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What is a Tropical Cyclone?

A tropical cyclone is a
non-frontal (no cold part of
the storm) low-pressure
system over tropical or
sub-tropical waters with
organized thunderstorm
activity and definite
surface wind circulation

Tropical Cyclones are driven

by heat in ocean

Extratropical or “reqular”
storm is driven by the
difference in air temperature

A "hurricane" is a
regionally specific name
for a strong "tropical
cyclone”.

Hurricane Earl - 2010



What is a Tropical Cyclone?




How to build a tropical cyclone

4) Warm sea-surface

1) A pre-existing
disturbance temperatures
(usually at least
26°C)
5) Unstable

2) Location several
degrees north of the atmosphere
equator (spin) (temperature goes
down as you go up)

3) Little change in
wind speed
and/or direction
with height (no
wind shear)

6) High atmospheric
moisture content
(relative humidity)



Stages of Development

Tropical Disturbance Tropical Depression Tropical Storm  Hurricane — Cat. 1
Wind < 37 km/h (23 mph) Wind 37+ km/h (23 mph)  Wind 63+ km/h (39 mph) wind 119+ km/h (74 mph)

Wind 154+ km/h (96 mph) ~ Wind 178+ km/h (111 mph) Wind 211+ km/h (131 mph) Wind > 251 km/h (156 mph
Hurricane — Cat. 2 Hurricane — Cat. 3  Hurricane — Cat. 4 Hurricane — Cat. 5



Areas of Origin and Typical Hurricane
Tracks by Month




Tropical Cyclone Climatology
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Tropical Cyclone Stages- Hurricane

Day 3 (after formation)

* Hurricane moves
westward with the
trade winds

* Rain and wind
patters symmetric
around the centre



Tropical Cyclone Stages — Category 2

Day 6

» Hurricane continues
to move slowly
westward with the
trade winds

* Rain and wind
patters symmetric
around the centre



Tropical Cyclone Stages- Category 3

Day 9

» Hurricane continues
to move slowly
westward with the
trade winds

* Rain and wind
patters symmetric
around the centre



Tropical Cyclone Stages- Category 4

Day 12

* Hurricane begins to
turn right and
accelerate as it is
influenced by the
Bermuda High

« Rain and wind
pattern symmetric
around the centre but
wind pattern begins to
skew towards right of
track



Tropical Cyclone Stages- Category 3

Day 14

 Hurricane continues
to accelerate and turn
towards the right

 Rain pattern
symmetric but wind
pattern begins to
expand



Tropical Cyclone Stages- Transition
Day 16

» Storm continues to
accelerate and turn
towards the right as
the transition process
is well underway

 Rain pattern gets
eroded from the
trailing half of the
storm and wind pattern
continues to expand —
strongest winds on the
right hand side of the
track



Tropical Cyclone Stages- Post Tropical

Day 17

» Post-Tropical Storm

continues to -
accelerate and turn VA
towards the right p /

* Heaviest rain now o
shifted on the left of
the track

* Wind pattern
continues to expand —
strongest winds on the
right hand side of the
track



Typical Threat Areas

Relative threat

areas associated

with transitioning

tropical cyclones in
p Canada




Common Misconception — Track Forecast

Represents the probable track
of the center of the tropical
cyclone.

Formed by connecting circles
centered on each forecast
point (at 12, 24, 36 h, etc.)

Size of the circles determined
so that, say, the actual storm
position at 48 h will be within
the 48-h circle 67% of the
time.

Hurricane Ivan
September 13, 2004
10 PM CDT Monday
NWS TPC/Mational Hurricane Center
Advisory 47
Current Center Location22.0 N 85.4W
tMax Sustained Wind 160 mph
Current Movement NW at 9 mph
. Current Center Location
& Forecast Center Positions
H Sustained wind = 73 mph
D Sustained wind < 39 mph

CL. Potential Day 1-3 Track Area
..t Potential Day 4-5 Track Area
I Hurricane Warning

Hurricane Watch
Tropical Storm Watch




Impacts can Occur
Well Outside the Cone




Hurricane Position Forecast Errors

Avg. Position Error
72 hrs — 305 km

48 hrs — 245 km
24 hrs — 125 km




Example: Hurricane Earl

24-hr forecast
position at 9 am

Sept 4

Actual position at
9 am Sept 4




Landmark TC events in Canada

- “Saxby Gale” of Oct 1869
(Bay of Fundy surge flood)

