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Executive Summary  
What the report is about 
Scientists from James Cook University, CSIRO and Griffith University collaborated to develop a 
process for planning Climate Change Adaptation actions to support the resilience and 
productivity of Australia’s estuarine and coastal marine ecosystems into the future. This 3 year 
project involved extensive review of Climate Change Adaptation strategies from across the world 
and evaluated their usefulness under Australian conditions through reviewing case studies, 
through interviews with workers from all levels of science and management from across 
Australia, and by reviewing modelling tools and using advanced qualitative modelling. The 
project was developed in response to the threats to the fisheries values, biodiversity and 
ecosystem functions posed by Climate Change on Australia’s estuarine and coastal marine 
ecosystems that are already heavily impacted by changes in land and water use. This was 
undertaken in the recognition that large-scale strategy thinking was necessary for a country with a 
great diversity of estuary and coastal marine ecosystems, plant and animal assemblages, climates, 
and region-specific threats and matters of contention. The project developed a set of general 
principles to help direct estuarine and coastal adaptation strategies whatever the particular 
situation – to help guide, but not constrain, the development of informed adaptation policies, 
plans and actions. 

Background 

Australia’s estuarine and coastal marine ecosystems (ECMEs: estuaries, nearshore marine waters, 
and coastal wetlands) support important biodiversity and fisheries values. They are critical 
transition zones between terrestrial, freshwater and marine ecosystems, providing key ecosystem 
functions (e.g. high productivity, and nutrient exchange and cycling) and associated services (e.g. 
nursery ground provision). Their high value to fisheries means healthy ECMEs are needed to 
support the economic prosperity of many regional centres and marine based industries across 
Australia. ECMEs are already heavily impacted by changes in land (e.g. urbanisation and 
agriculture) and water use (e.g. extraction). These pressures will increase as the effects of Climate 
Change become more evident. In the face of these increasing pressures there are significant 
challenges in maintaining the resilience and functioning of ECMEs, and in reconciling the actions 
required to protect the values of ECMEs with the needs to protect human infrastructure. 
Addressing these challenges will provide managers with a vision and understanding enabling 
effective prioritisation of adaptation strategies and management interventions.  

Aims/objectives 
The project aimed to synthesize and integrate current knowledge for the development of 
adaptation strategies for management of Australia’s ECMEs in the face of Climate Change that 
takes account of bioregional differences and differences among estuary types, and to develop 
tools and guidelines to support the development of adaptation strategies. 

Methodology 
We reviewed current knowledge, data, tools and processes for the development of adaptation 
strategies for management of ECMEs under Climate Change, and evaluated key adaptation 
strategy approaches used around the world. Based on this evaluation we produced a 
comprehensive resource identifying tools and methods available for adaptation strategy 
development, together with advice on their values for specific purposes. We also conducted 
studies investigating (i) the roles of current governance structures in the way adaptation strategies 
are developed, (ii) the current state of development of adaptation planning across Australia, and 
(iii) the lessons that could be learned, from the experiences of managers at all levels involved in 
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Climate Change adaptation, about what has and hasn’t worked in adaptation strategy 
development and implementation. Finally, we combined all the sources of information developed 
in the study to produce a set of general principles to help direct adaptation strategies whatever the 
particular situation.  

Results/key findings 
We found that successful adaptation strategies needed to be developed in a broad context, 
focussing on whole-of-systems, long-term outcomes. In seeking approaches to achieve these 
goals, we determined that traditional Climate Change adaptation frameworks were too rigid for 
use across Australia’s diverse estuary and coastal marine systems. In fact, no single approach is 
suitable given the range of plant and animal assemblages, climates, and region-specific threats 
and matters of contention. As a result the project developed a set of general principles to help 
direct adaptation strategies regardless of the particular situation – to help guide, but not constrain, 
the development of informed adaptation policies, plans and actions. In addition, to assist those 
tasked with adaptation strategy delivery, the project produced a review of available tools and 
frameworks, together with recommendations for the situations they are useful in, and a checklist 
of components that need to be considered when developing effective adaptation strategies. 

Recommendations 
1: Successful adaptation strategies need to be developed in a broad, holistic context 
2: Focus on whole-of-system, long-term transformative outcomes for socio-ecological systems  

3: Employ robust strategies that minimise harm across human and natural systems 
4: Acknowledge a multi-scale vision and incorporate a multi-scale approach  

5: Ensure fair, representative and equitable stakeholder engagement  
6: Harmonise legislation, policy and actions to achieve large-scale, long-term public benefits  

7: Effective governance that is clear, consistent and complementary  
8: Focus on achievable and realistic delivery of adaptation strategy outcomes and outcome-

support tools  
9: Optimise outcomes by employing adaptive feed-back cycles appropriately 

Implications for relevant stakeholders 
Successful Climate Change Adaptation requires engagement by all sectors of the population – 
stakeholders from every walk of life during all stages of the process. All need to be included, so 
those charged with facilitating change need to focus on engagement and education. In particular, 
it is critical that all players understand the levels of uncertainty involved and the consequences of 
that pervasive uncertainty. Prescriptions will not solve the diverse problems presented by climate 
change – flexibility and open minded approaches to achieving big picture goals to support the 
public good, and extensive and intimate common sense engagement by the whole community 
provide the pathway that will need to be followed to achieve effective Climate Change adaptation 
in the ECME.  

Keywords 
Climate Change • Adaptation Strategy • Resilience • Estuary • Wetland • Nursery Ground • 
Productivity 
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Introduction 
Australia’s estuarine and coastal marine ecosystems (ECMEs: estuaries, nearshore marine waters, 
tidal wetlands and coastal freshwater systems) support important biodiversity and fisheries values 
and ecosystem functions. ECMEs are already heavily impacted by changes in land (e.g. 
urbanisation and agriculture) and water use (e.g. extraction). These pressures will be exacerbated by 
Climate Change impacts, particularly sea level rise and altered hydrology. There are significant 
challenges in: (i) maintaining resilience and facilitating adaptation in estuarine and nearshore 
environments to maintain critical ecosystem functions and connectivity; (ii) implementing robust, 
ecologically-based solutions for optimally managing interactions between coastal ecosystems and 
human responses to Climate Change; and (iii) providing healthy functioning ecosystems that 
support the economic prosperity of many regional centres and marine based industries across 
Australia. Addressing these challenges will provide managers with a vision and understanding that 
enables refinement and prioritisation of adaptation strategies and management interventions. 

