Post/Potential TC

: : : ; : : , 10 AM CDT Advisory 9 Maximum sustained wind 80 mph Sustained winds: D < 39 mph
10 AM CDT Advisory 9 Maximum sustained wind 80 mph Sustained winds: D < 39 mph . : M NNW h . h M
NWS National Hurricane Center Movement NNW at 10 mph S 39-73 mph H 74-110 mph M > 110 mph NWS National Hurricane Genter ovement at 10 mp S 39-73 mph H 74-110 mp > 110 mph
e . . : . Potential track area: Watﬁgﬁiﬁ;ne Watch vﬁrl-ri\::?r%gne Warning Current wind field estimate:
Potential track area: Watches: Warnings: Current wind field estimate: : B Hurricane

‘ > Dav 1-6 Tropical Storm Watch Il Tropical Storm Warning :
&Day 1-3 Day 4-5 Hurricane Trop Stm [ Hurricane [l Trop Stm [ Hurricane Trop Stm 4 ZZ Hurricane Watch & Tropical Storm Warning Tropical Storm

Saturday, August 2,2025
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Potential Tropical Cyclone Advisories G e romcasr o

Now issued up to 72 hours in advance of landfall Y Building A Weather-Ready Nation!

AT H

= Note: The cone contains the probable path of the storm center but does not show Bi;,,,‘_‘{f-
the size of the storm. Hazardous conditions can occur outside of the cone. “
—— J‘ ‘ ,-*‘:._.: ___.: .\.\'

* Starting in 2017, Potential Tropical Cyclone
advisories gave NHC the ability to issue
tropical storm and/or hurricane watches for
systems that are not yet a tropical cyclone
but have the potential to bring tropical
storm or hurricane conditions to land areas
within the next 48 hours.

* 2025 Update: Issued when watches or
warnings needed for land areas within 72
hours of impacts.

* Used numerous times, giving an average of
70W

' ‘ . - — 2| h of additional lead time on
Potential Tropical Cyclone Eighteen Current information: X Forecast positions:

Sunday November 03, 2024 Center location 13.0 N 77.1 W @ Tropical Cyclone Q Post/Potential TC watc h/warnings for th ose systemS.
4 PM EST Advisory 1 Maximum sustained wind 35 mph Sustained winds: D < 39 mph

NWS National Hurricane Center Movement NE at 7 mph S 39-73 mph H74-110 mph M > 110 mph

Potential track area: Watches: Warnings: Current wind field estimate: . . .
&Day 1-3 (R Day 4-5 Hurricane ~ Trop Stm |[Hurricane [l Trop Stm [ Hurricane | Trop Stm Invo ked for nine SyStemS In 2024’

Saturday, August 2, 2025 weather.gov/washington



NHC Official Track Error Trend

Massive improvement on track forecast over the past 10-20 years Building A Weather-Ready Nation!

loas WEATHER FORECAST OFFICE

NHC Official Average Track Errors NHC Official Average Intensity Errors
a0 Atlantic Basin Tropical Storms and Hurricanes a0 | AtI]antitl: Bag.in '!'ropjcal Ston:ms and IHurricarI\es
450 .
. 25 I 4
400 / 1970-79 "
350 1980-89 2 1970-79 80-89, 2000-09
£ 0 g & “ 2010-20
30 — nt -
c .
= 2000-09 FOLEEER O
o S .
> 250 > 15
v c
g 200 &
= = 10 :
150
100
5 U
50
0 1 | | | | | | | | O | 1 | 1 | | | | |
12 24 36 48 60 72 96 120 144 168 12 24 36 48 60 72 96 120 144 168
Forecast period (h) Forecast period (h)
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NHC Official Forecast Cone Error i:,'tir?v:ii b m

Building A Weather-Ready Nation!

Forecast Circle Radius Circle Radius Circle Radius
Period Atlantic Basin Atlantic Basin Atlantic Basin
(hours) (nautical miles) (nautical miles) (nautical miles)

2018-2022 2019-2023 2020-2024

|6 |6 |6
26 26 26
39 41 39
53 55 52
67 /70 67
8l 88 83
99
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f1oA" WEATHER FORECAST OFFICE
Building A Weather-Ready Nation!

Rapid Intensification Near U.S. Landfall bl B el

The Nation’s strongest hurricanes (150+ mph) in the last 100 years
were all tropical storms 3 days before landfall.

