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1. Executive Summary 

 

This National Science and Implementation Plan has been written to guide the development of 

!ǳǎǘǊŀƭƛŀΩǎ LƴǘŜƎǊŀǘŜŘ aŀǊƛƴŜ hōǎŜǊǾƛƴƎ {ȅǎǘŜƳ όLah{ύ1.  Hundreds of people from across the 

Australian marine and climate science community have contributed to it, and all of the key 

components have been internationally peer reviewed.  At ~500 pages it represents a major body of 

work that will continue to evolve over the life of IMOS, in response to national needs and global 

trends. 

 

The Plan is structured into seven components ς a national overview (~100 pages), and six science 

Node chapters (averaging ~70 pages).  Each of the components can be read as standalone 

documents, but it is in combination that they provide the rationale for current and ongoing 

investment in a national scale integrated marine observing system. 

 

The Plan briefly introduces IMOS, sets the context for sustained ocean observing in Australia, and 

explains the role and structure of IMOS science Nodes.  Both the national overview, and the more 

detailed Node chapters, are then organised along the following lines.   

 

The scientific background is discussed under major themes of research, setting out our current state 

of knowledge and articulating gaps which lead to the development of science questions.  

Observations required to address these questions are then identified, and an implementation plan 

articulated.  Uptake and use of the data is discussed ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ bŀǘƛƻƴŀƭ 

Innovation System. 

 

It is important to highlight that this is a science and implementation plan to guide the development 

of a research infrastructure program.  As such it is not meant to define the research projects that will 

use the infrastructure, but rather to define the data streams required to address higher-level science 

questions in order to underpin a wide variety of current and future research.  It is therefore essential 

that the Plan is well aligned with ŦǊŀƳŜǿƻǊƪǎ ƎǳƛŘƛƴƎ !ǳǎǘǊŀƭƛŀΩǎ bational Innovation System over the 

longer term, such as the National innovation Agenda, the National Framework for Marine Research 

and Innovation, the National Climate Change Science Framework. 

 

The timeframe of the Plan is 2009-13, and beyond.   

 

This reflects the fact that IMOS is currently funded until mid-2013, and that much of the effort to 

develop the Plan to this level of maturity was undertaken to guide investment of the second phase 

of funding provided in mid-2009.   

 

It also reflects the fact that the Plan provides a compelling science case for continued investment by 

the Australian Government in a national-scale, in-situ marine observing system, integrated from the 

open ocean into the coast, and across physical, chemical and biological variables.   

 

                                                           
1
 All acronyms used in this document are explained at first use, and again in Attachment 1. 
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IMOS is designed to deliver critical information about ocean change over multiple decades, climate 

variability and weather extremes, major boundary currents and continental shelf processes, and 

marine ecosystem responses.  This information will be necessary if the Australian marine and climate 

science community is to meet current and emerging needs for new knowledge about our oceans, so 

as to better support evidence-based decision making on issues of national significance that will have 

intergenerational impact. 

 

As data streams develop and grow, and long time series of key variables are constructed, there will 

be opportunities to refine and focus the observing system.  Important gaps will also need to be 

addressed.  In the bluewater these include the deep ocean, the high latitudes (including the sea ice 

zone), and the tropics.  In the coastal zone they include improved geographical coverage and spatial 

resolution, and greater understanding of the sustained observations required to underpin 

ecosystem-based management in the marine environment.  The potential of ΨƻƳƛŎǎΩ and other 

capabilities to transform our capacity to observe the functioning of marine ecosystems will need to 

be carefully evaluated. 

 

 

April, 2011 
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2. Introduction 

 

Lah{ ƛǎ !ǳǎǘǊŀƭƛŀΩǎ LƴǘŜƎǊŀǘŜŘ aŀǊƛƴŜ hōǎŜǊǾƛƴƎ {ȅǎǘŜƳ, led by University of Tasmania (UTAS) on 

behalf of the Australian marine and climate science community.  It was established in 2007 under 

the National Collaborative Research Infrastructure Strategy, and has attracted $102M from 

Australian Government research infrastructure investment programs, and co-investment by partners 

of up to $110M (i.e. ~$212M in total).  IMOS is currently funded to June 2013, but is intended to 

continue beyond this date as a sustained, in-situ ocean observing system.  Planning for the next 

stage of Australian Government research infrastructure investment (beyond 2013) will occur during 

2011. 

IMOS Facilities are deploying a range of observing equipment in the oceans around Australia, and 

making all of the data freely and openly available through the electronic Marine Information 

Infrastructure (eMII) Facility.  These data streams, long-time-series of key physical, chemical and 

biological variables, represent a national research infrastructure that is being created and developed 

for use by the Australian marine and climate science community and international collaborators to 

tackle big, strategic, science questions of relevance to Australian society. 

IMOS has been designed according to Global Ocean Observing System (GOOS) principles, with linked 

open-ocean and coastal components.  The open-ocean component is firmly embedded in relevant 

international programs, and the coastal component comprises a national backbone and a series of 

regional nodes.  Collaboration with relevant terrestrial, freshwater, geological, cryospheric, and 

atmospheric observing systems is also being pursued within an earth system science context. 

To successfully establish and sustain national collaborative research infrastructure in the form of an 

in-situ ocean observing system, it has been necessary for IMOS to engage the Australian marine and 

climate research community, and work with its leaders to develop consensus on what to observe, 

where, when, how and why.  This has been achieved by creating a network of science-community-

ŘǊƛǾŜƴ ΨNodesΩ ǘƘŀǘ ǇǊƻǾƛŘŜ ǘƘŜ ǎŎƛŜƴǘƛŦƛŎ ǊŀǘƛƻƴŀƭŜ ŦƻǊ Lah{Σ develop the science questions, and 

thereby identify the need for IMOS Facilities to obtain specific data streams using appropriate 

technology platforms.  There are six Nodes, one open-ocean and five coastal: 

1. Bluewater and Climate (open-ocean) 

2. Western Australia (WAIMOS) 

3. Queensland (Q-IMOS) 

4. New South Wales (NSW-IMOS) 

5. Southern Australia (SAIMOS) 

6. Tasmania (TasIMOS). 

 

This IMOS National Science and Implementation Plan consolidates science planning output from 

these Nodes over the last five years, all of which has been benchmarked through international peer 

review.  It provides clear evidence that the Australian marine and climate science community has 

matured to a point where it can collectively support a national approach to integrated marine 

observing, through community-wide ownership of a single national plan with Node components that 

reflect regional priorities.  Australia is attracting significant international interest and support for this 

ambitious and exciting approach. 
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3. The Australian Context 

 

This section includes: 

1. The need for ocean observing in Australia 

2. Australian ocean observing in a global context 

3. Research and operational observing systems in Australia 

4. Structure of the Australian marine and climate science community, and 

5. The position of IMOS in the Australian National Innovation System. 

 

3.1 The need for ocean observing in Australia 

 

!ǳǎǘǊŀƭƛŀ ƛǎ ŀ ΨƳŀǊƛƴŜ ƴŀǘƛƻƴΩ - an island continent with the third largest ocean territory on earth.  

This marine estate is much larger than the terrestrial landmass, and more than 70% of Australian 

territory lies beneath the ocean.  However Australia has a relatively small population, making 

stewardship of this large marine estate both a grand opportunity, and a grand challenge.  

 

Australia extracts huge economic benefit from its ocean territory, through industries such as 

offshore oil and gas, marine tourism, shipping, fishing & aquaculture.   

 

According to the latest Australian Institute of 

Marine Science (AIMS) Index of Marine 

Industries2: 

ά¢ƘŜ ǘƻǘŀƭ ƳŜŀǎǳǊŀōƭŜ ǾŀƭǳŜ ƻŦ ŜŎƻƴƻƳƛŎ 

activity based in the marine environment in 

Australia in 2008-09 was around $44 billion. 

The sector grew by 6 per cent between 

2007-08 and 2008-09.  This was largely 

driven by significant growth in natural gas 

production (72 per cent) but overall, marine 

industries held their ground in the face of 

the global economic downturn.  Offshore oil 

and gas makes up over 50 per cent of the 

economic value ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƳŀǊƛƴŜ 

industry and continues to grow, increasing 

in value by 12 per cent between 2007-08 

and 2008-09Φέ    
 

Safe and efficient operation of marine industries relies on ocean observations.  

                                                           
2
 http://www.aims.gov.au/source/publications/pdf/AIMS%20Index%20of%20Marine%20Industry-Dec%202010.pdf  

http://www.aims.gov.au/source/publications/pdf/AIMS%20Index%20of%20Marine%20Industry-Dec%202010.pdf
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Australia has a variable climate which is strongly 

influenced by its surrounding oceans.  Extreme 

events such as drought, flood, and tropical 

cyclones are regular occurrences, with large social 

and economic impacts.  Improved understanding 

of ocean processes has the greatest potential to 

increase skill in forecasting these events, and 

therefore to help mitigate negative socio-

economic consequences. 

 

²ƛǘƘ ƳǳŎƘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƭŀƴŘƳŀǎǎ ōŜƛƴƎ ŘŜǎŜǊǘ ƻǊ 

semi-arid, the population is concentrated in 

temperate coastal regions of the south east and 

west.  This contributes to Australia being one of 

the most highly-urbanised countries on earth, with 

88% of the population living in major cities and 

surrounding inner-regional areas3.  Coastal oceans 

are therefore of vital importance to most 

Australians, in providing ecosystem services and 

recreational value, and as a source of information 

about vulnerability to extreme events and long-

term change (e.g. sea level rise). 

 

Australian Population by 
Remoteness Area

 

 

Australia is also the custodian of marine 

biodiversity assets with globally significant 

conservation value, ranging from the high tropics 

to Antarctica.  The recently completed Census of 

Marine Life determined that marine biodiversity 

in the Australian region is amongst the highest 

on earth4.  World Heritage Areas include the 

Great Barrier Reef (GBR) and Shark Bay, and the 

Australian Government and all coastal State and 

Territory Governments are implementing 

networks of marine protected areas within a 

broader context of marine bioregional planning. 
 

 

These factors combine to make sustained observing of the ocean a matter of national significance 

for current and future generations of Australians. 

 

  

                                                           
3
 http://www.abs.gov.au/ausstats/abs@.nsf/Products/3218.0~2008-09~Main+Features~Main+Features?OpenDocument#PARALINK2  

4
 http://www.coml.org/pressreleases/census2010/PDF/Highlights-2010-Report-Low-Res.pdf  

http://www.abs.gov.au/ausstats/abs@.nsf/Products/3218.0~2008-09~Main+Features~Main+Features?OpenDocument#PARALINK2
http://www.coml.org/pressreleases/census2010/PDF/Highlights-2010-Report-Low-Res.pdf
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3.2 Australian ocean observing in a global context 

 

Ocean observing is a global enterprise, and 

international cooperation is fundamental to 

success.  The majority of the ocean is in the 

southern hemisphere (~57%) but it is relatively 

poorly sampled, with heavy historical bias 

towards observations in the oceans around the 

United States, Europe and Japan.  This is 

reflected in the diagram opposite, showing 

moored and ship-based platforms reporting to 

the Global Telecommunications System (GTS).  
 

Australia therefore has a key role to play, as well-articulated by one eminent reviewer of IMOS Node 

Science Plans (reviewersΩ anonymity will be maintained): 

 

!ǳǎǘǊŀƭƛŀΩǎ Lah{Σ ŀǎ ŀ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ Ǝƭƻōŀƭ ƻŎŜŀƴ ƻōǎŜǊǾƛƴƎ ǎȅǎǘŜƳ ŦƻǊ ŎƭƛƳŀǘŜΣ ƛǎ ŀ 

major regional step toward satisfying these societal mandates. Moreover, its role is an 

especially critical one for enabling the global implementation. Australia is the strongest 

southern hemisphere partner in the global enterprise, with a broad regional perspective 

in addition to sharing the global one. 

