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Characteristics of sea surface temperature in the Changjiang Estuary

and adjacent waters based on a Self-Organizing Map
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Abstract: Sea surface temperature (SST) in the Changjiang Estuary and adjacent waters

is affected by multiple dynamic processes, which show complex spatiotemporal variability.

In this study, the SST variability was investigated by analyzing modeled results with a

Self-Organizing Map (SOM) method. The SST variations were clustered on seasonal,

spring-neap, and intra-tidal timescales. It was found that the SST pattern remains stable

during the winter and summer seasons but highly variable during the spring and autumn

seasons. A cold water band is present south of the Changjiang River mouth in the winter

season, due to the southward along-shore extension of the Changjiang River plume. A cold

water patch occurs near the Zhoushan Islands, caused by upwelling in the Zhejiang coastal

water. In the Subei coastal water, the cold water patch and tongues were most significant

during the winter and spring seasons.
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1.1 �.0�

�©æ^�ê��.�ECOM-si[19], 5
uÊ�dî°��. POM[20]. T�.nÜ�

Ä
�N!º!»6!°í9Ïþ�õ�	ÜÏ��K�, �^uYÄå!YâÑ$!À

/Ô*Ñ��[ïÄ. �.æ^ 2.5 �ë64Ü�.O�R�Ê¢XêÚR�*ÑXê[21].

|^n�°Ý� HSIMT-TVDê��ª[21]¦)Ô�Ñ$�§¥�²6�L§, k�/~�


ê���¿Jp
�.O��O(5.

�.����)
��À°!�°!Ð°±9F�°Ü©«�, Y²��þ��ê�

367×319. Ù¥, �ô�9�C«����©EÇ3 2∼3 km. R���þæ^ σ �IX, �

©� 20 �. T�.3± �ïÄ¥®²��
�õ�A^[23-25], é�ôÀ�Y«��í

Ý!�NÚ�6�kXéÐ��[(J. �± ïÄ�'5°Y§Ý��[, Ïd�©?�

Úé°Y§Ý?1�[ïÄ.

�.å��m� 2015 c 1 � 1 F, $��m�2c. §ÝÚíÝÐ©^�êâ5


u SODA(Simple Ocean Data Assimilation), Y 96�Ð©|��". �ô»6þêâ�

�ÏÕ*ÿ:¢ÿêâ. ��m>.^��)§í>.^�!�6>.^�Ú�6>.

^�. §í>.^�Ú�6>.^��]���²þ� SODA êâ (http://iridl.ldeo.

columbia.edu/SOURCES/CAR-TON-GIESE/SODA). �
 � � � 6 > . ^ �, k ^ Y 

NÚ~ê(]�5
u Nao Tide dataset, http://www.miz.nao.ac.jp/) $1�., �ÑS>.?

{�6�, 2?1NÚ©Û, �����6>.�NÚ~ê. z����°í9Ïþ|

K´dT����í�é�Ý!°í§�!º�!áÅË�!�íØrÚ�þ]�|^¬

Núª[26]O���. ]�5
u ECMWF(http://apps.ecmwf.int/datasets/data/interim-full-

daily/levtype=sfc/) � ERA-Interimêâ, �m©EÇ� 6 h.

1.2 *ÿêâ

�©¥�yê��.�°§*ÿêâ5g 2016 c 7 ��I[g,�ÆÄ7�
¬��

Êg“�ô��Æ�	¢�ïÄ”�8±9 2016 c 5 �à�°WÆI[­:¢�¿gÌÊg.

*ÿ¤ì� Seabird 25 . CTD.

1.3 SOM�{0�

SOM(Self-Organizing Map) ²�ä´¥=Æö Kohonen(1982) JÑ��«g|�¿

�<ó ²�ä[27], 3êâ&E?n,êâA�J�, ��£O�+�kX¤õA^.

SOM�ä(�©�ü�,Ñ\�ÚÑÑ�,Ñ\��É�?nêâ,ÑÑ��©Û(J.

Ñ\�z�� ²�^Ñ\�þL«. ÑÑ�´äk¬�(���� ²��ä, I�¯k

�½ ²��ä���Úü��ª, kÝ/ü�Ú8�/ü�, z�� ²�Ñk����

þ. ÑÑ�z� ²��Ù±��Ù¦ ²�ý�ë�, ��� ²�¡�*d��Ø, k

ý³��^, ³��ªd���»Ú��¼êû½, ý³��^3ÔöÆSL§¥é ²�

��þ�N!k­��^. SOM�â,«ÆS�{, 3ÃiÒ��¹?1ÆSÔö[28]. ÆS

Ôö�, Äk�?1�þ�Ð©z, ,�O�z���þ�Ñ\�þ�îAp�ål, ål

�C���þ=��Ñö. 2�âÆSÇ¼êÚî¼ål, N�¼���þ, Ó��â��

¼êN�¼���þ±������þ, ù�Ò�¤
�gÔö. ²L�ES�ÆSÔö,

N���þ,¦ÑÑ��Ð/�NÑ\êâ, l
�¤ÆS©a.
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^ SOM ²�ä�{éêâ?1©Û�, Äk�����þ�Ð©z�{!ÑÑ� 

