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Executive summary
Water management under the highly variable Murray-Darling Basin climate has lessons and
broad implications for climate policies, especially as some climate change adaptation
measures proposed for ecosystems and water resources in southern Australia are overly
narrow or maladaptive, or involve a high level of risk of institutional failure.
In this project we brought together a range of experts and representatives from the Murray
Catchment Management Authority (CMA) to assess the risks, costs and benefits of climate
change mitigation and adaptation measures and consider the extent to which they represent
maladaptation or may contribute to adaptation and resilience. Specific project objectives
included:
1. Conduct detailed qualitative and quantitative assessment of the risks, costs and benefits
of freshwater ecosystems mitigation and adaptation options in collaboration with
technical experts, CMAs and other key stakeholders;
2. Identify a framework for intervention measures for each catchment that best spread risk
and increase freshwater ecosystems resilience to climate change;
3. Synthesise overarching lessons for mitigation and adaption that would apply to southern
Australian rivers;
The Murray CMA is currently addressing climate change issues through its Climate Change
Adaptation Policy which emphasises the concept of resilience. The CMA is applying its
climate change adaptation policy by incorporating assessments of climate change risk into
the planning and delivery of projects across the Murray Catchment.
In this report, we analyse the climate change adaptation potential of nine different
management actions for freshwater biodiversity conservation: provision of environmental
flows, environmental works and measures, thermal pollution control, restoration of riparian
vegetation, freshwater habitat connectivity, conservation of resilient habitats, conservation
of gaining reaches, geomorphic restoration and management of exotic species. We then
describe a Catchment Assessment Framework (CAF) that is used to assess the climate
change adaptation potential of each option in relation to the Murray Catchment. For each
option, the following were considered: catchment relevance, climate change adaptation
benefits, effectiveness under different climate change scenarios, potential for
maladaptation, ecosystem services benefits, constraints to implementation, socio-economic
outcomes and a risk assessment of option failure. The results for the Murray Catchment are
discussed, along with limitations of the framework and suggestions for further research.
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Climate change adaptation in the Murray Catchment
This report details the results of developing and applying a catchment assessment
framework to the Murray Catchment. It is divided into four sections, as follows. The first
section explains the project background, objectives, outcomes, methods and limitations; the
second is a brief introduction to the Murray Catchment; the third introduces the concept of
ecosystem-based adaptation and provides detail about the nine adaptation options explored
through the project; and the fourth introduces the Climate Change Adaptation Assessment
Framework and analyses the results in relation to the Murray Catchment.
Background to the study
Water management under the highly variable Murray-Darling Basin climate has lessons and
broad implications for climate policies, especially as some climate change adaptation (CCA)
measures proposed for ecosystems and water resources in southern Australia may represent
overly narrow or maladaptation, or involve a high level of risk of institutional failure. The
latter includes infrastructure to supplement water supplies, while the former includes
environmental flows and works and measures. Mitigation measures (e.g. afforestation) can
also have perverse impacts on freshwater resources and ecosystems. In response to these
situations, Pittock & Finlayson (2011) proposed a broader range of complementary
measures for rivers and wetlands involving different risks and having the potential to
enhance resilience at a bio-physical and socio-economic level. Taken together, these
proposed measures constitute an ‘ecosystem-based’ approach to climate change adaptation
(The World Bank, 2009).
In this project we have examined the practicalities of these measures by bringing together
representatives of institutions needing to implement climate change adaptation, to assess
the risks, costs and benefits of climate change mitigation and adaptation measures whilst
avoiding perverse outcomes and enhancing adaptation and resilience. A range of experts has
examined the practicality and implications of these measures, in particular, mitigation
measures, environmental flows, environmental works and measures, riparian restoration,
aquatic wildlife passage, thermal pollution control, free-flowing river protection and other
protected area types.
Project objectives
The objective of the project was to more systematically test ways of planning for climate
change adaptation using catchment scale case studies for increasing the resilience of
freshwater ecosystems to climate change. These case studies seek to identify the risks, costs
and benefits of a full range of adaptation options in southern Australia and to identify a suite
of measures that will avoid overly-narrow and high risk climate change adaptation, or
maladaptation. In particular:
1. Conduct detailed qualitative and quantitative assessment of the risks, costs and benefits
of freshwater ecosystems mitigation and adaptation options in collaboration with
technical experts, CMAs and other key stakeholders;
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2. Identify a framework for intervention measures for each catchment that can best spread
the risk and increase the resilience of freshwater ecosystems to climate change;
3. Synthesise overarching lessons for mitigation and adaption for southern Australian
rivers.
In meeting these objectives additional information provided by NCCARF, as the results from
relevant projects became available, was also integrated into the framework and synthesis. A
key component of the work involved communication with relevant management institutions
and other stakeholders to ensure a high level of information exchange.
Outcomes
By working with the Murray, Lachlan, and Goulburn Broken CMAs, the research team:
• Showed how systemic climate change adaptation planning can better consider risks,
costs and benefits to inform choice of measures.
• Produced research data on climate change adaptation options in specific catchments
in Southern Australia.
• Identified current stakeholder understanding of the complex issue of climate change
adaptation at a catchment level.
• Confirmed the usefulness of an ‘ecosystem-based approach’ for climate change
adaptation.
• Developed the ‘CCA Catchment Assessment Framework’ as a tool for regional
management bodies in southern Australia to assess climate change adaptation.
Methods
A range of experts and representatives from the CMAs were brought together to document
the risks, costs and benefits of climate change mitigation and adaptation measures for
freshwater systems and to assess the extent to which they represented maladaptation or
may contribute to adaptation and resilience. The Goulburn-Broken, Lachlan and NSW
Murray catchments were used as case studies in partnership with the three CMAs. The
outcomes from the individual case studies were refined with stakeholders and reported in
separate reports.
Literature review
This research involved distilling academic literature that underpins climate change
mitigation and adaptation. Concepts such as resilience, vulnerability, maladaptation and
ecosystem-based approaches were also explored. Academic as well as grey literature from
CMAs, state governments and other research institutions was used to define and describe a
range of adaptation options that were applicable to specific catchments under different
climate change scenarios. In line with resilience thinking, the ecological, social and economic
dimensions of each adaptation option were explored using both qualitative and quantitative
data.
The literature review provided a summary of important concepts, an overview of the current
condition of freshwater bodies and climate change projections for the Murray-Darling Basin,
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a list of nine adaptation options applicable to southern catchments and an introduction to
the three case study catchments. The literature review is available as a separate report.
The literature review was augmented with a more specific review of information about
climate change adaptation and the applicability of the adaptation options to the Murray
Catchment.
Stakeholder workshops
Initial ideas developed through the literature review were brought to the project partners
and stakeholders through a series of workshops.
A three-day technical workshop was held from the 7th to the 9th May 2012 with the aim to:
thoroughly investigate the benefits, risks and costs of proposed adaptation options in three
catchments. There were 23 participants including representatives from CMAs and
government agencies as well as experts from academic institutions, government
departments and non-government organisations.
At the end of the workshop, the initial list of adaptation options was expanded and clarified.
Grey literature was also sourced from the CMA representatives to assist with the
preparation of individual case study reports.
The technical workshop was followed by three separate CMA workshops. The Murray CMA
workshop took place on the 17th of August in Albury and was attended by nine people
including the research team. This workshop expanded on the climate change adaptation
options in detail with specific reference to the Murray Catchment. The Catchment
Assessment Framework (CAF) was used in the workshop to document and assess
information on the adaptation options.
The usefulness of the CAF became apparent as discussions progressed as all NSW CMAs are
legally required to periodically review Catchment Action Plans (CAPs), which provide a
strategic framework for natural resource management (NRM) within the catchment. The
CAPs incorporate government priorities, best available science and local community values.
A key component of the CAPs is adaptation to climate change.
Semi-structured interviews with key stakeholders
The Technical Workshop was followed by a period of grey literature review and stakeholder
interviews that explored the triple bottom line implications of the proposed climate change
adaptation actions. Stakeholders included CMA liaison officers who dealt with Aboriginal
elders and landholder representatives as well as subject matter experts and government
water managers and policy makers. Overall, seven people were interviewed in the Murray
Catchment. These included:

7

Organisation
Murray Catchment Management Authority
NSW Office of Water
Office of Environment and Heritage
Murray landholder

