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EXECUTIVE SUMMARY 
 

The Glenelg Hopkins Strategy for Climate Change will be used to inform regional planning through the 
identification of priorities for adaptation and mitigation under a changing climate. This strategy was 

developed in consultation with th e Glenelg Hopkins CMA Community Advisory Group and through a 
series of targeted workshops with agencies, regional experts and community members. 

The challenge of climate change is fundamentally different from all other threats to biodiversity and 

ecosystem function. It requires a shift in the way natural resource management (NRM) objectives are 
developed. Despite the overall trend of a hotter and drier climate being clear there are uncertainties 

in climate change projections and their application at a regio nal level. These uncertainties are 
compounded when identifying impacts at local scales because of complexities in ecological 

interactions and interdependencies. Glenelg Hopkins CMA has developed a set of policy statements 
that move away from defining stati c objectives to ones that are more appropriate under a changing 

climate, and that allow planning for a range of different future states. These statements form the 

basis of the CMAôs adaptive approach to regional planning under a changing climate and will assist 
the CMA to: 

¶ provide regional leadership and set the example of best practice management of natural 

resources under climate change 

¶ manage for resilience and transformation 

¶ manage adaptively for multiple scenarios and for multiple possible futures  

¶ keep up to date with research and undertake long -term monitoring of species, communities 
and ecological processes. 

 

The impacts of climate change 

It is clear that climate change will have significant impacts on species and ecosystems in Australia. 

For the Glenelg Hopkins region, climate change projections indicate that increasingly hotter and drier 
conditions can be expected. Temperatures are expected to increase in all seasons with a greater 

number of hot days and fewer very cold days overall. By 2090 the projected temperature increase of 

up to 4.0 ÜC will have significant impacts on the regionôs terrestrial habitats and species, populations 
and communities. Changes in the geographic range of both flora and fauna species may result in 

altered community structure and function. Although it is difficult to predict individual speciesô 
responses to a changing climate due to complexity in ecological interactions, it is likely that the timing 

of life cycle processes such as migration, flowering and breeding will be altered. The ability of flora 

and fauna species to move through the landscape will also dictate their survival. Ultimately the 
change in climate will result in a decrease in the regionôs biodiversity and a change in the current 

location of species and communities.  

A decrease in winter rainfall of up to 30 per cent by 2090 and an increase in the intensity of extreme 
rainfall events are expected across the Glenelg Hopkins region. Soil and land assets are likely to 
experience a decrease in groundcover and an increase in the likelihood of erosion events. Less rainfall 

and greater temperatures are likely to cause a reduction in pasture production and pe rsistence. This 

may have implications for the regionôs feed management systems, with a potentially greater 
dependence on cool season production, grain feeding and stored fodder. With less rainfall the Glenelg 

Hopkins catchment is also likely to become increasingly suitable for cropping. This land use change 
and subsequent increasing pressures from production may have implications for remnant vegetation 

and wetland protection.  
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Rivers, floodplains and wetlands would be greatly impacted by the reduction i n rainfall and 
subsequent runoff and stream inflow. Rivers and wetlands that rely on direct precipitation will be 

most affected. The regionôs wetlands are likely to undergo a variety of changes such as reduction in 
size, conversion to dry land or a shift i n wetland type. Despite wetlands being very vulnerable to 

climate change, they are by nature a resilient ecosystem. The protection and enhancement of 
wetlands will become increasingly important due to their carbon sequestration potential and ability to 

act as óstepping stonesô for biodiversity through the catchment. Rivers are also critical for maintaining 

connectivity through the landscape. Riparian vegetation and refuge areas will become increasingly 
important with reduced stream inflow and more hot days.  A reduction in water availability and 

possible increase in demand may intensify pressure on the regionôs water resources, including its 
rivers and groundwater.  

Sea surface temperatures are likely to increase by 1.6ï3.4 ºC by 2090, causing significant changes to 

coastal, estuarine and marine assets. Large increases in temperature will have significant impacts on 
the current geographical ranges of species. Effects are already evident with a southward movement 

in the range of macroalgaes, with likely impacts on the many species they support. Tropical pest 
species are expected to extend their habitat range further south, placing greater pressure on the 

regionôs marine areas. An increase in sea level of 0.39 ï 0.89 metres (m) by 2090 will increase 
pressure on the coast and estuaries. Impacts such as coastal erosion and inundation will be more 

likely, causing habitat loss and infrastructure damage. 

 

Adapting to and mitigating climate change 

While the magnitude of climate change is more widely recognised and acknowledged in science and 

policy, there remains a gap between recommendations for adaptive management approaches and 
resilience building at a regional scale. Glenelg Hopkins CMA is committed to adopting a long-term, 

adaptive approach to NRM planning under climate change. This strategy aims to fill the identified 
gaps in regional planning by applying adaptive planning processes to update the CMAôs policies and 

strategic priorities. 

Effective adaptation to climate change requires building on past and current successful NRM 
programs. The current programs for managing natural resources contribute significantly to adaptation 

by improving ecosystem resilience, increasing groundcover, protecting existing assets and enhancing 
habitat connectivity. The continued establishment of priorities that focus on ecological function and 

ecosystem services will be the key to achieving effective on-ground action into the future. Glenelg 
Hopkins CMA aims to build natural asset resilience and adaptive capacity through adopting the four 

policy statements and implementing a range of strategic initiatives for each asset, as detailed in Table 

12. Natural resource managers have a significant role to play in mitigating climate change through 
the protection of existing carbon stocks and guiding further carbon sequestration efforts. Large 

quantities of carbon are stored in soils and vegetation of the Glenelg Hopkins region. Mitigating the 
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loss of these carbon stores will reduce the amount of carbon entering the atmosphere and further 

exacerbating climate change. In addition to sequestering carbon in vegetation and terrestrial soils, 
there is significant opport unity within the region to maximise the estimated 34.4 Million tonnes (Mt) 

of wetland carbon stores. A national assessment of the opportunities for reducing carbon emissions in 
the land sector found that reforestation and agricultural practice change had t he potential to abate 50 

Mt CO2 of emissions across Australia1.    

Responding to climate change in the Glenelg Hopkins region requires increasing the resilience of the 
natural environment to adverse impacts, maximising the capacity of ecosystems to adapt t o change, 

and maximising the storage of carbon in the landscape consistent with continued productive 
agricultural enterprises. Fortunately, the actions that will be most effective in achieving these 

objectives are consistent with best practice approaches that are advocated in the CMAôs present 
strategies. The following strategic priorities will be pursued to best position the region to thrive in the 

face of climate change: 

¶ carbon planting projects that improve landscape connectivity and resilience, and wild life 

corridors, ensuring multiple benefits for the environment  

¶ protection and improvement of blue carbon (wetland) habitats  

¶ increasing the resilience of agricultural land by fostering soil health and increasing 

groundcover, and improving the productivity o f degraded land 

¶ carbon planting projects within high value agricultural areas with positive impacts for 

adaptation and production.  

 

Landscape scale priorities 

A landscape prioritisation process has been completed to identify the opportunities for carbon 
sequestration and improve ecosystem resilience. This process has considered the current condition of 

the regionôs vegetation and wetlands, their strategic biodiversity value and their carbon sequestration 
potential. Priority landscapes for biodiverse carbon plantings that present the greatest potential to 

increase landscape resilience and connectivity as well as carbon sequestration include: 

¶ existing parks and reserves (public land), and areas of remnant vegetation abutting these 

locations 

¶ the areas connecting the Glenelg River through Dergholm and east to the Grampians National 

Park and further east to the Pyrenees Ranges 

¶ riparian areas 

¶ wetlands and wetland complexes 

¶ coastal areas including estuaries and coastal saltmarsh habitats. 

These areas are shown in Figure 1. In protecting and enhancing all identified priority terrestrial 
vegetation there is the potential to sequester 52.7 M tonnes/year CO 2 across the region. Ensuring the 

maintenance of current carbon stored within wetlands will protect an additional 34.4 M tonnes CO 2. 
Although public land isnôt directly considered within the carbon calculations, it is an important carbon 

store and provides significant biodiversity values. 

This strategy highlights the importance of protecting and enhancing wetlands within the Glenelg 
Hopkins region due to their carbon sequestration potential and ability to act as carbon sinks. It also 

highlights the importance of buil ding ecological resilience to give ecosystems the best possible chance 
to adapt under a changing climate and identifies a range of management options to achieve this.  

The Glenelg Hopkins region is one of the most productive regions for agriculture in Austr alia, with 

many areas of the catchment supporting high value agricultural production. These areas are 
considered less suitable for large scale carbon planting. However, wetland protection and 



 

 

10 Glenelg Hopkins CMA Climate Change Strategy 10 

enhancement, the creation of shelterbelts and the protection of remnant vegetation and paddock 

trees will be encouraged in these areas. 

