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Tropical Meteorology
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Figure 3.16 Photographs of the (a) towering cumulus, {b}, (c} mature, and {d} Figure 3.16 (cont.)
dissipating stages of a thunderstorm. (a)-(c) were taken August 28, 1971, off the B ) ’
southeast coast of Florida, looking westward; {d) was taken August 28, 1973, near

Naples, Florida, looking westward over the Gulf of Mexico (photographs copyright
Howard B. Bluestein).
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Downburst Classification
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— macro bursts (greater than 2.5 miles in diameter)

— and micro bursts (less than 2.5 miles in diameter).
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Multicellular Thunderstorms
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Multicellular Thunderstorms
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Multicellular Thunderstorms
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Multicellular Thunderstorms

(Y] = =Y, A o'd' 1 :g g a d%}
WAI9100N 20 UINDANT HIBINNLEAAN 3 AUYU ATZUIUMTHILNAVY
¥ 1 9)
9819001 L B3I UIUIUDITEA UMM UL ANLRIDLUNITWIANNS O UNAV U
11 11 UDN

da :
rgaan 2 !“ﬁﬂéﬁ 3

YHaA18MN VU

d |l
aan 4

Vunenniucu

da
gaan 1

Yuoaualiuad




TIME SEQUENCE OF CELLS INA

MULTICELL CLUSTER STORM R o e P (R o

Cell 2
\\'

Cell 3 Cell 1

D-

QU

A =
VUSNBAAN 1 LTUTAYN

9
v Y] 3

o’d' I 1
raah 2 Nog luduwaaziv
ALY
1 A o’d' 1 A =)
AN UNBLYAAN 2 VZOOUDUNDLNA
%} 9, (Y]
VoW ianviinasuidszuia
10 YN
Y} g}J o’d' 49!
NAINNUULYAAN 3 D TULTIUU
a g I~ v o 1=
uazinauuiludnans lvuan

Adapted from Doswell. 1885



d
!”ﬂﬁﬁ!!ﬁ%ﬂ]ﬁ!ﬂﬁﬂﬂﬁﬂl@ﬂﬁ%ﬂﬂW]Qdl

: ' ¥ Storm System
Tme=1; . ; Motion



Cells inside a storm
(system) do not
necessarily move at the
same speed and/or
direction as the overall
storm system

The storm system can
move as a result of the
successive growth and
decay of cells

It can also move because
the cell motion

Environmental winds can
have significant influence
on the cell and/or storm
movement, but the storms
do not necessarily follow
the wind.

STORM MOTION

WIND DIRECTION

__—CELL MOTION

MOTION

Figure 15.3. Schematic diagrams of the
(a) Wokingham, (b) Alhambra, and (c)
Rimbey storms, demonstrating the con-
cept of cell motion as opposed to storm
motion in an organized multicell storm
system. (From Marwitz, 1972b.)
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Multicell Storms (Squall Line)
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3 ‘IJ!!‘]J‘]J Multicellular Thunderstorms
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Figure 3.72 |dealized depiction of squall-line formation in the Southern Plains of
the United States during the spring (from Bluestein and Jain, 1985). (Courtesy of
the American Meteorological Society)
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Supercell Thunderstorms
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Speed of Lightning
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Speed-of-sound: 1100 ft/sec (330 m/sec)

=>one mile in 5 seconds!!
(1 km in 3 seconds)!!



AT Y]
ﬂﬁﬂ!ﬂ@gﬂ@ﬂﬂ‘lﬂ

~ A Ao v Y Ay
¢ §Uﬁ1ﬂ1ﬂ1§ﬁ§@ﬂﬂ1‘]_lx‘l!61ﬂ"l‘ij‘l’iﬁﬂ (P RINTR

liloglusensiviasmuaians g




Y
| | o

*nsamauiinaessvvuaniaz I dnusevie




* mmﬂu‘vﬂm VITRYNTR mimﬂmq Uaenmyani

uawwmﬂammﬂmmauwawuﬂumwammﬁuu
gMalthanth liasueus 1S




® asedlvilnannlanzidluae lwihnnsiia wu gunsaniein

Y s J a W eM A
IVINIYIH IDINIYTHE U 51\15@]1’!1’\1 nas ﬂﬂiﬂﬁﬂﬂﬂuﬂﬂe




o inuaglanulinlaatedTawmds nseaglnaen i

Side Flash




nsiviaglulu
aglilnaanalnsalWin wazlansMiiludain
A mnain

-y ———

o

T ——

| VEUADUWDN WY ATAWO
| sﬁaumsm'liu'oodum




=

MISHYUNBWNEINUYIINUANFU (Thermal Circulation)
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auNnzta (Sea breeze)
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aluNzLa (Sea breeze)
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aNUn (Land breeze)
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The North American Monsoon

