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The Composite Study for Typhoons with Extreme Rainfalls on Taiwan

Abstract

Taiwan is located over the subtropical western north Pacific Ocean, where
there are about 20 typhoons every year. The rainfall brought by typhoons is very
important to Taiwan, but it could lead to disasters if the rainfall is too much. In
order to reduce the damages by typhoons, we need to study more about
extreme-rainfall precipitation typhoon.

In this study, we used the API(Abnormal Precipitation Index) to classify 81
typhoons (with the centers of typhoons passing the area of 119°E ~125°E and
21°N ~26°N) which invaded Taiwan from 1987 to 2010 as extreme-rainfall
typhoons and normal typhoons. In the 81 typhoons, there are 12 extreme-rainfall
typhoons with total APl from every station above one standard deviation for
each track. The typhoon-track classification defined by the Central Weather
Bureau is used in this study. For every extreme-rainfall typhoon, we apply the
15-day low-pass filter on the NCEP/FNL 1°x 1° global analysis data to separate
the typhoon circulation from the environment. We then use the 5-day composite
analysis to examine the synoptic environmental differences between the
extreme-rainfall and normal typhoons.

For the synoptic scale environment, the extreme-rainfall typhoons from each
type of typhoon tracks have some apparent characteristics. 1) For upstream
region of the extreme-rainfall cases, there are higher potential instabilities and
the average winds at 850hPa over South China Sea are much closer to the
southwesterly than the normal cases. 2) Although extreme-rainfall cases do not
always have higher SSTs than normal cases over the South China Sea and
eastern area of Philippine, SST is possibly not the necessary condition to
extreme rainfall, but higher SST is favorable for typhoon to bring more water

vapor from the ocean. 3) Higher low-level relative humidity is conducive to



outer rainband’s development and expansion, such as typhoons in Type 1 track.
For typhoons with tracks in Types 2, 6, 9, the extreme-rainfall cases have at least
one region average higher than normal cases. 4) Almost all extreme-rainfall
cases have lower relative humidity at 500hPa and lower relative vorticity at
850hPa over the upstream region. 5) Deep vertical shear and divergence do not
have the apparent differences between the extreme-rainfall and normal
typhoons.

For the typhoon scale, we can find the potential instability and low-level
relative humidity that is higher in the extreme-rainfall cases are same as the
synoptic-scale characteristics. And the relative humidity at 500hPa can be used
to identify the water vapor’s transmission, like in the track type-6 there are
higher relative humidity at the 3™ quadrant. For the type-2, the water vapor
mainly transmit from the east-northern area, so the water vapor from the eastern
ocean of Taiwan is also important to extreme rainfall that brought by typhoon.
There are no apparent water vapor supply for the extreme-rainfall typhoon of
type-4, so we can infer that the interaction between the topography and typhoon
circulation is important to extreme rainfall case.

Because this study has focused on the synoptic-scale composite analysis, we
didn’t discuss the dynamic mechanism. In the future, we will conduct more
research on the interaction between extreme-rainfall typhoon and environment

by the high resolution numerical model.
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%1 1987 &3 2010 & ik S Bk BTA AT > & 81 Rk 1 TAPI i 2
APl dicid 0 1 enplap el 0 R OBR 3 1R A Rh o TAPI i
SRk (25 o

