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�� ��������	
�������, ��������� 1/6°. ���

���� !�"#�$%&�'()*)+,-�./"�012�. 3�4567

8�9:;<3��'(,-=>�8?@�AB. 45CD, � !�EFGHI

J��'()*)+,-�� 5.3 Sv, 0.57 PW" 184 GgKs−1, LMGHIJ�� 1/4,

NO!�PQ1	RGS	IJ��TU�VW�. #��XY,-�.� 25.6 Sv,

2.32 PW" 894 GgKs−1, Z�[R 1/4� \N]6^_]W`�aV. *1b>cN

O, !�dQe"�fg�h*�i, Z�� 0.08 PW; j�fkdlm#�g�h*

�i, Z�� 0.05 PW.

��� �� �� ��	
 �	
 �	
 �� �����

��������	
�������������, ����������� [1,2].

!"#$�%��&'��()*+, Fang ,[3,4]-.�/01�2345678�9:;

<23��5=>?��@���ABCDEF�%�� . GH, Metzger ,I Lebedev

,[5,6]�JKLMNOPQ?3��RSTUVWX�Y�Z[\. ]^_`abc, 3�@

��������d��e��, fgh�����, ijkl��mdeno �. pq

rYsG���Ltuvklw���LtxYdyz�{|�, ]8�}~����\L

tY����������];��, m��v_`���x�I����w���x��

en��.

1 ����

�_`��P;�������klLt , YsG�=z(0�~53�N, 99�~149�E)��

1/6�z��, ��3�@� �����, kl=z¡¢z��£ 3�. 0z��¢z��

��x�£z��¤¥�¦�?§�. ¨A©4z 15 ª, G�/|¡�(25 m), 46¤¥�

«[7].

Lt¬��®¯©°£±s²³´µw¶�l�·¸¶¹�º»¼�½¾©¿Lt

2002-02-08��

* ������	
���(��: G1999043808)���������(���: 49876010)���������(��:

97-926-05-01)��� 863������(��: 2001AA630910)� ���!"#$%&'(��: KZCX2- 202A)()�*
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MOM2.0À�. �/ÁÂ¸� Hellerman,[8]ÃÄ�ÅK; �/Æ@Ç14 Levitus,[9]ÃÄ

KÈG. ®¯� Levitus,[9] 1ÉÆÇÃÄK£Ê¾��, �Ë) (Prognostic)©t®¯ 6 a,

B
�ÌÍÎ. �ÏrÐ_`���Ñ�?¿(ÒÓÔÕ,[10]), f�Ö 6 a LM×.�ØÉ

�ÅK_`Ø��ÃÄÎ�Ù. Ú 1O. 2É 8É��ÛJzÜ.

� 1 ���� 2 �(a)� 8 �(b)�	
�(ψ)�

+,-./0 2Sv( ψ <10 Sv1)2 10Sv( ψ >10 Sv1)

£P_`Ø��x�, ��Ý·Þ@ßàÇàRS�á, â�T���k=��|ã

äå¨Aæ/, ç6t®¯.Q?Øæ/�·ÞRSK FV, ßRS FHÇRS FS:

, ,V i i k k
i k

F l v z
 

= ∆ ∆ 
 

∑ ∑

, , , ,H p i i k i k i k k
i k

F c l T v zρ
 

= ∆ ∆ 
 

∑ ∑

3
, , , 10 ,S i i k i k i k k

i k

F l S v zρ − 
= ∆ ∆ × 

 
∑ ∑

��, i� k�����	
��������; ,i kv ��� ( , )i k ��������, ���

�; il∆ � kz∆ �� ( , )i k ��������; , ,pc T S� ρ ���� 	!"#$%, &�, '

��(�.

