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ecology of coastal sharks 

in the Anthropocene
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the Surface Water and 
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IMOS farewells  
Craig Steinberg

IMOS welcomes new Queensland 
Government funding  |  The funding 
provided by the Research Infrastructure 
Co-Investment Fund will help us 
increase our understanding of 
Queensland’s marine environment.
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Despite the ongoing disruptions caused 
by the COVID-19 pandemic IMOS is still 
managing to continue many operations 
and deliver data. We’ve seen how 
resilient and capable our community is 
through their continued efforts to keep 
the program operating. For example, 
IMOS was one of the only observing 
systems in the world to maintain coastal 
radar observations and data delivery 
through shut down periods. This is a 
great achievement during a challenging 
period. While we still have a series of 
restrictions to deal with going forward, 
I’m confident we can continue to achieve 
results in the second half of 2020.

With the spectrum of current events we 
have faced in 2020, it may be easy to 
forget that we have had some significant 
weather events occurring. Our event 
based sampling and glider teams have 
been busy observing marine heatwave 
events on both the east and west coast. 
This agile sub-Facility is providing some 
much needed and timely observations. 
In addition to marine heatwaves, a 
super-storm that recently hit the Perth 
coast was monitored by low-cost 

wave buoys (New Technology Proving) 
where drifting buoys were instrumental 
in understanding the extent and size 
of waves associated with the storm. 
This information is directly related 
to understanding coastal impacts of 
storm and wave fronts as many areas 
face issues with coastal erosion.

To understand waves and other ocean 
dynamics IMOS is also looking to space 
for answers. New analysis of surface 
waves from satellite radar data is 
helping understand wave conditions at 
a broader scale than possible through 
fixed buoys. These data are an important 
contribution to marine forecasts and 
decision-making in marine operations. 
New methods for analysing satellite 
ocean colour have also been developed 
for application to coastal regions with 
IMOS in situ data playing a critical role 
in ground truthing the satellite-based 
data. Finally, the IMOS community and in 
situ observations in Bass Strait are also 
playing a critical role in the Surface Water 
and Ocean Topography (SWOT) mission. 
The inclusion of a number of members 
of the IMOS community in the SWOT 

mission and our contributions to applying 
satellite data on regional and global 
scales are excellent indicators of our 
relevance and importance in this field.

As we all know, IMOS is a community 
and we are dependent on one another 
to deliver this incredible program. In 
this issue we profile a long-standing 
and important member of the IMOS 
community as Craig Steinberg is 
commencing his retirement from 
AIMS. Craig has been a long-time 
contributor to and champion for IMOS 
and we thank him for all of his efforts. 
In this issue we are introducing long 
time series data products from IMOS 
moorings, for which Craig was a strong 
advocate. His influence in and energy 
for IMOS will be missed. We wish 
Craig all the best as he transitions 
into retirement and as Craig would 
say - fair winds and following seas.

I hope you enjoy this edition 
of Marine Matters.

Dr Michelle Heupel  
IMOS Director

director’s
corner

Welcome to the July 2020 edition of Marine Matters
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IMOS welcomes new Queensland Government 
funding to extend our observations in the region
New funding provided by the  
Research Infrastructure Co-Investment 
Fund (RICF) will help us increase  
our understanding of Queensland’s 
marine environment.

The $3.5M in RICF funding will go to 
IMOS facilities in Queensland operated 
by the Australian Institute of Marine 
Science (AIMS) in Townsville. The work 
includes a new database of microbial 
genomes, research into the movement 
of important fish species along the 
Queensland coast, and how waves 
transform from deep to shallow waters.

IMOS Director Dr Michelle Heupel 
said the RICF funding would position 
Queensland as a world leader in how 
marine microbiota respond to climate 
change, with a particular focus on the 
role they play on the Great Barrier Reef.

“We plan to develop a new open access 
database of 10,000 microbial genomes 
to be recovered from the length of the 
Great Barrier Reef as well as new microbial 
observatories at various inshore and 
offshore reef sites,” Dr Heupel said.

“The genome – or genetic make-up – of 
these microbiota will give us insight into 
the role they play in healthy coral reefs 
as well as a baseline for measuring what 
happens when there are changes in water 
quality and sea surface temperature.”

The Microbial Genomic database 
will link into the national project, the 
Australian Microbiome Initiative, 
which is a national bio-resource, 
providing a central database of marine 
microbial DNA and bioinformatics in 
association with Bioplatforms Australia.

While COVID-19 has affected many walks 
of life, the scientists at AIMS have been 
finding ways to get the science happening 
safely with seawater and sediment 
samples already collected from 23 reefs 
in the Northern/Cairns and Pompey/
Swains sectors of the Great Barrier 
Reef to establish a microbial baseline 
for the region. Additional sampling from 
an AIMS research vessel is planned for 
July at 12 reefs within the Townsville 
sector of the Great Barrier Reef.

To better understand the distribution and 
movement of key focal marine species 
IMOS will deploy a network of acoustic 
receivers along the coast of Queensland.

IMOS has consulted with stakeholders 
including the Queensland Department 
of Agriculture and Fisheries, 
Queensland Parks and Wildlife 
Service and the Australian Government 
Department of Agriculture, Water 
and the Environment, to target priority 
species for tagging with acoustic 
transmitters. Tagging will be conducted 
regionally with multiple co-occurring 
species targeted across the region.

