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Abstract The Mernoo Saddle is situated c. 100 km
east of Banks Peninsula, Canterbury, New Zealand
at 44°S 174°E. The Saddle separates the South Is-
land of New Zealand from an underwater ridge
known as the Chatham Rise. The Rise acts as a par-
tial barrier to the flow of the subantarctic surface
water mass (SAW) and the subtropical surface wa-
ter mass (STW), which are part of the global Sub-
tropical Front extending around the Southern Ocean.
This study examined the variability of the water
masses flowing through the Mernoo Saddle using a
3-year data set of Advanced Very High Resolution
Radiometer (AVHRR) Sea Surface Temperature
(SST) imagery. This investigation revealed that
SAW extended north through the western edge of the
Mernoo Saddle for most of the year, however in
winter and early spring a southward extension of
STW was observed.
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INTRODUCTION

Off the Canterbury coast of the South Island, New
Zealand lies an underwater ridge known as the
Chatham Rise. The Memoo Saddle is located at the
western extremity of the Chatham Rise, ¢. 100 km
east of Banks Peninsula at 44°S 174°E. The Saddle
has an approximate width of 40 km and a maximum
depth of 580 m. The Chatham Rise acts as a partial
barrier to the flow of the subantarctic surface water
mass (SAW) and the subtropical surface water mass
(STW), which form part of the global Subtropical
Convergence or Subtropical Front extending around
the Southern Ocean. South of the Chatham Rise, the
convergence of the offshore cool low salinity SAW
and the inshore warm high salinity STW is known
locally as the Southland Front.

Heath (1972b p. 500) describes the Southland
Front as having an induced geostrophic current as-
sociated with it known as the Southland Current.
There is confusion in the literature in the definition
of the Southland Current as it not only contains the
geostrophic current, but extends over the continen-
tal shelf. The Southland Current has generally been
referred to as a flow of water which contains mainly
STW on the western side of the Southland Front
(e.g., Garner 1961, 1967, Jillett 1969; Chiswell
1996) with some mixing of SAW (Houtman 1966).
Brodie (1960) referred to the Southland Current as
a coastal current. Heath (1975b) provides a general
definition of the Southland Current surface waters
south of Banks Peninsula as predominantly warm
saline STW bounded by neritic water inshore and the
SAW of the Southland Front offshore. The geo-
strophic current induced by the Southland Front is
part of the Southland Current, however there may be
other driving mechanisms for the Southland Current.

A low salinity and low temperature branch of
subantarctic water was observed extending north
through Mernoo Saddle (Burling 1961; Garner
1961), referred to by Brodie (1960) and Garner
(1961) as the Canterbury Current. This subantarctic
tongue was also implied by Heath (1972a) and ob-
served by Heath (1975a) in the western side of the
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Fig.1 A, Map of New Zealand (insert) showing the approximate location of the Subtropical Front, and the east coast
of the South Island showing the position of the Mernoo Saddle, the Southland Front (part of the Subtropical Front),
and the SAW wisp. (STW = subtropical surface water mass, SAW = subantarctic surface water mass, NW = neritic

waters.) Locations of the eddies (E1-E4) are based on Heath

(1972b, 1975b), Barnes (1985), Vincent (1991), Greig &

Gilmour (1992), and Roemmich & Sutton (1998). (E1 = Wairarapa Eddy, E2 = Hikurangi Eddy.) B (opposite), An

Advanced Very High Resolution Radiometer Sea Surface
Eddy) and E3. SAW wisp can been seen as a tongue of coo

Temperature image showing two eddies E2 (Hikurangi
ler water through the western side of the Mernoo Saddle

between the warmer waters of the Southland Front to the west and the STW of the East Cape Current to the east.

