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Abstract 

The Coral Sea, located to the Northeast of Australia (8ºS to 30ºS and 142ºE and 170º 

E) covers an area of a million square kilometres and harbours the largest Coral Reef 

system in the world. The Coral Sea has a very complex bathymetry, great temporal 

variability and very strong and narrow currents which renders it difficult for the 

implementation of an adequate observing system. A better understanding of this 

region’s circulation patterns is important because of its location at a major ocean 

pathway from the equator to the subtropics that may potentially influence the ENSO 

cycle (Gu and Philander 1997; Kleeman et al. 1999; Schneider et al. 2002; Schneider 

2004). 

Existence of jet like structures in the southwest Pacific was first identified by Webb 

(2000). Since Webb’s discovery, a number of studies have been carried out to observe 

these jets and understand their influence on the circulation of the Coral Sea (Stanton 

et al. 2001; Hughes 2002; Ridgway et al. 2002; Kessler and Gourdeau 2006; Kessler 

and Gourdeau 2007; Ganachaud et al. 2008; Gourdeau et al. 2008; Schiller et al. 

2008). Numerical models have so far provided most of our knowledge of the Coral 

Sea circulation but have been calibrated and validated against very few in situ 

measurements. Moreover, model results have been incapable to realistically represent 

the seasonal variability of the jets (Qu and Lindstrom 2002; Kessler and Gourdeau 

2007) nor the SEC bifurcation along the Great Barrier Reef (Ganachaud 2007).  

This thesis aims to investigate: 

The mean and seasonal variation of the surface circulation of the Coral Sea in terms 

of Eulerian and Lagrangian statistics derived from surface drifters.  

The interaction of the Coral Sea jets with the complex bathymetry of the Coral Sea 

and their contribution to the Western Boundary Currents (WBCs). 

The Coral Sea inflow and residence times in the Great Barrier Reef from in situ 

measurements, 

 And finally, the East Australian Current (EAC) flow interaction with the complex 

southern Great Barrier Reef (GBR) bathymetry. 

The spatial structure of the surface currents in the Coral Sea were described, at meso-

scale, in terms of Eulerian and Lagrangian statistics computed from the low passed 

drifter velocities (36 hour cut-off period) obtained between September 1981 and  

December 2009. Pseudo-Eulerian maps of the surface mean flow, mean kinetic 
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energy and eddy kinetic energy were produced to study the circulation at meso-scale 

in the region. The surface mean flow depicts well the presence of the North Vanuatu 

Jet as a large (over 2 degrees of latitude) and strong jet (velocities greater than 20 cm 

s-1) and the North Caledonia Jet which is much narrower (0.5 degrees of latitude) and 

relatively strong (velocities greater than 15 cm s-1). The jets enter the Coral Sea 

between the Solomon Archipelago and New Caledonia, and flow westward toward the 

Australian Shelf where they contribute to the formation of the southward flowing East 

Australian Current and the northward flowing North Queensland Current. 

Interestingly, part of the NCJ appears to be deflected to the north by the presence of 

the Queensland Plateau at ~152°E, where it joins the NVJ at ~ 150°E. A novel surface 

current structure was also observed in the Solomon Sea, flowing to the southeast 

along the western side of the Solomon Islands. 

The seasonal variability of the surface circulation of the Coral Sea show that most of 

the variability is contained in the northern Coral Sea, north of 15ºS. This is defined by 

a strengthening of the North Coral Sea gyre, during the winter, which can clearly be 

depicted in our mean flow map. The NQC surface transport doubled and the NGCC 

strengthens. Highest MKE values were observed during the winter, and are 

concentrated along the NVJ path and the western boundary currents. 

Surface circulation and residence time of the Great Barrier Reef were derived from 

drifters that had entered the GBR. The Coral Sea inflow in the GBR is a key 

parameter to understand the connectivity of coral reef fauna. Knowledge of 

connectivity patterns is important to enable the formulation of realistic management 

strategies to ensure successful conservation of reef biodiversity, especially under the 

looming spectre of climate change. Secondly the data were used to resolve the 

flushing time of waters in the GBR which has important implications for flushing 

time of pollutants of terrestrial origin. These results, including diffusion and kinetic 

energy quantification, are also invaluable for hydrodynamic model calibrations, 

providing for the first time, an evaluation of the parameters measured in situ 

Finally, data from a long term mooring array deployed along the Capricorn Bunker 

shelf and slope, combined with satellite imagery and outputs from a global ocean 

model, is used to quantify the influence of the EAC to the circulation in the Capricorn 

Channel. A North westward flow can be observed along the shelf which was observed 

to strengthen and to reach a maximum of 10 cm s-1during the summer months and a 



v 

 

minimum of ~0 cm s-1during the winter months. High energy was observed in the 

velocity; temperature and sea level between 20-40 days and 70-140 days periodicities 

were observed.  

The results suggest the formation of a cyclonic eddy, over the Marion Plateau, 

periodically every 20-40 days, modulated by a 70-140 days periodicity. This eddy 

may drive the northwest ward flow along the shelf and therefore allowing intrusions 

of oceanic water over the shelf. This has very important implications for the 

ecosystem health as it provides inflow of cooler and rich in nutrient to the shelf, 

especially during the summer months. The processes controlling the eddy formation 

remain unclear but appear to be related to the presence of an anti cyclonic anomaly at 

25S. This anomaly appears to affect the flow of the EAC forcing it to bifurcate along 

the CB shelf. 
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If we knew what it was we were doing, it would not be called research, would it? 

Albert Einstein (1879-1955) 

 

 

 

 

 

 

 

Chapter 1. General	introduction
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The Coral Sea is internationally recognised for its rich biodiversity and important 

heritage values. Since May 2009, the area of the Coral Sea, under Australia's 

jurisdiction has been declared a “Conservation Zone”. The Coral Sea represents a 

major ocean pathway from the equator to the subtropics. Changes in either the 

temperature or the amount of water arriving to the equator which has transited 

through the basin could have a major influence on tropical climate by modulated El 

Niño-Southern Oscillation (ENSO) cycle and thereby produce basin-scale climate 

feedbacks (Gu and Philander 1997; Kleeman et al. 1999; Schneider 2004). The 

southern fate of thermocline waters is, comparably, of major influence on Australia 

and New Zealand’s climate and biodiversity. Substantial changes in the circulation 

have already been observed over the past 50 years. 

Gaining a better understanding of the circulation is essential for a management 

perspective. The health of marine ecosystems is in serious decline around the world. 

Climate change, pollution, overfishing are some examples of the factors that are 

responsible for compromising marine ecosystems. As a response to managing marine 

biodiversity, Marine Protected Areas (MPAs) have proved to be efficient conservation 

tools in removing stressors to the ecosystems and therefore supporting a sustainable 

usage of the resources. The effectiveness of the MPA relies on the connectedness of 

populations through net export of propagules and biomass across its boundaries. To 

encompass larval connectivity MPAs should be set up in networks, which when 

designed synergistically will allow both source areas to be protected and sink areas to 

benefit from net larval export from the MPA. Ocean currents, tide and wind driven 

circulation are the forces that drive the dispersal of larval propagules and knowledge 

of these mechanisms is required in setting up adequate MPAs.  

The Coral Sea, (Fig. 1-1) is a sub-region of the South-western Pacific Ocean. It has an 

area of approximately 1 million km2, extending from 142 ºE to 165ºE and 8 to 27ºS. 

The Coral Sea exhibits a complex bathymetry formed by a number of islands, 

channels and ridges. To the East of our area of interest, the New Caledonia, Vanuatu 

and the Solomon archipelagos form barriers to the flow of the South Equatorial 

Current between 5ºS to 24ºS. North of the Queensland Plateau, a deep basin extends 

with depths varying between 3000 to 5000 m, which contrasts with shallow areas of 

the Queensland Plateau with depths shallower than 500 m and with the GBR. The 

Great Barrier Reef, in particular, extends for more than 2000 km, from Papua New 
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Guinea to Fraser Island in southern Queensland, and comprises over 2500 reefs and 

islands (Webb 2000; Brinkman et al. 2002; Luick et al. 2007; Qiu et al. 2009).  

 

 
Figure 1-1: Bathymetry of the Coral Sea (source Etopo2, created with Ocean Data View software) 

 

Despite of its recognised ecological and economic significance and its importance to 

the climate system, the circulation of the Coral Sea remains poorly understood and 

observed. Appropriate in situ measurement remains too sparse to analyse the 

processes and pathways of transport through the complex bathymetry of the basins. 

The oceanic circulation of the Coral Sea is dominated by wind-driven currents 

responding to the south-easterly trade winds (Sturman and Tapper 1996; Ganachaud 

2007). These winds are the prevailing feature of the atmospheric circulation in the 

South Pacific and their strength and direction are associated with the South Pacific 

Convergence Zone (SPCZ). However most coupled climate models are still failing to 

reproduce the SPCZ formation and variations which could have some consequences 

on ENSO forecast (Ganachaud 2007).  

Until recent years, the South Equatorial Current (SEC) was considered as a single 

wide zonal current, flowing westward to the Australian shelf where it would bifurcate 

to form the Western Boundary Currents. Recent studies (Webb 2000; Ridgway et al. 
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2002; Kessler and Gourdeau 2006; Kessler and Gourdeau 2007; Maes et al. 2007; 

Couvelard et al. 2008; Gourdeau et al. 2008; Schiller et al. 2008; Qiu et al. 2009) have 

highlighted the complex circulation resulting from the SEC interaction with the 

Pacific arc of Islands of Fiji, Vanuatu and New Caledonia. AS it encounters these 

islands, the SEC divides into zonal jets forming at the north and south extremities of 

the islands (Fig.1-2). Webb’s modelling effort (2000) has permitted to identify the 

presence of 5 jets in the Southwest Pacific of which three drive the main inflow in the 

Coral Sea: the North Vanuatu Jet (NVJ) and the South and North Caledonia Jets (SCJ 

and NCJ). These jets are believed to be stabilised and enhanced by the interaction 

with islands (Nakano and Hasumi 2005).  

 

 
Figure 1-2: Sketch of the Southwest Pacific circulation showing the jets formed by the South 

Equatorial Current as it encounters successively the islands of Fiji, Vanuatu and New Caledonia.  

The five jets are the South and North Fiji Jets (SFJ and NFJ), the North Vanuatu Jet (NVJ) and 

the South and North Caledonia Jets (SCJ and NCJ). The NCJ meets the Queensland shelf and 

then forms the south flowing East Australian Current (EAC) and the North flowing North 

Queensland Current (NQC). The Coral Sea Counter Current (CSCC) is a shallow current 

flowing eastward, centred at 16ºS (figure adapted from Ganachaud et al. 2007). 

 

Most of our understanding of SEC bifurcation in the Coral SEa is based on 

climatology studies (Qu and Lindstrom 2002) which roughly positioned the 

bifurcation at ~18ºS along the Great Barrier Reef. The bifurcation position can 

normally be determined, according to the Sverdrup theory, by the zero zonally wind 



6 

curl line modified to take in account Godfrey “Island rule” (1989). However models 

have indicated strong spatial and temporal variation in the location, greatly affected 

by the local topography, which could not be explained using this simply steady state 

model. Adding to the complexity is the presence of the Queensland, rising above 

300m at 17ºS and 152 ºE which may allow for the formation of a double bifurcation 

(Kessler and Gourdeau 2007). Above 300m, the SEC would continue un to the west 

toward the GBR, while below 300m, most of the water moves toward 20 ºS where it 

will contributes the EAC flow(Kessler and Gourdeau 2007). While the complexity of 

the bifurcation could be examined using hydrodynamic model, most of the models 

predict a bifurcation position too far to the north. This indicates that the mean position 

of the bifurcation may be sensitive to key parameters such as the Indonesian Through 

Flow or flow through the Solomon straight which remain not very well represented in 

present models. 

The circulation within the GBR is influenced by a range of processes including tides, 

regional winds, inflow from the neighbouring Coral Sea, and the interaction of the 

resulting circulation with the very complex topography.  Because of its contribution to 

the overall circulation, the inflow from the Coral Sea plays an important role in 

shaping and maintaining the ecosystems of the GBR. This inflow mainly occurs in the 

less dense part of the reef and is influenced by the position of the bifurcation which 

varies between 15°S (January) to 20°S (August) (Church 1987). This includes the 

connectivity of reef populations as a result of the transport of water-borne larvae 

between meta populations (Black 1993; Wolanski et al. 1997; Armsworth and Bode 

1999; James et al. 2002; Wolanski et al. 2004; Luick et al. 2007) , the inflow of Coral 

Sea waters (Wolanski and Spagnol 2000; Wolanski and Spagnol 2000; Brinkman et 

al. 2002; Wolanski 2003) and the transport of nutrients and pollutants (Alongi and 

McKinnon 2005; Devlin and Brodie 2005; Udy et al. 2005; Packett et al. 2009) 

So far, we have relied on numerical models to provide most of our knowledge of the 

Coral Sea circulation that have been calibrated and validated against very few in situ 

measurements. In situ observations of the WCS circulation remain very sparse and 

available satellite ocean observations which are useful at showing large scale surface 

circulation patterns are more limited at resolving small-scale surface circulation 

features. Moreover, model results have been unable to realistically represent either the 

seasonal variability of the jets or their interaction with the Queensland Plateau 
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bathymetry or the bifurcation position along the Australian shelf (Qu and Lindstrom 

2002; Ganachaud 2007; Kessler and Gourdeau 2007; Ganachaud et al. 2008). 

 

Thesis Objectives 

Understanding the ocean dynamic that can affect the ecosystem health and the climate 

is fundamental for forecast effort and management decisions. Available in situ and 

satellite observations were used and compare with model results to improve our 

understanding of the Coral Sea circulation with a focus on:  

 Resolving the surface circulation in terms of Eulerian and Lagrangian statistics 

and the surface circulation seasonal variation for the Coral Sea area. Evaluate 

the jets interaction with the complex bathymetry of the Coral Sea and their 

contribution to the Western Boundary Currents 

 Estimating the Coral Sea inflow and residence time in the Great Barrier Reef 

from in situ measurements, 

 Estimating the EAC flow interaction with the complex southern GBR 

bathymetry. 

 

Objective 1:  

Surface velocity drifters have been deployed around the world since the late 70s to 

represent the surface mixed layer as part of the Global Drifter Program (GDP) of the 

NOAA Ocean Climate Observing System. They are ideal for measuring the surface 

circulation from local to regional scales (Annalisa Griffa (Editor) 2007). Recent 

studies carried out in the Labrador Sea (Cuny et al. 2002) and in the Caribbean Sea 

(Centurioni and Niiler 2003; Richardson 2005), have demonstrated that drifters are 

very useful to study small scale circulation patterns. Moreover, drifters have also been 

successfully applied to study broad circulation patterns in oceans such as the Atlantic 

(Jakobsen et al. 2003; Reverdin et al. 2003), the Pacific (Bograd et al. 1999; Johnson 

et al. 2001; Yaremchuk and Qu 2004) and the Indian Ocean (Grodsky et al. 2001).  

In the last 4 years, the number of drifter observations has reached a sufficient density 

of observations to allow the resolution of the Coral Sea basin scale circulation and its 

seasonal variability for most of the basin. 

 

Objective 2:  
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Because of its contribution to the overall circulation, the inflow from the Coral Sea 

plays an important role in shaping and maintaining the ecosystems of the GBR. This 

inflow mainly occurs in the less dense part of the reef and is influenced by the 

position of the bifurcation (Church 1987; Brinkman et al. 2002). It greatly influences 

the connectivity of reef populations, the transport of nutrients and pollutants and 

therefore regulates the residence time of water in the GBR. The residence time has 

only recently been estimated through the use of simple diffusion models for 

radionucleide tracers (Hancock et al. 2006),  dry season ocean salinity (Wang et al. 

2007) and hydrodynamic models (Brinkman et al. 2002; Luick et al. 2007). The 

results obtained from radionucleide tracers and dry season salinity were very similar, 

indicating residence times ranging from approximately 40 days for water close to the 

coast to only 18 days for the outer shelf. In contradiction, experiments with 2-

dimensional (depth-averaged) hydrodynamic models and virtual Lagrangian tracers 

have estimated residence times of approximately a year, with very limited flushing 

across the lagoon into the Coral Sea (Brinkman et al. 2002; Luick et al. 2007). This 

could indicate that hydrodynamic models have so far underestimated the inflow from 

the Coral Sea or misrepresented the SEC bifurcation along the shelf. Therefore, a 

better understanding of the water movement in and between the GBR lagoon and the 

adjacent Coral Sea, by the evaluation of its residence time, would provide valuable 

information for management of the GBR and its catchments, and shed new light on 

the connectivity of the region.  

 

Objective 3:  

The southern Great Barrier has one of the most complex circulations of the Australian 

shelf and is recognised as a highly productive region. For the first time in the region, 

in-situ measurements (velocity, temperature and sea surface elevation records), 

satellite imagery and model results are used in conjunction to describe the low 

frequency circulation. A two year long velocity time record, over the shelf and on the 

slope is used to resolve the long periodicity of the circulation. Longer periodicity such 

as the 90 day periodicity observed by Griffin (1986) will also be analysed to 

investigate EAC influence on the domain. Model results and satellite imagery will be 

examined to relate the mesoscale processes to sub-mesoscale processes driving the 

north westward circulation and upwelling along the Capricorn Bunker shelf.  
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Thesis outline 

The thesis is presented as a series of chapters that have been written in a format to 

facilitate publications in peer review journals. Authorship of the chapters for 

publication is shared with the two members of my thesis committee, Prof Peter Ridd 

(Chapter 2-6) and Dr. Richard Brinkman (Chapter 2-6) and with Lachlan McKinna 

(Chapter 4) and Dr Scarla Weeks (Chapter 5). Lachlan and Scarla Weeks contributed 

by providing the analysis and visualisation of MODIS Sea Surface Temperature 

(SST) and Chlorophyll concentration satellite imagery.  

Peter Ridd contributed to the development of the approach, the data analysis and the 

results interpretation as well as the editing. Richard Brinkman provided support in the 

data interpretation and editing. 

 

Chapter 1 offers an overview of the current knowledge of the circulation in the Coral 

Sea and the Great Barrier Reef and its current limitations. The accent is also placed on 

the importance of understanding circulation patterns for a management perspective.  

 

Chapter 2 resolves the surface circulation and seasonal variation of the Coral Sea in 

terms of Lagrangian and Eulerian statistics. An evaluation of the Western Boundary 

Currents, the inflow in the Coral Sea and of the Solomon Sea seasonal transport 

variability was quantified. A comparison with relevant in situ dataset is also 

undertaken in order to validate our methodology. This chapter is in preparation and 

will be submitted to the Journal of Geophysical Research. I conducted the analysis 

and wrote the chapter, Peter Ridd assisted with results interpretation. 

 

Chapter 3 focuses on quantifying the inflow from the Coral Sea inside the Great 

Barrier Reef which was used to resolve the mean circulation in the Great Barrier Reef 

and its vicinity and calculated the residence times of the basin. This chapter is 

published in the Journal of Geophysical Research (Choukroun et al. 2010). I have 

conducted the data analysis and wrote the chapter assisted by Peter Ridd, Richard 

Brinkman who provided support with the approach and interpretation of the results 

and editing, and Lachlan McKinna who has provided the MODIS satellite imagery. 

 

Chapter 4 aims to resolve the seasonal variability of the circulation in the southern 

Great Barrier and quantify the occurrence and processes driving the Marion Plateau 
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cyclonic eddy. This chapter is in preparation and will be submitted to the Journal of 

Physical oceanography. I have conducted the analysis and participated in the 

instruments set up and deployments as well as contributed to the field trip 

organisation. Peter Ridd has assisted with the results interpretation and the editing.  

 

Chapter 5 provides a summary of the chapter findings and highlight the applications 

of the present results and identify gaps existing in our present knowledge of the Coral 

Surface circulation from an in situ observations point of view. This chapter does not 

aim to be submitted as a paper. The focus of the chapter is to summarise our present 

knowledge and to suggest future work that could be beneficial for a management 

perspective in the MPA development focus. 
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Where lies the land, to which the ship would go? 

Far, far ahead is all, her seamen know. 

And where the land she travels from? 

Away, far far behind, is all that they can say. 

Arthur Hugh Clough (1819-1861) 

 

 

 

 

 

 

Chapter 2. Eulerian	and	Lagrangian	representation	

of	the	Coral	Sea	
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The Coral Sea surface circulation was studied using the data from 289 drogued 

surface satellite tracked drifters. Meso-scale spatial structure of the surface currents 

were described in terms of Eulerian and Lagrangian statistics computed from the low 

passed drifter velocities (36 hour cut-off period) obtained between September 1987 

and  December 2009. Pseudo-Eulerian maps of the surface mean flow, mean kinetic 

energy and eddy kinetic energy were produced to study the circulation at meso-scale 

in the region. The results provide a quantitative description of the general surface 

circulation in the region. The surface mean flow depicts well the presence of the 

North Vanuatu Jet as a large (over 2 degrees of latitude) and strong jet (velocities 

greater than 20 cm s-1) and the North Caledonia Jet which is much narrower (0.5 

degrees of latitude) and relatively strong (velocities greater than 15 cm s-1). The jets 

enter the Coral Sea between the Solomon Archipelago and New Caledonia, and flow 

westward toward the Australian Shelf where they contribute to the formation of the 

southward flowing East Australian Current and the northward flowing North 

Queensland Current. Interestingly, part of the NCJ appears to be deflected to the north 

by the presence of the Queensland Plateau at ~152°E, where it flows to the north 

before joining the NVJ at ~ 150°E. The Mean Kinetic Energy ranges from 0 to a 

maximum of 2000 cm2s-2, with the maxima observed along the Great Barrier Shelf. 

Eddy kinetic energy varies between 50 and 2 250 cm2s-2. The ratio of Mean Kinetic 

Energy over Energy Kinetic Energy was also examined to assess the energy 

distribution over the region and suggested a dominance of the fluctuating energy over 

most of the Coral Sea. Lagrangian statistics, such as horizontal diffusivities and 

integral time and space scales were estimated. Diffusivities range from ~500 to 25 

000 m2s-1, integral times, from ~2 - 5.5 days, and space scales from ~9 – 140 km.
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2.1. Introduction	

The Coral Sea, located to the Northeast of Australia (8ºS to 30ºS and 142ºE and 170º E) 

covers an area of a million square kilometres and harbours the largest Coral Reef system 

in the world. Despite its recognised ecological and economic importance the circulation 

patterns of the Coral Sea have been poorly studied compared to other adjacent basins 

(Ganachaud 2007). The Coral Sea has a very complex bathymetry (Figure 1), and great 

temporal variability and very strong and narrow currents which renders it difficult for the 

implementation of an adequate observing system. A better understanding of the Coral Sea 

circulation patterns is also important because of its location at a major ocean pathway 

from the equator to the subtropics. Understanding this pathway’s role is of great 

importance due to it is potential to influence the ENSO cycle (Gu and Philander 1997; 

Kleeman et al. 1999; Schneider et al. 2002; Schneider 2004). 

The Coral Sea basin is bounded by Australia in the West, Papua New Guinea (PNG) and 

the Solomon Islands in the north, by Vanuatu and New Caledonia in east, and the Tasman 

Sea in the south. As a general picture, the Coral Sea demonstrates a very complex 

topography, including shallow straits, narrow channels, and islands that produces 

complex circulation patterns (Webb 2000; Kessler and Gourdeau 2006; Ganachaud 2007; 

Kessler and Gourdeau 2007; Kessler and Gourdeau 2007; Maes et al. 2007; Couvelard et 

al. 2008; Ganachaud et al. 2008; Gourdeau et al. 2008; Qiu et al. 2009). The South 

Equatorial Current (SEC) represents the main current that approaches the Coral Sea from 

the east, and drives most of the regional circulation in this basin. As the SEC enters the 

Coral Sea, it encounters an arc of islands (Fuji, Vanuatu and New Caledonia) that greatly 

impedes  the broad westward flow resulting in five strong, narrow jets (Webb 2000). Of 

these jets, three enter the Coral Sea; two between the Solomon Islands and New 

Caledonia, the North Vanuatu Jet (NVJ) and the North Caledonia Jet (NCJ) respectively, 

and a third jet just South of New Caledonia, the South Caledonia Jet (SCJ) (Ganachaud et 

al. 2008; Gourdeau et al. 2008). These jets continue westward to the Australian shelf. 

The results of Webb (2000) from the OCCAM global model were the first evidence to 

support the existence of these jets. Since Webb’s discovery, a number of studies have 

been carried out to observe these jet like structures and understand their influence on the 
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circulation of the southwest Pacific, using both numerical models and in situ observations 

(Stanton et al. 2001; Hughes 2002; Ridgway et al. 2002; Kessler and Gourdeau 2006; 

Kessler and Gourdeau 2007; Ganachaud et al. 2008; Gourdeau et al. 2008; Schiller et al. 

2008). However, in situ observations of the Coral Sea remain very sparse and available 

satellite ocean observations are the only data permitting the resolution of small scale 

surface circulation patterns. Moreover numerical models have so far provided most of our 

knowledge on the Coral Sea circulation but have been calibrated and validated against 

very few in situ measurements. Model results have been incapable to realistically 

represent the seasonal variability of the jets (Qu and Lindstrom 2002; Kessler and 

Gourdeau 2007). Furthermore the SEC bifurcation along the Great Barrier Reef, which 

varies greatly over time and depth, has not yet been successfully represented by these 

models (Ganachaud 2007).  

Surface velocity drifters have been deployed around the world since the late 70s to 

represent the surface mixed layer as part of the Global Drifter Program (GDP) of the 

NOAA Ocean Climate Observing System. The objective of this project is to produce a 

quality controlled dataset of surface velocity of the Global Ocean. Drifters are ideal for 

measuring the surface circulation from local to regional scales (Annalisa Griffa (Editor) 

2007). Observations in the tropical Pacific started in 1978 (Hansen and Paul 1984) with 

the objective of mapping the current system with accuracy that is only possible with this 

type of instruments (Niiler et al. 2004). Recent studies carried out in the Labrador Sea 

(Cuny et al. 2002) and in the Caribbean Sea (Centurioni and Niiler 2003; Richardson 

2005), have demonstrated that drifters are very useful to study small scale circulation 

patterns. Moreover, drifters have also been successfully applied to study broad circulation 

patterns in oceans such as the Atlantic (Jakobsen et al. 2003; Reverdin et al. 2003), the 

Pacific (Bograd et al. 1999; Johnson et al. 2001; Yaremchuk and Qu 2004) and the Indian 

Ocean (Grodsky et al. 2001).  

In the last 5 years, the number of drifter observations has reached a sufficient number of 

observations to allow the resolution of most of the Coral Sea circulation and of its 

variability. A total of 297 drogued drifters have transited through the Coral Sea, 

providing over 112 000 6-hourly velocity observations. This paper aim is to present, from 

direct velocity measurements, a description of the basin scale circulation of the Coral 
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Sea, its eddy variability from quality controlled 15 m drogued satellite-tracked drifters. 

Lagrangian statistics were also applied to the dataset in order to obtain the eddy 

diffusivity, time scale and length scale in the basin. 

2.2. Data	and	method	

2.2.1. Domain	of	study	

Our area of study (Fig. 1) is a sub-region of the South-western Pacific Ocean, including 

the Coral Sea. It has an area of approximately 1 million km2, extending from 142 to 

170ºE and 8 to 27ºS. The Coral Sea exhibits a complex bathymetry formed by a number 

of islands, channels and ridges. Examples are the New Caledonia, Vanuatu and the 

Solomon archipelagos that form barriers to the flow of the South Equatorial Current 

(SEC) between 5ºS to 24ºS. Deep basins are also common in this area. To the north of 

New Caledonia, north of the Queensland Plateau and in the Solomon Sea, depths vary 

between 3000m to 5000 m, which contrast with shallow areas of the Lord Howe Rise, 

Queensland Plateau with depth shallower than 500 m  and the Great Barrier Reef (GBR) 

continental shelf. Particularly the last feature extends for more than 2000 km, from Papua 

New Guinea in Torres Strait to Fraser Island in South Queensland, and it is formed by 

over 2500 reefs and islands. 
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Figure 2-1: Topography of the Southwest Equatorial Pacific Ocean focused at the Coral Sea and its 

vicinity (Etopo2). PNG stands for Papua New Guinea 

 

The oceanic circulation of the Tropical Southwest Pacific Ocean (SWP) is dominated by 

the westward flow of the South Equatorial Current (SEC), forced by the trade winds 

(Vincent 1994; Ganachaud 2007). The trade winds are associated with high-pressure 

zones, which extend just south of the Coral Sea, between 30 ºS and 40ºS. During the 

Austral summer (December to February), a low pressure system extends over Australia 

and Papua New Guinea and generates the monsoonal system which pushes the high 

pressure system to the South, creating the seasonal variability in the Tropical South 

Pacific. Winds are generally relatively weak during the Austral summer. To the North of 

the atmospheric Inter-tropical Convergence Zone, North-easterly winds predominate 

from December to March, over PNG and the North of the Coral Sea. In contrast, strong 

South-easterly winds dominate during the Austral winters, between June to September, 

and are coherent over the entire basin (Vincent 1994). 

The SEC forms the northern branch of the subtropical gyre and splits on the Queensland 

coast of Australia to feed two western boundary jets: the southward East Australian 
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Current (EAC) and the northward North Queensland Current (NQC) (Fig. 2). The SEC 

plays a key role at a range of temporal scales and represents an important pathway for 

connecting equatorial to extra-equatorial signals such as El Niño (Giese and Carton 1999; 

Vecchi and Harrison 2000; Jin et al. 2003). 

 

 
Figure 2-2: Sketch of the Southwest Pacific circulation showing the jets formed by the South 

Equatorial Current as it encounters successively the islands of Fiji, Vanuatu and New Caledonia.  

The five jets are the South and North Fiji Jets (SFJ and NFJ), the North Vanuatu Jet (NVJ) and the 

South and North Caledonia Jets (SCJ and NCJ). The NCJ meets the Queensland shelf and then 

forms the south flowing East Australian Current (EAC) and the North flowing North Queensland 

Current (NQC). The Coral Sea Counter Current (CSCC) is a shallow current flowing eastward, 

centred at 16ºS (figure adapted from Ganachaud et al. 2007) 

 

As the large SEC encounters the island of Fiji, Vanuatu and New Caledonia, it bifurcates 

and forms localised zonal jets at the northern and southern tips of the islands. The first to 

report the existence of these jets was Webb (2000) in a ¼ º resolution global ocean 

general circulation model (OGCM). Webb identified the presence of five jets: two at the 

Fiji basin, one at South and the other at North (SFJ and NFJ, respectively), and three jets 

at the Coral Sea, the North Vanuatu Jet (NVJ) and the North and South Caledonian Jets 

(NCJ and SCJ, respectively, Fig. 2). Recent studies, based on in situ measurements and 

numerical model results,  have focused on getting a better understanding of these jets, 
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their transport and variability (Hughes 2002; Ridgway et al. 2002; Kessler and Gourdeau 

2006; Ganachaud 2007; Gourdeau et al. 2008).  

2.2.2. Drifter	Dataset	

Satellite tracked surface drifter velocities from the Global Drifter Program (GDP) are 

used to resolve the seasonal variability of the Coral Sea in term of Eulerian and 

Lagrangian statistics. The dataset spans the period from the 12th September 1987 to the 

31st December 2009, for a domain extending from 142oE to 170oE to 8oS to 27oS. A total 

of 289 drogued drifters crossed or were deployed (only 28 drifters) in the domain during 

this period, recording every 6 hours, representing over 110 000 observations. 

The quality controlled and 6 hourly interpolated velocities are downloaded from the 

website. In this study, only drifters which had their drogue still attached were utilized for 

the calculations, and will be referred as drogued drifters for the remainder of the paper. 

