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THE SURFACE SALINITY REGIME OF THE TASMAN AND CORAL SEAS

By D.J. Rochford

Abstract
From the monthly changes in the mean surface salinity pafterns of the
Tasman and Coral Seas (1966-1974} in relation to evaporation precipitation
characteristics, the annual balance of surface salinity appears to be largely
maintained by:-
(a) advective exchange of high and low salinity waters into and
out of regions of excess precipitation or evaporation;
(b) locélized runoff from eastern Australia and south-western New
Zealand into coastal waters
(¢) winter convective overturn in the middle and southern regions
of the Tasman Sea
These advective exchanges occur along well defined salinity plumes in the
Coral Sea and in the western Tasman Sea. The central Tasman Sea 1s the
major source of high salinity water which by advection into the Coral Sea
compensates in part for the excess precipitation in this region.
INTRODUCTION
Ponguy et al (1970) used surface salinity of the northern Coral Sea
to identify and trace paths of west and east flowing currents and counter
currents of this region. Rochford (1957} had earlier made use of surface

salinity as a tracer of water types.



However little consideration had been given in these papers to the
effect of the precipitation-evaporation (P-E) balance upon the seasonal
changes in the surface salinity.

.Surface temperature-salinity data collected by CSIRO from ships of
opportunity in the Tasman and Coral Seas since 1966 provide an adequate
time-space data record to examine this relationship.

DATA AND METHODS

The salinity data used have_been lodged with World Data Centre A,
Washington D.C. The rainfall values (Fig. 1) for the years 1966-1974 have
been supplied by the Bureau of Meteorology, Melbourne. Use has also been
made of the longer term data in Taylor (1973) to complete the mean rainfall
coverage (Fig. 1). Evaporation values for the Tasman and Coral Seas have
been taken from Privett (1960),

The methods of collection and analysis of the samples from the ships of
opportunity have been described by Piip (1974).

The surface salinity data have been reduced to mean monthly 1© square
values, and for some comparisons to 5° square means, covering the period
1966-74.  The longer term mean has been used in preference to individual
years because of the considerable changes in surface temperatures and
salinities in evidence since 1966 (Rochford 1973). The salinity values
have been contoured at 0.1% intervals. . However the standard deviation of
random variability of individual values about the monthly mean within each
10 square, although mostly less than 0.1% , was on occasions as high as
0.2%. Thus any feature of scale less than 1° square or which did not

persist over at least three 0.1%. contour intervals may not be significant.



Rainfall values have been reduced to mean 1966-74 monthlyvalues and
charts of the mean monthly rainfall prepared. From these charts averaged
values for 5° squares have been estimated (Table 1).

Evaporation values in Table 1 for 5° squares are taken direct from
Privett.  These valués, although for years prior to 1966, are based upon
a long enough series of years to be considered adequately representative of
the 1966-74 period for the purpose of this paper.

RESULTS
Precipitation-Evaporation Balance

The distribution within the Coral and Tasman Seas of the annual P-E
balance (Table 1) is shown in Figure 2.

The sparseness of the rainfall data over the open sea situation is
clearly a limitation on the reliability of these P-E estimates. In
contouring Figure 1 the assumption has been made tha£ the land based rainfall
values are too high for the adjoining open sea situation. Contouring
therefore has deliberately limited the areas of high precipitation to sea
areas immediately adjoining the region of recorded high rainfall values.

Within these limitations it is considered that Figure 2 delineates the
three areas of interest:

(a) An area north of around 2095 in the east and 15°S in the west can
be delineated where annual precipitation exceeds annual
evaporation. Maximum of this precipitation excess occurs in a
zonal band centred around 15°S in the east and 89S in the west.

{b) In an area west of New Zealand, P on average exceeds E each year.
However the P-E difference there is not large enough to be free

of the limitations of the rainfall data, and there could be a

slight net annual evaporation loss.




(¢) Elsewhere in the southern Coral Sea and the Taéman Sea E
exceeds P especially in the western half of the region. Two
cells of maximum net evaporation loss per year are located around
2205 and 379sS,
Seasonal Changes in the Surface Salinity

Comparing Figures 3-14 with Figure 2, it is seen that the monthly
surface salinities follow a general pattern dictated by the overall anti-
cyclonic circulation. Thus lower salinity waters predominately move south-
ward, away from the region of positive P-E along the western margin, and
higher salinity waters predominately move north away from the region of
negative P-E along the eastern margin of the Coral and TQSman Seas.

However, closer inspection of the monthly changes in surface salinity
in this region reveals subsidiary patterns that indicate possible mechanisms
for the maintenance of the overall salinity balance. These sﬁbsidiary
patterns are considered in the following part of this section.