ECMEs are critical transition zones between terrestrial, freshwater and marine ecosystems, 
providing key ecosystem functions (e.g. nutrient exchange and cycling) and associated services (e.g. 
nursery ground provision). Impacts of sea-level rise, altered hydrology and increasing temperatures 
will be compounded by interactions with human assets and management interventions to protect 
those assets. Consequently, there is a strong need to assess the relative importance of Climate 
Change impacts versus those associated with other pressures, and to identify priorities and strategies 
for adaptation that support clear and consistent goal setting by policy and management agencies. 
There is also a need to build on the large body of ecological and Climate Change impact work 
already done, and focus on developing a suite of strategies to support the adaptive management of 
biodiversity and fisheries/aquaculture values in ECMEs. 

The underlying goal of publically developed adaptation strategies must be to manage the impacts of 
Climate Change and sea level rise to optimise overall public benefits. This trade-off is particularly 
complex in ECMEs because of their diverse environmental values and extensive human utilisation, 
and the complex socio-ecological systems (SESs) they support. 

The estuarine and coastal marine space is complex environmentally, economically and socially. 
Much of the world’s population is concentrated along coasts and around estuaries – this is 
particularly true of Australia. Along with that goes extensive agricultural, urban, industrial and port 
development. At the same time, ECMEs are areas of high conservation and biodiversity values. 
Sites of high ecological value, like Kakadu and Hinchinbrook Island National Parks, demonstrate 
the direct conservation value of ECMEs, but the values of ECMEs extends far beyond this. They 
occupy a pivotal location between land and sea and perform important roles in moderating seaward 
flows of nutrients (Ford et al., 2005, Webster et al., 2005) and pollutants (Brodie et al., 2003, 
Haynes et al., 2007), making them vital to the health and wellbeing of offshore natural assets such 
as the Great Barrier Reef. In addition, the high productivity and nursery value of coastal aquatic 
ecosystems means they are critical to the resilience and long-term health of Australia’s coastal 
fisheries, with many commercially and recreationally valuable fisheries occurring in and around 
ECMEs, and many offshore fisheries depend on ECME nursery grounds and productivity. 

These vital roles mean that damage to estuaries and coastal wetlands threatens key linkages in life-
cycle and productivity chains, threatening the robustness and resilience of both fisheries and 
biodiversity assets of national and international significance. Here we focus on the issue of 
developing adaptation strategies that aim to optimise the ecosystem services provided by ECMEs, 
while harmonising with other facets of the public benefit. Of particular importance is recognition 
that Climate Change adaptation occurs in an environment of pervasive uncertainty; potential threats 
are based on predictions that become more uncertain the further they are projected into the future, 
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and in most cases there will be considerable uncertainty about the outcomes of particular adaptation 
actions. Furthermore, there can be a miss-match between climate change projections that are in the 
decades or centuries and very large spatial scales, but management objectives that apply at the scale 
of years to decades and catchments or smaller. 

We address adaptation strategies (the large-scale conceptual vision of alternative adaption 
pathways) rather than the adaptation plans or actions that are informed by adaptation strategies. 
This strategic view is aimed at supporting decision makers at all levels to make Climate Change 
adaptation decisions that support overall public good and support the long-term resilience and 
productivity of estuaries and coastal marine natural resources in an uncertain world. The focus here 
is on producing a final product that is communicable to, and useable by, stakeholders across the 
range of needs and at all levels of sophistication. In particular, to ensure that adaptation strategies 
are developed in a way that means estuarine and coastal ecosystems continue to provide for the 
SESs they support into the future; that the resources they support, are as resilient and robust as 
possible (Folke et al., 2010). 

 This report culminates in nine key principals for developing adaptation strategies for Australia’s 
estuarine and coastal marine ecosystems. These are included in a stand-alone form in Appendix 4: 
“Adaptation strategies for optimised public benefits from Australia’s estuarine and coastal marine 
ecosystems: 9 principles”. These principals are aimed at supporting the long-term resilience and 
productivity of estuaries and coastal marine natural resources, and are intended to be sensitive to 
and applicable across (a) different conceptual scales of desired outcomes, (b) different typologies of 
the systems in question, and (c) different local issues, needs and constraints. 
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Objectives 
Objective 1: Synthesize and integrate all current knowledge, data, tools and processes for the 
development of a national assessment of impacts and adaptation strategies for management of 
estuarine and coastal marine ecosystem under Climate Change that takes account of bioregional 
differences and differences among estuary types. 

Objective 2: Evaluate the key adaptation strategies recognising that there needs to be a process to 
harmonise adaptation strategies for the public benefit. 

Objective 3: Develop tools and guidelines, at a National level, for developing adaptation strategies 
for the estuarine environment that take account of bioregional and typological differences among 
estuaries.  
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Method  
Objective 1: Synthesize and integrate all current knowledge, data, tools and processes for the development 

of a national assessment of impacts and adaptation strategies for management of estuarine and 
coastal marine ecosystem under Climate Change that takes account of bioregional differences and 
differences among estuary types. 

The work for this objective involved a review aimed at providing the necessary background 
information to underpin Project 2011/040. In synthesising and integrating knowledge, data, tools 
and processes we first reviewed currently available information beginning with the recent 
comprehensive review of Hadwen et al., (2011) “The Coastal Ecosystems Responses to Climate 
Change synthesis report”. This work synthesises and integrates relevant information into a broad-
scale assessment of Climate Change threats to multiple coastal ecosystem types (e.g. reefs, 
mangroves, seagrass, sand dunes, etc.) and their vulnerabilities, as well as identifying potential 
adaptation actions across Australia. Given this recent comprehensive work, we concentrated on 
expanding the details in Hadwen et al., (20011) to cover areas specific to the objectives of project 
2011/040, and in particularly to address Objective 1: synthesize and integrate all current 
knowledge, data, tools and processes for the development of a national assessment of impacts and 
adaptation strategies for management of estuarine and coastal marine ecosystems under Climate 
Change that takes account of bioregional differences and differences among estuary types.  

