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motivation



loss increase in last two years

evacuation deathstotal rainfallmax. rain rateevent



From: Central Emergency Operation Center report



From: Central Emergency Operation Center report











heavy rainfall
orographic heavy rainfall
how much we known ?



heavy rainfall
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orographic heavy rainfall

綜觀尺度，短波槽

總雨量＝降雨率×延時 效率×垂直速度×水汽×延時

Lin Y.-L. (2001)



1987 Nelson typhoon

200~300 mm/day

< 150 mm/day

upstream surface
20 ~ 30 m/s

target terrain area

using surface wind 
seems work for Nelson

using surface wind 
seems work for Nelson

00 UTC Aug. 23 Aug. 22

Aug. 23



Questions 1 ?

• Does all strong westly wind cause 
orographic heavy rainfall in south-west 
part of Taiwan ?



8月8日 20:00 LST

七股雷達徑向風場

LLJ ~ 33 m/s
(strong wind)

Morakot typhoon (2009)

Morakot work, too !
but seems

too larger than we expect

Morakot work, too !
but seems

too larger than we expect

> 1500 mm/24hr

0.5° PPI



33 hours

orographic rainfall 
(Morakot)

33 hours

10 hours

time (local time)

10 hours

面積平均時雨量
(~3,300 km2)



Mei-Yu front (IOP#4)

LLJ ～ 20 m/s

Japan blue radar



orographic rainfall (IOP#4)

The southwest flow seems 
not working hard !

> 20 m/s



Questions 2 ?

• Is there any other information such as 
reflectivity pattern that can indicate that 
there will occur high rainrate in the 
mountain area ?



2009 Morakot

upstream horizontal rainband persistent more than 31 hours

31 hours

UTC UTC



Questions 3 ?

• Is the upstream rainband common for 
other typhoons ?

• Is upstream rainband associate with 
strong and deep westly wind ?



2007 Krosa

UTC UTC

upstream horizontal rainband persistent more than 15 hours 

about 0700 UTC appear the feature ! about 2200 UTC the feature stop !



2005 Haitang

about 01 UTC appear the feature !

UTC UTC

upstream horizontal rainband persistent more than 15 hours 



2005 Talim

UTC UTC

upstream horizontal rainband persistent more than 12 hours 

about 1600 UTC appear the feature ! about 0400 UTC the feature stop !



Conceptual model



Typhoon circulation form a 
upstream convergence line

heavy rain





(1) rain showers embeded in 
upstream rainband and move 
to mountain area
(2) pre-exist medium size rain 
drops in the showers and 
upslope flow produce extreme 
large density small drops 
enhance the orographic rain



We need collaboration to 
develop a robust forecast 

system for (orographic) heavy 
rainfall.

conclusion



報告完畢

敬請指正