Saddle, and described by Heath (1972b, 1985) as
forming the eastern side of the Southland Front.
Heath (1972b) revised the identity of the Canterbury
Current, suggesting it should be incorporated into an
extension of the Southland Current as it had similar
characteristics to the subantarctic component of the
Southland Current on the south side of the Mernoo
Saddle. Subsurface SAW is forced up towards the
surface as it passes through the Saddle. Water be-
tween the surface and 580 m (the maximum depth
of the Mernoo Saddle) flows north through the Sad-
dle; water deeper than 580 m and less than c. 800 m
is forced upwards through the Saddle, but waters
greater than 800 m do not pass through (Heath 1985).

The circulation north of the Chatham Rise is com-
plex. An anticyclonic eddy at c. 41°S 179°E has been
recorded (Sdubhundhit & Gilmour 1964; Garner
1967; Heath 1968, 1975b) and described by Heath

(1975b, 1976) as a large anticyclonic, subtropical
eddy permanently present to the east of Wellington,
extending to a depth of at least 900 m (E1, Fig. 1A).
This eddy has been named the Wairarapa Eddy
(Roemmich & Sutton 1998). Heath (1975b) sug-
gested that smaller eddies may be generated from the
Wairarapa Eddy by an increased transport of water
within the meandering subtropical East Cape Cur-
rent as it moves south-east towards shallower water
at the head of the Hikurangi Trench. One of these
smaller eddies, a subtropical anticyclonic eddy re-
ferred to as the Hikurangi Eddy (E2, Fig. 1A,B) was
found to be reasonably stable, south-east of Welling-
ton (42°S 176°E) (Barnes 1985). Barnes, using
Advanced Very High Resolution Radiometer
(AVHRR) Sea Surface Temperature (SST) imagery,
found that between April 1981 and April 1983, the
position of the Hikurangi Eddy was stable on 28
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occasions, with a standard deviation of 12 km from
its central position. However, Greig & Gilmour
(1992) observed this eddy to be displaced 70 km
south-west of its commonly reported position and
then it became dispersed. Barnes (1985) also de-
scribed the complex ocean-current circulation sys-
tem to the south-east of Cook Strait (the strait
between the North and South Islands). As the
Southland Current extension flows north, it passes
close to Kaikoura and on towards Cook Strait.
Within Cook Strait, the flow gets deflected south-
east and encounters the Hikurangi Eddy but also
forms part of a cyclonic eddy (E3, Fig. 1A,B). The
position of E3 was recorded at 42°36’S 174°30E
(Vincent et al. 1991). This circulation showed cool
water in the Mernoo Saddle, and dynamic stream-
ers being shed from the East Cape Current coupled
with the anticyclonic Hikurangi eddy. During No-
vember/December 1968, Heath (1975b, fig. 35)
observed a relatively weak anticyclonic eddy at the
northern side of the Memoo Saddle and noted that
the Southland Current extension was not hindered.

Kaikoura

Otago, NZ

The position of this fourth eddy (E4, Fig. 1A,
43°15’S 174°40’E) coincided with an anticyclonic
eddy shown in two out of four AVHRR SST images
(Barnes 1985, fig. 2) within one of the dynamic
streamers shed from the East Cape Current. Vincent
et al. (1991) also showed that another “eddy-like
feature” exists, positioned over the Mernoo Bank (at
43°30’S 175°30°E), east of the Meroo Saddle (Fig.
1A). Heath (1975b) found that during September/
October 1967, a strong anticyclonic eddy was
present near Kaikoura, possibly discarded from the
larger eddy off the Wellington coast (E1 Fig. 1A),
which hindered the water movement of the
Southland Current extension off Kaikoura.

For 6 months (June—-November) in 1988, Greig
& Gilmour (1992) deployed two current meters in
the Mernoo Saddle at depths of 200 and 400 m on a
single mooring. The entire data set showed a net flow
northwards of 3.1 cm s~ with non-tidal flows north-
wards of c. 15 cm s!, but also on three occasions
lasting c. 10 days each (27 July-8 August; 24 Au-
gust-4 September, and 18-27 September), the
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non-tidal flow went southwards c. 20 cm s~'. This
southwards flow extending through the Mernoo
Saddle was also verified at the surface using
AVHRR SST data. Bradford-Grieve et al. (1991)
suggested these current reversals needed to be re-
examined.

