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Preface
The National Climate Change Research Facility (NCCARF) is undertaking a program of 
Synthesis and Integrative Research to synthesise existing and emerging national and 
international research on climate change impacts and adaptation. The purpose of this 
program is to provide decision-makers with information they need to manage the risks of 
climate change.  

This report on “Limits to climate change adaptation in floodplain wetlands: the 
Macquarie Marshes” forms part of a series of studies/reports commissioned by NCCARF 
that look at the limits to adaptation. The notion of ‘limits to adaptation’ is fundamentally 
concerned with identifying the thresholds at which actions to adapt cease to reduce 
vulnerability.  Much of the research on adaptation avoids the question of what adaptation 
cannot achieve. It is therefore implied by omission that adaptation can avoid all climate 
impacts. Yet this is clearly not going to be the case for many systems, sectors and places at 
even modest rates of warming, let alone at the more rapid rates of warming that now seem 
almost inevitable. Understanding the limits to adaptation is an emerging frontier of climate 
change research. It is important for decision making about adaptation for three reasons.  

Firstly, it helps to determine which responses to climate change are both practicable and 
legitimate, and the time scales over which adaptation may be considered to be effective. 
Secondly, it helps to understand how people may respond to the damage to, or the loss of, 
things that are important to them, for which there may, in some cases, be substitutes or 
ameliorating policy measures.  Thirdly, it can help prioritise adaptation strategies, refine their 
intentions, and identify communities that will be served by them. 

This report identifies the likely risks, impacts of climate change, adaptation strategies and 
limits for the ecological and social communities of the Macquarie Marshes. The ecological 
community includes waterbirds, vegetation, fish, invertebrates, carbon cycling, woodland 
birds and frogs. The socio-economic dimension identifies wetland values, indigenous values, 
grazing, irrigation and recreation. Adaptation strategies include: migration, environmental 
flow allocations, water savings, restoration of deep pools, protection of core refugia, dam re-
operation and options to store extra water for low flows. Adaptation limits include: ecological, 
physical, economic, technological and social dimensions estimated based on the adaptation 
strategies. 

Other reports in the series are: 
Limits to climate change adaptation in the Great Barrier Reef: scoping ecological and 
social limits; 
Climate change adaptation in the Australian Alps: impacts, strategies, limits and 
management; 
Climate change adaptation in the Coorong, Murray Mouth and Lakes Alexandrina 
and Albert; 
Limits to climate change adaptation for two low-lying communities in the Torres 
Strait; and,
Limits and barriers to climate change adaptation for small inland communities 
affected by drought. 

To highlight common learnings from all the case studies, a brief synthesis has been 
produced which is a summary of responses and lessons learned. 

All reports are available from the website at www.nccarf.edu.au.  
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SUMMARY
 

 We reviewed literature for climate change adaptation in floodplain wetlands. 
 We identified risks and thresholds for key biota. 
 We developed climate change scenarios for the Macquarie Marshes. 
 We tested these scenarios in a stakeholder workshop and in interviews with 

landholders. 
 The key stressor of climate change in the Macquarie Marshes is the loss of flooding, but 

the impact of water regulation on loss of flooding is far greater than that which is 
projected with climate change by 2030 under any scenario. 

 Based on the literature we identified two autonomous adaptations, 4 physical 
adaptations, 7 institutional/political adaptations and 8 land management adaptations. 
Most of these actions are at varying stages of application to counter impacts of loss of 
flooding due to regulation. 

 Stakeholders identified 16 high priority adaptations in a workshop and discussed their 
limits and implementation. 

 Water buy-back and environmental flows are key adaptations, but also developing an 
adaptive management plan, social capital, responsive institutional frameworks and 
preserving free-flowing rivers. 

 Landholders graze the Macquarie Marshes using an adaptive approach to deal with 
variability in the system.  

 They identified the loss of flooding and variability as key impacts of regulation that 
reduced their resilience. 

 Landholders have developed many practices to adapt to the loss of flooding due to 
regulation that will enable them to adapt to climate change current projections.  

 
RECOMMENDATIONS 
 

1. The primary adaptation that will transform the Macquarie Marshes ecosystem from its 
current state of decline is the return of adequate environmental water to restore the 
short and moderate IFI floodplain. If this restoration can occur in the next 5-10 years the 
Marshes should be buffered against the 2030 projections of increased temperature and 
reduced runoff, although the projected increased in drought create much uncertainty in 
future states of the Marshes. However, this technological adaptation will not succeed if 
the following changes do not occur to the social institutions (behaviours). 

2. Firstly, this adaptation requires a transformation of society to increase the value it places 
on the natural environment of the Marshes so that it chooses to restore the short to 
moderate IFI floodplain. 

3. Secondly, the key adaptation required to implement the restoration of the IFI is a review 
of the water sharing plan to specify shorter durations for the IFI so that adequate water 
is held in Burrendong to prevent the short to moderate IFI floodplain being wet for longer 
than 2-4 years. These changes to the WSP will improve our capacity to manage water 
during droughts to avoid the biodiversity and productivity losses observed last decade. 

4. Another social institutional change that may facilitate climate change adaptation in the 
Marshes is implementation of a strategic adaptive management plan that identifies and 
proposes solutions to adaptation limits in governance. 

5. Development of adaptation strategies for the Macquarie Marshes will be enhanced by 
improvement in regional scale modeling capacity of climate change projections that 
enable scenarios to be run for increased environmental flows (including carry over and 
increased volumes under water buy-back).  
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1 INTRODUCTION 

1.1 Climate change adaptation in floodplain wetlands 
It is now widely recognised that human forced climate change has, and will continue to, 
affect the world’s social and ecological freshwater ecosystems (Smit and Pilifosova 2001, 
Milly et al. 2005, Palmer et al. 2008). Climate change can manifest in a range of ways such 
as temperature increases, reduced precipitation and increased drought that vary in intensity 
across space, time and in relevance between regions (Martens and Chang 2010). These 
impending threats mean systems (i.e. ecological and social) must either adjust to cope with 
the added stresses or inevitably fail (Palmer et al. 2008) Such adjustments have been 
termed adaptations, and represent changes in processes, practices, or structures in 
response to expected or actual climate change (Smit et al. 2000, Martens and Chang 2010, 
Figure 1). Adaptations can be either autonomous or planned, and may or may not be 
beneficial (Smit et al. 2000, Barnett and O’Neill 2010). It is also argued that long-term 
persistence requires strategies to reduce or mitigate the ultimate drivers of environmental 
change (see Figure 1), as well as build human capacities for adaptation (Hays et al. 2007). 

The characteristics and condition of a freshwater ecosystem will influence its exposure to the 
physical drivers of climate change (Martens and Chang 2010, Figure 1). For example, 
exposure to temperature rise will be less on a well shaded river than in a heavily cleared 
catchment. An important attribute of condition is resilience; the amount of disturbance a 
system can absorb without changing to a new regime with different character and function 
(Gunderson and Holling 2002, Fazey et al. 2010, Figure 1). Resilience (or sensitivity sensu 
Martens and Chang 2010) interacts with exposure to determine initial impacts (Figure 1). A 
system is vulnerable to environmental change at close proximity to the thresholds where it 
shifts into a new regime (Figure 1). In this scenario, a freshwater ecosystem already 
stressed from current environmental change such as river regulation will be less resilient to 
respond to climate change (Figure 1). 

Consideration of existing stress is critical when evaluating risks and adaptation to climate 
change in floodplain wetlands in the Murray Darling Basin, one of Australia’s largest and 
economically vital catchments and also its most regulated (CSIRO 2008). Many parts of the 
catchment are arid or semi-arid, typified by floodplain wetland ecosystems that connect 
during times of flooding. The array of floodplain wetlands and their different flood-histories is 
integral for the survival of colonial waterbirds, and because of this many have been listed 
under the RAMSAR convention as wetlands of international significance (i.e. Macquarie 
Marshes and Coorong, Kingsford 2000). However, water abstraction for irrigated agriculture 
has impaired the healthy functioning of floodplain wetlands throughout the Basin, reducing 
their ecological communities, functions and the goods and services they provide (MDBA 
2010). For example, the Macquarie Marshes is one of Australia’s most significant wetlands; 
it is a protected area and recognised as a wetland of international importance under the 
Ramsar Convention. Yet in 2010, the impacts of water resource development on the 
Macquarie Marshes led the Australian Government to officially acknowledge to the Ramsar 
Bureau that its ecological character is likely to have changed. Similarly the high level of 
abstraction in many catchments comprising the Basin has severely reduced the volume of 
water reaching the sea and the Coorong wetland in South Australia (Kingsford 2000, CSIRO 
2008).  

Wetlands are particularly vulnerable to climate change through changes to rainfall patterns, 
elevated temperatures and increased evaporation. Predictive models have suggested that 
climate change is not expected to affect all the Murray-Darling Basin (MDB) wetlands 
uniformly although there may be some general trends (CSIRO 2008). The combination of the 
arid climate and high water demands (Poff et al. 2007) means MDB wetland systems are 
particularly sensitive to the effects of climate change. Conversely, the existing management 
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infrastructure may broaden the scope of management strategies that can be adapted to 
mitigate climate impacts (Pittock 2009). The Macquarie Marshes is an ideal case study to 
examine climate change adaptation strategies for arid-zone floodplain wetlands that are 
impacted by river regulation. It is a complex social and ecological system with a long history 
of debate over the balance between environmental values, water abstraction and grazing 
industry.  

 

 

Figure 1.  An analytical framework for vulnerability-adaptation-mitigation research in 
floodplain wetlands in the context of environmental change from climate change 
and river regulation (Source: Adapted from Martens and Chang 2010). 
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1.2 Original project proposal for the Macquarie Marshes 
This project aimed to identify the risks and impacts of climate change in the Macquarie 
Marshes and to examine adaptation strategies and limits for mitigating the effects of climate 
change on ecological and social communities. We identified potential ecological and socio-
economic response thresholds to changes in; temperature (2 and 4oC above pre-industrial 
levels), rainfall patterns, water regime (flood frequency, duration, magnitude and extent, 
variability), connectivity and water quality. Our extensive network of experts and 
stakeholders, built through years of research on these systems, were invited to identify and 
review impacts, risks and limits to adaptation. Our project drew on a comprehensive 
literature review (using the Water Information System for the Environment database, WISE), 
expert/stakeholder workshops, available hydrological and climate models, and ecological 
and socio-economic databases developed by the organisations collaborating for this 
proposal (UNSW, CSIRO and Sydney University). We also used the framework provided by 
cost-benefit analysis to undertake an economic evaluation of the impacts and abatement of 
climate change on the ecosystem goods and services comprising the ecological and socio-
economic communities. In this final report we identify ameliorating policy measures, prioritise 
adaptation strategies and tradeoffs between different strategies. 

1.3 The Macquarie Marshes 
The Macquarie Marshes is an iconic wetland located in central western New South Wales 
that hosts many threatened or endangered species (Figure 2, DECCW 2010a). The 
floodplain wetland complex occupies approximately 200,000 ha after regulation, (Kingsford 
and Thomas 1995) and is located on the downstream end of the Macquarie River (Figures 2-
3). It supported 42 448 ha of river red gum (Eucalyptus camaldulensis) forest and woodland 
in 1949, the largest in inland Australia (Kidson et al. 2000b). The Marshes Nature reserve 
and Wilgara Wetland are listed under the RAMSAR convention as wetlands of national 
significance (DECCW 2010a) due to their significance for waterbird breeding. The Marshes 
are renowned for intense competition among water users that escalates during times of low 
rainfall (Johnson 2005). 

The Macquarie Marshes commence at Marebone Weir 50 km north of Warren where the 
Macquarie River forms an anastomosing channel pattern (Bora Creek, Buckiinguy Creek, 
Bulgeraga Creek, Gum Cowal Creek, Marra Creek, Marthaguy Creek, Monkey Creek, 
Monkeygar Creek, Terrigal Creek and the main channel of the Macquarie River; (Kingsford 
and Thomas 1995). In addition to these named creeks that flood frequently (1 in 1 years to 1 
in 3 years), there are extensive unnamed floodplain channels that flow less often (1 in 2 to 1 
in 20 years). During floods the multiple creeks connect a complex of wetland habitats 
comprising scattered areas of open water, lignum (Muehlenbeckii florulenta), common reed 
(Phragmites australis), cumbungi (Typha orientalis), water couch (Paspalum paspalodes), 
and extensive floodplain eucalypts including river red gum (Eucalyptus camaldulensis), 
coolabah (Eucalyptus coolabah) and blackbox (Eucalyptus largiflorens) (Paijmans 1981).  

The Macquarie Marshes extend north for 120 km until the multiple channels coalesce into a 
single defined channel near Carinda (NSW Government 2003). It is commonly divided into 
the northern and southern Marsh at the junction of the Macquarie River and Bulgeraga 
Creek (NSW Government 2003). The dominant feature of the southern marshes is a series 
of individual wetland systems, including Back, Buckiinguy, Monkey and Monkeygar Swamps 
and Mole Marsh (NSW Government 2003). In contrast the northern marsh consists of 
extensive areas of common reed and river red gum woodlands (NSW Government 2003). 

Seventy-six waterbird species have been noted, with 44 species in total recorded breeding 
(Kingsford and Auld 2005). Between 10,000 and 300,000 waterbirds are said to rely on the 
resources of the Macquarie Marshes each season, although the maximum number has 
probably decreased (Kingsford and Auld 2005). The Marshes are important for nine 



Limits to climate change adaptation in floodplain wetlands: the Macquarie Marshes

12 

migratory birds which are specified in the Japan-Australia and China-Australia Migratory Bird 
Treaties including the sharp-tailed sandpiper (Calidris acuminata), Japanese snipe 
(Gallinago hardwickii), black tailed godwit (Limosa limosa) and whiskered tern, (Chlidonias 
hybridus) (NPWS 1993). The Marshes are utilised by 18 endangered bird species including 
the freckled duck (Stictonetta naevosa), square-tailed kite (Lophoictinia isura), black falcon 
(Falco subniger), peregrine falcon (Falco peregrinus), and brolga (Grus rubicundus) (NPWS 
1993).  

Approximately 130 species of birds other than waterbirds, 15 species of fish, 4 species of 
turtles, 30 species of lizards, 14 species of snakes and 15 species of amphibians occur in 
the Marshes area (NPWS 1993). Mammals such as the red kangaroo (Macropus rufus), 
eastern grey kangaroo (Macropus giganteus), bats and the brush tail possum (Trichosurus 
vulpecula) are common whereas the Goulds long-eared bat (Nyctophilus gouldii), is at the 
western limit of its distribution (NPWS 1993). A number of small mammals have been 
recorded in the past but their numbers appear to have declined (NPWS 1993). The 
Macquarie Marshes are a prime example of the red gum - reed - water couch vegetation 
association. They contain the largest and the most northerly extensive area of reeds 
(Phragmites australis) in south-eastern Australia and a major area of river red gum 
(Eucalyptus camaldulensis) which is recognised as the largest occurrence in northern NSW 
(NPWS 1993). The Marshes have a variety of other vegetation types and include one of the 
most southern occurrences of coolibah (E. microtheca) (NPWS 1993). 

The Macquarie Marshes was traditionally occupied by the Wailwan people, although the 
Marshes themselves are also culturally significant to other groups from the region (DECCW 
2010a). These include traditional owner groups that used to gather on the Wailwan Country 
for traditional ceremonies (Miller 1999, Reeves 2010) and those living upstream and 
downstream (DECCW 2010a). As a culture, indigenous Australians associate directly with 
the landscape, and view themselves as a key component of the natural environment (Rose 
1996). This connection with Country (i.e. the landscape and its biota) underpins the cultural 
and religious beliefs of indigenous Australians (Rose 1996), therefore the degradation and 
destruction of natural ecosystems through either human land use or climate change 
impinges on their cultural identity. Although the connection between the descendents of the 
Wailwan and the Macquarie Marshes has now become very limited they never relinquished 
their connection with the land and water, and aspire to participate in the conservation and 
restoration of the Macquarie Marshes’ ecology (DECCW 2010a). 

In addition to supporting significant ecological values, the Macquarie Marshes is also home 
to an established community of graziers who have adapted beef cattle practices to the boom 
and bust cycles of this productive wetland. About 90% of the Macquarie Marshes is privately 
owned, mainly by people who graze their cattle, relying on the floods (Kingsford et al. 2011) 
Recreational fishers also visit the creeks and river systems of the Macquarie Marshes. 
Downstream, the community of Carinda, irrigators and graziers depend on flows through the 
Marshes for their water supply. The Macquarie River system contributes about 5 percent 
flows to the Barwon-Darling River system that eventually flows through to the River Murray 
mouth in South Australia. 

Flows in the Macquarie River to the Macquarie Marshes have decreased with abstraction for 
irrigation upstream (Kingsford and Thomas 1995, Ren et al. 2009). The long history of water 
management for the Macquarie Marshes was until recently primarily controlled by the water 
agency (Johnson 2005). Formal water plans for the Macquarie Marshes in 1986 and 1996 
progressively recognised that the protected area was degraded by river regulation and 
upstream diversions of water (Kingsford and Thomas 1995, Fazey et al. 2006), leading to a 
halt in further water resource development (Kingsford et al. 2011). Over time these plans 
shifted the management focus from the Nature Reserves to the river to ensure that flows 
were provided to the wetland (Kingsford et al. 2011).  
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Flows to the Macquarie Marshes depend on an environmental flow allocation, the first in the 
Murray-Darling Basin, local flooding and unregulated flooding (or dam spills) (Kingsford et al. 
2011). Legislation protecting the Nature Reserve, its Ramsar site, awareness of its biota, 
and concern in the mid 1990s that many ecological thresholds were exceeded, have led to 
increased environmental flows (Kingsford et al. 2011). Most recently, concerns over 
degradation of river systems in the Murray-Darling Basin led to the buyback of water from 
the irrigation industry, which has increased environmental flows available for the Macquarie 
Marshes. Management of the Macquarie Marshes has changed over more than 20 years, 
with increasing responsibility for environmental flows passed to the conservation agency and 
the Environmental Flows Reference Group established under the Water Sharing Plan 
(Kingsford et al. 2011).  

1.4 Governance of the Macquarie Marshes 
Governance of the Macquarie Marshes is subject to a number of policies and acts which 
exist at the local, state, federal and international levels. A range of statutory authorities and 
private organisations, both commercial and non-profit, are also management stakeholders. 
Water management and conservation are the key management issues in relation to climate 
change for the Marshes.  

1.4.1 Water management 
National Level 
The National Water Initiative (NWI 2011) was agreed in 2004 by the Council of Australian 
Governments and has since acted as the national blueprint for water reform. An important 
aspect of the NWI was a commitment by governments to identify, protect and manage high 
conservation value, rivers and their dependent aquatic ecosystems. These principles are 
now embedded in the national approach to water management.  

At a national level, water management in the Macquarie Marshes is covered by legislation 
introduced by the Australian Government in 2007. The Water Act 2007 (Table 1) established 
a new independent Murray-Darling Basin Authority (MDBA) charged with producing a Plan 
for the rivers of the Murray-Darling Basin. This legislation removed some of the powers of 
the state jurisdictions (Australian Capital Territory, New South Wales, Queensland, South 
Australia and Victoria). 

The Plan derived from the Water Act 2007 aimed to restore sustainability to the Murray-
Darling Basin by establishing an environmental watering plan and determining sustainable 
diversion limits (SDLs) for all the developed rivers in the basin. The SDLs were contingent 
on estimating the watering requirements of environmental assets and functions of the river, 
primarily 18 major hydrological sites or wetlands; this included most Ramsar-listed sites such 
as the Macquarie Marshes.  Accompanying this legislation was a program, Water for the 
Future, primarily focused on providing funding to increase environmental flows to the 
Murray-Darling Basin.  There were two main objectives of this program: buyback of water for 
the environment ($A3.1 billion) and investment into increasing water efficiency ($A5.8 
billion).  The former was implemented through buying irrigation licences from willing sellers 
in the irrigation industry while the latter was aimed at producing a water dividend for the river 
and for irrigation and included improving efficiencies of channels and irrigation systems.  

In October 2010, a Guide to the Basin Plan was released (MDBA 2010). Based on 
hydrological modeling, there was an estimate that sustainability to the river could be restored 
by returning 7,600 GL. This was considered too high by the Murray-Darling Basin Authority 
and was subsequently adjusted to a range of 3,000-4,000 GL in the Guide, mainly because 
of the potential impact on irrigation communities. The release of these estimated flows was 
to be implemented by obtaining water from irrigation in each of the major regulated river 
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valleys, with the SDLs providing the individual volumes required. There was an immediate 
angry and vociferous backlash to the release of the Guide from irrigators and the towns that 
supported them. Copies of the Guide were piled high and burnt in one town, amidst 
sensationalist media coverage. The backlash had considerable political repercussions, with 
the establishment of two parliamentary inquiries, one by members of the House of 
Representatives and the other by Senate. The former reported critically on the release of the 
Guide, attempted to offer a solution through water-saving infrastructure and recommended 
processes for future management. The latter inquiry was divided on party lines with the 
conservative members in the majority recommending alteration of the legislation to better 
consider socio-economic impacts. 

The impasse remains with the announcement of the final basin plan volume. Fifty-eight of 
Australia’s environmental scientists endorsed the original volume of 3,000-4,000 GL. 
Discussion has centred on a volume less than the original range provided, with a Senate 
committee hearing that 2,800 GL was under consideration.  The Chair of the MDBA 
announced his resignation effective from the end of January 2011, citing one of his concerns 
being that he did not wish to oversee a process that returned less than 3,000 GL to the 
environment.  In May the Chief Executive Officer of the MDBA resigned at the same time as 
a body of Australia’s leading scientists, the Wentworth Group of Concerned Scientists 
withdrew their support for the Plan, demanding a minimum of 4000 GL but skeptical that this 
would now happen under the draft plan. Nonetheless, whatever the final volume identified in 
the Basin Plan, there is now considerable momentum for reforming management and 
restoring the rivers of the Murray-Darling Basin and the debate continues.  

The Water Act 2007 also established the Commonwealth Environmental Water Holder 
(CEWH) to manage water entitlements acquired by the Commonwealth, with the first use of 
Commonwealth environmental water occurring in 2009. In 2007, the Australian Government 
assigned $10 billion to address issues of water over-allocation in rural Australia. This led to 
the development of the Water for the Future program, which was established in 2008 and 
allocated $5.8 billion by the Australian Government in an attempt to modernise irrigation 
infrastructure to achieve on and off-farm efficiency gains as well as improving metering of 
extractions and river operations and storage management. A further $3.1 billion was 
allocated for industry adjustment which encompassed the acquisition of water rights 
(DECCW 2010a).  

State Level 
At the state level, water management in the Macquarie Marshes is governed by the New 
South Wales Water Management Act 2000 (WMA), which among other things: 

 separates land rights from the right to access water; 
 provides statutory recognition of environmental water needs and priority over extractive 

use; 
 enables statutory plans for sharing water between the environment and water uses, and 

between different categories of water use ; 
 establishes compensatable rights associated with water access licences, subject to 

water sharing plans; 
 establishes provisions for water for the environment, in the form of planned 

environmental water provisions, and ‘adaptive environmental water’ conditions on 
licences; 

 establishes a comprehensive system for trading of water access licences and their 
associated water allocations; and, 

 enshrines the participation of stakeholders in water resource management. 
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More recently, the NSW Government announced the Riverbank initiative, aimed at providing 
additional flows to important wetlands in NSW, including the Macquarie Marshes. Riverbank 
is a $105 million project initiated and maintained by the NSW Government to buy water from 
licence holders and provide it to NSW’s most vulnerable and appreciated inland rivers for 
five years up until 2011. Further funding, $45.87 million, has been provided to this initiative 
by the Australian Government. Over 80,000 megalitres of water have been purchased in the 
Macquarie, Gwydir, Lachlan and Murrumbidgee valleys to provide for additional flows in 
these areas. NSW RiverBank is managed by the Office of Environment and Heritage (OEH) 
and funding is provided by NSW Environmental Trust, under the City and Country 
Environment Restoration Program (DECCW 2010a).  

Riverbank NSW has specific purposes for the water licences based upon the rivers and 
wetlands’ conservation and cultural importance, current water supply risks posed to these 
values and other factors such as the potential for developing strategic alliances with other 
stakeholders and building on the outcomes of other initiatives. These initial purposes 
include: 

 Macquarie valley – water will be used to enhance vegetation communities in the north 
marsh nature reserve, private Ramsar sites, and smaller wetlands on the Macquarie 
River system upstream of the Macquarie Marshes 

 Gwydir valley – water will be allocated to disconnected and discrete wetlands in public 
ownership, private Ramsar sites, and in-stream environmental health.  

 Murrumbidgee valley – water will be assigned to wetlands on the Lowbidgee floodplain, 
primarily within Yanga National Park 

 Lachlan valley – Lake Ita, Murrumbidgil Swamp, and small wetland assets on the mid 
and lower Lachlan creeks will be allocated water.  

 
Water investment targets for the Riverbank NSW initiative utilising both NSW and Australian 
government funding are detailed below (Table 1). The program states numerous methods of 
attaining licences yet most licences to date have been acquired using an expression of 
interest process (Crase et al. 2009). The criteria in which these expression of interests have 
been assessed include the licence restrictions, licence size, price per unit share and licence 
type (DECCW 2008). Riverbank planning documentation has referred to other criteria being 
used in the selection of water licences such as ‘potential for strategic alliances’ (DECCW 
2010b) yet this has been criticised as being unclear as to how each of these criteria is rated 
by the agency in the context of specific bids (Crase et al 2009). Under this scheme, water 
licences will also be traded at times to supply sufficient revenue to meet the statutory 
charges, taxes and service fees associated with the licences and licence transactions 
(DECCW 2010b).  

Table 1.  Indicative investment targets for Riverbank (DECCW 2010a) 

Financial Year Water investment target ($ millions) 
2006-07 $16.6 

2007-08 $44.4 

2008-09 $47.0 

2009-10 $21.8 

2010-11 $5.6 

2011-12 $6.8 

Total  $142.2
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The NSW Wetland Recovery Plan has the Macquarie Marshes as a significant focus for 
rehabilitation of flows. Given the considerable pressures on water resources there is 
increasing scrutiny on how best to manage environmental flows. The long term future of the 
Marshes will depend primarily on the adaptive management of these flows and the 
understanding of long term ecological responses of the wetlands to river flows. In addition, 
the Australian Governments buyback of irrigation licences in the Macquarie River under the 
Water for the Future program has already acquired significant quantities of water. 

The NSW Wetland Recovery Program executed a range of projects to restore and maintain 
the ecological health of the Gwydir Wetlands and the Macquarie Marshes. These programs 
are operated in partnership by NSW Office of Water, the Office of Environment and Heritage, 
the Border Rivers-Gwydir Catchment Management Authority and the Central West 
Catchment Management Authority (AGWF 2011). The NSW Government and the Australian 
Government have each assigned $13.4 million to the program equalling a funding total of 
$26.8 million. From this funding pool, $10 million has been allocated for the purchase of 
water licences in the Gwydir and Macquarie valleys, and $16 million for ecological 
characterisation, management planning and other works (DECCW 2010b)(Table 2). The 
management board has focused on these two major wetlands in an attempt to develop a 
blueprint for recovery procedures for inland wetlands and river systems across Australia 
(AGWF 2011). 

Table 2.    Environmental water entitlement holdings (megalitres, ML) at 31 July 2011 (NSW) 
and 30 June 2011 (Commonwealth) by water recovery program (Commonwealth 
Environmental Water 2011; OEH 2011) for the Macquarie River and Cudgegong 
Rivers. 

 High security General 
Security 

Supplementary 
Access 

Total

NSW Riverbank  19,926ML 28   19,954 

NSW Wetland Recovery 

Program 

 5,891 1,302     7,193 

Water for the Future 

(Commonwealth) 

TOTAL 

 71,411 1,888   73,299 

 

100,446 

     

 
High Security shares are likely to receive close to 100% of their allocation in most years. 
General Security allocation will depend on dam storage levels at the commencement of the 
year and seasonal inflows. Reliability varies between valleys form around 50% to 70% of full 
allocation on average. Volumes are typically low when key releases are needed. 
Supplementary Access shares are extraction rights for tributary and high river flows that are 
not captured by storage. Holders of supplementary water access licences are able to extract 
water only during announced flow events, with rostered or managed access in place in most 
water sources. Supplementary Access events are typically announced when flows exceed 
those required to meet other licensed obligations and environmental needs, for example as a 
result of high tributary inflows downstream of a dam or when the dam is spilling. 

Local level 
Water sharing plans establish rules for sharing water between the environmental needs of 
the river or aquifer and water users, and also between different types of water use such as 
town supply, rural domestic supply, stock watering, industry and irrigation. The Water 
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Sharing Plan for the Macquarie-Cudgegong Regulated Rivers Water Source (2003) is the 
legal document made under the Water Management Act 2000 which provides the current 
framework for water allocation in the regulated rivers of the Macquarie Catchment. It 
superseded the 1996 Macquarie Marshes Water Management Plan. Its main objective was 
to “maintain or enhance the ecological functions and values of riverine environments.” It 
resulted in 50 000 ML of high security environmental flow water being changed to 85 000 ML 
of general security water. The current total annual general security allocation of 
environmental water is 160 000 ML, now boosted to 260 000ML by state and commonwealth 
purchases (see above).  

The Macquarie and Cudgegong Environmental Flow Reference Group (M&CEFRG) 
provides advice on the management of environmental water in the Macquarie River 
catchment. Sources of environmental water include an Environmental Water Allowance 
(EWA) made available under the Macquarie and Cudgegong Regulated Rivers Water 
Source 2003 (NSW Government 2003), adaptive environmental water held by the Office of 
Environment and Heritage and allocations made available from entitlements held by the 
Commonwealth Environmental Water Holder (Commonwealth Environmental Water 2011).   

The Macquarie and Cudgegong Water Sharing Plan establishes an account for 
environmental water totalling 160,000 ML, which is made up of translucent water that may 
be released from Burrendong Dam in conjunction with triggering rainfall events in the upper 
catchment, and active water that may be delivered at any time of the year to support defined 
ecological objectives. The account accrues water at the same rate as general security water. 
The task of the reference group includes provision of advice on the priority of ecological 
objectives that will govern the use of environmental water in the coming water year. The 
group also advises the NSW Office of Water on the allocation of available water between 
active and translucent accounts. 

While the environmental water in the Macquarie plays a vital role in the protection of the 
Macquarie Marshes, it is insufficient to meet the needs of all the wetland areas in the Marsh. 
Natural flows provided by the Bell and Talbragar rivers and other tributaries, as well as 
moderate to large flood events, including spills from Burrendong Dam, are critical in 
sustaining the Macquarie Marshes. 

The M&CEFRG is chaired by an independent facilitator and its membership includes 
representatives from the: 

 Aboriginal community;  
 Central West Catchment Management Authority;  
 Cudgegong Valley Water Users;  
 Department of Primary Industries (Fisheries);  
 Nature Conservation Council/Inland Rivers Network;  
 Macquarie Effluent Creeks Association;  
 Macquarie Marshes Environmental Landholders Association;  
 Macquarie River Food and Fibre;  
 NSW Office of Water;  
 Office of Environment and Heritage;  
 State Water Corporation; and,  
 Australian Department of Sustainability, Environment, Water, Population and 

Communities (observer status). 
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Under the Water Management Act (2000) ten-year plans are implemented to define water 
sharing arrangements between the environment water users and amongst user groups. The 
plans aim to protect rivers and aquifers and their dependent ecosystems, and to provide 
water users with clarity and certainty regarding water access rights (CSIRO 2008). The 
Macquarie and Cudgegong Regulated Rivers Water Sharing Plan (WSP) (NSW Government 
2003) applies to the section of the Cudgegong River downstream of Windamere Dam and to 
the Macquarie River downstream of Burrendong Dam to the end of the regulated river in the 
Macquarie Marshes (Table 3). The WSP also covers the regulated Gunningbar Creek and 
parts of other distributary creeks. 
 

Table 3. Summary of surface water sharing arrangements (taken from CSIRO 2008). 

Water sharing plan  Macquarie and Cudgegong 

Regulated Rivers 

Water products Priority of access Allocated entitlement ML/y

Basic rights   

Stock and domestic rights  1,200 4 ML/d 

Native title  0 0 

Extraction shares   

Total licensed (long-term) extraction limit  391,900 

Local water utilities high 22,681 

High security access high 19,419 unit shares 

General security access medium 632,428 unit shares 

Supplementary access low 50,000 unit shares*** 

Domestic and stock  14,265 

Environmental provisions****   

Total environmental share  1,057,000** 

Environmental allocation high Up to 170,000* 
 

* Translucent releases from Windamere Dam up to 10,000 ML/y to achieve a flow of 1500 ML/d at Rocky Water 
Hole and up to 160,000 ML to be reserved in Burrendong Dam as environmental water allowance to be used for 
environmental outcomes in the Macquarie River and the Macquarie Marshes. Three-fifths of the allowance is for 
translucent releases and two-fifths is for active management. This allowance is subject to general security 
allocation rules.  

** By limiting long-term average annual extractions to an estimated 391,900 ML/y this WSP ensures that 
approximately 73 percent of the long-term average annual flow in this water source (estimated to be 1,448,000 
ML/y) will be preserved and will contribute to the maintenance of basic ecosystem health.  

*** There is an annual use limit of 50,000 ML.  

**** The environmental flow provisions for the Castlereagh River above Binnaway Water Source WSP is the total 
daily flow minus the total daily extraction limit and stock and domestic rights. The stock and domestic rights 
extraction volumes vary for each zone specified within the WSP. 
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Taken from CSIRO (2008) on the Water Sharing Plan for Macquarie Cudgegong 
Water access is based on a long-term average annual extraction limit. The basic rights (native title 
rights, domestic and stock rights) and access licences for domestic and stock use and local water 
authorities are volumetric and are granted highest access priority. High and general security access 
licences are based on shares of the water available, with high security having priority over general 
security. Most general security access licences are expressed as a ‘relative unit share’ of the 
available water rather than as an annual volume. Licensing continues under the Water Act 1912 in 
areas where WSPs have not yet been gazetted. The long-term average annual amount of water that 
can be extracted is limited to an amount equivalent to that which could be extracted under water use 
development in 1999/00, 1993/94 cropping patterns and the WSP rules – estimated to be 391,900 
ML/year. This reserves about 73 percent of the historical average annual flow for the environment. 
Irrigation development followed the completion of Burrendong Dam in 1967. Concern over the state of 
the Macquarie Marshes led to the New South Wales government reducing consumptive water 
allocations by 75 GL or 12 percent in 1995. Surface water use has ranged from 100 GL to 550 GL 
over the ten-year period 1997 to 2006 reflecting the variability of rainfall and rainfall runoff. Further 
growth in surface water diversions is restricted under current WSPs.  

The Water Sharing Plan for the Macquarie and Cudgegong Regulated Rivers Water Source (DIPNR, 
2004) contains environmental flow provisions. The primary rules are as follows:  

   - A limit of 391.9 GL/year on the total annual amount of water that can be extracted from the water source over 
the long-term. This limit is the amount of water that could be extracted under 1999/2000 water use 
development and 1993/94 cropping patterns and the management rules in the water sharing plan. This rule 
protects about 73 percent of the average annual flow over the long-term for the environment. 

   - Translucent releases from Windamere Dam up to 10 GL/year, at any time of the year, to achieve a flow within 
the range of 150 to 1500 ML/day at Rocky Water Hole on the Cudgegong River. 

   - Up to 160 GL/year to be reserved in Burrendong Dam as an environmental water allowance to be used to 
improve environmental outcomes in the Macquarie River and in the Macquarie Marshes. This water 
allowance is subject to general security allocation and carryover rules and is to be available for release during 
the periods 1 June to 30 November and 15 March to 31 May. 

   - Allows for access licences to be committed for environmental purposes. 
   - A maximum extraction of supplementary water of up to 50 GL/year with a commence-to-pump threshold of 

5000 ML/day at the Warren gauge. The environmental indicators defined below relate primarily to the 160 
GL/year environmental water allowance and supplementary flow extraction rules described above.  

1.4.2 Conservation 
The Wetlands Policy of the Commonwealth Government was developed in 1997. The goal of 
the policy is ‘to conserve, repair and manage wetlands wisely.’ The NSW Wetlands 
Management Policy 2010 also identifies the ‘active restoration’ of degraded wetlands and 
their habitats as a key principle. The NSW Wetland Recovery Program (NSW WRP) aims to 
restore and protect critical ecological functions and habitats specifically in the Macquarie 
Marshes and Gwydir Wetlands, and is funded by the NSW and Australian governments. The 
Macquarie Marshes are listed by the National Trust as a Landscape conservation area, and 
are listed in the Australian Heritage Commission’s Directory of Important Wetlands. 

