A FINE-SCALE VOLUMETRIC CENSUS OF THE WATER MASSES
OF THE AGULHAS RETROFLECTION AREA

by

Henry Richard Valentine

Submitted to the Faculty of Science of the University
of Cape Town in fulfillment of the requirements
for the degree of Master of Science.

April 1990

0 hor. l



The copyright of this thesis vests in the author. No
guotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



ABSTRACT

Two studies of the quantification of water masses around southern Africa are described in
this thesis. The first, a pilot study, is concerned with the volumetric analysis of historic
hydrographic data from the region off the South African west coast. It uses data that have been
collected with various instruments over a considerable period of time and with relatively poor
vertical and horizontal resolution. Nevertheless meaningful and significant results have been

obtained:

(i) The T/S characteristics of the upwelling domain and the open-ocean are significantly
different and show no overlap. Upwelled water is derived from different parts of the

South Atlantic Central Water mass.

(ii) Upwelled water, irrespective of its particular origin the Central Water mass, eventually is

heated to a limit of 23°C.

(iii) The volume of water in each bivariate T/S class of Central Water, which is available for
upwelling, are constant. This implies that the intensity of upwelling may be estimated

from the salinity of the upwelled water only.

The second or main study is concerned with the Agulhas Retroflection area. This is
located in the broader South-East Atlantic/South West Indian ocean region, which is identified
as a serious gap in a previously published fine-scale volumetric census of the world ocean.
Recently collected, high quality hydrographic data make it possible to rectify this. This is the

principle objective of this thesis. Some results include:

I. The subtle differences between the Central water of South Atlantic Ocean origin and that
of the South Indian ocean were addressed. These differences are real and distinguishable

as is shown using both historic data and high quality hydrographic data.

2. For the first time, reliable quantitative estimates for the warm and thermocline water
masses are produced. The warm, saline surface water of the Agulhas Retroflection area

contributes very little to the overall volume of the upper 1500 m of the water column.

3. The low salinity water from south of the Subtropical Convergence is spread widely (in
T/S space) on the less saline side of the three-dimensional volumetric diagrams and has

very little volume (less than 1 % of the total volume).

4. The more saline, higher volume section of the Central Water in this region corresponds to

South West Indian Central Water.
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5. Twenty five percent of the total volume of water in this region is contained in only 21

fine-scale bivariate classes.

6. Fifty percent of the water (contained in 71 classes) has a temperature below 3°C. If the
lower volume, non-ranked classes were added then almost seventy percent (67,26%) of all

the water in the Retroflection area would be colder than 3°C.

The results of this census are compared with those of the world ocean census. Although
the volume per bivariate class interval is not of the same order of magnitude, the results are
remarkably similar. The water masses of the Retroflection area are less diverse than those of
the world ocean.
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Because a volumetric analysis is essentially a quantification of water characteristics and
because these water characteristics are employed to identify and describe water masses, it is
necessary to give a description of the water masses and water types concerned in a volumetric
analysis. This will be done in CHAPTER 2. The description will be brief with the objective of
facilitating comparison of the volumetric results only.

Volumetric analyses are not very common. (A possible reason for this may be that they
are dependant on good quality deep stations over extensive areas, which are not readily
available.) It therefore seems appropriate to give an historic introductory review of the use of
T/S diagrams (which forms the basis for volumetric studies) and volumetric census. This is
dealt with in CHAPTER 3.

In CHAPTER 4 the data and methodology will be discussed. The data and methods of
historical volumetric census will be discussed first while those of the pilot study and the
Retroflection area volumetric census will follow.

The results will be discussed in CHAPTER 5. The use of historic data with poor vertical
resolution, collected with various instruments over a time-scale of decades, will obviously have
some limitations in a volumetric analysis. Despite the above, significant results are possible as
shown by the pilot study, and are presented here.

Central Water of the South Atlantic Ocean and that of the South Indian Ocean are very
similar as far as their temperature and salinity characteristics are concerned. Since both types
of Central Water are present in the Retroflection area, I will show that one can distinguish
between the two types of Central Water on the basis of their T/S characteristics with good
quality data. Attempts to do this have been made before by for example Clowes (1950) and also
by Chapman (1988).

The volumetric results of the Retroflection area are compared with the fine-scale census
of the world ocean which inspired this study.

A summary of the results and a few concluding remarks are presented in the final
chapter, CHAPTER 6.
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Figure 3.1 An example of a T/S scatter diagram which is a combination of several T/S curves.
This diagram represents the historic data in the area 30 - 35°S and 35° - 40°E.

Since Sverdrup et al’s (1942) estimates of global distributions of water masses many
publications eg. Fuglister (1960), Wyrtki (1971), Wright and Worthington (1970), Worthington
(1976), Emery and Dewar (1982), Pollard and Pu (1985), Reid (1965, 1973), Broecker and
Takahashi (1985) and Harvey (1982) have examined the details of water masses in particular
regions or oceans. The many descriptions and analyses of water masses have lead to a situation
already observed in 1970 by Wright and Worthington (1970): "The nomenclature of the water
masses in the North Atlantic has become bewilderingly confused in the past half century,
although it is apparent that the water masses themselves have remained essentially the same".
This observation can be applied easily to other oceans as well and the abundance of water mass
nomenclature presently in use forces one to be selective and limit the description to (in broadest
terms) the major water masses.

Very few attempts have been made to synthesize these regional studies (mentioned above)
into a comprehensive overview of global water mass distribution. Mamayev’s (1975) T/S
analysis of the global ocean reviewed the characteristic limits for the global water masses. He
also presented global maps of intermediate and deep water masses. Unfortunately these maps
are produced on a very small scale and it is also difficult to determine the criteria used to
define the water mass boundaries. The same problem arises in the characteristic T/S values in

his table of global water masses.



















































































































































4 65
Several factors are responsible for the fact that in some cases more than one class can have
the same ranking. First, the contribution of the difference in latitude towards calculating the
actual area of the degree-squares is relatively small. Second, the vertical resolution is very small
and the thickness of the water column that fall within a certain 8 -S class is rounded off to the
nearest metre. Third, the volume per class interval is rounded off to the nearest one-tenth of a

cubic kilometre.
5.2.2.1 The shallow stations (0-1500 m)-data set

The obvious difference between the 8 -S plots and the bivariate diagrams is the apparent
elevation which in these cases are proportional to volume. Several obvious conclusions can be
drawn from a visual inspection of the three-dimensional (3-D) diagrams of the shallow stations
(figures 5.19 and 5.20). (i) The warm saline surface water contributes very little to the overall
volume of the upper 1500 m of the water column. (ii) The contribution of the low salinity
water that originates south of the Subtropical Convergence (STC) and found on the low salinity
side of the linear section of the diagram (see section 5.2.1) is even less. (iii) Central Water
contributes considerably more and the volume is rather uniformly distributed over the full § -S
range of Central Water. (iv) Antarctic Intermediate Water (AAIW) is by far the biggest
contributor to the overall volume of the upper 1500 m of the water column and the volume per
fine-scale class increase dramatically towards the deeper side of the AAIW especially at its
transition into the Deep Water masses.

The surface water is rather diverse and contain no high volume classes. Only six classes
have enough volume to be included in the top 150 highest volume classes or ranks (90, 127, 127,
144, 145, 145). The low salinity water from south of the STC is widely spread on the less saline
side of the 3-D diagrams and has very little volume (see figure 5.20). Even at AAIW depth
where it contributes towards the salinity minimum (~34,20 %o) part of the AAIW, the volume
per fine-scale class is not enough to qualify for ranking.

