
Building sufficient reef resilience
The GBR’s latent resilience is insufficient to resist non-
linear regime change in a warming world. Additional 
adaptive capacity is required. (See figure 6.)

Reduced resilience is an outcome of a market failure: a 
discrepancy between private benefits & costs and social 
benefits & costs. 

Agents that secure benefit from reef ecosystem services 
today (& in the future) are not compensated for losses 
that occur as a result of unsustainable extractive & 
polluting behaviours of others: a tragedy of the commons.

Changes in the flow of ecosystem services are slow to 
feedback, leaving scarcity opaque; therefore revealed 
prices are not corrected. Overshoot (collapsing 
ecosystems) can occur before signals are clear.

Collapses in coral reef ecosystems are stochastic; based 
on the impact of numerous inter-related stressors. 
Therefore all activities that generate stress affect the 
continuing flow of the full range of ecosystem services 
to future potential beneficiaries. (Notwithstanding the 
ecological catastrophe!)

Therefore, I propose a broad-based stressor 
cap & trade system; limiting the aggregate 
annual allowable stress to the reef & allowing 
accountable entities to find and/or trade the 
most cost effective interventions to reduce their 
liabilities. 
Cap reduces over time as AGW/OA takes effect.
Market-based pollution reduction schemes drive 
environmental benefits & can apply to water quality 
policy. Regulators can guarantee both the stressor cap & 
the least cost mitigation is achieved.

Market brings together rural-diffuse & point-source 
polluters, major developers, heavy industry, tourism 
operators & fisheries into a single regime to improve reef 
outcomes. 

Activities are assigned a ‘stressor equivalency 
value’, in accordance with their relative risk.
Caps apply to NRM regions (based on groups of 
catchments & adjacent off-shore areas of the GBRMP). 
Caps would be set with reference to the relative risk of 
regime change (& spillover impact on other areas). Caps 
can be adjusted to quickly dampen stressor impact in 
response to AGW/AO.

Corralling existing regulatory burdens (both financial & 
conditional) into common tradable pool of permits will 
improve transparency for costs of offsets.

Additional permits can be injected into the marketplace 
by habitat restoration projects Also opportunities to link 
to the CFI, ensuring habitat restoration projects are more 
valuable

The Great Barrier Reef is already under 
threat and well below adaptive thresholds.
The Great Barrier Reef (GBR) has been described as 
the “best managed coral reef system in the world” 
(Grech, et al., 2013), yet paradoxically its ecosystems 
are deteriorating rapidly, following global trends. 
Reef-wide, coral cover has declined 50% since 1985. 
Some inshore reefs have declined 34% since only 
2005.

Aggregate loss is attributed to tropical cyclones 
(48%), Crown of Thorns Starfish (COTS) predation 
(42%) & coral bleaching (10%). However, this 
disguises the main drivers of deterioration: 
anthropogenic stressors from flood plumes, high 
nutrient & sediment exports, human settlement & 
exploitation of fish stocks. Pollutants restrain coral 
regrowth following perturbations & are linked to 
outbreaks of COTS, disease & sedimentation of coral 
reefs.

Greater adaptive capacity is desperately 
required.
Ultimately, rising atmospheric greenhouse gas 

“The best managed reef in the world”

The spread of European-style agriculture to the 
GBR region (circa 1870) fundamentally changed the 
flow regimes & catchment loads. It led to increasing 
sediment, nutrient & pesticide exports & flood 
plumes became stronger & more frequent & more 
often reached the inner and middle reefs. Today, the 
reef catchments, marine zones & coastline are subject 
to major disturbances:

• Catchment area is 75% semi-arid livestock 
grazing, 1.3% cropped as sugarcane, 2.7% is grain & 
cotton cultivation.

• 11 major trading ports (with >500 shipping 
movements annually).

• Major industrialised settlements in bottom 2/3.

• Agriculture, industry and settlement will expand. 

Latent reef stressors

PROPOSED: cap and trade system of reef stressor units

PROPOSAL: Cap and trade system to secure the

from climate change and ocean acidification
GREAT BARRIER REEF

Coral reef resilience dynamics & risk of non-linear regime change 

Example marketplace & transactions

The future of coral reefs
The GBR is of immense cultural & economic 
value to Australia & of importance to the rest 
of the world, as declared through its status as a 
World Heritage Property. It is subject to stringent  
management for its protection. Yet, like many reefs 
around the world it is suffering from the impacts of 
human habitation & enterprise. 

The GBR continues to face stressors from 
intensification in sectors not covered through Reef 
Plan policy actions, such as dredge spoil disposal, 
bulk shipping & recreational & commercial fishing. 

Simply bolstering existing interventions in an 
attempt to meet environmental targets is likely to be 
prohibitively expensive. 

Broadening & accelerating the policy interventions 
to support improved reef resilience is therefore 
essential for the survival of the GBR in the face of 
hazards presented by AGW/OA. However, success 
is not guaranteed.

Modelling of conditions on the GBR with no GHG 
mitigation but good progress with Reef Plan stressor 
mitigation still records a 5% loss in coral cover. 