Information on the movement patterns 
and distribution of key commercial 

and recreational species are crucial 
for effective management and 
maintenance of populations, and will 
provide social and economic benefits 
for Queensland and Australia.

IMOS will also deploy deep-water buoys 
to measure surface waves at two new 
sites; offshore of the Great Barrier Reef 
near Cairns and Stradbroke Island off 
Brisbane. The deployment of the buoy 
near Cairns is planned for late July.

“Currently there is a critical gap in 
our understanding of how waves 
transform from the deep ocean to 
shallow waters where their impact is felt 
by Queensland coastal communities 
and industries,” Dr Heupel said.

The new funding will increase collaboration 
with the University of Queensland, Griffith 
University and James Cook University.

The Queensland Government 
established the RICF last year to 
complement the Australian Government’s 
National Collaborative Research 
Infrastructure Strategy (NCRIS), 
providing critical co-investment in 
NCRIS facilities in Queensland. n

AIMS Research Vessel Cape Ferguson.
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https://science.des.qld.gov.au/funding/ricf
https://www.aims.gov.au/
https://www.aims.gov.au/
http://imos.org.au/facilities/marinemicrobiomeinitiative/gbr-microbial-genomic-database/
https://www.australianmicrobiome.com/
https://bioplatforms.com/
http://imos.org.au/facilities/animaltracking/acoustic-telemetry-qld/
http://imos.org.au/facilities/animaltracking/acoustic-telemetry-qld/
https://www.daf.qld.gov.au/
https://www.daf.qld.gov.au/
https://parks.des.qld.gov.au/
https://parks.des.qld.gov.au/
https://www.awe.gov.au/
https://www.awe.gov.au/
https://www.awe.gov.au/
http://imos.org.au/facilities/nationalmooringnetwork/deep-water-waves-qld/
https://science.des.qld.gov.au/funding/ricf
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IMOS farewells Craig Steinberg

“Craig Steinberg has been associated with 
IMOS from the very foundation – some 
might even say longer even than the 
oldest barnacle on the original IMOS Shelf 
moorings,” says Dr Richard Brinkman, 
AIMS Research Program Leader and 
Queensland’s IMOS Node Leader.

“Prior to the establishment of IMOS, Craig 
was running two long-term mooring and 
sea level programs – one on the east 
coast looking at the influence of the East 
Australian Current on the Great Barrier 
Reef, and another off the North West 
coast of Western Australia, between Adele 
Island and Scott Reef,” said Dr Brinkman.

We are preparing to farewell Craig Steinberg who will be 
retiring from Australian Institute of Marine Science (AIMS) in 
July. Craig has led the Queensland and Northern Australian 
IMOS Mooring and Satellite Remote Sensing Sub-Facilities 
since IMOS began in 2006. He has also chaired the IMOS 
Mooring Network Steering Committee since 2015. 

This interest in understanding the regional 
currents across tropical Australia laid 
the foundation for much of the rationale 
in the original Node plans and activities 
in Queensland, Western Australia 
and the Northern Territory. Craig’s 
practical experience as a seagoing 
oceanographer and data analyst equipped 
him well to lead the establishment of 
the IMOS Queensland and Northern 
Australian mooring sub-Facility.

“Craig has been active in remote sensing 
since the late 1980s through his work 
at AIMS and into IMOS; he has been 
a protagonist for new technology in 
observing (did anyone say ‘drifters’?), 

data analysis tools and visualisation, and 
a real advocate for reaching out to the 
community and developing productive, 
fruitful and rewarding collaborations. 
Craig has been one of the few individuals 
that have been critical to making IMOS 
what it is today,” said Dr Brinkman. 

Craig has organised and run numerous 
data user workshops for IMOS around the 
country at the annual conferences of the 
Australian Marine Sciences Association 
and Australian Coral Reef Society.

“Craig has been a tireless advocate for 
IMOS not just within AIMS but within 
the marine science community.  He has 
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repeatedly demonstrated the value of 
national datasets that can only be created 
by a collaboration like IMOS.  From 
championing data workshops to forging 
relationships with new stakeholders, IMOS 
and Australia’s marine science community 
has benefited from Craig’s almost single-
minded dedication to delivering value to 
the community from oceanography,” said 
AIMS colleague Dr Lyndon Llewellyn.

The National Collaborative Research 
Infrastructure Strategy (NCRIS) funding 
brought about a profound shift in 
the marine science community in 
Australia.  Prior to IMOS agencies 
and institutions would compete 
against each other for funding. 

Craig notes “IMOS has made 
oceanographers a more collaborative 
and vibrant community, and been 
instrumental in the sharing of data 
rather than keeping it to themselves. 
The coordination of sustained ocean 
observing around Australia has meant 
we are able to more readily detect and 
understand the changes occurring in 
our seas, therefore raising awareness 
that the ocean is highly dynamic.”

Craig says the most important research 
he has been involved in using IMOS 
data is being able to detect marine 
heatwaves and determine their 
effect on the ecology of the region 
in collaboration with biologists. 

Craig notes the importance of the 
IMOS investment for monitoring the 
Great Barrier Reef (GBR), providing a 
range of platforms and data products 
to the research community allows 
for a much clearer picture of the 
state of the Coral Sea and GBR.

“The Great Barrier Reef Marine Park 
Authority (GBRMPA) has always relied 
on satellite products to monitor the 
summer warming of the GBR. However 
last summer IMOS ocean gliders were 
rapidly deployed in response to a 
warming event, and together with the 
new profiling moorings we were able to 
provide an understanding of how deep 
the thermal stress penetrated in the GBR 
waters in a timely manner,” said Craig.

