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ØÓ���©EÇ�¤kêâ���� 1◦× 1◦× 7
U���. �YÏþ�¬ïÄ«���¥9�«
� (30◦ S—40 ◦N), �m©EÇ� 7 U, �m��
l 2002 c 1 � 2 F� 2008 c 9 � 10 F. �m��
�½Â�z±(Ïn.

� ¥ Argo § í � � z ê â d { I CORI-
OLIS êâ¥% (��Õ: http://www.coriolis.eu.org/
english/applications products/coriolis analysis/coriolis
analysis.htm) Jø, §´ÄuÚO�O�{ (�*

© Û) | ^ Argo Ú Ù ¦ ] � � ) �, Ø � ¡ �
� Argo ��z]�. T]��±3íÝ²ï�§
��O�¥JøíÝÚ·Ü��Ý�O�þ. T�
¬�¹l 5 m � 1950 m � 59 �R�IO�, Ù�
m��l 2002 c 1 � 2 F� 2008 c 9 � 10 F, �
m©EÇ�Å±, ���òÙ��� 1◦ × 1◦ ��
m©EÇ.

·Ü��Ý (MLD) d Argo §í��z]�
?1O�¼�. ·Ü��Ý�O�²~æ^Ä
u�Ý½ö§ÝK���{ [17]. �ïÄ¥z�
�Y² �:� MLD ½ÂXeµòlë��
Ý ���Ým©, ��ÝCzÌÝ� ∆σt =
σt(T + ∆T, S, P ) − σt(T, S, P ) �¤éA ���
Ý=�·Ü��Ý. Ù¥, P = 0, ∆T = −0.8 ◦C,
ë��Ý� 10 m[18,19].

°�·Ü�Ly�äk�½þÝ�°Y�, d
u·Ü�^�r, l·Ü�ºÜ (°í.¡) �.Ü
äk��þ��5�. ·Ü�SR�È©�íÝ²
ï�§�í�d Foltz � [20] �Ñµ

∂S

∂t
+ v · ∇S + H(wm)

wm(S − S−h)
h

−(E − P )
h

S − κ∇2S = 0, (1)

Ù¥ h L« MLD, S Ú v ©OL«·Ü�S²þí
ÝÚY²�Ý, E Ú P ©O�L�uÚüYÇ, wm

L«�ò�Ý (entrainment velocity), H L« Heavi-
side �F¼ê (Ù5��� wm < 0 �, H(wm) = 0,
ÄK H(wm) = 1), S−h L«·Ü�. z = −h ?�
íÝ, κ �L*ÑÇ. d? κ �ÀJ�'Ù¦�Ø¬
wÍ/K�(J, éAÀ����é$�Ün�O
�*ÑÇ κ = 2000 ms−2[21]. 3�§ (1) ¥l��
m��©O�LR���²þíÝ�Û/CÇ!
R�²þ6���Y²²6�!�ò·Ü�!L
¡�YÏþ (�u~�üY) �ÚY²ÑÑ�.

3 í Ý Â | ² ï � § ¥, � ò · Ü � ä k
�����^, �ò�Ý´��þÏþk'

�ª���Ý¡�� [20,22,23]. NõÆöïÄL
² [2,14,16,24−26], �ò·Ü�éu·Ü�SíÝC
zK�LyÑ Heaviside �F¼ê�5�, =��
ò�Ý�� (R��þ) �, L²·Ü�.e°Y
�íÝ¬?\·Ü�S, lK�·Ü�S²þí
Ý�Cz, ��ò�Ý�K (¡�� Detrainment)
�, ·Ü�SíÝ��Ø¬ÉK�. 3��·Ü�
íÝ�§¥, �ò·Ü=�Ä·Ü��Ý��m
�Cz [27]. ¢Sþ=¦·Ü��ÝØC�, d
u·Ü�.�R��þ�Ý�¬E¤�ò·Ü,
lK�·Ü�S�íÝCz [1]. Ïd, �ò�
Ý�w¤dR�²6�ÝÚ·Ü�R�Cz�Ý
üÜ©|¤, ù�Q��Ä
·Ü�\�E¤�
�ò·Ü, q�Ä
·Ü�.R��Ý�K�. �
â Foltz � [16,20], Stevenson Ú Niiler[28] Ú Moisan
Ú Niiler[29] ��ïÄ(J, T�ò�Ý�±��X
eL�ª:

wm = ∇ · (hv) +
∂h

∂t
. (2)

� © = æ ^ T ú ª. � � � J � ´, Foltz
Ú McPhaden[16] �ïÄL²µ�§ (2) ¥�R�
²6�Ý� ∇ · (hv) ��Ì�õ=Ó·Ü�R�C
z�Ý ∂h/∂t ��Ì� 30%, ��ò·Ü���Ì
�d·Ü��Ý�O\û½.