Our review was developed in a series of project meetings where issues relevant to the project were 
discussed and developed. In between meetings the ideas developed during the previous meeting 
were fed back through managers in DERM and GBRMPA for comment. The review structure and 
its components were developed and refined during three initial meetings. In a fourth review meeting 
(2 days), each team member presenting their compilation of one section of the review, in their area 
of expertise, to the group, followed by a group review of the material. The review was then 
constructed using a quasi-Delphi process, where one team member was responsible for a component 
of the review and the draft sections were fed back through the other team members for review and 
updating. 

To ensure broad cover and relevance, the review utilised international literature, reports from other 
relevant Climate Change projects (including other NARPs) and grey literature. The review includes 
four sections: (1) Current Understanding of Climate Change Impacts on Australia’s estuaries, (2) 
Key Vulnerabilities to Climate Change, (3) Underpinning Issues for Adaptation Strategy 
Development, and (4) Integrated Regional & Typological Differences in Estuaries.  

Objective 2: Evaluate the key adaptation strategies recognising that there needs to be a process to 
harmonise adaptation strategies for the public benefit. 

The work for this objective involved evaluation and review of adaptation strategies aimed at 
providing the background to inform Objective 3 of FRDC-DCCEE Project 2011/040. In particular, 
key adaptation strategies were reviewed in the light of recognition of the need for a process to 
harmonise adaptation strategies for the public benefit. 

The evaluation was developed in a series of project meetings where issues relevant to adaptation 
strategies were discussed and developed. The discussions were based on in-depth investigation of 
the issues by all team members, with members focussing particularly on their areas of expertise, and 
served as a forum to bring together information and integrate it into a common understanding. In 
between meetings the ideas developed during the previous meeting were fed back through managers 
in DERM and GBRMPA for comment. The review was then constructed using a quasi-Delphi 
process, where one team member was responsible for a component of the review and the draft 
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sections fed back through the other team members for review and updating. To ensure broad cover 
and relevance, the review utilised international literature, reports from other relevant Climate 
Change projects (including other NARPs) and grey literature. The review covered three areas: (1) 
Major Adaptation Strategy Types, (2) Frameworks and Associated Tools, and (3) Relationship 
between Governance and Adaptation Strategies. 

Objective 3: Develop tools and guidelines, at a National level, for developing adaptation strategies for the 
estuarine environment that take account of bioregional and typological differences among estuaries. 

The development of tools and guidelines occurred in two phases: (i) the stepwise development of a 
Purpose-Designed Mechanistic Climate Change Adaptation Framework targeted for use in 
Australia’s estuarine and coastal ecosystems, and its testing and evaluation, and (ii) the 
development of Principles of Operational Adaptation Strategies targeted for use in Australia’s 
estuarine and coastal ecosystems. 

Phase 1: Step-Wise Development of the Guideline Toolbox Framework  
The first phase of work for this objective involved the development and testing of a framework for 
potential use to assist development of Climate Change Adaptation Strategies (CAS) for Australia’s 
estuarine and coastal ecosystems. This work was informed by material developed for the first two 
objectives.  

Initial review of existing frameworks identified a diversity of frameworks (see Results and 
Discussion section 2.2; also review by Mawdsley et al., 2009). Rather than developing a completely 
new framework, the existing frameworks were evaluated for use in the current context. This was 
achieved through a step-wise process (outlined below) culminating with the development of a 
refined framework model tuned to the Australian estuary/coastal ecosystem context.   

1. An initial case study (a generic Burdekin Delta estuary) was selected as a “stalking horse” 
for evaluating model structures and testing and comparing alternative models. Key 
components of the system were modelled using a signed digraph qualitative modelling 
approach, focussing on one impactor; bund walls. The signed digraph was developed in a 
one-day workshop conducted by Dr Jeff Dambacher; [CSIRO Mathematics, Informatics and 
Statistics]. The model assumptions for the case study system were:  key environmental asset 
- nursery provision; target of management - bund walls as the thing to be managed; primary 
Climate Change factors - sea level rise and alteration in extended dry cycle (!   El Niño). 

2. To prevent model development from being constrained by a particular structure, a 
conceptual model of framework components was developed based solely on logical linkages 
informed by group knowledge, the review of available frameworks and the qualitative 
modelling in step 1.  

3. To ensure a deep understanding of the model components and their implications for 
framework development, the components of the conceptualisation framework were 
investigated in the context of the generic Burdekin Delta estuary case study and published 
adaptation frameworks.  

4. Based on previous components of the study (Objectives 1 and 2), qualitative modelling 
(Step 1), framework conceptualisation (Step 2), and contextual development (Step 3), the 
Klein et al., (1999) adaptation model was selected as a “standard” base adaptation model for 
framework development.  
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5. The “standard” Klein et al., (1999) model framework was developed into a more detailed 
and functional framework appropriate for Australia’s ECMEs. This involved specifying and 
elaborating the components of the framework to make them explicit and therefore able to 
inform actions specific to the needs and circumstances of Australia’s ECMEs.  

6. As a final step in developing the Guideline Toolbox Framework, the completed framework 
was evaluation in a step-by-step empirical “case study” test situation, asking the questions 
“what would actually happen in each step and how would they relate to each other?” This 
was based on a “Fisheries in Clarence River” case study, a situation familiar to most of the 
project team.  

7. Adjustment of the model after Step 6 culminated in a ‘final’ model but this model could 
only be valuable in a general sense if it performed successfully for typologically different 
situations. Consequently, the model was applied to a series of specific case studies (Kakadu, 
Barratta Creek, and Tully Delta case studies) with different characteristics.  