If not implemented carefully, carbon planting projects could have negative impacts on the landscape 

including changes to local hydrology and fire regimes, and reduced biodiversity. It will be important 
for local assessments to be undertaken before implementing carbon plantings to evaluate potential 

challenges, mitigation and environmental gains.  

 

 

 

Putting the strategy to work 

A number of strategic initiatives have been proposed as the most effective way of providing a 
response to climate change for natural resource management in the Glenelg Hopkins region. These 

cover the most important directions for the major resource asset classes in the Regional Catchment 
Strategy (RCS), and these will be integrated into the  the RCS when it  is next updated.  Their 

implementation will be monitored and updated as more information becomes available on the impacts 

of climate change and the effectiveness of the regionôs response to it.  

Figure 1: Priority landscapes for climate change mitigation action 
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SECTION 1 
DEVELOPING THE STRATEGY 
 

 

THE PURPOSE  
 

This strategy has been developed as a complementary document to the Glenelg Hopkins Regional 

Catchment Strategy 2013ï2019 (RCS). This strategy will inform the development of the next RCS in 
2019 and become a supporting technical resource. Implementation of the Strategy will be coordinated 

by Glenelg Hopkins CMA. 

The 50-year vision for the Glenelg Hopkins catchment is:  

óAchieving a healthy and sustainable relationship between the natural environment and the 

communityôs use of land and water resources.ô  

Within the RCS, climate change is recognised as presenting a major challenge to achieving this goal. 

Glenelg Hopkins CMA has committed to undertaking action to manage and reduce the impact of 
climate change through building resilience and supporting adaptation2. 

This strategy is intended to enable the integration of mitigation and adaptation strategies into cu rrent 
and future programs undertaken in the region. The focus is on natural resources while recognising 

that the social and ecological systems of the Glenelg Hopkins region are intrinsically linked through 

the use of natural systems and the services that t hey provide. The strategy will be used to inform 
regional planning through the identification of policy statements, strategic initiatives and adaptation 

planning approaches.  

The best available research and information has been used to prioritise landscapes for carbon 
planting and to identify strategic initiatives for adaptation. Tools and information are provided to 

support a shift away from viewing climate change as simply another threat to conservation and 
towards recognising the true implications and actions required to build resilience and adaptive 

capacity. 
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STRATEGIC RELATIONSHIP 

 

The Glenelg Hopkins CMA Climate Change Strategy complements the RCS by providing strategic 

direction and guidance on the integration of climate change into management of the regionôs natural 
resources. It will also inform the development of sub -strategies and the next update of the RCS, 

which is expected to commence in 2019 (see Figure 2). The strategic initiatives identified complement 
the RCS objectives and aim to fill identified gaps when considering a changing climate. 

 

 

 

Victorian Government: Climate Change Act 2010 

The Climate Change Act 2010 (Vic)3 is a framework for the Victorian Government to respond to 

climate change (covering both mitigation and adaptation) within the context of national policy. The 
Act commits the Victorian Government to develop a Climate Change Adaptation Plan, with updates 

every four years. The first pla n was released on 19 March 20134.  Each update to the plan must 
include a report on the implementation and effectiveness of the previous plan. The Act also requires 

decision makers to take climate change into account through a number of key pieces of legislation 

relevant to the activities of the CMA and other NRM agencies. These include the Victorian Catchment 
and Land Protection Act 1994, Coastal Management Act 1995, Environment Protection Act 1970, Flora 
and Fauna Guarantee Act 1988 and Water Act 1989. 

 

Figure 2: Policy context 
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HOW WAS THE STRATEGY DEVELOPED? 
 

The development of this strategy was funded through the Regional Natural Resource Management 

Planning for Climate Change Fund. The program structure for the development of this document is 
outlined in Figure 3.  

The program is comprised of two streams: Stream 1, which funded the development of the strategy, 
and Stream 2, which funded the provision of data for incorporation into this strategy via two separate 

elements. 

Element 1 of Stream 2 is being delivered by the Bureau of Meteorology and CSIRO in the form of 
climate projections downscaled from the International Panel on Climate Change (IPCC) global 

projections data. 

Element 2 of Stream 2 is a cooperative project with CMAs to translate the latest research on climate 
change adaptation and synthesise it into practical guidelines for adaptation planning.  

The resources produced by elements 1 and 2 of Stream 2 were used to inform the strategy. The 
information pro vided is the best currently available; however, it may require updating in future.  

 

 

  
Figure 3: Funding structure 
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Stakeholder engagement 

In developing the strategy, a targeted engagement approach was used. Engagement was undertaken 
across several sectors including community, Landcare, regional experts, agencies and non-

government organisations. 

The Glenelg Hopkins CMA Community Advisory Group provides advice to the CMA on the 
development of regional strategies and plans as well as emerging community concerns, issues, and 

threats that impact NRM assets across the region. The Advisory Group provided advice through a 
series of workshops on the development of the overarching adaptation principles as well as drafts of 

the document. The Advisory Group includes representatives from the community, industry groups, 

NRM partner agencies, such as the Victorian Department of Environment, Land, Water and Planning 
(DELWP), Department of Economic Development, Jobs, Transport and Resources (DEDJTR), Parks 

Victoria and local government. 

Community input into the development of the strategy was also obtained through a one -month public 
consultation period in October and November 2015, and a series of workshops held across the region. 

 

PLANNING APROACHES 

There are a variety of approaches to planning for climate change. Two of the most recent and 
innovative are the óclimate readyô and ópathwaysô approaches, and both have been used to guide the 

development of this strategy. These two approaches are complementary, and in association with the 

identified policy statements, provide a test for the appropriateness of future plans and actions under 
climate change.  

Planning for climate change requires an adaptive approach5.  This is because while the overall trend 
of a hotter and drier climate is clear, there are uncertainties in climate change projections and their 

downscaling to a regional level. These uncertainties are compounded when specifying impacts of 
climate change at local scales, due to the complexity of ecological interactions and 

interdependencies6.  Adopting this approach enables planning for immediate action and best practice, 

and provides a manner in which to plan longer term for options across a range of possible futures 7.     

Each asset is explored for the potential impacts of climate change and the subsequent consequences 
for the Glenelg Hopkins region. Vulnerability mapping for each asset provides a visual representation 
of the level of vulnerability to the changing climate over time. This  information is used in the 

development of adaptation pathways that identify the potential immediate and long -term adaptation 

actions. The suite of information for each asset, in addition to the óclimate readyô propositions, 
provides the basis for assessment of the robustness of current RCS objectives under a changing 

climate. The RCS assets addressed include community participation, rivers and floodplains, wetlands, 
coasts and estuaries, marine, terrestrial habitat, species, populations and communities, and soil and 

land. 
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Managing for multiple possible futures: adaptation pathways  

óPathways planningô provides an intuitive and practical approach to planning for climate change in 
NRM. It integrates strategic and adaptive management that embraces change and uncertainty as 

normal parts of planning and implementation. It also recognises that change can happen both 

incrementally and suddenly as a result of unprecedented events (e.g. major fires, floods, storm 
surges) and that these changes can not only result in loss, but in innovation and renewal if the region 

is prepared for them.  

The adaptation pathways approach ultimately allows organisations or communities to develop a suite 
of measures that, taken together, can achieve positive NRM outcomes in the face of a changing 

climate. It acknowledges that learning occurs by doing and so is flexible enough to be adjusted as 
knowledge, information, experience, values, and systems change. An adaptation pathways approach 

is itself adaptable to different management conte xts, and allows organisations to plan for and 
implement measures to address immediate priorities (e.g. habitat loss, inappropriate farming 

practices or fire regimes, or management of invasive species). At the same time it examines how 

robust these measures will be across a range of possible futures. 

Importantly for a strategy such as this, a pathways approach is underpinned by meaningful dialogue 

among stakeholders. This dialogue explores current management actions and how they may need to 
change to remain relevant under a range of future scenarios. It allows communities and organisations 

to identify what can be done now, and what preparatory measures may be needed for longer term 
changes to management, policy or practice.  

Actions considered in climate change planning must be tested for adaptation benefit, relevance under 

climate change scenarios and time frames, potential for maladaptation, and climate readiness8.  
Actions can be grouped relating to contribution to building the resilience of an existing ass et, the 

possibility of the asset requiring transformation, and/or the transition between the two phases.  

A pathways approach encourages organisations and communities to consider different options in 
advance, so a change in direction can be made if required. Each pathway map identifies adaptation 

options relevant to an asset. A pathway shows how a single action plays out over time. Pathway 
maps are not meant to imply that all options should be pursued, rather that there are various options 

to be considered and potentially prepared for in the long term, depending on the impacts of climate 
change as they play out over time. An example pathway and a key to the symbols used in the 

pathways maps are provided in Figure 5. 

