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New insights into the Lagrangian and eddy dynamical processes within the East Australian Current
(EAC) and the Tasman Sea are presented. We brieﬂy discuss the past campaigns undertaken to observe
the EAC and the Tasman Sea eddies as well as the motivation to renew the deployment of drifting buoys
into the EAC and the Tasman Sea. The speciﬁc features discussed are motivated by the recent observing
campaigns using drifting buoys and the availability of high spatial- and temporal-resolution estimates
of the ocean state and circulation from eddy resolving models. The interpretation of these features
is also aided by other components of the ocean observing system. The dynamics presented includes:
(a) transient EAC separation through a vortex dipole, (b) stratiﬁed vortex mergers and secondary
circulation of EAC eddies, (c) eddy networks in the Tasman Sea and (d) formation and propagation of the
EAC separation point. The importance of these dynamical features to the EAC and the Tasman Sea and
their implications for the observing system and modelling are discussed.
& 2010 Elsevier Ltd. All rights reserved.
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1. Introduction
1.1. Variability of the circulation in the western Tasman Sea
Godfrey et al. (1980) make the following observation of the
overall picture emerging from the observations, at that time, of
the East Australian Current, ‘‘In contrast (to other western
boundary currents), the ﬂow patterns in the East Australian
Current are so complex and variable that it is often difﬁcult even
to decide whether a single continuous current exists’’. The EAC is
prominent amongst western boundary currents for the
dominance of eddy kinetic energy (Stammer, 1997). Seasonal
variability therefore accounts for a comparatively smaller fraction
of the total variance in this region. An understanding of the
instabilities and transient dynamical processes taking place is
therefore necessary for a complete understanding of the EAC.
It has been established that the EAC has a distinct seasonal
cycle (Ridgway and Godfrey, 1997). The EAC is characterised by
relatively warm/fresh-water masses emanating from the Coral
Sea. During the Austral summer the warm-water masses are
sourced from the South Equatorial Current (Church, 1987),
forming an observable shelf current along the shelf break of the
Great Barrier Reef. During the Austral winter the coherent portion
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of the EAC weakens and retreats to a narrower region from
southern Queensland to northern New South Wales. This is
similarly conﬁrmed by Schiller et al. (2008), which show the ratio
of eddy kinetic energy to total kinetic energy for January and July
(see Figure 7 of that article) in the Australian region based on the
BLUElink ocean reanalysis (described in more detail in Section 2).
Historical observations of XBT’s (Nilsson and Cresswell, 1981) and
drifting buoys (Cresswell and Golding, 1979), discussed in more detail
in the next section, have demonstrated the EAC is frequently
composed of eddies that obscure the interpretation of the EAC as a
boundary current. Ridgway and Dunn (2003) developed a highresolution climatology for the Australian region from historical in situ
observations. The average maximum alongshore transport of the EAC
shows a local minima between 27 and 291S. The local minimum lies
to the north of the classical separation point between 30 and 341S
(Godfrey et al., 1980) and indicates a secondary EAC separation point.
This is also associated with a local extremum in the mean dynamic
topography indicating a recirculation (Ridgway and Dunn, 2003).

1.2. A short history of the Tasman Sea mesoscale experiments in the
1970s
Australian marine science has established a record for
observing the ocean through innovative technologies and a
golden period of observing the EAC and the Tasman Sea took
place in the 1970s and 1980s. A collaboration between the Royal
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Australian Navy and the CSIRO undertook world leading studies of
anticyclonic eddies deﬁning many of the properties of this now
classical type of eddy that is generated from the EAC ﬂow
separation. Early studies involved largely ship based hydrographic
sections (Andrews and Scully-Power, 1976; Nilsson et al., 1977;
Nilsson and Cresswell, 1981). In these early days eddies were
individually named in an analogous way to atmospheric cyclone,
for example Maria, Mario and Leo. A tradition that did not persist
with the realisation of the complexity of eddy interactions (Airey,
1983) and the introduction of altimetry showing the abundance of
eddies. Nonetheless, the EAC does generate only a handful of
large-scale eddies each year, which have a dominant and
persistent inﬂuence over the Tasman Sea circulation and
perhaps there is a basis for reintroducing this practice amongst
ocean forecasters.
Critical to early observational campaigns of the mesoscale
were the use of drogued buoys. In 1972 a 3 m long transponder
designed to be balloon-borne for high-altitude studies was put
into a drifter and tracked by the French satellite EOLE. The drifter
worked for 2 months and revealed meanders of the EAC. The
drifter was a PVC/ﬁberglass spar buoy 5 m long. In 1977, drifters
were used to track anticyclonic eddies in the EAC by the Nimbus
satellite. These included eddies A–C, with B being studied for an
year (Cresswell and Golding, 1979; Nilsson and Cresswell, 1981).
In 1978 eddy J was studied for over a year with drifters and ship
based hydrographic surveys (Cresswell, 1980 and others in a
special issue of the Australian Journal of Marine and Freshwater
Research). This early work was at the leading edge of
demonstrating the instabilities of the EAC and the dominance
of geostrophic turbulence in the Tasman Sea. The complexity of
eddy–eddy interactions in the Tasman Sea was also observed
during this period with the identiﬁcation of a stratiﬁed merger of
a new and an old anticyclonic eddy. In 1980/81 drifting buoys
were used to track and study eddies Leo and Maria—and
subsequently Mario after these two eddies coalesced (Cresswell,
1982; Cresswell and Legeckis, 1986). The coalescence was
captured by the drifters and two ship surveys. The resulting
eddy, Mario, was perhaps unusual in that it moved northward
from a southern NSW location. CLS Argos was used for drifter
tracking from this time onwards.
The deployment of drifting buoys in the Tasman Sea declined
in the 1990s just as the satellite remote sensing and Argo proﬁlers
were emerging. Buoy deployments in the Indian and Southern
Ocean over this period were supported by the Bureau of
Meteorology to support meteorological forecasting. Operational
buoy deployments sample the sea-surface temperature and sealevel pressure. Deployments are designed to sample the prevailing
frontal systems. A similar operational schedule of buoys was
deployed by the New Zealand meteorological service in the
southern Tasman Sea for similar meteorological motivations.

