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INTRODUCTION  

1. I have been asked by the Friends of the Earth – Brisbane Co-Op Ltd (FoEB) to 
provide an expert opinion of the likely ecological impacts of climate change and 
ocean acidification on the Great Barrier Reef, Australia.  

2. This report has been prepared in response to that request for use in an objection 
hearing in the Land Court concerning a large open-cut coal mine. The mine is the 
Wandoan Coal Mine, an open-cut coal mine proposed to operate for 30 years west 
of the township of Wandoan, approximately 350 km northwest of Brisbane in the 
Surat Basin, Queensland (the mine).  

3. The thermal coal deposits for the mine are estimated to be in excess of 1.2 billion 
tonnes, and are located within three Mining Lease Applications (MLAs 50229, 
50230 and 50231), which comprise approximately 32,000 hectares. The coal from 
the mine is proposed to be crushed, processed and blended on site before being 
transported by rail to port for export or, possibly, for domestic use. The thermal 
coal produced by the mine is intended to be sold to other companies to be burnt in 
coal-fired power stations to generate electricity. 

4. The Wandoan Coal Project environmental impact statement and an accompanying 
technical report on greenhouse gas emissions calculated that the emissions from the 
mining and use of the coal from the mine would be over 41 million tonnes of 
carbon dioxide equivalents annually and 1.3 billion tonnes of carbon dioxide 
equivalents over the life of the mine (Xstrata Coal 2008). 

5. For the purposes of preparing this report I have been provided with a copy of the 
objection lodged by FoEB to the coal mine proposed by the applicant the subject of 
the appeal. I am instructed that the environmental impact statement prepared for the 
mine does not contain any analysis of the impacts of climate change or ocean 
acidification on the Great Barrier Reef. 

6. To balance brevity and comprehensiveness I have prepared this report as a 
summary of critical information and attached for further reference (if required) 
copies of Hoegh-Guldberg (1999), Hoegh-Guldberg et al. (2007), Veron et al. 
(2009) and Hoegh-Guldberg and Bruno (2010). 

RELEVANT EXPERTISE 

7. I am a Professor of Marine Studies and the Director of the Global Change Institute 
at The University of Queensland and Deputy Director of the Australian Research 
Council (ARC) Centre for Excellence for Reef Studies. My fields of research and 
professional interest include: 

(a) coral reefs and marine studies;  

(b) the effects of climate change (particularly ocean warming and acidification) on 
coral reefs and related marine ecosystems; 

(c) coral bleaching and its connection to global warming and ocean acidification;  

(d) biology of symbiotic associations in reef-building corals and the impacts of 
stresses such as global warming upon these associations. 

8. Appendix 1 to this report provides a copy of my resume. 
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9. In preparing my report I understand my duty as an expert witness before the Court 
based on rule 426 of the Uniform Civil Procedure Rules is to assist the Court. 
While I appear pro bono to assist the Court in these proceedings, I note also that my 
duty to assist the Court would override any obligation I may have to any party to 
the proceeding or to any person who is liable for my fees or expenses. 

GREAT BARRIER REEF 

10. The Great Barrier Reef is one of the world’s largest and most spectacular coral reef 
ecosystems. Lining almost 2,100 km of the Australian coastline, the Great Barrier 
Reef is the largest continuous coral reef ecosystem in the world. It is home to an 
amazing variety of marine organisms including 6 species of marine turtles, 24 
species of seabirds, over 30 species of marine mammals, 350 coral species, 4,000 
species of molluscs and 1,500 fish species. The total number of species number into 
the hundreds of thousands. New species are described each year, and some 
estimates suggest we are familiar with less than 50% of the total number of species 
that live within this amazing ecosystem.  The intergenerational benefits from the 
sustainable management of Great Barrier Reef are enormous. 

11. The Great Barrier Reef is also considered to be one of the most pristine ecosystems, 
which is a consequence of a relatively low human population pressure (as compared 
to other regions like Indonesia where tens of millions of people live directly 
adjacent to coral reefs) and a modern and well-resourced management agency, the 
Great Barrier Reef Marine Park Authority (GBRMPA), which practices state-of-
the-art, science-based environmental management. The Great Barrier Reef Marine 
Park was established in 1975 by the Federal Government and was proclaimed a 
World Heritage Area in 1981 (Fig. 1). 

