TROPICAL WIND SYSTEMS

Necessary Preconditions for the onset of Hurricane development

> Latitude > 5° N/S for Coriolis force, to initialize vortex motion
» Water temperature > 27° C for energy (evaporation, latent heat transfer)
» Upper air divergence, Easterly Wave for dynamic onset of lifting

» Moist-unstable stratification for conditions intensifying lift development
» Low vertical windshear for conservation of vertical circulation cells
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TROPICAL WIND SYSTEMS

Tropical storm categories including Saffir-Simpson-Scale

» Tropical Depression TD  Bft.7 orless 33 kt or less
» Tropical Storm TS  Bft.8 - Bft.11 34 kt — 63 kt

» Hurricane Category 1-5  Bft.12 64 kt or more
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Measuring a Hurricane’s Power . by diameter f’f ? 39 mph
(Saffir-simpson Scale) . gale-force winds

. == Sandy 2012: 945 mile
. == Igor 2012: 920 miles
. == Olga 2001: 865 miles
.= Lili 1996: 805 miles

: Karl 2004: 780 miles



TROPICAL WIND SYSTEMS

Occurrence und storm tracks

Area Name Season

Atlantic Hurricane  August - October
Pazific Taifun April - December
Indic Zyklon December - March
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TROPICAL WIND SYSTEMS

Tracks and Intensity of All Tropical Storms

D TS 1 2 3 4
Saffir-Simpson Hurricane Intensity Scale




TROPICAL WIND SYSTEMS - STRUCTURE

Outer Region
Inner Region

Cloud wall
Eye

Saffir—Simpson hurricane wind scale
Category Wind speeds

Five =70 m/s, 2137 knots
=157 mph, 2252 km/h

Four 58—70 m/s, 113—136 knots
130—156 mph, 209-251 km/h

Three 50—58 m/s, 96—112 knots
111-129 mph, 178—208 km/h

Two 43—49 m/s, 83-95 knots
96—110 mph. 154—177 km/h

One 33—42 m/s, 64—82 knots
74—95 mph, 119—153 km/h

Additional classifications

Tropical 18-32 m/s, 35—63 knots
storm 39—73 mph, 63—118 km/h

Tropical <17 m/s, <34 knots
depression <38 mph, <62 km/h

wind increase towards center
spiral cloud bands

V..q~ 10-20 kt, v, ~100-130 kt
width 30-40 nm, v ~ 10-20 mps
diameter 15 to 25 nm

Tropopause




TROPICAL WIND SYSTEMS - STRUCTURE

Outer Region wind increase towards center
Inner Region spiral cloud bands

V..q ~ 10-20 kt, v, ~ 100-130 kt
Cloud wall width 30-40 nm, v, ~ 10-20 mps
Eye diameter 15 to 25 nm

Saffir—Simpson hurricane wind scale North Atlantic
Category Wind speeds

Five =70 m/s, =137 knots
=157 mph, 2252 km/h

Four 58—70 m/s, 113—136 knots
130—156 mph, 209-251 km/h

Three 50—58 m/s, 96—112 knots
111-=129 mph, 178—208 km/h

Two 43—49 m/s, 83-95 knots
96—110 mph. 154—177 km/h

One 33—42 m/s, 64—82 knots
74—95 mph, 119—153 km/h

Additional classifications

Tropical 18—32 m/s, 35—63 knots
storm 39—73 mph, 63—118 km/h

Tropical <17 m/s, <34 knots
depression <38 mph, <62 km/h




TROPICAL WIND SYSTEMS - STRUCTURE

Outer Region wind increase towards center
Inner Region spiral cloud bands

V..q~ 10-20 kt, v, ~100-130 kt
Cloud wali width 30-40 nm, v, ~ 10-20 mps
Eye diameter 15 to 25 nm

Saffir—Simpson hurricane wind scale

Tropopause

Category Wind speeds

Four 58=70 m/s, 113—136 knots
130—156 mph, 209-251 km/h

Three 5058 m/s, 96—112 knots
111-129 mph, 178—208 km/h

Two 43—49 m/s, 83—95 knots
96—110 mph. 154—177 km/h

One 33—42 m/s, 64—82 knots
74—95 mph, 119-153 km/h

Additional classifications

Tropical 18-32 m/s, 35—63 knots
storm 39—73 mph, 63—118 km/h

Tropical <17 m/s, <34 knots
depression <38 mph. <62 km/h
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TROPICAL WIND SYSTEMS - STRUCTURE

Outer Region
Inner Region

Cloud wall
Eye

Saffir—Simpson hurricane wind scale
Category Wind speeds

Five =70 m/s, =137 knots
=157 mph, 2252 km/h

Four 58—70 m/s, 113—136 knots
130—156 mph, 209-251 km/h

Three 50—58 m/s, 96—112 knots
111-129 mph, 178—208 km/h

Two 43—49 m/s, 83-95 knots
96—110 mph. 154—177 km/h

One 33—42 m/s, 64—82 knots
74—95 mph, 119—-153 km/h

Additional classifications

Tropical 18-32 m/s, 35—63 knots
storm 39—73 mph, 63—118 km/h

Tropical <17 m/s, <34 knots
depression <38 mph, <62 km/h

wind increase towards center
spiral cloud bands

V..q~ 10-20 kt, v, ~100-130 kt
width 30-40 nm, v ~ 10-20 mps
diameter 15 to 25 nm

Dichiter Clirrostratus-Sehirm
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TROPICAL WIND SYSTEMS - STRUCTURE

Outer Region
Inner Region

Cloud wall
Eye

Saffir—Simpson hurricane wind scale
Category Wind speeds

Five =70 m/s. =137 knots
=157 mph, 2252 km/h

Four 58—70 m/s, 113—136 knots
130—156 mph, 209-251 km/h

Three 50—58 m/s, 96—112 knots
111-129 mph, 178—208 km/h

Two 43—49 m/s, 83—95 knots
96—110 mph. 154—177 km/h

One 33—42 m/s, 64—82 knots
74—95 mph, 119-153 km/h

Additional classifications

Tropical 18-32 m/s, 35—63 knots
storm 39—73 mph, 63—118 km/h

Tropical <17 m/s, <34 knots
depression <38 mph, <62 km/h

wind increase towards center
spiral cloud bands

V..q~ 10-20 kt, v, ~100-130 kt
width 30-40 nm, v ~ 10-20 mps
diameter 15 to 25 nm




MONITORING HURRICANE |IRMA SEPTEMBER 2017

Monitoring Tropical Storms
> Ships;buoys ="
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MONITORING HURRICANE FLORENCE SEPTEMBER 2017

Monitoring Tropical Storms
> Ships; buoys —77P
sremeewal > Aircraft

» Drop sondes
» NWP-models
> Satellite
L. > Radar

15:04Z 9-SEP-18

HURRICANE [RMA TURNS
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TROPICAL STORMS 1-2-3 RULE
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THE 1-2-3 RULE‘

Due to increasing forecast error with time, a ‘sector’ is defined
within which the hurricane will most likely move.

