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OUTLINES 
 

ÅIntroduction ï 50 years of rainfall data 
 

 

ÅTyphoon interaction with monsoon ; mesoscale convections  

 

ÅSlow movement Typhoon 
 

ÅRainfall and typhoon translation speed  

 

ÅTyphoon Haitang --  heavy rainfall pre & post landfall period 

 

ÅSummary 
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5/15-6/15, 1992-2004 

Averaged rainfall Frequency 

50mm/day 

Frequency 130mm/day Frequency 200mm/day 

5/15-6/15, 1992-2004 

5/15-6/15, 1992-2004 5/15-6/15, 1992-2004 

Topography of 

Taiwan 

Rainfall statistics of May 15-

June 15, 1992-2004. 

(From Prof. Ben J.D. Jou ) 



CWB is capable of 24 hr 

and 100km scale ppn 

(phase locked with 

topography) 
   
 

0 to 12 hr and 10 km ppn 

remain biggest challenges  

 

355mm in 5 hr in the city of 

KaoShung (5 pm to 10 pm 

at the beginning of the rush 

hour)  

Mesoscale convections 
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Chang et al., 1993 



1960-2010 Total Accumulated Rainfall Amount (Landfall Period) 

Slow Fast 

strong 

weak 



Slow Fast 



Chien and Kuo, 2010 

Slow Fast 

1977-2010 Westward Typhoon cases (Landfall Period) 

weak 

strong 



Chien and Kuo, 2010 

Slow Fast 

1977-2010 Westward Typhoon cases (Landfall Period) 



Pre-landfall + Land Ó 2000 mm 



12 

Post-landfall + Land Ó 2000 mm 



Chien and Kuo, 2010 

Slow Fast 

1977-2010 Westward Typhoon cases (Post-landfall Period) 

weak 

strong 



Chien and Kuo, 2010 

Slow Fast 

1977-2010 Westward Typhoon cases (Post-landfall Period) 



Taiwan extreme rainfall 



1960-2010 90%+ Rainfall Frequecy 

W:02%  S:03% MY:20%  TYS:75% 

W-TT:0.09  S-TT:0.33 MY-TT:0.41  TYS-TT:0.93 
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1960-2010 90%+ Rainfall Events (Landfall Period) 

Slow Fast 

strong 

weak 



Slow Fast 



99.5% +  Extreme Rainfall  

Typhoon Accumulated Rainfall Decadal  
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Liu and Chan 2008 

64-76 77-88 

89-97 98-05 
Decadal Variations  

 
 

Monsoon  ủ ? 
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1948  2009  



Prof. CHIH -PEI CHANG  
02279 Abstract (Invited)  

IUGG2011, 1 July 2011 Melbourne, Australia  

JM10: Monsoons, tropical cyclones and tropical dynamics.  

} Long-term trend and decadal variations of monsoon rainfall in the 

China summer monsoon region over the last six decades. 

}  A dominant declining trend of the lowest 20% daily rainfall rate (a 

signature of global warming as a result of increased static stability).  

} The highest 10% daily rainfall rate exhibits substantial decadal 

variations. (Lei, Hoskins and Slingo, 2011). 

} In regions of tropical cyclone (TC) activity both the accumulated 

rainfall amount and intensity are significantly affected by the TCs, 

particularly in their main path covering Taiwan and the southeastern 

coast of mainland China.  

} The variable TC numbers and tracks contribute to local decadal 

variations of the extremely intense rainfall. 
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Prof. CHIH -PEI CHANG  Chang  
02279 Abstract (Invited)  

IUGG2011, 1 July 2011 Melbourne, Australia  

JM10: Monsoons, tropical cyclones and tropical dynamics.  
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ÅThe summer rainfall patterns in Southern China has strong decadal 

signals, with little trend over the last 50 years. 

ÅRainfall frequency in Northern China show a decreasing trend which 

related to light rain. Southern coastal has similar trend, but it is due 

to decreasing typhoon rainfall frequency. 

ÅExtreme monsoon rainfall amount and frequency both show strong 

decadal signal rather than trend. 

ÅTyphoon rainfall amount has a decreasing trend and typhoon 

frequency shows a decreasing trend while  intensity shows an 

increasing trend . 

ÅDuring last 10 years the extreme rainfall trend in the Yangzi and 

southern coastal region was decreasing, the trend in Taiwan and 

Hainan island was increasing. 

ÅRecent extreme rainfall increasing in Taiwan and decreasing in 

Hainan are due to typhoon activities.  