This study examines the variability of the water
masses through the Memoo Saddle using AVHRR
SST data, in particular the tongue of SAW extend-
ing north through the Memoo Saddle and the sea-
sonal occurrences of STW moving south through the
Saddle. This study refers to the SAW tongue extend-
ing northwards through the Mernoo Saddle as a wisp
of subantarctic waters (SAW wisp), reflecting its
association with this water mass (Fig. 1A). The SAW
wisp can be clearly seen in Fig. 1B, as cooler water
delineated from the Southland Front (west) and the
STW from the East Cape Current (east). The Mernoo
Saddle and the Chatham Rise are important locations
for the interaction of the water masses of the Sub-
tropical Front, and yet little is known about the vari-
ability of the water masses through the Mernoo
Saddle. The partial barrier induced by the Chatham
Rise reduces the interaction of the STW from the
north and the waters from the south. However the
Mermoo Saddle provides the means for some inter-
action between these water masses. This study will
give a better understanding of the ocean circulation
in this area. There are further implications, for ex-
ample, this may be a possible mechanism by which
planktonic organisms are transported across the
Chatham Rise. Variability in food supply, probably
related to ocean currents, affects the distribution of
sperm whales off Kaikoura (Chessum 1992). Also,
both the distribution and diving behaviour of sperm
whales off Kaikoura change between winter and
summer, and may be a result of changes in prey dis-
tribution (Jaquet et al. in press).

METHOD

A 3-year twice-daily archive (April 1989-March
1992) of moderately cloud-free AVHRR SST im-
ages was used to examine the variability of water
masses in the vicinity of the Mernoo Saddle. Mod-
erately cloud-free images are qualitatively defined
as those that are sufficiently clear of cloud cover over
areas of interest so that meaningful results can be
obtained. The total 3-year archive, containing
¢. 2190 SST images, had only 207 images that were
moderately free of cloud contamination within the
region of the Mernoo Saddle.
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The data were processed and archived from the
National Oceanic and Atmospheric Administration
(NOAA)-11 AVHRR satellite (1.1 km image reso-
lution from the nadir) by Landcare Research New
Zealand Ltd, formerly Department of Scientific and
Industrial Research (DSIR) Physical Sciences, Di-
vision of Information Technology (DIT). McMillin
(1975) showed that SST can be estimated from sat-
ellites using the difference in radiance between two
infrared wavelengths. This difference is because of
atmospheric absorption by water vapour. A “split
window” algorithm using bands 4 and 5 (11 and
12 mm bands, respectively) which corrects for at-
mospheric water vapour was used, based on Barton
(1982). The output had a temperature range between
—1 and 30.875°C with 0.125°C intervals. The
AVHRR data were then rectified to the New Zea-
land 1949 geodetic datum at a 1 min of arc sampling
distance (Pairman et al. 1993). Data from the five
AVHRR bands were not archived by Landcare for
the first 2 years of this data set (only the multi-band
AVHRR SST images were kept) and so cloud was
detected manually by the authors on a visual basis.
This was achieved first, by knowing the ocean struc-
ture, then anomalies caused by cloud became appar-
ent. Second, a two-colour palette (75% green and
25% blue) was designed (stretched over a tempera-
ture range) to give the best configuration to repre-
sent ocean structure. The two selection techniques
were confirmed when the five AVHRR bands were
archived and became available in 1991.

