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Abstract� : Hyrdography and deep currents were measured from 1997 to 1999 to investigate deep-sea
environments in the KODOS (Korea Deep Ocean Study) area of the northeastern tropical Pacific.�KODOS
area is located meridionally from the North Equatorial Current to the boundary between the North
Equatorial Current and the Equatorial Counter Current. Strong thermocline exists between 10 m and 120 m
depths at the study area. Since that strong thermocline does hardly allow vertical mixing between surface
and lower layer waters, vertical distributions of temperature, salinity, dissolved oxygen and nutrients
drastically change near the thermocline.� Salinity-minimum layer, which indicate the North Pacific
Intermediate Water (NPIW) and the Antartic Intermediate Water (AAIW), vertically occupies vertically at
the depths from 500 m down to 1400 m. The NPIW and the AAIW horizontally occur to the north and to
the south of 7oN, respectively. The near-bottom water shows the physical characteristics of 1.05oC and
34.70 psu at the depths of 10 m to 110 m above the bottom (approximately 4000-5000 m), which was
originated from the Antarctic Circumpolar Water. It flows northeastwards for 2 to 4 months at the study
area, and its mean velocity was 3.1-3.7 cm/s. Meanwhile, reverse (southwestward) currents appear for about
15 days with the average of 1.0-6.1 cm/s every 1 to 6 months. Dominant direction of the bottom currents
obtained from the data for more than 6 months is northeastward with the average speeds of 1.7-2.1 cm/s.
Therefore, it seems that deep waters from the Antarctica flow northwards passing through the KODOS area
in the northeastern tropical Pacific.

Key words : ������(KODOS), �����(the North Equatorial Current), ����(the Equatorial
Counter Current), ����(thermocline), ���(deep waters), �����(the Antarctic Circumpolar
Water)
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1. �  �

���� �� �� ���� ���� ��� ���

����(the Equatorial Counter Current)� ���� �

�� ��� ��� �����(the North Equatorial

Current)� �����(the South Equatorial Current)� �

���� �� ��. ����� ���� ��� 5-10oN

��� �����, ���� �����(Intertropical

Convergence Zone)� ���� �� ������ ��

��, ��� ������ ������ ��� ���

� ����(Knauss 1996).

�� �� ���� ���� ����, ���� ��

���� ���� 	���(the North Pacific Tropical

Water) �� ���� 	���(the South Pacific Tropical

Water), ���� ������ �������(the North

Pacific Intermediate Water) �� �����(the Antarctic

Intermediate Water), ���� �� ����� �
��

�� ���(the Common Water)� ���� ��(Stommel

and Yoshida 1972; Stowe 1996).

������� ���� ���� �� ��� ���

�� ���� ���� ��� ������� ���

�����(the Antarctic Circumpolar Water)� ����

��� ���� ��. ������ ������ ��

� �������� ���� ���� ��� � ��

�� ��� ��� ���� ��� ���, ��� ��

� ������ �� �����. � ���� ����

��� ���� ���	 ��� ���, ���(the

Common Water)� ���� ��(Stowe 1996; Thurman

1994).

��� ���� �	 � ��� ��� ���� ��

�� ��� �� ��� ���� ����. �	 � �

�� ���� 
�� � �� ����� ��� ��

��� ���, ���, ���� ����� 	����

�	 ��� ��. ��� ���� ����� ���

� ���� ���� ��� ����	 ��� ���

� �� �� ����.

�� ����� ���� �� ��� �� ��� �

��� ��� ���� ���� ��� ���� ��

�� ��� 	����. �� ������� 1995��

��� ����� ��(�� � 5000 m) ����	

������, 2��� �
��� �� �� 1997� 7�

-1999� 7�� ��� �� ���� ��� ���	�. 

������ ����(9o50'-10o30'N, 131o10'-131o50'W)

� ������ ����� �� ��� ���� ��.

��� ���� ��� ���� ����� ��� �

��� ��� ������� ���� ��� ���

����. 

� ��� ������ �� �� ��� ����

1999�� CTD �� � 1997-1999�� �� ���� �

�� �
��, �������� ��� ��� ���

� �� ��	 ���� �� ����. 