The volume of the Central Water is rather evenly distributed along its 4 -S range. This is
more noticeable in figure 5.19. The same uniform distribution was observed in the volumetric
analysis of South African west coast data (figure 5.5a). Comparable volumetric studies
(Worthington, 1981; Cochrane, 1958; Pollak, 1958 and Montgomery, 1958) concentrated on the
larger (volume-wise) water masses so this rather uniform distribution of Central Water cannot
be directly compared or straight forwardly verified. A possible explanation could be that the
supply at the source of Central Water (at the Subtropical Convergence) and the rate of mixing
between the AAIW below the Central Water and the surface water on top of it have reached an
equilibrium over an extensive period. This equilibrium is maintained. Although the Central
water forms part of what is termed thermocline water, seasonal variations will not have any
noticeable effect on the T/S structure of Central Water. Because the @ -S characteristics of
stations distributed over a relatively large area, and spread over a 3,5 year period, are

combined, it is doubtful whether more extreme (than seasonal) variations will have a marked
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effect on Central Water as far as the distribution of volume is concerned. Worthington (1981)
stated .that we have no idea about the time scales of the mixing processes of the water masses
and suggested that for the deep water masses (which would be considerably longer than for
Central Water) it could be in the order of centuries or even conceivably millenia.

On the basis of volume (elevation) the Central Water section of the bivariate 3-D plots can
be divided into two parts. The one part is towards the lower salinity side of the linear section
of the plot, is slightly more diverse and does not contain any high volume classes. The other
part (on the more saline side) seems more concentrated in a narrower band and has noticeably
higher volumes. This is more obvious in figure 5.20. This division roughly fits our
distinguishing of the two types of Central Water according to source or origin (see section 5.2.1).
The concentrated, more saline, higher volume part corresponds to South West Indian Central
Water, while the lower volume, more diverse part corresponds to the South-East Atlantic Central
Water. Eighty three of the fine-scale classes within the section of the diagram that represent
the Central Water are ranked, ranging form the high volume class 83 (rank number) to the low
of 150. AIll of these ranked classes fall exclusively in the South West Indian Ocean Central
Water band (warmer, more saline) of the Central Water.

The Antarctic Intermediate Water (AAIW) is quite diverse in T/S space and has a salinity
range from about 34,20 psu to about 34,50 psu (figures 5.13 and 5.14). Although it is obviously
the largest water mass in the upper.1500 m of the water column as confirmed in the diagrams in
figures 5.19 and 5.20, the really high volume classes only begin to occur at the bottom (deeper)
end of the AAIW where it has a tighter § -S relationship due to mixing with the Deep Water. It
is therefore not surprising that the class with the highest volume (rank number 1) in the upper
1500 m of water occurs at this transitional (to the Deep Water) depth. In fact, the ten highest
volume classes are all found in this area of the diagram ranging from 5,0 x 10°%km?® (number 1)
to 4,1 x 10% km® (number 10). The dramatic increase in volume of the fine scale classes is
largely brought about by the fact that the AAIW mass is condensed (restricted) to a very limited
T/S range at the transition into the Deep Water compared to the rest of the Intermediate Water
mass just above it (see figures 5.13 and 5.14). Worthington (1981) referred to this transitional
water as a separate water mass. He called it an unnamed water mass of considerable volume
found between the AAIW and the North Atlantic Deep Water (NADW) in the South Atlantic
Ocean, and between the AAIW and the Antarctic Bottom Water (AABW) in the South Pacific
and Indian Oceans. It is also found south of the southern limit of NADW, and in the North
Pacific it is found between the North Pacific Intermediate Water and the bottom water. This
unnamed water mass presumably originates south of the Antarctic Polar Front. According to
Worthington’s census 31 % of this water is found in the North Pacific; 31 % in the South
Pacific; 17 % in the Indian Ocean; and 21 % in the South Atlantic Ocean. In this analysis no
distinction is made between the AAIW and the transitional (unnamed) water or between the
latter and the NADW or Circumpolar Deep Water (CDW). Only between the AAIW and the
Deep Water (NADW and CDW) is distinguished in this study.
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High volumes on these (figures 5.21 and 5.22) diagrams are basically limited to the area
(T/S space) colder than 3°C. There are two peaks in the volume.. The bigger one corresponds
to the # -S of the Deep Water (North Atlantic Deep Water) while the other peak corresponds to
the 6 -S of Antarctic Bottom Water/Circumpolar Deep Water (AABW/CDW). The ten highest
volume, fine-scale classes have a volume of 311,1 x 10® km® which is 13,00 percent of the total
volume of the water in the Agulhas Retroflection Area. Nine of these fine-scale classes are in
the NADW and only one in the Circumpolar Deep Water/Antarctic Bottom Water (figure 5.23).
Only 21 of these fine-scale classes make up 25 percent of the total volume of the water (593,1 x
10% km? or 24,78 %). Of these classes 13 contain NADW while the rest (eight classes) contain
CDW/AABW. The top seventy one highest ranked (in order of volume) classes add up to 50
percent of the total volume of the water in the Retroflection area. All (except five) of these
seventy one classed contain water whose 6 -S characteristics correspond to Deep or Bottom Water
(figure 5.23). The other five classes fall within the AAIW @ -S space, more specifically
transitional or ‘unnamed’ water mass (Worthington, 1981) space. All of these 71 classes (and
therefor 50 % of the water) have temperatures below 3°C. In fact if one were to add the lower
volume non-ranked classes almost seventy percent (67,26%) of all the water in the Retroflection

Area is colder than 3°C.
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-. Table 5.3. Volumes of the different oceans of the world, excluding adjacent seas. Volumes are
given in km® x 103, Volumes in brackets ( ) are for the different sectors of the Southern Ocean
while percentage are given in square brackets [ ].

Pacific Atlantic Indian Southern
Volume: 656 173 [50] 295 460 [22] 245 974 [19]
(55 413) {4] (30 738) 2] (36 730} (3] 122 881 [9]
711 586 [54] 326 198 [24] 282 704 [22]
Total: 1 320 488 x 10° km®

(Adapted from Worthington, 1981)

The boundary of the Southern Ocean in this particular case is taken as 55°S.

According to Worthington’s (1981) census (table 5.3) the Pacific contains about 50 percent
of the total volume of the world ocean. The Pacific is also the freshest of the oceans of the
world. Most of the water in the Pacific has a salinity of less than 34,70 %o. Worthington
calculated a mean salinity of 34,60 %o and a mean potential temperature (8 ) of 3,14°C for the
Pacific. He warned against the indiscriminate use of these means, though. The accuracy of
these means depends on the percentage of the ocean that has been sampled (surveyed). It is
assumed that the water in the unsurveyed areas of each ocean is divided into the same T/S
classes as that of the surveyed areas and in the same proportion. This assumption has the effect
of assigning artificially large volumes of water to classes that are found where coverage is good.

