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Supra 36 water in the Pacific Ocean®

Takashi ICHIYE™" and Ping CHANG ™"

Abstract: In the eastern South Pacific east of 180 longitude and north of 30°S, high saline
water with salinity 36 psu was found near and above 200m during JAPACS 1991 Cruise in
Jan-March. In the whole Pacific Ocean this is the only water with that salinity range.
Levirus (1982) salinity charts and TsucHiva’s (1968) thermosteric charts indicate that water
with the surface salinity above 36 psu between 150°W and 100°W may subduct at 130°W
between equator and 10°S. Further subduction and sinking of high salinity water is helped
by downwelling Ekman pumping south of the equator west of 160°E. The equation balanc-
ing horizontal advection and the vertical diffusion with its simple solution is applied to ver-
tical salinity profiles at 4°S and 5°S of 160°W and 180°, yielding vertical diffusion

coefficients order of 10™*m?*/s.

1. Introduction

During analysis of hydrographic data collected
in JAPACS Cruise 1991 in the tropical Pacific
Ocean by JAMSTEC we noticed that water with
salinity above 36 psu was found only in sections
of 160° W and 180°, but not 160° E nor east of it.
The water was limited south of 3°S and to the
depth of near and above 200 m (ANDO, et al.,
1992, hereafter referred as AIM). Watermass
census according to temperature and salinity by
WORTHINGTON  (1982) indicates water of
salimity above 36 psu, belongs to rare species,
forming only 16 X 10° km® of the total global
ocean water of 1320.5X10° km®. We called this
water Supra 36 Water or S36W, sometimes sim-
ply SW. In the Pacific Ocean, SW exists only in
the South Pacific. It seems worthwhile to exam-
ine this water, because the water is a good
tracer as is the Mediterranean Outflow in the
Atlantic. It also yields an example of formation
of a watermass in the mid ocean.

2. Formation of SW in the South Pacific Ocean

Classical studies of MONTGOMERY (1958) and
CocHRANE (1958) on T-S relations respectively
on the world ocean and the Pacific Ocean demon-
strated that in general salinity is less for the
same temperature and depth in the Pacific than
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in the Atlantic Ocean.

High salinity water is produced at the surface
layer in the ocean, in general. This feature of sa-
linity difference between the oceans can be seen
in climatological salinity distributions at the
surface and at 150 m layer from charts prepared
by Levitus (1982) (computer reproductions for
40°S—40°N are shown in Fig. 1.) These indicate
that in the Pacific and Indian Oceans the SW is
found only in the South Pacific Ocean and in a
limited area of northwest Bay of Bengal off the
mouth of Persian Gulf, whereas in the Atlantic
Ocean the SW is in both hemispheres and occu-
pies much wider areas.

Table 1 indicates the area of the SW at the
surface and 150 m determined from LEVITUS
(1982) charts shown in Fig. 1. It is noted that
the SW area is larger at 150 m than at the sur-
face in the South Pacific Ocean, whereas in the
South Atlantic the SW area at 150 m shrinks to
half of the surface SW area. Later we will show
that in the South Pacific Ocean subduction of
the surface high salinity water is extensive and
also downwelling due to Ekman pumping that
extends westwards from near the eatern

Table 1. Areas of SW 36 from Levirus (1982)
(unit 10° km?®).

Surface at 150 m
South Pacific 61.5 100
N. Atlantic 248 308
S. Atlantic 141 71
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Fig. 1. Climatological salinity at 0 m and 150 m from Levitus (1982), modified
for 40°N to 40°S.
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Fig. 2a and 2b. Salinity at 0 and 75 m subtracted the average over the Pacific between 40°N
and 40°S based on Levitus’(1982) data.
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Fig. 3a and 3b. Salinity and depth at and of 400 cl/t thermosteric anomaly surface (TsucHiva,1968).
The axes of maxima and minima of acceleration potential are indicated by closed triangles and

circles, respectively.

Full lines with hatch in Fig. 3a: Salinity at Om from Levrrus (1982). Shortdashed lines in Fig. 3 a:
Sensible heat flux (k cal/cm’/year) from Bupyko (1974). When divided by 600, the number equals

evaportation minus precipitation in ecm/cm®/year.

boundary to beyond 160° E, though the surface
SW region is limited only east of 160°W. In the
North Atlantic Ocean the Mediterranean out-
flow may contribute to extend the SW area at
150 m particularly through Supra 37 Water be-
tween 20°N and 30°N.