3 Äu Argo ��z]�Ú OSCAR 6
|�ü�YÏþïÄ

lþ!��§ (1) Ú (2), Å±�°L�YÏ
þ E-P ��±ÏLl§íÚ6|êâ��íÝÂ
|²ï�§¥�Ù¦�5?1�ü. d OSCAR 6
|Ú Argo ��z§íêâ�±¦)ÑØ
�YÏ
þ (E-P ) ±	��§��, u´ÏLT�§�ü�
�Å±�YÏþ.

ã 1 w«
���YÏþ� E(OAFlux)-
P (GPCP) KÜO���YÏþ�c²þ|�é
'. K�L²üYJ{ (=üYþ�u�uþ). l
ã 1(a)—(c) ��, ü«�YÏþ��m��äkX
e��qA�: 1) Ì��rüYJ{«�Ì��
)�)9�ËÜ� (ITCZ)!»�<Ý�!»��
Ü�ÚH�²���ÀH��ò��H�²ËÜ
� (SPCZ); 2) ��/, H��¥�B9�°�Ì�
Ly��uJ{. ù«�q5w«Ñ|^ Argo í
ÝÚíÝ�§�ï�YÏþäk�½��15. �
üö3þþ��O�´w´��: �ï|�éu
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�a�YÏþ'�|rÝ�f (Xã 1(c)). ù«�
O�?�Ú�y
±c'uØÓ�YÏþ�¬�
m�3���Ø� (� 40%�m) �`{ [16,30].

Ø²þ|	, ·��'�
�YÏþ�G!5
CzA�. ã 2 ´�²�!�Ü�Ú<Ý��YÏ
þ���²þ�G!5CzA�. lã¥�±wÑ,
3n��¥���¬ÑU
�N�YÏþé

��G!Cz&Ò: �YÏþK¥%3gU��£
Ä3ÁU�H£Ä. ùÚ·�¤Ù��n���
üY�gG��£ÄÁGüYK�H£Ä�5
Æ�ÎÜ. �ï��YÏþG!5CzÚ�a�ü
��YÏþG!5CzÄ�A���. ù«�q5
?�ÚL²|^ Argo íÝÚíÝ�§�ï�YÏ
þ�G!5Cz�´�1�.

ã 1 2002—2007 c²þ°L�YÏþ©Ùã (a) ��YÏþ; (b) Äu OAFlux �uÚ GPCP üY�·Ü�YÏ
þ (E(OAFlux)-P (GPCP)); (c) ���YÏþ�KÜ��YÏþ��. �YÏþü � mm/h. ã (a) Ú (b) ¥�¢�L«�Y
Ïþ� 0

ã 2 ��²þ��Ý - �°�YÏþã þã, �²�; ¥ã, �Ü�; eã, <Ý�; �ý, ���YÏþ; ¥m�, ·Ü��
YÏþ E(OAflux)-P (GPCP); mý�ü«Ïþ�¬��É. �YÏþü � mm/h
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ã 3 (a)  � � � Y Ï þ Ú · Ü � � Y Ï þ E(OAflux)-P (TAO) 3   � (140 ◦W, 9 ◦N) � � m S � ' �, Ù ¥ � Ú
� E(OAflux)-P (TAO), fÚ����YÏþ, ü � mm/h; (b) E(OAflux)-P (TAO) �mS���ÅõÇÌ©Û9Ù�
A��&Y²u�, l�±e�«���ÅK�I, ���©OL«ÏLùD(���µÌ� 95% Ú 90%�wÍ5Y²u�,
±Ïü  (y ¶) �U; (c) oN�ÅõÇÌ (¢�) 9ÙwÍ5 (J�), õÇü � (mm/h)2; (d) Ú (e) éA���YÏþ�m
S�, � (b) Ú (c) L«SN�q