Monitoring enables this corridor to be quite narrow. Following the
long-time statistics of the National Hurricane Center in Miami FL,
the estimated error is

H+24  H+48  H+72

100 nm 200 nm 300 nm

THE AREA OF DANGER TO BE AVOIDED

is defined by the envelope of the estimated forecast positions with
the following margins of error

H+24  ff> 34kt 100 nm around estimated position
H+48  ff> 34kt 200 nm around estimated position
H+72  ff> 34kt 300 nm around estimated position



TROPICAL STORMS 1-2-3 RULE

) Most Likely Arrival Time of Tropical-Storm-Force Winds
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THE 1-2-3 RULE‘

Current storm

position, with
maximum 34-knot-
wind radius

l

Due to increasing forecast error with time, a ‘sector’ is defined
within which the hurricane will most likely move.

Monitoring enables this corridor to be quite narrow. Following the
long-time statistics of the National Hurricane Center in Miami FL,
the estimated error is

H+24  H+48  H+72

100 nm 200 nm 300 nm

THE AREA OF DANGER TO BE AVOIDED

is defined by the envelope of the estimated forecast positions with
the following margins of error

H+24  ff> 34kt 100 nm around estimated position
H+48  ff> 34kt 200 nm around estimated position
H+72  ff> 34kt 300 nm around estimated position



TROPICAL STORMS 1-2-3 RULE

he cone contains the probable path of the storm center but does not sho
itions c: utside of the cone.
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Current information: X Forecast positions:

Center location 25.0 N 60.0 W @ Tropical Cyclone Q Post/Potential TC
Maximum sustained wind 115 mph  Sustained winds: D < 39 mph
Movement W at 13 mph $39-73mph H74-110 mph M> 110 mph
Potential track area: Watches: Warnings: Current wind extent:
Day 1-3 Day 4-5 Hurricane Trop Stm IlHurricane [l Trep Stm [l Hurricane Trop Stm

[ 300-NM radius | [ 200-NM radius added to 48-
added to 72-hour 48-hour forecast hour forecast of largest 34-
forecast of largest position, with knot-wind radii

34-knot-wind radii maximum 34-
B knot-wind radius

24-hour forecast position of
storm, with maximum
34-knot-wind radius

Current storm
position, with
maximum 34-knot-
wind radius

72-hour forecast %
position of storm, ; .
with maximum 34- 100-NM radius added to
knot-wind radius 24-hour forecast of largest
g 34-knot-wind radii

THE 1-2-3 RULE‘

Due to increasing forecast error with time, a ‘sector’ is defined
within which the hurricane will most likely move.

Monitoring enables this corridor to be quite narrow. Following the
long-time statistics of the National Hurricane Center in Miami FL,
the estimated error is

H+24  H+48  H+72

100 nm 200 nm 300 nm

THE AREA OF DANGER TO BE AVOIDED

is defined by the envelope of the estimated forecast positions with
the following margins of error

H+24  ff> 34kt 100 nm around estimated position
H+48  ff> 34kt 200 nm around estimated position
H+72  ff> 34kt 300 nm around estimated position
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TROPICAL STORMS AND NAVIGATION

100
Extreme
dangerous
Quadrant

Less extreme
ey < dangerous
Quadrant

Extreme / slightly less dangerous quarter due to addition / subtraction
of wind vector and displacement vector

Today: Satellite, excellent Hurricane monitoring and warning system

Basic rule: AVOID !
Last known problem associated with a hurricane: 1957 Sailship SS Pamir



TROPICAL STORMS AND NAVIGATION

Lesson learnt: Do not try to cheat Hurricanes with navigational tricks !
AVOID ! AVOID ! AVOID !

The Sudney Morning %emlh

Pamir Survwo;;WNow
Total Six: Mass
Rescue Story Denied

From Our Staff Correspondent And A.A.P.-Reuter
LONDON, Sept. 25.—A sixth survivor from the Gemun
barque Pamir has been rescued, but incorrect reports yes!
of 65 more survivors were caused by poor radio gondmnm -nd
a mutilated radio conversation.
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TROPICAL STORMS HURRICANE BONNIE 1998




HURRICANE TRACKS 2005




HURRICANE TRACKS 2017

~ |HURRICANE SEASON 2017
7> .  STORMTRACKS

# & ., s e Sy W
\ A R ‘.‘-

— g
-

-




HURRICANE FLORENCE 2018




HURRICANE FLORENCE 2018
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TROPICAL STORMS ANNUAL VARIATION
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		1994		1994
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		1996		1996

		1997		1997

		1998		1998

		1999		1999

		2000		2000

		2001		2001

		2002		2002

		2003		2003

		2004		2004

		2005		2005

		2006		2006

		2007		2007

		2008		2008

		2009		2009

		2010		2010

		2011		2011

		2012		2012



Mittel 1944-1970: 6,2/a

Mittel 1995-2010: 7,9/a

Mittel 1971-1994: 5,1/a

Hurrikane

benannte 
trop. Stürme

Anzahl

7

4

5

6

3

3

5

4

6

3

7

6

11

2

8

2

6

1

6

8

8

3

9

3

4

4

3

5

7

3

7

4

4

3

8

3

3

2

7

2

6

6

4

2

7

4

6

2

4

3

12

5

5

5

6

7

3

1

4

3

4

3

6

2

6

2

5

1

5

6

5

3

9

2

7

4

2

3

3

1

5

7

7

4

4

2

3

4

6

6

7

4

8

6

4

4

4

2

4

4

3

4

11

8

9

4

3

4

10

4

8

4

8

6

9

6

4

8

7

9

9

5

15

13

5

5

6

9

8

7

3

6

12

7

7

12

10

9



Daten Jährl. Anzahl

		Jährliche Anzahl der Hurricanes - Nordatlantik

		Jahr		benannte 
trop. Stürme		Hurrikane		trop. Stürme 
ohne Hurricanes		starke (major)
Hurricanes		trop. Stürme 
ohne starke Hurricanes