In order to show locations of high salinity
water more clearly, salinity anomalies are de-
termined from LeviTus (1982) data by sub-
tracting the average of from 40°S and 40°N and
over the Pacific Ocean at 0 m and 75 m and plot-
ted in Fig. 2a and 2b, respectively. The latter
depth is chosen to represent anomalies independ-
ent on atmospheric influences. These figures in-
dicate positive anomalies dominate in the
tropical South Pacific over the North Pacific
with the difference of maximum values by 1.2
psu for both depths.

3. The surface SW and its subduction

In order to visualize formation of the surface
SW area and its subduction, salinity and depth
of 400 cl/t surface are shown from TSucHIYA
(1968) in Fig. 3a and 3b respectively. These

figures indicate that the 400 cl/t surface out-
crops in the eastern part of the tropical South
Pacific.

In Fig. 3a the surface salinity contours from
LeviTus (1982) are overlaid in the outcropped
area together with the sensible heat flux con-
tours from Bupyko (1974) in kecal/cm?/year.
The numbers in BUDYKO contours almost equal
evaporation minus precipitation in cm/cm?/year
when divided by 600. If surface salinity is pro-
duced simply by difference of evaporation (E)
and precipitation (P) as in a standstill water
body, then high salinity area and high E-P area
should coincide. However, Fig. 3a indicates that
the center of the high salinity area is about 530
km south of the high E-P area. This is specu-
lated as a result of the Ekman pumping and sur-
face current as discussed later.

In the context of ventilated thermocline mod-
els (LUYTEN et al, 1983), the SW is forced
downwelling by the Ekman punping in the out-
cropped region. The pumping velocity at the
bottom of the upper Ekman layer w, is given by:
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Fig.5a and 5b. Salinity (psu) and depth (m) at and of 300 cl/t thermosteric anomaly surface
from Tsucarya (1968). Full lines with hatch in Fig. 5a show salinity at 150 m from Levirus

(1982). The axes of maxima and minima of accelerated potential are indicated by closed
triangles and circles, respectively.
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where 7T, and 7, are eastward and northward

0

components of the wind stress, respectively and
Wr— a—y

fis the Coriolis parameter.
The distribution of w, is shown in Fig. 4. The
downwelling region of Ekman pumping extends
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Fig. 6. Salt anomalies flux by Ekman pumping. (The mean salinity is taken from 5°S to

30°S and 120°E to 80° W, flux unit is ps

zonally from the east coast to 160°E with a de-
creasing width of velocity above 0.2x10 ®cm/s,
though within 5°latitude of the equator equa-
tion (1) is not applicable because of f being close
to zero. The westward extension of the dow-
nwelling zone explains the same pattern of the
SW at the 400 cl/t surface together with the ef-
fect of the westward subduction flow. The
depth and the salinity at 300 cl/t surface are
shown in Fig. 5a and 5b, respecitvely. Also, in
Fig. 5a salinity at 150m is shown from LEvVITUS’
(1982) chart. )
When the surplus salinity is defined at S-S,
where S is the surface salinity averged over the
South Pacific Ocean, the surplus salinity flux
F, due to the Ekman pumping is expressed by
F.=[w,(8~8)do @
the integral represents the whole surface of the
South Pacific Ocean. Excess salinity flux chart
is shown in Fig. 6, where reference depth of S
and Sis taken at 50 m instead of surface because
the Ekman pumping w, can be computed only at

u x 10°cm/s.)

this depth.

4. Mixing of the high salinity core

As Fig. 3a indicates, the salinity values in the
core of the SW decreases downstream as the
water is advected. This suggests that mixing
processes are occurring, though subduction
thermocline models are based on non-dissipative
flow. By use of decrease of salinity in the core
we can estimate the eddy diffusivity there.

Since the data available are rather crude, it is
not possible to determine details of dissipative
processes but it may be adequate to estimate an
order of magnitude of such parameters. Conven-
tional models of eddy diffusion depend on the
gradients of materials, and only the vertical
gradients of salinity can be estimated from the

observed data, with some confidence. There-
fore, only the vertical diffusion coefficient is
treated.
A diffusion-advection equation
08 _i( Qﬁ)
dx 0z K 0z 3
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Table 2. Depth differences Ah (in m) for AS=0.2
psu above and below salinity maximum deter
mined from CTD profiles.

