Policy Information Brief 1

Climate change and
the Great Barrier Reef
NCCARF’s evidence-based Policy Information Briefs address key
challenges to effective adaptation to Australia’s variable and changing
climate. They provide high-level policy advice designed for use by policymakers at Commonwealth and State level. This Brief addresses the
challenge of supporting the future of a well-adapted Great Barrier Reef.
It was developed through a consultation workshop in Townsville together
with extensive exchange with relevant stakeholders and experts.

Key Points
The Great Barrier Reef (GBR) is Australia’s most
famous World Heritage listed natural wonder,
renowned for its cultural, spiritual and social values.
The Great Barrier Reef is already under substantial
pressure. The Australian Government’s State Party
Report to UNESCO records decline in 22 of the
38 qualities that demonstrate the Outstanding
Universal Value of the Reef (against the criteria for
which the Reef was inscribed to the World Heritage
List in 1981). The long-term solution will require a
substantial reduction in the strength and impact of
existing pressures on the Reef as well as adaptation
to the new circumstances under climate change.
Reef tourism alone is worth at least $5.7 billion
per annum to the national economy.5 The
Australian government has repeatedly identified
climate change as the greatest threat to the GBR.
According to the Commonwealth’s Great Barrier
Reef Climate Change Action Plan 2007-2012, “The
fate of coral reefs will ultimately depend on the rate
and extent of climate change. As climate change
is driven by global greenhouse gas emissions this
issue must be addressed.”

Demonstrated key needs to support the future of
a well-adapted GBR include:
• Meeting the mitigation challenge that Australia
supported at COP21 in Paris (first and foremost).
•

Developing a sense of urgency around current
and future adaptation. The window on preventing
irreversible damage is closing.

•

Projecting a simple clear message about the
reality of climate change, the need for action on
emissions, and vulnerability of the Reef.

•

Addressing existing issues, especially water quality,
to improve Reef resilience.

In addition, the Townsville workshop of
practitioners and experts identified the following
potential adaptation strategies:
• Defining clearer lines of authority and
accountability for Reef governance, with proper
resourcing and regular independent oversight.
•

Properly costing and funding the protection of the
GBR with long-term core funding rather than shortterm project-based funding or reliance on offset
trust funds.

•

Developing strategies to improve the clarity and
consistency of decision-making.

•

Developing a proper user pays system for all
stakeholders impacting on the Reef, including
shipping, port, and land-based activities.
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The climate context
Changes associated with climate change
that will affect the Great Barrier Reef (GBR)
include rising sea and air temperatures,
ocean acidification, nutrient enrichment
(via changes in rainfall regimes), altered
light levels, more extreme weather events,
changes to ocean circulation, and sealevel rise. The impacts for high value reefdependent industries and the populations
that depend on these livelihoods are
expected to be large.
Sea-surface temperatures
The principal contemporary risk to the GBR is from
ocean warming. Average sea surface temperatures
(SSTs) on the GBR today have warmed by about
0.60C16 since the 1950s (the period during which the
Intergovernmental Panel on Climate Change has clearly
identified the human influence on global climate) (Figure
1). Global warming has already triggered two major
bouts of coral bleaching on the GBR, in 1998 and
2002, affecting about 50% of the Reef and contributing
to an overall decline in coral cover (Figure 2). A third
major bleaching event occurred in 2016 leading to
record widespread coral bleaching on the GBR. The
full long-term impact is as yet unknown. Bleaching
events are expected to increase in frequency and
intensity in coming decades, reducing coral cover.
Loss of corals reduces the abundance of most species
of fishes and many other reef-associated organisms
with knock-on effects for marine mammals and birds.8
Thermal stress will also directly affect many animals
and plants.

Ocean chemistry
The oceans have absorbed close to one-third of the
carbon dioxide (CO2) released into the atmosphere by
human activities in the past 200 years. The resulting
changes in chemistry have already caused oceans to
become slightly more acidic, with an average global
decrease in oceanic pH of 0.1 units.21 Concentrations of
the mineral aragonite, that is essential for the growth of
corals and other calcifying organisms, are declining.
Storm surge and sea-level rise
Observed rises in sea level since 1990 are tracking
towards the upper limit of model projections, at a rate
of 1 to 2 mm per year.3 Sea level in the central GBR
could be 0.3 to 0.9 m higher by 2100 under mid-to-high
emissions scenarios.14 Higher sea levels compound
the impacts of storm surges associated with tropical
cyclones and king tides, posing substantial risks for
GBR-dependent settlements and coastal infrastructure,
and associated industries.

