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Macquarie University
at forefront of marine
science
Researchers are studying the effects on wave direction as the tropics spread south.

M

acquarie University’s pioneering
research in marine science is
helping planning authorities and coastal
communities to better understand the
threat of storm-related beach erosion.

is driving multidisciplinary research
on oceans and marine ecosystems, and
is adding to Macquarie University’s
outstanding global reputation in
marine science.

The university’s Marine Climate Risk
Group is fusing paleoclimatology (the
study of past climates) with cuttingedge coastal modelling techniques
to understand how the predicted
southward expansion of the tropics will
affect storm activity, wave patterns and
sand movement.

The Marine Climate Risk Group is
differentiated by its novel analyses of
preserved ancient shorelines, which show
how the coast responded to previous
episodes of climate change. These insights
are helping researchers understand how
today’s warming climate could affect
dynamic coastal systems.

The Marine Climate Risk Group
is led by Associate Professor Ian
Goodwin, and its research is now part
of Macquarie University’s Marine
Research Centre (MQ Marine).
Established in July 2015, MQ Marine

‘Combining knowledge of past climates
and coastal response with presentday coastal management issues sets
our research apart,’ says Dr Thomas
Mortlock, a coastal researcher at MQ
Marine and a risk scientist at Risk

Frontiers, a natural hazard research
centre. ‘We’re looking back thousands
of years and taking a cross-discipline
approach to learn how climate patterns
and extreme storm events affected
wave directions in previous episodes of
tropical expansion.’
Mortlock says that state governments
and councils should factor into their
planning the potential for storm
events that produce unusual northeasterly wind and wave patterns – and
greater beach erosion. ‘Current coastal
planning reforms are mostly based on
the prevailing south-south-easterly
wave direction. Not enough thought
has been given to the possibility of
more storm events that produce northeasterly swells and a different type of
sand movement.’
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He adds: ‘We can help planning
authorities incorporate the kind of
sensitivity analyses we do with wave
direction into their coastal management
strategies to better prepare for climate
change impacts.’
Safeguarding Australia’s coastline
MQ Marine’s work is timely. More
than eight in 10 Australians live
within 50 kilometres of the coastline.
Overdevelopment in some coastal areas
that began in the 1970s has left a legacy
of too much building within the active
beach profile – the part of the beach that
is always changing.
A fierce east-coast storm in early June
2016 that damaged beach properties
in the Collaroy-Narrabeen strip of
Sydney’s Northern Beaches could be a
harbinger of things to come as tropical
climates extend south. MQ Marine
researchers are closely studying the
storm and comparing it to similar events
that occurred hundreds of years ago.
The storm, dubbed a Black Nor’ easter,
had an uncommon combination of large
wave heights from the north-east, strong
onshore winds and some of the year’s
highest tides. The result was significant
beach erosion and structural damage at
the southern end of Collaroy Beach.
North-easterly swells during three
consecutive days were rare. These wave
patterns have occurred for less than
one per cent of the time during the past
30 years. South-south-easterly swells
usually dominate Australia’s eastern
coastline.

Professor Simon George, Director of MQ Marine, headspace gas sampling
from drill cores on board the Joides Resolution research vessel

published an important paper in
June 2016 on tropical storms and
sand movement. Their research was
published in the prestigious Journal of
Geophysical Research: Oceans.
The authors projected that tropical
expansion would reduce coastal stability
through directional wave-climate shifts
and lead to a significant reduction in
northward sand flow.
They predicted a reduction of around
30 per cent over the next decade in
longshore sand transport during
dominant extratropical-origin storm
events – a finding that was reported
in several New South Wales and
Queensland newspapers in August, and
featured on the ABC program Catalyst.

Shifting sands as tropics expand

Simply put, the authors found that
storms that form in the tropics, similar
to the Black Nor’ easter, may become
more common for the Sydney area as
the tropics expand. Storms that form in
the Tasman Sea’s southern reaches may
be less common as a result. This means
potentially more north-easterly swells,
which in turn have potential for greater
beach erosion and property damage,
and fewer south-south-easterly swells.