THREATS TO THE LONG-TERM SUSTAINABILITY OF THE 
GREAT BARRIER REEF 

12. Coral reefs like the Great Barrier Reef are threatened by both local (e.g. water 
quality, coastal degradation, pollution and fishing pressure) and global (e.g. global 
warming, ocean acidification) stressors. These two categories of stress are 
distinguished in terms of whether particular stresses acting on a coral reef arise 
from ‘local’ sources such as a fishing industry or coastal land-use, or from global 
sources which arise from changes to the Earth's atmosphere and climate. Both local 
and global factors have already had major impacts on coral reefs. For example, the 
over-exploitation of coral reef species in many countries has led to the major 
decline in key fish species on coral reefs (e.g. herbivorous fish) which have led in 
turn to major changes in the ecological structure of coral reefs (Jackson et al. 2001). 
The major decline of reef-building corals on Caribbean reefs over the past 40 years 
(from >60% of the reefs covered in corals in 1970 to less than 10% coral cover 
today; Hughes 1995) has been mainly attributed to the removal of herbivorous fish 
and the input of waste nutrients by over-populated coastal regions. 

13. While overexploitation has affected some parts of the Great Barrier Reef, there is a 
general perception that the main threats to the Great Barrier Reef stem more from 
reduced water quality (i.e. increased nutrients and sediments) as a result of 
agricultural activities and deforestation in coastal Queensland as opposed to the 
fishing of herbivorous species (which does not occur to any real extent). 
Agricultural activities have resulted in a tenfold increase in the flux of sediments 
(and probably nutrients) down the rivers of Queensland starting soon after the 
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arrival of European farmers, hard-hoofed cattle and coastal agriculture (McCulloch 
et al. 2003). The increased nutrient and sediment levels flowing out of these 
disturbed river catchments and coastal areas is most likely to have driven some of 
the loss of inshore Great Barrier Reef coral reefs (i.e. first 1–5 km of coastal reef 
system). 

Figure 1  Map of the Great Barrier Reef Marine Park (courtesy of GBRMPA) 
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CLIMATE CHANGE AND OCEAN ACIDIFICATION 

14. Changes to the greenhouse gas content of the atmosphere (principally carbon 
dioxide (CO2) and methane) have driven changes to the average temperature of the 
planet.  Over 90% of the extra heat trapped by the enhanced greenhouse effect has 
been absorbed by the oceans.  These changes have resulted in rising ocean heat 
content and increases in the temperature of the upper layers of the ocean (IPCC 
2007). Sea surface temperature of the global ocean has increased by about 0.5oC 
during the 20th century. The global average warming over the past 50 years is about 
0.1oC per decade in the surface and decreases to 0.017oC per decade at 700 m 
(Levitus et al., 2009). Changes are greatest in the northern hemisphere and at high 
latitudes (Levitus et al., 2009).  As a result, the Great Barrier Reef waters are 0.4°C 
warmer than they were 30 years ago (Lough 2007). Increasing atmospheric carbon 
dioxide has also resulted in 0.1 pH decrease (i.e. the ocean has become more acidic) 
which has removed 30–40 μmol kg-1 carbonate ions from ocean bodies like the 
Coral Sea that normally contain between 250–300 μmol kg-1 (Hoegh-Guldberg et al 
2007). As carbonate ions form the substrate for calcification, the decrease in 
carbonate ions impacts the ability of many marine organisms to form their skeletons 
which is ultimately crucial to the construction and maintenance of coral reefs 
(Hendriks et al. 2009; Kleypas; Langdon 2006; Kleypas et al. 2006; Raven et al. 
2005). In addition to the size of the absolute change, global conditions have varied 
at unprecedented rates of change. Changes in atmospheric carbon dioxide (hence 
carbonate ion concentrations) and sea temperature has increased at rates that are 2–
3 orders of magnitude faster than the majority of changes that have occurred over 
the past 420,000 years at least (see Table 1 in Hoegh-Guldberg et al. 2007).  