2 ��������	
��

)*+ ,-.�/0�12
34567� 1�8 2. 9� 1:;, <=>?45@A,
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� 1 �������	
��(Sv = 106 m3�s −1)���(PW = 1015 W)���

(Gg�s –1=106 kg�s−1), ����

(a) ������

�� 	
��� ���� ����� ���� ��� ���

1

2

3

4

5

6

7

8

9

10

11

12

8.07

6.56

4.50

2.14

0.08

−1.29

−1.88

−0.93

1.21

4.04

6.86

8.40

1.14

1.00

0.79

0.46

0.09

−0.14

−0.19

−0.08

0.20

0.59

0.95

1.14

1.73

0.92

0.40

0.13

0.01

0.27

1.20

1.44

1.73

2.44

3.07

2.91

0.37

−0.15

−0.47

−0.64

−0.64

−0.39

0.38

0.55

0.65

0.90

1.33

1.13

-0.04

0.56

1.53

2.02

2.35

2.69

2.87

2.07

0.64

-0.32

-0.36

-0.26

−11.27

−8.88

−6.75

−4.11

−1.91

−1.16

−2.40

−3.08

−4.44

−7.65

−11.86

−13.32
�� 3.15 0.50 1.35 0.25 1.15 −6.40
�� 5.25 1.15 −6.40

(b) ���

�� 	
��� ���� ����� ���� ��� ���

1

2

3

4

5

6

7

8

9

10

11

12

0.885

0.721

0.501

0.239

0.006

−0.153

−0.222

−0.111

0.137

0.468

0.788

0.934

0.127

0.110

0.088

0.052

0.011

−0.016

−0.022

−0.010

0.024

0.068

0.110

0.130

0.178

0.094

0.041

0.014

0.003

0.033

0.137

0.164

0.195

0.273

0.332

0.304

0.012

−0.034

−0.063

−0.074

−0.067

−0.037

0.047

0.063

0.065

0.079

0.110

0.084

-0.004

0.054

0.155

0.210

0.244

0.278

0.297

0.217

0.068

−0.034

−0.038

−0.027

−1.027

−0.865

−0.642

−0.366

−0.085

0.044

−0.068

−0.237

−0.630

−1.038

−1.187

−1.174

�� 0.349 0.056 0.148 0.016 0.118 -0.606

�� 0.569 0.118 -0.606

(c) ���

�� 	
��� ���� ����� ���� ��� ���

1

2

3

4

5

6

7

8

9

10

11

12

282.4

229.5

157.6

74.7

2.9

−45.1

−65.8

−32.4

42.3

141.2

240.2

293.9

40.0

34.9

27.5

16.0

3.2

−4.8

−6.5

−2.9

7.1

20.5

33.2

39.9

60.7

32.1

14.1

4.7

0.5

9.6

41.9

50.6

60.5

85.3

107.5

101.8

12.9

−5.2

−16.5

−22.4

−22.5

−13.8

13.1

19.5

22.9

31.6

46.6

39.7

−1.3

19.6

53.4

70.6

82.2

94.1

100.4

72.4

22.3

−11.2

−12.6

−9.1

−394.4

−310.6

−236.1

−143.7

−66.7

−40.5

−84.2

−107.7

−155.2

−267.6

−415.2

−466.2

�� 110.1 17.3 47.5 8.9 40.1 −224.0

�� 183.8 40.1 −224.0
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� 2 �������	
��(a), ��(b)���(c)
 !"#$ Sv, PW% Gg&s−1, �'()*+$,-./��01%

��������	
������. ������� 12�, � 13.3 Sv; ������

6�, � 1.2 Sv; ��� 6.4 Sv. �� 5�������� !"#$%&, '�()*+,-,

�./01234	5$���. 6 5���&����+7� 1.1, 0.3, 1.4, 3.18 0.5 Sv.