 

There are significant benefits to Australia in playing this role.   

 

As noted in ǘƘŜ нллу ǊŜǾƛŜǿ ƻŦ ǘƘŜ bŀǘƛƻƴŀƭ LƴƴƻǾŀǘƛƻƴ {ȅǎǘŜƳΣ !ǳǎǘǊŀƭƛŀΩǎ ǎƘŀǊŜ ƻŦ ƴŜǿ ƪƴƻǿƭŜŘƎŜ 

ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ŜŀŎƘ ȅŜŀǊ ƛǎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ н҈ ŀƴŘ άThe quality of the 2 percent that we produce and 

its usefulness to the rest of the world will be important determinants in our ability to access the 

other 98 percent.έ5   

 

By making strategic investments in globally significant ocean research infrastructure, Australia 

attracts strong international collaboration on issues of national significance, and positions Australian 

marine and climate science to be world class.  In this respect, our location in the southern 

hemisphere provides Australian marine and climate science with a natural advantage that can be 

exploited. 

  

                                                           
5
 Venturous Australia, p20 http://www.innovation.gov.au/Innovation/Policy/Documents/NISReport.pdf  

http://www.innovation.gov.au/Innovation/Policy/Documents/NISReport.pdf
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3.3 Research and operational observing systems in Australia 

 

IMOS has been established under an Australian Government research infrastructure program, to 

deliver ocean observations to the marine and climate science community so that they can undertake 

research of national significance.  It is not an operational system.  However the broader utility of 

research infrastructure investments has been recognised in a recent evaluation of !ǳǎǘǊŀƭƛŀΩǎ 

National Collaborative Research Infrastructure Strategy (NCRIS): 

It also needs to be recognised that infrastructure is often not exclusively research-focused.  In 

many areas, the infrastructure may have a complementary function for other purposes, such 

as supporting operation uses and applications.6 

The Bureau of Meteorology (the Bureau, or BOM) is the main Australian Government agency 

providing marine and oceanographic services to the Australian community ς marine weather 

warnings, forecasts of winds and waves, tide predictions, forecasts of sea surface temperature (SST) 

and currents, and tsunami warnings (see http://www.bom.gov.au/marine/index.shtml ).  This is in 

ŀŘŘƛǘƛƻƴ ǘƻ ǘƘŜ .ǳǊŜŀǳΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ŦƻǊ ǿŜŀǘƘŜǊ ŦƻǊŜŎŀǎǘƛƴƎ όƛƴŎƭǳŘƛƴƎ ŜȄǘǊŜƳŜ ǿŜŀǘƘŜǊύ ŀƴŘ 

provision of climate information (including seasonal prediction) that also rely on ocean observations. 

 

The Bureau draws on its own observational systems, as well as IMOS and other data that goes onto 

the GTS (e.g. from the global Argo program).  IMOS and the Bureau are therefore in close 

collaboration to ensure that synergies between the research and operational systems are 

maximised. 

 

This relationship will increase in importance in the near future as the Bureau is in the process of 

being given much greater responsibility for environmental information in Australia, including 

information on marine ecosystems and ocean resources.  Under the National Plan for Environmental 

Information (NPEI)7, the Bureau and the Environment Department will work together during 2010-14 

to develop a framework for producing national environmental accounts, and (eventually) national 

environmental outlooks. 

 

A number of Australian Government agencies other than the Bureau currently have operational 

responsibilities that rely on ocean observations, such as the Australian Maritime Safety Authority, 

the Royal Australian Navy, Australian Fisheries Management Authority, and Great Barrier Reef 

Marine Park Authority.  Various State and Territory Government departments undertake regular 

monitoring programs in order to manage their responsibilities in coastal waters.  Large marine 

industries such as offshore oil and gas also make significant investments in ocean observing in order 

to manage and grow their operations.   

 

A key element of IMOS strategy is to lead the development of a national marine information 

infrastructure that will enable IMOS data and other Australian research and operational ocean data 

to become discoverable, accessible and interoperable for the benefit of the nation as a whole.  In 

this way, valid differences between research and operational needs can be respected, and synergies 

between research and operational systems can be fully-exploited, over time. 

                                                           
6
 NCRIS Evaluation Report, p4 http://ncris.innovation.gov.au/eval/Pages/default.aspx  

7
 http://www.environment.gov.au/npei/index.html  

http://www.bom.gov.au/marine/index.shtml
http://ncris.innovation.gov.au/eval/Pages/default.aspx
http://www.environment.gov.au/npei/index.html
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In terms of looking ahead, it is also important to consider global trends.  The GOOS Panel for 

Integrated Coastal Observation (PICO) has identified seven ΨHigh Priority Phenomena of InterestΩ for 

ǿƘƛŎƘ Ψ9ƴŘ ςto-End SolutionsΩ ŎƻǳƭŘ ōŜ ŘŜǾŜƭƻǇŜŘΥ 

1. Impacts of coastal inundation & sea level rise on coastal ecosystems 

2. Coastal eutrophication & hypoxia 

3. Loss of biologically structured, benthic habitats 

4. Declining living marine resources 

5. Ocean acidification 

6. Exposure to waterborne pathogens 

7. Exposure to Algal toxins 

 

In the US, the Integrated Ocean Observing System (US-IOOS) is in the process of developing Proof of 

Concept Initiatives in four areas: 

1. Coastal Inundation Forecasting & Operational Wave Observation Plan  

2. National Surface Current Mapping & High Frequency Radar Network 

3. Harmful Algal Bloom (HAB) Forecasting  

4. Integrated Ecosystem Assessments & Marine & Coastal Spatial Planning 

 

Within the Australian context, coastal vulnerability and marine spatial planning are already 

significant issues.  However we are not yet at the point of beginning to consider national-level ΨŜƴŘ-

to-ŜƴŘ ǎƻƭǳǘƛƻƴǎΩΦ  Lƴ ǘƘŜ ŎŀǎŜ ƻŦ Ŏƻŀǎǘŀl vulnerability, the Climate Change department has noted 

that: 

 

Coastal adaptation is at an early stage in Australia, and decision makers are seeking 

information about climate change risks to inform adaptive response.  A coastal priority is to 

ǇǊƻǾƛŘŜΥ ΨǊŜǎŜŀǊŎƘΣ ƳƻŘŜƭƭƛƴƎ ŀƴŘ ŘŀǘŀǎŜǘǎ ǘƻ ŀŘŘǊŜǎǎ ƪŜȅ ƪƴƻǿƭŜŘƎŜ ƎŀǇǎΩΦ8 

 

In summary, it is important to emphasise that Australia needs to invest in both: 

 the research infrastructure required to provide sustained ocean observations for the marine and 

climate science community to address large, long-term questions of national significance, and 

 the operational ocean observing systems required for safe and efficient operation of Australian 

industries and communities on a day to day basis. 

  

                                                           
8
 Climate Change Initiatives, presentation to OPSAG by Ian Carruthers, Department of Climate Change and 

Energy Efficiency, 21
st
 October 2010 
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3.4 Structure of the Australian marine and climate science community 

 

Providers of Australian marine and climate science include Australian Government agencies, State 

and Territory Government agencies, Universities, and Private Industry.   

 

This in part reflects the fact that, broadly speaking, State and Territory Governments are responsible 

for coastal waters (to the three nautical mile limit), and the Australian Government is responsible for 

ǘƘŜ ǊŜǎǘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƳŀǊƛƴŜ ŜǎǘŀǘŜΦ  Lǘ ŀƭǎƻ ǊŜŦƭŜŎǘǎ the different roles of these various sectors.   

 

¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅ ǎŜŎǘƻǊΩǎ ƪŜȅ ǊƻƭŜǎ ŀǊŜ ƛƴ ǊŜǎŜŀǊŎƘ ŜŘǳŎŀǘƛƻƴ ŀƴŘ ǘǊŀƛƴƛƴƎ ŀƴŘ ƳƻǊŜ ŎǳǊƛƻǳǎƛǘȅ-driven 

science.  The Australian Government agencies tend to undertake strategic and more applied science.  

The State and Territory Government agencies tend to be focused on applied science (and often 

partner with both Universities and Australian Government agencies).  Private Industry tends to be 

involved with the extension of science through commercial application.  

 

Australian Government agencies include both: 

 Research agencies i.e. AIMS, and the Commonwealth Scientific and Industrial Research 

organisation (CSIRO), and 

 Operational agencies with significant research capacity i.e. BOM, Australian Antarctic Division 

(AAD), Geoscience Australia (GA), Australian Bureau of Agricultural and Resource Economics and 

Sciences (ABARES), and Defence Science and Technology Organisation (DSTO). 

 

All Australian coastal States and Territories have some marine and climate science capability i.e.  

Western Australia, Northern Territory, Queensland, New South Wales, South Australia, Victoria, and 

Tasmania.  It is organised somewhat differently state by state, but in general is clustered around: 

 environment & natural resources, 

 fisheries/primary industry/economic development, and  

 in some cases, climate change. 

 

Of the 39 Universities in Australia, ~23 (or 60%) have a tangible focus on marine and climate science.  

These include ŀƭƭ ƻŦ ǘƘŜ ΨDǊƻǳǇ ƻŦ 9ƛƎƘǘΩ (a coalition of leading Australian Universities), and six of the 

ǎŜǾŜƴ Ψwesearch IntensiveΩ Universities within the sector. 

 

In addition to the providers of marine and climate science, the users of this science are an important 

part of the community.  These include: 

 Australian Government departments responsible for Climate Change, Environment, Fisheries & 

Aquaculture, Defence, Resources, Infrastructure, Science, and Education 

 State and Territory Government departments (with the equivalent responsibilities at State level) 

 Marine Industries and other climate-sensitive Industries (such as Agriculture), and 

 the Australian people.  

  



 

11 
 

 

The major centres of marine and climate science capability in Australia are shown in the following 

diagram: 

 

UTAS/TAFI
CSIRO
AAD
ACE CRC
(IMAS)

UNSW
U Sydney
Macquarie
UTS
(SIMS)
DECCW
NSW I&I
DSTO

CSIRO
UQ
Griffith
Q DERM
Q DEEDI
(EcosciencesPrecinct)

AIMS
JCU
(TMN)
(AIMS@JCU)

AIMS
CDU
ANU
NT Govt
(ATRF)

UWA
AIMS
CSIRO
Curtin
Murdoch
Edith Cowan
WA DEC
WA Fisheries
WA DoT
(WAMSI)
(IOMRC)

SARDI
Flinders
U Adelaide
SA ENR
PIRSA
(MISA)

CSIRO
GA
ANU
ABARES

BOM
CSIRO
(CAWCR)
U Melbourne
Deakin
MAFRI
Vic EPA

Major centres of marine and climate 
science capability in Australia

KEY
ÅInstitutions involved in leading IMOS shown in bold
ÅCross-institutional initiatives shown in (brackets)

 
 

IMOS has engaged this diverse and dispersed community through its science Node structure, which 

is further explained in Section 5.   

