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ª, ¿�òR�È©�L�Ë�Aå\\�fY
ëYÚÄþ�§. Xie � [15] ÍÜ
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ª, �=�Ä
L�Ú.�Aåo÷�. Moon[11]

ÍÜ
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��A, ¿òÙ\\��ªÄþ�§¥. Ød
	,

Ï~@��vkÅL»��, Ë�Aåò��)°
¡pÝ�Cz, 3	°, ù«Cz�Ë�AåØ�
' [27].

�º��3°�þ/¤��«UíXÚ, Ù�
5�ãLÚº���<a�54��/³, ��´
�I�Æ[ïÄ�­: [28]. �,L6ÍÜ�ª3
°í.¡ïÄ¥�A^®Øm�, �´Ó��ÄL
�Ë�Aå9L�·Ü�V�ÍÜ�ª�vkï
á, cÙ´3�º^�e, �Ä±þü«Å�?1
L6�p�^�ïÄ���.

3	°, �º^�eÅL·Ü�AÚL�Ë�

Aå3°�L¡9·Ü�¤å��^9ÙÅ�X
ÛA^�°��ª¥, ´�©&?�­:. ÏLï
á±L�Ë�Aå9L�·Ü�A�ÔnÄ:�
L6ÍÜ�ª, ïÄ
�º^�e°Lé°6�K
�9Ù�"Å�, ��
�
kd��©Û(J,

éJp°�þ·Ü��L6ÍÜ�[k�½�r
?�^.

2 ÍÜÅ�

�Ä/¥^=�A�ü YNn�L�Ë�
Aå�±L«� [29,30]

Bij = Ek ·


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=


Sx
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Sz

 , (1)

E �ÅÄU�Ý, k �Åê, z �Y pÝ, h �Y
�, µ ��ªÇ, f = 2ω sinφ, f0 = 2ω cos φ, ω �/
=��Ý, φ ��Ý, α � x ¶�ÅDÂ���Ý.

L�Ë�Aå�R�©þ, éYNK�é�, �

{z�§, 3ÍÜL§¥, T©þ�ÑØO. �©O
����L�L�Ë�Aå, ée�YN�K�Ï
LÚ\L�·ÜXê (Bν) L«, TXê�ÅêÌ
¼ê [24]:

Bν =
∫∫

k̄

E(k̄) exp{2kz}dk̄
∂

∂z

×
( ∫∫

k̄

ω2E(k̄) exp{2kz}dk̄
)1/2

, (2)

þª¥�ëê¹Â� (1) ª�Ó. éL�Ë�A
å�Y²FÝ�f, F = −∇ · B, ùp, ∇2 =

i
∂

∂x
+ j

∂

∂y
, ��L�Ë�AåÜþFÝ:

Sxx = − ∂

∂x

( 2Ek
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)
− ∂

∂y
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,

Syy = − ∂
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(Ekf0
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)
+

∂

∂y

[2Ek sinh2[k(z + h)]
sinh(2kh)

−2Ek2f cosh[2k(z + h)]
µ sinh(2kh)

]
. (3)

ò (2) 9 (3) ª©O\\ POM �ª�Äþ�§ (4)

Ú (5) ª�Òmý1��¥ [31]:
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+ Fy, (5)

±þ�§¥, σ � POM �ªR�©�, Ù¦ëê�
±ë�©z [31]. �\\L�Ë�AåÜþFÝ9
L�·Ü�, (4) Ú (5) ª�Òmý1���±��

KM + Bv

D

(∂U

∂σ
,
∂V

∂σ

)
= (Sxx, Syy), σ → 0. (6)

�d, L�Ë�AåÚå�ÄþUCØ=\\
�ªL�¥, ¿ÏLL�·ÜòË�Aå�K��
��D4, d	, L�·Ü�Aé§í�K��±
L«� [23]

KH + Bv

D

(∂T

∂σ
,
∂S

∂σ

)
= −(〈wθ〉), σ → 0. (7)
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3 �ª0�

�©|^ Linux XÚ¥?§mÏ&Eâ, ò2
�A^uïÄL6�p�^�°L�ª (WW3)[32]

�°��ª (POM) ÍÜ [11,13,15].

3.1 °°°������ªªª

° � � [ « � � ² Ý � � 5.75◦—24.5◦(�
�), �Ý�� 120.75◦—140.25◦(À²), Y²��
ê� 118 × 113, Y²©EÇ� 1/6◦ × 1/6◦ ²�Ý.