The approximately ten percent of the Macquarie Marshes that comprises the Macquarie 
Marshes Nature Reserve is subject to the National Parks and Wildlife Act (1974), and 
managed by the National Parks and Wildlife Service. The remainder of the Marshes are 
predominantly privately owned and managed as agricultural holdings. 

At a regional planning level, the Central West Catchment Management Authority’s 
Catchment Action Plan has been developed under the authority of the NSW Catchment 
Management Authorities Act 2003. The plan identifies catchment targets for natural resource 
management, including several that relate to the Marshes, such as management of high 
conservation value habitats and threatened species. Although not a statutory document, the 
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Department of Environment, Climate Change and Water produced an Adaptive 
Environmental Management Plan (AEMP) in 2010 for the Macquarie Marshes specifically.  

Internationally, the intergovernmental Ramsar Convention provides a framework for the 
conservation of wetlands. In 1986 the Macquarie Marshes Nature Reserve was listed on the 
Ramsar convention, as a Wetland of International Importance. Almost 20,000 hectares of 
private and public land are collectively listed as the Macquarie Marshes Ramsar site and the 
federal government is responsible for maintaining the ecological character of this site. Under 
the Ramsar Convention, Australia is obliged to develop national water and land use policy to 
achieve wetland conservation. In passing the Environment Protection and Biodiversity 
Conservation Act 1999, the Australian Government established a framework for managing 
Ramsar wetlands. 

The ‘Wilgara’ wetland lies entirely on private land and covers an area of nearly 600 hectares. 
Wilgara was voluntarily listed under the RAMSAR convention as a wetland of international 
importance in 2000.  

The Commonwealth Environmental Protection and Biodiversity Conservation Act 1999 gives 
protection to a number of species known from the Macquarie Marshes, comprising  three 
bird, one plant and one fish species. Under this legislation any action that is likely to have a 
significant impact on listed threatened species and ecological communities must be referred 
to the Minister and undergo an environmental assessment and approval process (Australian 
Government 2008). 

The NSW Threatened Species Conservation Act 1995 aims to protect threatened species as 
well as populations and ecological communities. A number of threatened Macquarie 
Marshes ecological communities are protected under the Threatened Species Conservation 
Act 1995, including coolibah–black box woodlands and myall woodlands. Twenty-eight 
species of bird recorded from the Marshes are listed as endangered or vulnerable under this 
Act, along with several plant and mammal species. The Act allows for the development of 
species recovery plans, the identification and protection of critical habitat and the 
identification of (and subsequent abatement of) key threatening processes.  

The Fisheries Management Act 1994 (FMA) has relevance to aquatic species of the 
Macquarie Marshes including native fish and aquatic invertebrates as well as the range of 
habitats in which they live. Silver perch are listed as a vulnerable species under the FMA 
and therefore any impacts on it or its habitat must be considered during development 
assessment and approval processes.  

International agreements with China, Japan and the Republic of Korea recognise the need 
for protection of 14 species of migratory birds in the Marshes. These agreements require the 
parties to protect migratory birds by limiting the circumstances under which migratory birds 
are taken or traded; protecting and conserving important habitats; exchanging information; 
and building cooperative relationships between the relevant countries 
(http://www.environment.gov.au/biodiversity/migratory/waterbirds/bilateral.html). 

Clearing of floodplain and dryland vegetation communities has historically taken place in the 
Marshes over many years, often as a way to supplement income during dry grazing years. 
The most affected species have been black box and coolibah woodland, river red gum 
woodland and lignum shrublands. The NSW Native Vegetation Act 2003 legislated against 
broad scale clearing unless it could be shown to maintain or improve environmental 
outcomes. This Act has importance in conserving vegetation throughout the greater Marshes 
area by requiring landholders to develop Property Vegetation Plans, negotiated agreements 
between landholders and the local Catchment Management Authority, in order to establish 
areas for clearing (or providing offsets). 
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Figure 2.  Location of the Macquarie Marshes within the Macquarie River catchment and the 
catchment location within Australia. The Nature Reserves are shown in dark green. 
Floodplain country is shown in light green. 
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Figure 3.  Location of the Macquarie Marshes within the Macquarie River catchment and the 
catchment location within Australia. The Nature Reserves are shown in dark green. 
Floodplain country is shown in light green. 
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2 LITERATURE REVIEW 

2.1 Objectives 
A literature review was undertaken to identify the likely risks, impacts of climate change, 
adaptation strategies and limits for the ecological and social communities of the Macquarie 
Marshes. The ecological community included waterbirds, vegetation, fish, invertebrates, 
carbon cycling, woodland birds and frogs. The socio-economic dimension identified wetland 
values (ecosystem goods and services), indigenous values, grazing, irrigation and 
recreation. The main aims of the review were to: 

 Document the climate change projections for the wetland and region (Section 3); 
 Document the character and condition of the ecological communities, assess risks of 

climate change for the communities and identify critical thresholds (Section 4); 
 Document the character of social communities, outlining risks and thresholds 

(Section 5); 
 Develop four scenarios of climate change projections and ecological-social 

community responses (Section 6); 
 Identify current and possible adaptation strategies and limits (Section 7); 

 

2.2 Methodology 
We accessed a range of literature sources in compiling this review including journal articles 
sourced from ISI web of science database searches (Figure 4) as well as reports and thesis 
from universities, government agencies and consultants. We did citation searches of key 
references and accessed information from the WISE database and government and 
research centre web pages. We accessed existing information from the CI’s extensive 
published and unpublished data. In presenting the review we strove to summarise and 
synthesise available information into user-friendly formats such as figures, tables and text 
boxes.  

 

 
 

Figure 4.  Web of science search strings and results from ISI (updated 7th Feb 2011) 
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3 LITERATURE REVIEW KEY FINDINGS- CLIMATE CHANGE 

3.1 Introduction 
It is a decade since the IPCC Third Assessment Report (IPCC 2001) identified impacts of 
climate change on rainfall and temperature with significant consequences for Australian 
freshwater floodplain wetlands. Stress on water resources was projected due to rising 
competition for water supply and reductions in rainfall in south-west and inland Australia 
(Pittock and Wratt 2001). Conversely an increased frequency of high-intensity rainfall may 
cause large flood events, of benefit to wetlands under the natural regime, but causing flood 
damage in other sectors. Warming was projected to threaten the survival of species in 
freshwater wetlands (Pittock and Wratt 2001). Most models project an increase in extreme 
events, such as flooding and drought (Bates et al. 2008).  

We refer to the hierarchy of changes triggered by climate change projections as drivers and 
stressors (Ogden et al. 2005). Drivers are natural forces (e.g., sea level rise) or 
anthropogenic (e.g., water management) that occur outside the natural system, which have 
large-scale influences on natural systems. Stressors are physical or chemical changes that 
occur within natural systems that are brought about by drivers, causing significant changes 
in biological components, patterns and relationships in natural systems. In the Macquarie 
Marshes drivers are; increased temperature, rainfall, increased CO2 and increased climatic 
variability. Stressors are; reduced flooding, increased frequency and magnitude of drought, 
reduced connectivity, increased evaporation, changed seasonality of river flows, increased 
bushfires, declining water quality, increased erosion, falling groundwater tables, increased 
water temperature and decreased irrigation supply. In this section we describe the key 
drivers and stressors of climate change impacts in the Macquarie Marshes. 

3.2 Key drivers of climate change 
3.2.1 Temperature 
At a continental scale the IPCC Fourth Assessment Report (Hennessy et al. 2007) projects 
the following temperature increases in inland Australia; 

 2020 +0.2-1.5oC,  
 2050 +0.5 to 4.0oC and  
 2080 +0.8 to 8.0oC. 

 

The CSIRO sustainable yields project derived equivalent warming values for 2030 for the 
Macquarie and broader Australian projections using a consistent approach to the IPCC 
(2007) for 2100. This resulted in three projections of the temperature change by ~2030 
relative to ~1990:  

 a low global warming of 0.45oC (low end of SRES B1),  
 medium global warming of 1.03oC (average of the low and high global warming 

scenarios), and  
 high global warming of 1.60oC (high end of SRES A1T). (Chiew et al. 2008).  

 
In Australia, from 1910-2004, the average maximum temperature rose 0.6oC and the 
minimum temperature rose 1.2oC, with the greatest rise since 1950 likely due to increased 
greenhouse gases (Hennessy et al. 2007). This trend is consistent with global shifts in 
temperature (Hughes 2003). From 1957 to 2004 the following changes occurred to 
Australian average temperatures; increase in hot days (>=35oC), increase in hot nights 
(>=20), decrease in cold days (<=15) and a decrease in cold nights (<=5) (Hennessy et al. 
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2007). These trends appear to have reduced frost duration and frequency (Hughes 2003). 
Since 1975 droughts have become hotter, with temperatures in the 2002 drought 1oC hotter 
than the five major droughts since 1950 (Hughes 2003). Trends in the frequency and 
intensity of most extreme temperature and rainfall events are rising faster than the means. 
The warming trends, along with the declines in rainfall and rising sea level, are discernible 
above natural decadal and century scale variability (Hughes 2003). 

In Australia since 1910 the greatest warming was observed inland (Suppiah et al. 2001 in 
Hughes 2003), in summer and spring (Hulme and Sheard 1999 in Hughes 2003). The 
greatest increase occurred during the night (Suppiah et al. 2001 in Hughes 2003). 

3.2.2 Rainfall 
At a continental scale the IPCC Fourth Assessment Report (Hennessy et al. 2007) projects 
the following rainfall changes in inland Australia; 

 2020 -5 to+5%,  
 2050 -13 to+13%, and  
 2080 -27 to+27%. 

 
In NSW, the intensity of the 1-in-40 year rainfall event increases by 5 to 15% by 2070 
(Hennessy et al. 2007). A 6-8% decline is projected for the A2 scenario in annual runoff in 
eastern Australia in the period 2021-2050 (Hennessy et al. 2007). There is much uncertainty 
in projections of rainfall (Pitman and Perkins 2008), but it is expected to be slightly higher in 
summer, unchanged in winter, and less in spring and autumn (Jones et al. 2002). Arnell 
(1999) projects a decrease in runoff in the Basin of around 15-35% by the 2050s.  

Annual rainfall in Australia has increased over the last 100 years (Hughes 2003). There are 
now an increased number of rainy days and increased intensity in 24 hr rainfall (Hennessy et 
al. 2007). A climatic shift around 1950 has increased summer monsoonal rainfall in the 
north-western two-thirds while rainfall has declined to the south and east (Hennessy et al. 
2007). From 1950 to 2005 extreme daily rainfall increased in north-western and central 
Australia and over the western tablelands of NSW (Hennessy et al. 2007). In the Murray-
Darling Basin a small fraction of the rainfall (6%) recharges the ground and surface waters 
and (Chiew et al. 2008).  

Rainfall was also modelled as part of the Murray-Darling Basin Sustainable Yields Project by 
CSIRO (2008) in order to generate hydrological models for; (1) historical climate, (2) recent 
climate, and (3) a number of future climate scenarios. The modelling by CSIRO used 15 
Global Climate Models (GCM’s) and produced projected seasonal changes in temperature, 
rainfall and evaporation across Australia under a range of emission scenarios, with the 
variation in results from the different GCM’s being reflected in the low, medium and high 
scenarios (see Chiew et al. 2008). Below we provide a general summary of that report for 
the Murray Darling Basin as context to this project. Generally we report only on results from 
Scenario C (future climate and current development scenario) to assess the range of likely 
climate conditions around the year 2030.  

Taken from Chiew et al. (2008) 
All three climate scenarios used 112 years of daily climate data for 0.05o x 0.05o (5 km x 5 km) grid 
cells across the Murray-Darling Basin (MDB) with the historical climate scenario (Scenario A) acting 
as the baseline against which other scenarios were compared. It is based on observed SILO Data 
Drill climate data from 1895 to 2006. Forty-five future climate variants, each with 112 years of daily 
climate sequences, were used. The future climate variants came from scaling the 1895 to 2006 
climate data to represent ~2030 climate, based on analyses of 15 global climate models (GCMs) and 
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three global warming scenarios from the Fourth Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC 2007). The majority of the 15 Global Climate Models (GCMs) project a 
decrease in future mean annual rainfall, with future mean annual rainfall in the MDB in ~2030 relative 
to ~1990 lower by about 2 percent in the north to 5 percent in the south. The extreme dry and extreme 
wet estimates in the northern half of the MDB range from a 10 to 15 percent decrease to a 10 to 15 
percent increase in mean annual rainfall. In the southern half of the MDB, the extreme estimates 
range from a 15 to 20 percent decrease in mean annual rainfall to a 5 to 10 percent increase in mean 
annual rainfall, and in the southernmost parts, the extreme estimates range from a decrease in mean 
annual rainfall of about 20 percent to little change in mean annual rainfall. Most of the GCMs indicate 
that future winter rainfall is likely to be lower across the MDB. Most of the rainfall and runoff in the 
southern MDB occur in the winter half of the year, and almost all the GCMs indicate lower future 
winter rainfall there. 

Using climate change projections from global climate models in the Macquarie-Castlereagh 
region sixty percent of the modelling results show a decrease in runoff and 40 percent of the 
results show an increase in runoff (CSIRO 2008). The best estimate (or median) 2030 
climate is a 6 percent reduction in average annual runoff (CSIRO 2008). The extreme 
estimates from the high global warming scenario range from a 25 percent reduction to a 30 
percent increase in average annual runoff. The extreme estimates from the low global 
warming scenario range from an 8 percent reduction to an 8 percent increase in average 
annual runoff (CSIRO 2008). The projected growth in commercial forestry plantations in the 
region is negligible. The total farm dam storage capacity over the entire region is projected to 
increase by 38,000 ML (16 percent) by ~2030. The projected increase in farm dams would 
reduce mean annual runoff by less than 1.5 percent. The best estimate of the combined 
impact of climate change and farm dam development is a 7 percent reduction in average 
annual runoff. Extreme estimates range from a 26 percent reduction to a 29 percent 
increase. The water balance projections are summarized in Table 4. 

Table 4.  Water balance over the entire region by scenario (taken from CSIRO 2008). Scenario 
A is the historical condition, B is the current and C is the future climate scenarios 
with no additional development. 

Scenario Rainfall mm Runoff Evapotranspiration 

A 544 35 509 

                                                        Percent change from Scenario A 

B – – – 

Cdry -13% -25% -12% 

Cmid -2% -6% -1% 

Cwet 11% 30% 10% 

 

3.2.3 Climatic variability 
The effect of climate change on the probability of the occurrence of individual climatic events 
is more difficult to predict than means in climatic change (McBean 2004, Kenyon and Hegerl 
2008, Timbal et al. 2010). There is a general consensus that climate change will cause an 
increase of extreme weather events, including storms, drought, heat waves and cold waves. 
However attempts to quantify future projections of these are few. Historically, the El- Nino 
Southern Oscillation has been a key driver of temperature extremes in Australia (Chambers 
and Griffiths 2008) and this relationship is projected to continue influencing climatic 
variability in southeast Australia (McInnes et al. 2007, Kenyon and Hegerl 2008).  

Interestingly, research regarding human health service preparation for extreme weather 
events is vast (e.g. Blashki et al. 2011, McMichael and Lindgren 2011) while complementary 
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climatic modelling and ecological research is somewhat lacking. Following are the few 
studies on extreme weather events relevant to southeast Australia; there is a predicted 
decrease in the risk of cool-season tornadoes over southern Australia due to projected 
warming (Timbal et al. 2010). Suppiah et al. (2007) projected increases of 3-15 days above 
35°C on average across 20 locations in Australia by 2020, with hot days increasing through 
to 2080 (13-105 days above 35°C). This modelling predicted a marked trend of more hot 
days at inland locations compared to that of coastal regions (Suppiah et al. 2007). Little 
retrospective research has been done on extreme temperature events and days exceeding 
temperature thresholds (Easterling et al 2011), hence a basis for extreme events predictions 
in lacking. 

At a continental scale the IPCC Fourth Assessment Report (Hennessy et al. 2007) projects 
the following changes in drought in inland Australia; 

 80% more droughts (defined as the 1-in-10 year moisture deficit from 1974 to 2003) 
simulated by 2070 in south-western Australia. By 2030 there will be up to 20% more 
droughts across Australia with projected increases in the Palmer drought severity 
index from 2000 to 2046. 

 
Droughts are extended periods of low rainfall and/or low flow that is both an important 
natural disturbance and a severe natural disaster that impacts on social and economic 
systems (Lake 2008). In Australia’s arid zone, droughts are inherently more frequent and 
more intense than for coastal regions, promoting biota that with physiological, life-history, 
and behavioural adaptations to cope with low flows and drought (e.g. Jenkins and Boulton 
2007) and social and economic sectors that readily adapt to climatic uncertainty (Dayle 
1997, White et al. 2003). The projected decline in rainfall and increased evapotranspiration 
with climate change is expected to increase both the severity (c.f. the Palmer severity index) 
and frequency (up to 20% more frequent) of drought across Australia (Nicholls 2004, 
Hennessy et al. 2008). These changes mean future droughts may be very different from 
historical ones, with unusual droughts like the ‘big dry’ (~1996-2010) likely to repeat (Prowse 
and Brook 2011). If so, it may be necessary to differentiate ‘natural-droughts’, where low 
rainfall occurs within historic bounds, from unexperienced extremes of dryness that may only 
occur under climate change. Extreme dryness can exceed the tolerance of drought-adapted 
organism (e.g. Jenkins et al. 2009). 

Drought can be classified into four broad types based on their impact on human and 
ecological systems: meteorological drought is brought on by low rainfall, agricultural drought 
by low soil moisture and can thus be out of phase with meteorological drought, hydrological 
drought where meteorological drought reduces streamflow and groundwater, and 
socioeconomic drought where the above drought types impact on the economy and human 
wellbeing (Hennessy et al. 2008).  

In Australia, government assistance for farm businesses affected by drought is provided in 
the form of financial aid and planning advice (Productivity Commission 2008, Department of 
Agriculture, Fisheries and Forestry 2011). The National Drought Policy (NDP) is intended to 
provide short-term relief under exceptional circumstances, once rainfall drops below the 5% 
recurrence probability for a particular area (i.e. one in 20-25 year event, (Productivity 
Commission 2009, Hennessey et al. 2008). With the severity of drought projected to 
increase, this trigger value may not be appropriate under climate change and would see an 
increase in the frequency and area of land being drought declared (Hennessey et al. 2008). 
During the peak of the most severe on record, between 1995 and 2010 (Verdon-Kidd & Kiem 
2009), up to 50% of Australia’s agricultural land was drought declared under the NDP 
(Productivity Commission 2008).  
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3.3 Key stressors of climate change 
3.3.1 Reduced flooding 
Water resource development has reduced the magnitude of two-year average return interval 
daily flow events by 65 percent and has reduced the magnitude of five and ten-year average 
return interval events by approximately 50 percent (CSIRO 2008). These changes are 
considerably larger than the changes in high flow magnitude expected as a result of climate 
change by 2030 (CSIRO 2008). 

Water resource development has also significantly reduced the end-of-system flows in four 
of the five sub-systems in the region (CSIRO 2008). The Bogan and Marra Rivers have been 
changed from ephemeral to almost perennial streams (CSIRO 2008). In the Macquarie River 
and Marthaguy Creek, moderate to high flows have been significantly reduced (CSIRO 
2008). Water resource development has increased the average period between the 
important inundation events for the Macquarie Marshes by 114 percent, and has reduced the 
average volume of these events (CSIRO 2008). 

Halving of high frequency flooding areas coincided with considerable increases in water use 
for irrigated crops (Table 5). The effects of water extraction are proportionally highest in low 
and moderate flow years (Johnson 2005). The median annual flow for the regulated model is 
43.2% of the natural model at Oxley (Ren et al. 2010). The median annual regulated 
inundated areas were 59% of the natural inundation patterns (Ren et al. 2010).   

Table 5.  Impact of floss of flooding on areas of floodplain with different flood frequencies 
(Taken from Thomas et al. 2011). 

Flood frequency area (ha) 1979-87 area (ha) 1988-96 area (ha) 1997-06

TERRESTRIAL    
Long 64 552 86 003 117 833

% change post 1979-87 +33 +37

AQUATIC 
Moderate 19 987 28 456 16 595

% change post 1979-87 +42 -42

Short 23 132 11 270 5 184

% change post 1979-87 -52 -54
 

Global projections indicate there will be fewer wetter basins while the proportion of drier 
basins will rise over time (Milly et al. 2005). In the Murray-Darling Basin runoff has already 
reduced as rising air temperatures increase evapotranspiration, compounded by masses of 
interception structures and land use (Timbal and Jones 2008, MDBA 2010). A 15% reduction 
of inflows has occurred with a 1 C rise in average temperature, and this is projected to 
reduce by 55% if temperatures rise 2 C by 2060 (Cai and Cowan 2008). 

In the southern Murray-Darling Basin the average amount of water available for 
environmental flows is estimated to be reduced by as much as 32% under moderate climate 
change scenarios, or 44% if the past 10 years of drought continued (Aldous et al. 2011). 
These changes to flow may restrict natural overbank flows leaving many wetlands reliant on 
targeted environmental allocations (Aldous et al. 2011). 

Within the Murray-Darling Basin annual streamflow is likely to fall 10-25% by 2050 and 16-
48% by 2100 (Hennessy et al. 2007). These projections are in the range of those for the 
Macquarie catchment where Burrendong Dam storage, Macquarie Marsh inflows and 
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irrigation allocations in 2030 are 0 to -15% and in 2070 are 0 to -35% (Jones and Page 
2001). In 2030 critical thresholds were projected to be exceeded by 20-30% in a drought 
dominated climate but <1% in a normal climate while in 2070 these risks increased to 70-
80% and 35-50% respectively (Jones and Page 2001). Projections by CSIRO (2008) are 
summarized in Table 6. Impacts on runoff have been modeled for afforestration schemes in 
the Macquarie catchment as a means of providing timber, carbon credits and reducing 
environmental degradation of salinity, erosion and biodiversity loss (Herron et al. 2002). A 
10% increase in tree cover in the headwaters of the Macquarie are likely to reduce 
Burrendong inflows by 17%, with a further 5% reduction under climate change projections for 
2030 (Herron et al. 2002). Decadal variability in flows in the Macquarie River can decrease 
flows by 20% or increase by 25% from long term averages (Herron et al. 2002). 
Nevertheless, by 2070 the impacts of global warming could override the decadal variability in 
rainfall (Herron et al. 2002). 

Table 6.  Projected changes under three 2030 climate scenarios in water availability, end of 
system flows and diversions (CSIRO 2008). 

 2030 median 2030 dry 2030 wet

Water availability -8% -25% 25% 

End of system flows -9% -28% 41% 

Overall diversions -4% -16% 12% 
 

The projected changes in the chosen environmental indicators (Table 7) are listed for the 
various scenarios in Table 8 and described below. These were assessed using scenario 
outputs for the Oxley gauge from the Macquarie River model (CSIRO 2008). 

Table 7.  Definition of environmental indicators used by CSIRO (2008) 

Indicator Name  
Macquarie Marshes 

Description

Average period between winter–
spring floods 

Average period (years) between winter–spring (1 June to 30 
November) floods exceeding 200 GL volume at the Oxley gauge 

Maximum period between winter–
spring floods 

Maximum period (years) between winter–spring (1 June to 30 
November) floods exceeding 200 GL volume at the Oxley gauge 

Average winter–spring flood 
volume per year 

Average annual volume above the 200 GL volume threshold at 
Oxley gauge between from 1 June and 30 November 

Average winter–spring flood 
volume per event 

Average event flow volume above the 200 GL volume threshold 
at Oxley gauge between 1 June and 30 November 

 

Table 8.  Environmental indicator values under scenarios P (historical) and A (current), and 
percentage change (from Scenario A) in indicator values under scenarios C and D 
(taken from CSIRO 2008). 

 P A Cdry Cmid Cwet

 yrs % change from scenario A 

Average period between winter–spring floods 2.2 4.7 24% 10% -25%

Maximum period between winter–spring floods 7 15.0 20% 0% 0%

 GL  

Average winter–spring flood volume per year 118 75 -38% -16% 21%

Average winter–spring flood volume per event 278 322 -6% -5% 5%
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Future climate impacts on flooding (Scenario C) (taken from CSIRO 2008) 
Water resource development has increased the average period between the important inundation 
events for the Macquarie Marshes by 114 percent, and has reduced their average volume. Under the 
best estimate 2030 climate the average period between important inundation events in the Macquarie 
Marshes would increase by a further 10 percent. The maximum period between events would not 
change. The less frequent flood events would be 5 percent smaller so that the total higher flood level 
volume would reduce by 16 percent. This would be expected to reduce the scale of important 
waterbird breeding events. Under the dry extreme 2030 climate the average period between important 
inundation events would increase by 24 percent and the total higher flood level volume would reduce 
by 38 percent. These changes would be likely to have serious consequences for the wetland ecology 
and some species might be lost. Under the wet extreme 2030 climate important inundation events 
would be slightly larger and more frequent. The net effect would be a 21 percent increase in the total 
higher flood level volume.  

 

3.3.2 Increased evaporation 
Potential evaporation (or evaporative demand) is likely to increase, which when combined 
with reduced rainfall will lead to reduced soil moisture and runoff over most of Australia 
(Hennessy et al. 2007). Evaporation is linked to rainfall; cloudy days and higher thermal 
mass reduce the effects of temperature on evaporation (Jones et al. 2002). Annual average 
potential evaporation increases by 0% to 8% per degree of global warming over most of 
Australia and up to 12% over the upper catchment areas of the Murray Darling Basin 
(CSIRO 2008). All models tested by CSIRO (2008) simulated increases in potential 
evaporation over the Basin with highest increases where rainfall decreases such as the 
Macquarie Marshes. Hughes (2003) cited ~two degrees higher temperatures coupled with 
low rainfall resulted in the fastest recorded evaporation rates (relative to other droughts). 

3.3.3 Increased water temperatures 
Aquatic ecosystems are sensitive to climate change due to the strong positive correlation 
between surface air temperatures and water temperatures (Morrill et al. 2005). Mohseni et 
al. (2005) found a non-linear relationship between stream temperatures and air temperature 
data at a continental scale, with different relationships for warming and cooling seasons. 
Higher air temperatures have been associated with increased historical river and stream 
temperatures (Kaushal et al. 2010). In the most pertinent study to the Macquarie Marshes, 
Chessman (2009) found a state wide increase in average freshwater temperature of 0.12°C 
per annum across NSW (over 13 years; 1994-2007). This was attributed to increased air 
temperature of 0.09°C per annum, greater radiant heat due to shallower water bodies and 
reduced cool groundwater inputs (Chessman 2009). Based on these historical figures, water 
temperatures are set to increase 1°C by 2020 and almost 5°C by 2050. 

Rising water temperatures will exacerbate other stresses to freshwater ecosystems such as 
reduced flooding and declining water quality (Le Quesne et al. 2010, Viers and Rheinheimer 
2011). The direct relationship between temperature and dissolved oxygen will see reductions 
in the latter (Caissie 2006). Due to the thermal tolerances of freshwater organisms the 
changes in temperature regime will shift the boundaries of species and communities 
(Carpenter et al. 1992, Viers and Rheinheimer 2011). Historical increases in water 
temperatures have caused a shift in favour of thermophilic (i.e. heat loving) species 
(Chessman 2009). 
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3.3.4 Increased bushfires 
Globally, area burned and fire occurrences are set to increase owing to climate change 
(reviewed in Flannigan et al. 2009). Future climate scenarios predict shifts in timing, 
amplification and length of fire seasons in temperate areas (Flannigan et al. 2009, Rogers et 
al. 2011). Northern hemisphere scenarios indicate large increases in area burned (76%–
310%) and burn severities (29%–41%) by the end of the twenty first century. (Rogers et al. 
2011). The culmination of rainfall deficiencies, low atmospheric humidity and high daytime 
temperatures has historically resulted in early curing of fuels throughout southeast Australia 
(Taylor and Webb 2005) and predictive studies indicate that a decrease in humidity and 
increase in temperature will be driving forces behind changes in fire danger for Australia into 
the future (Flannigan et al. 2009). 

Under doubled CO2 conditions it is predicted that most of Australia will see an increase in 
fire danger of 10-30% (Beer and Williams 1995, Williams et al. 2001), with one study 
predicting a maximum 200% increased in fire danger during peak fire season in some areas 
of the country (Pitman et al. 2007). There is likely to be a reduced interval between fires, 
increased fire intensity, a decrease in fire extinguishments and faster fire spread. In south-
east Australia, the frequency of very high and extreme fire danger days is likely to rise by 4-
25% by 2020 and 15-70% by 2050 and across Australia the fire season length is likely to 
extend (Hennessy et al. 2007). The forest Fire Danger Index (FFDI) is a function of dryness, 
temp, wind speed and humidity (Clarke et al 2011). The number of extreme fire danger days 
is projected to increase by at least 5-25% by 2020 (under low global warming scenarios 
i.e.+0.4°C) (Lucas et al 2007). More recent research, building on Hennessey et al. (2007), 
using A2 emission scenarios from the Special Report  on Emissions Scenarios (SRES, 
Nakicenovic et al. 2000 in Clarke et al. 2011), project a small decrease in FFDI by 2050 but 
an earlier fire season, and earlier and more intense fire season by 2100 (Clarke et al. 2011). 

3.3.5 Declining water quality 
Air temperature and precipitation changes, causing changes in water temperature and 
streamflow, are predicted to be key drivers in the decline of surface water quality (Whitehead 
et al. 2009, Rehana and Mujumdar 2011)(Beare and Heaney 2002). 

By 2050 annual streamflow is projected to drop by 10-19% and salinity to change by -6 to 
+16% for the B1 scenario and for the A1 scenario streamflow is projected to drop by 14-25% 
and salinity to change by -8 to +19% (Beare and Heaney 2002). By 2100 in the Murray-
Darling Basin; B1 streamflow is projected to decline by 16-30% and salinity to change by -16 
to +35% while agricultural costs are projected to increase by US$0.6 billion; for A1, 
streamflow is projected to decline by 24 to 48% and salinity to change by -25 to +72% with 
agricultural costs projected to increase by US$0.9 billion (Beare and Heaney 2002). There is 
a 50% chance by 2020 of the average salinity of the lower Murray River exceeding the 800 
EC threshold set for desirable drinking and irrigation water (MDBMC 1999). Toxic algal 
blooms are likely to be more frequent and to last longer (Hennessy et al. 2007). 

Salinity caused by low flow is one of the greatest concerns for the Murray-Darling Basin with 
salinity increases of up to 19% by 2050 and 72% by 2100 (Beare and Heaney 2002). There 
is a 50% chance of the average salinity in the lower Murray River to exceed the 800 EC 
threshold set for desirable drinking and irrigation water by 2020 (MDBMC 1999). Inflow in the 
Macquarie Marshes is predicted to reduce by up to 15% by 2030 and 35% by 2070 (Jones 
and Page 2001). Based on CSIRO DAR125 (Whetton et al. 2000) and CC50 (Suppiah et al. 
2004 in Austin et al. 2010) regional climate models, end-of-river salinity is expected to 
increase by up to 20% by 2070 in the Macquarie-Bogan Rivers (Austin et al. 2010). 

There are several additional temperature and streamflow-induced stressors that may 
threaten water quality in the Macquarie Marshes. Prolonged drought and extreme rain 
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events have the potential to increase rapid nutrient inputs in surface run-off (Whitehead et al. 
2009, Quevauviller 2011) resulting in algal blooms (Vilhena et al. 2010). Toxic algal bloom 
risk is predicted to increase in the Murray-Darling Basin (Hennessy et al. 2007). While not 
fully investigated in south east Australia, total suspended solids and phosphorus 
concentrations are predicted to increase under IPCC SRESs in North American waterways 
(Wilson and Weng 2011). Warmer water may cause prolonged stratification in standing 
waters, shifting the timing of nutrient cycles (Taner 2011) and may also affect chemical 
reaction kinetics, altering contamination mobility and dilution (Whitehead et al. 2009, Carere 
et al. 2011).  

3.3.6 Reduced irrigation supply 
Burrendong Dam inflows are projected to increase from +10% to 30% across all Sustainable 
River E Scenarios (SRES) scenarios, but the 90% confidence interval is 0% to -15% 
indicating that inflows could decline (Jones and Page 2001). Herron et al. (2002) estimated 
that irrigators would receive their full entitlement 50% less often under extreme scenarios of 
development plus afforestation and climate change. A problem in the Macquarie catchment 
is that the water supply infrastructure and operating rules were developed under wet 
conditions and a shift to below average rainfall would significantly stress the system (Herron 
et al. 2002) as seen with the suspension in the water sharing plans during the last dry 
decade (Pittock and Finlayson 2011).  

Jones et al. (2002) report a simulated change in storage range from +1% to –30% in 2030 
and from +6 to –55% in 2070. A risk assessment suggests that the most likely outcomes in 
flow are from 0 to –15% in 2030 and 0 % to –35% in 2070 (Jones et al. 2002). The 
Macquarie study identified two critical water management thresholds at which the system 
faces an unacceptable level of harm. The two thresholds were constructed: the minimum 
amount of flow required to ensure the continued breeding of water birds in the Macquarie 
Marshes, and irrigation allocations falling below a level of 50% for five consecutive years. 
The results suggest that the likelihood of exceeding both thresholds is about 1% in 2030, 
and 30–40% in 2070 (Jones et al. 2002). Interestingly, both these thresholds were exceeded 
in the previous dry decade, showing the limitations of the water sharing plan to address dry 
periods. 

3.3.7 Increased erosion upstream 
Geological evidence suggests that climatic shifts towards arid conditions, where the severity 
of flooding events magnify, have increased fluvial erosion rates (Molnar 2001). Increased 
runoff intensity coupled with decreases in vegetation during shifts in climatic cycles has 
historically contributed towards the rapid expansion of river channels (Tucker and 
Slingerland 1997). In the Murray-Darling Basin sediment production and accumulation has 
been linked with increased water temperatures through the Lower to Middle Miocene 
(Lukasik and James 2006) suggesting a correlation of climate change and erosion. 

One European study predicts that while climate change will cause a 12% increase in 
upstream erosion in the Rhine River, inefficient load transport will see a decrease of 
downstream sediment deposition (Asselman et al. 2003). Variability and unpredictability are 
set to increase under climate change scenarios in arid and semi-arid areas of Australia 
(Pickup 1998 and others in Hughes 2003), with larger rainfall events predicted. Increased 
aridity and storm magnitude may increase sediment loads leading to rapid changes in river 
morphology (Whitehead et al. 2009).  There are predictions of higher sedimentation in dams, 
reducing storage capacity and sbsequent amplification of flood risk (Palmer et al. 2007).   
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3.3.8 Falling groundwater tables 
The following text on groundwater is taken from CSIRO (2008). Groundwater modelling 
indicates that for the Lower Macquarie Alluvium GMU the change in net river loss would be 
essentially zero under the best estimate 2030 climate. The range of possibilities for net river 
loss is from a 0.3 GL/year increase under the dry extreme 2030 climate to a 0.4 GL/year 
reduction under the wet extreme 2030 climate. Water balance analyses of other GMUs in the 
region indicate that under the best estimate 2030 climate, recharge would not change 
significantly. At current extraction levels the level of development thus would remain high for 
the Coolaburragundy-Talbragar Valley GMU and very high in the Upper Macquarie Alluvium, 
Cudgegong Valley Alluvium, Bell Valley Alluvium and Castlereagh Alluvium GMUs. 

As outlined by Barron et al. (2010), the knowledge gaps that exist regarding the impacts of 
climate change on groundwater on an international scale are vast. However most research 
indicates that climate change will most likely affect groundwater recharge (Austin et al. 2010, 
Ng et al. 2010, Auterives et al. 2011). Many point to the combined stressors of climate 
change as pressing upon groundwater tables, for example a projected doubling in 
atmospheric CO2 will increase vegetation, thus increasing water use, compounding the 
effects of a drier climate (Austin et al. 2010).  

Under a dry future scenario groundwater recharge is predicted to decrease by 12% on 
average across the M-D Basin (Crosbie et al. 2010). In Australia, changes to groundwater 
recharge appear dependant on climatic variations across the continent (Barron et al. 2010). 
Areas projected to receive lower rainfall due to climate change are expected to experience 
decreased groundwater recharge, hence southern Australian water tables will be more 
vulnerable than those in northern areas of the country (which have monsoonal rainfall for 
recharge; Barron et al. 2010). 

