Typhoon Morakot (2009):
Interplay of Southwest Monsoon,
Terrain, and Mesoscale Convection

International Workshop on
Typhoon Morakot (2009)
March 24-25 2010
Taipei, Taiwan

Hung-Chi Kuo
Yi-Ting Yang
Chih-Pei Chang

Department of Atmospheric Sciences
National Taiwan University

Typhoon Morakot (2009)

Interplay of Southwest Monsoon, Terrain, and Mesoscale Convection

NCEP GF3 ldegre
B8O ke Wind & lao

2010/4/26



ITARNITINE (AATH,ITEAIE 0 7AN.ITLON TLANNITLATE BA3UN,1E1 6K T8D9N.1
037600 oL TE 30 087700 032730 2800 08

b Time (UTC)

20:90

I0.THE BROON LTOMGE TRAIN IS M
052000 0320

2009/8/7 CloudSat

Courtesy of CloudSat web

e

2

ERETEFNE
(~3,300 km2)

EAEEEERENEEETEEEREREEE:S. I

| v}@@?}\*¢¢}¢@0§¢¢¢¢09#’¢-’@i‘6’0
I

time (local time)

ERIS S P PP

&

Chen et al. 2010
BREHRE

2010/4/26



Slow movement (long duration time)
Mesoscale convection

Southwest monsoon surge
Asymmetry in convection

Terrain

4000

3500

— 3000 r

mm

= 2500 r

Cumulative Rain
= = N
o (o) o
o o o
o o o

500 r

35 CWB stations

® \ARi01 (9287 mm)

o<— MORAKOT 09

®<— sprAH 89 ® >40m/s

YANCY 90 ([ J
.k TALIM 05 <40 m/s

® ©®<— HERB9%
~
JANGMI 08

y = 3543.5x°0-789
R2=0.3431

KALMAEGI 08
SINLAKU 0‘8( HAITANG 05
.KTORAH 01

@< ABBY MAURY 81

MINDULLE 04
o FUNGWONG 08

POLLY 92

0o ® °
°
KROSA 07
-

0 5 10 15 20 25 30 35

Translation Speed (m/s)

40

2010/4/26



B b HiTHY BRI HITE S3 s

mean translation speed

24
16¢ T T T
= - a
L
P EID'
" m wm m @ > f_ '-—-4-—-"—/\.-““—0--._.-—-——0-__.
26N 2r L
v 1 4 6 3 d a I 6 9 a2 a5 28 21 -
25 / AT timeh) %é:’:é‘ }‘iﬁ%ﬁ?
departure landfall
16 T
24 4 b
12+
— ot
23 % 8 — . . .
> gt —— .
2 ;_ ’ )
ol . . . .
a 75 150 225 300 75
Track defletion 1 2 1 landfall %ﬂglﬁéﬁ
(cyclonic path = topographic stretching?)
16 . —e—Typhoon mean speed —SARAH 89
—HERB 96 TORAJI 01
14 —NARI 01 —MINDULLE 04
—HAITANG 05 —KROSA 07
’(,?12 —KALMAEGI 08 —SINLAKU 08
v L
= —JANGMI 08 —MORAKOT 09
; —YANCY 90 —TALIM 05
10 -
7]
o
.............. Y A )
o \
2 ﬂw";&{; .
® 6 - 3% e
2 e .- —
4 AN
= e °
) o i ° L4
2 ¢ >
~
o L4 T x
9~12 3~6 a~d -6~-3 -12~-9 -18~-15 -24~-21

Time (hr)

2010/4/26



2009-Morakot
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2008-Jangmi
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Concentric 2004-Mindulle
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Concentric Eyewall formation

Kuo, H.-C., L.-Y. Lin, C.-P. Chang, and R. T. Williams, 2004: The formation of
concentric vorticity structure in typhoons. J. Atmos. Sci., 61, 2722-2734.

Kuo, H.-C., W. H. Schubert, C.-L. Tsai, and Y.-F. Kuo, 2008: Vortex interactions and
barotropic aspects of concentric eyewall formation. Mon.Wea. Rev., 136, 5183-5198.