 

A key ingredient in this process has been partnering with emerging, region-specific collaborations, 

which have helped to shape the IMOS Node structure i.e.  

 in WA, the Western Australian Marine Science Institute (WAMSI) and Indian Ocean Marine 

Research Centre (IOMRC) based at the University of Western Australia (UWA), 

 in Queensland, the Tropical Marine Network (TMN) and AIM S @ James Cook University (JCU) in 

the north, and the Boggo Road Ecosciences Precinct in the south east involving CSIRO and 

Queensland State Government adjacent to the University of Queensland (UQ),  

 in NSW, the Sydney Institute of Marine Science (SIMS) which is a partnership between the 

University of NSW (UNSW), University of Sydney, Macquarie University and University of 

Technology Sydney (UTS), 

 in SA, the Marine Innovation South Australia (MISA) program led by the South Australian 

Research and Development Institute (SARDI), and 

 in Tasmania, the Institute of Marine and Antarctic Studies (IMAS). 
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3.5 The position of IMOS in the Australian National Innovation System 

!ǳǎǘǊŀƭƛŀΩǎ LƴƴƻǾŀǘƛƻƴ !ƎŜƴŘŀ (2010-20), entitled ΨPowering Ideas, An Innovation Agenda for the 21st 

CenturyΩ9, ƛƴŎƭǳŘŜǎ ǘƘǊŜŜ ΨǎǳǇŜǊ ǎŎƛŜƴŎŜΩ priority areas, one of which is Ψmarine and climate scienceΩ 

(with ǘƘŜ ƻǘƘŜǊǎ ōŜƛƴƎ Ψspace science and astronomyΩ, and Ψfuture industriesΩ).  This decadal agenda 

laid the platform for a $388M Australian Government investment in marine and climate research 

infrastructure over four-years (2009-13), including the second stage $52M investment in IMOS, a 

$150M re-investment in blue water research vessel capability, $120M investment in marine 

laboratories in support of region-specific collaborations noted in the previous section, and 

investment in related terrestrial observing systems and national computing and information 

infrastructure.  Further marine and climate super science investment is anticipated beyond June 

2013 within the context of the decadal agenda (2010-20). 

IMOS is the in-situ ocean observing system ŎƻƳǇƻƴŜƴǘ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƴŀǘƛƻƴŀƭ ƳŀǊƛƴŜ ŀƴŘ ŎƭƛƳŀǘŜ 

ǊŜǎŜŀǊŎƘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ  Lǘ Ƙŀǎ ŀ ΨŘŀǘŀ ŎŜƴǘǊƛŎΩ όǊŀǘƘŜǊ ǘƘŀƴ ΨōǊƛŎƪǎ ŀƴŘ ƳƻǊǘŀǊΩύ ǇŜǊǎǇŜŎǘƛǾŜ ƻƴ 

research infrastructure, which manifests through the discoverability and accessibility of all its data 

via the eMII ΨOcean PortalΩ όhttp://imos.aodn.org.au/webportal/ ).  IMOS is partnering with other 

ocean observing activities in Australia, and with the operators of !ǳǎǘǊŀƭƛŀΩǎ ǊŜǎŜŀǊŎƘ ǾŜǎǎŜƭ 

platforms, and using the eMII information infrastructure to lead the development of an Australian 

Ocean Data Network (AODN) that will enable IMOS data and other Australian research and 

operational ocean data to become discoverable, accessible and interoperable for the benefit of the 

nation as a whole. 

This package of marine and climate research infrastructure investment is intended to underpin 

research education and training activity across the University sector and its partners, and research 

activity (both experimental-based, and model-based) across the broader marine and climate science 

community.  It is also expected that this strengthening of marine and climate research capability 

within Australia will help to establish a much stronger basis for further development of improved 

marine environmental information and operational ocean products and services. 

The position of IMOS within Australian marine and climate science can be illustrated as follows: 

IMOS

Australian 
Ocean 
Data 

Network

Other Observations

(incl. satellite remote 
sensing)

Research 
Vessels

Research Education and Training

Process
Studies,  

Pilot Studies

Modelling, 
Re-analysis, 
Algorithm 

Development

Research Infrastructure for:

Åsustained in-situ and remote observing
Åvessel-based activities
Åinformation management

Marine and Climate Research

Operational Ocean  
Products & Services

(e.g. Ocean Forecasting)

eMII

Institutional 
frameworks

Operational 
funding

Operational 
systemsMarine Environmental

Information (Accounts, Outlooks)

 
                                                           
9
 http://www.innovation.gov.au/Innovation/Policy/Documents/PoweringIdeas.pdf  

http://imos.aodn.org.au/webportal/
http://www.innovation.gov.au/Innovation/Policy/Documents/PoweringIdeas.pdf
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Two points about the relationship between IMOS and the other components need to be 

emphasised. 

Firstly, particular attention will be paid to integration of observing system development with the 

relevant modelling frameworks.  While this has been a strategic priority in IMOS from the outset, 

international peer reviews have consistently encouraged us to strengthen the relationship.  In the 

words of one eminent reviewer: 

The PIs might consider a specific task to integrate the observations with the model 

development, since otherwise each set of experts tends to treat the others' findings as a 

black box. Experience shows that tight integration of model development with observations 

improves the relevance and applicability of both. 

Secondly, IMOS is intended to provide the sustained observing system component, and cannot fund 

the process studies and pilot studies required to investigate features that need to be better 

understood before we can design future components of the observing system.  It is imperative that 

the institutional partners continue to undertake these studies.  By way of example, CSIRO 

participated in the International Nusantara Stratification and Transport (INSTANT) program10 during 

2003-6 in collaboration with the US, Netherlands, France, and Indonesia.  Experience gained through 

the INSTANT project has enabled IMOS to begin co-investing in monitoring the Indonesian 

Throughflow on a sustained basis in collaboration with the US and Korea (see Section 6.3.3). 

The greatly enhanced collaboration and integration within Australian marine and climate science 

that is a feature of recent initiatives has many obvious advantages for a sparsely populated nation 

with a huge ocean territory, but it does require additional effort in establishing and maintaining 

effective interfaces between the major components of the national collaborative system. 

Given the central position of IMOS in the ΨƳŀǊƛƴŜ ŀƴŘ ŎƭƛƳŀǘŜΩ domain of AusǘǊŀƭƛŀΩǎ ƴŀǘƛƻƴŀƭ 

innovation system, it is particularly important that attention is paid to establishing and maintaining 

multiple pathways to uptake and use of IMOS data and products.  These pathways need to work 

across the sectors of the national system (University, Australian Government, State and Territory 

Government, and Private Industry), and link through to relevant international activities. 

Pathways to uptake and use of 

IMOS data and products are 

summarised in the diagram 

opposite.  This is explained in 

more detail in Section 9. 

IMOS now has systems in place 

to monitor deployment status of 

equipment, and availability of 

data via the Ocean Portal.  

Increasing emphasis is being 

placed on developing systems to 

monitor uptake and use of data 

via these multiple pathways. 

Other non-IMOS
data & products

Research 
vessel 
data

IMOS data & 
products

Pathways to uptake and use of IMOS data and products

= Australian 
Ocean Data 

Network 
(AODN)

Research 
education & 

training

Research 
Projects 

(1ς3 years)

Research 
Programs 
(3-7 years)

Multi-
decadal 
analyses

Research 
modelling 
systems

Operational 
forecasting 

systems

tƻǎǘ ŘƻŎΩǎ
tƘ5Ωǎ
tƻǎǘ DǊŀŘΩǎ

ARC
w5/Ωǎ
DCC

/w/Ωǎ
CERF Hubs

Joint ventures
Partnerships

Reanalyses
Climatologies

Bluelink
ACCESS
Shelf-scale
Regional

Bluelink
POAMA

national
and
international

via the GTS

Publications
Conference 

papers, 
posters

Research 
reports

Analyses, 
products

Validation, 
assimilation

Remote 
sensing 

products

SST
Altimetry

Ocean Colour

 

                                                           
10

 http://www.marine.csiro.au/~cow074/INSTANT_composite.pdf  

http://www.marine.csiro.au/~cow074/INSTANT_composite.pdf
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4. The role of Node science plans in guiding IMOS 

investment 

One of the most obvious risks in establishing a research infrastructure program like IMOS is the risk 

of ŀ ΨōǳƛƭŘ ƛǘ ŀƴŘ ǘƘŜȅ ǿƛƭƭ ŎƻƳŜΩ ŀǇǇǊƻŀŎƘΦ  IMOS is explicitly managing this risk through its Node 

Science and Implementation Plans.  The Node planning process has enabled the Australian marine 

and climate science community to provide the scientific rationale for a national scale integrated 

marine observing system, develop science questions based on current understanding and knowledge 

gaps, and thereby identify the need to obtain specific data streams using appropriate technology 

platforms.  The Node plans have gradually been strengthened since the inception of IMOS, including 

through international peer review. 

Nodes are not directly funded under this model.  Rather, the Node plans are used to guide 

investment in technology-based national Facilities operated by relevant institutions within the 

national innovation system.  This helps to avoid regional competition, ensures that Nodes are able to 

take multi-platform approaches to major questions, and drives broad utility of IMOS Facilities across 

Nodes to deliver better value for money.   

IMOS has established the following Facilities and Sub-Facilities (with Operating Institutions noted): 

1. Argo Floats (CSIRO)  

2. Ships of Opportunity - SOOP (CSIRO) 

 

 Multidisciplinary Underway Network, XBT and 
Biogeochemical (CSIRO) 

 Continuous Plankton Recorder Survey (UQ/CSIRO 
and AAD) 

 Sensors on Tropical Research Vessels (AIMS) 

 Sea Surface Temperature (BOM) 

 Real-Time Air-Sea Fluxes (BOM) 

 Bioacoustics (CSIRO) 

3. Deep Water Moorings (UTAS/CSIRO) 

 

 Air-Sea Flux Stations (BOM) 

 Southern Ocean Time Series (UTAS/CSIRO) 

 Deepwater Arrays (CSIRO) 

4. Ocean Gliders (UWA)  

5. Autonomous Underwater Vehicle - AUV (SIMS)  

6. National Mooring Network (CSIRO) 

 

 Queensland and Northern Australia (AIMS) 

 New South Wales (SIMS) 

 Southern Australia (SARDI) 

 Western Australia (CSIRO) 

 Acoustic Observatories (Curtin University) 

 National Reference Stations (CSIRO) 

 Ocean Carbon and Acidification (CSIRO) 

7. Ocean Radar (JCU)  

8. Animal Tagging and Monitoring (SIMS)  

9. Wireless Sensor Networks (AIMS)  

10. Satellite Remote Sensing - SRS (CSIRO) 

 

 Sea Surface Temperature (BOM) 

 Ocean Colour (CSIRO) 

 Altimetry Calibration/Validation (UTAS) 

11. e-Marine Information Infrastructure  (UTAS)  Australian Ocean Data Network (UTAS) 
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The profile of investment by Facility is shown below.  These figures are based on total investment 

(i.e. including co-investment) of ~$212M over ~6 years.  To give some indication of scale of 

investment, each 10% ΨǎƘŀǊŜΩ equates to an average of ~$3.5M per annum over the period. 

 

Most Facilities deliver across multiple Nodes, as shown in the following table below.   

Bluewater 
& Climate

WA QLD NSW SA TAS

Argo V

SOOP V V V V V V

Deep 
Moorings

V

Ocean 
Gliders

V V V V V V

AUV V V V V

Shelf
Moorings

V V V V V

Ocean 
Radar

V V V V

Animal 
Tagging

V V V V V V

Sensor 
Networks

V

SRS V V V V V V

eMII/AODN V V V V V V

 

It should be noted that: 

 While data streams from open-ocean Facilities like Argo and Deepwater Moorings are generally 

only used within the Bluewater and Climate Node, outputs from this Node using these data 

streams provide broad scale context for the coastal Nodes.   

 The fact that the Wireless Sensor Network Facility is currently restricted to Q-IMOS is largely due 

to the fact that the Queensland State Government has to date been by far the largest cash co-

investor in IMOS. 

