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Abstract

The East Australian Current (EAC) 
ows poleward from the Cor al Sea to the Tas-
man Sea. It impacts the coastal ocean along its path, particularly along the coast of
southeastern Australia where the EAC and its eddy �eld dominate the shelf circu-
lation. It is in this region that the ocean is predicted to warm faster than anywhere
else. The e�ect of increased ocean temperatures will impacton our climate, our
weather and on marine ecosystems, where some species will prosper and others will
decline. This region is also where that the majority of the Australian population
live. It is thus timely that the Australian government has fu nded implementation
of the Australian Integrated Marine Observing System (IMOS).

IMOS is a centrally co-ordinated nationally distributed set of equipment and
data-information services which collectively contribute to meeting the needs of ma-
rine observations and research in Australia. The observingsystem provides data in
the open oceans around Australia as well as the coastal waters. The in situ data
when combined with satellite remote sensing products, aidsthe modelling required
to explain the role of the oceans in seasonal prediction and climate change. Sustain-
ing the project will allow identi�cation and management of c limate change in the
coastal marine environment. It will also provide an observational network designed
to better understand and predict the fundamental connections between coastal bio-
logical processes and regional/oceanic phenomena that in
uence biodiversity. In this
paper we introduce the New South Wales node of the IntegratedMarine Observing
System (NSW-IMOS), one of 5 regional nodes.

The primary goals of NSW-IMOS are to:
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(1) Quantify the seasonal and annual variation in the EAC along the coast of
southeastern Australia,

(2) Understand the coastal separation of the EAC, the resulting eddy dynamics,
and key continental shelf processes,

(3) Determine the biological response to oceanographic andclimate e�ects.

Here we present a selection of the initial results from the NSW-IMOS observa-
tional program. Two glider deployments have been successfully conducted and for
the �rst time we have continuously mapped the bio-optical properties through the
evolution of an EAC Eddy. Twelve months of mooring data have been obtained
across the shelf o� Sydney showing strong baroclinic velocities with maximums of
more than 1:5 ms� 1 southward. These periods of strong velocity are associated
with encroachment of EAC eddies onto the continental shelf.In between these spo-
radic eddy events, current reversals occur with barotropicnorthward velocities of
up to 0:9 ms� 1 in 100 m of water. Temperature across the shelf ranges 12� 25� C
again with the warmest water associated with EAC eddy intrusions. Timescales of
variability on the continental shelf o� Sydney are investig ated taking advantage of
the excellent vertical resolution throughout the water column. Finally, as the im-
plementation of an observing system necessarily occurs in aphased approach we
also identify strategic areas for national integration and future enhancement of the
observing system.

Key words: Ocean Observing System, IMOS, EAC Eddy, Autonomous Ocean
Glider, HF Radar

1 Introduction

The East Australian Current (EAC) in
uences the climate and marine economies
of nearly half of the Australian population and yet we do not understand some
of its most fundamental behaviour (e.g. the dynamics of current strength and
separation from the coast; ecological e�ects of cross-shelf 
ows,larval trajec-
tories and connectivity of populations). We do know the EAC transports heat
from the tropics to the poles (Figure 1), it sporadically stimulates upwelling
and phytoplankton blooms through shelf edge interactions and the EAC eddy
�eld; that it transports phytoplankton and the larvae of �sh fr om the south-
ern Great Barrier Reef (Queensland) to southern Australia (Bass Strait and
Tasmania).

� Corresponding author.
Email address: mroughan@unsw.edu.au(Moninya Roughan,).
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We also know that the EAC is changing. In recent years it has penetrated fur-
ther south and has strengthened, particularly during the past decade where
the Maria Island (Tasmania) reference station has recorded an increase of
� 2:3� C per century, the fastest recorded rise of any regional sea in theworld
(Ridgway et al., 2008). Climate change scenarios consistentlyindicate further
warming of the Tasman Sea (Cai et al., 2005) while ocean forecasts reveal
large relative error due to mesoscale variability in the TasmanSea. Down-
stream of the EAC separation, cold core eddies entrain enriched coastal water
transporting it o�shore and then either return it to the coast or push it east
along the Tasman Front. We wish to monitor this entrained coastal water
from o� Diamond Head (31� S). The ubiquitous warm core eddies also have
biological signi�cance by inducing upwelling along their boundaries (Tranter
et al., 1986). The goal of NSW-IMOS is to devise an observing systemwhich
will comprehensively examine the physical and ecological interactions of the
East Australian Current and its eddy �eld with coastal waters andto assess
the synergistic impacts of urbanisation and climate change. Our speci�c aims
during the IMOS program are to:

(1) Quantify the seasonal and annual variation in the EAC alongthe coast
of southeastern Australia,

(2) Understand the coastal separation of the EAC, the resulting eddy dy-
namics, and key continental shelf processes,

(3) Determine the biological response to oceanographic and climate e�ects.

We will achieve these goals through an integrated monitoringprogram along
the NSW continental shelf which includes:

� Establishing a network of oceanographic mooring arrays,
� Complimenting the moorings with high frequency coastal radar to enhance

spatial coverage,
� Monthly biogeochemical sampling at select locations for temperature and

salinity, oxygen, nutrients and chlorophyll concentration, zooplankton abun-
dance and species composition,

� Regular coastal and bluewater surveys by autonomous ocean gliders,
� The deployment of two cross-shelf arrays of acoustic receivers for the acous-

tic tracking of tagged �sh and
� Use an Autonomous Underwater Vehicle (AUV) to make sustained obser-

vations of the benthos.

The in situ data when combined with satellite data, enables the modelling
required to explain the role of the oceans in seasonal prediction and climate
change. Sustaining the project will allow identi�cation andmanagement of
climate change in the coastal marine environment. It will alsoprovide the ob-
servations necessary to better understand and predict the fundamental con-
nections between coastal biological processes and regional/oceanic phenomena
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that in
uence biodiversity. A review of the current literatu re on the East Aus-
tralian Current is outlined in the introduction to this special issue which sets
the framework under which this ocean observing system was designed (Suthers
et al., submitted). The observing system presented here represents a new way
forward for integrated observations of the waters of southeastern Australia
and goes some way towards �lling some of the knowledge gaps thatexist in
our understanding of the EAC. Furthermore preliminary data from the ob-
serving system described here have contributed to the research presented by
several of the papers in this issue (e.g. Baird et al., submitted;Delacruz et al.,
submitted; Richardson et al., submitted; Tate et al., submitted).

