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Understanding the cumulative impacts of coastal 
development on marine ecosystems:  

 
Land-use change scenarios and  

Bayesian networks  
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“Quantitative understanding of cause-

and-effect relationships, both now and 

under a range of future scenarios, will 

greatly improve understanding of 

impacts and their cumulative effects — 

this currently constitutes a major 

information gap…“ 

 
 

Great Barrier Reef Region Strategic 
Assessment Report 2014 

Great Barrier Reef Marine Park Authority  
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Aim:  To develop a systematic process 
for assessing the cumulative impacts of 
coastal development on the marine 
environment to provide planners and 
managers with decision support for 
conservation planning.  
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Assessment 
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4 Scenario Streams 

• Food and Minerals 

• Tourism 

• Green 

• Business as Usual 

5  Drivers of Change 

• Demand for environmental services 

• Foreign demand for food and minerals 

• Preference for coastal lifestyle 

• Innovation and technological advances 

• Foreign demand for tourism  

 

2 Types of Governance 

• Strong 

• Weak 

Uncertainty 

Presenter
Presentation Notes
We developed 8 scenarios for the year 2035, just over 20 years from now, for the GBR coastal zone. 
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2009 2035:  
Red-tape cutting 

2035:  
Tourist heaven 
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Presenter
Presentation Notes
We based our land-use maps on the 2009 data from the QLD Government, and mapped the change in land use under each scenario, I’ll zoom in on the red square around Cairns for a closer look… 
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Marine Stressors 

Run-off 

Presenter
Presentation Notes
Completed for the marine coastal zone, values were derived from the land use change scenarios, at a resolution of 1km2. In these particular maps, red is a high amount and the light yellow is nil.  
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Presenter
Presentation Notes
Completed for the marine coastal zone, values were derived from the land use change scenarios, at a resolution of 1km2. In these particular maps, red is a high amount and the light yellow is nil.  
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Marine Stressors 
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Presenter
Presentation Notes
Completed for the marine coastal zone, values were derived from the land use change scenarios, at a resolution of 1km2. In these particular maps, red is a high amount and the light yellow is nil.  
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Presenter
Presentation Notes
Completed for the marine coastal zone, values were derived from the land use change scenarios, at a resolution of 1km2. In these particular maps, red is a high amount and the light yellow is nil.  
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Environmental Parameters 

Depth 

Presenter
Presentation Notes
Completed for the marine coastal zone, values were derived from the land use change scenarios, at a resolution of 1km2. In these particular maps, red is a high amount and the light yellow is nil.  
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Presenter
Presentation Notes
Completed for the marine coastal zone, values were derived from the land use change scenarios, at a resolution of 1km2. In these particular maps, red is a high amount and the light yellow is nil.  
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Suitable Seagrass Habitat 

Presenter
Presentation Notes
Completed for the marine coastal zone, values were derived from the land use change scenarios, at a resolution of 1km2. In these particular maps, red is a high amount and the light yellow is nil.  
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Presenter
Presentation Notes
Bayesian Networks work on the probability of an event based on the probability of another event. Values can be given to the input nodes (yellow nodes) and their flow-on effects can be demonstrated with a series of probabilistic relationships. 
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Available 
Seabed 

Toxicity 
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Resulting Seagrass Condition  
(5 years after stressors are applied) 
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Cumulative Impact 
Assessment 

Uncertainty 

Presenter
Presentation Notes
Broad spatial context and multiple stressors
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• Understand cumulative impacts arising 

from a range of scenarios. 
 

• Make decisions to avoid scenarios that 
have more severe impacts on the GBR.  
 

• Protect areas threatened by a number of 
stressors in each scenario. 
 

• Respond to future development with more 
targeted and finely-tuned management.  
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• Potential for Bayesian Networks to 
be developed for a range of 
scenarios, species and ecosystems 
at a variety of spatial scales, from 
whole-of-GBR to local areas across 
Australia.  

Uncertainty 



Introduction Scenario 
Planning 

Spatial 
Scenarios 

Bayesian 
Networks 

Ways Forward 

• By using the best available data, 
models and expert advice, the task of 
assessing cumulative impacts of 
coastal development on marine 
ecosystems can be streamlined, and 
made explicit and consistent. 

Uncertainty 

• Potential for Bayesian Networks to 
be developed for a range of 
scenarios, species and ecosystems 
at a variety of spatial scales, from 
whole-of-GBR to local areas across 
Australia.  
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Funding is provided by the Australian Department of the Environment via the National Environmental Research Program 
Tropical Ecosystems Hub, the Australian Research Council and the Great Barrier Reef Marine Park Authority.  
 
Thanks to many people and organisations that have contributed to this project. Particular thanks goes to Mirjam Maughan, 
Craig Shephard, Donna Audas and Sean Sloan. 
 
All the experts who attended the BN workshops are highly acknowledged for their inputs in developing the BNs. The experts 
were Katie Chartrand, Robert Coles, Catherine Collier, Kirstin Dobbs, Nick Graham, Alana Grech, Hugo Harrison, Andrew 
Hoey, Helene Marsh, Len McKenzie, Caroline Petus, Morgan Pratchett, Michael Rasheed, Colette Thomas, Nathan Waltham, 
Amelia Wenger and David Williamson.  
 
Some of the data were kindly provided by the QLD Government, GBRMPA, TropWater (Eduardo Da Silva, Michelle Devlin and 
Dieter Tracey), CaneGrowers, Australian Tourism Data Warehouse and NQ Bulk Ports.  
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