²�����9ü��ª!��¼ê!���»�ëê[29], ù
��é©Û�O(5k­

�K�. SOM ©Û�(J� ²�äÆSÔö�ÑÑ� ²����þ(=��), ±9z�

������ü�, =ù����|�=�����C. �k QE(average quantization error)

Ú TE(topographic error) ü�L«©ÛØ��ëê. QE =²þþzØ�, L«Ñ\��þ

�ÑÑ��þ�²þål. TE =ÿÀØ�[30], L«���ü����ü��g��ü��

êâ¥þz©'. §�����©Û�(J�O(.

SOM 3J�°�6|!§í|!pÝ|±9°Lº|��¡ÑkéÐ�Ly. 2003

c, Richardson�[31]$^ SOM �{©Û
 NOAA X�4;�¸¥( (POES) 3H�Ü°

WH��./«°L§Ý��aêâ. �*/w«
°L§Ý�Ä����ÚcS!G

!ÚUí¯�ºÝ�L§. Cc5, 4[f�[32]|^ SOM Ú GHSOM(growing hierarchical

self-organizing map) �{ïÄ
Ü6Ûp�°�l 1998 c� 2002 c� SST Cz��, ¿'

�
§� EOF �(J�É, �Ñ SOM Ú GHSOM ' EOF 3J�&E�¡�\k�, �±

Ð«Ñ�
��5L§. 4[f�[30,33-34]�|^�u¼ê&¢
 SOM ��«ëê�Y�

ÀJéu©Û(J�K�, �Ñ
·^uA½�¹e�`ëê�Y��½, ¿òÙA^�Ü

6Ûp�ºe6|�º|éA'XÚ¥IH°°LpÝÉ~�ïÄ¥.

SOM ©Û�{éõ���?1nÜ©Û��, �±é°��6?1Äå�¡��\

&?, �Ï<��Ð/n)°��6���ÄåÆÅ�. 4[f�[35]|^ SOM �{éÜ6

Ûp�ºe«�6|!º|Ú§Ý|?1
�'5©Û, uy3UíºÝþ, 6|�Û/

º|��'5�r; 3G!ºÝþ, 6|�Û/ºÚ°L§Ý�3����'5. Tsui Ú

Wu[36]$^ GHSOM �{©Û
½y°b�ç�\�y�, �Ñ����G!!cSCz�

º|!þiç�ÑxÚ�²�c�S����'5.

2 �.�y

du�©¤^�ê��.3± ïÄ¥®²?1
�þ�Y6ÚíÝ�y[23-25], Ïd

�Ð«
§Ý��y(J. ã 1 Úã 2� 2016 c 5 �Ú 7 ��.O�(J�¢ÿ°L§Ý�

�yé'ã. 5 ��ôÀ�YÅìl÷W*Ð=�lW*Ð, ÏdCW�$§YN�	ò�,

3/�þ¥y
�¬z�(�, q�¹¡Ø­½k'. 7 ��ô�	�3wÍ�L�$§�,

Ì�´dþ,6Úå�. 3ã 2 ¥[Ü����Ç� 0.813, �'Xê�²�� R
2=0.9075,

�C 1. l�y(Jw, �.éÐ/2y
�ô��C«� SST ���©Ù5Æ.

3 (J©Û

3.1 2016 c�c°L§Ý SOM ©Û

�
~�O�þ¿(�©Û�O(5, òê��[��� 2016 �cÅ� SST 3

120.5◦E∼126.5◦E, 27◦N∼34.5◦N ��S?1��, /¤�:ê� 36×45 �êâ8; ,��ä

±Ï� 33 h �$ÏÈÅ, �ÅFêâ?1 SOM ©Û.�½Ð©z�{��5Ð©z,ÑÑ�

��ä��� 3×3, ü��ª�Ý/ü�, ��¼ê�“ep”, ���»� [1 0.1], S�gê�

50 g, ¦� SOM ©Û(J� TE Ú QE �¦�U��[30], ¿O(
{'/�NÑ°§�G

!5Cz. ã 3 �ã 4 L«�c°L§Ý�©Û(J. SOM r 2016 cS�°L§ÝCz©

� 9 ���(�ã 3), z���mþ�L«
ù«��Ñy�gêÓ�c�'­. ã 4 þ�

���ü� (BMU)�mS�ã, e�©O�éA�m�«�²þº|!�ô»6Ú°í9
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Ïþ��mS�ã. BMU ã�«Ñl 2016 c 1 �� 12 �, °L§Ý©Ùl�� 1 m©, ±

