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The 137° E oceanographic section
by Jotaro Masuzawa1 and Koichi Nagasaka 2
ABSTRACT
A long meridional section at 137°E in the western North Pacific has been routinely made in
January since 1967. The results obtained from 1967 to 1974 indicate that there are fairly big differences between years in temperature and salinity of the upper water and steric sea level in the
tropical or equatorial region. An anomalous state of oceanographic characteristics in the western
equatorial Pacific, which is suggested by the 137°E section in July 1972 and in January 1973, may
be associated with the El Niiio off South America and the higher sea-surface temperature in the
central and eastern equatorial Pacific and further with anomalous weather which occurred at vuious
places in the Northern Hemisphere in 1972.

1. Introduction

A long oceanographic section along the meridian of 137°E has been made by the
R/V Ryofu-Maru of the Japan Meteorological Agency every winter since 1967
(Masuzawa, 1967, 1968 ; Akamatsu and Sawara, 1969; Maimzawa, Akiyama, Kawarada and Sawara, 1970; Nagasaka and Sawara, 1972). The section is extended from
the south coast of Japan, 34°N to the north coast of New Guinea, l 0 S, and crosses
the eastward Kuroshio, the westward Kuroshio Countercurrent, the eastward Subtropical Countercurrent (Yoshida and Kidokoro, 1967) and the whole system of the
equatorial currents consisting of the westward North Equatorial Current, the eastward
Equatorial Countercurrent, the eastward Equatorial Undercurrent (Montgomery,
1962), the eastward New Guinea Coastal Current (Wyrtki, 1961) and/or the westward
South Equatorial Current (Masuzawa, 1972a). The observations are taken during
the latter two weeks of every January. Station spacing, sampling depths and methods
of measurement are much the same for each observation.
This project was initiated in 1967 as part of the Cooperative Study of the Kuroshio
(CSK) sponsored by the Intergovernmental Oceanographic Commission (IOC),
Unesco, and then continued to monitor the gross features of oceanic circulation in
the western North Pacific. This routine observation has been done not only in
January but also in July since 1972 to detect long-term oceanographic and meteoro1. Sapporo Meteorological Observatory, Sapporo, Hokkaido, Japan.
2. Oceanographic Division, Japan Meteorological Agency, Tokyo, Japan .
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Figure l. Sea-surface temperature at 137°E in January. The shaded area indicates the negative
deviation from the 1967-1974 mean.

logical fluctuations. The results may be used for understanding oceanic and atmospheric teleconnections in the whole North Pacific Ocean (Wyrtki, 1973).
The idea of this project was raised during Masuzawa's study at The Johns Hopkins
University under the leadership of Prof. Raymond B. Montgomery in 1962 to 1964
and wa& &timulated by Montgomery's proposal »Oceanographic Shuttle« (Montgomery, 1969). Masuzawa owes his oceanographic activity to Dr. Montgomery.

2. Temperature
a. Sea-surface temperature. The section is divided into two regions, the subtropical
region and the equatorial region, by meridional gradient of sea-surface temperature.
The boundary between the two region& is located near 18°N, roughly at the northern
edge of the North Equatorial Current. A big difference in sea-surface temperature
deviation from the 8-year (1967-1974) mean is seen between years for each region.

1975]

Masuzawa & Nagasaka : The 137°£ oceanographic section

111

1967 \
::

\\,/

1968 \

.\\ ,.v·- h ~ - ,n,-llTe'.Ci
i

;

1969

l .. /

.·,

1974 \
\

\)
Figure 2. Temperature of the upper warm water at 137°E in January. The numerals in the figure
denote the area, km", higher than 28°C (right) and 27°C (left).

Particularly in the equatorial region, a negative deviation is noticeable for 1969
and 1973 and positive for 1970 to 1972 and 1974 (Fig. 1). The sign of deviation in
the equatorial region is the same as in the subtropical region for 1968, 1969 and
1972 and different for 1970, 1971, 1973 and 1974. No clear relations are found in
deviation between the two regions, but if compa,ed, the deviation in the equatorial
region seems to be ahead of the deviation in the subtropical region.
b. Upper equatorial water. The surface-mixed warm water over the thermocline
is as thick as 100 m or so. Temperature of the upper warm water in the equatorial
region shows fairly large differences between years (Fig. 2). The area occupied by
the warmest water which is higher than 27° or 28°C is classified into two groups:
the larger in 1970-1972 and 1974, the smaller in 1967-1969 and 1973. This grouping
corresponds to the two groups by sea-surface temperature. Especially, we point out
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Figure 3. Sea-surface salinity at 137°E in January. The shaded area indicates the negative deviation
from the 1967-1974 mean.

