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Water mass transport and its controlling mechanisms between the

Changjiang Estuary and Subei Coastal Water during the summer

ZHU Ping, WU Hui

(State Key Laboratory of Estuarine and Coastal Research, East China Normal

University, Shanghai 200062, China)

Abstract: The objective of this study was to investigate summertime water movement

and its response to wind and tidal forces between the Changjiang Estuary and the

Subei coastal area based on a high-resolution, three-dimensional numerical model. The

volumetric flux and the freshwater transport from the Changjiang River and the Subei

local rivers were quantified across a number of cross-shelf sections. The results indicated

that, under the studied climatologic conditions, the net transport in the Subei Coastal

Water is generally northward. The velocity of this northward transport reaches 10 cm/s in

the shallow area. Offshore transport occurs in the vicinity of the Sheyang Estuary, with a

net transport velocity of circa 7 cm/s along the 40 m isobaths. The sectional water flux is
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related to the tidal range, which reaches a low point in neap tide and a high point in spring

tide, respectively. The tide has great impact on water movement in this area. Without the

tide, the net water transport is entirely northward north of the Changjiang River Estuary

and the southeastward transport along the 40 m isobaths vanishes. On the other hand,

the monsoon has no significant influence on the water movement; it only adjusts the water

transport in a few local areas.

Keywords: Changjiang Estuary and Subei coastal area; water movement; dynamic

factor; numerical simulation
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w�G!5Cz. gG�1 Hº, HÜ°�L.�Y§©O� 27.4 ◦C Ú 26 ◦C, �Ü°�
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^´», =��6\��°�, ¿�3 33.5◦N NC�)lW$Ä.

,
8c�é�ô����°��mYN$ÄïÄÌ��½5©Û, éugG��6

Ä�YN$Ä"y½þzïÄ, y|*ÿ�Ã{©Ûü�ÄåÏféuT«�YN���

K�. Ïd, �©|^��CXÐ�À°«��n�YÄåê��., ½þzïÄ
gG�

ôà����°��m�YN$Ä5Æ, &?
ü°«mYN��éu�N!º�	ÜÄ

åÏf��A, ¿O�
��÷WA½ä¡þ�YNÏþ!�ô�YÏþÚ��à6�Y



1 4 Ï Á ², �: gG�ô����°��m�YN$Ä9ÙéÄåÏf��A 173

Ïþ.

36°N

35°N

34°N

33°N

32°N

31°N
120°E 121°E 122°E 123°E 124°E119°E

/

海州湾

5: dH��o�ä¡©O� a!b!c Ú d ä¡

ã 1 ïÄ«�//ã

Fig. 1 Topography of the study area

2 ïÄ�{

2.1 �.0�9��

�©æ^n�YÄåê��. ECOM-si é�ôà����°��m�YN��?

1ïÄ. Tê��.æ^ HSIMT-TVD(3rd High-order Spatial Interpolation at the Middle

Temporal Level-Total Variation Diminishingschemes) ²6�ª¦)Ô�Ñ$�§[16], �[�

�ºX
À¥I°¤k«�±9F�°Ü©«�(�ã 2). �.Y²��æ^­����

��, 3��°����°Ý� 2*3 km; R�þæ^�þ!©Ù� σ �I, �©� 20 �.

Tê��.éu�ôÀ�Y3�ô�±9��CW°���[ïÄ®²��
¿©��

y[15,17-18].

