A modeling study of the influence
of multi-scale waves on tropical
cyclone formation in June 2004
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WRF experiments design:

Two domain: 36, 12 km Space-time filter (Wheeler and Kiladis, 1999)

35 vertical layers

Buffer zone: 10 points wave d i
Cumulus scheme: Grell 3D ensemble scheme number perio propagation

Microphysics scheme: WSM 6-class scheme

PBL scheme: MYJ PBL scheme 30 - 90 days eastward
IC & BC: NCEP Global Final analysis data (FNL
oo y (FNL) ER 1-10 10 — 40 days westward
No TC initialization scheme
low—frequency variations June 2004
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sensitivity of

removed fields

Experiments without wave signal in CTL: unfiltered IC & BC
T: Thermodynamics fields (H, T, Q)

K: Kinetic fields (U, V)

KT: Kinetic and Thermodynamics fields (U, V, H, T, Q)
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Analysis
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(d) 0BS TC D UV-H850 18721JUN2004

JOE1T5E

R

NnellT0Y s~ 300
\.‘Lgk,,{,TCk‘\\\ Py
e o 25N

RN PN

20N

15N

10N

]

AL
BANANAA el (8

155

ey
::T:fi:‘f“ﬁﬁf;\\\

Fraa
PR N e
Cl BN N Y

e R

R
o

5 S S |
ﬁ//a////——ﬂ——”///}/////:—;\\\f//
7 /Sg‘//M//A’ffh .y 4 /ﬁ(
EQq T bt et 1 I\;_/} ;/,,,,
H T HENES el P ]
L A -
59 1\__,_\:5“ Cas e "F?\\.':N__:i::::‘_
e S s S RN A s o]
LS ST R AR T

e
Y

RSN S

it
e TN

————
e

TCD

R
AR NN e

L

ot

IR

e ]

R PP

L SO

110E 115E 120E 125E 130E 135E 140E 1

45E 150E 155E 160E 165 170E 175E

(e) 0BS TCE UV-HB50 18724JUN2004

30N

S N

25N

Tap e SN b P

=

et
w

- ]
oA AN ....‘--..:,’_ e

110E 115E 120E 125€ 130E 135E 140E 145€ 15CE 155E 160E 165€ 170E 175E

110E 115E 120E 125E 130F 135E 140F 145E 150 155E 160E 1

L 1aso
1480
1440
1420
1410

1400

65E 170E 175E

20

138

105

138

=

e g
e
Z

o - .\\\-.
AR

h P T T SR N
" P I S A U
2, S ran.

- e

e

-
P P O P
T
[P A
PR, N
e 22N
pretValo

Ml RN PR
TP AL e T

NS R

B R .
L S—

vy . a—

= PR L  pee—

B Sy :l. e e

b T o

—H850 12Z05JUN2004

D

ClL TC B W
~5IT

&

¥
N
1
1
i
[

S

N
1
A
3
\
'
\

s e —

B R S S

M e e
AN
R R e e

Lo by Tttty e

155

= P S X VP N ek
10812557, P e D el DT
b e e, B R S iy

110E 115E 120E 1 25E 130E 135€ 140E 145E 150E 155€ 160E 165E 170E 175E

CIL TC C UV-H850 18Z11JUN2004

L
110E 115E 120E 125E 130E 135E 140E 145E 150E 155E 160E 165E 170E 175E

(d) CTL TC D UV-H850 18Z21JUN2004

TP rrrrT
J(C
»

i
. fW/Ifnt

I
YT TEN

N

N
T e

B e e T T S e et
¢ g e e
P e

e

TRt I U 7
A S NN L P
b e N I\‘.; :\\\!\j\/f

R ——

30N

25N

20N

154

10N

o R T I, o
PR - S B i i
P Sttt I BICE Y PR b

s fa
% o4 -
R

e e

110E 115E 120E 125€ 130E 135E 140E 145E 150€ 155€ 160E 165E 170E 175E

110E 115E 120E 125E 130E 135E 140E 145E 150E 155E 160E 165E 170E 175E
20

—H850 18724JUN2004

CIL TCE WV

_'_.-ﬁh_,?,-\km,g_.
P

155

F IR
Sraxtatn

.e,u\\k¥\\ O
o A\
R S

1480

1480

1440

1420

1410

1400

110E 115E 120E 125E 130E 135E 140E 145E 150E 155E 160E 165E 170E 175E

20




Subtropycal
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'S S iropical
= Storms
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) Tropical
Disturbance

Tropical Depression (TD):
A tropical cyclone in which the maximum sustained wind speed is constantly between 20 and 34
knots. Depressions have a closed circulation.

1. closed circulation

2. Vmax > 25 knots (12.5 m s?)

3. 14400 km? area-mean vorticity > 5x10~ s1, and sustain more than 12 hours.

Tropical Storm (TS)

A tropical cyclone in which the maximum sustained wind speed equal or exceed 34 knots.
1. closed circulation
2. Vmax > 34 knots (17.5 m s1)
3. 14400 km? area-mean vorticity > 10* s%, and sustain more than 12 hours.



TCA Vmax (m/s)
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OBS CTL noMJO noER noMJO-ER
TCA TS TS ST TCn TCn
TCB TS TS ST TS TS
TCC TS TS TCn TCn TCn
TCD TS TS TS{d TS TS
TCE TS TS TCn TS¢ disappear

Overall speaking

* Removing LF forcing,

TC tracks change
TC intensity weaken
TS - TD, even disappear



Five days mean MJO signal
5-day—mean (6/3-6/7) OLR UV850 of MJO
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Heat flux during developing period (W m-?)
Heat flux CTL noMJO noER noMJOER
TCA 98.76 159.12 108.83 107.32

TCB 148.1 162.0 143.5 136.4
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The differences of SLP (ASLP) and
Vmax (AVmax) of initial disturbance
between the CTL and each wave
experiment at the warning time H(0)
for the five TCs.

A positive (negative) ASLP (AVmax)
denotes a weaker initial disturbance as
a result of the missing wave.

An overall strengthening effect by
large-scale waves on TC genesis,
except TC B.
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Intensification of observed and simulated TCs in all experiments in two
days following the warning time in terms of ASLP and AVmax between

the warning time H(O) and 48 hours after the warning time H(48) for
the five TCs in June.
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When TC E formed

TC E UV-HB50 FNL
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Summary

e The numerical experiments by removing wave signal
provide an overall supporting evidence to the observational
analysis:

* By conducting a modeling study during this particular and
complicated month with active multi-scale wave activities,
the five TCs told us some stories:

TC A - the influence of wave is not only on the intensity
but also on the track,

TC B = locally-developed system without any influence of
wave,

TC C - any wave can dominate the development,

TC D -2 the contribution of synaptic wave is also important,
TC E - the combined contribution of waves is more
pronounced.
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