The interpolated positions were low-pass filtered using a filter with a cut-off period at 36 

hours in order to remove high-frequency current components, especially tidal and inertial 

currents. The low-pass velocity time series were used to compute the Pseudo-Eulerian 

and Lagrangian statistics. 

2.2.3. Temporal	data	distribution	

The average lifetime of a drogued drifter in the Coral Sea is 124 days, with a maximum 

of 759 days (drifter #59926). The temporal distribution of the drifter datasets is presented 

in Figure 3. The observations span a time period of ~ 22 years starting in September 1987 

finishing in June 2010. A maximum of 16 drifters was reached on 6 occasions between 

the 25th and 30th of December 2005. On average, 2 drifter were present in the domain. 

The temporal distribution of the data is rather intermittent due to the likelihood of buoys 

which have been deployed, during research campaigns, thousands of kilometres away, to 

drift in our study domain. Only 28 drifters were deployed inside the domain, 247 in the 

equatorial region and the remaining 14 in the Southern Ocean and Tasman Sea. Most of 

the observations (80%) in the domain were recorded between the years 2004-2009. The 

monthly density of drifters ranges from a minimum of 90 drifters in June to a maximum 

of 123 in December.  
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Figure 2-3: Temporal variability in the dataset: drifter distribution is presented in this figure per the 

number of drifter-days from 1987 to 2009 (top panel) and the number of drifters per months present 

in the domain (bottom panel). 

 

2.2.4. Grid	size	choice	

The spatial distribution of observations greatly influences the choice of a grid size. This 

choice was guided by previous studies by Poulain (2001) (Poulain 2001) in the Adriatic 

Sea and by Fratantoni  (2001) (Fratantoni 2001) in the Atlantic Ocean in which 

parameters influencing the size of a grid are described. These parameters are: 

The maximum speed observed for a drifter. It is used to calculate the maximum 

displacement that can occur in a grid cell. The goal being that each grid cell contains 

more than one observation.  The maximum low passed velocity in the dataset is 162 cm s-

1 observed during the winter, which is equivalent to a displacement in 6 hours or about 36 

km.  

The density of drifters and drifter observations per grid size to obtain representative 

statistics. 
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The averaged Lagrangian space and time scales represent the time/space that a drifter will 

“remember” its path, which are used to assess the number of statistically independent 

observations per grid cell. Values from 80km / 6 days were obtained from a previous 

study of the pseudo-Eulerian mean flow in the Coral Sea by Choukroun (2010). 

A rejection criterion is often introduced on each cell and its choice varies greatly in the 

literature. This can be either based on the number of observations only  (Garfield et al. 

2001; McClean et al. 2002) or the number of drifters and pseudo-drifters (Poulain and 

Niiler 1989; Poulain 2001). Here we have chosen to use a combination of drifter and 

observation numbers, a grid cell should include more than 20 observations and these 

observations should have been made by more than two drifters or pseudo-drifters. A 

pseudo drifter was defined as a drifter which remained in a cell for at least six days, 

which corresponds to the averaged Lagrangian time scale for our domain (Zhurbas and 

Oh 2003; Zhurbas and Oh 2004).  

A number of grid cell sizes were tested ranging from 50 km to 200 km square repeated 

every 25, 50 to 100 km.  The aim was to obtain a good representation of the main surface 

circulation features and the best coverage possible of the domain. A trade off was made 

by using a 50 * 50 km grid cell, repeated every 50 km.  

 

2.2.5. Spatial	data	distribution	

The trajectories of the drogued drifters in the domain and the density of observations, e.g. 

number of 6-hourly observations per bins, are displayed in Figure 4. A very high density 

of observations is evident in the equatorial region with a maximum of 874 observations in 

the north east corner of our domain. The Coral Sea is well covered with over 100 

observations per grid cell. Lower density of observation areas can be observed on the 

shelf, especially in the Great Barrier Reef shelf and in the Gulf of Papua. This disparity 

can be explained by the normal convergence of the drifters due to the circulation patterns. 

The density of independent measurements is presented in Figure 4c. The spatial 

variability of independent measurements is very similar to the density of 6-hourly 

observations. An average of 10 independent observations is observed over most of the 

domain, which offers a good coverage of the area. 
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Figure 2-4: a- Low passed filtered drifter tracks of the 289 drogued drifters utilised to resolve the 

Eulerian and Lagrangian statistics between September 1987 and December 2009. b- Drifter density of 
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observations per 50km diameter circular bins. C- Density of independent observations, cell grid containing 

less than 5 (dark blue) were discarded for the Eulerian statistic calculation. 

 

2.2.6. Definition	of	the	seasons	

In the Coral Sea, the south-easterly trade winds dominate the atmospheric circulation 

modulated by the SPCZ (Vincent 1994). They play an important role in the ocean 

circulation. In July, the southeasterly trade winds are the strongest and are coherent over 

the entire domain, whereas in January, the wind regime is more variable and the trade 

winds weaker.  

In order to evaluate the response of the basin to this change of wind regime, we have 

assessed the kinetic energy of the domain for each month; the results are presented in 

Figure 5. A noticeable seasonal modulation is present in the EKE and MKE time series. 

A maximum EKE value of ~580 cm2 s-2 is reached in April, during the austral summer, 

and a minimum during the austral winter, in August of ~350 cm2 s-2. The MKE is in 

opposite phase, reaching its minimum value during the Austral Summer, in January of ~ 

4 cm2 s-2 and a maximum of ~ 100 cm2 s-2 during the Austral Winter, in September. 

 
Figure 2-5: Monthly averaged Eddy Kinetic Energy (in blue) and Mean Kinetic Energy (in red) 

derived from the low passed filtered (cut-off 36h) SVP drifter velocity dataset in the Coral Sea. 

 

From these results, the dataset was decomposed into four seasons, austral summer 

(December to February), Autumn (March to May), Winter (June, August) and Spring 

(September to November).  
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2.2.7. Eulerian	and	Lagrangian	statistics	applied	to	the	dataset	

In order to calculate the Eulerian statistics, stationary and uniform statistics were 

assumed inside the bin and averaging was performed over time and space inside each bin.  

Pseudo-Eulerian statistics were computed by averaging the low-pass filtered drifter 

velocities in each 50 km * 50km grid cell. The following statistics will be presented: (1) 

the mean seasonal flow (as vector arrows), (2) the variance of the velocity residuals (as 

ellipses), (3) the kinetic energy of the mean flow per unit mass for each season (also 

called the mean kinetic energy, MKE), (4) the eddy kinetic energy per unit mass (EKE) 

and (5) the ratio of EKE over MKE, to represent the distribution of energy over the 

domain.  

The diffusion theory was first formulated by Taylor (1921) and since has been adapted 

for oceanographic applications and improved for drifter applications in a number of 

studies (Garfield et al. 2001; Poulain 2001; McClean et al. 2002; Zhurbas and Oh 2003; 

Zhurbas and Oh 2004; Chiswell et al. 2007). The Lagrangian single particle statistics was 

used to estimate the de-correlation time, the time and length scales and the diffusion (or 

rate of mixing). The technique is detailed in Appendices. 

The observed auto-correlation function was computed for each drifter, on the zonal and 

meriodional velocity. The averaged value was calculated and used to evaluate the time 

lag coinciding with the first zero crossing. Because noise tends to dominate R for large 

lags, we followed the standard practice (Freeland et al. 1975; Poulain 2001; Lumpkin et 

al. 2002) of integrating to the first zero crossing corresponding to Tlag = 35 days. In 

theory, 35 days correspond to the maximum averaged de-correlation time observed for a 

drifter in our domain (Choukroun 2010) which can also be defined as the maximum time 

it will take a drifter before “forgetting its path”.   

In order to improve our statistics, by increasing the number of floats in this study, we 

created pseudo-floats. This technique is widely used in studies of Lagrangian statistics 

using the surface drifters and consists of dividing drifter tracks in independent segments. 

Pseudo-drifters were created by dividing drifter tracks in 35 day segments.  
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2.3. Mean	flow,	Eulerian	and	Lagrangian	statistics	

2.3.1. Fast	currents	

In order to represent the structure of the fast currents in the region, segments of drifter 

tracks were plotted when the drifter velocities exceeded 50 cm s-1 and are presented in 

Figure 6 Three regions of fast currents can be identified: 

The Solomon Sea exhibits a very high numbers of fast tracks which extends to the north 

east of the Coral Sea,  

Along the GBR shelf, these fast currents coincide with the flow of the EAC and the NQC 

along the shelf,  

The EAC eddy field region, which extends between 22ºS and 25 ºS and between 152ºE 

and 156ºE. This eddy field has been documented in a number of studies (Ridgway and 

Dunn 2003; Bowen et al. 2005). 

 

 

Figure 2-6: Maps showing segments, in red, of the low passed drifter trajectories for the full dataset 

corresponding to velocities greater than 50 cm s-1. The 50, 100, 500, 1000, 2000, 4000m isobaths are 

shown in gray. 
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2.3.2. Eulerian	statistic	

Surface velocity flow in the domain is assumed to be stationary over the 21 years. The 

representation of the Coral Sea was computed using drogued drifter observations only. 

Eulerian statistics were computed using the low passed filtered drogued drifter velocities 

observed in a 50km radius disc repeated every 50km, only bins that passed the criteria of 

5 independent measurement (see data and methods) were used to calculate the Eulerian 

statistics.  

The map representing the mean flow in the Coral Sea is presented in Figure 7. The pink 

arrows represent surface velocity currents greater than 15 cm/s. The map depicts well the 

main characteristic of the surface flow in the Coral Sea and confirms most of the results 

previously obtained from in-situ and satellite altimetry studies.   

The most energetic features in the domain are:  

the North Vanuatu and North Caledonia Jets flowing westward toward the North 

Queensland shelf at speed greater than 20 cm/s  

the WBCs are also well defined along the GBR shelf, with the northward flowing 

North Queensland Current originating at 15ºS, formed mainly by the NVJ, and the 

southward flowing EAC forming at 18 ºS and mainly fed by the NCJ waters.   

The NVJ appears as a broad surface jet extending over ~2 º of latitude, centred at 14 º S 

at the surface. The NCJ is a narrow jet, less than half a degree of latitude wide, visible 

along 18 º S. The two jets are separated by a zone of weak and highly variable 

circulation, extending along 16º S of latitude to the east of 155 º E which coincides with 

the presence of the CSCC centred at 16º S.  

To the west of 155 º E, the surface circulation becomes even more complex, due to the 

presence of the Queensland Plateau that impedes the flow of the NCJ splitting it into two. 

Part of the NCJ bifurcates to the North, and merges with the NVJ before reaching the 

GBR shelf.  

The NVJ is impeded by the presence of a shoal, located to the South of the Rennell 

Islands. Part of the flow bifurcates to the north west inside the Solomon Sea feeding the 

NGCC. Surface velocities, greater than 20 cm /s, directed to the north west, define this 
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current. Along the north-eastern side of the Solomon Sea, the drifters reveal the existence 

of a strong counter current flowing at speed greater than 15 cm/s. The other part of the jet 

is slightly deviated to the South, and reaches the GBR shelf at 15 ºS; it then contributes to 

the formation of the northward NQC surface waters. This current can be observed 

flowing to the North, inside the Gulf of Papua where it becomes the New Guinea Coastal 

Current (NGCC).  

The North Caledonia Jet (NVJ) appears as a narrow surface jet, forming to the north of 

New Caledonia at 165 º E and  flows along 18ºS of latitude toward the GBR shelf. Part of 

the NCJ is deflected to the north by the Queensland Plateau and re-attaches to the NVJ at 

152 º E. The other part reaches the GBR shelf at around 18º S, feeding the southward 

flowing EAC.  

The Queensland Plateau (QP) has a considerable influence on the GBR circulation. To 

the west of the QP, the circulation is defined by a high variability (figure 8???) and weak 

currents especially between 15ºS and 18ºS. Between the western side of the QP and the 

GBR shelf, the residual flow shown on the mean circulation map indicates a mean flow 

directed to the North along the shelf reversing to the south when it approaches the 

Western side of the Queensland Plateau. To the north of 15º S, the strong northward 

flowing NQC can be observed forming at around 16º S.  To the south of 19º S, the EAC 

flow can be observed, with most of the water transported by the NCJ bifurcating to the 

south as it reaches the shelf. The EAC intensification zone as described by Ridgway 

(2005) is clearly identified on the map. The core of the EAC moves over the continental 

shelf between 20 to 24 º S to then narrows and accelerates. 

The region comprised by New Caledonia and Australia, to the south of 22º S is 

dominated by eddy variability Figure 7. Beside from the strong southward flow of the 

EAC along the shelf, the surface circulation map doesn’t show any clear circulation 

patterns except for a northward flow, just to the East of the EAC flow.  

No evidence was found to support the presence of the SCJ in the mean velocity map, 

Figure 7. Similar difficulty in observing the jet was encountered during the SECALIS-2 

observations (Gourdeau et al. 2008). During this hydrographical survey, a westward flow 

could be identified but could not been distinguish from the temporary eddy flow even 
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though numerical models, based on the island rule (Godfrey 1989) are showing the 

presence of a jet.  

.  

 
Figure 2-7: Map of the surface mean flow. Only cells with 5 or more independent observations are 

represented. Pink arrows represent current velocity greater than 15 cm s- 

 

The velocity variance map shown in Figure 8 includes the variability due to small scale 

eddies, wind driven currents and the seasonal variability and longer annual to decadal 

variability.  
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Figure 2-8: Map representing the velocity variance and the mean flow. Every second cells are shown. 

Only cells containing more than 5 independent observations are presented.  

 

The velocity variance ellipses were computed for each bin passing the rejection criteria of 

more than 5 independent observations. The velocity variance is generally larger that the 

mean in the region, except for regions of strong currents and of jets. Along the GBR 

shelf, the velocity ellipses are oriented in the direction of the mean current because most 

of the variance can be explained by a change in amplitude and direction.  

 

The Mean Kinetic Energy (MKE) and Eddy kinetic Energy (EKE) of our domain was 

estimated for each 50 km radius circular grid cell that passed the rejection criteria in the 

domain. 

The MKE in the region varies between 0 and 1600 cm2 s-2, with a median value of 70 cm2 

s-2 (Figure 9). The MKE gradients are very large. The maxima can be observed along the 

GBR shelf, south of 22°S where the EAC flow narrows and strengthens. High MKE 

values of over 1000 cm2 s-2 are localised along the GBR shelf, north of 15°S, in the NQC 
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flow, where the NQC flow is the strongest. The two jets, the NCJ and NVJ, are 

characterised by MKE values of over 100 cm2 s-2. The MKE in the Solomon Sea reaches 

values of over 300-500 cm2 s-2. In the remaining domain, MKE values are relatively low, 

varying between 0 and 50 cm2 s-2, especially north of the NVJ, between the NVJ and NCJ 

and along the GBR, and in the area between the Queensland Plateau and the GBR shelf. 

 
Figure 2-9: Mean Kinetic energy computed for each grid cell that passed the rejection criteria  

 

The EKE varies between 50 and 2000 cm2/s2, with a median value of 350 cm2 s-2 

(Figure 10). The values are consistent with previous estimates in the region from satellite 

SSH and model studies (Ducet et al.; Schiller et al. 2008). Highest EKE values are found 

in the EAC region, south of 22°S, indicative of the high eddy variability (Ridgway and 

Godfrey 1997). The second region of highest EKE corresponds to the Solomon Sea with 

values greater than 1000 cm2 s-2, EKE values over 1200 cm2 s-2 can be observed in the 

north of the Solomon Sea. A band of high EKE also extends along the GBR shelf, 

reaching values well over 400 cm2 s-2. Relatively high EKE, in the order of 400 cm2 s-2, 

form a band to the East of the QP, which extends along 16°S of latitude.  
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Figure 2-10: Eddy energy computed for each grid cell that passed the rejection criteria 

 

In order to assess the energy distribution in the domain, we examine the ratio of MKE to 

EKE suggested by Poulain (Poulain 2001). This ratio provides information on the spatial 

distribution between mean constant and fluctuating energy and is presented in Figure 11. 

The ratio varies between 1.10e-3 and 6.9 with an average value of 0.4 over the domain, 

suggesting a dominance of the fluctuating energy over the surface currents of the Coral 

Sea.  

The WBCs and the NVJ are characterised by a high ratio, with a maximum of 6.9 

observed along the GBR shelf. Interestingly, the NVJ and NCJ are separated by a zonal 

band of high variability centred at 16°S, which coincides with the location of the CSCC 

(Qiu et al. 2009). This band extends to the east from the Queensland to the Fijian 

Archipelago.  
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Figure 2-11: Ratio of MKE on EKE represented on a log10 scale. 

 

2.3.3. Lagrangian	statistics	

The diffusivities and Lagrangian integral time and length scales were computed on the 

low passed drifter velocities drifter tracks in the domain. Drifters which have travelled in 

the domain for less than 8 days where discarded.  For each drifter in each grid cell, 

Lagrangian statistics were performed and averaged to obtain a spatial representation of 

the time and spatial scales and diffusivities in the domain. A minimum of 400 

observations per grid cell was used for these calculations.  

The diffusion coefficients, in the east direction, Kuu, ranges between 6700 and 25000m2 s-
1 with a median value of 12 000 m2 s-1 (Figure 12 left panel). The diffusion values in the 

north direction, Kvv, varied between 5900 and 17500 m2 s-1, with a median value of 9000 

m2 s-1 (Figure 12 right panel). Highest Kuu values are visible in the north east corner of 

the domain, with values comprised between 18 000 and 25 000 m2 s-1. Relatively high 

Kuu values, Kuu≥10000 m2 s-1 can also be observed to the south of 20°S along the 160°E 

longitude and just to the west of Vanuatu. Kuu values are relatively low along the GBR, 

Kuu≤10 000 m2 s-1. High value of Kvv extends along the 16°S, forming a tongue with 
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value over 11 000 m2 s-1. A band of high Kvv values can also be observed between 20°S 

and 25°S, with highest value along the GBR shelf.  

 

 
Figure 2-12: Diffusion coefficients in the east (Kuu) and North (Kvv) directions in m2s-1. 

 

The in-situ diffusivities are anisotropic over much of the North Coral Sea with the Zonal 

diffusivities being larger than the meridional values. This is most apparent in the NVJ. 

However to the south of 20°S, the meridional values become larger than the Zonal 

diffusivity values and thus anisotropy prevailed. Lagrangian statistics can include 

dispersion effects from the mean shear. 

Time and length scales represent the time and distance over which a drifter remembers its 

path (Figure 13). In agreement with (Zhurbas and Oh 2003; Zhurbas and Oh 2004), the 

largest in situ timescales are found in the most energetically quiescent part of the domain: 

in the NVJ flow, along the 15-16°S of latitude. Clearly, these drifters remember their path 

for a longer time than those in regions of higher variability. The length scales reflect the 

diffusivities: the more dispersive the regime, the greater the distance the drifter moves 

before its path becomes a random walk. 
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Figure 2-13: Lagrangian time and length scales in the Zonal and meriodional directions calculated from 

drogued drifters in the Coral Sea between 1987 and 2008. The top 2 panels represent the Lagrangian 

timescales in the Zonal direction, Tu, and the meriodional direction, Tv, in days. The bottom 2 panels 

represent the Lagrangian length scales in the Zonal, Lu, and meriodional, Lv direction in kilometres. 

 

  Tu (days) Tv(days) Lu (km) Lv (km) 

Min 3.1 2.9 40 39 

Max 11.6 7.3 159 89 

Median 6.2 5.1 79 64 

Average 6.3 5.0 82 62 

Std 0.8 0.4 10 4 

Table 1: Summary of Lagrangian statistics of the timescale and length scale in the Coral Sea. 
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2.3.4. Comparison	of	surface	drifter	velocities	to	available	in	situ	

data	

In order to evaluate the mean velocity flow obtained from the drifter, the results were 

compared to an in situ dataset. This dataset is derived from a SPRAY glider transect 

which took place between Guadalcanal and the north of New Caledonia to study the 

inflow of the NVJ and the NCJ in the Coral Sea (Gourdeau et al. 2008).  

 

2.3.4.1. SEC transport in the Coral Sea: surface transport from 

drifters and comparison with glider transport 

 

An evaluation of the surface velocity observed along a 50 km width transect extending 

from the Solomon Islands to New Caledonia is presented in Figure 14. The velocity field 

was computed using the velocities from 131 drogued drifters that have crossed this 

transect, since 1987. All of the 131 drogued drifters were originally deployed in the 

Equatorial region.  
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Figure 2-14: velocity field derived from the SVP drifters representing the surface water transport in 

the Coral Sea through the gap formed by the Solomon Island and New Caledonia (Width = 50km 

section). 

 

In order to compare the drifter and the Glider observations, the surface velocities from 

the Glider was deduced from Figure 4, middle panel of Gourdeau’s study (2008). The 

zonal surface velocities computed from the drifters and from the glider are presented in 

Figure 15. The surface velocities are in good agreement considering that we are 

comparing a flow averaged over 20 years for the drifters to a single transect undertaken 

by the glider over a 3 month period, during the austral winter (starting transect date from 

Guadalcanal is the 17th of July 2005). The NVJ is well defined in both the drifter and 

glider transect with zonal velocities of 20 cm s-1 extending from 11.5oS to almost 14oS. 

The CSCC is centred at 16oS and exhibits velocities greater than 30 cm s-1. The NCJ 
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surface path exhibits higher variability. The presence of an eastward current, the CSCC, 

can be observed in both the drifter and glider velocity transect, centred at about 16 o S. 

The transport in the 30 first meters was also evaluated for the Glider and the drifter by 

integrating the velocity field between the surface down to 30m deep (equivalent to the 

drifters drag area). A total zonal surface transport of -2.3 ± 0.2 Sv (1 Sv =1.106 m3 s-1) 

from the drifters and -1.4 Sv from the Glider was found. 

 
Figure 2-15: Surface velocities observed by the drifters in red and the Spray Glider in blue, along a 

transect extending from Guadalcanal to New Caledonia. Error bars, in red, represent the standard deviation 

of the drifter velocities. The Glider surface velocity was adapted from Gourdeau et al (2008). 

2.3.5. Seasonal	cycle:	

2.3.5.1. Data coverage  

The numbers of observations and drifters were evaluated for each grid cell during the 

summer and winter. The spatial distribution of observations and drifters, obtained by 

using a 100km * 100km square grid cell repeated every 50km, are presented in Figure 
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3.9. Figure 3.9 top panels represent the density of observations and the bottom panels 

correspond to the density of drifters during the summer, on the left hand side, and the 

winter, on the right hand side respectively.  

The density of observations ranges from 0 to 559 during the winter and 0 to 526 during 

the summer. The average density of observation is very similar with 95 and 100 

observations during the winter and summer respectively. The density of drifter per grid 

cell varies between 1 and 27 during the winter and 1 and 28 during the summer, with on 

average 6 drifters per grid cell over the domain for both seasons. The spatial distribution 

represented in Figure 18 A and B, is not uniform. A high density of drifters during both 

seasons can be observed in the north east corner of our domain, Figures 18C and 18D and 

therefore of observations can be observed in the north eastern corner of our domain. 

Because 90 % of the drifters crossing our domain were deployed in the equatorial Pacific 

region, this area of our domain corresponds to the natural pathway followed by drifters as 

they entered the domain entrained in the SEC flow.  This high density in the distribution 

is more pronounced during the winter.  
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Figure 2-16: Spatial distribution of the density of observations and drifters during the summer (A 

and C) and the winter (B and D) respectively, over the Coral Sea between 1987 and 2009. 

 

2.3.5.2. Pseudo‐Eulerian Statistics 

Pseudo-Eulerian statistics were computed for each grid cell as described in the Method 

section. Cell containing less than 2 drifters and 20 observations were discarded for 

statistical reliability. 

 

Seasonal mean flow  

The seasonal Coral Sea mean flow is depicted in Figure 19; pink arrows represent 

velocities greater than 15 cm s-1. During all seasons, the inflow to the Coral Sea comes 

principally between the gap formed by New Caledonia and Solomon Islands (Kessler and 

Gourdeau 2006). This inflow is comprised of two jets, the NVJ and the NCJ, which are 

formed by the SEC (Gourdeau 2008). The seasonal variability in our domain is 

dominated by the inflow to the Coral Sea and therefore by the variability in strength and 

positions of the jets. This variability is most pronounced in the northern Coral Sea, north 

of 15º S, where a strengthening of the NVJ and thus of the north Coral Sea gyre can be 

observed during the winter.  Consistent with the evaluation of the Kinetic Energy in the 

region presented in Figure 10, Mean Kinetic Energy increases over the winter in opposite 

phase. During the winter, the westward transport increases and this can be related to the 

strengthening of the NVJ and redistributed to the currents forming the circulation of the 

northern Coral Sea. The Solomon Sea surface circulation shows a strong seasonal signal 

however its total transport remains very steady over the year (Not shown). A 

strengthening of the NGCC can be observed during the winter which appears to be 

mainly driven by the NVJ. 

Due to an insufficient number of drifter observations in the area between 18ºS and 21 ºS 

and 145ºE and 152ºE during the winter, the bifurcation position could only partially be 

resolved. During the summer, the bifurcation position is located at 15ºS. Part of the NVJ 

flow is deflected to the south where it contributes to the formation of the EAC while the 
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remaining of the NVJ forms the NQC. The flow of the EAC along the GBR shelf can be 

seen intensifying when it reaches 18 ºS as the NCJ waters contribute to it.  The EAC 

appears as a stronger surface flow during the summer than in winter which is in 

agreement with previous evaluation of its flow (Ridgway and Dunn 2003). In winter, the 

bifurcation appears to be located to the south of 18ºS. Because of the lack of observations 

in the area, no precise location of the bifurcation position can be given from our mean 

flow map of the winter circulation. 

An interesting feature of the circulation in the Queensland Plateau (QP) area is the 

intensification of the surface flow on its eastern side, directed to the NW. Kessler and 

Gourdeau (2007) have reported the presence of a flow along the eastern side of the QP, 

driven by the blockage of the QP, below 300m, and only present during the summer. 
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Figure 2-17: Mean flow in the Coral Sea derived from drifters velocities during the austral summer (a)), the Autumn (b), the Winter (c) and the Austral 

Spring (d). 
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2.4. Discussion	

The objectives of this study were to evaluate the Lagrangian and Eulerian eddy statistic 

and obtain a statistically representative description of the Coral Sea mean flow at 

relatively high resolution. This work was motivated by recent studies  (Webb 2000; 

Ganachaud et al. 2008; Gourdeau et al. 2008; Qiu et al. 2009) which have greatly 

improved our understanding of the Coral Sea circulation. From a traditional 

representation of a single broad current entering the Coral Sea (Church 1987),  results 

from Webb (2000) have highlighted a more complex circulation mostly driven by two 

jets entering the Coral Sea between the gap formed by the Solomon’s archipelago and 

New Caledonia.  

Lagrangian and Eulerian statistics were computed from the quality controlled; low passed 

filtered and 6 hourly interpolated velocity observations from surface drifters. The results 

obtained from this dataset confirmed the presence of the two jets, the NVJ and the NCJ, 

entering the Coral Sea as described in the literature (Godfrey 1989; Ridgway et al. 2002; 

Ganachaud 2007; Kessler and Gourdeau 2007; Couvelard et al. 2008; Gourdeau et al. 

2008; Qiu et al. 2009). Of the available in situ measurements mentioned in these studies, 

we used the surface velocity observed from a Spray glider transect between Guadalcanal 

and the northern tip of New Caledonia (Gourdeau et al. 2008) for comparison with the 

surface velocity derived from the drifters and to gain confidence in our statistical 

methodology.  

2.4.1. Mean	surface	flow	

The Coral Sea mean surface flow map derived from the drifter velocities provides for the 

first time, in a quantitative way, a description of  the significant flow patterns with greater 

details and a better accuracy. Compared to previous ocean drifter studies (Zhurbas 2002, 

2003) encompassing the Coral Sea at 5 degrees resolution, our results offer a much 

improved representation of the surface mean flow in terms of spatial reliability. Two 

regions of the basin remained too poorly observed to be resolved, the Gulf of Papua and 

the centre and south of the GBR. Therefore, part of the recirculation gyre of the North 

Coral Sea and the circulation of the GBR could not be fully resolved using our 
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methodology.  Comparison of the drifter mean flow with available in situ data, such as 

ADCPs along the GBR shelf and a SPRAY Glider study, was also performed and showed 

a very good agreement, giving us confidence in the statistical methodology followed for 

this study.  

The Coral Sea mean flow is driven by the westward flowing NVJ and NCJ, entering 

between the gap formed by the Solomon’s and New Caledonia. The high velocities 

observed by the drifters entrained in the jets, as well as their width, agree with the 

findings from Gourdeau (2008). The drifter velocity mean flow (Figure 16 ) contradicts 

some of the results from a previous study based on climatology (Qu and Lindstrom 

2002). From the climatology, the surface circulation in the Coral Sea is poorly defined 

above 100m with a westward flow difficult to identify. Moreover, to the south of 20°S, 

the surface circulation appears to be driven by a weak westward flow. From the 

climatology results, along the western boundary, the southward flow of the EAC 

velocities of only 20 cm/s. In contradiction, the drifter derived mean flow indicates a well 

defined surface circulation driven by the two jets, with velocities in the order of 20 cm/s. 

Moreover the EAC appears as a strong and well defined current, south of 22°S with 

velocities greater than 30cm/s and drifter mean flow.  

Our mean flow map shows the considerable influence of the complex topography to the 

circulation. The NVJ flow can be seen splitting into two branches as it encounters a reef 

shoal located at160 o E and 12 o S. A zone of lower velocities can be observed in the lee of 

this reef. The north-most branch flows inside the Solomon Sea and contributes to the 

NGCC agreeing with recent model results (Kessler and Gourdeau 2007; Melet et al. 

2010a) . The second branch continues to the west where it forms the NQC. Unfortunately 

the Gulf of Papua mean circulation could not be resolved and therefore the role played by 

the NQC in contributing to the formation the NGCC could not be evaluated.  

The NCJ appears to be deflected by the presence of the QP (Figure 2-9) at ~152 o E and 

18 o S, forming a surface current which can be observed flowing along the eastern side of 

the QP. A similar current created by the presence of the QP were reported in a number of  

hydrodynamic studies (Webb 2000; Kessler and Gourdeau 2007; Couvelard et al. 2008; 

Schiller et al. 2008), however only NCJ waters deeper than 300m were deflected to the 

north. For example, in the modelling study by Kessler (2007), the NCJ waters, above 
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300m, could be observed flowing to the west, over the top of the QP, undisturbed and 

contributing to the EAC flow. Our mean flow map (Figure 9) shows evidence that the QP 

has some influence on the surface waters.  The resultant flow of the NCJ continues to the 

west where it meets the shelf at about 18-19 o S contributing to the formation of the EAC.  

To the West of the QP, along the GBR shelf, between 16oS and 18oS, a zone of weak and 

highly variable circulation can be observed, corresponding to the position of the SEC 

bifurcation along the GBR shelf. In terms of drifter observations, the area remains too 

poorly covered too fully explain the very high variability observed.  The circulation of 

this area is recognised for its complexity due to the great spatial and temporal variability 

of the SEC bifurcation; moreover attempts to model its variability have not been 

successfully. Further drifter deployments in the region would be needed to fully resolve 

the position of the bifurcation and the SEC inflow in the GBR, at least at the surface.  

From our results, the Solomon Sea surface flow is defined by a system of two surface 

currents flowing in opposite direction, one along the western side, flowing to the 

northwest, coinciding with the NGCC surface flow and one on the eastern side of the 

basin, flowing to the southeast, which has not yet been described. Both of these surface 

currents exhibit velocities greater than 20 cm s-1.  Along the western side of the Solomon, 

the NGCC surface waters appear as a large flow, formed by both the NQC and the NVJ 

in agreement with previous studies i(Webb 2000; Couvelard et al. 2008; Schiller et al. 

