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·I?u/¥þ���º/ (æî�¬) Ú�
��°� (�²�) �./�, zcÉæeGºXÚ
�K�²w,·Iq´9�í^�º�ª��I[
�� [1], Ïdk7�ïÄGº!9�í^9Ù�
pK�.

Gº��þ´d1(9é6Ú/LA5�É
Úå, ü«�^3æeGº«��, ¦9�Gº3
d«��²w [2]. 9�í^�´»Ú�ÝÌ�É
�¸Ú�í6Ú β ¤£�^K� [3,4]. lGºÚ
9�í^�p�^þw, r (f) gGºcÜ��
²�9�í^ªê õ (�)[5], Ï9�Gºí6?
\9�í^�6éÙuÐk�½��z [6]. Gº
é9�í^��^Ì�Ny3Gºøþ, Gºø
¥N´/¤í^+u [7−13], Gº�rf�Gº
ø�ÀÜ �'X��, 9�í^)¤ ���U
C [10−12]. Gº��O�¬Úå9�í^$Ä´»
�Cz [13]. °§�Gºø½k�½éX:Ü�²�

°§ æ (e) �Gºø Ü� (ÀH), ��í^)
¤ � �Ü� (ÀH)[14]. 3zc�º·I�Ä�
9�í^ (±e{¡Ð^) �¡,·IÆö®�LØ
�ïÄ [15−21], �ÑA�c5Ð^í´, ª^ØC,
¹ÄÏ á [18,20], Ð^32À!°HÚ���/
�º��ª� [18], �º¥I�Ð^±H°)¤�
Ì (Ó 5 ¤�), C 50 õc5Ðª^¥�À�!Ü�
£Ä�ª³ [21]. � ENSO �'X�¡, ��Zìc
�º·I�Ð^ � [16,17].

, , ± é Ð ^ � ï Ä � õ ´ c S C
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Cz�Gº�êU�Ð�N�¥®�¤kGº
« [22−25], ®�{II[°��íÛ (NOAA) æ
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Gº (http://www.cpc.ncep.noaa.gov/products/Global
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� 6 �H°gGº�ê (±e{¡ Wang �êÚ�
ê 1—6) �', T�êU�Ð�NGºø�Cz (ã
Ñ, Wang �ê9�ê 1, 6 ��Ð). Äu±þ�Ï,
�©æ^T�ê©Û 1948—2009 cH°gGº�
�º¥I�ºÐ^�º:!´»!rÝ��'X,
¿|^�²þ ³pÝ|!º|]�lrf�ê
c�6|�CzÐÚ©ÛH°GºéÐ^´»�
K�, ±ÏJp·�é9�í^¹ÄÉGºK��
@£.

2 ]�9�{

9 � í ^ ]�5 g { I é Ü � º ý ´ ¥
% (JTWC).  ³pÝ|!º|5g NCEP/NCAR
� ² þ 2 ©Û]�. G º � ê O � � {�:
δ = ‖V̄1 − V̄i‖

/
‖V̄ ‖, V̄1 L « 1 � ° ² þ º ¥

þ, V̄i L « 1 i � º ¥ þ, V̄ � 1 � Ú i � ²
þº¥þ (V̄ = (V̄1 + V̄i)/2)[22−25]. H°gGº
�ê5g (http://www.lasg.ac.cn/staff/ljp/index.html),
L« 0◦—5◦ N, 100◦—125◦ E � 6—9 � 925 hPa �
Ä��6IOzG!CÇ. I`²�´, du�º
��Ú°Hü��Ð^�õ, ���º�Ý�üý
 £²w, Ø|u©ÛÑk¿Â�(J;,��¡,
�º���9�í^3Ó��Ý��º:¿Ø�
� (kÀÜüý��U); q�Ä�º�ºÚ°��

9�í^kØÓA� [19]. Ï�©Ð^�zc�
º¥I�º (Ø�)��Ú°Hü�) �Ä�9�
í^, ù�± ïÄ�½Âk¤ØÓ [15−19]. '
uü��©Û�Ä,	1©.

3 H°Gº�Ð^

3.1 ÐÐÐ^̂̂������ccc999���ííí^̂̂

1948—2009 ck 1830 �9�í^3Ü��²
�)¤, Ù¥ 318 ��º¥I�º, ²þzc 5.1 �,
Óoê� 17.4%. �º·I��Ü9�í^¥, Ð
^F @ (�) Ï~éA�c�ºªê õ (�)[18].
L 1 ?�Ú�Ñ
Ð^��c�º·I�º9�
í^A�þ��'Xê, ��: Ð^�ºF @ (�)
éA�c�ºªê õ (�)!¹ÄÏ (Ð!ª^�
ºFm�Uê)  � (á)!cþ��º� � (�),
�'Xê� -0.635∗∗, −0.671∗∗ Ú 0.253∗(∗ L«Ï
L 0.05 wÍ5u�!∗∗ L«ÏL 0.01 u�, eÓ);
Ð^�º�Ý � (H) éA�c¹ÄÏ á (�),
�'Xê� −0.332∗∗; Ð^)¤�Ý � (H) é
Acþ�ºí^)·Ï9´»�Ý á (�), �'
Xê� −0.402∗∗ Ú −0.468∗∗. ��, Ð^é@£
�c9�í^ªê!¹ÄÏ!rÝ�k�½��
«¿Â.