Phase 2: Developing Principles of Operational Adaptation Strategies 
Testing the performance of the framework in Phase 1 led to the conclusion that a general one-stop-
shop guideline framework is too restrictive, inflexible, and prescriptive to provide an overall focus 
for Australia’s estuarine and coastal Adaptation Strategy needs. Consequently, in Phase 2 we 
concentrated on producing flexible operational adaptation strategy principles and tool that could be 
adapted to support strategy development across the varied situations presented by Australia’s 
diverse ECME. The aim was to produce a final product that is communicable to, and useable by, 
stakeholders across the range of needs and at all levels of sophistication.  

The development of the adaptation strategy principles was informed by the knowledge developed 
for Objectives 1 and 2, Phase 1 of Objective 3, and by three specific studies: (i) an investigation of 
environmental governance in Australia, (ii) a series of interviews with managers and scientists 
involved in adaptation planning and actions across all levels, and (iii) an investigation of the current 
status of adaptation planning and action across Australia. 

(i) Environmental Governance: This comprised a desktop study analysing documentary sources, 
in particular; legislation, agreements, policy and strategy documents, and government reports. Data 
derived from interviews conducted within the scope of the project and personal communications 
were also used to assist with the analysis of documentary sources. Two major limitations should be 
noted: (a) Australian environmental governance is highly complex and dynamic comprising three 
tiers of government having different regulatory powers and a large number of management bodies 
both governmental and private performing different environmental planning and management 
functions. Consequently, rather than reporting on each jurisdiction in detail, the work concentrated 
on a series of examples illustrating how respective management problem(s) have been approached 
in one or several jurisdictions. (b) A wide range of pressures affect coastal fisheries but because of 
the objectives of the project, evaluation focused on governance problems related to the protection of 
marine, tidal and riverine habitats, and maintenance of catchment-to-coast habitat connectivity. 
Other problems requiring governance responses such as overfishing, pest eradication, and point and 
non-point source chemical and nutrient pollution are not addressed in this report.  

(ii) Using Expert Opinions to Elicit Enablers and Limitations for the Adaptive Management 
of Estuaries and Waterways under Climate Change: We surveyed senior individuals from 
across the governance spectrum charged with managing and conducting applied research on 
Australia’s estuaries, waterways and coastal systems under threat from climate variability. We 
conducted a targeted semi-structured person-to-person set of interviews with interviewees across a 
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range of organisational (federal, state, council, academic, private, etc.) and spatial scales (national, 
regional, local), and from a variety of governance layers within these systems.   

The aim of this process was to elicit and synthesize the practical knowledge and personal 
experiences on waterways management from a range of cross-governance layers of managers, 
researchers and practitioners. We gathered information about their perspectives on the drivers of 
success of Climate Change plans and actions based on their individual experiences, and on 
knowledge from past and present activities. This produced a nationally-relevant qualitative (and 
semi-quantitative) knowledge-base that could be used to inform and guide the future development 
of adaptive management strategies for estuaries, wetlands, and ecosystems.  

A total of 20 interviews were conducted in Queensland (11), Tasmania (6) and Western Australia 
(3).  Prior to each interview, an information and consent letter was sent to targeted interviewees 
explaining the aims and objectives.  The interview consisted of one senior project member meeting 
and interviewing one person at a time, using a 5 theme template to guide the interview and digitally 
recording the event in an audio file, for quality and transcription uses. All audio material was 
deleted at the end of its use in the project.  

The interviews focused on 5 general themes and sub-topics:  

1. The high-level motivations of the protagonists, including their own professional and career 
experiences. The purpose of this was to identify the high-level drivers that trigger adaptive 
management, whether they are top-down (regulatory and jurisdictional) or bottom-up 
(public pressure, individual champions, etc.) processes. 

2. The factors and conditions that could act as enablers or constraints for successful 
management, including resourcing levels, political networks, information basis, etc. 
Particular emphasis was given to eliciting the roles of strategic planning and tactical 
responses to management. 

3. The experiences of the protagonists and specific examples of waterways and estuarine 
system management that illustrate their contributions to the points (1) and (2) above. Here 
we focused specifically on the instruments (plans, projects, and directions) and the outputs 
and outcomes out of these examples, particularly what did and did not work. 

4. The explicit or implicit inclusion (or non-inclusion) of Climate Change and variability of the 
systems and examples of their management and research experiences.  Here we asked 
whether Climate Change was addressed, how and what instruments or information basis was 
considered or not.  Important here was the elicitation of personal preferences on how to deal 
with Climate Change for such systems. 

5. The protagonists’ views and experiences about the roles of the likely adaptive management 
strategies for estuaries, wetlands, and ecosystems. Here we elicited the roles of institutions, 
their strengths and weaknesses, resource levels and more importantly, their own opinion on 
how adaptive management for Climate Change in estuaries should happen and reside. 

(iii) Current Status of Adaptation Planning: We systematically examined the international peer 
reviewed literature and official adaptation plans of coastal local governments relating to marine 
Climate Change along representative stretches of Australia’s coastline to evaluate ‘adaptation 
progress’ (Moser & Ekstrom 2010). This meta-analysis of official local government documentation 
and publicly available information provided a rapid assessment of adaptation progress. Stretches of 
Australian coastline, approximately 500-1,000km in length, were selected that included a variety of 
council sizes (with at least one large urban centre) and different demographic and economic 
characteristics. Care was also taken to include a wide variety of the coastal environments and 



P a g e  | 16 
 

 

conditions.  The selected areas were in southern West Australia (from Perth to Albany), eastern 
Tasmania (from Hobart to Dorset), and eastern Queensland (from Brisbane to Townsville). Western 
Australia, Tasmania and Queensland were also the subject of another Climate Change related study 
(See Metcalf et al., (2014) and van Putten et al., (in press)), and this aided in the interpretation of 
result.  