1.3. A renewal of drifting buoy observations of the EAC
The introduction of remote sensing of the sea-surface
temperature and altimetry provided the ﬁrst images of the global
ocean variability and demonstrated the dominance of eddy
kinetic energy over much of the ocean. Over the past decade
estimates for the mean dynamic topography, the global tides and
other atmospheric corrections have provided sea-surface height
anomalies from altimetry with an estimated precision of 5 cm
(Laing and Challenor, 1999). The range of surface height
anomalies for mesoscale eddies in the Tasman Sea is o1 m.
Therefore eddies with surface height anomalies between 20 cm
and 1 m are observable with variability larger than the expected
error. The use of narrow-swath altimeters with repeat track

periods of 10 days (Topex-Poseidon, Jason and Jason2) and 35
days (ERS1, ERS2 and Envisat) provides low temporal sampling
which limits the wavelength of eddies that can be observed to
greater than  150 km (Ducet et al., 2000). In the Tasman Sea this
represents the large, deep and stable vortices that persist and
dominate the local circulation. Features such as fronts and the
secondary circulation of eddies are poorly observed from the
available narrow-swath altimeters. A wide-swath altimeter
(Fu et al., 2009) or constellations of narrow swath altimeters are
required to adequately observe these features.
Drifting buoys approximately propagate with the ocean
circulation thereby tracing a Lagrangian trajectory. Lagrangian
trajectories can provide estimates of the mean velocity over
different averaging periods from the mesoscale through climate
scales. The precision of the estimates of surface circulation
obtained is independent of the surface topography and is
therefore complementary to altimetry observations (Hernandez
et al., 1995). During the past decade the objectives of drifting
buoys have targeted the mean upper-ocean circulation with a
global distribution of 1250 buoys (Niiler, 2001), which represents
an approximate density of one buoy for every 51  51 surface area.
This target density is adequate to capture mean circulation such
as the Paciﬁc Ocean tropical current system. In the Tasman Sea
throughout the 1990s and the 2000s the drifting buoy
deployments contributing to the global array declined and were
shown to be below this target density (Summons et al., 2006). It
was determined from a Lagrangian analysis of the BLUElink ocean
Reanalysis (Schiller et al., 2008) that observing the EAC would
require a targeted sampling strategy. A series of pilot experiments
through a collaboration between the Bureau of Meteorology and
the NOAA was initiated in 2007 (Brassington et al., 2007b) and
designed to test a sustainable deployment strategy for the East
Australian Current using volunteer ships.
A renewal of drifting buoy deployments has several motivations. The standard buoy design for the Surface Velocity Program
(SVP; Lumpkin and Pazos, 2007) and analysis tools are now
mature. Drifting buoys offer a reliable and high-yield observing
system in terms of cost per observation and are suitable for
sustained deployments. The drifting buoys provide a high quality
in situ measurement of ocean currents and are a useful
calibration/validation for the quality of other platforms such as
the analysis of altimetry and HF radars. In addition, Lagrangian
trajectories observe the total current and therefore provide in situ
measurements of the mesoscale ocean circulation such as eddies,
fronts and instabilities of boundary currents. In places where the
circulation is closed, such as eddies, drifting buoys can undergo
multiple orbits to provide sufﬁcient observations to interpret
their dynamics (Richardson et al., 2000, Font et al., 2004, Sangra
et al., 2005, Brassington, 2010).
In places where the circulation is not closed, where the buoys
will have a relatively short residence time, a higher density or
repeated sampling is required to provide sufﬁcient observations
to interpret the dynamics. Many oceanic processes such as heat
and momentum transport, and biological processes of larval
dispersal, are controlled by Lagrangian processes. Lagrangian
observations provide essential observations for evaluation of
these models (e.g., Chiswell, 2009; Chiswell and Rickard, 2008).
Further, Lagrangian observations are also critical to evaluation of
models for use in Search and Rescue (Davidson et al., 2009) and
Marine Accident and Emergency Service (Hackett et al., 2009)
applications. The standard buoy also includes a temperature
sensor that provides a bulk measurement of sea surface
temperature with a known error characteristic. The temperature
observations are routinely used for calibration/validation of
satellite SST products that improve the detection of biases and
time-dependent errors (Donlon et al., 2002, 2009).
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This paper organises results from recent observational experiments and model/observation assimilated analyses, focusing
particularly upon the mesoscale variability and processes that
are a permanent feature of this region. The observations discussed
and the model simulations used are presented, and the speciﬁc
methods that have been developed and recent techniques in
pattern matching have been adapted to aid in interpreting the
observations and model simulations are described.

2. Methods
2.1. Observations
A multi-year drifting buoy experiment was designed to
determine if the volunteer observing ship (VOS) program could
be used as a cost-effective method for seeding the EAC and the
Tasman Sea (Brassington et al., 2007b, 2008). It is difﬁcult to
sustain observations in a boundary current with surface drifting
buoys due to the relatively short period that the buoys are
resident within the current and a regular deployment strategy
was explored. The experiment made use of two Australian
Volunteer Observing Fleet ships, the Capitaine Tasman and the
Forum Samoa II, that occupy the PX30 XBT line between Fiji and
Brisbane approximately every two weeks (see Fig. 1). This XBT
line transects the EAC at 271S where the EAC is a semipermanent coastal current. The drifting buoy experiment was
designed to deploy NOAA buoy pairs (separation of 5 km) from
the VOS ships where they traverse the EAC. The streamlines of the
mean surface circulation are shown as contours in Fig. 1. These
contours show that the PX30 line crosses the EAC where it
exhibits the strongest mean ﬂow. The two-week cycle of the VOS
ships provides repeat deployments to observe the temporal
variability of the Lagrangian behaviour of the EAC. The precise
position to deploy the buoys was designed to (a) observe the EAC,
(b) avoid potential loss of buoys through coastal groundings and
(c) achieve long (maximum) deployment periods. The location
was selected through the use of the BLUElink ocean reanalysis
(BRAN) (Oke et al., 2008; Schiller et al., 2008). Lagrangian
trajectories were traced using the BRAN surface currents with