Looking forward to the next frontier in 
ocean observing for IMOS Craig says, 
“I think observing processes at a much 

higher temporal resolution, such as 
turbulence using low cost micro-satellite 
communications, and the increased 
use of autonomous platforms (both 
fixed and roving) will allow a step-
change in monitoring and filling gaps.”

Finally, Craig says “I would particularly 
like to thank all the technicians and 
scientists in the moorings facility that 
have enabled the observations in 
often harsh and challenging ocean 
environments and the IMOS office for 
making it easier to focus on delivery.”

IMOS Director Dr Michelle Heupel 
thanks Craig for his tireless efforts to 
improve, support and promote IMOS. 
“Craig and I have been colleagues 
for many years and I have always 
appreciated hearing his perspective and 
relying on his expertise. His absence 
in IMOS will be felt across a number of 
Facilities, committees and events.”  

We wish Craig a happy retirement, which 
apparently will be closer to a surf beach. n
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New Synthetic Aperture Radar Waves database 
available through the AODN Portal

Australia is an island continent surrounded 
by the Pacific, Indian and Southern 
Oceans. Wind-waves generated in 
these ocean basins have a strong socio-
economic influence, affecting Australian 
marine safety and navigation, public 
beach recreation, the design of our 
harbours, coastal structures, offshore 
platforms and shipping, as well as being 
a potential source of marine renewable 
energy. It is therefore important to measure 
and predict ocean wave conditions.

Whilst wave buoys are one way of 
measuring ocean waves, the coverage 
around Australia is sparse due to 
challenges in deploying them in harsh 
ocean conditions all year round, as well 
as the high cost of covering Australia’s 
large marine estate. Satellite radar 
observations from space can measure 
global ocean waves repeatedly with 
high accuracy, and provide a viable 
source of ocean wave measurements. 

The spatial coverage provided by 
satellite remote sensing complements 
the continuous in-situ buoy records.

Europe’s Copernicus Sentinel-1 A (Jul 
2015 onwards) and B (Oct 2016 onwards) 
Synthetic Aperture Radar (SAR) satellites 
regularly map Australian waters. Available 
products from the consequent database 
includes ocean wave observations from 
both Sentinel-1 platforms covering their full 
mission duration, as well as near real-time 
data (with an approximate 24 hour delay).

The IMOS SAR waves database is 
built from Sentinel-1 level-2 wave data. 
The database is optimised to provide 
a structurally consistent product over 
time, that is both convenient to use, 
and compact in size. These benefits will 
enable users to carry out fast multi-year 
time-series and event-based analyses 
not otherwise easily achieved.

Additional quality assurance and control 
have been applied to the input data to 

ensure consistency in data structure and 
types, meta data, and to remove invalid 
measurements. The database contains 
full directional ocean swell spectra, swell 
partitions, and partition bulk parameters of 
swell significant height and peak period and 
direction, along with new auxiliary variables. 
The data are arranged in daily along-track 
netCDF files that are Climate and Forecast 
(CF) 1.6 standard compliant, encouraging 
wider uptake and usage. Currently, the data 
mainly cover the wider Australian region 
of interest, with some measurements also 
extending outside this region, but it is 
scalable to a global coverage in the future.

The database can be freely accessed via 
the Australian Ocean Data Network 
(AODN) Portal. The delayed-mode (up 
until Nov, 2019) and near real-time data 
are provided as separate products through 
the AODN Portal. The database will be 
regularly updated as new observations 
become available, as well as improved 
with better quality control and verification.

The AODN team have authored a 
notebook published in the imos-user-
code-library to assist in the uptake 
and use of the data take a look here.

Feedback and questions regarding 
the SAR wave products, or any 
product available via the AODN 
Infrastructure, are always welcome 
please send to info@aodn.org.au. n

The IMOS Surface Waves sub-Facility has developed an Australian Synthetic Aperture Radar (SAR) waves database 
from Europe’s Sentinel-1 A and B SAR satellites to support scientific and industrial marine research in Australia.
WRITTEN BY SALMAN KHAN (CSIRO) AND STAFF OF THE AODN

An illustration of the data: coverage of Sentinel-1 
A in the wider Australian region (top right), and 
a descending pass of directional ocean swell 
spectra (left) off the south-east coast of Tasmania 
showing the dominant Southern Ocean swell. 

Number of observations of Sentinel-1A in 2.5ºx2.5º 
bins for the period November 2015 – November 2019.

Wave partitions 1, 3 and 4 unambiguously defined. 
Wave partition 2 with 180º ambiguity in direction.

https://portal.aodn.org.au/search?uuid=d833de94-313d-41bd-9278-bc5813e29949
https://portal.aodn.org.au/search?uuid=d833de94-313d-41bd-9278-bc5813e29949
https://portal.aodn.org.au/search?uuid=4680a155-07af-46ac-b026-151c4ed4f6d5
https://portal.aodn.org.au/search?uuid=d833de94-313d-41bd-9278-bc5813e29949
https://github.com/aodn/imos-user-code-library/tree/master/Python/notebooks
https://github.com/aodn/imos-user-code-library/tree/master/Python/notebooks
https://github.com/aodn/imos-user-code-library/blob/master/Python/notebooks/SAR_waves/SAR_waves_getting_started_jupyter_notebook/SAR_waves_getting_started.ipynb
mailto:info%40aodn.org.au?subject=
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Drifting IMOS wave buoys have revealed the intensity 
and duration of Perth’s recent superstorm.