		1851		6		3		3

		1852		5		5		0

		1853		8		4		4

		1854		4		2		2

		1855		5		4		1

		1856		6		4		2

		1857		4		3		1

		1858		6		6		0

		1859		8		7		1

		1860		7		6		1

		1861		8		6		2

		1862		6		3		3

		1863		9		5		4

		1864		5		3		2

		1865		7		3		4

		1866		7		7		0

		1867		9		7		2

		1868		4		4		0

		1869		10		7		3

		1870		11		10		1

		1871		8		6		2

		1872		5		4		1

		1873		5		3		2

		1874		7		4		3

		1875		6		5		1

		1876		5		4		1

		1877		8		3		5

		1878		12		10		2

		1879		8		6		2

		1880		11		9		2

		1881		7		4		3

		1882		6		5		1

		1883		4		4		0

		1884		4		4		0

		1885		8		6		2

		1886		12		10		2

		1887		19		12		7

		1888		9		6		3

		1889		9		6		3

		1890		4		2		2

		1891		11		8		3

		1892		9		5		4

		1893		12		10		2

		1894		7		5		2

		1895		6		2		4

		1896		7		6		1

		1897		6		3		3

		1898		11		5		6

		1899		9		5		4

		1900		7		3		4

		1901		12		5		7

		1902		5		3		2

		1903		10		7		3

		1904		5		3		2

		1905		5		1		4

		1906		11		6		5

		1907		5		0		5

		1908		9		6		3

		1909		11		6		5

		1910		5		3		2

		1911		4		3		1

		1912		6		4		2

		1913		4		3		1

		1914		1		0		1

		1915		5		4		1

		1916		14		11		3

		1917		3		2		1

		1918		5		3		2

		1919		3		1		2

		1920		4		4		0

		1921		6		4		2

		1922		4		2		2

		1923		7		3		4

		1924		8		5		3

		1925		2		1		1

		1926		11		8		3

		1927		7		4		3

		1928		6		4		2

		1929		3		3		0

		1930		2		2		0

		1931		9		2		7

		1932		11		6		5

		1933		21		10		11

		1934		11		6		5										Grafik für Powepoint

		1935		6		5		1

		1936		16		7		9

		1937		9		3		6

		1938		8		3		5

		1939		5		3		2

		1940		8		4		4

		1941		6		4		2

		1942		10		4		6

		1943		10		5		5

		1944		11		7		4		3		8

		1945		11		5		6		2		9

		1946		6		3		3		1		5

		1947		9		5		4		2		7

		1948		9		6		3		4		5

		1949		13		7		6		3		10

		1950		13		11		2		7		6

		1951		10		8		2		2		8

		1952		7		6		1		3		4

		1953		14		6		8		3		11

		1954		11		8		3		2		9

		1955		12		9		3		5		7

		1956		8		4		4		2		6

		1957		8		3		5		2		6

		1958		10		7		3		4		6						Jahrliche Anzahl benannter tropischer Stürme und Hurrikane und Mittelwerte von Hurrikanen für AMO-Zeiten

		1959		11		7		4		2		9

		1960		7		4		3		2		5

		1961		11		8		3		6		5

		1962		5		3		2		0		5

		1963		9		7		2		2		7

		1964		12		6		6		5		7

		1965		6		4		2		1		5

		1966		11		7		4		3		8

		1967		8		6		2		1		7

		1968		7		4		3		0		7

		1969		17		12		5		3		14

		1970		10		5		5		2		8

		1971		13		6		7		1		12

		1972		4		3		1		0		4

		1973		7		4		3		1		6

		1974		7		4		3		2		5

		1975		8		6		2		3		5

		1976		8		6		2		2		6

		1977		6		5		1		1		5

		1978		11		5		6		2		9

		1979		8		5		3		2		6

		1980		11		9		2		2		9

		1981		11		7		4		3		8

		1982		5		2		3		1		4

		1983		4		3		1		1		3

		1984		12		5		7		1		11

		1985		11		7		4		3		8

		1986		6		4		2		0		6

		1987		7		3		4		1		6

		1988		12		6		6		3		9

		1989		11		7		4		2		9

		1990		14		8		6		1		13

		1991		8		4		4		2		6

		1992		6		4		2		1		5

		1993		8		4		4		1		7

		1994		7		3		4		0		7

		1995		19		11		8		5		14

		1996		13		9		4		6		7

		1997		7		3		4		1		6

		1998		14		10		4		3		11

		1999		12		8		4		5		7

		2000		14		8		6		3		11

		2001		15		9		6		4		11

		2002		12		4		8		2		10

		2003		16		7		9		3		13

		2004		14		9		5		6		8

		2005		28		15		13		7		21

		2006		10		5		5		2		8

		2007		15		6		9		2		13

		2008		15		8		7		5		10

		2009		9		3		6		2		7		geringste Anzahl an trop. Stürmen seit 1997 und sehr später Start (15.08.2009 mit ANA, 1992: 17.08. Hurricane ANDREW)

		2010		19		12		7		5		14		La Nina-Ereignis

		2011		19		7		12		4		15

		2012		19		10		9		1		18

		Jahr		benannte 
trop. Stürme		Hurricanes		trop. Stürme 
ohne Hurricanes		starke (major)
Hurricanes		trop. Stürme 
ohne starke Hurricanes
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Mittel 1944-1970: 2,7/a
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Mittel 1971-1994: 1,5/a
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Jährliche Anzahl benannter tropischer Stürme und starker Hurrikane
und Mittelwerte starker Hurrikane
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Mittel 1944-1970: 6,2/a

Mittel 1995-2010: 7,9/a

Mittel 1971-1994: 5,1/a
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		Jahr		benannte 
trop. Stürme		Hurricanes