Fig. 1. Position of each XBT deployments along the high-density PX30 line for the
period (5 February 1993–12 October 1998). Contours show the streamlines from
the mean surface circulation from BRAN. The PX30 line transects near the coast
where the EAC is a semi-permanent current. The initial positions of the drifting
buoy deployments for 2007 and 2008 are shown as white circles.
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corrections applied for current shear and surface winds (Niiler
et al., 1995). An example of the synthetic trajectories is shown in
Fig. 2 for a launch date of 7 March 2002. The deployment location
was determined by objectively assessing the probability of each
location for a range of start dates against the above mentioned
design criterion. The observed deployment positions for the
experiments are shown in Fig. 1 as white circles.
The buoy experiment has been deployed for each year since
2007 to assess the reliability of these deployments for different
deployment times and interannual variability of the EAC. The
buoys used in the EAC experiments consist of a surface buoy
tethered to a holey sock design drogue positioned at 1577.5 m.
This drifting buoy is designed to follow the surface currents of the
ocean and its behaviour has been extensively observed and
calibrated (Niiler et al., 1995). The buoys transmit their position
and surface observations to satellites  20 times per day,
providing an estimate of the trajectory from which many
properties can be derived. The observations from these
experiments capture several events that highlight some of the
mesoscale behaviour of the EAC. Quality controlled position and
SST observations are obtained from NOAA.
Estimates of daily average sea-surface temperature (SST) are
obtained from OSTIA (Stark et al., 2007) and from a daily
composite image of SST observations from MTSAT-1R. OSTIA is
an operational high-resolution SST daily analysis of the foundation
temperature (refer to the online deﬁnitions maintained by the
Global High Resolution Sea Surface Temperature (GHRSTT) science
team, http://www.ghrsst.org/SST-Deﬁnitions.html). Foundation
temperature speciﬁcally refers to the near-surface temperature
of the ocean excluding diurnal skin effects and is most relevant to
the ocean state and dynamics. In practice, observations are
withheld from the analysis as being impacted by diurnal skin
effects based on the time of day and the magnitude of the 10 m
winds as a proxy for near-surface mixing (Donlon et al., 2002).
MTSAT is a geostationary satellite operating at a longitude of
1351E and provides one full scan of skin SST each hour. The
processing of MTSAT retrievals has been problematic with an

Fig. 2. Lagrangian trajectories with origins along the PX30 line near the Australian
east coast and start time of 7 March 2002 from the BLUElink ocean reanalysis
version 1. The Lagrangian trajectories were assessed for the probability of
observing the target region, coastal grounding and long-period deployments.
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algorithm developed jointly between the Bureau of Meteorology
and the NOAA, which includes bias corrections and cloud clearing
algorithms. Each scan individually provides information between
clouds which limits the coverage per scan during the period of
interest; however, through the advection of clouds the coverage of
multiple scans is sufﬁcient to provide an estimate of the skin SST
at near complete coverage. The MTSAT SST estimates for the
Tasman Sea are obtained by compositing the 24 scans into a single
image using the median of the available valid values for each pixel.
This method produces an image that is relatively noisy compared
with a conventional optimal interpolation (OI) approach. However,
the gain is that it is able to preserve ﬁne scale features compared
with analyses products such as OSTIA.

2.2. Model products
High spatial- (0.11  0.11) and temporal- (daily mean) resolution estimates of the ocean state and circulation of the Tasman
Sea are obtained from systems developed by the BLUElink project,
a collaboration of the Bureau of Meteorology, CSIRO and the
Wealth from Ocean Flagship and the Royal Australian Navy. Both
the BLUElink ocean ReAnalysis (BRAN; Schiller et al., 2008) and
the operational BLUElink Ocean Model, Analysis and Prediction
System (OceanMAPS; Brassington et al., 2007a) share a common
ocean model and data assimilation software but use different
observations and surface ﬂux products (Seaman et al., 1995). An
important distinction also lies in the implementation of the data
assimilation system in OceanMAPS and BRAN. For example, the
number of ensemble members used to form the background error
covariance in OceanMAPS (72) is less than in BRAN (144) due to
computational constraints and the frequency with which an
analysis is applied 3/4 days (7 days). Other subtle differences
reside in the revisions of the software due to the development
cycle. BRAN is used to research and develop major revisions to the
system components which once robust for the delayed mode are
adopted into the ofﬂine research OceanMAPS and extensively
trialled before implementation into operations. At the time a new
revision is being implemented into operations a new revision to
BRAN is being developed in parallel.
The common ocean model, Ocean Forecast Australia Model
(OFAM; Schiller et al., 2008), is an implementation of the GFDL
Modular Ocean Model version 4 (Grifﬁes et al., 2003). Details of

the speciﬁc implementation are described in Schiller et al. (2008).
Relevant features are the implementation of a global grid with
course resolution away from Australia and uniform (0.11  0.11)
resolution in the Australian region (90–1801E, 751S–161N). At
each high-resolution boundary the resolution is smoothly
graduated to minimise the generation of noise through wave
reﬂection. The vertical resolution is a uniform resolution of 10 m
over the top 200 m and smoothly graduated to a resolution of
550 m and a total depth of 5500 m.
The data assimilation system common to OceanMAPS and
BRAN, the BLUElink Ocean Data Assimilation System (BODAS; Oke
et al., 2008), is a mulit-variate, ensemble, optimal interpolation
scheme. That is it resolves the least squares optimal interpolation
analysis equation in observation space; however, the background
error covariance is estimated by a stationary ensemble of model
state anomalies. Each state anomaly is constructed by removing
the seasonal mean from a 3-day average of a multi-year spinup
integration forced by ERA40. This error model assumes that the
background errors can be of the scale and have covariance
relationships of the order of the mesoscale signal.

2.3. Lagrangian trajectory analysis
Lagrangian tracks from within an eddy have a high likelihood
of orbiting the central anomaly and propagating with the eddy for
a period of time. The simplest information that can be obtained
about the eddy from these trajectories is the orbital speed and the
position of the eddy’s mean position (and therefore its mean
speed).
Brassington (2010) has demonstrated that in addition to this
information, a single Lagrangian track can provide information on
the anisotropy of the eddy, secondary rotation and horizontal
divergence. The extended analysis is based on the assumption
that the points on a material surface within an eddy evolve
smoothly in time. Using spline interpolation in time and
coordinate transformations an instantaneous representation of
the material surface can be obtained. The estimated material
surface from an ocean eddy to close approximation can be ﬁtted
to an ellipse to provide characteristics of area, orientation and
eccentricity.
As an example consider the drifting buoy trajectory from
WMO55916 and WMO55924, which orbit an eddy within the EAC