OLR, 200-hPa Streamlines and 850-hPa Wind Clim {1979-149495)
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Tropospheric Biennial Oscillation (TBO)

and Asian-Australian Monsoon

OLR, 200—-hPa Streamlines and 850-hPa Wind Clim {1979-1995)
02.JuUL

T

- o + L

> o e

PN ASfeWinds

240
230
220
210
200
190

T

‘ ;
& z\ 3
. r
T DI S NN T T

b

PP Y i

b ¥ ¥ %o

>
tf

2 S

e

ADE BOE 1008

Deptn ()
«

90t

()3 Data Sources: OLR — WESDIS/AORA, Winds — NCEP CDAS/ Reanalysis

2 =



East Aslan monsoon
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Indian Monsoon (IM)
and Western North Pacific Monsoon (WNPM)

Asitan Summer Monsoon Indices
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IM Index = U850(40E-80E,5N-15N)-U850(70E-90E,20N-30N)

WNPM Index =U850(100E-130E,5N-15N)-U850(110E-140E,20N-30N)



Indian Summer Monsoon Index

Indian Monsoon Index (normalized) — jja

1950 1955 1960 1965 1970 1975 1980 1985 1990 1885 2000 2005 2010

IPRC/UH using NCEP/NCAR Reanalysis daia



Western North Pacific Monsoon Index

Western Pacific Monsoon Index (normalized) — jja
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Webster and Yang Monsoon Index \WYM)

Webster and Yang Monsoon Index
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Webster and Yang Monsoon Index

Webster and Yang Monsoon Index (normalized) — jja
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cooling with height (Heat condensation)

Low value of vertical wind shear (less than 10 m/s)
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Heat condensation

Sea Surface Temperature
and Ocean Current

February
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L_ow value of vertical wind shear
(less than 10 m/s)

Vertical Wind Shear Calculation

6 km

____Vertical Wind
Shear Vector= 26 m s

ll'
o
|

| —

! Ligh tiind

(Winds Increase With Altitude)
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Coriolis effect
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http://en.wikipedia.org/wiki/File:Corioliskraftanimation.gif
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Three classes according to the genesis form and location

« SH type : lower layer shear type
« EC type : upper easterly waves and cloud clusters
« UC type : upper cold vortex proximity type

|20°E |60°E
40°N1 Z




UC (upper cold vortex proximity)

TUTT Assisting Cyclogenesis

 Upper cold Low
* Cyclonic ‘szé‘ﬁjg 3400 hPa Y1/

. J¥mnenunan WV (IR3)


http://upload.wikimedia.org/wikipedia/commons/e/e9/TUTTcellWestPac2007071012WV.jpg

UC (upper cold vortex proximity)

Case in which a (b near a UCL developed into a tvphoon
(water vapor image from 00UTC on Sep. 25 to 00UTC on Sep. 28, 1998

The $» mark represents UCL centers and thel g mark represents the center of a typhoon



Case of development of the easterly wave pattern




Case of development of the easterly wave pattern

Tt

A case of organizmg 2 cloud system develepmg mte Typhoon 118 m 2001 (mirared 1'J:|.1"g 3
Ezch 1mags 13 overlaid mth an 330 hPa wind from GSM GPV data (initial values at 00 and 12UTC for each :1_1"
(long zrrows represent 10 Bt short arrows represent 3 ki, and detted lmes represent sasterly wave trough zxes



Case of development of the easterly wave pattern
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Case of development of a monsoon trough pattern (SH Type)

Bureau of Metsorology

TLAPS system

AMALYSIS YALID Q000 UTC Sun 12 OCT 2003
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VNS |
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North Pacific Tropical Cyclogenesis Region

Confluence zone
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Case of development of a monsoon trough pattern (SH Type)

s Ta"it

= of organizmg z cloud system developmg mte Typhoon 0104 m 2001 (mirared mags)
g 13 overlzid with zn 330 hPaw 1.11:1 from G3M GPV datz (mitial and predicted values 2t 00 and
L2UTC for each day) (long zrrows represent 10 kt, short arrows represent 3 kt, and dotted lmes represent
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Coriolis effect,ﬁdrift
Steering winds 1139 INADUAININIUIVDA subtropical ridge
INADUAININUHIVD ITCZ, Monsoon Trough, Tropical Wave
Interaction with the mid-latitude westerlies
Interaction with Fronts
Multiple storm interaction or Fujiwhara effect
] Y 5 .
(aglnanuiyzanas 1,450 km 130 900 miles)

Topography (on Land)
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Large scale wind system to let Tropical Cyclone flow
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Fujiwhara effect

Centroid-relative Track of a Pair of Interacting Tropical Cyclones
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Tracks of Cyclones and Corresponding Fujiwhara Effect
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http://spacegizmo.livingdazed.com/wp-content/uploads/2009/10/TyphoonMelorandTropicalStormParmaLG.jpg

Interaction with the
mid-latitude westerlies
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Forecast Track, JMA and JTWC
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ULNANNS ALVDIDULT (Radius of Gale Wind Area, 28-55 knot, Beaufort scale 7-10 )
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Tracks and Intensity of All Tropical Storms

D TS 1 2 3 4
Saffir-Simpson Hurricane Intensity Scale
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Wind and Pressure Components of Hurricane Storm Surge

\ / PWind:driven Surge
/A pressure drven Surge (5% of total)

Water on ocean-side / i )
flows away without
raising sea level much As water approaches land

It “piles up” creating storm surge
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