�.�Ð©§Ý|ÚíÝ|æ^ SODA(Simple Ocean Data Assimilation) õc�²þ

� 1 �°�§í©Ù|. 	°m>.�ºe�6Ú�6�U\, Ù¥, ºe�6� SODA �

²þêâ, �6d 11 �Ì�©�|¤. |^{II[�¸ý�¥%(NCEP)õc²þ�º

|êâ���.�º|, °í9ÏþKd�í�é§Ý!Ør!�Ý!�þ�|^¬Nú

ª[19]O���. »6>.^��)
õc²þ��ô»6Ú��»6. ��à6�íÿ�

c»6þ� 297.6 m3[2](=õc²þ�c»6þ, eÓ), ëY�� 4 ��(7—10 �)\°�Y

þ²þ� 210.7 m3, ëY�� 4 ��(12 �—Ëc 3 �)\°�Yþ²þ� 31.6 m3. ��íÿ

�»6þ²þ©�3ô�÷W� 50 �»6>.þ, ¿Ì�8¥u��à(�ã 1)9Ù±�«

�. �.k$1 1 c��­½G�, ,�©O3�ôÚô�÷W�»6>.\\ü«ßÝþ
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� 1 �ØÓ«lJ, ±«©ü«�Y3�ô����°��g�$Ä�¹.
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Ù¥, C �«lJßÝ, D�Y�, u!v Ú w ©O��À!��ÚR���Ý, Kh Ú Kv ©

O�Y²ÚR��*ÑXê.
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Fig. 2 Mesh scope of the numerical model

�©����
 3 |ê�Á�. 1�|ê�Á�3íÿ�^�e$1 3 c, Ù{ü|Á

�3�1�|Á����Ó��¹e$1üc, ¦�ª��­½G�, ��ª$1�1 3 c

�, 3ü|Á�¥©O£Øº½�Nü�ÄåÏf, =©O�ÃºÚÃ�Á�. 3��÷W

z��½ål����ä¡(�ã 1), O���ä¡þ�YNÏþ!�ô�YÏþÚ��à

6�YÏþ, ^u©Û�ôà����°��m�YN��NÈ9ÙéØÓ	ÜÄåÏf

��A§Ý.

2.2 �.�y

éíÿ�^�eO�ÑÑ�Y ?1NÚ©Û, ��
�.�[� M2 ©��Ó�

ã(�ã 3). dã 3 wÑ, M2 ©�÷XÀ°�ºedH��D\�°, 3�°�3ü�Ã�

:, ©O u�°�ÜÚH�°ÜÜ. �.�[���Ì�Ú�� �3�!À°°�þ�

�V=[4]�Ñ� M2 ©�Ó�ã(JÄ���.

3Ó�íÿ�^�eÑÑ
�.O��gG6|, ¿?1�²þ?n���
gGL

�6|©Ùã(�ã 4). �.�Ð/2y
�)ç�!��æ6�­��6A�, ¿�3�

ô�NC, L�YN�À���$Ä��Ý'��, ù��L��ôÀ�Y3gG À��
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ã 3 M2©�Ó�ã

Fig. 3 Cotidal chart of M2 tidal constituent

þã��.O�(J±9± T�.�ïÄ¤JL², Tê��.U�Ð/�[�ô

�9Ù�C°��YN$ÄG¹,�ïÄ�ô����°��m�YN$ÄJø
Ä:.

3 (J�©Û

ò�.1 3 c 8 �°�O�(JÑÑ¿?1�²þ?n, L�gG��[(J.

3.1 íÝ©Ù

íÝU^5ÐÚ�«�Y�Ñ$�¹. dã 5 ��, 3íÿ�^�e, ��à�NC�

3 À���*Ð�$íY�, KT«��3lW�YN$Ä, l
ò�Y À���Ñ$,

T�[(J�¢ÿ�gGL�íÝ©ÙG¹����[8]. dugGÀHº�º) Ekman �

A��^, �ôÀ�Y3lm���, �)À���*Ð$Ä. 3Ø�ÄºAå�^�e, �

�°�L�íÝ©Ù��N5(��íÿ�^�¿vk���O, ==u)
�
«�5

�Cz. �ôÀ�Y�À��*Ð�L�$íY���
, 
 u��	° 34◦N �$íY

N�Ñ$�íÿ�G¹eu)
wÍCz. ��à�?�$íY�k�ÀlW*Ð, ¿3

40 m ���NC÷X���=��ÀH��*Ð. 
3��f�NC, du"�
 Ekman l
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Fig. 4 Surface currents in summer