Pathways have been developed for all asset classes identified in the RCS and are shown in detail in 
Section 3 of this strategy.  
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Pathway Example and Key 

 

Figure 4: An example adaptation pathway 

The following key is provided to assist with interpretation of adaptation pathway maps:  

 

 A solid dark green line indicates the time period over which an action is most relevant  

 A solid light grey line indicates the time before an action is fully implemented in which 
preparation is required 

 A dashed green line indicated the time in which an action continues to contribute to 
adaption in part  

 Circles indicate decision points where implementation of a particular action needs to begin 
in response to change  

 

Current best practice/resilience building ï Activities that are accepted as being current and most effective. 
These practices are considered to increase the ability to recover or re-organise after disturbance. 

Transition strategies ï Activities that support the process of moving from one state or condition to another. This 
can either be in terms of an ecosystem or management practice.  

Transformation strategies ï The result of completed change to a new state, condition or practice. These 
strategies may currently be challenging to conceive and require significant research and preparation. 

 

There is no priority in the order that actions are listed.  

The x-axis represents the general trend in changing climate represented by the standard time frames used in 
projection scenarios and should be read as indicative of change rather than as precise times.  

It should also be noted that change in time is not the only factor to be considered. Socio -political changes and 
increased knowledge of systems will also heavily influence the appropriateness of actions over time. 

Figure 5: Key to interpreting adaptation pathway maps   
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Climate ready assessment of RCS objectives 

The climate ready approach provides a new way of framing NRM objectives. The approach moves 
away from the development of static objectives to those that are more appro priate under a changing 

climate9. It results in objectives that differentiate between the action required under significant 

climate change and those in stationary climates. The purpose of the climate ready approach is to 
ensure NRM objectives are effective and achievable under a changing climate10.  

Under significant levels of climate change many of the current approaches to NRM will become 
increasingly difficult and ineffective (e.g. maintaining vegetation community types in their current 

locations). The challenge of climate change is fundamentally different from all other threats to 

biodiversity and ecosystem function, and requires a change in the way NRM objectives are developed 
11.  

Using key insights from the scientific literature on climate change and biodiversity, three adaptation 
propositions have been developed to manage biodiversity under a changing climate12: 

   

¶ Conservation strategies must accommodate significant amounts of ecological change and the 

likelihood of significant losses in biodiversity. 

¶ Strategies must remain relevant and feasible under a range of possible future trajectories of 

ecological change. 

¶ Strategies must seek to conserve the multiple different dimensions of biodiversity that are 

experienced and valued by society. 

 

These propositions have been used to assess the existing objectives within the RCS.  Tables 
summarising the results of each óclimate readyô assessment are provided in Section 3 of the strategy 

for each asset theme. The assessment will be used to inform the next update of the RCS, ensuring 

that all future objectives are climate ready. In the interim, assessments will complement the 
objectives within the RCS and be used to ensure that the practices of the CMA continue to contribute 

to adaptation and mitigation in the best way possible.  
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SECTION 2 
CLIMATE PROJECTIONS AND VULNERABILITY 
 

 

CLIMATE PROJECTIONS 
 

Global Trends and Projections 

If current trends continue, global surface temperature change will exceed 2 °C by the end of the 

century and will continue  to rise beyond 210013. Nearly all countries around the world have agreed to 
limit the rise in global temperature to  2 °C or less compared with the pre -industrial level. Above a rise 

of 2 °C, the risks to human societies are considered unacceptably high14. However achieving this 
relies on effective, concerted action globally and this has not yet been clearly demonstrated to be 

occurring or effective.  

According to the latest Interna tional Panel on Climate Change (IPCC) report15 the rate of sea level rise 
since the mid-nineteenth century has been larger than the mean rate during the previous two 

millennia. Over the period 1901ï2010, global mean sea level rose by approximately 0.19 m. Global 
mean sea level will continue to rise, with the rate of rise likely to exceed previous rises due to 

increased ocean warming and increased loss of mass from glaciers and ice sheets16. 

 

Recent Trends in Climate Change 

Surface air temperatures have been increasing since records began in 1910 and particularly since 
1960. Between 1910 and 2013, the average daily maximum temperatures in the Glenelg Hopkins 

region have increased by 1ï1.1 °C. Daily minimum temperatures have increased by between 0.6ï0.7 
°C17.  

During the last decade the average annual number of days over 30 °C increased by three days, as did 

the number of days over 35 °C (by two days) . However, unlike other regions in Victoria, the average 
number of frosts  actually increased, by three days, and the number of cold nights (minimum 

temperature below 5 °C) increased by four  per year. This may be a result of changes in cloud cover 
associated with the millennium drought18. 

There has also been a decline in the regionôs rainfall since the mid-1970s19. There were wet years in 
the 1950s and 1970s followed by the millennium drought of the 1990s and 2000s. Seasonal trends in 

rainfall from 1901 to 2012 indicate small changes of less than 5 mm/decade. In general there was an 

increase in winter, spring and summer rainfall and a decrease in autumn rain. However, from 1960 to 
2012 there was a consistent decrease in winter and spring rainfall 20.    

These historical trends, model simulations of the climate response to greenhouse gas emissions and 
knowledge of the climate system formed the basis for the regional climate change projections 21.  The 

climate projections are not a forecast of the future climate . However, they do show plausible climate 

system responses to given greenhouse gas emission scenarios22.    
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Regional Climate Change Projections 

Current projections for climate change for the Glenelg Hopkins region were prepared by CSIRO and 
the Australian Bureau of Meteorology in 2012ï2014. Projections are based on scenarios that calculate 

emissions growth through to the y ear 2100, compared with the 1986ï2005 levels. Further 
information about the climate scenarios, climate stressors and timeframes is detailed in Appendix 1. 

Key projections for the region are listed below 23:  

¶ average temperatures will continue to increase by 1.1ï4.0 °C by 2030 in all scenarios 

¶ more hot days and warm spells, and fewer frosts  

¶ up to 15% less rainfall in the cool season by 2090, but changes to summer rainfall are less 

clear 

¶ increased intensity of extreme daily rainfall events 

¶ mean sea level will continue to rise between 0.39 and 0.89 m by 2090, and the height of 
extreme sea level events will also increase 

¶ a harsher fire-weather climate  

¶ natural climate variability will either enhance or mask long -term trends from year to year, 

particularly in the n ear future, and for rainfall.  

 

VULNERABILITY 

 

Vulnerability of Natural Assets 

CMAs and other regional NRM bodies will be required to respond to an increasing number of natural 

resource dilemmas arising from climate vulnerability and change, and its impacts on key assets 

identified in the Regional Catchment Strategy. 

The term óvulnerabilityô has been adopted to best describe the impact of change and the sensitivity of 
an asset. The IPCC24 describes vulnerability as a function of impact and adaptive capacity and óthe 
degree to which a system is susceptible to, or unable to cope with, adverse effects of climate change, 

including climate variability and extremesô.  

In the context of this strategy, vulnerability is defined as a ómeasure of possible harmô25. In this  case, 
harm to the environment would include such things as:  

¶ a loss of habitat or species diversity 

¶ disruption to food webs  

¶ reduction in ecosystem services 

¶ loss of ecosystem resilience and the capacity to bounce back from stresses  

¶ reduced water quantity or quality  

¶ an increase in habitat fragmentation.  

The vulnerability of the RCS assets over 2050, 2070 and 2090 time periods are explored in Section 3 
of the document.   
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Vulnerability is a function of the character, magnitude and rat e of climate variation to which a system 
is exposed, its sensitivity and its adaptive capacity. The components of exposure, sensitivity and 

adaptive capacity and their relationship to vulnerability are illustrated in Figure 626. 

The following working definitions of  exposure, sensitivity and adaptive capacity are provided in an 
effort to achieve a consistent understanding and interpretation 1:  

Exposure  relates to the influences or stimuli that impact on a system.  It is a measure of the 
predicted changes in the climate for the future scenario assessed.  It includes both direct stressors 

(such as increased temperature) and indirect stressors or related events (such as increased frequency 
of bushfire).  

Sensitivity  reflects the responsiveness of a system to climatic stressors or influences, and the 
degree to which changes in climate might affect that system in its current form. Sensitive systems are 

highly responsive to climate and can be significantly affected by small changes in climate.    

