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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
Goulburn Broken 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 Goulburn Broken CMA is currently addressing climate change issues through its Climate
Change Integration Strategy which emphasises resilience, acknowledges both adaptation
and mitigation and recognises the potential for climate change benefits and opportunities.
The CMA is pursuing three interconnecting themes for their climate change strategy. These
are adapting to climate change, pursuing carbon sequestration opportunities and mitigating
greenhouse gas emissions.
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 Goulburn Broken
Catchment are then discussed, along with limitations of the framework and suggestions for
further research.
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Climate change adaptation in the Goulburn Broken Catchment
This report details the results of developing and applying a catchment assessment
framework to the Goulburn Broken 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 Goulburn Broken 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
Goulburn Broken 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:
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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 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.
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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,
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 Goulburn
Broken 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 Goulburn
Broken CMA workshop took place on the 20th of August in Shepparton 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 Goulburn Broken 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 Victorian CMAs
are required to periodically review Regional Catchment Strategies (RCS), which provide a
strategic framework for natural resource management (NRM) within the catchment. A key
component of the RCS 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 Goulburn
Broken Catchment. These included:
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Organisation
Goulburn Broken Catchment Management Authority
Department for Sustainability and the Environment
Winton Wetlands Committee of Management
Goulburn Broken Greenhouse Alliance

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 DSE Respondent)
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 Goulburn Broken 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.