L 1 Ð^��c�º·I�º9�í^A�þ��'Xê

cªê ¹ÄÏ cþ��º� cþ)·Ï cþ´»�Ý

Ð^�ºF −0.635∗∗ −0.671∗∗ 0.253∗ 0.199 0.224

Ð^�º�Ý −0.168 −0.332∗∗ 0.086 −0.101 −0.138

Ð^)¤�Ý −0.038 −0.243 −0.055 −0.402∗∗ −0.468∗∗

3.2 HHH°°°gggGGGººº���êêê���ÐÐÐ^̂̂

3ÐÚ©Û
ïÄÐ^�¿Â�, ·�X
ïÄH°gGº�ê�Ð^�'X. Ù¥, c²
þ (6—9 �²þ) H°gGº�ê��c�º�º
9�í^ªê��' 0.264∗, =Gºrc�ºê
õ, fc�. c²þH°gGº�ê�Ñ�H°G
º�r� 10 clr�f� 1948, 1950, 1952, 1961,
1967, 1949, 1953, 1972, 1982, 1990. �f� 10 cl
f�r� 1998, 1996, 1955, 1995, 1988, 2000, 2003,
1983, 2008, 1973. �r� 10 ck 58 �9�í^�

º, �f� 10 c� 44 �. �H°gGº�ê�c
)¤ê!cþ�º�Ý!cþ)¤�Ý�'XØ
²w, �'Xê©O� −0.006, 0.050, 0.053.

F<Ï��´H°gGº�ê�Ð^�º�
Ý�'X. lÅ��'þw, Ð^�º�ÝÚ 6—
9 �H°gGº�ê�'Xê©O� −0.357∗∗,
−0.269∗, −0.176, −0.091, ²þ� −0.344∗∗. ��,
H°gGº�r, Ð^�º�Ý�$, ù«K�
l 6—9 �Åì~f. 1948—2009 cÐ^�²þ)
¤F� 7 � 2 F, ²þ�ºF� 7 � 7 F, �@�º
�´ 2008 c � 2 Ò9 �í ^ (4 � 19 F�º), �
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��´ 1983 c 10 Ò9�í^ (9 � 9 F�º), 4—9
���ºê©O� 1, 7, 17, 23, 11, 2. 87%�Ð^
3 6 �9Ù���º, Ð^�º�Ý%� 6 �H
°gGº�ê�'�Ð, ù�(J�Uk�Ð��
«¿Â. lcCzª³þw, g 1948 c5, Ð^�
º:k�½�£, � 1.5◦, H°gGº�êk�
²w�~fª³, ~f� 1.5, AO´ 40—50 c�
ÙrÝ:ì~�, Ï�c�U?uH°Gº��
�±Ï���~f �, ��������mºÝ

þ?�ÚïÄ. �,, kïÄL²^º½Â�H°
Gº�Iok~fª³, ^üY½é6½Â�k
Orª³ [26].

d	, H°gGº�ê�Ð^)¤F!Ð^�
ºFk�Ð��', � 0.290∗ Ú 0.262∗(ãÑ), ù
L²�é5`, r (f) GºcÐ^ÑyÚ�º 
� (@). H°gGº�ê�Ð^�)¤�Ý!�
�º�!)·Ï!´»�Ý'XØ�, �'Xê©
O� −0.048, −0.197, −0.051, 0.011.

ã 1 c²þ (6—9 �) H°gGº�ê (J�) ÚÐ^�º�Ý (¢�) �cSCz9Ùª³, Ù¥o�� 5 c²w�(J

4 H°Gºrfc��6|

�
?�Ú&ÄH°gGº�Ð^�'X,
ã 2(ã 3) �Ñ
�r (f) � 10 �Gºc 850 hPa
� 6—9 �²þ ³pÝ|9ºÉ~|�Ð^´».

ã 2 ��: rGºcGºø�þ, À��� 138◦ E,
fGºc=�À�� 128◦ E, 925 hPa, 700 hPa
Ú 500 hPa �kaq�y� (ãÑ), `²H°gG
º�ê�±�Ð��NGºørf; lÐ^´»
þw, Ð^Ä�÷XGºø�º¥I�º.