2. �� � ��

������ ������(KODOS) ����� ��

��� ����� ���� ��� 1997-1999�� ��

��� �
���. 

1999� 6� 15
-7� 11
� ������� �� ��

� 
��� ����������(9o50'-10o30'N, 131o10'

-131o50'W)� �� ����(5o-13oN, 131o30'W)��

CTD ��� �� ����� ���	�(Fig. 1). Fig. 1

�� ���� �	 �� ��� �	 ����, �	 �

�� 	 �	� ���� 
���. 

Fig. 1. Map of oceanographic stations observed during
the KODOS-99.
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CTD ��� �� 200 m�� 16
 �	�� 0.5o ��

�� ���	��, ��(�� � 4000-5000 m) ����

� ��� 1o ���� 9
 �	�� ���	�. ���

�
� ��� “SBE 911 Plus CTD System”��, ���

�� ��, �� � 
���� �����. ��� 
�

� 	�� ��� ��(potential temperature)� �
��

�. ��� 
���� ��� 	�� ��� ��� ��

�� ����� salinometer �� � ���� ��	 �

��. �� �	�� ��� ����� ��� ��� 


���� ��� CTD ��� ���� ���� ���

�� CTD� ��� 
��� ���� �����.

�� �� �� ��� ��� ��� ���� ���

E04 �	(10o30'N, 131o19'W, �� �� 4950 m)��

1997� 7� 6
�� 1999� 7� 2
�� � 2� �� �

��	�(Fig. 1). 1997� 7� 6
�� 1998� 7� 13


��� ����� 10 m� 20 m �� ���� ����

�� ��� �����(Fig. 2). �� ����� 10 m

�(�� 4940 m)� ��� 1997� 12� 27
 ��, ��

��� 20 m �(�� 4930 m)� ��� 1997� 12� 25


 ��� �
�� ��� ��� �	�. 

1998� 7� 17
�� 1999� 7� 2
��� �� 4840

m(��� 110 m)� 4935 m(��� 15 m)��� ���

�����. �� 4840 m��� � 1��� ��� ��

�	��, �� 4935 m(����� 15 m �)� ���

1998� 7� 17
-9� 6
� ���� ���	�. ��

��� Aanderra �� �� ���(RCM-8)� �
���. 

3. �� ��

������� �� ��� �� ��

Fig. 3� ������ �� 1000 m ��� ��� �

�	 ����. ���� �� 2000 m� ����� ��

�� �����. 9o30'N ��� 10-20 cm/s� ����

�	� ���, �����(NEC)� ���	 ����

�	�. 10 cm/s ��� ��� �� � 600 m ����

�����, �� ��� 11o30'N�� � 18 cm/s� ��

��. 

��� 9o30'N ���� ���� ��� ����

(ECC)� �	� �	 � � ��. ���� ����

10 cm/s ��� ��� �� � 200 m ��� �����

� ��� �� ��� ��. �� ��� � 70 cm/s�

6-7oN�� ���� �	�. �� �� � 200 m ���

���� ���� ��� ���� ��� ���� �

��� �� ��� ��	 � ���� �	�(Wyrtki

and Kilonsky 1984).

��� 9o30'N ��	 ������ ����� ���

� � �� ��� �������� ��(9o50'-10o30'N,

Fig. 2. Schematic diagram of the mooring line with two
Aanderaa current meters deployed at E04 from
July 6, 1997 to July 13, 1998.

Fig. 3. Vertical distribution of calculated zonal geostrophic
current velocity (cm/s) at upper layer (1000 m
depth) along the north-south line(5o-12oN, 131o

30'W). Solid and dashed lines denote eastward
and westward currents respectively. 
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131o10'-131o50'W)� 1999� 6-7��� ������ �

���� ���� ��� �� ��� �����. 

������� �� ��

Fig. 4� �� 200 m ��� �� �����, Fig. 5�

�� 1000 m ��� ��� �� �����, Fig. 6�

�� ��(�� ���� � 4700 m)��� ��, ��,


���� ��� ����. 

