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Background: 
 
The IMOS Facility for Lagrangian Ocean Currents (FLOC) will provide a national fleet of surface 
drifting buoys with the capacity to sustain a routine observing program for Australia's boundary 
currents as well as introduce a new buoy design for use in observing the circulation of challenging 
shallow water environments. The facility will build on the strengths of the national capability in the 
Bureau of Meteorology, the Australian Institute for Marine Science (AIMS), the University of 
Western Australia (UWA) and the Royal Australian Navy (RAN). The facility will also provide an 
opportunity to collaborate and coordinate surface buoy deployments with international 
organisations National Oceanographic and Atmospheric Administration (NOAA), National Institute 
of Water and Atmospheric Research (NIWA) and the New Zealand Meteorological Service. The 
international collaboration will improve the quantity of observations of Australian regional 
oceanography whilst also achieving the target density and design objectives for international 
partners and the global array. The facility will promote the use of a standard Surface Velocity 
Program (SVP) buoy as a basis for a sustained observational campaign for the East Australian 
Current and design and trial a deployment program for the Leeuwin Current. These deployments 
make use SVP's and an established volunteer observing network leading a simple yet proven and 
effective strategy that is critical to sustaining the program. In addition the SVP buoy includes a 
temperature sensor and will significantly increase the density of in situ SST observations critical to 
the calibration and bias correction of satellite SST products. FLOC will also promote the 
development of a new design for deployment in shallow water environments that will address a 
specific data void in the northern Australian region. This buoy is based on a low cost technology 
with the potential to deliver lower costs per observations. Establishing routine observations from 
Lagrangian buoys will provide unique information that can be interpreted and integrated with the 
global ocean observing system and other IMOS facilities to enhance the capability to monitor the 
ocean variability. 



 

Overview: 
 

Proposed 
Infrastructure 
Investment: 

$1.87M IMOS / $3.11M Total 

IMOS Facility: Facility for Lagrangian Ocean Currents (FLOC) 

Operating Institution: 
Bureau of Meteorology (SVP sub-facility) 
Australian Institute for Marine Science (SPOT sub-facility) 
 

Facility Leaders (for 
this Proposal): 

Dr. Gary Brassington, Bureau of Meteorology, (03) 9669 4170, 
g.brassington@bom.gov.au 
Mr. Craig Steinberg, AIMS, (07) 4752 4345, c.steinberg@aims.gov.au 
 

Other(s) key people 
involved: 

Dr. Rick Lumpkin, AOML, NOAA 
Prof. Chari Pattiaratchi, UWA 
Prof. Mal Heron, JCU 
Prof. Peter Ridd, JCU 
Dr. Scott Heron, JCU 
Mr. Graeme Ball, Bureau of Meteorology 
Comm. Robert Woodham, RAN 
Dr. Brian King, APASA 
Dr. Stephen Chiswell, NIWA 
Dr. Moninya Roughan, UNSW 
A/Prof. Charles Lemckert, Griffith University 
Dr. Alexandre Ganachaud, LEGOS/IRD 
Prof. Karen Edyvane, NRETA, NT Government 
Mr. David Hanslow, Torres Strait Regional Authority 
 

Collaborating 
Institutions: 

National Oceanographic and Atmospheric Administration (NOAA) 
Royal Australian Navy (RAN) 
National Institute of Water and Atmospheric Research (NIWA) 
James Cook University (JCU) 
University of Western Australia (UWA) 
University of New South Wales (UNSW) 
 



 

Nature of Investment: 
 
Implementation Strategy: 
 