8

The Goulburn Broken Catchment
With a population of over 200,000 and covering 2,431,655 ha, the Goulburn Broken is
situated in northern Victoria and comprises the catchments of the Goulburn and Broken
Rivers as well as a part of the Murray River valley (Goulburn-Broken CMA, 2012). The region
supports major agricultural (dryland and irrigated), food processing, forestry and tourism
industries. Around 50% of the region is taken up by cereal cropping and grazing and onetwelfth is irrigated dairy pasture and horticultural cropping (CSIRO, 2008a). While the major
commodity is food, wool, timber, tourism and recreation are also important to the regional
economy (Goulburn-Broken CMA, 2012).
The major water sources in the catchment are the Goulburn and Broken Rivers. A number of
sites are listed as nationally important wetlands (CSIRO, 2008a).
Climate change in the Goulburn Broken Catchment
In 2008, the annual rainfall and runoff for the Goulburn Broken region averaged 764 mm and
149 mm, respectively (CSIRO, 2008a). Decreases in rainfall and higher evaporation rates are
expected under climate change resulting in less soil moisture and less water for rivers.
According to the CSIRO Sustainable Yields, water availability in the catchment is likely to
decrease. While scenarios vary, the extreme wet scenario predicts a 3% decrease for
average diversions in the catchment, a decrease of 14% in the moderate scenario and a
decrease of 45% in the dry scenario (CSIRO, 2008a). Furthermore, the Northern Region
Sustainable Water Strategy (2009, p. 22) estimates that if the low inflows of 1997-2007 and
the extremely dry years of 2008 and 2009 were to continue, inflows into the Broken River
system would decrease by 53% and inflows into the Goulburn River system would decrease
by 49%.
Some of the potential climate change impacts facing the Goulburn Broken Catchment
include (DSE, 2008):
• Water demand increases as a result of warmer temperatures and population growth
• Reduced water quality due to lower flows and higher temperatures, leading to algal
blooms
• Greater bushfire activity
• Increased heat stress on dairy cattle, leading to reduced milk production
• Inadequate winter chilling for some fruit trees, leading to reduced fruit yield and
quality
• Reduced risk of damaging winter frosts for other crops due to higher temperatures
• Reduced grape quality due to higher temperatures
Climate Change Integration Strategy
Goulburn Broken CMA has a Climate Change Integration Strategy which outlines a clear
strategic position relative to climate change:
“In dealing with climate change and likely impacts, the Goulburn Broken CMA will focus on
adaptation strategies to increase catchment resilience; greenhouse gas sequestration
activity such as carbon brokering will be engaged for the purpose of assisting adaptation
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responses; and mitigation initiatives led by local government will be actively supported”
(Goulburn Broken CMA, 2012a, p. 2).
This statement focuses on the concept of resilience and acknowledges both adaptation and
mitigation and recognises the potential for climate change benefits and opportunities. The
CMA is pursuing three interconnecting goals within its strategy. These are adapting to
climate change, pursuing carbon sequestration opportunities and mitigating greenhouse gas
emissions. The CMA is planning on integrating climate change into existing policy and
programs by considering climate change risk and adaptation strategies at a range of planning
scales. The Climate Change Strategy is relatively new and currently being implemented by a
part-time climate change officer with responsibility to ensure that adaptation is considered
across different CMA programs and that climate-related risks and opportunities are
identified (CMA Respondent 2).
The CMA is also a member of the Goulburn Broken Greenhouse Alliance, who are guided by
the Goulburn Broken Local Government Regional Climate Change Adaptation Plan, which is a
strategy for responding to the challenges of climate change across the Goulburn Broken
region (Tucker, 2011).
This project, investigating the climate change adaptation potential of a range of natural
resource management (NRM) actions, fits within the CMA’s desire to pursue adaptation
strategies to increase catchment resilience, mentioned above.
Regional River Health Strategy
The CMA adopted a Regional River Health Strategy in 2005, which provides an integrated
framework of actions to protect rivers of high quality and improve the quality of others for
current and future generations. The guiding vision of the Goulburn Broken Catchment
Regional Strategy is:
'Healthy rivers, streams, wetlands, floodplains and adjacent land that support a vibrant
range and abundance of natural environments, provides water for human use, sustains our
native flora & fauna and provides for our social, economic and cultural values……..'
(Goulburn Broken CMA, 2005, p. 1).
This vision conforms to the triple bottom line idea; encompassing environmental, social and
economic aspects of river management. It is to be achieved through four main objectives,
which include protecting rivers with highest community values (preventing their decline),
maintaining the condition of ecologically healthy rivers, improving the environmental
condition of the remaining rivers and preventing damage from inappropriate development
(Goulburn Broken CMA, 2005, p. 1). Many of the NRM actions proposed in this project as
part of climate change adaptation are already being conducted under the auspices of the
River Health Strategy.
The Goulburn Broken Catchment is home to a major wetland re-connection activity: the
decommissioning of Lake Mokoan and the subsequent establishment of the Winton Wetland
Reserve. Lake Mokoan was built in 1971 as an off-river storage in the Broken River valley
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near Benalla. Lake Mokoan (along with Lake Eildon and Lake Nillahcootie) was designed to
regulate flow in the Broken River for stock and domestic as well as urban water
requirements in the Broken River valley (URS, 2003). However ,the Lake was prone to water
turbidity, algal blooms, and significant evaporation and was slated for decommission in 2004
by the Victorian Government with work beginning in 2009. Following the decommissioning,
the Victorian Government provided $20 million to restore the 8,750 ha Winton Wetlands
(Winton Wetlands Committee of Management, 2011). Organisations involved in this project
include the Winton Wetlands Committee of Management, the Victorian state government
and Goulburn-Murray Water.
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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 Goulburn Broken 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.
In 2011, up to 96.9 GL of environmental water has been made available for use in the
Goulburn River in Victoria during the 2011-2012 watering season, however watering was
suspended in February 2012 because of large amounts of rain in the catchment. More
recently, up to 231,937 ML of Commonwealth environmental water has been made
available for use in the Goulburn River between April 2012 and January 2013. This water is
meant to complement natural flows and provide fish refuge habitats in the Murray River,
which are at risk from a blackwater event (low levels of dissolved oxygen) entering from the
lower Murrumbidgee River (Commonwealth of Australia, 2012).
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Environmental flows do not apply to the Winton Wetlands project, as its aim was to drain an
artificial water storage in order to return the system to a more natural pattern of flows
(Winton Wetlands Respondent).
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 (EWMs) 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 but others criticise this approach as being mal- or overly narrow adaptation (Pittock
& Finlayson, 2011).
In the Goulburn Broken Catchment, the Northern Victoria Irrigation Renewal Project (NVIRP)
begun in 2007 and is the largest irrigation renewal project in Australia. It is a $2 billion
investment that is meant to deliver 341 GL to the environment (NVIRP, 2012). The changes
brought on by the NVIRP are predicted to have negligible effects on the hydrology of the
Goulburn and Murray Rivers and almost no effect on the water regime in the Barmah Forest,
Gunbower Forest, the Hattah-Kulkyne Lakes and other floodplain wetlands (SKM, 2012).
Although the NVIRP falls outside of our project’s definition of EWMs, it is worth mentioning
here because, in the Goulburn Broken Catchment, natural wetlands were used to convey
and store water in order to minimise construction costs. This resulted in a shared system
with irrigation and environmental water supply intrinsically linked (CMA Respondent 1). As a
result, ‘it is not possible, in many instances, to separate the management of water for
consumptive purposes from the management for environmental purposes’ (CMA Respondent
1). The Goulburn Broken CMA is not planning any specific works and measures in the
catchment.
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.
CWP does affect the Goulburn River below Lake Eildon, where cold water releases have
dropped the January median water temperature from 19.5oC to 12.5oC, resulting in the
disappearance of warm-water fish downstream of the dam (Marsh, Rutherford, & Bunn,
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2005). The construction of Lake Eildon, has also assisted the downstream spread of trout as
far as Nagambie, below the Goulburn Weir (CMA Respondent 4).
The CMA has also investigated the impact of thermal pollution from Lake Nillahcootie
(located on the mid-Goulburn River) on downstream temperature regimes. If temperature
threats were found to be significant, the potential for modification was to be considered
(Goulburn Broken CMA, 2005, p. 53). A Sinclair Knight Mertz report (2005) subsequently
found that Lake Nillahcootie produced significant temperature differences between an
upstream reference site and downstream monitoring sites with the downstream being 4–50C
cooler but this levelled out 15 km further downstream (SKM, 2005). There has been no
implementation of thermal pollution control measures because of a range of social and
economic issues (around recreational fishing) that is derived through this flow (CMA
respondent 1).
While CWP is acknowledged as a significant problem by managing authorities, solutions are
perceived to be too expensive (DSE Respondent, CMA Respondent 4). While putting in multilevel off-takes in new dams ‘would be an expected requirement these days’ (DSE
Respondent), retrofitting existing dams is more complicated. As CMA Respondent 4 explains,