The Southern Ocean (defined in this case as south of 55°S) is the coldest (mean § = 0,71°C)
and after the Pacific the next freshest (figure 5.25b and c¢). The Indian Ocean (figure 5.25b)
has a mean salinity of about 34,78 %.. Although each ocean has bivariate classes that are
exclusive to that ocean (e.g. of the 34 highest volume classes 18 are exclusive to the Pacific) the
Pacific and Indian Oceans are much more similar to each other than to the Atlantic. The latter
is the most eccentric of the oceans, standing aloof on the saline side of the diagram (figure
5.25¢c, connected to the Southern Ocean only by a narrow umbilicus that contains little water.
Three of the top ten highest volume classes namely 3, 7 and 10 (rank number in order of
volume) are circumpolar classes (figure 5.23). They contain a cosmopolitan type of water that is
found in all the oceans except the North Pacific and the North Atlantic. If the distribution of
the bulk of the water (colder than 3°C) of the Retroflection area is fitted onto Worthington’s
simulated 3-D diagram (figure 5.24) it would slot in between the two peaks that represent the
Indian Ocean and the Atlantic Ocean respectively. This is as expected taking into account the
geographical position of the Retroflection Area. The highest peak on figures 5.21 and 5.22 that
corresponds more or less with T = 2,0 - 2,3°C and S = 34,80 - 34,83 psu would fit in right next
to (fresh side of) the highest peak of the Atlantic Ocean (figure 5.25c).
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The water masses that embrace 50 percent of the volume of the world ocean are diverse,
owing to the widely different locations in which they have been formed and, presumably, to
slow changes that have taken place in these water masses since their formation as the result of
mixing with the water masses that they are in contact with. In contrast to the world ocean the
Atlantic is far less diverse. Wright and Worthington (1970) have shown that compared to the
186 fine-scale classes that make up 50 percent of the total of the world ocean, 50 percent of the
total of the North Atlantic is contained in only 43 classes, despite the fact that they identified
five separate sources of deep water for the North Atlantic. The relatively smaller area (North
Atlantic) sampled, compared to the world ocean, is probably also contributing to the smaller
diversity of classes. The same is most likely true for the Retroflection area. The top ten
(ranked 1 to 10) highest volume classes (figure 5.23) contain 14,3 percent of the total compared
to only 10,1 percent of the total of the world ocean contained in the top ten classes. Like-wise
21 classes (Retroflection) contain 25 percent while 21 classes (world ocean) only contain 16
percent of the total. In fact more than double the number of classes (45) are ‘needed’ to
embrace 25 percent of the total. Classes 1-71 contain 50 percent of the total in the
Retroflection area compared to classes 1-186 for 50 percent of the total of the world ocean. As
the volume of these fine-scale bivariate classes diminishes, their diversity increases; 50 percent
of the world ocean’s volume is contained in only 186 classes, while the next 25 percent requires
507 classes. In the same way 50 percent of the Retroflection area is contained in 71 classes
while the next 20 percent requires 269 classes. The Retroflection area is very small and
therefore expected to be less diverse. Its geographic position in relation to the oceans of the
world, the influence of the Agulhas Current and the fact that it is considered to be a crossroads
for water masses from several different geographical regions, on the other, hand would favour
diversity.

In general, expanding the description from 50 percent to 75 percent or to 69 % (in the
case of the Retroflection Area) results in the addition of a few deeper classes, compared to the
greater number of warmer classes.

The conclusions and a summary of the results are presented in the following chapter.
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The serious gap that existed in the fine-scale census of the world ocean (Worthington,
1981) is amended by this thesis to a large extent. In the process, new standards are set as far as
the data are concerned. All the data used were acquired with the same type of instrument
(CTD), which makes this the most uniform data set ever to be employed for a volumetric census
over an extensive area. The data were also collected over only 3,5 years which makes it the
shortest time span (excluding synoptic data) ever employed for a general volumetric survey.
The vertical resolution of the data are incredibly fine. One meter intervals have been used for
this analysis, but the quality of the data is such that an even smaller interval could have been
used.

Although the high volume classes of the Retroflection area are not of the same order as
those of the world ocean, these classes compare remarkably well percentage-wise. The warm
and thermocline water masses and even the intermediate waters are dwarfed by the greater
volumes of the deep water masses. About 70 percent of all the water in the Agulhas
Retroflection area is colder than 3°C. The water in the Retroflection area is less diverse than
that of the world ocean, mainly due to the restricted geographical area of the region. Fifty
percent of Retroflection water is contained in 71 fine-scale classes compared to the 186 classes
‘needed’ to contain 50% of the world ocean. Only 21 fine-scale classes make up 25 % of the
total volume of the water in the Retroflection area.

By dividing the volumetric analysis into two parts (upper 1500 m and bottom stations), a
reliable quantitative estimate for the thermocline (> 4°C) and warm water (> 16°C) masses was
produced for the first time. The warm, saline surface water contributes very little to the overall
volume of the upper 1500 m of the water column in the Retroflection area. The low salinity
water from south of the Subtropical Convergence is widely spread on the less saline side of the
three-dimensional diagrams and has very little volume (less than I % of the total). The more
saline, higher volume section of the Central Water in this area corresponds to South West Indian
Central Water. Because the deep water masses of the world ocean and those of the
Retroflection compare so favourably, one is tempted to extrapolate the results of the
thermocline and warm water, but I would advise strongly against this.

As the volume of the fine-scale classes diminishes they become more diverse e.g. 50% of
the water in the world ocean is contained in 186 classes while the next 25% requires 507 classes.
I share Worthington’s belief that if perfect observations of temperature and salinity were
available the number of classes that contain the greater part of the volume of the world ocean
would be fewer. Even the number of deep classes could be fewer. The ocean is probably more
finely stratified than we can observe (with the available data) at the present time.

Worthington (1981) expressed dismay at the decrease in the rate of acquisition of new
high-quality data. This is due, in part, to trends in modern physical oceanography in which the
dramatic improvements in direct current measurements have taken priority over routine
measurements of water properties on a large scale. This may not be true entirely for the

Agulhas Retroflection area. We may see an increase in data acquisition owing to large
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international projects like WOCE. Be that as it may, the recent excellent data set is far from
fully utilized. The volumetric method as employed in this thesis, could be applied to the same
data set, but instead of combining cruises quasi-synoptic data could be used. One could
concentrate on specific water masses and dynamic processes such as mixing and water mass
interrelations.  Either nutrients or dissolved oxygen could be substituted for one of the
parameters (# or salinity) and volumetric diagrammes produced for them. This could yield
exciting results as demonstrated to some extent by Carmack and Aagaard (1977), and enhance

our knowledge and understanding of the area.
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SHIP

STATION NO |LATITUDE |[LONGITUDE CRUISE
224(B) 39°00.5 14°12.7 R.V. Thomas Washington Marathon
226(B) 39°24.9 15°32.4 R.V. Thomas Washington Marathon
227(B) 39°43.3 16°00.6 R.V. Thomas Washington Marathon
229(B) 40°43.5 17°02.3 R.V. Thomas Washington Marathon
232(B) 42°30.3 17°59.3 R.V. Thomas Washington Marathon
234(B) 43°30.5 17°56.8 R.V. Thomas Washington Marathon
236(B) 44°27.5 17°52.5 R.V. Thomas Washington Marathon
239(B) 35°59.7 19°59.8 R.V. Thomas Washington Marathon
245(B) 37°33.2 18°44.0 R.V. Thomas Washington Marathon
248(B) 38°29.7 19°29.9 R.V. Thomas Washington Marathon
251(B) 38°29.9 21°33.1 R.V. Thomas Washington Marathon
252(B) 38°30.2 22°16.1 R.V. Thomas Washington Marathon
259(B) 36°31.8 22°27.1 R.V. Thomas Washington Marathon
268(B) 37°29.8 26°15.0 R.V. Thomas Washington Marathon
270(B) 36°30.4 26°45.7 R.V. Thomas Washington Marathon
272(B) 35°40.1 26°41.2 R.V. Thomas Washington Marathon
274(B) 35°06.3 25°52.0 R.V. Thomas Washington Marathon
276(B) 34°46.4 25°43.9 R.V. Thomas Washington Marathon
280(B) 38°36.3 26°24.4 R.V. Thomas Washington Marathon
283(B) 39°30.5 26°58.2 R.V. Thomas Washington Marathon
288(B) 39°17.3 24°31.0 R.V. Thomas Washington Marathon
289(B) 38°59.8 23°58.5 R.V. Thomas Washington Marathon
290(B) 38°45.7 23°26.6 R.V. Thomas Washington Marathon
293(B) 37°39.6 19°59.7 R.V. Thomas Washington Marathon