The variability of water masses through the
Mernoo Saddle was determined by identifying the
cool SAW wisp extending north through the Saddle
or the presence of warm subtropical water extending
south through the Mernoo Saddle. These water
masses were identified by an algorithm using SST
data extracted from three sites from the AVHRR
images. The first site was selected on the western
side of the Mernoo Saddle at the 500 m isobath at
¢. 43°40’S 174°00’E as Heath (1975a) observed the
wisp in this region. Site 2 was selected on the eastern
side of the Mernoo Saddle at the 500 m isobath at
c. 43°40’S 174°35’E which represented the STW
from the East Cape Current. The third site was
located south of Site 1 at c. 44°10’S 174°10°E. The
exact position of the sites on each image varied
slightly to avoid cloud contamination. A window of
5 x 5 pixels (c. 6.5 X 9 km) centred on each site was
extracted from the satellite images, and the median
value for each position was recorded for each image.
The presence of the SAW wisp was defined by the
following SST criteria. When the SST difference
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between Site 1 and Site 2 (A|) was negative (i.e., SST
at Site 1 was cooler) and if the difference in SST
between Site 1 and Site 3 (A,;) was small then the
waters in the Mernoo Saddle were defined as a wisp.
But when A; and A, were both small then the waters
within the Mernoo Saddle were of STW origin
extending southwards. If neither of these conditions
were met then the images were classified as unclear.
The sorting routine required multiple passes through
the file of sequential images. The first stage of the
sorting routine identified and removed the images
containing the SAW wisps using the following
logical expression, while recursively updating the
mean of A, (A_l)and the mean of the absolute values
of Ay (ja,]) from the remaining data for the next pass
(Table 1).

SAW wisp = A, <A, and |A,|<|A,] (1)

This stage of the sorting routine continued until
no more images fulfilled Equation 1, leaving only
images containing the Southward Extension of the
STW through the Mermoo Saddle and the unclear
images. The second stage of the sorting routine
utilised the logical expression below to identify the
STW Southward Extension, again recursively
updating the values of A, and |a,| from each pass
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as the images containing the Southward Extension
of STW were identified (Table 2). Any images
remaining were considered unclear.

STW Southward Extension =
A, > A, and |A2|<IX2—| )

Once the images that contained SAW wisps were
identified, the position of the wisp was then estimated.
SST data were extracted across each wisp using a
window 91 pixels wide by 10 pixels long (i.e., 118 x
18 km) centred at 43°40°S 174°00'E. An average filter
was then applied to the Y component (10 pixels) to
establish a single profile across the SAW wisp. The
position of the SAW wisp at 43°40’S was defined as
the lowest local-minimum temperature, found when
a 4th order polynomial was fitted to the profile using
least squares. The position of the wisp in one image
could not be determined because of cloud
contamination in the area. A temperature time-series
of the seasonal variability of the SAW wisp was then
examined using the median SST value recorded from
a5 x 5 pixel window at the position of the SAW wisp
for each image. A single sinusoid with a period of
365.25 days was fitted to these SST data using least
squares to determine the SST mean, amplitude and
phase of the SAW wisp.

Table 1 Output of multiple passes identifying images containing wisps of subantarctic surface water (Equation I).
Ay |A2| No. of images having
°C) (°C) wisps from each pass No. of images remaining
Pass 1 —1.4565 0.5143 78 129
Pass 2 -1.0033 0.6841 36 93
Pass 3 -0.8325 0.8172 23 70
Pass 4 -0.6696 09214 12 58
Pass 5 -0.5237 0.9806 3 55
Pass 6 -0.5182 1.0045 8 47
Pass 7 -0.2899 1.0053 6 41
Pass 8 -0.2652 1.1159 0 41
Total 166 41

Table2 Output of the remaining passes identifying the images containing the subtropical surface water mass (STW)
Southwards Extension (Equation 2). Final images remaining were classified as unclear images.

No. of images where

A, A, STW extends south
°C) (°C) from each pass No. of images remaining
Pass 1 -0.2652 1.1159 19 22
Pass 2 —0.5455 1.7670 5 17
Pass 3 -0.6471 1.8897 2 15
Pass 4 —0.6667 1.9333 0 15
Total 26 I5
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University of Otago, NZ 25 July 1989 (3.01 p.m. NZST)

6 rd g " g ¥ ) 11

Fig. 2 A-H Sequence of Advanced Very High Resolution Radiometer Sea Surface Temperature images showing
the southwards movement of subtropical surface water mass (STW) through the Mernoo Saddle being displaced by
the subantarctic surface water mass (SAW) wisp extending northwards through the western side of the Saddle.