The impacts of climate change on groundwater tables have already been seen in many parts 
of the M-D Basin. Trends of rising groundwater, caused by wide scale vegetation clearance 
after European settlement (Allison et al. 1990), have been reversed by a period of protracted 
drought (2001-2008) causing an average groundwater table fall of 1m across the M-D Basin 
(Leblanc et al. 2009). Between 1990 and 2006 river modification stressors compounded by 
climate change impacts saw an average drop of 1.4m in groundwater under many Murray 
River Floodplains (Mac Nally et al. 2011). The lag time between climatic impacts and 
ecosystem responses are of particular concern especially considering remediation to reverse 
impacts also takes a long time (Scanlon et al. 2007). Declines in groundwater tables have 
been recorded to continue long after the on-set of drought and after rainfall returns to annual 
averages (Leblanc et al. 2009). 

3.4 Uncertainty of regional climate models 
Projections of temperature rise over the next 50 years have a high level of certainty (Bates et 
al. 2008), and were estimated well by most regional models, including the CSIRO 
sustainable yields model (Perkins et al. 2007). However, projected changes in precipitation 
have high levels of uncertainty both within and across models (Perkins et al. 2007, Bates et 
al. 2008). Changes in evapotranspiration rates also are uncertain, as they depend on a 
variety of factors, including air temperatures, water availability, and the response of 
vegetation (Aldous et al. 2011). 

Global Climate Models, or GCM’s, depict climate using a three dimensional grid over the 
globe at a relatively coarse scale. Most modeling approaches use downscaled GCM models 
to derive regional climate models. Regionally specific models of future climate change 
projections are important to characterize the local impacts of climate change and to drive 
policy and management at relevant scales. Fine-scale models are also key to explaining 
species’ distributions at regional scales and projecting responses of biota to changes in 
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climate (Ashcroft and Gollan in press). Continued development of downscaled models 
internationally has produced high quality tools for examining land–atmosphere coupling and 
understanding the implications of changes in land use and climate within this context (Evans 
et al. 2010). However, there are still many known limitations to regionally downscaled 
models, both generally and in application to the Australian landscape specifically. 

GCM’s derive regional climate solely using geographic position and elevation. However 
many other factors are known to affect climate at regional scales, including cold air drainage, 
slope and coastal effects (Daly 2006). Models for changes in precipitation with climate 
warming lack accuracy for areas of complex topography such as mountain ranges, due to 
the GCM smoothing of the regional topography (Tselioudis et al. 2011). White et al. (2010) 
found downscaled GCMs did not fully account for steep mountain ranges in Tasmania, 
particularly those that cast a rain-shadow. 

Southeast Australia experiences one of the most variable climates on Earth. Like most 
regions, the southeastern Australian climate and climate variability is driven primarily by 
large-scale climate dynamics such as the El-Nino Southern Oscillation (ENSO), as well as 
many other large-scale processes. At the regional scale, land-atmosphere coupling and the 
effect of terrestrial processes are less well understood (Evans 2010).  

Future climate projections for southeast Australia are inconsistent among climate models 
(CSIRO 2008). Evans (2010) suggests this is due to differences between generally Northern 
Hemisphere models and Australian systems in terms of unique factors such as prolonged 
drought, unusual vegetation types and fire. Below we report on uncertainty reported for the 
CSIRO (2008) modeling. 

Taken from CSIRO (2008). 
Future climate and current development – referred to as ‘Scenario C’ – is used to assess the range of 
likely climate conditions around the year 2030. Three global warming scenarios are analysed in 15 
global climate models (GCM) to provide a spectrum of 45 climate variants for the 2030. The scenario 
variants are derived from the latest modelling (IPCC, 2007). Two types of uncertainties in climate 
change projections are therefore taken into account: uncertainty in global warming mainly due to 
projections of greenhouse gas emissions and global climate sensitivity to the projections; and 
uncertainty in GCM modelling of climate over the MDB. Results from each GCM are analysed 
separately to estimate the change per degree global warming in rainfall and other climate variables. 
The change per degree of global warming is then scaled by a high, medium and low global warming 
by 2030 relative to 1990 to obtain the changes in the climate variables for the high, medium and low 
global warming scenarios.  

The largest sources of uncertainty are the climate change projections (global warming level) and the 
modelled implications of global warming on regional rainfall. The results from 15 global climate 
models were used but there are large differences amongst these models in terms of regional rainfall 
projections. Projected changes in the daily rainfall distribution are important because many GCMs 
indicate that extreme rainfall in an enhanced greenhouse climate is likely to be more intense, even in 
regions where projections indicate a decrease in mean seasonal or annual rainfall. As the high rainfall 
events generate large runoff, the use of traditional methods assuming the entire rainfall distribution 
will change in the same way will underestimate mean annual runoff in regions where there is an 
increase, and overestimate the decrease in mean annual runoff where there is a decrease (Chiew, 
2006).  

There are also considerable uncertainties associated with the future projections of farm dams and 
commercial forestry plantations. Future developments could differ considerably from these projections 
if governments were to impose different policy controls. Similarly, the greatest uncertainty in projected 
streamflow and surface water diversion changes is associated with climate projections. The relatively 
large fraction of inflows that is ungauged leads to considerable uncertainty. Comparison of modelled 
flows with observed flows suggest that the river modelling for the Castlereagh and Bogan rivers is 
highly uncertain, but water balance accounting suggested the existing measurement network would 
be sufficient for model improvement.  
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4 KEY FINDINGS- ECOLOGICAL SYSTEMS 

4.1 Introduction 
There are two types of thresholds that can be considered in assessing regime shifts in 
ecosystems. Firstly, thresholds can be examined for environmental stressors that impact on 
ecosystems and ultimately lead to regime shifts and loss of resilience. For example, due to 
the tolerance of wetland vegetation communities to water loss, there will be a period of time 
that a plant species can survive without flooding before it dies. Secondly, thresholds can be 
examined for population/community dynamics if there is understanding of densities and 
diversities expected. This report is focused on the first, particularly time since flooding and 
duration of floods. 

4.2 Vegetation 
4.2.1 Character and condition 
Seven major vegetation communities are described for the Macquarie Marshes (DECCW 
2010a)(Table 9). Each vegetation type provides critical habitat for nesting waterbirds 
(Kingsford and Norman 2002) and have different flow requirements that control their 
distribution (Roberts and Marston 2000). The recent history of land clearing and regulation 
have severely impacted the extent and condition of vegetation communities in the Marshes 
(Table 9). 

Table 9.  Changes in areas of vegetation communities across time and comments. 

Vegetation 1992 2008 Comment

RRG forest 40,000 ha1 38,4286, 5 Most in poor condition, chenopod invasion 5 

Reed beds 47801 22025 Large areas lost in south Marsh 5 

Water couch  55001 4205 Only 12% (53 ha) in good condition 5 

River cooba  2,8905 many areas invaded by chenopod shrubs 5 

Coolabah 78001  Invasion of a chenopod understorey 5 

Black Box 16,600  Area declined by 38% since 1949 2 

Myall 7997+680 4 7997  

Lignum 28001 3005  
1. Wilson 1992, 2. Kidson et al. 2000b, 3. Bacon 2004, 4. Johnson 2005, 5. Bowen and Simpson 2010, 6. DECCW 2010a 

River red gum forests dominate the more frequently flooded areas in the northern Marsh 
channels, with a wetland understorey including aquatic species, reed, rushes and sedges 
(Paijmans 1981, Keith 2004). The sparser canopies of river red gum woodlands occur 
throughout less frequently flooded areas (DECCW 2010a) with a grass and forb species 
understorey (Paijmans 1981). More than 33,000 hectares of the 35,519 ha listed by the 
MDBA are currently considered to be in poor condition (DECCW 2010a) and in recent years 
large areas of red gum forest have died, particularly in the Northern Nature Reserve (Nairn 
unpublished data; Table 9). As red gum is a serotinous species (seeds held in the canopy) 
the possible loss of genetic diversity and reduced regenerative potential even if regular 
flooding resumes is of particular concern (Nairn unpublished data).  

Similarly chenopod shrubs such as roly poly (Sclerolaena muricata) and buck bush (Salsola 
kali) have invaded the remaining 367 ha of water couch Cynodon dactylon (Bowen and 
Simpson 2010). Ninety-nine percent of the Marshes river cooba community is in poor 
condition (DECCW 2010a). Coolabah (Eucalyptus coolabah), black box (Eucalyptus 
largiflorens) and myall (Acacia pendula) are typically found in the less frequently flooded 
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areas of the Macquarie Marshes. Since 1949 coolibah woodland declined by at least 12 per 
cent (Kidson et al. 2000a). Approximately 75,000 ha of mixed coolabah, blackbox, and myall 
have been mapped in the Macquarie Marshes (DECCW 2010a) although smaller figures are 
reported by Johnson (2005). Sixty-one percent of this mixed community is reportedly in poor 
condition (DECCW 2010a), with invasion of chenopod shrubland (Bowen and Simpson 
2010). Lignum is now considered vulnerable (Benson 2006). 

Little work has been done on the aquatic plant communities of the Macquarie Marshes, but 
their response to extended dry periods after 12 weeks of experimental flooding revealed fifty-
three species (Sabella 2009). During the experiment, 2317 plants emerged from all samples, 
comprising 2174 macrophytes and 170 charophytes. Macrophytes started to emerge within 
the first week of flooding and peaked in density after 3 weeks but charophytes were not 
prominent until after 8 weeks of flooding.  

Taken from Bowen and Simpson (2010) 
In the period 1991-2008 the total area of amphibious wetland vegetation (water couch, common reed, 
mixed marsh and cumbungi) within the Macquarie Marshes reduced by 67 %. Over half (65 %) of the 
area mapped as amphibious wetland communities in 1991 had been replaced by the invasive native 
terrestrial chenopod shrubs; buckbush (Salsola kali) and black roly poly (Sclerolaena muricata), and 
some areas had been cleared for cultivation. In 2008 only 38 % (2,378 ha) of the remaining 6,213 ha 
of amphibious wetland vegetation was in good condition. These areas were located within the 
northern Macquarie Marshes Nature Reserve and Willancorah Swamp. In the period 1991-2008 there 
was a reduction in the extent and a marked decline in the condition of flood dependant vegetation 
communities; river cooba, lignum and river red gum communities. The health of the tree canopy and 
population structure of river red gum forests and woodlands in the Macquarie Marshes is in a serious 
state of decline. In 2008, 40 % of the 38,428 ha of river red gum communities in the Marshes were in 
poor condition (more than 80 % dead canopy), 55 % were in intermediate condition or declining in 
condition and only 1,932 ha or 5 % of the total extent of river red gum communities was in “good” 
condition (less than 10 % of the canopy dead). 

4.2.2 Risks and thresholds 
Major changes are expected in all vegetation communities with reduced rainfall favouring 
woody vegetation and encroachment of unpalatable woody shrubs (Hennessy et al. 2007). 
Interactions between CO2, water supply, grazing practices and fire regimes are likely to be 
critical (Gifford and Howden 2001, Hughes 2003). With increasing duration of the dry phase, 
communities may shift in dominance from annuals to perennials, as the former may not be 
as persistent in the seed bank (Bonis et al. 1995). Water supply and temperature are critical 
drivers for seed dormancy and germination (Walck et al. 2011). For example, increased 
temperature can accelerate budding response in angiosperms (Torres and Lopez 2011), 
impacting upon the timing of resources for insects and pollination. 

As IFIs extend to four years, the health of red gum forest begins to decline (Bren 1988, 
Cunningham et al. 2009) and leaf litter and woody debris accumulate (Howitt et al. 2007). 
After 6-10 years without floodplain inundation 95% of trees will die or be in poor health 
(Jensen et al. 2007) and forest trees and the aquatic understorey are replaced by terrestrial 
and invasive species (DECCW 2010a). Already the extended drying observed in the 
Marshes due to the combine stress of regulation and drought has led to invasion of 67% of 
aquatic communities by chenopods (Bowen and Simpson 2010). 

Essentially low water levels reduce plant biomass. For example, as drying increased, lignum 
responded plastically and reduced leaf area ratios (Capon et al. 2009a) and red gums lose 
leaves (Jensen et al. 2007). Thus, even if CO2 increases, water deficiency would limit the 
ability of some plants to photosynthesise and consume abundant CO2. In the Mediterranean 
invasives had higher plastic responses than natives making them able to cope with low 
water events (Godoy et al. 2011). Prolonged drought ultimately creates dead vegetation and 
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while subsequent wet years promote growth to consume CO2 they also aid the 
decomposition of excess dead vegetation (Gifford and Howden 2001). A repeated pattern of 
this may cause the balance to tip where an area becomes a source rather than a sink of CO2 
(Gifford and Howden 2001), creating a kind of positive feedback cycle. The loss of water 
also impacts the ability of plants to disperse seeds, termed hydrochory (seed dispersal by 
water). Water allows seeds to reach where other vectors may not go, enhancing species 
richness in riparian plant communities and reducing spatial aggregation of genetically related 
individuals (Jansson et al. 2005, reviewed by Nilsson et al. 2010).  

River red gum, the dominant riparian species across the Murray-Darling Basin is vulnerable 
to damage with projected increases in fire frequency and intensity (Dexter 1978 in CSIRO 
2004). Without a lignotuber its post-fire regeneration is reduced and fire damage can 
predispose the species to fungal disease and insect attack  (Dalton 1990 in CSIRO 2004). 
While fire can promote seed fall in many Eucalyptus species, recurrent fires may impact 
seedling survival thus reducing the establishment of stored seed banks (Penman et al. 
2011). Frequent fires also limit structural development of woody shrubs causing a shift 
towards the dominance of grassland communities (Birk 1989, Gosper et al. 2010). This shift 
will exacerbate an increase in grass growth, due to the projected doubling of atmospheric 
CO2, increasing fuel loads and enabling more fire events (Howden et al. 1999). 

Naturally shallow groundwater is a defining feature of floodplain forests (Tockner and 
Stanford 2002), thus the lowering of groundwater tables threatens to greatly transform the 
natural characteristics of the Macquarie Marshes. The combined impacts of climate change 
are seen, in that, reductions in flooding makes floodplain trees more dependent on 
grwoundwater, further lowering the water table and causing higher groundwater salinity 
(CSIRO 2004, Jolly 1996 in Mac Nally et al. 2011). Reduced groundwater-associated 
dieback, caused by increased groundwater salinity and the water table sinking below the 
root zone of Eucalyptus camaldulensis (river red gum), has already been observed in the M-
D Basin (Cunningham et al. 2011).  

The critical thresholds for vegetation communities in the Macquarie Marshes relate to flood 
frequency and the dry period between floods (Table 10). All these communities require 
frequent flooding and cannot tolerate extended dry periods between floods. Macrophytes are 
also impacted by loss of flooding to the Macquarie Marshes , demonstrated experimentally 
by Sabella (2009) with most germination from sediments that were dry for one-year (1534), 
compared to sediments dry for four (391) and 14 years (222). The shift in aquatic plant 
communities as the floodplain progressively dries are indicative of the impacts that may be 
expected as climate change dries wetlands, beyond species thresholds. 

Table 10.  Inundation recommendations for Macquarie Marshes vegetation communities 
(adapted from DECCW 2010a). 

Vegetation Community Flow recommendations

Frequency Duration

Red gum forest and woodland Every 2-3 years1 4-6 mths (July to April), < 24 mths2 

Reed beds Every 1-2 years1 Not critical 

Water couch marsh Every 12 months1,3 4-6 months or longer or series events4 

River Cooba - - 

Coolibah  6-8 months 

Mixed woodland*  - 

Lignum shrubland 5 years out of 102 3-12 months2 
1. Roberts and Marston (2000); 2. DECCW (2010a); 3. Bennett and Green (1993); 4. Blanch et al. (1999). 
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4.3 Waterbirds 
4.3.1 Character and condition 
The Macquarie Marshes are a significant site for waterbirds, at both national and 
international scales. Some of Australia’s largest recorded waterbird breeding colonies have 
been recorded in the Marshes (Kingsford and Auld 2005). Seventy-six waterbird species 
have been noted, with 44 species in total recorded breeding (Kingsford and Auld 2003). 
Between 10,000 and 300,000 waterbirds are said to rely on the resources of the Macquarie 
Marshes each season during floods (Kingsford and Auld 2005). Several waterbird species 
recorded in the Marshes have been listed as being threatened both in NSW and nationally, 
including Australasian bittern (Botaurus poiciloptilus, Painted snipe (Rostratula 
benghalensis), Black-necked stork (Ephippiorhynchus asiaticus), Black-tailed godwit (Limosa 
limosa), Blue-billed duck (Oxyura australis), Brolga (Grus rubicundus) and Freckled duck 
(Stictonetta naevosa). The Marshes is regarded as an especially important breeding site for 
ibis and egret species. For these reasons, waterbirds and waterbird habitat are identified as 
one of the three key ecological assets in the Macquarie Marshes Adaptive Environmental 
Management Plan (DECCW 2010a). 

The Macquarie Marshes are one of the more important wetlands in Australia for breeding of 
colonial nesting waterbirds; with sixteen colonial nesting waterbird species recorded 
breeding in the Marshes. Kingsford and Johnson (1998) recorded significant breeding 
colonies of Intermediate Egret (Ardea intermedia), Rufous Night Heron (Nycticorax 
caledonicus), Glossy Ibis (Plegadis falcinellus), Straw-necked Ibis (Threskiornis spinicollis), 
Australian White Ibis (Threskiornis molucca) and Royal Spoonbill (Platalea regia).  

Data on waterbird species richness and abundance are available through the National 
Waterbird Survey from 1983 to 2007. These data show a marked decline in waterbird 
community health over the past few decades, reflecting the effects of resource development 
and longer term drought (Kingsford and Thomas 1995). Both the numbers of waterbirds 
recorded and the number of waterbird species declined significantly over the period 
surveyed (Figures 5 and 6, Kingsford unpublished data). An individual species analysis of 
numbers of three colonially breeding ibis species showed similarly declining trends between 
1983 and 2007 (Kingsford unpublished data).  

A general reduction in flooding has also affected the frequency and extent of breeding 
events in the Macquarie Marshes, even though environmental water allocations have been 
managed with the objective of meeting waterbird breeding requirements throughout this time 
(Kingsford and Johnson 1998). In addition to recording waterbird species and abundance the 
aerial survey held in October each year also recorded numbers of nest or broods. For the 
years 2005 to 2007, no breeding events were observed during aerial surveys, although 
some broods and nests were observed during surveys in the 1980s and 1990s (Figure 6). 
Kingsford and Auld (2003) found durations of breeding events in two ibis species were 
considerably longer before river regulation compared to after regulation 
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Figure 5: Annual changes in waterbird numbers (left) and species number (right) in the 
northern part of the Macquarie Marshes during aerial surveys each October from 
1983 to 2007 (Kingsford unpublished data). 

 

Figure 6:  Log transformed records of waterbird breeding (numbers of broods and nests) in 
the northern part of the Macquarie Marshes during aerial surveys each October 
from 1983 to 2007 (Kingsford unpublished data). 

 

4.3.2 Risks and thresholds 
Regular, frequent and prolonged flood flows are required for successful waterbird breeding 
(Kingsford and Auld 2005). Large flows of water, and more importantly the area of habitat 
inundation these create (Ren et al. 2009), are critical to extensive breeding of waterbirds 
(Kingsford and Johnson 1998). The risks posed by climate change to waterbirds of the 
Macquarie Marshes are those that exacerbate the effects of existing resource development 
by further diminishing flows and flood events in the Marshes and increasing the time 
between flood events. Future climate change would likely lead to reduced inundation of the 
Marshes, particularly under the current water allocation scenario. Therefore strong links 
between flooding and waterbird breeding means frequency and scale of breeding events 
could be expected to be reduced. 

The minimum requirement for colonially nesting waterbirds to breed successfully is for 
colony sites and feeding areas to be inundated for a minimum of four to five months between 
August and March (Kingsford and Johnson 1998). Nest desertion events have been directly 
attributed to periods when water levels were not sustained for long enough (Kingsford and 
Auld 2005). Low water levels also enable access by foxes and cats (Larson 1994). Timing of 
flows during late winter and spring is critical to allow birds to build up food reserves for 
breeding (Kingsford and Norman 2002, Kingsford and Auld 2005). However, climate change 
is projected to change the timing of breeding of waterbird (Butler 2003, Murphy-Klassen et 
al. 2005, Beaumont et al. 2006). Already since 1960, Australian migratory birds arrived an 
average of 3.5 days later per decade and departed 5.1 days later per decade, attributed to 
shifts in the timing of rainfall and seasonal temperatures (Beaumont et al. 2006). As habitats 
contract and fragment, species will have to travel further (Huntley et al. 2006). 
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Kingsford and Johnson (1998) found flow into the Marshes measured at the gauge at Oxley 
to be a critical factor for breeding, with a minimum volume of 200,000 ML for any waterbird 
breeding. The Macquarie Marshes Water Management Plan (1996) indicated that a 
minimum volume of 250 GL over a seven-month period would be required to ensure the 
success of colonially breeding waterbirds. At flows below this threshold, the area and 
duration of inundation might not be sufficient to support a successful breeding event. As the 
volume of water increases above this threshold, there is a sharp increase in the number of 
birds breeding (Kingsford and Johnson 1998). In addition, if populations concentrate in small 
inundated areas there is an increase in the chance of disease epidemics (Larson 1994).  

Reductions in flow inundation have also altered the food sources for waterbirds (Jenkins and 
Boulton 2007). Jenkins et al. (2009) demonstrate that the longer the period between flooding 
events, the greater the loss of organic matter and reduced microinvertebrate diversity and 
densities that sustain large numbers of breeding waterbirds. Waterbird food resources (e.g. 
invertebrates and plants) may also reduce due to impacts of higher temperatures, UV-B 
radiation and increased evaporation concentrating salts (Larson 1994, Nielsen and Brock 
2009). For example, changes to flood events have also impacted lignum and river redgum 
nesting habitat for waterbirds (Kingsford and Johnson 1998). These changes will limit the 
extent of their foraging and breeding habitat (Larson 1994; Kingsford and Norman 2002). 
These impacts will change the distribution of waterbirds (Chambers et al. 2005). Increased 
temperatures may also favour exotic waterfowl from subtropical and tropical regions (Mooij 
et al. 2005).  

4.4 Fish 
4.4.1 Character and condition 
Fish assemblages in the Macquarie Marshes (lower Macquarie River, NSW, Australia) are 
comprised of 21 species, three of which are species alien to the Australian continent (Table 
11). Using a range of gear types in the most comprehensive survey effort to date, Rayner et 
al. (2009) caught only eight native species. Invasive species numerically dominated fish 
communities (Rayner et al. 2009). This reflects historical records that show a decline in the 
number of native species observed between 1975 and 2006 (Jenkins and Wolfenden 2006). 
Jenkins and Wolfenden (2006) reported 11 native and four invasive fish species in the 
Macquarie Marshes. Catfish (Tandanus tandanus) were captured for the first time since 
1989 in 2005 and silver perch (Bidyanus bidyanus) were recorded for the first time since 
1989 (Harris and Edwards 1990) in 2008 (DECCW 2010a), suggesting environmental flows 
may be having a positive effect on native fish. Native fish are still present in waterways in 
and around the Marshes, although their numbers are severely reduced and communities 
fragmented (Jenkins and Wolfenden 2006). Low flow refugia are vital for maintaining fish 
communities in the Macquarie Marshes (Rayner et al. 2009) although it is not known how 
these refuges might support communities in the long-term. 

The MDBA Sustainable Rivers Audit (SRA, Davies et al. 2010), a regional-scale monitoring 
program from 2004-2007, described fish community health as ‘very poor’ in the Macquarie 
River valley as a whole and ‘poor’ in the lowland zone (downstream of Warren). In particular, 
alien species dominate the fish assemblage, both in terms of biomass and numerically 
(Davies et al. 2008, Rayner et al. 2009). The SRA collected six native species from seven 
lowland sites (<200 m elevation) out of a potential 12 native species projected under 
reference conditions (Davies et al. 2008). In their study, Murray cod were conspicuously 
absent, but un-specked hardyheads (Craterocephalus stercusmuscarum fulvus, Ivantsoff et 
al. 1987) were caught. Surprisingly, the SRA projection list includes purple-spotted gudgeon, 
typically considered a slopes or upland species (Lintermans 2007), but does not include flat-
headed gudgeon. Further refinement of ‘reference condition’ for this river reach was 
recommended.  
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European carp, goldfish and Gambusia, outnumbered native species by more than 3:1 
during both October 2007 and March 2008 (Rayner et al. 2009). This ratio is much higher 
than the 0.71:1 and 0.82:1 found by the Sustainable Rivers Audit (Davies et al. 2008) and 
NSW DPI (unpublished data), respectively. However, these studies did not sample wetland 
habitats (Davies et al. 2008). Our results are consistent with findings from other carp 
recruitment hotspots in the Murray-Darling Basin, such as the Great Cumbung Swamp on 
the lower Lachlan River and Barmah-Millewa Forest on the Murray River where European 
carp outnumber native fish ~4:1 (Driver et al. 2005). These large, low-relief wetlands with 
shallow, relatively warm semi-permanent water and dense aquatic vegetation (e.g., 
Phragmites, Carex and Paspalum distichum) provide ideal spawning and nursery habitats for 
exotic species (Driver et al. 2005), unlike habitats in upland areas or those which undergo 
more frequent dry phases (Jenkins and Wolfenden 2006, Gilligan and Rayner 2007). 

The native species in the catchment require a range of habitats to complete their lifecycles, 
access to which has been compromised by the development of flow regulation and water 
extraction infrastructure. Eight species undertake reach scale migrations for spawning (e.g. 
golden perch), whereas many short-lived species (e.g. carp gudgeons) only undergo local 
scale dispersal. Three species (flathead gudgeon, trout cod and un-specked hardyhead) 
have limited biological information related to migration, although are likely to only local scale 
movements independent of spawning (Crook et al. 2010). Short-lived species (<3 years 
maximum age) comprise about half of the regional species pool. Common carp are the only 
species expected to use inundated floodplain habitats for juvenile recruitment (King et al. 
2003), whereas 11 species are suggested to have a moderate likelihood of using inundated 
floodplains for recruitment. 

Continued long-term water extraction from rivers during flood events has already impacted 
fish assemblages in arid zone floodplain rivers (e.g. Rayner et al. 2009), specifically by 
impacting on the large-scale long-term flooding sequence that often occurs in large river-
floodplain ecosystems (Leigh et al. 2010). 

4.4.2 Risks and thresholds 
Projected changes to rainfall and temperature in the Macquarie River catchment will reduce 
frequency, duration and extent of floodplain inundation, alter abiotic and biotic conditions in 
aquatic habitats and increase reliance on refugia. These potential direct affects of climate 
change on floodplain fish assemblages in arid zone regions will have variable impacts on 
fish biodiversity depending on species-specific needs for; flooding to promote spawning and 
recruitment, tolerances to water quality and habitat in residual refugial waterholes, and the 
presence of alien species. 

The increased period between floodplain inundation events favours those species that are 
able to spawn and recruit during variable flow and flood events (e.g. low flow specialist 
spawners, such as carp gudgeons and Murray-Darling rainbowfish, Table 11). In contrast 
golden perch, silver perch and Hyrtls tandan are species that, while being able to maintain 
populations via small local scale recruitment, benefit from widespread floodplain inundation 
(e.g. King 2002, Balcombe et al. 2006, King et al. 2009, Table 11). Species with relatively 
low reproductive capacity, regardless of their use of the floodplain for recruitment, are also 
expected to have lower resistance and resilience to prolonged low flows (Crook et al. 2010). 
Species traits that are likely to be susceptible to large-scale environmental change have 
been assessed in other dryland rivers (e.g. Colorado River basin, Olden et al. 2006, 2008), 
and a similar assessment is necessary for dryland rivers in Australia. 

Refugial habitats are those that have high resistance to environmental change (Sedell et al. 
1990). During low flows, refugial habitats such as deep pools have greatest importance for 
providing source populations as flood events resume (Magoulick and Kobza 2003). Water 
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resource development in the Macquarie Marshes has already threatened regional species 
persistence due to loss of refugia (Rayner et al. 2009). Climate change risks in the 
Macquarie Marshes will extend the IFI, further reducing availability and quality of refugial 
habitats. During prolonged periods of low/ no flow, levels of dissolved oxygen and 
conductivity can exceed the tolerance thresholds of individual species populations (e.g. 
McNeil and Closs 2007). In conjunction, biotic conditions intensify with initial increased 
densities of predators, prey and energy sources. This results in sequential loss of species in 
the Macquarie Marshes and other dryland rivers based on differences in species needs for 
connectivity (Rayner et al. 2009) and potential to resist and/ or recover from increasing 
drying periods (Crook et al. 2010). With increasing disconnection, intolerant species and 
those vulnerable to increased predation often become extinct, threatening both local (alpha) 
and regional (gamma) scale diversity.  

Finally, the proportion and success of alien species (e.g. goldfish, gambusia, carp) would 
depend on the interaction between individual species needs and consequences of reduced 
floodplain inundation. Despite alien species being predicted to remain in the Macquarie 
Marshes system (Rayner et al. 2009), prolonged dry periods may see their dominance 
reduce due to loss of floodplain inundation (Table 11).  However, the proportion of alien 
species in fish assemblages in the Gila River, USA, increased during dry climate cycles 
(Propst et al. 2008). The persistence and spread of alien species in the United Kingdom has 
been predicted to depend on species-level tolerances to maximum water temperatures 
(Britton et al. 2010).  

The effects of water extraction/ diversion, alien species, connectivity loss and recreational 
fishing pressure have all stressed fish communities in the Marshes, leaving the system 
vulnerable to projected declines in floodplain frequency, duration and magnitude due to 
climate change. Based on current understanding and projections of future patterns in 
flooding regimes, the following projections for fish communities are made: 

1. Under low flows, fish assemblages in the Macquarie Marshes are numerically 
dominated by long-lived and mobile species, such as bony bream, carp and goldfish 
(Davies et al. 2008, Rayner et al. 2009). Following small flooding events, fish 
assemblages in the Macquarie Marshes are dominated by species that are 
associated with recruitment on the floodplain (e.g. carp, spangled perch, gambusia 
(e.g. Rayner et al. 2009). Prolonged low flows and reduced floodplain inundation will 
likely lead to increasing dominance (but not necessarily increases in density) of 
species that either recruit during low flows, are long-lived and/ or omnivorous. 
Therefore, assemblage wide adaptations to climate change scenarios would be (a), a 
generalist flood independent assemblage in reaches that experience long-term low 
flows and (b), an assemblage comprised of both flow independent and flow 
dependent taxa that vary over time based on time since flooding. 

2. With increasing intervals between floodplain inundation, patterns in site and regional-
scale biodiversity are expected to change based on the time since floodplain 
inundation. Site-scale richness (alpha diversity) is predicted to decline with increasing 
drying (Rayner et al. 2009). At some threshold of low flow, spatial variability (beta 
diversity) in assemblage composition will decline. The rate of decline will be slow 
initially as small, shallow reaches become dry, and increase as taxa sensitive to poor 
water quality, lack of floodplain habitat for life cycle processes or those vulnerable to 
predation in confined habitats become regionally extinct (e.g. Magalhães et al. 2002).  
By 2070, the combination of climate change and increased water demand is 
projected to result in a loss of ~20% of the freshwater fish fauna of the Murray-
Darling Basin (Xenopoulos et al. 2005). Given the current stressed condition of the 
Macquarie Marshes, it would be expected that fish assemblages in this region of the 
Murray Darling Basin show significant species losses (i.e. loss of gamma diversity). 
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3. The abundance and biomass of alien species that occur in the Macquarie Marshes 
(common carp, gambusia, goldfish) are like to have variable responses associated 
with climate change. Firstly, carp, goldfish and gambusia have a medium-high 
likelihood of using inundated floodplains for recruitment (Table 11), and therefore 
increased periods with little or no floodplain inundation may mean that these species 
gradually reduce in abundance. Secondly, however, these three alien species are 
capable of recruiting during almost all flow conditions provided there is water, 
suggesting that they may show little or no response to altered patterns of flooding. 
Thirdly, alien species are known to thrive in disturbed ecosystems (Moyle and Light 
1996), therefore, the abundance and distribution of alien species may be expected to 
increase with ongoing climate change. 

4. With increasing air temperatures and reducing volumes of water associated with 
climate change, mean annual and both daily and seasonal ranges in water 
temperatures are also expected to increase. Increases in water temperatures are 
therefore expected to result in increased individual growth rates and potentially, 
reduced body size at maturity of fish (Palmer et al. 2009). Fish species that occur in 
the Macquarie Marshes are known to occur over large proportions of the MDB. 
Therefore, it is unlikely that any fish species will respond directly to increases in 
temperature as slight increases in temperature are not expected to exceed species-
specific tolerance thresholds. However, increased individual growth rates and 
increased recruitment of fish is therefore expected to increase the demand for 
macroinvertebrates as prey sources to support increased biomass of fish.  
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4.5 Invertebrates 
4.5.1 Character and condition 
There are few published studies of invertebrates in the Macquarie Marshes. Jenkins et al. 
(2008) reported 120 species of aquatic invertebrates found in sweep net and sediment cores 
taken from regulated and temporary creeks and floodplain habitats across the Macquarie 
Marshes. Combined with other studies (Bray 1994, Jenkins et al. 2004, Macrae 2004) the 
total taxonomic list exceeds 160 species. Macroinvertebrate communities of less-regulated 
areas of the Marshes are dominated by biting midge larvae, ostracods, chironomid midge 
larvae, waterboatmen, mayfly larvae (Baetidae) and dragonfly larvae. Floodplains support a 
collection of scavenger beetles, segmented worms, aquatic caterpillars, damselfly larvae, 
and caddisfly larvae (Jenkins et al. 2008). A key contrast with more regulated areas is an 
increase in the proportion of chironomid larvae and waterboatmen and the absence of other 
accessory taxa. Crayfish are also found frequently throughout the Macquarie Marshes. 

Extremely high densities of microinvertebrates (<250mm) such as cladocerans, copepods, 
ostracods occur in the Macquarie Marshes (Morris 2008, Jenkins et al. 2009). Densities 
between 1000 to 10,000/Litre were recorded in floodplain habitats after the environmental 
allocation in 2005 and in microcosm experiments (Jenkins 2006, Morris 2008). As was found 
in floodplain lakes of the Darling River (Jenkins and Boulton 2007), microinvertebrate 
communities were also impacted by reduced flooding in the Macquarie Marshes (Jenkins 
2006, Jenkins et al. 2009). Microinvertebrate biodiversity was significantly lower in floodplain 
dry for 14 years compared to floodplain dry for one and four years (Jenkins 2006, Jenkins et 
al. 2009). Responses of cladocerans and ostracords to inundation was slower in parched 
samples, suggesting a loss of dormant eggs (Jenkins 2006).

4.5.2 Risks and thresholds 
Flow reduction caused by water abstraction and compounded by drought (Timms 1998, 
Nielsen and Brock 2009) has already reduced freshwater biodiversity with only tolerant 
species surviving (James et al. 2003, Jenkins and Boulton 2007, Lawrence et al. 2010). 
Climate change will compound these stresses (reviewed by Woodward et al. 2010), 
modifying multiple drivers that influence invertebrates including elevated temperatures (Hogg 
et al. 1995), reduced rainfall (Brendonck 1996), habitat loss (Palmer et al. 2008, Chessman 
2009, Nielsen and Brock 2009), increased salinity (Nielsen and Brock 2009) and reduced 
flow (Chessman 2009). 

Recent studies, mostly northern-hemisphere based, have linked climate change to changes 
in invertebrate assemblages, (e.g. Hogg et al. 1995, Hogg and Williams 1996, Burgmer et al. 
2007, Durance and Ormerod 2007, Chessman 2009). These studies analyse long-term data 
sets retrospectively (10-15-y; Burgmer et al. 2007, 13-y; Chessman 2009, 20-y; Lawrence et 
al. 2010, 15-y; Nichols et al. 2010). For example, across NSW average water temperature 
increased 0.12°C per annum from 1994-2007 (13 years) (Chessman 2009).  This was 
attributed to increased air temperature of 0.09°C per annum, greater radiant heat due to 
shallower water bodies and reduced cool groundwater inputs (Chessman 2009). 
Consequent environmental changes favoured thermophilic (heat-loving) and non-
rheophilous (non-flow-loving) taxa and disadvantaged cryophilic (cold-loving) and 
rheophilous taxa (flow-loving) taxa (Chessman 2009).  

In North America a 60 metre stream channel was divided with heated water added on one 
side over a three year period (Hogg and Williams 1996). The major findings included 
reductions in total invertebrate densities, increased growth rates, early emergence of adult 
insects, precocious breeding, decreases in body size at maturity and altered sex ratios 
(Hogg and Williams 1996). Other studies report changes in development and growth, such 
as premature maturation and accelerated growth in some species under elevated thermal 
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regimes (Baulch et al. 2005, Feuchtmayr et al. 2007). All of these findings point towards 
long-term reductions in biodiversity. 