 

 

 

1987  

 

 

Interaction of NE monsoon with Typhoon 
 

 
Northeast Monsoon surge 

 

Typhoon Lynn (1987) 

 

Flood in Taipei city 

 

Typhoon Megi (2010) 

(From Dr. S.S. Chi) 



2010-10-21-20 IR 



2010/10/21 12Z  Typhoon Megi 





181.5mm/hr 

Typhoon Megi (2010) 



2009/8/7 CloudSat 

Deep convections 

in sourth 

Chien and Kuo, 2010 

Typhoon 

Morakot (2009) 



Before After 
700 people perished 





33 hr  

Jou et al.(2010) 



2009-Morakot 

2008-Jangmi 

2004-Mindulle 

ᴫ⁮ủ Ѭ ẁ  
Water vapor supply from  
SW monsoon 



Chen et al. 2010 



The rainfall amount during landfall over 21 CWB  

Station 1960 -2010 
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Intensity 



100 

50 150 

(a) slow moving cases (b) medium moving cases 

Li-Huan Hsu  

1960-2010 



}Hypothesis 
} Diabatic heating release of rainfall pattern phased locked by Taiwan 

topography will modify the distribution of potential vorticity and tend 

to slow down the translation speed of Typhoon. 

(From Prof. C.C. Wang) 



Potential Voticity  Tendency Diagnostic 

equation (Wu and Wang, 2000)  

}From moving reference frame   

 

}If we look for wave #1 component  

 

 

 

}Using the least square method by minimizing  

PV may come from: 

[ Average from level 7-15 (1-5 km) ] 
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Potential voticity tendency during landfall  
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rt=0.2Rm 

Ű=2.6hr 
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Ű 
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Sensitivity tests of mean flow  

Sensitivity tests of landfall position  

U=3ms -1 U=5ms -1 U=10ms -1 

Lat =24.0ǯN Lat =23.6ǯN Lat =23.1ǯN 
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                Typhoon Haitang ᶝ  
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Yeh et al., 2011 



               Typhoon Haitang  

18 UTC 18 00 UTC 19 04 UTC 19 08 UTC 19 12 UTC 19 

Radar Reflectivity (observation vs model simulation) 
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                Typhoon Haitang  
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When Typhoon Haitang approaches Taiwan and its circulation encounters the 

CMR, the terrain induces a cyclonic vortex in the lee side of the mountain over 

southeast of Taiwan. This terrain-induced vortex interacts with Typhoon Haitang in 

a way similar to the binary vortex interaction. The two vortex centers rotate around 

their system center, which causes looping of Typhoon Haitang. 

Yeh et al., 2011 



               Typhoon Haitang  

45 Yeh et al., 2011 
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                Summary 

  

} When Typhoon Haitang approaches Taiwan and the terrain-induced 

vortex interacts with Typhoon Haitang in a way similar to the binary 

vortex interaction. The two vortex centers rotate around their system 

center, which causes looping of Typhoon Haitang. 

} Heavy rainfall over southwestern Taiwan associated with Typhoon 

Fanapi  (2010) was simulated, qualitatively. 

} The heavy rainfall was a result of Taiwan orographic effect. 

} The lower-level  circulation was distorted by the orography. The flow 

around the island enhanced the convergence , and the rainfall, at 

south of the typhoon center in western Taiwan. 

} Westward moving and slow down of the translation speed on west 

side of the mountain resulted the long-duration of the rainfall event. 
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Summary 
 

ÅAnnual and decadal variations? ד ȳנּ҅ד о 
 

ÅTyphoon + NE monsoon + mesoscale convection : major 

rainfall in NE of Taiwan. ὧҖủ Ԛᴴ 

 

ÅSW Monsoon + typhoon + mesoscale convection : major 

rainfall in SW of Taiwan ủ ȳ ȳМѐ⇔ ֮ᶮȲᴫ⁮ủ Ԛᴴ  

 

ÅSlow movement for large rainfall, some post/pre landfall 

dominate rainfall ᴩ ⇔ Є​ Ȳ › ∟Є​ 

 

ÅA positive feedback of rainfall phase locked ppn) and 

typhoon translation speed (֮ᶮ ứϯ​ṿ ứ ᴩ  

 

ÅTopographic effect on the track motion ֮ᶮ ​  
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} ủ ᾼӻФᵂӣ;ὧҖủ Ԛᴴ( Megi 2010), ᴫ⁮
☼Ԛᴴ(Morakot 2009)  

} ц ủ ​ Пכ ​ᴾү ֮ ​ П
75%Ȳ ​ ​ ​ ᾼד ἤ ẞ0.93ȴ 

∟ѿד1995{ ᾼ ​ צ ᾼϱсȲи1960כ-
1976ȳ1977- 1993ȳ1994- ד2010 ​ᾼ ​ ᵧ ד
҅ о(Decadal Variations) ȴ 

} ​ế ⇔ṳ Ὑ ᾼ …Ȳᵀ╥
דчѩȴẔכ ἤ Лֽ ​

ᾼ …ẃᾼֻȲᵀϷ М⇔ד ȴ 

49 
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-Ὠכṅשׁ ᶾ ᴩ Ṇ  

Numerical Model 
CWB WRF 45/15/5 km   45 levels  (TWRF model) 

Lateral boundary from NCEP GFS 

First guess from partial cycling 

With vortex relocation and data bogussing 

More details: Chen et al. (No. 67, ICMCS-8) 
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