36°N

34°N

32°N

120°E 122°E 124°E 120°E 122°E 124°E 120°E 122°E 124°E

35

30

25

20

15

psu

5: �L«íÿ�^�, ¥L«Ãº^�, mL«Ã�N^�; ¢���íÝ�, m�� 1 psu, Ù¥, ùÚ¢�

� 30 psu �íÝ�; çÚJ�� 40 m ��Ý�

ã 5 gGL�íÝ|

Fig. 5 Surface salinity in summer

WÑ$��^, CW�$íYN�\;b°W�©Ù, 30 psu (¢^íI)�íÝ���uí

ÿ�^��WÂ . �Ø�Ä�N��^�, ��°��L�íÝ©Ù�íÿ�^��'u

)
ã�Cz. �ôÀ�YÀ��*Ð?�Ú\r, ¿���?\�°SÜ. L��ôÀ�
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YÌN� 26 psu �íÝ�������
 34◦N NC; 30 psu �íÝ��	°�Ð, �ä


����°�. 3vk�N��^e, duvk�N·Ü�)�íÝ¹¡�{	, �ôÀ�

Y3lm���U����$Ä?\�°SÜ[17].

3.2 «lJ©Ù

duíÝ�U�«YN¥¤k�Y�N�$Ä�¹,Ã{«©ØÓ5
�Y�$ÄA

�. �
?�Ú¿ÛØÓ�Y
3��°��$ÄG¹, ©O©Û
�ôÚ��à6�Yü

««lJL��©Ù�¹.

3.2.1 �ô�Y«lJ©Ù

3íÿ�^�e, 34◦N ±H«���ô�Y«lJ©Ù(��íÝ©Ù(��C(�ã

6), L²T«��YNÌ�É��ô�Y�K�. �ô�Y«lJ3lm���, �À��

�*Ð; ,	, 3ô�CWk��pßÝ�«lJY�, ¿3 34◦N NCÅìlW*Ð, �þ

«lJ?\�°SÜ. ùL²Ü©�ô�Y÷Xô�CW��$Ä?\��°�, 3$Ä�

34◦N NC«��m©=�lW$Ä, 3lW�L§¥kÜ©�ô�Y�À�$Ä?\�°

SÜ. 3vkºAå�^e, �ô�Y«lJÀ��*Ð�Y��WÂ , Ó�ô�CW�

pßÝ«lJY����
. T«lJ©Ù�¹?�Ú`², gG�ôÀ�Y�À���Ð

�$íY�´dÀHº�º) Ekman Ñ$�; ,	, gGºAå�^�¦��ô�Y�k

|u��$Ä?\��°�. �vk�N�^�, L��ô�Y«lJlm���, pßÝ

«lJY���*Ð, 3$Ä���f�«��K=��À���$Ä?\�°SÜ, ô�

��÷Wþ©ÙX�ô�Y«lJ.
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5: çÚ�«lJßÝ, çÚJ�� 40 m ��Ý�, ã 7 Ó

ã 6 gG�ô�YL�«lJßÝ|

Fig. 6 Surface tracer concentration of Changjiang freshwater in summer

3.2.2 ��à6�Y«lJ©Ù

du��»6þ�m©Ù�É��, \°»6Ì�8¥u��à��/à�(�ã 1)N

C. ,	, duYN���6Ä, ��°�HÜ�YØä��Ñ$, ��à6�Y«lJ3í

ÿ�^�eÌ�©Ùu��à�±����CW°�, ¿�3T«��)lW�YNÑ$,

��à6�Y«lJ�À$Ä?\�°SÜ(�ã 7). 3vk
gGÀHº��^e, ��

à6�Y«lJ3��°�CW©ÙG¹�íÿ�^�eÄ��Ó. �´3lW$Ä�L

§¥, du��°�gGL�6|Ì�Éº|��[6-7], 3"�º) Ekman Ñ$��¹e,

«lJØ2´���À$Ä?\�°SÜ, 
´÷X 40 m ����ÀH��$Ä, T©Ù

�Û���AÄå^�e�íÝ©Ù(��Ó. �vk
�N��^�, ��à6�Y«l

JlW$Ä��, �þ��à6�Y«lJ©Ùu��°��Ü. 3ô�CW«�, ��à
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�±H«��Ñy
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Fig. 7 Surface tracer concentration of Subei freshwater in summer