the coolest year 1969 among those cool years of 1967-1969 and 1973 the cooler
year among those warm years of 1970-1974.
3. Salinity

a. Sea-surface salinity. Speaking generally, there is low-salinity water between 6°N
and 13°N, which is called the Equatorial Surface Water separating the north haline
water from the south haline wate1. Salinity of the Equatorial Surface Water changes
from year to year as remarkably as the surface water of the South Equatorial Current
(Fig. 3). For example, a large difference is seen in salinity between 1968 and 1973
for the Equatorial Surface Water and between 1970 and 1973 for the surface water
of the South Equatorial Current. Those big changes of surface salinity from year to
year suggest that there are noticeable differences between years in precipitation and
evaporation in the equatorial region. The high salinity at the sea surface in 1969
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Figure 4. Northern and Southern Tropical Waters, more than 34.9°/ 00 and 35.0°/ 00 (shaded),
at 137°E in January. The numerals in the figure denote the area, km 2, more than 34.9°/ 00 (left)
and 35.0°/ 00 (right).

and particularly in 1973 is associated with the low sea-surface temperature in the
equatorial region.
b. Haline Tropical Water. The two haline Tropical Waters (Cannon, 1966; Tsuchiya,
1968) are always observed in the upper portion of the thermocline, which is centered
at a depth of 150 m or so; the northern Tropical Water is roughly located in the
North Equatorial Current and the southern water of the Southern Hemisphere
origin is limited to the south of 6°N, the maximum salinity being as high as 35.0°/ 00
and 35.5°1o 0, respectively. These two high-salinity cores are nearly separated by the
Equatorial Surface Water which is located near the boundary zone between the
North Equatorial Current and the Equatorial Countercurrent.
The northern Tropical Water is more pronounced in both area and salinity for
the first three years of 1967 to 1969, and less for the next four years of 1970 to 1973,
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Figure 5. Steric sea level relative to the 1000-decibar surface at 137°E in January. The shaded
area indicates the negative deviation from the 1967-1974 mean.

and it seems to recover the pronounced features in 1974 (Fig. 4). We cannot say
whether this big change may be indicative of the long-term fluctuation of Tropical
Water in the whole North Pacific, or not. However this merits further study in
connection with the large-scale circulations of the atmosphere and the ocean over
the North Pacific. With the exception of 1973, the southern Tropical Water does not
fluctuate so reinarkably as the northern one does.
4. Steric sea level and flux

There are surprisingly large changes of steric sea level from year to year over the
equatorial region. Differences in steric sea level over the 1000-decibar surface between
1973 and 1971 or 1974 are as large as 30 or 40 dynamic cm (Fig. 5). It is noteworthy
that this value is not so much smaller than the average difference in steric sea level
between the northern and the southern edge of the North Equatorial Current.
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at 137 °E in July.
The boundary between the North
Equatorial Current and the Equatorial Countercurrent can be easily defined by
the station showing the lowest steric sea level at 7° or 8°N. On the other hand,
both the northern edge of the North Equatorial Current and. the southern edge
of the Equatorial Countercurrent are not so well defined, the former being between 18°N and 24°N, the latter between 2°N and 4°N (Masuzawa, 1972b). The
difference in steric sea level between the northern and the southern edge of a
current ranges from 43 to 63 dynamic cm for the North Equatorial Current and
from 24 to 33 dynamic cm for the Equatorial Countercurrent, the average value
being 55 and 27 dynamic cm, respectively. The geostrophic flux of the North
Equatorial Current referred to the 1000-decibar ranges between 47 and 64 x 10 6 m3/sec,
on the average 57 x 10 6 m 3/sec (Masuzawa, 1972b). No significant year-to-year
variations are found in the flux of the North Equatorial Current.
5. An anomalous state in 1972-1973

Temperature and salinity in the equatorial region at 137°E indicate an anomalous
condition in January 1973, as described in the previous sections. That is, the temperature is rather low and the salinity is extremely high at the sea surface; the upper
warm equatorial water is least in area on the profile and lowest in temperature;
both the northern and southern haline Tropical Waters shrink outstandingly. The
low temperature in the upper layer is associated with the lowest steric sea level. The
temperature profiles at 137°E in July (Fig. 6) show that an anomalous cold state of
the upper water in the equatorial region as seen in January 1973 had appeared in
July 1972.
It is very interesting that the low water temperature in the western equatorial
Pacific is associated with the high sea-surface temperature in the central and eastern
equatorial Pacific and with the El Niiio off Peru in 1972 to 1973 (Wooster and
Guillen, 1974). This El Niiio began in March 1972 at the limited region off Ecuador,
and the positive anomaly of sea-surface temperature was revealed all the way across
the eastern and central equatorial region from June or July 1972 to January 1973.
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Bjerknes (1969) shows that El Nino was associated with the high sea-surface temperature in the eastern and central equatorial Pacific and also with the large rainfall
at Canton Island (2°48'S, 171 °43'W) in the western portion of the equatorial arid
region, for example, in 1957-1959, 1963-1964 and 1965-1966. Unfortunately, climatic
observations at Canton Island stopped in 1967 and so instead we chose Tarawa
Island (1 °21 'N, l 72°55'E) in the westernmost portion of the equatorial arid region.
Similar fluctuation of rainfall was found in 1957 to 1967 between Canton and Tarawa.
The larger rainfall occurred in the latter half of 1972 and early 1973 at Tarawa Island.
It may be suggested that a large-scale anomalous oceanographic condition happened all the way across the equatorial Pacific from July 1972 to January 1973, and
the condition might be connected to anomalous weather which occurred at various
places in the Northern Hemisphere.
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