15. These changes in the conditions surrounding coral reefs have already had major 
impacts on coral reefs. Short periods of warm sea temperatures, once probably 
harmless but now riding on top of higher sea temperatures due to climate change, 
have pushed corals and their dinoflagellate symbionts above their thermal tolerance. 
This has resulted in episodes of mass coral bleaching that have increased in 
frequency and intensity since they were first reported in the scientific literature in 
1979 (see reviews by Brown 1997, Hoegh-Guldberg 1999, Hoegh-Guldberg et al. 
2007). Coral bleaching (Fig. 2) occurs when the symbiosis between corals and their 
critically important dinoflagellate symbionts breaks down. These symbionts provide 
most of energy needs of the coral host.  The breakdown of the symbiosis can occur 
for a number of reasons, one of which is heat stress. The result of the breakdown of 
the symbiosis is that the brown dinoflagellate symbionts leave the otherwise 
translucent coral tissue, leaving corals to remain as a stark white colour (hence the 
term ‘bleached’).  Without their energy source, bleached corals are susceptible to 
starvation, disease and death.  In 1998, most coral reefs worldwide experienced 
mass coral bleaching over a 12 month period that began in the eastern Pacific in 
December 1997. While many coral reef communities recovered from the 
subsequent 12 month period of extremely warm sea temperatures (driven by an 
unusually strong El Niño disturbance on top of the steadily rising sea temperatures 
globally), many coral reefs such as those in the Western Indian Ocean, Okinawa, 
Palau and Northwest Australia were devastated by the mass mortality which 
followed these bleaching events. In these cases, coral bleaching was followed by 
mass mortalities that removed over 90% of the resident corals on these reef 
systems. At the end of the 12 month period, bleaching across the globe had 
removed an estimated 16% of the world’s coral (Hoegh-Guldberg 1999). Whereas 
some of these reefs have begun to recover, recovery has been exceedingly slow and 
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coral cover on many of these reefs does not resemble that seen prior to 1998 
(Wilkerson 2004). 

Figure 2  A. Coral reef after experiencing mass coral bleaching (Great Keppel Island, 
southern Great Barrier Reef). B. Close-up of bleached coral showing intact but 
translucent tissues over the white skeleton. Photos by O. Hoegh- Guldberg 

 

16. The Great Barrier Reef has been affected by coral bleaching as a result of heat 
stress six times over the past 25 years. Recent episodes (i.e. 1998, 2002) on the 
Great Barrier Reef have been the most intense and widespread. In 1998, the Great 
Barrier Reef experienced what was considered at the time as its worst case of mass 
coral bleaching. In this event over 50% of the coral reefs within the Great Barrier 
Reef Marine Park were affected. This was followed, however, by an even larger 
event in 2002 which affected over 60% of the reefs with the Great Barrier Reef 
Marine Park. Fortunately in both cases, only 5–10% of corals affected by coral 
bleaching died, which was far less than the mortalities seen in regions such as the 
Western Indian Ocean or Northwest Australia (ranging up to 46%; Hoegh-Guldberg 
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1999).  The latter was primarily because conditions on the Great Barrier Reef did 
not get as hot for as long as that seen in Western Indian Ocean or Northwest 
Australia.   It is significant that ‘climate change is now recognised as the greatest 
long-term threat to the Great Barrier Reef’ (GBRMPA 2007, 2011). 

17. The changes to water chemistry arising from ocean acidification, are adding 
additional pressure on coral reefs. Increasing concentrations of atmospheric carbon 
dioxide is entering the ocean. Once in the ocean, carbon dioxide combines with 
water to produce a weak acid, carbonic acid, which subsequently converts 
carbonate ions into bicarbonate ions. This leads to a decrease in the concentration of 
carbonate ions, which ultimately limits the rate of marine calcification (Figure 3). A 
recent study has found a 14.5% decrease in the calcification rate of 328 long-lived 
corals on the Great Barrier Reef since 1990, which was unprecedented in the 400 
years of record examined and appears to be a direct result of the changing 
conditions (De'ath et al. 2009). These long calcification records are possible 
because corals lay down distinct annual layers of calcium carbonate (much like tree 
rings), which in the case of long-lived corals, can lead to precise measures of yearly 
calcification going back hundreds of years.  While we are just starting to understand 
the impacts of ocean acidification on the Great Barrier Reef, there is consensus that 
the rate of change in the acidity of the ocean poses as great a threat to coral reefs as 
does global warming (Raven et al. 2005; Hoegh-Guldberg et al. 2007).  This 
concern is heightened by the fact that current levels of ocean acidification may 
already lie outside those experience for the last million years at least (Pelejero et al. 
2010). It is also important to note that ocean acidification and elevated temperature 
can also act synergistically making the effect of each factor more significant when 
they occur together, with thermal tolerance of reef-building corals to temperature 
being reduced when they are also exposed to ocean acidification at the same time 
(Anthony et al. 2008).   
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Figure 3  Schematic diagram showing the link between atmospheric carbon dioxide, ocean 

acidity and the calcification rates of coral reefs and other ecosystems. Insert 
diagram depicts relationship between atmospheric carbon dioxide (CO2 atm) and 
ocean carbonate concentrations. (Reprinted courtesy of Science Magazine) 