3.3 6|(�

�
©Û��°��N�YNÑ$�Û, ØU==ïÄL�YN�$Ä�¹, 
�é�

�YN�$Ä5Æ?1ïÄ©Û. �©O�
YNR�²þ�ÀÑ$�Ý, ={6�Ý, ±

d5ïÄ��°�YN��N$Ä5Æ. Ù¥YNÀÑ$�Ý V �O�úª�

V =

〈∫η

−H
Udz

〉

〈H + η〉
. (2)

Ù¥, 〈〉��²þ�f, H �²þ°¡�°.�ål, η�Y Cz, U �R�uä¡�Y6

�Ý, z�­�È©��Ý.

dã 8 ��, �NéugG��°�YNÑ$�K�´��­��, 
Gº==´UC


YNÑ$�Ý���, ¿vkUCYN��N$Ä5Æ. 3gGíÿ�^�e, ��°�

YNÀÑ$����N��. Ù¥, 3�ô����à�CW«�, YNÀÑ$�Ý��, c

Ù´3��f�NC, duY��f, �� Stokes ¤6�~r�[15], YNÀÑ$�Ý��


10 cm/s.  u��°� 34◦N ±�«��YNÀÑ$�H, 3��à�NC���6Ä�Y

N�)Ëà, �À�lW$Ä, ¿3 40 m ���NC÷XT���=�ÀH��$Ä, YN

ÀÑ$�Ý� 7 cm/s �m. 3vkgGºAå�ö��^e, ��°�HÜYN���À

Ñ$�Ý'íÿ�^�ek¤~�, 
T°��ÜYN�H�ÀÑ$�ÝKÑ�O�, �Y

NÑ$���ÚkGº�^��¹´�Ó�. �Ø�Ä�N�^�, YN$Ä�Û�cü«

�Éã�. �ô�NC�YN÷Xô�°W���$Ä���f�NCBm©=�À��

��$Ä. ù�¦���f�NC�\°»6U
�33�/, ¦T«��±�p��Yß

Ý(�ã 6). ��à�NC�YNlW$ÄÚ��	°÷ 40 m ����YNÑ$y�þ�

�. ��°��Ü�YN�)���YNÀÑ$, TYNÑ$�Û����à6�Y3\°

��N��Ñ$(�ã 7).

3.4 ä¡Ïþ

3
)
��°�YN�N$Ä�Û�Ä:þ, �©3��÷W��
o���ä

¡(�ã 1), ¿O�
��ä¡þØÓÄå^��^e�YNÏþ!�ô�YÏþ±9��

à6�YÏþ. Ù¥, ���Ïþ���, �HK�K�, ±d5þzgG��°���6Ä

�YNÑ$NÈ, ©Û�ô�YÚ��à6�Yä¡Ïþ�÷§Cz, ±9T«�YNÑ$
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éØÓ	ÜÄåÏf��A§Ý. ä¡Ïþ�O��m� 15 d, CX
�������Ú�

�. �©�ÏþO�(Jþæ^ 34 h �$ÏÈÅ?1�²þ?n.

36°N

34°N

32°N

120°E 122°E 124°E 120°E 122°E 124°E 120°E 122°E 124°E

20 cm/s 20 cm/s 20 cm/s

5: �L«íÿ�^�, ¥L«Ãº^�, mL«Ã�N^�

ã 8 R�²þ�YNÀÑ$�Ý

Fig. 8 The vertically-averaged net transport velocity

ä¡YNÏþ W �O�úª�

W =

∫ ∫
UdA. (3)

Ù¥, A�ä¡�¡È, U �R�uä¡�Y6�Ý, eÓ.