Fig. 3. (A) The positions and separation of a buoy pair, WMO55916 and WMO55924, whilst orbiting an anticyclonic eddy separating from and regressing back toward the
EAC. Overlayed is the ellipse centroid or mean trajectory of WMO55916 (Brassington, 2009). (B) The daily estimates of the surface material boundary ﬁtted to an ellipse
observed by the drifting buoy WMO55924 between 1 March and 11 April 2007. Every 10th day since the buoy was deployed from 21 February is shown in bold. The ellipses
in the southeastward trajectory are shown as dotted lines for clarity.
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shown in Fig. 3A. The corresponding set of instantaneous material
surface ellipses derived from this method is shown in Fig. 3B. The
centroid from these ellipses provides a least squares estimate of
the mean trajectory shown in Fig. 3A. The ellipses show a
continuous change in area with a distinct surface convergence
visible during the regression westward, indicating a downwelling
in the central core of the eddy.
2.4. Eddy tracking techniques
An eddy tracking method based closely on Clifford convolution
is applied to velocity ﬁelds from BRAN. The Clifford convolution
has been employed previously by Ebling and Scheuermann (2005,
2003) and Heiberg (2001), and was shown to provide a robust,
noise-tolerant method for identifying ﬂow features for a range of
applications from the ﬁeld of ﬂuid mechanics. The general form of
the Clifford convolution in two dimensions can be deﬁned as the
integral over the domain D of the inner product of a template
vector ﬁeld M with that of the normalised ﬂow ﬁeld U to identify
points of maximum correlation:
ZZ
zðrÞ ¼
/MðxÞ,Uðr þ xÞSdx
ð1Þ
D

where x A D and r represent a position vector in the target velocity
ﬁeld U. Local extrema represent the centroid of maximum
correlation. This method is repeatedly applied to the velocity
ﬁeld to identify speciﬁc properties of the eddies in the model ﬁeld.
A template for body rotation (see Fig. 4A) is used to identify the
centres of rotating ﬂuid motion. The template is deﬁned for a unit
circle with uy ¼r for all ro1 and ur ¼ 0 in polar coordinates (or
equivalently in Cartesian coordinates, u ¼y, v ¼  x with a mask
set true for r o1).
Eddies in general are anisotropic with a speciﬁc orientation.
This orientation is found using a simple template with a saddle
point ﬂow ﬁeld (see Fig. 4B), which is rotated about an origin of
each vortex centre to ﬁnd maximum correlation. The template is
deﬁned by ur ¼r cos 2y and uy ¼r sin 2y in polar coordinates (or
equivalently in Cartesian coordinates, u ¼x, v ¼  y with a mask
set true for ro1). This method has similarities to Okubo–Weiss
(Okubo, 1970; Weiss, 1991) but adopts a topological approach for
identifying the effects of strain and shear on the ﬂow. The ﬂow
ﬁeld of an eddy is assumed to be, to a close approximation, a
superposition of ﬂow elements that can be robustly determined
by the extremum in the Clifford convolution. The pattern search
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approach applied to a vortex can be extended to cross-correlate
with the element of an elliptical ﬂow pattern to deﬁne the
eccentricity and area of the coherent elliptical ﬂow to track the
time rate of change of these properties.
A priori we assume that the velocity ﬁeld of the Tasman Sea is
dominated by two-dimensional turbulence and therefore to
within a small perturbation vortices are axially aligned with the
gravitational vector (Pasquero et al., 2007; Beron-Vera et al.,
2003). Three-dimensional eddy tracking is derived through a twostep process. In the ﬁrst step, the cross-correlations are applied to
each layer of the velocity ﬁeld. The position of all vortices within
the velocity ﬁeld can be identiﬁed as local maxima. The vertical
extent of the vortices is then identiﬁed by searching for a local
maximum in the adjacent layer within a small perturbation of the
vertical axis.

3. Results and discussion
3.1. Transient EAC separation through a vortex dipole
A pair of drifting buoys was deployed on 21 February 2007 into
the surface circulation of an anticyclonic eddy within the EAC
(Brassington et al., 2007b; Brassington, 2010). If we assume the
analysed sea level anomaly (not shown) is in geostrophic balance
the geostrophic speed is estimated to be  0.53 m s  1, which
compares well to the observed tangential speed of the two buoys
of 0.61 and 0.64 m s  1, respectively. The difference is partly
accounted for by the mean eddy propagation speed estimated to
be o0.17 m s  1 at the time of deployment. The buoys remained
within the surface circulation of the eddy for more than 60 days
completing 9 orbits as a close pair (see Fig. 3). The mean trajectory
of the drifting buoys (see Fig. 3A) shows that the eddy propagated
southward within the EAC, approximately following the potential
vorticity contour (not shown) for the ﬁrst 20 days. Between 29
and 301S the mean trajectory shows the eddy separates from the
coast before accelerating south-eastward. Simulated sea-level
anomalies from BRAN indicate that a cyclonic circulation had
formed over the continental slope at 28–291S (see Fig. 5A), which
corresponds to a region that has been previously identiﬁed for
topographically induced upwelling (Oke and Middleton, 2000).
The simulation shows that as the anticyclonic eddy propagates
south it interacts with the cyclonic vortex and moves southward
while intensifying its gradient in sea-surface height (Fig. 5A–G).

Fig. 4. Pattern matching templates M deﬁned for the domain xA[  1 1] and yA[  1 1]: (A) u¼x, v ¼  y and rotating ﬂow and (B) u¼ y, v¼  x and saddle point ﬂow. Each
template has had a mask applied where mask ¼1 for all r r1.
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Fig. 5. Daily averaged reanalysed sea level anomaly over the Tasman Sea from BRANv2.2 (Oke et al., 2008): (A) 27 February, (B) 2 March, (C) 5 March, (D) 8 March, (E) 11
March, (F) 14 March, (G) 17 March, (H) 20 March, (I) 23 March, (J) 26 March, (K) 29 March, (L) 1 April, (M) 4 April, (N) 7 April, (O) 10 April and (P) 12 April 2007. Overlayed
are the estimated surface ellipse corresponding to each day.

The formation and intensiﬁcation of a coastal cyclonic vortex is
also visible in the daily composite SST observations from MT–SAT,
shown in Fig. 6. The leading edge of the cyclonic vortex is traced
by a small plume of cooler coastal water that circulates from the
coast by the offshore ﬂow between the vortex dipole (Fig. 6A) and
returns around the eddy (Fig. 6B). The ocean analysis in Fig. 5
shows that the coastal cyclonic vortex and EAC anticyclonic
vortex propagated for a short period as a vortex dipole displacing
the anticyclonic eddy southeast away from the coast. This event
formed a transient separation of the EAC that persisted for
approximately 1 month. The consistency between the analysed
simulation (Fig. 5A–F) and observations (Figs. 3A and 6) indicates

that the dipole separation at this location is not sensitive to the
errors in the model representation of the cyclonic and
anticyclonic eddies.
The separation point is equatorward of the classical separation
position 321S (Godfrey et al., 1980). The buoy observations
demonstrate an additional transient mechanism for EAC
separation that was not been previously identiﬁed. Transient
ﬂow separation on the coastal and the Tasman Sea circulation can
lead to important impacts per event. For example the anticyclonic
eddy that separated persisted for several months providing
anomalous heat content off the northern NSW coast during the
Austral winter. The eddy was located just to the south of
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Fig. 6. Daily composite sea surface temperature from the geostationary satellite MTSAT: (A) 2 March, (B), (C) 14 March and (D) 16 March 2009. The arrow locates a narrow
trace of cooler sea-surface temperatures.