A.  The Tropical Zone

The tropical zone is characterized by waters less than 35.0% . It
occurs north of a meridional gradient around 17-22°S, and is best developed
in April (Fig. 3). This salinity gradient is located in the eastern Coral
Sea in the same zone as the Tropicél Front, [Sténton 1973). These low
salinity waters form annually by dilution of surface waters during the north
west Monsoon (December-March) with a maximum of rainfall during March. Three
distinct regions of accumulation of such diluted waters occur:

I. An eastern region east of around 163°E in the north and east of

the New Hebrides to the Fijian Is. in the south (Fig. 4).



II. A central fegion from around 162°E extending along the chain
of the Solomon Is. to New Britain and northern Papua-New Guinea
with a southern limit around 13°S and a western limit around
1509E (Fig. 4).
I1I. A western region bounded on the west by the coast of Queensland
northward at 20°S, eastward by around 150°E and northward by
Papua—géw Guinea (Fig. 4).

The meridional boundaries of the three regions areidelineated by zones
of higher salinity water extending northward from the subtropical high
salinity central waters of th; Tasman Sea in the case of the separation of
Zones II and 1II, and from the northern Tasman Sea in the case of the
separation of Zones I and II (Fig. 4).

These low salinity tropical waters extend southward of 2295 from Areas
I-III as low salinity plumes between February and April.  From Area III this
low salinity plume is best developed in February-March {Figs. 5 and 4), from
Area II in March (Fig. 4} and from Area I in April (Fig. 3).

By April, with the disappearance of the two high salinity meridional
corridors, the three regions I-III have merged into a single low salinity
zone of less than 34.7% , between 8 and 15°S.  Southward escapement of
tropical low salinity water from this zone occurred in April principally
between New Caledonia and Fiji (Fig., 3).

By May however (Fig.6) the southward stress of.the Monsoon has heen
replaced by the northward stress of the south east Trades and high salinitf
water accumulates northward along the two corridors originally found in March.

In June the northward drift of high salinity water and the southward drift of



low salinity water are clearly shown as two tongues aligned in north-west
to south-east directions (Fig. 7).

Further north in June the northern limit of the tropical low salinity
waters of region I can be seen at around 395 along 168-170°E where a zone of
the highest salinity for these latitudes occurred in this month.

In July, the southward extension ofrthe low salinity plume from Zone 1I
has retreated northward but that from Zone III has advanced almost to the
region off Brisbane. However the western Coral Sea north of around 1298
is increasing in salinity and is no longer the source of the low salinity
tropical water of region IiI (Fig. 8).

In August the western higher salinity corridor extends to the south
east coast of Papua New Cuinea and the low salinity tropical water has
receded beyond 1405,  The central higher salinity corridor has shifted
westward and weakened.  The northern boundary of region I has also moved
southward as the area of the low salinity tropical water decreases in winter
and spring (Fig. 9}.

By September, however, the higher salinity corridors separating Zones
I-111 have almost disappeared north of 17% (Fig. 10), although salinities
within the Barrier Reef and off the Queensland coast continue to increase.

The salinities in October indicate that a westward reversal of drift
of low salinity water from region I towards II and perhaps III is responsible
for this disappearance of the high salinity corridor (Fig. 11).

From November onwards the north west Monsocon provides a brake on this
westward flow of low salinity water from region I and the high salinity
corridor in the west is recreated almost to the south-east coast of Papua

New Guinea (Fig. 12).



In December the initial monsoonal diluted tropical waters spread
southward from region II around 158°E and from region III largely from the
Gulf of Papua, to around 2305 (Fig. 13).

By January the two plumes of low salini%y water from regions II and III
have mérged to the qorth of Brisbane and, augmented by localized runoff from
the eastern Australian coastal rivers, contribute to the generally lowered
salinity of the East Australian Current in this month (Fig. 14) .

In February, the southward spread of water of low salinity from inside
the Great Barrier Reef and some augmentation from localized runoff contribute
most of the low salinity water of the East Australian Current in this month
(Fig. 5). Escapement from region II however is much reduéed. From region
I escapement begins to increase in this month reaching a maximum in April
(Fig. 3). |
B.  The Sub-Tropical Zone

I. The high salinity central Tasman Sea water

In a region centred at around 28—3Q°S and extending eastward from
around 160-1620E, there is found in every month a body of water of salinity
greater than 35,70%;. The area occupied by this water to the west of 1709E
varies throughout the year with the maximum area and peak saiinifiés of
greater than 35.80%encountered in January-March (Figs 14, 5 § 4) and with
minimum area and salinities less than 35.80%.in the winter months July-
September (Figs 8-10). There is also a seasonal shift in the meridional
extent of this Central Tasman water with southernmost occurrence in February-

March (Figs 5 § 4) and northernmost in August-January (Figs 9-14).