 

 

IMPACTS AT CURRENT LEVELS OF CO2 

18. Prior to the beginning of the Industrial revolution, atmospheric concentrations of 
carbon dioxide (CO2) were around 280 parts per million (ppm) (IPCC 2007). These 
concentrations have risen to approximately 390 parts per million (ppm) at present 
based on observations at the Mauna Loa observatory in Hawaii after season 
fluctuations are accounted for (NOAA 2011). Current rates of emissions of CO2 
from human activities are causing atmospheric CO2 concentrations to rise by 
approximately 2 ppm per year (IPCC 2007).  This rate of increase in atmospheric 
carbon dioxide is largely unprecedented.  Even during the highest rates of change 
seen during the rapid transition out of the last ice age, the same amount of change 
we are currently experiencing in a single year occurred over 100-200 years.  This 
transition was accompanied by massive changes to the earth's climate and 
biosphere. 

19. Temperature-induced mass coral bleaching began impacting coral reefs on a wide 
geographic scale in the early 1980s.  Given that there is a lag time between the 
achievement of a certain level of atmospheric CO2 and the resultant warming 
(conservatively estimated here as 10-20 years), impacts on coral reefs began 
atmospheric CO2 levels approached ~320 ppm. When CO2 levels reached ~340 
ppm, sporadic but highly destructive mass bleaching occurred in most reefs world-
wide, often associated with El Niño events. Recovery was dependent on the 
vulnerability of individual reef areas and on the reef’s previous history and 
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resilience. At today’s level of ~390 ppm, allowing a lag-time of 10 years for sea 
temperatures to respond, most reefs world-wide are committed to an irreversible 
decline (Veron et al. 2009). The rate, extent and nature of this decline will become 
increasingly severe if atmospheric CO2 concentrations continue to increase above 
current levels. Returning the atmosphere to a safe level of CO2 for coral reefs 
requires atmospheric CO2 concentrations of <350 ppm (Veron et al. 2009). 

20. Given the growing evidence that relatively small increases in the concentrations of 
atmospheric carbon dioxide will trigger a wide array of irreversible changes to 
critically important marine ecosystems, avoiding any further increases and aiming 
to reduce the atmospheric concentration of CO2 below 350 ppm in the long term 
must be an international imperative (Hoegh-Guldberg and Bruno 2010). Reducing 
the atmospheric concentration of CO2 to below 350 ppm is critical for preserving a 
safe climate system (Hansen et al. 2008, Rockström et al. 2009).  Not pursuing this 
objective will escalate growing losses from a range of failing ecosystems and 
agriculture, increasing numbers of extreme events, and other health and societal 
impacts.    

ASSUMPTIONS ABOUT FUTURE CLIMATE SCENARIOS 

21. While current levels of atmospheric CO2 are already detrimental for the Great 
Barrier Reef and other coral reefs globally, their continued existence in anything 
resembling their current form largely depend upon the level at which atmospheric 
CO2 is stabilised.  

22. To project future increases in ocean warning and acidity requires assumptions to be 
made about future emissions of CO2 and other greenhouse gases. It is unnecessary 
for the purposes of this report to make assumptions about the policies or 
technologies that must be employed to achieve emissions reductions. It is sufficient 
for this report to discuss the physical consequences for the Great Barrier Reef if 
atmospheric CO2 are stabilised or not at different atmospheric concentrations. The 
means by which stabilisation is achieved are policy matters that are unnecessary to 
consider for the purposes of this report. For the purposes of this report the following 
three basic scenarios are discussed based on the analysis in Hoegh-Guldberg et al. 
(2007) and Hoegh-Guldberg and Hoegh-Guldberg (2008):  

Scenario Assumptions 

CRS-A Atmospheric CO2 is stabilised close to current levels of 390 ppm 
or up to approximately 420 ppm. Mean global temperature rises 
above pre-Industrial levels of approximately 1 – 1.5°C occur. 

CRS-B Atmospheric CO2 is stabilised between 450 and 500 ppm. Mean 
global temperature rises above pre-Industrial values of 
approximately 2–2.5°C occur. 

