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Chapter 1
Observations of Tropical Cyclones
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LECTURES ON TROPICAL
CYCLONES

Roger K. Smith

http://www.meteo.physik.uni-muenchen.de/~roger/TCs.pdf
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Super Typhoon Winnie, August 1997
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Atlantic hurricane tracks in 1998
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Hurricane Research Aircraft, NOAA WD-P3







Radar display from the tail radar
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Schematic cross-section through a hurricane
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Close up photograph of the eye




The eye of Hurricane Lili (2002)
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Dropwindsonde sounding in the eye of a hurricane
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Radar PPI in Hurricane Gilbert (1988)
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Flight level data from a Hurricane traverse
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Vertical-radial cross-section through a hurricane
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Vertical cross-section of Hurricane Hilda (1964)
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A TC with a double eyewall
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Cross-section from composite data
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Vertical motion
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Vertical cross section of the mean vertical air motion (mb per day) in
typhoons. Analysis is a composite of data collected in many storms.




Asymmetries
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Asymmetric structure
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Typical radar echo pattern
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A TC with a double eyewall
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Western Australia: TC Bobby
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Typhoons

Regions of TC formation
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Tropical cyclogenesis requires a water temperature of at
least 26.5 °C

From Gray (1975)




Annual mean sea surface temperatures
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Frequency of TCs per 100 years

J0E  40E  S0E  6OE 70E BOE 90E 100E 130F 120E $30E $40E $SOE 1G0E {706 4BO 170W 460N 150w 140W 430W 120W 110N 100W SOW BOW 7OW 60N 50W 40W 304 20W  10W
0 130000 M4 M) A MM MM M ki hdd Mt M Mt Y AR M MY M MY MY M | L /2 St AN A MY MY Mt | M it | latd Mttt et Mt 1t et Meats e Maes L

BONT-

J 45N

J4ONT-

35N =
ONE
5NE-
DONE-
15N
10Mj
josN
Fo.
55 ] ;
105 ‘ e - h a DN .y -~ . .
155
Po
P5S:
30S
355

40

P )

. ¢ o &
1] | S W}
L3 1 T ]
. ¢« . e

.
.
.

455

505!

555 . « o e

60 UTTTVPES PUUS TUTTS VETVL FVUS FOTTY FUVTY PUTYY FUTSS FRVSY PPV PRVIN PYPTE PYYVY PPTIY PPVY FOTPY FYPPY PPTYT PRTRY TYPPL POV | [FPPI FRTT PRTEL FUTTY PRTTT PUTTY PRVTR PRVPI TYVPT PPPTY PRPP PRTYS FPPTT PYPTY PRVSY FYTIY TPPYY PYVPY PYYTY PYTTY FVVYS PYPPY FEYTY TYPPY FPYYY PYTYY PYTYY PYVTY PYVTY PYTTY FOTRY PYTTS IPPTI PRTTL PR ITIRL| .l aul
§GE 40E SOF GOE 70E BOE 90FE 400E 310E 120E 430E 340E 150E 460E 4706 480 170W 460N 150 140W {30W 120W 110W 100W 90W BOW 70M 60W 50W 40W  30W - 20

From WMO (1993)




Mean latitude of formation
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Tracks of TCs In relation to SST
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Climatology in Atlantic Basin

FREQUENCY

20 20

15-; |
10 - | l I

||| ||| || |||||ll 0 ll| ||'|| |
0 -

S
1886 1896 1906 19106 1926 1936 1946 1956 1966 1976 1986
TEARS

Al..ll.l_lll

Number of North Atlantic tropical cyclones reaching at least
17.5 m st (34 kt) intensity (open bar) and reaching at least 33

m s (64 kt) intensity (solid bar) each year during 1886-1985.
(From McBride, 1995)




Trade wind and monsoon flow regimes
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Genesis conditions