« “Great Nova Scotia Cyclone”
of Aug 1873 (Extratropical
Transition (ET) re-
intensification)

« ‘“Galveston Hurricane” of
Sept 1900 — ET windstorm
over SE’ern Canada with high
winds (similar to ke (2008)
overland windstorm in Ohio
Valley)


http://upload.wikimedia.org/wikipedia/commons/3/3d/1869_New_England_hurricane_track.png
http://upload.wikimedia.org/wikipedia/commons/7/72/1873_Nova_Scotia_hurricane_track.png

Landmark TC events in Canada

« “Great August Gale” of
1927 (Nova Scotia) —
similar to 1900 event —
extreme right-of-track ET
winds

 Hazel Oct 1954 (severe
inland flooding / ET
event)

« Edna Sept 1954 — Nova
Scotia — widespread
forest blow-down


http://upload.wikimedia.org/wikipedia/commons/4/43/Hazel_1954_track.png
http://upload.wikimedia.org/wikipedia/commons/3/3c/Edna_1954_track.png

Landmark TC events in Canada

« ‘“Escuminac Disaster”
June 1959 — ET re-
intensification/trough
interaction

 Beth Aug 1971 — Heavy
flooding left-of-track —
NS/Halifax

* Juan Sept 2003 — Nova
Scotia cat-2 landfall, pre-ET,
massive forest blow-down


http://upload.wikimedia.org/wikipedia/commons/7/73/1959_Escuminac_hurricane_track.png
http://upload.wikimedia.org/wikipedia/commons/6/66/Beth_1971_track.png
http://upload.wikimedia.org/wikipedia/commons/c/c1/Juan_2003_track.png

Landmark TC events in Canada

« lgor Sept 2010 —
Newfoundland strong cat-1,
ET re-intensification, severe
rainfall — numerous
road/bridge washouts


http://upload.wikimedia.org/wikipedia/commons/5/56/Igor_2010_track.png

Tropical Cyclone Fatalities in Canada

Inland Tropical Cyclone Fatalities since 1950
by Percentage of Type

Rescue workers  Misc

Post-storm 20 1% Structural failures
4% 1%
Drownings
(coastal waves)
8%
Automobile
19% \Flood (rain)

65%

*1954 “Hazel” caused 81 deaths
most of which were due to drowning

Inland Tropical Cyclone Fatalities since 1950 (without Hazel)
by Percentage of Type

Misc Structural failures

2%
Rescue workers 2%
6%
Post-storm
10%
Flood (rain) Automobile
8% 52%
Drownings

(coastal waves)
20%




Hurricane Season 2010 in Review

Summary:

19 Named Storms
12 Hurricanes

9 Major hurricanes




2010 Season in Review

National Oceanographic
and Atmospheric

Administration 14-23 8-14 3-7
(NOAA)
Actual 19 12 5

» CHC issued bulletins on 4 storms
* 3 storms entered CHC response zone
« 2 landfalling hurricanes in Canada



2010 Season in Review




2010 Season in Review

“Earl” 2010 “Igor” 2010
3 p.m. Tues.
9 p.m. Sat.
|
10:30 a.m. Sat. 9 a.m. Tues.
9 a.m. Sat. Sept. 4
9 p.m. Mon. Sept. 20




2010 Season in Review

Hurricane Earl

September 4, 2010

Hurricane Igor

September 21, 2010

one of the largest and
most clearly-defined
hurricanes N.S.
forecasters have seen
in this region

the most damaging
tropical cyclone to
strike N.L. in modern
era

landfall as Category 1
hurricane causing
high winds, significant
waves, storm surges

landfall as Category 1
hurricane causing
widespread damage
and destruction near
$200 million

name has since been
retired

Other interesting facts about the

2010 Season

One of the most active seasons
on record

First time since 1924 that
Canada has had 2 landfalling
hurricanes

First time in a season with 10 or
more named storms that the
U.S. has not had a landfalling
hurricane

Fifth year in a row with no
landfalling major hurricane in
U.S.