��� ���� �� ������ 1oC ��� ��

��� �����(Hanawa and Hoshino 1988). ����

�� ����� ��� 9.5oN ���� ���� ���

15 m� �� ���, �
	 ��� ��� ����

�� 	� ��
�(Fig. 4). ������ ��� 13oN

��� ���� ��� � 35 m� ��� �� ���

���� ����� ��� ��� 6o30'N �����

87 m�� ���� �	�. 

��� ����� 13-26oC� �� ����(����)

� ������ ����� � 140 m��, �����

����� �� 200 m�� ���� �	�. ��� �

� ���� �� ����� ����� ��	 � ��

�� �� ��� ���(Knauss 1996).

�� 34.0 psu ��� ��� ��� 8o-13oN� ��

���� ���� 35 m ��� ��� ���� �	�.

� ��� ��� ��	 �� ��� 1999� 6�� ��

� ��� TRMM(Tropical Rainfall Measuring Mission)

��� �����. ����� 9-10oN, 131o-132oW��

� 1
� ���� � 11 mm� ��� ��� ��� �

����� �� ��� ��	�. �� ����� ��

�� �� ��� ��� �� ���� �� ��� �

�, � ��� ��� ��� ��� �������� �

�� ��� ����(Tomczak and Godfrey 1994).

������ ����� �� �� ����� 34.0

psu ��� �� ��� ��� 1998� 7��� 7o-10.5oN

�� �� � 40 m� ��� ���	��(�����

1998), 2003� 7��� ���	�(Chang et al. 2004),

��� ��� �� �� ��� ��� ������ �

Fig. 4. Vertical distribution of (a) potential temperature,
(b) salinity and (c) dissolved oxygen at upper
layer (200 m depth) along the north-south line. 

Fig. 5. Vertical distribution of (a) potential temperature,
(b) salinity and (c) dissolved oxygen at middle
layer (1,000 m depth) along the north-south line. 
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����� ����� ���� ���� �� ����

���� ��� �	 ��� ����. 

�� � 100-300 m ���� ���� 	���(the

North Pacific Tropical Water)� ���� 34.7 psu ��

� ��� ��� �����(Fig. 4� Fig. 5). �� ��

� �� ��� 6oN ��� ��� 35.0 psu ��� ��

�� 	���(the South Pacific Tropical Water)��. �

����� ������ �� ��� ��� ����

(Stommel and Yoshida 1972).

�� �� 500-1400 m ��� 34.6 psu ��� ��

���� ��� ���� �	�(Fig. 5). � �� ���

� 34.57 psu� ����	 ���� �� 7oN� ���

��� �� ���� ��� �� ����� ����.

7oN ��� ��� 34.57 psu ��� �� ���� ��

�����(the North Pacific Intermediate Water)�� �

�, ����� ��� 34.541-34.548 psu, ��� 5.7-

6.2oC, 
���� 0.5-0.8 ml/l, 	�� 27.13-27.20�	�.

� �������(the North Pacific Intermediate Water)�


� ���� ���� ��(Kuroshio Extension) ���

� ���� ��� ���� ��� ��� �� ���

� ���� ��� ���� ��� ��� ���� �

�(Talley 1993; Yasuda 1997). 

��� 7oN ��� ��� �� ���� �����

��� 34.567 psu, ��� 5.4-5.7oC, 
���� � 1.1

ml/l, 	�� 27.22-27.24�, ��� ������ ���

��, ���, �	��� 
���� �� ��� ���

��(the Antarctic Intermediate Water) ��� ��� �

���. 


���� ����� �� � 80-1000 m�� 1.0 ml/l

��� 
��� ���� ���� �	�(Fig. 5). ��

8oN �� ���� ��� �� 500-600 m�� 0.4 ml/l

��� �� �� ��� ���	�. ��� ��� ��

��	 ��� ����� �� �� ���� ��� 	

� ���
� 
��� ������ ���� ���

�� ���(Knauss 1996). 

�� 1000 m ����� ��� ��� ����, �

�� 
���� ���� �� ��(�� 4000-5000 m)

��� � 1.05oC, 34.70 psu, 3.7-3.8 ml/l� �����

��� �� ��� �
���� ��� ���� �	

�(Fig. 6). 