CRS-C Atmospheric CO2 is either not stabilised or is stabilised above 
500 ppm at very long time horizons. Mean global temperature 
increase in above pre-Industrial levels of 2.5°C occur. 
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FUTURE CHANGES TO THE GREAT BARRIER REEF AS A 
RESULT OF CLIMATE CHANGE AND OCEAN 
ACIDIFICATION 

23. Climate change and ocean acidification are placing coral reefs in conditions that 
they have not experienced over the past 740,000 years, if not 20 million years 
(Raven et al 2005; Hoegh-Guldberg et al 2007; Pelejero et al. 2010). These changes 
are occurring at rates which dwarf even the most rapid changes seen over the past 
million years. Even the relatively rapid changes during the ice age transitions, 
which resulted in major changes in the biota of the planet, occurred at rates of 
change in carbon dioxide and temperature which were at least two orders of 
magnitude (i.e. one hundred times) slower than the rate of change that has occurred 
over the past 150 years. Most evidence suggests that this rate of change will 
increase and already exceeds the biological capacity of coral reefs to respond via 
genetic change (evolution).  As a result, there is a high degree of consensus within 
scientific circles that coral reefs, like a large number of other ecosystems, are set to 
change rapidly over the coming decades (IPCC 2007, Done et al. 2003, Donner et 
al. 2005).  

24. Consideration has recently been given to how reef systems like the Great Barrier 
Reef will change in response to changes in atmospheric gas composition. In this 
regard, a recent paper (Hoegh-Guldberg et al. 2007) concluded that carbonate coral 
reefs such as the Great Barrier Reef are unlikely to maintain themselves beyond 
atmospheric carbon dioxide concentrations of 450 ppm. The evidence came from a 
wide array including field, laboratory and other sources.  Neither temperature (+2°C 
above pre-industrial global temperatures) nor ocean carbonate concentration (<200 
μmol kg-1, which arise when CO2 atm reaches approximately 450 ppm) in these 
scenarios are suitable for coral growth and survival, or the maintenance of calcium 
carbonate reef structures. These conclusions are based on the observation of how 
coral reefs behave today and how they have responded to the relatively mild 
changes in ocean temperature so far. Mass coral bleaching, for example, is triggered 
at temperatures that are 1°C above the long-term summer maxima which is the 
basis for highly successful satellite detection programs (Strong et al. 2004). Coral 
reefs also do not accrete calcium carbonate or form limestone-like coral reefs in 
water that has less than 200 μmol kg-1 carbonate ion concentrations (roughly 
equivalent to an aragonite saturation of 3.25; Kleypas et al. 1999). These conditions 
will dominate tropical oceans if carbon dioxide concentrations exceed 450 ppm 
(Fig. 4). 

25. Taking the two drivers together allows the scientific community to project of how 
conditions on the Great Barrier Reef will change if atmospheric concentrations of 
carbon dioxide continue to increase. The critical point for carbonate coral reef 
systems like the Great Barrier Reef arises when carbon dioxide concentrations 
exceed 450 ppm. At this point, the majority of evidence points to tropical reef 
systems that do not have the dominant coral populations.  As coral reefs are the 
results of vibrant coral communities, many of the services (fisheries, tourist use) are 
severely degraded at this point.   

26. Using the evidence and conclusions of the Hoegh-Guldberg et al. (2007) study, in 
turn based on previous studies (Hoegh-Guldberg 1999, Donner et al. 2003, Hoegh-
Guldberg and Hoegh-Guldberg 2003), three basic scenarios for the Great Barrier 
Reef can be assigned (Figure 5). 
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27. It is important that the three scenarios in Figure 5 be seen as representing a 
continuum of change and not a set of discrete thresholds or ‘tipping points’. That 
said, it is also noteworthy that coral reefs regularly show non-linear behaviour (i.e. 
minimal change for a period and then a sudden and catastrophic decline in once 
dominant species as an environmental variable changes, as described by Hughes 
1995) and, hence, while we don’t know where these ‘breakpoints’ exist relative to 
particular concentrations of atmospheric carbon dioxide, it is crucial to understand 
that there is a significant likelihood that ecosystems like the Great Barrier Reef 
might experience phase-transitions such as those already seen in the Caribbean and 
other coral reef realms (Hughes 1995). 