1. Implementation summary 
 

1.1. Overview 
 
FLOC will introduce a routine observing program for the East Australian current by deploying a 
pair of SVP buoys at a specific choke point in the circulation. The deployment will be performed 
at a sampling frequency of two weeks throughout the seasonal growth, peak and decline in the 
current. A total of 13 buoy-pair deployments will be made from Oct-Mar each year. This 
deployment uses a simple design based on two volunteer observing ships and volunteer 
observers keeping the costs low and sustainable. The deployment position was determined by 
a Lagrangian study from the BLUElink ocean Reanalysis to achieve specific requirements of 
low risk of coastal groundings and high probability of long period deployments. A partnership 
between CAWCR/Bureau of Meteorology and AOML/NOAA implemented a multi-year pilot 
project in 2007 of ~6 NOAA buoys per year to thoroughly test and refine the deployment 
strategy. By the second year of deployment it is estimated that the density of Tasman Sea 
buoys will reach 35-40 and will provide a useful validation of ocean models and forecasts. In 
addition to observing the currents at the choke point and Lagrangian flow near the choke point, 
the SVP also include a temperature sensor to provide ~20 observations per day of sea surface 
temperature. These observations will provide in situ temperature observations over the EAC 
and in the Tasman Sea and will lead to improved calibration and bias correction of satellite sea 
surface temperature observations. In particular, the regular sampling will provide observations 
over the diurnal cycle that will aid in improving the quality of geostationary SST products from 
MT-SAT. The 26 buoys will include 10 from NOAA, 4 from RAN, 3 from NIWA/MetNZ and 9 
from IMOS and will represent an estimated cost to EIF funds of $0.62/observation. This 
deployment responds to key elements of the IMOS 5 year strategy to contribute to the national 
backbone to observe Australia's boundary currents, build institutional strengths into national 
capability and driving down the costs per observation. In addition this deployment responds to 
the science plans of both the NSW node, the BLUEwater and climate node and will integrate 
with the Q-IMOS node plans for southeast Queensland. 
 
FLOC proposes to develop a deployment strategy to observe the Leeuwin Current based on 
SVP buoys deployed from volunteer ships operating along the IX01 XBT line from Fremantle to 
Indonesia. The planned deployments will be for the seasonal growth, peak and decline in the 
Austral winter. A similar approach will be adopted to use a Lagrangian study to design the 
deployment strategy and deployment instructions. It is proposed to be initiated in 2011 with 6 
SVP buoys and modestly extended to 10 buoys/year over the subsequent 2 years. This 
deployment will represent an estimated value of $0.67/observation. The objective of these 
deployments is to recommend a deployment strategy that is sustainable and maximises the 
observations of the Leeuwin current as well as the total period of deployment. This facility will 
contribute to the WA-IMOS and BLUEwater science plans. FLOC in the second and third year 
proposes to include 6 SVP buoys / year for use by research proposal to support experiments 
for example: (a) calibrate HF radar, (b) Lagrangian trajectory experiments for search and 
rescue. Research proposals will be reviewed by the FLOC panel which will also oversee the 
governance of the facility. Key criterion would be the value to IMOS in terms of matching 
buoys, risks of the experiment to long deployments. Should the research proposals not be of 
sufficient quality for IMOS the buoys will be assigned to extend the Leeuwin Current 
deployments. 
 
1.2. Lagrangian based observations 

 



 

Lagrangian observations from drifting buoy trajectories provide in situ measurements of the 
ocean circulation. When appropriately calibrated for effects of atmospheric drag on a surface 
buoy and shear on a sub-surface drogue (Niiler et al., 1995), these observation provide higher 
precision estimates of currents than can be achieved by altimetry and operate under many 
conditions that are adverse to altimetry such as atmospheric precipitation, coastal 
environments and SSHA < 20 cm. Lagrangian observations therefore provide an important 
validation resource for ocean analyses. In addition a variety of properties of the fluid motion 
such as dispersion, diffusivities and velocity spectra can be obtained from single and multiple 
Lagrangian trajectories (e.g., Okubo, 1970, Molinari and Kirwan, 1975, Okubo and 
Ebbesmeyer, 1976, Lumpkin and Filament, 2001). Properties of the circulation of ocean 
eddies can be obtained by Lagrangian observations entrained into their circulation including 
secondary circulation properties of rotation, anisotropy and divergence (Richardson et al., 
2000, Font et al., 2004, Sangra et al., 2005, Brassington, 2009). Lagrangian trajectories 
observe the motion of water parcels and the properties and or objects that might be contained 
within the water parcels. Therefore there are numerous applications of Lagrangian information 
such larvae dispersion (e.g., Chiswell, 2009), oil spill and search rescue applications. The 
routine deployment of these instruments planned by this facility return high quality 
observations of Australia's boundary currents. 

 
Many oceanic processes such as heat and momentum transport, and larval dispersal are 
controlled by Lagrangian processes. Climate-change and ocean forecasting and biophysical 
models need to simulate these processes accurately. Lagrangian observations provide 
essential observations for evaluation of these models (e.g., Chiswell, 2009, Chiswell and 
Rickard, 2008). 

 
In addition to monitoring the ocean circulation, surface drifting buoys can include additional 
instrumentation to monitor other surface and near-surface properties (e.g., sea surface 
temperature, sea surface salinity, sea surface pressure and winds). IMOS-FLOC will deploy 
the SVP buoy which comes with a temperature sensor. This will enhance the array of surface 
buoys within Australia's boundary currents and within the Australian region for use in 
calibration and bias correction of satellite sea surface temperature products and SST analyses 
from the GHRSST community. NOAA will provide SVP-B buoys which will also include a 
barometer sensor. 