2008; Melet et al. 2010a; Melet et al. 2010b). Due to the poor data coverage over the Gulf 

of Papua, the NQC contribution could not be evaluated however the NVJ contribution is 

well represented in Figure 16.  

2.4.2. MKE	and	EKE	

The MKE and EKE values are consistent with previous estimates in the region from 

satellite SSH and model studies (Ducet et al.; Ridgway and Dunn 2003; Mata et al. 2006; 

Kessler and Gourdeau 2007; Schiller et al. 2008; Qiu et al. 2009; Melet et al. 2010a; 

Melet et al. 2010b).  The NVJ and NCJ are separated by a zonal band of relatively high 

variability centred at 16°S, which coincides with the location of the CSCC (Qiu et al. 

2009). This band extends to the east from the Queensland Plateau to the Fijian 

Archipelago, with values of ~ 400 cm2 s-2. High EKE regions coincide with the EAC 
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intensification region (Ridgway and Dunn 2003) and the Solomon Sea (Melet et al. 

2010a; Melet et al. 2010b).  

2.4.3. Lagrangian	statistics	

Lagrangian measurements computed from the drifter velocities in the Coral Sea show 

horizontal diffusivities ranging between 500 and 30 000 m2 s-1 (median value of 12 500 

m2 s-1) in the Zonal direction and 400 and 20 000 m2 s-1 (median value of 9 000 m2 s-1) in 

the meridional direction. The horizontal diffusivity are similar to the results found by 

Zhurbas (2003) ranging between ~6 000 to 12 000 in the Coral Sea. Length scales and 

time scales varied between 2-13 days (median value of 6 days), 10-185km (median value 

of 80 km),  in the Zonal direction and 2-8 days (median value of 5 days) and 8-91km 

(median value of 60 km) in the meridional direction. The length scale found by Zhurbas 

(2003-2004) were slightly lower but our results agree with a more recent study 

undertaken by Chiswell (2007) which covers the south of our domain at coarser 

resolution. Moreover the structure indicated by the time scale and length scale seems 

realistic, with short timescale and length scale in area of high variability such as the EAC 

or the Solomon Sea. 

2.4.4. Seasonal	Variability	

From our results, most of the surface seasonal variability observed in the domain is 

contained in the northern Coral Sea, in agreement with model results from Kessler and 

Gourdeau (2008). During the winter, a strengthening in the northern Coral Sea circulation 

can be observed, coinciding with a maximum westward flow of the NVJ, consistent with 

the increased of MKE in the region. The NVJ flow strengthens and slightly moves to the 

north, during the winter, feeding both the NGCC and the NQC when it reaches the 

Australian shelf. The NGCC seasonal variability is dominated by the NVJ variability 

from the east; however the role played by the NQC from the west could not be evaluated 

due to the poor data coverage of the Gulf of Papua. 

During the summer, the NCJ is defined as a narrow jet along 18ºS, showing very little 

seasonal variability in its flow. The NCJ, when it reaches the Australian shelf, contributes 

during the winter to feed both the NQC and the EAC and during the summer, only the 
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EAC. No evidence of the SCJ could be found in our mean flow analysis. A surface 

signature of this jet is expected according to model results (Webb 2000; Kessler and 

Gourdeau 2007) and from climatology (Ridgway and Dunn 2003) which have shown the 

presence of this jet centred at 26ºS and contributing to the EAC flow. Hydrographical 

surveys during the SECALIS-2 cruise in 2004 showed the presence of a westward flow 

just south of New Caledonia (Ganachaud et al. 2008), consistent with a SCJ, but which 

could not be distinguished from the temporary eddy flow. 

From our results, the position of the surface SEC bifurcation along the Australian shelf, is 

observed to move from 15ºS during the summer to south of 18 ºS during the winter. The 

NVJ and NCJ reach the GBR shelf at 14 ºS and 18 ºS respectively. The bifurcation 

position seems to be modulated by the wind regime and the presence of the QP. The 

influence of the QP on the ocean circulation appears in our results to not be limited to 

below 300m, as shown in the model results by Kessler and Gourdeau (2007),but was also 

observed at the surface. An area of weak velocities to the west of the Plateau seems to 

support the evidence of its influence on the surface circulation. However the density of 

drifter observations remains too low to fully resolve the seasonal circulation over the QP 

and the position of the bifurcation position of the SEC along the GBR shelf. 

The seasonal modulation of EKE derived from the drifters indicated an increase of EKE 

during the summer when trades wind are the weakest, with a maximum value of 580 cm2 

s-2 in January. These results agree with a recent study of the Coral Sea by Qiu (2009) Sea 

using a 14 year-long-long Sea Surface Height anomaly time series. Similarly to our 

results for the EKE, Qiu has shown that the averaged seasonal EKE amplitude difference 

between Austral Summer and Winter is about 200 cm2 s-2, with a summer maximum over 

300 cm2 s-2 of and a winter minimum of less 100 cm2 s-2 . These were attributed to the 

seasonal wind forcing in the region by Holbrook and Bindoff (1999), Chen and Qiu 

(2004) and Kessler and Gourdeau (2007) using baroclinic Rossby models.  

While the difference of amplitude between drifter and SSH estimate of the EKE over the 

Coral Sea are in good agreement, the EKE estimate is significantly higher than satellite 

cross-over estimates. This has been noticed by Chiswell et al.(2007) who suggested that 

either the drifter sampling was biased toward times of high energy, or the Crossover 

velocities could be under sampling the currents (Leeuwenburgh and Stammer 2002). 
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Another possibility may be that surface drifters preferentially sample eddy regions of 

horizontal flow convergence (lows) which may be more energetic than highs (Middleton 

and Garrett 1986).  

 

2.5. Conclusions	

This study offers a novel self-consistent dataset to describe Eulerian and Lagrangian 

statistics, obtained from surface drogued drifters for the Coral Sea. These were used to 

quantify the state of the Coral Sea surface circulation between 1980 and 2009. The 

circulation of the Coral Sea is driven by the two jets, the NVJ and NCJ, which enters the 

domain between the Solomon’s archipelago and New Caledonia, flowing to the west 

towards the Australian shelf. As they reached the GBR, they form the North flowing 

NQC and the south flowing EAC. New surface structures have been identified: a 

northward flowing current along the eastern side of the QP and a SE flowing current on 

the western side of the Solomon Islands. 

The seasonal variability is contained in the northern Coral Sea, north of 15ºS. This is 

defined by a strengthening of the North Coral Sea gyre, during the winter, which can 

clearly be depicted in our mean flow map. The NQC surface transport doubled and the 

NGCC strengthens as well. Highest MKE values are also observed during the winter, and 

are concentrated along the NVJ path and the western boundary currents. The summer is 

dominated by high eddy variability. The westward surface transport entering the Coral 

Sea decreases but a strengthening of the CSCC can be observed. A band of relatively 

high EKE, over 400 cm2 s-2 is visible along 16ºS which has been attributed to barotropic 

instabilities created by the neighbouring jets.   

Ratio of EKE on MKE indicates the presence of three zonal bands where EKE prevailed 

over MKE. These three bands extend along 12ºS, 16 ºS, and 22 ºS. They are separated 

with high MKE bands coinciding with the NVJ and the NCJ, along 15 ºS and 18 ºS.  

The Lagrangian statistics show an increase in diffusivity value during the summer, 

coinciding with high variability related with the increase in EKE. Shorter time and length 

scales can also be observed during the summer. Lower value of diffusivity can be 

observed during the winter in both directions, when the MKE is the highest 
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Chapter 3. On	the	surface	circulation	in	the	Western	

Coral	Sea	and	residence	times	in	the	Great	Barrier	Reef	

 

Surface velocity observations from satellite tracked drifters made between 1987 and 

2008 were used to resolve the surface circulation of the Western Coral Sea and Great 

Barrier Reef (GBR), west of 158°E. The mean surface current map depicts well the 

major circulation patterns of the region, such as the position of the North Vanuatu and 

North Caledonia Jets (NVJ and NCJ) and the Western Boundary Currents. The East 

Australian Current (EAC) and the North Queensland Current (NQC) are well defined, 

flowing at speed greater than 50 cm s-1, to the south/north of 15°S /19°S respectively. 

The NQC/EAC is mainly formed by the NVJ/NCJ flows respectively.  The presence 

of the Queensland Plateau greatly affects the westward flow, causing a zone of weak 

and highly variable currents that extends from 15°S to 18°S between the Queensland 

Plateau and the GBR shelf. Of the 235 drifters that crossed the Western Coral Sea, 75 

entered the GBR. Analysis of the drifter trajectories inside the GBR reveals the 

presence of a north-westward circulation at speeds of 22 cm s-1 north of 18°S and 0.5 

cm s-1 south of 18°S. Drifter travel times used to evaluate the water residence times 

within the GBR, indicate residence times of a few weeks for most of the lagoon.
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3.1. Introduction	

The Western Coral Sea (WCS) which encompasses the Great Barrier Reef (GBR) is 

internationally recognised for its rich biodiversity 

(http://www.environment.gov.au/coasts/coral-sea.html). In May 2009, the area of the 

WCS, under Australia's jurisdiction, was declared a “Conservation Zone”. Despite its 

recognised ecological and economic importance, the circulation patterns of the WCS 

have been poorly studied compared with the North Pacific (Itoh and Sugimoto 2008).  

The circulation of the region is defined by a great temporal variability, strong currents 

and jets in a very complex bathymetry which has rendered very difficult the 

implementation of an adequate observing system.  

Our area of study, the WCS, (Fig. 4-1) is a sub-region of the South-western Pacific 

Ocean. It has an area of approximately 0.6 million km2, extending from 142 ºE to 

160ºE and 8 to 27ºS. The WCS exhibits a complex bathymetry formed by a number of 

islands, channels and ridges. To the East of our area of interest, the New Caledonia, 

Vanuatu and the Solomon archipelagos form barriers to the flow of the South 

Equatorial Current (SEC) between 5ºS to 24ºS. North of the Queensland Plateau, a 

deep basin extends with depths varying between 3000 to 5000 m, which contrasts 

with shallow areas of the Queensland Plateau (QP) with depths shallower than 500 m 

and with the GBR. The GBR, in particular, extends for more than 2000 km, from 

Papua New Guinea to Fraser Island in southern Queensland, and comprises over 2500 

reefs and islands (Webb 2000; Brinkman et al. 2002; Luick et al. 2007; Qiu et al. 

2009).  
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Figure 3-1: Bathymetry of the WCS (etopo2). The red line represents the mid-shelf location used 

to calculate the residence time. 

 

The oceanic circulation of the WCS is dominated by wind-driven currents responding 

to the seasonal trade winds (Sturman and Tapper 1996; Ganachaud 2007). The trade 

winds are associated with high pressure zones which extend just south of the Coral 

Sea, between 30 ºS and 40ºS. During the austral summer (December to February), a 

low pressure system extends over Australia and Papua New Guinea (PNG) and 

generates the monsoonal system which pushes the high pressure system to the South, 

creating the seasonal variability in the tropical South Pacific. Winds are relatively 

weak during the Austral summer. To the north of the atmospheric Inter-tropical 

Convergence Zone (ITCZ), north-easterly winds dominate from December to March, 

over PNG and the north of the Coral Sea. In contrast, strong South-easterly winds 

dominate during the Austral winters, from June to September, and are coherent over 

the entire basin. 
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The SEC represents the main current that approaches the Coral Sea (fig. 4-2) from the 

east, and drives most of its regional circulation. As this current enters the Coral Sea, it 

encounters an arc of islands (Fiji, Vanuatu and New Caledonia) that impedes greatly 

the broad westward flow, resulting in five strong and narrow jets (Webb 2000; 

Brinkman et al. 2002; Luick et al. 2007; Qiu et al. 2009). Of these jets, two enter the 

Coral Sea, between the Solomon Islands and New Caledonia, the North Vanuatu Jet 

(NVJ) and the North Caledonia Jet (NCJ) (Sokolov and Rintoul 2000; Kessler and 

Gourdeau 2007; Gourdeau et al. 2008) before reaching the Australian shelf where 

they contribute to the formation of the northward flowing North Queensland Current 

(NQC) and the Southward flowing East Australian Current (EAC). 

Numerical models have so far provided most of our knowledge of the Coral Sea 

circulation but have been calibrated and validated against very few in situ 

measurements. In situ observations of the WCS circulation remain very sparse and 

available satellite ocean observations, which are useful for showing large-scale 

surface circulation patterns, are more limited at resolving small-scale surface 

circulation patterns. Moreover, model results have been unable to realistically 

represent either the seasonal variability of the jets or their interaction with the 

Queensland Plateau bathymetry or the bifurcation position along the Australian shelf 

(Qu and Lindstrom 2002; Ganachaud 2007; Kessler and Gourdeau 2007; Ganachaud 

et al. 2008).  

The circulation within the GBR is influenced by a range of processes including tides, 

regional winds, inflow from the neighbouring Coral Sea, and the interaction of the 

resulting circulation with the very complex topography.  Because of its contribution to 

the overall circulation, the inflow from the Coral Sea plays an important role in 

shaping and maintaining the ecosystems of the GBR. This includes the connectivity of 

reef populations as a result of the transport of water-borne larvae between meta 

populations (Wolanski et al. 1997; Armsworth and Bode 1999; James et al. 2002; 

Wolanski et al. 2004; Luick et al. 2007), the inflow of Coral Sea waters (Wolanski 

and Spagnol 2000; Wolanski and Spagnol 2000; Brinkman et al. 2002; Wolanski 

2003), and the transport of nutrients and pollutants (Alongi and McKinnon 2005; 

Devlin and Brodie 2005; Udy et al. 2005; Packett et al. 2009). The residence time of 

the GBR has only recently been estimated through the use of simple diffusion models 

for radionucleide tracers (Hancock et al. 2006) and dry season ocean salinity (Wang et 
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al. 2007), with residence times ranging from approximately 40 days for water close to 

the coast to only 18 days for the outer shelf. In contradiction of these results, 

experiments with 2-dimensional (depth-averaged) hydrodynamic models and virtual 

Lagrangian tracers has estimated residence times of approximately a year, with very 

limited flushing across the lagoon into the Coral Sea (Brinkman et al. 2002; Luick et 

al. 2007).  

The WCS represents  a major ocean pathway from the equator to the subtropics, and 

thus understanding its circulation is of great importance due to its potential influence 

on the ENSO cycle (Gu and Philander 1997; Kleeman et al. 1999; Schneider 2004). 

Furthermore, the GBR faces unprecedented consortia of threats from the rise of global 

ocean temperatures, changes in ocean pH, continued fishing pressure and the impact 

of land-use changes since European settlement (Hoegh-Guldberg 1999; Pandolfi et al. 

2003; Wolanski 2003; De'ath et al. 2009). Therefore, a better understanding of the 

water movement in and between the GBR lagoon and the adjacent Coral Sea, by the 

evaluation of its residence time, would provide valuable information for management 

of the GBR and its catchments, and shed new light on the connectivity of the region. 

In this study, satellite-tracked drifters were used to asses the surface circulation 

patterns of the WCS and the GBR. In addition the residence time of water within the 

GBR was determined.  

 

3.2. Methods		

Surface velocity drifters have been deployed around the world since the late 1970s to 

represent the surface mixed layer as part of the Global Drifter Program (GDP) of the 

NOAA Ocean Climate Observing System 

(http://www.aoml.noaa.gov/phod/dac/gdp.html). These drifters consist of a surface 

buoy attached to a drogue suspended at a depth of 15m, with the surface buoy. The 

lattest is equipped to transmit position and data by satellite back to the DAC where the 

drifter data are quality controlled and 6-hourly averaged (Hansen and Poulain 1996) 

This product is finally made publicly available over the internet. 

It is not uncommon for drifters to lose their tethered drogue, and understanding the 

behaviour of drogued and undrogued drifters has been the focus of a number of 
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studies (Brugge and Dengg 1991; Pazan 1997; Pazan and Niiler 2001; Poulain et al. 

2009).  

Surface velocity drifter observations in the tropical Pacific started in 1978 (Hansen 

and Paul 1984) with the objective of mapping the surface currents from local to 

regional scales with accuracy that is only possible with this type of instrument 

(Annalisa Griffa (Editor) 2007). In the last 4 years, the number of drifter observations 

has increased sufficiently to obtain a statistically robust representation of the WCS 

basin surface circulation. 

The surface satellite tracked drifter dataset used in this study spans the period between 

the years 1987 and 2008. During this period, a total of 235 drifters passed through or 

were deployed in the domain which extends between the latitude -8° to -27° and 142° 

to 157° of longitude E. Of these drifters, 89 had lost their drogue. However, due to the 

complexity of the reef systems and the scarcity of available wind data in the region, 

data was not corrected for wind slippage for undrogued drifters. 

Two approaches were adopted to determine the surface circulation patterns in the 

domain. Firstly, an Eulerian representation of the mean surface circulation was 

computed for the WCS. Secondly, the drifter trajectories inside the GBR were used to 

infer circulation patterns and utilised to estimate the residence time for offshore and, 

where possible, inshore regions of the lagoon. 

The mean surface velocity field was computed by using drogued drifters to minimize 

the error induced by the wind slippage (Niiler and Paduan 1995). A grid consisting of 

50 km radius circles, repeated every 50 km, was chosen to provide a reasonable 

summary of the major surface circulation features of the WCS, and the WBCs. This 

choice was guided by the study of Fratantoni (Fratantoni 2001) in the Atlantic Ocean 

and Poulain (Poulain 2001) in the Adriatic Sea.  It takes into account the maximum 

velocity observed in the domain, the density of observations and the number of 

independent observations.  

Furthermore, in order to obtain robust Eulerian statistics, a rejection criterion was 

introduced following previous work undertaken in the Atlantic Ocean (Fratantoni 

2001). Fratantoni defined an independent measurement as either being the result of 

more than one drifter per bin or if the same drifter had remained in a single bin for 

more than one Lagrangian integral timescale, taken here to be 6 days, representing the 

maximum Lagrangian timescale calculated in the Pacific (Zhurbas and Oh 2003). 



59 

 

Water residence time can be defined in numerous ways  (Monsen et al. 2002) but is 

generally accepted as the characteristic time scale for which a passive particle will 

remain inside a specified spatial domain. In this work, residence times are defined and 

calculated for the offshore and inshore regions of the GBR. The inshore (offshore) 

regions are defined as landward (seaward) of a point midway between the coast and 

the shelf edge, represented in figure1 by a red line. The Offshore/inshore residence 

time was defined as the time taken for a drifter to travel halfway across the shelf (t1/2) 

from the open sea/mid shelf to the mid shelf/ shore. Some drifters, after first entering 

the reef matrix, also travelled from inshore to offshore and thus for these sectors of 

drogue travel another transit time was similarly determined and contributed to the 

residence times calculation.  

 Level-2 (L2) Moderate Resolution Imaging Spectro-radiometer (MODIS) Aqua near-

surface chlorophyll-a (Chl-a) and Sea Surface Temperature (SST) images were 

derived for the northern and Central GBR (from 15°S to 20°S and 142°E to 150°E) on 

the 6th of July 2007 and the southern GBR (from 20°S to 25°S and 147.8°E to 

156.5°E) on the 13th of September 2005.   The L2 images were processed using the 

SeaWiFS Data Analysis System (SeaDAS) (Baith 2001) which applied spectral 

calibrations for ocean remote sensing developed by the MODIS Ocean Biology 

Processing Group (OBPG).  The algorithm used to derive Chl-a was the Garver-

Siegel-Maritorena-2001 semi-analytical bio-optical algorithm (GSM01) (Garver and 

Siegel 1997) and SST values were derived using OBPG long-wave SST algorithm 

with the long-wave 11 and 12um 

bands (http://oceancolor.gsfc.nasa.gov/DOCS/modis_sst/).  The Chla and SST images 

were utilised to indicate Coral Sea intrusions into the GBR.  Coral Sea oceanic water 

during the winter months are  characterised by low Chla of less than 0.2mg m-3 

(Messié and Radenac 2006) and higher SST (between 27°C to 24°C from North to 

South of the GBR) compared to those of the shelf waters of the GBR (between 22.5°C 

to 21°C from North to South of the GBR).  
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3.3. Results		

3.3.1.1. Eulerian representation of the mean flow 

3.3.1.2. Basics statistics 

A temporal distribution of the drogued drifter dataset is presented in figure 2 A and B. 

The observations span a period of just over 21 years (fig.2A), with the first drifter 

entering the domain in October 1987. A maximum population of 9 drifters in one day 

was observed on the 9th of May 2006. The number of drifters has been consistent for 

the domain from 2003 to 2007 with an average of 2 drifters per day. The temporal 

distribution of drifters over the year (fig.2B) is fairly homogeneous with a minimum 

of 30 drifters observed in June and a maximum of 47 in March, with a median value 

39 drifters per month. 

 
Figure 3-2: A-Temporal distribution of drogued drifters in the WCS and GBR. B-Monthly 

frequency distribution of drogued drifters in the WCS and GBR. 

 

The density of independent observations was calculated on the drogued drifter dataset 

and is represented in figure 3. The number of independent observations per grid cell 
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ranged between 0 and 65, with a median value of 10. The maximum density of 

independent observations is observed in the north-eastern corner of the domain. The 

measurements are very sparse along the Australian shelf and over the Gulf of Papua. 

 
Figure 3-3: Number of independent drifter observations in the WCS and GBR. 
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3.3.1.3. Mean flow in the WCS and GBR 

The mean surface velocity field and variance ellipses are presented in figures 4 and 5 

respectively. Pink arrows (fig.4-4) represent surface velocities greater than 15 cm s-1 

and black arrows, velocity less than 15 cm s-1. The strongest current systems of the 

region are the EAC and NQC with surface velocities greater than 50 cm s-1 and the 

NVJ, with velocities greater than 20 cm s-1.  

 
Figure 3-4: Mean velocity field of the GBR and WCS derived from drogued drifters. Data spans 

the period between October 1987 and December 2008 inclusive. Length of the arrows indicates 



63 

 

the average water velocity and the direction during these periods. Pink arrows represent velocity 

greater than 15 cm s-1. Only cells with 5 or more independent observations are represented.  

 

The NVJ and NCJ are well defined flowing toward the GBR shelf. The NVJ surface 

flow appears as a strong and large jet, over 2 degrees of latitude wide, centred on 14°S 

when it enters the eastern boundary of the domain and reaching the GBR shelf at 

about 15°S where it forms the northward flowing NQC. The NCJ is narrower, at about 

half a degree wide, and reaches the GBR shelf at about 19°S to then turn to the South 

and contribute to the formation of the EAC flow.  

To the East of the Queensland Plateau, velocities higher than 15 cm s-1 can be 

observed. This could be formed by part of the NCJ being deflected to the north by the 

presence of the Plateau, before contributing to the flow of the NVJ.  

The NQC is well defined as a strong and wide current forming at 14°S and flowing to 

the North. A large portion of the NQC/NVJ surface flow intrudes inside the GBR 

lagoon and drives a NW recirculation from 17°S. The EAC surface flow is visible 

along the shelf edge from 19°S. It then strengthens and narrows as it flows to the 

south and moves over the continental shelf from about 22 °S to reach a maximum of 

86 cm s-1 at 26°S.  

A zone of weak velocity is visible between the Queensland Plateau and the GBR 

shelf. This zone coincides with the known bifurcation position of the SEC along the 

Australian continental shelf (Church 1987; Brinkman et al. 2002). Residual mean 

surface velocities observed in this region the GBR shelf are orientated to the North 

West, with speed ranging between 5 to 15 cm s-1.  

Inside the GBR, in locations where the number of observations was sufficient to 

resolve the mean surface circulation, the mean surface velocities are generally 

directed to the NW with velocity greater than 20 cm s-1 north of 16 °S. 

The velocity variance map shown in figure 4-5 includes the variability due to small 

scale eddies, wind-driven currents and the seasonal variability. The variance is 

generally large over the WCS region but especially in areas of strong shelf currents 

and in areas of high eddy variability. The velocity ellipses are typically oriented in the 

direction of the mean current because most of the variance can be explain by a change 

in amplitude and direction. Near the GBR shelf, elongated ellipses can be observed 

oriented parallel to the isobath lines. Very large variance is visible in the South East 

of our domain where eddy variability dominates. 
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Figure 3-5: Sub-tidal velocity variance ellipses. The ellipses are centred in the centre of the grid 

cell. 

 

3.3.2. Description	of	the	drifter	trajectories	in	the	GBR	

Of the 235 drifters that were used for this study, 75 drifters entered the lagoon, with 

55 originally deployed in the Equatorial Pacific region from where they were 

entrained by the SEC (fig. 4-6c). Eight drifters were deployed in the Coral Sea 
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between the Solomon Islands and New Caledonia (fig. 4-6a), 11 were deployed in 

various locations around southern Australia and one in the Atlantic Ocean (fig. 4-6b); 

72 drifters entered the GBR along its eastern boundary with 3 entering through the 

mouth of the Capricorn Channel. 

  

 
Figure 3-6: Tracks of the drifters deployed around the world that reached the GBR. Drifter 

tracks of all drifters that eventually entered the Great Barrier Reef. Drifters originally deployed 

in (A) the South Equatorial Current (SEC) bifurcation region, (B) in the south of Australia and 

the Atlantic and (C) in the Pacific equatorial region. Red triangles represent the point of entrance 

in the GBR. 
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The net drifter direction in the lagoon was generally northward with 63 drifters (83%) 

travelling to the north, at an average speed of 22 cm s-1 north of 18°S, and 5 cm s-1 

south of 18°S. A large fraction of the drifters travelled consistently in a NW direction 

with relatively straight trajectories (fig. 4-7). Median long-shore velocity averaged 

over the life of the drifters in the lagoon was 14 cm s-1 and 13 cm s-1 for the 

undrogued and drogued drifters respectively. The total excursions were often very 

large with an average of 320 km and 240 km for the undrogued and drogued drifters 

respectively. The high velocity shown by some of the drifters is exemplified by the 

drogued drifter #36950 (fig. 8) which entered the GBR matrix at 20.26°S and 

proceeded northward in the lagoon, covering 1080 km in 37.25 days at an average 

speed of 27 cm s-1 . Drifter 53374 (fig. 8) entered the lagoon at 15.65oS and travelled 

northward, exited at 14.2oS and re-entered at 13.2oS before continuing northward at 

ca. 50 cm s-1. 
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Figure 3-7: Drifter tracks in the GBR, entering north (left panel) and south (right panel) of 18°S. The dashed and solid lines represent undrogued and 

drogued drifters respectively. Green diamonds and red triangles represent points of entry to GBR and the end point respectively (lost transmission, ran 

aground, or exit GBR). 
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Figure 3-8: Trajectories and middle-shelf positions of some selected drifters entering the GBR matrix, North of 18° S (left panel) and South of 18° S (right 

panel). Green diamonds represent the entering point of the drifters in the GBR, red triangles are end points (grounded), and black crosses are points of the 

second entrance inside the GBR. The green circles represent the positions where the drifters are crossing the middle shelf of the GBR. Drifter ID numbers 

are written in black and the cumulative time since first entering the GBR in blue. 
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The trajectories of all drifters that approached close (within ca. 150 km) to the GBR, 

but did not enter, are shown in Figure 4-9. Only 21 drifters came close to the GBR 

without entering the reef matrix. Of these 21 drifters, 10 drogued drifters ran aground 

in the vicinity of the GBR; 8 drifters were entrained south by the EAC; five reached 

the GBR shelf at around 15°S and 3 drifters reached south of 19°S. Three drifters 

were entrained in the NQC flow, from 15°S, and 5 were entrained southward in the 

EAC flow, 2 between 13°S and 16°S, 2 drifters at about 19°S and one at 22°S. It is 

clear from the above results that a very large percentage of drifters that approached 

the GBR entered it. One possible criticism of the data, from within the GBR lagoon, is 

that a systematic error could be introduced. It could be assumed that drifters may only 

rarely enter the lagoon, or only under special and non representative circumstances. 

The fact that the great majority of drifters, over 75%, that approached the GBR 

entered the lagoon indicates that such potential systematic errors due to non-random 

sampling are limited. 

 

 
Figure 3-9: Trajectories of all the drifters in the vicinity of the GBR which to within 150km of the 

GBR but didn’t enter the reef matrix. Tracks of the undrogued drifters are represented on the 

left hand side panel and drogued drifter tracks are shown on the right hand side panel. The red 
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triangles represent the last recorded position of the drifters which have run aground or lost 

transmission while in the domain. 

Low chlorophyll-a concentration (less than 0.2 mg m-3) and warm waters (greater 

than 23.5) are representative of Coral Sea waters during the winter months (Messié 

and Radenac 2006). Intrusions of Coral Sea waters can be traced inside the reef matrix 

(fig. 10).  Sea Surface Temperature (fig. 10 A and C) and chlorophyll-a concentration 

(fig. 10 B and D) images, of the northern and central GBR (fig. 10 A and B) on the 

6th of July 2007 and of the Southern GBR (fig. 10 C and D) on the 13th of September 

2005 show numerous intrusions of oceanic water inside the reef matrix. Inside the 

northern and central GBR lagoon, these intrusions extend from 15.5°S to 20°S and an 

intrusion at 16°S reaches almost to the coast (fig. 10a). In the Southern GBR, 

evidence of oceanic waters intruding into the lagoon can be seen on the Chl-a images 

but associated with colder waters. These have been attributed to upwelling events 

taking place along the Capricorn Bunker shelf and in the mouth of the Capricorn 

Channel (Kleypas and Burrage 1994; Burrage et al. 1996).  Even in the areas where 

the reef matrix is very dense, such as the Swains reefs , an inflow from the adjacent 

Coral Sea can be traced, contradicting earlier modelling results (Brinkman et al. 2002) 

which found that over 50% of the inflow from the Coral Sea would happen in the less 

dense parts of the Reef. These results support the results from the drifter trajectories 

of a very open system to the adjacent Coral Sea.  
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Figure 3-10: MODIS Sea Surface temperature (°C) and chlorophyll-a concentration (in mg m-3) images of the northern and central GBR (A and B) and the 

southern GBR (C and D) showing inflow from of Oceanic water in the Coral Sea respectively. SW and CB stand for Swains Reef and Capricorn Bunker Group in 

panels C and D.  
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3.3.3. Residence	time	

Residence times derived from cross-shelf transit durations were short (Table 4-1), 

with average times in the order of 1 to 2 weeks for both inshore and offshore regions 

of the GBR. Standard deviations were large, due to the skewed nature of the 

distribution resulting from a small number of drifters that remained for long periods in 

the lagoon. For example, one of the undrogued drifters took 132 days to transit the 

outer half of the shelf. Average residence times for the broader southern shelf were 29 

days and 10 days for the offshore and inshore halves of the shelf respectively. These 

values are considerably higher than the transit times for the narrower northern shelf, 

which were 6 and 5 days for offshore and inshore shelf regions respectively. 

Approximately 84% and 63% of the drifters were used to calculate offshore and 

inshore residence times respectively (Table 4-2). 

 

 

Drogued drifters 

  

Undrogued drifters 

  

 

Moving 

between 

Coral sea 

and Mid 

GBR 

Moving 

between 

coast and 

mid GBR 

 

Moving 

between 

Coral sea 

and Mid 

GBR 

Moving 

between 

coast and 

mid GBR 

 

Mean (days) 7 4 15 8 

Standard 

deviation (days) 7.5 2.9 27.4 12 

Minimum 

(days) 1.5 0.75 1.25 0.5 

Maximum 

(days) 31 10.75 131.75 57.75 

Table 3-1: t1/2 statistics of the drifters relative to the location in the GBR. The table presents the 

mean times for the drifters to travel half way across the inner and outer shelf together with 

standard deviations and minimum and maximum times depending on their drogue status. 
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Number 

of drifters 

Moving 

from 

Coral 

sea to 

Mid 

GBR 

Moving 

from 

mid 

GBR to 

Coast 

Moving 

from 

coast to 

mid 

GBR 

Moving 

from 

mid 

GBR to 

Coral 

Sea 

  

 

 

 

 

 

 

 

 

drogued 29 22   3 

undrogued 34 25 4 3 

total 63 47 4 6 

% of 

drifters 84 63 5 8 

Table 3-2: Number of drifters utilised to calculate the residence time in the outer half and inner 

half of the Great Barrier Reef. 