there have been many assessments of the costs and benefits of mitigating CWP but the
environmental benefits do not readily stack up to financial costs: ‘$10 million to put multilevel off-takes, could that money be better spent doing riparian restoration?’ CMA
Respondent 4 adds that if a monitoring program was put in place to quantify the
environmental benefits of addressing CWP, the widely held perception that CWP mitigation
is too expensive might change but establishing monitoring programs is in itself expensive
(CMA Respondent 4).
The Goulburn Broken CMA faces another obstacle in addressing CWP pollution. The trout
industry benefits from cold water released by dams and is perceived as having ‘political
clout’ by the CMA (CMA Respondent 1). CWP thus remains an intractable problem in the
Goulburn Broken given the perception that mitigation costs outweigh benefits and that
mitigation would negatively affect the trout industry.
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.
Riparian revegetation is a major investment for the CMA (CMA Respondent 1) that is carried
out through the Waterway Grants Program that provides cash incentives for landholders for
fencing, revegetation and the provision of off-stream watering points for stock in order to
prevent or repair degradation along waterways (Goulburn Broken CMA, 2012b). The CMA
uses the provision of fencing and revegetation incentives in order to counteract identified
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threats to freshwater conservation. These include: water quality (turbidity & nutrients),
stock access; degraded riparian vegetation; degraded streamside zones; and poor riparian
vegetation. Noticeable improvements to water quality can be observed provided that
enough waterways are fenced off on both sides (CMA Respondent 4).
Within the catchment, funding is stratified towards priority waterways. While costs include
$10 per metre for standard fencing and $5.50 for electric fencing, landholders only need to
pay $7.50 per metre for standard fencing on a high priority waterway but must provide a
20m buffer strip in a high priority waterway (10m for a low priority) (CMA Respondent 4).
The CMA also provides incentives to establish off-stream watering points where up to
$2,500 per km of fencing is provided for stock troughs or small dams (of up to 1-2 ML) (CMA
Respondent 4). These incentives work together with fencing incentives to keep stock out of
waterways, an essential component of riparian revegetation and management.
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 Goulburn Broken CMA aims to enhance floodplain-to-river linkages over 30 km of
stream in the Lower Goulburn River and the Lower Goulburn Floodplain. This is to be
achieved through the implementation of the Lower Goulburn Floodplain Management Plan.
The CMA is also working on removing barriers to fish movements; however the Goulburn
Broken has already benefitted from extensive fish programs in the past that focused on
removing barriers and providing fish ladders (DSE Respondent).
The Winton Wetlands project, through restoring a wetland of significant size, provides ‘biolinks’ to the rest of the catchment (Winton Wetlands Respondent), establishing important
biodiversity connections for terrestrial and aquatic habitats (DSE Respondent).
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 Goulburn Broken CMA’s River Strategy conforms to the triple bottom line idea: looking
out for the environmental, social and economic aspects of river management. It is to be
achieved through four main objectives, which include protecting rivers with highest
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community values (preventing their decline), maintaining the condition of ecologically
healthy rivers, improving the environmental condition of the remaining rivers and
preventing damage from inappropriate development (Goulburn Broken CMA, 2005, p. 1).
The Strategy is very comprehensive in terms of identifying freshwater assets and their
threats. Specific river reaches have been prioritized for conservation based on their social,
economic and/or environmental values. Forty-four ‘High Priority Reaches’ were identified
based on ecological and social community values (Goulburn Broken CMA, 2005, p. 28). The
Strategy further identified 13 reaches within the catchment that can potentially be improved
to an ecologically healthy condition (Goulburn Broken CMA, 2005, p. 29).
The identification and prioritisation of specific river reaches suggests a strong commitment
to resilience and there is an awareness of and recognition of the need to prepare for climate
change at state government level. For example, to prioritise specific habitats the
Department for Sustainability and the Environment firstly identifies the ecological and social
values of the habitat and then goes through a risk assessment process of what threatens the
identified values and whether that threat is likely to grow into the future (DSE Respondent).
However, the definition of resilient habitats still largely rests on an assessment of present
conditions, rather than on considerations of what the habitat may be like under climate
change. The reason for this is that taking a long-term look at habitats is a relatively new idea;
‘only in last decade that people started thinking about pre-1917 reference sites. . . It’s still
quite a big philosophical jump that we’re not ready for (DSE Respondent) and would require
more detailed scientific information and assumptions about what the possible climate
change scenarios would look like. Similarly, the Goulburn Broken CMA staff revealed that
prioritising favourable physical characteristics would require more detailed scientific
knowledge and understanding (which is currently lacking) on how specific habitats would be
affected by climate change.
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.
The protection of gaining river reaches may be important in the GB CMA where a number of
drought refuges for native fish were identified in the catchment (Thomson & Bond, 2011).
The CMA is currently engaged in identifying refugia under climate scenarios, doing
demonstration and rehabilitation reach projects, as well as monitoring species condition and
health. The River Strategy aims to enhance aquatic refugia by establishing protection zones
in the Eurora Strathbogie, mid Goulburn, Acheron, Rubicon and Taggerty rivers (Goulburn
Broken CMA, 2005). During the drought, actions to protect fish refugia included increased
monitoring (of salinity and dissolved oxygen levels) and prioritising refugias for riparian
fencing incentives. If monitoring indicated that key environmental thresholds were crossed,
environmental water was released. This situation did arise in 2009; however no
environmental water was available at the time (DSE Respondent).
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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.
The Goulburn Broken CMA engages in habitat enhancement to counteract the threats of
losing in-stream habitat, bank erosion, bed instability, channel modification, and turbidity.
While it is a common activity for the CMA, it attracts less investment because activities are
region-specific. For example, sandslug removal is common in the south-west but Gippsland
sees more wood re-instatement (DSE Respondent). Actions undertaken by the CMA include
stabilising in-stream and near-stream erosion in the Goulburn system, enhancing aquatic
refugia and protecting in-stream habitats and assessing channel modification in the Broken
system. A state-wide annual stream monitoring program indicates that fish utilise snags
almost immediately after they are put back in the water but whether this increases the
overall fish population in the area is as yet unclear. For example the 2010 flooding caused
many trees to fall in the Broken River and within weeks, fish were using them as habitat
‘while this is positive, these fish moved from other areas into new snags so the question is
whether population is increasing or being moved around’ (CMA Respondent 4).
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.
The Goulburn Broken CMA is engaged in programs to manage exotic vegetation and
revegetate with native species around streams in the Goulburn system. Willow removal and
replacement with native vegetation is a significant and ongoing management activity (CMA
Respondent 3). Willows were originally introduced into the catchment to manage erosion
but actually ended up contributing to it because they have a big root ball which grows up
into the river bed, protrudes from the bank and then pushes water to the other side of the
river; ‘next thing you’ve got erosion problems on the other side of the river’ (CMA
Respondent 4). In some places, willow removal is followed by the introduction of native poa
grass that stabilises the bank and, in time provides fodder for stock (CMA Respondent 3).
Interviews and workshop discussions revealed that carp management is not prioritised in the
catchment because of a belief that, due to the interconnectedness of the freshwater
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systems, carp management is a futile activity; ‘no one knows how to deal with the problem . .
. Get rid of them on one area, flood comes in and then carp everywhere’ (CMA Respondent
3). The CMA has considered the installation of carp cages but this has not been pursued
because the Goulburn Broken as an aquatic system is so inter-connected (CMA Respondent
4). The drought acted as a natural control for the carp population but the floods have caused
an explosion in carp numbers. The decline in water quality and native species associated
with carp activity has been observed by some landholders in the Broken Creek (CMA
Respondent 3).
Other pests in riparian environments include rabbits and, surprisingly, wombats. Both
species have been reported to cause bank erosion through burrowing. Rabbits can be shot
as standard pest management but wombats are a native species and as such require
permission to be sought from the relevant government department (CMA Respondent 3).
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The CCA Catchment Assessment Framework for the Goulburn Broken
In this section, we detail the CCA Catchment Assessment Framework in relation to the
Goulburn Broken 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 Goulburn Broken Catchment interviews, workshop discussions and literature searches
are then incorporated into the individual sections. The completed CCA CAF for the Goulburn
Broken 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
NYI
CR
CI
CI
CI
CI
CI
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.
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Table 1: CCA potential of each option