R� σ ©� 16 �, ��°.�Ý�� 3000 m, �Æ
U+�«�Uìº/?n. �ª«�Ü¡����
HÜÚ�ÆU+����½>.^�, b½R�u
�½°W�{��Ý�", = U · n = 0. O�°�
�¡È�é��
m>.��, Ïd, m>.^�

�Ð���K�
�ª��[�J. Y !6��
Ð©|9m>.]�æ^ Ma � [33] ��«�ªO
���� 10 c°�íÿ�]�. §íÐ©|9m
>.]�æ^ 2005 c�{ü°�]�Óz (simple

ocean data assimilation, SODA) �²þ]�. 6�m
>.^��1�>�^�, §í�§3\6�æ
^1�>�^�, Ñ6�æ^Ë�>.^�. Äþ
�§�°¡>.^�æ^ 2005 c¯�Ñ� (quick

scatterometer, QuikSCAT) ¥( 3 U²þ� 10 m F
º|]�=��ºAå. °L9r½Óz
 2005

ck?�ÅË�O (the advanced microwave scan-

ning radiometer, AMSR) ¥(]�����F²þ
°L§Ý|5?1°L9r½. �ª©�S	�ª,

S�ªÈ©�mÚ�� 300 s, 	�ªÈ©�mÚ
�� 10 s, �ª�$1ü��ªc, �� 2005 cT
«�­½�°�G�.
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ã 1 7 ��²þL�°6©Ù (a) �ª�[; (b) *ÿ

± 2005 c­½�°��Ð©|, �ª�[�
9�í^?\�ª°«, = 2006 c 7 � 20 Ò 00

�. d�[�ã�Y !6��m>.^�EÎ
æ^ Ma � [33] ��ª(J. §ím>.^�æ
^ 2006 c� SODA �]�, Äþ�§�°¡>.
^�æ^ 2006 c QuikSCAT ¥( 3 U²þ� 10 m

Fº|]�=��ºAå. °L9r½Óz
 2006

c AMSR ¥(]�����F²þ°L§Ý|5
?1°L9r½. Ù¦�ª��� 2005 c��. �
©±�²þ SODA ]�u� POM �ª��[U
å, dã 1 w�, POM �ª�[�ºu)��²þ

°6�[��¤õ [34].

3.2 °°°LLL���ªªª

WW3 �«�9Y²©EÇ� POM ����.

�ªU
©E���Y�� 2 m, �ªÈ©�mÚ
�� 300 s. ÅLÌ©� 24 ��� (∆θ = 15◦). L
ªÇ©� 25 ã, �� 0.041 ��� 0.412 Hz, äN
��ª���L 1. °L9°6°Ä¦^�Ó�º
|, �
���p�mÚ�m©EÇ�º|, Tº
|�°íÍÜ�ª���(J [35](ã 2).
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L 1 �ªëê��

POM WW3

Y²©EÇ 1/6◦ × 1/6◦

«��� 5.75—24.5◦N, 120.75—140.25◦E

ºAår½ °íÍÜ�ªÑÑ(J (WRF Ú POM)

// Etopo5

L¡9r½ AMSR

1�ªÇ Hz 0.041—0.412

�� 24 (∆θ = 15◦)
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1

ã 2 ÍÜ�ª¥º|r½��º¥%�$íØ9��º
�. J����º�, �n���[, ¢%��¢¹; ¢��¥
%�$íØ, �%���[, �%�¬�¢¹

4 Á��O

|^ WW3 ¥�ëêO���L�Ë�Aå
ÜþFÝ9L�·ÜXê, ¿òÙD4� POM, Ó
�ò POM ¥�L¡6�D4� WW3, ü�ª�
mz 15 min D4�gêâ. �©± “�{” �º�
Uí�µ, �O
 4 |Á�, C1 �Ø�ÄÍÜÅ�
� POM Õá$1, C2 ��ÄL�·Ü�A
Ø�
ÄË�Aå�ÍÜÁ�, C3 ��ÄË�Aå
Ø
�ÄL�·Ü�A�ÍÜÁ�, C4 ����ÍÜ
Á� (L 2).

