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Application of the Multi-Model Ensemble technique on 
Forecast of Tropical Cyclone Tracks 

 
W.C. Woo and Hilda Lam 
Hong Kong Observatory 

 
Abstract 

 

Since 2002, the Hong Kong Observatory utilizes the multi-model 
ensemble technique in operational tropical cyclone track forecasting.  
This study reviews the performance of the technique since its introduction, 
evaluates the effectiveness of the method and discusses the success and 
limitation of the method as applied to the cases of Typhoon Chanchu and 
Typhoon Prapiroon in 2006.   
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1. ��������  

4S :T� �� "U�V"#$%&' ()W �X YZ [\ *	

��
/ 2002�������� �� "U :]^W_`�Sa *
+�b�cQd� �� "U2�9 :15QR_e[\2LM *  

 

2. ������������ �������� �	�	�	�	  

����0� :	
��
d�2 �� "U (Ensemble, 1f gh
ENS)Y�ij+&kl (JMA)mno<p"U<q (ECMWF)mrs
&kt (UKMO)5ussvwx"U<q (NCEP)2yz{|"U�
�}~� :•;$%&' �€• 120‚1€S :j+&kl2AB�
�=ƒ„…�† *‡ˆ :‰IŠ��2" U()‹ �� "U()Œ4
•Ž• Š:8•‘ ƒ’ “”*  

��• �� "U–—S :��
˜�™š›{  (Equal Weighting) 
œ••{|"U��2žŸ• ‚ *¡[\2¢£¤¥0g¦ :•_
e2�•\=W§¨ ���
�©2 ª$%&'«¬­®¯° ±<*  

²³´ 5µu� (Lee & Wong, 2002)¶·¸¹�ºš›{2 ��
"U[\ :©4»¼½ 24¾S"# 2¿À‚_Á70� :Â» 48¾
S5 72 ¾S2ÃÄÅºŽ *i@_e�•ÆXÇÈ :4S��
É
Ê����0�¹� *  
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ÔÕ GTSÖ�!/ JMA 5 UKMO 2$%&'ÒÓ :
É� ECMWF 5 NCEP¼Ñ2 ×žØ&Ù"UÚÛÜ $%&' 2"
#–— :ÝÞ ECMWF��2ßk‚ X 2.5‚:• NCEP��2ÅX
1  ‚à 2 •‚ *  

+�1	
��
á@âãäå2æç()X¿ NO·¸ *Xè
0Œ _éê2FÆ15"-����0<234 :�·¸{|��2
ë•S :d�P"Uìè����0<íd�2��îK :ïá¿S
aX©ŒÒUSa 12¾SÞ"U��2 36¾S m60¾S5 84¾S
"# ðXgñòó :1f}ô 2 24¾S m48¾S m72¾S"# :Ÿ
™» ©ŒÒÓ2 Sa•õ :ïX 12 ¾SÞ "U��2 36 ¾S m 60
¾S5 84 ¾S"# *ö i@ ECMWF �� 4S÷¼Ñø 24 ¾S2
"UÚ :8<aSa2 "U–—1ùú†û|üý *šS :Xþž �
� :+ �� ¹�™š � +FÆ :ï � ;}_ ™e "U��5	
��

Ÿ_¼Ñ "U–—S[ Ü � ·¸ *  

 

4. �����
������������
������������
������������
�������  

2002-2005�	
��
2Y � "U m•{|"U��5 �� "
U2žŸë• � @3 1-4 5Ú 1-4:‡ˆ :�� "U2°œ{ 	
 @
3 5*  

�Ú 1 2·¸î Kí � :�•{|"U��< : NCEP2"Uæ
X® � : � R 24 ¾S m 48 ¾S5 72 ¾S2žŸë•Ÿ¾@}_ 8

 �� *• ECMWF2 24¾S"UÆ• :Â8 48¾S5 72¾S2
"Uë•Å‹ JMA 5 UKMO ™‰: � íè‹ .��É �� X � ¨$
%&'äå–— (bogusing):15 8×žØ"UÚß � ‚Æ � _e *  