Adaptive capacity  is the ability of a system to adjust to climate change (including climate variability 
and extremes), to moderate potential damages, to take advantage of o pportunities, or to cope with 

the consequences. The adaptive capacity of a system or society describes its ability to modify its 
characteristics or behaviour so as to cope better with changes in external conditions. The more 

adaptive a system, the less vulnerable it is. It is also defined as the property of a system to adjust its 

characteristics or behaviour in order to expand its coping range under existing climate variability or 
future climate conditions.  For the purposes of this assessment, adaptive capacity is the ability of an 

asset to adjust to climate stressors based on its current state, which may vary from pristine to 
degraded. 

 

 

 

 

                                                
1 These definitions are based on those provided in Guidelines For Developing a Climate Change 

Adaptation Plan and Undertaking an Integrated Climate Change Vulnerability Assessment, November 
2012, Local Government Association of South Australia. 

Figure 6: Conceptual framework used to develop a measure of vulnerability under climate change 
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Climate Data 

The specific climate data provided by CSIRO for this project includes projected climate changes based 

on global climate models judged to perform well over Australia.  

These interim projections are derived from global climate models from the Climate Mod el 
Intercomparison Project Phase 5 (CMIP5). They take the form of projected 20 -year average changes 

relative to the 1986ï2005 model averages. This data is underpinned by Climate Change in Australia: 
Projections for Australiaôs NRM Regions Technical Report.  

The data made available has been provided with a native grid resolution of ~135 km. The data 

includes:  

¶ historical climatology 1986ï2005 

¶ future climatologies 2021ï2040 (2030), 2041ï2060 (2050), 2061ï2080 (2070), 2080ï2099 
(2090) 

¶ change (absolute) ï future climate relative to 1986ï2005 

¶ climate variables ï temperature minimums (Tmin), temperature maximums (Tmax,), 

precipitation 

 

Data Inputs and Availability 

The vulnerability of assets has been determined through a process of assessing the exposure, 

sensitivity and adaptive capacity of natural assets. A detailed description of the inputs and criteria 
considered in the development of the vulnerability modelling  for each asset is provided in Appendix 2. 

The maps produced for each asset class are presented in Section 3 of the strategy. A detailed 
analysis is not presented here as the maps are used to inform the development of landscape scale 

adaptation pathways for long-term planning.  The  maps are also available on the South West Climate 

Change Web Portal and finer scale analysis will be used in the developed of future sub-strategies and 
plans. 

Vulnerability modelling may also be rerun as additional data becomes available. Any updates will also 
be made available through the South West Climate Change Web Portal.   

  

Vin Gannon  
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SECTION 3 
ADAPTATION 
 

 

ADAPTATION 
 

This section describes the potential impacts of the changing climate on the regions assets. The asset 

vulnerability to climate change over time is illustrated in a series of maps at 20 -year intervals from 
2050 through to 2090.  

The impact assessment and vulnerability maps were used to develop an adaptation pathway for each 
asset theme that explores adaptation issues and potential implementation options. The pathways are 

not intended as an action plan, but to inform the CMAôs strategic initiatives and explore potential 
future options. A summary of the CMAôs strategic initiatives is provided in Table 12. 

To facilitate the integration of this strategy into the RCS, and the development of the next RCS, the 

RCS objectives have been assessed for their appropriateness under a changing climate. The 
assessment determines whether the objectives are considered climate ready. 

 

  

Vin Gannon  
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COMMUNITY PARTICIPATION 
 

Although the adaptation pathway for each of the other assets attempts to address the need for 
transformation within ecological and agricultural systems, any transformation fundamentally depends 

on related social systems, including economic and political systems. Glenelg Hopkins CMA has an 

important and essential role to play in building the capacity of local and regional communities in 
adapting to climate change.  

The Glenelg Hopkins community plays an integral role in the delivery of natural resource 
management actions and the maintenance and improvement of natural assets. The key to achieving 

the objectives outlined in the RCS and within this document will be to foster a strong regional identity 

and connection with the environment. An important part of ada ptation and transformation is making 
the connection between historical actions and present day environmental issues27. Programs focused 

on cultural heritage, culturally sustainable development and Indigenous Ecological Knowledge will 
play a key role in regional adaptation, improving partnerships and outcomes for communities within 

the region. 

The RCS recognises that there is already a strong community commitment to improve natural 
resource outcomes across the region. Although more can be done to raise awareness and to support 

a transition towards a community that is more fully connected with the environment. There is also an 
opportunity to  increase the understanding of the role of ecosystem processes and the social and 

financial importance of functioning ecosystems. Increasing uptake in partnership projects, Landcare 
and participation at community forums and fi eld days will contribute to this. However, the long -term 

goal is to develop programs and processes that allow not just for the involvement of commun ities, 

but for true collaboration and empowerment of communities. Through adaptive governance, building 
resilience, and allowing and encouraging social learning, Glenelg Hopkins CMA can play a leading role 

in the adaptation and transformation of the region . 

 

Adaptation Planning 

The development of an adaptation pathway for community participation focused on supporting 

community involvement in NRM through partnerships and collaboration. The pathway forms the 

foundation for achieving improved NRM across the region.  

A list of measures for community participation was completed. Measures were assessed for their 

adaptation benefit, potential for maladaptation and relevance over time are shown in Table 30 of 
Appendix 3. 
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Adaptation Pathway: Community Participation 
 

 

 

 

  

Figure 7: Adaptation pathway for community participation  
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Strategic Direction 

Glenelg Hopkins CMA will pursue 
partnerships and project 

opportunities that facilitate 
community participation in NRM. 

Current resilience building activities 

will remain relevant into the future, 
although more effort will be required 

to prepare and engage community in 
climate adaptation or mitigation 

action. 

A particular focus will be on projects 
that provide opportunities for social 

learning and improve community 
awareness of ecosystem processes, 

climate change and the importance 

of protect ing and improving 
connectivity and biodiversity. The 

transformational activities identified 
aim to facilitate an informed, active and resilient regional community.    

In ensuring an adaptive approach to planning, the CMA will integrate future available cli mate data 
and information into regional planning.   

 

 

Strategic Initiatives 

 

¶ Support community participation in NRM activities and decision making 

¶ Increase community awareness of ecosystem processes, climate change and the importance 

of protecting and impro ving biodiversity and landscape connectivity 

¶ Integrate best available climate change information and data into regional planning  

¶ Integrate a pathways planning approach into project and strategy development where 

appropriate 

  

James Pevitt  
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RCS objectives: climate ready assessment 

The RCS objectives will significantly contribute to building the adaptive capacity and resilience of the 
regionôs communities. With a large component of the catchment under agricultur al production, 

supporting communities to adapt to a changing climate will be an important factor in achieving 
ecological objectives. A summary of the assessment of RCS objectives for community participation is 

presented in Table 1. 

RCS Objectives relevant revise Assessment 

Objective 2.1: Maintain and enhance 

community capacity, awareness and 
involvement in natural resource 
management within the region  

a  

An important action that contributes to 

adaptive capacity. 

Objective 2.2: Facilitate a collaborative 
approach to NRM  a  

An important action as it has the potential to 
build social-ecological resilience and contribute 
to adaptive capacity. 

Objective 2.3: Support land managers in 
meeting their responsibilities as active 
stewards of the catchmentôs land, water 
and biodiversity 

a  

An important action that contributes to the 
adaptive capacity of both social and ecological 
systems. 

Objective 2.4: Support farmers to 
incorporate environmental outcomes into 

their farm systems 
a  

Essential in maintaining the social-ecological 
connection but will become increasingly 

difficult under climate change.  Agencies will 
need to work with communities to identify and 
prioritise opportunities for joint social and 
ecological outcomes.   

 

  

Table 1: Summary of climate ready assessment of RCS objectives for community participation 
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RIVERS AND FLOODPLAINS 

Most of the direct impacts of climate change on freshwater systems in the Glenelg Hopkins region are 

predicted to come from a decline in rainfall leading to a decrease in runoff. Modelling of the 
Southeast Coast drainage division (including the area covered by the five coastal CMAs in Victoria) 

found strong agreement across 15 climate models that runoff would decrease28. With 1 °C of global 

warming, average annual rainfall is expected to decline up to 9 % and average annual runoff is 
expected to decline by 2 to 22 %. For 2 °C of global warming, the reductions in both rainfall and 

runoff are approximate ly double29. 

Some generic impacts of climate change on freshwater systems include30:  

¶ droughts ð which may become more frequent and severe 

¶ dry soil conditions ð which may follow decreased rainfall 

(especially in autumn) combined with increased 

evaporation 

¶ reduced streamflow  

¶ bushfires, runoff, sediment ð increases in temperature, 

especially during extreme weather and dry catchment 

conditions, may increase the frequency and intensity of 
bushfires along with the severity of their impacts  on runoff 

and sediment regimes 

¶ risks to freshwater ecosystems ð increased frequency and 
duration of heatwaves may pose severe risks to freshwater 

ecosystems 

¶ increased water demand ð higher air temperatures, 

combined with decreased rainfall, may lead to an increase 
in water demand and exert pressure on the storage 

reservoirs. 