Increasing resilience to climatic
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change stressors
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*In the long term, after exotic species are replaced with fully-grown natives that provide sufficient canopy cover.

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 thermal pollution control, the conservation of gaining reaches and geomorphic
restoration. All of the nine options conserve present or future refugia, conserve or enable
access to future habitat and extend habitat connectivity and migration paths for biota,
therefore preserve genetic stock.
The CMA representatives highlighted that the management of exotic species has different
outcomes depending on whether the species is flora or fauna. So managing carp is directly
beneficial for the reduction of the sediment budget; however the removal of willows may
lead to increases in the sediment budget, which is undesirable. On the other hand, the
removal of willows can mitigate changes in water flows locally because once willows are
removed, greater water volumes are available at a local scale.
Workshop discussions also highlighted that impacts would differ under different timeframes.
So the management of exotic species can mitigate changes in water temperature in the long
term. If full-grown willows are uprooted and replaced with native seedlings it means shade is
initially lost until the seedlings grow and are able to provide shade and shelter.
In terms of carp management, the CMA is actively restoring habitat for native species in an
effort to reduce the numbers of exotic fish. However there is an acknowledgment that any
improvement of fish habitat has the potential to improve the habitat for exotics. That is why
geomorphic restoration was thought to be both detrimental and beneficial, with the
assumption that the direct beneficial impacts of improving native fish numbers by resnagging and geomorphic activities would be much greater than the directly detrimental
impacts of indirectly improving the habitat for carp. Geomorphic restoration was also
thought to be beneficial for mitigating higher in-stream temperature because of the
protection, maintenance and restoration of groundwater-fed deep pools.
There was a lot of uncertainty about the impacts of environmental flows and EWMs on the
reduction of carbon emissions in the Barmah forest. Environmental water leads to greater
vegetation growth which would have potentially beneficial impacts on carbon emissions (but
would that impact be big enough to make a difference?) However, participants expressed a
lot of uncertainty over the potential methane emissions from movements of large amounts
of water.
The effect of riparian restoration on the reduction of the sediment budget was discussed at
length, especially the differences between longitudinal and lateral sediment increases. The
CMA representatives pointed out that point-source pollution is adequately controlled within
the catchment. Riparian vegetation is thought to be beneficial for water quality if the influx
of sediments come from near-stream and in-stream sources.
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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, 2008b). 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 decrease by 3%
in the Goulburn Broken 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 Goulburn Broken are estimated at 14% in the Goulburn Broken.