� 2!ò :d��� "U[\Fd�IŠ"U��¢ � :��

2 24 ¾S m 48 ¾S5 72 ¾S"U 234‹ �� "U™‰ ðë•™
� ¾@ 10 þ � ö: � ¤ � X/ 2002� � ��
Wd� �� "U0X
"#$%&'()2Y� �� *  

�3 5 2°œ{ 	 í � :�� "U_S=ƒ �� •Ž2ë• :8
24¾S m 48¾S5 72¾S2ë•æŽ|äŠX 510þ � m 973þ �
5 1232þ � : � ½@ _e2 žŸë• *  
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5. ���������������� 1 - �������� (2006) 

CD (2006)�� ` �� j @ !"#$ © %�Á$% � &Ùã :
Ž &'( Ë )( [ '*+ : ,- j . Õ /01 : ,2 jN¨ 34 É 5
6 XAB *CDN¨ 34 ã 7 S '(8 N :@ , `j 9 Ë :';3 ˜
< : ,= j��¹Ü€Ë ) Ë() *+ : > j� ?@#$AB É CD
EF *ð � Ú 5ö  

¤ G AB ()"U< :}_"U��Ÿ� H "#CDƒ� 34 <
I 1 J$�, ‚ K9 :• L ¡œ•Œ!2 �� "U=_¡ MN ðÚ
6-7ö* ��
 OP �� "U• QR 2()"# :8 24 ¾S m 48 ¾S
5 72¾S2žŸ"Uë• � X 86þ � m 158þ � 5 256þ � :•�
9' Þ ðï ,2 j 00UTC] , `j 00UTC2 5 G "U·¸S S ö2
24¾S m 48¾S5 72¾SžŸ"Uë• T ÷_ 72þ � m91þ � 5
114þ � : � ¢ @žŸ| *  

� 9' Þã2 500 UV ZùäåÚí � :� ,2 j 12UTC CD
Ê 9' Þ (Ú 8): W$%½Ù XYZ[\;3 ˜ <]^ : _` äåí
� .½Ù X iHI a &'~� :€Ø a &'2<q–—�
 b 1€ï
€• 124‚ #$ :• ( Ø2 a &'Å� c3 Ë I *�½Ù X3 [ )(
&Z2 de f :CD¹Ü f( () *+ *] ,g j 12UTC(Ú 9): ;
< ( B%<2 h ù �i :€Ø a &' j X EF É ' € kl :<q–—
W* ]€• 127‚ #$ :šS : ( Ø a &' (k ] m s (I :HI a
&'<aó n Œ4ÁI F £ * , `j 12UTC(Ú 10): ( B h NÁ o
�i :Éiµ 4 Á pqr ] s�tb : u . ( B h 2ÃÄ :€Ø a &
'2<q–—W k ]€• 135‚ #$ :• ( Ø a &'Å v y wx :¡
SCDW� F £ yz Ë 9 :É�8ã{�Á pu( B h 2 {d : |}
'~ Ëã€Ë ) Ë[ '*+ : CDEF É 9 ñX • %&' *  

½Ù X 5 ( B h€•‚ ‚ÆŽ2�&¯° *¤ G }_yz{|"
U��Ÿ_"U ( B h�i 5½Ù XEl 2 :ƒ := � ¡� H "#C
D2 9' *i¡í � :�Ž& „ ñó n 2 …ƒ f :ïd$%&'Œ4
Ž † ‚ 9' :"U�� ‡ _íè0Œ™;¿À2"U *  
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6. ������������ ��� � 2 -  !" !" !" !" (2006) 

EFG (2006)� =�2, Ájf ˆ @/01#$ © %�ÁI$%
� &Ù :É '(*+. Õ ‰Š : ‹� ÁjN¨ 34 : 9'( Ë )( [
'*+ : > j 56 XÁA B: CD:'Œ € (I4< : 2 j • �@ Ž
• 1€ AB *ð � Ú 10ö  

	
��
i =�2, Áj 00UTC] ‹�g j 00UTC>EFG
©Œ$%&'ÒÓ :8a • _ �G íÑ·¸2 {|"U��îK :�
�"U2 24 ¾S m 48 ¾S5 72 ¾S2žŸ"Uë•X 150þ � m
203þ � 5 260þ � *  