ã 4 (a) Ú (b) ©O�L���YÏþÚ·Ü��YÏþ E(OAflux)-P (GPCP) �Ì�� EOF ��, ü � mm/h; (c) �ü
«�YÏþ�¬�Ì���éA�8�z�mÌ¤©Cz�; (d) ���YÏþ��ÅõÇÌ©Û9Ù�A��&Y²u
�; (e) ·Ü��YÏþ��ÅõÇÌ©Û9Ù�A��&Y²u�

�?�Ú�y¤�ï��YÏþ���5,
· � À J (140 ◦W, 9 ◦N) : ? 1 � Y Ï þ � '
�. ã 3 ����YÏþ�¬� E(OAFlux)-

P (TAO) ��m�ã. Xã¤«, ���YÏ
þ� E(OAFlux)-P (TAO) ��mS�oNþ'�
��, �ùü��mS������~�C, ©O
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� 0.17216 Ú 0.15396. I��Ñ�´, E(OAFlux)-
P (TAO) ��mS���é��²", ù�U´
du��¬�±²þ,  OAFlux �u�¬´l
�²þ����±²þ.

���YÏþ�¬'�YÏþ E(OAFlux)-
P (TAO) LyÑ�pª��mCz. ©Oé��
�YÏþÚ E(OAFlux)-P (TAO) �mS�?1�
ÅõÇÌ©Û [31]. �ÅõÇÌ�ß/LyÑc±
Ï&Ò. Ø
c±Ï&Ò, ���YÏþ�¬�
'·Ü��YÏþ E(OAFlux)-P (TAO) �mS�
�U
�4��ºÝ�&E.

� ? � Ú ' � ( @ � Y Ï þ � � � C z
A�, ©Oé��� YÏþÚ·Ü�� YÏ
þ E(OAFlux)-P (GPCP) ?1²���¼ê (em-
pirical orthogonal function, EOF) ©Û. 3?1 EOF
©Û�c�YÏþ�¬®~��géA�íÿ²
þ|. ã 4 �ü«�YÏþ��Ì�� EOF �m
��ÚéA��mÌ¤©. dã��, üö��m
��Ú�mÌ¤©'��q: 3ÁG, Ü��²�
Ú»�ËÜ� ���YÏþ�m��LyÑ�
uJ{�A�, gG�� (=�YOõ). T���
�N
;.�G!5CzA�. éÌ¤©��m
�?1�Å©Û�?�ÚL²
ù«G!5C

z, �Ú E(OAFlux)-P (GPCP) �', ���YÏ
þ�¹�õ�pª¤©. ��¬Ø��¹Ú*ÿ
�Ó�$ª&E, ��¹�mªÇ�p�ºÝ&
E (�ã 4 ±Ï - �m�ã).

4 ?Ø��(

1) |^ Argo íÝÚíÝ�§�ï
 2002 c 1
� 2008 c 9 �±²þ��YÏþ�¬. ÏL��
a]�!Õ:]��'�, uy�ï��¬U�Ð
/�Níÿ5²þ|!G!5Cz9Ù¦�
p
ª&Ò. ù
(JL², ¤�ï��YÏþ�¬´
�&�, äk���A^cµ.

2) �, Argo 2I��/O\
íÝ*ÿ, �
§3,
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Øv±Jøv
�*ÿêþ. ,	, OSCAR 6�Ø
U���x·Ü��²þ6|, ù
Ñé��¬
�°ÝE¤
�½�K�. ���´, d�ïÄ
(JL²: |^ Argo íÝÚíÝ�§5�ï�Y
Ïþ�¬��{´�1�, �ïá�YÏþ�¬J
ø
��#å».
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[3] Romanova V, Köhl A, Stammer D, Klepp C, Andersson A, Bakan
S 2010 Tellus A 62 435

[4] Béranger K, Barnier B, Gulev S, Crépon M 2006 Ocean Dyn. 56
104

[5] CLIVAR Salinity Working Group 2008 Oceanography 21 82

[6] Andersson A, Bakan S, Fennig K, Graßl H, Klepp C, Schulz J 2007
Electronic Publication World Data Center for Climate