�� ��(1997-1999)
Fig. 7� 1997� 7� 6
�� 1998� 7� 13
 ���

E04 �	(10o30'N, 131o19'W, �� �� 4950 m)�� �

�� ��� ��� ��	 ��� ��� ���. ��

��� 4930 m(����� 20 m �), 4940 m(����

� 10 m �)��, �� ��� 1�� ���	�. Fig. 7

� 24�� ���� ��� ���� ��� ���. 

���� ��(�� � 20 m)� ��(��� 10 m)�

����� �� �� ���� �����, ��� �

���� � ��� �	� ���� ����. ���

��� ���� �����, ���� ���� 1-3


� ���� ��� ���� ���	�. �� �� �

�� ���� 12.7 cm/s, ���� 12.4 cm/s� �� �

�. 

�� ��� ���� 1997� 7-12�� ����� 7-

8�� 10�-12�� � 2
� ��� �� ����� �

�� ������, ����� 3.1-3.5 cm/s�	�. ��

� 1997� 9-10��� ���� ����� �� ��

2.7 cm/s�	�. ����� 7-8�� 10-12�� 2
� �

� ���� ��� ����� 3.3-3.7 cm/s, 9-10��

��� �� ��� 1.7 cm/s�	�. 

Fig. 8� ��� 10 m� 20 m ���� ��� ��

��� ����� ��� ���� ���(progressive

vector diagram)��. ���� ����� ��� ���

Fig. 6. Vertical distribution of (a) potential temperature,
(b) salinity and (c) dissolved oxygen at deep layer
(about 4,900 m depth) along the north-south line.
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Fig. 7. Stick plots of deep current velocity at (a) 4,930 m and (b) 4,940 m depth from July 6, 1997 to July 13, 1998. 

Fig. 8. Progressive vector diagrams of deep current velocity at (a) 4,930 m and (b) 4,940 m depth from July 6, 1997 to
July 13, 1998. 
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��	 � � ��. 1997� 7��� 12��� � 6
�

�� ��(��� 20 m)�� ����� �� ��� 1.7

cm/s, ��(��� 10 m)�� ����� �� ��� 2.1

cm/s� ��� �� ��� 0.4 cm/s 	 ��. ��� �

�� �� ����� ���� ����� � 0.2 cm/s

�� ��� 9-10�� ���� ��� 1.0 cm/s ��

����. 


�� 	�	����� 1993� 5� 5
�� 1994�

5� 5
�� ��� 	� �� ��(�� 9o8.5', ��

146o15.5', �� �� 5349 m)� �� � 5.5 m� 15 m

��� ����� �����. 1�� ��� ����

�� ���� 8 cm/s, �� ��� 1.8-2.9 cm/s��(	�

	���� 1995). ��� 5-10�� � 6
����� �

��� ������, 11� �� � 6
� ���� ��

�� ���� � 2
� ���� �����. ��� �

�� ����, KODOS ����� ���� ��� �

���� 0.8 cm/s ���, �� �� ��� 4.4 cm/s �

� ����. �� ��� ���� �����, ����

���� 1-3
� �� �� � 2
�� ���� ���

� ��� �� �����.

1998� 7� 17
�� 1999� 7� 2
 ��� E04 �	

(10o30'N, 131o19'W, �� �� 4950 m)�� ��� ��

(��� 110 m)� ��� �� �� 1� ��� ���

��� ��� ���	�(Fig. 9). �� �� ��� 13.0

cm/s ���, ��� ���� ���� �����. 1998

� 7��� 11��� � 4
� �� ���� �� ��

Fig. 9. Stick plots of deep current velocity at (a) 4840 m and (b) 4935 m depth from July 17, 1998 to July 2, 1999. 

Fig. 10. Progressive vector diagram of deep current velocity
at 4840 m depth from July 17, 1998 to July 2,
1999.
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� 3.7 cm/s�	�. ���� 1998� 12�� 1999� 2�,

4�� � 15
�� �� ���	 ��	�. ��(���

15 m)��� ����� 1998� 7� 17
�� 9� 6


�� � 50
� �� �����, ����� 11.3 cm/s

� ���� �����. 