 
The principle instrument from which the open ocean circulation is now estimated is satellite 
altimetry. Satellite altimetry is a relatively simple measurement, in principle, measuring the 
distance between the satellite and the surface. How this relates to ocean circulation and how 
the precision is achieved is where considerable effort has been invested by many scientists 
and technicians over the past two decade. Despite this considerable effort there remain many 
limitations to this instrument. The precision of 5 cm means that the majority of the ocean 
circulation which has anomalies < 20 cm is poorly observed. The narrow-swath altimeters 
available today (e.g., Jason1, Jason2 and Envisat) have a repeat sampling period of > 9 days 
which limits the wavelength of eddies that can be observed. For example combining three 
altimeters resolves wavelengths greater than ~150 km (Ducet et al., 2000). There is also the 
effects of aliasing for features that move during the orbit period leading to analysed eddies 
with larger radii. Both the precision of altimetry as well as the signal to noise of SSHA have 
precluded its use in the coastal and shelf regions. In order to overcome many of these 
limitations, it has become essential to use statistical approaches to combine altimetry with 
models to estimate the ocean state and circulation (e.g., Le Traon and Hernandez, 1992, 
Cummings 2005, Martin et al., 2007 and Oke et al., 2008). This approach has had sufficient 
success to support many ocean forecasting systems as summarised in the GODAE special 
issue (e.g., Hurlburt et al., 2009 and Dombrowsky et al., 2009). However, the precision is not 
sufficient for Lagrangian applications for which Lagrangian observations provide an essential 
role in validation and calibration. 

 



 

1.3. Brief survey of Lagrangian observations in Australia 
 
Australian marine science established a record for observing the ocean with ship surfeys and 
Lagrangian based instrumentation in the 70's and 80's. A collaboration between the Royal 
Australian Navy and CSIRO undertook world leading studies of anticyclonic eddies defining 
many of the properties of this now classical type of eddy that is generated from EAC flow 
separation (Nilsson et al., 1977, Cresswell, 1980, Nilsson and Cresswell, 1981). During the 
90's this form of instrumentation declined with attention being directed toward satellite altimetry 
and automatic profiling floats i.e., Argo. 

 
The Bureau of Meteorology is the only Australian institute that has sustained a surface buoy 
program throughout the period of decline in the 90's to the present. This program however has 
been sustained because of the capacity for surface buoys to include instrumentation to 
observe sea level pressure and sea surface temperature and the value of these observations 
to meteorological forecasting. The objective of the Bureau of Meteorology meteorological buoy 
program is to observe the prevailing weather systems to improve weather forecasts for the 
Australian community. The deployment schedule for 2009/10 in Figure 13 reveals that the 
deployments are not designed to observe Australia's boundary currents. 
 
As Lagrangian observations are an important component of the observing system and provide 
valuable information for the study of mesoscale ocean circulation a survey of the density of 
buoy observations in the Australian region was undertaken by Summons et al., 2006. This 
study highlighted that essentially all of Australia's marginal seas and boundary current regions 
were well below the target density (see Figure 1) of the global drifting buoy program of 1250 
buoys (Niller, 2001) which represents an approximate density of one buoy per 5°×5° box. It 
also identified that the Australian region did not substantially benefit from existing buoys 
drifting into the region and could only be addressed by a targeted buoy program. These 
findings were presented to NOAA (Rick Lumpkin) to determine potential interest in a pilot 
project to deploy surface drifting buoys into one of the world's major western boundary 
currents. NOAA has since provided 6-8 buoys per year to support this experiment. 

  

 
Figure 1: Number of surface drifter observations over the time period 1979-2005. (a) Global, (b) 
Australian region. (based on a 0.5°×0.5° bin size). 
 
Figure 2 shows a summary of all global drifter tracks over a 17 year period for Northern 
Australia over the period April-November. The distribution varies little during the NE monsoonal 
period (not shown). This highlights the paucity of data in the Indonesian Archipelago, Timor 
and Arafura seas and the Gulf of Carpentaria. Only a few drifters have passed through the 
Torres Strait. A similar lack of data exists (not shown) on the continental shelf south of 
Townsville (19 deg S) due to the barrier presented by the dense reef matrix. The relative 
sparse sampling of the Indian Ocean lends further support for the need for Australian based 
regional observational programs. 