o above Az= T7.8%£2.5
at 180 below Az= 88%2.8
0w above Az= 8.7£2.5
at 1607w below Az=13.1+1.3

is integrated vertically in the core of the SW,
where U is the advection velocity, K is the eddy
diffusivity and z is the vertical axis positively
upward. Integration of (3) with z from z=2z
(lower boundary) to z=z (upper boundary) and
averaging with depth leads to

o x5 ). (&5, @

where the bar indicates the vertically averaged
values, h is the thickness of the core layer and
suffices 1 and 2 represent the upper and lower
boundary, respectively. The differential at the
upper and lower boundary in equation (4) can be
replaced with the difference AS/ Az to use ob-
served salinity distributions. By taking AS=0.2
psu from AIM and using cross sections at
160°W and 180° sectionally averaged values of
vertical salinity gradients determined from the
data are listed in Table 2. Although accuracy of
0S/ 0x determined from the data is far from
perfect because of a large distance between
160°W and 180° the value of K from equation
(4) is given by

K=Ux1.37%x10"*(in m?¥/s) 5)

with U between 0.1m/s and 0.5m/s, K is of the
order of 107°m*/s which is much larger than mo-
lecular diffusivity of 2X10°m?*/s (SVERDRUP et
al, 1945) but reasonable as the eddy diffusivity
estimates by others.

Other estimates by curvefitting of an analyti-
cal form to vertical profiles of the observed sa-
linity based on a model (CRaNK, 1956) are
presented in Appendix. Both estimates indicate
that the eddy diffusivity is in practical terms
small and the subduction may be treated as non-
dissipative processes except in frontal areas.

5. Conclusion
Since publication of the ventilated thermo-
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Fig. 7. An example of salinity profile at 5°S
160° W with CTD (Jan. 20, 199D).

cline model by LUYTEN et al. (1983), a number
of papers were published both on theoretical and
descriptive sides of the subjects. These papers
are based on nondissipative dynamics of geo-
physical fluid. However, the diffusive processes
are certainly working in the eastern side of the
South Pacific Ocean in the formation of above
36 salinity water, because the thickness of the
salinity core increases and the maximum salin-
ity decreases westwards as the subducted water
with the high surface salinity is advected.

The JAPACS 1991 cruise data are inadequate
to study such processes, particularly because too
large longitudinal distances between two
meridional sections and also distances from the
subduction (subcropping) longitude.
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Si at 160°W, 4°S(S:=86.10 psu, z0=180 m),

Sy at 160°W, 5°S(S8,=36.15 psu, zo=180 m),

Ss at 180°W, 4°S(S8,=36.08 psu, 2:=180 m),

Si at ISOOW, 5°S(S8,=36.18 psu, z20=190 m).

Open symbols for positive z—z, and closed
symbols for negative z—zo.
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Appendix

Estimates of K from diffusion equation
Distribution of salinity S advected by current

U in x-direction with diffusivity K is given by

(CrANK, 1956)

_ M Z](Z‘ZU)E
S_27r (K(x—x)/U]"**P [ }

- 4K(x—x)
A

where M is total salt initially concentrated at
z=zo and at the source point x=zx,.

Vertical profiles of salinity from CTD data
during JAPACS 1991 were used to determine the
coefficient of (z=2z¢)%in (A) or

a'=U/4K(x—x,) B

by plotting In (S/Sy), against(z—z0)?, where S
is salinity at z=z.. The latter can be determined
as a depth of maximum salinity. The longitude
%, 1s assumed as the subduction point, though

salinity maximum there is not so sharp as the
plane source indicated by the theoretical curve
of equation(A). Fig. 8 indicates the plot of In
(8/Sw) versus (z—2z0)% for S profiles at 160° W.

Two profiles at 160° W are used for a that is
at 5°S and 4°S, whereas 2 is at 180°W for both
latitudes where Fig. 7 indicates an example of S
at 5°S. The value of K determined from the av-
erage of 5°S and 4°Sis 5.5+3.4xX10 *m¥s for U
=10"'m/s. The SD is from different ranges of
curve fitting in | z—zo | . This is the same order
of magnitude as the one determined from the av-
eraged vertical gradient of salinity equation
(5), though number is about 4 times of (5).

The same method applied to 180° profiles of
latitude 5°S (2,=190m) and 4°S(20=180 m)
yields 4.6 3.1 X10°m/s. These values may be
less reliable than those at 160° W, because the
distance between the supposed source longitude
and the actual stations is too large. However,
the order of magnitudes of K are within a range
of other estimates.
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