No of people
interviewed
4
1
1
1

Information drawn from these interviews is mentioned throughout the report and attributed
to people using the above categories (for example, CMA Respondent 1 or Murray
Landholder) in order to preserve the respondents’ anonymity and confidentiality.
Limitations
In this project we developed a framework for assessing climate change adaptation options
and then used it to assess specific options within the Murray Catchment. Limitations of this
study are mainly due to timing and financial constraints leading to
• Small sample size
• CMA focus
• Reliance on expert opinion
• Need for further testing
The number of people interviewed is small and everyone is either a government or CMA
employee or someone working closely with the CMA. Time constraints did not allow us to
conduct large scale interviews, but we have included landholder and Aboriginal viewpoints
through CMA liaison officers.
The tables summarised in the CCA CAF were filled out through a participative and interactive
CMA workshop. This means that they rest on the expert opinion of a relatively small number
of people. In the workshop we were both introducing the tables and asking for information
to fill them out. Sometimes the participants did not understand nuances within the tables
(like the idea of high opportunity costs in Table 3). The information provided through expert
opinion needs to be correlated with empirical evidence, but this is not possible in some
cases. For example, it is difficult to empirically establish the effectiveness of the nine options
under different climate change scenarios without extensive modelling. In many ways, the
tables contained in this report could be viewed as suggestions for further research.
Further research
Some quantitative data (especially relating to fish) is available through academic and grey
literature and has been included in this report, however further quantitative studies could
be conducted in relation to other measures. Also some climate change modelling could
verify the assessments in Table 2.
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The Murray Catchment
Spanning an area of 35,170km2 with a population of around 101,000, the Murray Catchment
includes the Murray and Murrumbidgee rivers, parts of the Australian Alps, and over 60
wetlands of national importance (Murray CMA, 2012b). A number of these wetlands are also
‘Icon Sites’ of The Living Murray Program (CSIRO, 2008) and listed as internationally
important under the Ramsar Convention.
The Murray Catchment has a highly developed, vibrant and diverse agricultural sector with
grazing, cropping, irrigation, forestry and horticulture being the main enterprises. Its
freshwater biodiversity encompasses over 6,350 wetlands and close to 22,500 km of
watercourses supporting approximately 115 threatened species (Murray CMA, 2012a). The
Hume Dam is a major water storage located on the Murray River. The river system is
supplemented with water stored in the Snowy Mountains Hydro-electric Scheme, Menindee
Lakes on the lower Darling River and Lake Victoria in south-western New South Wales. The
region uses over 36% of the surface water diverted for irrigation and urban use and over
11% of groundwater used in the MDB (CSIRO, 2008).
Climate change in the Murray Catchment
The average annual rainfall for the region is 340 mm varying from around 1500 mm in the
east to 300 mm in the west. Water availability in the catchment is likely to decrease under
climate change. While scenarios vary, the extreme wet scenario predicts a 7% increase for
average diversions, a decrease of 14% in the moderate scenario and 41% in the dry scenario
(CSIRO, 2008).
Some of the potential climate change impacts facing the Murray Catchment include:
• Increased evaporation, heat waves, extreme winds and fire risk due to a warmer and
drier climate
• Increases in extreme rainfall events
• Wheat yields could increase between by 9–13% by 2070, with mean value of
production increased by $13–24
• Fruit tree yield and quality may decrease due to inadequate winter chilling brought
on by higher temperatures
• Higher temperatures could reduce the risk of damaging winter frosts
• Viticulture harvests will be affected by earlier harvest times
• The number of snow days and snow depths in the mountains in the east of the
Murray Catchment may be reduced by 18–60% by 2020, and 38–96% by 2050
• The reduction in snow covered areas in the mountains may affect ski tourism and
may require a doubling of snow-making capacity
CMA climate change adaptation policy
The Murray Catchment Climate Change Adaptation Policy seeks to build the “Murray
Catchment’s resilience to the potential negative impacts of climate change and variability,
and to assist our community to embrace the new opportunities that may arise” (Murray