2006 c1 5 Ò9�º� “�{” (Kaemi) u 7

� 19 FeÌ3�ÆU¥Ü±À�� 1600 km �Ü
��²��¡þ)¤�, 7 � 20 FeÌ\r¤�
r9�º�, 21 FþÌ\r¤��º, u 24 F�
þ 11 � 50 ©3·I����À{÷°�º, �º
�¥%NC��ºåk 13 ? (40 m/s), ��
º
� 17 ?. 
��º¥%BL��, u 25 F'� 4

��m?\��°b, ¿u 25 FeÌ 3 � 50 ©3
4ïAô÷°2g�º, �º�¥%NC��ºå
k 12 ? (33 m/s). “�{” �º�×�~f, ¿±z
���� 10—15 km ��Ý� Ü��£Ä, u 26

@� 5 �34ï�²Ú{¸S~f�9�$íØ,

±�$Ø¥%ÅìdÜ���=� ���£Ä,

£�~ú, u 26 F¥Ìc�?\ôÜ¸S, ¿u 27

FeÌ3ôÜ¥Ü Ü/«~f��. �©��[
�ã� 7 � 20 F 00 �� 23 F 00 �, � 72 h.

L 2 ÍÜ�Y9é'Á��O

L�·ÜXê L�Ë�Aå

C1 Ä Ä

C2 ´ Ä

C3 Ä ´

C4 ´ ´

5 (J©Û

Äk, |^¤���*ÿ]�, éÍÜ�Y C4

��[(J?1�y. � TRMM (tropical rainfall

measuring mission) ]�é'�uy (ã 3), C4 Ä
�U
�[Ñ�º£ÄL§¥°¡§Ýü$y
�, 3�º¥%NCÑy
 25.4 ◦C ��é$§.

3*ÿ]�¥, �,�º¥%NCÑy
�"�,

�EU
*ÿ�T?°¡�ü§y�, �$°§
� 25.6 ◦C, Á�¤�(J�¢¹��ÎÜ. 3�º
	�, C4 �YU
�[Ñ�ÆU+�÷W9�ª
«�Àý�é�p�°§. �duÁ�¥¤^º
°ÄrÝ31 48 h c��ru¢S*ÿ (ã 2), ù
�´�º	�9½y°b (Luzon Strait) �°L¡
§Ý$u¢S*ÿ 1 ◦C �m��Ï. �=P�À
ý 129◦E NC�3��=Pµ (Mindanao Eddy), ´
gÀ�Ü��»�6, ���ÆU°Wc�Hò�,

�q�À6/¤�»�_6, Ù¥�Ü©YN?\
�.%Ü°
/¤�4Üeµ, ��Ï~�n�²
�Ý, �Ü�²� “9¥”(Heat Pool) 5�. duT
XÚ¥%$§«��mºÝ��, TRMM ]��
é�ª�o��m©EÇvk�Ð/ÓP�Te
µ�§ÝA�, 
 C4 �YKéÙ?1
¤õ��
[ (ã 1(b), ã 3(b)).

1 52 h, jason-1 ¥ ( ; , y L � ª «
�. � © | ^ T ¥ ( ÿ � � ° L p Ý � �
¢ ¹ (http://podaac.jpl.nasa.gov/DATA CATALOG/

jason1info.html), � C4 �Y���k�Åp?1
é' (ã 3(c), (d)), ÍÜ�ªÄ��[Ñ
¥(;
�þÅp�Czª³. dã��, 3 13◦N ±H,

C4 �Y�¢¹��ÎÜ, ±�, �ª�[Ñ�k�
ÅpÑpu¢¹, dy���[cÏ�ºº|�
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rk'. oNþ5`, C4 �Y¤õ/�[Ñ°§
9°L©Ù, \\
L�Ë�Aå9L�·Ü�

A�ÍÜ�ª, é°�9å9Äå(�U
Ün
2y.

ã 3 (a) *ÿ����º´» (çÚ¢�9�ºÎÒ) Ú1 48 h °L§Ý©Ù; (b) ÍÜ�ªÑÑ�°L§Ý©Ù9�º¥%
: (•); (c) 1 52 h, ÍÜ�ª¥k�Åp©Ù9 jason-1 ¥(;� (¢�); (d) ¥(;�þ�Åp©Ùé' (ü : m)

1 48 h ´�ºº|���r��g, Ó�, �
ª�*ÿº|rÝ����, Ïd, �©Ì�éT
�g�°�Äå|?1©Û. duL�Ë�Aå9
L�·Ü�AÌ�ÏLÄåÏ�K�°�, Ïd,

©Oò C2, C3, C4 � C1 �L¡6|�~, ïÄü
«ÔnÅ�é°69·Ü��Ý�K�. ©¥°�
·Ü��Ý½Â��éuL�, §ÝR�4~ÇØ
�u 0.5 ◦C �Y��Ý [36]. dã 4(a) ��, 3�
ºº|r½e, °L¡6|±T�g�ºú�¥%,

¥²w�_��^=©Ù. °�·Ü�÷�º´
»\�, ¿¥²w�m 5, ���Ý� 60—80 m.