11464(B) 37°14.2 23°04.1 R.V. Discovery ARZ

11467(B) 40°07.9 19°47.5 R.V. Discovery ARZ

11468(B) 38°58.0 18°33.3 R.V. Discovery ARZ

11469(B) 37°57.2 15°34.0 R.V. Discovery ARZ

11470(B) 40°11.1 16°34.8 R.V. Discovery ARZ

11471(B) 41°57.3 17°46.4 R.V. Discovery ARZ

03 36°01.0 16°48.0 R.V. S.A. Agulhas SCARC
08 33°57.0 13°40.0 R.V. S.A. Agulhas SCARC
09 34°30.0 12°51.0 R.V. S.A. Agulhas SCARC
11 35°11.0 11°43.0 R.V. S.A. Agulhas SCARC
13 36°31.0 11°29.0 R.V. S.A. Agulhas SCARC
15 37°38.0 10°27.0 R.V. S.A. Agulhas SCARC
16 37°41.0 09°29.0 R.V. S.A. Agulhas SCARC
17 37°53.0 08°29.0 R.V. S.A. Agulhas SCARC
18 38°00.0 06°44.0 R.V. S.A. Agulhas SCARC
22 36°30.0 08°30.0 R.V. S.A. Agulhas SCARC
23 37°40.8 11°09.6 R.V. S.A. Agulhas SCARC
25 37°31.2 12°43.8 R.V. S.A. Agulhas SCARC
27 37°24.6 17°57.6 R.V. S.A. Agulhas SCARC
29 37°45.0 16°00.0 R.V. S.A. Agulhas SCARC
32 39°00.6 13°00.0 R.V. S.A. Agulhas SCARC
33 39°08.4 12°42.6 R.V. S.A. Agulhas SCARC
34 40°03.0 11°52.8 R.V. S.A. Agulhas SCARC
36 41°31.8 11°31.2 R.V. S.A. Agulhas SCARC
37 40°57.0 14°22.2 R.V. S.A. Agulhas SCARC
40 40°56.7 18°45.2 R.V. S.A. Agulhas SCARC
42 41°56.2 19°44.6 R.V. S.A. Agulhas SCARC
43 43°54.7 20°10.4 R.V. S.A. Agulhas SCARC
44 44°18.8 20°48.0 R.V. S.A. Agulhas SCARC
45 40°59.5 20°30.2 R.V. S.A. Agulhas SCARC
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STATION NO |LATITUDE |LONGITUDE |SHIP CRUISE
46 41°51.5 21°43.2 R.V. S.A. Agulhas SCARC
47 43°02.2 21°53.6 R.V. S.A. Agulhas SCARC
48 42°50.5 22°25.0 R.V. S.A. Agulhas SCARC
50 42°07.4 23°47.8 R.V. S.A. Agulhas SCARC
51 41°03.8 23°14.5 R.V. S.A. Agulhas SCARC
52 40°10.9 22°32.0 R.V. S.A. Agulhas SCARC
53 39°37.0 22°10.5 R.V. S.A. Agulhas SCARC
56 37°14.9 20°27.7 R.V. S.A. Agulhas SCARC
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ADDENDUM i

Census of the water masses of the Agulhas Retroflection Area (0-1500 m) ranked by volume per
bivariate class (°8 x %o).

RANK NUMBER | TEMPERATURE RANGE °8 SALINITY RANGE %o YOLUME
I 2,7-2.8 34,66 - 34,67 4985,0
2 2,7-28 34,64 - 34,65 4791,4
3 2,7-2.8 34,65 - 34,66 4723,7
4 2,8 -29 34,62 - 34,63 4597.8
5 2,9 - 3,0 34,58 - 34,59 4423,6
6 2,7-2.8 34,63 - 34,64 4365,5
7 2,7-28 34,67 - 34,68 4210,7
8 3,0 - 3,1 34,54 - 34,55 4152,6
9 2,8 -29 ‘ 34,61 - 34,62 4104,2
10 2,8-29 34,60 - 34,61 4094,5
11 3,1 - 3,2 34,52 - 34,53 3968,7
12 3,0 - 3,1 34,55 - 34,56 3939,6
13 2,7-28 34,61 - 34,62 3804,1
14 2,7-28 34,62 - 34,63 3678,3
15 3,1 - 3,2 34,53 - 34,54 3542,8
16 2,8 -29 34,63 - 34,64 3533,1
17 3,0 - 3,1 34,56 - 34,57 3484,7
18 2,8-29 34,59 - 34,60 3465,3
19 2,8 -29 34,58 - 34,59 3446,0