["U.S. DEPARTMENT OF COMMERCE, NATIONAL WEATHER SERVICE
NORTH ATLANTIC HURRICANE TRACKING CHART
\ T oE e T ia“"‘ ;o 1

U.S. 150 mph+
1919 — Storm 2

1932 — Storm 2
1935 — Labor Day
1969 — Camille &l
1992 — Andrew ™ N e hurricane is

3 i QV :-9} \
2004 — Charley IR 50 h before

P gporDay
2018 — Michael S\% landfall

O Kingston .S ’
L

Mer - b
18 4 o o Camille 1
— Laura 3 \
ajor Hurti
!O ! I I d ] .Guatemala HONDURAS
a 14 R San Salvador.
Wav /L w/Disturban ©
0 P ition at 0000 UTC
5 Position/ date at 1200 UTC M
e a n Storm Number D
-96° 92° 88

Average time to
become a

Saturday, August 2, 2025 weather.gov/washington



2024 Rapid Intensification i

| P  WEATHER FORECAST OFFICE ;‘@a
; Building A Weather-Ready Nation! =

* There were 34 cases of rapid intensification (Rl) in the Atlantic in 2024
* Each case is defined as a separate 24-hour period of at least a 35 mph (30 knot) increase in
winds
* Nearly double the mean number of Rl cases in a typical year [18 (2014-2023)]

* Hurricane Milton strengthened by 90 mph (80 kt) over 24 hours on from Oct. 6 to 7/
* Pressure dropped by 82 mb in about 16 ‘2 hours to 895 mb

Saturday, August 2, 2025 n X NWS _BaltWash weather.gov/washington



Tropical Wind Speed Probabilities gl il %

- ‘ ) . ' A’"p  WEATHER FORECAST OFFICE
Based on 1,000 realistic scenarios around the “Official NHC Forecast Y Guiding AWeather-Ready Nation!

Strong Tropical Storm Force

50-knot (58 mph) Wind Speed Probabilities
For the 120 hours (5.00 days) from 8 PM EDT SUN SEP 25 to 8 PM EDT FRI SEP 30

Tropical-Storm-Force Wind Speed Pr

For the 120 hours (5.00 days) from 8 PM EDT SUN SEP 25 t S~ = 5'; e DePiCtS Cumulative PrObablllt)’ Of tropical

v

3 & f\ﬁ

4 . d , asig g

: : C @
3

storm force (39 mph), strong tropical storm
force (58 mph), or hurricane force winds
(74+ mph) for a specific location over the
next 5 days

75W . 70W. .  65W

Probability of 50-knot (58 mph) w minute average >= 58 mph) from all tropical cyclones
O indicates Tropical Storm lan center location at 8 PM EDT SUN SEP 25, 2022 (Forecast/Advisory #12)

5 20 30 40 50 60 70 80 %

] | ¢ O Takes into account more than just the center
A TN Y| of the storm:
TR | * Various tracks
- W_W?’ | » RN \‘ b 1 Various intensities

» - "\._\_ ¢

TEE.Satvador
SR

\ Nicaragu

e SR ) BESEE E| « Various forward speeds

O indicates Tropical Storm lan center location at 8 PM EDT SUN SEP 25, |-

e ]S « Various storm sizes

5 10 20 30 40 50 60

100W 95W 90 %/ 85W | ' 80W 75W 70W
Probability of hurricane-force winds (1-minute average >= 74 mph) from all tropical cyclones

[ ]
I ro P I Cal Sto rl I l FO rc e O indicates Tropical Storm lan center location at 8 PM EDT SUN SEP 25, 2022 (Forecast/Advisory #12)

5 10 20 30 40 50 60 70 80 90 %

Hurricane Force
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Tropical Wind Speed Probabilities Satimore | Washington

ofe o . ? ;I.‘,:____"""" WEATHER FORECAST OFFICE g&‘%
H OW are P o bab | I | Stl C win d S C I"eated . - Building A Weather-Ready Nation! 3

Based on 1,000 realistic alternative scenarios created using:
* Official NHC track and intensity forecast

* Historical NHC track and intensity forecast errors

* Climatology and persistence wind radii model

Uses model spread to account for track uncertainty

Saturday, August 2,2025 weather.gov/washington



Earliest Reasonable Time of Arrival Graphic P

Based on IO% PI"Obabi“t)’ Of tl’OPiC&l StOI"m Wind Onset y Building A Weather-Ready Nation!