[7] Andersson A 2009 Ph. D. Dissertation (Hamburg: Universtät
Hamburg)

[8] Adler R F, Huffman G J, Chang A, Ferraro R, Xie P, Janowiak J,
Rudolf B, Schneider U, Curtis S, Bolvin D, Gruber A, Susskind J,
Arkin P 2003 J. Hydrometeor. 4 1147

[9] Xie P, Arkin P 1997 Bull. Am. Meteorol. Soc. 78 2539

[10] Kanamitsu M, Ebisuzaki W, Woollen J, Yang S K, Hnilo J J, Fior-
ino M, Potter G L 2002 Bull. Am. Meteorol. Soc. 83 1631

[11] Simmons A, Uppala S, Dee D, Kobayashi S 2007 ECMWF
Newslett. 110 25

[12] Zhou T 2003 Progress in Natural Science 13 626

[13] Cronin M, McPhaden M 1998 J. Geophys. Res. 103 27567

[14] Mignot J, Frankignoul C 2003 Climate Dyn. 20 555

[15] Wang H Z, Zhang R, An Y Z, Chen Y D 2011 Marine Sci. Bull.
30 127 (in Chinese) [��7, Ü>, S�Î, ��� 2011 °�Ï
� 30 127]

[16] Foltz G R, McPhaden M J 2008 J. Geophys. Res. 113 C02013

[17] de Boyer Montégut C, Madec G, Fischer A S, Lazar A, Iudicone
D 2004 J. Geophys. Res. 109 C12003

[18] Kara A B, Rochford P A, Hurlburt H E 2000 J. Geophys. Res. 105
16803

[19] Kara A B, Rochford P A, Hurlburt H E 2003 J. Geophys. Res. 108
3079

[20] Foltz G R, Grodsky S A, Carton J A, McPhaden M J 2004 J. Geo-
phys. Res. 109 C03052

[21] Michel S, Chapron B, Tournadre J, Reul N 2007 Ocean Sci. Dis-
cuss 4 41

[22] Cui H, Zhang S W, Wang Q Y 2009 Acta Phys. Sin. 58 6509 (in
Chinese) [wù, ÜÖ©, ��� 2009 ÔnÆ� 58 6509]

[23] Zhang S W, Cao R X, Zhu F Q 2011 Acta Phys. Sin. 60 119201 (in
Chinese) [ÜÖ©, ùaÈ, Áº� 2011 ÔnÆ� 60 119201]

[24] Mignot J, Frankignoul C 2004 J. Geophys. Res. 109 C04005

[25] Delcroix T, Cravatte S, McPhaden M J 2007 J. Geophys. Res. 112
C03012

[26] Zhang R H, Busalacchi A J, Murtugudde R G, Arkin P A,
Ballabrera-Poy J 2006 Geophys. Res. Lett. 33 L02605

039202-5



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 039202

[27] Miller J 1976 J. Phys. Oceanogr. 6 29
[28] Stevenson J W, Niiler P P 1983 J. Phys. Oceanogr. 13 1894
[29] Moisan J R, Niiler P P 1998 J. Phys. Oceanogr. 28 401

[30] Romanova V, Kohl A, Stammer D, Klepp C, Andersson A, Bakan
S 2010 Tellus A 1

[31] Torrence C, Cpmpo G P 1998 Bull. Am. Meteorol. Soc. 79 61

Freshwater flux product reconstruction based on
Argo data and mixed layer model∗
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Abstract

Sea surface freshwater flux (FWF, evaporation minus precipitation) plays an important role in understanding and modeling atmo-

sphere and ocean processes, but there exists strong disagreement between different freshwater flux estimates. In this study, a weekly

sea surface FWF product is reconstructed for the period from 2002 through 2008 based on the mixed layer salinity balance model for

the first time, by combining the Argo data with OSCAR current data. Compared with the other precipitation and evaporation data from

satellite product and TAO observations, the reconstructed FWF can capture not only the seasonal cycle of freshwater flux, but also some

high-frequency features of freshwater flux. The FWF product provides a useful tool for studying the climate variation over the ocean.

Keywords: freshwater flux, Argo, mixed layer, salinity balance equation
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