ä¡�YÏþ FW �O�úª�

FW =

∫ ∫
UCdA. (4)

Ù¥, C ��ô�Y½��à6�Y�«lJßÝ, ��L�A�YßÝ, 3�Yà
«l

JßÝ� 1, 3	°K� 0.

3.4.1 ä¡YNÏþ

3vk�N�^e, YNä¡Ïþ'�­½(�ã 9), 3��ä¡þþ�þ�±3

20 000 m3/s �m. 
3k�N��^e, ä¡YNÏþ��mCz��, �Ó���, ��

ä¡�m�YNÏþ�Ø�Ó. 3ä¡ a þ, íÿ�^�eYNÏþ�vkºAå^�e�

ª³�Ó, �þ��'��C. 3��Ïm, ä¡ a ��YNÏþ��, �k 10 000 m3/s �

m; 
3��ÏmYNÏþK����, ��
 50 000 m3/s. 3ä¡ b þ, íÿ�^�ÚÃ

º�Äå^�e, YNÏþ�ª³�þ���mCzÄ��Ó, Ï�T«��NÄåAO

r§, Ó�gGºAå'��, �NÄåÓýé`³. ��Ïm, üö�YNÏþ� 10 000

m3/s; 3��Ïm, Kþ� 30 000 m3/s �m. 3 c ä¡þ, íÿ�^�ÚÃº�Äå^�e

�YNÏþÑk�O. 3���, íÿ�ä¡YNÏþ�k 5 000 m3/s �m, 
vkºAå

�^�^�e, Tä¡YNÏþ�Cu 0; 3��Ïm, íÿ�^��YNÏþ�±3 20 000

m3/s�^, Ãº^�e�YNÏþKÑ�$uíÿ�^�, ���� 3 000 m3/s. 3 d ä¡

þ, íÿ�^�ÚÃºÄå^�e�YNÏþ�u 0, =Tä¡þYN�HÑ$. duTä¡

 u�N�^���^=�ÅXÚ¥, YNÏþvk²w����Cz, 3��O��mS,

±þü«Äå^�e��H�ä¡Ïþþ�±3 15 000∼20 000 m3/s.

3.4.2 ä¡�ô�YÏþ

du�ô�Y�«lJßÝ3��÷W¥yÑdH��Åì~��ª³, Ïd, ��ä
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¡þ��ô�YÏþ�Ä�¥yÑdH��Åì~��ª³(�ã 10).
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Fig. 9 Sectional water flux

3íÿ�^�e, a!b Ú c ä¡��ô�YÏþþ���, ���÷§���Ïþ3

2 000*5 000 m3/s ��S, ���Kþ�Cu".  u��à� d ä¡þ, YNÀÑ$�H,

�ô�YÃ{��T«�, ÏdTä¡��ô�YÏþ©ª�".

3vkºAå�^^�e, ��ä¡þ��ô�YÏþCzª³�íÿ�^�eÄ�

�Ó, ==´þ��íÿ�^�ek¤�O. 3Y��f�«�, ºAåéuYN$ÄK�

'��. 3vkºå�^�, b Ú c ä¡��ô�YÏþþ~�
 1 000 m3/s �m, �ä¡�

�YÏþ�,��, Ù¦ä¡��ô�YÏþK�íÿ�^�e�Ó. 3vk�N�^�Ä

å^�e, a ä¡��ô�YÏþd 10 000 m3/s �X�mÅìü� 6 000 m3/s �m, Ù¦

ä¡��ô�YÏþK­½/�±3 1 500∼2 000 m3/s, =°²�S©ÙX�½þ��ô�
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Fig. 10 Sectional flux of Changjiang freshwater

3.4.3 ä¡��à6�YÏþ

��÷W\°à6ÓÏ�²þ»6þ�L 2 000 m3/s[20], ¿�Ì�8¥u��à9Ù

±�«�.