�EFGN¨	
 ‹U þ �‘’ ã :�� "U234 7 Sº “ :
‹� Á j 12UTCS2�� "U 24 ¾Së•÷_ 86 þ � : ” • ‹�
- j 00UTC 2ë• •5� ] 118 þ � : 12UTC 2 24 ¾Së• T N
Á o5 ] 171 þ � * ` qäåEFG2 *+ ()í � :� ‹� - j
12UTCÞEFG ')( [ ' *+ :� 15UTCS –”‡'(* :Â —
‚ ˜ X E™ : š 18UTC�� y” ¹Ü ) Ë[ '*+ :šS —‚ �› :
œã 12 ¾S – _ • p (' 2 ž� : •‡ Ž &'( Ë[ '*+ : p ]
. • � Ž• 1€ AB *  

� ‹�- j 12UTC ] 2 j 12UTC 2 24 ¾Spa :EFG2 *
+ ()S• '( mS• ' Ë :O Ÿ ¡ : ¢£¤¥ :••{ |"U�
�234=Ê ¦ ® � * §¨ Ú 12-13 n© :� ‹�- j 00UTC ª
12UTCS UKMO ¢ ]"#EFGƒ 'f(*+ : :'43" :i@
8()‹8 
 ��™ �¢� :"Uì�œ• �� "U()SW « 8“
”�ˆ :Âi@8 ¬2 I�� ‡ _ )­ 2 ®' : & dæã2 �� "U
–—Œ4ÆŽë• *  

‡Á[Ø :{|"U���0 ¯ S :=LMP8í�ú * °¦ :
� ‹�2 j ±² :��
 ‡ ÊÖ šI ä"U��1 - j 12UTC Xá
¿2îK :îK � - j 21UTCÞ÷è |} ˜ � - j 00UTCXá¿2
îK Q 0"U() * ³´µ ò: ‹�- j 18UTC©Œ2 EFG 24¾
S"#–— ðï 2 j 18UTC2–— ö: ¶· � W¤{|"U��<2
42¾S"#–— :8¿Àú= � í ¸¹ uš ÃÄ *  

‡ˆ : º» = OP no<p"U<q 5j+&kl•/ 2�� "
U*�Ú 145 15 í � : ‹�- j 00UTC5 12UTCno<p"U<
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q2 �� žŸ() :F��� �� "U() T¼$ âãäå2æç(
)* ” • :Ú 165 17Å n© :j+&kl2 �� "U234 ‹��
��� "U™‰ ½ Æ• *  

 

7. #$���#$���#$���#$��� �������� �	�%&�	�%&�	�%&�	�%&  

¾� Õ ¿ {�•· :"Uì ©4d� �� "U_1f2LM À  

1. ºš{|"U��2"#ºS Á � ÂÃ Ž•Š := ÄÄ ä�ºš
Å � (cluster): ÆÝd�žŸ• ‚0"Uíè ƒ e& º Ç ®2"
U() *4S :"Uì ƒ §¨ •"U��2YZé � 5�& …È
(synoptic situation):Y �ÉÊ ¤ Ë¯ �“”IŠ�� :]@è Ë
ÌÍÎ� Ï ¿:1¼ Ð �� "U2¿À‚ : ‡ _ Ñ NÁ o�� *  

2. {|"U��ºÁ7 è¼Ñ$%&'2"U–— : � �$%&'
7� �S T Ò Œ4 *� 2002-2005�a :��
 �• _ 287G¯
�� 00UTC½ 12UTC©Œ$%&'ÒÓ :Âšp_] Ó ÁI�
�¼Ñ 24¾S m48¾S5 72¾S–— 2 � äŠ_ 249G (87%)m
220 G (77%)m5 177 G (62%):ï"Uì ÄÄ ¯ �� v y � _"
U��ô d 2 …È f ¼ÑÒÓ *4S :��
2"Uì ÔÒ ƒ O
P 1/2(P+C)5 de &Z ÕÖ °[\0 • p"U :15d�ˆ 8 [
\ 8× ÆØ SL2"U–— *  

3. i@ �� "UiIŠ"UžŸ•� :;Ž I ä" U��Œ4 ' š
Á[ ' 2 “ ë ®' S :�� "U–—= £¹ Œ4ÆŽë• :> ¦
�"UABEFG *+ ()SŒ42 …È Á � *  