		1901		12		5

		1902		5		3

		1903		10		7

		1904		5		3

		1905		5		1		Kaltphase der AMO

		1906		11		6

		1907		5		0

		1908		9		6

		1909		11		6

		1910		5		3

		1911		4		3

		1912		6		4

		1913		4		3

		1914		1		0

		1915		5		4

		1916		14		11

		1917		3		2

		1918		5		3

		1919		3		1

		1920		4		4

		1921		6		4

		1922		4		2

		1923		7		3

		1924		8		5

		1925		2		1

		Mittel		5.8		3.4

		1926		11		8

		1927		7		4

		1928		6		4

		1929		3		3

		1930		2		2		Warmphase der AMO

		1931		9		2

		1932		11		6

		1933		21		10

		1934		11		6

		1935		6		5

		1936		16		7

		1937		9		3

		1938		8		3

		1939		5		3

		1940		8		4

		1941		6		4

		1942		10		4

		1943		10		5

		1944		11		7

		1945		11		5

		1946		6		3

		1947		9		5

		1948		9		6

		1949		13		7

		1950		13		11

		1951		10		8

		1952		7		6

		1953		14		6

		1954		11		8

		1955		12		9

		1956		8		4

		1957		8		3

		1958		10		7

		1959		11		7

		1960		7		4

		Mittel		9.7		5.5

		1961		11		8

		1962		5		3

		1963		9		7

		1964		12		6

		1965		6		4

		1966		11		7

		1967		8		6

		1968		7		4

		1969		17		12

		1970		10		5		Kaltphase der AMO

		1971		13		6

		1972		4		3

		1973		7		4

		1974		7		4

		1975		8		6

		1976		8		6

		1977		6		5

		1978		11		5

		1979		8		5

		1980		11		9

		1981		11		7

		1982		5		2

		1983		4		3

		1984		12		5

		1985		11		7

		1986		6		4

		1987		7		3

		1988		12		6

		1989		11		7

		1990		14		8

		Mittel		8.9		5.2

		1991		8		4

		1992		6		4

		1993		8		4

		1994		7		3

		1995		19		11		Warmphase der AMO

		1996		13		9

		1997		7		3

		1998		14		10

		1999		12		8

		2000		14		8

		2001		15		9

		2002		12		4

		2003		16		7

		2004		14		9

		2005		28		15

		2006		10		5

		2007		15		6

		2008		15		7

		Mittel		14.6		7.9
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		Abb. 1		Jährliche Anzahl von benannten tropischen Stürmen und Hurrikanen über dem Nordatlantik (1885-2005)

		Abb. 5		Jährliche Anzahl von benannten tropischen Stürmen und starken Hurrikanen und Mittelwerte starker Hurrikane
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TROPICAL STORMS ANNUAL VARIATION
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August - a must October - all over ...

July - stand by

... June - too soon

B TROPICAL STORMS HURRICANES

DEC 20

100

80

60

40

20

NUMBER OF STORMS PER 100 YEARS



Diagramm9

		1944		1944

		1945		1945

		1946		1946

		1947		1947

		1948		1948

		1949		1949

		1950		1950

		1951		1951

		1952		1952

		1953		1953

		1954		1954

		1955		1955

		1956		1956

		1957		1957

		1958		1958

		1959		1959

		1960		1960

		1961		1961

		1962		1962

		1963		1963

		1964		1964

		1965		1965

		1966		1966

		1967		1967

		1968		1968

		1969		1969

		1970		1970

		1971		1971

		1972		1972

		1973		1973

		1974		1974

		1975		1975

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999

		2000		2000

		2001		2001

		2002		2002

		2003		2003

		2004		2004

		2005		2005

		2006		2006

		2007		2007

		2008		2008

		2009		2009

		2010		2010

		2011		2011

		2012		2012



Mittel 1944-1970: 6,2/a

Mittel 1995-2010: 7,9/a

Mittel 1971-1994: 5,1/a
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Daten Jährl. Anzahl

		Jährliche Anzahl der Hurricanes - Nordatlantik

		Jahr		benannte 
trop. Stürme		Hurrikane		trop. Stürme 
ohne Hurricanes		starke (major)
Hurricanes		trop. Stürme 
ohne starke Hurricanes

		1851		6		3		3

		1852		5		5		0

		1853		8		4		4

		1854		4		2		2

		1855		5		4		1

		1856		6		4		2

		1857		4		3		1

		1858		6		6		0

		1859		8		7		1

		1860		7		6		1

		1861		8		6		2

		1862		6		3		3

		1863		9		5		4

		1864		5		3		2

		1865		7		3		4

		1866		7		7		0

		1867		9		7		2

		1868		4		4		0

		1869		10		7		3

		1870		11		10		1

		1871		8		6		2

		1872		5		4		1

		1873		5		3		2

		1874		7		4		3

		1875		6		5		1

		1876		5		4		1

		1877		8		3		5

		1878		12		10		2

		1879		8		6		2

		1880		11		9		2

		1881		7		4		3

		1882		6		5		1

		1883		4		4		0

		1884		4		4		0

		1885		8		6		2

		1886		12		10		2

		1887		19		12		7

		1888		9		6		3

		1889		9		6		3

		1890		4		2		2

		1891		11		8		3

		1892		9		5		4

		1893		12		10		2

		1894		7		5		2

		1895		6		2		4

		1896		7		6		1

		1897		6		3		3

		1898		11		5		6

		1899		9		5		4

		1900		7		3		4

		1901		12		5		7

		1902		5		3		2

		1903		10		7		3

		1904		5		3		2

		1905		5		1		4

		1906		11		6		5

		1907		5		0		5

		1908		9		6		3

		1909		11		6		5

		1910		5		3		2

		1911		4		3		1

		1912		6		4		2

		1913		4		3		1

		1914		1		0		1

		1915		5		4		1

		1916		14		11		3

		1917		3		2		1

		1918		5		3		2

		1919		3		1		2

		1920		4		4		0

		1921		6		4		2

		1922		4		2		2

		1923		7		3		4

		1924		8		5		3

		1925		2		1		1

		1926		11		8		3

		1927		7		4		3

		1928		6		4		2

		1929		3		3		0

		1930		2		2		0

		1931		9		2		7

		1932		11		6		5

		1933		21		10		11

		1934		11		6		5										Grafik für Powepoint

		1935		6		5		1

		1936		16		7		9

		1937		9		3		6

		1938		8		3		5

		1939		5		3		2

		1940		8		4		4

		1941		6		4		2

		1942		10		4		6

		1943		10		5		5

		1944		11		7		4		3		8

		1945		11		5		6		2		9

		1946		6		3		3		1		5

		1947		9		5		4		2		7

		1948		9		6		3		4		5

		1949		13		7		6		3		10

		1950		13		11		2		7		6

		1951		10		8		2		2		8

		1952		7		6		1		3		4

		1953		14		6		8		3		11

		1954		11		8		3		2		9

		1955		12		9		3		5		7

		1956		8		4		4		2		6

		1957		8		3		5		2		6

		1958		10		7		3		4		6						Jahrliche Anzahl benannter tropischer Stürme und Hurrikane und Mittelwerte von Hurrikanen für AMO-Zeiten

		1959		11		7		4		2		9

		1960		7		4		3		2		5

		1961		11		8		3		6		5

		1962		5		3		2		0		5

		1963		9		7		2		2		7

		1964		12		6		6		5		7

		1965		6		4		2		1		5

		1966		11		7		4		3		8

		1967		8		6		2		1		7

		1968		7		4		3		0		7

		1969		17		12		5		3		14

		1970		10		5		5		2		8

		1971		13		6		7		1		12

		1972		4		3		1		0		4

		1973		7		4		3		1		6

		1974		7		4		3		2		5

		1975		8		6		2		3		5

		1976		8		6		2		2		6

		1977		6		5		1		1		5

		1978		11		5		6		2		9

		1979		8		5		3		2		6

		1980		11		9		2		2		9

		1981		11		7		4		3		8

		1982		5		2		3		1		4

		1983		4		3		1		1		3

		1984		12		5		7		1		11

		1985		11		7		4		3		8

		1986		6		4		2		0		6

		1987		7		3		4		1		6

		1988		12		6		6		3		9

		1989		11		7		4		2		9

		1990		14		8		6		1		13

		1991		8		4		4		2		6

		1992		6		4		2		1		5

		1993		8		4		4		1		7

		1994		7		3		4		0		7

		1995		19		11		8		5		14

		1996		13		9		4		6		7

		1997		7		3		4		1		6

		1998		14		10		4		3		11

		1999		12		8		4		5		7

		2000		14		8		6		3		11

		2001		15		9		6		4		11

		2002		12		4		8		2		10

		2003		16		7		9		3		13

		2004		14		9		5		6		8

		2005		28		15		13		7		21

		2006		10		5		5		2		8

		2007		15		6		9		2		13

		2008		15		8		7		5		10

		2009		9		3		6		2		7		geringste Anzahl an trop. Stürmen seit 1997 und sehr später Start (15.08.2009 mit ANA, 1992: 17.08. Hurricane ANDREW)