* Earliest Reasonable Arrival
Time (preparations should
be completed by this time)

* Incorporates uncertainty;
only I-in-10 (10%) chance
of earlier onset; 90% chance
of later onset

e Best for users with low
tolerance risk (takes into
account different storm

Bo_'rmuda

(
motion)
All Times EDT
Tropical Storm Isaias Storm Location 8< 34 kt (39 mph) 5-day chance of receiving sustained 34+ kt (39+ mph) winds
. Sun. Aug. 2,2020 11 am EDT & 34-63 kt (39-73 mph) | N [
Used for planning e Wi € b o e 20 % K0 oo Ty % % ok
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Most Likely Time of Arrival Graphic i i e

Based on 50% probability of tropical storm wind onset Building A Weather-Ready Nation

Most Likely Arrival Time of Tropical-Storm-Force Winds

60W S5W S0W

90w 85W 80w 75W 70W 65W

* Assumes “perfect
forecast!”

* Does not take into
account increase of
forward speed or wind
field expansion

Bérmuda

All Times EDT

Tropical Storm Isaias Storm Location O < 34 kt (39 mph) 5-day chance of receiving sustained 34+ kt (39+ mph) winds

Sun. Aug. 2, 2020 11 am EDT & €) 34-63 kt (39-73 mph) T T O
Advisory 22 Wind Speed 6264kt(74mph) 5 10 20 30 40 50 60 70 80 90 100%

weather.gov/washington
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Storm Surge Products

Potential Storm Surge
Flooding Map

Hurricane X Q .

Reasonable worst case scenario

Only a | in 10 chance storm surge
will be greater than shown

Doesn’t represent a flooding
footprint

Saturday, August 2,2025

Peak Storm Surge Forecast

g 7)-()

@ Cape Fear

3-5 ft

@/ South Santee River

Edi.ts%‘t_o Beach : 2-4 ft

() |

Savannah River ,‘.; 1 _3‘ ft
[
j 01

8
User Notes: Water levels along the immediate coast could reach the following heights above groun

level within the indicated areas. Elevated water levels will likely be accompanied by large and
v X destructive waves. Colors are based off the highest values in the associated forecast peak surge
NWS National Hurricane Center range. Values shown on this graphic are inclusive of tide.

Peak values water could reach
above normally dry ground

Only valid along the immediate
coast - does not depict inland
extent

1 X NWS_BaltWash

Baltimore / Washington DC

L G WEATHER FORECAST OFFICE
| | Building A Weather-Ready Nation!

Storm Surge Watch/Warning

Storm Surge Watch - Possibility
of life-threatening inundation
generally within 48 hours

Storm Surge Warning - danger
of life-threatening inundation
generally within 36 hours

weather.gov/washington



NWS Tropical Webpages — For LOCAL Info sediibionst Sl

we ath c I’.gOV/WaS h i ngtO n Building A Weather-Ready Nation!

National Hurricane Center Advisory 1 for Tropical Depression Three

TROPICAL DEPRESSION FORMS IN THE BAY OF CAMPECHE

e e e s I * One-stop shop for all tropical-related local forecast
information

4

* Active Storms tab appears when NHC initiates tropical
cyclone advisories

* NHC information “downscaled” by NWS Office to
sub-county scale forecasts. Best source of info during

Watch/Warning periods

Tropical Depression Three Current information: X Forecast positions:

Monday June 01, 2020 Center location 196 N91.2 W @ Tropical Cyclone Q Post/Potential TC
4 PM CDT Advisory 1 Maximum sustained wind 30 mph Sustained winds: D < 39 mph

NWS National Hurricane Center Movement WNW at 7 mph S 39-73 mph H 74-110 mph M > 110 mph

Potential track area: Watches: Warnings: Current wind extent:

Qoo 13 Cowr &5 o Tiopsim _ Wlbricans B TcpSim__ Ircans £ Tep i * The Hurricane Local Statement (HLS) and local

" obabiies " opalSorm W Tropical Cyclone Watch/Warning Statement (TCV)
breakdown impacts on a county-by-county level for all
four hurricane hazards

vary

Saturday, August 2,2025 n X NWS _BaltWash weather.gov/washington



Hurricane Threats & Impacts Graphics (HTI) b R R

) f1oA" WEATHER FORECAST OFFICE
Weath c I’.gOV/WaS h | ngtO n Building A Weather-Ready Nation!