4. i@"U�� ÄÄ Êè¿À ÙÚ $%&'2 7 �–— :šS�O
{|�� ¯ S : š îKíÑd�S Û ÕPÁ Ü Sa : & d" Uì
äå2 ¶È –—‹��2 • p"U–—ƒ_}Œ¨ * � I ÝÞ �
�� X � ¨$%&'–—2 ECMWFß 8 nÂ *  

5. ����0� : ÄÄ _ÁI ½ �I��Êè¼Ñ}_ 24 ¾S m
48 ¾S5 72 ¾S2"#–— :�¡ …È f :d�• ‚žŸ|
íèƒ e& º Ç ®2 *+ () * ¦ Ú 18} © :i@� 2005� 10
� 31j 12UTCS ECMWFÉ � _X àá (2005)¼Ñ 72¾S2"
U–— :‰ � 1 JMA 5 UKMO 2–—žŸœ• 72 ¾S �� "
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U–— :Å àá ƒ� 48 ¾S] 72 ¾Spa 9 XÆX â'
(poleward)2() ð ã ‘ p ù ö: ” •:¡ * + [ ' ÉÊX äå Á
I��}"U *  

 

8. �������� �	'(�)*�	'(�)*�	'(�)*�	'(�)*  

Xß æ� çèg 5 è `£ ÝÞ :1f,-PH éê N �� "U–—2
œ•[\ *  

 

8.1 +,��-.(+,��-.(+,��-.(+,��-.(  (Initial Position Correction) 

7 �–— ëf \ ¤d� ©ŒÒU S2äå–—‹��á¿Sa
12¾SÞ2 12¾S"#–—2• � : ëf 24¾S m48¾S5 72¾
S2"U–— *  

3 6 ]3 9 n© º0 ëf 5 d� 7 �–— ëf \2™š � +·¸
îK *1 2002-2005g � ìí îK ,- :_NO 7 �–— ëf 2 ��
"U Fº 0 ëf 2 ¿À :89K� • p"U M Š nÂ * 7 �–— ëf
\í « 24 ¾S m 48 ¾S5 72 ¾SžŸë•äŠ EÓ 25 þ � m 16
þ �ª 7 þ � *  

 

8.2 /// /01010101 2222�������� ((( (  (Vector Motion Consensus) 

î o&kt� 2005-06� d Nd� 'ï*+ žŸ|œ• �� "U
(Burton, 2006):1d *+ ()ÆX Ç ® *¡[\ ð "U��ø 24¾
S$%&'2 *+ [ ' 5 �ñ -0ÁI 'ï :œ• �� "U–—S ~
« •"U��2 24 ¾S"# 'ï žŸ : ” ã � � ¶È äå–—1�
X 24 ¾S"#–— : ò« 8ã 24 ¾Sa2žŸ 'ï� � 24 ¾S"
#– —� :�X 48¾S"#–— : ¦ ¡ ó8 *  

®R� :;}_��šS¼Ñ 24¾S m48¾S ½ 72¾S y I "
U–—S : 'ï*+ �� \‹ 7 �–— ëf \2 îK ?. v y™š *
X M Š,-H é ä\2äŠ :1f ô ÜPH õ _äŠ2 � +NO·
¸*  
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§¨ 3 10-13n© :d� 'ï*+ �� \‹ 7 �–— ëf \2 24
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i¡ í � : 'ï*+ �� \�"USLÆ Ø 2 …È f ƒ_ ö÷ *  

� 2!ò :¹� 2002-2005�™š � +·¸ :»F v yº0 ëf
2�� "U !ò : 'ï*+ �� \í ð 24 ¾S m 48 ¾S5 72 ¾S
2ë•äŠ ø� 25þ � m 17þ � 5 16þ � *  
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��
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í1d�S« � íèW•ÕS :_e ��Êè P � š 2æ � « � æØ
í � 21¾S : � =LMP �� "U2?� *  
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 �� 2[ ' *  

 

10. 78787878  

0 õ � 
 ��� ¼Ñ Wì ®2 $%&'"U–—{ ¨ : M& 

é*  

 



 

