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Chapter 6 
‘an assessment of the factors influencing the current and projected future environmental, economic and social values…’  of the Great Barrier Reef Region, Section 54(3)(g) of the Great Barrier Reef Marine Park Act 1975
‘an assessment of the factors influencing the current and projected future heritage values…’  of the Great Barrier Reef Region, Section 116A(2)(e) of the Great Barrier Reef Marine Park Regulations 1983
< Photograph of Townsville foreshore from the air, looking from Pallarenda towards the central business district.
2014 Summary of assessment
	Impact on ecological values
	Climate change has already affected the Great Barrier Reef ecosystem. Its effects are compounding the ongoing impacts from land-based run-off and coastal development, particularly loads of sediments and nutrients entering the Region and the modification of supporting coastal habitats. Direct uses contribute to a range of impacts; most are localised. Economic and population growth will likely mean more use of the Region, increasing the likelihood of impacts. The combined influence of the four factors is concentrated in inshore central and southern areas.
	High impact,
Increased, Increasing

	Impact on heritage values
	Impacts on the ecosystem are reflected in declines in related heritage values, especially Indigenous heritage, natural heritage and world and national heritage values. Attributes of outstanding universal value relating to natural beauty, natural phenomena, ecological processes, and habitats and species are being affected. For built heritage, the threats from climate change and direct use are the most serious. 
	High impact,
Increasing


	Impact on economic values
	Changes to the Great Barrier Reef ecosystem have serious economic implications for Reef-dependent industries, such as tourism and fishing, and for adjacent communities. Perceptions about the health of the ecosystem affect its attractiveness for tourism and recreation. An increasing coastal population is likely to increase the economic value of direct uses.
	High impact, Increased, Increasing

	Impact on social values
	Declining ecosystem condition, especially inshore adjacent to the developed coast, from the cumulative effects of many factors mean people’s attachment to and enjoyment of the Region may lessen in the future. This may have flow-on effects on Reef-dependent industries. Predicted increasing use may mean more instances of incompatible use. 
	Low impact, Increased, Increasing


Full assessment summary: see Section 6.7



Factors influencing the Region’s values
[bookmark: _Toc368574407][bookmark: _Toc381775933]Background
Outlook Report 2009: Overall summary of factors influencing the Reef’s values
Factors external to the Great Barrier Reef itself are playing an increasing role in determining its condition. Threats from climate change have already been witnessed and all parts of the ecosystem are vulnerable to its increasing effects with coral reef habitats the most vulnerable. Coastal development, primarily driven by mining, industry and population growth, is still significantly affecting coastal habitats that support the Great Barrier Reef and the water quality of the Great Barrier Reef. Despite improvements in local land management, the quality of catchment run-off entering the Great Barrier Reef continues to cause deterioration in the water quality in the Great Barrier Reef Region.
Currently, changes in the use made of the Great Barrier Reef Region are mainly driven by external factors such as global economic conditions plus regional economic development and population growth. As many uses of the Region are based on the resources of the Great Barrier Reef ecosystem, the health of that ecosystem may become an increasingly important determinant of use.
Many of the threats from both the external factors and those from direct use within the Great Barrier Reef are combining to cause serious impacts on the ecosystem. All these factors are significant to the ecosystem's future functioning and resilience.
The Great Barrier Reef Region (the Region) comprises a diverse range of ecosystem and heritage values, described in Chapters 2 to 4. The condition of those values determines the quality of the social and economic benefits the community derives from the Region (such as income, appreciation and enjoyment). A number of factors influence their condition and therefore the quality of the benefits they provide. These influencing factors are themselves affected by broadscale drivers of change (Figure 6.1). 
The purpose of this chapter is to examine influences on the Region’s values. It begins with an examination of four overarching drivers of change relevant to the Region: economic growth; population growth; technological development; and societal attitudes (Figure 6.1). 
This informs assessments of the four main factors directly influencing the Region:
· climate change, having both direct effects on values and indirect effects mediated by other processes
· coastal development
· land-based run-off
· direct use of the Region.
The trends in each influencing factor are described as well as its effect on the ecosystem, heritage values, and regional communities. This approach provides a basis for predicting future risks to the Region and its long-term outlook (Chapter 9 and Chapter 10). While direct use occurs within the Region (see Chapter 5), the other three influencing factors are largely external to the Region.
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[bookmark: _Ref392577933]Figure 6.1 Drivers of change and factors influencing the Region’s values
The Region’s values are influenced by four main factors, climate change, coastal development, land-based run-off and direct use. These are, in turn, affected by broader drivers of change. Climate change has both direct and indirect effects.




[bookmark: _Toc368574408][bookmark: _Toc381775934]Drivers of change
Drivers are underlying causes of change in the environment. The drivers examined in this report were identified from the Australia State of the Environment 20111 and the draft Strategic Assessment of the Great Barrier Reef Region Report 20132. 
Drivers can operate across a range of scales, both in time and space, and they are interlinked, with each one influencing the others. For example, technological developments can play a role in economic growth, population growth and societal attitudes. Similarly, population growth can affect economic growth and societal attitudes. 
[bookmark: _Toc381775935][bookmark: _Ref387853661]Economic growth 
Key message: Queensland has had Australia’s highest economic growth for over 20 years.
Key message: Growth in the resources sector has altered land use in the catchment.
Queensland's economy is based principally on mining, construction, tourism and agriculture.3,4 The state’s economy has had an average annual growth rate of 4.2 per cent over the last decade (Figure 6.2) and has outpaced the economic growth rate of both the rest of Australia and the Organisation for Economic Co-operation and Development group of nations for the past 20 years.3 While the effects of the recent global financial crisis were evident in Queensland, particularly in 2009, they were minor in comparison to the rest of the world and the economy has subsequently recovered (Figure 6.2). Over the 35-year period 2015–16 to 2050–51, Queensland’s annual economic growth is projected to be between 1.6 and 2.4 per cent.5
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[bookmark: _Ref378168167][bookmark: _Ref378168161]Figure 6.2 Economic growth in Queensland, 1990–91 to 2012–13 
The Queensland economy has grown at rates above the national average for the past two decades. The graph shows the annual percentage change in the Queensland gross state product (chain volume measure) for financial years. Source: Australian Bureau of Statistics 20136

The underlying causes of this growth are global events, such as changes in the value of the Australian dollar7 and the global financial crisis; and domestic growth in the mining industry over the past ten years. 
The Australian dollar has appreciated strongly against the American dollar over the past decade and has remained strong since October 2010, when it reached parity with the American dollar.7 The prolonged high value of the Australian dollar has implications for the national economy, economic activity in the catchment and direct use of the Region, in particular for Reef-dependent industries such as tourism and commercial fishing. 
Within the Great Barrier Reef catchment, growth in tourism stabilised between 2007 and 2012, with the total number of visitor nights growing by only 4 per cent.8 During the same period, international visitor nights declined by around 10 per cent.8 The decline in international visitors was offset to some extent by growth in the domestic tourism market.8 Growth in the commercial fishing sector has been less than anticipated. The strong Australian dollar has affected the price of seafood, as Reef-based seafood operators compete with imported product.9 
Much of Queensland’s economic activity takes place in the Great Barrier Reef Region and its catchment, supported by a network of infrastructure (Figure 6.3). The state's strong export trade is dominated by mining and agriculture. About 80 per cent of the world’s seaborne metallurgical coal exports are from Queensland3, shipped through the Great Barrier Reef. 
The scale and scope of growth in the resources sector has led to changes in land use within the Great Barrier Reef catchment, particularly in the Fitzroy, Burdekin and Mackay–Whitsunday areas.10 It has also created unprecedented demands for water, power and new infrastructure including roads, railways and large-scale ports.10 In November 2013, the Queensland Government released the draft Cape York Regional Plan11. The plan identifies areas where economic development activities are prioritised as well as strategic environmental areas where development will be supported if the development outcome is demonstrated to not present a risk of irreversible or widespread impacts to the ecological integrity of the areas. The plan is yet to be finalised.
Over the past six years, there have been fewer catchment residents employed in manufacturing, agriculture, forestry and fishing, and more employed in the mining and minerals sector, particularly in the Gladstone and Isaac local government areas.3,8 
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[bookmark: _Ref383156161]Figure 6.3 Infrastructure in the catchment and beyond
[bookmark: _Toc381775936]Economic activity in the Region, its catchment and beyond has resulted in a network of supporting infrastructure such as airports, ports, roads and railways. 

[bookmark: _Ref387853696]Population growth 
Key message: Annual population growth is forecast at 1.6 per cent or higher for much of the catchment.
Population growth in the catchment is likely to continue to drive changes in a number of factors influencing the Region’s values. These could range from an increase in direct use of the Region to effects on coastal habitats that support the Reef ecosystem. 
At the time of writing the Outlook Report 2009, the population of the Region’s catchment was 1,115,000. By 30 June 2012, this had increased by about two per cent to 1,165,115. The fastest growing urban centres in the catchment have continued to be Townsville (2.4 per cent in 2011) and Cairns (1.6 per cent in 2011).12 These cities also had the highest populations — 184,526 and 165,388 respectively in 2012.13
Over the next 20 years, much of the Great Barrier Reef catchment is forecast to experience annual population growth of 1.6 per cent or higher (Figure 6.4), particularly in the southern half of the catchment.14 In comparison, the national rate of population growth is projected to slow, but remain above one per cent per annum over the next 20 to 40 years.15 
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[bookmark: _Ref378250979]Figure 6.4 Population and forecast increases in the Great Barrier Reef catchment, 1991–2036
Over the last decade, populations have grown steadily along the coast of the Great Barrier Reef. Populations are predicted to continue growing in the statistical divisions (SA4 level) and the main local government areas (LGAs) within the catchment. Source: Department of Treasury and Trade (Qld) 2014 16,17 and Australian Bureau of Statistics18 2013

The fastest population growth will continue to be in the coastal regional centres of the catchment.19 The Gladstone and Isaac local government areas are expected to expand particularly rapidly, due to increased activity in the resources sector.17 In contrast, the population of Charters Towers, an inland regional centre, is projected to remain static over the next 25 years.17
With an increasing population comes intensification of coastal development in urban areas to accommodate residents and provide supporting services. For example, Townsville’s population is projected to grow to 314,000 by 2036.17 As a result, its number of dwellings is predicted to increase from an estimated 71,000 in 2011 to about 130,500 over the 35 years.20 
Population growth is likely to increase use of the Region, indicated by increasing vessel ownership in the catchment21 (see Figure 5.19). In turn, there is likely to be increasing demand for coastal infrastructure to access the Region (for example, roads, marinas and boat ramps) including in previously undeveloped sections of the coast. 
New residents moving into coastal areas adjacent to the Region may have less knowledge of its management arrangements than longer term residents, although this is yet to be quantified. 


[bookmark: _Toc381775937]Technological development 
Key message: Technology has changed understanding, management and use of the Region.
Technological development refers to the application of knowledge to create tools to solve specific social, economic or environmental problems. Technological advances have brought major changes to the way people communicate, work, learn, travel and spend leisure time. Technology has changed understanding, management and use of the Region. It can drive both positive and negative changes. Examples of its influence include:
· Global positioning systems allow safer navigation of the Reef and the ability to more reliably locate sites and share locations with others. This technology also provides opportunities for sharing spatial information about the Reef and how it is used, and is providing an increasing number of spatial datasets for management.
· Researchers use state-of-the-art satellite imagery, oceanographic instruments, laboratory equipment, numerical modelling and portable weather stations to better understand, explain and predict changes in Reef condition and the factors that affect it, significantly improving understanding of the Region and contributing to its management.
· The combination of depth sounders and global positioning systems have improved fishers’ ability to find fish, accurately relocate previous fishing sites and target deep shoals, wrecks and fish aggregation areas.
· In the catchment, advances in farming technology are reducing the use of fertilisers and pesticides, and reducing soil disturbance and erosion. This is helping to slow and reverse negative trends in Reef water quality with economic benefits for farmers.22,23 
· Continuing advances in communication technology have resulted in increased education, awareness and involvement of the public in environmental monitoring of the Region, for example through use of the Eye on the Reef smart phone application. 
Into the future, technological developments which better guide and monitor shipping traffic, enhance visitor experiences, reduce carbon emissions, monitor Reef use, spatially represent values and impacts, and contribute to the collective understanding of the Reef, will enable the environment to be better protected and managed. Changing vessel and navigational technology is likely to change the spatial patterns of fishing, tourism and recreational use, including allowing vessels to safely reach new, more distant locations and better focus their use on preferred locations.
[bookmark: _Toc381775938]Societal attitudes 
Key message: Societal attitudes influence people’s attitudes and actions in relation to the Reef.
Societal attitudes operate at international, national and local scales, and are shaped by cultural and social norms, institutional arrangements, economic imperatives and politics. They may be strongly influenced by external sources, particularly the mass media.24 Societal attitudes influence individual actions and community outcomes, for example the potential for an individual, group or community to take action to help conserve natural assets such as the Great Barrier Reef. 
Societal attitudes about the Reef have changed dramatically through time and will continue to do so into the future. Today, most Australians, even those who have not visited the Region, feel proud that the Great Barrier Reef is a world heritage area; many believe the Reef is part of their Australian identity and feel a strong sense of responsibility to protect it.25
For thousands of years, societal attitudes about the Reef were those held by the Traditional Owner groups whose customary estates include sea country within the Region. Their culture and lore was reflected in ongoing stewardship and custodianship of the Reef environment. Traditional Owners continue to maintain a close and dynamic connection to their sea country, which integrates nature, heritage and culture. 
The attitudes of early European explorers were principally shaped by their anxiety about being shipwrecked, due to the sheer size and complexity of the coral reef system. By the late 1800s, non-Indigenous Australians saw the Reef as a bountiful resource to exploit, for example through dugong and turtle harvesting, pearling and commercial fishing. It was not until the early part of the twentieth century that they also began to explore its natural wonders in earnest, through science, recreation and tourism. This appreciation of the Reef flourished during the 1940s, 1950s and 1960s, and continues today.26 
By the mid-1960s, Australians were beginning to express concerns about the future of the Great Barrier Reef, particularly with respect to outbreaks of crown-of-thorns starfish and the possibility of drilling for oil.26 Growing public affinity for the Reef and a sense of responsibility for its future led to proclamation of the Great Barrier Reef Marine Park Act 1975 and subsequent progressive protection of the Great Barrier Reef as a marine park. Members of the community now take an active interest in the Reef and its protection, for example through expressing their opinion on major changes to management, such as zoning arrangements or permit decisions. Strong community concern around dredging and dredge material disposal was expressed during 2013 and early 2014. By January 2014, there was a combined total of over 1.5 million signatures on related petitions.27,28,29
Governance arrangements — a reflection of societal attitudes — play a major role in shaping the condition of the Region’s ecosystem and heritage values, for example through legislation, non-regulatory incentives for behaviour change, and international agreements and conventions (such as the World Heritage Convention and trade agreements).
[bookmark: _Toc368574409]Education and awareness of the Reef and its values influence societal attitudes. Stewardship actions driven by community and industry are critically important in modelling both changed attitudes and actions that people can take to support management initiatives and maintain and enhance the Region’s values. Education and stewardship are central tenets of many management programs for the Region. The growing interest in stewardship programs reflects shifts in thinking towards ecologically sustainable development, human wellbeing and a healthy, vibrant Great Barrier Reef. 