Argo
10%

SOOP
11%

Deep 
Moorings

11%

Gliders
4%AUV

3%

Shelf 
Moorings

28%

Radar
4%

Tagging
9%

Sensor 
Network

4%

SRS
5%

eMII/AODN
7%

Other
4%

Investment by Facility
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As explained above, co-investment by partners is fundamental to the ability of IMOS to operate at its 

current scale.  Approximately 55% of the total resources required come from co-investment by 

partner institutions, by related Australian Government programs, and by State Governments.  The 

spread of co-investment by Facility is shown in the figure below: 

 

 
 

Significant additional leverage is gained thrƻǳƎƘ !ǳǎǘǊŀƭƛŀΩǎ ǇŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ ƛƴǘŜǊƴŀǘƛƻƴŀƭ 

collaborative programs.  This is not accounted for in the above co-investment figures, but is 

ŀōǎƻƭǳǘŜƭȅ ΨǊŜŀƭΩ ƛƴ ǘŜǊƳǎ ƻŦ Řŀǘŀ ŘŜƭƛǾŜǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ Lah{ hŎŜŀƴ tƻǊǘŀƭΦ   

 

Examples include: 

 A doubling of Argo floats in the Australian region through international partner contributions. 

 Direct investment by the global Ocean Tracking Network (OTN) in acoustic animal tracking arrays 

off south west WA and east coast Tasmania. 

 Access to satellite remote sensing data and products, for sea surface temperature, ocean surface 

topography, and ocean colour. 

 

 

  

0%
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20%
30%
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50%
60%
70%
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Co-investment by Facility

Co-investment
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5. The IMOS Science Nodes 

This section covers: 

1. The IMOS Node structure 

2. Bluewater and Climate Node 

3. Regional coastal Nodes 

4. Node governance, and 

5. Major research themes that integrate across Nodes. 

 

5.1 The IMOS Node structure 

 

IMOS has been designed according to GOOS 

principles, with linked open-ocean and coastal 

components.  The open-ocean component 

(Bluewater and Climate Node) is firmly 

embedded in relevant international programs, 

and the coastal component comprises a national 

backbone and a series of regional nodes - 

Western Australia (WAIMOS), Queensland (Q-

IMOS), New South Wales (NSW-IMOS), Southern 

Australia (SAIMOS) and Tasmania (TasIMOS). 

Open Ocean

SAIMOS

Coastal

National
Backbone

5 Regional
Coastal Ocean

Observing
Systems

Q-IMOS

NSW-IMOS

TasIMOS

WAIMOS

Bluewater
&

Climate

IMOS Node Structure

 
 

¢ƘŜ ƳŀǇ ōŜƭƻǿ ǎƘƻǿǎ ǘƘƛǎ ŎƻƴŎŜǇǘǳŀƭ ŦǊŀƳŜǿƻǊƪ ŀǇǇƭƛŜŘ ǘƻ !ǳǎǘǊŀƭƛŀΩǎ ƻŎŜŀƴ ǘŜǊǊƛǘƻǊȅΣ ǿƛǘƘ ǘƘŜ 

blue lines indicating the boundaries of !ǳǎǘǊŀƭƛŀΩǎ Exclusive Economic Zone (EEZ), and the white and 

black lines showing regions of interest for each IMOS Node: 

 

WAIMOS

Bluewater & 
Climate Node

SAIMOS

QIMOS

NSW-IMOS

TasIMOS

 



 

18 
 

5.2 Bluewater and Climate Node 

The Bluewater and Climate Node has 

research interests in the tropical and 

western Pacific, the Indian Ocean, and 

the Southern Ocean (to the Antarctic 

coast).  

These interests extend to regional 

features such the East Australian 

Current, the Leeuwin Current, the Coral 

and Tasman Sea regions, and the Indo-

Pacific Throughflow.  

5.3 Regional coastal Nodes 

Establishing a series of regional coastal Nodes that are integrated with the open ocean and which 

together take a truly national perspective is a major challenge for a large nation such as Australia.  

This challenge was well-articulated by one eminent reviewer of IMOS Node Science Plans who 

recommended a national planning process for the coastal ocean: 

There is a tendency in large nations for coastal observing systems to be designed piecemeal, 

as the sum of what the participating coastal institutions would each like to do in their 

patch... There needs to be first a carefully articulated national vision of the requirements for 

coastal observations, including the transitions from coastal to blue water zones. Regional 

planning should be a recognizable application of the national plan to the local setting using 

local knowledge and expertise. 

In addressing this challenge, IMOS has considered: 

 YŜȅ ǊŜƎƛƻƴŀƭ ŦŜŀǘǳǊŜǎ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ Ŏƻŀǎǘŀƭ ƻŎŜŀƴǎ, 

 ¢ƘŜ ƴŀǘǳǊŜ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ Ŏƻŀǎǘŀƭ {ǘŀǘŜǎ ŀƴŘ ǘŜǊǊƛǘƻǊƛŜǎ, and 

 Locations of multi-institutional strength in Australian marine and climate science, where there is 

the capability to both operate and use a national scale observing system. 

Regional features:   

Taking into account factors such as the 

ǘƻǇƻƎǊŀǇƘȅ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ŎƻƴǘƛƴŜƴǘŀƭ 

shelf and slope, the interaction of 

major boundary currents with the 

shelf, phytoplankton provinces, and 

marine bioregions (which are 

ŜǉǳƛǾŀƭŜƴǘ ǘƻ ΨƭŀǊƎŜ ƳŀǊƛƴŜ 

ŜŎƻǎȅǎǘŜƳǎΩύΣ ǘƘere are at least five 

ŘƛǎǘƛƴŎǘ ǊŜƎƛƻƴǎ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ Ŏƻŀǎǘŀƭ 

oceans - tropical north, GBR lagoon, 

south east, south west, and south 

central. 

South West
ÅNarrow shelf
ÅLeeuwin Current influence
ÅTropical oceanic communities

South East
ÅVery narrow shelf

ÅEAC influence, eddies
ÅTemperate neritic

communities

GBR lagoon
ÅEAC/Hiri current 

influence
ÅFloristically distinct 

shallow waters

Tropical North
ÅBroad, shallow shelf seas
ÅTidal influence
ÅTropical neritic communities

South Central
GAB, SA Gulfs

ÅLeeuwin/Flinders 
current influence
ÅUpwelling systems
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Coastal States and Territories:  Australian Coastal States and Territories are shown below, along 

with some key physical, demographic and economic information: 

 % of coast (excl. 
offshore islands) 

% of Australian 
population 

% of total Gross State 
Product (GSP) 

Western Australia 36% 10% 15% 

Queensland 19% 20% 20% 

Northern Territory 15% 1% 1% 

South Australia 11% 7% 6% 

Tasmania 8% 2% 2% 

New South Wales 6% 32% 31% 

Victoria 5% 25% 23% 

Points to note include the size of WA and its above average GSP per head of population, and the 

concentration of population and related economic activity in the south east (NSW and Victoria). 

Science capability:  Concentrations of multi-institutional strength in Australian marine and climate 

science are outlined in Section 3.4.  In summary, there is significant existing capability and significant 

new investment (both in marine laboratories to support region-specific collaborations, and new 

region-specific research programs) in Townsville and Brisbane (Queensland), Sydney (NSW), Hobart 

(Tasmania), Perth (WA), and Adelaide (SA). 

Consideration of the above factors has led IMOS to establish five regional coastal Nodes with the 

following key characteristics: 

1. Western Australia (WAIMOS) ς Strong focus on the Leeuwin Current system and related climate 

variability, with increasing emphasis in the tropical northwest where there will be massive 

regional development over the coming decade.  Includes Northern Territory waters.  Integrated 

with Bluewater and Climate Node interest in Indo-Pacific Throughflow and Leeuwin Current. 

2. Queensland (Q-IMOS) ς Strong focus on oceanic influences on the Great Barrier Reef from the 

western Pacific, with increasing emphasis on southerly flow of the East Australian Current (EAC) 

into South East Queensland.  Longer-term plan to also consider northerly flow including 

exchange through Torres Strait and into the Gulf of Carpentaria.  Integrated with Bluewater and 

Climate Node interest in the tropical and western Pacific including the Coral Sea, and in the EAC. 

3. New South Wales (NSW-IMOS) ς Strong focus on the EAC separation zone and eddy field along 

the narrow continental shelf of NSW.  Integrated with EAC interests of Bluewater and Climate, 

Q-IMOS and TasIMOS Nodes. 

4. Southern Australia (SAIMOS) ς Strong focus on highly-productive upwelling zones along the 

coast of South Australia and Victoria.  Integrated with Bluewater and Climate Node interest in 

the Southern Ocean, and with both Leeuwin Current and EAC interests of adjacent Nodes. 

5. Tasmania (TasIMOS) ς Strong focus on the east coast of Tasmania which is oceanographically 

complex, and is undergoing rapid warming and ecological change.  Integrated with Bluewater 

and Climate Node interest in the Tasman Sea and the Southern Ocean, and with both EAC and 

Leeuwin Current interests of adjacent Nodes. 

¢ƘŜ Ψƴŀǘƛƻƴŀƭ ōŀŎƪōƻƴŜΩ ƭƛƴƪƛƴƎ ǘƘŜǎŜ bƻŘŜǎ ƛƴŎƭǳŘŜǎ ŀ ƴŀǘƛƻƴŀƭ ŜƭŜŎǘǊƻƴƛŎ Marine Information 

Infrastructure Facility, a national Satellite Remote Sensing Facility (linking regional in-situ observing 

with regional validation), and a National network of moored coastal Reference Stations.  It also 

includes a nationally consistent approach to Shelf Mooring deployments, and plans to strengthen 

national-level planning for AUV and acoustic tracking array deployments. 
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Regions of interest of these ŦƛǾŜ Lah{ bƻŘŜǎ ƴƻǿ ŎƻǾŜǊ !ǳǎǘǊŀƭƛŀΩǎ Ŏƻŀǎǘŀƭ ƻŎŜŀƴǎΣ ŀǎ ƛƴŘƛŎŀǘŜŘ ƛƴ 

the diagram below: 

South West
ÅNarrow shelf
ÅLeeuwin Current influence
ÅTropical oceanic communities

South East
ÅVery narrow shelf

ÅEAC influence, eddies
ÅTemperate neritic

communities

GBR lagoon
ÅEAC/Hiri current 

influence
ÅFloristically distinct 

shallow waters

Tropical North
ÅBroad, shallow shelf seas
ÅTidal influence
ÅTropical neritic communities

WAIMOS

SAIMOS

QIMOS

NSW-IMOS

TasIMOS

South Central
GAB, SA Gulfs

ÅLeeuwin/Flinders 
current influence
ÅUpwelling systems

 

However two important points need to be made: 

 Firstly, the Node plans identify a number of sub-regional gaps that will need to be considered i.e. 

o WA, in the Kimberley and Pilbara regions, and the Arafura Sea 

o Queensland, in Torres Strait and the Gulf of Carpentaria 

o NSW, in Stockton Bight 

o Southern Australia, along the Bonney and Otway coasts 

o Tasmania, on the west coast. 

 Secondly, the in-situ observations provided by IMOS will always be relatively sparse across such 

large areas of the ocean.  To ensure that the national observing system can deliver meaningful 

information at regional level, it will be imperative for the coastal Nodes to: 

o Work together to make optimal use of the national backbone (eMII, remote sensing, 

national reference stations), 

o Engage fully with the IMOS strategy to develop and populate a national marine 

information infrastructure (see page 8), and 

o Engage fully with the IMOS strategy to strengthen integration between the observing 

system and relevant modelling frameworks (see page 13). 

²ƘƛƭŜ Lah{ ƛǎ ƛƴǾŜǎǘƛƴƎ ƛƴ ƻōǎŜǊǾƛƴƎ !ǳǎǘǊŀƭƛŀΩǎ coastal oceans, it needs to be recognised that 

collaboration with the terrestrial, freshwater, geological, and atmospheric science communities is 

essential in the coastal zone.  IMOS will pursue the necessary collaborations through its coastal 

Nodes (with particular attention to information and modelling, as noted above), and by: 

1. Working with !ǳǎǘǊŀƭƛŀΩǎ ¢ŜǊǊŜǎǘǊƛŀƭ 9ŎƻǎȅǎǘŜƳ wŜǎŜŀǊŎƘ bŜǘǿƻǊƪ όTERN), established under the 

same Australian Government program as IMOS.  TERN has recently established a new coastal 

ecosystems facility. 