CMA, 2011). The policy is relatively new and still in the process of being implemented; ‘it’s
just starting to be on our radar’ (CMA Respondent 3).
The Murray CMA emphasises the concept of resilience, defining resilient landscapes as:
“units of land that are ecologically sustainable and when challenged by change or
disturbance, continue to function effectively and support the environmental, social, cultural
and economic values of communities” (Murray CMA, 2011). This project, investigating the
climate change adaptation potential of a range of biophysical NRM actions, fits neatly with
the CMA’s desire to build resilient landscapes. The policy stresses the negative impacts of
climate change as well as the possibility of positive opportunities.
Murray CMA is applying its climate change adaptation policy by incorporating assessments
of climate change risk into the planning and delivery of projects across the Murray
Catchment. The CMA also seeks partnerships with recognised sources of technical advice on
climate change in order to incorporate new knowledge and best science into planning and
investment activities.
CMA Riverine Strategy
The Murray CMA’s Riverine Strategy (2010-2020) is currently under review. It will direct
resources into those areas where the greatest gains in natural resource management can be
made in the most cost effective manner by identifying riverine assets and their threats. The
Strategy will ensure that assets are protected where there is no existing threat and
rehabilitated where the asset is threatened (Murray CMA, 2012b).
Works have already been undertaken at three sites (in the Upper Murray Catchment,
Billabong Creek and the Edward-Wakool system) to protect and enhance habitat, riparian
vegetation and biodiversity refuges, which are all examples of enhancing climate change
resilience. The Riverine Strategy (2010-2020) will prioritise catchment riverine assets based
on three criteria: the site’s ecological value, resilience and vulnerability to climate change
(Murray CMA, 2012b).
The Murray CMA is already undertaking extensive resource restoration and rehabilitation
projects in order to arrest and reverse degradation that has occurred in the past. Most of
the options described below are being undertaken for the purposes of biodiversity
conservation. They are described here as options for climate change adaptation.
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Ecosystem-based approach to climate change adaptation
This section introduces the ecosystem-based concept and details nine proposed options for
climate change adaptation in relation to the Murray Catchment.
In an ecosystem-based approach, strategies to deal with climate change impacts include the
maintenance and restoration of natural ecosystems, protection of vital ecosystem services,
reduction of land and water degradation by controlling invasive, alien species and the
management of habitats to ensure plant genetic diversity, and that act as breeding, feeding
and nursery grounds for wildlife species (The World Bank, 2009). In 2008, the IUCN proposed
protected areas as one of the solutions to climate change (Dudley, et al., 2010) and the
World Bank (2009) stressed that natural systems not only provide goods and ecosystem
services but also are a proven and cost‐effective protection against climate change impacts.
The climate change adaptation options being considered in this project are described and
assessed individually. However, it is not the intention of the assessment to pick out one or
two winners, rather the intention is to assess and identify the adaptation potential of a suite
of complementary actions. Bond and Lake (2008) illustrate the need for complimentary
actions in their assessment of the effectiveness of habitat restoration efforts. They noted
that even if freshwater habitats were restored, this may not result in increased freshwater
biodiversity unless habitat connectivity was assured and sufficiently high environmental
flows provided to enable native aquatic biota to colonise the restored sites. At the same
time, invasive species must be prevented from dominating the restored habitats and the
restoration must provide refuge habitats to counteract other pressures affecting the larger
landscape, such as thermal pollution from upstream dams. Therefore, ideally the restoration
of riparian vegetation, freshwater habitat connectivity, provision of environmental flows and
the management of exotic species should be implemented together.
The nine options described below are all actions aimed at improving the conservation of
freshwater biodiversity under changing climates and are all potentially complementary.
Environmental flows
The goal of environmental flows is the restoration and maintenance of socially valued
benefits of healthy, resilient freshwater systems (The Brisbane Declaration, 2007). This is an
adaptation to changes in water availability brought on by climate change but also a response
to the degradation of river systems from past management practices.
The years 2010-11 were the wettest years on record for the Murray Catchment. A total of
approximately 66.8GL of Commonwealth and 5.6GL of State environmental water was
delivered to specific sites and provided as environmental flows (Commonwealth of Australia,
2012). The aims of these flows included the creation of pulses to encourage the spawning
and recruitment of native fish, the maintenance and enhancement of in-stream habitat,
improvement of water quality and health of the aquatic vegetation in the system
(Commonwealth of Australia, 2012).
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The focus of environmental watering in the Murray Catchment is to ‘reset the whole system’
after the drought (OEH Respondent) by assisting flooding events with environmental flows
to maximise ecological outcomes.
Environmental works and measures
This refers to engineering approaches that aim to manage the supply and demand of water
to sustain wetlands. Actions include artificial watering through temporary pumping and the
construction of weirs and regulators to mimic natural flooding. The term environmental
works and measures (EWM) is often loosely used to describe a wide range of engineering
works, including fish passage devices, re-snagging and removing ‘constraints’ to larger flows.
In this research we are limiting the term to works to divert water and pool it on floodplains.
Some argue this will enable conservation of areas of flood plain wetlands with climate
change (CMA Respondent 1; OEH Respondent) but others criticise this approach as being
mal- or overly narrow adaptation (Pittock & Finlayson, 2011).
A major engineering program being completed in the Murray Catchment is the KoondrookPerricoota Forest Flood Enhancement Works (KP Works), designed to reinstate the critical
process of flooding to Koondrook-Perricoota Forest for forest health. The program involves
the installation of engineering structures and channels to divert and control flows through
the Forest in order to mimic a natural flooding event (Koondrook-Perricoota Forest Flood
Enhancement Works Project, 2012).
The Murray CMA distinguished between large infrastructure projects such as the KP Works
and structures on smaller tributary creeks noting that the scale of the works will have
different consequences and impacts regarding climate change. Works on the channel of the
River Murray are not under the jurisdiction of the CMA, which limits its activities to the
tributaries. There are constant upgrades and re-development of small-scale structures to
control tributary flows in the Murray system (CMA Respondent 1).
Thermal pollution control
The installation of multiple-level off-takes that allow for the control of cold water pollution
(CWP) from dams would allow greater flexibility in adjusting water temperatures, including
under climate change. CWP can potentially have four negative effects: decreased water
temperature during warmer months, increased water temperature during cooler months,
shifts in seasonal patterns, and a decrease in the annual temperature range (Astles, 2001).
Addressing CWP will improve downstream river habitat and thus increase resilience to
negative climate change impacts. Actions include the fitting of multiple level off-takes,
propellers, adjustable pipes or curtains. This is a climate change adaptation option for large
dams where temperature stratification occurs.
The Hume Dam is the major regulating structure on the River Murray system at the
upstream end of the river. Large amounts of water (>20,000 ML) are discharged daily
(Sherman, 2005) with a lower temperature (up to 7oC) than the surface water in the
upstream reservoir (Dreverman, 2001) and can lower the temperature of water downstream
during spring and summer by more than 5 °C relative to the temperature in the surface layer
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of the upstream reservoir. The downstream effects of CWP are greatest within the first 100150 kms of the dam, but can extend as far as 200-400 kms (Astles, 2001). This affects critical
fish breeding periods in late spring and summer and has been linked to the localised
extinction of native species such as Murray Cod, Trout Cod, Macquarie Perch, Silver Perch
and Golden Perch (Koehn, 2001).
Several thermal pollution mitigation options exist. For example, the installation of multilevel outlet structures, at an estimated cost in excess of $20 million, or surface pumps and
submerged curtains, with costs between $0.75-$1.5 and $3 million (Sherman, 2001).
However, so far state and federal agencies have decided that the costs of CWP mitigation
outweigh possible benefits.
Cold water pollution is not seen as a priority problem in the Murray Catchment. Water
quality in the main channel is generally considered to be very good by the community (CMA
Respondents 1-3) and it is only recreational fishers who will make comments about water
temperature (CMA Respondent 3). There have been discussions about operating the Hume
Dam differently by releasing more water through the spillway rather than through the
electricity generator, but these talks have not resulted in any change as water supply for
electricity generation is seen as paramount; ‘it’s not about the environment, it’s about
ensuring people get electricity’ (CMA Respondent 2). Thermal pollution control is thus seen
to be a lesser priority by the community and catchment managers, and one that does not
have readily cost-effective solutions.
Restoration of riparian vegetation
Riparian vegetation increases freshwater habitat quality (providing food, shelter and
nutrients to native fauna) and can decrease water temperatures raised through climate
change. It may also increase the health of riparian ecosystems and their resilience to
extreme events like floods and droughts. Actions to restore riparian vegetation include:
planting riparian flora, fencing off riparian zones, ongoing weed control in riparian zones and
the provision of off-river watering points for domestic stock.
The Streamside Restoration Program run by the NSW Office of Water supports landholders
in undertaking riparian restoration activities including: improving streamside vegetation, log
and rock revetment, fencing to exclude stock and protect revegetation assistance with offstream stock watering and planting local native species of trees, shrubs, grasses and aquatic
plants (NSW DPI, 2012). The Murray CMA also runs an Incentives Program that provides
funding for landholders to improve soil health, manage native vegetation, wetlands and
waterways on Murray tributaries (Murray CMA, 2012b). Within the catchment, fencing costs
about $5 per metre but in the upper country which is hilly, it could cost over $13 per metre,
plus the labour cost if the landholders are not doing it themselves (CMA Respondent 3). The
CMA has moved away from set prices to a more open application system where landholders
nominate the cost of project; “If the value of the project is worth the value of the
environmental benefit, we pay” (CMA Respondent 3). In offering funding for riparian fencing,
the CMA insists on strict requirements that fencing must be stock-proof with no barbed wire
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and must have at least a 20m buffer zone (even though best practice for biodiversity
benefits suggests a buffer zone of at least 50m-300m (CMA Respondent 1).
Freshwater habitat connectivity
This option focuses specifically on the provision of in-stream connectivity. It involves the
provision of fishways and fish ladders, the removal of redundant in-stream barriers (such as
weirs and road crossings) and the re-connection of wetlands to rivers. These changes enable
fish to migrate to more favourable habitats when extant conditions become unfavourable.
The Murray Catchment is benefiting from the Fish Superhighways project, which is the
largest fish passage restoration program in Australia (NSW State Water, 2012). As part of the
project, a fishway has been constructed on Colligen Creek Weir opening up 8km of the
stream. A number of other projects are under construction including at Gulpa Creek,
Yallakool Regulator, the Steven’s Weir on the Edward River and at the Edward River Offtake
(NSW State Water, 2012). An existing fishway is being upgraded at Lock 15 near Euston
Weir. Two additional fish passages are also being constructed on the Torrumbarry and
Yarrawonga Weirs through the Sea to Hume program controlled by the Murray-Darling Basin
Authority (CMA Respondent 2). The benefits of re-connection within streams seem to be
immediate, as fish move in as soon as barriers are removed (CMA Respondent 2).
The Murray CMA wetland assessment revealed that the connectivity of wetlands to streams
is an issue in the catchment as most wetlands fill from floodwaters from a nearby stream.
Most of these wetlands cover less than 2 ha and are found primarily on privately owned land
(Murray CMA, 2010).
Conservation of more resilient habitats
More resilient habitats include free-flowing or undisturbed rivers as well as rivers with
favourable physical characteristics such as a north-south orientation, topographic shading
and a gradual habitat gradient. These habitats could potential conserve freshwater
biodiversity under climate change because they may remain cooler, retain natural variability
in ecosystem processes like flows, and enable migration of species and ecosystems. The
protection and conservation of undisturbed and favourable freshwater systems is likely to
provide more biodiversity benefits than heavily regulated or already degraded systems.
Actions include fencing and restoring river banks, preventing the regulation and
development of these river reaches, and reducing water extractions.
The Murray CMA’s Riverine Strategy prioritises more resilient and undisturbed habitats over
those that have already been degraded (Murray CMA, 2012d). State government agencies
also prioritise areas that have "high conservation values" (OEH Respondent), defined as
having multiple environmental benefits. Prioritisation is based on assets such as: the
presence of threatened species, breeding habitats for birds, fish and frogs, large diversity of
vegetation and patch size (OEH Respondent). This suggests a strong commitment to
resilience, but it is largely considered in the present and with little consideration of how
climate change would affect present-day high conservation value areas and increase the
value of other areas that are not currently prioritised. Consideration of climate change
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effects by the Murray CMA is constrained by funding that is earmarked for biodiversity, as
opposed to climate change adaptation (CMA Respondent 1).
Conservation of gaining reaches
Gaining reaches are places along the river where groundwater flows into the stream
channel. Conserving freshwater gaining reaches may provide many benefits for biodiversity
because groundwater can be a more reliable source of high quality water independent of
yearly variability. Actions include establishing conservation zones, riparian restoration and
the prevention of excessive groundwater abstraction.
A number of gaining reaches have been identified in the Murray Catchment (CSIRO, 2008)
and they are prioritised by the CMA (CMA Respondent 1). During an assessment of wetland
conditions in the catchment, there was anecdotal evidence that wetlands fed by streambase flow or groundwater seepage were in much better condition that those fed by flooding
or run-off (CMA Respondent 1). Also in 2007-2008, between 6-8,000 ML of water was made
available to protect specific, localised fish refuges; ‘basically we got down to puddles’ (NSW
Office of Water Respondent). However, while interview respondents linked gaining reaches
to fish drought refuges and deep pools, several noted that some groundwater patches are
hyper-saline and salinity is a potential problem in deep pools where fish go for refuge
(Murray Landholder, CMA Respondent 3).
Geomorphic restoration
Geomorphic restoration involves improving the stream substrate to retain and enhance the
various niches that particular aquatic biota requires to thrive. For instance, deep pools in the
stream bed may provide drought refuge for fish under climate variability and change but are
at risk of sedimentation. Actions include conserving deep pools, controlling bank instability
and erosion, stabilising or removing sand slugs and re-snagging. Geomorphic restoration will
improve in-stream habitat for freshwater biodiversity and therefore increase species
resilience.
Although some re-snagging has been done in the River Murray under The Living Murray
program, the Murray CMA does not do geomorphic restoration except for stream-bank
erosion control in the eastern end of the catchment (under the CMA’s Incentives Program).
However, works such as re-snagging are possible in the future; ‘It’s not off the cards but we
just haven’t gone there yet’ (CMA Respondent 1).
Management of exotic species
Preventing the introduction of exotic species, identifying and eradicating incursions and
sleeper species (species that may become a greater threat in the future), preventing the
spread and containing species that are beyond eradication are all interventions for
controlling invasive plants and animals. Control of exotic species will decrease the
vulnerability of native flora and fauna to the climate induced spread of invasive species.
Actions include identification and eradication of newly observed invasive species, controlling
vectors like the aquarium and nursery trades, weeding, the removal of exotic trees from
river banks, fencing and installing carp cages in streams.
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The management of exotic plant species is governed by the Murray Catchment Regional
Weed Strategy, which addresses all weeds of concern across the catchment, including those
that have and have not been declared noxious weeds (Bosse & Verbeek, 2008).
Carp have been identified as a priority pest for the Murray CMA. While the total removal of
carp from the Murray system is not feasible (CMA Respondents 1-2), carp control programs
are seen as necessary to offset the negative consequences of fishways, works and measures
and habitat restoration efforts that have the potential to improve carp habitat and range;
‘As soon as you start talking about flooding and fishways, I start thinking about the disbenefits of carp and carp spawning’ (CMA Respondent 2).
The existence of dams and weirs to fish passage has been highlighted as a problem for
habitat connectivity. However, obstructions to fish passage also prevent carp from
spreading. The Murray CMA recently reinstated a weir on Coppabella Creek, which is a
tributary of the upper Murray River, because the weir was an effective barrier to the
movement of carp and Gambusia into an isolated habitat of a threatened species (Bowen,
2012).
The CMA is also investigating the feasibility of installing carp cages on a number of fishways
within the NSW Murray Catchment (Murray CMA, 2012a). The carp population has exploded
in numbers since the floods in 2010-2011 with reports indicating that around 1600 carp per
day pass through fishways at Torrumbarry Weir on the Murray (Murray CMA, 2012a). The
harvesting project aims to reduce the overall biomass of carp in the Murray system (CMA
Respondent 2).
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The CCA Catchment Assessment Framework for the Murray
In this section, we detail the CCA Catchment Assessment Framework in relation to the
Murray Catchment. The CCA CAF is an advisory, rather than a directory tool. It considers
relevance, climate change adaptation benefits, maladaptation potential, ecosystem services
benefits, implementation constraints and the risk of adaptation failure. It is meant to
highlight a suite of options to enable decision makers to select those that present the
maximum amount of benefits along with the least amount of risk.
Each section of the CCA CAF is introduced below and explained individually. The results of
the Murray Catchment interviews, workshop discussions and literature searches are then
incorporated into the individual sections. The completed CCA CAF for the Murray
summarises each individual section and is located at the end of the document (Table 11).
The table should be viewed as a summary of discussion points that need to be considered
rather than a directive tool that decides the ‘best’ option.
Catchment relevance
In the Catchment Assessment Framework we describe the relevance of each of the nine
options for the catchment by the following categories, based on stakeholder interviews and
grey literature reviews:
• Currently Implemented (CI)
• Not Yet Implemented (NYI)
• Considered & Rejected (CR)
Environmental Flows
Environmental Works & Measures
Thermal Pollution Control
Restoration of Riparian Vegetation
Freshwater Habitat Connectivity
Conservation of More Resilient Habitats
Conservation of Gaining Reaches
Geomorphic Restoration
Management of Exotic Species