[Photograph of tourism staff in the water learning how to perform reef health surveys. Caption: Inspired to help monitor the Reef, tourism staff learn how to perform reef health surveys.]

[bookmark: _Toc381775939]Climate change 

Climate change directly affects the Region through physical and chemical impacts on the ecosystem and heritage values. It also has indirect effects on these values by changing the way people interact with the Region and by affecting the other factors (such as land-based run-off) that influence the Region’s values. 
The rate and extent of increases in global greenhouse gas concentrations drive climate change. Increased concentrations of greenhouse gases (particularly carbon dioxide) in the atmosphere result in more heat being trapped, increasing the Earth’s temperature. Increasing carbon dioxide levels in the atmosphere also cause ocean acidification, a gradual reduction in the pH of seawater.30 Both these consequences (global warming and ocean acidification) are considered together in this assessment under the influencing factor ‘climate change’. 
0. [bookmark: _Toc381775940] Trends in climate change 
Key message: The climate is changing, with significant implications for the Region.
Key message: The ocean is already getting warmer and pH is decreasing.
The 2013 Working Group I contribution to the Intergovernmental Panel on Climate Change (IPCC) fifth assessment report concludes that ‘warming of the climate system is unequivocal and, since the 1950s, many of the observed changes are unprecedented over several millennia. The atmosphere and oceans have warmed, the amounts of snow and ice have diminished, sea level has risen, and the concentrations of greenhouse gases have increased’.31
A number of climate change variables are already changing and, based on a combination of global and regional climate models and observations, are projected to alter substantially in the Great Barrier Reef over the next 50 years.31,32,33,34 It is likely that climate change will drive global changes in prominent weather characteristics and events such as cyclones, heavy rainfall, droughts, air temperature and prevailing winds.31,35,36 For example, while cyclones and other extreme weather events are a natural part of the weather cycle in tropical areas (see Section 3.2.2), the global climate system is now warmer and moister than it was 50 years ago, and this is increasing the chances of intense weather events.37,38
Concentrations of carbon dioxide have increased by 40 per cent since 1750, primarily from fossil fuel emissions and secondarily as a result of changes in land use.39,40 The mean rates of increase in atmospheric concentrations of carbon dioxide, methane and nitrous oxide over the past century are unprecedented in the last 22,000 years, and are now at concentrations unprecedented in at least the last 800,000 years.40 Over the last five years, global carbon dioxide levels have continued to increase at a rate similar to that of the last 50 years, increasing from 386 to 397 parts per million from July 2008 to December 2013 (Figure 6.5).41  
Four representative concentration pathways (RCPs) for atmospheric greenhouse gases were developed for use in the fifth assessment report of the Intergovernmental Panel on Climate Change. Of these, the RCP 4.5 represents a ‘radiative forcing is stabilised before 2100’ scenario and RCP 8.5 represents a ‘radiative forcing is stabilised after 2100’ (very high emissions) scenario.31,42 Projections indicate carbon dioxide levels of around 435 (RCP 4.5) to 758 (RCP 8.5) parts per million by 2030, and around 531 (RCP 4.5) and 758 (RCP 8.5) by 2080.43
	(a)
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	(b)
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[bookmark: _Ref381693655]Figure 6.5 Changes in global atmospheric carbon dioxide concentrations 
Global carbon dioxide concentrations in the atmosphere have been rising. Both (a) global carbon dioxide concentrations (1980–2013) and (b) the annual mean carbon dioxide growth rate (1959–2013) are rising. Trends shown are based on globally averaged marine surface data. Source: Dlugokencky and Tans 201441

More than half the observed increase of 0.6 degrees Celsius in global mean surface (air) temperature from 1951 to 2010 is very likely due to anthropogenic greenhouse gas emissions; it is likely that anthropogenic influence has made a substantial contribution to surface temperature increases over Australia.44 Globally, each of the past three decades has been significantly warmer than all the previous decades in the instrumental record and the first decade of the twenty-first century has been the warmest.39 Regionally, mean temperatures are increasing. Projections based on RCP 4.5 and RCP 8.5 suggest temperature will rise by around one to two degrees Celsius by 2030, and by one to over three degrees by 2080.34,44 
Sea surface temperatures in north-eastern Australia have warmed, on average, by 0.12 degrees Celsius per decade since 1950.34 In the Coral Sea over the past century, 15 of the 20 warmest years have been in the past 20 years (see Section 3.2.6).45 Following on from record sea surface temperatures in October to December 2010 for many areas of tropical Australia45,46, records were set again in the summer of 2012–13 when the hottest sea surface temperatures for the Australian region were recorded.37 

Strong ocean warming is projected for tropical regions.30 Whatever climate scenario is used, it is predicted that by 2035 the average sea surface temperature will be warmer than any previously recorded, and by 2100 average sea temperatures off north-eastern Australia could be about 2.5 degrees Celsius warmer than the present average.32,34,38,45
Global average sea level has risen by 0.18 centimetres per year from 1961 to 2003.47 The total rise from 1901 to 2010 was 19 centimetres.48 Around Australia, and in the Great Barrier Reef, the fastest rates of sea level rise are in the north (Figure 6.6 and see Section 3.2.5).49,50 The frequency of extreme sea level events (storm-driven waves and surge) increased by a factor of about three during the twentieth century. 50 Projections based on RCP 4.5 and RCP 8.5 are for global sea level to rise by around 26 to 29 centimetres by 2030, and by around 47 to 62 centimetres by 2080.48 
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[bookmark: _Ref381693803]Figure 6.6 Rates of sea level rise in Australia, 1993–2013
Rates of sea level rise are highest in northern Australia. The map shows the rate of sea surface height rise measured by satellite observations. Note: satellite observations have had the seasonal signal removed and small corrections applied for changes in atmospheric pressure. Source: Australian Baseline Sea Level Monitoring Project and CSIRO, map adapted from Bureau of Meteorology 201449 

Ocean uptake of carbon dioxide will increase ocean acidification, continuing the observed trends of past decades and reducing pH within the Region’s waters (see Section 3.3.2).30,51 Global ocean surface pH is currently 8.1 and there is high confidence that it has decreased by 0.1 since 1750.30 Projections based on RCP 4.5 and RCP 8.5 are for further reductions in pH of around 0.05 to 0.2 by 2030, and around 0.05 to 0.3 by 2080.40
Currents There is increasing evidence of changes in the East Australian Current adjacent to the Region’s southern coast (see Section 3.2.1). Its flow is expected to increase off south-east Australia with a compensating decrease off north-east Australia.52 There is little information about the Hiri Current, another of the Region’s prominent currents. 
Both tropical cyclones and east coast lows can produce extreme wind speeds and heavy rainfall.53 Over the last decade, particularly between 2005 and 2012, there have been a number of severe tropical cyclones in the Region (see Section 3.2.2). Most of the Region has been exposed to severe cyclonic winds during that time; with the area between Cairns and Townsville particularly affected (Figure 6.7). There is low confidence in determining changes in cyclones over a century scale39, but the frequency of eastern Australian land-falling cyclones has possibly declined since the late nineteenth century.39,53 The frequency of tropical cyclones is likely to decrease or remain unchanged, though there is a possible trend towards more intense storms39,54; however, confidence is low in regional projections55,56. An increase in intensity would increase the proportion of severe tropical cyclones (categories three, four and five). A small poleward shift in storm tracks is likely.55 
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[bookmark: _Ref381693867]Figure 6.7 Cyclonic wind (2005–2013) and flood plume (1991–2010) exposure 
The cluster of severe cyclones and flood events in recent years has significantly affected the condition of many Great Barrier Reef habitats and species. Winds shown are those associated with category 4 and 5 cyclones. The likelihood of flood plume exposure (brown areas) is a cumulative assessment of multiple flood plumes based on remotely sensed conditions at the sea surface. The flood plume extent for 2010–11 (brown line) indicates the distribution of the flood plume as a result of the extreme weather events experienced over that summer. Source: Bureau of Meteorology 201357 (cyclones) and Devlin et al. 201158 (flood plume exposure)

North-east tropical rainfall is concentrated during the summer and is variable from year to year. Indicators of flood events, dating back to late seventeenth century show that wet and dry extremes have become more frequent since the late nineteenth century.60 Between late 2010 and early 2011, one of the strongest La Niña events on record since the late 1800s was observed61 resulting in record high rainfall and widespread flooding in many areas (see Section 3.2.3). 
[Photograph of small waves breaking on a beach. Caption: The global average sea level has risen about 19 centimetres since 1901.]
Across Australia, heavy rainfall events and associated flooding are likely to become more frequent as air temperatures increase.37 In northern Australia average monsoon rainfall may increase.55 There will be a tendency for more large freshwater inflows to the marine environment. Rainfall is likely to become more variable, and the direction and magnitude of change in eastern and northern Australia remains a key uncertainty.55  
The El Niño–Southern Oscillation is the most important driver of natural climate variability in the Region and is likely to remain so.55,62,63,64 Extreme El Niño events occurred during 1982–83 and 1997–98 with widespread coral bleaching observed.64,65,66,67 There is no consensus on observed long-term changes in the El Niño–Southern Oscillation, and low confidence in projected change in its variability.55 Extreme El Niño occurrences are projected to increase.38
0. [bookmark: _Toc381775941][bookmark: _Ref384907654]Vulnerability of the ecosystem to climate change
Key message: Rising sea temperatures will damage coral and affect other animals.
Key message: Changes to ocean currents may disrupt transport of nutrients and larvae.
Key message: Weather pattern shifts may increase frequency and distribution of disturbance.
Key message: Ocean acidification threatens physiological processes for a wide range of organisms.
Current and future climate change related threats to the Region’s ecosystem include sea temperature increases, altered ocean currents, changed weather patterns, ocean acidification and sea level rise. Potential effects for populations of species and groups of species and habitats are considered in many recent scientific studies.34,68,69,70,71,72 The effects, both individually and combined, are likely to have far-reaching consequences for the Region’s ecosystem and its outstanding universal value as a world heritage area. 
The 2013 water quality scientific consensus statement73 concluded that ‘key Great Barrier Reef ecosystems are showing declining trends in condition due to continuing poor water quality, cumulative impacts of climate change and increasing intensity of extreme events’. 
For most ecosystem values, knowledge regarding the range and extent of impacts is limited, but growing steadily. However, the projected vulnerability of a number of the Region’s habitats and species indicates not all components are affected equally.72 Corals and seabirds are considered to be some of the most vulnerable species68,71,72,74 — both key attributes of the area’s outstanding universal value.
Continued increases in air and sea temperature pose significant risks over the coming decades across the whole Region, influencing a range of physical, chemical and biological conditions and processes and, hence, many different habitats and species.75 Seabird nesting and shorebird roosting sites are at risk and increasing sea temperatures are affecting food availability for offshore and pelagic-foraging seabirds.76,77 Sea temperature extremes considered to be caused by climate change (see Section 3.2.6) have already had some serious effects, including mass coral bleaching in 1998 and 200278,79 and reduced growth rates in massive corals across the Region.68,79,80,81,82
Under a scenario where radiative forcing stabilises before 2100 (RCP 4.5)42, bleaching conditions are predicted to start to occur twice a decade in 2018 for most of the Great Barrier Reef, with these conditions beginning slightly later (between 2033 and 2043) in the inshore southern Reef.83 In the same scenario, annual bleaching conditions are predicted to start occurring in the period from 2052 to 2067 with earlier annual bleaching conditions (2047) in the southern inshore Reef and later (after 2067) in some parts on the central Reef.83
Pelagic–foraging seabirds are highly vulnerable to changes in ocean currents.74 There is evidence that climate change has driven the ranges of Australian seabirds further south, reduced breeding success and altered breeding timing for some species.74 Altered ocean circulation patterns may also affect the transport of eggs and larvae of many animals within and among Great Barrier Reef habitats and influence species distributions. The movement of marine turtle hatchlings away from nesting beaches may be affected84, as may coral larval dispersal. Projected increases in ocean stratification — the vertical layers in the water column — are predicted to affect the supply of nutrients and oxygen into deeper pelagic and seafloor ecosystems with implications for the organisms that live there.51 
As the climate changes, the capacity of hard corals to grow and reproduce will be increasingly compromised with flow-on effects on other species dependent on coral reefs. Reef-building corals are highly vulnerable to increasing sea temperature, ocean acidification and increased intensity of cyclonic activity and other weather pattern changes. For example, modelling predicts severe cyclones have been responsible for about half of the total coral cover loss in the Great Barrier Reef since 198568 due, in part, to the associated high intensity waves (Figure 6.8). In another study, for places where declines in live coral cover were observed, around a third of the decline was attributed to the effects of storms.85 Abnormally high rainfall and associated flood events can have negative effects such as low salinity bleaching and mortality in corals86 or widespread damage to seagrass meadows87,88,89,90.
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[bookmark: _Ref381693879]Figure 6.8 Cyclone wave exposure, 2001–2011 
For the Region, a significant wave height of four metres is likely to damage many species. The map presents the probability that four metre significant wave heights formed for at least an hour in a given year for the period from the summer of 2000–01 to the summer of 2010–11.59 Gradings are scaled based on a maximum yearly probability of 31.7 per cent: low (less than 11 per cent chance), medium (11 to 22 per cent chance) and high (22 to 31.7 per cent chance). Source: Maynard et al. 201459