•

‘Dry’ climate change: Refers to the Sustainable Yields 2030 ‘extreme dry’ scenario
that projects surface water availability decreases of 45% in the Goulburn Broken.

•

‘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 recent fall in surface water was well beyond estimated
projections and represents a historical extreme. However adaptation measures must
be tested against extreme variability, not just the average conditions. The Northern
Region Sustainable Water Strategy (2009, p. 22) modelled water availability for
Victorian river systems and estimated that if the low inflows of 1997-2007 and the
extremely dry years of 2008 and 2009 continued, the share of water available to
Victoria as a whole would decrease by 49% than the pre-1997 average, while inflows
into the Broken river system would decrease by 53% and inflows into the Goulburn
river system would decrease by 49%.

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 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)
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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
Goulburn Broken Catchment
CCA Options

Current
Conditions

Wet

Moderate

Dry

Very Dry

SWA*: -3%

SWA: -14%

SWA: -45%

SWA: -49%
in Broken
-53% in
Goulburn

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

Discussion of option effectiveness under different climate change projections
There was a lot of discussion around EWMs. The Northern Victoria Irrigation Renewal
Project is generally considered to be an example of a EWM. However, in this research
project, we have limited the definition of EWMs to works designed to divert water and pool
it on floodplains. Since the NVIRP does not meet our definition of EWMs, Table 2 is generic
and not referring to a specific project. There was an understanding that in the current
conditions there are limited opportunities to do EWMs by the CMA. It was also pointed out
that EWMs will work only on regulated streams rather than unregulated ones; however
regulated streams are more numerous in the Goulburn Broken Catchment.
There was also discussion around the effectiveness of riparian vegetation in the very dry
scenario and it was decided that the green categorisation assumes already established
vegetation and also assumes that revegetation activities would not be initiated in the very
dry scenario.
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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
• 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 Goulburn Broken Catchment completed during
the CMA workshop in August.
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Table 3: Maladaptation potential of the CCA options

Environmental
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Environmental
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Control
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Gaining
Reaches
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Management of
Exotic Species
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Maladaptive potential is negligible
Medium maladaptive potential
High maladaptive potential
Maladaptive potential is unknown
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Discussion of maladaptation potential
When discussing the potential increase in emissions, workshop participants talked about the
possibility of methane (and other carbon gas) releases from sediments which are disturbed
by the provision of environmental flows. They thought that this would have negligible
consequences for increasing emissions in streams, but were uncertain about the effect of
environmental water provision over floodplains. The contribution of EWMs to emission
increases was also discussed. Small-scale pumping (which requires does increase emissions)
has been utilised in the Goulburn-Broken in the past. Large-scale gravity-fed regulators
would not require electricity to operate, but would require the building of infrastructure.
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 workshop
participants also expressed uncertainty over the possibility of greater methane emissions
due to the disruption of water stratification.
The discussion of potentially placing a disproportionate burden on vulnerable communities
focused on impacts for landholders. The provision of environmental water was thought to
have a medium maladaptive potential because it was recognised that the acquisition of
water from irrigators places stress on water-using communities. Also, creating overbank
flooding impacts on farm land use. Regarding thermal pollution control, workshop
participants pointed out that the magnitude of maladaptation potential depends on one’s
point of view: thermal pollution control would have a negative effect on the trout industry
(commercial fishing and recreation) in the mid-Goulburn region. This negative impact was
judged to be medium by the CMA participants but they did acknowledge that the industry
itself would probably rate that impact as high. Discussion around the conservation of more
resilient habitats was interesting. Workshop participants recognised that the CMA’s practice
of prioritising more resilient habitats creates a disproportionate burden (judged to be a
medium-level maladaptive potential) on the non-targeted communities. Effectively, those
ecological communities that are already fragmented and degraded are further marginalised
because investment is concentrated in more intact, more valuable habitats.
A high opportunity cost occurs when the option has higher environmental, social or
economic costs than its alternatives. Participants rated the opportunities costs of EWMs as
negligible since some works can reduce the cost of environmental water delivery (depending
on location). Thermal pollution control and the management of exotic species were both
judged to have high financial costs relative to effectiveness. When discussing riparian
revegetation, workshop participants pointed out that the opportunity costs and benefits of
undertaking revegetation are unknown to the CMA as they would depend greatly on the
values, beliefs and circumstances of individual landholders. Freshwater habitat connectivity
was rated as having a medium maladaptive potential because while fish ladders and weir
removal is moderately expensive, it was judged to be very effective. The opportunity costs of
geomorphic restoration were also unknown by participants, however monitoring is currently
being done in the catchment to determine if the way geomorphic restoration is done is the
most effective method.
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Assessing the ‘reducing incentive to adapt’ maladaptation was difficult. It was agreed that
the potential is unknown for two options; environmental works and measures (because the
idea of conserving more with less for the environment may decrease political will to lower
water extractions) and gaining reaches (since the action by itself is insufficient and requires
sustainable groundwater management in the connected aquifer). The maladaptive potential
of conservation of more resilient habitats was judged to be medium because the impetus to
implement climate change adaptation may be reduced outside of the targeted areas.
The potential of path dependency was overall negligible except for the environmental works
and measures option, where it could be argued that the building of new infrastructure
(especially large-scale works) places political impetus for it to be used.
In terms of increasing existing stresses, the effects of environmental flows and EWMs were
thought to be no different to natural flows. Potentially, EWMs can decrease ecosystem
benefits by not maintaining natural connections but these possibilities are limited in the
Goulburn Broken. The contribution of riparian revegetation to fire risk was unknown but
there was definite agreement that ensuring freshwater habitat connectivity will contribute
to the spread of invasive species. Geomorphic restoration and the management of exotic
species (specifically willow removal) were both thought to be perceived by the community
as increasing the risk of flooding and bank instability respectively.
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
can include non-material benefits such as cultural diversity,
spiritual and religious values, knowledge systems,
educational values, inspiration, aesthetic values, social