69:, �	��&�;���-<=�>?@ 5.3Sv(AB 1/4)&CD, E;FGH@

1.1 Sv&CD.

IJ !K7#J !�L�MNOMP�� !QRS. T����	
���U�

�����IJ��+7� 0.61 PW8 224 GgVs−1. �W�X�	FG��$Y !, �X

(0.57 PW8 184 GgVs−1)�	�X 4���$� !. $�&�ZIZJ !��"[����-

<=�>?U�<=�, ���AB<\>?& 1/4. ]^2_, `ab�	��&�

�cd�efg(globle great conveyor)Whijklm&no. p`ab, ��qr;��

@s�lm&tu. vwxy, ��z9{|}&��K~P����@��&j��. Sv,

P����J=��+���, z9{(∼ 150 m)@�J�, W{(∼ 500 m)@�J�, 6���

9:��&���m������, O���&��(�cd�efg@X+��	��)

�6`�����`�23��.

'#I !P�� !�� cQRS, Sv�
���, 6 �&�� !$¡, EI 

!¢$£. 6#]¤6¥ Ekman  !¦h&9{#$£&, §¨g&��©=ª�; }{

#$¡&, §&¡$�� !«	9{, '¡$I !¢�¤9{I !.

¬@`�lm&7#, ;¤�� !, �8����®�#j¯&, �� 6.40 Sv

(9 1(a)). ';I !¢�	
����&° , �	�±���&®�ª² . �³��
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0.08 PW(9 1(b)). 6�m@´�µ¶, `�#
���ª·, ¸T}{U5�`X+��j;

ª¹; p`�µ¶#PºFG��|%&��»��jR
���¼½¾Y, ¸j;¿��

ª¹. 6�³ÀÁÂM#]�b&IÃÄ5�Å&. Æ�, �ÇÈÉ��Ê��&I�m«	

��ËÈÉ8ÌIZÍIÎÏ, ÐI���TMÑ$��ÒX, ����A� 23 Wm−2.

]¤�Ó¿Ô8�·ÕJ=&³ÖmR©=³Ö��², ¸oPI×ØÓÙ&aÚÛÜ

�b�/Ý���Þß�m³�². T9 1 àá 2 2â�, ���&J !8����j

¯, �ãäå, ���æ��Pç�[è��é2|jê.

3 ��������	
��

OëìWíîï£�ð�`��ñ, �òó�£�. ô�ñ¡�a�	FG��P��

j�, £õ�	ö÷��PøO�j�, E£�a$@ùdúûü�ýP���j�. ]¤ù

dúû�ñþ�, ��í§+� 4�. T��Y+7�FG�¡9ú�ý, ¡9ú���ú�

ý, ��ú�	
�ú�ý�	
�ú��&�����. ��ëì���& !, ��

ÜW������8���´��b. �	»��à�ý&»�8c�����ZIJ

 !_9 28á 3.

Pe���`Ù, �Üw�&���m]FG-¡9ú�ý�, ]������. '

�Ü¬9:, �	¡9ú-��ú�ýÆ@�U�£�, �AB��®�& 1/4�. ���

������ 25.6 Sv. ���	
�ú@���£�, ' !���. FG�¡9ú�

¡9ú���´�ý !��8&01()��, '´�+�RS()Rª,-, 6, #

0!¦h& Ekman  !01()wé. ��ú�	
�ú�b8�����& !�+�Æ

@j�&01(). FG�� !�@�,-&01(), , #0!wé. �ú���

b& !�Æ@ª,-01(), '"=�vFG��. ���& !�¢j;Rª#$.

��¨g%�&I�U�£�, ���I !�� 2.32 PW. ��Æ@2&I��	FG

��$£� !(0.12 PW). ��¨g&I��X+�	�����8���	
�ú�ýË

i���, '@jk�&I�(0.28PW)];'H !�øO�. ]9 2 2_, ]� �i

£�ÒX&I�m²¤ �&I�. 69:�	£��b&ÐI��#]��$�( f&.

]9 22Ü� �&���I��R �² 0.05 PW, �Wr|)0ª�. Sv 2� �R 

�² 0.09 PW, 6;¤*1�+£X,�(-hi�lm&no. | 0.05 PWº|îï£�b

�, 2y�b&I��A� 40 WVm−2, ]��$�(.