Tropical habitats such as coral reefs, seagrass meadows and islands have a natural resilience to physical disturbances from weather events such as storms and cyclones, intense rainfall and heatwaves. However, climate change induced shifts in weather patterns that affect the frequency, intensity or distribution of disturbance events will have important implications for the Region.45,68,91,92,93 Additionally, it is thought the cumulative effect of multiple severe weather events and anthropogenic threats over the past decade may reduce the Reef’s resilience, in particular its ability to recover.85,93,94,95,96,97 Changes in wind patterns and intensity may have implications for the resuspension of sediments in the Region, including those delivered from the catchment and those disposed of during dredging activities.
It is predicted that ocean acidification could ultimately affect most marine life through habitat destruction or modification, food web deterioration and disruption of physiological processes.98 In addition, the effects of global warming and ocean acidification may magnify each other99 and may not occur uniformly from place to place and over time.100 Even relatively small decreases in ocean pH reduce the capacity of corals to build skeletons, which in turn reduces their capacity to create habitat for reef biodiversity in general.99,101 Additionally, if coral skeletons are weakened they may have lowered capacity to resist and recover from physical damage caused by cyclones.102 Reef development is thought to cease at pH 7.8.103 Field observations at natural carbon dioxide seeps have found more acidic oceanic conditions do not necessarily affect coral cover but reduce species diversity and structural complexity.103 Decreasing pH is likely to reduce the capacity of coralline algae, a species vital to reef building, to cement reef debris into solid limestone.70,104 It is also likely to affect coral recruitment and establishment.70 Other biota such as phytoplankton, foraminifera and molluscs are also at risk.104,105,106 The sensory systems, behaviours, and larval development and survival of a number of reef fish species including coral trout have been shown to be sensitive to increased temperature and acidity.107 Some seagrass and non-calcifying macroalgae may benefit from future ocean acidification.103,108,109
Rises in sea level are significant for the Great Barrier Reef ecosystem as some habitats are shallow and strongly influenced by sea level. In particular, because much of the land adjacent to the Great Barrier Reef is low lying, small changes in sea level will mean increased erosion and land inundation, causing significant changes in tidal habitats such as mangroves, and saltwater intrusion into low-lying freshwater habitats.110,111 Brackish saltmarsh habitats are being displaced by mangroves.112 Turtle and seabird nesting beaches, including on islands, are particularly vulnerable to rising sea levels, which exacerbate beach erosion113 and inundate nests114. 
As well as its direct effects on the Region’s ecosystem, climate change will also have indirect effects on the Reef’s resilience through amplifying the effects of other influencing factors such as coastal development and land-based run-off. For example, flood events carry pulses of nutrients, sediments, pesticides and other pollutants from the catchment, which have significant effects on inshore Great Barrier Reef habitats and species.115 Extreme weather events such as those in 2010–11 result in large amounts of marine debris washing or blowing into the Region from the catchment.116,117 
Additionally, engineering solutions to improve the resistance of coastal assets to rising sea levels and increased storm intensities may interfere with the connectivity of coastal and marine systems or cause damage or loss of coastal habitats.118,119,120 
0. [bookmark: _Toc381775942]Vulnerability of heritage values to climate change 
Key message: Altered weather patterns and sea level rise increase risks to built structures.
Section 6.3.2 has demonstrated the very high vulnerability of the Region’s ecosystem to climate change. The vulnerability flows through to dependent heritage values. The Region’s world and national heritage values, including those attributes relating to Traditional Owners’ interaction with the natural environment, are underpinned by the ecosystem and directly affected by changes to it. Indigenous heritage values are particularly vulnerable because, as described in Chapter 4, the natural environment is fundamental to Traditional Owner connections to their land and sea country. The cultural landscape of the Region, and climate change threats to it, cannot be fully understood without recognising this. 
Many aspects of Indigenous heritage such as cultural practices, sacred sites, sites of particular significance, stories, songlines, totems, language, technology, tools and archaeology will be affected by global warming and ocean acidification. Some impacts will come as a result of ecosystem effects, while others will occur directly. Historic heritage places and artefacts are at risk too, along with social, aesthetic and scientific values.
Heritage sites on beaches and in the intertidal zone are likely to be particularly vulnerable to sea level rise. Traditional Owners have observed impacts on the fish traps in Girringun country (Cardwell) from rising sea levels.121 Once culturally significant sites are affected, stories and songlines are compromised and customary practice may have to be changed. 
As weather patterns change, the impacts on the Region’s heritage values of storms, cyclones, high rainfall events, heatwaves and droughts may increase. Severe weather events can lead to adjustments in traditional use of marine resources, for example moratoria on collecting certain species.122,123 In turn, this can mean places important for cultural tradition may not be visited, or stories and songlines might not be practiced or passed down to younger generations, because those aspects are directly related to fishing, collecting or hunting activities. 
Cyclones change land and seascapes and can affect places of heritage significance including Indigenous124 and historic heritage structures and sites, both those on land (such as lightstations) and submerged (such as historic shipwrecks). An example is cyclone Yasi’s exacerbation of the deterioration of the wreck of the SS Yongala (see Section 8.5.3).125 Built heritage such as lightstations are at risk of physical damage from infrequent but intense weather events like cyclones, but may also be degraded by more chronic subtle changes such as wind pattern shifts that accelerate weathering or other deterioration.126
[Photograph of Low Island featuring the lighthouse. Caption: Indigenous and historic heritage values such as those on Low Island are vulnerable to changes in weather patterns.]
If altered weather patterns result in increased marine debris (Section 6.3.2) in the water and on the Region’s beaches, aesthetic values will be diminished.127 Aesthetic value could also be affected if island and other terrestrial habitats change as a result of a shifted climate.128
While the spatial locations of important scientific discoveries are unalterable, the habitats and species fundamental to that history are not. In many instances the relevant ecosystem values, and therefore the scientific heritage values associated with them, are likely to become significantly degraded through the effects of global warming and ocean acidification. 
0. [bookmark: _Toc381775943]Implications of climate change for regional communities
Key message: Climate change effects on the ecosystem are expected to have major economic consequences for Reef-dependent industries.
Key message: Deteriorating Reef condition may reduce visitor satisfaction with their Reef experiences.
Many Australians are concerned about the Great Barrier Reef being damaged or threatened by climate change.25,129 Climate change is likely to affect the way people interact with the Region and the social and economic benefits they derive from it. For example, foreshores and coastal infrastructure such as ports130, and the benefits communities derive from them, will be influenced by climate change impacts on the catchment and the Region. Climate change will also have implications for health and disaster risk management.131,132,133,134 
The effects of climate change on coral reef ecosystems are predicted to be widespread and irreversible.135 Therefore, climate change poses one of the greatest risks to the future economic value of Reef-dependent industries such as tourism, fishing and recreation. While the implications of climate change for the economic value of Reef-dependent industries are numerous and there is an improved understanding of these91, they remain difficult to accurately quantify.136 
The tourism industry is very concerned about the impacts of climate change on its businesses and livelihoods, including through degradation of reef sites, poor recovery of bleached sites as a result of other stresses, and a loss of marketing appeal as a high-quality reef destination.137 A healthy and resilient Reef is fundamental to the success of many tourism operations and deteriorating Reef conditions may reduce visitor satisfaction. In a 2013 survey of visitors to the Region the most important motivations for their visit were those relating to the state of the ecosystem — for example, clarity of water, iconic species, healthy reef fish and healthy coral reefs (see Section 5.2.2).127
It is likely fishing activities will also be highly sensitive to climate change, including as a result of projected changes in fish abundance, survivorship138,139,140, size and distribution, disruptions to shallow-water nurseries and loss of coral reef habitats, as well as changes in cyclone and storm activity.72,141,142 
Extreme weather events may provide a window into the future for predicting impacts of climate change on coastal communities, especially the flow-on effects of major ecosystem disturbances. In 2010–11 the Queensland coastline experienced high levels of flooding and was exposed to several cyclones, resulting in widespread damage to road and rail networks, and port and airport closures.143 Reef-based tourism operators were disadvantaged by public perceptions that the whole of the Great Barrier Reef was damaged by cyclone Yasi.143 Local fishers experienced difficulties going fishing and in getting their produce to market. Ongoing poor weather and damage to property and infrastructure in the Cassowary Coast left local fishers feeling uncertain about their capacity to fully recover, as they had only just recovered from cyclone Larry in 2006.143 
The vulnerability of commercial fishers and tourism operators to climate change will depend on their exposure and sensitivity to the associated impacts, as well as the ability of the individuals or operators to anticipate and adapt to change.93 Although severe weather events such as floods and higher intensity cyclones may interrupt Reef-based businesses and decrease visitor satisfaction, the level of identity with, and attachment to, the Great Barrier Reef by Reef-based industry and community members is likely to remain high.144,145
[Photograph of a shelter building on a beach foreshore being impacted by high water levels. Caption: Damage to foreshore and coastal infrastructure affects people’s use of the Region.]
[bookmark: _Toc368574410][bookmark: _Ref381128995][bookmark: _Toc381775944]Coastal development
Aboriginal people have lived along the coast of the Great Barrier Reef for over 40,000 years. Europeans first settled the area in the 1850s and since that time an increasing number of people have lived and earned their livelihoods there, often based around the natural resources of the Great Barrier Reef.
For the purposes of this report, the term coastal development includes all development activities within the Great Barrier Reef catchment. Uses of the catchment relevant to the Region are agriculture, mining, urban and industrial development, port activities and island development. The influence of coastal development on the Region arises from both the legacy of past development actions, such as broadscale clearing of catchment habitats for agriculture, and current and future actions, such as smaller scale clearing and reclamation for urban and industrial development.
Since the Outlook Report 2009, a large body of work has been synthesised to better understand the influence of modifications to coastal ecosystems on the Region’s values (see Section 3.5). 
Diffuse source pollutants from the catchment, principally as a result of agricultural activity, and their influence on water quality entering the Great Barrier Reef is discussed in the land-based run-off section (Section 6.5).
[bookmark: _Toc381775945]Trends in coastal development
Key message: The overall extent of agricultural land use has remained stable in recent years.
Key message: Resource extraction activities in Queensland have continued to expand.
Key message: Increases in urban and industrial land use are expected; their current footprint is small.
Key message: There has been major growth in port activity along the Region’s coast.
Agriculture The majority of land in the catchment is used for grazing, cropping, dairy and horticulture, with more than 80 per cent of the Great Barrier Reef catchment supporting some form of agriculture. Cattle grazing is the most extensive land use, occurring in more than 74 per cent of the catchment (Figure 6.9).10,146 It is particularly extensive in the larger, drier catchments — the Fitzroy and Burdekin — but is a significant portion of most catchments, even the Wet Tropics.10,146 Smaller coastal catchments support more intensive agricultural uses such as cropping (mostly sugarcane). They also support forestry activities, which are undertaken in about five per cent of the catchment.10,146 Agricultural uses of the catchment have not changed substantially in the past decade, with the last major expansions in the 1990s.10
As with other sectors of the Queensland economy, there is a degree of uncertainty around future trends in agriculture, especially in relation to global economic trends and the value of the Australian dollar.4,147
Future development scenarios have been predicted to place even further pressure on the Great Barrier Reef through higher pollutant loads from multiple sources.4
The 2008 scientific consensus statement on water quality148 concluded that implementation of the Vegetation Management Act 1999 (Qld) was responsible for reducing the extensive land clearing of the previous decades. This legislation was identified as a critical element in beginning to address the impacts of land use on Reef water quality that had been reported from the 1970s to the late 1990s. 
In 2013, the Queensland Government proposed changes to the Vegetation Management Act including repealing regulations that apply to clearing high value regrowth on freehold and Indigenous lands; allowing broadscale clearing for ‘high value’ intensive agricultural production; and promoting self-assessment of areas that contain remnant or high value regrowth.149 Risks associated with changes to the legislation include the potential intensification of coastal agricultural development, with subsequent increases in pollutant loads.150 The effect of these changes is unknown as the regulatory reform process is still underway.
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[bookmark: _Ref353892691]Figure 6.9 Land use in the catchment, 2009 and 1999
Grazing is the predominant land use in the catchment. Intensive agriculture is confined to a relatively small area, mainly close to the coast. For much of the catchment, comprehensive land use mapping was undertaken in 2009. For the Cape York natural resource management area, the most recent information is from 1999. Source: Queensland Government 2014146
Mining The Great Barrier Reef catchment is rich in mineral resources and has long supported significant mining activity.151 Historically, there have been extensive small-scale mining operations through much of the catchment, including gold, tin, nickel and uranium mines.152,153
More recently, the continued and increasing global demand for coal154 has resulted in mine expansions, new mines and additional mine proposals within the catchment and in areas further inland. Production of saleable coal in Queensland has more than doubled since the early 1990s (Figure 6.10) and the Region is now associated with some of the world’s largest mines and coal ports155,156, along with the connecting infrastructure required to support them (Figure 6.3).
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[bookmark: _Ref388626121]Figure 6.10 Production of saleable coal in Queensland, 1990–91 to 2012–13
Production of saleable coal in Queensland has increased two and a half-fold since 1990–91. Source: Australian Bureau of Statistics 1994157, 1998158, 2000159, 2013160 (ABS data used with permission from the Australian Bureau of Statistics)