20 2,9 - 3,0 34,57 - 34,58 3368,5
21 2,6 - 2,7 34,69 - 34,70 3155,6
22 2,9 - 3,0 34,59 - 34,60 3078,1
23 2,8 -29 34,64 - 34,65 2971,7
23 2,9 - 3,0 34,60 - 34,61 2971,7
24 3,1 - 3,2 34,54 - 34,55 2952,3
25 2,6 - 2,7 34,70 - 34,71 2923,3
26 3,0 - 3,1 34,53 - 34,54 2913,6
27 2,8-29 34,56 - 34,57 2903,9
28 3,2-33 34,52 - 34,53 2884,5
29 3,2-33 34,48 - 34,49 2865,2
30 2,7-2,8 : 34,68 - 34,69 2739,4
31 3,0 - 3,1 34,52 - 34,53 2632,9
32 2,7-28 34,60 - 34,61 2584.5
33 2,7-2,8 34,57 - 34,58 2545,8
33 2,9 - 3,0 34,56 - 34,57 2545,8
34 3,2-3,3 34,51 - 34,52 2516,7
35 3,0 - 3,1 34,57 - 34,58 2507,0
35 3,3-3,4 34,52 - 34,53 2507,0
36 2,7-2,8 34,58 - 34,59 24490
37 2,8-29 34,55 - 34,56 2400,6
38 3,1 -3,2 34,51 - 34,52 2381,2
39 2,8-29 34,65 - 34,66 2342,5
39 2,7-2,8 34,59 - 34,60 2342,5
40 2,8 -29 34,57 - 34,58 2332,8
4] 2,6 - 2,7 34,68 - 34,69 2323,1
42 2,9 -30 34,55 - 34,56 2294.1
43 2,8-29 34,54 - 34,55 2245,7
44 2,7-2,8 34,55 - 34,56 2226,3
45 2,9 - 3,0 34,54 - 34,55 2197,3
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RANK NUMBER | TEMPERATURE RANGE °6 SALINITY RANGE %o VOLUME
46 2,6 - 2,7 34,71 - 34,72 2187,6
47 34 -3,5 34,50 - 34,51 21779
48 3,1 -32 34,55 - 34,56 2129,5
49 34 -35 34,47 - 34,48 21199
50 29 -30 34,53 - 34,54 2061,8
50 2,8-29 34,53 - 34,54 2061,8
51 2,7-28 34,56 - 34,57 20424
51 3,7-38 34,44 - 34,45 20424
52 3,1 -3,2 34,49 - 34,50 2023,1
53 3,2-33 34,53 - 34,54 2003,7
53 3,3-34 34,46 - 34,47 2003,7
53 34-35 34,46 - 34,47 2003,7
54 3,5 - 3,6 34,48 - 34,49 1945,6
55 3,0 - 3,1 34,50 - 34,51 1935,9
35 3,2-33 34,50 - 34,51 19359
56 2,8-29 34,51 - 34,52 1916,6
57 3,6 - 3,7 34,45 - 34,46 1848.,8
58 3,6 - 3,7 34,38 - 34,39 1829,5
59 34 -3,5 34,49 - 34,50 1810,1
60 3,2-33 34,54 - 34,55 1790,7
61 3,0 - 3,1 34,51 - 34,52 1781,1
61 3,5-3,6 34,45 - 34,46 1781,1
62 3,4 - 3,5 34,52 - 34,53 1771,4
63 3,6 - 3,7 34,40 - 34,41 1761,7
64 3,5-3,6 34,51 - 34,52 1752,0
65 3,3-34 34,53 - 34,54 1732,7
66 3,0 - 3,1 34,58 - 34,59 1723,0
66 3,4 -35 34,30 - 34,31 1723,0
67 2,9 -3,0 34,41 - 34,42 1693,9
68 3,1 - 3,2 34,57 - 34,58 1684,3
68 2,8 -29 34,52 - 34,53 1684,3
69 2,9 -3,0 34,61 - 34,62 1664,9
70 3,0 - 3,1 34,49 - 34,50 1626,2
71 3,1 -3,2 34,50 - 34,51 1616,5
71 3,7-3,8 34,47 - 34,48 1616,5
72 3,8 -39 34,40 - 34,41 1606,8
73 3,2-33 34,47 - 34,48 1597,1
73 4,0 - 4,1 34,40 - 34,41 1597,1
74 3,4 -3,5 34,51 - 34,52 1587,5
74 3,6 - 3,7 34,46 - 34,47 1587,5
75 2,9 -3,0 34,52 - 34,53 1577,8
75 3,5-3,6 34,50 - 34,51 1577,8
75 3,2-33 34,49 - 34,50 1577,8
75 3,7~ 3,8 34,48 - 34,49 1577,8
75 3,4-35 34,45 - 34,46 1577,8
76 3,6 - 3,7 34,47 - 34,48 1558,4
71 4,1 - 4,2 34,42 - 34,43 1548,7
78 3,5-3,6 34,52 - 34,53 1539,1
79 33-34 34,50 - 34,51 1519,7
79 3,9 - 4,0 34,46 - 34,47 1519,7
80 3,1 - 3,2 34,42 - 34,43 1510,0
80 4,1 - 4,2 34,40 - 34,41 1510.0
81 39 -40 34,29 - 34,30 1500,4
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RANK NUMBER | TEMPERATURE RANGE °6 SALINITY RANGE %o VOLUME
82 3,6 - 3,7 34,50 - 34,51 1490,7
82 3,3 - 3.4 34,47 - 34,48 1490,7
83 2.8 -29 34,66 - 34,67 1481,0
83 3,5 - 3,6 34,47 - 34,48 1481,0
83 8,9 - 9,0 34,72 - 34,73 1481,0
84 2,7-2.8 34,54 - 34,55 1471,3
84 3,3 - 3,4 34,48 - 34,49 1471,3
85 3,6 - 3,7 34,34 - 34,35 1461,6
86 3,6 - 3,7 34,44 - 34,45 14422
87 3,6 - 3,7 34,48 - 34,49 1432,6
88 3,1 - 3.2 34,56 - 34,57 1422,9
88 3,5 - 3,6 34,40 - 34,41 1422,9
89 2,9 - 3,0 34,63 - 34,64 1413,2
90 2,7-28 34,69 - 34,70 1403,6
90 3,0 - 3,1 34,59 - 34,60 1403,6
90 3,0 - 3,1 34,45 - 34,46 1403,6
90 3.6 - 3,7 34,37 - 34,38 1403,6
90 16,4 -16,5 35,58 - 35,59 1403,6
91 3,9 - 4,0 34,41 - 34,42 1393,9
92 2,7 - 28 34,53 - 34,54 1384,2
93 2,9 - 3,0 34,62 - 34,63 1374,5
93 3,7-38 34,50 - 34,51 1374,5
93 3,5 - 3,6 34,44 - 34,45 1374,5
94 3,5 - 3,6 34,46 - 34,47 1355,2
94 3,5 - 3,6 34,41 - 34,42 1355,2
95 3,4 -3,5 34,53 - 34,54 1345,5
95 3,9 - 4,0 34,45 - 34,46 1345,5
95 3,8 - 3,9 34,47 - 34,48 1345,5
96 3,0 - 3,1 34,61 - 34,62 1335,8
96 3,7-38 34,46 - 34,47 1335,8
97 2,6 - 2,7 34,67 - 34,68 1326,1
97 3,6 - 3,7 34,49 - 34,50 1326,1
97 3,7 -3,8 34,45 - 34,46 1326,1
97 3,6 - 3,7 34,39 - 34,40 1326,1
98 3,6 - 3,7 34,43 - 34,44 1316,4
98 3,0 - 3,1 34,40 - 34,41 1316,4
99 4,0 - 4,1 34,41 - 34,42 1306,8
99 4,3 - 4,4 34,31 - 34,32 1306,8
100 8,8 - 8,9 34,71 - 34,72 1297,1
101 3,3-34 34,51 - 34,52 1287,4
101 3,5 - 3,6 34,49 - 34,50 1287,4
101 3,7 - 3,8 34,42 - 34,43 1287,4
101 3,5 - 3,6 34,37 - 34,38 1287.4
101 10,4 -10,5 34,88 - 34,89 1287,4
101 12,1 -12,2 35,09 - 35,10 1287,4
102 3,0 - 3,1 34,44 - 34,45 1277,7
103 2,8-2,9 34,50 - 34,51 1268,0
104 2,9 - 3,0 34,48 - 34,49 1258,4
104 4,5 - 4.6 34,37 - 34,38 1258,4
104 4,7 - 4,8 34,33 - 34,34 1258,4
104 3,8 -39 34,29 - 34,30 1258,4
104 9.6 - 9,7 34,79 - 34,80 1258,4
104 11,5 -11,6 35,01 - 35,02 1258,4
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RANK NUMBER | TEMPERATURE RANGE °6 SALINITY RANGE %o YOLUME
105 3,7-38 34,49 - 34,50 1248,7
105 9,0 - 9,1 34,73 - 34,74 1248,7
106 3,7 - 3,8 34,43 - 34,44 1239,0
106 2,9 -3,0 34,36 - 34,37 1239,0
107 3,9 -40 34,49 - 34,50 1229,3
107 33-34 34,37 - 34,38 1229,3
108 3,2-33 34,41 - 34,42 1219,6
108 42 -43 34,30 - 34,31 1219,6
108 92-93 34,75 - 34,76 1219,6
109 3,8 -39 34,50 - 34,51 1210,0
109 3,0 - 3.1 34,46 - 34,47 1210,0
109 12,2 -12,3 35,10 - 35,11 1210,0
110 2,9 -3,0 34,64 - 34,65 1200,3
110 3,6 - 3,7 34,51 - 34,52 1200,3
110 4,2 - 43 34,40 - 34,41 1200,3
110 10,5 -10,6 34,89 - 34,90 1200,3
110 12,8 -12,9 35,18 - 35,19 1200,3
111 39 - 4,0 34,43 - 34,44 1190,6
111 9,5-9,6 34,78 - 34,79 1190,6
112 3,1 - 3,2 34,60 - 34,61 1180,9
112 3,1 - 3,2 34,43 - 34,44 1180,9
112 9,3-9.4 34,76 - 34,77 1180,9
113 10,3 -10,4 34,87 - 34,88 1171,2
114 33-34 34,40 - 34,41 1162,0
115 3,3-34 34,55 - 34,56 1161,6
115 2,9 -3,0 34,50 - 34,51 1161,6
115 33-34 34,49 - 34,50 1161,6
115 4,2 - 43 34,39 - 34,40 1161,6
115 8,6 - 8,7 34,69 - 34,70 1161,6
115 9,5 -9.6 34,77 - 34,78 1161,6
116 4,6 - 4,7 34,36 - 34,37 1151,9
116 4,4 - 45 34,30 - 34,31 1151,9
116 3,6 - 3,7 34,29 - 34,30 11519
116 94 -9,5 34,77 - 34,78 1151,9
116 11,1 -11,2 34,96 - 34,97 1151,9
117 4,5 - 4,6 34,41 - 34,42 1142,2
117 12,5 -12,6 35,13 - 35,14 1142,2
118 3,4 -3,5 34,48 - 34,49 1132,5
118 42 -43 34,35 - 34,36 1132,5
118 9,1 -9,2 34,74 - 34,75 1132,5
118 11,0 -11,1 34,95 - 34,96 1132,5
118 11,2 -11,3 34,98 - 34,99 1132,5
119 3,8 -39 34,44 - 34,45 11228
119 3,0 - 3,1 34,43 - 34,44 1122,8
119 9,2-93 34,74 - 34,75 1122,8
119 10,2 -10,3 34,86 - 34,87 1122.8