CI
CI
CR
CI
CI
CI
CI
NYI
CI

Climate change adaptation potential
In this category we consider how each of the nine options benefits climate change
adaptation, how that benefit changes under different climate change scenarios, and
whether there is any likelihood of maladaptation. This category is based on the literature
and expert opinion.
The assessment in Table 1 considers only the climate change adaptation benefit, not the
overall environmental/social/economic desirability of the option (which is summarised in
Table 11).
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Climate change adaptation benefit
The climate change adaptation potential is established by considering how each option
either reduces vulnerability to existing stressors and/or increases resilience to climatic
changes. Non-climate stressors affecting freshwater bodies include habitat fragmentation,
river regulation, rising salinity, erosion, biodiversity loss and decreasing water quality.
Several criteria have been developed to determine the adaptation potential of the nine
options (through reviewing climate change literature, consultations with experts and the
technical workshop):
Reducing vulnerability caused by non-climate change stressors:
• Conserves or restores past or existing habitat refugia
• Mitigates cold water pollution from dams
• Mitigates other reductions in water quality (such as salinity, turbidity)
• Reduces the sediment budget
• Prevents or reduces invasion by exotic species
Increasing resilience to climatic shocks/changes
• Conserves or enables access to future habitat
• Extends habitat connectivity and migration paths for biota
• Mitigates changes in water volumes
• Mitigates changes in water temperatures (higher in-stream water temperature)
• Mitigates changes in the timing of water flows (due to changed rainfall patterns,
frequency and duration of extreme events)
• Mitigates carbon emissions
• Preserves genetic stock
See Table 1 for an initial assessment that was completed during the CMA workshop in
August 2012.

18

Table 1: CCA potential of each option
Climate change adaptation benefit
Environmental
works &
measures

Thermal
pollution
control

Restoration
of riparian
vegetation

Freshwater
habitat
connectivity

Conservation
of more
resilient
habitats


















Prevents or reduces invasion
by exotic species







Conserves or enables access
to future habitat







Extends habitat connectivity
and migration paths for biota
Mitigates changes in water
volumes















?



?



?


?





Increasing resilience to climatic changes

Reducing vulnerability
caused by non-climate
change stressors

Environmental
flows
Conserves or restores past or
existing habitat refugia
Mitigates thermal pollution
Mitigates other reductions in
water quality
Reduced the sediment budget

Mitigates changes in water
temperature
Mitigates changes in the
timing of water flows
Mitigates carbon emissions
Preserving genetic stock




Geomorphic
restoration

Management
of exotic
species



 






































Conservation
of gaining
reaches









Legend for Table 1



?

Potentially directly beneficial
Potentially directly detrimental
Unknown impact
No direct impact
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Discussion of adaptation benefits
The restoration of riparian vegetation appears to be most beneficial in terms of both
reducing vulnerability to existing stressors and increasing resilience to climatic changes,
followed by environmental flows and EWMs. All of the nine options conserve present or
future refugia and therefore preserve genetic stock.
CMA workshop participants were unsure about the mitigation of carbon emissions under
environmental water, EWMs and thermal pollution control because of the uncertain scale of
methane emissions rising from freshwater bodies. There is also a question mark against the
mitigation of changed water volumes under the restoration of riparian vegetation option
because of the likelihood of greater losses due to transpiration versus the benefits from
reduced evaporation from the water body.
The conservation of gaining reaches option was thought to be directly beneficial and
detrimental to the mitigation of other reductions in water quality because groundwater
sources are generally believed to positively contribute to water quality unless the
groundwater itself is saline (as some are in the Murray Catchment), in which case it would
be detrimental to water quality.
Adaptation effectiveness under different climate change scenarios
In order to investigate the benefit of the nine measures for climate change adaptation, we
considered how their usefulness would be affected by climate change projections. To do this
we turned to the widely-used CSIRO sustainable yields projections for 2030 that model how
surface water availability would change under degrees of wet and dry climatic changes
(CSIRO, 2008). The 2030 scenarios were chosen rather than the 2070 because they have
more relevance to the kind of short-term and medium-term planning that is in evidence at
the three catchments.
The four climate change projections are:
• ‘Wet’ climate change: this scenario for Sustainable Yields 2030 predicted for each
catchments where surface water availability is predicted to generally increase by 7%
in the Murray Catchment.
•

‘Moderate’ climate change: this is the Sustainable Yields 2030 ‘median’, best
estimate scenario that predicts decreases in surface water availability. The
decreases in the Murray are estimated at 14%.

•

‘Dry’ climate change: Refers to the Sustainable Yields 2030 ‘extreme dry’ scenario
that projects surface water availability decreases of 41% in the Murray Catchment.