Newcastle when an east coast cut-off low (McInnes et al., 1992)
intensiﬁed and became famous for the Pasha Bulka cargo ship that
was washed ashore. The same event also resulted in fatalities in
Newcastle from ﬂash ﬂooding. Similarly the intensiﬁcation and
propagation of the cyclonic vortex has important impacts for
biological productivity on the shelf (Tranter et al., 1986; Oke and
Middleton, 2001).
Statistically, the importance of the transient ﬂow separation is
determined by the frequency and period of such events. In
addition to previous coastal observing campaigns (e.g., Oke and
Middleton, 2000; Roughan and Middleton, 2002), the transient
formation of a shelf cyclonic circulation was observed by drifting
buoys in the 2008 EAC experiment (Brassington et al., 2008). The
Lagrangian trajectories of the six buoys deployed during that
experiment are discussed later in Section 3.4 (see Fig. 10). The
third pair of buoys shows a coastal disturbance of the EAC forming
within the period of two weeks (the period between deployments)
at approximately the same location.
A survey of the historical evidence prior to 1980 (Godfrey et al.,
1980) pointed to an EAC separation likely between 30 and 341S
with a speciﬁc southern limit point identiﬁed as Sugarloaf point,
(32.161S) from which the EAC no longer continued as a boundary
current. This apparent limit point in the observations and
associated circulation of the Tasman Front has been the focus of
several studies. Theories have focused on Sverdrup dynamics and
the role of New Zealand in blocking mass ﬂux based on the island
rule, local winds, local shelf topography, abyssal topographic
control and nonlinear dynamics (Godfrey, 1989; Marchesiello and

Middleton, 2000; Tilburg et al., 2001; Ridgway and Dunn, 2003;
Wilkin and Zhang 2007).
Ridgway and Dunn (2003) developed a high-resolution
climatology for the Australian region from historical in situ
observations. The average maximum alongshore transport of the
EAC shows a global minimum at the above mentioned classical
separation point. However there is also shown a local minimum in
alongshore transport between 27 and 291S. The local minimum
lies equatorward of the classical separation point and has been
interpreted to be an indication of a secondary EAC separation
(Ridgway and Dunn, 2003). The observed transient EAC separation
observed in 2007 (and 2008 discussed in Section 3.4) offers a
plausible mechanism to explain the local minima in the mean
alongshore transport identiﬁed by Ridgway and Dunn, (2003).

3.2. Stratiﬁed vortex mergers and secondary circulation of EAC
eddies
An important feature of the ocean simulation shown in Fig. 5
for the separation of the EAC anticyclonic vortex (now EAC eddy)
is the northward propagation of another Tasman Sea anticyclonic
eddy (now Tasman Sea eddy) originating to the south at 311S. The
Tasman Sea eddy propagates north-eastward ahead of the EAC
eddy in Fig. 5A–F and subsequently merges with the EAC eddy in
the simulation. Noting that the drifting buoys show that the
surface of the EAC vortex remained stable throughout the event
indicates that the eddy merger did not lead to a shear typical of
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two-dimensional turbulence. Recent literature on geostrophic
vortex mergers has identiﬁed several types of mergers depending
on the relative stratiﬁcation and rotation of the original eddies
(e.g., Reinaud and Dritschel, 2002; Bambrey, 2007). Unstratiﬁed
mergers of similar magnitude vortices lead to the classical
shearing of the vortices and a major disruption to the surface
circulation. Stratiﬁed vortex mergers in contrast can occur with
negligible shear to the surface circulation and in extreme cases
can coalesce with minimal disruption to either vortexes.
The drifting buoys shown in Fig. 3A continue to orbit a
coherent surface circulation with minimal disruption during the
period of the vortex merger. The time rate of change of the ellipse
properties shown in Fig. 3B of centroid, area, orientation and
aspect ratio shows a continuous change throughout the ﬁrst 60
days including the vortex merger. Although the method used
(Brassington, 2010) is based on interpolation, a continuum is
unlikely to occur for a large shear vortex merger. The 24 h average

sea-surface temperature analyses shown in Fig. 7 also
demonstrate that the SST remains anomalously warm after the
merger with the maximum temperature lying within the ellipse.
The majority of impact occurs after the initial merger in the form
of secondary circulation adjustment as observed by the
convergence of the ellipse area in Fig. 3B between the 30th and
40th day from the initial deployment.
During the same period an Argo ﬂoat surfaced in the region on
26 February, 8, 17, 27 March, and 6 April 2009 as shown in Fig. 7.
Using the estimated ellipse centroid as a reference, the Argo
in situ proﬁles of temperature and salinity relative to the distance
from the centroid are shown in Fig. 8. The proﬁles within the
ellipse demonstrate that the interior exhibits the temperature/
salinity anomalies consistent with an anticyclonic eddy extending
over the top 700 m. The ﬁrst three surfacing positions shown in
Fig. 6A, C and F occur prior to the arrival of the separated eddy.
The surfacing positions indicate there was weak ﬂow throughout

Fig. 7. The SST of the Tasman Sea for (a) 26 February, (b) 2 March, (c) 8 March, (d) 10 March, (e) 14 March, (f) 18 March, (g) 27 March (h) 1 April and (i) 6 April 2007.
Overlayed are the buoy trajectory 70.5 day about each day and the estimated ellipse material surface. The surface position of Argo proﬁles is shown as a cross (x).
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Fig. 8. Argo proﬁle observations shown in Fig. 7: (A) temperature structure of the vortex estimated by the Argo proﬁles positioned relative to the distance from the vortex
centroid estimated in Fig. 3B and (B) same as (A) but for salinity. The proﬁles shown as vertical black lines sorted by distance from the centroid correspond to: 27 March
(Fig. 7G), 6 April (Fig. 7I), 18 March (Fig. 7F) and the background 8 March (Fig. 7C).