NEWS

Two drifting wave buoys deployed 
along the coast of Western Australia 
by researchers at The University of 
Western Australia (UWA) as part of the 
IMOS sub-facility have highlighted the 
significance of Perth’s super storm in May, 
recording massive waves along 1000km 
of Western Australia (WA)’s coastline.

The research buoys, located 500km 
south-west of Cape Leeuwin and 350km 
north-west of Geraldton provided accurate 
and real-time data across a vast section 
of WA’s coastline during the storm.

Dr Jeff Hansen from UWA’s School of 
Earth Sciences said the buoys recorded 
waves more than 9m high in the south 
and waves above 7m lasting almost a 
full day in the north, with some individual 
waves likely reaching 20m in height.

“While waves of this size are not unheard 
of in the Southern and Indian Oceans, it 
is very uncommon for waves this high to 
simultaneously occur over such a large 
area like as WA’s coast, while also lasting 
for a substantial period,” Dr Hansen said.

“With recent Perth storms causing many 
beaches to severely erode, the data 
from these buoys provided important 
information about how much energy from 
the ocean was impacting the coastline.”

Both research buoys transmit live 
wave data such as height, period and 

direction to an interactive website, 
which is available for the public to view.

Despite the buoys being perfectly placed 
to capture the data during the storm, they 
were originally deployed for the Low-Cost 
Wave Buoy Technology Sub-facility to 
examine the suitability of low-cost wave 
buoys for real-time wave observations and 
improving wave forecasts which are critical 
for a range of industries and the public.

“The first buoy was originally placed 
in the Perth Canyon offshore from 
Rottnest Island while the second was 
deployed in Bremer Canyon off WA’s 
South Coast,” Dr Hansen said.

“The first buoy drifted south reaching 
its position 500km southwest of Cape 
Leeuwin while the second has drifted 
1500km to its current location offshore of 
Geraldton, ultimately both were perfectly 

placed to measure the open water 
waves associated with the storm.”

Dr Hansen worked in collaboration 
with Dr Mike Cuttler, Professor Ryan 
Lowe and Professor Phil Watson from 
UWA’s Oceans Graduate School to 
undertake the research project.

Supported by OceanWorks, an initiative 
to promote innovation in ocean research, 
and IMOS, the buoys are part of studies 
that combine scientific curiosity with 
clever, cost-effective engineering. 

As the wind dies down and the clouds 
clear, the two solar-powered buoys will 
continue drifting hundreds of kilometres 
offshore, collecting more information about 
the WA coast as part of ongoing studies.

Published by the University of Western 
Australia as a media release New data reveals 
significance of Perth super storm. n

The buoys are part of the IMOS New Technology sub-Facility focusing on the suitability of low-cost wave 
buoys for real-time wave observations.

Wave height measured by the IMOS drifting buoy.

Wave buoy. Carly Portch, The University of Western Australia, Coastal and Ocean Dynamics Group.

https://wawaves.org/
http://imos.org.au/facilities/newtechnologyproving/new-technology-proving-sub-facilities/#c5164
http://imos.org.au/facilities/newtechnologyproving/new-technology-proving-sub-facilities/#c5164
https://www.uwa.edu.au/facilities/oceanworks
http://www.news.uwa.edu.au/2020060112125/research/new-data-reveals-significance-perth-super-storm
http://www.news.uwa.edu.au/2020060112125/research/new-data-reveals-significance-perth-super-storm
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International project uses IMOS data to develop and 
validate a new tool for satellite ocean colour data

The colour of the ocean is influenced by 
a diverse range of factors, including the 
water itself and its depth, the organisms 
that live within it, and the presence of 
sediments, from rivers or re-suspended 
from the ocean floor. These factors 
also represent key oceanographic 
processes vital for managing ocean 
resources, human impacts on the ocean, 
and the impact of the ocean on us.

Ocean colour is measured from space 
using satellite remote sensing, to provide 
information on suspended particles within 
the water that alter the absorption and 
reflection of light. Changes in ocean colour 
are often used to infer the concentration 
of phytoplankton, however based upon 
their interactions with light, particulate 
organic matter and particulate inorganic 
matter is also measurable, providing 
valuable information on ecosystem 
processes and overall health.

In a recent project for the international 
agency the European Organization for the 
Exploitation of Meteorological Satellites 
(EUMETSAT), Dr Thomas Schroeder 
of CSIRO with his colleague Dr Michael 
Schaale of the Freie Universitaet Berlin 
(FUB) have developed methods for 
using Sentinel-3 Ocean Colour data in 
complex coastal marine environments.

Ocean colour sensors, like the 
Ocean and Land Colour Instrument 
(OLCI) sensors aboard the Sentinel-3 
satellites, can be used to monitor the 
ocean colour at a global scale, and, 
as such, the factors that influence it.

However, there are significant challenges 
in quantifying and understanding the 
variability of the factors that influence 
ocean colour. These influences arise 
from diverse oceanographic conditions 

that occur in both space and time 
around the world. This challenge can 
be particularly acute in coastal areas 
where oceanographic conditions 
tend to be complex and dynamic.

In addition, other challenges, such as 
atmospheric complexity must be corrected 
for in the satellite data. As a result, many 
regional approaches have been developed 
to support the use of data in different 
areas. The latter expands the scientific 
understanding of ocean optics, providing 
valuable feedback to satellite operators like 
EUMETSAT, and improves the applicability 
of data from ocean colour instruments.

