
 
 

                                                    
 

           
 

     

 
 

 
 

 22.5 (Ho et al. 2004 )
 27.8 

(Yumoto and Matsuura 2001 )
 

(Vitart et al. 1997; Camargo et al. 2005 )

(Emanuel 2006 )
 AGCM( 18km) (Knutson et al. 2007 )

 
Emanuel (2006) 

Tropical Storm(TS)  
TS Emanuel  Markov chains 
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 TS  TS 
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 Ho(2004)
 1980-2001 

 Liu and Chan(2008)  Tropical 
cyclone(TC)

 TC TC 
 Emanuel(2006)

 30-60  
 Emanuel (2006) 

 

 
2.1  

 Joint Typhoon Warning Center 
(JTWC)  best track 

 1979-2008  30 
(Tropical Depress, TD)

(Tropical Storm, TS  17 m/s ) 
 

 National Centers for Environmental Prediction (NCEP)
 reanalysis II 

 2.5°×2.5°
 1979-2008  
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2.2  

 TS  TS 
 TS  TS  

Emanuel(2006)  National Oceanic and 
Atmospheric Administration’s (NOAA’s) Tropical Prediction 
Center 1970-2002  best track  Markov chains 

 
 TS  Vitart (1997, 2003)  

Knutson (2007)  850 hPa 

 Vitart et al. (1997) Walsh et al. 
(2007)  

 1 ( )
 JTWC ( )

 Vitart 
et al.( 1997 )  Camargo et al. (2005 ) 

 850 hPa 
 Ritchie(1999)  

 TS  TS 
(

 beta drift )
 
 

 
 1  NCEP 1979-2008  6-8  850 hPa 

 JTWC 
 NCEP  

 

 
 

 beta drift 
(Carr and Elsberry 1990; Wu and Wang 2004; Ho et al. 

2004; Emanuel 2006; Camargo 2007)  Emanuel (2006) 
 TS 

 
Emanuel(2006)  

DeMaria and Kaplan(1994)  850 hPa  250 hPa 

 

(Carr and Elsberry 
1990; Wu and Wang 2004; Emanuel 2006; Wang and Holland 
1993; Camargo 2007)  Holland (1993) 

 850 hPa  300 hPa 
 

 Emanuel (2006)  TS 
 Emanuel  Holland 

 
1. V track = � V850 + ( 1-� ) V200 + V �  V850  V200 

 850 hPa  200 hPa  � 
 Emanuel(2006)  0.8

V track = 0.8 V850 + 0.2 V200 + V � 
2. V track = V850-300+ V �  V850-300  850 hPa 

 300 hPa  
V �  Emanuel(2006)

 beta u � = 0 m s-1 v � = 2.5 m s-1  
 1979-2008  6-8 

 388 
 TS  2.5o  2.5 o 

 5o  5 o  2 
 TS  

5o  5 o  
 2a  2b  130 oE 

 JTWC 
 TS 

 130 oE 
 850 hPa  300 hPa  2 

 TS  2a  850 hPa  200 hPa 
 TS
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 2 1979-2008  6-8 388 

 5o  5 o (a) 
 V track = 0.8 V850 + 0.2 V200 + V � 

(b)  V track = V850-300+ V � 

 
 

 JTWC 1979-2008  6-8 
 2.5o  2.5 o  5o  5 o 

 
5-40 oN 110-180 oE 

 1  
 850-300 hPa 

 JTWC  2.5o  
2.5 o  5o  5 o  0.8V850 

+ 0.2V200 + V �  
 850-300 hPa 

 
 

 2.5o × 2.5 o 5o × 5o 

(a) 0.8V850 + 0.2V200 + constant beta 0.51 0.54 
(b) V850-300 + constant beta 0.55 0.59 

 1 JTWC  2.5o  2.5 o 
 5o  5 o  5-40 oN 110-180 oE 

 
 

Beta drift 
 

 beta drift 

 beta drift  
Emanuel (2006) 