1.1 Background to IMOS

The Australian Integrated Marine Observing System (IMOS,www.imos.org.au)
was established as part of the Australian Government's National Collaborative
Research Infrastructure Strategy (NCRIS) with an initial $A50Mallocation.
Co-investments from Universities, State and Commonwealth agencies made
nearly $A100M available to develop IMOS during the period 2007 to 2011.
IMOS is a distributed set of equipment and data-information services which
collectively contribute to meeting the needs of marine research in Australia.
The observing system provides data in the open oceans around Australia as
well as the coastal waters. IMOS provides data to support research on many of
the critical marine issues facing Australia, including climatechange and sus-
tainability of ecosystems. Further funding ($A52M) has recently been secured
out to 2013 through the Super Science Initiative. With co-investment this will
double the initial funding allocation. The twenty-seven separate institutions
involved in IMOS comprise most of the universities and agencieswith capabil-
ity in ocean and marine research in Australia. The program has strong links
with similar international programs and agencies.

The IMOS strategic research-goal is to assemble and provide free, open and
timely access to streams of data that support research on: 1. The role of the
oceans in the climate system, and 2. The impact of major boundary currents on
continental shelf environments, ecosystems and biodiversity. The scienti�c ra-
tionale and details of the need for observations were identi�ed by �ve regional
Nodes covering the Great Barrier Reef, New South Wales (southeastern Aus-
tralia), Southern Australia, Western Australia and the Bluewater and Climate
Node. The Sydney Institute of Marine Science (SIMS) hosts the NSW-IMOS
node. As host of the NSW-IMOS node SIMS co-ordinates the IMOS activities
in south eastern Australia. The NSW-IMOS node has more than 100 mem-
bers and design of the observing system was determined by consensus.It is
the details of the NSW-IMOS observing system that are outlined here.
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The funding for IMOS 
ows through eleven national facilities. The observing
facilities include three for bluewater and climate observations (Argo Australia,
Enhanced Measurements from Ships of Opportunity and Southern Ocean
Time Series), three facilities for coastal currents and waterproperties (oceano-
graphic and acoustic Moorings, Ocean Gliders and High Frequency coastal
Radar) and three for coastal ecosystems (Acoustic Tagging and Tracking, Au-
tonomous Underwater Vehicle and a biophysical sensor network onthe Great
Barrier Reef). The operators of the facilities are the majorplayers in marine
research in Australia.

1.2 Research Objectives and Infrastructure Requirements

NSW-IMOS have designed the deployment of research infrastructure around
the main research themes and questions that we wish to address. Thequestions
to be answered and the infrastructure required are outlined asfollows.

(1) To investigate the EAC dynamics along the coast of SE Australia
� To estimate the seasonal and inter-annual variability; Infrastructure:

Moorings (coastal and bluewater) HF radar, SOOP-XBT.
(2) Understand the coastal separation of the EAC, the resulting eddy dy-

namics, and key continental shelf processes:
� The degree of cross-shelf 
ows and resultant upwelling; Infrastructure:

Cross-shelf mooring arrays, monthly biogeochemical sampling, repeat
glider transects, remote sensing.

� Coastal processes associated with the onshore encroachment of theEAC
and interaction of EAC and shelf morphology; Infrastructure:Cross-
shelf mooring arrays, HF Radar, remote sensing, monthly biogeochem-
ical sampling, repeat glider transects.

� The e�ects and signi�cance of EAC separation dynamics and mesoscale
eddy formation; coastal boundary layer e�ects; Infrastructure: Cross-
shelf mooring arrays, HF Radar, remote sensing.

� Enhanced monitoring and prediction of the coastal wave climate; In-
frastructure: Wave resolving HF Radar; wave-rider buoy network.

(3) Determine the biological response to oceanographic and climate e�ects:
� Long term variability of planktonic communities and rocky reef ecosys-

tems especially those associated with climate variability; Infrastructure:
Monthly biogeochemical sampling; remote sensing, repeat AUV and
glider surveys.

� Degree of alongshore larval transport and connectivity; Infrastructure:
Cross-shelf mooring arrays, HF radar, remote sensing.

� Relationship of the EAC, its eddies and oceanographic conditions on
primary productivity, �sheries, and movements by �sh and sharks;In-
frastructure: Cross-shelf mooring arrays, biogeochemical and plankton
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sampling, AATAMS transects.

2 NSW-IMOS Observations

2.1 Sustained pre-IMOS Observations in the Region

Prior to IMOS the main broadscale data supporting the EAC descriptions
and models came from: remote sensing (sealevel elevation and seasurface
temperature), two high density repeat XBT sections from Brisbane (27� S) to
Fiji, and Sydney (34� S) to Wellington, NZ (Ridgway et al., 2008) and from
2 years of moorings and hydrography o� 30� S (Mata et al., 2000). Extensive
regional data is also available from the RV Franklin surveys and short mooring
deployments conducted by CSIRO (e.g Hamon, 1965, 1968; Cresswell, 1974,
1976; Cresswell et al., 1983; Cresswell, 1994; Godfrey et al., 1980a,b, inter
alia) and the UNSW Coastal and Regional Oceanography Laboratory over
the past 40 years (e.g Gri�n and Middleton, 1992; Gibbs et al.,1998; Oke
and Middleton, 2000; Roughan and Middleton, 2002, 2004; Baird et al., 2008,
inter alia) .

2.1.1 Moored Observations

There is only one site of sustained moored observations of the ocean along
the coast of NSW, the Ocean Reference Station (ORS), which has been in
operation o� Sydney since November 1989 (Tate et al., submitted). The ORS
provides Sydney Water Corporation with oceanographic data, required as part
of their operating licence for the discharge of sewage. The ORSis located 3 km
o� Bondi Beach, in 65 m of water (Table 2). Up until 2005 it had a large
surface 
oat with anemometers, two S4 current meters at 17 and 52 m and 14
thermistors between the surface and 52 m. In 2006 it was recon�gured with
an upward looking ADCP, a thermistor string and CTD (11 m above bottom)
on a sub-surface mooring.

Seven wave-rider buoys have been maintained (for up to 30 years) by the
Manly Hydraulics Laboratory (MHL, NSW Department of Commerce)(Kul-
mar et al., 2005). Deployed in response to severe storms of 1974, the network
constitutes one of the most comprehensive datasets of its kind inthe world.
The buoys are typically in 70 m water depth and between 6� 12 km from the
coast (Figure 2). Only three of the buoys are directional, butthese records
show that nearly 50% of the waves are from the S� SE (Kulmar et al., 2005).
The data from the ORS and from the wave-rider network have been con-
tributed to IMOS archives as an in-kind contribution from our partners.
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2.1.2 Biogeochemical Sampling

O� Port Hacking, Sydney (34:05� S) is one of Australia's longest running
hydrographic monitoring stations (since 1942), at the 50 m and100 m iso-
baths (PH050, PH100). Instigated initially by CSIRO Marine Research (now
CMAR), in recent decades the monthly monitoring has been run for CMAR
by NSW Department of Environment, Climate Change and Water (DECCW).