ã 2 �r (a) Ú�f (b) � 10 c 6—9 � 850 hPa ²þ ³pÝ|ÚÐ^´», Ù¥¢%:�Ð^´» (z 6 h � �)
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ã 3 �r (a) Ú�f (b) � 10 c 6—9 � 850 hPa ²þºÉ
~ÚÐ^´» (Ù¥¢%:�Ð^´» (z 6 h � �), Ù
¥ “+”(“−”) ÒL«í^ (�í^) ªºÉ~¥%)
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�²w��í^É~. ,�²wA�´, r (f) �
êckgÀÜË|æ�·I°H�H (�) ºÉ~.
925 hPa, 700 hPa Ú 500 hPa ºÉ~|���q,Ñ
kØÓ (ãÑ). r (f) �êckg°þ (º/) �
�º/ (°þ) �ºÉ~, ù�U��º�º�9
�í^ õ (�) k'. l�6|�Ð^�'Xþ
5w, r (f) �êc, Ð^´»üý�K (�) �6
É~, ´»'�©Ñ (8¥), �C�º�´»ØC
(uÑ).

5 (ØÚ?Ø
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 1948—2009 cÐ^��c�
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9�í^�ªê!¹ÄÏ!��º�!)·Ï!
´»�Ý�'�Ð, Ü©�«
ïÄÐ^�¿Â,
L²Ð^é�c9�í^k�½��«�^.

��, �©X©Û
 1948—2009 c�H°
gGº�ê! ³pÝ|!º|�Ð^�Ý!
´»!rÝ��'X, �Ñ�
k¿Â�(J:
r (f) H°gGº�êc, �º¥I�º9�í^
ê8 õ (�)!Ð^�ºF ´ (@)!Ð^�º:
 H (�). Å�H°gGº�ê�Ð^�º�Ý�
�'l 6 ¨ 9 �Åì~f, T(J�Uk�Ð��
«¿Â; T�ê�Ð^�)¤�Ý!��º�!
)·Ï!´»�Ý±99�í^�cªê!�º
)¤�Ý�'XØ�. �6|þw, H°gGº�
ê�±�Ð��NGºø�rf, r (f) �êcG
ºø r (f), ²þºÉ~/³���ØÓ. Ð^
Ä�÷öGºø�º¥I�º, r (f) �êcÐ^
´»üý�K (�) �6É~,´»'�©Ñ (8¥),
�C�º�ØC (uÑ). d	, r (f) �êckg
°þ (º/) ��º/ (°þ) �ºÉ~, ù�U�
�º�º�9�í^ õ (�) k'. cCzþw,
1948 c5Ð^�º:k�½�£, � 1.5◦, H°
gGº�ê²w~f� 1.5, AO´ 40—50 c�:
ì~�.

I�Ñ�´, ØÓ�H°gGº�ê�Ð^
��'ØÓ, XÚó¥®J��H°gGº�ê
¥, =�©À���ê�Ð^�º�Ý�'�Ð,
�Ù¦�ê�Ð^�ºF�'XØÐ, �� (L
Ñ). d	, duØÓH°gGº�ê¤(½�rf
GºcØÓ, ���6|!Ð^´»�k¤ØÓ
(ãÑ).
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�Ú�\ïÄ, XïÄÐ^u)�U��í�6
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nÅn�. d	, �º¥I�º9�í^���©
Ù9ÙCz, Ð^�£��Ï�Ñ��UYïÄ
&?.

129201-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 12 (2012) 129201

[1] Chen L, Ding Y 1979 An Introduction to the West Pacific Typhoons
(Beijing: Science Press) p22 (in Chinese) [�éÆ, ¶�® 1979
Ü�²��ºVØ (�®: �ÆÑ��) 1 22 �]

[2] Zeng Q C, Li J P 2002 Chin. J. Atmos. Sci. 26 433 (in Chinese)
[Q��, oï² 2002 �í�Æ 26 433]

[3] Wang B, Elsberry R L, Wang Y Q, Wu L G 1998 Chin. J. Atmos.
Sci. 22 535 (in Chinese) [�R, Elisberry, Russel L,���,Çá
2 1998 �í�Æ 22 535]

[4] Rossby C G 1948 J. Marine Res. 7 175
[5] Sun X R, Duan Y H 2003 Chin. J. Atmos. Sci. 27 67 (in Chinese)

[�DJ, àÂ÷ 2003 �í�Æ 27 67]
[6] Wu H Q 2002 Meteorological Monthly 28 27 (in Chinese) [Çð

r 2002 í� 28 27]
[7] Chen T C, Wang S Y, Yen M C, William A G J 2004 Weather and

Forecasting 19 776
[8] Gao J Y, Lu X Y, Bao R J, Zhang X Z 2010 Acta Oceanolog. Sin.