]9 2&J !��2y��� ��� 934.6 GgVs−1,  �� 932.4 GgVs−1,  �R 

�² 2.2 GgVs−1. 6�³À.#®�& 0.24%, PI�Å�ÜRª(j/&RS� 2.1%), ��

m�`��0, ¸�Üj;1³Rª�. �	^��¬#@`/2345. ¶�;¤`�x�

	6, ��J=mË7iµ5�, �� �J !�²� 2.2 GgVs−1, 9:p@j/&8�U

�£�. v£���J=� 34, ¢9m 0.06 Sv 8�U�. ��yý, :;&���è�

� 0.03 Sv, [M�±;<, è� 0.04 Sv=>. 6�LP 0.06 Svj³¬Ü��. k ? c

&ÛÜ¬m3@ç�8æ�	6.
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� 2 �������	
����(Sv = 106 m3Vs−1), ���(PW = 1015 W)�

���(GgVs−1 = 106 kgVs−1), ����

(a) ������

�� ��� ��-345 345-67 67-89:5 ;<=� >?-@? >?�

1

2

3

4

5

6

7

8

9

10

11

12

0.04

−0.56

−1.53

−2.02

−2.35

−2.69

−2.87

−2.07

−0.64

0.32

0.36

0.26

−18.64

−19.46

−20.84

−22.12

−22.42

−22.49

−21.79

−19.60

−17.06

−15.38

−16.02

−16.99

−7.17

−6.37

−5.70

−4.94

−4.28

−4.18

−4.82

−5.38

−6.53

−7.67

−8.45

−8.40

1.32

1.62

1.92

2.10

2.19

2.27

1.97

1.26

0.64

0.37

0.60

0.90

21.91

21.91

22.82

23.34

23.28

23.61

23.95

22.26

20.12

18.82

20.19

21.24

2.01

2.29

2.71

2.97

2.94

2.84

2.85

2.86

2.85

2.87

2.62

2.33

0.47

0.51

0.56

0.60

0.58

0.57

0.65

0.59

0.55

0.60

0.63

0.59

�� −1.15 −19.40 −6.16 1.43 21.95 2.68 0.58

�� −1.15 −25.56 23.38 3.26

(b) ���

�� ��� ��-345 345-67 67-89:5 ;<=� >?-@? >?�

1

2

3

4

5

6

7

8

9

10

11

12

0.004

−0.054

−0.155

−0.210

−0.244

−0.278

−0.297

−0.217

−0.068

0.034

0.038

0.027

−1.634

−1.727

−1.851

−1.957

−1.993

−2.012

−1.965

−1.754

−1.528

−1.371

−1.404

−1.474

−0.696

−0.628

−0.564

−0.481

−0.407

−0.397

−0.462

−0.508

−0.633

−0.749

−0.811

−0.803

0.114

0.144

0.174

0.196

0.211

0.222

0.195

0.122

0.054

0.023

0.047

0.077

1.935

1.944

2.043

2.104

2.105

2.145

2.210

2.050

1.824

1.687

1.800

1.885

0.179

0.200

0.233

0.251

0.247

0.243

0.254

0.264

0.264

0.267

0.242

0.214

0.032

0.031

0.031

0.033

0.033

0.034

0.045

0.045

0.041

0.045

0.047

0.043
�� −0.118 −1.723 −0.595 0.132 1.978 0.238 0.038

�� −0.118 −2.318 2.110 0.276

(c) ���

�� ��� ��-345 345-67 67-89:5 ;<=� >?-@? >?�

1

2

3

4

5

6

7

8

9

10

11

12

1.3

−19.6

−53.4

−70.6

−82.2

−94.1

−100.4