As part of their recent work, Michael 
and Thomas used in-situ data collected 
by IMOS to validate the results from the 
FUB-CSIRO Coastal Water Processor 
for OLCI data, across a diverse 
range of ocean colour conditions.

Comparing the in-situ measurements 
with the results obtained from the new 
processor showed good performance 
of the atmospheric correction method 
across the complex range of coast 
oceanographic conditions.

The EUMETSAT project was supported 
by Copernicus Collaborative Exchange 
funding. n

More information > 

Measuring the colour of the oceans is crucial for understanding marine ecosystems, their productivity and health.

Dynamic above water radiance and irradiance 
collector (DALEC) radiometer deployed for 
atmospheric correction validation at the 
IMOS Lucinda Jetty Coastal Observatory.

Lucinda Jetty Coastal Observatory.
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https://www.eumetsat.int/website/home/TechnicalBulletins/EUMETSATUsers/DAT_4880082.html?lang=EN
http://imos.org.au/facilities/srs/oceancolour/
https://www.eumetsat.int/website/home/TechnicalBulletins/EUMETSATUsers/DAT_4880082.html?lang=EN
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IMOS ocean gliders back in the water to 
observe a marine heatwave near Broome

Running a national ocean observing system 
during the COVID-19 lockdown has been 
complex, with the necessary travel bans 
and social distancing measures affecting 
many of the observing activities of IMOS, 
and even preventing some deployments.

IMOS has continued to provide a wealth 
of data for use in research during the 
COVID-19 pandemic. IMOS’ Australian 
Ocean Data Network (AODN) has 246 
dataset collections that can be discovered, 
accessed, sub-setted and downloaded. 
These datasets have all remained available 
for use in research whilst in lockdown. 
Remotely sensed data streams continue to 
be collected and delivered for use as well.

In early May the IMOS Ocean Glider 
Facility, operated by The University 
of Western Australia, celebrated 
the first ocean glider deployment 
since operations were ceased due to 
COVID-19 restrictions in March.

Importantly, the ocean glider is part 
of our Event Based Sampling sub-
Facility, which uses ocean gliders to 
monitor marine heatwaves in coastal 
waters around the country.

The sea surface temperatures (SST) on 
the Northwest (NW) shelf of Western 
Australia had been very warm for winter 
time, with SST greater that the 90th 

percentile (see IMOS OceanCurrent SST 
Percentiles map from May 1). Indicating 
that a marine heatwave had been building 
since 12 April, not just over coastal NW 
Australia, but also across the whole of 
northern Australia including the Gulf of 
Carpentaria and the Great Barrier Reef.

The leader of the IMOS Ocean Glider 
Facility, Professor Chari Pattiaratchi, was 
advised on 24 April that the WA Government 
had relaxed the travel restrictions within the 
state for research purposes.

An ocean glider was transported to Broome 
in preparation for deployment to capture 
the heatwave event, with the planned 
transect to start at Broome then travelling 
to the Rowley Shoals IMOS mooring before 
returning to Broome. The ocean glider was 
able to validate the depth of the surface 
warm layer shown in the forecast models. 
The glider was in the water for 20-25 days.

“Deployment of an ocean glider can 
be managed by two people (skipper 
and technician) and so can easily 
accommodate social distancing 
requirements,” says Professor Pattiaratchi.

“It is important to gather data from the sub-
surface in this area because tidal mixing 
plays a strong role in controlling the ocean 
temperatures. We will sample the waning 
phase of the heatwave and also increasing 
tidal action as we move into spring tides 
next week. This deployment is timely 
and relevant to understanding marine 
heatwaves but also for understanding 
tidal mixing,” Professor Pattiaratchi says.

The IMOS Ocean Glider team made 
the most of their time without active 
gliders, updating systems, undergoing 
software courses, and preparing the 
ocean glider fleet to ensure deployment 
as soon as the restrictions ease.

“Despite the disruptions caused by 
COVID-19 the IMOS community has 
continued to collect observations 
and conduct field operations where 
permitted. The preparedness and 
flexibility of the IMOS Ocean Glider 
team is a great example of our ability to 
adapt, adjust and continue to provide 
crucial ocean observations,” says 
IMOS Director Dr Michelle Heupel. n

We deployed our first ocean glider in early May since the fleet was pulled out of the water in March.

M
ar

tin
 C

oi
a,

 U
W

A

IMOS OceanCurrent SST Percentiles map from May 1.

http://imos.org.au/facilities/oceangliders/
http://imos.org.au/facilities/oceangliders/
https://www.uwa.edu.au/?gclid=CjwKCAjwwMn1BRAUEiwAZ_jnEjMobQdyejY3CqKFT_zZmDyM6vt2pSLlvHAfzTh1n5xnlt3hGuIGohoCeb4QAvD_BwE&gclsrc=aw.ds
https://www.uwa.edu.au/?gclid=CjwKCAjwwMn1BRAUEiwAZ_jnEjMobQdyejY3CqKFT_zZmDyM6vt2pSLlvHAfzTh1n5xnlt3hGuIGohoCeb4QAvD_BwE&gclsrc=aw.ds
http://oceancurrent.imos.org.au/product.php?product=daily.pctiles&region=NW&date=20200501135227&rtype=SR
http://oceancurrent.imos.org.au/product.php?product=daily.pctiles&region=NW&date=20200501135227&rtype=SR
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New user-friendly time series products from 
the IMOS coastal mooring network

The IMOS National Mooring Network 
manages moored instruments at over 60 
coastal sites around Australia, with some 
of these sites active for up to 13 years, 
and also includes historical observations 
extending back 70 years at some stations.  