 

3.4. Discussion	

The drifter data considerably improves our present understanding of the surface 

currents in the Western Coral Sea and the GBR and provides a new perspective on the 

residence times of the GBR lagoon. The Coral Sea jets have a well defined surface 

signature and their contribution to the formation of the WBCs is clearly depicted in 

the mean surface flow map. The presence of the QP appears to influence greatly the 

NCJ flow by deflecting part of it to the North at 152°E which then joins the NVJ. It 

also impacts the circulation along the GBR by creating a transition zone, defined by 

weak and highly variable currents, which extends from 15°S to 18°S.  Inside the 

GBR, the mean flow is directed to the Northwest, defined by strong and consistent 

flow to the north of 18°S and weaker and more variable flow to the South of it.  

The residence times are very short in the GBR compared to previous model estimates 

(Luick et al. 2007) but very similar to results of studies using salinity and radio 

nuclides (Hancock et al. 2006; Wang et al. 2007) which found residence times as low 

as 30 days in the Northern part of the GBR. 

The mean surface circulation map of the WCS shows two well defined jets, reaching 

the shelf, with both jets contributing to the formation of the WBCs.   

ot 2/1
it 2/1

it 2/1
ot 2/1
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The northward directed NQC is well formed and there is a rapid northward current 

inside the lagoon to the north of 18°S. The southerly directed EAC is only an 

important influence outside the southern third of the GBR.  

The drifter results also provide the evidence of two bifurcations along the GBR shelf, 

one located at 15°S and the other one at 19°S which may vary in intensity with the 

seasons depending on the strength of the jets and the trade wind regime. These two 

bifurcation locations coincide with the position where the NVJ and the NCJ reach the 

shelf. Resultant circulation is very weak, highly variable and most likely seasonally 

influenced between these two positions and in need of further examination.  

There is very little exchange between the northern part (north of 18°S) and southern 

part of the GBR, with only one drifter travelling from north to south of this limit and 

four from south to North, of which 2 were undrogued.  

Drifters crossed the shelf at time scales of a couple of weeks for both inshore and 

offshore regions, but these times should be regarded as lower estimates of true 

residence times because they only give information about the top 10-20m of the water 

column which is up to 60 m deep close to the shelf break. The net onshore trajectory 

of the drifters in the northern GBR indicate that in order to conserve mass, there must 

be an offshore water movement, presumably at depth. This movement may be below 

the depth of the drogued drifters and therefore not captured in drifter data. In addition, 

the drifters were not randomly deployed in the GBR, either in time or space, and thus 

there must remain a question of how representative they are of average conditions. 

Despite the above caveats, it is evident that some sections of the GBR exchange very 

large volumes of water with the Pacific Ocean at time scale of a few weeks. It is 

useful to compare the volumes of water entering the lagoon from the Pacific Ocean 

with the volume entering from rivers. Between 17oS and 20oS, each year an average 

of 26 km3 of water is discharged into the lagoon (Furnas and Mitchell 1996) by rivers. 

This region includes much of the wet tropics zone plus the largest river on the 

Queensland coast, the Burdekin. Water volume for the deep shelf (deeper than 20 m) 

in this region is 2300 km3. If this volume is exchanged with the Pacific Ocean every 

100 days, an extreme upper estimate based upon the drifter data, the exchange is 23 

km3 / day, i.e. a daily exchange similar to the river discharge in one year. The record 

peak discharge from the Burdekin River is 3 km3 / day, which is approximately 10% 

of the average daily exchange with the Pacific Ocean. A similar calculation for the 
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Southern GBR, between 23°S and 20°S, indicates that in just 8 hours, there is an 

exchange of water with the Pacific Ocean equal to the entire yearly river discharge for 

the region. It should again be noted that these calculations are based on an exchange 

time of 100 days, even though this work and other studies  (Hancock et al. 2006; 

Wang et al. 2007) indicate possibly much shorter exchange times. 

The excursions of the drifters in the lagoon provide, for the first time, an excellent 

observational data on the degree of connectivity of different parts of the reef. Drifters 

demonstrate that water in the Southern GBR can be transported to the central GBR 

within a month and from the outer GBR to the coast in a few days. This has 

significant implications for the dispersal of coral larvae, crown-of-thorns starfish 

(COTS) and juvenile fish (Black 1993; Jones et al. 2005). Larvae will generally settle 

within a few days to a month following fertilization. This study shows that under most 

conditions, passive waterborne larvae can move hundreds of kilometres along the 

shelf on time scales from a week to months.  

This conclusion is supported by evidence from a recent genetic study (van Oppen et 

al. 2008) in the GBR which has focused on larval dispersal and population 

connectivity of S. hystrix, a brooding coral.  This coral is extremely sensitive to light 

and heat stress but has shown a strong potential for recovery after major disturbances. 

Results of this genetic study show evidence of recent migration at large spatial scales 

(10s to 100s of km) supporting the drifter observations of a rapid northward flow in 

the Northern part of the GBR. These findings are in contrast to the results of some 

hydrodynamic models (Black 1993; James et al. 2002; Luick et al. 2007; Lambrechts 

et al. 2008) which indicate more moderate water exchange and NW flow.  
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Summary of symbols and definitions 

 

ot 2/1  Time for drifter to travel between the Coral Sea/GBR boundary to the GBR 

cross-shelf midpoint, with no direction specified. Offshore residence time is defined 

as the drifter average of this parameter. 

it 2/1  Time for drifter to travel between coast and GBR cross-shelf midpoint, with 

no direction specified. Inshore residence time is defined as the drifter average of this 

parameter. 

2/1t  Time to travel half the cross shelf distance, with no direction or section 

specified. 
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Chapter 4. The	eddy	of	the	southern	Great	Barrier	Reef
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The Capricorn Bunker group forms the most southern part of the Great Barrier Reef, and 

has one of the most complex topography of the Australian continental shelf. The aim of 

this chapter is to evaluate the mean and seasonal flow in the region using in situ, satellite 

and model data and to study the formation of the Capricorn Bunker eddy. The circulation 

along the Capricorn Bunker shelf is highly variable, with a NW ward mean flow. 

Seasonally, the north westward flow increases to reach a maximum of 10 cm s-1during 

the summer months and a minimum of ~0 cm s-1during the winter months. Our results 

also suggest the formation of a cyclonic eddy, over the Marion Plateau, periodically 

every 20-40 days, modulated by a 70-140 days periodicity. This eddy may drive the 

observed northwest ward flow along the shelf and allowing intrusion of oceanic water 

over the shelf at the surface. This has very important implications for the ecosystem 

health as it provides inflow of cooler and rich in nutrient to the shelf, especially during 

the summer months. The processes controlling the eddy formation remain unclear but 

appeared to be controlled by the presence of an anti cyclonic anomaly at 25S. This 

anomaly appears to affect the flow of the EAC forcing it to bifurcate along the Capricorn 

Bunker shelf. Moreover Positive gradient of temperature, below the thermocline, can be 

observed during north-westward flow events along the slope. This warming up is a good 

indicator of the EAC recirculation in the domain, and was also supported by the satellite 

imagery.
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4.1. Introduction	

The Southern Great Barrier Reef (SGBR, Figure 1) has one of the most complex 

topographies of the Australian continental shelf. Part of this complexity is explained by 

the narrowing of the continental shelf which varies from ~200km to ~70 km at 22.5˚S, 

leaving a gap called the Capricorn Channel. On either side of the Channel lay two 

geomorphically distinct reef systems which extend over the continental shelf: the dense 

Swains Reef group which constitutes the most south-eastern part of the GBR and the 

Capricorn Bunker Group, a sparse reef system occupying the shelf edge.  

 

 
Figure 4-1: Map showing the bathymetry of the southern Great Barrier Reef (source Etopo 2). Red 

diamonds represent the positions of the mooring deployed in the region and the green triangle for the 

T7 tide gauge. CB stands for Capricorn Bunker group.  
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The circulation in the region is driven by tides, the pole-ward flowing East Australian 

Current (EAC) and the trade winds within this complex topography. The first study of the 

regional circulation was conducted in the 1970s  using surface drifters and first revealed 

the complexity of the circulation patterns in the region (Woodhead 1970). Additionally, 

this study also reported a north-westward current inside the Capricorn Channel, on either 

side of the channel, which may be driven by the presence of an eddy to the south of the 

Swains.  

Following the work of Woodhead (1970), the circulation in the domain was examined 

using hydrodynamic modelling (Middleton et al. 1984; Bode et al. 1997; Luick et al. 

2007), current meters (Griffin et al. 1987; Middleton et al. 1994) and satellite imagery 

(Kleypas and Burrage 1994; Burrage et al. 1996; Weeks et al. 2010) in an attempt to 

resolve the tidal regime, longer period circulation and to observe mesoscale processes.  

The tides of the region are mainly semi diurnal in the north of the domain, but change 

south of Lady Elliot Island to equally semi-diurnal and diurnal (Middleton 1984). The 

tidal amplitude, in the region, has been observed to increase towards the mouth of the 

Capricorn Channel, with a maximum range in the Broad Sound area of approximately 

10m.  

The wind regime of the southern Great Barrier has been previously described (Wolanski 

1994) with south easterly trade winds prevailing throughout most of the year, 

characterised by a stronger and coherent flow over the domain during the winter months, 

with a weaker and more variable regime during the summer, modulated by tropical lows 

and cyclones. 

The low frequency component of the circulation in the domain is highly variable with a 

mean flow directed to the northwest (Griffin 1987). Part of the variability has been 

attributed to the recirculation of the EAC in the lee of the Swains Reefs induced by the 

complex topography. Griffin also suggested the presence of a large clockwise eddy as a 

possible mechanism explaining the north westward circulation. Furthermore, the presence 

of Coastal Trapped Waves (CTWs) has been identified by Griffin (1986), at a periodicity 

of 6-10 days, travelling northward inside the Capricorn Channel. CTWs are important to 
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the ecosystem of the reef as they can trigger upwelling of cold, nutrient rich water onto 

the shelf by uplifting the thermocline.  

A hydrographical study was undertaken by Middleton (1994) during a winter in the 

southern GBR. The results indicated that the tidal currents are the process primarily 

responsible for allowing the exchange of nutrients in the upper water column, from the 

slope to the shelf region (Middleton 1994). This exchange of nutrients is enhanced by the 

strong pole-ward flow of the EAC, which is due to the longshore geostrophic balance, 

allowing deep, cold and nutrient rich water to rise to the continental slope.  

Following these in situ and modeling studies, Sea Surface Temperature (SST) from 

satellite imagery was used to observe mesoscale circulation features within the complex 

topography. The first study, by Kleypas (1994), gathered 21 NOAA 9 AVHRR satellite 

images over a two year period. Most of the observations obtained from the imagery 

supported the previous findings from in situ measurements and confirmed the presence of 

a cyclonic eddy over the Marion Plateau under certain conditions of EAC flow. 

Therefore, the EAC could be seen as either flowing strongly southward or meandering 

along the shelf break. When the latter occurred the EAC flow impinges near Fraser Island 

causing it to bifurcate. Part of this flow contributes to the formation of a cyclonic eddy 

and the remainder flows to the south. Observations were made of cool waters over the 

shelf between Cape Clinton and Fraser Island and were interpreted as being the result of a 

quasi-permanent upwelling (Kleypas 1994).  

Burrage (1996) analysed approximatively 100 SST satellite images collected over a 4-

year period to identify mesoscale features.  These images supported the results obtained 

by Kleypas (1994), showing evidence of frontal intrusions and shear waves in the 

southern GBR. Furthermore, Burrage (1996) also identified evidence of EAC pulses, 

which appear to be important in the generation of clockwise eddies.   

More recently, a study conducted by Weeks (2010) using in situ measurements of 

temperature and satellite imagery has focused on explaining the formation of this eddy 

and has developed a theory to explain the processes controlling the upwelling of cooler 

and nutrient rich waters to the shelf in the presence of a cyclonic eddy over the Marion 

Plateau.  
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The EAC is a highly energetic and a complex western boundary current, primarily 

formed by the North and South Caledonian Jets (NCJ and  SCJ) intercepting the shelf at 

about 18°S and ~25°S (Gourdeau et al. 2008). The EAC mean flow is relatively weak 

(Ridgway and Dunn 2003) but highly variable, dominated by mesoscale eddies (Mata et 

al. 2006). The EAC flow varies seasonally, with a minimum southward flow of 27 Sv in 

winter and a maximum of 36 Sv in summer (Ridgway and Godfrey 1994). Moreover, the 

EAC separation location also migrates along the coast. This migration has been related to 

an eddy shedding process of the EAC with a periodicity of ~ 90 days. Following an eddy 

shedding event, the separation point was observed to move to the north (Mata 2006). A 

similar periodicity of 90 days has also been observed in the domain of interest for this 

study (Griffin et al. 1987), however due to the shortness of the velocity records, this 

could not be adequately resolved.  

In this paper, data from a long term mooring array deployed along the Capricorn Bunker 

shelf and slope is used to quantify the north westward circulation in the Capricorn 

Channel.  These results, combined with satellite imagery and outputs from a global ocean 

model, are used to: 

 Evaluate the seasonal variability of the circulation in the study domain and 

determine the role of the wind in affecting these patterns 

 Assess the band containing significant energy in the velocity, temperature and sea 

level records by using density power spectrum and a wavelet spectrum analyses 

 Relate the relevant high energy bands identified in the above analyses to EAC 

recirculation over the Marion plateau using the BRAN2.1 output and satellite 

imagery 
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4.2. Data	and	methods	

The study site extends from the mouth of the Capricorn Channel at 22°S to Lady 

Musgrave Island at 24°S. To the east of the Capricorn Channel, the Swain Reefs consist 

of a dense assemblage of relatively small reefs, and form the outer portion of the widest 

section of the continental shelf (200 km), acting as an offshore barrier to the EAC. 

Southwest of the Swains, where the continental shelf narrows to 70 km, lay the Capricorn 

and Bunker groups of reefs. These reefs are relatively sparse and many are spread along 

the shelf edge. All of the Capricorn/Bunker reefs are offshore reefs.  

The dominant feature of the region’s complex topography is the sudden narrowing of the 

continental shelf, immediately to the south of the Swains. This creates a gap through 

which flows the lagoonal water of the GBR, the low frequency component of which 

constitutes the inner stream of the EAC on the continental shelf. The mouth of the 

Capricorn Channel forms a gentle slope joining the Marion Plateau at 200 m, at which 

point a steeper slope can be observed where the continental shelf narrows to 70 km. The 

shelf at this point is about 50m deep and sloping down towards the Marion Plateau, 

steepening all the way to the tip of Fraser Island (Figure 1). 

 

4.2.1. Description	of	the	mooring	array	

Velocity and temperature records from 2 moorings are used in this study; the array was 

designed to observe the regional circulation of the Capricorn Bunker group. This array is 

composed of two long term moorings; M1 and M3 which were deployed for a total of 25 

months, from August 2004 to September 2006 (see Figure 1 for mooring locations). 

Data from these moorings have been collected since August 2004 and the array is still 

maintained by the Australian Institute of Marine Science (AIMS) as part of the Great 

Barrier Reef Marine Observing System component of the Integrated Marine Observing 

System. The data used for this study, were gathered during four cruises, which were 

conducted by AIMS on the R/V Lady Basten, in August 2004, March 2005, December 

2005, and April 2006 during which the moorings were serviced and re-deployed. 
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Instruments were deployed for continuous periods ranging from three to nine months, for 

a total duration of 25 months.  

Mooring M1 was deployed east of One Tree Island (Figure 1), on the slope in ~110m of 

water. M1 was equipped with a bottom mounted Broadband 300 kHz RDI ADCP, 

sampling 10 minutes every half an hour, recording temperature and velocity in three 

directions. Between two and five SBE39 temperature recorders were attached to the 

mooring line forming a thermistor chain, recording temperature at 10, 20, 30, 40 and 

50/55 m every 5 minutes (Figure 2). 

 

 
Figure 4-2: Period and depth of the temperature recorders deployed along the M1 (line) and M3 

(dashed line) moorings during the three first deployments. The diagram also indicates the 

temperature data return. The red lines indicate the start/end of the various deployments.  

Temperature could not be acquired for the fourth deployment and only temperature recorded from 

the ADCPs are available. 
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Mooring M3 was positioned on the continental shelf, west of One Tree Island and south 

of Heron Island (Figure 1). M3 was equipped with a Broadband 600 kHz RDI ADCP and 

deployed in 40m of water. Between two to four SBE39 temperature loggers were 

deployed along the mooring line, at 5m, 10m, 20m and 35m of water recording every 5 

minutes (Figure 2).  

4.2.2. Meteorological	data	

Measurements of wind velocity and direction were obtained from a land-based automatic 

weather station operated by the Bureau of Meteorology, the Heron Island Weather 

Station. This station recorded 10-minute averaged logged hourly data of wind speed and 

direction at 10 m height; atmospheric pressure and air temperature were recorded hourly.  

 

4.2.3. Sea	surface	elevation	

To record variation in sea surface elevation, a Branker tide gauge was deployed at a depth 

of 10.5m in the Wistari Channel between Heron Island and Wistari Reef, from August 

2004 until March 2006.  

 

4.2.4. Satellite	data	

The satellite data were derived from the Moderate Resolution Imaging Spectro-

radiometer (MODIS; modis.gsfc.nasa.gov). Standard SST (Brown 1999) and 

Chlorophyll-a concentration (O’Reilly JE 2000) algorithms were used. MODIS Aqua and 

Terra satellite imagery was collected for the period between August 2004 and September 

2006, and processed by Dr Weeks of the University of Queensland. Both night and day 

SST and Chlorophyll concentration images were used to identify the EAC waters in the 

domain.  EAC waters can be identified by low nutrient concentrations and warmer water.  

A total of 53 satellite SST (day/night average) and 45 Chlorophyll images were examined 

to evaluate the variability in the flow of the EAC within the domain. Other relevant 

regional processes, such as EAC intrusions over the shelf and/or inside the Capricorn 

Channel and upwelling events along the shelf, were also recorded.  
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4.2.5. Bluelink	

To investigate the role played by the East Australian Current in the region, velocities, sea 

surface elevation and temperature fields were obtained from the Global Ocean Model, 

Bluelink. This model is based on the Ocean Forecasting Australian Model (OFAM), 

which has been previously been described (Oke et al. 2005; Oke et al. 2008). BRAN2.1 is 

a multi-year reanalysis of regional circulation which has been calibrated to a number of 

climatologic datasets and assimilates data from a range of satellite and in situ 

measurements. Velocities, down to 200m, corresponding to the first 20 levels, sea surface 

and temperature fields were extracted for a domain extending between 145°E and 157°E 

and 17°S to 32°S for the period between 20th August 2004 to 20th September 2006. 

The EAC transport was estimated, using the BRAN2.1 output, along a cross-shelf 

transect at 30° S extending between 152°E -155°E encompassing the core flow of the 

EAC. A cross-shelf transect of sea surface elevation extending along 25°S between 

153°E and 153.5°E was also used to estimate the EAC position relative to the Capricorn 

Bunker shelf. 

 

4.2.6. Method	

This study is the first time that in situ measurements (velocity, temperature and sea 

surface elevation records) are used in combination with satellite imagery and model 

results to describe the low frequency circulation of the southern Great Barrier Reef. From 

a time series of two years, velocities recorded on the shelf and on the shelf slope are used 

to resolve the periodicity of the circulation. Longer periodicity such as the 90 day 

periodicity observed by Griffin (1986) is also analysed to investigate the influence of the 

EAC on the domain. Model results and satellite imagery are examined to relate the 

mesoscale processes to sub-mesoscale processes driving the north westward circulation 

and upwelling along the Capricorn Bunker shelf.  

 



88 

 

4.2.6.1. Tidal analysis 

A tidal analysis was performed  using the Matlab T_tide toolbox (Rich et al. 2002). 

4.2.6.2. Ekman wind derived circulation 

Ekman theory was used to evaluate the wind driven circulation. Daily averaged and low 

passed wind velocity from Heron Island Weather Station (HIWS) was used to evaluate 

the wind driven circulation in the region, following Ralph and Niiler (2000).  

 

4.2.6.3. Low passed and band passed filters 

The velocities from both sites were then low passed using the Pl33 filter (Flagg et al. 

1976) with a cut-off period of 33 hours, to remove both the tidal and inertial signal. A 

Lancoz filter was also used to band pass the time series (Cappellini et al. 1978). 

 

4.2.6.4. Principal component analysis 

A principal component analysis (Emery and Thomson 2001) was applied to the low 

passed filtered velocities at all mooring sites, in order to determine the principal axes of 

the variance. The directions were chosen after considering the positions of the moorings, 

local isobath directions, and the principal axes of the velocity records. The coordinate 

systems of the velocity were rotated so that the V-component (y-axis) is directed along 

the general trend of the isobaths. 

 

4.2.6.5. Wavelet analysis 

In order to investigate individual frequency events present in the time series, a wavelet 

analysis was performed on the temperature, sea level and velocity records. The advantage 

of the wavelet transform is that it resolves the time series into time frequency space, 

thereby allowing the determination of localised intermittent periodicities (Grinsted et al. 

2004). Continuous Wavelet Transform (CWT) was applied to our dataset following the 

methodology of Torrence and Compo (1998) by adapting, for our applications, the 
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Matlab toolbox provided by Grinsted, Moore and Jevrejeva 

(http://www.pol.ac.uk/home/research/waveletcoherence). 

 The CTW was applied to the 2 year long records of depth averaged velocity in the 

alongshore and cross-shelf components at M1 and M3, to the one year record of the sea 

surface elevation from the T7 tide gauge. 

 

4.3. Results	

4.3.1. Evaluation	of	the	long	term	circulation	in	the	Capricorn	

Bunker	group	from	velocity	records	deployed	on	the	shelf	and	

shelf	slope	

The velocities recorded at sites M1 and M3 were low-passed filtered to remove both the 

tidal and inertial signals using the LP33 filter. In the study region, the continental shelf 

break and shore are parallel to each other and oriented at about 320°. Results from the 

PCA analysis (Figure 3) show that the main velocity component at site M1 is aligned 

with the continental shelf break, at 321°, whereas the main velocity component at M3 is 

oriented at 31°.which makes it almost perpendicular to the shore. This result, at site M3, 

suggests a significant influence of the local topography on the circulation. In order to 

obtain the alongshore and cross-shore velocities, the velocity components were rotated to 

320° at both sites and for the remaining of the paper will be referred to as cross-shore and 

alongshore velocities. 
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Figure 4-3: Principal component analysis applied to the extracted low passed velocity depth averaged 

velocities at mooring M1 (a) and 40m at mooring M3 (b). The blue line represents the mean velocity. 

 

The two moorings, M1 and M3, are only ~15 nm apart but reveal a very different low 

frequency circulation regime (Figure 4). The circulation on the shelf slope at site M1 is 

highly variable with strong north westward flow events, greater than 30cm s-1, followed 

by weaker south eastward reversals, at less than 20cm s-1. The flow over the shelf at M3 

is weaker than that on the slope, (note the change of scale in Figure 4). The mean flow 

observed at mooring M1 and M3 are oriented to ~313° and ~36° with a mean flow of 

~6cm s-1and 1.5cm s-1respectively. 
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Figure 4-4: Low passed filtered velocity time series in the cross-shelf direction (panels a and c) and in 

the alongshore direction (panels b and d) at moorings M1 and M3 respectively. The y axis represent 

the depth (down to 100m depth at M1 and 35m at M3) and x axis represents the time in months. 
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4.3.2. North	westward	flow	events	and	wind	regime	at	site	M1	

Daily and depth averaged velocity at site M1 are presented, in Figure 5. High velocity 

events, greater than 30 cm s-1, correspond to a north-westerly flow in ~95% of the cases 

(Figure 5). Two periods of almost uninterrupted north westward flow were observed 

coinciding with the austral summer (summer months are represented in grey in Figure 5). 

The first period extends from early January 2005 to the end of March 2005 and the 

second takes place between November 2005 and the end of March 2006.  

 

 
Figure 4-5: Stick plot representing the daily and depth averaged velocities at mooring M1. The grey 

areas correspond to the austral summer, extending between November to April, and corresponding 

to the SE trade winds weaker period.  

 

Ekman theory was applied to the wind data from HIWS in order to evaluate the wind 

driven circulation at the study site. The depth (down to 100m) and daily averaged Ekman 

circulation is presented in Figure 6, and compared to the depth and daily averaged 

velocity observed at site M1 and M3. The results show that the local wind does not 

significantly contribute to the strong velocity observed along the shelf break with a 

correlation coefficient of ~ 0.15 between velocity observed at M1 and the wind derived 

velocity (site M1 in blue in Figure 6). Over the shelf (site M3), the influence of the 

Ekman velocity is slightly more important with a correlation coefficient of about 0.4. 

Ekman and M3 velocities are of the same order of magnitude, moreover, peaks of high 

wind velocity appeared to be related to high velocity observed at M3  
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Figure 4-6: Evaluation of the daily and depth averaged speed observed at M1 (sky blue), M3 (dark 

blue) and from Ekman’s theory (red). 

 

4.3.3. Seasonal	variability	in	the	velocity	record	at	site	M1	

Daily and depth averaged velocity, in the east and north directions, at mooring M1 ranged 

between -31 cm s-1 and 45 cm s-1 with an average of 5 cm s-1 and a standard deviation of 

14 cm s-1 (Figure 7). Seasonal variation of the velocity, obtained by low passing the along 

shore velocity using a cut-off period of 180 days, reaches a maximum of ~ 10 cm s-1 

during January / February and a minimum in September / October of just above 0 cm s-1. 

A strengthening of the northwest ward circulation can be observed during the summer 

months. 
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Figure 4-7: Daily and depth averaged velocity at mooring M1 is represented by the sticks in black. 

The red sticks corresponds to the low passed filtered data, with a cut-off period at 180 days velocity, 

showing the seasonal variability. 

 

4.3.4. Wavelet	power	spectrum	analysis	

In order to investigate individual frequency events present throughout the whole rime 

series, a wavelet analysis was performed on the velocity record at M1. Four periodicity 

bands were identified, representative of significant energy observed in the signal (Figure 

8). The choice of the energy bands was also guided by a study from Mata (2006) and 

modified for our study domain. 

 

 
Figure 4-8: Wavelet power spectrum of the depth averaged speed observed at mooring M1is 

presented in the left hand panel and the global wavelet spectrum in the right hand side panel. Grey 

areas represent the periodicity bands showing significant energy, the horizontal dashed black line 

marks the limits of these bands. The numbers in red, on the right hand side, refer to the band names. 

In the global wavelet spectrum, energy peaks above the dotted blue line have significant energy. The 

thick contour, in the wavelet power spectrum, designates the 5% significance level against red noise 

and the cone of influence (COI) where edge effects might distort the picture is shown as a lighter 

shade. 

 

Band 1 corresponds to the tidal and inertial frequency energy and includes periods shorter 

than 2 days. Band 2 includes the CTW and weather energy with periods of 8 - 16 days. 

The third band extends between 20 - 40 days corresponding to mesoscale and other 

continental waves, while the last band ranges from 70 to 140 days and corresponds to the 

mesoscale band (Figure 8). The tidal and CTW bands have been well studied for this 

region (Middleton et al. 1984; Griffin and Middleton 1986; Bode et al. 1997; Maiwa et al. 
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2010). The third band, with the 20-40 day periodicity was the most energetic band 

recorded and has not yet been described for the domain (Figure 8).  The second highest 

energy band corresponds to band 4, the eddy and mesoscale band whilst the third most 

energetic band is the CTW band followed by the tidal and inertial frequency band. The 

70-140 day band has been mentioned by Griffin (1986) and believed to be driven by the 

EAC recirculation, however due to the shortness of the record this could not be fully 

resolved.  

To further investigate the temporal and spatial distribution of energy, the wavelet power 

spectrum analysis was also performed on the 4 hourly averaged sea level records and the 

4 hourly and depth averaged, alongshore (Figure 9) and cross shelf (Figure 10) velocity 

components from the moorings M1 and M3. At a first glance, there appears to be a large 

difference in the energy distribution between the shelf, site M3 (Figure 9 b and Figure 10 

b), and the shelf slope, site M1 (Figure 9 a and Figure 10 a).  

On the shelf slope, at mooring M1, the most energetic band corresponds to band 3 in both 

the alongshore and cross-shelf wavelet spectrums (Figure 9 a and Figure 10 a). In the 

alongshore wavelet spectrum, the energy in the 20 – 40 day band is defined by high and 

significant energy bursts that can be observed in September, November 2004, then April, 

July-August, November 2005 and February, May and August 2006. Interestingly, these 

energy bursts in band 3 appeared to be modulated by a 3-4 month periodicity (Figure 9 

a). The second most energetic band corresponds to the 70-140 days band, band 4, with a 

peak at ~90 days (Figure 9 a and Figure 10 a). There is a distinct distribution between 

cross-shelf and alongshore components of energy in this band. In the alongshore velocity 

power spectrum (Figure 9 a), there are significant peaks of energy only between the end 

of February 2005 until August 2006. However, in the cross-shelf velocity spectrum, the 

energy is significant between August 2004 and March 2005 and between May 2005 and 

August 2006 (Figure 9 b).  

On the shelf, at M3, the highest energy band corresponds to band 1 or the tidal energy 

band, which has significant energy in the alongshore and cross-shelf directions (Figure 9 

b and Figure 10 b). The second highest energy band is present in band 4 followed by 

band 3. However, the latter has significant energy only in the alongshore component. The 

alongshore energy contained in band 3 (Figure 9 b) appeared as short bursts of high and 
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significant energy, lasting for between half a month in October 2004, to a maximum of 

two months in December to February 2004-2005. The band 2 or CTW energy band is not 

significant over the shelf.  

The wavelet power spectrum of the sea surface elevation at site TG7 revealed the most 

energetic band to be the tidal energy band, with bands 3 and 4 less energetic (Figure 9 c).  

 

 
Figure 4-9: Wavelet power spectrums of the depth and 4 hourly averaged along-shore velocity at M1 

(a), M3 (b) and sea surface elevation at T7 (c). Vertical axis indicates the period in days. The black 

contour, in the continuous wavelet power spectrum, designates the 5% significance level against red 

noise and the cone of influence (COI) where edge effects might distort the picture is shown as a 

lighter shade. Morlet wavelet is used.  
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Figure 4-10: Wavelet power spectrums of the depth and 4 hourly averaged cross-shelf velocities at 

M1 (a), M3 (b). Vertical axis indicates the period in days. The black contour, in the continuous 

wavelet power spectrum, designates the 5% significance level against red noise and the cone of 

influence (COI) where edge effects might distort the picture is shown as a lighter shade. Morlet 

wavelet is used.  

 

4.3.5. Relationship	between	20	to	40	days	band	passed	filtered	

Temperature	and	velocities	on	the	shelf	break	and	shelf	

proper	

To evaluate the response of temperature change to flow direction, daily averaged 

temperature and velocities time series, in the north and east direction, at ~10m, 55m and 

100 m deep at M1, and 4m and 35 m at M3 were band passed using a Lanczos filter 

between 20 and 40 days. The rate of change of temperature (T) with time (t)  T (BUNG 

IN Tdot here), i.e. Tdot = dT/dt 
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T dTemp dtime


 ) 

T


was computed on the band passed temperature time series at M1 and M3 and the 

results are presented in Figures 11 and 13 respectively as a function of  daily averaged 

and band passed filtered velocities in the north and east direction. 