Figure 1: GBR annual sea-surface temperatures 1880-2014 and
projected sea surface temperatures for 2100 with additional warming
from pre-industrial period for the Paris 1.5 & 2.0C pledges and the
business-as-usual range that we are currently tracking. Source:
Developed by the Janice Lough.15, 20

Extreme weather events
Under climate change there may be fewer but more
severe tropical cyclones.4 Tropical cyclones cause
severe and widespread damage to coral reefs. After
Cyclone Yasi in 2011, broken corals were reported
across an area of the GBR exceeding 89,000 km2.10
The frequency and intensity of droughts (partly driven
by El Niño events) interspersed with large rainfall events
is also expected to increase. Consequently, large
freshwater plumes may also increase in frequency
and intensity, delivering terrestrial material and
contaminants to inshore and mid-shelf reefs.

Figure 2: A bleached reef. Photo credit: Terry Hughes.
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Current effects,
impacts and issues
The Great Barrier Reef is a key ecological,
economic, social and cultural asset already
at risk under climate change. Due to the
combined impacts of growing stresses
on the GBR, of the 38 criteria used as
benchmarks to determine the Outstanding
Universal Value of the GBR World Heritage
Area, 22 (or around 60%) are deteriorating
in quality and only one (the Reef as a
significant area for humpback whale calving)
is improving (see Table 1).
The causes of the declining trends in the condition of
key Great Barrier Reef ecosystems are well understood
and are linked to ‘land use change that continues to
contribute sediment, nutrients and pesticides … Over
recent years a confluence of severe weather events,
including floods and cyclones … Poor water quality
contributes to crown-of-thorns starfish outbreaks’.1 p. 21
Climate change is an additional and emerging stressor
on the Reef. Warmer and more acidic ocean waters
together with more intense cyclones and rising sea
levels mean that further declines in Reef quality in
response to climate change are highly likely (Table 2).
Governance and management
• The Australian Government has undertaken
substantial governance and management of the
Reef over many decades (Table 3).
• In July 2011, amidst concerns about the condition
of the GBR, the UNESCO World Heritage
Committee requested that Australia should
undertake a comprehensive strategic assessment
of the Reef and develop a long-term plan for its
sustainable management.

Table 1: Summary of the benchmarking of the Outstanding
Universal Value of the Great Barrier Reef World Heritage Area
presented in Appendix 3 of the State Party Report.1 This assesses
the current condition (very good, good or poor) and trend of the
criteria used to inscribe the Outstanding Universal Value of the
Great Barrier Reef World Heritage Area by UNESCO in 1981.

• In June 2015, following development of the Reef
2050 Long-Term Sustainability Plan (Reef 2050
Plan), the World Heritage Committee decided not
to place the GBR on the World Heritage ‘In Danger’
list. The Committee requested Australia submit
an update on progress with implementation of the
Reef 2050 Plan to the World Heritage Centre by 1
December 2016.
• The Reef 2050 Plan groups the highest risks to
the Reef into four influencing factors: (i) the longterm risks associated with climate change; (ii) the
immediate risks from land-based run-off; (iii) coastal
land-use change and (iv) direct use. Its approach
to addressing risks from climate change is to build
resilience through addressing the immediate risks.
Drivers of change affecting the GBR
• The population of Queensland is growing rapidly,
particularly along the coast, and is expected to more
than double from 4.5 million today to 9.5 million
by 2061 (Queensland Government population
projections, medium series, 2015 edition). Increasing
development along the coast is affecting the filtering
effect of flood plains, fresh water wetlands and
riparian zones, reducing the opportunity to retain
floodwater and filter sediments.13
• Mining has increased exponentially over the last
10 years, stimulating an expansion of ports and
shipping. Between 2000 and 2013, an estimated
21 million cubic metres of dredge spoil from
ports was dumped at sea within the GBR World
Heritage Area.17
• The Australian and Queensland Governments
legislated in 2015 to ban sea dumping of capital
dredge spoil (i.e., from new and extended
developments) in the GBR World Heritage Area.
The Queensland Government also legislated
to prohibit major capital dredging outside four
priority ports. However, up to 1 million tonnes of
maintenance spoil per annum could continue to be
dumped in the World Heritage Area with appropriate
environmental approvals. A statewide coordinated
maintenance dredging strategy is being developed.19