		2010		19		12		7		5		14		La Nina-Ereignis

		2011		19		7		12		4		15

		2012		19		10		9		1		18
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		Jahr		benannte 
trop. Stürme		Hurricanes

		1901		12		5

		1902		5		3

		1903		10		7

		1904		5		3

		1905		5		1		Kaltphase der AMO

		1906		11		6

		1907		5		0

		1908		9		6

		1909		11		6

		1910		5		3

		1911		4		3

		1912		6		4

		1913		4		3

		1914		1		0

		1915		5		4

		1916		14		11

		1917		3		2

		1918		5		3

		1919		3		1

		1920		4		4

		1921		6		4

		1922		4		2

		1923		7		3

		1924		8		5

		1925		2		1

		Mittel		5.8		3.4

		1926		11		8

		1927		7		4

		1928		6		4

		1929		3		3

		1930		2		2		Warmphase der AMO

		1931		9		2

		1932		11		6

		1933		21		10

		1934		11		6

		1935		6		5

		1936		16		7

		1937		9		3

		1938		8		3

		1939		5		3

		1940		8		4

		1941		6		4

		1942		10		4

		1943		10		5

		1944		11		7

		1945		11		5

		1946		6		3

		1947		9		5

		1948		9		6

		1949		13		7

		1950		13		11

		1951		10		8

		1952		7		6

		1953		14		6

		1954		11		8

		1955		12		9

		1956		8		4

		1957		8		3

		1958		10		7

		1959		11		7

		1960		7		4

		Mittel		9.7		5.5

		1961		11		8

		1962		5		3

		1963		9		7

		1964		12		6

		1965		6		4

		1966		11		7

		1967		8		6

		1968		7		4

		1969		17		12

		1970		10		5		Kaltphase der AMO

		1971		13		6

		1972		4		3

		1973		7		4

		1974		7		4

		1975		8		6

		1976		8		6

		1977		6		5

		1978		11		5

		1979		8		5

		1980		11		9

		1981		11		7

		1982		5		2

		1983		4		3

		1984		12		5

		1985		11		7

		1986		6		4

		1987		7		3

		1988		12		6

		1989		11		7

		1990		14		8

		Mittel		8.9		5.2

		1991		8		4

		1992		6		4

		1993		8		4

		1994		7		3

		1995		19		11		Warmphase der AMO

		1996		13		9

		1997		7		3

		1998		14		10

		1999		12		8

		2000		14		8

		2001		15		9

		2002		12		4

		2003		16		7

		2004		14		9

		2005		28		15

		2006		10		5

		2007		15		6

		2008		15		7

		Mittel		14.6		7.9
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		Abb. 1		Jährliche Anzahl von benannten tropischen Stürmen und Hurrikanen über dem Nordatlantik (1885-2005)

		Abb. 5		Jährliche Anzahl von benannten tropischen Stürmen und starken Hurrikanen und Mittelwerte starker Hurrikane