In order to further investigate T


and the temperature variation as a function of velocities, 

these values were averaged over 1 cm s-1 of north and east velocity between -0cm s-1 and 

20cm s-1 were evaluated and are presented in Figures 12 and 14 at sites M1 and M3 

respectively. 

 

 
Figure 4-11: Scatter plots representing the relationship between the band-passed filtered (between 20 

and 40 days) velocities in the north and east direction at mooring M1 and T


at 10m, 55m and 100m. 

The colour dots representT


. 
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A positive value of T


was observed below 55m deep at site M1 (Figure 11 b and 11c), 

related to northwest ward flows. However, in the surface layer, at 10m, T


 had a highly 

variable signal with no visible trend (Figure 11 a).  

T


 is presented in as a function of north( Figure 12 a1 to 12 a3) and east velocities(Figure 

12 a4 to 12 a6). The results confirm the relation between north westward flow and 

positive T


 suggested in Figure 11 below 50m and also show a proportional variation of 

T


 with the velocities. A maximum of T


 can be observed at 100m, in Figure 12 a 3, with 

T


ranging between of 0.13 ºC day-1 for 8.5 cm s-1 and -0.13ºC day-1 for -11.5 cm s-1 for a 

north/south velocity direction respectively. Similarly for the east-west components, a rate 

of 0.17 ºC day-1 for -8.5 cm s-1 and -0.16 ºC day-1 for 8.5 cm s-1 were observed at 100m 

deep.  

Variation of temperature as a function of north and east velocities are also evaluated and 

presented in Figure 12 b. Contrary to the T


results at 10m (Figure 12 a1 and 12 a4), a 

trend can be observed in the temperature variation (Figure 12 b1 and 12 b4). This trend 

observed in the temperature variation at 10m corresponds to a cooling down in relation to 

a north westward ward flow which also tends to vary proportionally with velocities.  The 

variation of temperature reached a minimum of  -0.2 ºC for 12.5 cm s-1 and a maximum 

of 0.27 ºC for -13.5 cm s-1 of a north/south velocity whilst a minimum of -0.23 ºC for -

16.5 cm s-1 and a maximum of 0.25ºC for 15-16 cm s-1 of east/west velocity. Below 55m, 

the temperature varies proportionally with the velocities, warming up / cooling down 

with north westward / south eastward flows. At 55m, the maximum temperature variation 

in the north/south direction ranged between 0.55 ºC for 12.5 cm s-1 to a minimum of -

0.85ºC for -13.5 cm s-1. For velocity oriented in the east - west direction, the change in 

temperature varied from a maximum of 0.62ºC for -9.5 cm s-1 to -0.49ºC for -10.5cm s-1. 

At 100m, the variation of temperature as a function of the north and east velocities ranges 

between maxima of  0.46 ºC  and 0.42 ºC  for 9.5 cm s-1 and -6.5 cm s-1 and minima of -

0.56 ºC  and -0.45 ºC for -7.5 cm s-1 and 8.5 cm s-1 respectively. 
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Figure 4-12: T


 (a) and the temperature (b) as a function of north velocity (1, 2 and 3) and east flow (4, 5, 6) at 10m, 55m and 100m at M1 respectively.  

The bar plots were produced by averaging the daily temperature and T


for each  1 cm s-1 increment of velocity between -20 cm s-1 and 20 cm s-1. The 

red arrows represent the direction of warmer temperature (b) or of the positive rate of change (a). The flow orientations are indicated by the letter N, 

towards the north (top panels) and the letter W toward the west (in the bottom panels). 
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T


as a function of the velocities at mooring M3 is presented in Figure 13. A negative 

value for T


 can be observed during northward flow events at both the surface and at 35m 

deep. Similarly to Figure 12, an evaluation of T


and of the temperature variation as a 

function of the velocities in the north and east direction, were computed and are 

presented in Figure 14 a and 514 b respectively. 

 

 
Figure 4-13: Scatter plots representing the velocities in the north and east direction at mooring M3 at 

4m a) and 35m b). Colour dots represent T


at 4m and 35m. 

 

Similar to the results observed at site M1, T


as a function of velocity at site M3 varies 

proportionally with velocity (Figure 14 a1 and 14 a2). A negative  T


 in relation with a 

northward flow of up to -0.11ºC day-1 for 2.5 cm s-1 and of -0.04 ºC day-1 for 1.5 cm s-1 at 

35m deep can be observed (Figure 14 a2). As highlighted by Figure 13, most of the T


variation is contained in the northward direction, with small variations of less than 

±0.04ºC day-1 for ± 2.5 cm s-1 in the eastward direction. Correlation coefficients of -0.69 

and -0.49 were found between T


 and the northward velocity at the surface and at 35m 
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deep respectively. Very low correlation coefficients were found between T


and the 

eastward velocity. 

Temperature variations as a function of the velocity are presented in Figure 14 b and also 

appear to vary proportionally with the velocities in both directions. However a coefficient 

(0.35) indicates a very poor correlation between temperature variations and velocities. 

The variations observed at the surface ranges between a maximum of 0.18 ºC –0.20 ºC 

for 2.5 cm s-1 and –3.5 cm s-1 and a minimum of -0.03 ºC and -0.23 ºC for -1.5 cm s-1 and 

3.5 cm s-1 of northward and eastward velocities respectively (Figures 14 b1 and 14 b3). 

At 35m deep, the temperature variations vary between maxima of 0.06 ºC – 0.013 ºC for 

1.5 cm s-1 to -3.5 cm s-1 and minima of -0.12ºC to -0.15 ºC for -1.5 cm s-1 – 3.5 cm s-1 of 

northward and eastward velocities respectively.  

 

 
Figure 4-14: Rate of change of the temperature with time (a) and of the temperature (b) as a function 

of northward velocity (1, 2) and eastward flow (3, 4) at 4m, 35m at M3.  The bar plots were produced 

by averaging the daily temperature and daily rate of change of the temperature corresponding to a 1 

cm s-1 of velocity between -20 cm s-1 and 20 cm s-1. The red arrows represent the direction of the 

warmer temperature (b) or of the positive rate of change (a) respectively.  

 



103 

 

4.3.6. Satellite	images	of	SST	and	Chlorophyll	and	sea	surface	

elevation	map	computed	from	Bran21	

Satellite images of SST and chlorophyll, and sea surface elevation maps computed from 

the BRAN2.1 run were analyzed for mesoscale features in the domain during our period 

of interest. Two periods of concurrent images were chosen representing EAC 

recirculation’s over the Marion Plateau leading to the formation of a cyclonic eddy 

(Figures 15 and 16). These two periods were also chosen to describe the two different 

phases of the EAC flow as demonstrated by Mata (Mata et al. 2006): its inshore and 

offshore position. In July 2005, the EAC was in its offshore position due to the presence 

of a cyclonic eddy at 30°S located near the coast, which coincides with a migration to the 

north of the separation location whilst in August, this cyclonic eddy was replaced by a 

strong anti-cyclonic anomaly, corresponding to the EAC in its inshore position. 

 The first period extends from the 10th until the 18th of July 2005 and can be decomposed 

into two phases (Figure 15). The first phase corresponds to the 10-12th of July 2005 

which shows the main flow of the EAC moving over the Marion Plateau, defined by 

warmer (Figure 15 a) and nutrient poor water (Figure 15 d). Evidence of intrusions of 

oceanic waters over the shelf can also be noticed (Figure 15 d), corresponding to the 

nutrient poor water in the chlorophyll-a. The second phase corresponds to the formation 

and intensification of the cyclonic eddy over the Marion Plateau which extends between 

the 13th to the 18th of July 2005 (Figure 15 b, c and Figure 15 e, f, A1 arrow points to the 

cyclonic eddy centre). During this phase, the eddy centre forms (Figure 15 b and e, C1) 

defined by cooler and nutrient rich water in its centre. The eddy then strengthen  (Figure 

15 c and f, eddy centre indicated by arrow A1) with waters in the centre becoming colder 

by ~1°C compared to the surrounding water temperature and richer in nutrients, 

indicating pumping of deeper and colder water to the surface. Along the Capricorn 

Bunker shelf, warmer nutrient poor waters, the signature of the EAC flow, can be 

observed intruding over the shelf and in the mouth of the Capricorn channel (I in the 

Figure 15 b). The sea surface elevation maps derived from BRAN21 did not reproduce 

the formation of the cyclonic eddy, however an anti-cyclonic anomaly can be observed at 

25ºS which strengthens during this period (Figure 15 g, h, i AC arrow points to centre of 

the anti-cyclonic anomaly).  
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Figure 4-15: 3-day averaged chlorophyll concentration (a, b, c), 3 daily averaged SST (d, e, f) and 

daily SSE output from Bran21 (g, h, i) were collected between the 10 July 2005 and the 18 July 2005. 

C1, C2 and C3 arrows point to the centre of cyclonic eddies. AC arrows point to the centre of an anti-

cyclonic anomaly. I arrows indicate oceanic intrusions over the Capricorn Bunker shelf. 

 

The second period extends between the 31st of July and the 24th of August 2006 (Figure 

16). In Figure 16 panels a and b, the surface flow of the EAC can be observed moving 
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from its offshore position over to the Marion Plateau, corresponding to the first phase 

described previously. Figure 16 c, 16 d and 16 e shows the EAC bifurcated over the CB 

shelf, splitting into two arms. The northward flowing arm contributes to the formation of 

a cyclonic eddy over the Marion Plateau, corresponding to the 2nd phase. In Figure 16 f, 

the eddy has started to dissipate; the centre of the eddy cannot be identified anymore and 

this would correspond to the final phase, phase 3. The SSE maps, presented in Figure 16 

panels g to l, show a strengthening of the anti-cyclonic eddy at 25ºS and the formation of 

a cyclonic anomaly, located at 23 ºS and 153º, over the Marion Plateau from Figure 16 h 

to Figure 16 l, E. The anti-cyclonic anomaly can be observed moving southward from 

Figure 16 k to Figure 16 l, during phase 3. 
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Figure 4-16: 3-day averaged SST (a, b, c, d, e, and panels) and daily SSE (g, h, I, j, k and l) output 

from Bran21 were collected between the 31st August 2006 and the 24th August 2006. 



107 

 

The presence of an anti-cyclonic anomaly, centered at 25°S, appears to influence the 

EAC flow by forcing it to bifurcate along the CB shelf. Both periods clearly demonstrate 

the formation of two arms, with one flowing to the north and forming a cyclonic eddy 

and one arm extending to the south and being entrained by the anti-cyclonic anomaly at 

25°S. The formation of cyclonic eddies at 25.5°S, South east of Fraser Island, and at 

26.5°S can be observed in the presence of a cyclonic eddy over the Marion Plateau. 

These two periods are defined by significant energy in the 20-40 day band in Figure 8 

and Figure 9 a of the alongshore velocity wavelet spectrum analysis at M1. It also 

coincides with strong northwestward flow events at mooring M1, depicted in figure 5-5.  

 

4.3.7. Relationship	between	20	to	40	days	band	passed	filtered	

Sea	surface	Elevation	and	velocities	at	M1	

Daily and depth averaged velocity at site M1 and surface elevation at 25°S between 

153°E and 153.5°E were band passed filtered between 20 and 40 days to evaluate the 

response of the circulation observed at M1 to the presence of an anti-cyclonic anomaly 

near Fraser Island.  The velocity at M1 was plotted along with the sea surface elevation in 

the background (Figure 17 a); the result indicates a relationship between north westward 

flow and positive sea surface elevation.  

To further examine this relationship, the SSE variation as a function of velocities in the 

north and east directions were examined, following a similar method to that described for 

the temperature in section 3.6. Analysis of variation in sea surface elevation as a function 

of velocity supports a relationship between northwest ward flows observed at M1 and 

anti-cyclonic anomalies at 25°S (Figures 17 b, 17 c, 17 d). Furthermore, SSE and 

velocities at M1 varies proportionally with maxima of 8.9cm and 5.7cm for 14.5cm s-1 

and -12.5 5cm s-1 and minima of -5.5cm and -4cm for -11.5cm s-1 - 11.55 cm s-1 in the 

northward and eastward direction respectively. A cross correlation was applied to the 

alongshore velocity at M1 and the averaged SSE at 25°S between 153°E and 153.5°E and 

shows that the time series are in phase. Moreover correlation coefficients were also 

computed and resulted in a relatively good correlation between alongshore velocity and 

variation of SSE of 0.61.  
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Figure 4-17: Stick plot of the band passed filtered (between 20-40days) velocities at M1 and in the 

background sea surface elevation along 25°S between 153°E and 153.5°E is shown in the panel a). 

The panel c)  is a scatter plot showing the relationship between daily averaged and band passed (20-

40 days) filtered velocity (in cm s-1) in the north and east direction observed at M1 and the sea 

surface elevation from BRAN21 at 25°S (in cm). The colored dots represent the sea surface elevation 

values. The panel b) and d) represents the SSE variation as a function of the north velocity and the 

east velocity respectively.  
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4.4. Summary	and	Discussion	

Long term circulation along the Capricorn Bunker shelf was studied using two year long 

velocity records from shelf and slope moorings, meteorological data, satellite imagery of 

SST and Chlorophyll concentration and Bran2.1 model outputs.  

This study found that although there was a great deal of variability in the circulation 

patterns along the Capricorn Bunker shelf, the mean flow was directed to the northwest 

throughout the year, agreeing with previous findings by Griffin (1986). Most of the 

seasonal variation in the flow was observed at the M1 mooring and was constrained 

mainly to the alongshore component of the velocity records. This seasonal variation 

resulted in a strengthening of the north westward flow during the summer months, with a 

maximum velocity of ~10 cm s-1 reached in January-February and a minimum velocity of 

just above 0 cm s-1 during July-August. The influence of the wind regime was shown to 

be insufficient to explain the events of strong north-westward flow observed along the 

shelf. Furthermore, Ridgway and Godfrey (1997) have shown that the southward flow in 

the EAC strengthens from south to north during the austral summer, as the region of 

strong eddy activity increases to its seasonal maximum. Therefore, the strengthening of 

the EAC flow may enhance the EAC recirculation along the Capricorn Bunker shelf. This 

finding also agrees with previous work by Griffin (1986), who hypothesized that the most 

likely processes driving this northwest ward flow along the shelf would be related to the 

EAC recirculation. 

Power spectrum analysis and wavelet spectrum analysis were applied to the velocity, 

temperature and sea level records in the region from which four significant energy bands 

were defined from the analysis results. The first two bands correspond to the tidal and 

inertial energy (T<2 days) and the coastal trapped waves energy (8days<T<16days) and 

have been the focus of a number of studies (Middleton et al. 1984; Griffin and Middleton 

1986; Griffin et al. 1987; Black 1993; Bode et al. 1997; Burrage et al. 2003; Maiwa et al. 

2010). However, two previously unidentified bands of significant energy were observed 

by the analyses indicating that other processes were affecting circulation in the region. 

The two last bands corresponding to significant energy have not previously been 

identified. The third band extends between 20-40 days and has high bursts this band 
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could be observed periodically very 3-4 months. This periodicity corresponds to the last 

band which was observed to range between 70-140 days with a peak ~90 days.  

To investigate the high energy present in the 20-40 day band, daily averaged temperature 

and velocity records at site M1 and M3 were band-pass filtered. On the shelf break, 

temperature increase was observed during north-westward flow events, which 

corresponded to a warming below 50m deep, while cooling was observed in the upper 

water column on the continental slope. Interestingly, under 50m deep, a cooling of up to -

0.4˚C per 10 cm s-1 could clearly be observed during SE ward reversals along the slope, 

while warming in the surface layer. Over the shelf, colder temperature could be observed 

during northward flow events. 

In a recent study (Weeks et al. 2010), the processes leading to the presence of cooler 

water over the shelf and in the surface layer is explained by the movement of upwelled 

waters from the eddy centre towards the coast. This agrees with the results presented in 

this paper, showing that the presence of cooler water was observed in the upper layer at 

mooring M1 and over the shelf at mooring M3. However the presence of cooler water 

observed below 50m at mooring M1 during periods of south eastward flow was not 

investigated by Weeks et al. (2010). The presence of cooler water observed at M1, below 

50m, during south eastward reversals, could be explained by the relaxation of the 

thermocline as the eddy disappears, which also may be amplified by the CTWs, as the 

EAC moves back to its offshore position,.  

A good correlation (0.xx) exists between the presence of an anti-cyclonic anomaly to the 

south of the domain at 25ºS and the northwest ward flow observed along the shelf break 

at M1 (Figure 17). Depending on the intensity of the anti-cyclonic anomaly, centered at 

25°S, the EAC flow may become diverted and forced to bifurcate along the Capricorn 

Bunker shelf. This bifurcation could lead to the formation of a northward and southward 

flowing arm, which has been previously documented (Kleypas 1996). The northward arm 

is responsible for driving the northwest ward flow along the CB shelf and may also 

contribute, or even lead, to the formation of the Marion Plateau eddy. However, 

processes controlling the eddy formation remain unclear. According to Weeks et al. 

(2010), the cyclonic eddy forms from the interaction of the EAC flow with the Cape like 

shape of the Swains reefs, and is defined as an eddy attached regime case (Magaldi et al. 
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2008). Our results challenge the permanent character of the eddy and support a more 

intermittent formation, driven not only by the geomorphology of the Swains reef but also 

by the presence of the anti-cyclonic anomaly at 25oS. 

The anti-cyclonic anomaly at 25oS was described in a previous study of the EAC (Mata et 

al. 2006) and believed to contribute to the eddy shedding process (Figure 18 adapted 

from Mata (2006)). The black arrows show the formation of an anti-cyclonic eddy 

upstream from the separation region at around 25°S. This anomaly at 25°S is believed to 

slowly move to the south where local instabilities allow this perturbation to grow and  to 

eventually trigger a shedding event (Mata et al. 2006). A 90 day oscillation in the EAC 

transport has been observed along the mooring transect at 30°S. This was explained by 

the migration of the EAC separation point to the north following an eddy shedding event. 

Two situations are presented in Figure 18. Firstly, the composite MSLA corresponding to 

the EAC in its inshore position, when the separation is located at ~ 31°S, is represented in 

Figure 18 (left hand side). In this case, a strong anti-cyclonic eddy can be seen near the 

shelf at 30°S. In the second situation, this eddy is replaced by a cyclonic circulation 

which forces the EAC offshore at 29oS and is replaced by a strong northward flow along 

30°S (Figure 18, right hand side).  

 

 
Figure 4-18: Composites of the MSLA+CARS SSDT for the EAC inshore situation (a) and the EAC 

offshore situation (b). Values in dyn meters relative to 0/2000 dbar. The dark circles next to the 

Australian coastline at 30°S show the positions of the PCM3 moorings. Arrows indicate the 
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formation of anticyclones upstream from the separation region. Figure has been adapted from Mata 

et al. (2006).  

 

High energy in the 70-140 day band, with a peak at ~ 90 days could be observed at all 

sites from the temperature, velocities and sea level records, in the wavelet analysis. 

Furthermore, the burst of energy in the 20-40 day band was also modulated by a 90 day 

periodicity. This was first observed by Griffin (1987), who suggested that the 90 day 

periodicity may be related to the appearance and disappearance of the Marion Plateau 

eddy as the EAC fluctuates. This could suggest an influence of the eddy shedding 

mechanism on the circulation observed along the Capricorn Bunker shelf. 
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4.5. Conclusions	

Circulation along the CB shelf is highly variable with a NW ward mean flow. Seasonally, 

the north westward flow increases to reach a maximum of 10 cm s-1during the summer 

months and a minimum of ~0 cm s-1during the winter months. High energy was observed 

in the velocity; temperature and sea level between 20-40 days and 70-140 days 

periodicities were observed. Band passed filtered velocity were related to temperature 

variation at site M1 and M3 and to the presence of a sea surface anomaly at 25ºS. At the 

shelf break, north westward flow were related to positive rate of change of temperature, 

below the thermocline, and of the presence an anti-cyclonic anomaly at 25ºS. Above the 

thermocline, cooling down could be observed in the presence of a northwest ward flow. 

Over the shelf, negative rate of change of the temperature in function of the velocities 

was observed.  

These results suggest the formation of a cyclonic eddy, over the Marion Plateau, 

periodically every 20-40 days, modulated by a 70-140 days periodicity. This eddy may 

drive a northwest ward flow along the shelf and allowing intrusion of oceanic water over 

the shelf at the surface. This has very important implications for the ecosystem health as 

it provides inflow of cooler and rich in nutrient to the shelf, especially during the summer 

months. The processes controlling the eddy formation remain unclear but seem to be 

controlled by the presence of an anti cyclonic anomaly at 25S. This anomaly appears to 

affect the flow of the EAC forcing it to bifurcate along the CB shelf. Moreover Positive 

gradient of temperature, below the thermocline, can be observed during Northwestward 

flow events along the slope. This warming up is a good indicator of the EAC 

recirculation in the domain, and was also supported by the satellite imagery.  
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Chapter 5. General	discussion	
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This chapter provides a summary of the outcomes of my thesis and their implications 

for future research and for a management perspective. I discuss how the use of in situ 

measurements remains an essential tool in resolving circulation patterns in complex 

topography environment.  In situ measurements are also required for hydrodynamic 

model calibration and validation. This data has also permitted to observe the presence 

of new surface structures in the Coral Sea and Solomon Sea. It also suggested a much 

stronger inflow of the SEC inside the GBR generating alongshore flow in the lagoon 

capable of transporting particles, eg. propagules, for 10’s to 100’s km in just days. 

Finally, a novel analyse was used to resolve the occurrence of the Capricorn Bunker 

eddy and its implications for the ecosystem.  

 

5.1. Thesis	outcomes	

 

5.1.1. Objective	1:	Resolving	the	surface	circulation	in	terms	of	

Eulerian	and	Lagrangian	statistics	in	the	Coral	Sea	area.		

Only recently has the density of velocity observations from SVP drifters becomes 

high enough to allow a description of most of the surface circulation of the Coral Sea 

in terms of Eulerian and Lagrangian statistics. A total of 473 drifters have crossed our 

domain of study, between 1987 and 2009, of which 289 had still their drogue 

attached, representing over 110000 velocity observations and were used to quantify 

the state of the surface circulation. In order to validate our statistical method and to 

gain confidence in our results, comparisons were made with surface velocity from 

ADCPs deployed along the Great Barrier and a Spray Glider transect between 

Guadalcanal and the northern tip of New Caledonia.  

The spatial structure of the surface currents were described, at meso-scale, in terms of 

Eulerian and Lagrangian statistics computed from the low passed drifter velocities (36 

hour cut-off period) obtained between September 1981 and  December 2009. Pseudo-

Eulerian maps of the surface mean flow, mean kinetic energy and eddy kinetic energy 

were produced to study the circulation at meso-scale in the region. The results provide 

a quantitative description of the general surface circulation in the region. The surface 
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mean flow depicts well the presence of the North Vanuatu Jet as a large (over 2 

degrees of latitude) and strong jet (velocities greater than 20 cm s-1) and the North 

Caledonia Jet which is much narrower (0.5 degrees of latitude) and relatively strong 

(velocities greater than 15 cm s-1). The jets enter the Coral Sea between the Solomon 

Archipelago and New Caledonia, and flow westward toward the Australian Shelf 

where they contribute to the formation of the southward flowing East Australian 

Current and the northward flowing North Queensland Current.  

The drifter results also provide the evidence of two bifurcations along the GBR shelf, 

one located at 15°S and the other one at 19°S which may vary in intensity with the 

seasons depending on the strength of the jets and the trade wind regime. These two 

bifurcation locations coincide with the position where the NVJ and the NCJ reach the 

shelf. Resultant circulation is very weak, highly variable. The presence of the QP 

appears to influence greatly the circulation along the GBR by creating a transition 

zone, defined by weak and highly variable currents, which extends from 15°S to 18°S.   

Interestingly, part of the NCJ appears to be deflected to the north by the presence of 

the Queensland Plateau at ~152°E, where it flows to the north before joining the NVJ 

at ~ 150°E. The Mean Kinetic Energy ranges from 0 to a maximum of 2000 cm2s-2, 

with the maxima observed along the Great Barrier Shelf. Eddy kinetic energy varies 

between 50 and 2 250 cm2s-2. The ratio of MKE over EKE was also examined to asses 

the energy distribution over the region and suggested a dominance of the fluctuating 

energy over most of the Coral Sea. Lagrangian statistics, such as horizontal 

diffusivities and integral time and space scales were estimated. Diffusivities range 

from ~500 to 25 000 m2s-1, integral times, from ~2 - 5.5 days, and space scales from 

~9 – 140 km 

The seasonal variability of the surface circulation of the Coral Sea was resolved in 

terms of Lagrangian and Eulerian statistics  225 during the summer and 199 during 

the winter, were used to resolve the pseudo-Eulerian mean flow, MKE, EKE and 

Lagrangian statistics. Our results show that most of the seasonal variability is 

contained in the northern Coral Sea, north of 15ºS. This is defined by a strengthening 

of the North Coral Sea gyre, during the winter, which can clearly be depicted in our 

mean flow map. The NQC surface transport doubled and the NGCC strengthens as 

well. Highest MKE values are also observed during the winter, and are concentrated 

along the NVJ path and the western boundary currents. The summer is dominated by 
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high eddy variability. The westward surface transport entering the Coral Sea 

decreases but a strengthening of the CSCC can be observed. A band of relatively high 

EKE, over 400 cm2 s-2 is visible along 16ºS which has been attributed to barotropic 

instabilities created by the neighbouring jets. The Lagrangian statistics result show an 

increase in diffusivity value during the summer, coinciding with high variability 

related with the increase in eddy kinetic energy. Shorter time scale and length scales 

can also be observed during the summer. Lower value of diffusivity can be observed 

during the winter in both directions, when the MKE is the highest. 

 

5.1.2. Objective	2:	Estimating	the	Coral	Sea	inflow	and	

residence	time	in	the	Great	Barrier	Reef	from	in	situ	

measurements	

The drifter data considerably improves our present understanding of the surface 

currents in the GBR and provides a new perspective on the residence times of the 

GBR lagoon. Inside the GBR, the mean flow is directed to the Northwest, defined by 

strong and consistent flow to the north of 18°S and weaker and more variable flow to 

the South of it.  

The residence times are very short in the GBR compared to previous model estimates 

(Luick et al. 2007) but very similar to results of studies using salinity and radio 

nuclides (Hancock et al. 2006; Wang et al. 2007) which found residence times as 

short as 30 days in the Northern part of the GBR. 

There is very little exchange between the northern part (north of 18°S) and southern 

part of the GBR, with only one drifter travelling from north to south of this limit and 

four from south to North, of which 2 were undrogued.  

Drifters crossed the shelf at time scales of a couple of weeks for both inshore and 

offshore regions, but these times should be regarded as lower estimates of true 

residence times because they only give information about the top 10-20m of the water 

column which is up to 60 m deep close to the shelf break. The net onshore trajectory 

of the drifters in the northern GBR indicate that in order to conserve mass, there must 

be an offshore water movement, presumably at depth. This movement may be below 

the depth of the drogued drifters and therefore not captured in drifter data. In addition, 

the drifters were not randomly deployed in the GBR, either in time or space, and thus 



120 

 

there must remain a question of how representative they are of average conditions. 

Despite the above caveats, it is evident that some sections of the GBR exchange very 

large volumes of water with the Pacific Ocean at time scale of a few weeks.  

The excursions of the drifters in the lagoon provide, for the first time, an excellent 

observational data on the degree of connectivity of different parts of the reef. Drifters 

demonstrate that water in the Southern GBR can be transported to the central GBR 

within a month and from the outer GBR to the coast in a few days. This has 

significant implications for the dispersal of coral larvae, crown-of-thorns starfish 

(COTS) and juvenile fish (Black 1993; Jones et al. 2005). Larvae will generally settle 

within a few days to a month following fertilization. This study shows that under most 

conditions, passive waterborne larvae can move hundreds of kilometres along the 

shelf on time scales from a week to months.  

 

5.1.3. Objective	3:	Estimating	the	EAC	flow	interaction	with	the	

complex	southern	GBR	bathymetry.	

Circulation along the CB shelf is highly variable with a NW ward mean flow. 

Seasonally, the North westward flow increases to reach a maximum of 10 cm s-

1during the summer months and a minimum of ~0 cm s-1during the winter months. 

High energy was observed in the velocity; temperature and sea level between 20-40 

days and 70-140 days periodicities were observed. Band passed filtered velocity were 

related to temperature variation at site M1 and M3 and to the presence of a sea surface 

anomaly at 25ºS. At the shelf break, north westward flow were related to positive rate 

of change of temperature, below the thermocline, and of the presence an anti-cyclonic 

anomaly at 25ºS. Above the thermocline, cooling down could be observed in the 

presence of a northwest ward flow. Over the shelf, negative rate of change of the 

temperature in function of the velocities was observed.  

These results suggest the formation of a cyclonic eddy, over the Marion Plateau, 

periodically every 20-40 days, modulated by a 70-140 days periodicity. This eddy 

may drive a northwest ward flow along the shelf and allowing intrusion of oceanic 

water over the shelf at the surface. This has very important implications for the 

ecosystem health as it provides inflow of cooler and rich in nutrient to the shelf, 

especially during the summer months. The processes controlling the eddy formation 
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remain unclear but seem to be controlled by the presence of an anti cyclonic anomaly 

at 25S. This anomaly appears to affect the flow of the EAC forcing it to bifurcate 

along the CB shelf. Moreover Positive gradient of temperature, below the 

thermocline, can be observed during Northwest ward flow events along the slope. 

This warming up is a good indicator of EAC recirculation, presence of the EAC in the 

domain was also supported by the satellite imagery. 

 

5.2. Evaluating	the	methods	and	their	limitations	

In chapter 2 to 4, the methodology I applied, for Eulerian and Lagrangian statistics 

calculation, is based on these developed by Poulain (2001), Fratantoni (2001) and 

Garfield (2001). This methodology requires the determination of parameters that are 

used to choose an appropriate grid cell size in order to obtain statistically 

representative results. Tests using different grid scale and parameters were undertaken 

but were not presented in this thesis. These parameters take into account the density 

of observations and drifters as well as the maximum velocity which are used to 

determine a rejection criterion. Once a criterion is chosen, each grid cell is tested to 

ensure that they are statistically representative and that Eulerian and Lagrangian 

statistics can be applied.  

The density of drifter velocity observations has only recently reached a high enough 

level to allow for a statistical resolution of most of the surface circulation of the Coral 

Sea. Out of the 9240 drifters deployed in the world ocean since the beginning of the 

program, just fewer than 40 had been deployed in the Coral Sea of which none inside 

the GBR. The drifter observation coverage remains relatively poor in the Coral Sea 

compared to other seas and oceans; therefore parts of the domain, the Gulf of Papua 

and inside the GBR, could not be resolved using our methodology. 

Drogued surface drifters are designed to minimise the slippage to wind and waves and 

to follow within 0.8 cm s-1 for a wind of 10 m s-1. Because the drifters usually lose 

their drogue, on average 300 days after deployment, the drogue status occupies an 

important part of the quality control process at GDP. Efforts have  also been made to 

develop algorithms aiming at corrected undrogued drifter velocity for wind slippage 

(Pazan 1997; Pazan and Niiler 2001; Poulain et al. 2009). A dataset of corrected 

velocity is now publicly available (Pazan and Niiler 2001), however we felt that due 
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to the complexity of the topography and the presence of strong currents, this may be 

inadequate to our study. This type of correction requires an excellent knowledge of 

the wind regime which is not achieved over the Coral Sea. 