Elevated Moderate
Updated: 2020/08/03 11:10Z

Map of Coastal Threats and Potential Impacts - What's This?
DWind Threat Storm Surge Threat Flooding Rain Threat Tornado Threat Wind Threat

Map of Coastal Threats and Potential Impacts - What's This?
0)Storm Surge Threat Flooding Rain Threat Tornado Threat

State College

Map of Coastal Threats and Potential Impacts - What's This? Map of Coastal Threats and Potential Impacts - What's This?
Wind Threat Storm Surge Threat D Flooding Rain Threat Tornado Threat Wind Threat Storm Surge Threat Flooding Rain Threat @ Tornado Threat

S @ Show/Hide Cone s @) Show/Hide Cone i @) Show/Hide Cone N o : l ¥ Show/Hide Cone ,Altoona

Pittsburgh
2 Fennsylvania :
_ ~Harrisburg

e ']

festdirginia

Harrisenburg

taunton
[Download KML] [Download Image] [Download KML] [Download Image]

[Download KML] [Download Image] [Download KML] [Download Image]
Storm Surge Threat Flooding Rain Threat Tornado Threat
i ing > u

Extreme - Potential for extreme flooding rain Extreme - Potential for outbreak of tornadoes

Extreme - Potential for wind > 110 mph Extreme - Potential for storm surge flooding > 9 ft above ground

Moderate - Potential for wind 58 to 73 mph Moderate - Potential for storm surge flooding > 3 ft above ground
Elevated - Potential for wind 39 to 57 mph Elevated - Potential for storm surge flooding > 1 ft above ground

Little to None - Wind < 39 mph Little to None - Little to no storm surge flooding

Moderate - Potential for moderate flooding rain Moderate - Potential for several tornadoes
Elevated - Potential for localized flooding rain Elevated - Potential for a few tornadoes

Little to None - Little to no potential for flooding rain Little to None - Tornadoes not expected

Lynchjsirg
Blackshurg Roanoke

Virginia
[F=ach

Leaflet | Powered by Esri | USGS, NOAA

* Potential impacts from Wind, Storm Surge, Flooding and Tornado threats — updated every 6 hours.
* Displays potential impacts (i.e. reasonable worst case scenario) for planning/safety purposes.

* Used as the “safety margin” forecast for responsible decision making and resource management during
hurricane emergencies

* As the time-to-impact lessens, the potential impacts trend toward the most likely impacts.

Saturday, August 2,2025 n X NWS _BaltWash weather.gov/washington



Hurricane Impact Timeline

1Ak WEATHER FORECAST OFFICE
Building A Weather-Ready Nation!

How Will | Know When Things are “Getting Bad’”?

The National Weather Service issues watches and warnings to highlight areas and times in which
conditions may be or are life-threatening

5 Days 48 Hours 36 Hours Within a

After

Before — Before Before e | Few Hours
Landfall
Landfall Landfall Landfall of Landfall
Tropical Weather Hurricane, Tropical Hurricane, Tropical Extreme Wind, Tornado, Flash Flood
Outlook Storm, and/or Storm Storm, and/or Storm Tornado, Flash Flood Warnings
Surge Watch Surge Warning Warning
Hurricane Hurricane Iropical Storm ~  [ropical Storm
Warning Watch Warning  Watch
Hurricane conditions Hurricane cohditions | Tropical storm conditions ¥ | Tropic;I storm’éonditions.‘} | M
(sustained winds of 74 mph or higher) (sustained winds of 74 mph or higher) (sustained winds of 39 to 73 mph) (sustained winds of 39 to 73 mph)

are expected within the next 36 hours are possible within the next 48 hours are expected within the next 36 hours are pdg;;iblelwith'in the next 48 hours

Saturday, August 2, 2025 weather.gov/washington



Local Tropical Impacts — Historic Events G s E i m

Weathel’.gOV”WX/tl"OPical — “hiStOl"iC data” tab Building A Weather-Ready Nation!

