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Report Summary 

The goal of Project 2.5i.4 is to develop tools and frameworks that help to characterise the 
risks posed to the linked Great Barrier Reef (GBR) social-ecological system due to the 
effects of climate change. Recent achievements towards this goal include: 
 
• A report describing the implementation of a decision support framework for the inshore 

coral reefs between Townsville and Cooktown that enables the envelope of future 
bleaching risks to be mapped as a function of ‘local’ land management imperative and 
‘global’ warming scenarios [AIMS].   

• Publication of two peer-reviewed journal articles describing the synergistic linkage 
between water quality and coral bleaching susceptibility [AIMS]. 

• Publication of a peer-reviewed journal article describing the suite of cellular mechanisms 
underpinning the warm-water breakdown of the coral-algae endosymbiosis [AIMS]. 

• The continued development of conceptual model describing the relationship between 
climate-change related damage to reef condition and its likely impact on tourism viability 
[CSIRO]. 

• A feasibility report describing the potential for a modelling approach to capture the 
influence of climate change on the efficacy of land practice changes in reducing the 
delivery of nutrients from the Tully River into the Great Barrier Reef World Heritage Area 
[CSIRO]. 

 
Overall, the project is progressing well. Central Queensland University has ceased its 
involvement with the project for the upcoming Year 4 activities (ARP4). 
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Project Output / Milestones 

Targeted Activity Due Date 

Submission of progress report (No. 3), which outlines: 
a) For the inshore coral reefs between Townsville and Cooktown, model the 

envelope of future bleaching risks based on a range of end-of-catchment 
scenarios for DIN reduction [Responsible agency:  AIMS]. 

b) Submission of final socio-economic report [CQU]. 
c) Convert the conceptual tourism model developed in Milestone 2 into a 

prototype Bayesian Belief Network [CSIRO]. 
d) Scope the feasibility of developing a model framework to assess the 

impacts of climate change effects and land practice changes on the 
delivery of nutrients from the Tully River into the Great Barrier Reef World 
Heritage Area [CSIRO]. 

e) Final summary of communication activities undertaken through the course 
of Year 3 of project (2008/2009) [AIMS, CSIRO, CQU]. 

10 June 2009 

 
 
Project Results 

Results achieved for this milestone 

a) For the inshore coral reefs between Townsville and Cooktown, model the envelope of 
future bleaching risks based on a range of end-of-catchment scenarios for DIN reduction 
[AIMS]. 

 
See Attachment 1:  Wooldridge, S. (2009) Managing local water quality to help combat 
climate change impacts on the Great Barrier Reef, Australia.  Report to the Marine and 
Tropical Sciences Research Facility, 10 June 2009.  Reef and Rainforest Research Centre 
Limited, Cairns. 
 
The above mentioned technical report (Attachment 1) highlights that a major water quality 
program effective in reducing ambient dissolved inorganic nitrogen (DIN) loadings could 
decrease bleaching probability across the whole range of temperatures predicted for the 
inshore Great Barrier Reef by the year 2100. Indeed, for the most ‘at risk’ inshore areas, the 
potential magnitude of this improvement has been shown to be equivalent to ~2.0°C in 
relation to the upper thermal bleaching threshold; though in this case, a potentially cost-
prohibitive reduction in end-of-river DIN of >30-70% would be required. Integrated socio-
economic modelling will be required to understand (optimise) the alternate tradeoffs that the 
new modelling framework facilitates. Whereas there is hope, if not confidence, that 
adaptation of the coral zooxanthellae partnership or composition shifts towards a more 
thermally-tolerant suite of coral species could keep coral reef ‘resistance’ ahead of rising 
temperatures, regional-scale reductions in ambient DIN loads are amenable to management, 
and therefore represent a rational strategy for ameliorating climate change effects on coral 
reefs. Importantly, this fact reinforces the crucial role of ‘local’ land management strategies to 
‘buy time’ for the coral-zooxanthellae endosymbiosis and the numerous goods and services 
for which it is directly (or indirectly) responsible. 
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b) Submission of final socio-economic report [CQU]. 
 
See:  Miles, R. L., Kinnear, S., Marshal, C., O’Dea, G. and Greer, L. (2009) Assessing the 
Socio-Economic Implications of Climate Change (Coral Bleaching) in the Great Barrier Reef 
Catchment:  Synthesis Report.  Marine and Tropical Sciences Research Facility Report 
Series.  Reef and Rainforest Research Centre Limited, Cairns (147pp.): 
 
http://www.rrrc.org.au/publications/gbr_climatechange.html  
 
This report was delivered in full during milestone reporting period 2 – see January 2009 
milestone report.  Central Queensland University researchers are now in the process of 
developing project relevant manuscripts for peer-review and publication. 
 
 
c) (i) Convert the conceptual tourism model developed in milestone reporting period 2 into 

a prototype Bayesian Belief Network [CSIRO]; and (ii) Scope the feasibility of developing 
a model framework to assess the impacts of climate change effects and land practice 
changes on the delivery of nutrients from the Tully River into the Great Barrier Reef 
World Heritage Area [CSIRO]. 