 

 

 
Figure 2: Tracks of satellite drifters during the dry season (April-November) for 1990-2007. 
Start and end points of track segments are shown in green and red, respectively. Sourced 
from Griffin (2008). 

 
1.4. Facility instrumentation 
 
The IMOS-FLOC proposes to support two types of buoys: (a) SVP buoys and (b) SPOT 
buoys. This will provide a flexible capability to observe the surface and near-surface circulation 
for a variety of coastal, shelf, boundary current and open ocean systems. The SVP buoys are 
a mature technology that provide a robust platform for BLUEwater observations of boundary 
currents. The SPOT buoys are a less mature technology but offer advantages in terms of 
flexibility of drogue depth and potential savings in operating costs. 
 
SVP buoys 
The SVP buoy is a standard design of a holey-sock drifting buoy that is used extensively in the 
Global Drifter Program and forms part of the global ocean observing system. The holey-sock 
buoy is composed of a surface buoy with communication and a sea surface temperature 
sensor tethered to a holey-sock drogue which is centred at 15m and spans +/- 7m (see Figure 
3a). The drogued buoy is designed to observe the near surface circulation of the ocean by 
minimising the surface drag due to wind stress and waves. The velocity estimates obtained 
from these buoys have been extensively calibrated through a series of ship based campaigns 
(Niiler et al., 1995). These buoys have now been deployed as part of a global observing 
network since 1998 and have achieved a mature design providing robust observations with an 
average half life of 400 days but many exceeding 2 years (Rick Lumpkin and Mayra Pazos 
presentation 2004). Each buoy communicates position and surface observations to the 
ARGOS network up to 20 times per day offering high temporal resolution of Lagrangian 
trajectories suitable for mesoscale ocean variability. The ARGOS communication is a reliable 
network that is configured to report directly to the WMO Global Telecommunication System 
(GTS) with messages that can then be obtained by centres globally. The buoys have been 



 

designed to be deployed by volunteer observers with modest amounts of training. An example 
of a buoy being deployed from the Forum Samoa II in 2007 (see Figure 3b). In addition to 
Lagrangian observations, SVP buoys are instrumented with temperature sensors as standard 
and will increase the density of the array in the Australian region to improve the calibration and 
bias correction of satellite SST products as well as validate ocean model products. 
 

 
Figure 3: (a) The plan view of the holey sock drifting and (b) launch of an SVP drifting buoy by 
a volunteer observer from the Forum Samoa II. 
 
Three institutions have indicated that they are committed to providing buoy observations over 
the three years of IMOS funding. In some cases, this commitment is subject to the internal 
funding schedule of the organisation and cannot be confirmed at the time of the proposal 
submission beyond that stated in the attached letters. The specific SVP buoys for each year of 
IMOS funding is shown in Table 1. In the Tasman Sea New Zealand Meteorological Service 
also maintain 3 buoy deployments per year in the southern Tasman Sea which will contribute 
to the total coverage. These buoys however are operationally funded and have not been 
counted as a co-investment. Similarly the Bureau of Meteorology contribute operational buoys 
into the Indian and Southern Ocean but are not included as a co-investment. 
 

 IMOS NOAA RAN NIWA 

2010/11 15 10 4 3 

2011/12 20 15 4 3 

2012/13 20 15 4 3 

Table 1: IMOS-FLOC SVP buoys and contributing institutions 
 
SVP buoys can be ordered from a number of overseas manufacturers that have demonstrated 
a record of producing buoys to the required specification. A standard communications package 
for the ARGOS satellite is used. Transfer of the buoys through customs, storage of the buoys 
and then upload of buoys onto the AVOF ships is handled by a Port Meteorological Agent's 
(PMA) (described in section 1.5). The pricing schedule for the SVP buoys is outlined below in 
Table 2. 
 

Item Pricing  Unit 

SVP buoy (SST) $4K Buoy 

SVP-B buoy (SST/barometer) $5K Buoy 



 

ARGOS registration Euro15 Buoy/Month 

Communications Euro 5.5 Buoy/Day 

Shipping/Customs $500 Buoy 

PMA handling - Melbourne $400 Buoy-pair 

PMA handling - Fremantle $500 Buoy-pair 

Storage - Melbourne 0  

Storage - Fremantle $5K Annual 

Table 2: Pricing schedule related to SVP buoys in 2009 
 
SPOT buoys 
A low-cost drifting buoy will be built around commercial SPOT Tracker units which are 
designed for tracking and emergency location applications.  In Tracking mode, the SPOT unit 
uses a satellite phone link every 10 minutes to send its GPS coordinates to a base station.  
The SPOT units are an order of magnitude cheaper than other communicating drifter buoys on 
the market.  The coverage area for SPOT Trackers is shown in Figure 4. It will be necessary to 
construct a battery compartment and drogue curtains for each drifter. This will be contracted to 
either a local workshop or through the engineering sections of AIMS &/or UWA. 