120 3,2-33 34,45 - 34,46 1113,2
120 8,5 - 8,6 34,68 - 34,69 1113,2
120 11,3 -11,4 34,99 - 35,00 1113,2
121 3,0 - 3,1 34,47 - 34,48 1103,5
121 4,2 - 43 34,41 - 34,42 1103,5
121 8,3-8,4 34,67 - 34,68 1103,5
121 9,7-9,8 34,80 - 34,81 1103,5
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RANK NUMBER | TEMPERATURE RANGE °8 SALINITY RANGE %o VOLUME
122 32-33 34,37 - 34,38 1093,8
122 3,5-36 34,34 - 34,35 1093,8
122 11,7 - 11,8 35,04 - 35,05 1093,8
123 2,6 - 2,7 34,60 - 34,61 1084,1
123 3,7- 3,8 34,52 - 34,53 1084,1
123 2,9 - 3,0 34,47 - 34,48 1084,1
124 33-34 34,56 - 34,57 1074,4
124 12,6 -12,7 35,14 - 35,15 1074,4
125 3,9 - 40 34,40 - 34,41 1064,8
125 4,3-44 34,39 - 34,40 1064,8
125 11,8 -11,9 35,05 - 35,06 1064,8
125 12,3 -12,4 35,11 - 35,12 1064,8
126 3,6 - 3,7 34,42 - 34,43 1055,1
126 3,6 - 3,7 34,41 - 34,42 1055,1
126 3,5-3,6 34,29 - 34,30 1055,1
126 8,2 -8,3 34,66 - 34,67 1055,1
126 8,7 -8.8 34,70 - 34,71 1055,1
126 10,8 -10,9 34,93 - 34,94 1055,1
127 3,0 - 3,1 34,48 - 34,49 1045,4
127 43 -44 34,43 - 34,44 1045,4
127 3,5- 3,6 34,43 - 34,44 1045,4
127 4,6 - 4,7 34,41 - 34,42 1045,4
127 3,9 -40 34,30 - 34,31 1045,4
127 11,4 -11,5 35,00 - 35,01 1045,4
127 16,3 -16,4 35,53 - 35,54 1045,4
127 22,3 - 22,4 35,58 - 35,59 10454
128 2,9 - 3,0 34,49 - 34,50 1035,7
128 4,6 - 4,7 34,32 - 34,33 1035,7
128 4,1 - 4,2 34,30 - 34,31 1035,7
128 10,6 -10,7 34,90 - 3491 1035,7
129 2,8 -29 34,49 - 34,50 1026,0
129 3,1 - 3,2 34,41 - 34,42 1026,0
129 34-35 34,37 - 34,38 1026,0
129 3,8 -39 34,33 - 34,34 1026,0
129 4,0 - 4,1 34,30 - 34,31 1026,0
130 33-34 34,54 - 34,55 1016.4
130 3,0 - 3,1 34,34 - 34,35 1016,4
130 12,4 -12,5 35,12 - 35,13 1016,4
130 12,9 -13,0 35,19 - 35,20 1016,4
131 4,0 - 4,1 34,42 - 34,43 1006,7
131 43 -44 34,38 - 34,39 1006,7
131 3,8 -39 34,30 - 34,31 1006,7
131 83-84 34,66 - 34,67 1006,7
131 10,9 -110 34,94 - 3495 1006,7
132 2,9 -3,0 34,65 - 34,66 997,0
132 2,6 - 2,7 34,65 - 34,66 997,0
132 4,5 - 4,6 34,32 - 34,33 997,0
133 33-34 34,57 - 34,58 987,3
133 32-3,3 34,38 - 34,39 987,3
133 39-4,0 34,33 - 34,34 987,3
133 9,6 - 9,7 34,78 - 34,79 987,3
133 10,0 -10,1 34,83 - 34,84 987,3
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RANK NUMBER | TEMPERATURE RANGE °8 SALINITY RANGE %o VOLUME
134 2,9 - 3,0 34,44 - 34,45 977,6
134 3.9 - 4,0 34,44 - 34,45 97,6
134 4.1 - 42 34,43 - 34,44 977,6
134 34 -35 34,43 - 34,44 977.6
134 43 - 4,4 34,42 - 34,43 977,6
134 3,1 -3.2 34,40 - 34,41 977,6
134 3,0 - 3,1 34,32 - 34,33 977,6
134 9,9 -10,0 34,82 - 34,83 977.6
134 11,6 -11,7 35,02 - 35,03 977,6
134 11,9 -12,0 35,07 - 35,08 977,6
134 12,3 12,4 35,12 - 35,13 977,6
135 2,6 - 2,7 34,59 - 34,60 968,0
135 3,8 - 3,9 34,46 - 34,47 968,0
135 37-38 34,39 - 34,40 968,0
135 3,9 - 4,0 34,38 - 34,39 968,0
135 3,6 - 3,7 34,31 - 34,32 968,0
135 3,0 - 3,1 34,31 - 34,32 968,0
135 8,1 - 82 34,65 - 34,66 968,0
135 9.4 -9,5 34,76 - 34,77 968,0
135 10,1 -10,2 34,85 - 34,86 968,0
135 12,7 -12,8 35,17 - 35,18 968,0
136 3,5 - 3,6 34,42 - 34,43 958,3
136 4.4 - 45 34,42 - 34,43 958,3
136 4.5 - 4.6 34,30 - 34,31 958,3
136 8,2 - 8,3 34,64 - 34,65 958,3
137 3,2 - 3,3 34,60 - 34,61 948,6
137 3,5 - 3,6 34,53 - 34,54 948,6
137 8,0 - 8,1 34,63 - 34,64 948,6
137 9,0 - 9,1 34,72 - 34,73 948,6
137 11,9 -12,0 35,06 - 35,07 9486
138 3.8 -39 34,43 - 34,44 938,9
138 3,8 - 3,9 34,36 - 34,37 938,9
138 4,7 - 4,8 34,36 - 34,37 938,9
138 8,2 - 8,3 34,65 - 34,66 938,9
138 12,9 -13,0 35,20 - 35,21 938.9
139 3,9 - 4,0 34,42 - 34,43 929,2
139 4,7 - 4.8 34,42 - 34,43 929,2
139 8,4 - 8,5 34,67 - 34,68 929,2
140 32 -3,3 34,40 - 34,41 919,6
140 2,9 - 3,0 34,32 - 34,33 919,6
140 3,8 -39 34,25 - 34,26 919,6
140 12,0 -12,1 35,08 - 35,09 919,6
141 3,2-3,3 34,55 - 34,56 909,9
141 4.4 - 4,5 34,41 - 34,42 909,9
141 45 - 4.6 34,38 - 34,39 909,9
141 6,0 - 6,1 34,47 - 34,48 909,9
141 6,8 - 6,9 34,52 - 34,53 909,9
141 11,6 -11,7 35,03 - 35,04 909,9
141 12,0 -12,1 35,07 - 35,08 909,9
142 3,0 - 3,1 34,62 - 34,63 900,2
142 3,4 -3,3 34,58 - 34,59 900,2
142 3,6 - 3,7 34,35 - 34,36 900,2
142 3,3 - 3,4 34,34 - 34,35 900,2
142 9,3 - 9,4 34,75 - 34,76 900,2
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RANK NUMBER |TEMPERATURE RANGE °8 SALINITY RANGE %o VOLUME
143 3.9 - 4,0 34,25 - 34,26 890,7
144 42 - 4,3 34,44 - 34,45 890,5
144 3,6 - 3,7 34,36 - 34,37 890,5
144 5.1-52 34,34 - 34,35 890,5
144 3,6 - 3,7 34,33 - 34,34 890,5
144 3,0 - 3,1 34,33 - 34,34 890,5
144 6,3 - 6,4 34,44 - 34,45 890,5
144 87-88 34,69 - 34,70 890,5
144 8,8 - 8,9 34,70 - 34,71 890,5
144 9,7 - 9.8 34,79 - 34,80 890,5
144 13,1 -13,2 35,22 - 35,23 890,5
144 16,4 -16,5 35,59 - 35,60 890,5
145 2,6 - 2,7 34,64 - 34,65 880,9
145 32-33 34,59 - 34,60 880,9
145 4,0 - 4,1 34,43 - 34,44 880,9
145 3,4 -35 34,41 - 34,42 880,9
145 3,3 - 3.4 34,36 - 34,37 80,9
145 42 -43 34,36 - 34,37 880,9
145 3,8-39 34,35 - 34,36 880,9
145 49 - 50 34,33 - 34,34 880,9
145 19,9 -20,0 35,57 - 35,58 880,9
145 19,2 -19,3 35,54 - 35,55 880,9
146 2,9 - 3,0 34,51 - 34,52 871,2
146 4,0 - 4,1 34,44 - 34,45 871,2
146 2,8 -29 34,43 - 34,44 871,2
146 4,6 - 4,7 34,38 - 34,39 871,2
146 4,7 - 4,8 34,37 - 34,38 871,2
146 3,5-3,6 34,35 - 34,36 871,2
146 9,1 -92 34,73 - 34,74 871,2
146 10,7 -10,8 34,92 - 34,93 871,2
146 13,2 -13,3 35,23 - 35,24 871,2
147 2,8 -29 34,42 - 34,43 861,5
147 50 - 5,1 34,41 - 34,42 861,5
147 50 - 5,1 34,38 - 34,39 861,5
147 7,0 - 7,1 34,54 - 34,55 861,5
147 8,1-82 34,64 - 34,65 861,5
148 2,8 -2,9 34,47 - 34,48 851,8
148 4,1 - 4,2 34,45 - 34,46 851,8
148 3,3 -3,4 34,44 - 34,45 851,8
148 32-33 34,42 - 34,43 851,8
148 42 - 4,3 34,38 - 34,39 851,8
148 4,7 - 4,8 34,38 - 34,39 851,8
148 4,4 - 4,5 34,31 - 34,32 851,8
148 7,0 - 7,1 34,55 - 34,56 851,38
148 7.6 - 1,7 34,56 - 34,57 851,8
148 10,6 -10,7 34,91 - 34,92 851,8
149 3,1 -32 34,39 - 34,40 842,1
149 2,9 - 3,0 34,34 - 34,35 842,1
149 3,6 - 3,7 34,28 - 34,29 842,1
149 42 - 4,3 34,28 - 34,29 842,1
149 6.9 - 7,0 34,53 - 34,54 842,1
149 10,1 -10,2 34,84 - 34,85 842,1
149 11,2 -11,3 34,97 - 34,98 842,1
149 12,2 -12,3 35,09 - 35,10 842,1
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RANK NUMBER | TEMPERATURE RANGE °6 SALINITY RANGE %o VOLUME
150 3,7-3.8 34,51 - 34,52 832,5
150 3,0 - 3,1 34,41 - 34,42 832,5
150 3,7- 3,8 34,40 - 34,41 832,5
150 4,5 - 4,6 34,31 - 34,32 832,5
150 8,0 - 8,1 34,64 - 34,65 832,5
150 84 -85 34,65 - 34,66 832,5
150 98 -99 34,81 - 34,82 832,5
150 10,0 -10,1 34,84 - 34,85 832,5
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ADDENDUM il