Whilst the sheer number of data files from 
the 60 coastal sites provides an amazing 
resource for the Australian marine and 
climate science community, visualising 
and analysing the entire time series for 
a single parameter from even one site 
requires significant technical expertise. 

IMOS recognised that by creating new 
data products, aggregating the long time 
series from each site, we could increase 
the uptake and use of the mooring data 
by providing better support to scientists, 
students and other stakeholders. 

IMOS formed a Working Group on 
Moorings Time Series products in 2018, 
who defined the range of products 
required, focussing initially on foundational 
aggregations of oceanographic 
parameters (e.g. temperature, salinity, 
currents) to serve the broadest range of 
users, and ensuring the IMOS mooring 
observations would be more user-friendly.

The Working Group identified five 
high priority products that could be 
produced in the initial 12-month project 
timeframe.  The project was led by the 
Australian Ocean Data Network (AODN), 
who produced the necessary code 
for the generation of each product.  

AODN staff also reviewed the products and 
integrated them into the AODN production 
line.  A small team of technical experts 
from the regional moorings sub-Facilities 
and the Deep Water Moorings Facility 
provided regular review and technical 
advice.  Other IMOS staff and some 
users also had opportunity to review 
the products and provide feedback.

IMOS has released the five products 
as they were completed, with more 
information about each provided 
in the news links listed here:

• Aggregated Time Series product

• Hourly Time Series product,  
available through the AODN Portal, 

• Gridded Temperature Time Series 
product, available through the  
AODN Portal,

• Velocity Aggregated Time  
Series product

• Velocity Hourly Time Series product, 
available through the AODN Portal.

Each of these products are available 
via the AODN THREDDS server, in 
dedicated folders named accordingly 
(i.e.”aggregated timeseries” , “hourly 
time series” , “gridded timeseries”) 
within each site folder e.g. Hourly time 
series (of all parameters, including 
velocity) for the Rottnest Island National 
reference Station can be found here.

AIMS recently hosted an online webinar on 
the project, with approximately 50 online 
attendees listening in. If you missed that 
presentation it can be watched here.

The new time series products are already 
appreciated by users of the mooring data.

Dr Paul Thomson of the University of 
Western Australia says “I’ve spent years 
using the temperature and salinity data 
from the National Reference Stations. 
I would painstakingly gather the many, 
individual data files from several years, 
stitch these together and then average 
the high frequency temperature and 
salinity data to hourly values. Sometimes 
there would be missing data from 
a particular depth, so I would go 
back to AODN to see what else was 
available and could be included.”

“Now, IMOS has developed long term 
data products that will make life easier 
for users. Temperature data for example 
is gridded over depth to give a full time 
series at the National Reference Stations. 
I think these long-term data products will 
make the data more attractive to a larger 
range of users and greatly encourage 
data uptake,” says Dr Thomson.

The delivery of further products will 
be considered in the future.

For any further information or feedback  
on these products please contact 
info@aodn.org.au n

The AODN and Moorings Network Facilities have completed a project creating long time series 
products ensuring the wealth of IMOS mooring data is more accessible to users.
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http://imos.org.au/news/newsitem/australian-national-mooring-network-new-aggregated-time-series-product
http://imos.org.au/news/newsitem/australian-national-mooring-network-new-hourly-time-series-product
https://portal.aodn.org.au/search?uuid=efd8201c-1eca-412e-9ad2-0534e96cea14
http://imos.org.au/news/newsitem/aodn-releases-new-gridded-temperature-time-series-product-from-imos-moorings
http://imos.org.au/news/newsitem/aodn-releases-new-gridded-temperature-time-series-product-from-imos-moorings
https://portal.aodn.org.au/search?uuid=279a50e3-21a5-4590-85a0-71f963efab82
http://imos.org.au/news/newsitem/aodn-releases-new-velocity-aggregated-time-series-product-from-imos-moorings
http://imos.org.au/news/newsitem/aodn-releases-new-velocity-aggregated-time-series-product-from-imos-moorings
http://imos.org.au/news/newsitem/australian-ocean-data-network-aodn-releases-new-velocity-hourly-time-series-product-from-imos-moorings
https://portal.aodn.org.au/search?uuid=efd8201c-1eca-412e-9ad2-0534e96cea14
http://thredds.aodn.org.au/thredds/catalog/IMOS/ANMN/NRS/NRSROT/hourly_timeseries/catalog.html
https://s3-ap-southeast-2.amazonaws.com/content.aodn.org.au/Documents/IMOS/Meetings/Time_Series_Products_Working_Group/IMOS_Moorings_Products_webinar_2020-06-10.m4v
mailto:info%40aodn.org.au?subject=
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Preparations continue for the Surface Water 
and Ocean Topography (SWOT) mission

The IMOS Satellite Altimetry Calibration 
and Validation sub-Facility were one of 
56 teams selected for inclusion into the 
SWOT Science Team. Other Australian 
contributions include the IMOS Ocean 
Current team, plus work on Southern 
Ocean dynamics (led by Benoit Legresy) 
and untangling deterministic and 
non-deterministic ocean processes 
(led by Shane Keating). The science 
team seeks to maximise the value and 
understanding that will flow from an 
avalanche of SWOT data in coming years.