CONDITION

TREND

VERY GOOD
(No. of metrics
deteriorating)

GOOD
(No. of metrics
deteriorating)

POOR
(No. of metrics
deteriorating)

No. of values recorded
as ‘deteriorating’

Natural beauty and superlative
phenomena (13)

5 (0)

4 (2)

4 (3)

5

Major stages of the Earth’s evolutionary history (6)

3 (0)

3 (3)

0

3

Ecological and biological processes (8)

1 (0)

6 (5)

1 (1)

6

Habitats for conserving biodiversity (11)

1 (0)

7 (5)

3 (3)

8

Components of Outstanding
Universal Value (Number of metrics)
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• In 2012-13 there were 9619 ship voyages through
the Great Barrier Reef World Heritage Area and
Torres Strait. The number of vessels visiting ports
within the area is expected to increase by 250%
by 2020.12 The associated risks are accidental
groundings, collisions with sea mammals (e.g.
whales), re-suspension of sediments in coastal
waters, anchor damage on sea grass beds,
pollution from ship emissions, coal dust and noise,
and the accidental introduction of new invasive
species. A North East Shipping Management Plan is
being implemented to minimise these risks.18
• The amount of sediment and nutrients delivered by
rivers to the GBR lagoon has increased by 3-4 fold
since European settlement. Increased nutrient loads
from farm fertilisers contribute to crown-of-thorns
starfish outbreaks by promoting phytoplankton,
enhancing the growth and survival of starfish larvae.
As a consequence, nearshore sea grass beds and
coastal coral assemblages are damaged.1
• Some fishing practices on the GBR cause
damaging impacts, including poaching,
incidental by-catch (including of threatened and
endangered species), targeting of vulnerable
breeding aggregations, and damage from trawling.
Currently, there are more than 250,000 recreational
boat licences in Queensland, and the number
of recreational fishers is likely to increase with
population growth. The biomass of targeted fish is
currently 2-5 times lower in areas of the GBR open
to recreational and commercial fishing compared
with no-fishing zones.6

Table 2: A changing climate for the Great Barrier Reef.15, 20, 23,

Future stresses and impacts
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‘Climate change remains the most serious
threat to the Great Barrier Reef. It is already
affecting the Reef and is likely to have
far-reaching consequences in the decades
to come.’12, p. v
• Warming sea temperatures will directly affect many
components of the GBR ecosystem, and will be a
major source of physiological stress and mortality of
a wide variety of marine plants and animals. Average
annual sea surface temperatures on the GBR will
continue to increase over the coming century and
could be more than 3°C warmer than present-day
temperatures by 2100.4 It is unlikely that most corals
could survive these conditions.
• More intense droughts, high intensity rainfall
events, and tropical cyclones will affect river
discharge and the spatial extent of flood plumes
that deliver sediments and pollutants into the
GBR. Tropical cyclones will also interact with
higher sea levels to produce more damaging
storms surges and coastal inundation.4
• With business as usual emissions of CO2, oceanic
pH is projected to decrease by about 0.4 units by
2100 (from 8.2 to 7.8), the lowest pH experienced
for several hundreds of thousands of years.
The magnitude of changes in ocean chemistry
associated with different emission scenarios can be
projected with a high level of confidence, whereas
the impacts on marine organisms and geochemical
processes are much less certain.4
• Changes in patterns of ocean circulation and
upwelling are likely to have far-reaching effects,
particularly on key processes such as connectivity
and productivity. Strengthening of the East Australia
Current, which is already occurring, is likely to
extend the current geographic limits of some
tropical species further south, with substantial
impacts on sub-tropical ecosystems.22

VARIABLE

CERTAINTY/HAPPENING?

CURRENT

RCP4.5
2050

RCP4.5
2100

RCP 8.5
2050

RCP 8.5
2100

CO2

High, already observed

399 ppm

487 ppm

538 ppm

541 ppm

936 ppm

Sea surface
temperature

High, already observed

25.9ºC (GBR)

Sea level

High, already observed

Global

Ocean
acidification (pH)

High, already observed

8.1 (global)

Tropical Cyclones

Medium, not observed

4/year (GBR)

Rain/river flow

Low, not observed

Unclear how average will change but extremes expected to be more extreme

El Niño

Medium, not observed

Continued source of inter-annual variability; more extreme phases similar
to e.g. 2011