The projected Queensland export volumes for coal in 2025 range from 79 to 185 million tonnes for thermal coal and 226 to 262 million tonnes for metallurgical coal.161 Over this period, coal production is projected to increase significantly in the Bowen, Surat and Galilee basins which export coal through the Great Barrier Reef.161 Coal exports affect the Region’s ecosystem and heritage values in two ways. The continued use of fossil fuels globally is the major driver of climate and ocean change, and servicing the export of coal is the major driver of port expansion along the Region’s coast and population growth in the catchment. 
Queensland has 98 per cent of Australia’s proven coal seam gas reserves and economic activity associated with the development of coal seam gas projects has grown substantially over the last decade (Figure 6.11). A 2012 report anticipates that Australia will become the world’s largest liquid natural gas exporter by 2020 with a projected export of between 25 and 33 million tonnes for Queensland.161 Curtis Island, within the Great Barrier Reef World Heritage Area, is the site for the world’s first project converting coal seam gas to liquefied natural gas.3 
[bookmark: _Toc209850167][image: ]
[bookmark: _Ref355363565]Figure 6.11 Wells drilled in Queensland, 1990–91 to 2012–13
Activity associated with coal seam gas has grown substantially over the last decade. Source: Department of Natural Resources and Mines (Qld) 2013162 and 2014163 

Recent revocation of uranium152 and shale oil mining bans164 in Queensland may result in an increase in these mining activities in the catchment and transportation of material through the Region. 
The area used for mining activities in the catchment almost doubled from 74,847 hectares in 1999 to 125,579 hectares in 2009.146 There are a number of resource development projects proposed or under assessment. Changing global economic circumstances mean it is difficult to predict the number that will reach construction and production. 
Urban and industrial development Urban and industrial development, excluding mining, in the Great Barrier Reef catchment is not extensive; however, future economic projections (Section 6.2.1) suggest an increase in both land uses. Continued population growth in coastal areas (Section 6.2.2) is increasing the demand for infrastructure and services such as roads, water, sewerage and power. If poorly planned and implemented, urban and industrial development can further modify coastal habitats and affect critical hydrological processes and ecological connections to the Great Barrier Reef.
Although urban areas occupy only a small proportion of the catchment (less that 0.01 per cent), much of the development is located on floodplains and within the coastal zone adjacent to the Region. This includes development of additional coastal infrastructure to improve access to the marine environment, either through the expansion of already popular facilities or the construction of new facilities in undeveloped sites. 
Urban and industrial development within the coastal zone, and some activities associated with agriculture165, can also result in the exposure of potential acid sulphate soils. These soils are found along the Region’s coast in mangroves, saltmarshes, floodplains, swamps, wetlands, estuaries, and brackish or tidal lakes.166 When they are disturbed and exposed to air they produce sulphuric acid, often releasing toxic quantities of iron, arsenic, aluminium and heavy metals.167 
Port development Activities associated with ports span jurisdictional boundaries, occurring on land, as well as in the Region. The land-based aspects of port development are assessed in this section. Those port activities undertaken directly in the Region are described and assessed in Section 5.5 and summarised in Section 6.6. 
Port development has been the major reason for coastal reclamation — infilling areas of ocean, wetlands or other water bodies — along the Great Barrier Reef coast. For example, 14 million cubic metres of dredge material has been disposed to the Fisherman’s Landing reclamation area in Gladstone Harbour as part of the development of Gladstone’s port facilities. The total area reclaimed within the Great Barrier Reef World Heritage Area since its listing in 1981 is approximately eight square kilometres, based on a comparison of spatial information from the 1980s and best available data. The majority of this area is in the Gladstone region (approximately 5.5 square kilometres). 
Port development can also create artificial barriers to freshwater flow, such as bund walls and infrastructure in waterways. 
There is a small risk of atmospheric and aquatic pollution from coal dust in areas where coal is handled or open to wind erosion.168
[bookmark: _Ref381124033]Aquaculture Land-based aquaculture occurs in the catchment, principally for prawns, barramundi, redclaw and freshwater fishes.169,170 Aquaculture operations are located close to the coast in a number of areas in the southern half of the catchment, typically where there is access to good water supply. While over the last decade there has been little spatial expansion of land-based aquaculture adjacent to the Region, overall production has increased.169 Before 2010–11, prawn aquaculture experienced strong annual production increases; however production fell by 25 per cent in that year mainly due to cyclones.169 
There has been limited marine-based aquaculture within the Region and no facilities are in operation at present. 
Island development Some of the Great Barrier Reef islands support residential areas and tourism resorts. Island developments can influence the Region’s environment, and island residents and tourists undertake activities in the Region. 
The principal residential islands are Palm Island and Magnetic Island, with populations of about 2400 and 2200 respectively.171
There are tourism resort developments on 27 Great Barrier Reef islands, including Lady Elliot Island, a Commonwealth island within the Region. Resort islands are located along the length of the Reef, with most in the Whitsundays (for example on Hamilton, Hayman, Lindeman, South Molle and Long islands).
Over the last decade, many island resorts have felt the effects of the economic downturn and extreme weather events, and some have stopped operating for a period. For example, the resort on Dunk Island remains closed after cyclone Yasi in 2011. Most island resorts have infrastructure extending into the Region including jetties, marinas, sewage outfall pipes, inlet pipes and cables — some of these are in poor condition or nearing the end of their working life. There are current proposals to redevelop some, for example replacement of the jetty at Orpheus Island.
A major redevelopment of Great Keppel Island resort was approved in 2013, including a hotel, villas, apartments, a golf course, a marina, plus services and facilities, including underwater power, water and communication. There is also a current proposal to redevelop Hook Island resort which is currently closed. 
[Photograph of Hamilton Island from the air, featuring the airstrip, marina and various buildings. Copyright Chloe Schauble. Caption: Hamilton Island in the Whitsundays is a major tourism resort.]
[bookmark: _Toc381775946]Vulnerability of the ecosystem to coastal development
Key message: Coastal habitat changes and reduced connectivity affect the Region.
Changes in land use over the last two centuries have determined the extent and condition of remaining natural ecosystems in the catchment. Overall, approximately 60 per cent of pre-clear vegetation — classified as remnant vegetation — remains intact in the catchment (see Figure 3.12).10 However, the status of coastal ecosystems varies greatly across basins (see Section 3.5). 
Coastal development continues to modify coastal ecosystems (see Section 3.5) and their functions. This has flow-on implications for the Great Barrier Reef ecosystem and its outstanding universal value as a world heritage area.
Clearing or modifying of coastal habitats (such as saltmarshes, freshwater wetlands, forested floodplains and estuaries) close to the Region has significant effects on the feeding and reproduction of many marine species, as well as diminishing dry season refuges.10 For example, where forested floodplains have been lost through changes in land use, the areas no longer provide nesting habitat or roosts for waterbirds and shady migratory pathways for aquatic species with connections to the Great Barrier Reef.10 Another example is the replacement of coastal grasslands with intensive agriculture or urban settlements, reducing breeding habitat for many bird and reptile species, including estuarine crocodiles.10,172,173 
The volume and speed of freshwater inflow can also be increased through coastal development activities such as clearing vegetation, hardening surfaces and straightening channels.174 These effects are likely to be amplified as the climate changes.
Coastal reclamation has local effects on the Region’s environment, for example removing coastal habitats, permanently destroying marine habitats (such as seagrass meadows), altering small-scale local currents, impeding natural drainage from the catchments, altering groundwater flows and diminishing local aesthetic values. If not properly managed, reclamation works can affect water quality in adjacent waters and potentially expose acid sulphate soils.
Artificial barriers to riverine and estuarine flow, such as dams, weirs, barrages, gates, levees, ponded pastures and weeds are widespread in the catchment. They affect the natural hydrology of the catchment and those Great Barrier Reef species that move between freshwater habitats and the sea. Many marine and estuarine fish species use the freshwater systems for part of their life cycle175 and can be affected by changes in water flow and the presence of artificial barriers. Artificial barriers have disrupted sediment supply to some beaches. 
The mobilisation of large quantities of iron and aluminium and heavy metals in surface and groundwater following the exposure of potential acid sulphate soils can affect many species at a local scale, both immediately and through accumulation in food chains. Examples include mangroves, seagrass meadows, invertebrates and fishes. In addition, south of the Region, exposure of the soils has been linked to algal blooms such as the toxic Lyngbya species.176 The effects are often long term and difficult to reverse.177,178
The localised presence of artificial light, sometimes exacerbated by removal of beachfront vegetation and topography, affects some species. They can be attracted to or deterred from light or become disorientated, and foraging, reproduction, communication and other critical behaviours can be disrupted.179 Artificial lighting can disorient nesting female turtles and their hatchlings by reducing the dominance of natural lighting cues.180,181 Seabird fledglings have been found to be attracted to artificial light, causing them to land and stay in urban areas.182
[Photograph of the port of Townsville from the air. Caption: Development of ports such as Townsville has involved reclamation of marine areas.]
Due to the relatively minor and localised urban and industrial development along the Region’s coast, atmospheric pollution (excluding the contribution to climate change of gases such as carbon dioxide) is currently not a threat to the ecosystem. There is growing evidence about the potential threat of coal dust in the marine environment.183,184 The increase in coal handling has increased the likelihood of coal dust entering the Region’s ecosystem and there is a lack of knowledge around its potential chemical and physical effects.185 Australian coal has relatively low trace element concentrations.168
[bookmark: _Toc381775947]Vulnerability of heritage values to coastal development
Key message: Coastal development has affected Indigenous heritage values.
As many of the Region’s heritage values are connected with a place, species or the whole ecosystem, impacts from coastal development on the ecosystem (Section 6.4.2) are relevant to assessing the vulnerability of heritage values — particularly natural heritage values, Indigenous heritage values and the Reef’s outstanding universal value. The following are additional examples of their vulnerability to coastal development. 
Indigenous heritage values and world heritage attributes relating to Traditional Owners’ interaction with the environment are vulnerable to clearing and modifying of terrestrial habitats. For example:
· timbers that were once abundantly available to make tools are no longer found along much of the coastline186
· in Dharumbal country, coastal pandanus was and still is used for making baskets and matting, but its distribution and abundance has been greatly reduced187
· the distribution and abundance of the corkwood tree, a well-used and important tree for Wulgurukaba Traditional Owners, has been reduced188
· a traditional burial site, including 40 human remains, was disturbed in the late 1990s when a dam was built on the north side of Palm Island189
· traces of the ‘big Murri camps’ are ‘long gone’ along the shores of Cleveland Bay and Ross River190.
Any changes to land and seascapes are changes to Traditional Owners’ country and are likely to diminish culture and heritage values such as story places, songlines and sacred sites. 
Modifying habitats directly adjacent to the Region also degrades the scenic amenity of the Region, recognising that people identify natural scenes of the ocean, rocks, white sand and natural coastal vegetation without any evident development as top-rating views191. 
Development of island resorts can affect the Region’s heritage values — a factor taken into account in relevant impact assessments. Traditional Owners’ cultural values and world heritage attributes relating to their interaction with the environment, as well as people’s personal attachment more broadly, can be diminished by the scale and nature of the built infrastructure and the resulting increasing use, for example the development of island resorts. World heritage values may be affected by changing the naturalness and integrity of an area. 
Historically, some coastal reclamation has been undertaken without proper engagement or consultation with Traditional Owners, resulting in effects on Indigenous heritage values. For example:
· in the Nelly Bay harbour development on Magnetic Island there was an incident that involved digging up of human remains192 
· Bindal Traditional Owners have reported that Ross Creek fish traps have disappeared due to reclamation, meaning it is no longer possible to pass on this traditional practice to future generations193 
· at Clump Point near Mission Beach — a culturally important story place — changes due to development mean the storyline involving the shape of the bay and headland is broken and the significant cultural site has been affected194. 
In addition, historic heritage values can be affected by modification of coastal landscapes and reclamation of the coast. For example, there is the chance that unidentified wrecks may have been buried or disturbed in previous coastal reclamation projects and there is the potential for historically significant landscapes to be affected, such as places recorded or visited by early explorers. Built heritage, underwater wrecks and historic sites that are more remote within the Region are likely to be less affected by coastal development.
Species that are of cultural significance to Traditional Owners can be impacted by coastal development. Marine turtles and seabirds can be affected by artificial light, and some fish species are affected by artificial barriers to flow.
[bookmark: _Toc381775948]Implications of coastal development for regional communities
Key message: Access to the Region improves through development of coastal infrastructure.
Key message: Economic and social benefits depend on healthy coastal and marine ecosystems.
Coastal development can have a range of positive and negative effects on the social and economic values of the Region. The construction of coastal infrastructure such as marinas and boat ramps will improve access and is likely to increase the number of people that derive enjoyment, appreciation and understanding of the Region’s values through direct experience of the Region. It is also likely to cause increases in the economic value of Reef-dependent activities, for example by improving both tourism operators’ ability to access the Region and visitors’ ability to reach regional tourism nodes. Development of island resorts has the potential to provide greater access to the Region and to improve economic wellbeing of local communities by providing employment and income.
It may be assumed, however, that the benefits of coastal development will only remain positive if the ecosystem services provided by adjacent terrestrial and island ecosystems are not diminished. For example, the clearing of coastal habitats and installation of artificial barriers to flow can have negative effects on the economic value of the Region’s fisheries.195,196 Barriers to flow can prevent some migrating fishes, such as barramundi197, from accessing their breeding grounds, potentially resulting in declines in fish replenishment and ultimately catch rates. Island resorts can also negatively affect social values, for example by disrupting established use patterns and affecting the aesthetic values of an area.
[bookmark: _Toc368574411][bookmark: _Ref381117452][bookmark: _Ref381119737][bookmark: _Toc381775949]Land-based run-off
Key message: Legacy actions and contemporary land use continue to influence run-off to the Region.
A range of land uses occur within the catchment (and on islands) (Section 6.4). Associated practices such as pest control, the application of fertilisers, stocking rates, stormwater and sewage management, and earthworks influence the quality and amount of freshwater that flows into the Region. Components of run-off known to affect the Region’s values include nutrients, sediments, pesticides and other pollutants such as heavy metals and plastic debris. Some land uses result in diffuse contributions, while others have a more point-source signature. While the contribution of pollutants from terrestrial point source discharges, such as mining and industrial releases, sewage, wastewater and stormwater, is relatively small compared to diffuse pollutant sources, discharges can be locally significant.73 
[bookmark: _Toc381775950]Trends in land-based run-off
Key message: Inshore areas are particularly at risk from poor water quality.
Key message: There have been reductions in the nutrient loads delivered to the Region.
Key message: Many sewage treatment plants along the coast have been upgraded.
Key message: Sediment load to the Region has been reduced but ecosystem results will not be seen immediately.
Key message: Communities are working to reduce stormwater contributions to marine debris.
Key message: Inshore areas have recently been exposed to significant freshwater flow events.
Declining water quality associated with legacy and contemporary land-based run-off continued to be a major influence on the Region’s values over the past five years. In response, the Australian and Queensland governments have committed to continue delivery of the updated Reef Water Quality Protection Plan 2013198 (Reef Plan) to work towards the 2020 goal ‘that the quality of water entering the reef from broadscale land use has no detrimental impact on the health and resilience of the Great Barrier Reef’.
As a result of the continued investment by the Australian and Queensland governments, with support from regional natural resource management bodies, industry groups, participating landholders and other organisations, there has been significant progress by the agricultural community towards land management practices that improve land-based run-off to the Great Barrier Reef.73 Between 2009 and 2013, 49 per cent of sugarcane growers, 30 per cent of graziers and 59 per cent of horticulture producers within the Great Barrier Reef catchment adopted improved practices.199,200 The 2013 scientific consensus statement73 concluded that ‘water quality modelling, supported by appropriate validation, indicates that early adopters of best practice land management have reduced total pollutant loads — a significant step towards the goal of halting and reversing the decline in water quality to the reef.’ This has improved since the 2008 scientific consensus statement148 which concluded that ‘current management interventions are not effectively solving the water quality problem on the Great Barrier Reef’. 
However, the Reef Plan198 also notes that ‘while progress in the adoption of improved practices on the ground has been encouraging, it will take time for these achievements to translate into improved conditions in the marine environment. In fact, the marine condition has declined in recent years because of the impact of larger and more frequent floods and episodic events in adjacent catchments. The flood events are thought to have triggered another crown-of-thorns starfish outbreak’. 