Cultural services
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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
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Contemporary
cultural significance

















Aesthetic and sense of
place values

















Spiritual, inspirational
and religious values
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Potentially directly beneficial
Potentially directly detrimental
Unknown impact
No direct impact
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Discussion of ecosystem benefits
In terms of providing drinking water for livestock, environmental flows can be both directly
beneficial and detrimental because they ensure water in waterways but can cause
blackwater events that would make water undrinkable. Both environmental water and
EWMs were thought to indirectly contribute to groundwater replenishment through
groundwater-surface water interactions.
The importance of the conservation of gaining reaches was recognised during workshop
discussions. Gaining reaches were identified as being beneficial for water quality, but only if
the groundwater is not saline. Workshop participants also thought that gaining reaches help
carbon storage and nutrient cycling since riparian forests fed by gaining reaches would store
carbon and assist in the nutrient cycle. Gaining reaches were thought to be both beneficial
and detrimental to water purification because the influx of groundwater can reduce the risk
of blackwater events and dispel other forms of pollution but, can also become problematic if
the groundwater is saline. They were thought to indirectly provide food for livestock
because groundwater-fed vegetation had a greater chance of survival during drought.
Geomorphic restoration was discussed as a benefit for contemporary cultural significance
because it improves fishing opportunities. Improving habitat for native fish was also thought
to act as a biological control agent because it improves the capacity of native fish to predate
on exotic fish species like carp.
The restoration of riparian vegetation was identified as being especially beneficial for a
range of ecosystem services, but it was recognised that it could lead to systemic
consequences resulting in elevated pathogens and possibly more exotic species using the
restored habitats.
Freshwater habitat connectivity was thought to be directly beneficial to almost all types of
ecosystem services (with the exception of provision of medicinal products). Most of the
discussion on freshwater habitat connectivity was in relation to the lower Goulburn subcatchment. The Winton Wetlands and the Lower Goulburn sub-catchment habitat
connectivity projects were thought to have benefits for local climate regulations as well as
carbon storage and sequestration.
The management of exotic species focused on the benefits of willow removal. Groundwater
replenishment and climate buffering were thought to benefit at a very local level from the
removal of willows. The removal of willows would also aid contemporary cultural
significance by improving boat passage and thus fishing and tourism opportunities. However
it was thought that the removal of exotic species could potentially open up the system up
for re-invasion by another pest or lead to algal blooms (and hence cause systemic
consequences). The removal of willows and other exotic species was also judged to be both
beneficial and detrimental to aesthetic values since people generally enjoy seeing vibrant
native vegetation but, for those who are used to seeing willows lining their waterways,
willow removal can be distressing.
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Constraints to implementation ranking
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.
For each option the relevant constraints have been categorised (based on stakeholder
interviews and a review of the literature). This categorisation is based on the Millennium
Ecosystem Assessment (2005).
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.