Census of the water masses of the Agulhas Retroflection Area (bottom stations) ranked by

volume per bivariate class (°8 x %eo).

RANK TEMPERATURE RANGE °8 SALINITY RANGE %o VOLUME
1 2,1 -2,2 34,84 - 34,85 46704,5
2 2,2-23 34,83 - 34,84 38718,7
3 2,0 - 2,1 34,83 - 34,84 35911,6
4 2,0 - 2,1 34,84 - 34,85 34701,7
5 1,9 - 2,0 34,83 - 34,84 34421,0
6 2,1 -22 34,83 - 34,84 33636,9
7 0,7-0,8 34,73 - 34,74 31943,0
8 23-24 34,82 - 34,83 29910,2
9 2,2 -23 34,84 - 34,85 29135,8
10 1,8 - 1,9 34,83 - 34,84 26328,6
11 0,6 - 0,7 34,73 - 34,74 25931,9
12 09-1,0 34,75 - 34,76 25902,5
13 1,7- 1,8 34,82 - 34,83 24576,7
14 0,5-0,6 34,72 - 34,73 24189,5
15 2,3-24 34,83 - 34,84 23957,2
16 0,8 -09 34,74 - 34,75 22940,8
17 1,0 - 1,1 34,76 - 34,77 21905,1
18 2,4 -25 34,80 - 34,81 21382,4
19 2,2-2,3 34,82 - 34,83 21246,9