Healthy riparian ecosystems are more resilient to change and more 
able to adapt to climate change impacts31.  Improving the current condition of rivers and flood plain 

areas is the best way of increasing their potential to adapt to a changing climate.  

Existing approaches to riparian management such as those undertaken in the Glenelg Hopkins region 

can be adaptive if undertaken within the climate ready context 32. Management of non-climate threats 
through fencing, pest management and flow restoration can reduce the vulnerability of systems and 

build adaptive capacity. Existing restoration activities, such as riparian revegetation protection, the 
removal of barriers and the creation of fish ladders, have a cri tical role to play in reducing the 

sensitivity of river systems to a changing climate. Under climate change scenarios, the adaptive 

benefit of ongoing restoration and management can be enhanced if goals remain more open -ended, 
allowing for a range of futur e trajectories rather than focusing on meeting specific targets tied to 

antecedent reference conditions33. For example, attempting to restore  a river to pre -European 
settlement states could lead to maladaptation because it does not take into account changin g 

temperature and rainfall patterns.   

The regionôs public land will become increasingly important as they provide refugia, reduce the overall 
sensitivity of the system and increase adaptive capacity across the landscape. Some important refuge 

areas for aquatic species have been identified within the Grampians by Parks Victoria, and along the 
Glenelg River, Wannon River, Crawford River and Mathers Creek in a 2010 study34. Protecting existing 

and potential climate refugia  and known resilient systems forms the backbone of biodiversity 
protection. Landscape-level planning across the Glenelg Hopkins region will be crucial in building the 

adaptive capacity of systems through improved connectivity via corridors and biolinks. Existing 

landscape scale projects such as the Glenelg River Restoration Project, Habitat 141 and the 
Grampians to Pyrenees Biolink provide an opportunity to increase the connectivity of rivers and 

streams with public land to benefit the ecological resilience of the entire region.  
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Vulnerability 

Vulnerability mapping has been developed using a range of factors for each component, such as 
exposure, sensitivity and adaptive capacity, as listed in Appendix 2. Figure 6 illustrates the 

components of exposure, sensitivity and adaptive capacity and their relationship to vulnerability.  

Vulnerability maps have been developed using RCP8.5 which represents a high-emission scenario for 
which carbon dioxide concentration reaches about 940 ppm by the end of the twenty -first century 35. 

Vulnerability modelling (Figure 8, Figure 9, Figure 10) for rivers shows a significant increase in 
vulnerability over time.  Beyond 2070 most waterways show at least a moderate vulnerability and 

about a third have a high vulnerability.  The main driver responsible for the increase in the 

vulnerability of rivers is the sensitivity to climate stressors, reduction in March to November rainfall 
and an increase in November to April maximum temperature. This is particularly evident in the areas 

north west  of Hamilton. 

For some areas of the lower Glenelg, vulnerability will remain relatively low from 2050 through to 
2090. Much of this area has been fenced and revegetated or protected on public land, improving its 
condition and therefore its adaptive capacity, indicating that works undertaken on rivers now can 

decrease their vulnerability to climate change into the future.  This highlights the importance of 

increasing the condition and adaptive capacity of rivers across the region. 

 

 

Figure 8: Vulnerability of rivers 2050   
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Figure 9: Vulnerability of rivers 2070  

 

 

Figure 10: Vulnerability of rivers 2090   



 

 

30 ADAPTATION 30 

 

Adaptation Planning 

The development of an adaptation pathway for rivers and floodplains focused on protecting riparian 
vegetation and reinstating traditional hydrology of the region. As indicated by the vulnerability 

mapping, current best practice actions have been successful in building the adaptive capacity of river 
systems. The CMA will support the protection of high quality riparian vegetation and improve the 

resilience of identified drought refuge areas. The CMA will also promote the removal of barriers to 

improve waterway connectivity.  

A list of measures was completed. These measures were assessed for their adaptation benefit, 
potential for maladaptation and relevance over time, and are shown in Table 31 of Appendix 3. The 
pathway shown in Figure 11 identifies those measures that are considered current best practice or 

resilience building, the possibility of the asset requiring transformation and the transition between the 

two phases. 
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Adaptation Pathway: Rivers and Floodplains 
  

Figure 11: Adaptation pathway for rivers and floodplains 
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Strategic Direction 

Current best practice and resilience-building actions will continue to be relevant to rivers under future 
climate change scenarios. Glenelg Hopkins CMA will continue to reduce existing threats and protect 

existing high quality riparian vegetation to help maintain and build the adaptive capacity of river 
systems. Maintaining high quality riparian habitat is particularly important in protecting species from 

prolonged periods of heat and drought, as vegetation provides shade, reduces evaporation and 

mitigates some of the impacts of rising temperatures.  

The CMA will support initiatives that maintain and build connectivity throughout and between the 
regionôs river systems. Such initiatives will become increasingly important under climate change. This 
will allow for the movement of species in response to changing climate and extreme events.   The 

CMA will support the protection of refuge areas that will be critical in protecting species from 

extinction. 

Extreme rainfall events also need to be planned for, and keeping natural floodplains open is an 
approach to mitigating the impacts of flooding.  The CMA will collaborate with local and state 
governments to support the development of waterway and floodplain protection overlays and 

planning guidelines. 

The CMA will continue to support best practice in improving instream and riparian habitat and will 
work with the community to promote the importance of environmental flows and river health.  

 

Strategic Initiatives 

¶ Protect existing high value waterways and waterway dependent species and communities 

through managing existing threats  

¶ Identify key indicator variables and resilience thresholds for climate change impacts on 

waterways, monitor change in waterway environments and re vise management objectives in 

the Regional Waterway Strategy 

¶ Monitor land use change and its relation to runoff and catchment hydrology  

¶ Periodically review rainfall and river flow changes to inform  water allocation and flood 

planning  

¶ Identify drought ref uge areas and prepare plans for their protection  

¶ Encourage community participation in waterway health monitoring to facilitate improved 

information quality and involvement in the revision of management objectives and priorities  

¶ Contribute to the periodic review of water resource availability and ensure reallocation 
protects waterway health  

¶ Support the development of waterway and floodplain protection overlays and planning 

guidelines 
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RCS objectives: climate ready assessment 

The RCS objectives for rivers and floodplains generally remain relevant and become increasingly 
important under climate change.  A summary of the assessment of RCS objectives for rivers and 

floodplains is presented in  

Table 2. 

 

Table 2: Summary of climate ready assessment of RCS objectives for rivers and floodplains 

RCS Objective relevant revise Assessment 
Revised 

Objective 

Objective 3.1: Waterways classified 
as good or excellent in the Index of 
Stream Condition (ISC3) will remain 
as such in 2033 

a  

Keeping rivers in good or 
excellent condition will become 
increasingly difficult under 
climate change. Consideration of 
the feasibility of this target will 
be required at each strategy 
review 

 

 

Objective 3.2: The condition of 
specified waterways currently 
classed as poor to moderate in the 
Index of Stream Condition (ISC3) is 
improved by 2033 a a 

Improving condition wil l become 
increasingly difficult 

 

The objective remains relevant 
under the timeframe of the 
current RCS, although will 
require revision for development 
of the next RCS 

Prevent further 
decline of 
specified 
waterways 
currently classed 
as poor to 
moderate in the 
Index of Stream 
Condition (ISC3) 

Objective 3.3: Improve river health 
in relation to riparian extent, 

connectivity, hydrological regime 
and water quality  

a a 

Will contribute greatly to 
increased adaptive capacity of 

river systems under a changing 
climate 

 

The objective remains relevant 
under the timeframe of the 
current RCS, although will 
require revision for the next RCS 
iteration 

Maintain river 
health in relation 

to riparian 
extent, 
connectivity, 
hydrological 
regime and 
water quality  

Objective 3.4: Increase provision of 
reliable flood information for 
settlements 

a  

Increasingly important under 
climate change as risk of flood 
increases 

 

Increase 
provision of 
reliable flood 
information for 
settlements with 
climate change 
considerations 

Objective 3.5: Improve river and 

floodplain management 
a  

Increasingly important under 

changing climate 
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WETLANDS 

The wetlands of the Glenelg Hopkins region are a crucial component of the natural environment and 

contribute significantly to the ecological, social and agricultural health of the region. The catchment 
includes more than 5,400 wetlands, covering 73,000 hectares (ha) or 3% of the regionôs area.  This 

represents 14% of Victoriaôs total area of wetlands and 44% of the stateôs total number of 
wetlands36. Distribution of wetlands and priority wetland areas in the region  are indicated in Figure 

12. 