 TS  beta drift 
 u � = 0 m s-1 v � = 2.5 m s-1  Shapiro(1992)

 beta drift  2.4 m s-1  

 beta drift ( Carr and Elsberry 1990; 
Shapiro 1992; Wang and Li ,1992 ; Wu and Wang ,2004) 

 Wu and Wang (2004) 
 TC  TC 

 beta drift  
 Emanuel (2006)  Wu and Wang (2004)  beta 

drift 

 
1. V track = V850-300 + V con-�  V850-300  850 

hPa  300 hPa V con-�  
beta u � = 0 m s-1 v � = 2.5 m s-1  

2. V track = V850-300 + V lat-� V lat- �  v � 

 beta u � = 0 m s-1  
3. V track = V850-300 + V lat-� + VISO VISO  30-60 

 
 

 
5.1  

 3 
 1979-2008  6-8 

130 oE 

 recurve 
 JTWC  6-8  TS 

 130 oE 
 recurve 

 
 2.5 m s-1  (beta drift) 

 850 hPa  300 hPa  3a 
 140 oE  3b 

0.8V850 + 0.2V200 

 JTWC  
(  1 )   850 hPa  300 hPa 

 850 hPa  
300 hPa 

 
 2.5 m s-1 beta drift 

 beta drift  3b  
 3c  15 oN  3c 

 30 oN  
 Wu and Wang(2004)  JTWC 1965-2000 

 6-9 
 beta drift 

 30-60 
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 3 1979-2008  6-8 a) 0.8V850 + 

0.2V200 + V con-�  (b) V850-300 + V con-� c) V850-300 + V lat-�  
 

5.2  
 30-60 

 (u) 
 (v)  

 4  1979-2008  6-8  (u) 30-60 
 300  850 hPa (  4a-d) 

 180-200 oE  40 
oN  130 oE  300 hPa 

 850 hPa  30-60 

 
 700  850 hPa  100-140 oE  5-20 oN 

850 hPa  
4-5 m s-1  30-60 

 TS 130 °E 
 

 5  1979-2008  6-8  v  30-60 
5a 5d  20 °N 

 1-2 m s-1 
 30-60  v  u 

 35 oN 160-200 oE 

 
 V track = V850-300 + V lat-� + VISO 

 recurve 
 30-60  

 

 
 

     4 1979-2008  6-8  (u) 30-60 
(a) 300 hPa (b) 500 hPa (c) 700 hPa (d) 

850 hPa  
 

 
 

 5 1979-2008  6-8  (v) 30-60 
(a) 300 hPa (b) 500 hPa (c) 700 hPa (d) 

850 hPa  
 

5.3  

 6 
 JTWC  TS 

 130 °E  TS 
 recurve 

 20-30 °N  recurve  Camargo (2007)  
1983-2002  
recurve  

 6b  6c 
 beta  20 oN 

 30 oN 
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 6d  30-60 
 130 °E 

 recurve 
 

 

 

 

 

 
 6 1979-2008  6-8  388 

 5o  5 o (a)  JTWC 
(b)V track = V850-300 + V con-�

(c)  V track = V850-300 + V lat-� (d) 
V track = V850-300 + V lat-� + VISO  

 1979-2008  6-8 
 2.5o  2.5 o  

5o  5 o  JTWC  TS  
5-40 oN 110-180 oE 

 2  
 beta V lat-� 

 2.5 o  5o  JTWC 
 beta V con-� 

V lat-�  
 30-60 

5o  5 o 

0.85
 V track = V850-300 + V lat-� + VISO 

 
 

 2.5o 5o

(a) Mass+2.5 m/s (v) 0.55 0.59 

(b) Mass+lat beta 0.73 0.79

(c) Mass+lat beta+ISO 0.79 0.85
 2  JTWC  2.5o  

2.5 o  5o  5 o  5-40 oN 110-180 
oE  

 

 
 

 
JTWC

 850 hPa 
 

 Emanuel(2006)  TS 
 beta drift  30-60 

 
 V track = V850-300 + V lat-� + VISO 

 JTWC 
 5o  5 o 

 0.85  

 V track = V850-300 + V lat-� + VISO 
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