2. Building partnerships with relevant national programs (e.g. BOM Water Division) and regional 

initiatives (e.g. SEQ Healthy Waterways Partnership, Derwent Estuary Program).  
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5.4 Node governance 

 

The IMOS Node structure is governed by processes that draw on the strengths of the Australian 

marine and climate science community.  Each Node has an elected leadership pair (leader and 

deputy, or co-leaders), and an institutional sponsor.  The twelve Node leaders, along with the IMOS 

Director, IMOS Scientific Officer and eMII Facility Leader, form a National Steering Committee that 

oversees the national science planning process.  Each Node also has a more broadly-based scientific 

reference group that assists with science plan development, and meets periodically to review 

progress.  Nodes also have a larger membership base that is kept informed of developments, and 

enables other members to become more involved as required or desired. 

 

The current IMOS Node leadership is as follows: 

 

Node  Leadership  

Bluewater & Climate  Susan Wijffels  

(CSIRO)  

Ken Ridgway  

(CSIRO)  

WAIMOS  Chari Pattiaratchi  

(UWA)  

Jamie Oliver  

(AIMS)  

Q-IMOS  Peter Doherty  

(AIMS)  

Russ Babcock  

(CSIRO)  

NSW-IMOS  Moninya Roughan 

(UNSW)  

Martina Doblin 

(UTS)  

SAIMOS  John Middleton 

(SARDI)  

Sophie Leterme  

(Flinders University)  

TasIMOS  Peter Thompson 

(CSIRO)  

Kerrie Swadling 

(UTAS)  

 

The current Node leadership is drawn from eight different institutions across the Australian marine 

and climate science community ς two Australian Government research agencies (CSIRO and AIMS), 

five Universities (UWA, UNSW, UTS, Flinders and UTAS) and one State Government agency (SARDI).  

There is also a good mix of broader-scale and regional expertise as well as disciplinary breadth, from 

physics to biology. 

 

International peer review has been undertaken in order to improve the quality and coherence of 

IMOS science planning across Nodes.  Bluewater and Climate and WAIMOS were reviewed in late 

2009, and Q-IMOS, NSW-IMOS, SAIMOS and TasIMOS in late 2010.  Feedback from reviewers has 

been incorporated into this national science plan as appropriate.  
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5.5 Major research themes that integrate across Nodes 

 

Perhaps the most important mechanism used to drive national science planning within IMOS has 

been development of major research themes that cut across the Nodes, integrating Node-specific 

science questions into a larger framework, linking the open-ocean and coastal components, and 

linking across the physics, chemistry and biology.   

 

Five major research themes have been identified: 

1. Multi-decadal ocean change, 

2. Climate variability and weather extremes 

3. Major boundary currents and  interbasin flows 

4. Continental shelf processes, and 

5. Ecosystem responses (productivity, abundance and distribution). 

 

The theme of multi-decadal ocean change sets the broad scale context for tracking ocean 

temperature, salinity and carbon.  Questions under this theme come from a global perspective and 

are related to the Australian region, which sits at the nexus of the Pacific, Indian and Southern 

Oceans.   

 

The theme of climate variability and weather extremes looks at the three coupled ocean-

atmosphere modes of climate variability that most affect Australia ς El Nino/Southern Oscillation 

(ENSO), Indian Ocean Dipole (IOD), and the Southern Annular Mode (SAM).   

 

The theme of major boundary currents and inter-basin flows is a significant integrator within IMOS.  

Questions under this theme link between large-scale, offshore, remotely-driven variability, and 

responses on the continental shelf and slope.  They are therefore crucial to understanding local 

manifestations of global ocean processes and their influence on regional marine ecosystems.   

 

The theme of continental shelf processes ŀƭƭƻǿǎ ǳǎ ǘƻ ǘŀƛƭƻǊ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ !ǳǎǘǊŀƭƛŀΩǎ ƭŀǊƎŜ ŀƴŘ 

varied continental shelf environment within a broad scale context, as relevant to regional priorities.   

 

The theme of ecosystem responses brings together understanding of physical and chemical 

processes at various scales with biological observations across trophic levels in order to answer 

questions about productivity, abundance and distribution of marine ecosystems. 
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These five major research themes are summarised in the following diagram: 

 

 

1. Multi-decadal 
ocean change

temperature
salinity
carbon

4. Continental 
shelf processes

2. Climate 
variability

and weather extremes

3. Major 
boundary 
currents

and interbasinflows

seasonal
intraseasonal

NWP

EAC
(+Tasman Outflow, 
Flinders Current, 
HiriCurrent)

Leeuwin Current
Indonesian Throughflow
Antarctic Circumpolar Current

eddy encroachment
upwelling, downwelling

cross shelf exchange
coastal currents

wave climate

nutrients
microbes
plankton
nekton
apex predators

benthic
pelagic

IMOS Research Themes

Southern
Pacific
Indian

5. Ecosystem responses
productivity, abundance, distribution

 
 

In the following section, the scientific background for each of these major research themes is fully 

elaborated and related to the detailed science and implementation plans for each Node.  
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6. Scientific Background, by Major Research Theme 
 

6.1.  Multi-decadal ocean change 

The global oceans regulate our climate. They are the main source of thermal inertia in the climate 

system moderating our climate on diurnal, seasonal and multi-decadal timescales. They also contain 

the largest pool of active carbon in the planetary system. Thus, they are a key player in setting the 

rate at which anthropogenic gases build up in the atmosphere, and how fast the surface of the 

planet warms in response to the radiative forcing that results. Tracking and understanding the 

processes by which carbon and heat are sequestered into the global oceans is essential for 

ƳƻƴƛǘƻǊƛƴƎ ǊŀǘŜǎ ƻŦ Ǝƭƻōŀƭ ŎƘŀƴƎŜ ŀƴŘ ƛƴŦƻǊƳƛƴƎ 9ŀǊǘƘ {ȅǎǘŜƳ aƻŘŜƭǎ ό9{aΩǎύ that are being used to 

project future climate and Australia has a substantial effort in developing an ESM capability in the 

form of the Australian Community Climate and Earth System Simulator (ACCESS) .  Tracking and 

understanding ocean salinity is also essential for monitoring changes in the global hydrological cycle, 

as most precipitation and evaporation occurs over the ocean surface where few historical 

observations are available. 

6.1.1. The global energy balance (temperature) and sea level budget 

The oceans absorb over 90% of the extra heat trapped in our climate system due to the build-up of 

greenhouse gases (Levitus et al., 2005).  Current estimates of multi-decadal ocean heat content 

change are limited to the upper 700m over past decades, and down to 2000m (the sampling depth 

of Argo) over the last 5 years. Warming below 2000m is now being widely detected (Johnson et al 

.,2006, 2007, 2008, 2009) and the deep ocean is being recognised as a significant global heat sink. 

Thus both the global patterns and rates of ocean warming are needed to track the rate of climate 

change and inform ESMs ς particularly for testing their ability to sequester and distribute heat into 

the ocean accurately.   

Ocean circulation patterns influence how heat is distributed spatially and with depth. The global 

average surface ocean warming is around 0.6-0.9°C per century, calculated since 1900 and 1960 

respectively (Casey and Cornillion, 2001; Smith and Reynolds, 2004). The South Tasman Sea is 

warming at a rate of 2.3°C per century equivalent (Ridgway, et al., 2007), and the Great Barrier Reef 

at 1.3C per century (since 1960) (source: Lough, AIMS). These regional variations, in addition to 

inter-annual to decadal variations about the trend will be important in understanding the impact of 

increased temperatures on both Australian climate and weather patterns, and impacts on regional 

ecosystems. Increased stratification caused by increased surface warming is likely to have impacts 

on nutrient availability in the euphotic zone (see section 6.5). The Great Barrier Reef is particularly 

vulnerable to increased temperatures which cause periodic bleaching events (see section 6.5).  

Ocean warming and its associated thermal expansion is also a key contributor to both the global rate 

and regional patterns of sea level rise (Cazenave et al., 2009). While global rates reflect both ocean 

thermal expansion and land ice melt, regional rates are affected by ocean processes distributing 

heat, such as subduction and wind changes.  
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Figure  6.1: Total observed sea-level rise and its 
components. a, The components are thermal 
expansion in the upper 700m (red), thermal 
expansion in the deep ocean (orange), the ice 
sheets of Antarctica and Greenland (cyan), 
glaciers and ice caps (dark blue) and terrestrial 
storage (green). b, The estimated sea levels are 
indicated by the black line (this study), the 
yellow dotted  line from Jevrejeva et al., (2006) 
and the red dotted line (from satellite altimeter 
observations). The sum of the contributions is 
shown by the blue line. Estimates of one 
standard deviation error for the sea level are 
indicated by the grey shading. For the sum of 
components, we include our rigorous estimates 
of one standard deviation error for upper-ocean 
thermal expansion; these are shown by the thin 
blue lines. All time series were smoothed with a 
three-year running average and are relative to 
1961 [From Domingues et al., 2008]. 
 

 

 

 

Figure 6.2. Sea level rise (mm/yr) from 1993 to 

June 2009 (source 

www.bom.gov.au/ntc/IDO60202/IDO60202.2009.

pdf)  

Sea level rise is not uniform from place to 

place.  Accurate estimates of regional sea 

level variability and change are available from 

satellite altimeters and tide gauges. In 

northwestern Australia, sea levels have risen 

from 7-10mm per year since 1993, but only 

1.5-3mm per year in Queensland.  

 

 

6.1.2. The global ocean circulation 

The primary means by which the ocean sequesters and transports heat and carbon is through the 

mean ocean circulation ς both the wind driven shallow subduction systems and associated western 

boundary currents operating in ocean subtropical gyres (such as the EAC) and the deeper reaching 

density driven global overturning circulation (GOC). While monitoring large scale changes in storage 

of heat and other properties is already challenging, measuring the low frequency variability in ocean 

circulation is even more difficult. Some aspects of the mean ocean circulation and its role in the 

climate system were quantified during the World Ocean Circulation Experiment (WOCE) (Siedler et 

al., 2001), major inter-basin fluxes such as the Indonesian Throughflow (ITF) and Tasman Outflow, 

http://www.bom.gov.au/ntc/IDO60202/IDO60202.2009.pdf
http://www.bom.gov.au/ntc/IDO60202/IDO60202.2009.pdf
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(TO) and water mass conversion rates remain poorly constrained. In addition, the role of eddies in 

the sustaining the mean state is still poorly understood.  

 

Figure 6.3. The interbasin gyre system for the Pacific and Indian Oceans as shown by the flow at the (a) surface (the main 

connection is the Indonesian Throughflow) and (b) 900-m level (Tasman Outflow). 

 

How the ocean circulation will change in the future and hence its ability to sequester and transport 

heat and carbon is a critical question.  Evidence suggests that both surface and deep circulation 

patterns are changing. Recent studies show that the South Pacific subtropical gyre is spinning up in 

response to a strengthening and contraction south of Southern Hemisphere westerly winds 

(Roemmich et al., 2007, Cai et al., 2005).  The response of the other Southern Hemisphere 

subtropical gyres is still being explored. One consequence of this trend is the potential for intensified 

heat transport from the tropics to the poles via the western boundary currents such as the East 

Australian Current.  Furthermore, evidence from IPCC models suggests a southward shift and 

broadening of the South Equatorial Current (Ganachaud, 2009) which is also expected to intensify 

the East Australian Current (see section 6.3.1).  