2010 Season in Review

e 2010 Hurricane Season in 4 minutes

http://www.nnvl.noaa.gov/MediaDetail.php?MedialD=595& MediaTypelD=2



K:/595-159_Hurseas2010.wmv
http://www.nnvl.noaa.gov/MediaDetail.php?MediaID=595&MediaTypeID=2

2010 Season in Review — Hurricane Earl




Hurricane Igor Summary




2010 Season in Review — Hurricane Igor




2010 Season in Review — Hurricane Igor




2010 Season in Review — Hurricane Igor




Repercussions from the 2010 Season

After all these storms a
regional newspaper in the
Maritimes had a survey
asking people if they were
prepared for a hurricane

or other natural disaster:

10% Yes
82% No
8% Don’t know




2011 Seasonal
Hurricane rForecast



Spring 2011 Atlantic Hurricane

Forecast
Major
Named Hurricanes Hurricanes
Storms Category 1to 5 Category 3-5
National Oceanic
and Atmospheric 12-18 6-10 3-6
Administration
(US)
2000-2010 15 or 16 8 4
Average
1961-2010 11 6 20r3

Average




NOAA Seasonal Forecast

A actual numbers




CHC Response Zone

On average, 1 or 2 storms directly affect Canadian land regions each

/¥

Canadian Hurricang-.Centre
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| atest Water Temperature Patterns

If this pattern persists into the summer, there will be an increased chance
of storm development.

il

L‘:»ﬂ.. Warmer than
' normal water

temperature
3 - o 1 : S
Reynolds SST Anomaly (=) below average and (+) above average. ([ 11=JUN=2011 )
degrees °C
I @9 : 00
-5.0 -3.3 -1.7 0.0 1.7 33 5.0

source: CRC/MCEP/NOAA



We are in an active cycle right now

The 2011 Atlantic Outlook in a Historical Perspective

NOAA's Accumulated Cyelone Energy (ACE) Index
High-activity Era Low-activity Era '!'Eh*ﬂf-‘""ﬂl’
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NOAA’ 2011 Atlantic hurricane season outlook indicates a 70% probability
of an ACE range of 105%-200% of the median.

An ACE value above 165% of median reflects an extremely active (also
““called hyvperactive) season.




Tropical Cyclone Names

2011 2012 2013 2014 2015 2016
Arlene Alberto Andrea Arthur Ana Alex
Bret Beryl Barry Bertha Bill Bonnie
Cindy Chris Chantal Cristobal Claudette Colin
Don Debby Dorian Dolly Danny Danielle
Emily Ernesto Erin Edouard Erika Earl
Franklin Florence Fernand Fay Fred Fiona
Gert Gordon Gabirielle Gonzalo Grace Gaston
Harvey Helene Humberto Hanna Henri Hermine
Irene Isaac Ingrid Isaias Ida lan **
Jose Joyce Jerry Josephine Joaquin Julia
Katia Kirk Karen Kyle Kate Karl

Lee Leslie Lorenzo Laura Larry Lisa
Maria Michael Melissa Marco Mindy Matthew
Nate Nadine Nestor Nana Nicholas Nicole
Ophelia Oscar Olga Omar Odette Otto
Philippe Patty Pablo Paulette Peter Paula
Rina Rafael Rebekah Rene Rose Richard
Sean Sandy Sebastien Sally Sam Shary
Tammy Tony Tanya Teddy Teresa Tobias **
Vince Valarie Van Vicky Victor Virginie
Whitney William Wendy Wilfred Wanda Walter

** From 2010,
Igor and Tomas
were retired
from the list of
names — only
the second time
that Canada has
requested a
storm name be
retired



Changes to Canadian Hurricane

Centre Forecast Products

general bulletin

(all users)

WOCN31 CUHX 201200

TROPICAL CYCLOME INFORMATION STATEMENT ISSUED BY THE CANADIAN
HURRICANE CENTRE OF ENVIRONMENT CANADA AT 5.00 AN ADT MONDAY

20 SEPTEMEER 2010.

v

INFORMATION STATEMENT FOR:

=NEW= MEUFOUNDLAND.

HURRICANE IGOR.

THE MEXT STATEMENT WILL BE ISSUED EY 3.00 PN ADT

IGOR MNORTH OF BERMUDA, EXPECTED TO CROSS THE GRAND BANKS AND
GIVE HEAVY RAIN AND GUSTY WINDS TO NEWFOUMDLAND CM TUESDAT.