60° 60° ;

i axis of S._Tﬁ._
30° axis of STR [ 30°F enhanced
_________________ Py trade easterhes
(1012) S~ '
GENESTS POINT 4 NITCZ Trough

H lenhonced westerlies
- 2/ Sorfoce N\ |

HleO!{z) enhanced westerites _pressure rises

2 \f\ L (1012,)

GENESIS POINT 4 |
enhanced trade easterhes

Sl S h_ew_f_s—_rs-_ ot

EQ

(10123)

T

L N
il 20" GENESIS 20 60° 20*  GENESIS 20°
(westof GL) | ONGITUDE  (eastof GL) (west of GL] | ONGITUDE  (eostof GL}

Fig. 3.19 Schematic surface map of the positions of important synoptic-scale features 3 days and 1 day before
clone (Fcncms in (a) Southern and (bfoNorthern Hemisphere. Subscripts on the highs (H) and fows (L)
enote days before genesis (Love 1982).




Satellite imagery - classification
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Large-scale conditions for formation

» Tropical cyclones form from pre-existing disturbances
containing abundant deep convection;

» The pre-existing disturbance must acquire a warm core
thermal structure throughout the troposphere;

» Formation is preceded by an increase of lower tropospheric
relative vorticity over a horizontal scale of approximately
1000 to 2000 km:;

» A necessary condition for cyclone formation is a large-scale
environment with small vertical wind shear;




Large-scale conditions for formation (cont)

» An early indicator that cyclone formation has begun is the
appearance of curved banding features of the deep
convection in the incipient disturbance;

» The Inner core of the cyclone may originate as a mid-level
meso-vortex that has formed in association with a pre-
existing mesoscale area of altostratus (i.e., a Mesoscale
Convective System or MCS); and

» Formation often occurs in conjunction with an interaction
between the Incipient disturbance and an upper-
tropospheric trough.




Easterly waves over Africa

WYV Imagery 17 June 1997 00Z




Movie of Atlantic July Basin 2003



Tropical cyclone tracks (1979-1988)
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Track forecasting
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Hurricane Frances

NWS TPC/Mational Hurricane Center
Advisory 35
Current Center Location 23.4 N 73.9W
Max Sustained Wind 145 mph
Current Movement WHNW at 13 mph
@& Current Center Location
Forecast Center Positions
H Sustained wind > 73 mph
& Potential Day 1-3 Track Area
I Hurricane Warning
Hurricane Watch
mmm Tropical Storm Warning

Hurricane Frances
September 4, 2004
11 AM EDT Saturday
NWS TPCiNational Hurricane Center
Advisory 43
Current Center Location 269 N 788W
Max Sustained Wind 105 mph
Current Movement WNW at 5 mph
@ Current Center Location
& Forecast Center Positions
H Sustained wind > 73 mph
§ Sustained wind 39-73 mph
D Sustained wind <39 mph
& Potential Day 1-3 Track Area
I Hurricane Warning
Hurricane Watch
mmm Tropical Storm Warning
Tropical Storm Watch

Hurricane Frances

NWS TPCiNational Hurricane Center
Advisory 39
Current Center Location 255 N 76.7 W
Max Sustained Wind 115 mph
Current Movement MW at 9 mph
@ Current Center Location
@ Forecast Center Positions
H Sustained wind = 73 mph
S Sustained wind 39-73 mph
Potential Day 1-3 Track Area
I Hurricane Warning
Hurricane Watch
mmm Tropical Storm Warning

Hurricane Frances
September 5, 2004
11 AM EDT Sunday
NWS TPCiNational Hurricane Center
Advisory 47
Current Center Location 27.7 N 81.2'W
Max Sustained Wind 90 mph
Current Movement WNW at 9 mph
@ Current Center Location
@& Forecast Center Positions
H Sustained wind = 73 mph
S Sustained wind 39-73 mph
D Sustained wind < 39 mph
Potential Day 1-3 Track Area
I Hurricane Warning
mmm Tropical Storm Warning




TC Monica
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Related phenomena
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