 

Wetlands of the Glenelg Hopkins region have been acknowledged as key areas for conservation under 
a number of international agreements. Lake Bookaar, near Camperdown, is recognised under the 

Ramsar agreement as a wetland of international importance 37 and several other wetlands fall within 
the flyways of bird species recognised under international treaties (Japan-Australia Migratory Bird 

Agreement, China-Australia Migratory Bird Agreement and Republic of Korea-Australia Migratory Bird 
Agreement).  In addition, there are four Important Bird and Biodiversity A reas (IBAs) and 16 

wetlands that are listed in the Directory of Important Wetlands of Australia (DIWA).  

Many wetlands in the region have been lost or degraded to various extents. Since European 
settlement, many wetlands have been drained, reducing their extent and connectivity38. They have 

also been affected by grazing, cropping and the establishment of tree plantations.  

The regionôs wetlands are integral to healthy functioning ecosystems in the landscape, regulating 
water quality and contributing to biodiversity. They  receive runoff, absorb and filter floodwaters, 
replenish groundwater reserves and act as direct surface water supplies39. Wetlands play a significant 

role in storing sedimentary organic carbon, and account for a substantial portion of carbon stocks 

with th e Glenelg Hopkins region40. 

The regionôs wetlands range from large and permanent freshwater lakes to small and ephemeral 

(non-permanent) freshwater meadows. Each wetland type has unique plant diversity and provides 
habitat for a range of birds, frogs, repti les, fish and invertebrate species.  

Wetlands are among the ecosystems most vulnerable to climate change. The most evident impact on 
wetlands within the Glenelg Hopkins region will come from changes to rainfall and increased 

temperatures. Decreased rainfall will impact hydrological regimes and extreme weather events 

(heatwaves, droughts, storms and floods) will become more frequent and intense.  

In spite of their vulnerability it is recognised that many wetlands are highly resilient by nature. For 
example, seasonal herbaceous wetlands (SHW) are adapted to drying out for long periods of time 
and although dry periods are increasing and becoming more frequent, they have still shown an ability 

to recover quickly when wetting occurs. However, the recovery and adaptive capacity of the regionôs 

wetlands will be related to the connectivity of wetlands and wetland complexes.  

Since the release of the RCS, Seasonal Herbaceous Wetlands (Freshwater) of the Temperate Lowland 

Plains have been listed as critically endangered under the Environmental Protection and Biodiversity 

Vin Gannon  
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Conservation Act 2012 (Cwlth).  Seasonal herbaceous wetlands are isolated freshwater wetlands that 

are usually seasonally inundated through rainfall and then dry out , so surface water is not 
permanently present. Because they are not always visible and are reliant on rainfall, they are 

particularly prone to degradation from land use change and vulnerable to reductions in rainfall under 
climate change.    

The regionôs low-lying coastal wetlands and shallow wetlands that rely on direct rainfall are most 

likely to be affected by climate change.  A future hotter and drier climate  in the Glenelg Hopkins 
region will reduce many wetlands in size, convert some wetlands to dry land or shift them from one 

wetland type to another. Climate change and rising sea levels will likely lead to a significant loss and 
degradation of wetlands and associated biodiversity41.  

All wetlands types within Glenelg Hopkins region currently face a range of threats  that will be 
exacerbated and augmented by climate change. The two wetland types that will be most vulnerable 

to climate change are the coastal and seasonal herbaceous wetlands. 

 

 

Figure 12: Wetlands within the Glenelg Hopkins Region 
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Vulnerability 

Vulnerability mapping has been developed for the wetland asset using a range of factors for each 
component, including exposure, sensitivity and adaptive capacity, as listed in Appendix 2. The 

components of exposure, sensitivity and adaptive capacity and their relationship to vulnerability are 
illustrated in Figure 6. The maps have been developed using RCP8.5 which represents a high-

emission scenario, for which carbon dioxide concentration reaches about 940 ppm by the end of the 

twenty-first century 42. 

The vulnerability mapping for wetlands shows a significant increase in vulnerability over time ( Figure 

13, Figure 14, Figure 15). The wetlands in the west of the region and along the coast are the first to 
become highly vulnerable, some as early as 2050. This is a result of their sensitivity to the reduction 

in rainfall.  

The majority of wetlands in the region are considered to become highly vulnerable by 2070, with only 
the larger wetlands remaining in the mid range. In addition, coastal wetlands will be vulnerable to sea 

level rise and the risk of erosion and inundation due to st orm surge, which are likely to occur before 
2050.   

 

 

Figure 13: Vulnerability of wetlands 2050  
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Figure 14: Vulnerability of wetlands 2070  

 

Figure 15: Vulnerability of wetlands 2090 
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Adaptation Planning 

The adaptation pathway for wetlands has a focus on the reinstatement of traditional hydrological 
regimes in addition to addressing existing threats.  As this is already considered best practice in 

restoring wetland systems and communities, the long-term goal for protecting and improving the 
adaptive capacity of wetlands is considered to be a change towards actively managing wetlands as 

part of productive agricultural systems. It is also recognised that current knowledge o f the extent and 

condition of wetlands is lacking and that mapping and long -term monitoring programs will be an 
important component of adaptive wetland management under a changing climate.    

A list of measures was completed and the measures assessed for their adaptation benefit, potential 
for maladaptation and relevance over time. These are shown in Table 32 of Appendix 3. The pathway 

shown in Figure 16 works through those measures that are considered current best practice or 

resilience building, the possibility of the asset requiring transfo rmation and the transition between the 
two phases.  
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Adaptation Pathway: Wetlands 
  

Figure 16: Adaptation pathway for wetlands  
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Strategic Direction 

The major threat to seasonal herbaceous wetlands under climate change is the potential for their 
degradation during increasingly long dry periods and the increasing threat from land use change in 

the region. With an increasingly drier climate there has been a shift from grazing to cropping within 
the Glenelg Hopkins region, and this trend is likely to continue.  

Currently grazed wetlands can continue to be grazed in a way that will help maintain their biodiversity 

and function; however, cropping can result in their complete destruction and loss from the landscape 
over time. Of part icular risk is the potential for raised -bed cropping to become more prevalent in the 

region, which would significantly change the hydrology of the landscape. Although many wetlands are 
currently persisting within the region, longer dry periods and land use  change could mean the 

complete loss of some wetlands in the long term, unless their location, structure  and function can be 

better identified, understood and protected. Glenelg Hopkins CMA will collaborate with local and state 
governments to progress the development of appropriate overlays in planning schemes and planning 

guidelines to increase protection and raise the value of wetlands in the eyes of the community and 
landholders. 

In this particular pathway map the resilience -building actions are those that are currently being 

implemented and considered best practice. The transitional actions focus on activities required to 
increase the knowledge of seasonal herbaceous wetlands. This will facilitate the move to future 

management of agricultural landscapes for the mutual benefit of ecological function and agricultural 
productivity.  Glenelg Hopkins CMA will collaborate with partners to expand current knowledge of the 

regionôs wetlands. 

The final transformational activity relates to the possibility that species shifts and local extinctions 
may require the translocation of northern species into remaining seasonal herbaceous wetlands. The 

species diversity of seasonal herbaceous wetlands is significantly different in the north of the state 
and, if natural connectivity and dispersal prove to be insufficient, translocation may be required to 

maintain the diversity and function of wetlands, even if the suite of species must change.  

It has also been recently recognised that wetland systems play an important role in climate change 
mitigation through the capture of organic carbon. Carbon captured in wetlands and coastal vegetation 

systems is referred to as blue carbon. A Deakin University report commissioned by Glenelg Hopkins 
CMA has concluded that the restoration of wetlands and natural hydrology would result in significant 

carbon sequestration as well as having additional social, ecological and economic benefits43. The CMA 
will prioritise the p rotection and enhancement of wetlands across the region and commit to further 

investigation of wetland carbon sequestration potential.  

Glenelg Hopkins CMA is committed to improving the condition of wetlands and will continue to 
support projects and programs that help to improve biodiversity and function according to best 

practice. Raising the social value of wetlands and their importance will be crucial to future planning 
for their protection and opportunities to engage with communities and  to work together  to build the 

resilience of wetland systems will be actively pursued. 
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Strategic Initiatives 

¶ Increase wetland protection and restoration based on their value to both biodiversity and 

carbon sequestration 

¶ Further investigate the carbon storage and sequestration potential of wetlands  

¶ Contribute to the development of a carbon sequestration or emission abatement methodology 
for wetland protection and restoration to provide additional financial incentives for landholder 

management 

¶ Monitor rainfall and wetland hydrology under climate change and establish thresholds for 
resilience 

¶ Monitor land use change and its impacts on wetland hydrology 

¶ Pursue the development of a wetland protection overlay and planning guidelines 

 

RCS objectives: climate ready assessment 

The RCS objectives for wetlands remain relevant and become increasingly important under climate 
change. A summary of the assessment of RCS objectives for wetlands is presented in Table 3. 