 

 
 
Figure 4:  The coverage area for the SPOT Trackers is limited by the availability of ground 
stations for the orbiting satellites.  The Australian coastal zone is well covered.  It is possible 
that some of our drifter fleet will escape and lose contact. Orange represents 99% chance of 
sending a message within 20 minutes, Yellow 96-99%, Grey reduced or no coverage available 
within a 20 minute window. 

 
Chari Pattiaratchiôs group at UWA have developed several prototype units and undertaken 
field testing in Shark Bay, WA. Figure 5 shows the prototype buoy housing and a 
demonstration of their deployment. 

 



 

 
Figure 5: (a) The UWA CWR SPOT drifter (b) launch of a SPOT drifting buoy in Shark Bay. 
 
Figure 6 shows the track path over 2 1/2 months leaving Shark Bay and becoming entrained. 
The buoy demonstrated the ability to observe into shallow regions within bays and then flush 
into the open ocean becoming entrained into the circulation of an eddy within the Leeuwin 
Current. 
 

 
Figure 6: Track of a modified SPOT drifter released in Shark Bay, WA on June 26, 2009. 
 
Seed funding for the development of the SPOT drifter has been undertaken by UWA. AIMS 
and JCU are contributing some on-developing costs and cash in order to create an initial pool 
of drifters for GBR operations. The specific SPOT buoys for each year of IMOS funding is 
shown in Table 1 and is based on an average cost of $700 per unit. We propose a network of 
9 stations cross Northern Australia releasing at least 1 drifter per month. Any extra cash 
investment will increase this frequency or the number of locations. 

 
 

 IMOS AIMS JCU UWA 

2009/10  60 30 TBA 



 

2010/11 108    

2011/12 108    

2012/13 108    

Table 3: IMOS-FLOC SVP buoys and contributing institutions 
 
1.5. Network of observing ships 
 
The IMOS-FLOC will utilise the national observing ships to deploy Lagrangian instrumentation. 
A network of volunteer observing ships will offer opportunities for deployments along regularly 
occupied ship routes. Research vessels will provide opportunities for targeted though irregular 
deployments. 
 
Australian Volunteer Observing Fleet (AVOF) 
A critical element to the facility is a low cost and regular program of vessels to successfully 
deploy the buoys. The SVP-buoys have been specifically designed for deployment by 
volunteer observers. The Bureau of Meteorology maintain an extensive network of some 200 
volunteer ships referred to as the Australian Volunteer Observing Fleet (AVOF). The fleet are 
based on ships that dock out of Melbourne, Fremantle and Sydney and service a variety of 
shipping routes as shown below in Figure 7. There is extensive coverage in Australia's 
marginal seas and boundary current regions and capacity on these vessels to deploy drifting 
buoys. 
 

 
Figure 7: The ship routes of the Australian Volunteer Observing Fleet (AVOF) in 2008 (a) the 
global ship routes, (b) Australian ship routes. 
 
In addition to maintaining this fleet, the Bureau of Meteorology have established a network of 
Port Meteorological Agents (PMAs) that liaise between the Bureau and the shipping 
community to handle customs, coordinate the uploading of instruments and provision of 
instructions for volunteer observers. The Bureau of Meteorology have established programs to 
train and maintain the skills of volunteer observers. FLOC will be able to propose and 
negotiate deployment plans with the Bureau for scheduling in the annual AVOF plans. The 
IMOS funded position and Dr. Gary Brassington will have responsibility for preparing the IMOS 
buoy deployment plans and coordination with the Bureau to arrange schedules. IMOS funding 
is required to fund the customs costs, PMA time and storage requirements in Fremantle. No 
storage costs are required at Melbourne. 
 
AIMS research vessels 
AIMS has two sea-going research vessels dedicated to research in the tropical North of 
Australia. The R.V. Solander will be based in Western Australia and the Northern Territory and 
the R.V. Cape Ferguson in GBR waters providing an opportunity to deploy drifters. They are 