In chapter 5, we have used a relatively novel analysis, the wavelet analysis, which has 

only recently been adapted for geophysical applications. The complexity of the 

regional circulation not only resides in interaction of the East Australian Current and 

the complex bathymetry but also in the difficulty of differentiating one process from 

the others. In order to investigate individual frequency events present in the time 

series, the wavelet analysis was applied to the velocity, temperature and seas surface 

elevation time series. The advantage of the wavelet transform is that it resolves the 

time series into time frequency space, thereby allowing the determination of localised 

intermittent periodicities (Grinsted et al. 2004).  

While the results showed the evidence of a strong relation between the presence of 

high energy in the 20 to 40 day periodicity and the presence of an eddy over the 

Marion Plateau, mechanisms triggering the eddy formation remain unclear. The pair 

of moorings used in this study was not appropriately positioned to observe the eddy. 

Suggestions are made, in the following paragraph, on a more suitable mooring array 

based on my observations of the circulation in the southern GBR, to better evaluate 

the mechanism driving the formation of an eddy in the region. 

 

5.3. Future	research	

5.3.1. Solomon	Sea	surface	circulation	

The Solomon Sea is located to the north of the Coral Sea, and forms a semi-enclosed 

basin, defined by a very complex bathymetry, connected to the equatorial region 

through two main straits, the Vitiaz Strait and the Solomon strait. The Solomon Sea 

occupies a key position in the Pacific Ocean, representing the final transit area for 

SEC waters, and plays a major role in the in the low frequency of ENSO (Schneider 

2004). In chapter 2 and 3, the south of the Solomon Sea surface circulation was 

resolved in term of Eulerian and Lagrangian statistics and showed a novel current 

structure that had not yet been observed. I suggest resolving the surface circulation of 

the Solomon Sea derived from drifter velocity observations and compare the results to 

available in situ data in the region.  
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5.3.2. Surface	circulation	and	residence	time	in	the	GBR	

While this study considerably improved our present understanding of the surface 

currents in the GBR and provides a new perspective on the residence times of the 

GBR lagoon, this also highlighted the need for further study. The Residence times 

estimated from the drifter trajectories have revealed very short residence time in the 

GBR compared to previous model estimates (Luick et al. 2007) but very similar to 

results of studies using salinity and radio nuclides (Hancock et al. 2006; Wang et al. 

2007) which found residence times as low as 30 days in the Northern part of the GBR. 

A concern with this drifter data is that systematic errors could be introduced due to 

the non random placement of the drifters, and the fact that all the drifters were 

originally deployed outside the GBR. Furthermore, the density of drifter observations, 

to the north of 19ºS inside the GBR, was relatively high and offers a good 

approximation of the mean surface flow. However, to the south of 19ºS, where the 

GBR lagoon widens, drifter observations were relatively sparse and while the 

available data suggested a relatively high variability, an estimation of the mean 

surface flow could not be obtained.  

In a complex environment such as the GBR, the drifters have appeared to be very 

useful and inexpensive instruments (~$1000 each) to estimate residence times and 

surface circulation. In order to further our understanding of the surface circulation and 

flushing time in the GBR, I suggest the deployment of drifter transects, every 25 km 

from the coast to the offshore reef, along 7 latitudinal transects from 10ºS to 25 ºS. 

This experiment should be repeated twice to four times a year and will offer an 

invaluable dataset of sea surface temperature, sea surface salinity and velocity for the 

whole GBR lagoon. Deployment could be timed with coral spawning events and 

would allow for the first time in the GBR to obtain a realistic connectivity map which 

could be used to test and improve the existing MPAs. This will also offer essential 

data for hydrodynamic model calibration and validation.  

  

5.3.3. Queensland	Plateau	and	bifurcation	position	of	the	SEC	

along	the	GBR	shelf.	

The results presented in chapter 3 and 4 suggested a strong influence of the 

Queensland Plateau (QP) on the flow of the jets. A zone of weak and highly variable 
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current, comprised between the western side of the QP and the GBR shelf could be 

observed.  A novel surface structure was also observed (Chapter 2) created by the 

interaction of the North Caledonia Jet and the QP, leading to part of the NCJ flowing 

to the northwest, along the eastern side of the QP,  and joining the flow of the North 

Vanuatu Jet.  Moreover, our results also suggested the presence of a double 

bifurcation along the GBR shelf driven by the NVJ and NCJ which then contributes to 

the formation of the Western Boundary Currents. In the light of these findings and of 

recent results from Webb (2000) and Kessler and Gourdeau (2007), an evaluation of 

the bifurcation positions and their seasonal variability need to be evaluated. Due to the 

low density of drifter observation in this area, the seasonal bifurcation of the jets 

could not be resolved and should be the focus of further research. 
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Chapter 7. Appendices	

7.1. Appendices	Chapter	2:	

7.1.1. Eulerian	statistics	

Fratantoni (2001), Poulain (2001) suggest the computation of three Eulerian 

statistical parameters in order to describe the circulation and eddy variability. 

 In the following, the symbol   E   represents the Eulerian average, which is the 

average in a bin over time. 

The three Eulerian parameters are: 

(1) the mean flow (ui, cm s-1), which is defined as the average velocity vectors in each 

direction of all the drifter observations in one bin over time, in this case 21 years, and 

it is calculated as: 

 

u1 E and u2 E   Eq. 2.1 

where 1 and 2 represent the velocity in the east and north direction  

(2) the Mean Kinetic Energy (MKE, cm2 s-2), which is the kinetic energy of the mean 

flow and it is calculated as:  

MKE=1/2( u1 E
2+ u2 E

2), Eq. 2.2 

 

(3) the Eddy Kinetic Energy (EKE, cm2 s-2), which is the kinetic energy of the residual 

flow and it is calculated as: 

EKE=1/2 ( u1′u1′ E+ u2′u2′ E), Eq. 2.3 

 

where ui′ = ui− ui E  is the residual velocity components and i can take the value of 1 

or 2. 

 

The variance ellipses were computed from the eigenvalues and eigenvectors of 

the velocity covariance matrix (Emery and Thomson 2001). The error in the Eulerian 

mean flow was evaluated for each grid cell. The mean flow, estimated by averaging 

drifter velocities in a geographical area and over a given time period, is expected to be 
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affected by sampling errors due to the finite number of observations and due to 

subscale variability (Poulain 2001). The sampling error is represented by a 95% 

confidence ellipse. This ellipse has the same orientation as the velocity variance 

ellipse, and its semi-minor and semi-major axes are approximately equal to twice the 

principal standard errors. The semi-minor and semi-major axes are calculated as 

indicated below: cm s-1 

 

 Eq. 2.4 

 

where λi are the two Eigen values of the velocity covariance matrix and N* is the 

number of degrees of freedom or the number of independent observations (Emery and 

Thomson 2001). For a drifter time series of length T, (Flierl and McWilliams 1977) 

have shown that the number of independent observations can be approximated by: 

 

 Eq. 2.5 

 

where Tl is the Lagrangian integral time scale. In order to estimate N* for Lagrangian 

observations in a given space/time domain, both temporal and spatial de-correlation 

scales have to be taken into account. In this study, the time spent in a grid cell T was 

evaluated for each drifter, and divided by Tl.  

 

7.1.2. Lagrangian	statistics:	single	particle	statistic.	

Taylor (1921) was the first to formulate classical diffusion theory and particularly 

the single particle statistical method, which has since been extended for drifter 

applications. A number of recent drifter studies (Ralph and Niiler 1999; Garfield et al. 

2001; Poulain 2001; Zhurbas and Oh 2003; Zhurbas and Oh 2004; Poulain et al. 

2009) have improved this statistical method for drifter applications. Here we are 

following the formulas presented in Garfield (1999) to calculate the Lagrangian 

autocorrelation, the time and length scale, and the diffusion coefficient for the Coral 

Sea. In these calculations, only drogued drifter can be used, to preserve the 

Lagrangian nature of the analysis (Centurioni et al. 2009). The drifter velocities were 



137 

 

low passed using a Fourier filter with a 36 hour cut off period to remove tidal and 

inertial currents. 

In order to obtain a spatial representation of the Lagrangian statistic for the Coral 

Sea, Lagrangian statistics were firstly applied to the entire dataset to compute the 

Lagrangian space and time scale and the de-correlation time. These parameters are 

then used to choose an appropriate grid cell size.  

The Lagrangian autocorrelation function was computed on the low passed 

velocities for both component of velocities (Emery and Thomson 2001), and then 

integrated from zero lag to the first zero crossing of the autocorrelation to give the 

Lagrangian integral time scale. The Lagrangian space scale was found by multiplying 

the integral time scale by the root mean square velocity for each component. For 

statistical reliability, a high number of independent observations are necessary. In this 

study, in order to increase the number of particles, pseudo-floats were creating by 

dividing the time series from each float into 12 day segments, i.e twice the de-

correlation time observed for the Coral Sea to ensure that no bias was introduced as 

suggested by Garfield (1999). 

De-correlation time and space scales can be inferred from the flow variance, 

which is estimated by the Lagrangian auto-covariance function, and can be calculated 

as: 

 

  Eq. 2.6 

 

where u′ = u − umean is the residual velocity at each time, τ is the time lag, and T is the 

length of the time series (Paduan and Niiler 1993). The auto-correlation functions are 

obtained by normalizing the covariance functions. 

The Lagrangian integral time TL and space LL scales were defined in (Poulain and 

Niiler 1989) as the time and distance over which a “drifter remembers its path”, they 

are also called the “memory” scale parameters by Poulain (2001), and they are 

calculated as: 
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      Eq. 2.7 

and 

  Eq. 2.8 

 

Where 〈 〉L represents the Lagrangian average. The autocorrelation functions are 

time dependent, and in practice, the time and space scales are estimated by integrating 

the autocorrelation function from zero to the time of the first zero crossing. The 

Lagrangian time scale varied on average, over the Coral Sea, between ~5 and ~7 days 

(Table 2-1) in the zonal and meridional directions respectively. (Summary of 

Lagrangian statistics for each single drifter is given in appendix 1).
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Drifter ID Ku (m² /s¹) Kv (m² /s¹) Tu (days) Tv (days) Lu (km) Lv (km) 

Minimum 1.18E+02 8.53E+01 1 1 3 2 

Maximum 1.77E+05 8.13E+04 35 23 730 282 

STD 2.36E+04 1.08E+04 6 4 109 51 

Median 1.01E+04 6.04E+03 5 4 71 46 

Mean 1.63E+04 9.19E+03 7 5 97 59 

Table 3: Single particle Lagrangian statistics applied to the entire domain. 

 

The single particle diffusivities represent the time rate of change of dispersion 

about the mean trajectory, or the rate at which the envelope of float paths diverges 

from the mean. The diffusivity was estimated from the Lagrangian auto-covariance 

function (Niiler and Paduan 1995) as: 

  

 

The Lagrangian length scale over the Coral Sea was found to be on average 97 km 

and 59 km in the meridional and zonal directions respectively (Table 1). Therefore, in 

order to obtain a spatial representation of the Coral Sea diffusion coefficient, a 200km 

square grid cell, which is twice as large as the Lagrangian length scale, was chosen 

repeated very 100km. A rejection criterion was also introduced: only for cells 

containing more than 300 observations (McClean et al. 2002) and more than 10 

drifters were the Lagrangian statistics computed. In each grid cell, auto-covariance, 

diffusion and time and length scale were calculated for each pseudo-drifter passing 

through the grid. The results from all the drifters in one grid cell were then averaged.  
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7.2. Supplementary	information:	Chapter	2.	

 

Drogued drifter metadata 

 

NOTE: Longitudes are expressed in 0-360 E-W longitude 

Drogue off date of 1-1-79 indicates drogue status is unknown. 

Drogue off date equal to deployment time means drogue was off since deployment 

Drogue off date equal to ending time, buoy ended with its drogue attached. 

 

DEATH CODES: 

0 = buoy still reporting as of 31/12/2009 

1 = buoy ran aground 

2 = buoy was picked up 

3 = buoy quit transmitting 

4 = Unreliable transmissions at end of trajectory 

5 = Bad battery voltage 

6 = Place in inactive status while transmitting good position 

 

BUOY TYPES: 

SVP:  Standard drifter carrying only SST, Drogue and Voltage sensors 

SVPB:  SVP with barometer 

SVPBS: SVP with barometer and salinity sensors 

SVPBW: SVP with barometer and wind sensors 

SVPG:  SVP with GPS 

SVPO:  SVP with optical sensor 

SVPS:  SVP with salinity sensor 

SVPW: SVP with wind sensor 
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Buoy ID 

Type of 

Buoy 

Deployment  

date 

Deployment 

time 

Deployment 

latitude 

Deployment 

longitude Final date 

Final 

time 

Final 

latitude 

Final 

longitude

Lost drogue 

date 

Lost 

drogue 

time 

type of 

death 

3534 SVP 5/12/1999 15:42 1.01 -170.1 15/05/2000 18:20 -9.7 158.77 15/05/2000 18:20 2 

10636 SVP 13/07/1999 16:25 -8.19 -159.82 1/12/2000 20:54 -16.61 168.25 1/12/2000 20:54 2 

17240 SVP 9/10/2000 5:26 -7.04 176.9 1/10/2001 5:13 -1.94 139.67 1/10/2001 5:13 3 

17361 SVP 16/08/2000 2:33 0.03 -161.12 15/09/2001 14:09 -13.77 160.55 15/09/2001 14:09 3 

17365 SVP 16/08/2000 5:02 -2 -163.35 2/07/2001 20:16 -10.25 166.3 26/06/2001 14:51 3 

18300 SVP 18/03/2000 16:00 0.19 -157.03 12/12/2001 13:39 -10.23 161.97 12/12/2001 13:39 1 

18760 SVP 5/01/2000 5:15 -0.13 -161.2 30/10/2001 14:37 -17.31 148.06 30/10/2001 14:37 3 

18771 SVP 1/02/2000 6:57 -0.14 -161.31 16/11/2001 16:37 -8.96 150.88 22/09/2001 8:03 1 

18830 SVP 14/12/1999 17:43 -0.12 -158.55 4/09/2000 18:22 -6.62 156.66 4/09/2000 18:22 1 

18854 SVP 29/11/1999 8:54 -26.98 156.73 18/09/2000 6:05 -34.34 153.23 18/09/2000 6:05 3 

18966 SVP 22/10/2000 6:28 0 -155.07 16/03/2002 2:22 -9.04 -179.38 16/03/2002 2:22 3 

18981 SVP 10/11/1999 15:28 -6.05 -167.8 8/05/2001 21:11 -8.47 160.4 28/03/2001 7:22 1 

21552 SVPB 30/01/2006 6:46 -42.59 153.16 18/08/2007 1:00 -15.63 149.78 18/08/2007 1:00 3 

21627 SVPB 24/11/2005 9:18 -42.4 152.93 19/10/2007 7:04 -15.51 145.29 19/10/2007 7:04 1 

22934 SVP 27/06/2000 16:39 -1.99 -163.37 16/10/2001 19:56 -8.51 159.86 16/10/2001 19:56 1 

23149 SVP 30/10/2001 0:04 0.02 -141.58 19/11/2004 11:44 -40.86 174.89 7/08/2003 14:55 1 
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25129 SVP 4/08/2001 0:12 -5 -134.68 9/07/2003 21:52 -16.5 151.79 9/07/2003 21:52 3 

25525 SVP 30/12/2000 1:03 0.84 -141.46 17/07/2002 3:25 -13.26 143.95 6/06/2002 2:31 1 

30307 SVP 3/01/2001 14:42 -0.75 -162.94 2/03/2003 20:41 -26.4 153.26 6/07/2002 20:26 1 

30308 SVP 3/01/2001 14:42 -4.48 -162.94 5/10/2001 13:59 -9.81 149.89 5/10/2001 13:59 1 

30469 SVP 6/04/2001 4:25 -0.02 164.99 6/02/2002 18:19 -9.88 167.2 30/01/2002 14:57 1 

30471 SVP 22/04/2001 1:34 -10.33 165.03 13/09/2002 2:40 -26.97 -173.5 13/09/2002 2:40 3 

34004 SVP 30/12/2001 10:20 2.02 -140.67 2/01/2003 16:53 -8.38 156.59 26/10/2002 18:30 1 

34044 SVP 2/08/2002 0:26 -1.97 -153.2 7/09/2003 7:13 -10.19 159.96 7/09/2003 7:13 3 

34105 SVP 10/02/2002 12:53 -2.02 -142.52 9/07/2003 15:23 -15.34 146.08 26/05/2003 7:58 3 

34326 SVP 17/07/2003 18:40 -2.99 165.02 23/09/2003 4:58 -9.02 160.1 23/09/2003 4:58 1 

36913 SVP 30/09/2002 10:45 -2 -142.43 20/07/2004 17:48 -9.45 142.68 20/07/2004 17:48 1 

36915 SVP 18/09/2002 12:59 -3 -151.76 29/08/2004 16:53 -6.34 150.84 29/08/2004 16:53 1 

36922 SVP 11/09/2002 4:55 -1.97 -152.04 5/04/2004 22:41 -9.41 179.83 5/04/2004 22:41 3 

36927 SVP 28/09/2002 4:59 -2.03 -153.25 27/04/2004 17:03 -21.47 149.36 27/04/2004 17:03 1 

36943 SVP 17/12/2003 11:44 -3 -154.31 25/09/2004 16:46 -10.31 166.36 25/09/2004 16:46 1 

36949 SVP 19/01/2003 11:58 -2.02 -140.05 7/06/2004 0:14 -9.56 152.44 7/06/2004 0:14 3 

36952 SVP 24/10/2003 10:18 0.01 -155.03 17/12/2004 0:19 -5.37 155.23 17/12/2004 0:19 1 

36962 SVP 7/11/2003 8:19 -3.04 -169.99 11/10/2004 17:05 -3.61 145.07 11/10/2004 17:05 1 

36968 SVP 5/05/2005 18:02 0.35 164.98 3/10/2006 14:24 -10.65 150.81 3/10/2006 14:24 1 
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Buoy ID 

Type of 

Buoy 

Deployment  

date 

Deployment 

time 

Deployment 

latitude 

Deployment 

longitude Final date 

Final 

time 

Final 

latitude 

Final 

longitude

Lost drogue 

date 

Lost 

drogue 

time 

type of 

death 

39098 SVP 28/01/2003 0:53 -2 -142.68 2/11/2004 9:54 -21.03 165.43 30/07/2004 14:23 1 

39106 SVP 14/02/2003 18:28 -1.93 -170.9 14/09/2003 23:00 -8.11 160.59 14/09/2003 23:00 2 

39213 SVP 26/07/2003 2:38 -3.02 -179.93 9/10/2004 4:37 -13.29 166.64 9/10/2004 4:37 3 

39229 SVP 2/03/2004 23:54 -12.01 163.93 1/08/2004 6:01 -13.11 143.57 1/08/2004 6:01 1 

39231 SVP 9/04/2004 15:21 -2 165.16 10/09/2004 16:15 -9.04 159.2 10/09/2004 16:15 3 

39275 SVP 29/12/2003 3:37 -1.13 -87.73 21/11/2005 6:15 -14.64 159.6 21/11/2005 6:15 3 

39603 SVP 25/06/2003 11:09 -3.01 -142.96 2/09/2004 16:10 -9.2 160.51 2/09/2004 16:10 1 

39630 SVP 2/08/2003 9:52 0 -148.85 2/01/2005 16:20 -16.02 168.22 2/01/2005 16:20 1 

39634 SVP 19/08/2003 20:26 -3.01 -151.84 9/05/2006 18:00 -16.51 168.24 9/05/2006 18:00 1 

39643 SVP 13/08/2003 5:22 -1.97 -152.11 23/10/2004 23:10 -14.31 167.65 23/10/2004 23:10 1 

41252 SVP 9/10/2003 4:41 -2.01 -142.49 27/09/2004 11:58 -9.87 167.21 27/09/2004 11:58 1 

41256 SVP 21/11/2003 20:43 -3.13 -170.65 18/07/2005 10:22 -6.74 147.94 18/07/2005 10:22 3 

41261 SVP 8/11/2003 10:42 -3.01 -142.95 2/10/2004 4:17 -10.3 166.33 2/10/2004 4:17 3 

41264 SVP 7/10/2003 18:07 0 -150.22 9/12/2004 12:35 -10.17 166.24 9/12/2004 12:35 3 

41266 SVP 7/10/2003 5:29 3.02 -147.51 29/05/2005 18:09 -9.78 143.3 29/05/2005 18:09 1 

41267 SVP 4/02/2004 12:32 -0.01 -141.55 23/08/2005 23:48 -10.71 152.95 23/08/2005 23:48 1 
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41888 SVP 8/12/2003 20:57 -3.44 -143.22 7/08/2005 16:35 -8.6 160.58 7/08/2005 16:35 1 

43610 SVPB 28/08/2004 12:33 -47.48 60 28/04/2008 17:50 -26.56 163.52 28/04/2008 17:50 3 

43618 SVPB 19/01/2004 6:54 -57.01 -9.96 26/02/2007 7:53 -22.04 150.14 26/02/2007 7:53 3 

43671 SVP 15/06/2004 10:56 -1.97 -142.58 18/11/2005 5:44 -6.3 149.01 18/11/2005 5:44 3 

44078 SVP 14/09/2004 0:59 -2.03 -139.97 9/09/2005 22:39 -8.95 159.97 9/09/2005 22:39 1 

44085 SVP 29/11/2004 16:04 -5.07 165.2 31/12/2005 16:55 -10.92 143.83 29/09/2005 16:51 3 

44310 SVPB 12/04/2004 1:52 -30.97 -174.8 8/10/2008 20:45 -25.15 174.43 8/10/2008 20:45 3 

44317 SVP 13/12/2004 0:15 -25.01 166.76 18/02/2006 2:12 -14.73 145.19 18/02/2006 2:12 1 

44318 SVP 14/07/2005 1:53 -16.34 162.6 16/08/2006 4:38 -27.53 153.52 16/08/2006 4:38 1 

44322 SVP 28/03/2004 20:38 -2.13 -152.98 20/06/2006 20:33 -15.42 145.27 20/06/2006 20:33 1 

44327 SVP 18/03/2004 0:00 -2 -142.52 5/05/2005 22:17 -10.6 142.62 5/05/2005 22:17 1 

44333 SVP 4/02/2004 20:41 -3.36 -152.27 26/02/2005 6:21 -15.08 145.29 26/02/2005 6:21 1 

44334 SVP 15/07/2005 7:17 -14.23 161.93 4/01/2006 19:59 -19.86 148.12 4/01/2006 19:59 1 

44335 SVP 20/07/2005 8:12 -14.25 165.94 30/04/2006 12:28 -16.8 146.36 30/04/2006 12:28 1 

44336 SVP 11/11/2006 14:24 -14.2 161.61 24/03/2007 22:51 -11.97 144.01 24/03/2007 22:51 1 

44337 SVP 16/11/2006 6:59 -12.16 166.25 6/06/2007 13:14 -17.89 146.76 6/06/2007 13:14 1 

44338 SVP 11/11/2006 23:55 -16.7 162.58 10/05/2007 13:34 -11.18 142.82 10/05/2007 13:34 1 

45953 SVP 8/05/2004 7:27 -0.16 -124.26 29/06/2006 2:00 -10.24 142.2 29/06/2006 2:00 3 

46046 SVPB 15/12/2004 16:35 -47.65 150.04 25/09/2006 23:40 -22.88 166.91 25/09/2006 23:40 1 
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Buoy ID 

Type of 

Buoy 

Deployment  

date 

Deployment 

time 

Deployment 

latitude 

Deployment 

longitude Final date 

Final 

time 

Final 

latitude 

Final 

longitude

Lost drogue 

date 

Lost 

drogue 

time 

type of 

death 

48962 SVP 6/12/2004 21:22 -0.1 -141.59 22/10/2006 6:52 -20.69 166.59 22/10/2006 6:52 3 

53368 SVP 31/12/2004 0:30 2.14 -140.82 22/04/2006 16:37 -15.74 177.57 20/04/2006 18:00 2 

53370 SVP 31/12/2004 18:33 -2.04 -142.5 9/02/2007 4:53 -16.03 167.15 9/02/2007 4:53 1 

53374 SVP 10/02/2005 13:46 -2.01 -142.67 19/05/2006 13:25 -11.99 143.23 19/05/2006 13:25 1 

53375 SVP 10/02/2005 8:38 0 -141.79 29/01/2006 19:06 -12.61 160.18 29/01/2006 19:06 1 

53379 SVP 21/02/2005 20:24 2.01 -147.24 24/07/2006 10:56 -6.14 149.12 24/07/2006 10:56 3 

54198 SVP 8/06/2005 6:56 -4.93 168.38 23/09/2005 22:18 -11.85 160.57 15/08/2005 3:14 1 

54326 SVP 14/07/2006 6:35 -4.98 165.18 15/01/2007 6:32 -9.01 151.13 15/01/2007 6:32 1 

54332 SVP 17/01/2006 6:11 0 -139.93 27/02/2007 11:19 -14.9 145.5 22/10/2006 19:38 1 

54339 SVP 18/01/2006 8:12 -3 -140.04 4/05/2007 6:23 -13.07 143.5 4/05/2007 6:23 1 

54343 SVP 20/09/2005 11:23 -3.99 -139.94 15/09/2006 4:55 -11.25 166.59 15/09/2006 4:55 1 

54368 SVP 3/11/2005 20:36 -2.04 -89.13 23/07/2007 15:59 -8.13 139.71 30/05/2007 20:43 1 

54640 SVP 16/05/2005 2:40 -1.99 -142.54 4/06/2007 7:35 -12.3 143.4 4/06/2007 7:35 3 

54641 SVP 29/04/2005 13:56 -2.06 -149.16 28/07/2006 15:46 -10.84 162.39 28/07/2006 15:46 3 

54649 SVP 14/04/2005 13:27 -2.02 -142.57 17/10/2006 18:18 -10.58 151.29 17/10/2006 18:18 1 

54656 SVP 25/04/2005 22:24 -0.99 -142.02 7/09/2006 8:06 -7.82 144.24 7/09/2006 8:06 1 
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54695 SVP 24/07/2005 14:44 -0.03 -148 29/04/2008 17:20 -12.74 155.2 29/04/2008 17:20 3 

54697 SVP 11/08/2005 3:19 1.93 -147.27 18/09/2006 7:35 -10.02 155.9 18/09/2006 7:35 3 

54699 SVP 24/05/2005 18:45 0.04 -141.5 28/09/2006 5:07 -10.85 157.77 28/09/2006 5:07 3 

54700 SVP 29/05/2005 20:10 -2 -150.41 16/05/2006 19:20 -15.7 168.24 16/05/2006 19:20 1 

54701 SVP 29/05/2005 13:11 0 -148.76 27/08/2006 4:46 -6.28 150.43 27/08/2006 4:46 1 

54705 SVP 16/06/2005 3:45 -0.01 -141.58 8/08/2006 12:32 -11.62 160.04 8/08/2006 12:32 3 

54710 SVP 21/07/2005 22:53 -2 -142.51 22/07/2006 2:16 -10.68 151.04 22/07/2006 2:16 1 

54711 SVP 24/07/2005 14:10 -0.02 -162.08 24/06/2007 22:25 -10.23 161.81 24/06/2007 22:25 1 

54712 SVP 22/07/2005 6:07 -5 -143.84 2/10/2006 20:55 -3.57 144.46 2/10/2006 20:55 1 

57909 SVP 13/06/2005 3:16 0 -147.43 29/07/2006 18:22 -11.84 160.59 29/07/2006 18:22 3 

57913 SVP 22/06/2005 13:37 -2.09 -142.56 30/10/2006 18:07 -5.27 147.19 30/10/2006 18:07 1 

57915 SVPB 15/07/2005 20:34 -0.01 -141.57 7/10/2006 19:11 -4.39 152.39 7/10/2006 19:11 3 

57916 SVPB 16/07/2005 5:44 -2 -142.54 3/08/2006 23:13 -6.6 155.22 3/08/2006 23:13 1 

57932 SVP 31/07/2005 13:34 -0.71 -96.53 18/02/2007 8:00 -9.53 161.54 18/02/2007 8:00 1 

59289 SVP 30/08/2005 13:28 -2.96 -163.6 23/08/2006 22:53 -10.67 150.81 23/08/2006 22:53 1 

59293 SVP 23/08/2005 11:17 -0.01 -158.62 20/12/2006 11:12 -4.94 146.21 20/12/2006 11:12 1 

59297 SVP 29/08/2005 23:00 -0.03 -160.18 15/08/2006 5:24 -13.28 166.61 15/08/2006 5:24 1 

59305 SVP 18/09/2005 20:47 -2.07 -142.5 8/12/2006 17:40 -16.35 167.8 24/11/2006 18:16 1 

59313 SVP 19/08/2005 10:17 -0.06 -141.87 6/09/2007 18:21 -13.4 143.64 6/09/2007 18:21 1 
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Deployment 
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Deployment 
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Lost drogue 
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death 

59314 SVP 11/08/2005 9:18 -0.01 -148.8 18/01/2007 7:18 -13.3 147.28 6/01/2007 20:02 3 

59316 SVP 19/08/2005 16:06 -3.03 -142.93 5/10/2006 7:14 -11.73 166.92 5/10/2006 7:14 3 

59317 SVP 11/08/2005 17:57 -2.03 -150.35 3/12/2007 17:50 -10.26 148.38 3/12/2007 17:50 1 

59318 SVP 18/12/2005 3:16 0.02 -158.63 21/08/2007 20:58 -2.24 140.98 21/08/2007 20:58 1 

59324 SVP 18/11/2005 7:22 -3 -142.93 15/09/2007 0:11 -9.5 150.27 15/09/2007 0:11 1 

59325 SVP 19/10/2005 18:11 -0.02 -141.5 14/12/2006 20:16 -3.79 152.39 14/12/2006 20:16 1 

59326 SVP 19/10/2005 23:33 -3 -142.93 12/04/2007 3:54 -12.75 143.85 12/04/2007 3:54 1 

59332 SVP 29/01/2006 10:39 -2.95 -161.82 20/09/2006 6:45 -11.29 166.57 20/09/2006 6:45 3 

59339 SVP 21/11/2005 23:55 0.01 -160.18 22/04/2006 23:19 -9.44 161.48 18/04/2006 16:14 1 

59831 SVP 21/07/2007 9:18 -3.02 -155.03 11/03/2008 1:31 -8.3 160.84 11/03/2008 1:31 3 

59833 SVP 19/08/2007 14:34 -3.08 165.04 3/07/2009 20:03 -18.74 159.99 1/01/2008 0:14 3 

59896 SVP 28/07/2007 9:57 -3.01 -170.07 17/05/2008 16:55 -16.76 168.37 17/05/2008 16:55 3 

59900 SVP 20/07/2007 8:02 -0.02 -154.94 9/04/2008 22:22 -9.21 153.06 9/04/2008 22:22 1 

59906 SVP 20/08/2007 9:23 -5.05 165.19 1/06/2008 13:30 -5.42 159.69 1/06/2008 13:30 3 

59926 SVP 10/12/2005 1:48 -7.99 -170.02 26/08/2006 6:08 -10.68 166.15 26/08/2006 6:08 3 

59928 SVP 6/12/2005 16:22 -4 -179.91 11/05/2008 11:17 -12.48 147.96 11/05/2008 11:17 3 
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60228 SVPB 15/11/2005 23:51 -37.22 159.96 31/12/2006 20:16 -22.87 150.93 31/12/2006 20:16 1 

