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2009/8/7 CloudSat

Courtesy of CloudSat web

Chen et al. 2010
陳台琦等
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Slow movement (long duration time)

Mesoscale convectionMesoscale convection

Southwest monsoon surge
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mean translation speed

颱風接近陸地時路徑偏折及移速改變

landfall
離登陸時間

departure

Track deflection
(cyclonic path = topographic stretching?)
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2009-Morakot 2008-Jangmi

Courtesy of NRL

2008-Kalmaegi 2007-Krosa

Courtesy of NRL
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2001-Toragi2005-Haitang

Courtesy of NRL

2004-Mindulle 2001-Lekima

Courtesy of NRL
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Concentric 2004-Mindulle

Concentric

Courtesy of NRL

Jangmi 2008

Concentric eyewall

Courtesy of NRL
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0935-1935 LST

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.

Typhoon Lekima  (2001) 

 = 0.7    = 7   r = 1/4   /R1 = 5

The formation of
concentric eyewalls
by binary vortex 
interaction

t=12hr

interaction

The contraction of
the secondary wind

t=0hr
the secondary wind
maximum by nonlinear
advection dynamics.

Kuo et al. 2008
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JGR 2008

Kuo et al. 2008Terwey and Montgomery 2008

Vorticity Axisymmetrization Dynamics + BSA + Convections

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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Wind shear line

Lee 2005
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1987年琳恩颱風
台北市淹大水

東北季風與秋季颱風共伴環流

Northeast Monsoon surge

Typhoon Lynn (1987)

Flood in Taipei city

颱風位於巴士海峽，北部東北部持續降雨

中尺度對流系統與地形作用

H

L

Hong et al. 2010

Lau and Lau, 1990

Sobel and Bretherton(1998)

JJA 80-87
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high-
frequency

Nonlinear wave accumulation
颱風連續生成

frequency
7~8 days

謝與陳(1963)
Kuo et al . 2001

Emergence of vortex from Rossby
wave energy dispersion by the
axisymmetric dynamics in 
th fl

Beta Rossby number   (V/  r ^2) ~ 1 渦旋連續生成

the monsoon flow.

Sharpening of gradient by the
monsoon flow 

Kuo et al. 2001
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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 interactionin multiple scale interaction.

Terrain effect on the typhoon translation speed

Annual and decadal variations?

A painting with vortices and filaments!

Thank you!
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Fovell et al. 2010

Wu and Wang, 2002

台灣平均時雨量分布
和颱風中心位置關係圖

郭等，2001

迎風面雨量影響災情大小
0‐6小時、數十公里的雨量預報
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Liu and Chan 2008

64-76 77-88

89-97 98-05
Decadal Variations
十年際變化

Monsoon ?

薔蜜颱風西南側的Mekkhala以及高壓
東退的環境，薔蜜颱風引進大量水氣

20080928

莫拉克颱風在高壓東退的環
境，配合季風槽引進大量水氣

20090808
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Year Name South-west flow symmetry

1987 Lynn Nodata Nodata

1989 Sarah Nodata Nodata

1996 Herb Nodata Nodata

1998 Zeb Oct. No(east)

2000 X O t N N ( th)2000 Xangsane Oct.-Nov. No(north)

2001 Toragi Yes No(south)

2001 Nari No No

2001 Lekima Yes No(south)

2004 Mindulle Yes No(south)

2005 Haitang Yes No(south)

2007 Krosa Oct. Yes No(south)

2008 Kalmaegi Yes No(south)

2008 Sinlaku yes No(south)

2008 Jangmi yes No(south)

2009 Morakot yes No(south)

Double eyewall of different sizes maybe explained
by the binary vortex interaction with skirted parameter

Kuo et al. (2008)
In skirt region:
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JGR 2008

Haitang
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Concentric Case2:2005-Haitang

Concentric Asymmetric

Concentric Case3:2008-Jangmi

Concentric