0935-1935 LST

EXPd1 T= 000hr

Typhoc?n Lekima (2001)

50

The formation of
concentric eyewalls
by binary vortex

interaction
80 L) L) T T L) T T T
i —— t=12hr
The contraction of 80 | t=12hr --—~- t=6hr
the secondary wind W R L L
maximum by nonlinear £ * t=0hr
advection dynamics. 20
0 1 1 1 heet 1 1 1 1
0 20 40 60 80
Kuo et al. 2008 distance from center (km)

2010/4/26



Terwey and Montgomery 2008 Kuo et al. 2008

i TERWEY AND MONTGOMERY: MODELED SECONTUARY EVEWALL FORMATION b

2003/08/31 12142 2003/08/31 22352
(200370831 1200 Z 95kis) 20020901 D000 Z 120kts)
JGR 2008 : L e
] m “w
vmy . .
.
e Dujuan
(2003)
T []
T V. F a1
=7
2003/07/20 09422 2003107120 22192
H n 1 " I‘ZW!M?l?D 12002 130kts) {200307/21 D000 Z IJUkkl!
Linal
s e
Ladra
gl Imbudo
1 - (2003)
Fan T T 7

Figure & Proposed concepimal modd of fhe Hskin sxsymmetriztion (KSA) mechmisn for the

formation of 1 seovndey evewall
BSA + WISHE

Courtesy of NRL

Vorticity Axisymmetrization Dynamics + BSA + Convections.

Need to understand both the detail core structure and the

vorticity generating meso-scale processes in the TC
environment.
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Summary
The interplay of southwest monsoon, terrain,
and mesoscale convection are the key factors
to the tremendous rainfall in Typhoon Marokot
(2009).

Monsoon + typhoon + mesoscale convection
in multiple scale interaction.

Terrain effect on the typhoon translation speed

Annual and decadal variations?

Thank you!

A painting with vortices and filaments!
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(a) TC occurrence EOF1 (25.8%)
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1987
1989
1996
1998
2000
2001
2001
2001
2004
2005
2007
2008
2008
2008
2009

Lynn Nodata Nodata

Sarah Nodata Nodata

Herb Nodata Nodata
Zeb Oct. No(east)
Xangsane Oct.-Nov. No(north)
Toragi Yes No(south)

Nari No No

Lekima Yes No(south)
Mindulle Yes No(south)
Haitang Yes No(south)
Krosa Oct. Yes No(south)
Kalmaegi Yes No(south)
Sinlaku yes No(south)
Jangmi yes No(south)
Morakot yes No(south)

Maemi
(2003)

Winnie
(1997)

Double eyewall of different sizes maybe explained
by the binary vortex interaction with skirted parameter
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D12112 TERWEY AND MONTGOMERY: MODELED SECONDARY EYEWALL FORMATION D212
JGR 2008

Table 1. List of Secondary Eyewall Formation Hypotheses With Summary of Relevance to our Modeled Hurricanes®

Relevance to Current

Authors Hypothesis Summary Model Results Type
Willoughhy et al. [1982] Downdrafs from the primary Few downdrafi-forced 4]
borrowing from the squall eyewall force a ring updrafis during this time
line research of Zipser [1977] of convective updrafts. in the simulations.
Willoughby [1979] Internal resonance between No systematic storm motion A
local inertia period and in the simulated storms.

asymmetric friction due to
storm motion.

Hawkins [1983] Topographic effects No topographic forcing 4]
in the simulations.
Willoughby et al. [1984] Ice microphysics ““Warm-rain™ (no-ice) A

sensitivity case also
produces secondary eyewall.

Molinari and Skubis [1985] and Synoptic-scale forcings No synoptic-scale forcings 0
Molinari and Vallaro [1989] (e.g., inflow surges, in the simulations
upper-level momentum fluxes)
Montgomery and Kallenbach [1997], Internal dynamics-axisymmetrization Possible explanation N
Camp and Monigomery [2001] and via sheared vortex Rossby
Terwey and Montgomery [2003] wave processes; collection of wave

energy near stagnation or
critical radii

Nong and Emanuel [2003] Sustained eddy momentum Paossible explanation A
Muxes and WISHE feedback
Kuo et al. [2004, 2008] Axisymmetrization of po: : Possible explanation N

vorticity perturbations
a strong tight core
of vorticity.

*The type column refers to the type of model or observations that were used to formulate the hypothesis. O stands for observationally-based; A stands for
axisymmetric model; N stands for nonaxisymmetric model.
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Concentric Case2:2005-Haitang
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