Understanding the cumulative effect of multiple pollutant sources is critical to protecting the Region’s values. A 2013 water quality risk assessment201 identified inshore areas, particularly those south of Cairns, have been most at risk of poor water quality. Areas along the coast in the vicinity of Hinchinbrook Island, Townsville and Gladstone showed a very high combined water quality risk, whereas the water quality risk in areas north of Cairns and in offshore areas was distinctly lower (Figure 6.12). 
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[bookmark: _Ref357787179][bookmark: _Ref364762277]Figure 6.12 Exposure to key water quality factors
The map illustrates a combined assessment of: total suspended sediments (exceedance of 2 milligrams per litre and 6 milligrams per litre thresholds, 2002–2012, and average annual surface exposure, 2007–2011); nutrients (chlorophyll exceedance of 0.45 micrograms per litre thresholds, 2002–2012, and dissolved inorganic nitrogen average annual surface exposure, 2007–2011); PSII herbicide exposure, 2010–2011; and crown-of-thorns starfish initiation zone. Source: Brodie et al. 2013202 
Nutrients Sources for nutrients into the Great Barrier Reef system include river discharges203, urban run-off204,205, atmospheric input206, nitrogen fixation by marine organisms207, deep ocean supply from upwellings208, deposition of dust from storms and wind209, and resuspension of nearshore sediments210,211. Of these, the single largest source is dissolved inorganic nutrients in river discharges212, largely derived from fertilisers lost through run-off. Nutrients are also transported as part of the sediment load bound to particulates (particulate nutrients).213 More than 90 per cent of the river discharges occur during the wet season.205,214,215 
The nutrient load delivered to the Great Barrier Reef from its catchment is mainly derived from high intensity land use, fertilised cropping and urban areas. In particular, high intensity cropping is the major contributor of dissolved inorganic nitrogen. Particulate nitrogen, often bound to fine sediments, is by far the largest load of nitrogen entering the Great Barrier Reef.216 When re-mineralised it becomes readily available for uptake in marine ecosystems.
Dissolved inorganic nitrogen and phosphorous continue to enter the Great Barrier Reef ecosystem at greatly enhanced levels compared to those prior to European settlement. Estimates based on 2013 modelling suggest the total nitrogen discharge into the Great Barrier Reef ecosystem has increased from 20,077 tonnes annually before European settlement (late 1800s) to 35,053 tonnes annually.217 Similarly, it is estimated that total phosphorus discharge has increased from pre-European settlement loads of 2727 annually to 5849 based on 2013 modelling.217 
While the inshore ecosystem has always been exposed to higher concentrations of nutrients than further offshore, exposure inshore has substantially increased and is extending further offshore.202,218 Contemporary exposure of the Region to the nutrient nitrogen is presented in Figure 3.9.
Nutrients in the marine environment can be estimated by measuring chlorophyll concentrations, as the amount of planktonic algae containing chlorophyll in the water column is proportional to nutrient concentrations. Monitoring and modelling indicate that chlorophyll concentrations have exceeded the Water Quality Guidelines for the Great Barrier Reef Marine Park219 in up to 10 to 15 per cent of the Region over the last decade (Figure 6.13).220 For much of the central and southern inshore environment, concentrations are frequently above the annual guidelines, with some areas more than double.
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[bookmark: _Ref364761629]Figure 6.13 Years that chlorophyll concentrations exceeded guidelines, 2002–03 to 2011–12 
The water quality guidelines for the Great Barrier Reef Marine Park use chlorophyll concentration as an indicator for nutrient concentrations in open waters. The guideline trigger value is an annual mean of 0.45 micrograms of chlorophyll per litre — an important ecological threshold for macroalgal cover and coral species richness. The map shows the number of years that the guideline value was exceeded between 2002–03 and 2011–12. Source: Brodie et al. 2012202

A key target of Reef Plan 2013198 is to achieve a 50 per cent reduction in dissolved inorganic nitrogen loads entering the Great Barrier Reef by 2018. Total fertiliser use on farming lands in the catchment has been reduced in recent years (Figure 6.14) and monitoring and modelling show current initiatives are successfully reducing nutrient concentrations in land-based run-off. There was an estimated ten per cent reduction in nitrogen and a thirteen per cent reduction in total phosphorous loads as at June 2013, compared to the 2009 baseline year.200
Early evidence shows reductions in the load entering the marine system has resulted in reduced nutrient concentrations in open waters.221,222 
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[bookmark: _Ref389721246]Figure 6.14 Fertiliser use in the catchment, 1910–2012
After decades of increasing fertiliser use in the Great Barrier Reef catchment, calculations indicate the amounts used are now lower or at least stabilising. Sources: The 1910 to 1990 data was derived from Pulsford 1996.223 The 1999 and 2009 to 2012 data points were estimated using 1999 and 2009 Queensland Land Use Mapping Program data224, the 2000 Fertilizer Industry Association of Australia application rates for different land uses225,and 1999–2012 Incitec Pivot published figures estimates of nutrient application rates in sugar production.226

However, the trajectory of reduction in the nutrient loads suggests that the present best management practices are unlikely to achieve the targets needed to address the impacts of the nutrients on the Great Barrier Reef ecosystem. The 2013 scientific consensus statement noted that ‘while current management interventions are starting to address water quality…. in addition to continuous improvement, transformational changes in some farming practices may be necessary to reach some targets’.216 
Sewage treatment plants occur along the length of the southern and central Great Barrier Reef coast. The Outlook Report 2009 highlighted that under Queensland Government policy all coastal sewage treatment plants that discharge into the coastal and marine waters were required to meet the most stringent treatment standards (tertiary treatment) by 2010. Most of the major population centres adjacent to the Great Barrier Reef, with the exception of Rockhampton, now have upgraded sewage treatment plants. Some upgrades are still underway in smaller population centres. The total cost of these upgrades has been between $600 and $700 million since the early 2000s, with investment from all levels of government and the community. 
While inputs of nutrients from sewage treatment plants accounted for only a small percentage of the overall load entering the Region from the catchment110, the reductions gained through upgrades can be quite significant at a local scale. Sewage treatment upgrades in Townsville, for example, reduced the nitrogen load into Cleveland Bay from its catchment (the Black and Ross rivers) by around 42 per cent.227,228
Sediments The Outlook Report 2009 reported estimates of a four to eight-fold increase in sediment loads since European settlement.229 Recent modelling has improved earlier estimates for both historical and contemporary loads, and suggests the suspended sediment load entering the Reef has increased to 7930 kilotonnes per year from the pre-European settlement load of 2931 kilotonnes.217 The increase in sediment load is mainly due to soil erosion, exacerbated by poor land management practices and the highly variable rainfall patterns in some areas. In addition, hardened surfaces and straightened channels, as a result of urban and industrial development and agriculture, mean run-off has more erosive power, increasing stream bank erosion.
Much of the central and southern inshore area of the Region is now frequently affected by increased suspended solids (Figure 6.15 and see Figure 3.4). Most sediment is confined to the inner shelf and settles out of the water column within five to 15 kilometres of the coast230,231,232 where it may be later resuspended by wind-generated waves and currents. However, during flood events, suspended sediment may be carried further offshore. For example, during the 2010–11 wet season, when the Burdekin River had highly elevated discharge over 200 days, most sediment initially settled within approximately 10 kilometres of its river mouth, but some fine silt and clay was carried as far as 100 kilometres northward.233 These fine sediments also carry nutrients and other contaminants further into the Region.234,235 
[image: \\UMPARRA\Outlook_Report\2014_Outlook_Report\4.The_Report_08-779 and 08-778 and 08-773\0. Graphic design, images, maps, diagrams_08-778\3.Maps\04March_from SDC\131114_17_ExceedanceFrequOfTSS_2mgPerL.jpg]
[bookmark: _Ref378172059]Figure 6.15 Frequency of total suspended solids above guidelines, 2002–2012
The map shows the proportion of valid daily observations that exceeded the total suspended solids guideline of two milligrams per litre in the Region. The period of observations extends from 1 November 2002 to 30 April 2012. Source: Brodie et al. 2013202 

A key target of Reef Plan is to achieve, by 2018, a 20 per cent reduction in sediment loads entering the Region as a result of human activities. Improvements in land management practices have already achieved an eleven per cent decrease in the overall sediment load entering the Great Barrier Reef since 2009.199 However, it takes time for any changes on land to translate into improved marine condition236, particularly given the lags in sediment transport and the strong influence of severe weather events in recent years. 
[bookmark: _Toc209850170]Pesticides including herbicides, insecticides and fungicides, are used to kill or control pests and weeds in agricultural and urban environments and would have been absent from the Region’s environment prior to European settlement.237 It is estimated from 2013 modelling that at least 12,114 kilograms of herbicides are now introduced into the Region each year from diffuse source agricultural run-off.217 
Systematic monitoring of pesticide residues238 has shown widespread contamination by a range of pesticides in rivers, streams and estuaries that drain to the Region237, with the highest exposure around Mackay. This includes frequent exceedances of the Australian and New Zealand Water Quality Guidelines for fresh waters239 (often 10 to 50 times), for example atrazine and diuron, in some rivers.240 However, a 2013 risk assessment undertaken as part of the review of Reef Plan has shown that in the Region the highest pesticide risks are confined to only a couple of locations (Mackay region and the lower Burdekin area).202 Concentrations of pesticides in waters around reefs remains generally very low.241
Elevated herbicide concentrations in the Region (Figure 6.16) have been particularly linked with sugarcane cultivation in the adjacent catchment.242,243,244 Irrigation shortly after herbicide application is a major contributor to herbicide loss from farms.245 The sugarcane industry has taken initiatives, many funded through the Australian Government Reef Programme, to reduce herbicides in run-off246; resulting in good progress in reducing pesticide losses to the environment. There has been a 28 per cent pesticide load reduction across the Region and a 42 per cent reduction in the Mackay region, the highest risk area.199
Other pollutants In addition to nutrients, sediments and pesticides, a number of additional pollutants generally associated with human development are currently, or likely to be, found in Great Barrier Reef waters. Examples include marine debris (including microplastics), pharmaceuticals and personal care products and trace metals.185 As human populations along the coast grow, input levels may increase. There is little information or marine monitoring for most of these pollutants, other than marine debris.
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[bookmark: _Ref364761710]Figure 6.16 Modelled exposure of additive PSII herbicide residues, 2010–11
The map shows risk areas for photosystem II inhibiting (PSII) herbicide residue based on modelling. The model calculated additive PSII herbicide concentrations using end-of-river monitoring data. The established relationship between concentration of dissolved organic matter and salinity was applied to corresponding satellite images of flood plumes to predict the additive PSII concentrations. Conservative mixing processes in the Great Barrier Reef lagoon were assumed. Exposure categories were based on known toxicity thresholds for coral and seagrass species. Source: Lewis et al. 2013247