Coral reefs supply important ecosystem services 
to approximately 500 million people worldwide. 
A collapse of these services will have significant 
welfare consequences. 

Finding adaptive, feasible and morally justifiable 
interventions to defend reef health to the risks of 
AGW & OA is of global importance. 

The GBR must already adapt to significant & ‘locked-
in’ climate change or be at risk non-linear regime 
change. (Projections are IPCC B1-A2 scenarios.)

Rising ocean surface temperatures increase the 
likelihood of episodes of localised, severe & sudden 
warming, initiating coral bleaching events.

Warming of +1.1°C to +1.2 °C by 2050
Increased likelihood of more severe cyclones, which 
physically damage coral structures & generate higher 
rainfall extremes bringing larger & further-reaching 
flood plumes, diminishing the time-frame for inter-
flood recovery & increasing incidence of COTS 
outbreaks.)

1-in-40 year weather event will become a 
1-in-15 year event by 2100

Thermal expansion of oceans & subsequent melting 
icesheets will significantly increase sea levels, changing 
the depth of the photic zone at a rates too fast for coral 
growth.

Increase of +130mm / +680mm by 2050
Increased atmospheric concentrations of CO2 reduce 
ocean pH. This increased acidity affects a range of 
marine aragonite-based organisms by reducing their 
capacity to build skeletons, manifesting in weakened 
growth & lower thermal tolerance to bleaching.

Acidification of -0.15 / -0.25 pH by 2100
Building sufficient reef resilience
The GBR’s latent resilience is already insufficient to 
resist non-linear regime change. Additional adaptive 
capacity is required. (See figure 6.)

Reef adaptation to climate change & ocean acidification

Figure 5 (right): Non-linear state change in 
coral reefs. Part A: parameter shift in ambient 
conditions (ΔX) causes the reef to shift towards 
a macro-algal dominated biota. A reverse in 
the parameter change (-ΔX) does not bring 
coral recovery; the new condition is stable. 
Part B: a short term, but acute perturbation 
(a cyclone, for example), tips the reef towards 
macro-algal domination, from which there is 
no recovery (see figure 3). 

Figure 6 (right): Illustrative policy scenarios 
and impact of AGW & AO on GBR resilience. 

An illustration of the impact of AGW/AO on the level 
of resilience required for a coral reef to resist non-
linear regime change to macro-algal domination 
for three policy scenarios. S1 is business-as-usual; 
S2 is a moderate policy commitment scenario; & 
S3 is a high policy commitment scenario. (These 
curves are also analogous with a stressor marginal 
abatement cost curve.) The shaded area is the 
zone of uncertainty for future climate sensitivity, 
emissions levels & residual coral resilience, between 
high resilience (RHigh) & low residual resilience (RLow). 
The dotted line is a proposed mean.

The implications of the model are threefold:

1.  business-as-usual is an inevitable path to failure;

2.  a low-commitment scenario is unlikely to yield 
results; &

3.  in a high-commitment scenario the reef could still 
potentially suffer widespread & catastrophic non-
linear regime change.

$5.4bn
What’s the reef worth?

annual GDP

53,800

$51bn
NPV over 100 years @ 2.5% discount

 regional jobs

concentrations & the resultant anthropogenic global 
warming (AGW) & ocean acidification (OA) will 
dictate the future the reef. 

There is no evidence reefs can acclimatise, migrate 
or evolve at sufficient speed before collapse sets in. 
Adaptation must be endogenous, but can be assisted 
by reducing exogenous anthropogenic stressors.

Current interventions are failing
Even with significant funding, current intervention 
performance targets have not being met. There 
has been no slowdown in loss of coral cover, nor 
sufficient improvements in water quality. Without 
significant additional funding, which is unlikely, 
current measures will not yield sufficient stressor 
abatement to secure the reef ’s future.

Doing more of the same will not work!

Coral reefs are naturally dynamic, always situated in a 
cycle of destruction & recovery. However, depending 
on the reef ’s resilience perturbations can tip reefs into 
a cycle of decline & a shift to a new steady regime. 

Reefs are acutely sensitive to pollutants and stressors:

i) Thrive in marine environments where ambient 
primary production is low.

ii) Require warmth & sunlight for the algal symbiont 
to survive. Therefore, stressors that increase turbidity 
reduce coral growth.

iii) Slow-growing & relatively sessile; cannot readily 
move nor adapt to medium- to long-term ambient en-
vironmental changes, such as increased temperatures, 
sea levels or pollutants. 

Where coral reefs lack sufficient resilience they are at 
high risk of a rapid and non-linear transformation to 

a species assemblage dominated by macro-algae, from 
which recovery is unlikely without intervention.

Resettling coral reefs at higher latitudes, at a sufficient 
rate, in areas already rich in nutrients & subject to 
flood plumes is extremely unlikely.  

Stressors Liable entity sectors Sellers of additional credits

Sediment, dissolved organic and particu-
late nitrogen and phosphorus export

   

Landcare groups, CFI projects, 
local governments.