Thermal tolerances are known for common freshwater species (Table 12). Cherax destructor 
(freshwater crayfish) and Daphnia magnus (water fleas) display upper thermal limits of 30° 
(Mills 1986 in Morrissy 1990, Lagerspetz 2000). Daphnids display a wide range of responses 
to high temperatures (Kivivuori and Lahdes 1996, Lagerspetz 2000) and optimum 
temperatures range from 15- 20°C (Goss and Bunting 1983), while crayfish optimum 
temperature is 26°C. We applied these data to temperature increases projected for NSW 
(Chessman 2009), and found summer temperatures will exceed the optimum temperature of 
C. destructor in the Macquarie Marshes within 10 years and the upper thermal limit of C. 
destructor and D. magnus within 40 years (Figure 7).  

 

Figure 7.  A comparison of projected water temperature in the Macquarie Marshes with 
optimum and thermal limits of Cherax Destructor. Projected temperature increase 
based on Chessman (increase of 0.12°C per year; 2010). Starting temperature 
based on current annual average maximum of 25°C taken from Bogan, Macquarie 
and Castlereagh Rivers (www.bom.gov.au). Data from Goss and Bunting (1983), 
Mills (1986) in Morrisy (1990), Lagerspetz (2000). 

 

Research indicates that anoxia within settled sediments is responsible for an attrition of 40% 
of viable Artemia resting cysts within four years (Clegg 1997), up to 90% in six years (Clegg 
et al. 1999) and by seven years hatching rates are reduced to zero (Clegg and Trotman 
2002) suggesting that drought of longer than 6 years may eliminate the species. These 
findings concur with Australian research that found drying periods beyond 10-20 years 
reduced the taxon richness of cladocerans and rotifers (Jenkins and Boulton 2007). In the 
case of obligate aquatics such as branchiopods, when filling events are repeatedly too short, 
egg bank abundance may be reduced or depleted (Brendonck 1996).  

Atkinson (1995) looked at data for ectothermic invertebrates from 61 European studies over 
60 years including two rotifers, four molluscs, twenty-six insects and thirteen freshwater 
crustaceans. Ninety percent of all organisms showed negative correlations between 
temperature and growth. Lawrence et al. (2010) found some similar trends within 
mediterranean-climate streams in the USA where longer lived (life cycle >1 year) and larger 
(max body size > 40mm) invertebrates were less abundant than smaller ephemeral 
invertebrates in warmer years. Daufresne et al. (2009) also found that body size reduces 
with increased temperatures and suggest that body size is the third ecological response to 
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global warming (after range shift to higher altitudes and seasonal shifts in life cycle events). 
Hence, increased temperatures from climate change may reduce lower trophic-level 
biomass in wetlands, thereby limiting resources availability to higher trophic levels. However, 
Chessman (2009) did not find a correlation between higher temperatures and average body 
size (Figure 8), suggesting that mechanisms for assemblage changes in Australia may differ 
from those in the northern hemisphere or that the time period of the Australian study is too 
short.  

Table 12. Thermal tolerances grouped by invertebrate (adapted from Davis et al.). 

 Temperature oC

Amphipoda 24.3 

Decapoda 30.8 

Diptera 29.8 

Coleoptera 32.6 

mayfly larvae (Ephemeroptera) 22.1 

dragonfly larvae (Odonata) 38.0 

caddisfly larvae (Trichoptera) 30.1 

 

 

Figure 8.  The expected trend, where small invertebrates increase and large invertebrates 
decrease with higher temperatures is not observed in Australian data. 
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4.6 Woodland birds 
4.6.1 Character and condition 
Woodland bird communities across Southeastern Australia are in decline due to the 
degradation, fragmentation and destruction of woodland habitat, mainly through agricultural 
development (Montague-Drake et al. 2009, McGinness et al. 2010, Bennett and Watson 
2011). These birds inhabit forests (30 – 70% canopy cover) and woodlands (10-30% canopy 
cover; Bennett and Watson 2011) and are found throughout woodlands of the Macquarie 
Marshes (Blackwood et al. 2010, DECCW 2010a).  

Flows to semi-arid wetlands create islands of highly productive habitat that supports a great 
variety of woodland birds (McGinness et al. 2010). The sensitivity of these ecosystems to 
flow means bird communities are also threatened by regulation (Mcginness et al. 2010). 
Flows to the Macquarie Marshes are highly modified by the construction of Burrendong Dam 
and the subsequent management of flows in the Macquarie River for irrigation and stock and 
domestic water supply (DECCW 2010a). These changes are implicated in declines in 
woodland birds, brought about by reduced frequency and duration of flood events needed to 
support wetland vegetation, particularly the extensive communities of river red gum 
(Blackwood et al. 2010).  

In the Macquarie Marshes, Blackwood (2010) recorded 87 woodland bird species. Four of 
these (brown treecreeper, diamond firetail, hooded robin and grey crowned babbler) are 
currently listed as vulnerable under the NSW Threatened Species Conservation Act (1995) 
and a further 14 are considered to be in decline across Australia (DECCW 2010a). Specialist 
species appear more sensitive to the loss of habitat (Ford et al. 2001). Habitat for woodland 
birds in the Macquarie Marshes has contracted significantly as a result of regulation 
(DECCW 2010a). 

In addition to physical habit (e.g. nesting sites), trees contribute detritus, mostly through leaf 
litter, to soil food webs, supporting terrestrial invertebrates that are a critical food source for 
many woodland bird species (Bennett and Watson 2011, Watson 2011). A key consequence 
of the decline in woodland tree health has been a reduction in soil quality, affecting 
decomposer communities and thus reducing foraging success for woodland birds (Watson 
2011) and affecting breeding success (Mac Nally et al. 2009a). 

Climate change is expected to further exacerbate the loss of habitat, leading to the 
continued decline of woodland birds (Mac Nally et al. 2009a). Parallels between the effects 
of climate change and regulation suggests reduced precipitation will exacerbate existing 
trends of decline both directly through reduced local rainfall and indirectly through increased 
demand on water. 

4.6.2 Risks and thresholds 
Adaptation responses to woodland birds involve maintaining or restoring woodland habitat to 
increase resilience to climatic change (Mac Nally et al. 2009a). Management should focus 
on maintaining both understory (the abundance of leaf litter, intact surface crust of mosses 
and lichins, a scarcity of annual grasses, increased are of native grasses) and overstory 
(reduced eucalypt dieback, mistletoe) of woodland remnants (Montague-Drake et al. 2009). 
Efforts should focus on maintaining or creating large remnant woodland (>36ha; Clarke and 
Oldland 2007) to reduce edge effects, particularly from aggressive avifauna such as noisy 
miners (Manorina melanocephala; Maron et al. 2011), and to maintain connectivity among 
remnant patches (Huth and Possingham 2011).  

There are three key limits on adaptation to climate change for woodland birds. Firstly, 
although further loss of water from the Macquarie Marshes due to climate change is likely to 
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impact on woodland bird habitat, these impacts are insubstantial compared to the increasing 
water demands (sensu Vörösmarty et al. 2000). Increased regulation may outweigh any 
positive benefits of local and short term restoration of flows and/or vegetation stands. 

Secondly, as the habitat for these birds is already in a state of decline and it is not known, 
even with intervention, whether woodland communities will continue to decline. Even with 
restoration, many more tress are likely to die over the next 50-100 years even without 
climate change, and further losses to woodland birds may occur regardless (sensu Mac 
Nally et al. 2009). Moreover, if woodland vegetation needs to reestablish after degradation it 
could be considerable time before these soils are able to support dense woodland bird 
communities. The soils in woodlands and their heterotrophic food webs have established 
over a very long time, and it could be more than 100 years before they regenerate. Mac 
Nally et al. (2009) reported declining numbers of woodland birds in both large (>40,000 ha) 
remnant vegetation patches and cleared patches across central Victoria, and attributed the 
declines to low breeding success brought about by impacts to forest vegetation and 
invertebrate food webs. 

Thirdly, increased resilience to climate change will require some areas, where populations 
have been lost or heavily reduced to be recolonised by both vegetation and birds. 
Unfortunately, dispersal rates of both woodland birds and large trees such as eucalypts are 
relatively low (Leech and Crick 2007). Moreover, as woodland landscapes become 
increasingly fragmented, the metapopulation dynamics that ensure community survival and 
enable recolonisation are inhibited (Ford et al. 2001). 

4.7 Frogs 
4.7.1 Character and condition 
Little is known about frog communities of the Macquarie Marshes compared to other 
organisms (DECCW 2010a, but see Metcalfe et al. 1993 and Harrison 2010), although they 
are now the focus of research at the University of New South Wales. Recent findings 
suggest there may be fewer frog species in the Marshes now than in 1990 (DECCW 2010a). 
Harrison (2010) used the NSW NPWS Wildlife Atlas to obtain frog species location data for 
the Macquarie-Bogan catchment and also collected survey data in the Macquarie Marshes; 
capturing 15 different frog species during three survey periods in 2009. Using these survey 
records and the Atlas data Harrison (2010) created a presence-absence matrix of the thirty-
one frog species recorded across the catchment between 1990 and 2009. Species diversity 
and richness was greater on the western side of the catchment around the Macquarie 
Marshes area and lowest on the far south-east end of the catchment (Harrison 2010). The 
Macquarie Marshes, had high frog biodiversity with 12 of the 17 species modelled predicted 
to occupy this region (Harrison et al 2010). This western part of the Macquarie-Bogan 
Catchment, including the Macquarie Marshes, was predicted to have the greatest species 
richness and diversity in the catchment which is not surprising as the Macquarie Marshes 
makes up 45% of all wetlands within the Macquarie-Bogan Catchment (Kingsford et al. 
2004, Harrison 2010). 

The significant decreases in the extent and frequency of flooding reported for the Macquarie 
Marshes, and subsequent fragmentation of vegetation communities (Kingsford and Thomas 
1995, Thomas et al. 2011) can affect frog populations (Harrison 2010). For example, altered 
seasonal flooding caused by river regulation is responsible for significant population declines 
of Litoria raniformis on the floodplain wetland habitat of the Murrumbidgee River in southern 
NSW (Wassens et al. 2008). However, the impacts of river regulation, and thus climate 
change on frog populations are poorly understood. Some species are likely to be highly 
dependent on river flows and wetlands (e.g. five species were positively associated with 
proximity to wetlands, including Cyclorana platycephala, Neobatrachus sudelli, Uperoleia 
rugosa, Litoria verreauxii and Litoria latoplamata) (Harrison 2010). The cycle of wetting and 
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drying of these wetland habitats likely influences their community structure and population 
densities (Pechmann et al. 1989) where floodwaters stimulate frog movement and 
reproduction (Wassens et al. 2008, Harrison 2010). Adverse impacts of river regulation may 
influence these species, as the Macquarie Marshes floodplain becomes increasingly 
fragmented, isolating populations (Harrison 2010). 

4.7.2 Risks and thresholds 
The inherent endemism of frogs means they are particularly susceptible to habitat loss and 
fragmentation (Becker et al. 2007). Research has documented declines in frog communities 
from across the globe since the 1980s (Hazell 2003), and climate change has been 
implicated as a possible cause (Belden and Blaustein 2002). For some species declines 
have been catastrophic, with many now though to be extinct across the world (Stuart et al. 
2004). Four Australian frog species are now thought to be extinct with a further 16 classed 
as endangered (Steffen et al. 2009). Although the exact cause of these declines is still being 
debated, the rapid rate of amphibian losses means there is limited time to act (Hazell 2003, 
Stuart et al. 2004). Similar to woodland birds (section 4.6), declines in degraded landscapes 
parallel those in pristine habitats (Mac Nally et al. 2009b) suggesting a common, global 
cause for species declines rather than local impacts. Mac Nally et al. (2009b) speculate frog 
species assemblages may have declined to the point where only the most resilient, non-
specialised frogs remain. The degradation, fragmentation, and destruction of frog habitat 
brought about by human land use poses a great threat to frogs across the world (Hazell 
2003, Cushman 2006) and is the greatest risk to frog communities in the Macquarie Marshes 
is. The projected impacts of climate change on vegetation, soil, and aquatic communities as 
well as the frequency of flooding and physicochemical conditions in the Macquarie Marshes 
may exacerbate these existing impacts (c.f. Blaustein et al. 2010).  

Amphibians are thought to be particularly sensitive to climate change. For example, a study 
of toads in the United Kingdom found increased temperature since 1983 was correlated with 
a decline in the survival, body size, number of eggs laid by females (Reading 2007). UV-B 
radiation, which affects the growth and development of larval frogs, may increase under 
climate change due to hydrological changes (i.e. reduced water depth) and ozone depletion 
(Kiesecker et al. 2001, Belden and Blaustein 2002). These kinds of sub-lethal mechanisms 
of frog decline to frogs in the Macquarie Marshes may be more important than 
understanding direct impacts,  although  is hindered by limited knowledge of frog community 
composition, life history, and sensitivity to environmental stimuli. Increased temperature and 
decreased precipitation projected by climate modelling both have potential consequences for 
frog communities in the Macquarie Marshes.  

There has been some debate about whether global warming is responsible catastrophic 
declines in frog communities as a result of disease (i.e. chytrid-fungus, e.g. Pounds et al. 
2006, Skerratt et al. 2007, Rohr et al. 2008, Rodder et al. 2009). Under climate change the 
geographic ranges of some pathogens are projected to expand, with possible implications 
for a range of terrestrial and marine biota (Harvell et al. 2002). The environmental conditions 
for the growth and survival of this chytrid fungus, which is intolerant of both freezing and of 
temperatures exceeding 29oC (Piotrowski et al. January, Rodder et al. 2009), may restrict its 
distribution. Batrachochytrium dendrobatidis infections in Australia (and elsewhere) are 
typically in upland areas, possibly reflecting these environmental constraints. By causing 
stress to amphibians, climate change might increase their susceptibility to these infections, 
although there is evidence that frog communities can adapt to chytrid infection (Retallick et 
al. 2004). Some research suggests frogs that occupy stream habitats may be more 
susceptible to infection than pool-dwelling species (Kriger and Hero 2007). 

Climate change adaptation for amphibians in the Macquarie Marshes centers about restoring 
habitat and connectivity destroyed by land use. Shoo et al. (2011) lists three management 
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actions necessary to minimise the loss of amphibian diversity under climate change: i) 
installation of microclimate or macrohabitat refuges; ii) enhancement and restoration of 
breeding sites; and iii) manipulation of hydroperiod or water levels at breeding sites. Given 
the impacts of land use and regulation on habitat for frogs in the Macquarie Marshes, 
rehabilitating wetlands will do more for increasing frogs resilience to climate change than 
direct management (i.e. on-ground intervention such as constructing microhabitat (Shoo et 
al. 2011) or translocating biota (Hoegh-Guldberg et al. 2008).  

4.8 Carbon cycling 
4.8.1 Character and condition 
Floodplain soils from the Macquarie Marshes have high levels of total carbon and nutrients, 
contributing to heterotrophic wetland conditions after flooding (Jenkins et al. 2009, 
unpublished data). Heterotrophic refers to higher levels of respiration (break down of organic 
matter) compared to photosynthesis (production of organic matter via photosynthesis). 
Nevertheless in the Macquarie Marshes levels of photosynthesis are also high after flooding 
(Jenkins unpublished data). It is the products of respiration (broken down available organic 
matter) and photosynthesis (carbon bound in algae, macrophytes and riparian species) that 
support wetland food webs. We suggest that the high rates of both respiration and 
photosynthesis in the Macquarie Marshes underlie the high biodiversity as consumers can 
access food produced by the dual pathways (Jenkins unpublished data).  

Changes to the flood regime of the Marshes have reduced the accumulation of organic 
matter on the soil surface, shifting the ecosystem toward net primary production 
(autotrophic) as the interval between flood events increases. We predict this will reduce 
biodiversity in fish, waterbirds and macroinvertebrates as the dual food web pathway 
simplifies with fewer products available to consumers.  

4.8.2 Risks and thresholds 
As drying extends from 4-6 years to long IFIs of 14 years, dramatic changes occur in 
sources of floodplain organic matter (Valett et al. 2005, Shah and Dahm 2008). In Australia, 
river red gum floodplain forests die, eventually replaced by terrestrial species that contribute 
relatively little organic matter. As a consequence, organic matter (OM) and dissolved organic 
carbon (DOC) decline although levels of OM and total carbon remain tightly coupled. Rates 
of ecosystem respiration fall, although in some systems the opposite occurs. In the Rio 
Grande in New Mexico USA, rates of respiration were two orders of magnitude higher in 
water overlying long IFI floodplains (50 years dry) than in short to moderate IFI floodplains (1 
to 5 years dry, Valett et al. 2005). In long IFI floodplains, the total number of algal cells is 
high (Jenkins unpublished data) and after 28 days of inundation, GPP levels were similar to 
the high rates recorded 30 days after inundation on the Cooper Creek floodplain (1.366 g 
C/m2/d Bunn et al. 2006). 
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Table 13: Summary of significance, condition, key risks and thresholds 

Ecological 
component 

Condition Risk Habitat Threshold 
Flooding 

Threshold Drying

Waterbirds Declining High Mosaic-reeds, red 

gum woodland with 

river cooba, water 

couch, etc. 

Inundation lasting 

4-5 months 

between August 

and March  

Cannot exceed bird 

lifecycle (i.e. drying 

long enough so birds 

too old to breed) 

Vegetation Declining High na RRG 2-3 years, 

reed 1-2 years, 

couch once yearly, 

lignum 1-2 years 

After 4 years RRG 

declines and at 8 

years dead 

Fish Declining High Intact floodplain and 

connected river 

Spring flooding for 

flood dependent 

species 

Short drying of 

creeks was natural, 

so long as refugial 

pools remain wet 

Invertebrates Declining Moderate Mosaic; little known 

about specific 

habitat associations 

Frequently flooded 

(every 1-4 years) 

most productive 

and diverse 

communities 

Dry 1-4 years most 

productive, > 10 

years reduced 

biodiversity 

Carbon 

cycles 

Declining Moderate Carbon levels linked 

to organic matter 

and vegetation 

communities, but 

specific 

relationships 

unknown 

Frequently flooded 

(every 1-4 years) 

highest carbon 

concentrations 

Dry 1-4 years 

highest carbon 

levels; dry > 10 

years low carbon 

levels 

Woodland 

birds 

Declining High remnant woodland 

>36ha 

c.f. vegetation and 

soil. 

After 4 years RRG 

declines and at 8 

years dead 

Frogs Declining High Varied Unknown Unknown 
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5 KEY FINDINGS- SOCIAL SYSTEMS 

5.1 Social capital 
The definition of social capital is a contested within the literature (Claridge, 2004). One 
definition Fukuyama (1997) argues that social capital is “the existence of a certain set of 
informal values or norms shared among members of a group that permit cooperation among 
them”. Alternatively, in an institutional context it “refers to rules and norms underlying social 
behavior and order and representing particular forms of organization in society” (Brondizio et 
al. 2009).  Both concepts are important in the context of wetlands management: a sense of 
cooperation or “community” provides the motivation to act collaboratively, whereas the “rules 
and norms” provide the mechanism by which ‘collaborative effort’ can be effectively 
channeled towards achieving end goals.  

Social capital within the Macquarie Marshes community is a critical element in building a 
resilient approach to conservation management. Specifically it brings four interdependent 
elements to wetland conservation (see Parris et al. 2011):  

 It fosters as sense of ‘ownership’ for conservation management within the community. In 
turn, this sense of ownership helps in drawing out monetary and non-monetary 
resources (in particular, but not limited to, voluntary labour) that can be used to 
implement conservation projects; 

 This sense of ‘ownership’ helps to build a constituency for improved resource 
management regimes and support for continuing them into the future; 

 It reduces conflict over resource sharing decisions by fostering a sense that reductions 
in access to resources now is connected to achieving a broader benefit into the future 
and for the community; and,  

 It facilitates social learning to help disperse new ideas about conservation management. 
 

See also Armitage et al. (2008) for a discussion of social capital, adaptive management and 
governance in natural resource management context.  

These factors were identified by the community as being important during a survey 
undertaken to assess the economics sustainability and social wellbeing (ESSW) as part of 
the 2010 State of the Catchment Report (DECCW 2010c). Specifically, they defined the 
following features as important to maintaining community vitality (which can be considered a 
good indicator of good social capital):  

 maintaining a viable, skilled population and community support (landholders);  
 access to water, health and education services (townspeople);  
 sense of engagement and equity in access to country and waterways (Aboriginal 

people);  
 strong sense of place and community (CMA); and,  
 access to healthy environments (CMA and Aboriginal people).   
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5.1.1 Social Capital within the Central West CMA 
There is mixed evidence as to the strength of social capital within the Central West CMA. On 
the positive side, the community census data shows relatively healthy level of voluntarism 
with 26% of the community reporting some sort of volunteer work during the 2006 Census 
(ABS 2008) compared to under 20% for the NSW as a whole.  This is most clearly seen in 
the large number of mainly volunteer groups that operate through out the Central West CMA 
– there are approximately 65 landcare groups and 9 separate local environmental/NRM 
based organizations specific to the Catchment (Central West CMA 2011a).  

Surveys undertaken by the Central West CMA for the 2010 State of the Catchment report 
that the community considered that urban centres and the upper catchment areas were 
fairing well with respect to the factors that contributed to “community vitality”.   This survey 
further reports that efforts to improve formal and informal skills acquisition have been 
successful, are improving, and have lead to landholders state a degree of empowerment 
with respect to making NRM –related decisions.  

The governance arrangements and planning processes currently underway in the of the 
Central West CMA (Central West CMA 2011b) exhibit characteristics considered important 
in developing, promoting and maintaining a resilient community based approach to NRM.  In 
particular, and as an integral part of their formal documentation process it:  

 Acts as boundary institution to coordinate activities between individuals/groups within 
the catchment and between the catchment and the broader community – for example 
through developing a ‘shared vision’ of the catchment and extensive education and 
engagement programs;  

 Consults widely on major issues and focuses on community empowerment; and, 
 Has developed and is in the process of implementing an updated ‘resilience’ or adaptive 

based management culture within the CMA – through, for example the development of 
state and transition models to systemically observe, evaluate and document critical 
resources, update where necessary and build these into future planning processes.  

 
However, in practice, the elements rated as performing “fair” are the CMA’s ability to deliver 
program processes and outcomes in the areas of community networks and interaction, 
community participation in NRM and improving effectiveness of NRM decision making. Each 
of these areas is recorded as having a positive future trend.   

While generally providing a positive picture of the performance of the CMA, the 2009-2010 
Annual Report nevertheless raises concerns regarding the level of community support for 
the targets in the Catchment Action Plan (CAP) (Central West CMA 2011b). For example, 
performance measures for measuring community support for biodiversity, cultural, land, 
community and people engagement, soil and water outcomes failed to meet the minimum 
benchmark set by CMA management. This contrasts with the 100% compliance against 
achieving project goals, such as minimum levels of riparian revegetation.  

This suggests that while the CMA is successful in implementing ‘on-ground’ works, there is 
more work that is required to build the social capital needed to achieve a ‘common vision’ for 
the catchment. 
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5.2 Indigenous cultural values 
The Macquarie Marshes was traditionally occupied by the Wailwan people, although the 
Marshes themselves are also culturally significant to other groups from the region (DECCW 
2010a). These include traditional owner groups that used to gather on the Wailwan Country 
for traditional ceremonies (Miller 1999, Reeves 2010) and those living upstream and 
downstream (DECCW 2010a). An archaeological study of the Macquarie Marshes and 
immediate surrounds recorded 34 sites where there was evidence of aboriginal occupation. 
Five of these were rated high, seven of moderate, and 22 of low archaeological significance 
(Reeves 2010). 

As a culture, indigenous Australians associate directly with the landscape, and view 
themselves as a key component of the natural environment (Rose 1996). This connection 
with Country (i.e. the landscape and its biota) underpins the cultural and religious beliefs of 
indigenous Australians (Rose 1996), therefore the degradation and destruction of natural 
ecosystems through either human land use or climate change impinges on their cultural 
identity.  

5.2.1 Adaptation 
The values indigenous communities place on the pre-disturbance structure and function of 
natural ecosystems, and the cycles of season and water flows that underpin them, are 
aligned with the aims of conservation and restoration (Morgan et al. 2004, DECCW 2010a). 
Therefore, adaptations that mitigate the impact of climate change on the Macquarie Marshes 
are in keeping with many indigenous cultural values. However, adaptations to climate 
change that benefit indigenous culture need to recognise the importance of different aspects 
of the landscape that may not be in keeping with the values of western society (e.g. 
conservation efforts focus on the more frequently inundated areas of the Macquarie 
Marshes, yet elevated sandy sites and their vegetation have high cultural significance for 
aboriginals (DECCW 2010d). Adaptation strategies also need to recognise the importance of 
basic ecosystem services (e.g. clean drinking water, hunting, foraging) that are provided by 
healthy landscapes and are necessary for indigenous Australians to occupy these areas 
(e.g. Morgan et al. 2004). 

Although the connection between the descendents of the Wailwan and the Macquarie 
Marshes has now become very limited (DECCW 2010a) they never relinquished their 
connection with the land and water, and aspire to participate in the conservation and 
restoration of the Macquarie Marshes’ ecology (DECCW 2010a). During community 
consultations, the descendents of the Wailwan have identified six key priorities for the 
Macquarie Marshes (taken from DECCW 2010a): 

1. Cultural flows to Country (i.e. environmental water dedicated to improve spiritual, 
social, and economic conditions for indigenous Australians; Morgan et al. 2004). 

2. Access to Country in order to conduct cultural activities. 
3. Inclusion in management of Country. 
4. Training and working for Country. 
5. Cultural continuity and heritage protection on Country. 
6. Caring for Country: enacting cultural and ecological responsibility for Country. 
 

Thus far, the involvement of indigenous communities in Australian land management has 
been minimal (Pittock and Wratt 2001). Programs are in place to identify and conserve 
indigenous historical sites and sites of cultural significance in the Macquarie Marshes and to 
include indigenous groups in land management, conservation, and environmental flows 
(DECCW 2010a). 
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Since the arrival of Europeans to Australia, indigenous Australians continue to receive less 
equal rights than other parts of society (Sutton 2001). They have the lowest economic status 
of all groups in Australia and receive less equal access to basic services such as health care 
(Altman 2000, 2003). Thus, they may be expected to receive less equitable access to 
adaptation measures and have less influence over what adaptation measures are 
implemented (Pittock and Wratt 2001) unless specific action is taken. 

5.3 Agriculture 
Agriculture is the main source of income for the many small rural communities and several 
large centres in the Macquarie Catchment (Argent et al. 2007). The smaller, more remote 
communities are particularly reliant on income from agriculture, compared to larger centres 
that have a broader economic base (Argent et al. 2007). Although the catchment has seen 
higher than average population growth (increased by 5.2% between 2001 and 2006), growth 
has been disproportionate between larger centres and small rural communities, with ageing 
demographics in small isolated communities due to the gradual emigration of younger 
people (DECCW 2010a). This is reflected by the number of people employed by agriculture 
which declined for the same period despite the increase in overall population (DECCW 
2010a). Dryland pasture is the dominant land use (Table 14) although the primary income 
stream for the region comes from cropping (DECCW 2010a). Irrigated agriculture is the 
dominant agricultural enterprise and accounts for 48% of the gross value of agricultural 
production (Hassall and Associates 2007a). 

The western part of the catchment has lower rainfall and is not able to support as diverse a 
range of agriculture (DECCW 2010a). In the Macquarie Marshes itself the main land use is 
also dryland pasture for livestock grazing (Table 15; CMA 2011). Cotton is farmed both 
above and below the marshes (Jones et al. 2002) and is the primary user of water from the 
Macquarie River (CSIRO 2008). Flows down the Macquarie from the upper catchment 
primarily supported livestock grazing, but post Burrendong Dam they predominantly support 
cotton (Hassall and Associates 2007a).  

Table 14. Summary of land use in the year 2000 within the Macquarie-Castlereagh region 

Land use percent Area ha

Dryland crops* 12.3% 917,300 

Dryland pasture* 63.4% 4,651,200 

Irrigated crops 1.1% 77,500 

     Cereals*     12.6%     9,800 

     Cotton*     67.6%     52,400 

     Horticulture     0.8%     600 

     Orchards     2.7%     2,100 

     Pasture and hay     12.4%     9,600 

     Vine fruits     3.9%     3,000 

Native vegetation 21.3% 1,564,300 

Plantation forests 1.4% 100,900 

Urban 0.3% 18,600 

Water (storage) 0.2% 11,600 

Total 100.0% 7,341,400 
Adapted from BRS (2000) by CSIRO (2008).  
 * indicates land uses discussed below. 
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5.3.1 Dryland pasture 
Livestock grazing is widespread spread across the Macquarie catchment, creating revenues 
of from cattle and calves ($71M), sheep and lambs ($36M) and wool ($53M) in 2006 
(DECCW 2010a). Grazing relies on pasture growth, which is generally restricted to the 
winter months in the northwestern Macquarie, peaking in May and declining to zero after 
September, but with periods of rapid growth after rainfall events during the summer (Hassall 
and Associates 1998). Average pasture production in the Macquarie valley is projected to 
decline by 14 and 43% for low and high scenarios respectively (Hassall and Associates 
1998). Hennessey et al. (2007) project that a 20% reduction in rainfall will reduce pasture 
productivity by approximately 15%, subsequently reducing liveweight gain of livestock by 
12%. Landholders in the Macquarie Marshes understand that the extent and duration of 
flooding drives grazing productivity (benchmarking). River regulation has reduced the 
productivity of grazing in the Marshes and climate change will worsen this situation. 

Under climate change, livestock could also suffer increased heat stress due to increased air 
temperature (Howden and Turnpenny 1998, Hassall and Associates 2007b). However, the 
direct impacts of climate change on heat stress in livestock has attracted little attention by 
researchers (Thornton et al. 2009) and there is no data on which to base projections. 
Increased temperature can cause heat stress for livestock, reducing meat quality through 
physiological impacts and dehydration, affecting conception rates, and creating problems for 
handling and transport prior to slaughter (Gregory 2010). Climate change is also expected to 
expand the distribution of pests, such as the introduced Asian tick Boophilus microplus 
which transmits parasites to cattle that cause low productivity and even death (White et al. 
2003). This tick is presently restricted to Queensland, owing to quarantine procedures at the 
QLD/NSW border, and while it has the potential to move into parts of NSW, particularly 
under climate change, it is not expected to move into semi-arid regions (White et al. 2003). 
Disease infection rates may also increase (Thornton et al. 2009), but this is a general trend 
across all organisms and there has been no specific research on the topic. 

5.3.2 Dryland cropping 
Hassall and Associates (1998) report that wheat cropping accounted for 90.5% of revenue 
from dryland cropping (with oats, barley, canola, grain legumes, safflower, triticale, corn, 
sunflower, soybean, and other small area crops making up the other 9.5%). Of this wheat 
production, only 1.7% is irrigated (Hassall and Associates 1998). Although a small amount of 
land in the Macquarie Marshes is cropped, current regulations prevent further development 
for cropping. Changes to cropping in the Marshes are likely to be negligible unless 
vegetation changes. 

5.3.3 Irrigated agriculture 
Cotton dominates irrigation production in the, lower Macquarie catchment, but does not 
occur within the Macquarie Marshes (Table 15, Hope 2003, DECCW 2010a). We describe it 
here because use of water for irrigation directly impacts the ecological and social systems of 
the Macquarie Marshes. Cotton irrigation accounts for 60% of consumptive water use from 
the Macquarie River (Hassall and Associates 1998) and accounted for 69% of the total area 
irrigated during 2001 (Hassall and Associates 2007a). The irrigation industry expanded 
considerably across the region between 1993 and 2001, with growth of 83% largely limited 
to the Bogan Shire (i.e. the western part of the catchment; Argent et al. 2007). Cotton 
production also supports communities in other parts of the catchment, particularly via four 
cotton gin operators  (Hassall and Associates 2007a, DECCW 2010a). Based on relative 
rates of evaporation, irrigation water is typically required between August and May (Hope 
2003). Each irrigator is licensed for a fixed volume of water, although in years with low 
rainfall runoff they receive less that 100% of their entitlement as high security water takes 
preference over water for irrigators (Jones et al. 2002). Cotton farming is not expected to 
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expand further unless considerable water savings can be made (Hassall and Associates 
2007). 

Climate risks to irrigated agriculture include reduced rainfall and runoff, and increased 
evaporation (through increased temperature; Hassall and Associates 1998). The reliance on 
water for cotton means revenues from cotton production are estimated to decrease by 8 and 
27% under the low and high climate scenarios (Hassall and Associates 1998). However, 
adjusted models for possible accelerated growth from increased CO2 could actually see a 
10% increase in revenue from cotton production under the low climate scenario, and a 
decrease of only 3% under the high scenario (Hassall and Associates 1998). Any benefits 
from increased CO2 are likely to be balanced by temperature, water, and nutrient constraints 
(Thornton et al. 2009) Jones et al. (2002) demonstrated a 20-30% risk of changes in flow 
reaching a critical threshold for irrigators in the Macquarie by 2030 (i.e. a 20-30% risk of 
there being more than 5 years with <50% water entitlement) and a 30-40% risk of exceeding 
this threshold by 2070. Perhaps the biggest threat to the irrigation industry is repeated dry 
years as occurred in the last decade. Changes to the irrigation industry due to reduced 
availability of water will feedback and impact on the societal demand for water. 

Table 15.  Changes in revenue from the three main agricultural sectors in the Macquarie Valley 
(adapted from Hassall and Associates 1998). Note, gross income for each sector 
has changed since 1998. CO2 concentrations are 362 ppm for base, 421 ppm for low 
and 472 ppm for high. 

Base 
Low High 

Uncorr. CO2 adj. Uncorr. CO2 adj. 

Wheat 
$M 172.3 162.3 172.3 142.1 160.2 

% change -5.8 0.0 -17.5 -7.0 

Dryland 
pasture 

$M 432 372.8 387.9 245.7 294.1 

% change -13.7 -10.2 -43.1 -31.9 

Cotton 
$M 62.6 57.6 68.9 45.5 60.8 

% change -8.0 10.1 -27.3 -2.9 

5.4 Other 
Tourism is also an important industry in the Macquarie catchment, although the reduced 
rainfall and isolation in the western part of the catchment means it is much less important 
(DECCW 2010a). Access is limited within the Macquarie Marshes, resulting in little tourism 
and so we have not considered this aspect here. 
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6 CLIMATE SCENARIOS AND RESPONSES MODELING 

6.1 Objectives 
We aimed to identify four scenarios of future climate change from the literature review, 
guided by the two projections required in the project brief (2 and 4oC increases since pre-
industrial). We explored the risks each scenario poses to the ecological and social systems 
of the Macquarie Marshes. 

6.2 Methodology 
The hydrological and temperature components of the scenarios were based on modeling by 
CSIRO (2008) for 2030 and we included the median, dry and wet projections for CSIRO 
scenario C (Current levels of extraction plus climate projections) (Table 16). The 2070 
scenario was compiled from Hennessy et al. (2007) and Cai and Cowan (2008) (Table 16).  

We used the relationship observed in the Marshes between flooding frequency and area 
inundated from 1979 (the year Landsat imagery was first available) to 2006, a period after 
regulation commenced (1967), but encompassing the increase in water abstraction (mid 
1980s-1990s) (Thomas et al. 2011). We expressed flood frequency as inter-flood interval 
(IFI) to emphasise the time period between floods as this is one of the key triggers for biotic 
responses to loss of flooding (Capon and Brock 2006, Jenkins and Boulton 2007). Short IFI 
floodplain last flooded 1-3 years earlier, moderate IFI floodplain last flooded 4-7 years earlier 
and long IFI floodplain last flooded 8 years earlier. We assigned the IFI categories to 
Thomas et al. (2011) flood frequency categories as follows; short IFI floodplain = high flood 
frequency, moderate IFI = moderate IFI and long IFI = low flood frequency. 

We projected biotic responses to the loss of flooding under the four climate scenarios. These 
responses were based on observed relationships between biota communities in the 
Macquarie Marshes and loss of flooding since Burrendong Dam was constructed and water 
abstraction increased (Tables 16-17). We used simple linear relationships of loss of flooding 
and recorded losses of biotic communities. We appreciate this approach fails to integrate 
thresholds where accelerated change may have occurred, but consider it provides some 
insight into projected future states. It was not possible to undertake more complex modeling 
as the CSIRO Sustainable Yields data were not available to model climate projections. 
Similarly a current UNSW project that models inundation history with biotic community 
responses is nearing completion, but was not available in the timeframe of this project. 

The analysis was synthesized in conceptual models of projected future states to use as 
examples to stimulate input from participants in our interviews and workshop. Preliminary 
discussions with landholders suggested the scenarios were too complicated and these were 
not used in interviews. 