1 →4 →7 →8 →5→ 9→ 6→ 3→ 6→ 9 →5→ 2→ 1 ��ªCz.
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Fig. 1 Observed (upper panels) and modeled (lower panels) sea surface temperature in May

2016 (left panels) and July 2016 (right panels)
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Fig. 2 Comparison of sea surface temperature between observed and modeled results
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G, ÉÚ�gG, 7Ú�¢G

ã 3 2016 �c°L§Ý SOM 3×3 ���(J

Fig. 3 3×3 SOM patterns of sea surface temperature in 2016 with the frequency of

occurrence given as a percentage

ÁG 12 �.� 3 �¥þÍX�� 1!4 ¤«, §ÝoN�$. 3dL§¥, d�°í9

Ïþ��$(�ã 4), AO3��°, õê���K�, °¡Ñ9, §Ý±Yü$, ±�°L§
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Ýd�� 1 C��� 4. Ød�	, �°«6|Úº|��¸^�éÛÜ°«§Ý©Ùk²

w�^. ÁG�1 �º, �ô»6þ�$. ��°��3eY«, �ÀH��ò�/¤$§

Y�, $§��ôÀ�Y�H*Ð, �ô�HÜ÷W�3$§�. ú±÷W	°Kduç�

Ú��æ6�K�,§Ý�p.
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Fig. 4 BMU time series(first panel), time series of local wind(second panel), runoff(third

panel), and air sea heat flux(fourth panel) in 2016

SG 3 �eÍ� 6 �¥þÍ, ��± 7→8→5→9 ��ªCz. 3ùÏm��Ë�Or,

°í9ÏþO�, °¡á9O\, Ïd�Nþ°L¡§ÝÅì,p. d�º|Ø­½, »6þ

ÅìO�. ��Ú�ô�	�eY��,�3, �ôÀ�Y�*Ðu)
=C, ú±÷W�

H*Ð�$§�ÅìÂ , À�Y���ÀHÚÀ����*ÐOõ. p§�ç�9��æ

6�,3ú±	°���\À°.

gG 6 �eÍ� 9 �¥þÍ, X�� 3!6 ¤«, °í9Ïþé�, °Yá9þ�,§Ý

oNpu 25◦C, 7 �.� 8 �¥Í§ÝÊH�� 30◦C ±þ. gG�ô»6�� 70 000 m3/s,

�Ü©�m�1 Hº. ��$§«�,�3, ��ÀH���$§Y�~f. úôC°, A

O´°ì+�NC�3$§«, � 24◦C �m, Ù�úô÷Wþ,6k', Tþ,6å©u 5

�, 7—8 ����r[9,11]. gG�ô»6ã����	�1 Hº,¦À�Y�À�*Ð, é

T°�°§�©Ùk­�K�.

¢G 9 �eÍ� 12 �¥þÍ, °§Ì���� 9!5!2, �ª£�
�� 1, ùã�Ï

°í9Ïþ~�, °LÑ9Oõ, §ÝoNü$. º�Ø­½,  �º�u)ªÇOõ, »6
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þÅìü�� 20 000 m3/s. ��$§«�,�3, �°�Hò��eY�Åì��,§ÝF

Ýªu²�. �ôÀ�YÅìd�ÀHÚÀ���*ÐC��ú±÷W*Ð. ç�«�,§

Ý�p. ·�uy�� 5!9 3SG�Ñy, `²S!¢G°L§Ý�©Ùäk�q5, þ´

Á!güG�p�O�LÞ��.

3.2 2016 cgG°L§Ý SOM ©Û

þ©©ÛL²gG§Ý©Ù�ã 3 ¥��� 3 Ú�� 6, §Ý�©Ù/���­½. �


?�ÚïÄùã�Ï°L§Ý�°[Cz±9K�Ï�,·���ùã�Ï�°L§Ý

?1 SOM ©Û. Ó�, éz��êâk?1$ÏÈÅ±�K�N���pª&Ò, 2�ÅF

�|êâ?1 SOM ©Û. Ï�©Û�Uê�á,·�r(J�½©� 4 ���.

©Û(JXã 5!6 ¤«, gG SST Cz�w�o�Ì����m�=�. �� 1 Ú 3

�oN§Ý�$, �� 2 Ú 4 �oN§Ý�p. (Ü���ü�, §Ý3 7 �¥þÍ�$, �

ô�HÜFþ§Ý� 28 ◦C �m, �Ü���°�� 23∼26 ◦C. 7 �"§Ý,p, �Ü©/«
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Fig. 5 2×2 SOM patterns of sea surface temperature in the summer of 2016 with the

frequency of occurrence given as a percentage
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Changjiang Estuary(122.55◦E , 30.95◦N) in the summer of 2016
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Fig. 7 1×2 SOM patterns of sea surface temperature with the frequency of occurrence given

as a percentage from July 26th to August 1st, 2016
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