 
See Attachment 2:  Gordon, I. and Thomas, C. (2009) Project 2.5i.4 Milestone Report to the 
Marine and Tropical Sciences Research Facility (MTSRF) on conversion of the conceptual 
model developed in milestone reporting period 2 into a prototype Bayesian Belief Network. 
10 June 2009.  Reef and Rainforest Research Centre Limited, Cairns. 
 
 
Explanation of Activity Changes 

There are no substantive activity changes to report. 
 
 
Problems and Opportunities 

Central Queensland University (via the directions of John Rolfe) has decided to cease 
involvement with Project 2.5i.4 for the upcoming Year 4 activities. It is envisaged that the 
CSIRO with utilise the CQU funding component to enhance progress of their tourism model. 
CQU would like to stay involved in future discussions with regard to a second round of 
MTSRF funding (July 2010 onwards). 
 

http://www.rrrc.org.au/publications/gbr_climatechange.html�
http://www.rrrc.org.au/publications/downloads/25i4-AIMS-Wooldridge-S-2009-January-Milestone-Report.pdf�
http://www.rrrc.org.au/publications/downloads/25i4-AIMS-Wooldridge-S-2009-January-Milestone-Report.pdf�
http://www.rrrc.org.au/publications/downloads/25i4-AIMS-Wooldridge-S-2009-January-Milestone-Report.pdf�
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Communications, Major Activities or Events 

 
Manuscripts published: 

Wooldridge, S. A. and Done, T. J. (2009) Improved water quality can ameliorate effects of 
climate change on corals.  Ecological Applications 19(6): 1492-1499 [doi:10.1890/08-0963.1] 
 
Wooldridge, S. A. (2009) Water quality and coral bleaching thresholds:  Formalising the 
linkage for the inshore reefs of the Great Barrier Reef, Australia.  Marine Pollution Bulletin 
58(5): 745-751 [doi:10.1016/j.marpolbul.2008.12.013] 
 
Wooldridge, S. A. (2009) Water quality and coral bleaching thresholds:  Formalising the 
linkage for the inshore reefs of the Great Barrier Reef, Australia.  Marine Pollution Bulletin 
58(5): 745-751 [doi:10.1016/j.marpolbul.2008.12.013] 
 
 
Workshops / Meetings: 

Project Meeting # 10, convened during 2009 MTSRF Annual Conference (April 2009) 

• Attendees: Colette Thomas (CSIRO), Iain Gordon (CSIRO), Scott Wooldridge (AIMS), 
Paul Marshall (GBRMPA), Roger Beeden (GBRMPA). 

• Agenda: To introduce Roger Beeden (GBRMPA) to the team members and research 
themes of Project 2.5i.4.   

• Outcomes: Discussed the potential for the GBRMPA to provide new funding for 
‘experimental testing’ of the water quality / coral bleaching synergism. 

 
Project Meeting, CSIRO (May 2009) 

• Attendees: Colette Thomas (CSIRO), Iain Gordon (CSIRO), Scott Wooldridge (AIMS), 
Paul Marshall (GBRMPA), Roger Beeden (GBRMPA). 

• Agenda: Extension of project objectives to include consideration of climate change 
impacts on commercial/recreational fisheries of the Great Barrier Reef. 

• Outcomes: General discussion about the underpinning science of Project 2.5i.4.  
Agreement to scope the feasibility of fisheries impact model for Year 4 (ARP4). 

 

http://www.esajournals.org/doi/full/10.1890/08-0963.1�
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6N-4VP1783-1&_user=972264&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000049659&_version=1&_urlVersion=0&_userid=972264&md5=efce8195f4b24d8e2a4bc37315cf43a5�
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6N-4VP1783-1&_user=972264&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000049659&_version=1&_urlVersion=0&_userid=972264&md5=efce8195f4b24d8e2a4bc37315cf43a5�
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6N-4VP1783-1&_user=972264&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000049659&_version=1&_urlVersion=0&_userid=972264&md5=efce8195f4b24d8e2a4bc37315cf43a5�
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V6N-4VP1783-1&_user=972264&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000049659&_version=1&_urlVersion=0&_userid=972264&md5=efce8195f4b24d8e2a4bc37315cf43a5�
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Figure 7: The Great Barrier Reef and its catchments. 
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Figure 8: Flood plume (runoff:seawater) dilution rates 
within the GBR lagoon for a 75th percentile flood event. 
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Figure 9: MODIS image of the 2005 summer flood event on the central GBR with representative water quality measurements as previously 
sampled by Devlin et al. 2001. (a) Deposition of particulate material from the Burdekin River plume. (b) Extensive phytoplankton bloom in 
response to the flood plume load of dissolved inorganic nutrients from the Proserpine, O’Connell and Pioneer Rivers. 
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Figure 10: Simulated increased in the upper thermal bleaching limits (°C) of inshore corals due 
to specified (uniform percentage) reductions in end-of-river DIN loading for the numerous basins 
that drain the GBR catchment. 
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Project 2.5i.4 CSIRO Milestone Requirement 
1. Convert the conceptual model developed in milestone reporting period 2 into a 