Initially temperature was monitored (using reversing thermometers) at nom-
inally monthly intervals at the CSIRO long term monitoring stations: PH050
(d=0,10, 20,30,40,50 m) and PH100 (d=0,10,25,50,75,100 m).Monthly CTD
pro�les have been sampled by DECCW at PH025, PH050, PH100 and PH125
since 1997 (Table 3). Zooplankton samples have also been collected at the two
stations since 1997. In addition to the monthly sampling an intensive period
of weekly sampling was undertaken in 1997 (Ajani et al., 2001) to replicate
studies undertaken 20 years earlier (Hallegrae� and Je�rey, 1993). Monthly
plankton net samples from PH050 and PH100 have been collected and pre-
served for the period April 1997� March 1998 and then November 1998 to
the present. Some of the data from this long term sampling are presented in
papers in this issue (Delacruz et al., submitted; Richardson et al., submitted;
Thompson et al., submitted).

2.2 The NSW-IMOS Instrumentation Plan

2.2.1 Sydney National Reference Transect

To build on our long history of observations at the 50 m and 100 m Port
Hacking stations, we devised a National Reference Transect (NRT) o�Sydney.
This transect consists of three moorings shore normal o� Bondi, and four
hydrographic sampling locations o� Port Hacking shore normal from the coast
to the 125 m isobath (Table 3). This area is typically downstream of the
EAC separation and is often in
uenced by EAC eddies. This is themost
populated area of the NSW (and Australian) coastline where issues such as
water quality, waste disposal, shipping hazards, harmful algal blooms and
recreation are interrelated. For these reasons this region will be permanently
instrumented with a national reference transect. To ensure theintegrity of the
oceanographic moorings it was necessary to separate the moorings from the
location of the biogeochemical sampling. The Bondi site is considered fairly
safe as the moorings are located in a no-trawl zone. It is planned that if the
PH100 site proves to be secure (after the deployment of a dummy mooring)
then the PH100 site will also be instrumented in a staged fashion.
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2.2.2 Moored Observations

Presently the SYD100 and SYD140 moorings (Table 2) consist of a bottom
mounted TRDI 300 kHz ADCP housed in a rigid frame with gimbal mount
and a string of Aquatech 520 temperature and temperature/pressure loggers
at 8 m intervals through the water column (Figure 3). The lineof thermistors
is supported by a 
oat, approximately 20 m below the surface. These moorings
were initially deployed in June 2008 and apart from some data losses due to
instrument failure a comprehensive data set has been returned (Figure 4). In
time either the SYD100 or PH100 site will be instrumented with twoWetlabs
water quality meters (WQM) near bottom and sub-surface, that consists of a
SeaBird CTD, as well as measurements of 
uorescence, dissolved oxygen and
turbidity. It is our intention that as the program progresses these data will be
telemetred back to land and made available in near real-time.

2.2.3 Biogeochemical Sampling

In addition to the historic biogeochemical sampling, monthlysampling along
the NSW-IMOS NRT (Table 3) includes hydrographic measurements,Con-
ductivity, Temperature and Depth (CTD) pro�les, water quali ty, chlorophyll
sampling at PH050 and PH100 plus a plankton net sample and a water sample
for genetic analysis at PH100.

Monthly sampling along the NSW-IMOS NRT o� Port Hacking also serves
to calibrate 
uorometric observations obtained from the instrumented moor-
ings and ocean colour estimates of chlorophyll obtained fromsatellites (e.g.
MODIS): chlorophyll, total suspended solids and coloured dissolved organic
material (CDOM).

2.3 Additional NSW-IMOS Installations

To enhance coverage along the coast of SE Australia and to facilitate long term
monitoring of the continental shelf region both upstream and downstream of
the EAC separation point, a series of arrays are planned as outlined below.
Wave-rider Buoys along the coast will continue to monitor changing wave cli-
mates to facilitate simulations of coastal processes and wave induced material
transport.

2.3.1 Co�s Harbour: 30� S

Co�s Harbour and the vicinity of the Solitary Islands are of great interest.
Oceanographically this area is upstream of the separation point of the EAC,
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(downstream of the GBR) and biologically this area has already been recog-
nised nationally with the designation of the Solitary Island marine sanctuary.
Coral species found there are highly diverse with unique associations of tropi-
cal species near their southern latitudinal range as well as subtropical species
that are absent or rare in the Great Barrier Reef area to the north. This re-
gion (and further north to Cape Byron) is exempli�ed by strongwarm currents
and a complex wave climate opposing the mean 
ow. Two mooringssimilar in
con�guration to the SYD140 mooring (Figure 3) have been deployed o� Co�s
Harbour along a shore-normal line (Table 2). One at the 70 m isobath (CH070)
and another located at 100 m (CH100). Sampling is at 5 min intervals.

2.3.2 Stockton Bight:33� S

The Stockton Bight region is know for its biological productivity. It is typi-
cally downstream of the EAC separation area and is on the receiving end of
a seemingly persistent nutrient supply associated with the separation of the
EAC. We plan to deploy a mooring equipped with WQM ADCP and thermis-
tor string to monitor the upwelling of biologically rich water (Figure 2). This
mooring is pending further funding.

2.3.3 Jervis Bay:35� S

The waters o� Jervis Bay are representative of more temperateconditions
typically downstream of the EAC separation point. The oceanographic condi-
tions are dominated by EAC eddies and again, includes Commonwealth and
State marine protected areas. Furthermore the military presence in the area
increases the interest. UNSW@ADFA deployed a coastal mooring o� Point
Perpendicular, Jervis Bay (JB100, Table 2) in July 2009 consisting of a bot-
tom mounted ADCP and a string of SBE39 temperature sensors (Figure 2).

2.3.4 Eden:37� S

The waters o� Eden (Tasman Sea) are predicted to warm faster than any other
region in the EAC (Cai et al., 2005). This site will be instrumented in early
2010. The mooring will again be similar to the SYD140 mooring consisting
of a bottom mounted ADCP and a thermistor string throughout the water
column (Figures 2, 3).

2.3.5 Acoustic Listening Posts

As part of the AATAMs component of IMOS (Australian Acoustic Tagging
and Monitoring System) a series of shore normal arrays of listening posts have
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been deployed around the continent. Lines o� Sydney and Co�sHarbour coin-
cide with the locations of our NSW-IMOS moorings (Figure 2). The data from
the tagged �sh that are tracked by the AATAMS network will be combined
with the oceanographic data from the mooring network to givea better under-
standing of relationship between oceanographic conditions and the movement
of �sh.