•

‘Very Dry’ climate change: this is based on the peak of the Millennium Drought
rather than the Sustainable Yields predictions and has been included as a worst case
scenario, because the reduction in surface water availability in the last drought
represents an historical extreme. Adaptation measures must be tested against
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extreme variability. At the workshop it was suggested that the surface water
availability decreased by 65% along the River Murray during the peak of the
drought.
This assessment of the climate change scenario against each option used expert judgment
from the project research team and CMA representatives (including consultations with
scientists researching these options) which was then checked against the literature). See
Table 2 for an initial assessment.
Table 2 utilises a traffic light approach by categorising each option under the four climate
change projections and current conditions:
• green (likely to be effective and beneficial)
• amber (less effective or with lower benefits)
• red (not effective or redundant)
• white (not applicable to current conditions)
This is a similar approach to that used by Gross et al. (2011) in their study of climate change
adaptation limits in the Coorong and Lower Lakes.
An option will thus be rated green if it meets one or more of the above criteria. However the
same option may rate as amber under a different climate change projection if the
effectiveness of the option decreased and red if the extreme climate change projection
rendered it ineffective or redundant. White is only used in the assessment of current
conditions to indicate that the option is currently not being pursued in the catchment.
Table 2: Effectiveness of various CCA options under different climate change projections in the
Murray Catchment

CCA Options

Current
Conditions

Wet

Moderate

Dry

SWA*:
+7%

SWA:
-14%

SWA:
-41%

Very Dry
(Drought
Peak )
SWA:
approx.
-65%

Environmental Flows
Environmental Works &
Measures
Thermal Pollution Control
Restoration of Riparian
Vegetation
Freshwater Habitat
Connectivity
Conservation of more
Resilient Habitats
Conservation of Gaining
Reaches
Geomorphic Restoration
Management of Exotic
Species

*SWA: Surface Water Availability
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Discussion of option effectiveness under different climate change projections
Workshop discussions revealed that as the conditions get drier, CMA goals and objectives
would change from restoration and expansion of biodiversity assets under wetter conditions
to the protection of refugia under drier periods.
Environmental flows were rated amber under the wet scenario because they were thought
to be less effective in naturally wetter conditions and red under the extreme dry scenario
because of the assumption that there would be no or very little environmental water under
prolonged extreme dry conditions.
EWMs referred to here are the KP Works (representing large infrastructure projects). They
are rated as red under the wet scenario because they are seen as redundant and red under
the extremely dry scenario because of the no-water assumption. They are rated as green
under current conditions because they are achieving their goals of allowing the ecological
systems to recover from the drought. The CMA believed that the smaller infrastructure
projects would be rated green under all conditions (including both climatic extremes).
The restoration of riparian vegetation and freshwater habitat connectivity was rated amber
under the extreme dry scenario because in an extremely low flows, the fish ladders would
stop operating (as had happened during the recent drought) and large-scale plantings would
not be attempted.
The conservation of more resilient habitats and gaining reaches was rated amber in a wet
scenario as it was thought to be not as important.
Geomorphic restoration was rated amber only under the Wet scenario because the
increased volumes of water could damage/undo a lot of restoration.
Potential for maladaptation
Maladaptation potential of the nine options was evaluated through expert judgment of the
project team and CMA representatives and a review of grey and academic literature. For
each option, we list the existing or likely maladaptations and ranked them as either: Nonexistent / Negligible; Medium; High and Unknown. This type of ranking allows us to show the
magnitude of the maladaptation. These rankings are based on expert judgment.
Six types of maladaptation are possible (Barnett & O'Neill, 2010):
• Increasing emissions
o Adaptation is maladaptive if actions end up contributing to climate change. For
example, the increased use of energy-intensive air conditioners in response to
the health impacts of heat-waves
• Disproportionate burden on the most vulnerable
o Adaptation actions are maladaptive if, in meeting the needs of one sector or
group, they increase the vulnerability of those most at risk (like minority groups
or low-income households) or shift the consequences to another sector or group
o In this project, we also want to include most vulnerable ecological communities
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•

•

•

•

High opportunity costs
o Approaches may be maladaptive if their economic, social, or environmental
costs are higher relative to alternatives
Reducing incentive to adapt
o If adaptation actions reduce incentives to adapt, for example by encouraging
unnecessary dependence on others, stimulating rent-seeking behaviour, or
penalising early actors, then such actions are maladaptive.
Path dependency
o Large infrastructural developments commit capital and institutions to
trajectories that are difficult to change in the future, thus decreasing flexibility
to respond to unforeseen changes in climatic, environmental, economic and
social conditions
Increasing existing stressors
o Adding further stress to already degraded ecosystems reduces their adaptive
capacity to deal with climate change impacts. For example, actions like
promoting plantations for carbon sequestration may lead to reduced water
availability downstream which may place further stress on already degraded
water ecosystems

See Table 3 for an initial assessment of the Murray Catchment completed during the CMA
workshop in August.
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Table 3: Maladaptation potential of the CCA options
Increasing
emissions

Disproportionate
burden on the
most vulnerable

High
opportunity
costs

Reducing
incentive
to adapt

Path
dependency

Increasing
existing
stressors

Environmental
Flows

?



/





?/

Environmental
Works &
Measures

/

/

/

?





Thermal
Pollution
Control

/











Restoration of
Riparian
Vegetation





/

?





Freshwater
Habitat
Connectivity













Conservation
of more
Resilient
Habitats





?

?





Conservation
of Gaining
Reaches





?







Geomorphic
Restoration

?











Management
of Exotic
Species













Legend for Table 4




?

Maladaptive potential is negligible
Medium maladaptive potential
High maladaptive potential
Maladaptive potential is unknown
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Discussion of maladaptation potential
The CMA representatives pointed out that the magnitude of maladaptation potential
depended on one’s point of view. Therefore, some options have two measures specified to
acknowledge that while potential maladaptation may be negligible for the CMA as an
organisation, it may have greater negative impacts on other parties, such as individual
landholders.
A distinction was also made between large-scale environmental works like the KoondrookPerricoota structures and smaller-scale weirs on tributary creeks. The maladaptation
potential of larger structures differs from smaller structures in several respects, as explained
below.
When discussing the potential increase in emissions, there was uncertainty (and hence a
question mark) over the release of methane and other carbon gases from sediments which
are disturbed by the provision of environmental flows and geomorphic restoration works.
Such a release is possible, but the extent to which it would constitute a problem is unknown.
In terms of environmental works and measures, the gravity-operated Koondrook-Perricoota
works do not increase emissions; however, the smaller structures may require pumping,
thus increasing emissions (however slightly). The potential to increase emissions through
thermal pollution control is dependent on which thermal pollution control method is used.
The operation of multi-level off-take towers would not increase emissions, but the operation
of curtains or propellers will.
The discussion of potentially placing a disproportionate burden on the most vulnerable
people focused on irrigation communities. There was a strong feeling among participants
that the acquisition of water for environmental flows is placing stress on water-using
communities at the local and regional scale, regardless of Commonwealth and Basin-wide
reports to the contrary (Arthur, 2010; NWC, 2009). Environmental flows also resulted in
overbank flooding of private lands which led to loss of access for farmers and sometimes
crop and infrastructure damage. An interesting point was raised during a discussion on the
limitations of EWMs. The fact that these works can only flood easily accessible sites means
that ecological communities in elevated or hard-to-reach places are left unwatered. An
argument could therefore be made that reliance on EWMs places those ecological
communities at a significant disadvantage and increases their vulnerability to climate
change.
A high opportunity cost occurs when the option has higher environmental, social or
economic costs than its alternatives. This idea of opportunity cost often seemed to get lost
in discussions that kept on revolving around high economic costs. For example, participants
rated the freshwater habitat connectivity option as having a medium potential for
maladaptation because they viewed fish ladders and weir removal as moderately expensive
but very effective. Participants decided that opportunity costs for big infrastructure projects
like the Koondrook-Perricoota are higher than for smaller regulators on tributaries. In this
case, it was clear that this referred to economic as well as the environmental and social
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costs. Economic opportunity costs were the primary consideration when assigning a high
maladaptive potential to the environmental works and measures option as it was agreed
that water buybacks are more financially effective than large infrastructure projects.
However it was pointed out that smaller works and measures have lower economic costs.
Although it was agreed that the thermal pollution control option also has high economic
costs, there was an argument that it was not that much when compared to the amount of
public funds allocated to water management in the Basin.
Differences in points of view were prominent in the discussion of opportunity costs for the
restoration of riparian vegetation and the conservation of more resilient habitats. There was
recognition that while there were negligible opportunity costs for the CMA, they were
higher (medium dot) for the restoration of riparian vegetation. Landholder opportunity costs
of conserving more resilient habitats are unknown. The opportunity costs for the
conservation of gaining reaches were unknown, mainly since it was recognised that
sustainable groundwater management in the connecting aquifers is required.
Assessing the ‘reducing incentive to adapt’ maladaptation was difficult. It was agreed that
the potential is unknown for three options; the restoration of riparian vegetation and the
conservation of more resilient habitat (because the impetus to implement climate change
adaptation may be reduced outside of the targeted areas) and EWM (because the idea of
conserving more with less for the environment may decrease political will to lower water
extractions).
The potential of path-dependency was overall negligible except for the EWM option, where
it could be argued that the building of new infrastructure (especially large-scale works)
places political impetus for it to be used for the life of that infrastructure.
In terms of increasing existing stressors, environmental flows, environmental works and
measures, restoration of riparian vegetation and freshwater habitat connectivity may all
assist in the spread of invasive species (especially carp). Furthermore, the restoration of
riparian vegetation can potentially lead to reductions in water availability, EWM can
exacerbate salt loads and algal blooms, and there is potential for environmental flows to
assist in the spread of insect-borne diseases, but its likelihood is unknown.
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Ecosystem services benefits
This analysis is based on information from stakeholder interviews and technical reports. It
uses the concept of ecosystem services identified in the Murray-Darling Basin, described in
Reid-Piko et al. (2010). The types of ecosystem services identified in the Basin are explained
and listed below.
Provisioning services

provide, or produce, goods such as food, fibre, fuel, genetic
resources, biochemicals, natural medicines and
pharmaceuticals, ornamental resources and fresh water.