Common items of marine debris found within the Region are plastic bags, discarded fishing gear, plastic and glass bottles, rubber thongs, aerosols and drink cans.248 Plastic is the most prevalent type of marine debris found on beaches worldwide, comprising between 50 to 90 per cent by number of all debris items recorded.249,250,251,252 Between 2008 and March 2014, about 683,000 individual items of marine debris, weighing over 42 tonnes, were collected from the Region’s beaches by volunteers in the Australian Marine Debris Initiative.249 Marine debris from the catchment appears to accumulate and remain confined within the lagoon system of the Reef but with a northward movement.248 At the southern end of the Reef, debris appears to be more ocean-sourced.248 Stormwater run-off receives no treatment (other than gross pollutant traps for some drains) and therefore any chemicals or rubbish it contains can flow into creeks or rivers and into the marine environment. To improve the quality of stormwater and reduce marine debris, local councils are working with their communities and Queensland government agencies to better manage water flow, rubbish disposal and the use of chemicals. 
[Photograph of a pavement stormwater drain painted with a colourful stencil stating ‘This drains to the Great Barrier Reef’. Caption: Townsville City Council, a Reef Guardian council, has stencilled entries to stormwater drains.]
Industrial discharge is subject to national, state and Great Barrier Reef-specific water quality guidelines that identify trigger levels on the discharge of chemicals such as metals, metalloids and non-metallic inorganics in wastewater.110 However, many facilities were built decades ago, with long-term permits containing a variety of conditions.
Marine pollutant benchmarking work in 2004 did not identify any significant toxic trace (‘heavy’) metal concentrations in the inshore waters of the Great Barrier Reef, especially when compared to levels in other Australian locations. Within the Region elevated levels of toxic trace metals have been reported at some sites around harbours and ports, but these are not necessarily above guideline levels.236 Trace metals often accumulate in the food chain; testing of tissues from deceased dugongs within the Region has generally found low levels by world standards.253 
In mid-2012, following consecutive years of above average freshwater flow in the Burdekin region, 102 marine turtles stranded in a short period of time in Upstart Bay. Of these, 82 were already dead. Severe neurological symptoms were common in the turtles found alive. Exploratory testing of blood and tissue samples254 revealed cobalt levels potentially high enough to cause acute effects based on case studies in mammals255,256,257; comparative information for reptiles is limited258. The source of the cobalt and the circumstances under which the exposure occurred are not yet known. 
Some pollutants from historical mining activity in the catchment have reached the marine environment through land-based run-off, especially after periods of heavy rainfall. Sediment cores from inshore areas near Townsville have shown a spike in mercury of 25 times the background levels (before European settlement) that coincides with a period of intense gold mining in the adjacent catchment area (between 1870 and the early 1900s) when mercury was used in gold processing.259 
Some small-scale extractive mining operations have previously released toxicants that have had severe effects, at least locally, in streams and creeks, for example arsenic associated with tin mining near Herberton.260 An emerging issue is the volume of water requiring disposal at mines and refineries after high rainfall events. A pilot program of allowing coal mine wastewater releases during flood conditions was implemented in the 2012–13 wet season for four coal mines in the catchment. This has subsequently been expanded to all coal mines within the Fitzroy basin.261 It is anticipated that the results of monitoring associated with these releases262 will improve understanding of the extent of any effects on water quality in the Region.
[bookmark: _Ref381087883]Freshwater flows La Niña conditions increased average annual rainfall and flood events between 2008 and 2012 (see Figure 3.3)35, resulting in inshore areas of the Region being exposed to freshwater. Heavy rainfall events could become more frequent in future as the climate changes (Section 6.3.1)37. Modifications to terrestrial habitats within the catchment (see Section 3.5) have affected the magnitude and timing of freshwater flows to the Region. For example natural flow has been altered and the velocity of discharges increased by infilling of wetlands, clearing of forests and woodlands, and constructing dams, levee banks, roads and stormwater drains. 
Both the intensity and amount of rainfall and the velocity of freshwater flow affect how much sediment, nutrient, pesticide, plastic and other debris enters the Region from the land. 
[bookmark: _Ref391547815]Vulnerability of the ecosystem to land-based run-off
Key message: Links between poor water quality and ecosystem health are now better understood.
Key message: Nutrient cycle imbalances are affecting the ecosystem.
Key message: Elevated sediment loads and resuspension reduce light and smother plants and animals.
Key message: Ecosystem effects of long-term exposure to pesticides are not well understood.
Key message: Marine debris washed from the land continues to affect the Region’s ecosystem.
Declining marine water quality, influenced by land-based run-off, is recognised as one of the most significant threats to the long-term health and resilience of the Great Barrier Reef.73 It is contributing to declines in many of the attributes that make up the outstanding universal value of the world heritage property, particularly those related to coral reefs and seagrass meadows.
The 2013 scientific consensus statement73 concluded that ‘the decline of marine water quality associated with terrestrial run-off from the adjacent catchments is a major cause of the current poor state of many of the key marine ecosystems of the Great Barrier Reef. ... The greatest water quality risks to the Great Barrier Reef are from nitrogen discharge, associated with crown-of-thorns starfish outbreaks and their destructive effects on coral reefs, and fine sediment discharge which reduces the light available to seagrass ecosystems and inshore coral reefs. Pesticides pose a risk to freshwater and some inshore and coastal habitats’.
Since the Outlook Report 2009, understanding of the effects of water quality changes on Great Barrier Reef species and habitats has continued to improve.73 Research has strengthened evidence for causal relationships between water quality change and the ecosystem health of corals, seagrasses and mangroves, and for the effects of increased nutrients and sedimentation on the health and resilience of coral reefs.73
Nutrients from land-based run-off are considered one of the greatest threats to the Reef ecosystem.216 Once dissolved inorganic nutrients enter the marine system, they are taken up by phytoplankton, bacteria and seafloor plants such as macroalgae and seagrasses. The addition of excess nutrients, to a certain level, can increase productivity across large areas and if the conditions are right can increase the survival rates of certain species.213,263 This includes a variety of plants and animals in the marine system such as phytoplankton264, macroalgae that compete with corals220,265 and epiphytes that compete with seagrass266. An excess of nutrients can even lead to a change in the trophic status of an area of the marine environment and it is believed that this eutrophication is happening more regularly in the inshore waters of the Great Barrier Reef.213,267,268
Examples of the consequences of imbalances in the nutrient cycle as a result of elevated nutrients include: 
· extensive, observable phytoplankton blooms in flood discharges and likely shifts in the species composition of phytoplankton213,269
· links to an increase in the frequency of crown-of-thorns starfish outbreaks (see Section 3.6.2) 
· may contribute to a shift in the balance between macroalgal and coral abundance 
· may make corals more sensitive to temperature stress270,271
· may facilitate disease outbreaks in coral by increasing the virulence of their pathogens or reducing their immune responses272,273; the nutrient organic carbon contributes to this effect274
· increased growth of phytoplankton, macroalgae and algal epiphytes that lower ambient light levels, thus increasing competition for light and reducing photosynthesis in seagrass275 and corals (particularly in deeper waters). 
Sediments in land-based run-off have far-reaching effects on the Great Barrier Reef ecosystem. For example:
· Heavier erosion sediments infill freshwater stream beds and deep waterholes, with the reduced water depth affecting the distribution, abundance and recruitment of many freshwater species and some marine-related species such as sawfish276. 
· Increases in suspended sediment are significantly altering light regimes — lower light levels reduce primary production in both the water column and on the seafloor.277,278
· Increased amounts of sediments are settling on seafloor organisms such as seagrass and corals, making it harder or impossible for them to grow, survive and reproduce.279,280 This has significant flow-on effects to organisms and animals dependent on these habitats.
· In some areas increased fine sediments from land-based run-off have resulted in mangrove forests replacing beaches.33 
· The suspension and resuspension of sediments is increasing the turbidity of open waters and releasing additional nutrients previously bound up or buried in sediments.269,278,281 
Inshore areas, particularly in the southern two-thirds of the Region, frequently exceed the water quality guidelines threshold for suspended sediment concentrations of two milligrams per litre219 (Figure 6.15). This threshold correlates strongly with declines in ecosystem condition such as increased growth of macroalgae.282 Concentrations above 6.6 milligrams per litre have been linked with coral stress283, declines in seagrass cover284, fish habitat changes285, and home range movement286.
Pesticides in land-based run-off can have a negative impact on marine plants and animals.240,242 Herbicide concentrations in flood plumes that extend into the marine environment can exceed concentrations shown to have negative effects on certain species of coral, seagrass and microalgae and present risks to marine mammals.253,287,288,289,290 Despite this, current levels of pesticides are considered to be a low to moderate threat to inshore coral reefs generally, but the consequences of long-term exposure are not understood. The threat is likely to be higher in some regions, especially when pesticides are present in combination with other pollutants and stressors.216 
Generally, natural freshwater flows enhance estuarine productivity, provide connectivity between freshwater habitats and the sea, and improve fish recruitment and growth.291 Maintaining natural freshwater flows can have positive effects, for example on breeding and recruitment of estuarine and marine fishes of commercial and recreational value including barramundi and king threadfin.292,293 However, increased freshwater inflow can have negative effects, for example low salinity bleaching and mortality in inshore corals86 and widespread damage to seagrass meadows95. Investigations show that the poor health observed in a range of fish species in Gladstone harbour during 2011 was likely to be the result of multiple pressures, but in particular overcrowding of fish after an overspilling of Awoonga Dam during a high flow event.155 Examination of a 17-year dataset for the urban coast of Queensland found peak mortality of dugongs followed sustained periods of freshwater discharge and low air temperature.96 
While the contribution of key pollutants from terrestrial point source discharge is relatively small when compared to diffuse pollutant sources, the impacts can be locally significant.73 There is no specific evidence linking pollutants such as heavy metals to declines in marine species in the Region, however they can persist for decades in the marine environment and have been shown elsewhere to disrupt reproduction, impair immune systems, affect neurological systems and cause cancers294. 
Marine debris, including that introduced into the marine environment through land-based run-off, poses a significant threat to wildlife, including species of conservation concern. They can choke on it, ingest it, become entangled in it, or absorb chemicals from it.295 In Australia, plastic waste, including discarded fishing gear (for example nets, lines and ropes), is potentially one of the most harmful types of debris to marine wildlife because of ingestion and entanglement.296,297,298,299 Marine debris of all sorts can affect species and habitats throughout the Region. 
Land-based run-off also plays a role in transporting terrestrial weed species onto islands within the Region. 
[Photograph of debris washed up on a beach — with plastic bottles and other rubbish an obvious component. Copyright Chris Jones. Caption: Marine debris poses a significant threat to wildlife.]
[bookmark: _Toc381775952]Vulnerability of heritage values to land-based run-off
Key message: Many heritage values are vulnerable to the effects of land-based run-off.
Many of the Region’s heritage values, such as world and national heritage values, natural heritage values and Indigenous heritage values are vulnerable to the threats associated with land-based run-off through their effects on the ecosystem (Section 6.5.2). The threats associated with land-based run-off have affected many attributes that contribute to the outstanding universal value of the Reef, for example its coral reef and seagrass habitats and its underwater beauty.
Particularly in inshore areas of the southern two-thirds of the Region, underwater aesthetic values are being affected by overall declines in ecosystem condition. These values are also being diminished by increases in turbidity as a result of sediments and nutrients in land-based run-off, combined with marine debris. It is likely that increased sedimentation is also affecting underwater historic heritage such as shipwrecks and World War II artefacts.
Cultural practices have been affected by concerns about heavy metal contamination of species of cultural significance, resulting from terrestrial point source discharges. High levels of heavy metals have been detected in the livers of turtles in the Torres Strait300 and dugongs253, which could pose health risks to Indigenous people. In the Gladstone region, some Traditional Owners consider the health of turtles to be so poor they have stopped taking them as part of their cultural practices.301
[bookmark: _Toc381775953]Implications of land-based run-off for regional communities
Key message: Ecosystem declines from poor water quality, particularly in inshore areas, affect Reef-dependent industries.
Key message: Enjoyment of the Region is likely being affected by water quality declines.
Declines in the ecosystem as a result of land-based run-off are likely to be affecting the income of Reef-dependent industries, especially commercial fishing and commercial marine tourism. Tourism operations are particularly affected by declines in coral reef ecosystems, such as those caused by increased sedimentation and increased nutrient concentrations. In addition, crown-of-thorns starfish outbreaks can diminish the biodiversity and natural beauty of high value tourism sites and therefore their attractiveness as a tourism destination. Increased turbidity may also affect the tourism industry as clear water is one of the main attributes valued by international and domestic visitors.127 
Land-based run-off can also affect social values such as the personal connections, enjoyment and appreciation of an area. In a 2013 survey of visitors to the Region, the most important motivations for their visit were those relating to the state of the ecosystem, for example clarity of water, iconic species, healthy reef fish and healthy coral reefs (see Figure 5.6).127 Marine debris, especially on islands and beaches, is a major factor determining people’s enjoyment of the Reef environment. Catchment residents and tourists surveyed in 2013 regarding what they value about the Great Barrier Reef indicated a lack of rubbish as one of the most important aspects.127
The need to improve the quality of land-based run-off flowing into the Great Barrier Reef is the major impetus for many community-based stewardship programs such as farmers and graziers taking actions to improve river habitats, minimise erosion and improve the effectiveness of fertiliser applications; local governments improving the quality of run-off from urban areas; and students building sustainable gardens and revegetating habitats. 
[bookmark: _Ref381121200][bookmark: _Toc381775954][bookmark: _Toc368574414]Direct use
Direct use of the Region includes commercial marine tourism, defence activities, fishing, ports, recreation, research and educational activities, shipping and the traditional use of marine resources. The trends in direct uses are summarised from the relevant sections in Chapter 5. The analysis of the vulnerability of the Region’s values to direct use as a whole and its implications for regional communities are based on the evidence and assessments presented in Chapters 2, 3, 4 and 5. 
[bookmark: _Toc381775955]Trends in direct use
Key message: Direct use activities continue to be a significant influence on the Region.
Commercial marine tourism From 2005 to 2011, the number of tourism visits to the Region generally decreased and in 2011 it was the lowest it had been for 13 years. Tourism visits have subsequently increased. Tourism activities and their associated threats to the Region’s values continue to be concentrated in a few popular, intensively managed areas. Despite the increasing financial pressures on the industry, there continues to be an increasing trend towards the achievement of high operating standards (environmental, economic and social), more tourists choosing to visit the Region on high standard operators, and contributions to monitoring and Reef stewardship. For all of Queensland, over the next decade, domestic tourism is predicted to grow at about 0.8 per cent annually302 and international tourism at 4.2 per cent, with India and China as the principal drivers303. Most growth is likely to take place in regional areas303 such as the Great Barrier Reef. 
Defence activities The Region is likely to remain an important training area for defence activities. The Australian Defence Force is enhancing its capabilities in amphibious landings. As a result, more frequent and intensive amphibious training exercises are expected in the Region, particularly in Shoalwater Bay and Cowley Beach training areas. The United States of America has shifted its global military focus to enhance its capabilities in the Asia–Pacific region. This will likely increase the frequency and intensity of combined training exercises. The importance of Shoalwater Bay and other sites in the Region for major exercises will also increase. 
Fishing The Region is likely to continue to be an important resource for Queensland fisheries. Global fisheries trends influence those for the Great Barrier Reef. As wild-caught fisheries throughout the world continue to be fully exploited or over exploited304, the economic value of the Region’s fisheries resources, the pressure to exploit them (legally and illegally) and the demand for intensive aquaculture may increase.110 In addition, fishing effort may spread northwards in the Region to take advantage of catch availability and improving market access (due to improved infrastructure), or to offset other factors such as impacts of extreme weather and increasing recreational use close to urban areas. Economic factors such as fuel prices305 and the strength of the Australian dollar also influence patterns of commercial fishing operations.
The continuing increase in the number of registered vessels in the catchment, reflecting population and economic growth, is likely to translate into increases in recreational fishing effort. Likely ongoing improvements in vessel safety and navigation mean recreational fishers will be able to fish more remote areas. 
Ports There has been major growth within ports in and adjacent to the Region over the past few decades and especially in recent years. From 2007–08 to 2011–12, trade volumes grew by over seven percent from 186 to 200 million tonnes per annum.306 The worldwide trend towards longer, deeper draft ships307 affects port access requirements, including increasing the need for dredging and infrastructure. 
In relation to ports in and adjacent to the Region, the 2014 Queensland Ports Strategy308 sets out the Queensland Government’s intention to concentrate development in five nominated priority port development areas of which four are adjacent to the Region — Port of Gladstone, ports of Hay Point and Mackay, Port of Abbot Point and Port of Townsville. The aim is to maximise efficiencies and economic outcomes, while minimising environmental impacts. There is also a commitment to prohibit capital dredging for the development of any additional deepwater port facilities outside of the long-established major port areas until 2024.
Recreational use (not including fishing) The number of recreational visits from residents in the catchment appears to have risen substantially in recent years, most likely as a result of: population growth, an increase in the proportion of the population visiting the Region and a rise in the average number of visits each person makes.309 Continuing increases in the population in coastal areas adjacent to the Region and in the number of recreational vessels21 are likely to result in continued growth in recreational use. In addition, access to more isolated locations has been improved by developments in vessel safety and navigational technology. 
Research and educational activities The Region is likely to continue to be an area of high scientific interest because of its ecological diversity, geomorphology and cultural heritage. Research will continue to make a substantial contribution to the way the Reef is understood, managed and used over coming decades. Technological changes are likely to continue to change both the way research and monitoring are conducted and the analysis of its results.  
Continuing and expanding monitoring will play a key role in tracking trends in the Region’s values, the factors that are influencing them and the effectiveness of management actions.
Shipping The number of ship voyages undertaken through the Region has increased substantially over the past 10 years. Shipping in the Region is predicted to significantly increase over the next 10 to 15 years, with the number of vessel calls forecast to more than double by 2032.310 This will be driven mainly by growth in the mining and liquefied natural gas industry which subsequently drive port expansions and increases in trade.154 
Traditional use of marine resources Traditional Use of Marine Resources Agreements and a marine Indigenous Land Use Agreement apply to approximately 13 per cent of the Region. This is likely to increase into the future given that additional Traditional Owner groups are working to develop agreements. With increased development in remote areas and changes to infrastructure, there is potential for the level and type of traditional use along the coast to change. 
[Photograph of a marina full of yachts, taken from the air. Copyright Susan Sobtzick. Caption: Use of the Region for recreation is likely to increase with population growth.]
[bookmark: _Ref380508848][bookmark: _Toc381775956]Vulnerability of the ecosystem to direct use
Key message: Understanding of threats from direct use has improved.
Key message: Dredging and disposal directly affect local areas; uncertainty remains around broader effects.
Key message: Fishing continues to affect the Region’s values, including discarded catch, incidental take and illegal fishing.
Key message: Increasing use of the Region will increase the likelihood of impacts.
Since the Outlook Report 2009, understanding of the threats associated with direct use has improved as has knowledge of some of their cumulative effects on the Region’s values. For example, recent modelling indicates that dredged material disposed at sea may be travelling further than previously expected.311 There is also better understanding of the risks of trawl fishing in the Region showing that, while the risks are generally low, some higher risks remain.312
Except for activities associated with fishing and ports, direct uses of the Region are likely to be having relatively minor effects on the ecosystem on a Reef-wide scale. However, their cumulative effects can be significant on a local scale, especially when concentrated inshore and next to developed areas. Some uses continue to have positive benefits through improving understanding about the ecosystem and contributing to management. 
Seagrass and lagoon floor habitats are removed, damaged or smothered at the sites of both dredging and disposal of dredge material. These activities can also cause behavioural changes, injury and mortality in dependent species, including in species of conservation concern. Habitats such as coral reefs, seagrass meadows and the lagoon floor and their dependent species are vulnerable to increases in the turbidity as a result of dredge sediment plumes and the resuspension of dredge material. The disposal of additional dredge material into the Region increases the risk of effects on vulnerable habitats and species.
[Photograph of a scoop lifting sediment out of the water as part of dredging operations. Caption: Dredging at the Port of Hay Point.]
Targeted species from various trophic levels are directly affected by extraction with flow-on effects in the ecosystem. Almost half the retained catch of the Region’s fisheries are predators. In addition to affecting the abundance of the targeted predator species in fished areas313,314, their removal is likely to have long-term effects315, including direct and indirect effects on the food chain316. While there is currently only a small take of herbivores, significant increases could lead to effects higher up the food chain and changes in the abundance of plants, in turn affecting the balance of coral and algae for example. The ecosystem is still affected by the legacy of earlier commercial harvesting of larger herbivores such as dugongs and marine turtles. There can also be ecosystem-wide effects of extraction from unprotected spawning aggregations.317 
The benefits to the ecosystem from zoning and other management arrangements can be undermined by illegal fishing and poaching — a focus of compliance activities in the Region. In a number of areas dugongs, inshore dolphins and turtles are at risk of entanglement and drowning particularly because of illegal commercial netting. 
Death and injury of discarded catch and the incidental catch of species of conservation concern during fishing operations, such as in the trawl and inshore net fisheries and the Queensland shark control program, can have severe effects on species and the broader ecosystem. Vulnerable species include dugongs, inshore dolphins and some species of sea snakes, seahorses, marine turtles, sharks and rays. Management requirements, such as bycatch reduction and turtle excluder devices in the trawl fishery, have reduced but not eliminated the risks to these species. Even low levels of mortality may cause population declines in species of conservation concern and compromise the ability of depleted populations to recover.
Various elements of the ecosystem are vulnerable to physical damage caused by direct use. The grounding of a large vessel can have significant and long-lasting environmental effects on a local area. As well as direct physical damage to the grounding site, toxic substances may be released including from antifouling paint and any cargo or oil spills. These can have damaging or lethal effects on marine life, significantly prolonging recovery times. Recognising the management and best practice arrangements in place, groundings of small vessels and the physical damage of reef structure caused by activities such as diving, snorkelling and anchoring are likely to cause only minor localised effects on the surrounding habitats. 
Physical damage to seafloor is mainly caused by trawling and, more locally, anchoring. Seafloor habitats and seabed plants and animals are vulnerable to trawling, which may remove or damage a substantial proportion of seabed plants and animals in intensely trawled areas, with some taking decades to recover.318,319 However, few areas of the Region are trawled intensively, and overall habitat-level risks are generally low for seafloor habitats in lagoon areas.312,319 Sea floor habitats including seagrass meadows are vulnerable to the chronic localised impact of ships anchoring.320
Both large chemical spills and large oil spills could have regional and long-lasting effects on the ecosystem, including physical smothering and persistent effects on the health, growth, reproduction, development and survival of a range of marine plants and animals.321 The vulnerability of the ecosystem to the effects of small spills varies depending on the type of spill and the local environmental conditions. They can be toxic on a local scale. 
The ecosystem is vulnerable to a number of threats associated with vessel use. Surface-breathing marine animals such as marine turtles, dugongs, dolphins and whales are typically affected by vessel strikes, often resulting in injury or death. Waste discharged from vessels increases nutrients in the water column, but this is likely to be only a small portion of the additional nutrients in the system, resulting in only minor effects. Exotic species introduced on vessels could have regional effects on the ecosystem — the nature of those effects would depend on the species introduced. Some species can be affected by artificial light around vessels, for example pelagic fishes.322 
A range of wildlife is vulnerable to marine debris, particularly plastics. They can become entangled in the debris or ingest it, potentially leading to choking, starving or absorbing leached chemicals.295,323,324,325,326 Plastic makes up about 90 per cent of the marine debris ingested by marine turtles in Queensland.299
Sound is extremely important to many marine animals, and increased underwater noise has been shown elsewhere to have a range of potential effects, including behavioural changes, hearing loss, physical injury and mortality.327 
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Key message: Indigenous heritage values are vulnerable to depletions in culturally significant species and incompatible uses.
Indigenous heritage values and cultural practices as well as natural heritage values and world heritage attributes relating to Traditional Owners’ interaction with the environment are severely affected by the declines in culturally significant species, partly attributable to past and present use of the Region. Examples of these species include dugongs, marine turtles, sea snakes, sharks, rays, some fish species, crayfish, oysters and clams. To varying degrees, these species are vulnerable to being injured or dying as incidental catch in fishing activities; direct extraction through commercial and recreational fishing; illegal fishing and poaching; vessel strike on wildlife; wildlife disturbance; and ingestion and entanglement in marine debris. 
Cultural practices, the continuation of many types of Indigenous heritage values, and world heritage attributes relating to Traditional Owners’ interaction with the environment are vulnerable to increases in incompatible use in the Region, such as where other activities conflict with Traditional Owner cultural use of marine resources in the sea country areas where they express their native title rights.328
The lack of identification and management for many underwater wrecks and Indigenous sites of significance, story places and songlines makes them vulnerable to activities that cause damage to reef structures, damage to the seafloor or modify coastal habitats. 
The aesthetic value of seascapes and islands may be diminished as a result of marine debris and spills.329 Attributes such as tranquillity, solitude and remoteness are affected by artificial light and noise pollution329, including that arising from vessel activity and in anchorage areas320. 
The vulnerability of those attributes that make up the world heritage property’s outstanding universal value matches that described for the ecosystem (Section 6.6.2) and for Indigenous heritage values and aesthetics above.
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Key message: Use of the Region maintains people’s connections to it.
Key message: If predicted increases in use are not well managed, instances of incompatible uses will rise.
The economic and social components of the Great Barrier Reef are intrinsically linked to its ecosystem — the future of each depends on the future of the others. 
For the Reef-dependent industries, their economic benefit is derived from the Region’s natural resources, either through extraction of those resources or through tourism and recreation focused on its ecosystem and heritage values. Any future declines in the condition of those values are likely to have economic implications for those industries. As a result, they are particularly vulnerable to threats that affect the long-term health of the Region. For example, the tourism industry continues to be concerned about overall declines in the ecosystem and the potential loss of the Reef’s world heritage status. Most recently, they have expressed particular concern about the effects of port development, including dredging and the disposal of dredge material330. 
For other uses, such as ports and shipping, there is less likely to be a direct connection between them and the Region’s values and they are therefore unlikely to be directly affected by changes in Reef condition. Their economic value is largely driven by factors external to the Region such as global demand for resources. 
Most local residents visit the Region.144 Use of the Region for recreation, traditional use of marine resources, fishing and commercial marine tourism is the way many of the social benefits, such as understanding and appreciation, enjoyment, personal connection, and health benefits, are realised. Many individuals and communities maintain strong connections with the Reef, through culture, occupation or familiarity.331 Aboriginal and Torres Strait Islander culture and connections are kept alive in large part by visiting and caring for their land and sea country.
If not properly managed, predicted increases in use of the Region may result in incompatible uses at particular sites becoming an emerging issue. For example, there are reports of incompatibility between the high density of ships in anchorage areas and fishing and tourism activities.320
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Section 54(3)(g) of the Great Barrier Reef Marine Park Act 1975 requires '… an assessment of the factors influencing the current and projected future environmental, economic and social values…' of the Great Barrier Reef Region. Regulation 116A(2)(e) of the Great Barrier Reef Marine Park Regulations 1983 requires ‘… an assessment of the factors influencing the current and projected future heritage values…’ of the Great Barrier Reef Region.
The assessment is based on four assessment criteria:
· impacts on ecological values
· impacts on heritage values
· impacts on economic values
· impacts on social values.
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Outlook Report 2009: Assessment summary
Climate change, particularly rising sea temperatures and ocean acidification, has already affected the Great Barrier Reef ecosystem and over the next 50 years it is likely to significantly affect most components of the ecosystem. The Great Barrier Reef, especially much of its inshore area, is being affected by increased nutrients, sediments and other pollutants in catchment runoff, mainly from diffuse agricultural sources, despite recent advances in agricultural practices. Coastal development is contributing to the modification and loss of coastal habitats that support the Great Barrier Reef. As the coastal population continues to grow there will be increasing use of the Great Barrier Reef and therefore the potential for further damage. Direct use of the Region is impacting on some environmental values.