2.4 HF Radar

HF Radar provides unprecedented time resolved surface maps (to� 1 m
depth) of ocean currents in near real time in support of innumerable applica-
tions in physical and biological ocean research as well as operational aspects
of invaluable bene�t to the coastal community. For example, apart from the
scienti�c applications mentioned previously, this information can be useful in
determining the fate and transport of oil from oil spills, freshwater out
ows
from river sources, dispersion of pollutants (e.g. sewage e�uent) source and
waste streams to and from de-salination plants and can inform boaters of haz-
ardous conditions in coastal areas. In this region HF radar deployments will
also be used to investigate dynamic processes and 
ow patterns including:

� The interaction of EAC with shelf topography and coastal boundary layer
e�ects

� Flow patterns and wave dynamics in relation to �xed IMOS moorings thus
enabling better interpretation/extrapolation of mooring observations

� Physical connectivity pathways in relation to critical habitats (and marine
park zoning)

� Interaction of out
ow from coastal catchments and regional currents (EAC)
� Surface dynamics of eddy formation and eddy interactions with shelf topog-

raphy
� Large scale wake e�ects
� Calibration and veri�cation of hydrodynamic and wave models
� Wave and current interactions.

The WERA HF Radar system (http://ifmaxp1.ifm.uni-hamburg.de/WERA.shtml)
which will be deployed at Co�s Harbour provides spatial maps ofsurface cur-
rents, as well as wave height, period and direction, and possibly wind direction
at hourly intervals. NSW-IMOS has a particular interest in the WERA system
to support the state's seven wave-rider buoys along the NSW coast (Figure 2).
In regions where the EAC 
ows swiftly adjacent to the coast (e.g. Cape Byron)
the wave-rider buoys at times gives con
icting data or becomes submerged in
strong currents. Hence in addition to the mapping of surface currents, the
wave information provided by the HF Radar system is extremely valuable.
A medium range WERA system will be deployed o� Co�s Harbour in early
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2010 (Figure 2) and planning for this is well underway. Based on the frequency
allocation received we anticipate coverage out to� 70km o�shore with a res-
olution of 1 � 1:5km. As the shelf is very narrow this range should see well
out beyond the 2000 m isobath and generally cover the width of the narrow
EAC jet.

An additional deployment along the NSW coastline is proposed to provide
more coarse resolution coverage of the separation region of theEAC. The
array will involve 4 � 5 CODAR sites (depending on frequency) spanning
the separation point of the EAC and the immediate downstream eddy �eld
between Smoky Cape and Sydney (� 32:25� � 34:25� S). The array will also
cover the region of the moorings o� Sydney.

2.4.1 Autonomous Ocean Gliders

The IMOS facility for ocean gliders (ANFOG) maintains a 
eet of 8 gliders
comprised of both Slocum (shelf) and Sea gliders (bluewater).Gliders are
autonomous underwater vehicles that can be programmed to survey speci�c
areas of the ocean from the surface to depths of up to 1000 m. By changing its
buoyancy the glider is able to ascend or descend, and can achieve a horizontal
velocity of 0:25� 0:40 ms� 1. Glider commands can be sent, and data retrieved,
via satellite communications when the glider is at the surface. Typically com-
munication occurs every� 4 hours. Gliders can be used for planned transects
in calm waters (currents< 0:3 ms� 1), or to opportunistically sample more
energetic systems, albeit without ultimate control on the pathof the glider.
The Slocums are con�gured with a SBE� CTD, a WETLabs BBFL2SLO 3 pa-
rameter optical sensor (measuring Chlorophyll-a, coloured dissolved organic
matter (CDOM) and backscatter at 660 nm) and an Aanderaa oxygenoptode.

Ocean gliders and HF radar will be deployed simultaneously to map the 3-D
structure of the EAC as it interacts with shelf bathymetry: in the region of
EAC stream 
ow o� Co�s Harbour; in the region of EAC separation near
Smoky Cape; in the region from Smoky Cape to Stockton Bight toinvestigate
processes associated with the latitudinal continuity of slopewater intrusions
and the three dimensional structure of mesoscale eddies; o� Sydney to inves-
tigate cross-shelf processes from the continental slope to the inner shelf along
the NRT; and in the vicinity of Jervis Bay to investigate dynamics associated
with the protrusion of Jervis Bay onto the continental shelf. Typically ocean
glider deployments in this region will exploit southward EAC
ows.

To date two successful Slocum glider deployments have been undertaken in the
EAC. The �rst was deployed on 25 November 2008 and lasted 16 days. The
glider covered 1002:84 km and took 1484 dives (Baird et al., submitted). The
second was deployed on 17 March 2009 and lasted 23 days. The glider covered
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705:6 km and took 1721 dives. The chlorophyll concentration estimated from

uorescence along the path of the two deployments is shown in Figure 5. The
continuous sub-surface optical measurements obtained by the glider represent
a signi�cant advance on the occasional vertical light pro�lesfrom ship-based
CTDs. For further details the reader is referred to Baird et al. (submitted).
Backscatter and 
uorescence data collected by the gliders will provide esti-
mates of biological activity both within eddies and along the coast. Glider
data from the surveys will also identify areas of shelf edge upwelling, during
times of upwelling favourable winds.

3 Preliminary Results from the Sydney Mooring Array

Here we present a summary of the results and some preliminary �ndings from
the �rst 12 months of data retrieved at the 3 Sydney moorings (Table 2,
Figure 2).

3.1 Current Velocity

Velocity is measured at each of the moorings by a bottom mounted upward
looking 300 kHz TRDI acoustic Doppler current pro�ler (ADCP) with 8 m
vertical bin size. The 5 minute data has been subsampled to hourly and lowpass
�ltered with a 36 h cut o� frequency and a cosine taper applied to the last 5%.
The data was rotated to alongshore (v) and across-shore (u) components as
per the calculation of the principal axis after consideration of the local isobath
direction (Table 2).