Fig. 9. Anticyclonic (red) and cyclonic (blue) vortices in the Tasman Sea identiﬁed by a pattern matching method and their coherent circulation in the vertical. The analysis
was applied to a day average velocity ﬁeld based on real-time analysis of OceanMAPS (Brassington et al., 2007a) for 4 April 2009. (For interpretation of the references to
colour in this ﬁgure legend, the reader is referred to the web version of this article.)

the upper 2000 m. The proﬁle on the 18th March coincides with
the arrival of the leading edge of the separating vortex (Fig. 7F)
and observes a shallow warm layer  150 m and a cooler abyssal
temperature compared to the background (Fig. 8A). This indicates
that the northward propagating eddy from the model simulation
shown in Fig. 5G is slightly ahead of the true ocean. The two
proﬁles that observe within the interior of the surface circulation
of the eddy occur after the eddy merger. Both proﬁles show
temperature and salinity anomalies characteristic of an
anticyclonic eddy extending to depths 4500 m (Fig. 8A–B).
During this period the surface locations show the Argo ﬂoat has
propagated in a consistent anticyclonic motion. Subsequent to the
merger the vortex propagates westward and the surface layer
becomes weakly divergent leading to the ejection of the
drifting buoys.
Stratiﬁed vortex mergers in the Tasman Sea have been
previously identiﬁed (Cresswell, 1980, 1982). Two vortices were
observed using hydrographic surveys to identify a unique
isothermal core of differing densities. A merged eddy was later
surveyed and was found to be composed of isothermal layers that
had originated in the ﬁrst two eddies. It was noted in that study

that the deeper vortex originated south of the merger location
and propagated northwards. This propagation pathway has
similarities to that identiﬁed by Wilkin and Zhang (2007) using
EOF analyses of the SST and SLA observations. This pattern was
labelled a wave-mode, however the features being discussed here
are deep core eddies, not waves.
With the existence of stratiﬁed vortex mergers it is reasonable
to ask how frequently might such events occur. We apply the
pattern matching method to a single daily average velocity ﬁeld
from the behind real-time analysis of OceanMAPS (Brassington
et al., 2007a) for the Tasman Sea on 4 April 2009 (see Fig. 9). The
anticyclonic vortices are shown in red and cyclonic vortices in
blue. Coherent vortices of both anticyclonic and cyclonic eddies
(as simulated by the model) can extend to full depth ( 44000 m)
with a larger population of cyclonic vortices in the southern
Tasman Sea. The surface layer has a higher concentration of
vortices and eddy kinetic energy. These vortices are composed of
full depth vortices and shallow vortices, which can be newly
formed vortices, vortices that have sheared away from the deep
vortex and other mechanisms. The vortices at abyssal depths are
largely composed of full-column vortices or residual vortices from
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a shearing event. Many of the full-depth vortices shown in Fig. 9
are non-axially aligned with the gravitational vector indicating
they are under stress.
As indicated above there are examples of stratiﬁed vortex
mergers in the Tasman Sea; however, the prevalence of deep
vortices and their persistence has not yet been identiﬁed in
observations. In the model simulation deep vortices exhibit a
weak decay and persist for a period of several days, which is
sufﬁcient to undergo stratiﬁed vortex interactions with other
surface vortices. The model simulations therefore suggest that
stratiﬁed mergers could occur frequently. The reliance on poorly
known statistical relationships to project the sea-level anomalies
to adjust the temperature/salinity at depth as well as insufﬁcient
knowledge of the turbulent dissipation rates limit the quality of
the abyssal ocean estimate. The properties and interactions of
these deep vortices are nonetheless important for eddy-resolving
models for their inﬂuence on the surface vortices.

3.3. Eddy networks in the Tasman Sea
A characteristic of the surface circulation of geostrophic
turbulence is that eddies are quasi-stable acquiring rotational
inertia that persists for a period of time propagating and
interacting with the mean ﬂow and other eddies. By contrast
the circulation of geostrophic turbulence between stable eddies
tends to be unorganised and chaotic (Beron-Vera et al., 2003). The
historical record of surface drifting buoys demonstrates that
buoys deployed within the surface circulation of eddies frequently
remain for a period completing several orbits (Rupolo, 2007). An
example of this is shown in Fig. 3. The surface layer of the eddy in
this case remained stable whilst the surface vortex underwent
signiﬁcant interaction. The two buoys exhibit distinct periods of
convergence and divergence in response to eddy interactions with
the abyssal layer. Dispersion of drifting buoys out of an eddy in
general coincides with a disturbance such as the decay phase of
the eddy or through shearing induced through vortex interaction.
Drifting buoys can also be entrained into the surface layer of
eddies; however, this occurs at speciﬁc times and locations such
as formation, decay and interaction that result in a disruption/
shock to the rotational circulation. The probability for a buoy to be
entrained into an eddy is low and the majority of drifting buoys
propagate in the ﬂow between vortices (Provenzale, 1999;
Pasquero et al., 2007 ).
We explore this behaviour in the Tasman Sea applying the
pattern matching algorithm, described in Section 2.3, for the
template of solid body rotation, to four daily average surface
velocity ﬁelds from BRAN. The four daily means are separated by a
7-day interval, beginning on 17 March, and shown in colour in
Fig. 10. Vortices, either cyclonic or anticyclonic, can be identiﬁed
as local extremum shown in red, which are above a given
threshold. Many of the local extremum show extensions where
the Clifford convolution (refer to Section 2.4) is of medium
magnitude. These extensions are composed of shear ﬂow that
provides positive contributions where the shear ﬂow aligns with
the template and small negative contributions where the
template is normal to the ﬂow. These extensions provide a
metric that qualitatively captures the non-local inﬂuence of
coherent vortices described by Pasquero et al. (2007).
The BRAN velocity ﬁeld, in Fig. 10, is characterised by a
spectrum of eddies from the near grid scale  40–200 km. Larger
eddies occur near the EAC separation point and along the coast
while the southern Tasman Sea has many smaller vortices. In
addition to identifying local maxima the pattern-matching
algorithm identiﬁes secondary properties of orientation,
eccentricity and area. The time rate of change of these