prototype Bayesian Belief Network (BBN). 
 
In November 2008 a one-day workshop was held to develop a conceptual model capturing 
key relationships between reef condition and tour operator viability. An extensive review of 
the current state of knowledge was undertaken in the key disciplines of economics, tourism, 
and coral reef ecology. The conceptual model was evaluated against the findings and 
amended accordingly. Changes primarily reflect recent advances in current thinking in 
economics and tourism, the addition of detail where time constraints prevented detailed 
representations by participants, as well as adjustments required to accommodate the BBN 
modelling platform.  
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Since submission of the last milestone report, these changes have been finalised and the 
conceptual model converted into the influence diagram shown schematically in Figure 1. 
Before the model can be parameterised it needs to be verified by those responsible for its 
creation. The participants of the workshop are thus requested to review the influence 
diagram for accuracy and appropriateness, and are also asked to provide guidance on likely 
data availability for its parameterisation. Thus far the diagram has been evaluated by one of 
two coral reef ecology experts and all five reef tourism experts; data availability was also 
identified in these meetings. One data set has arrived but will require recoding before it can 
be used. Another data set has been flagged, but cannot be accessed until the technician 
returns from travels in late June 2009. 
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Figure 1: Schematic influence diagram of the purpose-built reef condition-tourism 
Bayesian Belief Network, showing linkage to models produced by MTSRF Projects 3.7.5 
and 2.5i.4. 

 
 

http://www.rrrc.org.au/publications/downloads/25i4-CSIRO-Gordon-I-2009-January-Milestone-Report.pdf�
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2. Scope the feasibility of developing a model framework to assess the influence of 
climate change on the efficacy of land practice changes in reducing the delivery of 
nutrients from the Tully River into the Great Barrier Reef World Heritage Area. 

 
The purpose of the scoping activity was to assess the feasibility of incorporating climate 
change impacts on current estimates of sugar cane best management-practice (BMP) cost-
effectiveness for water quality improvement in the Tully-Murray catchment into the Project 
2.5i.4 BBN. 
 
The influence of climate change on the cost effectiveness of sugar cane best management 
practice for water quality improvement in 2070 has been assessed by Roebeling et al. 
(2007). Climate change was assessed deterministically according to changes in temperature, 
rainfall, and CO2 as projected in Cai et al. (2005). For sugar cane they found that “Climate 
change… [is] shown to potentially impact on the attainment of water quality targets. While 
climate change does not seem to affect … BMP cost-effectiveness, it may lead to a 
significant increase in levels of water pollutant (DIN) delivery under some climate change 
projections for 2070.” The report is illuminating in that it highlights key areas suitable for 
focus in ensuing BBN modelling work. However the report does not indicate the processes 
by which the projected changes in rainfall, temperature and CO2

  

 will actuate the predicted 
changes in BMP cost-effectiveness. Further, climate scenario projections have changed 
substantially since this report was produced, and these changes have substantial capacity to 
affect model results. 

Preliminary interviews with a cane agronomist provide a different perspective on the impacts 
of climate change to productivity and DIN. According to the expert, current evidence 
suggests that by the year 2070, DIN delivery is expected to be impacted more by land 
practice change than by climate change. However, financial impacts are expected as a result 
for climate change via reduction in yield, given recent worst-case projections of reduced 
rainfall and higher temperatures. 
 
It is clear that developing a model framework capable of assessing the influence of climate 
change on BMP cost-effectiveness in the Tully catchment is feasible and worthwhile. Key 
points raised during the scoping exercise include: 
 
1. A full consideration must be undertaken of the key pathways for climate change to affect 

DIN delivery and productivity.   
2. Climate change scenarios must represent the current state-of-the-science. 
3. Analysis of the relative impact of land practice change vs. climate change will be fruitful. 
 
The results of this scoping exercise indicate therefore that the climate change/BMP 
effectiveness problem is not trivial; development of a model framework is feasible given 
adequate resourcing.  
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