 9{aΩǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ǎƻƳŜ ƭƛƳōǎ ƻŦ ǘƘŜ Dh/ ǿƛƭƭ ǿŜŀƪŜƴΣ ǎǳŎƘ ŀǎ ǘƘŜ bƻǊǘƘ !ǘƭŀƴǘƛŎ /ƻƴǾŜȅƻǊ .Ŝƭǘ 

(IPCC, 2007). This has resulted in a huge effort to monitor this limb of the GOC (Bryden et al. 2005, 

Cunningham et al. 2007). Less attention has been focussed on the Southern Hemisphere component 

of the GOC, which is of equal importance.  Antarctic Bottom Water (AABW) formation occurs around 

the Antarctic shelf, driven by sea ice formation regions known as Polynyas.  AABW then moves north 

to ventilate the deep water of the Indian and Pacific Oceans.  Observations from hydrographic 

cruises ƛƴ ǘƘŜ ƭŀǘŜ мфслΩǎΣ мффр ŀƴŘ нллр suggest that AABW is freshening (Rintoul , 2007). 

Observations also show deep ocean waters ventilated by AABW are also warming (Purkey and 

Johnson, 2010).  These changes need to be put into the context of variability on interannual to 

decadal timescales. 
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6.1.3. The global hydrological cycle (salinity) 

Besides warming, changes to the global hydrological cycle (patterns and rates of precipitation and 

evaporation) driven by anthropogenic greenhouse gases is a major source of concern and likely to 

have serious societal impacts. The current generation of ESMΩǎ show less agreement on the patterns 

and rates of precipitation changes compared to those for temperature (IPCC, 2007). Historical 

measurements of precipitation and evaporation on a global scale are inadequate for constraining 

ESM behaviourς most of the hydrological cycle occurs over the ocean surface where few historical 

observations are available. In addition precipitation is both sporadic in space and time, making it 

difficult to extrapolate point time series into spatial integrals. The ocean salinity field integrates 

spatially and temporally the major hydrological fluxes through the atmosphere. Thus, changes in the 

ocean salinity field can be used to test and constrain the hydrological response of ESMs. 

 Estimates of surface salinity changes to date based on comparing Argo data with historical archives 

suggest large and coherent changes are already underway (Hosoda et al, 2009; Durack and Wijffels, 

2010). These changes are consistent with an amplification of the global hydrological cycle over past 

decades (i.e. wet areas are getting wetter and dry areas are getting dryer), which is in qualitative 

agreement with ESM results. Deep ocean salinity changes, in particular the warming and freshening 

of Antarctic Bottom Waters may also track changes associated with melting ice sheets. The changes 

in the production rate of these bottom waters impacts on deep ocean ventilation rates, deep oxygen 

levels and the efficacy of the deep ocean in sequestering heat and carbon. 

6.1.4. The global carbon cycle (Inventory, air sea fluxes, physical controls) 

The oceans play a key role in the global carbon budget, taking up and storing the equivalent of about 

30% of annual anthropogenic Carbon Dioxide (CO2) emissions (Doney et al 2009, Takahashi et al 

2009). The subtropical to sub-Antarctic band has the largest zonal inventory of anthropogenic 

carbon dioxide (CO2), with the Southern Ocean being the single most important uptake region of the 

oceans , accounting for about one third of the total ocean uptake (Sabine et al.,2004).  

Changes in ocean stratification, warming, winds and the buffering capacity of the ocean all have 

capacity to change the ocean uptake of carbon. The same processes could also influence the 

biological export of carbon and carbonate production providing biological feedback to the air-sea 

exchange of CO2 that could be positive or negative (e.g. Gruber et al, 2004). Many ESMs are including 

an active ocean carbon model ς !ǳǎǘǊŀƭƛŀΩǎ !//9{{ ƛƴƛǘƛŀǘƛǾŜ ƛǎ ōǳƛƭŘƛƴƎ ǎǳŎƘ ŀ ŎŀǇŀōƛƭƛǘȅΦ ¢ƘŜǎŜ 

models require key data sets on ocean carbon storage and cycling for tuning and validation. 

Fundamental questions remain about the mean and seasonal distributions of the natural air-sea CO2 

fluxes. Available climatologies are coarse resolution (4 x 5 degrees) and the shelves and large areas 

of the ocean, including waters around most of Australia, contain little or no data.  For the Southern 

Ocean, LeQuere et al (2007) suggested that an increased upwelling of CO2 rich deep waters due to 

more intense westerlies (in response to the Southern Annular Mode) has reduced Southern Ocean 

uptake. However, this estimate is based on carbon models and atmospheric observations, and 

remains controversial (Boning et al, 2008).  In addition, regional variability in the partial pressure of 

CO2 (pCO2) in coastal regions is seen; and the role of shelf waters in uptake and export of CO2 is not 

articulated. Upwelling zones are a region of CO2 out-gassing and already have enhanced CO2 

concentrations due to the input of cold CO2 rich water deep waters. There is also evidence of dense 

water outflows around the Australian shelf, which have the potential to export carbon from the shelf 
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regions into the deep ocean (see section 6.4.2). A side effect of this CO2 uptake is a reduction in the 

pH of the ocean, which has consequences for organisms which secrete carbonate skeletons such as 

plankton and coral (see section 6.5).  

Ocean observations are required to resolve spatial and temporal patterns in air-sea pCO2 fluxes and 

storage  to help understand the role of the ocean in buffering the greenhouse effect and to inform 

assessments of the knock on effect on vulnerable ecosystems.  A quantitative description of the air-

sea carbon flux is a key data set for carbon model development and validation. 

 

The following high-level science questions will guide the IMOS observing strategy in this area: 

Science Questions ς Multi -decadal ocean change 

 How are the global energy balance and broadscale ocean temperature patterns changing, and 

what is the contribution to observed sea level rise in the Australian region?  

o What is the spatial (including with depth) and temporal distribution of temperature 

changes in the ocean? 

o How are open ocean temperature changes related to temperature changes on the shelf?  

 How is the global ocean circulation changing? 

o What is the contribution of key limbs of the surface (wind driven) and deep (global 

overturning) circulation in the Australian region, and how are they varying in time?  

Á Surface circulation:  Interbasin flows: Indonesian Throughflow, Tasman Outflow, 

Antarctic Circumpolar current;  

Á Deep circulation: Antarctic Bottom Water formation.  

 What is the response of the global hydrological cycle to climate change?  

o How are spatial patterns of salinity (and hence evaporation/precipitation) changing?    

 What is the global ocean carbon inventory, and how is it changing on decadal timescales?   

o How are CO2 fluxes on the Australian shelves and regional seas evolving and how are 

fluxes on the shelves related to the open ocean?  

o What are the key biological and physical processes involved in air-sea CO2 exchange in 

the Southern Ocean and Australian region and how sensitive are they to climate change?  
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6.2.  Climate variability and weather extremes 

There are three major well described coupled ocean atmospheric modes which account for a 

significant portion of Australian seasonal climate variability ς El Nino/Southern Oscillation (ENSO), 

Indian Ocean Dipole (IOD) and the Southern Annular Mode (SAM), with centres of action in the 

equatorial Pacific, equatorial Indian, and Southern Oceans, respectively (Risbey et al. 2009). ENSO is 

the strongest mode both globally and in terms of impact on Australia. In addition, the intraseasonal 

atmospheric wave mode in the tropics known as the Madden Julian Oscillation is seen as increasingly 

important in terms its role in monsoon rain patterns, but also it is thought to have an influence on 

coupled modes such as the IOD.   

The upper ocean thermal distribution is the largest source of predictability at seasonal timescales for 

all coupled modes due to the large ocean thermal inertia and its predictable dynamics (eastward 

propagating equatorial ocean long-waves called Kelvin waves and westward propagating 

extratropical Rossby waves). It is now recognised that prediction systems should be global (not just 

for the Pacific basin). Progress partly hinges on better initialising the ocean component of prediction 

systems using ocean observations and in better understanding (and parameterisation) of the 

coupled and ocean processes involved. There is a need for continuous time series to observe the fast 

intra-seasonal variability in equatorial oceans (such as Madden Julian Oscillation). 

Major weather patterns are strongly influenced by ocean conditions; tropical cyclones and east coast 

lows (in southern Queensland and NSW coast) draw energy from surface ocean temperatures, and 

temperature patterns may also influence storm paths.  Hence, the frequency and intensity of these 

storms are linked to coupled climate modes such as ENSO. 

6.2.1. El Niño ςSouthern Oscillation (ENSO) 

The El Niño-Southern Oscillation is a coupled ocean-atmospheric mode with a timescale of 2-7 years, 

centred on the tropical Pacific. The positive ς or El Niño (negative ς or La Niña) phase is associated 

with weak (strong) trade winds over in the Pacific, and warmer (colder) than normal ocean 

temperatures in the eastern tropical Pacific.  It is the dominant climate mode globally on inter-

annual timescales, with far reaching impacts on climate and key fisheries. In Australia, ENSO has a 

strong influence on regional rainfall patterns ; El Niño (La Niña) events are associated with droughts 

(heavy rainfall) across much of Australia.  

 

 

Figure 6.4. Schematic showing the oceanic and atmospheric state during (a) normal, (b) El Nino and (c) La Nina 

conditions in the Pacific Ocean SST.  
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The key role of the ocean in ENSO was recognised more than 40 years ago (Bjerknes, 1966). Due to 

ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ 9b{h hōǎŜǊǾƛƴƎ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ƭŀǘŜ мфулΩǎ - primarily comprised of the 

Pacific TAO/TRITON/TOA tropical Pacific Array and the TOGA repeat XBT lines - a large and active 

research community is focussed on ENSO prediction, with mature prediction systems being trained 

and tested on the 20 year data sets supplied by this network. Key research questions around ENSO 

and ocean processes remain.    

ENSO is known to impact on the strength of the Leeuwin Current via the equatorial waveguide 

through the Indonesian Archipelago, continuing as a coastally trapped wave around the west coast 

of Australia (see section 6.3.2.), but less is known about the relationship between ENSO and the EAC 

system on the east coast.  

Decadal timescale variability with an ENSO like pattern is prevalent in the Pacific, known variously as 

the Pacific Decadal Oscillation, the Inter-decadal Pacific Oscillation and decadal ENSO which are 

defined in slightly different ways. This is the dominant low frequency mode of variability in the 

Pacific, which has a spatial pattern similar to ENSO, with a broader equatorial tongue and a stronger 

mid latitude response (Power et al., 1999). In the South Pacific, decadal ENSO manifests through a 

tele-connection between the tropics and the region of the subtropical westerly winds via the Pacific-

South American atmospheric wave pattern (Sasaki et al., 2008). Research suggests that on decadal 

timescales, low frequency ENSO variability can be related to decadal variability in the South Pacific 

subtropical Gyre and EAC system (Hill et al., 2011; see section 6.3.1).  Understanding modes of 

variability and their relationship with regional currents is important for understanding changes in 

regional ecosystems; particularly their capacity to adapt.  

 

 

Figure 6.5. Comparing the spatial and temporal patterns of the Pacific Decadal Oscillation and the El Nino-

Southern Oscillation.  



 

31 
 

 

6.2.2. Indian Ocean Dipole (IOD) 

Inter-annual variability in the tropical Indian Ocean has been recognised as a factor in global and 

Australian seasonal climate variability after an intensive decade of research on the IOD (Schott et al 

2009). A positive (negative) IOD has cooler (warmer) than normal waters in the tropical eastern 

Indian Ocean, and warmer (cooler) than normal waters in the tropical western Indian Ocean.  

Improved understanding of IOD and improving its simulation in the Australian seasonal climate 

prediction model are research-priorities. IOD ǇǊŜŘƛŎǘŀōƛƭƛǘȅ ŀǇǇŜŀǊǎ ǘƻ ōŜ ƳǳŎƘ ƭŜǎǎ ǘƘŀƴ 9b{hΩǎΣ 

which may be due to inadequate representation of its slow physics in models, inadequate 

observations in the Indian Ocean (CLIVAR-GOOS Indian Ocean Panel, 2006), and/or inherently more 

chaotic physics.  The IOD remains an active area of international research, with challenges in 

observing, describing, understanding and prediction. An improved understanding of the IOD and 

improving its simulation in the Australian seasonal climate prediction model are Australian research 

priorities.  