		1885		1885

		1886		1886

		1887		1887

		1888		1888

		1889		1889

		1890		1890

		1891		1891

		1892		1892

		1893		1893

		1894		1894

		1895		1895

		1896		1896

		1897		1897

		1898		1898

		1899		1899

		1900		1900

		1901		1901

		1902		1902

		1903		1903

		1904		1904

		1905		1905

		1906		1906

		1907		1907

		1908		1908

		1909		1909

		1910		1910

		1911		1911

		1912		1912

		1913		1913

		1914		1914

		1915		1915

		1916		1916

		1917		1917

		1918		1918

		1919		1919

		1920		1920

		1921		1921

		1922		1922

		1923		1923

		1924		1924

		1925		1925

		1926		1926

		1927		1927

		1928		1928

		1929		1929

		1930		1930

		1931		1931

		1932		1932

		1933		1933

		1934		1934

		1935		1935

		1936		1936

		1937		1937

		1938		1938

		1939		1939

		1940		1940

		1941		1941

		1942		1942

		1943		1943

		1944		1944

		1945		1945

		1946		1946

		1947		1947

		1948		1948

		1949		1949

		1950		1950

		1951		1951

		1952		1952

		1953		1953

		1954		1954

		1955		1955

		1956		1956

		1957		1957

		1958		1958

		1959		1959

		1960		1960

		1961		1961

		1962		1962

		1963		1963

		1964		1964

		1965		1965

		1966		1966

		1967		1967

		1968		1968

		1969		1969

		1970		1970

		1971		1971

		1972		1972

		1973		1973

		1974		1974

		1975		1975

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999

		2000		2000

		2001		2001

		2002		2002

		2003		2003

		2004		2004

		2005		2005

		2006		2006



Hurrikane

benannte 
trop. Stürme

Anzahl

6

8

10

12

12

19

6

9

6

9

2

4

8

11

5

9

10

12

5

7

2

6

6

7

3

6

5

11

5

9

3

7

5

12

3

5

7

10

3

5

1

5

6

11

0

5

6

9

6

11

3

5

3

4

4

6

3

4

0

1

4

5

11

14

2

3

3

5

1

3

4

4

4

6

2

4

3

7

5

8

1

2

8

11

4

7

4

6

3

3

2

2

2

9

6

11

10

21

6

11

5

6

7

16

3

9

3

8

3

5

4

8

4

6

4

10

5

10

7

11

5

11

3

6

5

9

6

9

7

13

11

13

8

10

6

7

6

14

8

11

9

12

4

8

3

8

7

10

7

11

4

7

8

11

3

5

7

9

6

12

4

6

7

11

6

8

4

7

12

17

5

10

6

13

3

4

4

7

4

7

6

8

6

8

5

6

5

11

5

8

9

11

7

11

2

5

3

4

5

12

7

11

4

6

3

7

6

12

7

11

8

14

4

8

4

6

4

8

3

7

11

19

9

13

3

7

10

14

8

12

8

14

9

15

4

12

7

16

9

14

15

28

5

10



		1944		1944

		1945		1945

		1946		1946

		1947		1947

		1948		1948

		1949		1949

		1950		1950

		1951		1951

		1952		1952

		1953		1953

		1954		1954

		1955		1955

		1956		1956

		1957		1957

		1958		1958

		1959		1959

		1960		1960

		1961		1961

		1962		1962

		1963		1963

		1964		1964

		1965		1965

		1966		1966

		1967		1967

		1968		1968

		1969		1969

		1970		1970

		1971		1971

		1972		1972

		1973		1973

		1974		1974

		1975		1975

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999

		2000		2000

		2001		2001

		2002		2002

		2003		2003

		2004		2004

		2005		2005



Mittel 1944-1970: 2,7/a

Mittel 1995-2005: 4,1/a

Mittel 1970-1994: 1,5/a

starke (major)
Hurricanes

benannte 
trop. Stürme

Anzahl

3

8

2

9

1

5

2

7

4

5

3

10

7

6

2

8

3

4

3

11

2

9

5

7

2

6

2

6

4

6

2

9

2

5

6

5

0

5

2

7

5

7

1

5

3

8

1

7

0

7

3

14

2

8

1

12

0

4

1

6

2

5

3

5

2

6

1

5

2

9

2

6

2

9

3

8

1

4

1

3

1

11

3

8

0

6

1

6

3

9

2

9

1

13

2

6

1

5

1

7

0

7

5

14

6

7

1

6

3

11

5

7

3

11

4

11

2

10

3

13

6

8

7

21



		






TROPICAL STORMS STATISTICS

Major Hurricanes, 1851-2010

Number of annual hurricanes ranked 3, 4 or 5 on the Saffir-Simpson Hurricane Scale. Scientists know that
hurricane activity waxes and wanes on decades-long cycles related to global climate patterns.
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SOURCES: NOAA, NATIONAL HURRICANE CENTER, NATIONAL WEATHER SERVICE

KARL TATE / OurAmazingPlanet.com



TROPICAL STORMS STATISTICS

Annual numbers of tropical storms and hurricanes to which a name was given
Annual means of frequency of hurricanes

Anzahl
30
B benannte
o5 | trop. Stlirme I
B Hurrikane
20 Mittel 1995-2010:7,9/a
15 Mittel 1944-1970: 6,2/a Mitie] 1971.1994: 5. 1/a H n I

F‘_\_FF‘_\_F‘_PF‘_\_F‘_\_FF\_




Diagramm9

		1944		1944

		1945		1945

		1946		1946

		1947		1947

		1948		1948

		1949		1949

		1950		1950

		1951		1951

		1952		1952

		1953		1953

		1954		1954

		1955		1955

		1956		1956

		1957		1957

		1958		1958

		1959		1959

		1960		1960

		1961		1961

		1962		1962

		1963		1963

		1964		1964

		1965		1965

		1966		1966

		1967		1967

		1968		1968

		1969		1969

		1970		1970

		1971		1971

		1972		1972

		1973		1973

		1974		1974

		1975		1975

		1976		1976

		1977		1977

		1978		1978

		1979		1979

		1980		1980

		1981		1981

		1982		1982

		1983		1983

		1984		1984

		1985		1985

		1986		1986

		1987		1987

		1988		1988

		1989		1989

		1990		1990

		1991		1991

		1992		1992

		1993		1993

		1994		1994

		1995		1995

		1996		1996

		1997		1997

		1998		1998

		1999		1999

		2000		2000

		2001		2001

		2002		2002

		2003		2003

		2004		2004

		2005		2005

		2006		2006

		2007		2007

		2008		2008

		2009		2009

		2010		2010

		2011		2011

		2012		2012



Mittel 1944-1970: 6,2/a

Mittel 1995-2010: 7,9/a

Mittel 1971-1994: 5,1/a

Hurrikane

benannte 
trop. Stürme

Anzahl

7

4

5

6

3

3

5

4

6

3

7

6

11

2

8

2

6

1

6

8

8

3

9

3

4

4

3

5

7

3

7

4

4

3

8

3

3

2

7

2

6

6

4

2

7

4

6

2

4

3

12

5

5

5

6

7

3

1

4

3

4

3

6

2

6

2

5

1

5

6

5

3

9

2

7

4

2

3

3

1

5

7

7

4

4

2

3

4

6

6

7

4

8

6

4

4

4

2

4

4

3

4

11

8

9

4

3

4

10

4

8

4

8

6

9

6

4

8

7

9

9

5

15

13

5

5

6

9

8

7

3

6

12

7

7

12

10

9



Daten Jährl. Anzahl

		Jährliche Anzahl der Hurricanes - Nordatlantik

		Jahr		benannte 
trop. Stürme		Hurrikane		trop. Stürme 
ohne Hurricanes		starke (major)
Hurricanes		trop. Stürme 
ohne starke Hurricanes