=DISCUSSICN=

1. SUMMARY OF BASIC INFORMATION AT 9.00 AM ADT

LOCATICN: 35.2 N 64.0 W

AEQUT 320 KM NORTH MNORTHEAST OF BERNUDA
: 120 KM/H

MAXINUM SUSTAIMNED WINDS
PRESENT MOVEMENT: NORTH

MININUM CENTRAL PRESSURE: 857 MB.

2. PUBELIC WEATHER IMPACTS AND VARNINGS SUMMARY

WHILE THE CENTRE OF IGOR IS EXPECTED TO PASS WELL SOUTHEAST OF THE
AVALOM PENIMSULA LATER ON TUESDALY, IT I3 EXPECTED TO SPREAD HEAVY

RALIN ACROSS CENTRAL AND
MORNING. IN ADDITICN, A

CROSS NEVFOUNDLAND TODAY AND TONIGHT AND SPREAD PERIODS OF RAIN TO

THE SOUTH COAST. THE NE

HMORTHEAST AT 33 KM/H

EASTERN FORTIONS OF THE PROVINCE TUESDAY
TROUGH OF LOW PRESSURE UNRELATED TO IGOR WILL

HAS ISSUED RAINFALL WAR]
TO THIS TROUGH. ON TUES
TROPICAL MOISTURE FRON
HEWFOUNDLAND. TOTAL RAI
S0 TO 100 HMILLIMETERS T|
AVALON PENINSULA WILL L
ANOUNTS ON THE AVALCN C
RESULT THE NLWO HAS EXT|
EASTERN NEWFOUNMDLAND.

L. WIND

WIND GUSTS POSSIBLY EXEC
PALRTS OF THE AVALON PEN|
AND EVENING. THE CHC Hal
FOR THESE ALREALS. THERE
EXTENDED TO THE BONAVIS

E. RAINFALL

EXCESSIVE RAINFALL WILL
AND RIVERS COMING OVER
SHOULD BE PREPARED FOR
DAMAGE .

C. SURGE/WAVES

LONG PERIOD SWELLS OF UP TQ 2 TO 3 METRES SPREADING QUT AHEAD OF
IGOR WILL CONTINUE TO AFFECT THE ATLANTIC COASTS OF NOVA SCOTIL

AND NEWFOUNDLAND. IN ADDITICN HIGHER THAN NOREAL VATER LEVELS AND HEAVY
POUNDING SURF CAN BE EXPECTED ALONG THE NORTHEAST AND ELST COASTS OF
MEWFOUNDLAND LATER IN THE DAY TUESDAY LS IGOR MOVES EAST OF THE GRAND
BANKS

3. MARINE WEATHER INPACTS AND WARNINGS SUMNART

HURRICANE FORCE WINDS ARE EXPECTED CLOSE TO THE TRACK OF IGOR LS
IT TRACKS NEAR LAURENTIAN FAN TUESDAY NORNING AND CROSSES THE GRAND
BANKS TUESDAY RFTERNOON. STORM FORCE WINDS WILL AFFECT MOST OFFSHORE
VATERS. GALEY RRE EYPECTED TO EXTEND FAR FROM IGOR A3 IT PASSES BY ON
TUESDAY. HURRICANE FORCE WIND WARNINGS HAVE BEEN ISSUED FOR THE
SOUTHELSTERN HALF OF LAURENTIAN FAN AND MOST OF THE GRAND BJNES. STORN
VARNINGS HAVE BEEN ISSUED FOR ADJACENT UATERS. GALE WARNINGS HAVE ALSO
BEEN POSTED FOR LLL REMAINING MARITINE SLOPE WATERS, LS WELL AS FRON
EASTERN SLELE TO THE SOUTH IND EAST COLSTS OF NEWFOUNDLAND.

iM IREL OF 5 TO 10 METRE SIGNIFICANT WAVE HEIGHTS (HIGHEST 1/3 OF THE
UAVES) CAN BE EXPECTED NEAR AND CLOSE TO THE RIGHT-HAND-SIDE OF IGORS
TRACK

VISIT HTTP://WEATHEROFFICE.GC.CA/HURRICANE/ INDEX E.HTHL (IN LOWER CASE)
FOR THE LLTEST:

- FORECAST POSITION, CENTRAL PRESSURE TAELE
- STRENGTH AND PREDICTED WIND RADII TABLE
- HURRICANE TRACK INFORMATION MLP

- TECHNICAL DISCUSSION

PLELSE REFER TO THE PUBLIC IND MARINE FORECASTS AND WARNINGS ISSUED BY
EMVIRONMENT CAMADL FOR YOUR AREL.