 

Figure 6.6. Upper panel shows the positive phase of the IOD, with warm water in the western Indian Ocean and 

increased rainfall in the region.  The lower panel shows the negative phase with the warm water in the east 

and associated increased regional precipitation. 

6.2.3. Southern Annular Mode (SAM) 

SAM describes variability in the "anomalous" atmospheric flow over the polar region. In the pressure 

field, it is characterized by north-south shifts in atmospheric mass between the polar regions and the 

middle latitudes (Solomon and Thompson, 2002). This manifests in the wind field as north-south 

vacillations in the extra-tropical zonal wind with centres of action located ~55-60 and ~30-35 

degrees latitude. Variations are seen on timescales of 10 days and longer. SAM exerts a dynamic 

influence over ocean circulation, water-mass formation and the distribution of heat and energy 

around the entire planet (Figure 6.6, Sen Gupta et al., 2006). However, the reasons for its existence 

are not clear, nor is the extent of predictability.  
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Figure 6.7. Regression of sea level pressure (colourbar) and wind vectors (1m/s shown) from a climate model 

onto the SAM index (Sen Gupta et al., 2006) 

From an Australian perspective when SAM is in its positive mode, it drags low pressure systems 

southwards reducing rainfall over southwest Western Australia, Tasmania, Victoria and South 

Australia (Hendon et al., 2007). In the Southern Ocean the SAM also modulates changes in biological 

productivity (Lovenduski and Gruber, 2005). 

A number of studies have noted a positive trend in the SAM since the 1970s (during the summer-

autumn seasons) corresponding to an intensification and southward shift of the mid-latitude 

westerlies. This has been attributed primarily to ozone depletion but is also consistent with 

enhanced greenhouse forcing (e.g. Arblaster and Meehl 2006 and references therein). The IPCC-class 

climate models suggest that this trend will continue through the next century with significant 

implications for atmosphere and ocean circulation in the Southern Hemisphere extra-tropics (e.g. 

Sen Gupta et al., 2009). There is strong evidence that the SAM trend has driven a spin up and 

southward shift of the south Pacific subtropical gyre (Cai , 2006; Roemmich et al., 2007; Hill et al., 

2008) resulting in a shift in the distribution certain marine species (e.g. an expansion of a mainland 

sea urchin species, C. rodgersii, to Tasmania, Ling et al., 2009)  

Uncertainty remains however regarding the influence of stratospheric ozone recovery on the future 

evolution of the SAM trend (e.g. Son et al., 2008). Further uncertainty is associated with how the 

ocean circulation, particularly the Antarctic Circumpolar Current, will respond to changes in the 

westerlies when small-scale ocean eddies are accounted for (e.g Meredith and Hogg, 2006). Such 

eddies are not accounted for in IPCC-class models and a lack of observations preclude drawing any 

conclusions regarding long-term changes. Given that the Southern Ocean is a major sink for 

anthropogenic CO2 and source for natural upwelled CO2, understanding changes in the overturning 
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circulation is of great importance for understanding how CO2 concentrations will evolve into the 

future. 

6.2.4. Intra-seasonal variability and severe weather (Madden-Julienne Oscillation (MJO) , 

Monsoons, Cyclones and East Coast Lows).  

Relatively rapid intraseasonal variability (e.g. the MJO) affects the evolution and predictability of 

seasonal signals. Improved representation of intraseasonal variability is a high priority in 

development of the Australian seasonal prediction model, Predictive Ocean Atmosphere Model for 

Australia (POAMA). The MJO is a key phenomenon for both weather and climate forecasting science, 

and it spans and links both the areas in the Indian and Pacific Oceans that have greatest impact on 

Australian climate. It is a propagating coupled convective disturbance which migrates from the 

central western tropical Indian Ocean eastwards across the maritime continent and out to near the 

dateline in the Pacific Ocean (Zhang, 2005). Having a dominant time period near 50 days, and 

imbedded in the seasonally migrating inter-tropical convergence zones, the MJO is suggested to play 

a role in the initiation and evolution of ENSO and IOD events (McPhaden et al., 2006), modulation of 

the ITF (Sprintall, 2009), and at least partly in the dry break events within the monsoons (Wheeler 

and McBride, 2005). At present, coupled models do not capture this variability very realistically (Lin 

et al., 2006). Recognition of the importance of the MJO for both numerical weather prediction and 

seasonal climate forecasting is driving a demand for observing systems which resolve these 

phenomena and increased process understanding to improve model simulations.   

Tropical Cyclones impact much of the Northern Australian coast. Differences in the strength of 

summer monsoon circulation over northern Australia correlated with ENSO cycles result in strong 

interannual variability in tropical cyclone activity; during El Niño the cyclone season is less active in 

the western Pacific, when the tropical warm pool has receded to the east.  Cyclones require SST 

higher than 26°C to form, in addition to favourable atmospheric conditions. Research shows that an 

understanding of the ocean temperatures and atmospheric conditions at and following formation is 

required for accurate prediction of track and intensity; which requires tracking these systems and 

the associated ocean and atmospheric conditions throughout their lifetime of a week or longer. 

Cyclones impacting the Queensland coast generally undergo a period of intensification over the 

Coral Sea, gathering energy from the warm waters. In turn, cyclones inject energy into the upper 

ocean, causing enhanced mixing events (Korty et al.,2008).  
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Figure. 6.8. Tracks of tropical cyclones in the Australian region from 1989/90 to 2002/03 (source: Bureau of 

Meteorology).   

¦ƴƭƛƪŜ ǘǊƻǇƛŎŀƭ ŎȅŎƭƻƴŜǎΣ 9ŀǎǘ /ƻŀǎǘ [ƻǿǎ ό9/[Ωǎύ ŀǊŜ ǎƘƻǊǘ ƭƛǾŜŘ meteorological systems that form 

close to the coast and last only a few days. They are most common along the coast of New South 

Wales and southern Queensland in winter and while not as intense as tropical cyclones, are 

associated with significant flooding and coastal erosion.  

9/[Ωǎ ŀǊŜ ŘǊƛǾŜƴ ōȅ ǘŜƳǇŜǊŀǘǳǊŜ ƎǊŀŘƛŜƴǘǎ ƛƴ ǘƘŜ ǳǇǇŜǊ ŀǘƳƻǎǇƘŜǊŜ ŎƻƭƭƛŘƛƴƎ ƴŜŀǊ ǘƘŜ ŎƻŀǎǘΦ 

Importantly, the SST gradient between the coast and the EAC offshore appears to be critical in the 

evolution of these systems (Leslie et al., 1987; Speer and Leslie, 2000), recently there has been some 

research focus on whether ǘƘŜ 9!/ ǿŀǊƳ ŎƻǊŜ ŜŘŘƛŜǎ ƘŀǾŜ ŀ ǊƻƭŜ ƛƴ άǎǘŜŜǊƛƴƎέ ǘƘŜǎŜ ƭƻǿs.  

6.2.5. Interactions between modes of variability.  

The nature of the interaction of the Pacific and Indian basins and ENSO and IOD modes, both 

through atmospheric teleconnections and the ocean link via the Indonesian Throughflow, is now 

being hotly pursued in the research community. Most models used for seasonal forecasting are of 

low spatial resolution, and thus suffer biases in their representation of the magnitude, pathways and 

variability of the Indonesian Throughflow, which is filamented by the complex topography of the 

Indonesian Seas. In addition, the interactions between the IOD and MJO are not well understood.  

The relationship between SAM and ENSO in the South Pacific has been the focus of recent research 

exploring decadal variability in the South Pacific wind driven gyre. As outlined in section 6.2.3, a 

positive SAM index is associated with an intensification and contraction south of the westerly wind 

belt in the Southern Hemisphere . In addition, ENSO also projects onto the westerly wind belt in the 

South Pacific, via an atmospheric teleconnection called the Pacific South American mode; with El 

Nino events being associated with stronger winds. Little is understood about the nature of the 

interaction, beyond that fact that both modes project onto the same region of the wind field (Sasaki 

et al., 2008). The nature of SAM/ENSO interactions in this region are important because the strength 

of the westerly winds strongly influence the strength of the Southern Hemisphere subtropical gyres, 
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and hence the strength of western boundary currents such as the East Australian Current (Hill et al., 

2008;2011).  

6.2.6. Modes of Variability in a changing climate 

The impact of modes of variability on the Australian region has been discussed above. Less is known 

about how these modes will change in a warming world. Observations and ESMs suggest a 

continuing trend towards a more positive SAM, driven by both reduced ozone levels and greenhouse 

forcing  (Gillet and Thompson, 2003)ς driving a pole-ward shift and intensification in the circumpolar 

westerly winds, and a trend towards reduced rainfall across Southern Australia. There is less 

certainty about how ENSO will evolve in a warmer world.  Low frequency variability in the Pacific 

Basin related to ENSO means that long time-series are needed to separate out variability from 

change (Collins et al., 2010). In the Indian Ocean, 20th Century simulations suggest that the mean is 

shifting towards a more positive IOD; that is a cooler dryer eastern Indian Ocean and thus a dryer 

Australia (Cai et al., 2009; Ummenhofer et al., 2009). These modes also feed back into the ocean 

circulation. Both the trend in the SAM and decadal ENSO variability have been related to a long term 

positive trend and decadal variability in the South Pacific Gyre strength and circulation pattern  (see 

section on boundary currents).  

The following high-level science questions will guide the IMOS observing strategy in this area: 

Science Questions - Climate variability and weather extremes:  

 How do interactions between the atmosphere and the ocean surface layer, e.g. the exchange of 

heat and moisture, affect climate processes?  

o Identify the mechanisms that control SST in different climate modes at different times 

through heat budget studies.  

o Are we able to improve the data assimilation and initialisation systems in POAMA?  

 Can we improve dynamical understanding of ENSO  

o e.g. subtropical-tropical interaction through oceanic pathways, heat transport by tropical 

instability waves, dynamics of the different flavours of ENSO 

o Can we use this understanding to investigate and correct errors in the representation 

(including parameterisation) of physical processes in dynamical models?  

 Are we able to improve dynamical understanding of IOD? How do decadal periods of high IOD 

activity depend on the depth of the thermocline off Sumatra as a pre-condition?  

 How does the Southern Ocean circulation respond to changes in the strength and latitude of the 

westerly winds associated with the Southern Annular Mode?  

 How could the Madden Julian Oscillation be used to predict climate (e.g. rainfall patterns) at 

intraseasonal to interannual timescales?  

 How are the development of cyclones, East Coast Lows and severe winter storms on the eastern 

seaboard of Australia related to ocean variability (such as SST patterns including eddies)?  

 Can we clarify the dynamical relationship between IOD and ENSO? 

o e.g. to what extent are the internal variations in the Indian Ocean the response to an 

atmospheric teleconnection from the Pacific and to what extent do they self generate 

within the Indian Ocean. 

 How does MJO interact with other recurrent climate processes, such as ENSO, IOD and the 

Australian monsoon?  
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o How does intraseasonal variability interact with the upper ocean off northwest 

Australia?  

o How can the observed correlation of interannual tropical cyclone activity to seasonal SST 

be incorporated into dynamical prediction models?  