6.3 Results 
Data and sources for temperature, rainfall and flow scenarios are shown in Table 16 and for 
aquatic biota in Table 17. In Table 16 we summarise temperature, rainfall and flow variables 
for three CSIRO (2008) 2030 scenarios, for a 2070 scenario and also the natural and current 
states. These data were discussed in detail in Section 3. It was not possible to populate all 
variables for all scenarios. 

Similarly in Table 17 we summarise data from the literature presented in Section 4 on 
declines in biota. We use the recorded decline from either the natural state or across time 
since regulation to generate a relationship between declines in biota and loss of flooding and 
extrapolate this to our four climate scenarios (Table 17). A problem with this analysis is that 
we do not have knowledge of how degraded communities will respond to ongoing stressors. 
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Figures 9-12 present graphically the findings from the ‘natural’ and regulated states as well 
as our climate scenarios and projections for wetland biota. Each figure shows pie charts of 
the area of floodplain in the Macquarie Marshes with short, moderate and long IFIs. Under 
the natural scenario the areas of short and moderate IFI were significantly greater than 
under the regulated scenario where long IFI floodplain expanded (Figures 9-10). A summary 
of temperature and rainfall are also indicated in Figures 9, 11 and 12. We illustrate the biotic 
response to loss of flooding and the changing pattern of IFIs using symbols (Figure 10-12) to 
represent the relationships we extracted from the literature (Tables 16-17). Productivity and 
diversity of waterbirds, fish, invertebrates and floodplain trees are shown with proportional 
reductions in the numbers of each symbol according to declines recorded in table 17. 
Similarly we show trends in social systems (grazing, dryland cropping and irrigation 
upstream of the Macquarie Marshes), based on Section 5 and discussions with landholders. 

Table 16.  Future climate and flow scenarios (1-4) for the Macquarie Marshes and the natural 
and current data. Scenarios 1-3 are taken from the CSIRO Sustainable yields project 
(CSIRO 2008) for scenario C future climate and current development. Scenario 4 is 
taken from Hennessy et al. 2007. Other data is sourced and citations appear below. 
(na = not available) 

Climatic or flow 
variable 

Scenario 
1

median 

Scenario 
2

dry

Scenario 
3

wet 

Scenario 
4

2070 1

Natural Current

Temperature oC + 1.03 oC + 1.6 oC + 0.45 oC + 4.0 oC  
Mean Rainfall -2 % -13 % + 11 % na 544 mm 547 mm
Runoff -6 % -25 % + 30 % na 35 mm 33 mm
Water avail. -8 % -25 % + 25 % -44 %  1567 GL
End system -9 % -28 % + 41 % na  
Diversions -4 % -16 % + 12 % na 0 386 GL
Average IFI + 10% 

5.2 yrs 
+ 24%
18 yrs

- 25%
3.5 yrs na 2.2 yrs + 114 %

4.7 yrs
Maximum IFI na + 20% na na 7 yrs 15 yrs
Inflows na na na - 55 %  
2 yr ARI na na na na na - 65% 

magnitude
5 & 10 yr ARI na na na na na -50% 

magnitude
Annual modeled 
flows Oxley na na na na na 43.2% 

natural 2

Median area 
inundated na na na na na 59 % 

natural 2

Large flood 
events na na na na na -40-50% 3

Ave winter-spring 
flood volume/yr 

-16 % -38 % + 21 % na 118 GL 75 GL

Ave winter-spring 
flood volume/ 
event 

-5 % -6 % + 5 % na 278 322

1. Hennessy et al. 2007. 2. Ren et al. 2010. 3. Kingsford and Thomas 1995. 
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Table 17.  Recorded declines in biota between “natural” and current. Projected relationship 
between biotic variables and climate scenario based on an assumed linear 
(simplistic) relationship between natural and current. The references relate to the 
source data for the models. 

Ecological 
variable 

Natural 
1979-
1987 

Current 
1988-
1996 

Current 
1997-
2006 

Current 
2007-
2011 

Scenario 
1

median 

Scenario 
2

dry 

Scenario 
3

wet 

Scenario 
4

2070 1

Waterbirds 76 
species 

   -6% -15% +20% -43% 

Micro-
invertebrate 

  10000 1000 -8% -20% +20% -43% 

Total carbon 
terrestrial 1 

 + 5 %1 + 33 %1  +3% +7% -7% +16% 

Total carbon 
aquatic 1 

 - 2 %1 - 84 %1  -7% -18% +18% -41% 

Semi-
permanent 
wetland 2 

 72 000 
ha2 

 - 50 % -3158 ha -7895 ha +7895 ha -17368 
ha 

River red 
gum 

 40 000 
ha3 

- 30 % 
dead 4 

 -3% -7% +7% -14% 

Coolibah 
woodland 

 7800 ha3 - 12% 
19496 

Chenopod 
invasion5 

-1% -3% +3% -6% 

Blackbox 
woodland 

 16600 
ha3 

- 38% 
19496 

Chenopod 
invasion5 

-3% -8% +8% -18% 

Myall 
woodland 

 ha3 - 86% 7

- 680 ha2 
7997 ha5 -8% -19% +19% -42% 

Common 
reed 

 4780 ha3  2202 
ha5 

-5% -12% +12% -26% 

Water couch  5500 
Ha3 

 420 ha5 

12 % 
good 

-8% -20% +20% -44% 

Lignum  2800 ha3  300 ha5 -8% -20% +20% -43% 
River cooba    2614 ha5 -7% -16% +16% -36% 
Fish species 11 

species 
  6 species 43% -10% +10% -22% 

Red-bellied 
black snakes 

   Declined     

Frogs  14 
species 

 9 species -3% -8% +8% -17% 

1. Jenkins unpublished data; 2. DECCW (2010a); 3. Wilson (1992); 4. Bacon (2004); 5. Bowen and Simpson 
(2010); 6. Kidson (2000); 7. Benson (2006). 
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Figure 9  Pre-abstraction and regulated models of floodplain inter-flood interval (pie charts) 
and climate variables in the Macquarie Marshes. IFI data are adapted from Thomas 
et al. 2011 and Jenkins unpublished data. 

 
 
Figure 10.  Pre-abstraction and regulated models of floodplain inter-flood interval (pie charts) 

and biotic variables in the Macquarie Marshes. IFI data are adapted from Thomas 
et al. (2011) and Jenkins unpublished data. 
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Ecosystem and agriculture responses extrapolated from published and unpublished data sources

Figure 11.  2030 dry and 2070 extreme dry models of floodplain inter-flood interval (pie 
charts), climatic variables (upper) and biotic variables (lower) in the Macquarie 
Marshes. IFI data are adapted from Thomas et al. (2011), Jenkins unpublished data, 
Hennessy et al. (2007) and CSIRO (2008). 
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Median and Wet based on CSIRO 2008

Ecosystem and agriculture responses extrapolated from published and unpublished data sources

Figure 12.  2030 median and 2030 wet models of floodplain inter-flood interval (pie charts), 
climatic variables (upper) and biotic variables (lower) in the Macquarie Marshes. IFI 
data are adapted from Thomas et al. (2011), Jenkins unpublished data., Hennessy 
et al. 2007 and CSIRO 2008. 
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7 ADAPTATION AND LIMITS FROM LITERATURE 

7.1 Introduction 
This review identified loss of flooding due to river regulation as the key factor that has 
degraded the Macquarie Marshes, pushing ecological and social systems beyond 
sustainable thresholds and increasing vulnerability to the impacts of climate change (Figure 
13). Specifically vegetation communities have significantly reduced in area (i.e. river red 
gum, reed beds and couch grass) and remaining communities are in poor health with 
encroachment of terrestrial plants (Figure 13). Losses were most severe when dry periods 
extended from 3-4 years to beyond 8 years in the last decade (Figure 13). Vegetation losses 
reduce the storage of organic matter and extended dry periods deplete the bank of aquatic 
propagules (flora and fauna) in floodplain sediments (Figure 13). There are few opportunities 
for waterbird recruitment under the regulated water regime, woodland birds have declined 
and most likely frogs dependent on flows (Figure 13). The grazing industry has reduced 
productivity and many families have left the area (Figure 13). 

Naturally the core wetland areas that supported aquatic communities flooded every 1-2 
years and by extending these inter-flood intervals, regulation has altered the ecological 
character of the Macquarie Marshes. Current management is focused on maintaining a 
shrinking core area of wetland via environmental flows. Climate change will worsen the 
current situation by reducing flooding further, albeit incrementally by 2030 when considering 
long term averages. However, a key projection of climate change is increased drought 
frequency and severity. The combination of drought with river regulation has already resulted 
in significant ecological and social losses in the last decade. 

The key goal for adaptation in the Macquarie Marshes is to reduce the inter-flood interval to 
2-4 years for a core area of wetland (see 7.2 Water). The community must decide the size of 
the wetland they want in the future and then secure adequate water. It is critical that the 
water sharing plan is revised to include rules to prevent the inter-flood intervals extending 
beyond 2-4 years during dry decades. Modelling of climate change impacts and 
environmental flow scenarios are important to projections for the development of adaptation 
strategies. Also needed are predictions and models of trajectories for the existing degraded 
plant and animal communities for both business as usual versus transformative adaptation 
scenarios.  

In this section we discuss adaptation options, grouped under four categories; water quantity, 
infrastructure, land management and social institutions. We conclude with a summary of 
adaptation recommendations, including the ecological/social role/purpose and a rating of the 
importance. 
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Figure 13:  Conceptual model of the drivers of regulation (1990-2010s) and climate change 
(2050-2070s) and responses in the Macquarie Marshes social-ecological systems 
without adaptation. 

7.2 Water (quantity mostly) 
The key water impacts from regulation that will be worsened by climate change are the 
extended IFI, reduced flood volumes and later flood timing. In this section we explore what 
adaptation options are available to address these water quantity issues. For example, can 
we change the IFI, by how much? And will these changes be enough to sustain the 
Macquarie Marshes within resilience limits? Until what point? And are there other (more 
radical) options available then or will the system transition toward a different state but with 
values of more ephemeral wetlands? 

7.2.1 Environmental flows 
Environmental flows are the most effective technique for offsetting the effects of regulation 
(Poff et al. 1997) and are therefore the primary adaptation for mitigating the decrease in 
water caused by climate change (Bunn and Arthington 2002, Poff et al. 2002, Aldous et al. 
2011). Models of the natural flow paradigm published by Poff et al. (1997) and Bunn and 
Arthington (2002) provide a framework for designing environmental flows that emphasise the 
importance of flow timing, magnitude, duration, and frequency for ecosystem structure and 
function. Such models focus on restoring elements to the flow regime that underpin the 
resilience of ecosystems to the loss of water. However, these models, along with plans for 
managing environmental water (i.e. water sharing plans) have neglected consideration of the 
inter flood interval. To improve social and ecological health, managers must develop a focus 
on thresholds for the duration of dry periods for wetlands such as the Macquarie Marshes.  

In rivers with extensive floodplain wetlands, environmental flows are predominantly delivered 
to manage floodplain inundation with the aim to improve recruitment and viability of biota that 
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are dependent on or benefit from flooding (e.g. King et al. 2009, Rayner et al. 2009). For 
ephemeral systems like the Macquarie Marshes, river channels are often used to deliver 
water to users downstream resulting in constant base flows when under normal conditions, 
flows would cease (Bunn et al. 2006b). Under climate change, the amount of water for both 
irrigators and managed floodplain inundation will decrease (Figure 13), placing increased 
emphasis on environmental releases targeted at maintaining ecosystem integrity, while 
making the provision of flows more difficult to maintain (Hirji and Davis 2009). This will 
require careful management and well planned irrigation releases that can be delivered to 
both meet irrigation needs while simultaneously providing environmental benefit to fish and 
other biota (e.g. Jager and Smith 2008). Managers need to adopt an adaptive management 
framework so they can respond flexibly to the projected increased drying. It is likely the 
community will face some tough decisions on the area of wetland they wish to protect and 
the suitability of irrigated agriculture in an increasingly dry climate. 

The responsibility for managing environmental flows to the Macquarie Marshes (160 GL yr-1) 
lies with the NSW Office of Environment and Heritage who advises the agency (the State 
Water Corporation) responsible for dam operation (Kingsford et al. 2011). Advice on the 
management options of environmental flows is also sought from stakeholders on an 
Environmental Flows Reference Group (Kingsford et al. 2011). The NSW Office of Water is 
responsible for developing and reviewing water sharing plans, which are due for review in 
the Macquarie in 2015. It is imperative at this review that the plan is revised to incorporate a 
focus on IFIs to avoid ongoing exceedance of thresholds during drought. The review of the 
plan must also address climate change projections. Revised management of IFI thresholds 
during dry decades is the single adaptation that would transform water management in this 
system. It will require additional water (see water buy-back; Pittock and Finlayson 2011), 
increased flexibility in the delivery of water such as piggy-backing, but also means ecological 
values and assets need to be prioritised (Aldous et al. 2011; Watts et al. 2011). The delivery 
of new large volumes requires modifications to structures in many rivers to both increase 
flow capacity and reduce the risk of flooding to urban centres (Aldous et al. 2011, Pittock and 
Finlayson 2011, see 7.3). Without such planning, reactive planning of environmental flow 
releases will only occur when particular floodplain river ecosystems are approaching 
catastrophic change due to loss of flow (e.g. Rolls and Wilson 2010). 

Adaptation to the dual stress of regulation and climate change requires the design of novel 
strategies to make the most of precious environmental flows (Aldous et al. 2011; Kingsford 
2011). In the Upper Klamath Basin, adaptation strategies focus on the capture and retention 
of winter snow, the predominant source of water whilst simultaneously reducing activities 
such as timber harvesting that reduce snow capture and subsequent melting (Aldous et al. 
2011). The severity of the water crisis has also led to voluntary reductions of irrigation water 
diversions (Aldous et al. 2011). In the Macquarie Valley the Central West CMA could play a 
key role in developing community support to reduce catchment scale activities such as 
timber plantations and farm dams that reduce runoff to the river. We are yet to see the water 
crisis in Australia galvanise communities to make voluntary reductions of diversion for 
irrigation water or town supply. 

Increasing volumes of environmental water allocations are the linchpin of adaptive strategies 
to restore regulated rivers and meet legislated conservation obligations (Pittock and 
Finlayson 2011, Kingsford 2011). In Australia’s Murray-Darling Basin current environmental 
volumes are inadequate and an estimated 7600 GL is recommended for ecological 
sustainability of the Basin’s rivers (MDBA 2010, Kingsford 2011). However, the MDBA 
recommended roughly half this volume because of the likely socioeconomic impact (MDBA 
2010). Furthermore, even in catchments such as those in Victoria, Australia with rigorous 
planning to redress current over-allocation, climate change impacts have yet to be factored 
into models (Aldous et al. 2011). Current water buy-back under state and federal schemes 
(section 1.4.1) would return a total of 2540 GL to the environment in catchments throughout 
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the Murray-Darling Basin (Productivity Commission 2010), roughly a third of that needed for 
sustainability (MDBA 2010). 

Climate change adaptation in the Macquarie Marshes requires new strategies for 
environmental flows to address; IFI thresholds for floodplain biota and processes, timing 
issues, increased volumes, and improved delivery capacity of structures (see 3.3 for details 
of flow impacts with regulation and climate change projections). Currently an environmental 
water allocation (160,000 ML) for the Macquarie Marshes and the ecological needs of the 
main Macquarie River channel is available annually if the main storages are full (Johnson 
2005). The environmental water allocation increased to 262,148 ML by April 30 2010 with 
46,275 ML purchased (see 1.4.1), but models are yet to include scenarios for increased 
water volumes and for IFI management during dry decades. Further water could be 
purchased through private water acquisitions but may shift the accountability for providing 
environmental water away from the public sector (Poff et al. 2003, King 2004). Adaptation 
strategies for environmental flows will need to balance reductions to the IFI against 
increasing volumes available for floods. Flood timing may be improved by revising irrigation 
delivery strategies and engineering structures (see 7.3). 

7.2.2 Water savings 
The high dependence of ecosystems and irrigation on water means climate change 
adaptation must centre about water availability. Mitigating the impact of reduced water could 
mainly be achieved through either increased water use efficiency and water trade (Beare 
and Heaney 2002). The contrasting benefits of increased CO2 on crop production and costs 
from reduced water availability create an opportunity for the irrigation industry to benefit 
despite climate change if solutions can be found for the loss of water (McRae et al. 2007). 
Although water savings will increase profitability in years with allocations, this analysis does 
not consider how the irrigation industry would survive through projected increases in drought 
when allocations are unlikely to be available every year. 

The majority of water losses from irrigated agriculture are via seepage from reservoirs and 
channels (estimated at approximately 2-15% of storage volume) and via evaporation from 
storages (ranging up to 40%; Schmidt 2007). However, these values do not appear to have 
been rigorously tested by the literature. Experiments with monolayers (thin films of 
amphiphilic chemicals that are applied to the surface of reservoirs to prevent evaporation) 
have shown that while effective under ideal circumstances, they are readily disrupted by 
wind and need to be reapplied frequently (DNRM 2002). More generally, irrigation areas 
could be consolidated closer to the source of water (i.e. closer to the river channel) to reduce 
the need for irrigation trenches and channels, thus reducing evaporative losses (Hassall and 
Associates 2007b). 

Operational changes that reduce water consumption include planting with hardier (less 
water-dependent) cotton varieties, improved irrigation methods e.g. irrigation using furrow 
methods rather than drip or spray irrigation) and modifying channel and storage 
infrastructure to reduce seepage and evaporation (Hassall and Associates 2007b). Hassall 
and Associates (1998) notes that improving stubble management and moisture retention, to 
implement more effective crop sequences could actually see increased crop production even 
with less rainfall.  

The agricultural industry has a long history of adapting to variable climatic and economic 
conditions, although much of this adaptive capacity comes from the capacity to shift land use 
(Dayle 1997, White et al. 2003). For example, reduced flows and increased grain prices 
during the drought have already seen some producers shift toward alternative summer crops 
(Hassall and Associates 2007b). Further, if water availability becomes too unreliable (e.g. 
less than 50% of years) this will lead to a broad scale shift away from irrigated agriculture to 
a dryland or highly opportunistic (low efficiency) system. Hassall and Associates (2007b) 
write “there are few alternatives to irrigated cropping that generate the same income as 
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cotton”, but do not account for the fact that profits are only high because they are subsidised 
by cheap water. Cotton is unlikely to be profitable, particularly in an increasingly dry climate, 
if the complete environmental costs are taken into account.  

7.2.3 Water buy-back 
Market-based approaches to watershed rehabilitation and conservation are one of the key 
mechanisms that enable water users to adapt to climatic change (Miller et al. 1997). In 
Australia, existing water markets, and the infrastructure needed to drive them, enables water 
entitlements to be reacquired (i.e. “buy-back”) to provide environmental allocations through 
programs such as the Commonwealth-funded Restoring the Balance in the Murray-Darling 
Basin Program (Productivity Commission 2010). Water buy-backs adjust the balance 
between the environment and users in an efficient way, but can exacerbate user adaptation 
or change in response to climate change. The purchase of water for the environment 
requires a common set of reforms that include: establishing rights to and limits on water 
extraction, acknowledging the environment as a legitimate user of water, and enabling water 
rights to be transferred to the environment for the purpose of rehabilitation and/or 
conservation (Garrick et al. 2009). However, these reforms are subject to changing 
conditions and various socio-economic barriers that can either hold back water transactions 
or delay them far enough that their ability to adapt to changing conditions is lost (Garrick et 
al. 2009). 

Water for environment and conservation has also been acquired through similar programs 
overseas, although the private sector plays a much greater role. Such programs typically 
involve either the permanent acquisition of water, temporary leases, or increased water 
through efficiency savings (Garrick et al. 2009). In the United States, private water trusts 
have become important mechanisms for the purchase of environmental water, particularly 
across the western United States (Landry 1998, King 2004). Examples include the 
Washington Water Trust (Washington State; Lovrich and Siemann 2004), the Freshwater 
Trust (Oregon), the Environmental Water Account (California; Brown et al. 2008) and the 
Lahontan Valley water right purchase program (Ise and Sunding 1998). These programs 
typically have a strong focus on fish communities, particularly sport-fish. There appear to be 
an increasing number of such arrangements, for example there have been calls for a 
compensation scheme for the Rio Conchos in Northern Mexico (Sisto 2009). These 
programs include funds from both public and private sectors (Garrick et al. 2009) and 
sometimes include collaboration between both (CWT 2011).  

The Macquarie has been classed as a high priority catchment for water recovery, and as of 
March 2010, 61,215 ML of general security and 1,888 ML of supplementary water had been 
purchased for return to the environment (Productivity Commission 2010). These allocations 
will have substantial environmental benefits (i.e. to wetlands like the Macquarie Marshes and 
Gwydir Wetlands), although Cotton Australia (in Productivity Commission 2010) expressed 
concern that water buyback will benefit private land, encouraging increased stocking. They 
suggest this is not in keeping with the intentions of the scheme, but to date research has not 
shown significant impacts of grazing on floodplain wetlands compared to the impacts of loss 
of flooding. In addition, the loss of water to floodplain wetlands with abstraction for irrigation 
was arguably an inequitable distribution of water among users within catchments. 

Another issue raised by the Productivity Commission (2010) is the 4% cap on permanent 
trade out of irrigation areas. It is argued that the cap is a barrier to both government buyback 
and trade amongst other water users. This rule appears to have been inconsistently 
enforced among the states (Productivity Commission 2010) creating disharmony among 
competitors in the agricultural industry. Although the government plans to phase out the cap 
by 2014, some landholders are arguing the cap should be removed immediately 
(Productivity Commission 2010). 
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7.2.4 Numerical modeling 
Numerical modeling was undertaken by CSIRO for the Macquarie catchment (CSIRO 2008). 
Modeling of flows and inundation patterns for the Macquarie River has also been undertaken 
by Ren et al. (2010) and Ren et al. 2011. We had hoped to link the CSIRO climate model 
with the UNSW flow-inundation model to project impacts of climate scenarios on floodplain 
inundation frequency, but the CSIRO data outputs are not yet available. This type of 
modeling is pressing for the Macquarie Marshes as it will also allow improved projections of 
the impacts of climate change on biota, using existing data sets. Another current modeling 
limitation for the Macquarie Marshes is that IQQM has limited capacity to model increased 
annual volumes of water such as carry-over and the increased volumes purchased under 
water buy-back. 

Similar limitations existed for the Upper Klamath Basin in the USA. Although no coupled 
climate–hydrology models are available currently for this Basin, Aldous et al (2011) used 
existing information to consider how climate change may affect different streams with 
different relative contributions of surface water and groundwater. They dissected the 
hydrograph, to identify key climate change adaptation strategies that address some of these 
impacts. Aldous et al. (2011) recommend this approach as a powerful tool for rethinking the 
highest priorities for freshwater protection, restoration and conservation, as well as to 
prioritise future climate- and hydrology-modelling work. They calculated the new flow 
amounts under climate change in two steps. First, they calculated the reduction to total 
volume of daily flow over the low-flow period, assuming a 20% flow decline, and subtracted 
that from the daily means (Aldous et al. 2011). Second, they increased winter-flow volume 
by this total amount, distributing it over the specified winter season (Aldous et al. 2011). We 
assumed no change in mean annual precipitation, so the total volume of winter-flow increase 
was equal to the summer decrease (Aldous et al. 2011). They adjusted the total volume of 
winter-flow increase for the three tributary rivers and matched this to relative groundwater 
contributions. Finally they shifted the timing of streamflow two weeks earlier for winter 
snowmelt, and spring to early summer flows. These changes were applied to the three 
existing hydrographs to generate hypothetical hydrographs resulting from climate change 
(Aldous et al. 2011). This type of approach could be applied to the Macquarie Marshes until 
other numerical models become available. 

7.2.5 Water Sharing Plans- water allocations 
A Water Sharing Plan is a legal document prepared under the Water Management Act 2000. 
Water Sharing Plans establish rules for sharing water between the environmental needs of 
the river or aquifer and water users, and also between different types of water use such as 
town supply, rural domestic supply, stock watering, industry and irrigation. These plans aim 
to protect the health of rivers and groundwater whilst providing water users with perpetual 
access licenses, equitable conditions, and increased opportunities to trade water through 
separation of land and water rights. Details of the Macquarie-Cudgegong Water Sharing 
Plan are covered in Section 1. 

In the Savannah River, USA, the water management systems are stressed and failing with 
environmental flow releases from dams the first benefit to be dropped during dry times 
(Aldous et al. 2011). Similarly in Australia, when drought developed last decade, the New 
South Wales Government (from 2006) and Victorian Government (from 2007) suspended 
environmental flows (Pittock and Finlayson 2011), leaving floodplains such as the Macquarie 
Marshes dry beyond ecological thresholds (Jenkins and Boulton 2007, DECCW 2010a). 
Environmental-flow rules, suspended when conditions become too dry, are not useful 
especially as such conditions are expected to increase with climate change (sensu Pittock 
and Finlayson 2011). 
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7.3 Water infrastructure and management 
7.3.1 Dam reoperation 
Dam reoperation refers to new strategies for the storage and release of water to maximize 
benefits, particularly with increased floods and droughts projected with climate change 
(Bates et al. 2008, Watts et al. 2011). Dam reoperation aims to meet water supply needs 
while restoring elements of the natural flow regime, such as the seasonal timing of high 
flows, flood flows and variability in low flow releases (Postel and Richter 2003, Mathews and 
Richter 2007, Watts et al. 2011). Options for reoperation to establish a more natural 
seasonal pattern of flows with increased variability (Arthington et al. 2006) include:  

 storage in downstream aquifers, providing flows that mitigate increased water 
temperature to protect biota (Yates et al. 2008),  

 altering dams to modify water quality (Higgs and Vermeyen 1999, Bednarek and Hart 
2005, Vermeyen 2008),  

 changes to transfer patterns between dams within a catchment,  
 new delivery arrangements for landholders with riparian rights,  
 increasing capacity to deliver large environmental flows (Jones et al. 2006), available 

from inter-annual carryover, borrowing, management and ownership of dam spills and 
‘piggy-backed’ releases of environmental water on consumptive water releases or 
tributary inflows (Pittock and Hartmann 2011; Watts et al. 2011).  

 
In the Macquarie dam-reoperation could include building multi-level offtakes to overcome 
thermal pollution downstream (Pittock and Hartmann 2011; Viers and Rheinheimer 2011) 
and fishways to improve fish passage. Burrendong Dam can release a limited volume of 
environmental flow, which could be rectified by increasing the size of the outlet (Pittock and 
Hartmann 2011). 

Richter and Thomas (2007) proposed a six step framework for dam reoperation involving 
assessment of post-dam hydrology and its ecological and social consequences, specifying 
goals for dam reoperation, designing and implementing new strategies and then assessing 
results relative to goals (Watts et al. 2011). Dam reoperation requires new agreements and 
revised operating protocols, but may be constrained by inflexible management plans and 
legislation (Pittock and Hartmann 2011). 

Downstream aquifers have been used in Australia to store water from environmental 
releases and subsequently drawn on for irrigation and urban stormwater management 
(Dillon 2009, Watts et al. 2011). It is proposed in a restoration plan for the Florida 
Everglades (South Florida Water Management District 2008 in Watts et al. 2011). This 
approach holds much promise in semi-arid and arid regions where rainfall and runoff will 
decrease with climate change, as transfers in wet cooler months of winter-spring reduce 
conveyance and evaporative losses experienced with summer transfers (Richter and 
Thomas 2007, Watts et al. 2011). However the environmental and socioeconomic risks and 
benefits of aquifer recharge must be assessed including water quality and pumping costs 
(Watts et al. 2011). 

Transfers between cascading series of dams can be used to return the seasonality and 
variability of flows towards the natural regime without changing the volume of the releases 
(Watts et al. 2011). When variable flows were released from Dartmouth Dam biodiversity 
improved, the biomass of problematic biofilm on riverbed cobbles reduced, and the ability for 
landholders to pump water from the river was enhanced (Watts et al. 2011). 
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Riparian rights give landowners with river frontage a licence to take water for stock and 
domestic use, resulting in constant base flows in many Australia rivers (Watts et al. 2011). 
This is economically costly due to high water losses and ecologically costly due to the 
impacts of lost variability. In some catchments (e.g. the Darling Anabranch and Wimmera) 
the stock and domestic flows have been piped. Water savings can be used for 
environmental benefit by the Commonwealth Environmental Water Holder (Watts et al. 
2011). An alternative to piping is to alter the timing of flows and deliver water in discrete 
pulses to minimise losses (Watts et al. 2011). The NSW State Water Corporation released 
water in pulsed blocks during recent dry summers allowing landholders to pump to on-farm 
storages to provide water for stock during periods of no flow (Watts et al. 2011). 

Another dam reoperation practice, ‘piggy-backing’ is already commonly used to increase the 
extent of inundation by releasing environmental flows on top of consumptive water releases 
or tributary inflows (Harman and Stewardson 2005, Watts et al. 2011). This requires flexible 
and rapid decision making for the release of environmental water from dams to coincide with 
a rainfall event or unregulated flow (Watts et al 2011). Piggybacking has been used 
successfully in the Macquarie Marshes to value-add to inflows from unregulated  tributaries 
(Haisman 2005). 

7.3.2 Structural and barrier review 
Freshwater fish and other biota require a variety of habitat types to complete their lifecycles 
– when access to these habitats is blocked by instream barriers such as weirs, dams, 
causeways and culverts, fish populations decline in abundance, richness and diversity (Bunn 
and Arthington 2002, Arthington and Pusey 2003). Barriers and their impact on connectivity 
increase the vulnerability of freshwater ecosystems to climate change. 

The NSW DPI Weirs Review identified over 3000 barriers to fish passage in NSW (NSW DPI 
2002; Figure 14), with 370 licensed instream structures located in the Macquarie Bogan 
Rivers catchment (Figure 15). Of these 370 structures, 255 were deemed to be barriers to 
fish passage, 68 were deemed not to be barriers and 47 structures have not been assessed 
(NSW DPI 2006). However, only five structures in the Macquarie Bogan have been 
subjected to detailed reviews (NSW DPI 2006) and just five have been fitted with fishways 
(Warren Weir, Marebone Weir and regulators on Gunningbar Creek, Crooked Creek and 
Duck Creek). 

During aerial survey of the Macquarie River between Warren and Brewon in May 2008, 
Rayner (2008) identified 72 instream structures (Figures 15). The original NSW DPI Weirs 
Review included 39 of these structures, all of which were deemed to be licensed barriers to 
fish passage (NSW DPI 2002). One additional licensed structure on the Bypass Channel, 
Northern Macquarie Marshes Nature Reserve, was under construction during the survey, 
leaving a total of 32 additional structures. Although further assessments and ground truthing 
are required, we suggest that 22 of these additional structures are likely to be barriers to fish 
passage, whereas 10 bund walls (located on the Gum Cowal and Terrigal systems) are likely 
to affect flows but not fish passage. The additional structures are mostly small (<2 m high) 
and have been by constructed by landowners and natural resource managers for a variety of 
practical, site specific reasons (e.g., creek crossing, erosion control and flow manipulation). 

 



Limits to climate change adaptation in floodplain wetlands: the Macquarie Marshes

73 

 

Figure 14. Location and height of 370 instream structures in the Macquarie-Bogan Rivers 
catchment, including structures deemed to be barriers to fish passage (dark grey 
circles), structures deemed not to be barriers (mid grey circles) and structures 
which have not yet been assessed (light grey circles). Data source: NSW DPI. 
(Prepared by T. Rayner) 
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Figure 15.  Location of 73 instream structures identified during aerial and ground surveys of 
the Macquarie River between Warren and Brewon in May 2008. Many of these 
structures were not included in previous NSW DPI audits. The regulatory 
structures and culverts on the Bypass Channel, Northern Macquarie Marshes 
Nature Reserve are licensed but did not have unique latitudes and longitudes in 
the NSW DPI dataset. (Rayner unpublished data). 
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7.4 Social Institutions 
Legislative instruments can be used to implement climate change adaptation strategies. 
Examples of legislative and policy instruments include the Weirs Policy 1997, Water 
Management Act 2000, and the Water Act 2007. Use of legislation as a climate change 
adaptation strategy involves applying existing legislation or developing new legislation for the 
purposes of climate change adaptation. 

Here we set out a number of actions and processes that would help prioritise/reduce 
costs/facilitate an adaptation response. They include institutions (rules, etc), 
knowledge/information and processes such as strategic adaptive management. These 
approaches could be used by agencies such as the Catchment Management Authority, 
State government departments, and Federal government departments. 

7.4.1 Adaptive management planning 
Strategic Adaptive Management (SAM) is a management framework that provides a learning 
and monitoring cycle and specific objectives that could be applied to protected areas of river 
systems, ranging from heavily managed or regulated through to pristine rivers (Kingsford et 
al. 2011). It is a management tool that both helps set objectives across diverse stakeholder 
groups as well as facilitating actions in a direct way. While maturity in SAM is incremental 
over years or decades, it could be applied even if environmental problems are urgent and 
contentious. The stages of SAM should produce an agreed vision and/or mission among 
stakeholders, with an appropriate hierarchy of objectives that determines indicators to be 
measured, allowing ongoing reflection, learning and adaptation. There is no panacea for 
achieving aquatic conservation, but Strategic Adaptive Management offers hope with its 
interlinked processes for navigating complexity and learning. SAM in freshwater 
conservation is progressing because of the imperative for sustainability, history of interaction 
between scientists and managers and the need for transdisciplinary governance of rivers 
(Kingsford et al 2011).  

7.4.2 Long-term monitoring 
Measuring change in composition and condition of biotic assemblages due to climate 
change is impossible without ongoing quantitative monitoring. Ongoing monitoring is vital to 
assess the outcomes of management actions and improve projections of the ecological 
responses to future management scenarios (Lindenmayer and Likens 2009, 2010). Large-
scale river health monitoring programs often occur in dryland rivers such as the Macquarie 
Marshes (e.g. Davies et al. 2010), yet are likely to have poor ability to detect medium-term 
temporal and spatial scale changes in ecosystem condition that are needed to trigger 
adaptive management actions. Therefore, monitoring programs need to be adaptable to 
climatic events and more importantly, measure appropriate ecological indicators informed by 
conceptual models (Lindenmayer and Likens 2010). 

7.5 Autonomous or active ecological 
7.5.1 Migration 
Many native fish species found in the Macquarie Bogan catchment are sedentary for much 
of the year, but known to undertake long distance migrations in late winter to spring for 
spawning and recruitment (e.g., golden perch). These movements are typically upstream, 
with individual fish often covering 100s of kilometres (Crook 2004). After spawning, some 
fish return to their original home range on the river (sometimes returning to the same snag; 
O'Connor et al. 2005). Movements by both immature and adult fish have been linked to 
small rises in flow and most movement occurs between October and April (O'Connor et al. 
2005). Other, smaller bodied species do not appear to migrate (e.g., Hypseleotris 
gudgeons). Little is known about lateral movements into ephemeral floodplain habitats by 
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any species, although this was likely important in areas such as the Macquarie Marshes 
prior to European settlement and catchment development. Radio tracking of fish has not 
been undertaken in the Macquarie catchment. In-stream barriers are the main impediment to 
migration by species as a means to adapt to climate change (see 7. on barriers).  

7.5.2 Translocation 
Translocation of species is proposed as an adaptation to rising temperatures due to climate 
change. For example, translocation of species with limited capacity to move across basins 
(e.g. molluscs, crustaceans, oligochaetes) may be necessary when connectivity is limited 
(Turak et al. 2011). 

7.5.3 Conservation planning 
Despite obligations under the Ramsar Convention on Wetlands, the Convention on 
Biological Diversity and national policies, no representative reserve system for the MDB’s 
freshwater biota has been established (Nevill 2007, Pittock 2008, Pittock and Finlayson 
2011). The key problem with protected-area management is the lack of control over the flow 
regime, which underpins a freshwater protected area’s resilience (Kingsford et al. 2011). The 
effectiveness of freshwater protected areas for conserving biodiversity from climate change 
impacts relies on management links inside and outside protected areas (Turak et al. 2011). 
Priorities for protection should be refugia, key habitats and dispersal corridors for aquatic 
species, given the projected impacts of climate change (Turak et al. 2011). 

Restoration and/ or provision of structural habitat in refuge habitats is an important 
consideration for conservation planning. Outside reserves protection of refuges from 
extraction and livestock access is critical. Refuge quality is vital to ensuring that freshwater 
fish and other aquatic biota are capable of persisting in stressed ecosystems (e.g. Magoulick 
2000). Effects of abiotic (e.g. water quality) and biotic (e.g. predation) stressors are 
intensified in small confined habitats that typically form refugia from low flows. Therefore, 
refugia need to be of sufficient physical size (e.g. depth, area, volume, geomorphological 
complexity) to support the persistence of all fish species at the regional scale. Refugia 
primarily function by facilitating resilience of fish and biota to disturbances such as low flows 
(Lake et al. 2007), therefore the failure to protect refugia will result in widespread and rapid 
losses of biodiversity in dryland river ecosystems. 