Figure 4  Calculated values for aragonite saturation, which is a measure of the ease with which 
calcium carbonate crystals (aragonite) form, as a function of geography. Coral reefs 
today only form where the aragonite saturation exceeds 3.25, which is illustrated by 
the blue coloured areas (coral reefs found today are indicated in this panel by the pink 
dots). As the concentration of carbon dioxide in the atmosphere increases from 390 
ppm today, the extent of conditions that are suitable for the formation of carbon coral 
reefs dwindles until there are few areas with these conditions left at 550 ppm and 
above. Ocean acidification represents a serious threat to carbonate reef systems and 
may see the loss and decay of reef structures across the entire tropical region of the 
world (Reprinted courtesy of Science Magazine; Hoegh-Guldberg et al. 2007). 

 

28. In the case of minimal climate change (scenario CRS-A) atmospheric carbon 
dioxide stabilises at around current levels or up to 420 ppm, conditions surrounding 
the Great Barrier Reef will largely resemble those of today with the following 
important differences.  
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29. Firstly, mass coral bleaching events are likely to be more frequent and intense 
relative to those that have occurred over the past 25 years. Based on modelling 
studies (Hoegh-Guldberg 1999, Done et al. 2002, Donner et al 2003), mass coral 
bleaching events are likely to be twice as frequent as they are today if sea 
temperatures surrounding the Great Barrier Reef increased by another 0.55°C over 
and above today’s temperatures. Changes in the sea temperature of this magnitude 
will also increase the intensity of the thermal anomalies which, depending on the 
particular phase of the El Niño Southern Oscillation and longer term changes in sea 
temperature such as the Pacific Decadal Oscillation (PDO), will result in large scale 
impacts on coral reefs like the Great Barrier Reef. This will result in a greater 
likelihood of mass mortalities among coral communities, and an overall downward 
adjustment of average coral cover on coral reefs like those in the Great Barrier Reef 
Marine Park (Hoegh-Guldberg et al. 2007). Some areas may lose coral permanently 
while others, such as those in well flushed and ecologically resilient locations (e.g. 
with good water quality, intact fish populations), are likely to remain coral 
dominated.   

30. Secondly, there is likely to be a shift towards reduced three-dimensional reef 
frameworks as concentrations of carbonate ions decrease and become limiting for 
the calcifying activities of corals. This may remove the habitat for some species 
(e.g. coral-dwelling fish and invertebrate species) while it may increase habitat for 
others (e.g. some herbivorous fish species). It is important to appreciate that reefs 
are likely to be populated by some form of marine life. Equally importantly, 
however, the replacement organisms (possibly seaweeds and cyanobacterial films) 
are unlikely to match (replace) the beautiful and charismatic coral reefs that we 
currently enjoy. 

31. The importance of marine parks in protecting and maintaining conditions for coral 
reefs would be heightened as impacts from climate change and ocean acidification 
increase.  Several studies have shown that the recovery of coral reefs (and hence 
their long-term sustainability) after climate change disturbances such as coral 
bleaching and mortality events is faster if the affected reefs are protected from local 
stresses like poor water quality and over exploitation of herbivorous fish (Hughes et 
al. 2003, Hughes et al. 2007). 

32. If atmospheric CO2 increases beyond 450 ppm, large-scale changes to coral reefs 
would be inevitable. Under these conditions, reef-building corals would be unable 
to keep pace with the rate of physical and biological erosion, and competition with 
other organisms, and coral reefs would slowly shift towards non-carbonate reef 
ecosystems.  As with non-carbonate reef systems today, primary productivity and 
biodiversity would be lower on these transformed systems.  Reef ecosystems at this 
point would resemble a mixed assemblage of fleshy seaweed, soft corals and other 
non-calcifying organisms, with reef-building corals being much less abundant (even 
rare). As a result, the three-dimensional structure of coral reefs would begin to 
crumble and disappear. Depending on the influence of other factors such as the 
intensity of storms, this process may happen at either slow or rapid rates. It is 
significant to note that this has happened relatively quickly (over of an estimated 30 
to 50 years) on some inshore sites on the Great Barrier Reef. 