60316 SVP 21/11/2005 19:06 -33.11 173.08 17/07/2007 8:50 -8.04 143.7 4/01/2007 6:15 1 

60317 SVP 25/11/2005 21:40 -30.77 171.6 24/11/2006 19:27 -26.16 153.1 18/11/2006 22:58 1 

60318 SVP 22/11/2005 7:27 -28.97 169.84 11/06/2006 14:07 -19.49 169.51 22/04/2006 20:24 1 

60319 SVP 22/11/2005 11:33 -27.03 168.19 10/03/2006 22:59 -26 170.95 10/03/2006 22:59 3 

60320 SVP 24/11/2005 1:07 -25.51 166.77 27/01/2007 19:35 -24.68 152.52 27/01/2007 19:35 1 

62933 SVPB 17/05/2008 22:49 -42.59 154.13 23/05/2009 22:25 -25.82 153.1 23/05/2009 22:25 3 

63137 SVP 1/02/2007 8:00 -26.36 155.47 12/11/2007 18:37 -19.32 154.08 12/11/2007 18:37 3 

63138 SVP 20/02/2007 12:05 -26.32 155.05 4/03/2008 18:07 -27 155.1 4/03/2008 18:07 3 

63139 SVP 20/02/2007 12:16 -26.33 155.01 15/02/2008 4:06 -29.79 153.37 15/02/2008 4:06 1 

63140 SVP 1/02/2007 11:16 -26.36 155.41 12/09/2007 23:20 -9.93 144.06 13/02/2007 3:47 1 

63141 SVP 4/03/2007 11:00 -26.41 155.24 5/07/2008 17:38 -16 145.46 16/04/2007 8:38 1 

63142 SVP 4/03/2007 11:02 -26.42 155.19 14/05/2007 13:03 -27.12 153.45 14/05/2007 13:03 1 

63143 SVP 20/03/2007 13:11 -26.32 155.1 15/05/2008 9:47 -34.12 176.06 15/05/2008 9:47 3 

63144 SVP 10/02/2008 21:54 -26.47 154.73 25/06/2008 10:44 -25.03 153.35 8/03/2008 21:14 1 

63145 SVP 20/03/2007 11:31 -26.26 155.47 16/02/2008 10:35 -23.14 152.92 16/02/2008 10:35 3 

63146 SVP 10/02/2008 18:56 -26.49 154.69 28/03/2009 22:39 -28.82 153.54 28/03/2008 14:51 1 

63153 SVP 20/06/2006 1:11 -1.97 -142.42 3/04/2008 13:44 -14.13 166.49 3/04/2008 13:44 3 

63208 SVP 10/02/2007 15:30 -3.01 -143.24 10/08/2008 11:36 -9.86 162.01 22/04/2008 12:05 3 
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63247 SVP 10/11/2006 16:46 -3.02 165.01 15/07/2007 9:56 -11.03 168.44 15/07/2007 9:56 3 

71232 SVP 18/03/2008 11:34 -5.04 165.13 28/11/2008 1:08 -10.76 144.01 15/09/2008 0:40 3 

71442 SVP 25/02/2008 11:31 -26.46 154.47 29/01/2009 16:13 -29.8 -179.71 29/01/2009 16:13 3 

71443 SVP 14/03/2008 17:29 -26.49 154.73 12/02/2009 23:38 -23.95 160.36 10/04/2008 4:44 3 

71444 SVP 25/02/2008 12:26 -26.48 154.37 2/12/2008 11:17 -22.45 176.02 15/06/2008 17:07 3 

71445 SVP 14/03/2008 18:02 -26.5 154.7 20/02/2009 3:04 -36.3 -179.79 27/07/2008 9:39 3 

71446 SVP 12/11/2008 13:31 -26.47 154.45 31/03/2010 23:10 -33.92 153.27 23/04/2009 13:38 0 

71447 SVP 12/11/2008 10:42 -26.42 154.49 24/12/2009 23:20 -26.4 166.87 24/03/2009 18:11 3 

71448 SVP 16/12/2008 0:00 -26.41 154.51 6/02/2009 6:47 -30.17 160.42 6/02/2009 6:47 3 

71449 SVP 30/11/2008 17:06 -26.62 154.47 1/12/2009 22:58 -35.41 167.13 7/03/2009 8:33 3 

71450 SVP 15/12/2008 17:31 -26.4 154.62 13/03/2009 19:03 -26.1 155.57 13/03/2009 19:03 3 

78804 SVPB 15/12/2009 11:52 -26.54 154.24 31/03/2010 23:15 -29.65 161.93 15/03/2010 2:45 0 

78805 SVPB 8/01/2010 23:19 -26.32 154.42 31/03/2010 23:09 -32.25 161.76 0000/00/00 0:00 0 

78806 SVPB 31/01/2010 3:30 -27.59 154.66 31/03/2010 23:16 -33.46 155.28 0000/00/00 0:00 0 

78808 SVPB 15/12/2009 14:29 -26.52 154.51 31/03/2010 23:13 -24.51 158.67 31/12/2009 19:39 0 

78928 SVP 12/09/2008 7:11 -4.99 165.13 13/11/2009 23:17 -1.83 138.78 6/03/2009 20:55 1 
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78932 SVP 10/09/2008 10:56 -0.06 164.98 14/12/2008 22:35 -9.06 159.01 14/12/2008 22:35 1 

81948 SVP 21/06/2009 7:52 -4.98 164.93 12/08/2009 22:48 -8.51 160.94 12/08/2009 22:48 1 

81954 SVP 19/06/2009 15:11 -0.02 165.28 31/03/2010 23:10 -17.89 168.8 0000/00/00 0:00 0 

81968 SVP 29/05/2009 13:52 -4.99 -170.01 31/03/2010 23:05 -13.81 169.19 0000/00/00 0:00 0 

90115 SVPB 9/01/2010 2:12 -26.4 154.29 31/03/2010 21:36 -32.78 158.22 4/03/2010 23:38 0 

90117 SVPB 12/02/2010 21:25 -27.32 154.76 31/03/2010 23:07 -32.39 156.43 0000/00/00 0:00 0 

92545 SVP 20/02/2010 12:09 -13.59 165.6 31/03/2010 21:30 -14.95 163.37 0000/00/00 0:00 0 

92546 SVP 20/02/2010 7:11 -11.96 164.02 31/03/2010 21:29 -11.52 161.27 0000/00/00 0:00 0 

2236916 SVP 11/11/2002 6:12 0.03 -150.2 3/10/2004 0:28 -8.65 151.12 3/10/2004 0:28 1 

2236921 SVP 16/09/2002 11:40 -3.03 -142.94 21/06/2005 19:35 -26.9 161.34 21/06/2005 19:35 3 

2236923 SVP 11/09/2002 1:31 -0.06 -150.26 6/05/2004 15:18 -15.66 168.26 6/05/2004 15:18 1 

2236941 SVP 18/11/2003 10:31 2 -140.74 18/04/2005 20:52 -9.25 152.79 18/04/2005 20:52 1 

2236946 SVP 16/12/2003 21:15 0.03 -151.39 13/10/2004 5:31 -11.44 154.36 13/10/2004 5:31 1 

2236950 SVP 18/09/2003 22:59 -3.03 -140 5/03/2006 15:23 -18.64 146.58 3/03/2006 20:31 1 

2236953 SVP 26/10/2003 4:41 -3.06 -155.02 19/04/2005 12:43 -11.13 152.32 19/04/2005 12:43 1 

2236965 SVP 24/04/2004 0:11 -5.02 164.81 9/06/2004 17:13 -9.28 160.34 9/06/2004 17:13 1 

2239101 SVP 27/01/2003 12:11 0 -141.6 20/01/2004 4:14 -14.65 166.6 20/01/2004 4:14 1 

2239107 SVP 15/01/2003 12:43 0.01 -151.5 18/10/2003 3:33 -20.28 164.58 18/10/2003 3:33 1 

2239136 SVP 27/04/2003 1:01 -3.02 -143.01 30/10/2004 15:12 -18.28 146.83 22/09/2004 15:47 1 
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2339636 SVP 19/08/2003 7:46 -0.02 -149.31 16/03/2005 23:27 -7.82 156.56 16/03/2005 23:27 1 
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2339640 SVP 23/08/2003 22:51 -0.04 -141.63 2/02/2005 11:38 -15.02 162.31 2/02/2005 11:38 3 

2339642 SVP 12/08/2003 18:25 -0.09 -150.24 21/04/2005 23:03 -8.91 159.96 21/04/2005 23:03 3 

2344314 SVP 20/12/2004 2:36 -17.31 164.42 8/03/2005 10:21 -19.73 163.7 8/03/2005 10:21 3 

2344315 SVP 19/12/2004 2:45 -17.69 163.66 11/01/2005 16:18 -19.93 163.89 11/01/2005 16:18 1 

2344316 SVP 12/12/2004 13:01 -23.15 166.83 17/12/2004 22:20 -22.78 167.03 17/12/2004 22:20 1 

2344324 SVP 6/03/2004 7:58 -2.01 -142.57 3/12/2004 15:22 -15.61 168.21 3/12/2004 15:22 1 

2344329 SVP 15/02/2004 10:27 -3.13 -143.14 4/06/2006 20:07 -12.95 155.68 4/06/2006 20:07 3 

2443645 SVP 26/07/2004 2:10 -3.04 164.91 1/11/2005 18:26 1.77 125.68 31/03/2005 0:46 1 

2444306 SVPB 20/02/2004 10:10 -39.1 -169.05 22/09/2006 1:44 -11.63 167 22/09/2006 1:44 1 

2667787 SVPB 24/02/2008 0:28 -42.38 155.14 11/03/2009 19:51 -25.2 153.6 11/03/2009 19:51 2 

7701621 SVP 16/02/1991 0:57 -0.97 -151.52 31/08/1992 14:58 -4.22 165.07 31/08/1992 14:58 3 

7701769 SVP 8/10/1993 21:16 3 137.43 13/10/1994 21:30 -10.75 150.39 20/08/1994 9:56 1 

7703143 SVP 12/12/1986 9:07 -0.04 164.9 25/10/1987 18:41 -11.07 152.99 25/10/1987 18:41 1 

7703375 SVP 8/09/1992 11:42 -3.71 -140.75 16/12/1993 8:46 -15.23 168.03 16/12/1993 8:46 1 

7703378 SVP 24/08/1992 11:15 2.59 -140.91 4/10/1993 9:57 -12.71 160.45 4/10/1993 9:57 1 
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7705252 SVPB 4/03/1989 17:02 -10.98 150.13 28/03/1989 16:25 -13.58 150.16 28/03/1989 16:25 3 

7705253 SVPB 7/03/1989 9:35 -11.61 152.48 31/03/1989 15:55 -14.34 151.51 31/03/1989 15:55 3 

7705256 SVPB 17/03/1989 9:21 -9.21 146.6 13/04/1989 11:05 -9.05 145.44 13/04/1989 11:05 3 

7705257 SVPB 17/03/1989 9:21 -9.81 147.19 1/04/1989 8:50 -9.88 147.48 1/04/1989 8:50 1 

7706130 SVP 14/01/1992 10:04 -25.87 157.25 23/03/1992 15:21 -26.03 163.93 23/03/1992 15:21 3 

7706133 SVP 15/01/1992 15:21 -30.21 163.13 14/04/1992 9:52 -27.06 162.59 14/04/1992 9:52 3 

7706138 SVP 16/01/1992 7:40 -24.38 167.17 21/10/1992 16:34 -27.08 168.11 21/10/1992 16:34 3 

7708713 SVP 5/11/1988 20:24 -6.13 160.13 30/10/1989 21:12 -13.75 155.47 31/01/1989 0:00 3 

7709273 SVP 2/04/1991 17:02 -4.05 163.56 29/05/1991 8:45 -9.28 160.34 29/05/1991 8:45 2 

7709275 SVP 30/01/1991 10:04 -2.12 -140.32 2/06/1992 20:23 -14.21 167.59 2/06/1992 20:23 1 

7709277 SVP 13/02/1991 18:42 -0.01 -155.08 18/09/1991 5:32 -2.41 142.03 18/09/1991 5:32 3 

7709279 SVP 19/02/1991 0:28 2.52 -168.41 14/09/1991 17:25 -8.5 160.59 14/09/1991 17:25 1 

7710598 SVP 30/10/1988 16:47 -2.02 142.4 16/09/1989 17:00 -9.31 153.7 21/07/1989 7:40 1 

7710804 SVP 14/11/1988 9:21 -0.01 164.8 20/04/1989 4:41 -9.15 150.6 20/04/1989 4:41 1 

7711027 SVP 13/01/1989 7:26 -4.01 164.84 18/12/1989 4:34 -19.34 158.27 9/12/1989 2:52 1 

7711045 SVP 10/01/1989 14:24 -10 164.9 30/11/1989 4:21 -21.11 167.84 13/11/1989 2:24 3 

7711137 SVP 22/10/1988 0:00 -2.49 161.61 21/01/1989 9:31 -9.41 171.79 17/12/1988 0:00 3 

7711148 SVP 11/01/1989 0:00 -9.95 161.29 28/08/1989 10:16 -11.83 158.52 21/01/1989 9:35 3 

7711191 SVP 22/11/1989 2:29 -8.36 163.86 17/12/1990 8:22 -8.94 151.08 17/12/1990 8:22 1 
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7711580 SVP 27/10/1989 17:16 1.26 -166.08 19/07/1990 4:51 -8.6 161.57 19/07/1990 4:51 3 

7711631 SVP 23/12/1989 19:12 -8.99 165.04 1/12/1990 13:01 -16.79 177.54 25/10/1990 19:40 3 
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7711652 SVP 9/04/1990 6:14 -0.99 -170.04 13/09/1990 3:00 -8.44 160.44 31/08/1990 0:00 3 

7711653 SVP 8/04/1990 19:11 -3.03 -170.01 9/06/1991 7:47 -12.78 -178.99 2/12/1990 3:21 3 

7711659 SVP 19/12/1989 8:09 0.12 165.17 24/10/1990 3:51 -7.72 149.75 9/10/1990 20:52 3 

7711660 SVP 9/04/1990 6:14 -2.05 -170.09 23/11/1990 3:20 -9.64 168.66 23/11/1990 3:20 3 

7711896 SVP 5/07/1990 0:00 -8.37 162.94 20/03/1991 20:24 -26.96 153.52 20/03/1991 20:24 3 

7711956 SVP 28/02/1992 4:19 -1.13 -140.57 26/03/1995 9:29 -29.51 158.58 11/02/1994 19:13 3 

7712080 SVP 8/04/1990 14:09 -8.04 164.4 21/09/1990 4:51 -14.2 167.65 1/06/1990 0:00 1 

7712081 SVP 9/04/1990 14:09 -5.01 163 2/12/1990 14:31 -14.98 167.93 2/12/1990 14:31 1 

7712083 SVP 12/04/1990 2:31 -0.04 160.08 17/03/1991 5:33 -19.48 159.7 17/03/1991 5:33 3 

7715391 SVPC 12/12/1992 16:04 0.93 156.06 31/12/1993 7:34 -5.84 147.17 31/12/1993 7:34 3 

7715393 SVPC 10/12/1992 8:12 2.01 156.03 23/12/1993 17:00 -6.73 166.76 23/12/1993 17:00 3 

7715553 SVP 30/10/1992 11:07 -0.12 141.26 30/07/1993 21:25 -13.49 152.73 30/07/1993 21:25 3 

7715561 SVP 28/11/1992 15:33 -2.24 156.03 22/05/1994 16:32 -13.35 166.89 4/05/1994 16:51 1 

7716196 SVP 26/09/1992 3:42 0.07 155.9 14/08/1994 23:12 -16.33 145.84 4/05/1994 21:37 1 
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7716206 SVP 12/08/1992 15:23 -2.04 166 4/09/1995 3:11 -23.97 168.55 23/08/1994 8:45 3 

7716222 SVP 18/03/1993 16:48 -1.91 157.99 6/06/1994 10:19 -3.22 152.87 12/10/1993 8:47 1 

7716228 SVPC 6/02/1993 16:32 -4.24 156.25 25/04/1994 21:33 -19.64 148.99 25/04/1994 21:33 3 

7716234 SVPC 5/02/1993 9:33 -3.02 156.02 10/12/1993 6:48 -4.26 146.58 10/12/1993 6:48 3 

7716247 SVPC 14/02/1993 16:33 0.02 155.99 21/03/1995 20:48 -19.45 148.47 7/06/1994 8:12 3 

7716249 SVPC 13/02/1993 8:09 -3.96 156.02 29/09/1993 22:50 -2.3 139.68 2/09/1993 22:30 1 

7717620 SVP 3/01/1993 16:37 -0.04 156.74 31/05/1994 21:54 -17.4 161.17 31/05/1994 21:54 3 

7720039 SVP 16/02/1994 8:09 -12.27 -177 10/01/1997 19:06 -29.19 172.64 19/03/1995 13:03 3 

7720041 SVP 13/02/1994 5:55 -9.94 -172.8 31/08/1995 21:46 -13.17 143.58 16/12/1994 21:46 1 

7720075 SVP 14/01/1996 20:42 -0.14 146.89 9/01/1997 2:50 -10.72 150.59 9/01/1997 2:50 1 

7720131 SVPC 10/09/1994 7:46 -2.14 154.73 14/01/1995 19:51 -4.36 145.14 14/01/1995 19:51 2 

9011893 SVP 19/06/1990 3:35 2.95 144.47 14/12/1991 11:07 -10.94 151.77 14/12/1991 11:07 1 

9217783 SVP 16/04/1995 5:18 0 -170.15 25/07/1996 3:09 -20.55 164.29 26/03/1996 19:37 1 

9217790 SVP 13/04/1995 4:41 -0.13 -156.65 24/12/2000 9:28 -15.29 145.33 30/01/1998 15:41 2 

9217797 SVP 16/04/1995 5:18 -2.11 -170.76 18/05/1997 2:41 -27.7 -172.55 18/07/1996 19:55 3 

9217798 SVP 13/04/1995 17:24 -5 -162.07 15/12/1995 3:16 -13.44 166.71 3/12/1995 19:19 1 

9320176 SVP 28/12/1995 0:56 -5.14 -155.36 9/07/1997 7:14 -15.02 157.96 9/07/1997 7:14 3 

9320191 SVP 28/12/1995 16:48 0.48 -155.11 7/09/1996 14:46 -9.21 151.05 7/09/1996 14:46 1 

9320197 SVP 10/09/1995 18:02 -0.05 -155.63 23/09/1996 20:25 -14.39 165.24 23/09/1996 20:25 1 
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9420335 SVP 18/06/1995 7:27 -12.48 175.14 15/05/1996 19:45 -20.92 163.49 15/05/1996 19:45 1 

9421146 SVP 10/06/1994 4:46 -17.82 169.99 27/07/1994 21:23 -18.8 169.01 27/07/1994 21:23 1 

9421181 SVP 18/02/1995 4:13 -0.83 -142.69 9/03/1997 19:36 -20.97 162.47 9/11/1996 20:02 3 

9421186 SVP 2/03/1995 12:35 -0.29 -156.12 1/03/1997 8:01 -18.64 147.03 27/08/1996 7:29 3 
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9421190 SVP 24/08/1994 4:32 -0.02 -155.03 28/01/1996 18:59 -14.35 167.4 28/01/1996 18:59 3 

9423468 SVP 13/07/1995 6:46 -0.13 -155.69 5/11/1997 10:24 -13.93 143.86 5/11/1997 10:24 2 

9423474 SVP 28/09/1995 11:42 -5.01 -143.89 24/11/1996 8:24 -9.1 166.13 24/11/1996 8:24 3 

9423477 SVP 9/10/1995 1:58 -4.99 -160.96 21/05/1997 15:07 -15.7 176.45 29/09/1996 14:06 3 

9423519 SVP 22/12/1995 6:20 -7.97 -170.07 26/07/1997 18:46 -8.78 175.6 26/07/1997 18:46 3 

9423529 SVP 5/12/1995 2:24 -8.1 166.6 27/09/1996 9:37 -0.4 128.39 27/09/1996 9:37 1 

9423539 SVP 13/02/1996 2:24 -18.24 165.03 19/11/1997 17:05 -19.76 154.45 19/11/1997 17:05 3 

9423540 SVP 5/12/1995 3:26 -3.95 179.91 9/06/1997 19:22 -31.56 155.76 9/06/1997 19:22 3 

9423543 SVP 13/12/1995 2:00 -0.5 -170.03 15/03/1997 20:41 -6.98 156.08 15/03/1997 20:41 3 

9525562 SVP 10/12/1995 4:01 -0.47 -149.37 6/03/1997 18:58 -8.85 157.84 8/10/1996 17:31 1 

9525564 SVP 18/08/1996 22:37 -0.11 -141.76 20/08/1998 20:55 -7.12 131.97 3/11/1997 16:33 1 

9619652 SVP 8/01/1999 1:26 -0.01 -161.05 5/05/2000 21:25 -32.66 152.85 5/05/2000 21:25 4 
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9619653 SVP 8/01/1999 7:10 0.98 -160.01 7/06/2000 18:57 -11.98 143.2 7/06/2000 18:57 1 

9619746 SVP 8/12/1998 2:09 0.99 -156.83 10/10/1999 14:42 -13.21 166.57 10/10/1999 14:42 1 

9619777 SVP 28/11/1997 0:53 -4.12 -169.95 26/12/1998 16:40 -10.22 166.23 26/12/1998 16:40 3 

9619803 SVP 31/01/1998 12:42 1.71 -91.06 25/03/1999 9:11 -10.19 161.96 25/03/1999 9:11 3 

9730654 SVP 19/06/1999 20:13 -0.51 172.54 31/03/2000 8:17 -9.3 166.24 31/03/2000 8:17 3 

9730664 SVP 19/04/1999 8:24 -0.02 172.42 15/03/2001 20:03 -34.67 158.91 15/03/2001 20:03 3 

9730665 SVP 1/05/1999 16:34 -4.36 170.8 13/10/1999 17:29 -10.35 165.88 13/10/1999 17:29 3 

9730701 SVP 27/09/1998 16:52 -1 -139.97 14/01/2000 21:19 -13.38 146.19 14/01/2000 21:19 3 

9809928 SVP 29/01/1999 6:08 -0.98 -168.83 20/02/2000 20:56 -18.41 161.96 20/02/2000 20:56 3 

9810045 SVP 28/11/1999 15:30 -22.01 157.46 17/05/2000 20:13 -22.3 152.75 8/04/2000 21:27 1 

9810556 SVP 20/08/1999 19:00 -0.97 -179.95 24/07/2000 16:28 -12.39 164.97 24/07/2000 16:28 4 

9811533 SVP 5/11/1999 16:23 -0.11 -170.18 10/05/2000 8:22 -10.99 165.73 10/05/2000 8:22 3 

9816379 SVP 28/04/2000 18:42 -0.08 178.89 31/10/2000 20:56 -20.17 157.09 31/10/2000 20:56 3 

9816380 SVP 23/01/2000 19:36 -0.62 172.81 29/12/2000 6:16 -18.88 147.06 7/12/2000 20:21 2 

9817011 SVP 2/11/1999 19:59 -4.14 179.28 16/07/2000 5:15 -10.71 150.39 16/07/2000 5:15 1 

9821154 SVP 29/10/1998 1:14 -0.28 -155.81 17/11/1999 21:11 -15.43 161.91 17/11/1999 21:11 3 

9822104 SVP 6/11/1998 1:22 -3.15 -157.57 13/12/1999 19:52 -13.41 167.99 13/12/1999 19:52 3 

9824567 SVP 18/07/1999 19:30 -0.83 -170.06 25/09/2000 9:57 -12.7 160.5 25/09/2000 9:57 1 

9824568 SVP 1/08/1999 1:37 1.18 -158.79 14/08/2001 7:51 -10.75 161.79 13/03/2000 4:16 1 
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9826938 SVP 11/08/1999 15:53 -1.49 164.43 1/09/2000 4:28 -9.14 165.68 1/09/2000 4:28 3 

9903525 SVP 25/11/1999 14:19 -4.88 180 7/04/2000 7:20 -8.51 168.45 7/04/2000 7:20 4 

9916108 SVP 12/08/1999 5:58 -0.01 -141.59 12/06/2001 8:27 -14.82 148.33 12/06/2001 8:27 3 

9917894 SVP 7/10/1999 5:18 0.06 -149.32 22/07/2001 19:22 -15.46 167.7 22/07/2001 19:22 1 

9918841 SVP 19/12/1999 0:20 -1.22 -149.06 20/01/2001 20:22 -16.45 168.21 20/01/2001 20:22 1 

9918875 SVP 30/10/1999 14:07 1 -147.6 15/07/2000 21:24 -5.22 154.73 11/07/2000 19:36 1 
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latitude 

Deployment 

longitude Final date 

Final 

time 

Final 

latitude 

Final 

longitude

Lost drogue 

date 

Lost 

drogue 

time 

type of 

death 

9918878 SVP 31/10/1999 2:52 -1.11 -149.28 26/08/2000 5:39 -5.19 145.82 26/08/2000 5:39 1 

9918919 SVP 17/11/1999 3:00 -4.15 -165.8 24/09/2000 23:06 -0.81 134.52 19/05/2000 4:45 1 

9918992 SVP 10/11/1999 13:46 -4.01 -165.74 4/05/2000 20:00 -9.33 160.85 2/05/2000 4:43 1 
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7.3. Supplementary	information:	Chapter	4	

 

Data Bias 

A concern with the drifter data is that systematic errors could be introduced due to 

the non random placement of the drifters, and the fact that all the drifters were originally 

placed outside the GBR. For example, one could hypothesize that flushing of the GBR 

occurs infrequently but in dramatic events. The drifters will only capture these events but 

will not capture the periods when no water is exchanging between the GBR and Coral Sea 

as they will not enter the lagoon. The methodology could thus underestimate flushing times 

by biasing data to periods of rapid exchange. Such a scenario can be tested by checking if 

large numbers of drogued drifters approached the GBR but failed to enter. In order to test 

the occurrence of this situation, the trajectories of drogued and undrogued drifters that 

approached close (within 50 km) to the GBR, but which did not enter, were analyzed and 

are shown in figure S1. Only 21 drifters came close to GBR without entering compared 

with the 76 that entered. Of the 21, 10 drogued drifters ran aground in the vicinity of the 

GBR and 3 were entrained from 19 degrees South in the EAC flow. 8 drogued drifters 

came close to the reef matrix, 3 were entrained in the Hiri current flow, from 15 degrees S, 

and 5 were entrained in the EAC, 2 between 13 and 16 degrees S, 2 drifters at about 19 

degrees S and one at 22 degrees S. It is clear from the above statistics that a very large 

percentage of drifters that approached the GBR enter it and thus systematic errors due to 

non random sampling are limited. 

 



159 

 

 
Figure S1: Trajectories of the drifters in the vicinity of the GBR not entering the matrix. undrogued 

drifters (left) and drogued drifters (right) 

 

Comment on drogued and undrogued drifters:  

The drifters on deployment carry a drogue at 15 m depth that greatly increases drag 

and reduces the influence of the wind and waves on trajectory. The drifters sometimes lose 

their drogues but have sensors that indicate when this has occurred. The difference in 

drifter behavior with and without drogue has well studied and documented, in Lumpkin and 

Pazos (2006) and usable data can be obtained from undrogued instruments. As long as the 

drogue remains attached to the drifter, the downwind slip is estimated at 0.7 cm/s per 10 

m/s of wind speed (Niiler and Paduan, 1995). If an SVP (Surface Velocity Program) drifter 

loses its drogue, it will slip downwind at a speed of 8.6 cm/s per 10 m/s of wind (Pazan and 

Niiler, 2001). For drifters in the GBR, the conclusion that residence times were short is 

supported by both drogued and undrogued drifters. 
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Conservative calculation of incremental Nitrogen concentration in GBR due to 

anthropogenic inputs. 

It is evident from this work that the GBR lagoon exchanges very large volumes of 

water with the Coral Sea at time scale, certainly less than 100 days and perhaps as short as 

10 days. This will mitigate against the buildup of pollutants, especially those that are not 

susceptible to bio-accumulation. A very rough but conservative calculation can be done to 

estimate the long term time averaged nutrient concentrations due to a discharge from 

agricultural land. For example, for the Wet tropics (between 180S and 16oS) where 5 rivers 

drain steep agricultural land that receives very high rainfall, there is an annual Nitrogen 

discharge from rivers of ca 6900 T (Furnas 2003). Presuming the volume of the shelf along 

this coast line (ca 500 km3)   is exchanged with the Coral Sea every 100 days, then the N 

concentration of the lagoon water would need to be 4 g/l, which is higher than the Coral 

Sea water that replaces the lagoon water. Actual concentrations of total N concentration are 

around 100g/l inside and outside the lagoon and with little variation across the shelf. The 

influence of the river discharge can only increase the long term time averaged N 

concentrations by about 4%. Given that N will be rapidly consumed and that the flushing 

time is considerably shorter than 100 days, the above value should be regarded as an 

extreme upper estimate. 

 

Comment on errors and uncertainties 

Errors in t1/2 values for individual drifters arise due to GPS position uncertainly, 

interpolation of the positions to give a position at 6 hourly intervals, and from the definition 

of the GBR mid point. Of these, the most important is the later as this position is somewhat 

arbitrary and could be in error by up to 10% of the shelf. In most cases the t1/2 values would 

have an uncertainty of less than 1 day, or 10%, whichever is larger. 

Uncertainties in total excursion within the GBR, long-shore and cross-shelf velocities are 

estimated to be less than 10%. 