At all three sites across the shelf mean alongshore velocities are typically an
order of magnitude larger than across-shore velocities (Table4). Inshore (ORS)
velocities are typically variable with a range ofv = � 1:19 � 0:78 ms� 1; u =
� 0:19 � 0:19 ms� 1 where negative indicates poleward (onshore) transport.
Midshelf (SYD100) velocities are marginally stronger rangingv = � 1:39 �
0:89 ms� 1; u = � 0:24� 0:25 ms� 1. At the shelf break velocities are typically
greater, however due to instrument failure during an extremeevent this is
not re
ected in the statistics (range v = � 1:29 � 0:5 ms� 1; u = � 0:34 �
0:33 ms� 1). Maximum poleward velocities o� Sydney typically occur with
EAC eddy intrusion events where the eddy moves across the continental shelf.
Currents are generally baroclinic, however at times duringstrong equatorward

ow barotropic currents exist (Figures 6� 7). Vertical velocity shear (djvj=dz)
is greatest during strong poleaward current events, and at the inner shelf
(Figure 9).
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3.2 Temperature

Temperature is recorded at 5 minute intervals using a series ofAquatech 520T,
and 520PT Aqualoggers with extended (1Mb) memory. Loggers are located at
8 m intervals throughout the water column to co-incide with the middle of each
ADCP bin. Additional pressure/temperature loggers are placed at 4 depths
(bottom, sub-surface and 2 mid-water column) so as to estimate mooring lay
over. During strong EAC eddy intrusions, mooring knockdowns ofup to 30 m
have been recorded.

As with velocity, maximum temperatures co-incide with EAC eddy intrusions.
At all three sites maximum water temperatures were recorded during May
2009 (end of Autumn) of 23:7� 24:7� C across the shelf. Temperature exhibits
strong strati�cation throughout the water column (Figure 8). The vertical
temperature range is similar across all three sites ranging� 12� 24� C

3.3 Wind

Wind data was obtained from a station 10 m above sea level at Sydney Airport.
Wind stress was calculated from theu and v components of wind velocity.

3.4 Shelf Scale Events

During the period 1 Feb� 31 Mar 2009 three strong poleward current events
occurred with the strongest centred around 14 Mar 2009 (Figure6). Velocities
were greater than� 1:2 ms� 1 and extended down through the water column
to the top of the bottom mixed layer. These strong poleward events were
observed at all three sites and were related to the intrusion of an EAC warm
core eddy across the shelf. The eddy meandered on and o� the shelfover the
two month period. Poleward events were characterised by strong velocities,
high velocity shear extending down to� 100 m depth, (i.e the bottom at the
inshore and mid-shelf sites) and warm temperatures (up to� 23� C) in the
surface waters, extending down to� 80 m depth at SYD140.

The bottom and surface mixed layers (BBL and SML respectively)were cal-
culated as � T = 0:5� C. The SML was referenced to the top most thermistor
(which was nominally 20 m sub surface), while the bottom boundary layer was
referenced to the bottom most thermistor, nominally 1 m above the bottom,
The thickness of the both the SML and BBL is reduced with the onshore en-
croachment of the EAC eddy. The depth of the 15� C isotherm is also shown
(white line in Figure 8). Of note is the fact that this isotherm is rarely ob-
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served at ORS065. While 15� C water is often present at SYD140 during the
strongest part of the eddy intrusion warm water 
oods the shelf with bottom
temperatures as warm as 17� 18� C. As the eddy meanders o� the shelf cur-
rents reverse quickly equatorward with speeds of up to 0:5 ms� 1. Typically
vertical velocity shear is a low associated with northward 
ow,indicating a
barotropic current. Currents are more baroclinic inshore with velocity shear
greatest at the ORS reducing o�shore.

The EAC eddy intrusion events were preceded by a wind driven upwelling
event which occurred around 7 Feb 2009. This increased the thickness of the
BBL at ORS065 and SYD100 to� 15� 20 m.

Another signi�cant vertical excursion of the 15� C isotherm occurred towards
the end of the period (21 Mar 2009) where it was uplifted by� 60 m and
during which time the BBL thickened to > 50 m at SYD140.

These observations give a snapshot of the multiple events that can have a
signi�cant impact on the shelf waters o� the coast of Sydney. Thenext step
is to identify the biological response to such events.

3.5 Timescales of Variability

To investigate timescales of variability, spectral analysis was undertaken on
both the current velocity and temperature data. The longest continuous seg-
ment of data collected concurrently at the three Sydney moorings was used (4
December 2008 to 13 April 2009 which equates to 130 days). The �ve minute
interval data collected by the instruments was subsampled to hourly and the
current velocity data was rotated to across-shelf (u) and alongshelf (v) com-
ponents, as outlined in Section 3.1.

Standard Fourier techniques were used to calculate the powerspectra of the
temperature (T) and two current velocity components (u; v). This was done
independently for each depth bin of the current velocity data and each tem-
perature record through the water column. These spectra were subsequently
smoothed using a 7 point moving average.

3.5.1 Current Velocity

The power spectra of the alongshelf (v) current velocity through the water col-
umn from each of the three Sydney moorings are shown in Figure 10. There
is a clear semi-diurnal signal corresponding to theM 2 tidal constituent at all
three moorings. This signal is persistent with depth at the two inshore moor-
ings (ORS065 and SYD100), however with some evidence of depth attenuation
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at the SYD140 location.

There is a large amount of energy within the diurnal tidal band with the
signal at the diurnal period (24 h) being dominant. This signalis seen at all
three moorings and throughout the entire water column. There is also a signal
around the inertial period, which for the latitude of Sydneyis 21:4 h, i.e. within
the diurnal tidal band. This inertial frequency signal is more notable o�shore
at SYD140 where it extends through the majority of the water column. The
signal decreases both with strength and depth penetration at the midshelf
and inshore moorings, with almost no inertial frequency signal at the inshore
location (ORS065).

There are large amounts of energy at subtidal frequencies at all three mooring
locations. Motions in the period range between 40� 100 h (0:01� 0:025 cph),
i.e. � 2 � 4 days, show some degree of structure through the water column
with energy decreasing with depth. For periods lower than 100h (0.01 cph)
there is increasing energy present in the power spectra of the current velocities.
However due to the relatively short continuous time series available at present
these frequencies are under resolved.

Cross-shelf current velocities (not shown) have similar distribution of spectral
energy to the alongshelf current velocities, with energy at the semi-diurnal
and inertial frequencies. However there is no diurnal signal and signi�cantly
less energy in low frequencies below 50 h (0.02 cph).

3.5.2 Temperature

The power spectra of the temperature through the water columnfrom each of
the three Sydney moorings are shown in Figure 11. It should be noted that at
SYD100 for the period chosen data gaps exist from loggers at the top (water
depth 25 m) and near the bottom (water depth 97 m) of the mooring and thus
no spectra were generated at these locations.

As was observed in the current velocity spectra there is a clear semi-diurnal
signal (M 2 tidal frequency) at all three moorings. The energy at this frequency
in the temperature spectra however, is con�ned to the upper part of the water
column, typically extending down to� 40 m water depth.