32 64 (in Chinese) [pï�,½%ý, 
aï, ÜDz 2010 °�
Æ� 32 64]

[9] Gao J Y, Lu X Y, Zhang X Z, Jiang Z H 2011 Acta Oceanolog. Sin.
33 28 (in Chinese) [pï�,½%ý, ÜDz, ô�ù 2010 °�
Æ� 33 28]

[10] Wang H, Ding Y H, He J H 2006 Acta Meteorolog. Sin. 64 345
(in Chinese) [�¦, ¶�®, Û7° 2006 í�Æ� 64 345]

[11] Chia H H, Ropelewski C F 2002 J. Climate 15 2934
[12] Chen T C, Weng S P, Yamazaki Z B 1998 Mon. Wea. Rev. 126

1080
[13] Chen L S, Meng Z Y 2001 Chin. J. Atmos. Sci. 25 420 (in Chi-

nese) [�éÆ, ��] 2001 �í�Æ 25 420]

[14] Chen G H, Huang R H 2006 Advances In Earth Science 21 610
(in Chinese) [�1u, �J�, 2006 /¥�Æ?Ð 21 610]

[15] Liu C X 2001 J. Tropic. Meteorol. 17 381 (in Chinese) [4S_
2001 9�í�Æ� 17 381]

[16] Feng L H 2003 Acta Geographica Sinica 58 209 (in Chinese) [¾
|u 2003 /nÆ� 58 209]

[17] Wu H 2005 Meteorological Monthly 31 61 (in Chinese) [Ç¦
2005 í� 31 61]

[18] Ren F M, Wang X L, Dong W J, Bai L N 2007 Adv. Clim. Change
Res. 3 224 (in Chinese) [?4¬,�� , Â©#, xsA 2007
íÿCzïÄ?Ð 3 224]

[19] Ren F M, Wang X L, Chen L S, Wang Y M 2008 Acta Meteoro-
logica Sinica 66 224 (in Chinese) [?4¬,�� , �éÆ,�X
r 2008 í�Æ� 66 224]

[20] Wang X L, Song W L 2009 J. Tropic. Meteorol. 25 576 (in Chi-
nese) [�� , y© 2009 9�í�Æ� 25 576]

[21] Hu Y M, Song L L 2009 Adv. Clim. Change Res. 5 90 (in Chi-
nese) [�`¯, yws 2009 íÿCzïÄ?Ð 5 90]

[22] Li J P, Zeng Q C 2000 Science in China D 43 647 (in Chinese) [o
ï², Q�� 2000 ¥I�Æ (D 6) 43 647]

[23] Li J P, Zeng Q C 2002 Geophys. Res. Lett. 29 115

[24] Li J P, Zeng Q C 2003 Adv. Atmos. Sci. 20 299

[25] Li J P, Zeng Q C 2005 Climatic and Environmental Research 10
351 (in Chinese) [oï², Q��, 2005 íÿ��¸ïÄ 10
351]

[26] Wang B, Huang F, Wu Z W, Yang J, Fu X H, Kikuchi K 2009 Dyn.
Atmos. Oceans 47 15

129201-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 12 (2012) 129201

Relationship between the South China Sea summer
monsoon and the first-landfall tropical cyclone

over mainland of China∗

Zhang Han1)2) Guan Yu-Ping1)†

1) ( State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301,

China )

2) ( Graduate University of Chinese Academy of Sciences, Beijing 100049, China )

( Received 4 August 2011; revised manuscript received 28 October 2011 )

Abstract
This study investigates the relationship between the South China Sea summer monsoon and the first tropical cyclone (TC) of

the season to make landfall over mainland China (in short, the first-landfall TC) using the South China Sea summer monsoon index,

NCEP/NCAR reanalysis monthly average data, and best-track TC data from Joint Typhoon Warning Center (JTWC) for 1948–2009.

The results show that the characteristics of the first-landfall TC are closely associated with the frequency, active stage, and strength of

subsequent landfall TCs in the same year. In detail, a stronger (weaker) South China Sea summer monsoon index year corresponds to

more (fewer) landfall TCs over Mainland China, a later (earlier) date of the first-landfall TC, a lower (higher)-latitude landing point of

the first-landfall TC, and a stronger (weaker) monsoon trough. The anomalous wind field and the track of the first-landfall TC are also

significantly related to the strength of the index. The location of the first-landfall TC has shows a gradual trend toward higher latitudes

over the analysis period, and there is a decreasing trend in the variability of the South China Sea summer monsoon index.

Keywords: monsoon index, tropical cyclone, first-landfall TC, flow field analysis
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