−72.4

−22.3

11.2

12.6

9.1

−652.4

−681.1

−729.5

−774.1

−784.8

−787.2

−762.8

−686.0

−597.1

−538.4

−560.5

−594.8

−251.1

−223.0

−199.3

−172.7

−149.8

−146.2

−168.5

−188.2

−228.5

−268.6

−295.6

−294.0

46.3

56.7

67.0

73.5

76.8

79.6

68.8

44.2

22.5

13.0

20.9

31.6

766.8

766.9

798.5

816.8

814.6

826.4

838.4

779.1

704.1

658.6

706.5

743.5

70.3

80.0

94.9

103.9

102.9

99.5

99.9

100.3

99.7

100.6

91.6

81.6

16.6

18.0

19.6

21.0

20.2

20.0

22.7

20.8

19.1

21.0

22.1

20.6

�� −40.1 −679.0 −215.5 50.1 768.4 93.8 20.1

�� −40.1 −894.5 818.5 113.9
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� 3 �����	
����(a), ���(b)����(c)
 !"#$ Sv, PW% Gg&s−1, �'()*+$,-./��01%

4 ��

Mb��Ê��W+A�»�ñP%X�ñ�B&����ZI�8J� !�Ü��,

�;IZJ�Ån�ÛÜ. �O1��í;��&2C�845n`DE.

4.1 ��������	


FG��;O��Ü��PH@&IJÁKLM��&��nRª.

�w@�+�W, ��#ëì��²&. Mizuno ¯[11]N���¡Y��OÕP½ 3

�KQR, ±����"þ= 80 km, ��T 1989� 12�� 1990� 7�S 232 d&��

�� !��(23 ± 3) Sv. TUV¯[12]NoWaÚ; PN�b !�n	²z�Ü, w��Ó

�X���� !()¤ 23.6� 28.0�B. ; PN�b, Fujiwara¯�� 25.5 Sv, Hinata��

25.4 Sv, Bingham¯�� 26.6Sv(Liu¯[13]). Oëì��&�� !�(25.6 Sv)PMY��*+

`é. Liu¯[13]¬�FG�¡9úZA&�bU[� 12�\z ADCP8 CTD&K, Ü���

 !�� 22.6Sv. 2_O��Ü��(19.4Sv)Æ]�^_`�Ò, 'a¾�(14%). b� 70 �

c, Nitani[1]��������2�	��ú|��ýU�£�. ¤de¯[14]ÆIJJ=&K

fzgÁ�6Ø�&h�. O�ÜÆ9:���|��ý@¡$�i�, PMj&Kk

Ájl.

Miita ¯[15]IJ�&K�i;'H&�� 3.3∼ 3.7Sv, �W�	���� 0.5 Sv.

3@i±�&&KLJm0¾², �Û�@w¾�. ¶^O�Ü��(;'H 3.3 Sv, �

� 0.6 Sv)2��PÁKNO`é.

FG��&KLM¬*+no. pq¬.@ Fang ¯[4]8rst¯IJ°�ÁKLM;

��n�	Û�, ��)08m0��Y$, �+7� 18 3 Sv. Oëìm0$Y, ��

2.9 Sv, P&KÛ��`é; ')0$�, �� 0.4 Sv, P Fang¯[4]��³Öª�. `�23&

µ¶#�ÜWwo& Hellerman ¯[8]!/u�W+A�¾�[16], p`23µ¶# Fang ¯vo

&)0�LM�&Kw`xy$¤�!uª�&zBU[.
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{|�W+A�@}IZJ !&�Ü~�²_. TUV¯@²��D(2_[12]wY23

�D)Ê�	�Ó\z� PN�b&I !�Ü��, ²� 2PW=>, PO�NO`é.

@}��»���� !&&K*+no. ��C¯[17]�Ü�� 1985� 9�� 120°E�

bM��@`Ø$¡& 11 ~ 12 Sv�� !. '6`�b�3����
���. ���¯[18]

IJ�b} 175 ∼ 225 m{ ADCP&K�i���
�����@$¡+Ø. 6/���$�

MPOëìjl. �A, Chu¯[19]�J��:z�©8J=LM�Ü��
������� 

!. ���� 13.7 Sv, ���� 1.4 Sv, ���� 6.5 Sv, �$¡. ���PO�Ü*+`é.