Conservation planning should also aim to maintain patterns of longitudinal and lateral 
connectivity. Low flow events will increase in duration under climate change, impacting on 
lateral connectivity. This is a natural phenomena during natural low flow periods. However, 
loss of longitudinal connectivity during low flows is increased significantly due to the effects 
of weirs and culverts. Many of these barriers are impassable by fish during all but very large 
flow events, and therefore restricting connectivity will reduce both the ability of fish to access 
refugia during low flows and also impact the large-scale recovery of fish during increased 
flows and flooding. Auditing of all barriers, understanding the flow conditions that individual 
barriers impact longitudinal connectivity, removing redundant barriers or providing fish 
passage facilities will reduce the negative effects of climate change on fish in the Macquarie 
Marshes. 

7.5.4 Hydrologically dynamic fisheries and fishing limits 
Under reduced flows, fish assemblages are expected to show changes in biomass, 
distribution and recruitment due to loss of floodplain inundation and energy sources, 
increased competition for energy etc. Although landholders vary the density and location of 
livestock on floodplains according to feed and water availability, the impact of recreational 
fisheries pressure on fish assemblages remains relatively unstudied in the context of 
conservation and is often ignored as a stressor to long-term persistence. Production of fish 
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assemblages is often correlated with flow and floodplain inundation (e.g. Górski et al. in 
press), and accordingly, recruitment and biomass is often reduced during low flows. For 
example, abundance and individual body condition of brook trout (Salvelinus fontinalis) were 
significantly reduced during drought due to loss of spawning and feeding habitats, and it was 
suggested that fisheries managers impose restrictions on recreational fisheries to aid in 
recovery as flows resumed (Hakala and Hartman 2004). Recreational fishing pressure in 
dryland ecosystems is poorly quantified, yet during prolonged low flows may be intense in 
refugial habitats. Consequently, imposing restrictions on harvesting fish in refugial habitats in 
conjunction with reduced harvest limits is likely to improve resilience of fish assemblages in 
the face of climate change. 

7.5.5 Land management adaptations 
 Changing irrigation methods 
 Changing land use or land management practices in return for payments for carbon 

sequestration as part of climate change mitigation schemes e.g. soil carbon or 
forestry 

 Changing the mix of crops 
 Destocking 
 Increased extraction of groundwater 
 Managing a property from a distance 
 Managing livestock on other properties 
 Selling land 
 Selling water entitlements in permanent water markets 
 Selling water entitlements in temporary water markets 
 Switch from irrigated cropping to dry-land cropping 
 Switching from grazing to dry-land cropping 
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8 STAKEHOLDER ADAPTATIONS 

8.1 Introduction 
In Section 7 we reviewed literature on adaptations that were applicable to the Macquarie 
Marshes. At the end of that section we summarized the adaptations and rated their 
effectiveness, expected cost and limitations. In this section we report on a workshop in which 
we sought stakeholder input on the adaptations they considered most important and factors 
that limited their use. At the workshop in Session 3 we presented the stakeholders with a list 
of the adaptations from Section 7 to stimulate discussion on adaptation to climate change. 

8.2 Stakeholder workshop 
8.2.1 Objectives 
We consulted stakeholders from key organisations with an interest in the Macquarie 
Marshes to complement published information on climate change adaptations in floodplain 
wetlands and the region. We aimed to collect feedback on the four climate change scenarios 
and risks to the ecological and social communities. The workshop sessions collected 
information on adaptation strategies and limits, ranking these in order of priority. The 
literature review of climate change risks and adaptation in the Macquarie Marshes examined 
public information whereas the workshop gained the latest views on adaptation strategies 
and limits. The stakeholders included representatives from National (4) and State (7) 
government, NGO environment groups (2), university researchers (3), and project team 
members (4). 

8.2.2 Methodology 
The workshop was held on March 17th in Canberra. The agenda for the workshop is on the 
following page (Figure 16) and the position of participants and organizations is listed in Table 
18. Prior to the workshop we distributed the four climate scenarios to participants. We used 
an innovative workshop media called imeet to focus our discussions in small groups (2-3 
diverse stakeholders) in order to stimulate discussion, with each group recording outputs on 
a computer terminal (Figure 17). The imeet media facilitated the capture of perspectives of a 
range of participants, reducing the dominance of discussions by a few participants. We 
rotated stakeholders between groups to assist in stimulating discussion and avoiding 
dominance by individuals Richard Kingsford guided participants through the workshop. The 
workshop was structured with four presentations in the morning and discussion sessions 
following these. For each discussion session we developed data input categories for the 
computer terminals around adaptation and limits. Participants worked in small groups and 
recorded their responses after each presentation. We processed responses from each 
session as the day proceeded and brought these together for participants to rank after lunch. 
We then worked as a whole group on implementation strategies and limits for the top 16 
ranked adaptation strategies. A flow chart shows the structure of the workshop (Figure 18). 

After introductory remarks the workshop commenced with a presentation about climate 
change in the Macquarie Marshes, biological thresholds and a brief introduction to the four 
climate scenarios and ecological thresholds for floodplain biota. Following this the 
participants discussed their responses in groups, recording in the following categories; 
response to climate change and thresholds, group (environment, dryland cropping, grazing, 
government, irrigation) and category (adaptation, driver, risks) (see Appendix 1: Session 1). 
Following this a more detailed presentation was made on the climate scenarios before 
participants discussed the four scenarios in groups, recording in the following categories for 
each scenario; adaptation, validity of the scenario and group (socio-economic, environment, 
government, agriculture) (see Appendix 1: Session 2). The next presentation was on socio-
economic approaches to manage floodplain wetlands and resilience of socio-ecological 
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systems in an adaptive management framework. Following this the participants discussed 
responses in groups, recording in the following categories; response to socio-economic 
issues, group (environment, dryland cropping, grazing, government, irrigation) and category 
(adaptation, driver, risks) (see Appendix 1: Session 1.1). In the final session we invited five 
stakeholders representing key agencies managing the Macquarie Marshes (OEH/EFRG, 
NSW NOW, CWCMA, MDBA and SEWPAC) to speak for 5 minutes about the responsibility 
of their agency in light of climate change and adaptation. Again this session was followed by 
participants discussing responses in groups, recording responses in the following categories; 
adaptation, limits to adaptation and group (environment, government, socio-economic) (see 
Appendix 1: Session 3). The stakeholders switched discussion groups after each session so 
stakeholders met and discussed climate change and adaptation with a range of other 
stakeholders.  

During the lunch break we compiled all the entries and in the fourth session participants 
were each given 10 votes to assign to their highest priority adaptations. We went through 
this process twice and produced a list of 16 high priority adaptations for the Macquarie 
Marshes. In the final session we discussed as a whole group the limits and implementation 
for each adaptation. 

Table 18:  Position and organization of workshop participants, grouped by level of 
government, NGO and university researchers. 

# Group Position and organisation 
1 National 

 
 

Acting Director 
Environmental Assets and Functions, Basin Plan Division 
Murray–Darling Basin Authority 

2 National Environmental Assets and Functions, Basin Plan Division 
Murray–Darling Basin Authority 

3 National Southern Basin Delivery Team (which includes the Macquarie catchment) 
Environmental Water Policy, Water Governance Division 
Department of Sustainability, Environment, Water Population and Communities 

4 National Director | Conservation Incentives & Design 
Biodiversity Conservation Branch  
Australian Government Lands and Coasts  
Department of Sustainability, Environment, Water, Population and Communities 

1 State Senior Wetlands and Rivers Conservation Officer 
Office of Environment and Heritage 

2 State Wetlands Conservation Officer  
Office of Environment and Heritage 

3 State Senior Environmental Scientist 
Rivers and Wetlands Unit, Office of Environment and Heritage 

4 State Ecologist, Central West Catchment Management Authority 
5 State Senior Conservation Manager 

Conservation Action Unit, Industry and Investment NSW 
6 State Water Resources Evaluation Unit, Environmental Evaluation & Performance 

Branch, NSW Office of Water 
7 State Graduate, Water Resources Evaluation Unit, Environmental Evaluation & 

Performance Branch, NSW  Office of Water 

1 NGO Environment Group Inland Rivers Network 
2 NGO Environment Group Darling River Action Group 
1 University researcher Coordinator, Water Resources and Freshwater Biodiversity Adaptation 

Research Network 
2 University researcher Program Leader, Crawford School of Economics and Government 

Australian National University 
3 University researcher Visiting Fellow, The Fenner School of Environment and Society, 

ANU College of Medicine, Biology & Environment 
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Figure 16.  Workshop agenda. 
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Figure 17.  Participants using imeet at climate adaptation workshop. 
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Figure 18:  A flow chart showing the structure of the workshop using imeet. 

 

8.3 Workshop priority adaptations 
The 16 highest ranked adaptations are presented below, in ranked order, along with the 
identified limits and implementation issues (Table 19). The strongest themes that emerged 
from the workshop were the importance of increasing environmental flows (increased 
capacity, management, monitoring and buy-back) and protecting core refugia and free-
flowing tributaries. There was also a strong emphasis among stakeholders on the 
importance of a transformation in social institutions (see first and second ranked adaptations 
on responsive institutions, social capital).  

The adaptations raised by stakeholders fall into 4 categories; water quantity, water 
infrastructure, social institutions and land management. We have followed through with cost-
benefit analysis of these categories in Section 9. A clear message that came through 
discussions was that many of the adaptations around water quantity and land management 
are already being implemented to address impacts of regulation and this needs to be 
recognised. Climate change impacts put the system under further stress and improved 
models are needed to plan adaptation strategies. The changes to social institutions 
represent a transformative adaptation 

In addition to the priorities identified below, outcomes of the broader discussion are reported 
in appendix 1. 
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Table 19.  Highest ranked adaptations from stakeholder workshop with limits and ideas about 
implementation. 

Adaptation Limits Implementation
Responsive institutional 
frameworks 

Existing institutional 
arrangements. Inflexibility 
in arrangements. Legal 
constraints. Human and 
financial resources. 
Legislative certainty. 
Unclear and ill-defined 
roles for agencies. 
Duplication of 
responsibilities. Shared 
responsibility but lack of 
accountability. 
 
Inertia to dynamism? 

Clarification of roles and responsibilities and 
clearly defined. A polycentric approach with 
responsibilities devolved to the level best suited 
for management. Ensuring public support for 
institutional change (building the case). 
Integration of land and water management. 
Legislative reform e.g. floodplain management. 
Formalise institutional arrangements for 
environmental flow advisory groups. Single 
coordinated environmental flow management 
e.g. formalised agreements. Essential to have 
stakeholder representation. Establishment of 
other community advisory groups, e.g. floodplain 
management, native fish and native vegetation, 
riparian landholders. A potential role for CMAs in 
coordinating this process. 
Need to rethink spatial and temporal bounds of 
management, e.g. reserve boundaries, and 
promote the need for this our institutions. 

Building and maintaining 
social capital. Ensuring 
cooperative networks of 
communities working 
towards common goals. 

Divergent social views. 
Competing industries. 
Cultural and historical 
factors. Burnout. Distance. 
Hidden Agendas. Loss of 
trust. Power imbalance. 
Access to common 
knowledge. Capacity to 
engage. Time availability. 
Lack of skilled facilitators 
and processes of 
engagement. Lack of 
resources. 

Sharing knowledge to overcome a power 
imbalance. Need for skilled facilitators. Need 
processes for engagement. Supportive 
institutions and an environment suitable for 
building social capital. Structures and processes 
for implementation, e.g. advisory committees. 
Horizontal connections between government 
agencies. Incorporate and respect local 
knowledge. Connecting with stakeholders with 
shared experiences - extending the lessons to 
other catchments. 

Increasing capacity to 
deliver large environmental 
flows 

Ideological barriers to 
engineering works? 

Requires both physical works (valve capacity) 
and changes to operational rules (water sharing 
plan). May also require additional safety works 
downstream to minimise third-party impacts. 
Need integrative and inclusive discussion across 
community (in widest sense) to evaluate options 
and identify need and risks associated with hard 
engineering infrastructure that might deliver this. 

Protecting core refugia in 
the Macquarie River 
Catchment and Marshes 

Ecological knowledge - 
research has tended to 
focus on known 
hotspots/refugia 

More broader scale research across landscape 
to identify refuges and connectivity between 
them (including consideration of novel refugia or 
poorly known, e.g. box hollows for wetland 
plants). 

Monitoring progress 
towards environmental 
restoration targets 

Restoration targets may be 
set against unrealistic 
'before' or pre-european 
benchmarks. 

Need to develop targets that reflect ecological, 
social and cultural values and understanding. 

Ensuring sufficient water 
buy-back to meet 
environmental objectives 

Funding, opportunities to 
buy licenses and political 
change. 
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Adaptation Limits Implementation
Increasing social capacity 
(good governance & 
interaction between 
stakeholders in regional 
communities) 

Rigid legislation, short-term 
funding of government and 
research leading to high 
turnover 

 

Conservation of free-
flowing rivers and 
groundwater systems to 
the Macquarie Marshes, 
e.g. Talbragar River. 

Mining. Legislation. 
Incremental water resource 
development. Urban 
development. Drought 
proofing. 
 
Lack of 
monitoring/ecological 
understanding. 

Legislation. Water sharing plans. Community 
agreement. Attention to water quality. 
 
Ecological (& hydro) modelling to determine 
significance of free-flowing rivers in catchment 
context 

Implementing rigorous 
management of 
environmental flows 

Lack of funds for 
monitoring responses. 
Composition of 
Environmental Flows 
Reference Group. 
Constraints of current 
numerical models. 

Change in government attitude towards 
monitoring so can learn from actions in adaptive 
capacity. 
Revisit Water Sharing Plan earlier than review 
period. 
Improve modeling capacity to address larger 
volumes. 

Ensuring climate change 
effects are shared within 
water sharing plans and 
allocations 

Review periods for WSPs. 
Failure of WSPs during dry 
periods. 

Need increased flexibility, and greater 
consideration of greatest risks- i.e. increased 
duration of dry periods 

Genuine inclusive that 
respects community points 
of view 

Political process and 
deadlines. 

 

Improved knowledge about 
ecological thresholds (e.g. 
interflood / duration) for 
different organisms 

Assumption that these are 
known for key organisms, 
~ based on limited studies 
in southern basin! 

More research 

Ensuring conservation 
incentives exist for 
landholders to adapt 

  

Establish processes, 
procedures and groups 
that deliver on 
environmental objectives 
for river management,. 

Cultural differences (real & 
perceived) between 
(conflicting) stakeholder 
groups 

Integrated and ongoing planning of 
restoration/management targets 

Generating and using 
knowledge effectively for 
good management 

 Adaptive management planning 

Protection of water quality 
for environment and 
agriculture 
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8.4 Stakeholder interviews 
8.4.1 Objectives 
Interviews with key stakeholders who graze cattle within the Macquarie Marshes were 
conducted to collect information on the ways in which climate change may impact the 
industry, adaptation strategies and limits. We also aimed to find out about stakeholder 
perceptions of climate change, their values of the wetland and impacts of regulation. 
Increasing inter-flood intervals are one of the key projections of climate change and so we 
were particularly interested in learning how stakeholders managed their properties through 
boom and bust cycles, past droughts and with the reductions to flooding recorded since the 
Macquarie River was regulated (1967) and water abstractions increased (mid 1980-1990s). 
This information was important to our study as there is little published data available on 
these issues. 

8.4.2 Methodology 
We undertook interviews, rather than a broader questionnaire, as our potential list of 
participants was small (total of fifteen stakeholders grazing in the Marshes) and we wanted 
detailed information on the topic. We were interested in hearing of experiences, feelings or 
opinions that cannot be captured through closed questions.  We planned to do face-to-face 
interviews, but were unable to juggle the logistics in the short timeframe and so telephone 
interviews were used instead using the same format and actual questions.  

We developed interviews to survey the local community (Appendix 2), with ethics approval 
through the University of New South Wales. We attended a resilience workshop organized 
by the Central West CMA on the 22-23 February and had informal discussions with 
landholders and government stakeholders. Informal discussions were also undertaken with 
landholders in May during a fieldtrip. Formal interviews were undertaken by phone with 
landholders from five properties, representing roughly 40 percent of resident landholders, 
with four of these families having settled for three generations. These were the only long 
term residents in the Macquarie Marshes as many families moved away in the last decades. 
We had initially planned to interview more landholders, but found responses to be highly 
consistent and so captured information from a limited subset of the grazing community.  

The interview was comprised of a series of semi-structured, open-ended questions that 
encourage participants to freely express their views without prompting in any direction (see 
Appendix 2 for questions). The specific questions involved were based on outcomes of the 
literature review and stakeholder workshop, knowledge of the project team and informal 
discussions with stakeholders during ecological research fieldtrips. The interview questions 
were checked by an experienced social scientist not involved in this project and were 
subsequently approved by the University of New South Wales Human Research Ethics 
Committee). 

In total, there were 30 questions with the first third of the interview covering participant 
information and general opinions on climate change. The remainder of the questions 
focussed on the history of farming practices and adaptation to climate variability. 
Interviewees were known to the researchers through our long association in the area. We 
phoned to discuss their interest in being interviewed, made a subsequent time for interviews 
and emailed in advance the questions. 

Participants were sent an information sheet relating to the project, ethics approval and 
information on climate change predictions for the area (see Section 6). At the beginning of 
the interview we provided participants with background on our NCCARF funded project. All 
participants gave their verbal consent to being interviewed. All participants were asked the 
same questions in the same order and in the same manner. Participants were free to ask 
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questions at any time during the interview and to refuse to answer any questions. 
Participants were asked if they wanted to make further statements after we completed the 
questions. 

Analyses 
Following the interviews we summarised the main responses to the key questions in relation 
to six topics; wetland grazing systems, wetland values, impacts of regulations, adaptations to 
loss of flooding with regulation, perceptions to climate change and responses to climate 
change adaptation and limits. This was done based on notes that were taken during the 
interviews. This was done to highlight the impacts of regulation in relation to impacts 
expected with climate change projections. 

8.4.3 Results 
Wetland grazing systems 
The families of four of the five participants settled in the Marshes between 1896 and 1934, 
with the fifth participant settling in 1976. Beef cattle were the primary livestock grazed on the 
properties, with small numbers of sheep on two properties. Small proportions (i.e. 5%) of 
three of the properties supported dryland crops, grown as fodder crops. One property, which 
comprised Marsh country as well as higher country beyond the Marsh boundary, supported 
dryland cropping on about 30% of its area. Properties ranged in size from 918 to 45000 
acres. 

Interview participants shared a common approach to grazing livestock on the Macquarie 
Marshes in that they adopt extremely flexible strategies to work with the boom and bust 
ecology of the system. The resilience of the grazing systems depends on their capacity to 
observe and respond to the vegetation growth produced through the extreme variability in 
the climate and hydrology of the wetland. The landholders provide a good example of an 
operational response management system as evident in their practices and adaptations 
recorded below. Currently all the landholders run cattle only, with only small areas of crops 
sown to provide fodder for cattle. During flood years the Marshes cattle put on condition and 
in the following year their body weight is higher, their conception is higher and reproductive 
success is increased and so productivity is very high. The Marshes used to flood every 1-2 
years and when a wet year followed a dry year the recovery of the system was rapid. 

Wetland values 
Interview participants consistently ranked extremely high the ecological values of the 
Macquarie Marshes. They all agreed the wetlands of the Macquarie Marshes should be 
protected, qualifying that protected meant with a return towards natural flows rather than 
setting aside country in conservation reserves. The five participants also rated the following 
statements as extremely important: 

 The Macquarie Marshes help maintain ecological health; 
 Wetlands help to clean the water and trap sediments and so improve water quality; 

and, 
 Agricultural productivity depends on ecological health. 
 

The five participants strongly disagreed with the statement; allocating more water to the 
Macquarie Marshes is wasteful. The five participants all strongly agreed with the following 
statements: 

 In general, water is over-allocated over the whole of the Murray-Darling Basin; 
 Before cotton was grown the Marshes were a delightful place to visit; and, 
 Regulation and extractive use have changed the nature of flows in the Macquarie. 
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In response to the statement, the water currently available for the Marshes is being 
managed effectively, one participant was unsure, one agreed and three strongly agreed. In 
response to the statement, water for the environment should be allocated before water for 
irrigation, four participants strongly agreed and one was unsure. 

Impacts of regulation 
All participants noted that the loss of flooding due to regulation had severely impacted the 
grazing systems of the Macquarie Marshes with cuts to cattle productivity ranging from half 
to a quarter of pre-regulation stocking rates. One participant commented that the loss of 
flooding had reduced the resilience of the vegetation systems that grazing depends on and 
had caused a decline in the vegetation response when flooding does occur. Another 
participant described how in the mid to late 80s irrigation increased in the Macquarie Valley 
as allocations increased and on-farm storages were used to harvest tributary flows- this had 
a large impact on the Marshes and large areas of reed, red gum, water couch and lignum 
died. All participants described how floods declined since water extraction and how the 
floods that used to follow dry years that gave the system resilience and rapid recovery are 
now captured by Burrendong Dam and off-farm storages so that the Marshes experience 
long periods without floods. Three participants described the infrequent occurrence now of 
semi-permanent vegetation and the reduced response of vegetation after floods such that 
they cannot depend on the safety and security of vegetation recovery. The participants 
described how river regulation and water allocations took the natural variability out of the 
system. They stated that regulation reduced the area of country that is resilient because only 
a small area receives the wildlife allocation and the loss of middle sized floods has lowered 
the resilience of large areas of country. 

Adaptations to loss of flooding with regulation 
After regulation landholders made many changes to their farming practices including; 

 Switch from buying in cattle opportunistically to fatten for sale to local butcher to 
building a breeding herd to produce steers for feedlots. This gave more flexibility, 
freed up land, made drought management easier and once weaned calves the raw 
energy requirement in the cows was less. 

 Shift from sheep/cattle to only cattle in 2006 as sheep were an ongoing drain on 
resources in ongoing drought. 

 Shift in drought strategy from off-farm agistment to strategic selling of herd (1. Cull 
heifers, 2. Cull steers, 3. oldest cows and 4. After 2 years into extreme drought sell 
all older stage of breeders). 

 Shortened the joining period for cows so that calving happens in a shorter period 
timed to spring flush allowing weaning to happen earlier to reduce the energy 
requirements of the cow. Milk production is highest as couch grass available peaking 
before calf is 3 months old and then wean by 6 months. 

 Maintain good ground cover 
 Remove stock during recovery period 
 Management aids (pregnancy testing so don’t run non-productive cows in dry 

periods) 
 Improve water availability so not rely on river 
 No longer seek agistment in a long drought as now find that dry everywhere 

(suggesting a reduction in water in other valleys is reducing resilience to drought) 
 Others still try agistment approach. 
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Perceptions of climate change 
Two of the participants were not convinced that climate is changing because of human 
activity, two agreed it was changing and one was unsure. All the participants agreed that 
climate is variable and changes. They described how over the years there have been many 
projections of climate change impacts in the Macquarie Valley and that these get revised. A 
third of participants believed the evidence that climate change is occurring, but not all the 
projections (i.e. not local changes in weather or extreme weather events. They all were 
unsure that climate change is causing icebergs and glaciers to melt due to their distance 
from this impact. The projected declines in rainfall for 2030 were not viewed with great 
concern as they were within the natural range of variability in the system. 

Responses to climate change adaptations and limits 
Most landholders felt that any climate variability requires an adaptive approach to 
management and in this case they felt they could not project their response as they don’t 
know what to expect. They said that in terms of loss of floods, regulation has already had a 
greater impact than the projected changes for 2030 and they have adapted to these changes 
in the system. Two participants felt that government would be able to do little to assist 
adaptation, but three felt that climate change could improve the system if it resulted in a 
return in more water to the Marshes. 
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9 COST-BENEFIT ANALYSIS  

9.1 Objectives 
Cost benefit analysis (CBA) is an appraisal framework and set of analytical techniques that 
seeks to compare the potential costs and benefits of alternative policy and project outcomes.  
It determines whether a change in the management regime for a wetland (or other natural 
resource) provides a net benefit, or net cost, to the community and how the costs and 
benefits are distributed across different stakeholders. In environmental applications, some of 
these costs and benefits are marketed costs such as the cost of buying water or improved 
water quality for crops, whereas others are non-marketed costs and benefits such as the 
maintenance of an ecosystem and its processes.  

The previous chapters in this report identify potential impacts of climate change on the 
Macquarie Marshes and identify priority actions for mitigation. This chapter does not follow 
this format, but rather presents a discussion on the use of a cost-benefit analysis framework 
that may assist in the Macquarie Marshes community when considering alternative 
management scenarios. 

This chapter also analyses the results of several studies that have used the CBA framework 
to value the benefits of wetland conservation in Australia. While caution is required in using 
these specific estimates for the Macquarie Marshes, they do provide a reference point for 
identifying the non-market values associated with a wetlands –for example the benefits 
associated with ecosystem conservation. These values can then be used to compare 
potential changes in marketed goods and services (e.g. changes in grazing or irrigation 
regimes) associated with alternative management regimes. This chapter provides some 
tentative analysis of the value of several key environmental attributes of the Macquarie 
Marshes, using existing valuation studies as a basis for these estimates.  

9.2 What is cost-benefit analysis and wetland valuation? 
9.2.1 Cost-benefit analysis and resilience 
The key process at the heart of CBA is the identification, enumeration and summation 
(Whitten and Bennett 2005) of all the costs and benefits arising out of a change in wetland 
management (e.g. grazing benefits, water use benefits) and a summation of these to 
determine the ‘net benefit’ of these changes, usually in comparison to a business as usual 
scenario.  This provides decision makers with a numeric estimate of the change in 
community welfare (income) arising from a policy change and,  presumably,  if resulting in a 
negative estimate of value, calls into question the merits of pursuing a particular policy.   

The process of conducting a cost benefit analysis can be summarized as follows (see 
Whitten and Bennett 2005, Balmford et al. 2008):  

Step 1:  Define project scope and relevant policies impacting on wetlands 
Step 2:  Identify all the different positive and negative outcomes from a potential policy 

change. This process may include the costs and benefits associated with 
agricultural production (or other marketed goods and services), environmental 
impacts (i.e. externalities), social impacts and any other impact of the policy that is 
considered important. 

Step 3:  Identify the different positive and negative outcomes from continuing with the 
status quo. This provides a “business as usual” (BAU) scenario that is used to 
compare with the potential policy changes.  

Step 4:  Value the proposed policy changes using a common metric – usually through 
converting values into monetary units.  It is recognized, however, that not all 
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changes arising from the policy are able to be valued using a monetarisation 
process.  

Step 5:  Discount all the monetarized impacts back to a common time period so that 
amounts can be summed and compared. 

Step 6:  Perform a sensitivity analysis, and distributional analysis. This explores the 
sensitivity of the outcome to different assumptions used in the analysis and 
identifies how the costs and benefits of the policy changes are distributed between 
different stakeholders.  

 

CBA is driven by the values and political choices made by the relevant stakeholders. It is 
therefore important that the values detailed in the CBA are carefully defined in a way that 
facilitates review and, where enumeration is not possible, a definition and discussion of 
those monetary values not included in the analysis. 

A CBA can provide a framework to integrate socio-economic and ecological values in 
decision-making, allowing for an assessment of resilience (Capon et al. 2009b).  Insofar, as 
CBA can bring these elements together in assessing wetlands policy, this approach supports 
building resilience into management regimes, provided that a 'resilience' interpretation is 
interposed onto the CBA framework. The key features of a 'resilience' interpretation are as 
follows.  

First, in theory, CBA can work with any type of policy action identified as being appropriate 
by the community. A resilience interpretation places constraints on the range of 'acceptable' 
policy options and limits those options to actions that underpin the ecological function and 
ecological resilience of the environmental asset. For example, in the case of wetlands, Abel 
et al. (2003) identify increasing volumes of environmental water as the key adaptive strategy 
to be used, and valued, for wetlands, and this is consistent with the identified priority actions 
for the Macquarie Marshes identified by stakeholders and discussed (see Chapter 9 ).  

Second, a resilience interpretation of CBA in wetlands highlights the interconnectedness 
between different elements in the socio-economic and ecological systems within the 
Macquarie Marshes and the uncertainty of information on the details of relationships 
between elements (Whitten and Bennett 2005). This suggests that it may be 
counterproductive to develop policies for individual management issues, such as water 
quality, without considering integration with other ecosystem functions such as habitat 
provision. A simple cost benefit analysis identifying the values of single attributes may 
suggest ecologically inappropriate trade-offs (Mitsch and Gosselink 2000). This underscores 
the importance of conducting a CBA study using a well-developed package, or scenario, of 
interlinked and coordinated actions for the conservation and maintenance of the socio-
ecological system and its ecosystem services.  

Third, the assumption of marginal valuation that underpins CBA (i.e. the value of a small 
change to an environmental attribute) is inadequate to capture situations where changes in 
ecosystem functions surpass critical functional thresholds, and/or display irreversible or non-
linear behaviour. For example, CBA may be realistically expected to value a small 
percentage change in the size of a wetland, but is unable to value systemic changes as a 
result of surpassing critical thresholds that undermine ecological viability of the wetland 
(Mitsch and Gosselink 2000, Turner et al. 2008).  Where there are irreversible changes, or 
extremely high uncertainty and/or risks, the value of the change may be infinitely high and 
the concept of economic value may become meaningless. This is particularly true when 
degradation costs (i.e. externalities) occur a considerable time after developments (e.g. 
Lower Lakes and the Coorong, Kingsford et al. 2011). This suggests that valuations 
generated by CBA should either be considered as a minimum value associated with the 
environmental attribute or an alternative decision-making framework such as the 'safe 
minimum standard' approach could be used (Barbier et al. 1997, Turner et al. 2008).   



Limits to climate change adaptation in floodplain wetlands: the Macquarie Marshes

91 

9.2.2 The value of wetlands 
The valuation process of step 4 (see section 10.2.1) requires the monetarisation of identified 
costs and benefits arising from a policy change.  For those related to market or traded goods 
and services (e.g. changes in stocking rates), this process is relatively straight forward – 
costs or benefits are simply the change in total value of the traded good or service.  
However, wetlands provide substantial benefits to land holders and the community. For 
example wetlands help protect river water quality for irrigators, provide fishing and 
recreational grounds for those living nearby and are important ecological sites for wildlife that 
provide substantial aesthetic and existence values for the broader community.  A complete 
CBA should calculate some of these broad non-marketed values to reflect the true value of a 
wetland asset and incorporate these values into decision-making.  This is important because 
lack of valuation of key ecological assets can undervalue ecosystems and lead to over-
exploitation in resource management (Barbier et al. 1997). 

In economics, the idea of estimating and combining market and non-market values 
associated with a wetland is referred to as estimating the total value of an ecosystem. In 
essence, this involves consideration of the use values of a wetland (e.g. production of 
marketed outputs such as agriculture) and non-use values (e.g. value of continuing 
existence of wetland) for the community (Table 20).  

Table 20:  Total economic value of a wetland. 

Source: Whitten and Bennett (2005); Turner et al. (2008); authors’ own analysis. See also Brander et al. (2006). 

Marketed Values 
Marketed values are those associated with the goods that are produced or co-produced 
using wetlands resources such as land or water. The most prominent of these is the market 
value of the agricultural products produced in the Macquarie Marshes: cattle sales from 
stock that graze on marsh land and irrigated crops upstream and downstream of the 
Marshes that consume water that would otherwise be used to maintain the marshes’ 
ecosystem. Changes to wetland management regimes will reduce or sometimes increase 
benefits, in the quantity and quality of these marketed agricultural products; such changes 
need to be incorporated into the CBA.  For example, under climate change, changes to 
grazing areas, within the Marshes, may lead to reductions in inundation and native fodder 
production, leading to a reduction in stocking rates. 

Total
Economic
Value

Use Values

Direct Use
Values

Marketed Outputs Timber;Fodder; Water;
irrigation

Unpriced benefits Landscape; cultural
recreation

Ecological
Function
Values

Flood Control; carbon
storage; nutrient control;

water quality

Non Use
Values

Existence
Values

Knowledge of continued
existence

Option Value Future recreation; gene pool
Bequest
Values Left to future generations

Resilience
Provides a refuge for native
flora and fauna; carbon

storage
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The correct measurement of this lost agricultural productivity is provided by estimates of the 
change of agricultural profitability (i.e. changes in producer surplus), rather than changes in 
the gross value of the lost agricultural produce. This is because changes to agricultural 
activities will also change the cost structures of an agricultural enterprise in two ways. First, 
changes in profitability includes the loss from discontinued use of wetlands as well as the 
savings made on avoided expenditures on agricultural inputs. Second, cost structures may 
also have a weak relationship to gross margins and may change either proportionately more 
or less than changes in revenue. To account for both of these effects – potential savings, as 
well as changes in the relative costs of production, the costs associated with marketed 
activity must be netted out from gross margins to provide a more accurate estimate of 
changes in economic welfare.  

The other types of marketed costs are those associated with implementing the changed 
management regimes – for example the costs associated with constructing capital works 
(e.g. levees or fencing) or wetland recreation (e.g. re-vegetation, water purchase), labour 
costs and ongoing maintenance costs.  Some of these costs may be one-off while others are 
on-going.  

These potential costs and benefits from changes in marketed goods and services are 
summarised (Table 21)  

 

Table 21:  Costs and savings from changes in management regimes  

 Once off Ongoing  

Changes to agricultural activities   

Pasture establishment and management costs saved  -X 

Cost of lost agricultural activity  +X 

Management costs of wetlands and remnants   

Capital costs of wetland rehabilitation -X  

Capital costs of native vegetation rehabilitation -X  

Capital costs of fencing -X  

Ongoing management costs  -X 

Labor costs  -X 

Marketed Environmental Values generated   

  

Tourism  +X 

Other wetland owner values  +X 
 

Source: Whitten and Bennett, 2005; authors' own analysis 

Key:  X marks whether the cost or benefit may exist for the wetland, either on a once off or on-going basis.  
+ve sign indicates a benefit,  
-ve sign indicates a cost.  
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Non-marketed Values 
Non-marketed values are the values of wetland goods and services which are not traded 
within an external market and are generally associated with non-use values, although there 
are exceptions to this – e.g. use of wetlands for recreation. Since these values are not 
traded, they attract no monetary value within a market based economy and therefore their 
value to human welfare cannot be easily compared to marketed products. Consequently, 
economists have developed a range of techniques to calculate the value of these 'non-
marketed' goods and services (see Section 10.2.3). 

These values are experienced unevenly by different stakeholders. In conducting a CBA, it is 
important to distinguish the kinds of benefits that may arise from a  change of policy and to 
whom these benefits may accrue (Table 22).  

Table 22:  Non-market benefits of wetlands and the stakeholders who enjoy them 

Stakeholders Ecosystem Services that benefit each user
Direct extensive 
users  

Directly harvest in a sustainable way consistent with rapid ecosystem 
recovery; they harvest wood for timber or fuel, reeds for roofs, fish and 
collect wetland plants and fruits for  produce. 

Direct intensive 
users 

Technology allows more intensive harvesting with the risk that the yield may 
exceed wetland primary production. 

Direct exploiters Exploit sediments by dredging the wetland or exploiting mineral resources, 
peat, clay, or sand. 

Agricultural 
producers 

Convert wetlands into agricultural land and make use of the short-term 
availability of soil fertility, nutrients and water. 

Water abstractors Use wetlands as a source of water for drinking, irrigation, flow 
augmentation, and so on; such practices can lead to falls in the watertable 
and reduced water quality. 

Human settlements 
close to wetlands 

Transition zones between land and water often provide convenient areas for 
human settlement. 

Indirect users Benefit from storm abatement, flood mitigation, hydrological stabilisation and 
water purification across large catchment areas; because of the extensive 
spatial provision of such services, many users will be unaware of the origin 
of these benefits. 

Nature 
conservation and 
amenity groups 

This includes the aesthetic and recreational use of wetlands. 
 

Non-users People living distant from a wetland may attribute a value to its existence, 
perhaps due to a perception of its intrinsic worth. 

Source: Whitten and Bennet (2005) 

Discounting  
Many of these marketed and non-marketed costs and benefits are also likely to continue into 
the future as on going annual losses of income, loss of recreational activity or environmental 
attribute. To account for inflation, these costs and benefits need to be converted (or 
'discounted') from future value dollars to present value dollars using discounting method and 
a discount rate (Atkinson and Mourato 2008).  
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9.2.3 Estimating non-marketed values 
Various techniques exist to estimate the value of non-marketed environmental goods and 
services and a growing literature has applied these to river and wetland management both in 
Australian and in international contexts.  