END KHAN/HATT/FOGARTY

FXCN31 CWHX 201200

TROFICAL CYCLOME TECHMICAL INFORMATICN STATEMENT ISSUED BY THE CANADIAN
HURRICANE CEMTRE OF EMVIRCHMMENT CAMADA AT 9.00 AM ADT MCMNDAY

20 SEPTEMEER Z010.

THE MEXT TECHNICAL STATEMENT WILL BE ISSUED BEY 3.00 FM ADT
1. CURRENT POSITION, STRENGTH, CENTRAL FRESSURE AND MOTICN

AT 9.00 AM ADT, HURRICAME IGOR WAZ LOCATED MEAR LATITUDE 35.2 N
AND LOMNGITUDE 64.0 W, ABOUT 175 MAUTICAL MILES OR 320 KM

NORTH MORTHEAST OF EERMUDL. MAXTIMUM SUSTAINED WINDS ARE
ESTIMATED AT 65 KNOTS (120 KM/H) AND CENTRAL PRESSURE AT 957
ME. IGOR IS MOVING NORTH NORTHEAST AT 16 KNOTS (33 KM/H).

2. FORECAST POSITION, CENTRAL PREZISURE AND STRENGTH

DLTE TIME LAT Lon MSLF MAX WIND é
ADT ME KTS KHH

SEF z0 D9.00 AM 35.ZN 63.7W 957 85 120

SEP z20 9.00 PM 38.8M &0.1W 955 65 120 TRANSITICNING

SEP 21 2,00 AM 42.5M 55.2W 953 70 130 TRANSITICNMING

SEP 21 9.00 PM 46.0M 49.5W 956 70 130 POST-TROPICAL

SEP 22 9.00 AM 48.5M 43.90 960 65 120 POST-TROPICAL

SEP 22 9.00 PM 51.0M 39.30W 964 60 111 POST-TROPICAL

3. TECHNICAL DISCUSSION
L. MMALYSIS

SATELLITE IMAGERY STILL SHOWS IGOR AS AL LARGE HURRICANE WITH A GOOD
OUTFLOW PATTERM TO THE MORTH AND WEST. HOWEVER, WATER

VAPOUR IMAGERY INDICATES SOME DRY AIR HAS WRAPFED INTC THE SVSTEH.

IN ADDITICN, COMVECTION HAS DIMINISHED WITH IGOR, AND THE SOUTHERN
SIDE OF IGOR BECOMING NEARLY COMPLETELY EXFOSED. RECENT

RADAR DATA FROM BERMUDA SHOWS THIS AS WELL. HOWEVER, IGOR WILL REMAIN
OVER 26C S5T3 AND IS FORECAST TO MAINTAIN ITS INTENSITY IN THE SHORT
TERM. SHEAR CVER IGOR WILL INCREASE LATER TODAY, THEREFORE NO MAJOR
INCREASE IN INTENSITY IS EXPECTED.

OBSERVATIONS INDICATE THAT IGOR HAS A4 VERY LARGE WIND FIELD, WITH GALE
FORCE WINDS EXTENDING UP TO 300 MM QUTWARD FROM THE EYE. AT 02222
EERMUDL AIRPORT REPORTED L WIND GUST OF &1 KNOTS AS IGOR PASSED JUST TO
ITS WEST. WINDS HAVE SINCE VEERED TO THE SOUTHWEST AND DIMIMNISHED.
HOWEVER AT 1025Z SOUTHWEST WINDS WERE STILL GUITING TO 51 KNOTS. THE
ATHOSPHERIC PRESSURE HAS RISEN SIGNIFICANTLY SINCE IGOR HAS MOVED NORTH
OF THE ISLAND.

— technical bulletin




Changes to Canadian Hurricane
Forecast Centre Products

Graphical Products

Forecast Track Map Based on
Data contained in the track
Information table in the Technical
Discussion



Canadian Hurricane Centre Products

CHC Website

www.hurricanes.ca



http://www.hurricanes.ca/




