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�¬ (CMAP)[9], NCEP-R2[10] Ú ERA-interim 2©
Ûêâ [11]. ,
, ù
�YÏþ�¬�Oé� [12],
��m©EÇØp (�õê�m©EÇ�Å�½±
þêâ).

3°LíÝÂ|²ï¥, �YÏþå��~
­���^ [13]. �du±cíÝ*ÿ��D�
�Ï�, ����íÝÂ|²ï�§����3
�½�Ø(½5 [14]. �X Argo *ÿ��¤á, °
�íÝ�*ÿ��O\, 3,
�ÝÚ«�$�
�L
{¤þ¤kíÝ*ÿ]��oÚ [15]. Foltz
Ú McPhaden[16] �Ñ, Argo §íR�¿¡*ÿò�
±�Ï~�íÝÂ|²ï�§��¥·Ü��Ý
ÚíÝ�Ø(½5. Ïd, ·���Æ¯K´: ´Ä
Uò Argo íÝêâ�íÝÂ|²ï�ª�(Ü�
��¥�YÏþQº

2 êâÚ�{

3O�¥, æ^ Argo ��z§íêâÚ OS-
CAR 6|êâ�(Ü, ÏL·Ü�íÝ²ï�§­
��YÏþ�. Ù¦��uÚüYêâ^ué�Y
Ïþ�¬��J?1�y. ���8I�¬, 5g

* ¥\IS�EÜ� (1OÒ: 2008DFA22230)!I[­:Ä:ïÄuÐOy (1OÒ: 2007CB816005)!I[g,�ÆÄ7 (1OÒ:
40730843) Ú)��nó�Æí�Æ�Æ¬ (�) �ïéÄÄ7]Ï��K.

† E-mail: zren63@126.com

c© 2012 ¥¥¥IIIÔÔÔnnnÆÆÆ¬¬¬ Chinese Physical Society http://wulixb.iphy.ac.cn

039202-1



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

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, l
K�·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,
l
K�·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��£
Ä
3ÁU�H£Ä. ùÚ·�¤Ù��n���
üY�gG��£Ä
ÁGüYK�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,
'�°« (X$Üx�Ú\V'°«) E
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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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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