The selection of methods depends on the environmental asset to be valued and the overall 
design of the research project. The main techniques used by economists are summarized as 
follows:  

Contingent Valuation  
Using an appropriately designed questionnaire, a hypothetical (or contingent) market is 
described where a characteristic of an environmental asset (e.g. water quality in a wetland) 
can be traded (Turner et al. 2008). Study participants are provided with information about the 
environmental asset, the asset characteristic, the social context and governance 
arrangements within which a trade may take place, and the way it would be financed. 
Participants are then asked to express their maximum willingness to pay (WTP) or minimum 
willingness to accept (WTA) compensation for a hypothetical change in the level of provision 
of the environmental asset. The method can be used to estimate all the benefits (use and 
nonuse) associated with a change in the level of provision of an environmental asset or 
service (Atkinson and Mourato 2008).   

Choice Modelling  
Choice modeling is an extension of contingent valuation that uses computational techniques 
to allow respondents to evaluate a number of alternate management strategies 
simultaneously (Atkinson and Mourato 2008). In choice modelling, participants choose their 
preferred option from a sequence of sets of alternative scenarios that are described as a 
series of ‘attributes’ of the environmental asset.  So long as one attribute is monetary, it is 
possible to generate an estimate of value via analysis of the tradeoffs respondents are 
willing to make in their choices (Whitten and Bennett 2005).  Figure 19 sets out an example 
of choice modeling questions used in the study by (Morrison et al. 1999) In this example, 
participants were explicitly asked to state their preference for a management option which 
transparently trades-off money and employment for environmental assets. Participants could 
also indicate that they do not support any options and would prefer more water allocated to 
irrigation thereby indicating they did not support investments in environmental assets.  

Travel Cost Methods 
The travel cost approach uses the observation that individuals will, in the pursuit of 
recreational opportunities within or around an environmental asset, purchase a range of 
inputs, such as accommodation, travel and equipment, which may command positive market 
prices. These prices are then used as a proxy for the values individuals place on the 
existence and use of the environmental asset as a recreation location (Turner et al. 2008, 
Atkinson and Mourato 2008).   Such information is usually collected through surveys at the 
recreational site and through secondary data such as tourism statistics. Data analysis can be 
complicated through such factors as the treatment of multiple purpose trips and the 
estimation of the value of time. 
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Figure 19:  Example of a choice modelling question (source: Morrison et al. 1999) 

Hedonic Pricing  
Hedonic pricing is based on the observation that the price of a large asset, such as a house, 
is actually a function of a bundle of characteristics associated with that asset. By comparing 
the market value of assets, which share a large number of characteristics, but differ in one or 
two major aspects (such as location), hedonic pricing gives insight to the values individuals 
may place on the inconsistent characteristic (Turner et al, 2008; Atkinson and Mourato, 
2008). For example, the value of living near a wetland (e.g. the value of the existence of a 
wetland), may be estimated by comparing the market value of a house near a wetland with a 
similar house that is not located near a wetland.  

9.3 Methods 
While cost benefit analysis provides valuable information to wetland conservation planning, 
conducting a CBA study is usually very time consuming and expensive.  To overcome these 
limitations, and to broaden the application of CBA-derived values, analysts have developed 
a system of ‘benefit transfers’ techniques. This involves taking a unit value of a non-market 
good estimated in an original or primary study and using this estimate (perhaps after some 
adjustment) to value benefits that arise when a new policy is to be implemented at a new 
study site (Turner et al. 2008, Atkinson and Mourato 2008, Brouwer 2009, Capon et al. 
2009b).  

A significant debate exists within the literature regarding the merits of benefits transfer. Key 
issues identified include differences in context (e.g. socioeconomic characteristics of the 
community surveyed in the original study) differences in the types of environmental goods 
under consideration, and the choice of valuation technique that may not be appropriate to 
the value of other assets. Studies have also shown a high degree of error may occur 
between original studies and their transfer to new environmental assets (Atkinson and 
Mourato 2008).  Nevertheless, careful use of transferred benefits during policy formation can 
provide an improvement from having no economic value placed on environmental assets 
and consequently these assets being undervalued. We use a  benefit transfer in the 
remainder of this section to illustrate the values that would need to be included if a formal 
CBA were to be undertaken.  
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9.4 Results 
There are limited number of studies on Australian wetlands and rivers using the CBA 
framework. A broader number of studies have been developed internationally.  With the 
exception of the work undertaken by Whitten and Bennett (2005), these studies do not 
provide a full cost benefit analysis but focus on calculating the necessary estimates for 
determining the non-market valuations associated with alternative wetland management 
scenarios (Step 4 in the process described in Section 8.5.2).   

9.4.1 International Studies of Wetland Values 
There is a substantial international literature on wetland valuation, generally focusing on the 
wetlands of the northern hemisphere (Table 23).  

Table 23:  International Meta-analysis Studies of Wetland Valuations 

Study Site studied Average/Mean Value

Brander et al. 

(2006) 

Meta-analysis of 190 

wetlands in 25 countries, 

representing all 

continents. 

Average: $2800/hectare/year ($US, 1995) 

Mean: $150/hectare/year ($(US, 1995) 

Birol and Cox 

(2007) 

Wetlands in the Severn 

Estuary, UK 

Values of 'average profile' of respondents:  

 £13.8 (2004)/ km2 of wetland creation 

 £ 31.6 (2004) for otter habitat creation 

 £1.2 (2004)/ bird species protected  

 £ 0.06 (2004)/ job created 

Milon and 

Scrogin 

(2006) 

Restoration of Greater 

Everglades ecosystem in 

Florida using different 

restoration scenarios 

Annual willingness to pay per household for full 

restoration: 

 USD$29.33 (when survey described restoring 

the function of a wetland (spatial and temporal 

changes in water levels). 

 USD ($59.26 (when survey described wetland 

restoration in terms of changes in native fauna 

populations). 

Westerberg 

et al. (2010) 

Management options for 

the restoration of Marais  

des Baux wetlands in 

southern France 

The compensating surplus (i.e. compensation for 

changes in well-being) for changes in 

activity/management relative to status quo ranged 

from €64.4 (2008)/person/year for the 'low impact' 

scenario to €95.6 (2008) / person/ year for the high 

impact scenario.  

 

To assist in the study of valuation of environmental assets, several national governments, 
including the Australian government, has participated in the development of the 
Environmental Valuation Reference Inventory (EVRI). EVRI's explicit purpose is to assist 
policy analysts by providing robust data for benefit transfers. All Australian citizens are 
eligible to register with EVRI through its website at www.evri.ca.  
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9.4.2 Australian Studies of Wetland Values 
Australian Study One:  
Valuing improved wetland quality using choice modeling (using Macquarie Marshes 
as a case study). 

This 1997 study by Mark Morrison, Jeff Bennett and Russell Blamey used choice modeling 
techniques to estimate Sydney-siders willingness-to-pay for alternative management 
scenarios of the Macquarie Marshes. The status quo situation described to survey 
respondents was as follows:  

In the current situation the wetlands area is equal to 1000km2; waterbird breeding occurs 
every 4 years; 12 endangered and protected species are present and irrigation-related 
employment is equal to 4400 jobs. 

Study participants were asked to provide their preferences for alternative management 
scenarios which were, in turn, described in terms of variations of four key attributes:  

 water rates - i.e. additional payments per household in NSW to pay for each 
management regime change,  
   (these additional rates were identified as: $0, $20, $50, and $150),  

 irrigation related employment  
   (4400 jobs; 4,350 jobs and 4250 jobs) 

 wet land area  
   (1000 km2, 1250 km2, 1650 km2, and 2000 km2)

 Frequency of waterbird breeding  
   (every 4 years, every 3 years, every 2 years, and every year), 

 number of endangered and protected species present  
   (12 species, 15 species, 20 species and 25 species)  

 
This study uses two sets of estimates. The first of these, are called “point” estimates of 
willingness-to-pay for a unit increase in each specific characteristics of the wetland. Two 
models were used in the study for this purpose and results are set out in Table 24.  

Table 24:  Point Estimates of WTP for specific attributes in the Macquarie Marshes 

  Model Alternative One Model Alternative Two 
  Average 

WTP ($, 
2010)* 

Range Average 
WTP 

($2010) 

Range 

Jobs Maintained  $0.19   $0.07  $0.33  $0.21  $0.06   $0.36  
Area of Wetland 
Created 

 $0.07   $0.04  $0.10  $0.06  $0.03   $0.09  

Timing of waterbird 
breeding events 

 $36.90   $27.35  $48.89  $32.70  $21.84   $44.11  

No. of endangered 
species using the 
wetland 

 $6.05   $4.03  $8.15  $6.23  $3.90   $8.39  

Data originally reported in Australian dollars for the year 1997.  
This data updated to 2010 dollars using data from ABS (2011).  
 
These results estimate the amount of dollars each respondent was willing to pay for an 
additional unit of each attribute, assuming that everything else stays constant. For example, 
respondents were each prepared to pay around $6 for each endangered species present on 
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the wetland, about 19c for each irrigation job preserved and around $32-36 for a one year 
increase in the frequency of water bird breeding events.   

The drawback of these results is that each monetary estimate assumes that the change in 
the attribute it describes in changed in isolation to the other attributes.  To gain insight into 
the overall willingness to pay for different management scenarios (where more than one 
attribute may change), this study calculated WTP estimates for changes in wetland size, 
frequency of waterbird breeding and employment, using the following scenarios.  

1. The wetlands area increase to 14000km2; the frequency of water- bird breeding 
increases to every 3 years; the number of endangered and protected species present 
increase to 16; and there are no employment effects. 

2. The wetlands area increase to 1400km2; the frequency of waterbird breeding 
increases to every 3 years; the number of endangered and protected species present 
increases to 16 and irrigation-related employment falls by 100 jobs. 

3. The wetlands area increase to 1800km2; the frequency of waterbird breeding 
increase to every 2 years; the number of endangered and protected species present 
increases to 20; and there are no employment effects. 

4. The wetlands area increases to 1800km2; the frequency of water bird breeding 
increases to every 2 years; the number of endangered and protected species present 
increases to 20; and irrigation-related employment falls by 150 jobs.  

 

The results are set out in table 25.  

 

Table 25:  WTP estimates for alternative management scenarios by Morrison et al, 1999

 

The original values were reported for 1997 Australian dollars. These values were adjusted to 
reflect 2010 dollar values using data from ABS.  

These estimates showed the willingness for each respondent to pay to move from the status 
quo situation to one of the scenarios listed above.  That is, respondents were, on average, 
willing to pay $54-73 each to move to the management outcomes set out in scenario 1. This 
rose to a willingness to pay of $100-109 to achieve the management outcomes described in 
scenario 4.  It is clear from these results that there exists a positive value in pursuing 
conservation objectives in future Macquarie Marshes management regimes and that these 
values outweigh the values placed on maintaining employment levels. However, it was also 
the case, that the value placed on conservation is reduced by about 20-30% once 
employment effects are taken into account.  

 

 

Model 1 Model 2
Scenario 1 $54.10 $73.06
Scenario 2 $33.51 $51.02
Scenario 3 $141.98 $153.80
Scenario 4 $100.79 $109.69
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Study Two:  
Valuing the Environmental Attributes of NSW Rivers  

The purpose of this 2001 study by Jeff Bennett and Mark Morrison was to identify the value 
the community may place on the protection of riverine environments. The study approach 
was to conduct in-depth choice modeling studies for specific water management attributes 
for selected “representative” catchments for each major geographical region in NSW.  Based 
on consultation with experts and the community, five attributes were selected to reflect the 
characteristics of what was considered a ‘healthy river’. These attributes are:  

 One-percent increase in the length of the river with healthy native vegetation and 
wetlands. 

 Value per unit increase in the number of native fish species present. 
 Value per unit of an increase in the number of water-bird and other fauna species 

present.  
 Value of increasing water quality from boatable to fishable across the whole river. 
 Value of increasing water quality from fishable to swimmable across the whole river. 

 
These estimated values were then analyzed and adjusted to make them suitable for ‘benefit 
transfer’ between the studied catchments and other catchments within the same 
geographical region.  The Macquarie Catchment was not selected as a representative 
catchment in this study, but two relevant catchments were: the Gwydir Catchment 
(representing northern inland catchments) and the Murrumbidgee River Catchment 
(representing southern NSW inland catchments).  These two catchments are unique in the 
sample in that value estimates for the healthy river attributes were made for the community 
that reside within the catchments and for a Sydney based population – thereby giving insight 
into the values placed on an ecological asset by geographically dispersed populations.   

The study then generated a benefit transfer model using these estimates to determine 
values that could be ‘transfer’ from the study sites to other rivers in same geographical 
region of NSW. A set of recommended ‘transfer values’ were determined (Table 26). 

Table 26:  Values of different wetland attributes  

Catchment/ 
sample 

Vegetation Fish 
Species 

Fauna 
Species 

Boatable to 
fishable 

Fishable to 
swimmable 

Southern, inland, 

within catchment 

$1.99  $3.54  $2.18  $73.23  $27.89  

Southern, inland, 

outside catchment 

$2.97  $5.22  $2.47  $41.80  $83.16  

Northern, inland, 

within catchment 

$2.04  $3.23  $3.23  $70.32  $82.52  

Northern, inland, 

outside catchment 

$2.75  $4.70  $1.19  $40.01  $41.60  

Data originally reported in Australian dollars for the year 2000.  
This data updated to 2010 dollars using data from ABS (2011).  
 
The authors note that the value estimates for households ‘within’ the catchment can be 
considered reliable. For estimates for households ‘outside’ the catchment, more caution is 
required due to the ‘framing affect’ of asking households to value policy options, as if the 
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river under management comprised the only changes occurring to NSW rivers at this time.  
The authors consider this an unrealistic assumption, and estimate that the values held by 
households would be lower if they were being asked their willingness to pay for more than 
one river at a time – i.e. these estimates are to be considered upper estimates only.  

Study Three:  
Managing Wetlands for Private and Social Goods  

This aim of this 2005 study by Whitten and Bennett was to identify different values derived 
from wetlands in a range of alternative uses using choice modeling and a full cost-benefit 
analysis. The study also develops and analyses recommendations for policies to provide 
appropriate incentive measures for wetlands conservation and management on private 
lands. The case studies used in this project were the Upper South East (not considered 
here) of South Australia and the Murrumbidgee River Floodplain (MRF) in NSW.  

For the MRF, this study identified a number of policy interventions including the aim of 
alleviating pressures created by dams, grazing and timber harvesting on wetlands and native 
fauna and flora as well as facilitating an increase in resilience to natural shocks.  Specific 
actions identified were:  

 Changes in the intensity of land-use for grazing and/or timber production 
 Shifts in water use from irrigation to flooding wetlands 
 Capital works to facilitate changes in land-use, revegetation and to re-institute the 

natural flood-pulse 
 Weed control in wetlands.  

 
These policy aims and specific actions were combined into four alternative policy scenarios 
that were used as the focus of a choice-modeling survey.  These scenarios were:  

 Improved hydrological management of water (“water management” scenario) 
 Improved grazing management practices in wetlands and buffer areas (“grazing 

management” scenario) 
 Improved management of timber harvesting practices in wetlands (“timber 

management” scenario) 
 Combining the three different options into a single strategy (“combined strategy” 

scenario).  
 

For a full description of each management scenario, and the specific actions involved in 
each see Whitten and Bennett (2005).  

The socio-economic and environmental attributes used in the choice-modeling surveys in 
this study were:  

 Wetland area (1 000 ha) 
 Number of native birds (per 1% population change) 
 Number of native fish (per 1% population change) 
 Farmers leaving (per farmer) 

 
The value of alternative Murrumbidgee catchment management scenarios, compared to a 
business as usual strategy (Table 27).   
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Table 27:  Value of Alternative Management Scenarios in the Murrumbidgee River Flood Plain. 

Attributes and 
values 

Water 
Management 

Grazing
Management 

Timber
Management 

Combined 
Strategies 

Individual consumer 
surplus 

$170.65 $185.84 $60.85 $238.72 

Confidence interval 
– lower 95% 

$148.04 $160.65 $26.22 $207.70 

Confidence interval 
– upper 95% 

$192.04 $212.75 $103.17 $272.48 

Extrapolated 
population 

83411 83411 83,411 83411

Total Consumers’ 
surplus 

$10,973,276.00 $11,950,091.00 $3,912,448.00 $15,348,837.00

Data originally reported in Australian dollars for year 2000. Updated to 2010 dollars using data from ABS (2011).  
 
The uncertainty associated with benefit transfer suggests that these values cannot be easily 
transferred to the experiences of the Macquarie Marshes but they do provide some points of 
reference.  Another useful aspect of this study is the identification of the distributional 
aspects of the costs and benefits involved in each management strategy.  This is an 
important component of identifying policy options, in particular for identifying appropriate 
sources of financing and compensation as a result of changes in management regime.  

Study Four:  
Public attitudes and values for wetland conservation in New South Wales, Australia 

This 1998 study by Streever et al. (1998) provides an estimate of the WTP of NSW residents 
for wetland conservation across the state.  The median WTP was estimated at $100 per 
household per year for 5 years with a mean of $124.37. To reflect total value of wetland 
conservation, this figure was aggregated using ‘conservative’ assumptions and estimated to 
be $38 million per year for the next 5 years (or $190million in total).  In 2011 figures this is 
estimated to be $56.2 million per year , or $281million in total (using CPI adjustments from 
ABS, 2011). In addition to estimating the WTP for wetland preservation, this study 
canvassed respondents’ attitudes towards wetland protection (Table 28).  

Table 28:  Attitudes towards Wetland Conservation in NSW 

Questions to Survey Participants Summary of Responses
How important is wetland preservation? 90% somewhat important or very important 
Do you think that wetland drainage, filling or other 
destruction is a serious problem?  

50% serious problem 

What are the chances that wetland destruction will 
cause a reduction in wildlife in the next 25 years? 

78% agree that there is at least some chance 

Have laws protecting wetlands gone too far, not far 
enough or struck the right balance? 

9% say laws have gone too far 

Which types of wetlands should be preserved?  36% flood protection and water quality, 55% rare plants, 
6% recreation, 3% food source,  

Why would you pay for wetland conservation?  47% future generations, 46% intrinsic value, 6% self or 
others may benefit. 

What did you consider in deciding how much to 
pay for wetland conservation?  

43% future generations, 33% financial well-being, 6% ‘fair 
share’, 4% personal benefit, 7% supporting good cause. 

Source: Streever et al. (1998) 

In conjunction with the other studies these results provide a strong argument for the 
existence of positive existence values associated with wetlands both within the catchment 
and across the community more broadly.  
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9.5 Using CBA in planning for climate change mitigation in the 
Macquarie Marshes. 

The estimation of non-market valuation of environmental assets such as a wetland is an 
important but contested concept in the environmental economics literature. For example lack 
of knowledge about ecological processes, or choices made about the survey population, can 
provide biases in the value of environmental assets.   

Nevertheless, these value estimates and, in particular, the process used in determining 
these estimates provide a useful framework for starting the often difficult discussion over 
competing land use management strategies. In particular, it is a useful framework for 
identifying the full range of policy options, the potential impact of these and the potential 
complementarities or trade-offs between options. It is also good for identifying the 
distribution of the potential costs and benefits associated with a management regime 
change.  

CBA studies also clearly identify that communities outside the catchments place values on 
the maintenance of environmental assets such as the Macquarie Marshes. This is 
particularly useful when building cases for identifying the case for public (i.e. government or 
philanthropic) funding of management activities.  

The estimates of the non-market valuation set out in section 10.4 of this chapter provide a 
reference point for the values that may be assumed to represent environmental assets in the 
Macquarie Marshes. The most appropriate values to use are the point estimates, such as 
those set out in Table 29 under the assumption that these values are additive across the 
range of options. 

These estimates are not the complete picture. In general, they apply to an individual (or 
households) willingness to pay for an environmental asset or attribute. To obtain a total 
value for the environmental asset or attribute, these values need to be aggregated across 
the relevant population size. This procedure is done for the estimates (Table 29, from 
Bennett and Morrison (2001)).  

Importantly, none of these studies placed values in the context of managing threats from 
climate change (with correlated impacts elsewhere also requiring investments).  

Table 29: Estimates of Total Economic Value of Each Environmental Attribute ($2010). 

  Vegetation Fish Species 

Water birds 
and other 

Fauna 
Species 

Boatable To 
fishable 

Fishable to 
swimmable 

Values from 
community 
within catchment  $403,178   $677,449  $541,685  $14,363,555   $11,047,623 
Values from 
community 
outside 
catchment  $573,226   $992,860  $366,151  $8,185,608   $12,483,430 

Total  $976,404   $1,670,308  $907,836  $22,549,164   $23,531,053 
Original data were reported for 2000 Australian dollars but updated to reflect 2010 dollars using data from ABS 
(2011). Population data is from ABS (2008) and ABS (2010). 
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These estimates could be interpreted as stating, for example:  

Households within the Central West Catchment Management Authority (the Macquaries 
Marshes are within this CMA) value the introduction of an additional fish species by about 
$670,000. Households generally across NSW value the introduction of an additional fish 
species by about $1million. In total households within NSW value the introduction of an 
additional fish species by about $1.6million. 

Bennett and Morrison note that for the values representing improvements in water quality 
(boatable to fishable and fishable to swimmable) encompass the value to households for 
improvements along the entire length of the river.  If water improvements are only to be 
made to a percentage of the river, then the estimates must be adjusted to reflect this. 
That is, if water quality is to be improved from boatable to fishable along 50% of the river, 
then the estimates of values of these actions must be halved.  

These estimates should be treated with caution – it is unlikely that they are accurate enough 
to provide a reliable point estimate of the value of specific management actions within the 
Macquarie Marshes, but several inferences can be drawn from them:  

 Employment creation and maintenance is valued by the community when considering 
changes in management regimes.  

 However, in general, maintenance and regeneration of the Macquarie Marshes as 
habitat for water bird breeding and endangered species is valued, perhaps even 
more highly than employment creation.  

 There is some evidence that suggests NSW households are prepared to trade off 
some conservation objectives for employment retention.  

 Households within the catchment and households outside the catchment both place 
positive values on the conservation of Macquarie Marshes. However, each group 
holds different priorities for each environmental attribute.  For example, people 
outside the catchment have water quality improvements from fishable to swimmable 
as their highest priority, whereas people within the catchment place that as their 
second priority conservation action.  

 There is also some evidence that suggests that households are willing to make a 
positive payment to contribute to the funding of improvements in conservation 
measures in the Macquarie Marshes.  

 In combination these values are likely to be in the ball park figure of $100,000 to 
several millions of dollars, depending on the attribute and the assumptions made in 
the aggregation procedure.  
 

To complete an assessment of the relative merits of a management regime change, these 
estimates need to be matched with the corresponding costs associated with conservation. 
As discussed earlier in this chapter, there are a number of costs that a community may need 
to take into account when considering conservation management actions. These costs can 
include, but are not limited to:  

 The loss, reduction or discontinuation of existing valued wetland uses such as 
grazing, irrigation or cropping.  

 The new costs associated with wetland re-vegetation and on-going management of 
conservation actions.  This can include costs of capital works (e.g. building or 
removing levees), labour costs or the purchase of additional water for wetland 
rehabilitation. 

 Additional costs associated with providing alternative water supply to crops or stock.  
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This study did not undertake an analysis of the costs associated with the implementation of 
conservation actions.  But an indicative valuation of the value of agricultural production is set 
out in Table 30.  Experiences with conservation works in other catchment management 
(such as those for the case study for the MRF discussed earlier in this chapter) areas may 
provide guidance to the Macquarie Marshes community seeking to identify the appropriate 
capital, labour and management costs.  

Table 30:  Indicative Value of Agricultural Production in the Central West Catchment 
Management Authority 

  Central West CMA 

Value of Marketed Agricultural Products ($2006-07) Market Value 
Farm Gate 

Prices
Agriculture - total value ($) 771,037,905 712,265,301
Crops - total value ($) 295,443,863 274,343,722
Pasture and cereal and other crops cut for hay - total value ($) 31,025,160 31,025,160
Crops (excluding hay) - total value 264,418,703 243,318,562
Nurseries, cut flowers and cultivated turf - total value ($) 14,412,451 12,649,768
Vegetables - total value ($) 21,036,184 17,628,840
Fruit - total value ($) 58,942,162 53,348,560
Livestock slaughterings - total value ($) 328,368,288 299,618,384
Livestock products - total  value ($) 147,225,753 138,303,195

Source: ABS (2008)  
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9.6 Analysing the costs and  benefits of Macquarie Marshes 
management regimes in a CBA framework 

As discussed in section 10.2 of this chapter, changes in management are best considered in 
the context of a management scenario – that is, a coordinated and interlinked set of mutually 
supportive actions that implement conservation and management strategies. To this end, the 
priority adaptations of this report are combined into a set of three scenarios (Table 31). 

Table 31: Management Scenarios for the Macquarie Marshes  

Scenario Adaptation Activity

Social Institutions 

(impact/facilitative) 

Responsive institutional frameworks 

Building and maintaining social capital. Ensuring cooperative networks of 

communities working towards common goals. 

Monitoring progress towards environmental restoration targets 

Increasing social capacity (good governance & interaction between 

stakeholders in regional communities) 

Generating and using knowledge effectively for good management 

Establish processes, procedures and groups that deliver on environmental 

objectives for river management,. 

Improved knowledge about ecological thresholds (e.g. inter-flood / 

duration) for different organisms 

Genuine inclusive that respects community points of view 

Water Quantity and 

Quality 

Ensuring sufficient water buy-back to meet environmental objectives 

Protection of water quality for environment and agriculture 

Ensuring climate change effects are shared within water sharing plans 

and allocations 

Water infrastructure 

and management 

Increasing capacity to deliver large environmental flows 

Implementing rigorous management of environmental flows 

On-ground 

management 

Ensuring conservation incentives exist for landholders to adapt 

Conservation of free-flowing upstream rivers and groundwater systems to 

the Macquarie Marshes, e.g. Talbragar River. 

Protecting core refugia in the Macquarie River Catchment and Marshes 

 

The scenario “social institutions” plays a dual role in this analysis. Firstly, as a stand alone 
strategy ('impact' scenario), this group of activities aim to build social capital and social 
networks within the community to deliver on ground works and water releases to the 
Marshes. However, social capital is also important in facilitating the kinds of actions outlined 
in the other scenarios identified (Table 31). Therefore the likely impact of building 'social 
capital' as a facilitative measure to support other scenarios is also considered in this section.  

The scenario “water quantity and quality” brings together actions that facilitate a re-allocation 
of water between users within the Macquarie Marshes catchment for the purposes of 
delivering water to the Marshes.  
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The scenario “water infrastructure and management” groups actions that improve the 
management and use of existing water allocations (i.e. reduce water wastage) as a source 
of water for the Marshes.  

The scenario “on-ground management” is a set of actions that are designed to provide on-
ground physical works that protect or assist in the management of environmental assets 
within the Macquarie Marshes (e.g. flood control to promote passive revegetation).  

Table 32 identifies the likely impact of each scenario on delivering improvements for each of 
the socio-economic or ecological attributes listed in the left-hand column. Insufficient 
information was available to provide detailed assessment of the effectiveness of each 
scenario, but the likely direction of the trend for each attribute is identified.  

These scenarios are not mutually exclusive and, indeed are designed to be able to work 
together.  The final column (Table 32) lists the likely effectiveness of combining these 
strategies to deliver outcomes for the listed environmental attribute.  

Within a resilience framework, the most important adaptive measure for a wetland is ensure 
adequate environmental flows to support ecological resilience (Abel et al. 2003).  These 
scenarios can therefore be interpreted as identifying similar, specific actions that could be 
discretely implemented to achieve, or go some way towards creating, an environmental 
water flow into the Macquarie Marshes equivalent to about 300,000 GL.  

The return of this amount of water is considered to be the minimum necessary to ensure the 
ongoing existence of waterbird breeding in the Macquarie Marshes at a X year interval. 
Since waterbirds are considered to be an apex species in within the Marshes ecosystem, 
maintenance of this particular environmental attribute is likely to ensure the delivery of other 
environmental attributes such as health of flood dependent vegetation, frogs and other 
organisms.  

Price data from the Macquarie river catchment has been reported as $1250 AUD per mega-
litre for the period of March 2011 (GHD Hassall, 2011).  Indicative costs associated with 
transferring water to the environment under different flow regimes are listed in table 32. 
These should be considered the maximum costs associated with returning water under any 
of these scenarios.  

Table 32: Indicative costs of transferring water to the environment under different flow 
regimes. 

Source: GHD Hassall (2011) and authors' own analysis 
 

 

Price/ML Quantities of Water Delivered to the Macquarie Marshes
250 300 350

1125 $281,250,000 $337,500,000 $393,750,000
1250 $312,500,000 $375,000,000 $437,500,000
1375 $343,750,000 $412,500,000 $481,250,000
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10 SYNTHESIS 

10.1 Projected future states for the Macquarie Marshes 
The Macquarie Marshes are severely impacted by regulation that has reduced flooding (by 
59% see Ren et al. 2011) and extended the IFI (up to 10 years last decade) to the point 
where the ecological character of the Ramsar site has changed. Currently more than half the 
area of semi-permanent vegetation is degraded, being replaced by terrestrial plants (Figure 
20). As a consequence organic matter and total carbon stores are declining and fundamental 
cycles at the base of the food web are shifting from dominance by respiration to primary 
productivity (Figure 20). This reduces the diversity of carbon sources available to 
consumers, potentially impacting biodiversity at higher trophic levels (e.g. fish, waterbirds). 
In the current Marsh waterbirds seldom breed and their communities contain reduced 
diversity and densities. Microinvertebrate propagules are reduced in areas that remain dry 
for periods longer than 10 years. Grazing productivity is significantly reduced, with long 
unproductive dry spells, and many families have moved away from the Marshes. 

With a business as usual scenario the future state of the Macquarie Marshes sees a 
worsening of all ecological and social indicators by 2030 and a marked decline by 2070. The 
changes by 2030 should be a small increment compared to those already observed with 
regulation. This projection is based on long term averages for rainfall and runoff. However, 
another drought like the ‘big dry’ (sensu Prowse and Brook 2011) from 2000-2010 would 
cause significant harm to already degraded and vulnerable ecological and social systems. 
Drought is projected to worsen, but it is harder to predict when and for how long droughts will 
occur. Nevertheless the climate change projection for 2030 is within the current range of 
variability.  

By 2070 the combination of markedly increased temperatures and reduced rainfall will see 
the core areas of Marsh reduce further and the possible loss of all floodplain with a short IFI 
(1-2 years). A series of droughts between now and then may destroy all but fringing red gum 
vegetation. Carbon and propagule storage will be comparable to infrequently flooded 
wetlands on the Darling River and Cooper Creek. Waterbird populations will plummet with 
few opportunities for recruitment and exotic species will replace many native fish species. By 
2070 few landholders will graze the Marshes and sheep will replace cattle. 
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Figure 20: Conceptual model of the impacts of inter-flood interval and duration on ecological 
processes. Upper line shows ecological responses along the anticipated trajectory 
of change (Jenkins unpublished data). 

 

10.2 Primary adaptations and limits for the Macquarie Marshes 
Based on the literature we identified two autonomous adaptations, 4 physical adaptations, 7 
institutional/political adaptations and 8 land management adaptations. Most of these actions 
are at varying stages of application to counter impacts of loss of flooding due to regulation. 
Stakeholders identified 16 high priority adaptations in a workshop and discussed their limits 
and implementation. Water buy-back and environmental flows are key adaptations, but also 
developing an adaptive management plan, social capital, responsive institutional frameworks 
and preserving free-flowing rivers. 

Landholders graze the Macquarie Marshes using a flexible approach to deal with variability 
in the system. They identified the loss of flooding and loss of variability as key impacts of 
regulation that reduced their resilience. Landholders have developed many practices to 
adapt to the loss of flooding due to regulation that will enable them to adapt to climate 
change current projections at 2030.  
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10.3 Climate adaptation and limits in floodplain wetlands 
The Macquarie Marshes has experienced significant declines in biodiversity and populations 
due to regulation, increasing vulnerability to projected impacts of climate change. The 
impacts of climate change will be variable, but most dry regions globally, including the 
Marshes, are expected to get drier. In contrast, rivers with snow melt inflows may suffer 
greater losses under climate change compared to current, depending on levels of 
hydrological impact. 

A major limit to adaptation is the capacity of river managers to learn from problems during 
drought periods and implement a reviewed water sharing plan that avoids similar losses 
occurring again if drought intensity and frequency increase with climate change. We 
examined the different types of adaptations that mitigate extension of the IFI for floodplain 
wetlands using the approach of Fazey et al (2010) (Table 35). To reduce the extended IFI 
both the biophysical drivers need to be removed and the behavior that causes the 
biophysical driver must be changed (Fazey et al. 2010). An example of an adaptation that 
alters the biophysical driver, but not the behavior is trucking triage water (buffering), buying 
back adequate volumes of water and increasing the outlet capacity (Table 35). However, if 
the water sharing plan, the main document that encapsulates the behavior that specifies the 
rules for flooding and IFI, is not changed then adaption is limited (Table 35). 

Table 35: Different types of adaptations that mitigate extension of the IFI for floodplain 
wetlands (adapted from Fazey et al. 2010) 

  Degree to which biophysical drivers are removed 

  No reduction Partial reduction Full reduction 

D
eg

re
e 

to
 w

hi
ch

 b
eh

av
io

r i
s 

ch
an

ge
d 

C
ha

ng
e 

Misalignment Partial alignment Full alignment 

Replacement of irrigated 
agriculture with other 
agriculture (e.g. forestry or 
intensive livestock with high 
on-farm storage) that still 
reduces catchment runoff 
resulting in IFIs >2-4 years 
in core Marsh 

Water sharing plans identify 
IFI threshold of 2-4 years, 
but stakeholders only agree 
to rules for IFIs <3-6 years 
in 2010s core Marsh 

Adaptive water sharing 
plans ensure IFIs <2-4 
years in 1960s core Marsh 
during droughts, intermittent 
livestock grazing in core 
Marsh, flexible agriculture in 
Marsh catchment, 
greenhouse gas reduced 

N
o 

C
ha

ng
e 

Buffering Partial techno-fix Full techno-fix 

Triage water is trucked to 
red gum floodplain after dry 
for 7 years 

Buy-back increases 
environmental water to 1/3 
volume required and outlet 
capacity reduce IFIs > 3-6 
years for 2010s core Marsh 

Buy-back, voluntary water 
sharing and increased outlet 
capacity increase 
environmental water volume 
to fully eliminate IFIs > 2-4 
years for 1960s core Marsh 

Notes: Adaptations have differing impacts on removing the biophysical driver (extension of the IFI) or on the 
human behavioural driver, causing the biophysical driver (floodplain water use and climate change). This results 
in six different types of adaptation. 
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10.4 Recommendations 
1. The primary adaptation that will transform the Macquarie Marshes ecosystem from its 

current state of decline is the return of adequate environmental water to restore the 
short and moderate IFI floodplain (Figure 21). If this restoration can occur in the next 
5-10 years the Marshes should be buffered against the 2030 projections of increased 
temperature and reduced runoff, although the projected increased in drought create 
much uncertainty in future states of the Marshes. However, this technological 
adaptation will not succeed if the following changes do not occur to the social 
institutions (behaviours). 

2. Firstly, this adaptation requires a transformation of society to increase the value it 
places on the natural environment of the Marshes so that it chooses to restore the 
short to moderate IFI floodplain. 

3. Secondly, the key adaptation required to implement the restoration of the IFI is a 
review of the water sharing plan to specify shorter durations for the IFI so that 
adequate water is held in Burrendong to prevent the short to moderate IFI floodplain 
being wet for longer than 2-4 years. These changes to the WSP will improve our 
capacity to manage water during droughts to avoid the biodiversity and productivity 
losses observed last decade. 

 
 

Figure 21: Conceptual model of the drivers of regulation and responses in the Macquarie 
Marshes social-ecological systems (2010s) with transformative adaptation 
beginning with the reform of the Water Sharing Plan and reducing vulnerability of 
the Macquarie Marshes under climate change scenarios (2030s-2070s). 

4. Another social institutional change that may facilitate climate change adaptation in 
the Marshes is implementation of a strategic adaptive management plan that 
identifies and proposes solutions to adaptation limits in governance. 