34

Table 5: Constraints to implementation of the nine CCA options
Constraints
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restoration

Management of
exotic species







Economic
circumstance

Institutional

Freshwater
habitat
connectivity



Personality (of
landholders
Social
(relating to
landholders)

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
CMA representatives identified high physical constraints (in terms of nature and
infrastructure) for the provision of environmental flows and thermal pollution control
(infrastructure). Funding was identified as a major constraint for all of the options.
Community attitudes and landholder personality were thought to be a medium constraint
for riparian revegetation. Aversion to government intervention and community
‘interference’; and a perception that doing these types of work leads to being be labelled as
‘greenies’ by their peers were mentioned during interviews (CMA Respondent 4). As CMA
Respondent 3 explains ‘It’s hard for landholders to go down the pub and talk to people when
they’re doing something totally different to everyone else’. Also individuals who grew up
with unfenced waterways on their properties may question the need for change, particularly
when the benefits have not been explained to them. As one CMA Respondent 4 put it, ‘the
thought of the CMA coming in putting up a fence and pulling willows out with an excavator a
bit hard to digest’. The landholders’ economic circumstances were thought to be a major
constraint for adopting riparian revegetation measures due to the co-investment required
by the landholder.
There was discussion over environmental flows with CMA representatives distinguishing
between community concerns over in-stream flows, which are generally accepted; and
overbank flows which are of much greater community concern due to the possibility of
flooding private lands. Both the conservation of more resilient habitats and geomorphic
restoration were rated with as medium for community attitude due to unfulfilled
community expectations of what these measures ought to achieve.
When discussing thermal pollution control, there was recognition that the community
opposition to thermal pollution control comes out of the financial benefits provided by the
trout industry.
Institutional complexity was thought to be a large constraint to the management of aquatic
exotic species and geomorphic restoration because of lack of knowledge within
management institutions as to how to deal with them successfully. Also, lack of institutional
knowledge and recognition about the conservation of gaining reaches was recognised as a
significant constraint. For example, a groundwater atlas is being completed by the
Department for Sustainability and the Environment in order to address basic knowledge
gaps and enable effective management in a relatively new area (DSE Respondent). Acquiring
expertise and funding to overcome knowledge gaps is in itself a constraint; groundwater
ecosystems are complex and costly to research (DSE Respondent). Lack of knowledge about
system responses is also a potential constraint for the Winton Wetlands project – there is no
base data (other than anecdotal) on how the system was before the water storage (Winton
Wetlands Respondent).
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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. In the CCA CAF, the positive and negative issues are
summarised with ticks and crosses for the sake of brevity.
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Table 6: Actual, perceived and hypothetical socio-economic outcomes
Positives

Options
Environmental Flows
Thermal Pollution
Control

Restoration of
Riparian Vegetation

Impacts of acquiring water on regional communities



Possibility of flooding infrastructure/crops




Trout fishing industry would be negatively impacted
Economic benefits (feed for stock, assistance with
drought-proofing and increasing carrying capacity
of the land)
Aesthetics





Makes stock control easier
Development of a regional tourism industry good
for regional economy

Good news story, people like to hear about how
fish travel



Responsibility for maintenance and replacement falls on
landholder

Adding value to a property

Winton Wetlands: Economic activities aimed at
Aboriginal communities

Habitat Connectivity

Negatives

Providing business opportunities to already established
groups

Anglers benefit from improved habitat for fish
Economic benefits to local business from
attracting anglers

Management of
Exotic Species



People have an emotional connection to willows

38

Thermal pollution control
The importance of cold water below Lake Eildon for the trout industry has been mentioned
several times during the interviews and the CMA workshop. Therefore actions to ameliorate
CWP negatively impact on the trout industry. However, prohibitive economic costs are the
main reason why this option is not pursued.
Restoration of riparian vegetation
Several positive socio-economic benefits of riparian revegetation have been identified
during the semi-structured interviews. Riparian re-vegetation provides stock shelter and can
increase pasture growth (trees providing shelter) and makes stock control easier (by fencing
off waterways). Revegetation around waterways also provides aesthetic qualities and can
add economic value to the property (CMA Respondent 4). Also, while water quality benefits
flow downstream, the soil structure on the property where revegetation is undertaken
improves quite quickly; ‘within the first 12 to 24 months, they will see some form of
improvement’ (CMA Respondent 3). However, the financial cost of fencing was the reason
that many landholders were reluctant to take up the incentive. While the CMA covers a
substantial portion of the economic costs of implementation, the replacement of fencing
and/or watering points after a flood are the responsibility of landholders. As CMA
respondent 3 explains, landholders usually give up a minimum buffer strip, increasing the
chances of the fence being damaged in a flood, which is a real possibility in the lower
Goulburn and Broken Creeks. During the 2010 floods, lots of fences had been wiped out by
floodwaters and some Landcare groups have utilised their own funding to repair the damage
(CMA Respondent 3).
Freshwater habitat connectivity
The Winton Wetlands restoration project seeks to provide social and economic benefits
through the development of a regional tourism industry centred on the restored Winton
Wetlands. The long-term objective is that tourism development will eventually pay for the
restoration, but this is predicated on establishing a viable tourism industry (Winton
Wetlands Respondent). The Winton Wetlands Committee is currently establishing itself as a
credible land manager by managing fire risk, pests and weeds, creating emergency access to
the site, bringing the public facilities up to a good standard, and by increasingly involving the
community in the planning of the ecological restoration and the development of wetland
reserve
The Winton Wetlands Committee has so far employed four people for on-ground works as a
direct result of the project. However, more economic activity is being generated by
employing contractors to undertake pest management control (weed spraying and killing
rabbits). The wetland site is also very significant to the local Aboriginal communities and the
Committee has partnered with the Yorta Yorta Aboriginal Corporation. The creation of
employment activities aimed at the Aboriginal communities is part of the cultural and
tourism aims of the project (Winton Wetlands Respondent). Thus while there are many
potential positive outcomes of the Winton Wetlands project, a hypothetical negative is that
the Committee is favouring already established groups. There are other Aboriginal groups in
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the area, but Yorta Yorta is the only recognised Aboriginal group and the Committee has a
statutory obligation to deal with recognised Aboriginal bodies (Winton Wetlands
Respondent).
The previous work undertaken to open fish passages through weir removal and the
introduction of fishways has provided a number of social benefits to the community.
Increased fish movement means recreational fishers can now fish in more places. Also, it is
‘a good news story’ for the rest of the community since people like to hear about how fish
travel and that they go back to the same spot (CMA Respondent 4). Attracting recreational
fishers provides economic benefits to local economies and there is reciprocity between
recreational fishing and geomorphic restoration since funding for geomorphic works
partially comes from recreational fishing licenses (CMA Respondent 4).
Management of exotic species
Community opposition to the removal of willows was highlighted at the CMA workshop and
during semi-structured interviews; ‘in the community, there’s probably more people annoyed
with the fact that willows have been removed but they know the stance of the CMA’ (CMA
Respondent 3).
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