properties relate to the rotational momentum budget and
divergence of the surface circulation of the eddy. We identify
three eddies labelled A, B and C in Fig. 10 to track the evolution of
these properties. Eddy A is that which was observed by the
drifting buoy shown in Fig. 3. On 17 March (Fig. 10A) the surface
motion is anisotropic and oriented in alignment with a shear ﬂow
emanating from the shelf. Eddy A subsequently becomes detached
from the EAC and begins to enlarge the area of coherent ﬂow and
becomes more isotropic (Fig. 10B and C). Throughout this
propagation eddy A is interacting with a cyclonic vortex to the
south and north that remains aligned with a shear ﬂow. Eddies B
and C are eddies to the east of Bass Strait and Tasmania. Eddy B is
isotropic on 17 March and shows an increase in shear and
anisotropy before declining (Fig. 10D). Eddy C propagates
eastward and both increase in size and become more isotropic.
In general the circulation in the Tasman Sea is occupied by a small
number of large, near isotropic eddies that have a long timescale.
The remaining circulation is composed of a spectrum of smaller
vortices that exhibits vigorous interaction and shorter timescales.
In addition to identifying the location of vortices, the Clifford
convolution for the rotation template also shows a network of
medium magnitude convolutions. In many instances these
extensions link up between like-signed eddies, indicating the
direction water masses are being exchanged. Many of the eddies
show orientations and eccentricities that are in alignment with
these lines. Two examples of these are indicated by the red arrows
in Fig. 10C and D. In some instances this is the result of a shear
ﬂow that leads to the growth of vortices analogous to Capet et al.
(2008) and in other instances it occurs through the transient
linking between the eddies. Many examples occur where multiple
eddies link up forming long networks providing extended
circulation pathways and these pathways can persist. The ﬂow
speed or streamlines associated with these fronts are of the order
of the rotational speed of the vortices and therefore is an efﬁcient
mechanism for the transport of water mass. This mechanism can
transfer water masses over the distance of the chain of eddies,
which can be up to several eddy wavelengths. An animation
of this metric shows that eddy chains have a shorter timescale
than the eddies themselves. The classical representation of eddy
ﬂuxes in climate models does not adequately represent this
process and alternative parameterisations have been suggested
(Pasquero et al., 2007).
The ocean circulation between eddies is observed by all
drifting buoys not entrained within the closed circulation of
eddies or directly deployed onto eddies. Since the probability of
entrainment into eddies is low, the majority of drifting buoys
observe this part of the circulation. This portion of ocean
circulation has a lower steric-height anomaly comparable to the
known error and therefore cannot be precisely observed by
satellite altimetry. Therefore Lagrangian trajectories provide
robust, frequent and complementary information on this part of
the circulation. Techniques to assimilate Lagrangian information
into Eulerian models have been developed (Molcard et al., 2007).
The density of drifting buoy observations required to constrain
the ocean circulation is ﬂow dependent. Molcard et al. (2007)
show the sensitivity of the analysis of a simple model to numbers
of Lagrangian trajectories. The impact in the presence of altimetry
is unknown and needs to be subjected to the same observing
system design experimentation as other parts of GOOS (Oke et al.,
2009).

3.4. EAC separation point reattachment
During the 2008 drifting buoy campaign (Brassington et al.,
2008) three drifting buoy pairs were deployed along the PX30 line
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Fig. 10. Convolution of daily average surface velocities with a pattern template of symmetric rotation (Fig. 4A). The orientation and aspect ratio of large vortices is
estimated with anticyclonic eddies (red) and cyclonic eddies (black). (A) 17 March, (B) 24 March, (C) 31 March and (D) 7 April. Labels A, B and C are used to track speciﬁc
eddies. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

at two-week intervals on 10 and 25 February, and 14 March 2008.
During this experiment the EAC was observed by all six buoys
which propagated south and traced the EAC separation from the
coast (see Fig. 11). The two-week sampling of the buoys observed
the transient reattachment of the EAC separation point.
The corresponding simulation of 24 h mean sea-level anomaly
and surface currents from OceanMAPS (Brassington et al., 2007a)
is shown in Figs. 12 and 13 for the period of the simulation at a
time interval of 7 days. Overlayed on each image is the Lagrangian
trajectories of all drifting buoys in the region within 72 days
from the date of the image. The buoys are assigned different
colours according to their origin: from the 2008 experiment (red),
2007 experiment (blue) and the global array (black).
The ﬁrst buoy pair observed a separation point at a latitude of
311S with a ﬂow extension that recirculated north before
continuing to propagate east (see Fig. 11). The buoy pair
showed a small change in separation distance whilst within the
EAC, indicating this ﬂow is approximately non-dispersive. The
trajectories for this buoy pair are shown in 5-day segments in
Fig. 12A–D. Fig. 12A and B shows that a separation point is
simulated by a front with a cyclonic eddy; however, the position
of the separation point in the model lags the observed separation
point. The recirculation of the buoys is represented in the
simulations by a front with a surface depression and orbits the
cyclonic circulation in Figs. 12B–D and 13A–C.
The second pair observed a similar separation point; however,
the ﬂow extension had unfolded to an easterly direction

Fig. 11. Observed trajectories of six drifting buoys for the ﬁrst 100 days since the
ﬁrst deployment on 10 February 2008. The buoys were deployed as pairs
separated by  5 km on 10 and 25 February and 14 March. The colour of the
trajectories indicates the time of the observation since the initial deployment. (For
interpretation of the references to colour in this ﬁgure legend, the reader is
referred to the web version of this article.)

propagating along a classical Tasman front (see Fig. 11). In this
instance the buoys observed a ﬂow saddle point and a maximum
ﬂow dispersion at approximately 1571E,351S. The buoys observe
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Fig. 12. Sea-level anomaly and surface currents from the BLUElink OceanMAPS analysis for (A) 18 February and (B) 25 February, and (C) 3 March and (d) 10 March 2008.
Overlayed are the trajectories of drifting buoys for 7 2 days from the date of the image. Buoys are shown in (red) 2008 experiment, (magenta) 2007 experiment and (black)
other buoys from the global array. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

the circulation of smaller scale eddies, which are poorly
represented in the OceanMAPS surface currents in Fig. 13A–C.
The third buoy pair observes a distinctly higher-latitude
separation point of 331S, which is within the range of latitudes
identiﬁed by Godfrey et al. (1980). The separation is observed to
be near perpendicular to the coastline, indicating a sharp front.
The simulation however shows a weakened front and surface
current in Fig. 13C. The ﬂow extension continues eastward in a
position along the Tasman front. The ﬂow extension in this case
was observed to be stable with low ﬂow dispersion (i.e. small
separation distance between the two buoys). The simulation from
OceanMAPS (Brassington et al., 2007a) shows that the separation
point and ﬂow extension was related to a large cyclonic eddy off
the NSW coast. The southern propagation of the separation point
and ﬂow extension corresponds to a southern displacement of the
cyclonic vortex. During the reattachment the separation becomes
more acute from the coastline, indicating that further southward
propagation of the separation point is being limited by a cyclonic
eddy. The timescale for this transient reattachment is on the order
of 7 weeks.
An important feature of the third buoy pair is the observed
perturbation to the EAC at the lower latitude of 301S. This
disturbance is associated with a coastal cyclonic circulation and a
cool sea surface temperature anomaly (not shown). This

disturbance occurred at approximately the same position to that
observed in 2007 and shown in Figs. 4, 5 and 7. The consistency of
the position for these disturbances indicates that during this
period, when the EAC is fully developed, it is sensitive to ﬂow
perturbations off the northern NSW coast leading to frequent ﬂow
instabilities.