A total of 67 councils present along these stretches of coastline were included in the study. For each 
local council, all official documentation (such as strategic plans, management plans) that mentioned 
the words ‘climate’ and/or ‘change’ were identified (using a whole domain word search of the 
official council website). These documents were then searched for specific statements related to 
coastal marine Climate Change adaptation. Only official documentation was used as these are a 
functional part of the adaptation process, whereas other council published sources such as 
newsletters and web pages describing council activities are not.  

The information garnered was used to determine the adaptation phase of each council and the nature 
of the adaptations being planned. To this end, specific statements made by an individual council 
related to marine Climate Change adaptation were assessed according to: (i) the Climate Change 
drivers that were addressed, with the following categories; a) changing sea surface temperatures b) 
ocean acidification c) simple sea level rise (a change in the position of the coastline due to sea level 
rise) and d) sea level rise complex (addressing at least one of the associated effects of sea level rise 
such as salt-water intrusion or increased storm surge height) (ii) what phase of the adaptation 
process a council was in, with the following categories; a) whether the gathering of understanding 
for potential future adaptive action was planned, or b) actual adaptive action was planned (iii) 
whether these plans related to; a) economic or  b) infrastructural adaptation.  

In addition to the above data, a range of council characteristics were recorded in order to perform 
analyses to determine factors important in the development of adaptation plans.  Information on 
income from 2011/2012 rates and total expenditure were gathered from individual council budgets. 
Information on membership by councils of associations facilitating adaptation was gathered from 
individual council websites or the website representing the regional, state, or international 
organisation. Information for each local council was also retrieved from the Australian Bureau of 
statistics 2011 census database, including population size, percent of the population involved in the 
agriculture, forestry and fishing industries. Finally, whether drought (related to climate variability) 
featured as the main driver in their adaptation plans was also recorded.  

An aspect that could not be measured as part of this analysis was the quality and appropriateness of 
the adaptation response, because that would have required an in-depth understanding of each local 
situation. The purpose of this study was to provide a rapid assessment and give a proxy for the 
current adaptation status, it is unable to provide detail or analysis of the process each council had 
undergone in the development of their adaptation plans. Therefore, we have simply measured a 
council’s present stage in the adaptation process, and the results should not be understood as a 
judgment of the quality of a council’s response. 

Final Development of Principles of Operational Adaptation Strategies: The overarching direction 
of the final development of the Operational Adaptation Strategy Principles was informed by 
stakeholder needs articulated during the Using Expert Opinions to Elicit Enablers and Limitations 
for the Adaptive Management of Estuaries and Waterways under Climate Change (Appendix 2). 
For the ‘Operational Adaptation Strategy’ approach to be useful, and valid and applicable across 
Australia, the advice it provides needs to have a high level conceptual focus.  

To achieve this we concentrated on developing adaptation strategy principles aimed at (i) 
optimising the ecosystem services provided by ECMEs, while harmonising with other facets of the 
public benefit, (ii) addressing adaptation at a strategic level (the large-scale conceptual vision of 
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alternative adaption pathways) rather than the level of adaptation plans or actions that are informed 
by adaptation strategies, and (iii) being sensitive to and applicable across different conceptual scales 
of desired outcomes, different typologies of the systems in question, and different local issues, 
needs and constraints. 

To ensure the “strategy principles” were firmly based in established methods we grounded their 
development in the diverse materials formulated during the project; bringing together the material 
produced during Objectives 1 and 2, and Phase 1 of Objective 3, and the three studies specific to 
Phase 2 of Objective 3. These are reported in detail in the following supporting documents:   

• Appendix 1: Environmental Governance: Barriers and Bridges to the Long Term Protection 
of Coastal Fisheries. 

• Appendix 2: Using Expert Opinions to Elicit Enablers and Limitations for the Adaptive 
Management of Estuaries and Waterways under Climate Change. 

• Appendix 3: Assessment of Local Government Progress in Marine Climate Change 
Adaptation in Australia. 

As well as the Strategy Principles (detailed in Appendix 4: Adaptation Strategies for Optimised 
Public Benefits from Australia’s Estuarine and Coastal Marine Ecosystems: 9 Principles) we 
developed two key supporting materials: Appendix 5: Draft Review and Assessment of Tools to 
Support Climate Adaptation for Estuaries, and Appendix 6: A Checklist for the Process of 
Developing an Effective Adaptation Strategy. 
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Results and Discussion  
Objective 1 

Objective 1: Synthesize and integrate all current knowledge, data, tools and processes for the development 
of a national assessment of impacts and adaptation strategies for management of estuarine and 
coastal marine ecosystem under Climate Change that takes account of bioregional differences and 
differences among estuary types. 

1.1: Current Understanding of Climate Change Impacts on Australia’s estuaries 

More than three quarters of Earth’s land surface is connected to the ocean by rivers, with juxtaposed 
estuaries, deltas and tidal wetlands ecosystems (Ludwig & Probst, 1998). Over the past 50 years, 
these ecosystems have experienced increasing pressures from multiple-uses by an ever increasing 
human population, severely affecting rivers, estuaries and deltaic systems through enhanced 
fertilizer usage, damming, deforestation, and many other land-use pressures (Svitski et al., 2005; 
Meybeck  & Vorosmarti, 2005). These ecosystems occur at the interface between continents and 
oceans, and the consequent biodiversity interconnections and material fluxes have a global impact 
on coastal-marine biogeochemistry (Bianchi & Allison, 2009).  Estuarine and coastal ecosystems 
have historically been altered by human pressures, however the rate of change is accelerating due to 
global Climate Change (Lotze et al., 2006). 

The 4th Assessment Report (AR4) on the expected impacts and vulnerabilities from global climate 
and ocean changes for coastal and low-lying aquatic land-sea ecosystems established that these 
systems are exposed to increasing risks of extreme events and sea level rise changes, which in turn 
will be further exacerbated by human-induced pressures (IPCC, 2007).  In particular, coastal 
estuaries and wetlands are expected to be negatively affected by extreme events in combination 
with sea-level rise especially if their natural ability to migrate landward is limited by human 
structures or sediment availability (Nicholls et al., 2007).  