Wu � [37] �ïÄL², ���°�·Ü�\�u
)3�º¥%�, ´»�mý, ��\��� 44 h

63 m, 96 h ~f� 45 m. Shay � [38] ïÄL²º
�ÏL�, ·Ü�l 30—35 m \�� 60 m, Bender

� [39] �Ñ
Ó��(Ø. 31 48 h �º¥%NC,

·Ü�\�«�3�º£Ä���Ü, ÷´»üý
é¡©Ù, �T�g�º���r!º|(���
é¡k'. ã 4(b) ¥, L�·Ü�Aé6|UC�
5Æ5Ø²w, �UC�6|Ì�©Ù3�º£Ä
´»�m. 20—40 m �·Ü����é C1 �Y*
�, ��ª�Ü*Ð, Ì��Ï´þ·Ü�ë6\
r, °Y��¦�·Ü��L�§Ý���C, \
�
�ª�Ü·Ü��Ý. ����Ý�é C1 �
YCf, duL�·ÜÌ�K�þ·Ü�, é��
°YK�é�, þ�°Yý�·Ü�\r, Úåþ
·Ü�YN©Ùªu²þ, 
��°Y\�©�,

����·Ü��ÝCf. � Craig Ú Banner[40] ±
9 Zhang Ú Chan[41] @�L�L�±\rþ�°
�·Ü�(Ø��. L�Ë�Aåé6|UC�5

059201-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 5 (2012) 059201

Æ5��²w, \r�6|÷�º´»�¥%®8,

�UC�6|þ?��, � 0.1 m/s(ã 4(c)). T�
Y¥, ·Ü�\�§Ý� C1 ��, �3�º¥%N
C, 40—60 m ��·Ü���Ñ�*�, �Ë�A
åéÄå|�UCk'. �ü«ÔnÅ�Ó��Ä

� (ã 4(d)),6|UC�5Æ5��²w, �º¥%
NC6���UC� 0.3 m/s. Ó�, 20—40 m ·Ü
�����*Ð, � C2 �Y���q, Ó�, �º
¥%NC 40—60 m ·Ü�����A*�, ´ C2

� C3 é°�(�UC�J�U\.
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ã 4 (a) �ª�[����º´»!¥% (çÚ¢�9�ºÎÒ), 1 48 h �L�6¥þ (xÚ�Þ) Ú·Ü��Ý (W¿Ú, ü
 : m); (b), (c), (d) ©O�1 48 h C2, C3, C4 �·Ü��Ý (W¿Ú, ü : m) 9 C1 � C2, C3, C4 �6¥þ�� (xÚ�Þ)(•
��º¥%)

���3u°í.¡�ü«ÔnÅ�, L�Ë
�Aå9·Ü�Aéþ�°��Äå99å(�
k­�K�. L�·Ü�A\r
þ�ë6, ü$
°L§Ý, �é°66��UCé�. L�Ë�A
åÌ�K�
Y²6|¿5Æ5/UC
6|�
�, �é·Ü��Ý99å(��K���. �ü
«ÔnÅ�Ó�3ÍÜ�ª¥�Ä�, L�Ë�A
å=£�ÄþdL�·Ü�A�eD4, ¦�Äå
|99å|Ó�UC.

��ÍÜ�ª¥­��Ônþ, d POM D4

� WW3 �°L¡6ÏLÄþ�§, K�
k�Å
p (Hs). Xã 5 ¤«, ÍÜ�ª¥ (ã 5(b), (c), (d))

Hs C��p, � Hs ����¥²w�^��^
=. �
{z©Û, ò��L�^�§¥��m�
��Ñ�5`²dy� [42]:

∂N

∂s
(Uc + Cg − Ut) − k

∂N

∂k

∂Uc

∂s
= F, (8)

ª¥, Cg �+�, Ut ��º£�3ÅLDÂ�
� (s) �ÝK. �üØ6K� (Uc), (8) ª{z�

∂N0

∂s
(Cg − Ut) = F0, (9)
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Ù¥, N Ú F ¥�eI 0 �LØÉ6K��Cþ.

^ (9) ª~� (8) ª, ��:
∂(N0 − N)

∂s
(Cg − Ut)

= −k
∂N

∂k

∂Uc

∂s
+

∂N

∂s
Uc + (F0 − F ). (10)

Ï� (10) ª¥�Òmý1����Ø /.�
�, 3Ì¸�NC�é��. ¿�r½� (F0 − F )

éu�á�Å5`��­�, Ïd, (10) ª?�Ú
{z�

∂N

∂s
=

∂N0

∂s

( Cg − Ut

Cg − Ut − Uc

)
, (11)

∂N0

∂s
��~þ (�Ø�Ä6|�, Å�^þØC).