33. The loss of the three-dimensional structure has significant implications for other 
coral reef dwelling species such as fish populations where at least 50% of the fish 
species are likely to disappear with the loss of the reef-building corals and the 
calcium carbonate framework of coral reefs (Munday et al. 2007). Loss of the 
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calcium carbonate framework would also have implications for the protection 
provided by coral reefs to other ecosystems (e.g. mangroves and sea grasses) and 
human infrastructure, as well as industries such as tourism which depends on highly 
biologically diverse and beautiful ecosystems. While coral reefs under this scenario 
would retain considerable biodiversity, their appearance would be vastly different 
to the coral reefs that attract tourists today (Fig 5B). 

34. The rapid reduction in coral cover will have major consequences for other 
organisms and reef services and functions. Many organisms that are coral 
dependent will become rare and may become locally or globally extinct (Carpenter 
et al. 2008). Other organisms, such as herbivores, may actually increase as reefs 
change from coral domination to domination by algal/cyanobacterial organisms. 
Increases in the abundance of cyanobacteria may have implications for the 
incidence of poisoning by the toxin ciguatera, a major problem in some areas of the 
world already (Llewellyn 2010). 

35. If the concentration of CO2 in the atmosphere exceeds 500 ppm and conditions 
approach those of CRS-C, conditions will exceed those required for the majority of 
coral reefs across the planet (Fig 4C). Under these conditions, the three-dimensional 
structure of coral reef ecosystems like the Great Barrier Reef would be expected to 
deteriorate, with a massive loss of biodiversity, and ecological services and 
functions. Many of the concerns raised in a recent vulnerability assessment 
(Johnson and Marshall 2007) would become a reality, and most groups on the Great 
Barrier Reef would undergo major change. As argued by many other coral reef 
scientists (e.g. Hoegh-Guldberg et al. 2007; IPCC 2007), the increase in 
atmospheric carbon dioxide 500 ppm  would result in scenarios where any 
semblance of reefs to the coral reefs of the Great Barrier Reef Marine Park today 
would vanish. 
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Figure 5 A. If atmospheric carbon dioxide levels stabilise at current levels of 390 ppm up to 

around 420 ppm (scenario CRS-A), conditions will be similar to today except that 
mass bleaching events will be twice as common and will be more severe on reefs like 
the Great Barrier Reef. B. If atmospheric carbon dioxide concentrations that increase 
to around 450-500 ppm, together with a global temperature rise of 2°C above pre-
Industrial levels, a major decline in reef-building corals is expected (reference 
scenario CRS-B). Because carbonate ion concentrations will fall below that required 
by corals to calcify and keep up with the erosion of calcium carbonate reef 
frameworks, reef frameworks will increasingly erode and fall apart. Seaweeds, soft 
corals and other benthic organisms will replace reef-building corals as the dominant 
organism on these much simpler reef systems. C. Levels of carbon dioxide in the 
atmosphere above 500 ppm, and associated temperature change (reference 
scenarios CRS-C) will be catastrophic for coral reefs which will no longer be 
dominated by corals or many of the organisms that we recognize today. Reef 
frameworks will actively deteriorate at this point, with ramifications for marine 
biodiversity, coastal protection and tourism (Reprinted courtesy of Science Magazine 
from Hoegh-Guldberg et al. 2007). 

 

 

CONTRIBUTION OF THE WANDOAN COAL MINE 

36. I have been asked to specifically address how would the emissions from the 
proposed Wandoan Coal Mine influence the impacts of climate change and ocean 
acidification on the Great Barrier Reef and whether, in my opinion, the contribution 
of the mine to the impacts on the Great Barrier Reef is significant. 

37. As we are already above the thermal threshold for damage to reef building corals 
and hence coral reefs, any further addition of CO2 into the atmosphere will directly 
damage the Great Barrier Reef, its natural ecosystems and the future opportunities 
of people and businesses that depend upon its pristine and natural values.  Given 
that the thermal coal deposits for the mine are estimated to be in excess of 1.2 
billion tonnes, the CO2 emissions associated with the mine will generate 41 million 
tonnes of carbon dioxide equivalents annually and 1.3 billion tonnes of carbon 
dioxide equivalents over the life of the mine (Xstrata Coal 2008). Given that the 
cumulative emission of more than 1080 GT of CO2 (see the report from Dr Malte 
Meinshausen) from now onwards will have a greater than 50% probability of 
driving atmospheric CO2 beyond 450 ppm, the 1.3 GT emitted from the coal 
extracted from the mine over its lifetime represents a very significant contribution 
to the impacts being felt on the Great Barrier Reef and across a vast number of 
other ecosystems, agricultural and societal activities and concerns.  The true cost of 
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