FEEL BREZE TAPI BlIEIE BEZER BREZE TAPI BIILEE
typel ABE_1990 1.2 1 type5 GERALD 1987 307 18
typel FRED 1994 0 0 type5 LYNN 1987 749 37
typel WINNIE_1997 1.2 1 type5 AMY_ 1991 241 17
typel SINLAKU_2002 0 0 type5 ABE_1993 48.1 33
typel AERE_2004 4179 269 type5 KENT_1995 289 18
typel MATSA_2005 102.7 75 type5 MAGGIE_1999 41.3 29
typel WIPHA_2007 347 24 type5 UTOR 2001 330 22
type2 YANCY 1990 9.1 7 type5 DUJUAN_2003 2381 156
type2 ELLIE_ 1991 19 1 type6 VERNON_1987 1.2 1
type2 GLADYS_1994 0 0 typeb ALEX_ 1987 3.8 3
type2 HERB_1996 103.3 71 type6 OFELIA_1990 184 13
type2 BILIS 2006 51.9 36 typeb TED 1992 5.0 4
type?2 KROSA_2007 19.4 14 typeb DOUG_1994 72.0 41
type2 KALMAEGI 2008 141.1 91 type6 SETH_1994 6.3 5
type2 SINLAKU 2008 316.8 187 type6 YANNI 1998 1.1 1
type?2 JANGMI_2008 69.7 39 type6 ZEB 1998 2876 165
type3 SARAH_1989 71.2 38 typeb KAI-TAK_2000 1.1 1.
type3 DOT_1990 238 2 typeb PRAPIROON_2000 15.7 10
type3 POLLY 1992 29 20 typeb XANGSANE 2000 1809 113
type3 OMAR_1992 1.1 1 typeb MINDULLE 2004 481.2 227
type3 TIM_1994 38 3 type6 HAIMA_2004 5.0 3
type3 CAITLIN_1994 12.3 8 type6 NOCK-TEN_2004 29 2
type3 AMBER_1997 31.2 21 type7 GARY 1995 2.5 2
type3 OTT_1998 0 0 type7 GLORIA 1996 206.1 137
type3 BILIS_2000 787 43 type7 DAN_1999 10.2 7
type3 TORAJL 2001 68.1 41 type7 CHEBI 2001 1337 93
type3 HAITANG_2005 281.1 184 type8 RYAN_1995 3385 213
type3 TALIM_2005 50.9 34 type8 CAM_1996 5.7 4
type3 LONGWANG_2005 26 2 type8 CIMARON_2001 323 22
type3 KAEMI 2006 0 0 type8 MELOR_2003 10.6 9
type3 WUTIP_2007 0 0 type9 SUSAN 1988 7.4 4
type3 SEPAT 2007 41 25 type9 MARIAN 1990 26 2
type3  FUNG-WONG_ 2008 295 21 type9 DEANNA_1995 27.0 16
type3 MORAKOT_2009 667.6 267 type9 NICHOLE_1998 64.9 36
type4 TRAMI_2001 2.4 2 type9 BABS_1998 254 16
type4 LEKIMA_2001 247.1 145 type9 NAKRI 2002 287.3 151
type4 MORAKOT 2003 295 21 type9 NANMADOL 2004 3437 202
typed BOPHA 2006 1.4 1 type9 CHANCHU 2006 26.0 19
typed PABUK_ 2007 16.2 11 type9 LINFA_2009 357 24
typed FANAPL 2010 379.4 214 type9 LIONROCK_2010 56.9 34

type9 MEGI_2010 814 54
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3 73 (HA I TUNG, 2005) 281. 1 237.6
3 EHi1 58 (MORAKOT, 2009) 667. 6 237.6
4 NABLE (FANAP T, 2010) 379. 4 273.9
H% F1E2 (DUJUAN, 2003) 238. 1 136. 7
6 Im18 (ZEB, 1998) % 287. 6 221.2
6 HEF (MINDULLE, 2004) 481. 2 221.2
T S48 (GLORIA, 1996) x 206. 1 187. 1
8% FES (RYAN, 1995) * 338.5 258. 3
9 fmse X (NAKRI, 2002) 287.3 203.2
9 IS AL (NANMADOL, 2004) 343.7 203.2
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(a) Type4 500hPa 5Days Composite
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a : b : c
(2) FANAPI_2010 total rainfall (b) type4 average rainfall (c) type4 FANAPI_2010 API
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(a) Type6 500hPa 5Days Composite
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(a) (b)

ZEB_1998 total rainfall type6 average rainfall type6 ZEB_1998 API
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