Wyrtki[20]No�Ó&LM5�n��+�, Ê�£���ñ��&M{��(150 ~ 200 m

|�) !á. �W 10 ~ 4��¥'���&�$�, �� 4.5 Sv, 6 ~ 8�$Y, �� 3 Sv.

O�Ü��P�a$`é , E)0�� 8.4 Sv, m0�� 1.9 Sv. ]¤wIJ&LMno ,

Wyrtki &Û��²�.�@$�M&45, ÁÂ�v�¬�|�$. 'O�Ü�¥'��

�)0 !��ã@/¾�, 623Pw�o& Hellerman ¯[8]!/u¾�|�O����¥

'������Õ+� �¡@}[7].

¢££¯[21];��X+�n	�bI���Ü, T+�áâ, ���ÐI���#$

}U���&, L�MPOëì��`é.

^%, ��¬;��w�&W+,¤���b�=P�¿�ÞK�w�,¤ 28 �¥�¦

&K�n�Rª, j}§L�¤ 95%(_a+d¯[22]); ��w�������b¨�P©ª�

=�K��&Rª9:, j}§L« 84%[7].

4.2 ��	
�����

�Ü9:, �£�X+, ¡9ú����ý@2&&��i, 6;�����¬��Z

A�&q@lm45. ���X+, T���	��$<=�&��ZIZJ !�

*+2&. 6`��;¤����&qZ����8�(ÃÄ�@®¯lm45. 69:,

�����$��&�i�3¯°^�����i, §¬#����<=�&>?&`X

+, 6`noR¯°&���itu?·±. Ów�9:, �����²�³�&´Ù�@�

�&µ¶�, E#P%�@·¸¹&�ÃÄ. º»
����i� 6.4 Sv5Û�, �¼º¨

½ª¾&FG����, ¢��E¿, ����?À&wBÁ=A� 25 a. 6`��ØÂ�

`/Ã�G|��&��·{�ÄÅwB� 40 ~ 115 aà 76 a&��(_ÆÇÈ[23]), ��6/

������^&��. ¶�6��ÃÄ@É¤ÊÂ����K�P¡������&j�

�. Ów, v���#µ¶&Ë, ����bI��í�Ì, E&K9:, §#]�(U��

�&[21], 6�IÍ�Î, �#6Ø>?��&�ÏQ&. Ówp`ab, ]¤<\>?#

cd�efg&`�}Ðq1, E�	��& !�AB>?& 1/4, 9:���cd��

IJ !Whijklm&no.

�bI�8�ÝÃÄ;¤��qÑ�(-()ëì�}lm,  E]¤ÃÄ	6&7

Ò�8&K&Ó��, {|�	�bLM�Ü�i&I��Ô�@jk�&�ß$�. Sv,

Õ+�Ö×Ø��WÙ�b��LMÚW&cd��I��Ô@ 30 Wm−2 &��Å(Josey

¯[24]). ¶ET��q&Û=5ÜÜI��HQ�lmÝ��`. ;¤W+A�6ab&ë

ì¬�°. Oëì��&c�ñ&���2T��OÞ&Û=���ß(��&VàÛ��.

Oëì@}I !�Ü��9:, W+A��cd�(ß��§�I !8�ÅW&n
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o�2áð. PY����Wâ=&s$I !(� 0.5 ~ 1 PW�B)jRª, Oëì��W

+A�&}Y@}���@`$&lm�: (1) FG��8;'��&Y$I !+7# 0.12

8 0.28 PW; (2) ��;�ÇÈÉ8�(E¿#`�IÍ(0.08 PW), £�#`�I�(0.05 PW);

(3) ���$<=�&I !W@ 1/4�	��,  !�2&.

�ã, 9mä:&#, ]¤L��å��P%æçè�»���2L&é�@}, O��

�Ü���L�MÔ�@ª�&�ß$�. ��Ô @ê²��U`àëU&¿a. ¶EO

�w����L�M�¬m�	��¿PÁKRª���&ëUì|Þß). O�í Ê�

�$�L�, '?lm&#�$��E.
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