(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

(3)
Moderate

(4) Major

(5)
Catastrophic

The following two tables explain the Consequences and Likelihood classifications
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.
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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

Geomorphic
restoration

Wet (SWA*: -3%)

L

L

E

L

L

L

L

L

Moderate (SWA: 14%)

L

L

M

L

M

L

L

L

M

Dry (SWA: -45%)

H

M

L

L

H

H

H

L

M

Very Dry
-49% in Goulburn
-53% in Broken

E

E

L

M

E

H

H

M

Management
of exotic
species
H

E

L

E

*SWA: Surface Water Availability
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Discussion of risks of failure
CMA representatives pointed out that the goals of some of these options would change
under different scenarios. So the goals of environmental flows would be different in wet
years than in dry years. In drier years, the focus would be on protecting habitat refugia and
key ecosystem functions and in wet years it would be restoration and enhancement of
biodiversity. Also it was noted that riparian vegetation would not be planted in a drier
season.
When discussing exotic species management, it was pointed out that the ‘wet’ scenario
represented greater danger for the spread of most invasive species since the drought acted
as a natural barrier (for example, carp numbers dropped significantly in the drought and
exploded after the floods). The ‘wet’ scenario has a split between pest vegetation (willows)
and pest fish (carp). Thus the risk of option failing is high for vegetation and extreme for pest
fish in the ‘wet’ scenario. In the ‘very dry’ scenario, it was noted that the risk of failure was
species-dependent. Carp management was thought to be relatively easy but management of
other species which are used to drier conditions may fail.
A number of CMA representatives pointed out that it is hard to picture how these scenarios
would affect individual streams so these exercises were somewhat abstract since there is a
lack of knowledge at a very local level.
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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 Goulburn Broken 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 slightly more effective for different climate change scenarios, they registered a
greater level of negative socio-economic outcomes and greater implementation constraints
than EWMs.
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
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•
•
•
•

Conservation of more resilient habitats
Conservation of gaining reaches
Geomorphic restoration
Management of exotic species

Decisions concerning the other three options, environmental flows, EWMs 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 Goulburn Broken to conserve freshwater biodiversity. The Goulburn
Broken 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.
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Table 11: The Goulburn Broken CCA CAF

Goulburn Broken 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

Not Yet
Implemented

Considered &
Rejected

Currently
Implemented

Currently
Implemented

Currently
Implemented

Currently
Implemented

Currently
Implemented

Currently
Implemented

Reducing vulnerability caused
by non-climate change
stressors



















Increasing resilience to climatic
shocks/changes

















Increasing emissions



/

//?













Disproportionate burden on
most vulnerable





/













High opportunity costs
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/
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Description of each option

Catchment
Relevance

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

Current conditions

Climate change
adaptation
potential

Effectiveness
under changing
climate change
scenarios

Wet
Moderate
Dry
Very Dry

Potential for
maladaptation

Reducing incentive to adapt
Path dependency
Increasing existing stressors

Provisioning

Ecosystem
Services Benefit

Regulating
Supporting
Cultural
Physical

Constraints to
implementation

Financial
Social






/



Institutional

Actual, Perceived or Hypothetical Socio-Economic
Consequences

Risk Assessment













Wet

L

L

E

L

L

L

L

L

H

E

Moderate

L

L

M

L

M

L

L

L

M

Dry

H

M

L

L

H

H

H

L

M

Very Dry

E

E

L

M

E

H

H

M

L

E
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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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