��� ��� ��� � 2.0 cm/s� �� ��� ��

� �����(Fig. 10). �� 1998� 7��� 1999� 2�

��� ���� ���� �� ��� 2.8 cm/s��. �

�� 1999� 2�� 4��� � 15
� �� �����

�� 5.6-6.5 cm/s� ����� �� ��� �����

���.

Fig. 11� ����� �� ���	 ��	 ����.

� 12��� 24���� 
�� ��� �� ��	�.

��� ������ �
�� � 
�� ��� ���

� ��� ��	 ����. �� �
�� ��� ���

�� �� 
���, ��� �	�� ��� 	�� �

���. 

Fig. 12� 	 ��� ����� M2��(���
�

�) ��� ��	 ��� ���. �� ��� �
��

�� 4840 m ���� 3.3 cm/s� �� ���, ��

4930 m ���� 2.1 cm/s, �� �� �� 4940 m��

� 1.8 cm/s� �� ��. 

Fig. 11. Typical rotary spectra of current velocity in (a) 1997-1998 and (b) 1998-1999. The clockwise and anticlockwise
rotary components are shown as blue line and red line respectively.  

Fig. 12. The tidal ellipses of M2 component at (a) 4,840 m, (b) 4,930 m and (c) 4,940 m depth.
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4. �� � ��

1999� 6-7�� �������� ��(9o50'-10o30'N,

131o10'-131o50'W)� ������ ����� ����

� �����. ������ ���� ��� ��� �

��� �� �� ��� �� ���� ��� ���.

1998� 6-7�� ����� 11oN ��� ������

����� ��� �����(����� 1998). ���

1998� ��� �������� ��� ����� ��

� ���. �� ���� ������ ��� �� ��

���� ����� ��� ���� ��� �����

��� ��� ������ ��� ���� ��.

�������� �� ��� �� 35 m ��� ��

�� �� ��� ��� �������� ��� 34.0

psu ��� ��� ��� ���� �	�. �� 10-

120 m�� �� �� ����� ����, ��	 ��

� ��� ��� ��� �� ����� ���. � �

�� ����� ���� � ����	 ��� � ��

� ����. �� ��, ����	 ��� ��� 
�

� ��, ��� 
�� ��� ��, ��� 
�� �

� �� ��	�. 

�� �� 500-1400 m ��� ������ ����

��, 7oN� ��� ���� ����� ��, ���,

�
���� �������, ���� ��, ���, �


���� ������ ���� �	�. 

����� ������ � 1.05oC, 34.70 psu� �

�, ��� ��� ����� ��� ��� ���� �

����� ����� ���� Samoan Passage� ��

� � ����� ���� ��� ��� ����

(Edmond et al. 1971). � ���� 
���� 3.7-3.8

ml/l� �� �	 ����, � ��� �� � 100 m �

� ����� 
���� �� �� ����. ��� �

��� ���� ���� ���� 
���� �� �

��� ������ ��� ���� �� ��� �	

��.

�������� ����� ���� ���� �

12��� � 24��� ���� ��� ������, �

�� ����� ��� �� ����. �� ��� ��

�� ������� 2-4
� �� ���	��, �� �

�� 3.1-3.7 cm/s�	�. ��� 1-6
� ���� ��

�� �����, �� 15
� �� ����� ����

� �� ��� �� � 10-20 m ���� 1.0-2.7 cm/s,

�� � 110 m ���� 5.5-6.5 cm/s�	�. 

6
� �� 1��� ��� �� ��� ���, ��

�� �� 1.7-2.1 cm/s� ���� ������ �	�

�	 � � �	�. ������ �������� �

�� ����� ���� ���� ��� ���� �

��� ���� �� ��� ����. 

�  �

��� ��	 �� ������� �������


� ��� ���� ���� ��� ���� ���


��. �� �	� ��� �� �� ��	 �� ���

����� ��� ��� ��
 ��� ���
�

�. � ��� 1997��� 1999��� ‘���	���


���(�����)’� ���� ��	 �� �
�	

���.
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