20 0,7 - 0,8 34,74 - 34,75 20617,7
21 0,6 - 0,7 34,72 - 34,73 19069,0
22 1,9 -2,0 34,84 - 34,85 17955,8
23 0,8 - 0,9 34,75 - 34,76 17810,6
24 1,6 - 1,7 34,81 - 34,82 17771,9
25 1,8 - 1,9 34,82 - 34,83 17762,2
26 24 -25 34,79 - 34,80 17558,9
27 23-24 34,81 - 34,82 16842.6
28 2,5-26 34,76 - 34,77 16339,3
29 2,4 -25 34,81 - 34,82 16203,8
30 1,2-1,3 34,77 - 34,78 16068,3
31 24-25 34,82 - 34,83 15903,7
32 1,5-1,6 34,80 - 34,81 156327
33 14-1,5 34,79 - 34,80 15226,1
34 0,4 -0,5 34,71 - 34,72 14984,1
35 1,1 -1,2 34,77 - 34,78 14877,9
36 25-26 34,75 - 34,76 14877,7
37 2,5-2,6 34,77 - 34,78 143259
38 2,1 -2.2 34,82 - 34,83 14171,1
39 1,2 -1,3 34,78 - 34,79 13454,8
40 2,6 -2,7 34,70 - 34,71 13377,3
41 1,1 - 1,2 34,76 - 34,77 13367,6
42 1,7 - 1,8 34,81 - 34,82 13309,6
43 2,5-2,6 34,78 - 34,79 13077,3
44 1,3-1,4 34,78 - 34,79 12912,7
45 2,6 - 2,7 34,71 - 34,72 12825,6
46 2,6 - 2,7 34,72 - 34,73 12012,5
47 2,5-2,6 34,74 - 34,75 11741,5
48 2,4 -25 34,78 - 34,79 11683,4
49 19-20 34,82 - 34,83 11422,0
50 2,6 - 2,7 34,69 - 34,70 11044,5
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RANK TEMPERATURE RANGE °6 { SALINITY RANGE %o VOLUME
51 1,3-1,4 34,79 - 34,80 10996, 1
52 1,6 - 1,7 34,80 - 34,81 10812,2
53 2,0 - 2,1 34,82 - 34,83 10560,5
54 23-24 34,84 - 34,85 10454,1
55 0,4 - 0,5 34,72 - 34,73 10328,2
56 0,9 - 1,0 34,76 - 34,77 9921,7
57 2.6 - 2,7 34,73 - 34,74 9853,9
58 1,0 - 1,1 34,75 - 34,76 9428.0
59 2,5-26 34,79 - 34,80 9031,1
60 2,6 - 2,7 34,68 - 34,69 8798.9
61 24 -25 34,83 - 34,84 8421,3
62 2,7-28 34,65 - 34,66 7792,1
63 1,5- 1,6 34,81 - 34,82 7598,6
63 1,6 - 1,7 34,82 - 34,83 7598,6
64 1.4-1,5 34,80 - 34,81 7501,8
65 1,5-16 34,79 - 34,80 7375.9
66 2,7-28 34,64 - 34,65 7317.8
67 2,6 - 2,7 34,74 - 34,75 7153,3
68 1,8 - 1,9 34,81 - 34,82 7114,6
69 2,5-2,6 34,80 - 34,81 6988,7
70 2,7-28 34,66 - 34,67 6882,3
71 2,5 - 2,6 34,73 - 34,74 6872,6
72 23-24 34,80 - 34,81 6746,7
73 24-25 34,77 - 34,78 6591,9
74 2,7-28 34,67 - 34,68 6543,5
75 2,7-28 34,63 - 34,64 6456,3
76 0,9 - 1,0 34,74 - 34,75 6437,0
77 1,4-15 34,78 - 34,79 6388.6
78 2,6 - 2,7 34,67 - 34,68 6369,2
79 2,5 - 2,6 34,81 - 34,82 6349.9
80 0.8 - 0,9 34,73 - 34,74 5856,2
80 1,0 - 1,1 34,77 - 34,78 5856,2
80 12-13 34,76 - 34,77 5856,2
81 2,0 - 2,1 34,85 - 34,86 5420,6
82 0,6 - 0,7 34,74 - 34,75 5391,6
83 0,5 - 0,6 34,71 - 34,72 5227,0
83 1,8 - 1,9 34,84 - 34,85 5227.0
84 1,7 - 1,8 34,83 - 34,84 5130,2
85 2,7-28 34,68 - 34,69 5091,5
86 28-29 34,62 - 34,63 5004,4
87 0,3 - 0,4 34,71 - 34,72 49560
88 0,3 -0,4 34,70 - 34,71 4907,6
89 1,3-1,4 34,77 - 34,78 48398
90 2,6 - 2,7 34,75 - 34,76 4791,4
91 2,7-28 34,62 - 34,63 4646,2
92 28-29 34,63 - 34,64 45882
93 2,5 -26 34,72 - 34,73 4472,0
94 0,7 - 0,8 34,75 - 34,76 4355,9
95 1,7- 1,8 34,80 - 34,81 43462
96 0,5 - 0,6 34,73 - 34,74 42397
97 1,9 - 2,0 34,85 - 34,86 41623
98 2,1 - 2,2 34,86 - 34,87 4065.5
98 22-23 34,81 - 34,82 4065,5
99 2,6 - 2,7 34,76 - 34,77 4007.4










105

RANK TEMPERATURE RANGE °e SALINITY RANGE %o VOLUME
180 3,2-33 34,55 - 34,56 1122.8
180 33-34 34,51 - 34,52 1122,8
180 3,5-36 34,40 - 34,41 1122.8
181 34 -35 34,49 - 34,50 11132
182 2,7-28 34,56 - 34,57 1103,5
182 2,9 -30 34,41 - 34,42 1103,5
183 3,1 -3,2 34,42 - 34,43 1084,1
183 3,8 -39 34,40 - 34,41 1084,1
184 2,9 -3,0 34,63 - 34,64 1074,4
184 2,9 -3,0 34,64 - 34,65 1074,4
185 2,8 -29 34,66 - 34,67 1064,8
186 3,5-3,6 34,47 - 34,48 1045,4
186 22,3 -22,4 35,58 - 35,59 1045,4
187 12,1 -12,2 35,09 - 35,10 1035,7
188 3,4 - 3,5 34,46 - 34,47 1026,0
188 9,0 - 9,1 34,73 - 34,714 1026,0
189 16,3 -16,4 35,53 - 35,54 1016,4
190 25-26 34,65 - 34,66 1006,7
190 3,5-3,6 34,45 - 34,46 1006,7
190 3,6 - 3,7 34,45 - 34,46 1006,7
191 2,7-2,8 34,71 - 34,72 997,0
192 2,9 -3,0 34,68 - 34,69 987,3
192 3,1 -3,2 34,57 - 34,58 987,3
193 3,0 - 3,1 34,40 - 34,41 977,6
193 11,1 -11,2 34,96 - 34,97 977,6
194 1,5-1,6 34,82 - 34,83 968,0
194 2,6 - 2,7 34,85 - 34,86 968,0
194 2,7-28 34,81 - 34,82 968,0
194 3,1 - 3,2 34,51 - 34,52 968,0
195 2,9 - 3,0 34,55 - 34,56 958,3
195 3,2-33 34,63 - 34,64 958,3
195 10,4 -10,5 34,88 - 34,89 958,3
195 11,0 -11,1 34,95 - 34,96 958.3
196 3,0 - 3,1 34,49 - 34,50 948,6
196 3,1 - 3,2 34,60 - 34,61 948,6
196 33-34 34,48 - 34,49 948.,6
196 3,7-3,8 34,50 - 34,51 948,6
197 28-29 34,68 - 34,69 938,9
197 3,1 -3.2 34,49 - 34,50 938,9
197 4,2 - 43 34,35 - 34,36 938,9
197 4,0 - 4,1 34,40 - 34,41 938,9
197 9,6 - 9,7 34,79 - 34,80 938,9
198 2,8 -29 34,54 - 34,55 929,2
198 3,0 - 3,1 34,62 - 34,63 929,2
198 3,7-3,8 34,47 - 34,48 929,2
198 8,6 - 8,7 34,69 - 34,70 929,2
198 11,5 -11,6 35,01 - 35,02 929,2
199 8,9 -9,0 34,72 - 34,73 919,6
199 12,2 -12,3 35,10 - 35,11 919,6
200 33-34 34,60 - 34,61 909,9
200 3,1 - 3,2 34,56 - 34,57 909,9
200 8,8 -89 34,71 - 34,72 909,9
200 9,1 -9,2 34,74 - 34,75 909,9
200 12,5 -12,6 35,14 - 35,15 909,9
201 1,2 -11.3 34,98 - 34,99 900,2