Before SWOT settles into its main orbit 
that will cover the Earth every 21 days, the 
first 90 days of the mission will be flown in 
a “fast-sampling” phase, revisiting select 

parts of the Earth every day. The Bass 
Strait altimeter validation facility is well 
placed, located directly in the fast-sampling 
footprint – this gives a unique opportunity 
to connect a sustained 25+ year record 
of altimetry validation with this new and 
exciting mode of ocean measurement.

Key to validating this new approach 
to satellite altimetry is highly accurate 
observations of in situ sea surface 
height – something that is assisted 
by Global Navigation Satellite 
System (GNSS) equipped buoys in 
use at the Bass Strait facility. 

A critical part of that jigsaw is millimetre 
level positioning of the Earth’s crust, 

and quantifying the water content of the 
atmosphere. As part of their preparations 
at the Bass Strait site, the IMOS Altimetry 
Validation team are currently testing a 
new land based GNSS receiver installed 
on Three Hummock Island. Set to 
operate over the duration of the SWOT 
fast-sampling phase, this receiver will 
assist in accurately positioning a suite 
of buoys and other moored sensors 
located in SWOTs new footprint.

For further information on the SWOT 
mission, see: https://swot.jpl.nasa.gov/

Written by Christopher Watson 
(University of Tasmania) n

Preparations for the launch of the Surface Water and Ocean Topography (SWOT) mission are ramping up with 
the recent announcement of the 2020-2023 SWOT Science Team. Launching in early 2022, SWOT is an ambitious 
mission that aims to observe global water surfaces between ±78° latitude at unprecedented high resolution 
using a swath-based altimeter.
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Looking East towards the Bass Strait altimeter validation site from the new 
GNSS reference station on Three Hummock Island. Data from this site will 
be used to improved positioning of buoys and other sensors in Bass Strait, 
providing an Australian contribution to SWOT calibration and validation. 

https://swot.jpl.nasa.gov/
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IMOS glider data shows that reduction in vertical 
mixing exacerbated heat stress for Great Barrier 
Reef corals during the 2020 bleaching event

From mid-November 2019 to late March 
2020, IMOS ocean gliders spent 85 days 
at sea in the central and northern Great 
Barrier Reef (GBR), travelling a total of 1800 
km between Cooktown and Townsville. 
These gliders included routine IMOS 
deployments in the GBR as well as an 
additional deployment as part of the IMOS 
Event Based Sampling sub-Facility.

The ocean gliders made ~20,000 full-
depth ocean profiles consisting of 
3.5 million individual observations of 
temperature, salinity, oxygen, underwater 
light, chlorophyll, backscatter and CDOM. 
The data were immediately available to 
researchers as they were collected via 
near-real-time data delivery and following 
QA/QC processes the entire dataset 
is now publicly available via AODN.

Routine monitoring of ocean temperatures 
is generally undertaken using satellites 
that only sample the top few centimetres 
of the ocean. In contrast, ocean gliders 
sample the whole water column proving 
data on the sub-surface ocean structure.  
The IMOS Event Based Sampling sub-
Facility was established to sample the 
subsurface structure during marine 
heatwaves using ocean gliders.

To our knowledge this is the most 
comprehensive in-water dataset collected 
during a coral bleaching event anywhere 
in the world. It provides a remarkable 
opportunity to examine closely the ocean 
weather associated with mass coral stress 
and bleaching/recovery. This dataset is 
particularly valuable because it can be 
placed in the climatological context of 
previous ocean glider missions undertaken 
over the past five summers on the Great 
Barrier Reef, as well as decades of long-
term in-water fixed site monitoring by the 
Australian Institute of Marine Science 
(AIMS) at a number of locations.

In early summer (November 2019), 
the Great Barrier Reef lagoon water, 
in the vicinity of the glider deployment 

WRITTEN BY CHARI PATTIARATCHI (UWA), DENNIS STANLEY (UWA) AND SUZANNE LONG (Reef & Rainforest Research Centre)
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was vertically mixed (see figure below), 
as would be expected at that time of 
year. The water column was warming 
at a typical rate close to climatology 
(~1 degC every 4 weeks) due to solar 
heating.  The mean temperatures were 
well below climatology. The water column 
average in the glider data correlated very 
well with data from the AIMS weather 
station at nearby Agincourt Reef for the 
entire mission, which is what would be 
expected of a fully-mixed water column.

In late January 2020, the glider was 
redeployed following a period of calm 
weather (low-wind or “doldrum” days). At 
this stage of the summer, various models 
and products based on remote sensing 
were not predicting that ocean conditions 
would become sufficiently warm for an 
extended period to cause coral bleaching. 
However, the glider was reporting data 
consistent with a reduction in vertical 
mixing due to low winds. The vertical 
stratification observed in late January 
was an indication that the processes that 
lead to the accumulation of heat in the 
upper water column were in place. The 

heat was contained in the upper 20 m of 
the water column, whilst deeper waters 
(20–50 m depth) were up to 4ºC cooler.

During February 2020, the AIMS weather 
station data from nearby Agincourt Reef 
recorded the lowest monthly average wind 
speeds since records began in 2014 (The 
only other similarly low-wind summer was 
2017, which was also a bleaching year). 
By mid-February 2020, although models 
and remote sensing were still not sounding 
the alarm, the vertical stratification 
observed by the glider was intensifying 
and persistent (see figure below). For 
more than six weeks, there was a marked 
difference in the water temperature above 
and below ~20 m depth. The average 
water column temperature from 0 – 50 
m at this time was similar, if not a little 
cooler, than similar measurements taken 
in 2019 and 2018 (non-bleaching years). 