 10

11. 9:;<9:;<9:;<9:;<  

1. Lee, T.C. & Wong, M.S. (2002), The Use of Multiple-model 
Ensemble Techniques for Tropical Cyclone Track Forecast at the 
Hong Kong Observatory, WMO Commission for Basic Systems 
Technical Conference on Data Processing and Forecasting Systems, 
Cairns, Australia, 2-3 December 2002 

2. Andrew Burton (2006), Sharing experiences in operational consensus 
forecasting, Sixth International Workshop on Tropical Cyclones 

3. T.S.V. Vijaya Kumar et al (2002) Multimodel Superensemble 
Forecasting of Tropical Cyclones in the Pacific, Monthly Weather 
Review, Volume 131, 574 



 

 11 

3 1À 2002-2005 �•{|"U�� m�� "U5	
��
2žŸ
ë• (þ � ) 

 ����  UKMO ECMF JMA NCEP ENS HKO 
24 ����  146 162 202 166 139 126 119 
48 ����  73 269 286 292 234 211 220 
72 ����  28 411 383 413 294 313 321 

 

3 2À 2002-2005 �•{|"U�� m�� "U5	
��
•� 24
¾S"#2žŸë• (þ � ) 

 ����  UKMO ECMF JMA NCEP ENS HKO 

2002 24 127 147 102 114 93 124 

2003 46 189 238 207 165 152 135 

2004 44 175 229 205 160 146 129 

2005 32 134 154 101 93 84 79 
	� /
��
  146 162 202 166 139 126 119 

 

3 3À 2002-2005 �•{|"U�� m�� "U5	
��
•� 48
¾S"#2žŸë• (þ � ) 

 ����  UKMO ECMF JMA NCEP ENS HKO 

2002 10 192 239 210 199 175 205 

2003 22 272 372 316 244 243 221 

2004 26 337 299 379 302 247 282 

2005 15 197 169 161 123 123 122 
	� /
��
  73 269 286 292 234 211 220 

 

3 4À 2002-2005 �•{|"U�� m�� "U5	
��
•� 72
¾S"#2žŸë• (þ � ) 

 ����  UKMO ECMF JMA NCEP ENS HKO 

2003 6 435 441 370 360 346 327 

2004 15 428 452 476 331 351 383 

2005 7 353 186 314 159 204 184 
	� /
��
  28 411 383 413 294 313 321 
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3 5À 2002-2005 ��� "Uë• ðþ � ö2°œ{ 	  

 ���  ���  
��  ��
  

24 ����  8 510 125 97 
48 ����  27 973 211 174 
72 ����  109 1232 313 229 

 
3 6. 2002-2005 �•�� "U [\ 5	
��
 2"# ë• (þ � ) 

 
 ����  ����  ����  

���  

����  

 ! �  

"#$%&  

24 ����  198 135 110 110 127 
48 ����  123 224 208 207 220 
72 ����  61 362 355 346 343 

 
3 7. 2002-2005 �•� ºš �� "U[\5	
��
2 24 ¾Së

• (þ � ) 
 

 ���

�  

����  ����  

���  

����  

 ! �  

"#$%&  

2002 35 119 98 97 126 

2003 62 156 119 121 147 

2004 58 149 124 120 135 

2005 43 97 87 90 89 
	� /
��
  198 135 110 110 127 

 
3 8. 2002-2005 �•� ºš �� "U[\5	
��
2 48 ¾Së

• (þ � ) 
 

 ���

�  

����  ����  

���  

����  

 !�  

"#$%&  

2002 21 210 194 192 203 

2003 37 258 220 220 233 

2004 40 258 252 252 274 

2005 25 129 131 126 129 
	� /
��
  123 224 208 207 220 
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3 9. 2002-2005 �•� ºš �� "U[\5	
��
2 72 ¾Së
• (þ � ) 

 
 ���

�  

����  ����  

���  

����  

 ! �  

"#$%&  

2003 17 312 292 285 303 

2004 30 462 460 435 441 

2005 14 210 209 230 179 
	� /
��
  61 362 355 346 343 

 

3 10.� � 2002-2005 � 7 �–— ëf \5 'ï*+ �� \œ•îK
ƒ_•Š2™š � +< :1H é [\ œ•Œ!2ë• ðþ � ö  