� Uc O\, N �A/O�, Ïd, 36|K�e,

d N ���k�Åp�AO�.

ã 5 1 48 h (a) C1, (b) C2, (c) C3 9 (d) C4 ¥�k�Åp (W¿Ú9���) 9Å�©Ù (çÚ�Þ), • ��º¥%; (e) 1 48 h
�º¥%? (17.54◦N, 129.76◦E) C1 � C46¥þ���mCz
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ã 5 ¥Å��ÄO�Ý� 10 m, dã��, �
º£Ä��cÜÅ���, 
�ÜÅ��á. �X
ål�º¥%Øä�\�, Å�ÅìCá. �º¥
%NCÅ���¥_��©Ù, °6�Ú\, L�
Ë�Aå9·Ü�AéÅ�9Å��UCØ²w.

ã 5(e) � 1 48 h � º ¥ % ? (17.54◦N,

129.76◦E), C1 � C4 �Y°L¡6¥þ����
mCz­�. Tseng � [43] ïÄ@�, °�é�º�
�A©ü��ã: 1) r½�ã, º°Ä·Ü, R�
·ÜÚå°L§Ýü$±9°í9þ�� (d9
��), �Ø�Ad�/=Ü©|¤, UC
°Lp
Ý (.5­å�A��Ü©); 2) tµ�ã, �ºÚ
å�.5­å��. ã¥�²w�A��1 36 h m
©�C.5��, T��±Ï� 17.54◦N ? 38.8 h

�C.5��±Ï�±��. 1 48 h, 6¥þ�¥
^��^=, ù�U´�� Hs 3�Ä6�A�¥
^��^=��Ï. T6¥þ���L6ÍÜ�A
�&Ò, 3�º5��, ^��^=3º|°Äe
¥C.5��, dÜ©SN�Ñ�©ïÄ��, ò
3�YïÄ¥?1.

6 ( Ø

�
ïÄL�Ë�Aå9·Ü�Aéþ�°
�Äå99å(��K�, �©uÐ
�«#�
L6�p�^�ëêz�Y, ¿òÙÚ\± POM

Ú WW3 �Ä:�ÍÜ�ª¥, ±�g�ºL§
�Uí�µ, ¤õ2y
rº!ãL^�e�°
�G�.

�[(JL², L�·Ü�A\r
þ�ë6,

�éL�6|5Æ5�UCØ²w. L�Ë�A
åY²=£ÄþÏþ, Ïd, 5Æ5/UC
Y²
6|. �Ó��Äü«ÔnÅ��, °�Äå|9
9å|Ó�UC. °6���«K�Äå|�­
�Ïf, ²wUC
k�Åp�pÝ9Ù©Ù, =
£�Äþ¦�k�Åp�p. L6�p�^ [44] �
�6¥þ���C.5��, �U´d�º�C�
�rºr½Úå�&ÒrÝCr, Ó�, ^��^
=�¥þ��U´k�Åp31 48 h ^��^=
��Ï.
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Abstract

The two important upper ocean physical processes, i.e., radiation stress and wave-induced mixing effects, have not been simulta-

neously taken into consideration in the wave-current coupled parallel run models. Under the current formulations, neither the effect of

stratification nor the error during computation is fully suggested. A new simplified parameterization scheme combining wave radiation

stress with wave-induced mixing is introduced into a coupled model which consists of wave (WAVEWATCH 0) and current (POM)

model, and typhoon KAEMI (2006) is taken as the example to carry out four sets of experiments. The numerical experiments show

that the turbulence enhanced by the wave-induced mixing in mixing layer transfers momentum and heat into down water layers, but in

general, does not regularly change surface currents. The wave radiation stress transfers momentum horizontally, and thus it changes

horizontal currents regularly. When both physical processes are included in this coupled model, two effects are superposed in the sim-

ulation. As an important dynamic factor, the current affects the significant wave height and its distribution, which transfers horizontal

momentum and makes significant wave height much higher in the present study. Furthermore, the current vector rotates clockwise at

the time of the 48th hour due to the inertial oscillation probably being the signal of wave-current interaction amplified by the typhoon

approaching.

Keywords: wave radiation stress, wave-induced mixing, wave-current interaction, two-way coupled model
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