DIN & DIP export

      

Pesticide export

 

Physical damage to reef (chronic and la-
tent risk)

 

Schemes to physically kill and re-
move COTS. Construction of artifi-
cial reefs 

Damage to shoreline ecosystems (man-
groves & sea grass beds) and reefs

    

Landcare groups, CFI projects, 
local governments.

Figure 8 (above): Spatial definition of cap and 
trade marketplaces and indication of risk of 
state change.

Map of boundaries of the 6 NRM terrestrial and 
offshore regions that would form the basis of 
discreet marketplaces. Each region contains 
numerous catchments, but with similar attributes. 
The risk profiles in figure 8 are from work by 
Waterhouse et al. (2013) and are aggregate values 
of stressor export from catchments and stressor 
impact on both sea grass and coral reefs. The 
higher the risk profile, the faster the cap needs to be 
brought down, to drive up the price of the permits, 
ensuring higher marginal abatement cost activities 
are implemented.

Figure 3: The damage from wave action due to Cyclone Yasi 
(February 2011) had a dramatic impact on coral reefs. High 
nutrient loads, turbidity & lower fish numbers led to a dramatic 
phase shift to macro-algal dominated biotas. 

Caps & risk

Liable entity sectors & regulated activities

Grazing Cropping Intensive 
livestock

Commercial 
development

Fishing (commercial 
& recreational)

Residential 
developments

Coal port 
development

Tourism 
operations Aquaculture WWTP Industrial  

development
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Figure 7: Operation of reef stressor cap-and-trade system: Annual cycle of the marketplace describing the role of the regulator in defining 
caps appropriate for future AGW/OA.

Figure 2: Pathways to reef deterioration.

Relationship between the major anthropogenic terrestrial, 
coastal and marine stressor activities that impact on the GBR 
and increase risk of non-linear regime change.

Also shown are pathways whereby existing anthropogenic 
stressors are compounded by the impacts of increasing CO2 
emissions, giving rise to warming ocean surface temperatures 
and ocean acidification.

Legend:

Example trade #1
Sugar cane farm A is required to surrender 1000 permits at the 
end of the year. However, in situ water quality monitoring 
above and below the property has determined 1200 units 
of stress have been exported, as the grower attempted 
to boost production by the application of more 
fertiliser. These units were purchased from fishing 
vessel B at $100 per unit, as it reduced its fishing 
effort by staying alongside for 50 extra days. 
The cost to the farmer was $20,000, 
which compensated for the 
loss of fishing income.

Example 
trade #2
Wastewater 
treatment plant C was 
allocated 1000 permits at 
the start of the year. It chose it invest in technology that reduced 
500 units of emissions at $100 per unit, therefore generating 
500 surplus permits. It sells these permits where MAC=permit 
price, ie. $100/unit. 

Graziers D & E are struggling with gully erosion in the upper 
catchments, exporting significant amounts of suspended 
sediment, as monitored by in situ water quality monitoring. The 
final liability will be greater than the allocation of permits. Gully 
re-vegetation is proving expensive - more than $100 per unit 
of stress, therefore both farmers purchase the surplus permits 
from the wastewater treatment plant at $100 per unit.    

Example 
trade #3

Major dredging is planned at a 
nearby port expansion. The proponent 

wishes to dispose of the dredge spoil via barge 
F. Some of the spoil will be transported away from 

the disposal area and so be a regulated activity. This disposal 
represents a significant potential increase in new stressors to the 
region’s environment. The regulator will, however, maintain the 
originally proposed cap on total allowable stress to the reef for 
that year.

The final rules of the allocation process will define who receives 
the permits (either through a process of grandfathering or 
contingent allocation). Either way, the potential for the addition 
of extra stress to the reef lagoon will drive up the clearing price 
of permits. Coase Theorem dictates the initial allocation has no 
bearing on achieving the socially optimal outcome.

In this example, dredge spoil barge F can purchase offset permits 
from voluntary group G, which is rehabilitating land. The higher 
permit clearing price also encourages graziers D & E to mitigate 
gully erosion, rather than pay the higher permit price.
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Figure 1: Recent trend in 
aggregate coral cover on 
GBR & key dates for major 
policy interventions. 
(De’ath et al., 2013)

Figure 
4 (right) 
Non-linear 
regime 
change in 
coral reefs

The impact 
on a coral 
reef of any 
perturbation 
is a function 
of the current 
temporal 
location of 
the reef in 
its damage/
recovery cycle 
(location of ball 
a in the well), 
the strength of the 
disturbance (red arrow) & the 
influence of ambient parameters (height 
of the lip of the well). 

These functions are all adversely affected by 
rising CO2 concentrations, which promulgate 
greater turbidity, ocean acidification, more 
frequent COTS outbreaks, more frequent, 
intense storm damage & more coral 
bleaching events - with less time in between 
perturbations for the reef to recover (move 
back to the base of the well).

Figure 9: Example 
transactions and motivations 
between liable entities in a 
discreet marketplace.