II. Low salinity (35.40%.) waters of the southern Tasman Sea.

Low salinity water appears seasonally off the New South Wales coast
(Figs 14, 5 § 4) and throughout the year from eastern Tasmania to westward
of New Zealand.

The northern extent of these waters varies seasonally with minimum
northward extent in January-March..

Minimuﬁ salinities in the south-east occur in the period August onward.
The Annual Salinity Balance

In regions where P exceeds E each year, an influx of high salinity water
by horizontal or vertical advection or by horizontal diffusion is required
to maintain the annual salinity balance. In regions where E exceeds P each
year, an influx of low salinity water is correspondingly required. Figure
15, based upon the positioning of the major low and high salinity plumes in
Figs 3-14 and the location of regions of maximum P > E and E > P (Fig. 2),
indicates the extent that displacement of low and high salinity waters
contributes to the annual salinity balance of the Tasman and Coral Seas.

South of a boundary (shown as the northern limit of winter convection
overturn in Fig. 15) the decrease in temperature to a minimum in winter-
spring is always accompanied by a sharp drop in salinity. This is thought
to be caused by convective overturn and mixing with deeper cooler and lower
salinity waters. Such convective overturn provides a further mechanism for
maintaining the annual salinity balance in this region of annual evaporation
each year.

North of the boundary in Fig. 15 whilst convective overturn still occurs
it will increase rather than decrease surface salinity because a sub-

tropical lower layer (Wyrtki 1962) of high salinity occurs below the surface.



In the extreme north convective overturn is inhibited by thé very
strong vertical density gradient and also in general the sub-tropical lower
layer occurs at too great a depth to influence surface‘salinity by vertical
mixing within the shallow mixed layer.
DISCUSSION AND CONCLUSIONS

Donguy et al {(1970) have postulated that a series. of near zonal flows in
the Coral Sea transportslow salinity waters eastward and high salinity waters
westward. The evidence given in the present paper suggests that high and low
salinity waters move into and out of the Coral Sea to the north of 20°S in a
series of gyres (I-III Fig. 15). Continuity of low-salinity waters across
the Coral Sea, suggestive of zonal flow was found only in April (Fig. 3).

These gyres are probébly the reSult of the channelling by land masses of
the inflow of low salinity waters during the north west Monsoon, predominatly
along the paths (1) to the east of the Solomon Islands and the New Hebrides
'{Gyre 1, Fig. 15); (2) between the Solomon Islands and eastern New Guinea
(Gyre II, Fig. 15); and (3) north west Coral Sea from the Gulf of Papua and
the Fly River discharge and eastward through Torres Strait (Gyie I1I, Fig. 15).
South of 20°9S low salinity water Spreads into.the Tasman Sea along two major
pathways:

.(a) One pathway is situated along the eastern Queensland-New South
Wales ccastal margin. Low salinity water augmented by local
river discharge, spreads southward along this pathwéy predominatel?
in the period December to April,.

Plumes of low sélinity water indicating a drift eastward out of
this pathway occur in the north in December and in the south in
March. A large gyre that could carry these waters from the
western Tasman Sea eastward and northward has_been demonstrated by

satellite-tracked buoys (Cresswell 1976,



10

(b)

(a)

(b)

()

The other pathway is situated to the west of Fiji and terminates in
the region between Norfolk Island and New Caledonia. Low salinity
waters penetrate further south along the pathway in February-

March (Fig. 15).

The annual salinity balance in surface waters is maintained in:

the Coral Sea (high nett precipitation excess) by egress of the
surplus low salinity waters after the north-west Monsoon and

entry of high salinity waters during the south-east Trades;

the northern Tasman Sea (high nett evaporative loss) by entry

of low salinity waters from the western Coral Sea and coastal-
margins of east Australia. There is also some entry of low
salinity waters from the eastern Coral Sea, in the first four
months of the year. In other months there is egress of high
salinity waters into the Coral Sea;

the southern Tasman Sea {low nett evaporative loss) by limited
entry of low salinity waters from the sub-Antarctic region south
of the Tasman Sea. The area off south western New Zealand is
seasonallydiluted by local river discharge. In winter-spring
convective overturn also lowers surface salinity in this region

of the Tasman Sea.

Added to the effect on surface S% caused by advective redistribution
of low and high salinity waters is a much slower effect caused by
horizontal diffusion (Bowden 1955). However no account of this

process has been taken in this paper.
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