		1851		6		3		3

		1852		5		5		0

		1853		8		4		4

		1854		4		2		2

		1855		5		4		1

		1856		6		4		2

		1857		4		3		1

		1858		6		6		0

		1859		8		7		1

		1860		7		6		1

		1861		8		6		2

		1862		6		3		3

		1863		9		5		4

		1864		5		3		2

		1865		7		3		4

		1866		7		7		0

		1867		9		7		2

		1868		4		4		0

		1869		10		7		3

		1870		11		10		1

		1871		8		6		2

		1872		5		4		1

		1873		5		3		2

		1874		7		4		3

		1875		6		5		1

		1876		5		4		1

		1877		8		3		5

		1878		12		10		2

		1879		8		6		2

		1880		11		9		2

		1881		7		4		3

		1882		6		5		1

		1883		4		4		0

		1884		4		4		0

		1885		8		6		2

		1886		12		10		2

		1887		19		12		7

		1888		9		6		3

		1889		9		6		3

		1890		4		2		2

		1891		11		8		3

		1892		9		5		4

		1893		12		10		2

		1894		7		5		2

		1895		6		2		4

		1896		7		6		1

		1897		6		3		3

		1898		11		5		6

		1899		9		5		4

		1900		7		3		4

		1901		12		5		7

		1902		5		3		2

		1903		10		7		3

		1904		5		3		2

		1905		5		1		4

		1906		11		6		5

		1907		5		0		5

		1908		9		6		3

		1909		11		6		5

		1910		5		3		2

		1911		4		3		1

		1912		6		4		2

		1913		4		3		1

		1914		1		0		1

		1915		5		4		1

		1916		14		11		3

		1917		3		2		1

		1918		5		3		2

		1919		3		1		2

		1920		4		4		0

		1921		6		4		2

		1922		4		2		2

		1923		7		3		4

		1924		8		5		3

		1925		2		1		1

		1926		11		8		3

		1927		7		4		3

		1928		6		4		2

		1929		3		3		0

		1930		2		2		0

		1931		9		2		7

		1932		11		6		5

		1933		21		10		11

		1934		11		6		5										Grafik für Powepoint

		1935		6		5		1

		1936		16		7		9

		1937		9		3		6

		1938		8		3		5

		1939		5		3		2

		1940		8		4		4

		1941		6		4		2

		1942		10		4		6

		1943		10		5		5

		1944		11		7		4		3		8

		1945		11		5		6		2		9

		1946		6		3		3		1		5

		1947		9		5		4		2		7

		1948		9		6		3		4		5

		1949		13		7		6		3		10

		1950		13		11		2		7		6

		1951		10		8		2		2		8

		1952		7		6		1		3		4

		1953		14		6		8		3		11

		1954		11		8		3		2		9

		1955		12		9		3		5		7

		1956		8		4		4		2		6

		1957		8		3		5		2		6

		1958		10		7		3		4		6						Jahrliche Anzahl benannter tropischer Stürme und Hurrikane und Mittelwerte von Hurrikanen für AMO-Zeiten

		1959		11		7		4		2		9

		1960		7		4		3		2		5

		1961		11		8		3		6		5

		1962		5		3		2		0		5

		1963		9		7		2		2		7

		1964		12		6		6		5		7

		1965		6		4		2		1		5

		1966		11		7		4		3		8

		1967		8		6		2		1		7

		1968		7		4		3		0		7

		1969		17		12		5		3		14

		1970		10		5		5		2		8

		1971		13		6		7		1		12

		1972		4		3		1		0		4

		1973		7		4		3		1		6

		1974		7		4		3		2		5

		1975		8		6		2		3		5

		1976		8		6		2		2		6

		1977		6		5		1		1		5

		1978		11		5		6		2		9

		1979		8		5		3		2		6

		1980		11		9		2		2		9

		1981		11		7		4		3		8

		1982		5		2		3		1		4

		1983		4		3		1		1		3

		1984		12		5		7		1		11

		1985		11		7		4		3		8

		1986		6		4		2		0		6

		1987		7		3		4		1		6

		1988		12		6		6		3		9

		1989		11		7		4		2		9

		1990		14		8		6		1		13

		1991		8		4		4		2		6

		1992		6		4		2		1		5

		1993		8		4		4		1		7

		1994		7		3		4		0		7

		1995		19		11		8		5		14

		1996		13		9		4		6		7

		1997		7		3		4		1		6

		1998		14		10		4		3		11

		1999		12		8		4		5		7

		2000		14		8		6		3		11

		2001		15		9		6		4		11

		2002		12		4		8		2		10

		2003		16		7		9		3		13

		2004		14		9		5		6		8

		2005		28		15		13		7		21

		2006		10		5		5		2		8

		2007		15		6		9		2		13

		2008		15		8		7		5		10

		2009		9		3		6		2		7		geringste Anzahl an trop. Stürmen seit 1997 und sehr später Start (15.08.2009 mit ANA, 1992: 17.08. Hurricane ANDREW)

		2010		19		12		7		5		14		La Nina-Ereignis

		2011		19		7		12		4		15

		2012		19		10		9		1		18

		Jahr		benannte 
trop. Stürme		Hurricanes		trop. Stürme 
ohne Hurricanes		starke (major)
Hurricanes		trop. Stürme 
ohne starke Hurricanes



&A

Seite &P



Daten Jährl. Anzahl

		



Hurrikane

benannte 
trop. Stürme

Anzahl

Jährliche Anzahl benannter tropischer Wirbelstürme und Hurrikane



AMO-Phasen

		



Mittel 1944-1970: 2,7/a

Mittel 1995-2010: 3,8/a

Mittel 1971-1994: 1,5/a

starke (major)
Hurricanes

benannte 
trop. Stürme

Anzahl

Jährliche Anzahl benannter tropischer Stürme und starker Hurrikane
und Mittelwerte starker Hurrikane



Abb_tropStürme-Hurr

		



Mittel 1944-1970: 6,2/a

Mittel 1995-2010: 7,9/a

Mittel 1971-1994: 5,1/a

Hurrikane

benannte 
trop. Stürme

Anzahl



Abb_Hurr_ab1881

		



Mittel 1944-1970: 6,2/a

Mittel 1995-2010: 7,9/a

Mittel 1971-1994: 5,1/a

Hurrikane

benannte 
trop. Stürme

Anzahl



Abb KSB 2005

		

		Jahr		benannte 
trop. Stürme		Hurricanes

		1901		12		5

		1902		5		3

		1903		10		7

		1904		5		3

		1905		5		1		Kaltphase der AMO

		1906		11		6

		1907		5		0

		1908		9		6

		1909		11		6

		1910		5		3

		1911		4		3

		1912		6		4

		1913		4		3

		1914		1		0

		1915		5		4

		1916		14		11

		1917		3		2

		1918		5		3

		1919		3		1

		1920		4		4

		1921		6		4

		1922		4		2

		1923		7		3

		1924		8		5

		1925		2		1

		Mittel		5.8		3.4

		1926		11		8

		1927		7		4

		1928		6		4

		1929		3		3

		1930		2		2		Warmphase der AMO

		1931		9		2

		1932		11		6

		1933		21		10

		1934		11		6

		1935		6		5

		1936		16		7

		1937		9		3

		1938		8		3

		1939		5		3

		1940		8		4

		1941		6		4

		1942		10		4

		1943		10		5

		1944		11		7

		1945		11		5

		1946		6		3

		1947		9		5

		1948		9		6

		1949		13		7

		1950		13		11

		1951		10		8

		1952		7		6

		1953		14		6

		1954		11		8

		1955		12		9

		1956		8		4

		1957		8		3

		1958		10		7

		1959		11		7

		1960		7		4

		Mittel		9.7		5.5

		1961		11		8

		1962		5		3

		1963		9		7

		1964		12		6

		1965		6		4

		1966		11		7

		1967		8		6

		1968		7		4

		1969		17		12

		1970		10		5		Kaltphase der AMO

		1971		13		6

		1972		4		3

		1973		7		4

		1974		7		4

		1975		8		6

		1976		8		6

		1977		6		5

		1978		11		5

		1979		8		5

		1980		11		9

		1981		11		7

		1982		5		2

		1983		4		3

		1984		12		5

		1985		11		7

		1986		6		4

		1987		7		3

		1988		12		6

		1989		11		7

		1990		14		8

		Mittel		8.9		5.2

		1991		8		4

		1992		6		4

		1993		8		4

		1994		7		3

		1995		19		11		Warmphase der AMO

		1996		13		9

		1997		7		3

		1998		14		10

		1999		12		8

		2000		14		8

		2001		15		9

		2002		12		4

		2003		16		7

		2004		14		9

		2005		28		15

		2006		10		5

		2007		15		6

		2008		15		7

		Mittel		14.6		7.9
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		Abb. 1		Jährliche Anzahl von benannten tropischen Stürmen und Hurrikanen über dem Nordatlantik (1885-2005)