Table 3: Summary of climate ready assessment of RCS objectives for wetlands 

RCS Objective relevant revise Assessment Revised Objective 

Objective 4.1: By 2033, 
improve the condition of 
wetlands, and maintain the 
diversity of wetland types 
(using IWC1 assessment for 
comparison) 

 

a  

Improving the condition and 
diversity of wetlands will be 
essential in building their 
adaptive capacity and 
maintaining function as 
composition and hydrology 
change 

 

n/a 

Additional objective 

  
 Improve the resilience of 

wetlands to climate related 
change 

Additional objective 

  
 Monitor the impact of land 

use change on wetland 
hydrology 

Additional objective 

  
 Improve understanding of 

the contribution of wetlands 
to carbon sequestration 

Additional objective 

  
 Investigate the restoration 

potential of wetlands across 
the region 
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COASTS AND ESTUARIES 

Coasts are the interface between marine and terrestrial environments. They include beaches, cliffs, 

intertidal zones, coastal wetlands, marshes, mangroves, lagoons, coastal floodplain forests and the 
estuarine portions of waterways. 

Estuaries within the Glenelg Hopkins region are experiencing sea surface temperatures increasing at a 

rate of approximately four times  the global average, which has potentially significant consequences 
for marine and estuarine species44. Temperate locations such as the Glenelg Hopkins region and cool 

water species are the most likely to be negatively impacted by increasing water temperature. 
Increased temperatures may exceed the optimal temperature range of certain species, particularly 

those species with limited thermal ranges.  

The coastline of the Glenelg Hopkins region is subject to coastal 
erosion, sea level rise and flooding. With a changing climate, these 

impacts will be exacerbated with increases in wind speed, storm 
intensity and frequency, as well as changes in rainfall intensity and 

frequency45. 

A 2005 CSIRO study46 indicated that mean sea level rise will 
provide the largest contr ibution to future flood risk. Under the 

worst-case, wind speed scenario, storm tide height would increase 
by up to 5 cm in 2030 and 20 cm in 2070. The 2030 and 2070 

high-wind scenarios produce increases in storm tide height that are 
about 19% of the respective mean sea level rises.  

The Victorian Governmentôs coastal policy recommends to óplan for 

sea level rise of not less than 0.8 metres by 2100, and allow for the 
combined effects of tides, storm surges, coastal processes and local 

conditions, such as topography and geology when assessing risks 
and impacts associated with climate changeô47.  It is noted that a s 

more scientific data becomes available, planning for a sea level rise 
of not less than 0.9  metres by 2100 is a more conservative option 

and maybe desirable48. 

Current Intergovernmental Panel on Climate Change (IPCC) predictions indicate that if emissions 
continue to track at the top of IPCC scenarios, global average sea level could rise by nearly 1 m by 

2100 (0.52ī0.98 m from a 1986ï2005 baseline)49. If emissions track along the lowest  scenario, then 
global mean sea level, (GMSL) could rise by 0.28-0.60 m by 2100 (from a 1986ï2005 baseline). The 

IPCC also states that ówith regional variations and local factors, the local sea level rise can be higher 

than that projected for the GMSLô50. 

Climate change will see increases in wind speed, storm intensity and frequency and changes in 
rainfall frequency in the Glenelg Hopkins region51. These climate variables will not produce new 
coastal hazards, but are likely to increase the extent or frequency of existing hazards 52. The Glenelg 

Hopkins coastline is subject to coastal inundation,  coastal erosion/recession, sea level rise and 

flooding which will be exacerbated because of a number of factors, including  changes in: 

¶ mean sea level  

¶ storm climates (storm surges, storm tides and atmospheric changes)  

¶ tidal ranges 

¶ wave climates 

¶ rainfall.  

Vin Gannon  
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The regionôs low-lying coastal wetlands and shallow wetlands rely on direct rainfall and are affected 
by saltwater intrus ion from the sea. Climate change will impact on these ecosystems as a result of 

increased drought frequency and intensity, decreases in freshwater inputs, rising sea levels and 
increases in coastal storm surges. These conditions may also change the character of coastal 

wetlands through a reduction in size, conversion to dryland or a shift from one wetland type to 
another (e.g. brackish to saline) 53. The retention of coastal wetlands will require planning approaches 

which allow for the landward movemen t of wetland communities in order to avert significant loss and 

degradation to coastal wetlands and associated biodiversity within the Glenelg Hopkins region.  

The Victorian Government has provided a package of tools to support decision making, including 
inundation maps, planning notes and guidelines54. Some of the modelling and information on 
inundation and coastal erosion contained has been based on the Bruun rule55. The Bruun rule may 

lack the complexity required to  predict shoreline behaviour under a rising sea level56. The linkages 

between sea level rise and shoreline response are extremely complex and require a tool that will 
adequately address this complexity. An adaptive and flexible approach is required for planning in 

order to address the multiple uncertaint ies relating to the exact nature of coastal erosion in response 
to sea level rise and storm surge events. 

 

Coastal Wetlands 

The Glenelg Hopkins coastal wetlands are not only at risk from hydrological and climatic changes but 
are also subject to sea level rise and storm surge events. Coastal wetlands in the regionôs urban and 

agricultural areas are also subject to coastal squeeze as their ability to migrate inland is restricted by 
surrounding land uses.  

Coasts and coastal wetlands are at the interface between marine and terrestrial environments. During 

periods of sea level rise, coastal wetlands can persist only when they accrete soil vertically at a rate at 
least equal to water level rise57.  Because freshwater runoff carries sediments that increase accretion, 

there is concern that reduced freshwater runoff decreases the supply of sediments. Saltwater 
intrusion as a result of rising sea levels, increases in coastal storm surges, decreases in freshwater 

inputs, and increased drought frequency and intensity, are very likely to expand the areas of 

salinisation of coastal freshwater aquifers and coastal wetlands58.  The regionôs coastal wetlands may 
disappear as a result of predicted increases in shoreline erosion, made worse by dieback of shoreline 

plants caused by increased salinity59. 

 

Vulnerability 

Vulnerability mapping has been developed for the coast and estuaries asset using a range of factors 

for each component, including exposure, sensitivity and adaptive capacity, as listed in Appendix 2. 
The components of exposure, sensitivity and adaptive capacity and their relationship to vulnerability 

are illustrated in Figure 6. The maps have been developed using RCP8.5 which represents a high-
emission scenario, for which carbon dioxide concentration reaches about 940 ppm by the end of the 

twenty-first century 60. 

The vulnerability of estuaries and coastal areas to climate change (see Figure 17, Figure 18, Figure 
19) is much higher and manifests earlier than for other assets in the region, despite having a very 

high adaptive capacity. The main drivers responsible for this vulnerability are the sensitivity to 
reduction in rainfall and exposure to sea level rise. The majority of the asset is susceptible to storm 

surge and sea level rise. Long Swamp located in the far south west of the catchment maintains low 
vulnerability out to 2090. This is due to its high adaptive capacity and low sensitivity to reduced 

rainfall. 
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Figure 17: Vulnerability of coasts and estuaries 2050 

 

Figure 18: Vulnerability of coasts and estuaries 2070 
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Figure 19: Vulnerability of coasts and estuaries 2090 
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Adaptation Planning 

The development of the coasts and estuaries adaptation pathway shown in Figure 20 focused on 
identifying current best practice and highlighting the key issues for coastal and estuarine systems 

under a changing climate. Experts identified that a fundamental component to allowing for coastal 
adaptation will be the d evelopment of planning tools which are flexible and allow for innovation in 

accommodating change, and new research and technology. This will require significant inv estment in 

research as well as community engagement and consultation with local government to achieve 
changes to planning schemes. 

A list of measures was completed. These measures were assessed for their adaptation benefit, 
potential for maladaptation and relevance over time and are shown in Table 33 of Appendix 3. The 

pathway shown in Figure 20 identifies those measures that are considered current best practice or 

resilience building, the possibility of the asset requiring transformation and the transition between the 
two phases. 
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Adaptation Pathway: Coasts and Estuaries 
  

Figure 20: Adaptation pathway for coasts and estuaries 
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Strategic Direction 

During the development of the adaptation pathway a mis match was identified between planning for 
rivers, planning for estuaries and planning for coasts within the Glenelg Hopkins region and 

throughout Victoria . These interconnected systems need uniform planning controls to allow for 
appropriate management, particularly under a changing climate and in response to sea level rise and 

storm surge. The CMA will collaborate to support the integration and streamlining of planning for 

rivers, estuaries and coasts. 