 
 ����  ����  

���  

����  

 ! �  

24 ����  39 125 125 
48 ����  32 201 195 
72 ����  22 411 389 

 
3 11. �� ç� +< :•� ¨ ºš[\œ•2 24 ¾Së• (þ � ) 

 
 ����  ����  

���  

����  

 ! �  

2002 4 96 90 

2003 8 127 142 

2004 16 145 131 

2005 11 105 116 
	� /
��
  39 125 125 

 
3 12. �� ç� +< :•� §¨ ºš[\œ•2 48 ¾Së• (þ � ) 
 

 ����  ����  

���  

����  

 ! �  

2002 7 170 168 

2003 9 237 230 

2004 7 235 244 

2005 9 161 144 
	� /
��
  32 201 195 
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3 13. �� ç� +< :•� §¨ ºš[\œ•2 72 ¾Së• (þ � ) 
 

 ����  ����  

���  

����  

 ! �  

2003 9 170 168 

2004 8 237 230 

2005 5 235 244 
	� /
��
  22 161 144 
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Ú 1. {|"U�� m�� "U5	
��
2$%&'–—"Uë
•  

 
 

�

� �

� � �

� � �

� � �

� � �

� � �

� � �� �� � � � � �� � �� �

��

�
�
�
�
�
�

����

� � ��

� ��

�� � �

� ��

���

�

Ú 2. {|"U�� m�� "U5	
��
2 24 ¾S$%&'–
—"Uë•  



 

 16

�

� �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �� �� � � � � �� � �� �

��

�
�
�
�
�
�

����

� � ��

� ��

�� � �

� ��

���

�

Ú 3. {|"U�� m�� "U5	
��
2 48 ¾S$%&'–
—"Uë•  

 

�

� �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �

� � �� �� � � � � �� � �� �

��

�
�
�
�
�
�

����

� � ��

� ��

�� � �

� ��

���

 
'("#$%&) 2003 *+�, - 72 ������ ./ 2002 *012345

6�789 :  

 

Ú 4. {|"U�� m�� "U5	
��
2 72 ¾S$%&'–
—"Uë•  



 

 17

 

Ú 5. ABCD (2006)2 *+ ()  

 

�

Ú 6. 2006 � 5 � 12 j 12UTC Xá¿2{|"U()Ú  

JMA 

HKO 

ECMWF 

UKMO 

NCEP 



 

 18

�

Ú 7. 2006 � 5 � 13 j 12UTC Xá¿2{|"U()Ú  

�

�

Ú 8. 2006 � 5 � 13 j 12UTC 2 500 UV Z � äåÚ  

JMA 

HKO 

ECMWF 

UKMO 

NCEP 



 

 19

;

Ú 9. 2006 � 5 � 14 j 12UTC 2 500 UV Z � äåÚ  

;

Ú 10. 2006 � 5 � 15 j 12UTC 2 500 UV Z � äåÚ  



 

 20

 

Ú 11. ABEFG (2006)2 *+ ()  

�

 

Ú 12. 1 2006 � 8 � 2 j 00UTC Xá¿Sa2{|"U��"#  

JMA 

HKO� (���� �  

ECMWF 

UKMO 

NCEP 

HKO ��	�� ) 


� �
� DDHH����
 ���  



 

 21

�

Ú 13. 1 2006 � 8 � 2 j 12UTC Xá¿Sa2{|"U��"#  

�

JMA 

HKO� (���� �  

ECMWF 

UKMO 

NCEP 

HKO ��	�� ) 



 

 22

�
Ú 14. no<p"U<q@ ‹�- j 00UTC 2�� "U()Ú  

�
 

 
Ú 15. no<p"U<q@ ‹�- j 12UTC 2�� "U()Ú  



 

 23

 
Ú  16. j+&kl @‹�- j 00UTC 2�� "U £ ��� Ú  

 

 
Ú  17. j+&kl @‹�- j 12UTC 2�� "U £ ��� Ú  



 

 24

 

 

Ú 18. �� � 2005 � 10 � 31 j 12UTC S:T�º0 ëR 2��
"U5 'ï*+ ��\"U àá 2 *+ () FÆ  

 