Further post-AR4 research on the nature, extent and trends of the changes in climate extremes, and 
their impacts on the coastal-marine environment (IPCC, 2012; Seneviratne et al., 2012) conclude 
that there is a high likelihood that anthropogenic influences have contributed to increasing extreme 
coastal high water levels via mean sea level changes. There is low confidence that changes in 
extreme wave heights can be directly attributed to anthropogenic influences (because of insufficient 
literature). However, there are strong linkages between wave height, and wind and storms meaning 
that any anthropogenically influenced alterations in wind strengths, or storm frequencies and 
intensities, are likely to result in changes in significant wave height (SWH). Additionally, both 
recent coastal assessments at the national and regional scale and process-based studies have 
provided further evidence of the vulnerability of low-lying coastlines to rising sea levels and 
erosion. As a result, in the absence of adaptation, there is high confidence that locations currently 
experiencing adverse impacts, such as coastal erosion and inundation, will continue to do so in the 
future due to increasing sea levels, even in the absence of changes to other contributing factors 
(IPCC, 2012; Seneviratne et al., 2012). 
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Table 1: Summary of observed and projected Climate Change in Australia, summary 

based on Hadwen et al.,  (2011) and literature research. 

Terrestrial  Coastal Climate 
 Observed Projected 
Temperature • Surface temp. rose by nearly 1°C 

between 1910- 2009 
• Last decade warmest on record 
• 2010 one of the hottest years recorded 
• Decrease frequency of extreme hot & 

cold weather 

• Mean annual temp. to warm between 0.8-2.1°C 
by 2030 

• By 2070, mean annual temp. to rise by either 
1.8-3.9°C (A1B scenario) or 2.4-6.4°C (A1FI 
scenario) 

• Max temp. of the warmest week of the year to 
warm 

• Min temp. of the coldest weeks of the year to 
warm at a greater rate 

• Decrease in annual temp. range in the west, 
while increase temp. range in the south and 
east. 

Rainfall • Declines in rainfall since 1950 in 
south-western Australia (excluding 
2011) 

• Rainfall increased in northern 
Australia 

• Projected decline in annual mean precipitation.  
• By 2030 decline in annual mean rainfall by a 

min of 4% and max 37% (A1B) or min 5% and 
max 58% (A1FI) 

• Wettest periods to increase in north 
Queensland and SW Western Australia 

• Driest periods to decrease in precipitation 
Tropical 
cyclones and 
lows 

• No significant trends in total number 
of cyclones or proportion of intense 
cyclones. 

• Frequency and intensity declined 
significantly since 1980s  south of 
20° on east coast 

• Projections are uncertain 
• Possible increase in tropical cyclones in 

categories 3-5 
• Potential decline in numbers 
• Poleward shift of cyclones 
• Associated extreme winds may increase  
• Southward extension of the warm East 

Australian Current could lead to extinction of 
east coast lows, extreme wave conditions and 
more southerly cyclone tracks 

Solar 
radiation 

 • Annual mean solar radiation expected to 
increase by 0.1-0.3J/m2 by 2030 

• By 2070 will increase by 0.2-1.0 J/m2  
• Increases larger in the east than west 
• Mean radiation in the warmest quarter of the 

year will increase north and north-east but 
decrease south west and south east (except for 
Tasmania) 

• Mean radiation of the coldest quarter will 
increase – strongest in the south 

Soil 
Moisture 

 • Annual mean soil moisture index projected to 
decline by up to 25% (A1B) or 28% (A1FI) by 
2030. 

• Annual index to decline by 29% (A1B) or 58% 
(A1FI) by 2070 

• Moisture projected to decline across all coastal 
regions in warmest and coldest quarters 
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Table 1 (cont.):  Summary of observed and projected Climate Change in Australia, 
summary based on Hadwen et al.,  (2011) and literature research. 

Marine Coastal Climate 
 Observed Projected 
Ocean 
Temperature 

• Global Average sea surface temp 
increased by 0.7°C since 1900 

• Surface waters around Australia 
warmed about 0.9°C (0.4°C in the last 
50 years) 

• 6 of the 10 warmest years since 1910 
have occurred in the last decade 

• South east shows greatest rate of 
warming (0.23°C/decade) 

• Tropical Australia 0.11-
0.12°C/decade 

• South western waters increased by 
0.6-1°C over the last 50 years 

• Southward shifts in annual mean sea 
surface temp. climate 

• Sea surface temp. to warm by 0.2-1.2°C by 
2030 and 0.5-2.8°C (A1B) or 0.6-3.8°C (A1FI) 
by 2070. 

• North-west and south-east have greatest 
projected warming 

• Little difference seasonally 

Ocean 
Acidification 

• Ocean surface pH fallen by 0.1 since 
around 1750 (8.2 to 8.1) 

• Increasing trend towards ocean 
acidification 

• Atmospheric CO2 increased from 
280ppm (pre-industrial) to 380ppm  

• Atmospheric CO2 predicted to  reach 540-979 
ppm by end of the century 

• Oceanic pH to drop a further 0.3 to 0.4 units 
(more acidic than in the past 800 000 years) 

• Greatest declines in pH predicted for north-east 
Australia 

Wave 
Climate 

• Positive trend in frequency and 
intensity of large wave events across 
southern coastline 

 

Sea surface 
salinity 

• Increase in salinity in south-east 
coasts. 

• A mean trend of 0.036psu/decade in 
the Tasman Sea between 1944-2002 

• Southern and north-eastern Australian marine 
waters to become slightly fresher by 2030 (-0.1 
g/l) 

• West, north-west and south-east slightly saltier 
(+0.1 g/l) by 2030 (more intense by 2070) 

Sea level rise • Variability in rate of rise 
• Average for Australian coasts 

between 1920 and 2000 is 1.2mm/yr 
• The 2 longest sea level rise records 

(from Sydney and Freemantle) show 
relative rise of 0.9±0.2mm/yr over 
1914-2007 and 1.4±0.2 mm/yr over 
1897-2007 

• Regions with highest proportion of inundation 
tend to occur on northern Australia, 
particularly in the gulf and estuarine systems. 