In the diurnal tidal band the signal is dominated by motion at the inertial
frequency which is, like the semi-diurnal signal, con�ned to the upper part of
the water column, down to� 40 m water depth. The signal is most evident
inshore at ORS065 and SYD100 and less so o�shore at SYD140. There is also
a weaker signal at the diurnal period (24 h; 0.0417 cph) which is also con�ned
to the upper layer and is most evident at the inshore location (ORS065).
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Similarly to the power spectra distribution of the current velocities the sub-
tidal frequencies at all three mooring locations have largeamounts of energy
present. The period range between 40� 100 h (0:01� 0:025 cph), i.e.� 2 � 4
days, shows structure through the water column with energy decreasing with
depth. At the midshelf and inshore moorings (ORS065 and SYD100)this is
particularly pronounced with energy, as at the tidal frequencies, constrained
to water depths of � 40 m or less. Interestingly at SYD140, the furthest o�-
shore, there is energy throughout almost the entire water column at these
frequencies. For periods lower than 100 h (0.01 cph) there is increasing energy
present in the power spectra of the temperature records however for the same
reasons outlined above they are also under resolved at present.

The results of the spectral analysis of the current and temperature using the
data collected from the Sydney shelf to date allow the preliminary examination
of their variability presented here. Numerous previous studies have examined
the coastal circulation in the Sydney region over a wide rangeof frequencies
(e.g McClean-Padman and Padman, 1991; Gibbs et al., 1998; Middleton et al.,
1997).

Aside from barotropic tidal motions much of the variability found in the diur-
nal tidal band are due to wind forcing and inertial motions (Gibbs et al., 1997),
with diurnal coastal trapped waves also having been observed onthis coast
(Freeland, 1988). Further to this variability in current velocity and tempera-
ture at both diurnal and semi-diurnal frequencies can be e�ected by internal
tides (Gibbs et al., 1997).

Gri�n and Middleton (1991) found that up to 70% of the along-shelf current
variability in the `weather band' (40 h to 480 h; 0:002� 0:025 cph) o� Sydney is
attributable to northward-propagating coastal trapped waves. Longer period
motion can be attributed to the in
uence of the EAC (Middleton et al., 1997).
However, due to the relatively short continuous time series available at present
the motions at these frequencies are under resolved. Ongoing data collection
and further analyses will allow the elucidation of the details of the variability
on the Sydney shelf region, particularly with respect to subtidal motion.

4 Discussion: National Context

An advantage of IMOS when compared to some international counterparts is
that there is a level of federal co-ordination, particularly with regards to the
distribution of new funding for the extension of IMOS through to 2013. The
program is �nancially managed by the national IMOS o�ce. Governance of
IMOS is led by an advisory board with an independent chair and anational
scienti�c steering committee comprised of each of the regionalnode leaders
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and members of the IMOS o�ce. This steering committee is charged with
providing national oversight to ensure an integrated approach to monitoring
our boundary currents.

The national backbone that integrates and links all the observations in a
national context consists of the data management facility, a satellite remote
sensing facility assembles satellite data for the region and a network of nine
national reference stations where identical measurements ofphysical and bio-
geochemical parameters are undertaken on a regular (nominally monthly) ba-
sis.

4.1 Data Availability

Data management is an essential, and in many ways the most important part
of the observing system. To serve this function, IMOS has built the electronic
Marine Information Infrastructure (eMII facility) which pr ovides open and
timely access to all IMOS data, enhanced data products and webservices in
a searchable and interoperable framework (http://imosmest.emii.org.au ).

While IMOS was primarily designed to support research, the datastreams are
also critical for societal, environmental and economic applications. Some of
these include: management of marine natural resources and their associated
ecosystems, support and management of coastal and o�shore industries, safety
at sea, marine tourism and defence.

4.2 Linkages with Other Regional Observing Nodes

The present IMOS structure is a series of 5 nodes, 4 regional nodesand one
Bluewater and Climate node (BWC). The nodes represent the collection of
scientists whose interests are focused in each region. The NSW-IMOS node is
bordered to the north by the Queensland node, QMOS (formally GBROOS)
and to the south by SAIMOS. Discussions are presently underway to form
nodes in both Victoria and South Australia. To the east we are bordered with
the BWC node. While initially the node science proposals were developed in-
dependently of each of the other nodes in recent times some degree of national
perspective has been applied to the science plans.

Together with the BWC node and QMOS we are responsible for observing
the EAC in its entirety. The national perspective has resultedin a proposal
to install an additional NRS to the north of the NSW border where asigni�-
cant gap in observing infrastructure was identi�ed. It has alsoresulted in the
potential for focus and integration of the BWC interests at 28� S where the
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EAC 
ows strongly and is fairly uniform. The extension of the coastal and
shelf mooring arrays into the bluewater is a signi�cant improvement on the
original less focussed design.

Another area of synergy is the deployment of gliders with a whole of system
view. It is possible that glider deployments will commence in SE Queensland in
the EAC in
ow and will then be advected southward along the coast of NSW
to be collected by one of the more southern nodes. Alternativelygliders can be
run along repeat transects from the shelf waters to the bluewater and return,
again giving the integration between the shelf and deep waterprocesses. The
NRS network around the coastline gives another opportunity for integration of
ideas and investigation of processes across regional boundaries. For example a
national characterisation of plankton species, sediment composition or optical
properties observed at each NRS gives a more comprehensive viewthan ever
before.

4.3 Contributing to the Modelling E�ort

While modelling capabilities have advanced signi�cantly inrecent years the
end goal is to achieve high enough density observations in realtime that we
can implement a co-ordinated approach to numerical ocean prediction that
deliverers 3D simulations, hindcasts, nowcasts and forecasts of quanti�able
accuracy at relevant spatial scales. For many practical applications a predic-
tion of Lagrangian trajectories is necessary (e.g Roughan et al. (submitted)).
These can be used in search and rescue applications, oil spill mitigation, and
�sheries management (e.g design of marine reserves and estimation of larval
dispersal, (Seim et al., 2009)).

Modelling requirements to compliment a coastal ocean observing system (after
Seim et al. (2009)) include, but are not limited to, 1. Physical State Modelling:
Circulation modelling (3D time-varying representations ofcoastal ocean cur-
rents, sea level, temperature and salinity), waves, sediment transport and rep-
resentation of the coastal atmosphere. Nesting at various levelswill improve
the spatial resolution. And 2. Biogeochemical and ecosystem modelling, nec-
essarily coupled to physical circulation models for prediction of nutrient 
uxes
and the response of various trophic levels to environmental variability.