Regulating services

include benefits gained from regulation of ecosystems such
as air quality regulation, climate regulation, water
regulation, erosion regulation, water purification and waste
treatment, disease regulation, pest regulation, pollination
and natural hazard regulation.

Supporting services

are those which underpin the other services and include soil
formation, photosynthesis, primary production, nutrient
cycling and water cycling

Cultural services

can include non-material benefits such as cultural diversity,
spiritual and religious values, knowledge systems,
educational values, inspiration, aesthetic values, social
relations, sense of space, cultural heritage values and
recreation and ecotourism.

Systemic consequence refers to reaching an ecological threshold that signals a change of the
ecosystem into an alternate state (see Nelson, Adger, & Brown, 2007 for an explanation of
resilience concepts). For example, the change in climatic conditions may result in a decrease
of one exotic pest and emergence of another that has profound but different effects on the
ecosystem. Table 4 matches the adaptation options against the ecosystem services that they
support. It was completed during the CMA workshop in August.
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Table 4: Ecosystem services of the nine options

Regulating Services

Provisioning Services

Ecosystem Services
supported by these
adaptation options

Environmental
Flows

Drinking water for
humans and or
livestock
Food for livestock
Wood, reed, fibre and
peat (potential only)
Medicinal products
(potential only)
Other products and
resources, including
genetic material

Environmental
works &
measures

Restoration
of riparian
vegetation

Freshwater
habitat
connectivity

Conservation
of more
resilient
habitats

Conservation
of gaining
reaches

Geomorphic
restoration

Management
of exotic
species















 


































Groundwater
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treatment or dilution









Biological control
agents for
pests/disease

Thermal
pollution
control






























Coastal shoreline and
river bank
stabilisation and
storm protection
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Local climate
regulations/buffering
change

?




















Flood regulation,
flood storage
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Carbon
storage/sequestration

?

?
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biogeochemical
processes
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(ecological surprise)
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ecosystems
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ecosystems
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Contemporary
cultural significance
(including recreation





Aesthetic and sense
of place values





Spiritual, inspirational
and religious values



























 





Legend for Table 4



?

Potentially directly beneficial
Potentially directly detrimental
Unknown impact
No direct impact
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Discussion of ecosystem benefits
When discussing the provision of drinking water and food for livestock, CMA representatives
pointed out that smaller environmental works and measures structures placed on tributary
streams have the potential to provide these, rather than the large-scale works and measures
projects like KP. Geomorphic restoration was thought to provide drinking water through the
re-establishment of deep pools that can act as water sources for stock during droughts.
In terms of providing food for livestock, environmental flows can be both directly beneficial
and detrimental because they eliminate pastures during flooding but enhance their quality
after floodwaters recede.
Groundwater replenishment is affected in multiple ways by the nine options. Both
environmental flows and EWMs were thought to positively recharge groundwater but this is
also detrimental if the water is saline. The restoration of riparian vegetation and the
conservation of habitats would decrease evaporation and provide shading, thereby
increasing water availability generally but trees also transpire large amounts of water. In
terms of providing biological control agents for pests/disease, it was pointed out that
environmental flows and EWMs contribute to ibis breeding which acts as an effective pest
control.
The flood regulating effects of riparian restoration were discussed at length. Riparian
vegetation was thought to be able to hold water back in a medium flood but would actually
increase the flow rate in an extreme flood by providing a corridor for the overbank spill.
The management of exotic species can be both beneficial and detrimental for riverbank
stabilisation when it comes to the removal of willows. Although willows were originally
planted to prevent erosion, there is some anecdotal evidence that they actually contribute
to it instead. However, their replacement with native species, while beneficial in the long
term, can contribute to erosion in the short term while the root systems of new plantings
are established.
There is a question mark as to how environmental flows and EWMs affect local climate
regulations when it comes to replicating big floods. The conservation of gaining reaches and
geomorphic restoration were both thought to positively impact on microclimates by
protecting and restoring deep pools that act as fish refuges in droughts.
The effect of environmental flows and works and measures on carbon storage and
sequestration was also a question mark because it is unknown to what extent methane
emissions from water bodies constitute a problem. Also in terms of management of exotic
species, it was unknown if the removal of willows and their replacement with saplings would
make any difference to carbon storage.
The potential for systemic consequences was quite big. Environmental flows EWMs were
thought to potentially increase the spread of insects while the restoration of riparian
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vegetation could lead to an increase in exotics. Geomorphic restoration (through resnagging) was thought to potentially alter local hydraulic functions to relocate problems
downstream. The management of exotic species (in terms of carp control) also has the
potential to lead to bird decreases (by removing carp as a food source for birds) or other
unforseen changes in the ecological state.
Constraints to implementation
Constraints to implementation of climate change adaptation options are divided into four
categories in the literature (Arnell & Charlton, 2009).
•

Physical

Either in terms of
infrastructure or natural
conditions

constrains performance of the
adaptation option

•

Financial

Cost & funding

refers not only to absolute cost of the
option but also to ability of the
implementing organisation to fund the
option

•

Social

Includes community attitudes,
landholder personality and the
landholder’s economic
circumstances that may
prevent them from adopting
the options

reactions and attitudes of
stakeholders, affected parties and
pressure groups to each adaptation
option

•

Institutional

Refers to complexity (number
of different entities involved
and how they interact) &
responsibility (accountability
for outcomes)

institutional factors within the
implementing organisation, regulatory
or market constraints for the option

In this project, we chose to call them constraints because they are not necessarily
preventing an option from being implemented but rather impact on the scale of uptake.
Overall, funding, peer pressure and economic circumstances of private landholders were
emphasised strongly as barriers and constraints to adopting those CCA options that require
landholder participation.
See Table 5 for an initial assessment that was completed during the August CMA workshop.
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Table 5: Constraints to implementation of the nine CCA options
Constraints

Infrastructure
Physical
Natural
Financial

Social (relating
to landholders)

Funding

Environmental
Flows

Environmental
works &
measures

Thermal
pollution
control

/













Landholder
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Institutional

Freshwater
habitat
connectivity
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of gaining
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Knowledge
Responsibility

Conservation
of more
resilient
habitats



Economic
circumstances
Complexity

Restoration
of riparian
vegetation









Legend for Table 5




?

Constraint exists but not preventing implementation of option
The uptake of the option would be greater if constraint was overcome
Constraint preventing the option from being fully or largely realised
The extent of the constraint cannot be accurately gauged
Constraint not applicable to the option or not mentioned
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Discussion of adaptation option constraints
When talking about the constraints of physical infrastructure, the CMA representatives
pointed out that there are greater constraints (large dot) to providing water for isolated
wetlands than within streams (medium dot). Constraints to EWMs were deemed negligible
because the CMA participants were only discussing small infrastructure projects on tributary
streams that the CMA is involved with, unlike the large-scale works on the Murray that the
CMA has no control over.
There was discussion over environmental flows with CMA representatives distinguishing
between community concerns over in-stream flows, which are generally accepted (hence
small dot); and overbank flows which are of much greater community concern due to the
possibility of flooding private lands (large dot).
Funding was identified as a major constraint for most of the options. For options like
environmental flows, the funding constraint comes from lack of money for monitoring
programs to measure and demonstrate success. For the same reason, funding for the
monitoring of geomorphic restoration was assigned as a medium constraint. Funding is also
a major constraint for freshwater habitat connectivity, where the Murray CMA has a list of
redundant dams for removal and ‘goes back to dam removal when funding is available’
(Murray Workshop Participant).
Community attitude constraints to the management of exotic species was identified as a
medium constraint because the lack of community concern over exotic species was seen to
hinder management efforts.
Socio-economic outcomes
The semi-structured interviews provided a wealth of detailed information about the specific
projects undertaken in the catchment. A number of socio-economic concerns were raised
about the potential and actual consequences or outcomes of current and planned projects.
These concerns largely related to the impact that the proposed action would have on
individual landholders and specific groups. Some options are not mentioned in the summary
below because they are either not being implemented in the catchment or they had no
socio-economic concerns identified. Table 6 summarises the socio-economic outcomes that
are elaborated on in the discussions below. It is important to note that many of these issues
are either perceived or hypothetical.
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Table 6: Actual, perceived and hypothetical socio-economic outcomes
Positives