+1.3ºC
+0.26 m

+0.5 m

+2.8ºC
+ 0.3 m

+0.75 m

-0.2

-0.3

Maybe fewer but those that occur more intense
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• Interactions between climate and other stressors are
expected to create particularly damaging synergies.
For example, corals exposed to pollutants, turbidity,
dredging and sedimentation are more susceptible
to bleaching and disease. Stressors such as poor
water quality can affect the recovery potential of reef
communities following storms, floods and bleaching
events. The populations and industries that depend
on the health of the Reef, particularly the $5 billion
reef tourism industry,7 will be widely affected.
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Adaptation actions
and policy implications
There are physiological limits to the capacity
of corals to adapt to warmer and more acidic
ocean waters. Therefore, there are limits to
adaptation, and so an approach that combines
adaptation and mitigation is essential to assure
the long-term sustainability of the Reef. Without
strong and timely emissions reduction, the Reef
is unlikely to survive in anything like its current
biodiverse form in the longer term.
There is a lack of understanding amongst local
communities and the nation as a whole regarding the
economic value of the Reef. Effective communication
of its value, of the cost of maintaining the Reef, and of
the value (and full costs, including clean up) of other
economic activities in northern Queensland would
build support for the Reef and capacity to participate in
meaningful debate about reef decision-making under
climate change.
Clarity and consistency on mitigation and adaptation
policy for the GBR and GBR-dependent communities
will go a long way towards building community support
for action. Translation of planning into well-resourced
and effective action is also likely to be welcomed by
local communities.

Strong and well-funded institutions will be required to
build resilience to pre-existing stresses. Some of these
institutions already exist, such as the Great Barrier
Reef Marine Park Authority. Ensuring these institutions
are properly funded and have the tools and authority
to implement existing legislation and regulations will
help to ensure the reef is in good health to meet
the stresses imposed by rising temperatures and
increasing acidification.
There is some debate as to whether existing legislation
and regulation is sufficient to protect the Reef and
build resilience to meet present and future stresses.
Independent risk assessment and recommendations
for risk management could provide the foundation
for evidence-based and properly financed decisionmaking regarding adaptation strategies such as
agricultural buy-back and regulatory reform to restrict
land clearance and water pollution. Along these lines,
the Queensland Government set up the Great Barrier
Reef Water Science Taskforce in 2015 to provide advice
on how to achieve water quality targets. In 2016 the
Queensland government purchased for rehabilitation
a 56,000 ha property responsible for close to half the
sediment runoff to the northern Reef.
Commitment to comprehensive, properly resourced
and regular monitoring of stresses on and health of
the Reef is important to enable the development of
long-term data sets for effective assessment. The Reef
2050 Integrated Monitoring and Reporting Program
sets out an ambitious monitoring program based on
the seven themes of the Reef 2050 Plan. The program
is still in the development phase, with an expectation it
will be fully operational by June 2019. The monitoring
could encompass shipping and port activity as well as
relevant developments in the catchment. Monitoring
datasets will provide the basis for policy making in the
context of the long-term planning that is required for
the Reef, given the likelihood that stresses from ocean
warming and acidification are likely to be with us for
several centuries to come.

Table 3: Chronology of GBR-specific climate change policy and events.
YEAR

EVENT

YEAR

EVENT

1975

Great Barrier Reef Marine Park Act 1975 proclaimed

2011

World Heritage Committee requests comprehensive strategic
assessment of GBR

1998

El Niño Southern Oscillation mass coral bleaching event

2002

Mass coral bleaching event

2012

2006

Mass coral bleaching event in southern Great Barrier Reef
Tropical Cyclone Larry (Category 5)

Tropical Cyclone Yasi (Category 5) and coastal floods
Great Barrier Reef Marine Authority produces Climate Change
Adaptation: Outcomes from the Great Barrier Reef Climate
Change Action Plan 2007–2012 and Great Barrier Reef Climate
Change Adaptation Strategy and Action Plan 2012-2017.

2014

Second GBR Outlook Report identifies climate change as one
of ‘the greatest risks to the Reef’

2015

Tropical Cyclone Ita (Category 5)
Australian Government and Queensland Government produce
Reef 2050 Plan
World Heritage Committee does not place GBR
on In danger List

2016

NOAA declares ‘third ever global coral bleaching event’

2007

Great Barrier Reef Climate Change Action Plan 20072012 released by GBRMPA in conjunction with Australian
Government. Recognises that climate change is the greatest
long-term threat to GBR

2009

First GBR Outlook Report highlights climate change has
contributed to reef decline
Tropical Cyclone Hamish (Category 5)
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