Simulation experiments can also aid with the design of observing systems. Oke
et al. (2009) compared the bene�t of assimilating data from pieces of �xed and
mobile observing infrastructure including measurements of surface velocities
from HF radar, andin situ temperature and salinity measurements from repeat
glider transects along the coast of NSW into and eddy-resolving ocean model.
The forecast system tested uses an ensemble optimal interpolationfor data

18



assimilation. The results showed that the greatest impact on the reduction in
errors in velocity and temperature, salinity and sealevel wasby the assimilation
of HF radar observations in northern NSW. Interestingly this wasthe a priori
location slated for an HF radar deployment.

5 Summary

The development of a complete system from observations to hindcasts, now-
casts and forecasts will likely take decades. What we present here is the initial
implementation over the �rst seven years and the vision for the future. While
the initial focus has been on the physical environment this isby no means
setting limitations on future directions. It is however recognition of the im-
portance of the physical environment in driving biogeochemical processes, but
is also an indication of the maturity of the sensors (Seim et al.,2009). As more
reliable and cost e�ective biogeochemical sensors become available the system
will be augmented to include more parameters.

Given the extent and challenge of addressing the broad range ofmarine issues
in the Australian EEZ, IMOS is considered only the beginning of the observing
system that Australia needs. Never-the-less, staged enhancements are being
implemented. The recent additional funding to extend IMOS is seen as recog-
nition of the signi�cance of the program and its successful implementation to
date.

Implementation has necessarily been an incremental process and will continue
to be so as we build capacity to deploy and maintain infrastructure, deliver
data in real time and build modelling capabilities. Already the observing sys-
tem described here has increased the number of sub-surface observations by
at least an order of magnitude. Clearly as more funding becomes available
the plan will evolve, however we maintain our vision of an integrated marine
observing system for the EAC along the coast of SE Australia.
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ADCP Acoustic Doppler current pro�ler

CODAR Firm that manufactures direction �nding HF radar syst ems

CMAR CSIRO Marine and Atmospheric Research

CSIRO Commonwealth Scienti�c Industrial Research Organis ation

CTD Instrument that measures Conductivity, Temperature an d Depth

DECCW New South Wales Department of Environment, Climate Ch ange and Water

EAC East Australian Current

IMOS Integrated Marine Observing System

MHL Manly Hydraulics Laboratory, NSW Department of Commerc e

NRS National Reference Station

NRT National Reference Transect

SBE SeaBird, �rm that manufactures CTDs

SIMS Sydney Institute of Marine Science

TRDI Firm that manufactures ADCPs

WERA Wellan Radar, �rm that manufactures direction �nding H F radar systems

WQM Wetlabs Water Quality Meter

IMOS Facilities

ARGO Argo Australia

SOOP Enhanced Measurements from Ships of Opportunity

SOTS Southern Ocean Automated Time Series Observations

ANFOG Australian National Facility for Ocean Gliders

AUV Autonomous Underwater Vehicle Facility

ANMN Australian National Mooring Network

ACORN Australian Coastal Ocean Radar Network

AATAMS Australian Acoustic Tagging and Monitoring System

FAIMMS Facility for Automated Intelligent Monitoring of Ma rine Systems

eMII eMarine Information Infrastructure

SRS Satellite Remote Sensing

IMOS Nodes

BWC Bluewater and Climate

NSW-IMOS Southeastern Australian IMOS

SAIMOS Southern Australian IMOS

WAIMOS Western Australian IMOS

GBROOS Great Barrier Reef Ocean Observing System

QMOS Proposed extension of GBROOS to incorporate all of Qld in terests

Table 1
Acronyms used in this paper.
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Platform Latitude Longitude Depth Dist Principal Local Maintained

Code � S � E (m) (km) Axis ( � ) Isobath (� ) Since

CH070 30� 17:000 153� 17:910 70 15 August 2009

CH100 30� 16:070 153� 23:800 100 22.2 August 2009

ORS065 33� 53:880 151� 18:90 65 2.1 13.4 16 1989

SYD100 33� 56:630 151� 23:030 100 9.9 18.3 26 June 2008

SYD140 34� 00:080 151� 27:920 140 19 25.0 28 June 2008

PH100* 34� 06:980 151� 13:140 100 6.1 - - N/A

JB070 35� 050 150� 510 70 1.85 - - July 2009

ED100* 37� 18:960 150� 19:500 100 25 - - N/A

Table 2. Details of NSW-IMOS mooring sites. *The exact location is still to be �nalised.
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Site ID Latitude Longitude Depth (m) Dist (km)

PH025 S34� 04:940 E151� 10:790 25 0.9

PH050� S34� 05:350 E151� 11:350 50 2.1

PH100� @ S34� 06:980 E151� 13:140 100 6.1

PH125 S34� 08:880 E151� 15:370 125 11.1
Table 3
Details of the biogeochemical sampling sites.� CSIRO funded sampling for temper-
ature and nutrients. @ IMOS funded sampling for chlorophyll-a, pigments (HPLC)
CDOM, PAR, phytoplankton and zooplankton.
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2008 2009

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug All

ORS

Mean 0.00 -0.01 0.00 0.00 -0.01 0.00 0.00 -0.01 -0.01 -0.01 0.00 -0.02 -0.02 -0.02 NaN -0.01

u Max 0.10 0.12 0.08 0.10 0.11 0.13 0.13 0.19 0.07 0.11 0.14 0.09 0.09 0.07 NaN 0.19

Min -0.11 -0.12 -0.09 -0.08 -0.09 -0.09 -0.13 -0.12 -0.11 -0.18 -0.19 -0.19 -0.19 -0.10 NaN -0.19

Mean -0.06 -0.10 -0.05 -0.06 -0.02 -0.19 -0.07 0.04 0.02 -0.02 0.00 -0.24 -0.32 -0.17 NaN -0.09

v Max 0.56 0.29 0.39 0.16 0.60 0.26 0.39 0.50 0.53 0.72 0.78 0.61 0.11 0.13 NaN 0.78

Min -0.48 -0.57 -0.33 -0.46 -0.55 -1.04 -0.84 -0.40 -0.48 -0.83 -0.59 -1.19 -1.05 -0.51 NaN -1.19

Mean 18.75 16.86 15.63 15.39 16.26 16.11 17.59 17.79 17.48 17.46 19.16 20.28 18.58 17.58 NaN 17.50

T Max 20.63 19.06 16.65 17.45 18.78 20.49 22.05 21.26 23.03 21.96 22.96 23.77 21.40 18.84 NaN 23.77

Min 16.07 14.75 14.76 14.39 13.87 13.84 14.97 15.26 14.24 14.86 15.49 16.31 15.91 16.73 NaN 13.84