Options

Environmental
Flows



Negatives

Benefits for recreational fishing

Possibility of flooding infrastructure/crops

Reactivation of soil moisture

Loss of access to farm land during large flows
Conflicts between irrigation and environmental water
delivery

Created "havens" during drought

Blackwater events leading to fish kills

Environmental
Works & Measures
Thermal Pollution
Control






Restoration of
Riparian Vegetation

Conservation of
more Resilient
Habitats





More control & ability to water isolated wetlands
Building of infrastructure provides local economic
benefits

KP works excluded forests on private land

Of interest to recreational fishers
Green spaces provided a psychological positive for
communities
Economic benefits (feed for stock, assistance with
drought-proofing and increasing carrying capacity of
the land)
CMA provides incentives to enable Aboriginal access
to land

Responsibility for maintenance and replacement falls on
landholder

Better value for money

Property Vegetation Plans perceived to lessen property
values in irrigation communities
Used as trade-offs to offset other development




Potentially bad for native fish and recreational fishing

Carp harvesting good for regional economy

Positive benefits of carp project dependant on economic
viability of carp harvesting
Potential animal rights issues with ice slurry

Management of
Exotic Species


Employment for Aboriginal people

Establishing an industry based on a pest species could
provide an incentive to keep the pest in the system
Providing business opportunities to already established
groups

35

Provision of environmental flows
The Murray CMA recognises that since the economic benefits of flooding accrue
downstream, extensive environmental flooding has more perceived costs than benefits from
the perspective of individual landholders. These costs include having to remove irrigation
equipment from flooded land, loss of access to parts of the property and the possibility of
pastures rotting when flooded (Murray CMA, 2012c). Loss of access is the most often cited
issue and can interrupt NRM activities undertaken by landholders, such as noxious weed
treatment, pest control and stock management. It can have an economic impact when it
results in interruptions to harvest operations or community firewood collection and it has
social consequences for recreational access and hunting (CMA Respondent 1).
The CMA has produced a number of reports outlining the costs of environmental flows
provision as a result of community concern over this issue. For example, the communities
between the Hume Dam and Yarrawonga have issues related to the impacts of elevated
flows while the Central Murray Region communities are concerned about third party
impacts due to releases in the Edward-Wakool system. These issues are not insurmountable,
but they do require active and ongoing communications between water delivery managers
and landholders. In some cases it is necessary to ameliorate loss of access with government
provision of bridges and easements, which add to the cost of environmental watering (NSW
Office of Water Respondent).
A further potential conflict occurs between environmental flows provision and irrigation
water delivery. Because of the climatic changes in the catchment, competition in timing
between environmental and irrigation water delivery (e.g. during summer rainfall) is
increasing (CMA Respondent 1). This issue can potentially become more problematic in the
future as the ‘window’ for action to provide environmental flows is getting smaller (CMA
Respondent 1) and therefore there is less and less flexibility to accommodate seasonal
irrigation activities.
Environmental flows can also contribute to socially and environmentally undesirable
consequences. Following the release of water from the Colligen and Merrin Creek systems,
the Wakool experienced a blackwater event in 2010 that led to two significant fish kills in
Wakool River.
Some positive socio-economic outcomes for environmental watering have been mentioned.
Environmental watering can reactivate or increase soil moisture. During the droughts,
wetlands watered with environmental flows were seen as ‘havens’ by irrigators and the
community (CMA Respondent 3) and had a powerful positive psychological effect on people
negatively affected by the drought. Environmental flows also provide direct social positives
for recreational fishing by improving fish habitat.
Environmental works & measures
The smaller works on tributaries were generally thought to have very positive socioeconomic consequences because they pose much less risk of private property damage since
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they allow smaller amounts of water to be used and give greater control over how long an
area is watered. Environmentally, they allow the watering of small, isolated wetlands that
would otherwise go unwatered.
It is important to note that NSW CMAs have no control over environmental flows and there
is a lot of misinformation about this in the general community in the Murray Catchment
(CMA Respondent 3) since landholders receive their news from Victoria where CMA
operating rules are different.
The buyback versus infrastructure debate was raised during the CMA workshop and in some
stakeholder interviews. The nature of the debate is that water buybacks have been judged
by government agencies as more effective in terms of securing environmental water for less
money than the building of EWMs and their socio-economic impact was found to be
negligible at a Basin level (NWC, 2010; Productivity Commission, 2009). However, the socioeconomic impacts are argued to be very real at a local and regional level (Commonwealth of
Australia, 2011) and, as some workshop participants argued, any building of infrastructure
provides some local economic benefits in terms of labour and resourcing of material. There
is still ‘angst’ against water recovery in irrigation community around Deniliquin (Murray
Workshop Participant)
Thus EWMs are perceived to have a more positive socio-economic effect that the water
buyback program at a local level. Significant positive consequences also exist for fresh-water
dependent vegetation. However, what is good for trees is not necessarily good for fish.
EWMs work by pooling water on surrounding areas and spreading smaller amounts of water
further, diminishing hydrological diversity. Unfortunately these create ideal conditions for
the spawning and recruitment of carp, which is a potential undesirable social and
environmental consequence.
In terms of the large KP works, a decision was made to limit watering benefits to forests held
on public land. This means that parts of the forest held on private land will not benefit from
the works and that potentially denies these landholders the ability to adapt to climate
change (CMA Respondent 3). The reason for this exclusion is not clear but may be related to
the fact that governments may only want to invest on land that is in their control since they
are accountable for how effective financial investments are.
Thermal pollution control
Economically, addressing thermal pollution control has been deemed unfeasible and
opportunity costs have been deemed to be too high (see maladaptation discussion above).
Socially, cold water pollution caused by large dams does not seem to be important for
irrigators and the general community, although it is an issue raised by recreational
fishermen. In the Hume Dam, the release of water is strictly governed by electricity concerns
so there is little scope for dam re-operation.
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Restoration of riparian vegetation
As stated above, green spaces provided a psychological positive for communities. The
environmental benefits of riparian re-vegetation are appreciated by landholders who are
generally very connected to rivers and creeks on their properties (CMA Respondent 3).
However the economic benefits of riparian re-vegetation (feed for stock, assistance with
drought-proofing and increasing carrying capacity of the land) are mostly undersold in the
promotion of riparian activities because it is hard to quantify the benefits. The potential
increase in carrying capacity is also directly linked to the adoption of ecological grazing
practices (CMA Respondent 3).
Although the CMA covers either all or substantial portion of the economic costs of
implementing fencing and re-vegetation, the responsibility for maintenance and
replacement rests with the landholders. This becomes an economic issue in flood-prone
areas if fencing is damaged and has to be replaced by the landholders. While the CMA insists
on a minimum buffer zone of 20 metres, landholders may extend it thus minimising the
chances of flood damage to fencing. Few, however, choose to go above the minimum
because the buffer strip is still seen as land that is taken out of production.
The CMA offers a special incentive for landholders who provide access for Aboriginal peoples
to their sites of significance on private properties. This is a significant social benefit as lack of
access to land is a common complaint of Aboriginal communities throughout NSW.
Conservation of more resilient habitats
This option relies on prioritising areas of higher biodiversity to those which are less intact
because investment-wise, they represent better value for money. The CMA has a policy of
prioritising areas of higher biodiversity and has a system of Property Vegetation Plans (PVPs)
for private land holders. However, there is a perception in irrigation districts that value of
the property is lessened by having any kind of a covenant or a Property Vegetation Plan
(CMA Respondent 1). Also it appears that PVPs are mostly used as a trade-off to offset
development somewhere else (CMA Respondent 3).
Conservation of gaining reaches
There is anecdotal evidence that during the drought, groundwater-fed streams were used as
refuges for fish and were in much better condition than flooding-reliant bodies during the
drought (CMA Respondent 2).
Management of exotic species
The benefits of reducing carp numbers have always been tested under controlled conditions,
meaning that the scientific evidence for carp removal is weaker than generally assumed.
However, there is some direct evidence that carp displace native fish which are solitary by
nature and who do not like a school of carp taking over a snag (CMA Respondent 2).
One of the biggest management actions being undertaken by the Murray CMA is the carp
harvesting project, currently in its nascent stage. It relies on the installation of a number of
automatic carp separation cages that will be periodically emptied by an indigenous group
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(Yarkuwa Indigenous Knowledge Centre) that will then sell the harvested carp for fertiliser
(Charlie’s Carp). For the Murray CMA, this project is a way to offset the potential unwanted
consequences of environmental watering and habitat connectivity works that may benefit
carp as well as native fish (CMA Respondent 2).
The project can have potentially significant socio-economic benefits for Aboriginal
communities in terms of providing employment. However it is dependent on the economic
viability of carp harvesting that is quite difficult to establish as carp migration is seasonal and
a business needs a regular supply of carp biomass (300 tonnes of carp) to be viable. For
example, Pedigree used to put carp in cat food because it was a cheap source of fish protein
but stopped because a lack of regular supply made it economically unviable (CMA
Respondent 2).
There are several potential/hypothetical social concerns should such a business prove
economically viable. Firstly, there is a potential that economic benefits are provided
inequitably to specific already established groups (Charlie's Carp, Yarkuwa Centre). There is
also a question that establishing an industry based on a pest species could provide an
incentive to keep the pest in the system but this is countered by a belief among CMA
respondents that we will never get rid of carp anyway. A potential animal rights concern is
the plan to use ice slurries to transport the captured carp. At this stage, these concerns are
entirely hypothetical as the carp harvesting project has not yet been implemented.
Risk assessment
In this section, we look at the likelihood and consequences of the adaptation option failing.
To look at the risk, we’ve adopted a risk assessment matrix consistent with Australian
Standard AS4360 on Risk Management, shown below:
Table 7: Risk assessment matrix
Likelihood of the
Consequence