• Coastal inundation projected to increase up to 
38 – 107% by 2100. 

• See inundation pattern table for specific 
regions (p52) 

 

Observed and predicted Climate Change around Australia is summarised in Table 1, and by region 
in Table 2. Higher oceanic temperatures are predicted to occur around Australia, particularly in 
south-eastern Australia (Poloczanska et al., 2009). The East Australia Current is predicted to 
transport greater volumes of water southward, whereas the Leeuwin Current on the western coast 
may weaken. On land, projections suggest that air temperatures will rise and rainfall will decline 
across much of Australia in the coming decades. Together, these changes will result in reduced 
runoff and hence reduced stream flow and lake storage. Predictions from current climate models are 
particularly limited with regard to coastal and freshwater systems, making them challenging to use 
for biological-impact and adaptation studies (Hobday & Lough, 2011). The key predictions for 
coastal-marine systems suggest that; (i) Australian ocean temperatures have warmed, with south-
west and south-eastern waters warming fastest, (ii) the flow of the East Australian Current has 
strengthened, and is likely to strengthen by a further 20% by 2100, (iii) marine biodiversity is 
changing in south-east Australia in response to warming temperatures and a stronger East 
Australian Current, and (iv) declines of over 10% in growth rates of massive corals on the Great 
Barrier Reef are likely due to ocean acidification and thermal stress (Poloczanska et al., 2009). 
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Interconnected land-sea aquatic systems, such as tidal wetlands, mangroves and salt marshes (i.e. 
ECMEs), are likely to be influenced by a number of key forcing factors, such as increases in sea 
level rise, changes in precipitation patterns and changes in estuarine hydrology, which will affect 
the distribution, biodiversity and productivity of ECMEs (Lovelock et al., 2009).  It is likely that the 
combined effects of climate and ocean changes will have a strong impact on these habitats because 
their position exposes them to a multitude of oceanic and atmospheric climate drivers, making them 
highly vulnerable to Climate Change. Tidal wetlands are extremely sensitive to sea level rise and 
extreme events, with historical expansions of mangroves into salt marsh habitats observed in south-
east Australia, and into freshwater wetlands in northern Australia, mainly as a result of soil 
subsidence associated with reduced rainfall (Lovelock et al., 2009). 

Anthropogenic Climate Change is already apparent and will have significant, ongoing impacts on 
Australian fishes and their habitats (Gillanders et al., 2011).  Even with immediate actions to reduce 
greenhouse gases, there will be sustained environmental changes. Therefore, it is necessary to 
consider appropriate adaptive management strategies to minimise the inevitable detrimental impacts 
for both fishes and the human populations that rely on them (Koehn et al., 2011). Biologically, 
Climate Change will have a range of direct effects on the physiology, fitness, and survivorship of 
Australia’s marine, estuarine and freshwater fishes, but also indirect effects via habitat degradation 
and changes to ecosystems. Effects will differ across populations, species and ecosystems, with 
some impacts being complex and leading to unexpected outcomes.  

From the biophysical perspective, Climate Change impacts on estuaries, tidal wetlands and low-
lying coastal systems will vary at a regional scale similar to riverine and marine ecosystems that are 
biogeographically distinct (Kroon et al., 2011).  Despite natural variations, changes in global 
temperature are likely to be reflected in equivalent changes in water temperatures of streams, lakes, 
estuaries and coastal wetlands.  Also, there is expected to be intensification of coastal winds, 
changes in cyclonic activity, increase shore erosion, alterations to mixing patterns, all of which will 
lead to changed salinity conditions in coastal lakes, tidal wetlands and estuaries.  Thus, the likely 
climate and ocean changes are expected to have major consequences for Australian estuaries and 
associated fish and biotic communities, but their responses will vary according to the local-to-
regional context and the nature of natural and human-induced impacts (Gillanders et al., 2011).
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Table 2: Distribution of observed and predicted Climate Change across Australia, 
summary based on Hadwen et al.,  (2011) and literature research. 

  Observed Predicted 
Northern 
Australia 

Gulf of 
Carpentaria 

• Rates of ocean temp warming in tropics  
around 0.11-0.12°C 

• Ocean surface pH fallen by 0.1 since 
1750 

• Mean annual temperature to increase 
• Wettest period to increase rainfall 
• Driest period to decrease rainfall 
• Large increase in solar radiation 
• Soil moisture to decrease 
• Decline in pH 
• Predicted highest proportions of coastal 

inundation 
North East • Declines in rainfall since 1950 

• Rates of ocean temp warming in tropics  
around 0.11-0.12°C  

• Suggested southward  shift in annual 
mean sea surface temp climate of 
>200km between 1950-2007 

• Ocean surface pH fallen by 0.1 since 
1750 

• Mean annual temperature to increase 
• Wettest period to increase rainfall 
• Driest period to decrease rainfall 
• Large increase in solar radiation 
• Soil moisture to decrease 
• Predicted decrease in salinity (-0.1 g/l 

by 2030) 
• Greatest declines in pH 

North West • Rates of ocean temp warming in tropics  
around 0.11-0.12°C 

• Suggested southward  shift in annual 
mean sea surface temp climate of 
>100km between 1950-2007 