		Abb. 5		Jährliche Anzahl von benannten tropischen Stürmen und starken Hurrikanen und Mittelwerte starker Hurrikane
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		1945		1945

		1946		1946

		1947		1947

		1948		1948

		1949		1949

		1950		1950

		1951		1951

		1952		1952

		1953		1953

		1954		1954

		1955		1955

		1956		1956

		1957		1957

		1958		1958

		1959		1959

		1960		1960

		1961		1961

		1962		1962

		1963		1963

		1964		1964

		1965		1965

		1966		1966

		1967		1967

		1968		1968

		1969		1969

		1970		1970
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		1973		1973
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		1975		1975

		1976		1976
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		1978		1978

		1979		1979

		1980		1980
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		2002		2002

		2003		2003

		2004		2004

		2005		2005



Mittel 1944-1970: 2,7/a

Mittel 1995-2005: 4,1/a

Mittel 1970-1994: 1,5/a
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TROPICAL WIND SYSTEMS INDIA MONSOON

ITCZ position given by season, monsoon is like a ‘large-scale sea-breeze'

Summer: Heat Low Tibet SW Monsoon Jun-Sep rainy season
Winter: Cold High Sibiria  NE Trade wind winter monsoon Okt-Mai dry season

- Position der ITCZ im Sommer
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TROPICAL WIND SYSTEMS INDIA MONSOON

Sommermonsun Gber Indien und Pakistan

Die Luftmassen werden an der Luv-Seite

héherer Luftdruck der Gebirge zum Aufsteigen gezwungen S
im Vergleich zum und kithlen dabei ab: Wolkenbildung Euﬁs _lg.,ll e

i Cihar . o* uftmassen
Hitzetief Gber W

nerasien y T
sommerliches
————— Lee  Hitzetief

Verdunstung

235°nBr.
Wendekreis

Wassertemperatur 24° - 26°C

Indischer Ozean Westghats Dekkan Hochland Fluss-Tiefebene  imajaya  Hochland von Tibet
(Ganges bzw. Indus)

Summer monsun, rainy season May-Aug annual rainfall ~ 12000 mm / year



TROPICAL WIND SYSTEMS — INDIA MONSOON

Klimastation: Kanpur (Indien)
Koordinaten: 26°28'N / 80°21'0  Hohe Uber dem Meeresspiegel: 127 m
(Klimadiagramm nach Walter und Lieth)

Jahresmittetemperatur  257°C Jahresgesaminiederschlag 823 mm

mm

300
250
200

150

aride Mo

80

Wintermonsun iber Indien und Pakistan

60

40

20
Die ITC befindet sich Luftmassen

absinkende
sudlich des Aquators)

@ T winterliches
<j:| Kaltehoch

JIFIMm|al(m|o|Jd|lals|o|ln]|D]|

Verdunstung o¢ 159 181|242 300| 336 336| 308] 294 | 292| 264| 209 | 161 |
| mm| 15| 13| 8 5 | 10 | 79| 254 | 254 [ 142 | 30 5 8
Wassertemperatur 20° - 23°C \53-5(1 ’f_g :
S # Monatsmitteltemperatur eechnet aus Tageshachstwerten und nachtlichen Tiefstwerten
i . Monatlicher Ges 2 [ ab (ber 1 flachten Skal
Indischer Ozean Westghats Dekkan Hochland Fluss-Tiefebene Himalaya  Hochland von Tibet . Monatiicher Gesaminiederschiag  wmm ab 0ber 100 mm in einer abgeflachten Skala

(Ganges bzw. Indus)

Winter monsoon, dry season Mar-May Kampur annual variation of rainfall



QUESTIONS YOU SHOULD BE ABLE TO ANSWER
Tropical Storms TS

v" What is the typical beginning of a TS over the North Atlantic?
v’ Easterly Wave moving from W-Africa eastward

v" Which are necessary preconditions for TS development?
v' 1. Water Temperature Tw or Sea Surface Temperature SST > 27°C
to bring sufficient latent energy by evaporation into the atmosphere
v 2. Geographical latitude Lat > 5°N to allow development of circulation
v ... Unstable vertical stratification to allow vertical development
v' ... Low vertical windshear VWS to allow vertical development of circulation

v" When is the ,Hurricane Season’ in general and for the North Atlantic in particular
v Late summer in general, July for North Atlantic
v' June —too soon; July — stand by; August — a must; September — remeber; Oct — all over



QUESTIONS YOU SHOULD BE ABLE TO ANSWER

Tropical Storms

v" How are tropical Storms categorized?

v Encountered / Estimated winds
v Encountered / Estimated winds

» Tropical Depression TD Bft.7 or less 33 kt or less

» Tropical Storm TS Bft.8 - Bft.11 34 kt — 63 kt
» Hurricane Bft.12 64 kt or more
Damage — [ N ALY
Hurricanes Categories ot et PP TN
Saffir-Simpson 1 Minimal = o il <
Saffir-Simpson 2 Moderate S == =

Saffir-Simpson 3 Extensive

Wind Factor’_%\%)% ; i Largest hurricanes L AALEROMCEWRIOE

S affl F-S | m pSO n 4 EXt re m e ?ga%?fst;r';rslog" ?c ‘I]-Iibirricane's Power cat 'g’\;l:i_?;“:;e‘;i‘:ds : - ksngo r?agirv
Saffir-Simpson 5 Catastrophic, B |
; = f == |gor 2012: 920 mllles ‘
Devastating | = Sz s o

Karl 2004: 780 miles
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QUESTIONS YOU SHOULD BE ABLE TO ANSWER
Tropical Circulation

v' What is the Monsoon ?
v" Monsoon is a Land — Seabreeze — Circulation with the following scales
v Time scale: Months, Seasons (typical Land/Sea Breeze: one day)

v' Length scale: 1000s of kilometers (typical Land/Sea Breeze: 10s of km)
v' Seasonal Summer May-Aug Warm, moist, Heavy Rain over India (> 12.000mm/yr)
v' Seasonal Winter Mar-May Cold, dry air,

Please check vorticity — ENG — MISCellaneous
https://www.vorticity.de//vorticity en.php#0 ANKER V



https://www.vorticity.de/vorticity_en.php#0_ANKER_V
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