5. Development of adaptation strategies for the Macquarie Marshes will be enhanced by 
improvement in regional scale modeling capacity of climate change projections that 
enable scenarios to be run for increased environmental flows (including carry over 
and increased volumes under water buy-back).  
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APPENDIX 1. WORKSHOP SESSION OUTCOMES 
 



Session 1.0 Presentation (kim)  

id One item per entry, please Group Category Author

49 Water savings and efficiency all of above adaptation awrc03

8 Reduced water availability all of above drivers awrc08

26 Could the Marshes benefit from climate
change? eg become like Gwydir
wetlands? I.e. increased summer rainfall
intensity / flood events.

all of above drivers awrc01

35 The IPCC predictions were conservative
according to some informed, dissenting
scientist reports, and recent events
corroborate these claims - to what
extent would 'correcting' for the under-
reporting of impact change the
predicted outcomes

all of above drivers awrc04

39 Understanding ecosystem function and
thresholds for responses to maintaining
biodiversity

all of above drivers awrc03

34 Compliance and regulation critical all of above risk awrc05

46 Switch from irrigated cropping to
dryland cropping

dryland cropping awrc03

42 Switch from grazing to dryland cropping dryland cropping adaptation awrc03

103 Land management practices during dry
periods

environment  awrc03

17 Adaptation and the way water is
managed is critical to the outcomes
regardless of the scenario.

environment adaptation awrc05

22 Location and persistence of refuges in
landscape will change, and this needs to
be managed

environment adaptation awrc04

28 Adding a pie chart showing potential
benefits of water reform buybacks and
efficiency gains, including what has
already been achieved since 2006.

environment adaptation awrc06

24 The 'responses' suggested are very
linear whereas the MDBA and politicians
are actively considering trade-offs. eg. it
would be theoretically possible to reduce
the 'green' zone by focussing water to
maintain a smaller area of 'blue' zone.
ie. environmental works and measures /
environmental water demand
management. this has considerable risks
as well as some opportunities.

environment adaptation awrc07

16 Management of dam releases may
change in response to regional shifts in
rainfall

environment adaptation awrc02

12 With managed water we will be able to
manage a small areas of core wetland

environment adaptation awrc05
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(short interflood inerval) even under the
extreme dry scenario.

29 Loss of less resilient species given
increased frequency and intensity of
extreme events - need for intervention
(biodiversity banks, translocation etc.)

environment adaptation awrc02

36 Do we need to start valuing and
conserving some of the novel
ecosystems (new ecosystems created as
a result of change)?

environment adaptation awrc07

38 Conservation of free-flowing rivers and
groundwater systems to the Macquarie
Marshes, e.g. Talbragar River.

environment adaptation awrc07

50 Restoration of deeper pools environment adaptation awrc03

52 Protecting core refugia environment adaptation awrc03

53 Flushing flows environment adaptation awrc03

56 Barrier review environment adaptation awrc03

58 Dam outflow temperature environment adaptation awrc03

62 Store extra water for low flows environment adaptation awrc03

64 Afforestation environment adaptation awrc03

23 Is it possible to assess whether
vegetation losses resulting from less
water will be offset by longer growing
seasons and high carbon dioxide and
are different veg types affected
differented (ie longer lived spp
compared to annuals)

environment all of above awrc06

4 Lifehistory interactions (i.e. triggers to
the key ecological events that sustain
the marshes as we know them) with
climate in an already episodic event
driven system will be critical to
understanding the impacts for the
system and then human impacts.

environment drivers awrc01

9 Temperature projections need to be
more specific (not just annual means) to
predict potential ecological impacts (e.g.
fish spawning cues)

environment drivers awrc02

10 Are regional climate ch predictions
variable within the region (eg lower
macquarie vs upper?). This will affect
inundation vs rain driven ecosystems. Eg
upper/mid catchment rainfall changes
are critical rather than lower catchment.

environment drivers awrc01

14 how do these pie charts include 2 sets
of drivers (climate change and water
diversion/management)?

environment drivers awrc07

6 Possible shift in synchronisation
between temperatures (i.e. fish cues) &

environment drivers awrc02
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flow conditions (high & low)/rainfall -
shift in seasonality

19 Change in fire regimes will sign. effect
some communities eg red gum vs
reedbed interface

environment drivers awrc01

18 Consideration of decline in vegetation
health should include potential for
response to future conditions, i.e.
propagule banks, dispersal etc.

environment risk awrc02

5 Core wetland shrinks below a critical
threshold

environment risk awrc08

27 Changes in grazing/cropping may
impact on egg & seed banks

environment risk awrc02

21 Increased abundance and extent of
invasive species, e.g. cane toads

environment risk awrc02

3 Loss of diversity as well as abundance
can be shown through conceptual
models as well

environment risk awrc04

32 Does this model take account of climate
change adaptation management in the
overall catchment e.g carbon
sequestration plantings and dryland
farming practices?

environment risk awrc07

1 Research and development of new crops
for extreme climate change conditions

government adaptation awrc08

13 Improved knowledge about the time
thresholds (interflood / duration /
other?) for maintaining ecological
systems for management.

government adaptation awrc01

2 Environmental water mgt carry-over
strategies would seem to be critical to
maintaining assets.

government adaptation awrc01

15 probably a push for more piping ('water
savings') options for both environment
and consumptive purposes

government adaptation awrc04

30 Release capacity from dams, water
allocation policy, carry over rules of held
environmental water, environmental
water trade, enlarging floodways -
increasing capacity to deliver large
quantities.

government adaptation awrc05

31 Monitoring progress towards restoration
targets through environmental flow
managemnt scenarios

government adaptation awrc08

45 Land buy back government adaptation awrc03

47 Environmental flows government adaptation awrc03

55 Dam reoperation government adaptation awrc03

67 Water buy-back government adaptation awrc03

68 Adaptive management planning government adaptation awrc03
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69 Conservation planning government adaptation awrc03

71 Numerical modelling government adaptation awrc03

73 Water sharing plans - water allocations government adaptation awrc03

7 Need to be cautious in basing forecasts
on models, eg. CSIRO 2008 shows a
large range of potential outcomes for
2030. thus need to base assessments of
risk and adaptation opportunities on
robust measures that can be
incrementally and quickly implemented
as impacts change.

government risk awrc07

40 Destocking grazing adaptation awrc03

41 Managing livestock on other properties grazing adaptation awrc03

11 Don't assume that the current thinking
about agricultural production will remain
the same

socio-economic
communities

adaptation awrc03

25 Potential for change in grazing practices,
shift to dryland cropping(maladaptation)

socio-economic
communities

adaptation awrc02

20 Non-farm economic activity will
continue to increase in the whole valley

socio-economic
communities

adaptation awrc03

33 Vision for future of marshes - (&
alignment of visions between
governments, other stakeholders) -
moving towards more managed wetland?

socio-economic
communities

adaptation awrc02

43 Manage property from a distance socio-economic
communities

adaptation awrc03

44 Leaving the land socio-economic
communities

adaptation awrc03

66 Carbon sequestration socio-economic
communities

adaptation awrc03

37 Potential for total loss of iconic wetland socio-economic
communities

risk awrc02

63 of 63 entries visible Filter all Show Everyone
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Session 1.1 Presentation (tim)  

id One item per entry, please group category Author

2 Benefits of co-ordinating adaptation
strategies at multiple scales.

all of the above adaptation awrc06

3 Landholders may consider managing
their wetland areas for conservation if
linked to incentives

all of the above adaptation awrc05

6 Connectivity with groundwater for
maintaining freshwater biodiversity and
potential extractive purposes

all of the above adaptation awrc05

7 securing more water for environment
most viable strategy for adaptation for
both environmental and socio-economic
systems

all of the above adaptation awrc06

8 Tim's presentation was a very thorough
treatment of the strategies

all of the above adaptation awrc01

10 the concept of nested social ecological
systems (Panarchy) is fundamental as a
guide to timely and effective actions

all of the above adaptation awrc01

16 Diversity is important. Building the
adaptive capacity and resilience of the
Marshes will make an important
contribution to building the adaptive
capacity and resilience of the MDB

all of the above adaptation awrc01

34 What are the challenges to adaptation in
each of these categories - what have
people tried to do and failed? e.g. What
problems with building social capital
have occurred in similar situations

all of the above adaptation awrc03

38 Important tasks now are: 
Building and maintaining social capital.
Restoring adaptive capacity and
resilience by re-designing and
rebuilding river management capacity to
include environmental objectives as a
primary responsibility of water
managers. Includes policies, procedures,
infrastructure, world view.

all of the above adaptation awrc01

39 Policy must align with deliverable
outcomes under changed scenarios -
there may have to be a significant shift
in current policy position by state & fed
govt eg water buy back needs to be
supplemented with onground
restoration/rehab actions to achieve
outcomes - remove barriers, restore

all of the above adaptation awrc05
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connectivity, address cwp
44 Need for long-term monitoring of

ecological and socio-economic systems
all of the above adaptation awrc06

45 The ecosystem services approach
implies that we only value things for
their use as some sort of "good" for
humans, but we should also recognise
that ecosystems have intrinsic value.
The notion does have value as an
adaptation strategy (or tactic) but we
need to recognise this important
conceptual limitation

all of the above adaptation awrc03

50 Responsive institutional frameworks will
be important to allowing the flexibility
required to manage the marshes under
uncertainty and change. E.g.
environmental flow rules and
frameworks that allow amounts, timing,
etc. to respond at a scale reflective of
other drivers.

all of the above adaptation awrc04

52 How can we achieve community
involvement that is seen to be genuinely
inclusive in which communities feel that
they are respected partners in seeking
adaptation strategies

all of the above adaptation awrc03

12 Identifying important refugia for aquatic
dependant spp eg deep holes, free
flowing, unregulated areas, areas
supported by groundwater

environment adaptation awrc05

22 There seems to be an increasing
impetus to place a "value" on aspects of
our environment. It seems to be giving
in to economists, but if that must be the
way, shouldn't an attempt to adapt so as
to have as minimal env. impact as
possible preserve any such value, large
or small?

environment adaptation awrc03

28 Depending on scenario, may need to
consider high intervention adaptation
strategies, e.g. species banking,
translocation etc.

environment adaptation awrc06

47 Understanding that science informs
policy and is not policy per se. It is an
input into policy deliberations; policy
development is a democratic process
with strengths and weaknesses.

environment adaptation awrc08

1 Physical management actions: works government adaptation awrc02
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and measures :)
13 Potential for conflicts between levels of

stakeholder adaptation (e.g. state law
may prohibit landholder action (e.g.
infrastructure development, land
management) and federal law may
prohibit state law and so on)

government adaptation awrc06

18 Good social capacity = good
govenerance & interaction between
stakeholders (e.g govmnt, researchers,
landholders)in regional communities

government adaptation awrc02

19 Extent of which state and federal govt
provide catchment management
institutions the mandate and resources
to 'get on with it' eg id of local relevant
measures for adaptation and
implementation

government adaptation awrc05

21 Uncertainty is pervasive, particularly
when people are brought into the
equation as well as ecological factors.
There is a need to promote flexibility
and adaptation options - these are
critical.

government adaptation awrc04

41 New forms of governance for greater
participatory approaches in adaptation

government adaptation awrc07

51 Strategic, adaptive management of
adaptation measures to minimise
perverse impacts and maximise benefits
eg automatic periodic review and ability
to effect change without political
interference

government adaptation awrc05

53 Development of management objectives
for environmental water - how to reflect
conflicting stakeholder views?

government adaptation awrc06

14 increased local management of water in
wetlands through new on-ground works
to retain productive areas

grazing adaptation awrc08

15 increase overall property size to
maintain income

grazing adaptation awrc08

29 Adaptation strategies for less water -
ask the farmers - I would think they're
already changing stocking patterns,
using breeds etc (e.g running breeders
versus fattening steers)

grazing adaptation awrc03

9 changed cropping in irrigation to lower
water-use

irrigation adaptation awrc08
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4 Adaptation at stakeholder level limited
by uncertainties and immediate
concerns (running business)

socio-economic
communities

adaptation awrc06

5 There are a lot of terms in the
presentation - could be seen to be
overly focused on academic jargon
(these concepts are complex)

socio-economic
communities

adaptation awrc03

27 Look for/create sources of off-farm
income to reduce stress from
dependence on farm income during
drought/flood events

socio-economic
communities

adaptation awrc08

32 Localised adaptation strategies for
stakeholder involvement in developing
adaptation strategies

socio-economic
communities

adaptation awrc07

36 Ensure that investment in NRM in
Macquarie Marshes for environmental
reasons has (wherever possible) on
going socio-economic wellbeing
benefits that create demand for
biodiversity conservation (stewardship
and other other incentive payments).

socio-economic
communities

adaptation awrc08

37 Education of values, science etc shared
amongst all stakeholders

socio-economic
communities

adaptation awrc06

42 Diminishing size of small regional
communities undermines social
capacity. Is there a threshold related to
regional community size?

socio-economic
communities

adaptation awrc02

46 Potential for citizen science - increased
data availability, inclusion of
stakeholders etc.

socio-economic
communities

adaptation awrc06

48 Change in regional economies can affect
resilience

socio-economic
communities

adaptation awrc02

49 Increased bushfire fighting resources -
NPs, community & rural fire service -
collaboration, organisational structure
etc

socio-economic
communities

adaptation awrc06

54 Adaptation decisions may require a
deliberative process (discussion among
stakeholders) rather than a trade-off
calculus of costs and benefits, many of
which will be difficult to calculate and
disputed.

socio-economic
communities

adaptation awrc08

55 May be need to reconsider perspectives
on invasive species (economic uses etc?)

socio-economic
communities

adaptation awrc06

43 Shifting management targets -
communication and availability of

government drivers awrc06
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science to support these not keeping up
11 If you include the social and economic

strategies then the acceptance and
uptake level of environmental
information may be stronger.

socio-economic
communities

drivers awrc04

25 Climate change measures may have a
perverse outcome for water resources
eg proposed carbon farming tree
planting may influence run-off/infows

all of the above risk awrc05

26 Conflict about how, when & where
environmental water is distributed
(which stakeholders benefit?, e.g.
downstream graziers & irrigators)

all of the above risk awrc06

30 Sorting out the science - what science is
the best science?

all of the above risk awrc02

33 Avoiding 'lock-in' is critical. It will lead
to higher risk under any climate
scenario and reality.

all of the above risk awrc04

23 Change in institutional arrangements
may reduce effectiveness and
momentum of nrm brokers, govt vision
may differ from community

government risk awrc05

24 Government department's capacity
(structural arrangements) to manage the
environment adaptively

government risk awrc02

31 Science - policy interaction: lack of
coordination between science &
government

government risk awrc06

35 Lack of security in continuity of
personnel (researchers, managers etc.) -
loss of social capital, e.g. knowledge
and relationships with community

government risk awrc06

17 Importance of including remote
stakeholder values (i.e. non-use
stakeholders)

socio-economic
communities

risk awrc06

20 Ecosystem services approach entail risk
of misrepresenting non-monetary values
(e.g. cultural values)

socio-economic
communities

risk awrc06

40 Lag time in response of organisations,
e.g. state & commonwealth institutional
structures, inertia in research reaching
managers

socio-economic
communities

risk awrc06
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1. Pre-regulation (natural)  

id Adaptation Validity of the scenario Group Author

9 what happens after peak oil (peak coal,
peak minerals etc.)? How would
agriculture look then? Environmental
consequences ....

 all of the above awrc04

8 Before reg there were more trees. If we
returned to pre-colonial tree cover we
could completely run out of water
(noting there is a diff between
plantations and natural trees in terms of
water use trajectory)

see previous all of the above awrc04

7 society's adaptation strategy to a pre-
regulated river was to maximise
extractive water use, including allocation
of water in anticipation of inflows.

The original intent of irrigation
development was to provide irrigation
for landholders as an opportunity to
diversify operations, to provide
resilience in the face of a highly variable
climate. This intent was subverted to
maximise water use.

statement of
observed events

socio-economic
communities

awrc05

6 Can't adapt to the pre-regulation but
useful to note that there is a need to
recognise small to medium floods in
terms of what's available for diversions
for consumptive use

There is an
assumption that
because of the dam
we can continue to
allocate water

Predicted temp
changes will make
the scenario invalid

all of the above awrc03

5 Many of current critters/plants evolved
under pre-reg scenarios, so while some
ideal natural state cant be preserved, we
need to know what critical linkages need
to be preserved e.g. fish passage for
silver perch is clearly not happening

79-88 would have
lost a lot of key env
functions already,
e.g. trampled soil
structure/ retention
of water within
soil/veg zone across
floodplain

environment awrc04

4 Water regimes were suitable for the
ecological function and maintenance of
flood dependent vegetation

Based on historical
modelling 
and anecdotal
evidence

environment awrc08

3 Societal value judgement Cannot return to
pre-regulation

all of the above awrc07
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status. Key question
is what aspects of
this state does
society value and
want to restore and
maintain?

2 ? Interesting to know
about in theory, but
pre-regulation
scenarios are no
longer valid as a
mgt aim, so no real
use except as
interest.

all of the above awrc01

1 Reactive land use practices - high levels
of development during good periods

Long-term historical
variability not
known well

all of the above awrc02
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2. Regulated  

id Adaptation Validity of the scenario Group Author

9 What about changes to Macquarie
catchment contribution to basin
health/flows/assets?

Basin scale not
wetland system, but
still part of the
whole story.

all of the above awrc01

8 Core marsh area sustained The blue and green
portions represent
the core Marsh
which is about
50,000 ha and is
flooded every 3-4
years in 20

environment awrc08

7 Shift from '5 cows' in pre-reg down to '2
cows' in reg

What is the baseline
for this? Local
knowledge around
how many head per
hectare? What else?

grazing awrc06

6 What are the alternative trade-offs
under climate change? i.e. what can be
achieved from a reduction in irrigation
... what would the cost be?

Really a question
about what the
alternative options
are within the
scenario ...

all of the above awrc01

5 As has been
acknowledged, this
regulated scenario is
actually reflecting
the scenario up to
2006 not 2011 as
indicated - so does
not include
environmental flows
in that time.

government awrc06

4 What is the
timeframe of this
scenario? regime or
recent history (eg
drought?). Would be
good to have a
scenario relevant to
mgt aims - eg 1991
veg limits/extent (if
possible/realistic to
acheive)

environment awrc01

3 Increase in water diversion and
irrigation

Known and fairly
well understood

irrigation awrc08

2 Re-operate water infrastructure to Cannot be sustained all of the above awrc07

                                                                   145



minimize impacts on social and
environmental values. eg. floodways,
fish passage, thermal pollution
mitigation devices.

as is

1 management of water at all scales is
critical

  awrc05

9 of 9 entries visible Filter all Show Everyone
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3. Dry  

id Adaptation Validity of the scenario Group Author

7 Some individual landholders sell up and
move out leading to possible
consolidation of landholdings and
change of agricultural land practices
(changes of attitude)

Highly valid socio-economic
communities

awrc03

6 Management practices during dry
periods important for potential flood
response (seed/egg banks, organic
matter etc.)

Likely all of the above awrc02

5 Managing refuges very important -
potential for conflicting management
objectives (fish vs. water supply)

Likely - adaptation
options should be
high priority

all of the above awrc02

4 managed environmental water will be
able to provide some area of short
interval wetland

 environment awrc05

3 Learn from the 2002-2010 drought as a
surrogate for the dry scenarios. eg.
Importance of conjunctive groundwater
management

Short term
conditions in 2002-
2010 drought
exceeded CSIRO
2030 long term
extreme dry
forecast. Therefore
this scenario is
likely to be
exceeded again, at
least in short term
variability.

all of the above awrc07

2 Commonly thought
(or assumed) to be
most likely with
climate change

government awrc08

1 Env water mgt will maintain high IFI
areas, so this pie chart needs to be
amended

Pie chart is not
really valid as env
water will be
managed. Perhaps
present 'not
managed' and
managed options?

government awrc01
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4. Extreme dry  

id Adaptation Validity of the scenario Group Author

10 Vegetation resilience High uncertainty environment awrc08

9 Could lose the marshes completely Potentially valid environment awrc03

8 Which thresholds are breached for
which there are no management options
available to adapt?

What futures are
available under this
scenario? i.e. no
trees? ephemeral
reed beds? Driving
towards pre-
regulation values is
not a sensible goal
...

all of the above awrc01

7 Managed water will be able to provide
some area of short interval wetland.

 environment awrc05

6 This carries the greatest risk of impacts
and so should underpin adaptation
planning

The more likely
scenario in the long
term?

all of the above awrc07

5 Need to manage surrounding wetlands
/ network & connectivity

High uncertainty environment awrc02

4 When it is wet, management of
connectivity very important

High uncertainty but
still high priority
adaptation

environment awrc02

3 Need to preserve biodiversity - species
banking, translocations etc.

High uncertainty environment awrc02

2 Management of land etc during dry
periods (burning, cropping,
infrastructure that effects connectivity)

High uncertainty but
still high priority
adaptation given
variability

socio-economic
communities

awrc02

1 Management of refuges becomes
priority (intensive management)

High uncertainty but
high risk so
adaptation still high
priority

environment awrc02
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5. Median  

id Adaptation Validity of the scenario Group Author

5 Adaptation strategies need to consider
range of uncertainties - need to identify
'win-win' ;) strategies

likely all of the above awrc02

4 Water availability Slightly worse than
regulated but
increased risk of
crossing (unknown?)
thresholds

environment awrc08

3 Water availability Changed seasonality
of inflows is also
likely to be a
component of
climate change
outcomes, which
may have direct
influence on
watering regimes in
the marshes, is it
possible that this
will be more
influential than the
quantum of change
in water availability?

environment awrc06

2 This may not be the best scenario for
planning as climate change is trending
towards the upper end of the IPCC
forecasts, short term variability has
been more severe, and risk management
should focus on most catastrophic, not
the most likely outcome (nukes in Japan
anyone?)

Low all of the above awrc07

1 Effects of seasonality change will be
high

pie chart doesn't
perhaps tell the
whole story - same
ifi but different
seasons

all of the above awrc01
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6. Wet  

id Adaptation Validity of the scenario Group Author
5 water availability Is this the only

scenario where
recovery of the
wetland is possible?
If water availability
is improved, will
other aspects of
climate change still
alter the wetland's
character?

environment awrc06

4 Manage extreme wet events, such as the
past year, to maximize adaptation
options for drier times. eg. Fully flood
wetlands to 're-set' floddplain
ecosystems, eg. recharge aquifers.

Appears rather
unlikely, but
usefully for planning
for the 1:10 to 1:20
wet year.

all of the above awrc07

3 Might not be prepared for as thoroughly Not commonly
expected but
definitely possible
given the
uncertainty (and
especially the
location of the
Marshes)

environment awrc08

2 How does 'wetter' occur - timing,
intensity of events etc.?

High uncertainty all of the above awrc02

1 Need to manage conservation values -
i.e. limit increases in dryland cropping &
irrigation

high uncertainty socio-economic
communities

awrc02

5 of 5 entries visible Filter all Show Everyone
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Session 3: Response to climate change  

id Adaptation Limits to adaptation Groups Author

40 Look broadly and socio-economic
strategies to provide ecological
outcomes in times of water
scarcity - eg potential for buyiing
and selling environmental water

current thinking is that
environmental water
and consumptive
allocations are two
different products

awrc07

39 Build bigger dams to store more
environmental water for longer-
drier periods.

Re-distributes available
water over time. Trade-
offs from larger more
natural events to more
managed smaller and
moderate events.

awrc08

38 Linking climate change thresholds
with regulated system induced
thresholds and taking into
consideration when making
decisions for use of ewater

Pin-pointing thresholds government awrc05

37 Are governments prepared to
delegate responsibilities in the
interests of avoiding duplication
and lesser cost coordination (e.g.
environmental water from Fed to
State ... or even regional) subject
to defined delivery objectives /
outcomes.

Political reality and
costs of negotiating
agreed frameworks,
delivery roles.

government awrc04

36 Need to develop resilience thinking
in climate change context
particularly the delivery and
application, i.e. how do you do it
(without Brian)?

Skills, experience &
knowledge of resilience
practitioners & real case
studies/examples

all of the above awrc06

35 Ramsar doesn't protect fish very
well - especially outside of big
thirsty wetlands. Needed to talk
about fish/NSWDII too

capacity to adapt to
climate change needs to
include all the key
ecological elements;
this includes fish in
rivers - which are not
well addressed by
SEWPAC/MDBA foci

all of the above awrc02

34 Conservation of Unreg water
sources to protect natural pulses,
provide trigger points for ewater
releases

Consideration of end of
system flows, protection
of flows through the
unreg system into the
reg section

all of the above awrc05

33 The extremes of drought and
floods - and the uncertainty
(unpredictability) of what follows

Communities may not
have a dynamic
response capability.

socio-economic
communities

awrc08
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now for the next ten years
emphasises the importance of
community socio-ecological
resilience as an adaptation
strategy. Communities need to
have a dynamic response
capability.

32 Interpreting knowledge across
spatial/modelling/political scales
and 'languages' at the scale
relevant to delivering a particular
outcome. E.g. the language
necessary for policy
adaptation/adoption will be
different to that necessary for
landholder adaptation/adoption

Help - same old, same
old!

government awrc04

31 Interaction between sewpac (buys
water), mdba (what's happening
there?) and states (election) is
somewhat uncertain

pan-anarchy rather
than panarchy

all of the above awrc02

30 Need for change to Ramsar
commitments, i.e. ecological
character likely to change
depending on future scenario

Lack of adequate
consideration of climate
change in Ramsar
planning & assessment

government awrc06

29 Scales of operation / institutions
do not necessarily match the
outcomes desired. CMA works with
landholders on land management
(grazing, human impacts, fire and
other terrestrial threats), state and
federal water offices work with
environmental water primarily with
same goals in mind.

Not so much an
adaptation issue as a
perennial discontinuity
across institutional
structures that may be
exacerbated by climate
change.

government awrc04

28 Investment in science to support
decision-making, application of
current knowledge to make
justified decisions for good use of
ewater

funding, timeframes,
dissemination of
information

government awrc05

27 Promotion of behavioural change
amongst other levels of
stakeholders, e.g. influence of
state on landholder activity

Ability to influence
change is limited by
legalities,
communication (e.g.
scientific knowledge)

government awrc06

26 System operation and works and
measures

A system designed for
irrigators cannot be
easily adapted for
environmental
management

environment awrc03
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25 Basic on-ground collection of flow
and ecology info is severely
under-resrourced

Lack of capacity to plan
with relevant knowledge

all of the above awrc02

24 Institutional adaptation will be
needed to manage environmental
water effectively. There are at least
three separate classes already that
need to work together to achieve
outcomes at marsh scale.

Extent to which
governments and
institutional structures
are prepared to work
together (and cost of
working together).

environment awrc04

23 Need for improvement of
infrastructure to cater for
environmental water delivery

State funding,
resources,
communication of
issues)

government awrc06

22 Improving operational efficiency of
water delivery

increased
understanding in
delivery losses

awrc07

21 Adaptation management plans  government awrc03

20 Focus on volumes of ewater may
mean that other environmental
measures have been underultilised
eg removing choke points,
restoring connectivity, mitigating
cwp

dedicated and
consistent source of
funding to support
other measures - past
ad hoc (but effective)
investment is WRP RERP
CFOC - need longer
term strategic
investment

government awrc05

19 Regulations and property rights compliance government awrc03

18 CEWH water holdings & MDBA
focus should move more into
unreg & upland systems

management of a large
part of the basin is not
being dealt with

all of the above awrc02

17 Analysis of the modulating effects
of decadal climate variation on
long-term climate scenarios would
be useful. If for example we have a
shift in the IPO phase which is
associated with a wetter climate
phase, will that significantly
change the 2030 estimates in the
scenarios being examined?

Knowledge awrc08

16 Communication & transparency in
institutional responsibilities with
non-government stakeholders

Institutional instability
& communication
problems (within &
between)

government awrc06

15 Building works and measures  government awrc03

14 Individual adaptation response
(scale time) will be different to that

Don't underestimate
individual adaptation

socio-economic
communities

awrc04
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required for ecological health (e.g.
response to markets by
landholders will be at a short term
- ecology will be more driven by
climate cycle)

response (or try to
over-plan it) though it
will be good, benign or
poor for the
environment.

13 Redesigning the management
arrangements and management
structures of the MDB

inflexibility of
government agencies,
strong vested interests,
inaction as a rational
choice, imbalance in
power structures, short
term decision making,
consolidation of power
in small groups, lack of
trust

all of the above awrc01

12 Clarification is needed on
drought/dry times management
actions & responsibilities.

Institutional complexity government awrc06

11 Ecological parameters of variability
probably more important than
short term management cycles ...

Do the big signals
dominate the short
term human induced
management?
consequences for
targeting short term
management?

environment awrc04

10 Advantages to devolving ewater
mgt responsibilities to a more
local scale ie catchment

trade-off is risk of
ewater being diverted to
commercial use vs the
flexibility & ownership
& application of local
knowledge generated
by local mgmt

all of the above awrc05

9 Communication between mgt
needs and the science & policy
actions is critical to success

Organisational inertia,
funding providers,
institutional cultural
differences (eg unis,
govt departments,
NGOs), continuity of
personell

socio-economic
communities

awrc06

8 Land and water ecosystem require
management together

different roles and
goals for organisations

awrc07

7 Communication The immense
communication task in
communications
between various
government agencies
and stakeholders.
Jargon is an impediment

all of the above awrc03
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- communication needs
to be in terms everyone
can understand.

6 Integration of land and water
management activities.
Grazing/fire/drought/pests/weeds.

Lack of integration is a
limit to adaptation. But
I'm not sure this is an
argument for a one-
stop-NRM shop ...

all of the above awrc02

5 Alignment of c'wealth & state
watering priorities to ensure of all
avail ewater, timely decision
making

making strategic
decision quickly enough
to achieve desired
outcome

government awrc05

4 Relationship between cmwlth and
State in Env water mgt - should be
one water 'bucket'

ownership of water,
could be different
watering priorities,
Cmwlth have plenty of
money, States don't

government awrc06

3 Are there too many organisations
running the river

Not everyone is on the
same page

awrc07

2 How do we link long term climate
cycles and ecological responses
with short term management
cycles

We don't know enough
about the thresholds at
different time scales,
nor can we forecast
shifts well (or even well
at the management
time scale?)

all of the above awrc04

1 dam operation - increasing valve
size

size limits flow government awrc02
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Limits to climate change adaptation in floodplain wetlands: the Macquarie Marshes

APPENDIX 2. INTERVIEW QUESTIONS AND BACKGROUND 

Project Description 

This study is about the strategies that landholders from regulated and free-flowing river 
catchments use to adapt to the boom and bust cycles that characterize arid-zone rivers and 
wetlands. We are interested in whether these practices may also help adapt to the possible 
consequences of climate change. The key changes predicted with climate change are loss 
of flooding, higher temperatures and increased droughts. Landholders on inland rivers are 
experienced adapting to extremes in these three variables and we are interested in the 
strategies they already use and whether they consider these will work if conditions become 
more extreme. We are interested in whether landholders on the regulated Macquarie River 
have different adaptation strategies to those on the free-flowing Paroo and Cooper systems.  

This research will collect information that can be used to help develop and evaluate climate 
change adaptation for floodplain wetlands and manage water for irrigation and the 
environment. This interview will also serve to help identify management strategies that can 
be studied further in future research. 

In particular, climate change adaptation strategies involve complex trade-offs between the 
values different stakeholders associate with the ecosystem goods and services provided by 
floodplains and their wetlands. Climate change exacerbates the uncertainty associated with 
evaluating these trade-offs. Management and adaptation strategies to respond to climate 
change must be considered – these interviews are a first step in identifying appropriate 
adaptation strategies, and potential risks, limitations and trade-offs for different stakeholders 
in the agricultural and environmental values provided by floodplain wetlands (Walker et al., 
2002).

The interviewer will ask participants for some demographic information, information about 
their knowledge and attitudes towards floodplain wetlands and also the wetlands in their 
catchments. Participants will be asked about their farming practices, their attitudes to climate 
change and their adaptation strategies.  
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Limits to climate change adaptation in floodplain wetlands: the Macquarie Marshes

Interview questions 

1. What is the total size (ha/acres) of the farm land you own or manage? 

2. How long have you lived on your property? How many generations of your family have 
lived on the property and when did they first settle? 

3. What are the main areas of primary production on your property? 
 Dryland cropping (e.g. cereals and legumes) 
 Irrigated crops (e.g. vegetables, horticulture, fruit, nuts, rice, cotton, grapevines 

and nurseries) 
 Livestock 
 Dairy 
 Forestry plantation 
 Intensive agricultural purposes (e.g. feedlots, piggery, and poultry sheds) 
 Other____________________________________________ 

4. Is your property irrigated, partially irrigated or not irrigated? 

5. Do you agree or disagree with the statement that floodplain wetlands should be 
protected? 

6. This question lists some of the reasons why some people believe it is important to 
protect floodplain wetlands. As I read the statements can you please tell me the number 
that shows how important (if at all) each of these reasons is to you for the protection of 
floodplain wetlands. 

Statement Not at all 
important 

Not very 
important 

Neither
important or 
unimportant 

Very
important 

Extremely 
important 

Floodplain wetlands help 
maintain ecological health 1 2 3 4 5 

Wetlands provide opportunities 
for recreation e.g. bird watching 
and pleasant scenery 

1 2 3 4 5 

Wetlands help to clean the 
water and trap sediments and 
so improve water quality 

1 2 3 4 5 

Preserving wetlands will allow 
future generations of people to 
also enjoy them 

1 2 3 4 5 

The plants and animals that 
depend on the wetlands have a 
right to exist 

1 2 3 4 5 

Agricultural productivity 
depends on ecological health 1 2 3 4 5 
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Limits to climate change adaptation in floodplain wetlands: the Macquarie Marshes

7. This question lists some statements chosen to represent different views that have been 
expressed at various times in the media about floodplain wetlands. As I read the 
statements can you please tell me the number that shows if you agree or disagree with 
the statements?

 Strongly 
disagree 

 Unsure  Strongly 
agree 

1 2 3 4 5 
Allocating more water to floodplain wetlands is 
wasteful. 
The water currently available for floodplain 
wetlands is being managed effectively. 
In general, water is over-allocated over the 
whole of the Murray-Darling Basin. 
Before cotton was grown in the Macquarie 
Valley the marshes were a delightful place. 
Water for the environment should be allocated 
before water for irrigation. 
Regulation and extractive water use changed 
the nature of the flows in the Macquarie. 
Allocating more water to floodplain wetlands 
takes water away from people who are 
creating wealth in this region and contributing 
to the ongoing development of Australia. 

8. Do you believe that human-induced greenhouse gases are causing global temperature 
to rise? 

9. How certain do you think scientists are that human-induced greenhouse gases are 
causing global temperature to increase? 

10. What do you think about climate change in general? 

11. Do you agree or disagree that the following events are caused or made worse by climate 
change.

 Strongly 
disagree 

 Unsure  Strongly 
agree 

1 2 3 4 5 

Local changes in weather  
(e.g. less rain; more dust storms; warmer local 
 average temperatures) 
Rising sea levels 
 Extreme weather events  
(major floods, heat waves, droughts) 
Shift in seasons (e.g. earlier/later frosts) 
Reduced availability of water on my property 
The melting of icebergs and glaciers 
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History of farming practices and adaptation to climate variability 

12. Can you describe your country in terms of the mixture of flood country and higher red 
country or areas with different vegetation or other features of value? 

13. Can you describe environmental features (such as floodplain wetlands) that you value in 
the catchment? 

14. How do you manage stock/crops between the different areas on your property?  

15. Can you describe your farming practices during an average year?  

16. How do farming practices change during flood years versus drought? 

17. Are there other factors that influence stocking rates or the area/type of crops? 

18. What proportion of your property is used for dryland cropping? Does this occur on the 
frequently flooded land or only on dry (non-floodplain, or higher floodplain) areas? 

19. As water availability declines and the dry period extends are there thresholds for your 
management practices? (i.e. livestock on farm versus sold or agisted, shift to dryland 
cropping)

20. How have your farming practices changed over the decades? 

21. If the number of days with hotter temperatures increased how might this impact your 
management of cattle (i.e. maintaining watering points, heat stress, etc) or crop 
selection? 

22. Have there been major changes in your catchment in past decades (i.e. dam 
construction, pollution, water abstraction, government policy, etc) that have impacted 
your farming practices? Were there also changes in vegetation and wildlife that you 
observed? 

23. Have you increased the amount of dryland or irrigated cropping that you do over 
years/decades and what prompted this change? 

24. Do you consider climate change to be an issue for your country? 

25. What do you think are the likely impacts of climate change in the region?  

26. How would less flooding and higher temperatures affect your farming practices? 

27. What risks would these climatic changes pose for the local community? 

28. Do you have expectations that government could help adapt to these climate changes? 

29. Are there strategies that you have used in the past to cope with changes in 
environmental conditions?  

30. Will your current and planned strategies address all the climate risks that concern you? 
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