3íÿ�Äå^�e(�ã 11), a ä¡����YÏþ�Cu 0, = a ä¡?A�vk

���YÑ$. b ä¡����YÏþ3��Ïm� 200 m3/s, 
3���� 500 m3/s. c ä

¡����YÏþ��, Tä¡NC���à6»6þ��, 3��Ïmk 300 m3/s, ��

���
 900 m3/s. du 34 ◦N ±����°�YNÀÑ$�H, 3 d ä¡����YÏþ

�K�, =T?��Y�HÑ$, ���Ï��YÏþ� 300 m3/s, ���ÏK�Cu 0.

3ÃºÄå^�e����YÏþ�íÿ�^�eÄ��Ó, ù�U´du��\°

»6þ��, 3YN$Ä5ÆCzØ���¹e, ���YÏþ�Cz�'��. 3vk�

N�¹e, ��÷W�YNþ��$Ä, ���ä¡���à6�YÏþ����, �dH
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��ÅìO�. �Hà a ä¡����YÏþ� 50 m3/s, 
��à d ä¡����YÏþ

��
 900 m3/s.
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Fig. 11 Sectional flux of Subei freshwater

4 ( Ø

�ô����°��mgGYN���6Ä´Cc5¯õ°�ÆöJÑ��Æ*:,

�©3dÄ:þ, |^p©EÇ�n�YÄåê��ª ECOM-si, éT°�gGYN$Ä?

1
½þzïÄ. &?
3íÿ�!ÃºÚvk�N�^�ØÓÄå^�e, �ô����

°��m�YN$Ä5Æ, ©Û
ØÓÄå^�eT°��íÝ©Ù�¹!�ô���à

6�Y«lJ�©ÙG¹!6|(�, ¿O�
ô�÷Wä¡�YNÏþ!�ô�YÏþ

±9��à6�YÏþ. 3ØÓÄå^��^e, �ô����°��m�YN$Ä�3Ø

Ó��A§Ý.

3íÿ�^�e, �ô�Y;bô�°W��$Ä?\��°�, 3 34◦N NC=�l
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W$Ä, �þ�ô�YlW$Ä?\�°SÜ, Ù{K÷X 40 m ��� ÀH��$Ä. �

��YÌ�©Ùu��à�±����CW°�, ¿�3 34◦N NClWÑ$?\�°SÜ.

Ø
°²�NC°�	, ��°��YNÀÑ$�N��. Ù¥, ��f�NC�ÀÑ$�

Ý�� 10 cm/s, ��à�NCYNÌ��lW$Ä, ÷ 40 m ����YNÀÑ�H, Ù�

Ý� 7 cm/s �m. ��÷WYNÏþ9��YÏþdH��Åì~�, 34◦N ±H/«YN

ÀÑ$��, �äk²w����Cz. �ô�YÏþl�ô�NC� 5 000 m3/s �m��

Åì~��". ���Y�K�8¥3��à±�°�, ��ä¡Ïþ� 900 m3/s.

3vkº�^�Äå^�e, ��°�YNÑ$�Û�íÿ�^�e�'Ä�ØC, =

þ�u)
Cz. ��HÜ°����YNÀÑ$�Ýk¤~�, ÷ 40 m ����ÀH�

YN$ÄK\r, ÷W�YNÏþÚ�YÏþ�Cz��, ¿�,�±X���Cz�5Æ.

3vk�N�^�Äå^�e, �ô�±�°��YNÀÑ$þ��, ÷ 40 m ��

��ÀH��YNÑ$y���. �þ�ô�Y��$Ä?\�°SÜ, ����°�í

Ýþ�u 30 psu. ����÷WYNÏþÚ�YÏþþ��, �ä¡YNÏþþ�±3

10 000∼20 000 m3/s.
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