Current coastal management focuses on building the resilience of coastal systems and raising 
awareness regarding the value of coastal systems. However work to date  has not succeeded in 
protecting coastal systems from inappropriate land use and development, and will be insufficient to 

protect coastal systems from climate change, including sea level rise and storm surge61. As sea level 

rises and storm surge exacerbates coastal erosion, the coastal zone will be squeezed between the 
rising ocean and infrastructure development. To protect the social and ecological values of the coast 

for public benefit, the extent of coastal public land will need to increase l andward, allowing room for 
coastal systems to move. The use of long-term management agreements and covenants may be a 

valuable first step, yet the acquisition of additional coastal public land may be required to maintain 

ecosystem services. Glenelg Hopkins CMA will support the establishment of covenants to protect 
coastal assets and enable coastal migration. Although land swaps are a challenging concept they may 

become a viable option in the future.  

There is a need for research and modelling on the finer scale impacts of sea level rise and storm 
surge, particularly on the erosion of dune systems and the role of vegetation in dune stabilisation. 
Glenelg Hopkins CMA will prioritise support for the development of fine scale modelling which will 

assist in planning for adaptation and prioritisation.  

Market-based instruments and offsets may be used to identify the value of coastal land for 
conservation. The CMA will support implementation of coastal land tenders and stewardships to 

protect it from inap propriate land use and development. It is important to  accept the inevitable 
changes associated with sea level rise and explore innovative solutions to maintaining ecological 

function of the coast. 

Protecting and improving coastal habitats is also 
important in regard to climate change mitigation and 

carbon sequestration as coastal habitats have been 
found to store carbon at almost 40 times the  rate of 

terrestrial vegetation 62. The carbon stored in coastal 
and wetland habitats is known as óblue carbonô. It is 

crucial that vegetated coastal habitats are protected to 

prevent the release of this carbon into the atmosphere. 
The enhancement and creation of coastal habitats 

could contribute significantly to the  mitigation of 
carbon emissions63.  

Glenelg Hopkins CMA will continue to implement best 

practice actions for the protection and enhancement of coastal systems. Programs that support long -
term monitoring and research regarding the impacts of sea level rise and carbon sequestration 

potential will be supported and opportunities for development of innovative solutions for adaptation 
will be encouraged.  
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Strategic Initiatives 

¶ Increase coastal and estuarine protection and restoration based on their value to both 

biodiversity and carbon sequestration 

¶ Further investigate the carbon storage and sequestration potential of coastal systems and the 
best means of long-term protection  

¶ Support research on the fate of carbon in saltmarsh habitat subject to erosion  

¶ Support community monitoring of coastal form and change over time 

¶ Identify and monitor key indicators of  coastal climate change impacts 

¶ Periodically review objectives in the Regional Waterway Strategy and estuary management 

plans to incorporate climate change factors 

¶ Investigate the impact of climate change on the frequency and duration of estuary closures 

¶ Monitor land use change and its impacts on coastal and estuarine systems 

¶ Monitor changes in rainfall patterns and sea level rise to inform the revision of flood models, 
and integrate information into planning schemes  

¶ Support the development of fine scale modelling of climate change impacts and sea level rise 

on coastal and estuarine systems 

 

RCS objectives: climate ready assessment 

The RCS objective for coasts and estuaries does not meet the climate ready criteria as explained in  

Table 4. Adaptive capacity will be built through managing current threats to condition, although the 
maintenance of condition may not be possible. Climate change threats such as sea level rise and 
storm surge will have significant impacts on coastal condition.  

 

Table 4: Summary of climate ready assessment of RCS objectives for coasts 

RCS Objective relevant revise Assessment Revised Objective 

Objective 6.1: By 
2033 maintain 
the condition of 
the coast and 
manage specific 
threats to 
improve condition 
where 
appropriate 

 a 

The condition of the coast may 
not be able to be maintained in 
the face of climate change and 
sea level rise 

 

Managing threats other than 
climate change is essential in 
maintaining and building adaptive 
capacity 

 

Allowing for landward migration 

of communities will be a 
significant challenge 

 

Manage specific threats to 
coastal systems and improve 
condition where appropriate 
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MARINE 

Estuaries within south eastern Australia are experiencing sea surface temperatures increasing at a 

rate of approximately four times the global average 64 65. This has potentially significant consequences 
for marine and estuarine species

66
. Temperate locations and cool water species are the most likely to 

be negatively impacted by increasing water temperature. Increased temperatures may exceed the 

optimal temperature range of certain species, particularly those with limited thermal ranges.  

The warming of the  oceans has already resulted in southward range extensions of seaweed, 
phytoplankton, zooplankton and pelagic fish67. The macroalgae of Australiaôs south coast have 

retreated 10ï50 km south per decade on both sides of the continent 68. Macroalgae support much of 
the diversity of marine life and changes to its distribution have devastating impacts on a huge range 

of species and marine communities69.   

Increasing water temperatures also impact on marine mammals and birds. The ranges of species are 
likely to move south. Breeding may also be affected for example, little penguins are expected to have 
increased breeding success in the short term. Although as temperatures continue to rise, success will 

decline and colonies will be at increasing risk of death due to extreme heat effects and fire 70.  

A summary of predicted physicochemical changes in western Victoriaôs marine environment is 
presented in Table 5. Further detail on the impact of climate change on ma rine systems can be found 

in the Glenelg Hopkins CMA report: Implications of Future Climate for Victoriaôs Marine Environment71. 

 

Table 5: Summary of predicted physicochemical changes in Victoriaôs marine environment72 

Process / Parameter 

Western Victoria 

2030 2070 2100 

Mean Sea Level (m) # 0.15 # 0.47 # 0.82 

Ocean Currents 
Predicted minor decrease in transport of the Leeuwin Current by 

2100. Flinders Current transport may increase 

Sea Surface Temperature (deg. C) # < 0.5 - 1 # < 1 - 2 # < 1.5 - 3 

Sea Surface Salinity (ppt) $ < 0.5  $ < 0.5  $ < 0.5  

Waves 
Potential increase in wave energy due to positive trend in Southern 

Annular Mode 

Upwelling 
Potential increase in Bonney Upwelling due to strengthening south-

east winds in summer months 

Acidification (pH) $ ~ 0.085 ï 0.09 - $ ~ 0.29 ï 0.3 

Runoff Volume (%)  $15 ï 22 $ 27 ï 36 - 

 

The most important current driver of cha nge in marine systems for south eastern Australia is the 

southern extension of the East Australian Current and the associated warming of the ocean. These 

changes have resulted in range extension of many marine species
73

. In some cases these provide 

new opportunities, such as the potential for a snapper fishery to develop in Tasmania. However, they 

also have potential negative consequences. One pressing challenge is the range extension of the sea 
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urchin Centrostephanous rodgersii which has resulted in substantial degradation of kelp beds in some 

areas and is currently a threat to the rock lobster fishery of Tasmaniaôs east coast.  

An additional threat associated directly with increasing atmospheric carbon dioxide is ocean 
acidification. When carbon dioxide dissolves in the ocean, carbonic acid is formed leading to higher 
acidity. This increased acidity raises the metabolic energy required for marine organisms to lay down 

a calcium carbonate shell, resulting in thinner, lighter shells . This in turn can lead to substantial 

effects on the food chain and marine ecological systems. The effects of acidification are most 
pronounced in colder waters and a large scientific effort is underway to establish the rate of change 

in southern ocean systems and potential impacts of these changes74. Reduced calcification has been 
observed in Southern Ocean zooplankton suggesting that ocean acidification is already impacting the 

biological system75. Ocean acidification will negatively impact coastal and marine species, particularly 
temperate invertebrates such as sea urchins, many of which are ókeystone speciesô. The outcome of 

such impacts may result in ecosystem-wide consequences76.  

The impacts of climate change on marine systems are severe and potentially catastrophic if tipping 
points are reached in terms of ocean warming and acidification. Adaptation will not be possible for 

the majority of species77. However, if warming can be mitigated, adaptation can be supported 
through the protection and enhancement of land -based systems that influence the marine 

environment. 

There is increasing evidence that land-based management decisions (e.g. dam construction or 
removal, deforestation, green infrastructure to limit runoff, shoreline hardening, and urban 

development) will be significant and important interactions affect ing adaptation in marine and coastal 
systems78. What happens on the land influences the ocean; reducing the impacts of land 

management will help to build the adaptive capacity of marine systems.   

  

Vin Gannon  






































































































