SYD100

Mean 0.01 0.00 0.01 0.05 0.01 0.02 0.00 0.00 -0.01 0.01 0.02 -0.01 0.01 0.01 0.02 0.01

u Max 0.14 0.16 0.06 0.14 0.15 0.19 0.20 0.12 0.15 0.24 0.25 0.20 0.18 0.14 0.09 0.25

Min -0.09 -0.14 -0.04 -0.06 -0.10 -0.13 -0.23 -0.11 -0.13 -0.21 -0.23 -0.24 -0.17 -0.14 -0.08 -0.24

Mean -0.32 -0.25 -0.01 -0.20 -0.08 -0.33 -0.15 -0.03 -0.06 -0.09 0.01 -0.30 -0.41 -0.36 -0.27 -0.19

v Max 0.00 0.17 0.06 0.12 0.55 0.16 0.30 0.29 0.23 0.47 0.89 0.50 0.50 0.15 -0.06 0.89

Min -0.57 -0.74 -0.14 -0.47 -0.44 -1.39 -1.08 -0.40 -0.56 -1.21 -0.74 -1.28 -1.35 -1.21 -0.48 -1.39

Mean 18.11 16.88 15.68 15.39 15.68 16.09 17.03 16.77 15.79 16.60 18.05 19.51 18.73 17.49 16.62 16.96

T Max 19.74 19.56 17.23 18.16 19.13 21.45 21.48 21.78 22.60 23.12 23.48 24.28 21.72 19.56 17.40 24.28

Min 16.45 13.84 14.48 14.03 13.34 13.44 14.20 14.42 13.56 13.84 14.46 15.38 15.44 15.95 15.87 13.34

SYD140

Mean -0.02 0.02 -0.01 0.01 0.02 NaN -0.01 0.00 0.00 0.01 0.01 NaN NaN NaN NaN 0.00

u Max 0.05 0.25 0.12 0.16 0.23 NaN 0.28 0.18 0.21 0.33 0.13 NaN NaN NaN NaN 0.33

Min -0.18 -0.16 -0.12 -0.14 -0.16 NaN -0.34 -0.10 -0.11 -0.23 -0.22 NaN NaN NaN NaN -0.34

Mean -0.08 -0.18 -0.07 -0.13 -0.11 NaN -0.08 -0.03 -0.08 -0.09 -0.15 NaN NaN NaN NaN -0.10

v Max 0.07 0.21 0.19 0.21 0.36 NaN 0.39 0.39 0.24 0.50 0.36 NaN NaN NaN NaN 0.50

Min -0.20 -0.44 -0.40 -0.41 -0.45 NaN -0.56 -0.46 -0.64 -1.29 -0.95 NaN NaN NaN NaN -1.29

Mean 17.99 16.71 15.63 15.44 15.54 17.01 17.12 16.46 15.80 16.81 17.50 19.66 18.90 17.99 NaN 17.04

T Max 19.10 19.66 17.33 18.24 19.47 22.30 21.17 22.85 23.25 24.05 24.53 24.69 21.80 19.71 NaN 24.69

Min 16.29 13.14 13.54 13.30 12.86 13.07 13.26 13.23 12.94 13.24 12.62 15.35 14.15 15.54 NaN 12.62

Table 4. Mooring data statistics calculated from the hourly lowpass �ltered data for the mooring array o� Sydney (Figure 2, Table 2).
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Byron Bay  
~ 28.5oS 

 Coffs Harbour ~ 30oS 

 Newcastle ~ 33oS 

 Forster ~ 32oS 

 Smoky Cape ~ 31oS 

 Sydney ~ 34oS 

 Jervis Bay 
       ~ 35oS 

 Bateman's Bay  
              ~ 36oS 

 Eden 
~ 37oS 
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Fig. 1. Satellite image of Sea Surface Temperature (29 Sept 1991, CSIRO Marine
Research) overlaid with a schematic representation of the IMOS infrastructure de-
ployed along the NSW coastline. The EAC is evident as a warm narrow jet 
owing
poleward adjacent to the continental shelf to � 30� S and producing an eddy �eld
further to the south.
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Fig. 2. Mooring deployment map showing locations of the present (deployed), pend-
ing and proposed mooring deployments as well as the hydrographic sampling loca-
tions and the wave-rider buoys.
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Fig. 3. Schematic diagram of the NSW-IMOS moorings showing bottom mounted
upward looking 300KHz TRDI ADCP, and a series of Aquatech 520temperature log-
gers at 8 m spacing through the water column. A number of Temperature/Pressure
(TP) loggers are interspersed throughout the line in order to estimate mooring
layover.
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Fig. 4. Data coverage from the three moorings o� Sydney: ORS065, SYD100,
SYD140. T- temperature and V- velocity.

31



Fig. 5. Paths of two Slocum glider deployments o� southeastern Australia. The
colour gives chlorophyll concentration determined from 
uorescence. On the shelf
and along the glider paths the 0, 100 and 200 m (solid lines) and 50 and 150 m
(dashed lines) depth levels are shown.
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Fig. 6. a) Surface wind stress, alongshore(-), across-shore (:), b� d) Alongshore ve-
locity ( v) at b) ORS065, c) SYD100, d) SYD140 for 1 Feb� 31 Mar 2009.
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Fig. 7. a) Surface wind stress, alongshore(-), across-shore (:), b� d) Across-shore
velocity (u) at b) ORS065, c) SYD100, d) SYD140 for 1 Feb� 31 Mar 2009.
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Fig. 8. a) Surface wind stress, alongshore (-), across-shore (:), b� d) Temperature
(T, � C) at b) ORS065, c) SYD100, d) SYD140 for 1 Feb� 31 Mar 2009. The white
line represents the depth of the 15� C isotherm and the solid black lines represent
the depth of the surface and bottom mixed layers where �T=0 :5� C. White gaps in
the record indicate failed sensors.
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Fig. 9. a) Surface wind stress, alongshore (-), across-shore (:), b� d) Vertical velocity
shear (djvj=dz� 102s� 1) at b) ORS065, c) SYD100, d) SYD140 for 1 Feb� 31 Mar
2009.
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Fig. 10. Alongshelf current velocity spectra resolved withdepth through the water
column at each of the Sydney moorings a) ORS065, b) SYD100, c)SYD140. The
diurnal tidal (K 1), inertial (f I ), and semi-diurnal tidal (M 2) frequency bands are
marked.
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Fig. 11. Temperature spectra resolved with depth through the water column at each
of the Sydney moorings a) ORS065, b) SYD100, c) SYD140. The diurnal tidal (K 1),
inertial (f I ), and semi-diurnal tidal (M 2) frequency bands are marked.
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