In mid-March 2020, the glider measured 
a return to “normal” fully mixed water 
column conditions coincident with 
the arrival of the seasonal southeast 
trade winds (see figure below).

These glider observations provide 
compelling evidence that the 2020 
coral bleaching event on the GBR was 
exacerbated by reduction in vertical mixing 
processes, in particular, wind mixing that 
would otherwise have distributed heat 
energy through the water column – as we 
observed during glider missions during the 
non-bleaching years of 2018 and 2019. 

Instead, in 2020 each day of low winds 
and reduced mixing accumulated heat in 
the surface layer, increasing temperatures 
in the upper ~20 m. This insight – only 
available thanks to IMOS’ long term in-
water data collection capabilities – leads to 
the question of whether interventions that 
increased vertical mixing could alleviate 
coral temperature stress during calm 
weather conditions, even at small scales. 

The extensive datasets collected during 
these and other GBR ocean glider missions 
are being used by a range of science 
solution agencies, for example the Reef 
and Rainforest Research Centre (RRRC) in 
Cairns, to increase their understanding of 
fine-scale oceanography relevant to coral 
bleaching events, and inform potential 
interventions that could improve outcomes 
at the scale of a reef tourism site.

Dr Suzanne Long from the RRRC said 
that the data delivered by IMOS ocean 
gliders is invaluable. “Previously, because 
of over-reliance on remotely-sensed 
satellite sea surface temperature data, 
there was this misapprehension that 
during bleaching events, the GBR water 
column was uniformly hot,” she said. 
“Now, thanks to the in-situ data collected 
by IMOS, we know that’s definitely not the 
case. And this insight is powerful. Because 
it shifts the problem of reducing coral 
stress despite climate change from the 
‘impossible’ basket, to ‘hey, actually there 
could be something we could try here.’” n
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Yuri Niella  Macquarie University
PROJECT TITLE: Spatial and trophic ecology of coastal sharks in the Anthropocene

Human populations are heavily 
concentrated in coastal areas. As a 
consequence, the marine animals that 
inhabit these regions are acutely impacted 
by human activities through habitat loss, 
pollution, and exploitation. The east coast 
of Australia is a climate change hotspot 
experiencing some of the fastest rates of 
temperature increase observed globally.

Yuri Niella’s PhD project is investigating 
how different coastal shark species are 
being affected by climate change. Yuri 
is using multiple techniques, including 
acoustic and satellite telemetry with animal 
movement data from the IMOS Animal 
Tracking Facility, stable isotope analysis 
and ecological modelling. Yuri has also 
developed new R packages to finesse 
analysis of telemetry data in relation 
to oceanographic variables, from both 
IMOS moorings and Remotely Sensed 
oceanographic data including water 
temperature, current speed and direction. 

Yuri will focus on improving our 
understanding of how coastal shark 
species respond to ocean warming, 
particularly given changes in their 
available habitat and prey base. His 
research has already provided insights 
into how bull shark distribution may 
change as the seas warm off the east 
coast of Australia (Niella et al. 2020). 

Forecasting how top predators are likely to 
respond to increasing warming is critical 
to our understanding of what a future 
ocean world will look like. Yuri’s research 
will help improve conservation of exploited 
and endangered shark species along the 
highly urbanized east coast of Australia. n
Niella, Y., Smoothey, A. F., Peddemors, 
V., & Harcourt, R. (2020). Predicting 
changes in distribution of a large coastal 
shark in the face of the strengthening 
East Australian Current. Marine Ecology 
Progress Series, 642, 163-177.

IMOS POSTGRADUATE PROFILE
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For more information about IMOS please visit the website www.imos.org.au

General enquiries: Integrated Marine Observing System (IMOS), University of Tasmania, Private Bag 110, Hobart, TAS, 7001  
+61 (03) 6226 7549 T  •  +61 (03) 6226 2107 F

Australia’s Integrated Marine Observing System (IMOS) is enabled by 
the National Collaborative Research Infrastructure Strategy (NCRIS). 
It is operated by a consortium of institutions as an unincorporated 
joint venture, with the University of Tasmania as Lead Agent.

Thanks to: Michelle Heupel, Jake Wallis, Craig Steinberg, 
Richard Brinkman, Lyndon Llewellyn, Salman Khan, Ryan 
Lowe, Thomas Schroeder, Chris Watson, Chari Pattiaratchi, 
Dennis Stanley, Suzanne Long, and Yuri Niella.

Director Michelle Heupel – Michelle.Heupel@utas.edu.au
Deputy Director Indi Hodgson-Johnston – Indiah.HodgsonJohnston@utas.edu.au
Project Manager Jo Neilson – Jo.Neilson@utas.edu.au
Operations Manager Emma Sommerville – emma.sommerville@utas.edu.au
Communications Manager Marian Wiltshire – Marian.Wiltshire@utas.edu.au  |  communication@imos.org.au
IMOS Program Officer Jake Wallis – jake.wallis@utas.edu.au
Office Assistant Karen Pitman – karen.pitman@utas.edu.au

The AODN Portal provides access to all available 
Australian marine and climate science data 
and provides the primary access to IMOS data 
including access to the IMOS metadata. 