Flooding Rainfall
* Remnants of Hurricane Camille (1969) - 27" of rain in Nelson County, VA

Storm Surge
* Hurricane Isabel (2003) - 6-8 feet of storm surge in Chesapeake Bay and Potomac River

Hurricane Winds
* Hurricane Hazel (1954) - 112mph gust at Patuxent River NAS (MD)

Tornadoes
* Remnants of Hurricane Ivan (2004) - 35 tornadoes in NWS Sterling forecast area

Saturday, August 2, 2025 weather.gov/washington



Hurricane Isabel (2003) Mid-Atlantic Impacts

Moderate to Major 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 2-3 feet of water in downtown Waynesboro
* Four people lost their lives mainly due to drowning

Hurricane Isabel Rainfall:

* 6-12" in the Shenandoah Valley

* 2-6" across western Maryland and eastern West Virginia
* 1-3" across Baltimore and Washington metro areas

Baltimore / Washington DC

"""  WEATHER FORECAST OFFICE 5&‘?2

Building A Weather-Ready Nation!

»
-

('ﬁ{:rricane Isabel

Storm Total Rainfall
September 17-21, 2003
3009 stations

——
— 3
5

7

—_ 10
15

- 20

Maximum: 20.20"
Upper Sherando, VA

Track

Saturday, August 2,2025

weather.gov/washington



Hurricane Isabel (2003) Mid-Atlantic Impacts pelidisnlal bt o D

All area airports closed
WMATA and Amtrak suspend service
Federal Government shut down

Responsible for 40 deaths (direct and indirect) in Virginia,
Maryland, and the District

Nearly $3 billion in total estimated damages

More than 4 million customers without power

Saturday, August 2, 2025 X NWS _BaltWash weather.gov/washington
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2025 Atlantic Hurricane Season QOutlook e

. . NoAR WEATHER FORECAST OFFICE 5@3
For the Atlantic Basin (June-November) Building A Weather-Ready Nation! Qa9

e The 2025 Hurricane Season is forecast to be above normal due to:

o Continued ENSO-neutral conditions.

o Warmer-than-normal sea surface temperatures in the tropical Atlantic, which creates more energy to fuel
storm development.

o Forecast weak wind shear

o Potential for higher activity in the West African Monsoon

* An active Atlantic hurricane season does not necessarily mean it will be active for the Mid-Atlantic
(and vice versa) — the outlook is NOT a landfall forecast (individual track forecasts only possible

within ~ 7-days)

* Preparation is key every year, regardless of seasonal forecast. Begin to plan now.

Saturday, August 2, 2025 weather.gov/washington



2025 Atlantic Hurricane Season QOutlook st bl

A WEATHER FORECAST OFFICE 5‘&‘%@;

FO I th (S Atl anti C BaSi n (J une- N ovem be I") Building A Weather-Ready Nation!

X2 2025 Atlantic Hurricane Season Outlook
Season Probability e

Named Storms Average
13-19 14

Hurricanes
6-10 4

Major Hurricanes
C .

. Above Normal . Near Normal . Below Normal

Be prepared: Visit hurricanes.gov and follow NOAA’'s @NWS and @NHC_Atlantic on X. May 2025

Saturday, August 2,2025 weather.gov/washington



Baltimore / Washington DC

"""  WEATHER FORECAST OFFICE 5&‘%2

2025 Atlantic Hurricane Season Names

For the Atlantic Basin (June-November) Y uilding A WeatherReady Nation!
%4 2025 Atlantic Tropical Cyclone Names
Andrea Humberto Olga
Barry Imelda Pablo
Chantal Jerry Rebekah
Dexter Karen Sebastien
Erin Lorenzo Tanya
Fernand Melissa Van
Gabrielle Nestor Wendy

Be prepared: Visit hurricanes.gov and follow NOAA’s @NWS and @NHC_Atlantic on X. May 2025

Saturday, August 2, 2025 weather.gov/washington



Aurricane Pf@ﬁafedness weather.gov/hurricane v

Know Your Risk: Water & Wind

5 Consider your threats: storm surge,

.-
J O
-

flooding from heavy rain, strong winds,
tornadoes, rip currents

iy | Determine if you live in a
Y9 flood-prone area

—@ Find out if you live in an
0%  evacuation zone

[dentity your home’s structural risks
=L (mobile homes & basements can be

eRpeciaHy vulnerable)




