The impact of climate extremes on
Australia’s marine environment
A special briefing on the Intergovernmental Panel
on Climate Change 6th Assessment Report by the
ARC Centre of Excellence for Climate Extremes
• Marine environments are among Australia’s most important assets. However, a new report by the
Intergovernmental Panel on Climate Change (IPCC) has identified significant risks to some of the
nation’s most important marine ecosystems, including coral reefs and kelp forests.
• Climate change impacts on Australia’s marine ecosystems, and the ecosystem services that
they provide, are mostly negative, and further climate change is predicted to magnify impacts on
ecosystems that are already evident.
• Longer and more frequent marine heatwaves are an aspect of climate change that is leading to many
of the negative impacts on Australia’s marine ecosystems. The ARC Centre of Excellence for Climate
Extremes is working to understand marine heatwave predictability.
Why are Australia’s marine environments important?
Marine environments along Australia’s coastlines provide
a range of important ecosystem services. These include
food production, protection of the coast from erosion
and inundation, and tourist attractions. They can also act
to slow the rate of climate change by absorbing some of
the carbon dioxide that is emitted into the atmosphere.
Further from the coast, Australia’s marine Exclusive
Economic Zone extends up to 370km from the coastline of
Australia and its external territories in the Indian, Pacific
and Southern Oceans. The marine resources in this zone
contribute $69 billion per year to the economy.
What are the key climate change risks for Australia’s
marine environment?
The latest comprehensive assessment of climate change
impacts by the Intergovernmental Panel on Climate
Change (IPCC), released in February 2022, has identified
nine key climate change risks for Australia1. These include
loss and degradation of coral reefs and, in southern
Australia, loss of kelp forests. Extensive coral bleaching
events and loss of temperate kelp forests have already
occurred. The IPCC has very high confidence that there
will be continued loss and degradation of coral reefs and
associated biodiversity and ecosystem service value.
Further climate change may cause irreversible damage,
with limited scope for adaptation. The IPCC has high
confidence that there will be continued loss of kelp forests
in southern Australia. The impact of future climate change
on Australia’s kelp forests could be severe but can be
reduced substantially by rapid, large-scale and effective
mitigation and adaptation.

Which aspects of climate change are impacting
marine environments?
The IPCC report highlighted warming of the ocean as a
fundamental driver of the impacts on Australia’s marine
environments. Rising sea surface temperatures have
exacerbated marine heatwaves. A marine heatwave is a
prolonged period when the ocean is much warmer than
usual for that time of year2. Marine heatwaves can damage
marine ecosystems and the industries that rely on them3.
Some of the largest, longest, and most intense marine
heatwaves have occurred near Western Australia in 2011,
the Great Barrier Reef in 2016, 2017 and 2020, and the
Tasman Sea in 2015/2016, 2017/2018 and 2018/194,5,6,7,8,9.
These marine heatwaves temporarily increased the
temperature of the sea surface by up to 4°C above usual
and have lasted for several months. Marine heatwaves will
increase in intensity, duration, and frequency as the ocean
continues to warm10.
Other important aspects of climate change are not
directly related to marine heatwaves. For example,
long-term warming of average ocean temperatures and
greater ocean acidity resulting from increased ocean
uptake of carbon dioxide can favour the geographical
expansion of invasive macroalgae, at the expense of
local species. Some impacts on marine resources even
originate from climate change over the land, rather than
over the ocean. For example, warming and drying in
some areas, particularly southwestern Australia, have
reduced freshwater river flows, reducing the flushing
and amount of dissolved oxygen in estuaries and
increasing their salinity.

How are marine species responding to
climate change?

What does the IPCC report say about Australia’s
coral reefs?

Field and lab studies have demonstrated a range of
impacts of ocean warming on marine species. These
include slower growth11, changes in fish size12, reduced
activity13, lower reproductive success14,15, changes in
sex ratios16 and changes in plankton communities17,
with implications for the entire food chain. The
geographical range of some marine species have moved
poleward, extending further south but contracting at the
equatorward edge. The IPCC report summarises these
climate change effects. Impacted species include coral
trout, one of Australia’s most important commercial and
recreational tropical fish, and important aquaculture
species, including oysters and salmon.

In addition to loss of kelp forests, the IPCC report
highlights loss and degradation of coral reefs as a
key climate change risk for Australia. Extensive coral
bleaching events have already occurred due to ocean
warming and marine heatwaves. In 2016 and 2017 the
iconic Great Barrier Reef (GBR) experienced consecutive
occurrences of the most severe coral bleaching in
recorded history, transforming two thirds of the GBR into a
highly degraded state19,20.

Marine heatwaves can directly affect economicallyvaluable marine species. For example, the 2011 Western
Australia marine heatwave resulted in mortality and
reductions in spawning stocks of fisheries, abalone,
prawns and rock lobsters, along with loss of seagrass in
Shark Bay. Tasmanian oyster farms experienced the first
occurrence of Pacific Oyster Mortality Syndrome (POMS)
during the 2015-2016 Tasman Sea marine heatwave.
Climate change can also affect the health of entire
ecosystems, and the ecosystem services that they provide,
through impacts on the key habitat-forming organisms
(e.g., corals, kelps, mangroves and seagrasses). Along
45% of Australia’s coastline, there has been extensive
mortality of habitat-forming organisms due to extreme
events in 2011 and 2017.
In some instances, climate change is favourable to
species that damage ecosystems that were previously
beyond their geographical range. A striking example
is the southward expansion of urchins in southeastern
Australia, which has devastated Tasmania’s kelp
forests18. Less than 10% of Tasmania kelp was remaining
in 2011. The IPCC expects that overgrazing due to
urchins and herbivorous fish that experience climatedriven range extensions will contribute to further loss of
kelp forests in southern Australia.
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Future Australian coral reefs are unlikely to resemble
those of the mid 20th century. The IPCC has very high
confidence that limiting global warming to 1.5°C above
pre-industrial temperatures, in accordance with the UN’s
Paris Agreement, would be insufficient to prevent more
frequent mass bleaching events, although occurrences
of events like the 2016 bleaching could be reduced21,22.
GBR bleaching events are projected to occur annually
after 2051 under mid-range climate change projections,
consistent with global warming of 2.1-3.5°C above preindustrial temperatures by the end of the 21st century23.
Annual bleaching is projected to occur as soon as 2044
under the most extreme climate change projections,
consistent with global warming of 3.3-5.7°C by the end of
the century.
The IPCC assessed, with high confidence, that continued
damage to Australia’s coral reefs due to climate change
will result in negative impacts on tourism. It is estimated
that, if coral bleaching continues at the current rate,
A$1 billion per year in revenue and a total of 10,000
jobs would be lost due to a decline in tourism. However,
negative impacts are not confined to tourism. The IPCC
assessed with very high confidence that Australia’s
cultural well-being will be affected, with high confidence
that coastal protection will be impacted and with medium
confidence that there will be impacts on food provision.
What relevant research is the ARC Centre of
Excellence for Climate Extremes doing?
The ARC Centre of Excellence for Climate Extremes
is undertaking research that will ultimately improve
predictions of ocean conditions around Australia. This
includes efforts to improve the computer models on
which long-term projections of ocean conditions are
based. Our work on ocean productivity and carbon
cycling aims to inform future climate trajectories, and
current and future fisheries management. Another focus
of the research is further understanding the drivers of
marine heatwaves, with the ultimate aim of improving
marine heatwave forecasts.
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