 

Detailed drifter data 

The meta data associated with the drifters that entered the GBR is shown in Table 

S1 and S2; positions of entry to the lagoon and finish position are shown in figures S3 and 
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S4; details of long-shore velocities, cross shelf velocities, total excursion and period in the 

GBR are shown in Tables S5 and S6; summaries of t1/2 time are shown in Table S7 and S8; 

summary statistics of t1/2 values are shown in table S9 together with the number of drogues 

that were used to construct these statistics (table S10). 
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Table S1: Metadata. of drogued drifters entering the GBR 

Drogue

d 

drifter 

ID 

WM

O 

EXPN

O 

Deployme

nt latitude 

Deployme

nt 

longitude 

End 

latitud

e 

End 

Longitud

e 

type 

deat

h 

Deployment 

time End time 

Lost drogue 

time 

Type 

of 

buoy 

21627 

5557

2 476 -42.4 152.93 -15.51 145.29 1 

24/11/2005 

9:18 

19/10/2007 

7:04 

19/10/2007 

7:04 

SVP

B 

30307 

5261

1 7325 -0.75 -162.94 -26.4 153.26 1 

3/01/2001 

14:42 

2/03/2003 

20:41 

6/07/2002 

20:26 SVP 

36913 

5184

7 7325 -2 -142.43 -9.45 142.68 1 

30/09/2002 

10:45 

20/07/2004 

17:48 

20/07/2004 

17:48 SVP 

36927 

5187

6 6325 -2.03 -153.25 -21.47 149.36 1 

28/09/2002 

4:59 

27/04/2004 

17:03 

27/04/2004 

17:03 SVP 

36950 

5192

2 7325 -3.03 -140 -18.64 146.58 1 

18/09/2003 

22:59 

5/03/2006 

15:23 

3/03/2006 

20:31 SVP 

39229 

5592

8 6325 -12.01 163.93 -13.11 143.57 1 

2/03/2004 

23:54 

1/08/2004 

6:01 

1/08/2004 

6:01 SVP 

41266 

5192

5 6325 3.02 -147.51 -9.78 143.3 1 

7/10/2003 

5:29 

29/05/2005 

18:09 

29/05/2005 

18:09 SVP 

43618 1757 243 -57.01 -9.96 -22.04 150.14 3 19/01/2004 26/02/2007 26/02/2007 SVP
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0 6:54 7:53 7:53 B 

44317 

5592

9 9325 -25.01 166.76 -14.73 145.19 1 

13/12/2004 

0:15 

18/02/2006 

2:12 

18/02/2006 

2:12 SVP 

44318 

5560

9 6325 -16.34 162.6 -27.53 153.52 1 

14/07/2005 

1:53 

16/08/2006 

4:38 

16/08/2006 

4:38 SVP 

44322 

5199

2 9325 -2.13 -152.98 -15.42 145.27 1 

28/03/2004 

20:38 

20/06/2006 

20:33 

20/06/2006 

20:33 SVP 

44327 

5199

1 9325 -2 -142.52 -10.6 142.62 1 18/03/2004 

5/05/2005 

22:17 

5/05/2005 

22:17 SVP 

44333 

5196

8 9325 -3.36 -152.27 -15.08 145.29 1 

4/02/2004 

20:41 

26/02/2005 

6:21 

26/02/2005 

6:21 SVP 

44334 

5561

0 6325 -14.23 161.93 -19.86 148.12 1 

15/07/2005 

7:17 

4/01/2006 

19:59 

4/01/2006 

19:59 SVP 

44335 

5561

1 9325 -14.25 165.94 -16.8 146.36 1 

20/07/2005 

8:12 

30/04/2006 

12:28 

30/04/2006 

12:28 SVP 

44337 

5562

3 9325 -12.16 166.25 -17.89 146.76 1 

16/11/2006 

6:59 

6/06/2007 

13:14 

6/06/2007 

13:14 SVP 

44338 

5562

2 9325 -16.7 162.58 -11.18 142.82 1 

11/11/2006 

23:55 

10/05/2007 

13:34 

10/05/2007 

13:34 SVP 

45953 

3261

5 9325 -0.16 -124.26 -10.24 142.2 3 

8/05/2004 

7:27 

29/06/2006 

2:00 

29/06/2006 

2:00 SVP 
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53374 

5150

5 7325 -2.01 -142.67 -11.99 143.23 1 

10/02/2005 

13:46 

19/05/2006 

13:25 

19/05/2006 

13:25 SVP 

54339 

5167

3 9325 -3 -140.04 -13.07 143.5 1 

18/01/2006 

8:12 

4/05/2007 

6:23 

4/05/2007 

6:23 SVP 

54640 

5164

1 7325 -1.99 -142.54 -12.3 143.4 3 

16/05/2005 

2:40 

4/06/2007 

7:35 

4/06/2007 

7:35 SVP 

54656 

5165

8 7325 -0.99 -142.02 -7.82 144.24 1 

25/04/2005 

22:24 

7/09/2006 

8:06 

7/09/2006 

8:06 SVP 

54695 

5182

9 7325 -0.03 -148 -12.74 155.2 3 

24/07/2005 

14:44 

29/04/2008 

17:20 

29/04/2008 

17:20 SVP 

59313 

5188

3 7325 -0.06 -141.87 -13.4 143.64 1 

19/08/2005 

10:17 

6/09/2007 

18:21 

6/09/2007 

18:21 SVP 

59326 

5153

6 7325 -3 -142.93 -12.75 143.85 1 

19/10/2005 

23:33 

12/04/2007 

3:54 

12/04/2007 

3:54 SVP 

60228 

5561

4 9325 -37.22 159.96 -22.87 150.93 1 

15/11/2005 

23:51 

31/12/2006 

20:16 

31/12/2006 

20:16 

SVP

B 

60320 

5562

4 7325 -25.51 166.77 -24.68 152.52 1 

24/11/2005 

1:07 

27/01/2007 

19:35 

27/01/2007 

19:35 SVP 

63141 

5562

0 7325 -26.41 155.24 -16.74 145.9 0 

4/03/2007 

11:00 

30/06/2008 

22:25   SVP 

63145 5594 7325 -26.26 155.47 -23.14 152.92 3 20/03/2007 16/02/2008 16/02/2008 SVP 
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2 11:31 10:35 10:35 

771622

8 

5251

5 9129 -4.24 156.25 -19.64 148.99 3 

6/02/1993 

16:32 

25/04/1994 

21:33 

25/04/1994 

21:33 

SVP

C 

942118

6 

5185

9 1325 -0.29 -156.12 -18.64 147.03 3 

2/03/1995 

12:35 

1/03/1997 

8:01 

27/08/1996 

7:29 SVP 

942346

8 

5181

3 1325 -0.13 -155.69 -13.93 143.86 2 

13/07/1995 

6:46 

5/11/1997 

10:24 

5/11/1997 

10:24 SVP 

942354

0 

5260

9 1325 -3.95 179.91 -31.56 155.76 3 

5/12/1995 

3:26 

9/06/1997 

19:22 

9/06/1997 

19:22 SVP 

961965

3 

5165

2 8325 0.98 -160.01 -11.98 143.2 1 

8/01/1999 

7:10 

7/06/2000 

18:57 

7/06/2000 

18:57 SVP 

981638

0 0 1325 -0.62 172.81 -18.88 147.06 2 

23/01/2000 

19:36 

29/12/2000 

6:16 

7/12/2000 

20:21 SVP 
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Table S2: Drifter’s metadata. Undrogued data 

Undrogu

ed drifter 

ID 

WM

O 

EXPN

O 

Deployme

nt latitude 

Deployme

nt 

longitude 

End 

latitud

e 

End 

Longitu

de 

type 

deat

h 

Deployment 

time End time 

Lost drogue 

time 

Type 

of 

buoy 

21693 

5558

6 476 -41.69 154 -18.6 146.51 1 

8/03/2004 

21:46 

3/05/2005 

23:33 

24/04/2004 

12:54 

SVP

B 

25525 

5163

0 9325 0.84 -141.46 -13.26 143.95 1 

30/12/2000 

1:03 

17/07/2002 

3:25 

6/06/2002 

2:31 SVP 

27520 

5591

7 7325 -48.34 146.58 -12.99 143.57 1 

15/12/2000 

5:31 

18/07/2003 

21:39 

21/11/2002 

18:26 SVP 

34006 

5162

1 7325 -2.02 -153.25 -9.23 142.23 1 

19/12/2001 

17:03 

30/08/2003 

10:22 

2/09/2002 

17:47 SVP 

34104 

5171

1 7325 -3.02 -154.59 -13.76 144 1 

27/02/2002 

16:51 

4/07/2003 

5:05 

25/11/2002 

5:43 SVP 

36950 

5192

2 7325 -3.03 -140 -18.64 146.58 1 

18/09/2003 

22:59 

5/03/2006 

15:23 

3/03/2006 

20:31 SVP 

39136 

5175

3 6325 -3.02 -143.01 -18.28 146.83 1 

27/04/2003 

1:01 

30/10/2004 

15:12 

22/09/2004 

15:47 SVP 

43662 

5161

8 6325 -0.02 -148.81 -13.05 143.51 1 

16/06/2004 

23:29 

28/06/2006 

11:29 

21/09/2004 

1:22 SVP 
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43667 

5162

3 6325 0.02 -141.57 -12.89 143.53 1 

14/06/2004 

21:07 

15/12/2005 

8:12 

21/02/2005 

17:45 SVP 

44054 

5154

0 9325 0 -139.85 -17.99 146.66 1 

13/09/2004 

8:57 

12/09/2007 

12:12 

28/08/2005 

20:33 SVP 

44085 

5259

7 9325 -5.07 165.2 -10.92 143.83 3 

29/11/2004 

16:04 

31/12/2005 

16:55 

29/09/2005 

16:51 SVP 

44114 

5151

8 9325 -1.99 -152.14 -11.13 143.03 1 

22/08/2004 

19:58 

15/06/2006 

13:15 

4/01/2005 

14:13 SVP 

44140 

3264

3 9325 -3.87 -109.97 -24.77 152.45 1 

15/09/2004 

17:29 

18/01/2007 

7:15 

27/10/2004 

18:21 SVP 

54215 

3290

5 9325 -2.02 -89.08 -16.03 145.67 3 

20/05/2005 

1:01 

3/01/2008 

6:12 

11/09/2006 

4:46 SVP 

54320 

5195

1 9325 -4.96 -179.89 -15.49 145.41 1 

21/07/2006 

9:26 

5/05/2008 

8:19 

30/12/2006 

10:38 SVP 

54332 

5167

0 9325 0 -139.93 -14.9 145.5 1 

17/01/2006 

6:11 

27/02/2007 

11:19 

22/10/2006 

19:38 SVP 

54354 

3255

1 9325 -4 -91.96 -9.1 143.01 1 

9/09/2005 

3:56 

4/09/2007 

11:58 

4/08/2006 

3:11 SVP 

54368 

3282

9 9325 -2.04 -89.13 -8.13 139.71 1 

3/11/2005 

20:36 

23/07/2007 

15:59 

30/05/2007 

20:43 SVP 

54414 3280 9325 -3.55 -85.06 -15.98 145.51 1 6/10/2005 22/12/2007 30/01/2006 SVP 
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2 4:34 19:10 23:44 

60230 

5494

1 9325 -38.38 -164.97 -9.38 141.72 1 

6/03/2006 

4:34 

17/07/2007 

20:55 

16/05/2006 

20:54 

SVP

B 

60232 

5593

6 9325 -36.97 161.04 -24.09 151.8 1 

24/01/2006 

17:29 

11/11/2006 

20:07 

24/04/2006 

6:53 

SVP

B 

63051 

5193

4 7325 -2.17 -170.01 -11.6 142.95 1 

22/06/2006 

8:54 

28/05/2007 

7:04 

11/08/2006 

13:20 SVP 

63052 

5183

9 7325 -3.29 -155.05 -19.75 149.94 0 

8/06/2006 

9:15 

30/06/2008 

23:34 

11/08/2006 

5:26 SVP 

63140 

5561

7 7325 -26.36 155.41 -9.93 144.06 1 

1/02/2007 

11:16 

12/09/2007 

23:20 

13/02/2007 

3:47 SVP 

7700136 

5590

2 1325 -36.4 161.63 -13.35 143.59 1 

2/05/1994 

6:00 

11/07/1996 

22:22 

4/12/1994 

21:12 SVP 

7701779 

5183

4 1425 0 -155.52 -29.36 173.83 3 

20/07/1993 

5:33 

4/06/1999 

2:21 

10/09/1994 

17:13 SVP 

7715081 

5188

2 9129 -2.75 -146.7 -18.93 147.85 1 

1/12/1990 

4:33 

28/03/1992 

20:26 

20/02/1991 

19:26 SVP 

7715083 

5188

3 9129 -4.36 -144.03 -21.72 150.4 1 

6/12/1990 

0:57 

23/01/1993 

21:56 

17/09/1991 

17:47 SVP 

7715124 

5183

4 1425 0.03 -135.14 -12.9 143.51 1 

2/07/1991 

0:21 

5/05/1994 

20:00 

22/04/1992 

14:24 SVP 
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7716196 

5283

0 9129 0.07 155.9 -16.33 145.84 1 

26/09/1992 

3:42 

14/08/1994 

23:12 

4/05/1994 

21:37 SVP 

7716247 

5286

2 9129 0.02 155.99 -19.45 148.47 3 

14/02/1993 

16:33 

21/03/1995 

20:48 

7/06/1994 

8:12 

SVP

C 

7720041 

5180

9 1325 -9.94 -172.8 -13.17 143.58 1 

13/02/1994 

5:55 

31/08/1995 

21:46 

16/12/1994 

21:46 SVP 

8806894 

5180

1 129 0 -130 -13.17 143.68 1 25/06/1988 

14/07/1990 

4:04 3/10/1988 SVP 

9217790 

5183

3 1325 -0.13 -156.65 -15.29 145.33 2 

13/04/1995 

4:41 

24/12/2000 

9:28 

30/01/1998 

15:41 SVP 

9421186 

5185

9 1325 -0.29 -156.12 -18.64 147.03 3 

2/03/1995 

12:35 

1/03/1997 

8:01 

27/08/1996 

7:29 SVP 

9525564 

5152

7 1325 -0.11 -141.76 -7.12 131.97 1 

18/08/1996 

22:37 

20/08/1998 

20:55 

3/11/1997 

16:33 SVP 

9525758 

5161

6 1325 0.49 -141.36 -19.17 148.58 1 

25/11/1995 

17:07 

28/01/1997 

4:23 

11/07/1996 

15:12 SVP 

9525779 

5152

4 1325 0.5 -155.01 -9.45 143.4 1 

8/11/1995 

16:37 

8/04/1997 

5:05 

11/03/1996 

8:58 SVP 

9525781 

5191

7 1325 -0.46 -141.82 -12.11 143.12 3 

27/10/1995 

22:33 

27/06/1997 

21:06 

7/05/1996 

13:30 SVP 

9619678 5261 8325 -0.5 173 -19.78 148.07 1 8/01/1998 24/09/1999 8/01/1998 SVP 
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0 7:00 6:30 7:04 

9730576 

5192

0 8325 -2.15 -170.01 -12.38 143.64 1 

22/11/1997 

14:45 

22/05/1999 

20:39 

19/08/1998 

0:53 SVP 
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Drifter Metadata 

 

NOTE: Longitudes are expressed in 0-360 E-W longitude 

Drogue off date of 1-1-79 indicates drogue status is unknown. 

Drogue off date equal to deployment time means drogue was off since deployment 

Drogue off date equal to ending time, buoy ended with its drogue attached. 

 

DEATH CODES: 

0       =  buoy still reporting as of 6-30-2008 

1       =  buoy ran aground 

2       =  buoy was picked up 

3       =  buoy quit transmitting 

4       =  Unreliable transmissions at end of trajectory 

5       = Bad battery voltage 

6       = Place in inactive status while transmitting good position 

 

BUOY TYPES: 

SVP:  Standard drifter carrying only SST, Drogue and Voltage sensors 

SVPB:  SVP with barometer 

SVPBS: SVP with barometer and salinity sensors 

SVPBW: SVP with barometer and wind sensors 

SVPG:  SVP with GPS 

SVPO:  SVP with optical sensor 

SVPS:  SVP with salinity sensor 

SVPW: SVP with wind sensor 
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Table S3: drifter positions of entry to GBR and exit/finish positions. Drogued 

drifters 

ID 

drogued 

drifters 

latitude 

in the 

GBR 

longitude 

in GBR 

Latitude 

out 

GBR 

Longitude 

out GBR 

54656 -9.456 144.251 -8.201 144.364 

36913 -10.264 143.989 -9.494 142.77 

41266 -10.443 143.962 -9.776 143.308 

44327 -11.974 143.97 -10.612 142.662 

45953 -12.037 144.003 -10.25 142.229 

54695 -12.35 143.806 -12.245 143.915 

54640 -12.736 143.811 -12.299 143.403 

44338 -12.745 143.816 -11.187 142.83 

59326 -12.794 143.87 -12.794 143.87 

39229 -13.285 143.978 -13.112 143.573 

9423468 -13.645 144.216 -13.896 143.842 

9619653 -13.837 144.344 -11.981 143.2 

59313 -14.625 145.669 -13.404 143.639 

44317 -15.406 145.808 -14.721 145.198 

54339 -15.498 145.828 -13.075 143.51 

53374 -15.903 145.84 -12 143.245 

21627 -16.291 146.009 -15.483 145.273 

44333 -16.611 146.166 -15.079 145.289 

9421186 -17.663 146.762 -18.177 146.668 

44322 -17.793 146.805 -15.449 145.281 

44337 -17.962 146.842 -17.893 146.771 

9816380 -18.113 147.012 -18.289 146.99 

44335 -18.699 148.02 -16.802 146.356 

44334 -18.73 148.01 -19.862 148.129 

7716228 -19.3 149.273 -19.535 149.116 
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63141 -19.577 149.913 -16.78 145.935 

36950 -20.264 150.828 -18.631 146.602 

9423540 -20.85 152.042 -21.22 152.679 

63145 -20.97 152.618 -21.192 152.772 

44318 -21.124 152.692 -21.081 152.771 

36927 -22.348 152.81 -21.471 149.405 

43618 -22.631 152.793 -22.057 150.194 

60228 -23.381 152.088 -22.887 150.981 

60320 -23.735 152.319 -24.678 152.501 

30307 -23.758 152.387 -24.174 153.01 
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Table S4: Undrogued drifter positions of entry to GBR and exit/finish positions.  

ID 

undrogued 

drifters 

latitude 

in the 

GBR 

longitude 

in GBR 

Latitude 

out 

GBR 

Longitude 

out GBR 

54354 -9.822 144.256 -9.105 143.013 

34006 -9.89 144.222 -9.388 142.145 

63140 -9.979 144.156 -9.923 144.06 

9525779 -10.024 144.115 -9.427 143.446 

60230 -10.913 144.056 -9.624 142.222 

44085 -11.011 144.032 -10.932 143.878 

54368 -11.268 144.082 -9.727 142.23 

9525564 -11.89 143.838 -10.35 142.089 

44114 -12.274 143.907 -11.137 143.051 

9730576 -12.714 143.827 -12.396 143.639 

9525781 -12.735 143.826 -12.145 143.136 

63051 -12.84 143.894 -11.593 142.954 

43667 -13.073 143.992 -12.896 143.537 

25525 -13.252 143.987 -13.259 143.935 

7715124 -13.797 144.307 -12.9 143.523 

34104 -14.061 144.782 -13.764 143.994 

7720041 -14.565 145.615 -13.176 143.578 

27520 -15.254 145.792 -13.084 143.604 

54332 -15.552 145.811 -14.949 145.498 

43662 -15.662 145.823 -13.084 143.523 

54414 -16.104 145.891 -15.988 145.511 

54320 -16.521 146.125 -15.537 145.414 

54215 -16.706 146.295 -16.033 145.653 

7700136 -16.891 146.467 -13.355 143.598 

7716196 -16.92 146.452 -16.337 145.859 

44054 -17.843 146.785 -17.99 146.664 
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39136 -18.121 146.984 -18.281 146.826 

9421186 -18.208 146.623 -18.638 147.015 

9217790 -18.375 147.325 -15.309 145.337 

36950 -18.684 146.849 -18.631 146.602 

7715081 -18.785 148.029 -18.905 147.862 

9525758 -19.124 148.841 -19.193 148.581 

7716247 -19.166 149.031 -19.467 148.471 

9619678 -19.43 149.56 -19.779 148.073 

7715083 -20.598 151.117 -21.706 150.405 

8806894 -20.812 152.155 -13.184 143.699 

7701779 -20.905 152.296 -18.975 148.5 

63052 -21.71 152.615 -19.758 149.925 

21693 -22.454 152.796 -18.634 146.537 

60232 -23.48 152.101 -24.093 151.808 

44140 -24.593 153.164 -24.763 152.463 
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Table S5: Data summary of individual drogued drifters in the GBR. The positive 

axes are directed at 330o for long shelf components and 60o for the cross shelf component. 

Undrogued 

Drifter id 

Total 

excursion 

in GBR 

(km) 

Alongshore 

excursion 

(km) 

Cross shelf  

mean 

velocity 

(cm/s) 

Alongshore 

mean 

velocity 

(cm/s) 

Time in 

GBR 

(days) 

21693 1200 780 -8 16 50.75 

25525 6 6 -16 4 0.50 

27520 350 340 -15 54 6.75 

34006 440 240 -4 3 56.00 

34104 120 90 -7 9 9.00 

36950 30 30 -15 14 1.50 

39136 30 20 -15 -7 1.75 

43662 400 380 -7 34 12.50 

43667 60 50 -13 16 3.00 

44054 30 20 -14 -4 1.25 

44085 30 20 -12 12 1.25 

44114 170 160 -4 36 4.75 

44140 110 70 -14 3 6.00 

54215 190 100 -3 11 9.75 

54320 140 130 -4 31 4.75 

54332 80 80 -1 35 2.25 

54354 210 160 -10 17 9.00 

54368 320 270 -8 23 12.75 

54414 40 40 -12 12 2.75 

60230 270 250 -17 38 6.75 

60232 250 70 -7 -5 9.50 

63051 180 170 -4 32 6.00 

63052 700 350 -6 14 27.50 

63140 10 10 -7 18 0.75 
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7700136 550 500 -2 15 37.75 

7701779 2000 450 -2 3 139.25 

7715081 30 20 -13 -2 2.00 

7715083 280 140 -8 -4 18.75 

7715124 140 130 -5 21 6.75 

7716196 110 90 -1 5 21.00 

7716247 370 70 -3 0 23.50 

7720041 300 270 -9 19 15.00 

8806894 1980 1240 -4 14 190.50 

9217790 550 400 -1 21 22.00 

9421186 260 60 0 0 182.50 

9525564 380 260 -17 3 65.75 

9525758 100 30 -1 0 27.25 

9525779 230 100 -2 5 21.00 

9525781 100 100 -9 27 4.00 

9619678 510 160 -4 1 48.50 

9730576 50 40 -1 13 3.50 

Average 320 190 -7 14 26.24 
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Table S6: Data summary of individual drogued drifters in the GBR. The positive 

axes are directed at 330o for long shelf components and 60o for the cross shelf component. 

Drogued 

Drifter 

id 

Total 

excursion 

in GBR 

(km) 

Alongshore 

excursion 

(km) 

Cross shelf  

mean 

velocity 

(cm/s) 

Alongshore 

mean 

velocity 

(cm/s) 

Time 

in 

GBR 

(days) 

21627 120 120 -8 37 3.50 

30307 470 80 2 -5 17.25 

36913 180 160 -10 18 8.75 

36927 510 370 -8 13 27.75 

36950 1080 480 -9 12 37.25 

39229 60 50 -11 13 3.25 

41266 120 100 -7 22 5.00 

43618 540 280 -8 14 20.25 

44317 110 100 -6 27 4.00 

44318 20 10 12 -6 1.00 

44322 320 310 -2 46 7.50 

44327 230 210 -7 26 9.00 

44333 210 200 -1 27 8.25 

44334 190 130 -11 -13 8.75 

44335 300 280 -2 29 11.00 

44337 10 10 -6 7 0.75 

44338 210 200 -2 31 7.25 

45953 310 280 -8 35 9.00 

53374 530 520 -3 51 11.50 

54339 410 370 -6 26 16.00 

54640 70 70 -7 26 2.75 

54656 210 140 15 24 5.75 

54695 230 20 1 0 13.75 

59313 260 260 -23 41 6.25 
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59326 0 0 -16 6 0.00 

60228 140 130 -11 35 3.75 

60320 130 110 -11 -14 6.50 

63141 610 520 -4 24 24.00 

63145 30 30 -3 -66 0.50 

7716228 70 30 -2 -1 14.75 

9421186 70 60 -8 -8 5.75 

9423468 350 50 -2 0 38.00 

9423540 100 80 8 -14 6.00 

9619653 270 240 -1 18 15.00 

9816380 30 20 -8 -7 2.00 

Average 240 170 -5 13 10.34 

 

 



180 

 

Table S7: t1/2 (times to cross half the shelf) for drogued drifters. Drifter ID 

numbers that are repeated made multiple traverses of shelf segments. 

ID 

drifters 

Moving 

from 

Coral sea 

to Mid 

GBR 

(days) 

Moving 

from mid 

GBR to 

Coast 

(days) 

Moving 

from coast 

to mid 

GBR 

(days) 

Moving 

from mid  

GBR to 

Coral Sea 

(days) 

              

21627 2.25 1.25     

36913 4 4.75     

36927 20.25 7.5     

36950 31 6.25     

39229 2 1.25     

41266 5       

43618 9.5 10.75     

44317 2 2     

44322 2 5.5     

44327 3.75 5.25     

44333 3.5 4.75     

44334 2 6.75     

44338 2 5.25     

45953 4.5 4.5     

53374 2.25     3 

53374 2.25 2     

54339 3.25     3.5 

54339 3.75 3     

54640 1.5 1.5     

54695 3 10.75     

59313 5.5 0.75     

ot 2/1

it 2/1
it 2/1

ot 2/1
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60228 2.75 1     

60320 4 2.5     

63141 21.5 2.5     

7716228 14.75       

9421186 5.75       

9423468 25.25     2.25 

9423468 4.5       

9619653 9.75 5.25     
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Table S8: t1/2 (times to cross half the shelf) for undrogued drifters. Drifter ID 

numbers that are repeated made multiple traverses of shelf segments. 

ID 

drifters 

Moving 

from 

Coral sea 

to Mid 

GBR 

(days) 

Moving 

from mid 

GBR to 

Coast 

(days) 

Moving 

from coast 

to mid 

GBR 

(days) 

Moving 

from mid 

GBR to 

Coral Sea 

(days) 

     

21693 34.75 16   

27520 1.75   1.25 

27520 2 0.5   

34006 45.75 10.25   

34104 2.5    

43662 2 1.25 1.75 3 

43662 1.75 2.75   

43667 1.75 1.25   

44114 2.75 2   

44140 3.5 2.5   

54215 9.75    

54320 2.25 2.5   

54332 2.25    

54354 6.75 2.25   

54368 6.5 6.25   

54414 1.75 1   

60230 2.75 4   

60232 6.75 2.75   

63051 2.75 3.75   

7700136 10.25 6 12.25  

7700136  9.25   

ot 2/1
it 2/1

it 2/1
ot 2/1
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7701779 111.25   13.25 

7715083 13.75    

7715124 4.25 2.5   

7716196 21    

7716247 23.5    

7720041 11 4   

8806894 131.75  1.25 25.75 

8806894 2.25 4.75   

8806894 11.75 2.75   

9217790 3.75 18.25   

9525564 8 57.75   

9525779 21    

9525781 1.5 2.5   

9619678 16.25 32.25   
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Table S9: t1/2 statistics for drifters entering the GBR on the narrow northern shelf 

(north of 180 S) and on the broad southern shelf (South of 18oS and north of 22.5o S) 

 Drifter 

Entering 

region 

  
Mean 

(Days) 

Max 

(days) 

Min 

Days) 

Standard 

deviation

(Days) 

North of 

18°S 

 

 6 46 1 8 

 
5 58 1 10 

South of 

18°S 

and 

north of 

22.5oS 

 29 132 2 39 

 
10 32 3 9 

 

Table S10: Number of traverses of inshore and offshore halves of the GBR for the 

narrow northern shelf (north of 180 S) and on the broad southern shelf (South of 18oS and 

north of 22.5o S). The numbers in brackets represent the numbers of drifters that were used 

to compile the data, i.e some drifters traversed the segments more than once. 

Drifter 

Entering 

region 

Number of 

drifters. 

Outer half of 

GBR 

Number of 

drifters. 

Inner half of 

GBR 

North of 

18°S 47(39) 38(30) 

South of 

18°Sand 

north of 

22.5oS 16(13) 12(10) 

 

ot 2/1

it 2/1

ot 2/1

it 2/1
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20 of the 76 drifters that entered the GBR didn’t reached the mid GBR. 39 entered 

to the north of 18°S of which 6 exited and 5 reentered the matrix. 13 drifters entered 

between 18°S and 22.5oS (broad shelf southern region), and 4 entered south of 22.5oS 

(narrow Capricorn/Bunker Shelf). 



186 

 

Drogued Drifter trajectories in the GBR: 

The figures below display the trajectory of each drogued drifter that has entered the GBR (red diamond), as well as the date of 

entrance. The green diamonds on the trajectory represents the position when the drifters as crosses half of the GBR width and the 

black diamond shows the end position of a drifter in the GBR, which can either be the last position of the drifter in the GBR, the last 

transmission before the drifter ran aground or lost its drogue. The time spent in the GBR is written in red, the time spent to cross half 

of the GBR width is written in black in days. 
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Undrogued drifter trajectory in the GBR 

The figures represents the trajectories followed by the undrogued drifters after entering the GBR. Same as above but for undrogued drifters 

entering the GBR. 
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7.4. Appendice:	Chapter	5	

   

 

  Temperature (ºC) dTemperature / dtime (ºC day-1) 

 M1 velocity 

M3 velocity 

-10 cm s-1   

-2.5 cm s-1 

10 cm s-1

2.5 cm s-1 

-10 cm s-1

-2.5 cm s-1 

10 cm s-1

2.5 cm s-1 

  u v u v u v u v 

M1 100m 0.16±0.17 -0.46±0.27 -0.45±0.16 0.46±0.37 0.17±0.01 -0.12±0.06 -0.16±0.02 0.12±0.07 

 55m 0.28±0.34 -0.14±0.35 -0.00±0.4 0.33±0.35 0.01±0.01 -0.05±0.04 -0.05±0.00 0.06±0.08 

 25m -0.15±0.11 0.013±0.07 0.07±0.10 -0.11±0.17 -0.02±0.02 -0.01±0.02 0.01±0.03 0.03±0.06 

M3 40m 0.12±0.10 -0.12±0.23 -0.10±0.17 0.06±0.21 0.04±0.04 0.04±0.05 -0.01±0.04 -0.04±0.05

 10m 0.20±-0.20 -0.04±0.20 -0.23±0.20 0.18±0.08 0.04±-0.01 0.06±0.04 0.03±0.02 -0.11±0.01

Table 7-4: Table summarizing the statistics of variation of temperature and of the rate of change of temperature with velocities at M1 and M3 



217 

 

Relation between transport at 30ºS and alongshore velocity at M1 

At site M1, the energy contained between 20-40 days represents over 40% of the sub-

inertial energy along the shelf. The 70-140 day band passed signals at M1 and in the 

EAC transport at 30°S is presented in Figure 5-20. The peak in the northward at M1 

precedes that at 30°S. A cross correlation analysis of the two signals gives a 10 day 

lag between M1 and the EAC transport. It should also be noticed that the signals are 

however in phase during the summer months, between December and January 2004-

2005 and February –March 2006. The high velocity peaks observed in the 70-140 day 

band-passed filtered velocity in the transport at 30°S (Figure 5-20 a) is closely related  

with the significant energy peaks  in the scale averaged, 20-40 day, of the alongshore 

velocity at M1 figure 20 b).  

 

 

Figure 7-1: the Top panel represents the band passed filtered alongshore velocity at M1 

and transport at 30°S between 70 and 140 days. The bottom panel shows the 20-40 

days scale average variance from the wavelet power spectrum of the alongshore 

velocity at M1. 
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Relation between temperature and velocity at M1 and M3 depending on the depth 

At site M1, the relations between the temperatures and the alongshore velocities 

observed at 10m, 55m and 100m show poor correlations of less than 0.4 between 

temperature and alongshore velocities (Figure 10-2). A negative correlation can be 

noticed at the surface becoming negative below 55m.  

 

 

 
Figure 7-2: Relationship between the temperatures and the alongshore velocities observed at 

mooring M1 at 10m (top panel), 55m (middle panel) and 100m (bottom panel). The correlation 

coefficient was also computed at each depth and his presented in the upper left side of each panel.
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Similarly to the results at mooring M1, presented in Figure 10-2, the correlation 

between velocities in the north and east directions and temperatures at site M3 (Figure 

10-3) shows a poor correlation of less than 0.35. However it should be noticed than 

the correlation increases with depth and is negative in the east direction  

 
Figure 7-3: Relationship between the temperatures and the north (first and third panels) and east 

velocities observed at mooring M3 at 4m (top panels) and 35m (bottom panels). The correlation 

coefficient was also computed in each case 

 and is presented in the upper left side of each panel. 

 

Relation between dTemp / dtime and velocity at M1 and M3 depending on the depth 

At site M1 
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Figure 7-4: Relationship between the rate of change of temperatures and the alongshore 

velocities observed at mooring M1 at 10m (top panel), 55m (middle panel) and 100m (bottom 

panel). The correlation coefficient was also computed at each depth and is presented in the upper 

left side of each panel. 

 

At site M3 
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Figure 7-5: Relationship between the rate of change of temperatures and the north (first and 

third panels) and east (second and fourth panels)  velocities observed at mooring M3 at 4m (top 

two panels), 35m (bottom two panels). The correlation coefficient was also computed at each 

depth and is presented in the upper left side of each panel. 
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Relation between Sea Surface elevation and velocity at site M1 

 

 
Figure 7-6: Relationship between SSE and the depth averaged alongshore (top panel) and cross-

shelf (bottom panel) velocities observed at mooring M1. The correlation coefficient was also 

computed and is presented in the upper left side of each panel. 
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