Aurricane Pf@p areaness weather.gov/hurricane o/

Prepare Before Hurricane Season

o=| Develop an evacuation plan . e

Assemble disaster supplies: food, water,
| Dbatteries, charger, radio, cash

PA. Get aninsurance checkup and
document your possessions

g,. Create a communication plan with
Z] a hand-written list of contacts

I% Strengthen your home
OAA




Aurricane /Df@,O aredness weather.gov/hurricane “

Understand Forecast Information

Rely on forecasts from the National
Hurricane Center & your local NWS office

Know your alerts & the difference
between a Watch and Warning

Focus on potential impacts,
regardless of storm size or category

Know that deadly hazards occur
well outside of the Forecast Cone

i > Q

NOAA



Hurricane Preparedness weathergovihurricane ACZ

Get Moving When a Storm Threatens

& Protect your home: cover windows,
secure doors & loose items

@ Determine sheltering options and
consider your pets

@ Ready your go-bag, meds & supplies,
charge phone, fill up/charge vehicle

@ Help your neighbors, especially the
elderly & other vulnerable people

Follow evacuation orders if given
NOA




Aurricane Pf@p aredness weather.gov/hurricane xf'f'v

Stay Protected During Storms

. Stay inyour safe places from
A28 water & wind

c Have a way to get weather alerts E | |
and forecast updates s ‘ ¢

= Keep in mind that impacts can be felt

NN

= tar fromthescoast

=) Listen to local officials & avoid travel
@ unless ordered to evacuate

-

NOAA



Aurricane Pf@p aredness weather.gov/hurricane Ao/

Use Caution After Storms

:§> f you evacuated, only return home when
directed it's safe to do so

ﬁ Remain vigilant, as hazards remain: heat,
downed powerlines, floodwaters, & more

@ Clean up safely: don’t push yourself,
and check on neighbors

o) Only use generators outdoors,
—o 20+ feet from your home

3/ Prepare for the likelihood that help and
NéA

cAmmunications may not be available




Hurricane Preparedness weathergovihurricane Ao
lake Action Today

% Determine your risk from water & wind

-=|| Begin preparing now, before a storm

v -

vV - g

Learn how to understand hurricane
forecasts and alerts

5, Learn what to do before, during,
EZ] and after a storm

NOAA




Follow Us On Social Media o

l19AR WEATHER FORECAST OFFICE

FOI" The LateSt |nf0r'mati0n - @NWS_BaItWEISh Building A Weather-Ready Nation!

Faceboo

= US National Weather Service
Baltimore/Washington NWS Baltimore-Washington

\
~-|"Jx"lb QLLvvVas

2. US National Weather Service Baltimore/Washington R _ NWS Baltimore-Washington @NWS BaltWash - Apr 22
3d- O e~ A Severe Thunderstorm Watch has been r areas east of the Blue
- A - - A s idc \/ ai1r - necaneake BRav valid ¥l A \A ~r +h
The next round of snow showers will move through the Alleghenies tonight. A bulk of the Ridge Mountains to the Chesapeake Bay valid until 6 PM EDT for the
accumulations should focus over the highest elevations. Any daytime accumulations will be threat of damaging winds and some hail. #DC H H

limited by the high sun angle. Otherwise, it will be a chilly night for all. I Foratide D

Severe Thunderstorm Watch Baltimore/Wachinston BTy

T e Until 6 PM EDT This Evening Issued Sat Apr 22, 2023 10:22 AM EDT
~~ TONIGHT’S -
Expected Snowfall through Wed \ Low Temperatures Tonight

s . FPRECASI_ 5 ) ight’s Low reForecast = Hazsrds

YY) Lo
- ¥ |
LTUTREIE L OV 68

Cumberiand

Oakland
Romney

40 o Saoe Arsours ()

ﬁh&urtesy of: ‘ el gl ]

@ M_CPhotos

o | o)
‘81
Franklin 2%

+ Winter Storm Headlines in effect over high elevations of the Alleghenies Monterey Harris

+4 to 7 inches of snow possible above 3,000 feet, especially overnight

+ Daytime accumulations likely limited by high sun angle Staungh

+ Allegheny wind gusts 30 to 45 mph lottesville £
+ Below normal temperatures across the region ‘v” 64 95/

NWS Baltimore-Washington
5/2/2023 9:05 PM

£ B » @NWS_BaltWash weathergov/
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