4. Conclusion
A transient separation event of the EAC was observed to occur
during March 2007. The event involved a warm-core anticyclonic
eddy propagating within the EAC mean ﬂow between 26 and 291S
where it encountered a cyclonic circulation anomaly over the
continental shelf. The anticyclonic eddy surface circulation was
observed by a pair of drifting buoys throughout the separation
event. The cyclonic circulation was observed as a cool surface
anomaly at  29.51S and was simulated by the BRANv2.2 as a local
depression in sea level. Composited MTSAT SST observations
show a narrow cool ﬁlament of SST that traces the outer edge of
the cyclonic circulation and frontal boundary. The anticyclonic
eddy and cyclonic eddy formed a dipole with a direction of
propagation away from the coast. The MTSAT SST on 9 March
continued to show the cool trace of the cyclonic circulation that
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Fig. 13. Sea-level anomaly and surface currents from the BLUElink OceanMAPS analysis for (A) 17 March, (B) 24 March, (C) 31 March and (D) 7 April 2008. Overlayed are
the trajectories of drifting buoys for 7 2 days from the date of the image. Buoys are shown in (red) 2008 experiment, (magenta) 2007 experiment and (black) other buoys
from the global array. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

propagates off the shelf with the anticyclonic eddy. The pair of
drifting buoys remained within the surface circulation of the
anticyclonic eddy throughout the separation from the coast and
observed a maximum eddy propagation speed of 0.4 m s  1
(Brassington, 2010) on 16 March.
The formation of local cyclonic circulation between Ballina and
Coffs Harbour along the Australian east coast was observed on 24
March 2008, the same month as the year earlier. Two drifting
buoys deployed within the EAC on 14 March observed a transient
perturbation in response to this cyclonic anomaly over the shelf
(see Fig. 13B). Similarly, a cool anomaly in SST was also observed
(Brassington et al., 2008; see Fig. 7). The formation of this feature
occurred in less than two weeks, the time interval of an earlier
buoy pair deployed in the EAC that exhibited no perturbation. A
mechanism that forms cool anomalies over the shelf is coastal
upwelling. Coastal upwelling occurs frequently along the east
coast of Australia (e.g., Oke and Middleton, 2001). In the two cases
above, upwelling favourable winds were observed over the
continental shelf (not shown) for 3 days between 16 and 18
March 2007 preceding the 2007 event. Upwelling favourable
winds were also observed for four days between 19 and 20 March
2008 preceding the 2008 event. Other mechanisms related to the
EAC interaction with the shelf have also been identiﬁed (Roughan
and Middleton, 2002). Once a perturbation has formed, the
subsequent dynamic interaction with the EAC and the potential

unstable growth requires further investigation for impacts to both
local coastal shelf circulation and general circulation of the EAC.
The anticyclonic eddy separation event in 2007 propagated
away from the coast to a position of rest at approximately
157.51E,31.21S. During this time the SST observations show an
isolated warm anomaly (see Fig. 7H) consistent with the material
ellipse estimated from the two drifting buoys. The BRAN2.2
analysis indicates a positive surface anomaly propagates to the
resting position from the southwest ahead of the surface eddy
(see Fig. 5A–D). Upon arrival of the separated eddy a vortex
merger takes place resulting in a larger surface anomaly both in
magnitude and horizontal extent. The drifting buoys behaviour
prior and post merger support the hypothesis that the eddies
underwent a stratiﬁed merger. Firstly, the two buoys remained
within the surface circulation without a discontinuity to the
material surface properties. Secondly, the material ellipse reduces
in surface area subsequent to merger, indicating vertical motion
and adjustment between the two eddies. The Argo repeat proﬁles
also clearly show that subsequent to merger the vortex shows a
T/S anomaly to a depth exceeding 500 m. This is deeper than the
shelf slope which would constrain the depth of EAC eddy.
A stratiﬁed vortex merger in the Tasman Sea has been
previously observed (Cresswell, 1982), indicating that such
events may be prevalent in the Tasman Sea. A pattern matching
method was applied to BRAN2.2 to visualise the 3-dimensional
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extent of the eddies represented in the analysis (see Fig. 9). Any
snapshot of the analysis will show a large number of vortices of
both cyclonic and anticyclonic circulations. The surface layer
shows the highest concentration of vortices of varying depth scale
up to full depth. The pattern matching algorithm used here does
not discriminate for rotational speed and as expected the speed
declines with depth. Below the surface layer ( o200 m) there
remains a lower but signiﬁcant concentration of vortices which
includes full depth eddies and residual motion that have sheered
from the surface eddy. There is only a couple of observational
cases for sub-surface vortices in the Tasman Sea that undergo
vortex mergers. This evidence is too limited to verify or reject the
distribution of abyssal vortices and frequency of stratiﬁed vortex
mergers represented in the ocean analysis. The deep ocean is
constrained by a sparse network of proﬁles together with vertical
projection of surface observations of sea surface height anomaly
and SST. A high-resolution multi-instrument observational
campaign for a region sufﬁcient to include multiple eddies and
a period sufﬁcient to capture eddy–eddy interactions will be
required to obtain deﬁnitive evidence. Such campaigns would
include a ﬂeet of ocean gliders (e.g., Baird et al., 2011), an array of
bottom mounted ADCPs and inverted echo sounder (e.g., Donohue
et al., 2010) and surface drifting buoys. Resolving the vertical
structure of the Tasman Sea eddies and interactions has practical
implications for ocean state estimation and circulation.
Drifting buoys provide high temporal sampling of the upperlayer circulation and in situ measurements of bulk SST that are
complementary to other components of the observing system.
The deployment of drifting buoys into the Tasman Sea declined in
the 1990s. A renewed observing campaign was initiated in 2007
through a collaboration of the Bureau of Meteorology and the
National Oceanographic and Atmospheric Administration to
deploy surface drifting buoys to observe the East Australian
Current and the Tasman Sea circulation. The residence time for
drifting buoys within the EAC as expected is short, therefore a
repeat deployment strategy was undertaken to increase the
frequency of the EAC observations. An objective of the campaign
was to identify a low-cost and robust method for deployment that
could be sustained and also yield high-quality observations of the
EAC and the Tasman Sea. Standard drifting buoys have been
designed to be easy to deploy by volunteer observers permitting
their deployment from the volunteer observing ship network. The
PX30 XBT line was identiﬁed as being a suitable deployment
location as it transects the EAC at a section of coast where it is
statistically semi-permanent. The PX30 XBT line is occupied by
two volunteer ship offering repeat deployments on a two-week
frequency. The buoys deployed in the past three years have
successfully observed dipole separation from the coast, stratiﬁed
vortex merger, secondary circulation and surface divergence of an
EAC anticyclonic eddy and the transient propagation of the
separation point of the EAC. Future deployments in the Tasman
Sea are likely to focus on addressing questions related to the
impact of drifting buoys to state estimation and deployment
strategies through intensive observation campaigns.
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