Goodwin, Mortlock and Dr Stuart
Browning of Macquarie University

This development could affect sand
flow along Australia’s east coast. The

The north-easterly wave pattern has
historically caused higher-than-normal
wave power along the New South
Wales shelf and coast. The result has
been energetic inshore wave conditions
focused on the southern ends of exposed
beaches, and large quantities of sand
movement and beach erosion.

southerly swells that currently dominate
the wave climate move sand from the
south to the north. As these swells
reduce in frequency, there will be less
energy transporting sand in a northerly
direction, which would affect beaches in
northern New South Wales and South
East Queensland.
This trend has implications for state
governments, local councils, the tourism
industry, coastal property owners and
beachgoers. As less sand is replenished
from down south, the southern ends
of exposed beaches could face greater
property damage during tropical
storms.
‘Our research suggests that the type of
storm that damaged parts of Collaroy
beach in June could become a more
frequent feature along the New
South Wales coast in the future,’ says
Mortlock. ‘The general consensus
among wave-research climate modelling
is that we are going to see more northeasterly and easterly swells in coming
years.’
The authors’ theory is based on an
observed poleward expansion (by other
researchers) of the tropics in coming
years. The tropics are expected to extend
south by 2.5 degrees on Australia’s east
coast over the next 100 years. That,
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Macquarie Lighthouse, Sydney

in turn, suggests that tropical-origin
storms will track further south, affecting
the direction of swells and, ultimately,
northward sand movement.

eventually build the beach up again. But
it won’t build up a sand dune again, and
damage to property will have already
been done.’

Goodwin’s research shows that such
wave climate change and reduced sand
transport has shaped and reshaped the
eastern Australian coast over the past
few thousand years.

The risk, says Mortlock, is of a cluster
of storms, such as the Black Nor ’
easter, appearing in quick succession
and not giving the affected beaches a
chance to recover.

WE’RE LOOKING BACK
THOUSANDS OF YEARS
AND TAKING A CROSSDISCIPLINE APPROACH
TO LEARN HOW
CLIMATE PATTERNS
AND EXTREME STORM
EVENTS AFFECTED
WAVE DIRECTIONS IN
PREVIOUS EPISODES
OF TROPICAL
EXPANSION

Mortlock stresses that sand taken from
Sydney beaches during a north-easterly
swell sits close to the shore, before
working its way back up the beach. ‘The
sand is not lost from the system and will

Macquarie helping coastal
communities through marine research
The study of tropical storm wave
patterns is one of several exciting
projects within Macquarie University’s
MQ Marine.
MQ Marine hosts biannual workshops
that bring together some of the world’s
leading international and Australian
marine science researchers at Macquarie
University’s Sydney campus and at
international conferences. The goal
is to foster interdisciplinary research
collaborations that identify topical new
research directions.
MQ Marine has an active PhD program
and a mentoring program for earlycareer researchers that exposes younger
researchers to key projects. Associate
Professor Goodwin, one of Australia’s

leading marine scientists, supervised
Mortlock’s PhD. Goodwin has been
developing an interdisciplinary
approach to solving coastal problems for
the past 30 years.
Mortlock, also a chartered engineer, says
that MQ Marine’s capacity to explore
coastal engineering problems from a
scientific perspective is a key strength.
‘The engineering profession, for
example, tends to look at a single-storm
event and focuses on a construction
response, such as building a buried sea
wall. We’re looking at storms as part
of the bigger picture of coastal change:
literally, over thousands of years.
‘History gives us clues as to how the
coast reacted to similar storm events.
By combining a paleo perspective with
the latest technology, and drawing on
research perspectives from different
fields, MQ Marine at Macquarie
University is making marine science
discoveries that can have a real impact
in the community – discoveries that will
help Australia’s precious coastline and
those who rely on it.’

To learn more about the Macquarie
University MQ Marine Research Centre,
visit www.mq.edu.au/mqmarine.
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Enhancing marine
science collaboration
MARINE RESEACH CENTRE
MQ Marine is a Research Centre at Macquarie University in Sydney, Australia. MQ Marine
aims to enhance innovative and interdisciplinary research in marine science by:
• Understanding the fate of our oceans and marine ecosystems given the unparalleled rate
of change towards warm conditions last experienced more than 50 million years ago.
• Assessing the rate and magnitude of change using the Earth’s geological record and novel
ancient DNA analyses to assess sustainability and reconstruct changing marine communities.
• Linking the fate of ecological communities with sedimentological and hydrodynamic
processes in dynamic coastal ecosystems.
• Increasing the sustainability of coastal communities by understanding how the
predicted southward expansion of the tropics will affect storm activity, wave patterns
and sand movement.

mq.edu.au/mqmarine
E: marinescience@mq.edu.au
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