	Assessment component
	Assessment summary
	Grade 2009
	Grade 2014 and trend since 2009
	Future trend
	Confidence

	
	
	
	
	
	Grade
	Trend

	Climate change
	Climate change is predicted to continue to have far-reaching consequences for the Reef ecosystem and over the next 50 years it is likely to significantly affect most components. Future predictions indicate sea level rises and temperature increases will continue, the pH of the ocean will gradually decline and weather will be more severe. 
	Very high impact
	Very high impact,
Increased
	Increasing
	Adequate
	Adequate

	Coastal development
	Modification of terrestrial habitats that support the Great Barrier Reef is likely to continue based on the projected changes in the catchment. Changes to coastal habitats and reductions in connectivity affect the Region’s ecosystem. 
	High impact
	High impact,
Increased
	Increasing
	Adequate
	Adequate

	Land-based run-off
	Inshore areas are particularly at risk from poor water quality. Agricultural practices in the catchment are improving and there have been reductions in the nutrient, sediment and pesticide loads from the catchment entering the Region. There is likely to be a significant lag before water quality improvements are measured in the Region. Marine debris continues to affect the ecosystem — including species of conservation concern.
	High impact
	High impact,
Decreased
	Decreasing
	Adequate
	Adequate

	Direct use
	Fishing continues to affect the Region's values such as through discarded catch; incidental catch of species of conservation concern; overfishing and illegal fishing. Increasing port activities directly affect local areas; uncertainty remains around ecosystem effects. Increasing regional populations and economic development will likely increase direct use and therefore the likelihood of impacts.
	Low impact
	Low impact,
Increased
	Increasing
	 Limited
	Limited

	Impact on ecological values
	Climate change has already affected the Great Barrier Reef ecosystem. Its effects are compounding the ongoing impacts from land-based run-off and coastal development, particularly loads of sediments and nutrients entering the Region and the modification of supporting coastal habitats. Direct uses contribute to a range of impacts; most are localised. Economic and population growth will likely mean more use of the Region, increasing the likelihood of impacts. The combined influence of the four factors is concentrated in inshore central and southern areas.
	High impact
	High impact
Increased
	Increasing


	
	Grading statements

	Very low impact
	Few or no impacts have been observed and accepted predictions indicate that future impacts on the Region’s ecological values are likely to be minor.