Maximum Reasonable Consequence
(1)
Insignificant

(2) Minor

(3)
Moderate

(4) Major

(A) Almost certain

High

High

Extreme

Extreme

Extreme

(B) Likely

Moderate

High

High

Extreme

Extreme

(C) Occasionally

Low

Moderate

High

Extreme

Extreme

(D) Unlikely

Low

Low

Moderate

High

Extreme

(E) Rare

Low

Low

Moderate

High

High

(5)
Catastrophic

The following two tables explain the Consequences and Likelihood classifications.
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Table 8: Explanation of the consequences
(1) Insignificant

Limited damage to minimal area of low significance

(2) Minor

Minor effects on biological or physical environment. Minor short-medium
term damage to small area of limited significance

(3) Moderate
(4) Major
(5) Catastrophic

Moderate effects on biological or physical environment (air, water) but
not affecting ecosystem function. Moderate short medium-term
widespread impacts.
Serious environmental effects with some impairment of ecosystem
function. Relatively widespread medium-long term impacts.
Very serious environmental effects with impairment of ecosystem
function. Long-term, widespread effects on significant environment.

Table 9: Explanation of the likelihood
(A) Almost certain

Consequence is expected to occur in most circumstances

(B) Likely

Consequence will probably occur in most circumstances

(C) Occasionally

Consequence should occur at some time

(D) Unlikely

Consequence could occur at some time

(E) Rare

Consequence may occur in exceptional circumstances

Based on these, we have utilised expert judgment of the CMA workshop participants to rank
each option under the different climate change scenarios.
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Table 10: Risk assessment of the different CCA adaptation options
Climate Change
Scenarios

Environmental
flows

Environmental
works &
measures

Thermal
pollution
control

Restoration
of riparian
vegetation

Freshwater
habitat
connectivity

Conservation
of more
resilient
habitats

Conservation of
gaining reaches

Wet (SWA: +7%)*

L

L

L

L

L

L

L

Moderate (SWA: 14%)

M

L

L

L

M

L

L

L

M

Dry (SWA: -41%)

H

M

M

M

H

M

M

M

M

Very Dry (Drought
Peak)

E**

E**

H

H

E

H

H

H

L

Geomorphic
restoration

E

H

Management
of exotic
species
H

E

*SWA: Surface Water Availability
**This option would not be done under such extreme conditions
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Discussion of risks of failure
Although encouraged to consider social and economic risks as well, the conversations in the
CMA workshop revolved around the risk of ecological failure.
It was noted that under the very dry scenario, environmental flows and EWMs would not be
used because they are not designed for such extreme conditions.
The risk of geomorphic restoration failing was rated as extreme in the eastern end of the
catchment and high overall. This was due to the increased variability in the eastern end of
the catchment which is not captured by CSIRO modelling. It is this variability (in the volumes
and timing of water flows), rather than any median decrease of overall water availability
that CMA workshop participants indicated is going to be the hardest to manage.
The risk of failure for the management of exotic species was thought to be speciesdependent and thus ranged from Low to Extreme.
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Conclusion
This report provided a thorough analysis of nine climate change adaptation options
considering their:
• Degree of catchment relevance
• Climate change adaptation potential based on assessments of climate change
benefit, effectiveness under different scenarios and maladaptation potential
• Ecosystem services benefit
• Constraints to implementation
• Actual, perceived and hypothetical socio-economic outcomes of individual projects
• Risk assessment of option failure
Table 11 summarises all the above sections in relation to the Murray Catchment. The Table
should be viewed as a summary of discussion points needed to be considered, rather than a
directive that points to the ‘best’ option. In using the CCA CAF, the process of consideration
is more important than the summary table that is produced.
The CCA CAF takes a holistic look at climate change adaptation but also takes into account
ecosystem services and socio-economic considerations. As such, looking at Table 11, it can
be seen that each measure has risks, costs and benefits that require managers to make
informed, qualitative judgements in preparing adaptation strategies for implementation.
Looking at the sections related to climate change, we can see that the restoration of riparian
vegetation, freshwater habitat connectivity, the conservation of more resilient habitats and
gaining reaches, geomorphic restoration as well as the management of exotic species all
either increase resilience and reduce vulnerability or both, as well as being rated very
effective under all of the climate change projections. These options also tend to have lower
levels of maladaptation potential, multiple ecosystem services benefits and lesser risk levels.
The analysis also clearly points out that thermal pollution control has been judged as less
effective under all climate change scenarios, has high maladaptation potential in terms of
higher opportunity costs and does not support as many types of ecosystem service benefits
as the other options. It is also interesting to compare the environmental flows option to
environmental works and measures. Both increase resilience and reduce vulnerability as well
as support diverse types of ecosystem service benefits. While environmental flows were
judged to be more effective for different climate change scenarios, they registered a slightly
greater level of negative socio-economic outcomes and greater implementation constraints
than environmental works and measures.
The discussions of the individual options suggest that adaptation measures at catchment
scale should focus on pursuing existing natural resource management (NRM) actions in
order to adapt an ecosystem-based approach that encourages “no regrets” ecosystem
resilience by prioritising the protection and restoration of natural habitats. Specifically, this
report highlights the high adaptation potential of six NRM actions:
• Restoration of riparian vegetation
• Freshwater habitat connectivity
• Conservation of more resilient habitats
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•
•
•

Conservation of gaining reaches
Geomorphic restoration
Management of exotic species

Decisions concerning the other three options, environmental flows, environmental works
and measure and thermal pollution control are more complicated. There are potentially
higher risks and costs for these measures but these negative characteristics may be
outweighed if the benefits are great or managed such that they are reduced to acceptable
levels. This framework enables such issues to be systematically identified and incorporated
into integrated decision-making on natural resource management investments.
The analysis shows that there are many “low regrets” climate change adaptation measures
that are practical in the Murray Catchment to conserve freshwater biodiversity. The Murray
CMA is already undertaking most of these measures and this analysis provide support for
further investment in these actions as part of an integrated regional NRM strategy that
actively plans for climate change adaptation.

44

Table 11: The Murray CCA CAF

Murray Catchment
Environmental
flows

Environmental
works &
measures

Thermal
pollution
control

Restoration of
riparian
vegetation

Freshwater
habitat
connectivity

Conservation of
more resilient
habitats

Conservation of
gaining reaches

Geomorphic
restoration

Management
of exotic
species

Currently
Implemented

Currently
Implemented

Considered &
Rejected

Currently
Implemented

Currently
Implemented

Currently
Implemented

Currently
Implemented

Not Yet
Implemented

Currently
Implemented

Reducing vulnerability caused by
non-climate change stressors















Increasing resilience to climatic
shocks/changes
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L

Moderate
Dry
Very Dry

Description of each option
Catchment
Relevance

Extent to which the option exists in the
catchment
Climate change
adaptation
benefit



Extreme Wet

Effectiveness
under changing
climate change
scenarios

Moderate
Dry
Very Dry
Current conditions

Climate change
adaptation potential

Increasing emissions
Disproportionate burden on most
vulnerable

Potential for
maladaptation

High opportunity costs

Increasing existing stressors

Provisioning

Ecosystem Services
Benefit

Regulating
Supporting
Cultural
Physical

Constraints to
implementation

Financial
Socio-political
Institutional

Actual, Perceived and Hypothetical Socio-Economic Consequences
Extreme Wet

Risk Assessment
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L

L

L

M

L

L

H

M

E*

E*
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L

L

L

L

M

L

L

L

M

M

M

H

M

M

M

M

H

H

E

H

H

H

E

H

H

L

H
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Legend for Table 11






?

Present & directly beneficial
Present & directly detrimental
Negligible impact
Medium impact
Large impact
Impact unknown
Not present
Likely to be effective and beneficial
Less effective or with lower benefits
Not effective or redundant

L
M
H
E

Low risk of failure
Medium risk of failure
High risk of failure
Extreme risk of failure
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