 How will the spatial, temporal and amplitude characteristics of key modes of variability change 

with climate change?   
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6.3.   Major boundary currents and inter-basin flows 

The waters around Australia form a complex intersection of the Pacific and Indian Oceans. The main 

large-scale influences on this ocean region arise from the two major subtropical gyre systems - the 

South Pacific in the east and the Indian Ocean in the west. These 'gyres' are the pathways followed 

by the flow in each ocean basin.  Australia is therefore influenced by two major boundary current 

systems; the East Australia Current, which forms the western boundary current of the South Pacific 

gyre, and the Leeuwin Current, a unique poleward-flowing eastern boundary current of the Indian 

Ocean gyre. There are also two major 'gateways' or inter-basin flows between these ocean regions; 

the Indonesian Throughflow (ITF), an ocean pathway through the deep channels connecting the 

western Pacific and the northeast Indian Ocean, and the Tasman Outflow (TO) which provides a 

trajectory around Tasmania for the residue of East Australian Current (EAC) to penetrate into the 

Indian Ocean (Ridgway and Dunn, 2007), connecting the Pacific and Indian Ocean subtropical gyres. 

¢ƻ ǘƘŜ {ƻǳǘƘΣ ƛǎ ǘƘŜ ƴƻǊǘƘŜǊƴ ŜȄǘŜƴǘ ƻŦ ǘƘŜ !ƴǘŀǊŎǘƛŎ /ƛǊŎǳƳǇƻƭŀǊ /ǳǊǊŜƴǘΥ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ƻŎŜŀƴ 

current. The southern Australian coast, and particularly Tasmania forms a complex interaction 

between the EAC from the east (which is stronger in summer), the Leeuwin Current/Zeehan Current 

from the west(which is stronger in winter), and the subtropical front (STF) to the south.  

 

Figure 6.8: Boundary Currents in the Australian region.  

6.3.1. East Australian Current (EAC) system (including Tasman Outflow, Flinders Current 

and Hiri Currents) 

The East Australian Current (EAC) is the major western boundary current of the South Pacific 

subtropical gyre. As the South Equatorial Current (SEC) reaches the Australian shelf in the Coral Sea 

it bifurcates to form a northward limb called the Hiri Current. The southward limb forms the East 

Australian Current.  The flow then intensifies off the coast of northern NSW (22-35°S) before 

separating from the coast (31-33 ºS)  to form the eastward Tasman Front which flows to the north of 

New Zealand, and the southward EAC Extension which flows south to Tasmania, either turning 

eastward as part of the southern limb of the subtropical gyre or westward as the Tasman Outflow  at 
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depth, which feeds into the Flinders Current, and is thought to then form the Leeuwin Undercurrent 

(LUC) 

¢ƘŜ 9!/ ƛǎ !ǳǎǘǊŀƭƛŀΩǎ ƭŀǊƎŜǎǘ ŎǳǊǊŜƴǘ ŀƴŘ ƛǎ ǘȅǇƛŎŀƭƭȅ ол ƪƳ ǿƛŘŜΣ нлл Ƴ ŘŜŜǇ ŀƴŘ travelling up to 4 

knots (2 ms-1), with a mean  transport variously estimated as 20-32 Sv (Mata et al., 2000, Ridgway 

and Godfrey, 1994) and net transport through the Tasman Sea estimated as 9.5Sv (Ridgway and 

Godfrey 1994, 1997). The EAC has ~5 fold greater volume transport than the seasonally flowing 

Leeuwin Current on the west coast.  

Off NSW, the mesoscale variability is so large that very often a single continuous current cannot be 

identified. This characteristic of the EAC distinguishes it from other western boundary currents. Its 

seasonal cycle is also large compared to the mean flow, with estimates of transport ranging from a 

maximum of 36.3 Sv in summer and a minimum of 27.4 Sv in winter (Ridgway and Godfrey 1997).  

These non-linear processes also mean that the EAC is difficult to monitor, as traditional methods try 

to capture the geostrophic transport which is not likely to be an accurate representation of the total 

transport. Non-linear processes also govern the separation zone. Many theories have been put 

forward as to what drives the separation, including the pattern of basin scale wind stress curl, 

coastline curvature, and blocking of westward propagating Rossby Waves but the research has not 

been conclusive.   

The Flinders current is a slope currenǘ ǿƘƛŎƘ Ŧƭƻǿǎ ŀƭƻƴƎ !ǳǎǘǊŀƭƛŀΩǎ ǎƻǳǘƘŜǊƴ ǎƘŜƭǾŜǎ ǿƘƛƭŜ ŀ 

remnant of the EAC via the Tasman Outflow. The equator ward Sverdrup transport in the Southern 

Ocean reinforces the current.  Limited data suggests it extends to depths of 500m and forms the 

Leeuwin Undercurrent (LUC).  Further observations are required to explore the structure and 

variability of the current, and how it relates to the EAC and LC.  

Little is also known about the strength or variability in northern branch of the EAC system known as 

the Hiri Current. The Hiri system is fed by the North Queensland Current (NQC) which flows north 

from the bifurcation point of the SEC along the northern Queensland coast. The Torres Strait is too 

shallow for the current to pass through, and the NQC continues along the coast of Papua New 

Guinea as the Hiri current, entering the Solomon Sea.  

The impact of ENSO on the EAC remains an active area of research. Ridgway et al (2007a) suggests 

that ENSO has very little impact on the EAC, as the signal follows the waveguide through the 

Indonesian archipelago and continues down the west coast of Australia. However, on decadal 

timescales, the strength of the EAC Extension and the Tasman Front are anti-correlated, 

representing two gyre scale circulation states. This has been related to decadal ENSO variability 

projecting onto the South Pacific westerly winds (Hill et al., 2011).  

Evidence shows that the EAC is strengthening in response to strengthening and contraction south of 

South Pacific westerly winds (related to SAM) and hence a stronger South Pacific Gyre over the last 

60 years, and models suggest this strengthening will continue (Hill et al., 2008; Cai et al., 2005). The 

impact of this is already being seen in Tasmanian ecosystems, as the warm current brings new 

speciŜǎ ǘƻ ¢ŀǎƳŀƴƛŀΩǎ ŎƻŀǎǘΦ  As outlined in section 6.1.2., a projected broadening and southward 

shift in the SEC is likely to further strengthen the EAC.  Few direct observations have been made of 

the Hiri current system; based on observed and predicted changes in the SEC and the EAC, changes 

in the Hiri Current are likely.  

  



 

39 
 

 

6.3.2. The Leeuwin Current (LC) system (including the Zeehan Current)  

The Leeuwin Current (LC) originates off the North West Cape and flows down the Western Australian 

coast in winter, bringing warm, relatively fresh water.  The LC is generated by the formation of a high 

pressure ridge in the upper ocean near 13°-15°S; associated eastward currents flow toward 

northwest Australia. The current turns southward approaching the coast (under dynamic control of 

the pole-ward Kelvin wave guide), and flows down the pressure gradient along the whole length of 

Western Australia past Cape Leeuwin. It is the only subtropical pole-ward flowing boundary current 

on the eastern side of an ocean in the world. The Leeuwin Current extends along the  south coast of 

Australia as a shelf current and down the west coast of Tasmania as the Zeehan Current. This 

represents a 5500km path, the longest continuous ocean current system in the world.  

The meridional pressure gradient in the southeast Indian Ocean, set up by the ITF in the tropics and 

by latent heat fluxes (cooling) in the mid-latitude, accounts for the existence of the LC (Godfrey and 

Ridgway, 1985). The source of the Leeuwin Current water is from the tropical/subtropical Indian 

Ocean from the west and a component from the northeast continental shelf. The southeast Trade 

Winds, in the Pacific Ocean, drive the SEC westwards advecting warm surface waters towards 

Indonesia. This results in the flow of warm, low-salinity water from the western Pacific Ocean 

through the Indonesian Archipelago into tropical regions of the Indian Ocean, which feeds into the 

LC.  

The LC also is highly variable on seasonal and inter-annual timescales. The seasonal cycle of the LC is 

driven by a combination of pressure gradient and wind stress, which reinforce one another (Feng et 

al., 2003). During October to March the LC is weaker as it flows against the maximum southerly 

winds resulting in transports of 1.5 Sv, whereas between April and August the current is stronger as 

the southerly winds are weaker resulting in transports of up to 7 Sv. The mean volume transport is 

estimated to be 3.4 Sv.  ¢ƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ΨŎƻǊŜΩ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ŀƭǎƻ ŎƘŀƴƎŜǎ ǎŜŀǎƻƴŀƭƭȅ ς in winter 

the core of the current is located close to 200m contour whilst under the action of the southerly 

wind stress, the current is pushed offshore.   

On inter-annual timescales, variation in the depth of the thermocline associated with ENSO 

propagates through the Indonesian archipelago in the equatorial waveguide, and then pole-ward in 

the coastal waveguide, affecting the entire Western Australian coast and into the Great Australian 

Bight (GAB).  La Niña events are hence associated with a stronger LC. Observations suggest that the 

LC has been getting gradually weaker over the last 60 years, but recent research suggests that this 

ǘǊŜƴŘ ǊŜǾŜǊǎŜŘ ƛƴ ǘƘŜ ŜŀǊƭȅ мффлΩǎ όCŜƴƎ Ŝǘ ŀƭΦΣнлмлύΦ 

6.3.3. The Indonesian Throughflow (ITF) 

The ITF flows between the Pacific and Indian Oceans through the Indonesian archipelago. This flow 

has a major influence on both the climate of the Indian Ocean and the global oceans. The ITF is 

generated by the wind field over the Pacific Ocean, primarily the Trade Winds, which pile up water 

on the western side of the ocean creating a pressure gradient from the Pacific toward the Indian 

Ocean. The ITF flows through passages between islands in the archipelago. Observations of the ITF 

inflows and outflows were carried out under a 3 year process study called INSTANT. While its net 

mass (volume) transport is moderate (~10 Sv), the current transports a significant amount of heat 
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because it is the only location in the global ocean where warm tropical water flows from one basin 

to another, and ultimately has to be replaced by cold water at higher latitudes. 

 

 

 

Figure 6.9.  A map of the ITF, showing where observations were made during the INSTANT process study (2003-

2006).  

 

The largest and most persistent mode of variation in the ITF is associated with the El Nino Southern 

Oscillation (ENSO) phenomenon. This signal, as far as it is observed at this stage, is largely consistent 

with linear dynamical theory. The coastal (Kelvin) wave guide off Western Australia runs northward 

(following the 200m depth contour) to a point off north-eastern Papua New Guinea where it joins 

the Pacific equatorial (Rossby) wave guide. The confluence of waveguides allows large perturbations 

in depth of the thermocline during the ENSO cycle to propagate into the Indian Ocean and down the 

West Australia coast. 

6.3.4. Antarctic Circumpolar Current 

The Antarctic circumpolar current (ACC) is the largest current in the world, carrying 150 Sv eastward 

around the entire globe in the Southern Ocean. It has a major influence on 9ŀǊǘƘΩǎ climate. The ACC 

thermally isolates Antarctica; much of the flow occurs along narrow jets or fronts, across which 

water properties change dramatically while properties are quite uniform between fronts.  Recent 

research has focussed on whether the ACC will shift south and increase in strength with the 

strengthening and contraction south of the southern hemisphere westerly winds associated with 

SAM. A shift south has been observed (Gille, 2008; Boning et al., 2008; Sokolov and Rintoul, 2009a) 

however, the link to changes in winds from observations is not conclusive.  Whether or not the ACC 

is spinning up in response to increased winds is also a topic of active debate. IPCC class models, 

which are not eddy resolving suggest the ACC will spin up. Theoretical and model studies suggest the 

!// ŜȄƘƛōƛǘǎ ŀƴ άŜŘŘȅ ǎŀǘǳǊŀǘŜŘ ǎǘŀǘŜέ ǿƘŜǊŜ ƛƴŎǊŜŀǎŜǎ ƛƴ ǿƛƴŘ ŜƴƘŀƴŎŜ ǘƘŜ ŜŘŘȅ ŦƛŜƭŘ ǊŀǘƘŜǊ ǘƘŀƴ 