	Low impact
	Some minor impacts have already been observed and there is concern that, based on accepted predictions, there will be significant but localised impacts on the Region’s ecological values.

	High impact
	Current and predicted future impacts are likely to significantly affect the Region’s ecological values. Concern about serious ecosystem effects within next 20–50 years.

	Very high impact
	Current and predicted future impacts are likely to irreversibly destroy much of the Region’s ecological values. Widespread and serious ecosystem effects likely within next 10–20 years.

	Trend 

	Trend since 2009: Increased, Stable, Decreased, No consistent trend
Future trend: Increasing, Stable, Decreasing, No consistent trend

	Confidence in impact and trend

	Adequate
	Adequate high-quality evidence and high level of consensus

	Limited
	Limited evidence or limited consensus

	Inferred
	Inferred, very limited evidence
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Outlook Report 2009: Not assessed 

	Assessment component
	Assessment summary
	Grade 2009
	Grade 2014 and trend since 2009
	Future trend
	Confidence

	
	
	
	
	
	Grade
	Trend

	Climate change
	The vulnerability of the ecosystem to climate change flows through to dependent heritage values, especially the Reef’s outstanding universal value, natural heritage values and Indigenous heritage values. Altered weather patterns and sea level rise increase the risks to built structures such as lightstations, shipwrecks and fish traps. 
	Not assessed
	Very high impact
	Increasing
	Limited
	Limited

	Coastal development
	Modification of coastal areas affects the Reef’s outstanding universal value, altering supporting habitats and connecting processes, and affecting scenic vistas. Coastal development has affected Indigenous heritage values. Unidentified nearshore historic heritage values are vulnerable to modification and reclamation of the coast, dredging and disposal of dredge material. 
	Not assessed
	High impact
	Increasing
	Limited
	Limited

	Land-based run-off
	Many of the Region’s heritage values, including its outstanding universal value, are vulnerable through the ecosystem effects of land-based run-off, especially in central and southern inshore areas. Water quality declines and marine debris are likely to be diminishing the Region’s natural beauty. Increased sedimentation may be affecting underwater wrecks. 
	Not assessed
	High impact
	Decreasing
	Adequate
	Limited

	Direct use 
	Uses such as fishing and ports are affecting some attributes that contribute to the outstanding universal value of the world heritage property. Heritage values are affected by physical damage and pollution as a result of direct use. Indigenous heritage values are especially vulnerable to depletions in culturally significant species and incompatible uses.
	Not assessed
	Low impact
	Increasing
	Adequate
	Limited

	Impact on heritage values
	Impacts on the ecosystem are reflected in declines in related heritage values, especially Indigenous heritage, natural heritage and world and national heritage values. Attributes of outstanding universal value relating to natural beauty, natural phenomena, ecological processes, and habitats and species are being affected. For built heritage, the threats from climate change and direct use are the most serious. 
	Not assessed
	High impact
	Increasing
	
	



	Grading statements

	Very low impact
	Few or no impacts have been observed and accepted predictions indicate that future impacts on the Region’s heritage values are likely to be minor.

	Low impact
	Some minor impacts have already been observed and there is concern that, based on accepted predictions, there will be significant but localised impacts on the Region’s heritage values.

	High impact
	Current and predicted future impacts are likely to significantly affect the Region’s heritage values. Concern about serious effects on the Region’s heritage values within next 20–50 years.

	Very high impact
	Current and predicted future impacts are likely to irreversibly destroy much of the Region’s heritage values. Widespread and serious effects on the Region’s heritage values likely within next 10–20 years.

	Trend 

	Trend since 2009: New assessment for this report; no trend provided.
Future trend: Increasing impact, Stable impact, Decreasing impact, No consistent trend

	Confidence in impact and trend

	Adequate
	Adequate high-quality evidence and high level of consensus

	Limited
	Limited evidence or limited consensus

	Inferred
	Inferred, very limited evidence
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Outlook Report 2009: Assessment summary
Changes to the Great Barrier Reef ecosystem are likely to have serious economic implications for reef-dependent industries, such as tourism and fishing, and for adjacent communities. Perceptions about the health of the ecosystem also affect its attractiveness for tourism and recreation and, thus, its marketability. An increasing coastal population is likely to increase the economic value of Reef-based activities. The economic benefits of direct use will be affected by the impacts of external factors.

	Assessment component
	Assessment summary
	Grade 2009
	Grade 2014 and trend since 2009
	Future trend
	Confidence

	
	
	
	
	
	Grade
	Trend

	Climate change
	Climate change effects on the ecosystem are expected to have major economic consequences for Reef-dependent industries. .
	High impact
	High impact,
Increased
	Increasing
	Limited
	Adequate

	Coastal development
	An increasing coastal population and improved coastal infrastructure is likely to increase the economic worth of uses in the Region. The loss of ecosystem services provided by coastal habitats will ultimately affect the value of Reef-dependent industries.
	Low impact
	Low impact,
No consistent trend
	No consistent trend
	Limited
	Limited

	Land-based run-off
	Ecosystem declines from poor water quality, particularly in inshore areas, affect Reef-dependent industries. Outbreaks of crown-of-thorns starfish can affect the viability of tourism operations.
	High impact 
	High impact,
Decreased
	Decreasing
	Limited
	Limited

	Direct use
	Direct use of the Region continues to be a significant contributor to regional and national economies. The future value of many uses depends on a healthy, intact ecosystem.
	Very low impact
	Very low impact,
Stable
	Stable
	Adequate
	Limited

	Impact on economic values
	Changes to the Great Barrier Reef ecosystem have serious economic implications for Reef-dependent industries, such as tourism and fishing, and for adjacent communities. Perceptions about the health of the ecosystem affect its attractiveness for tourism and recreation. An increasing coastal population is likely to increase the economic value of direct uses.
	High impact
	High impact, Increased
	Increasing
	
	



	Grading statements

	Very low impact
	Few or no impacts have been observed and accepted predictions indicate that future impacts on the Region’s economic values are likely to be minor.

	Low impact
	Some minor impacts have already been observed and there is concern that, based on accepted predictions, there will be significant but localised impacts on the Region’s economic values.

	High impact
	Current and predicted future impacts are likely to significantly affect the Region’s economic values. Concern about serious effects on the Region’s economic values within next 20–50 years.

	Very high impact
	Current and predicted future impacts are likely to irreversibly destroy much of the Region’s economic values. Widespread and serious effects on the Region’s economic values likely within next 10–20 years.

	Trend 

	Trend since 2009: Increased impact, Stable impact, Decreased impact, No consistent trend
Future trend: Increasing impact, Stable impact, Decreasing impact, No consistent trend

	Confidence in impact and trend

	Adequate
	Adequate high-quality evidence and high level of consensus

	Limited
	Limited evidence or limited consensus

	Inferred
	Inferred, very limited evidence
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Impacts on social values
Outlook Report 2009: Assessment summary 
An increasing coastal population is likely to increase recreational use of the Region and change people’s experiences of the Great Barrier Reef with increased congestion at popular recreation locations and competition for preferred sites. A decline in inshore habitats as a result of polluted water will have social implications for dependent industries and coastal communities. Traditional Owners are concerned about rising temperatures altering the seasonality and availability of marine resources as well as the potential loss of totemic species.

	Assessment component
	Assessment summary
	Grade 2009
	Grade 2014 and trend since 2009
	Future trend
	Confidence

	
	
	
	
	
	Grade
	Trend


	Climate change
	Climate-related changes to the ecosystem could affect patterns of use of the Great Barrier Reef and visitor satisfaction. People’s awareness of the potential effects of climate change is increasing their concern about the ecosystem. The vulnerability of Reef-dependent individuals and businesses depends on their ability to anticipate and adapt to change.
	High impact
	High impact
Increased
	Increasing
	Limited
	Limited

	Coastal development
	Access to the Region improves through development of coastal infrastructure. Social benefits such as enjoyment, appreciation and understanding of the Reef’s values depend on healthy coastal and marine ecosystems. 
	Low impact
	Low impact
Stable
	Stable
	Limited
	Limited

	Land-based run-off
	The effects of land-based run-off on the ecosystem can influence social values such as the aesthetics, personal connection, enjoyment and appreciation. 
	Low impact
	Low impact
Decreased
	Decreasing
	Limited
	Limited

	Direct use
	The Great Barrier Reef continues to be valued well beyond its local communities, with strong national and international interest. Use of the Region maintains people’s connections to it. If predicted increases in use are not well managed, instances of incompatible uses will rise.
	Low impact
	Low impact
Stable
	Stable
	Limited
	Limited

	Impact on social values
	Declining ecosystem condition, especially inshore adjacent to the developed coast, from the cumulative effects of many factors mean people’s attachment to and enjoyment of the Region may lessen in the future. This may have flow-on effects on Reef-dependent industries. Predicted increasing use may mean more instances of incompatible use. 
	Low impact
	Low impact, Increased
	Increasing
	
	


	
	Grading statements

	Very low impact
	Few or no impacts have been observed and accepted predictions indicate that future impacts on the Region’s social values are likely to be minor.

	Low impact
	Some minor impacts have already been observed and there is concern that, based on accepted predictions, there will be significant but localised impacts on the Region’s social values.

	High impact
	Current and predicted future impacts are likely to significantly affect the Region’s social values. Concern about serious effects on the Region’s social values within next 20–50 years.

	Very high impact
	Current and predicted future impacts are likely to irreversibly destroy much of the Region’s social values. Widespread and serious effects on the Region’s social values likely within next 10–20 years.

	Trend 

	Trend since 2009: Increased impact, Stable impact, Decreased impact, No consistent trend
Future trend: Increasing impact, Stable impact, Decreasing impact, No consistent trend

	Confidence in impact and trend

	Adequate
	Adequate high-quality evidence and high level of consensus

	Limited
	Limited evidence or limited consensus

	Inferred
	Inferred, very limited evidence
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Overall summary of factors influencing the Region's values
The factors influencing the Region’s ecosystem and its heritage values remain the same as the Outlook Report 2009, namely climate change, coastal development, land-based run-off and direct use of the Region. Understanding of their current and likely future effects has improved, especially for coastal development and land-based run-off.
The threats arising from these multiple factors, both those external to the Great Barrier Reef as well as within the Region, are having increasing and cumulative effects on the ecosystem as well as heritage, economic and social values. Coastal development and land-based run-off are having a high impact on ecological and heritage values. The influence of direct use activities within the Region is notable, but is assessed to be of lower impact overall. The projected, far-reaching, impacts from climate change are likely to ultimately overshadow the effects of other factors and uses. Addressing the other factors, which can be more directly managed, will improve the resilience of the Region’s values to any future impacts of a changing climate.
Climate change is already affecting the Region’s physical, ecological and social environment. Climate change will drive global changes in ocean pH and prominent weather events and characteristics such as temperature, cyclones, heavy rainfall, droughts, and prevailing winds. The global climate system is now warmer and moister than it was 50 years ago, and this influences the likelihood of significant weather events. Recent cyclones, hot spells and high rainfall events have demonstrated the capacity that ongoing changes to the Region’s climate have to significantly affect ecosystem and heritage values. In addition, climate change has implications for all the other influencing factors and their trends into the future.
The continuing increasing trends in climate change variables means that it is likely to bean increasingly important factor in the Region. Addressing the other, more directly managed, factors influencing the Region’s values will improve the resilience of these values to any future impacts of a changing climate.
Coastal development continues to be associated with modification and loss of coastal habitats and disruption to ecological connectivity. Additionally, while there have not been broadscale changes in land use patterns in recent years, the legacy effects of past land clearing and associated practices are still a significant influence on the Region. Activities related to resource extraction have continued to expand and, as a result, there has been major growth in port activity. Coastal development can provide social and economic benefits through improved infrastructure and ability for more people to experience the Region. 
Sediments, nutrients, pesticides and other pollutants entering the Region in land-based run-off remain key issues for the Region. Valuable advances have been made in reducing contemporary inputs from diffuse agricultural sources. At a point-source scale, almost all major sewage treatment plants have been upgraded. The legacy of past land management practices continues to be an ongoing impact. Knowledge has increased around marine debris and its implications for the Region. Multiple stewardship programs and activities in the catchment and the Region are focused on monitoring and improving water quality and reducing the impacts of threats like marine debris.
A multitude of direct use activities occur in the Region. Most are likely to be having relatively minor effects on the Region’s values at a Reef-wide scale. However, their contribution to cumulative effects can be significant. Fishing occurs across much of the Region. It affects both the species extracted and those that are discarded (particularly species of conservation concern). This results in flow-on effects for other levels in the food web and other parts of the ecosystem.
There is an increased understanding of the drivers of change in the use of the Great Barrier Reef catchment and Region. Many of these have positive and negative flow-on effects to the Region’s values. There is also an increased recognition and understanding of social and economic values associated with the Region.
Continued population growth, driven in part by a strong economy, is predicted to lead to increased, mainly recreational, use of the Region. However this also brings challenges with increases in illegal activities and, the potential for people’s enjoyment to be compromised by incompatible uses at popular sites. Conversely, an increase in recreational use is likely to drive positive economic effects in regional economies from the flow-on purchases associated with visiting the Reef. 
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