• Ocean surface pH fallen by 0.1 since 
1750 

• Mean annual temperature to increase 
• Driest period to decrease rainfall 
• Moderate increase in solar radiation 
• Soil moisture to decrease 
• High projected ocean warming 
• Projected increase in salinity ( +0.1 g/l 

by 2030) 
•  Decline in pH 

Southern 
Australia 

South East • Declines in rainfall since 1950 
• Increased salinity (0.036 psu/decade) 

from 1944 -2002 
• Sea surface temp. warming 0.23°C/ 

decade 
• Intensification of EAC 
• Ocean surface pH fallen by 0.1 since 

1750 
• Positive trend in frequency and intensity 

of large wave events 

• Mean annual temperature to increase 
Driest period to decrease rainfall 

• Large increase in solar radiation 
• Soil moisture to decrease 
• High projected ocean warming 
• Projected increase in salinity ( +0.1 g/l 

by 2030) 
• Decline in pH 

South West • Declines in rainfall since 1950 
• Sea surface temp. warming 0.20°C/ 

decade 
• Increase water temp of around 0.6-1°C 

in past 50 years 
• Ocean surface pH fallen by 0.1 since 

1750 
• Positive trend in frequency and intensity 

of large wave events 

• Mean annual temperature to increase 
• Wettest period to increase rainfall 
• Driest period to decrease rainfall 
• Moderate increase in solar radiation 
• Soil moisture to decrease 
• Projected increase in salinity ( +0.1 g/l 

by 2030) 
• Decline in pH 

Great 
Australian 
Bight 

• Ocean surface pH fallen by 0.1 since 
1750 

• Positive trend in frequency and intensity 
of large wave events 

• Mean annual temperature to increase 
• Driest period to decrease rainfall 
• Soil moisture to decrease 
• Predicted decrease in salinity (-0.1 g/l 

by 2030) 
• Decline in pH 

 

In a synthesis conducted for Queensland but relevant for other regions, Kroon et al., (2011) 
proposed a range of impacts derived from climate and ocean changes, which also combined current 
human-derived threats such as overexploitation, pollution, modification of water flows and 
hydrology, habitat destruction and degradation, and invasion by non-native species. The main 
expected impacts were: 
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Ecological Change 
" Changes in species behaviour and physiology due to changing environmental envelopes, 

" Changes in species abundance, distribution and resilience to climate variability due to 
changes in habitat availability and connectivity, 

" Changes in species resistance, resilience and exposure to extreme events and diseases, 

" Changes in overall ecosystem productivity and nutrient status due to changes in phenology, 

" Geographic changes in ecosystem types due to more frequent and/or more intense extreme 
events, and 

" Changes in overall estuarine landscape function and structure, and its derived ecosystem 
services. 

Ecosystem Services 
" Changes to the services provided by estuarine, wetlands and low-lying ecosystems 

including: provisioning, regulatory, cultural and supporting services for natural, urban 
and production systems (although the maintenance of freshwater and marine biodiversity 
contributes to the delivery of these ecosystem services, no linear relationship exists 
between the two), 

" Climate Change is expected to affect the delivery of ecosystem services, in particular 
through changes in flow regime, carbon sequestration and (terrestrial and freshwater) 
biodiversity. 

Regional Variation 
On a regional scale, the main changes for Australia’s estuaries, wetlands, and low-lying ecosystems 
will most likely include:  

" Extension of arid and semi-arid regions in an easterly direction, 
" Some arid and semi-arid tidal wetlands will most likely change their frequency and duration 

of inundation, possibly dry out permanently, 
" Coastal and sub-coastal swamps might decrease in water inflow in South-East Queensland 

and the eastern Murray-Darling region during the dry season, 
" Decrease in hypo-limnetic oxygen levels in coastal and sub-coastal lakes during 

stratification periods, 
" State-wide increasing problems with cyanobacteria in lakes due to increasing temperatures, 
" Coastal lakes, especially coastal dune lakes, and salt-marshes might suffer from saltwater 

intrusion. 

1.2: Key Vulnerabilities to Climate Change 

The IPCC defines vulnerability of coastal zones as “the degree of incapability to cope with the 
consequences of Climate Change and accelerated sea-level rise” and recommended a conceptual 
framework for coastal vulnerability assessment (Klein and Nicholls, 1999). It distinguishes between 
natural-system vulnerability and socio-economic vulnerability to Climate Change, although they are 
clearly related, and proper analysis of socio-economic vulnerability requires prior understanding of 
how the natural system would be affected. Hence, analysis of coastal vulnerability always starts 
with some notion of the natural system’s susceptibility to the biogeophysical effects of Climate 
Change, and of its natural capacity to cope with these effects (resilience and resistance). This 
section focuses on this first step. Four categories of estuarine natural values are presented, which 
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cover most of the ecosystem services contributed to human communities by estuaries as identified 
in Hadwen et al (2011, p 116). 

Water quality 
Water quality is described by a series of biogeochemical parameters such as turbidity, nutrient 
content, oxygen content, etc., aiming at characterising the “health” of the aquatic environment in the 
sense of its biogeochemical balance (absence of eutrophication/anoxia), and its subsequent ability to 
sustain a healthy ecosystem (e.g. phytobenthic habitats). It relates to many of the estuarine 
ecosystem services listed in Hadwen et al (2011): ornamental resources, recreation and tourism, 
spiritual and aesthetic values, nutrient cycling. Water quality and primary production are the results 
of complex interactions between those biogeochemical parameters as well as other attributes of the 
estuary (Fig. 1). It involves many feedback loops, as well as “qualitative” interactions (black 
arrows) which tend to make generalisation impossible, even within an estuary type. 

Habitats 
Saltmarshes, mangroves, seagrass and macroalgae are critical habitats sustaining unique 
assemblages of fish and aquatic invertebrates, as well as migratory shorebirds. Many commercially 
important fish species may use these habitats for their juvenile development. They also help to 
stabilise the shorelines and sediment, and play a significant role in the recycling of nutrients. 
Finally, they contribute highly to the aesthetic and cultural values of estuaries, and to make them 
attractive to tourism and recreational activities (e.g. DCC, 2011a) 

Mangroves and saltmarshes are already facing extensive degradation and loss throughout the world, 
mostly as a result of agricultural and urban development, drainage and river channelization. The 
greatest effect of Climate Change on those intertidal habitats is expected to arise as a result of 
increasing sea levels. Sea-level rise will lead to either the redistribution or the disappearance of 
intertidal and shallow coastal habitats (Koehn et al, 2011). Mangroves are able to enhance surface 
accretion and compensate sea-level rise up to a certain rate (DCC, 2011a). Mangroves, and 
saltmarshes to a lesser extent (Hadwen et al., 2011) are able to “migrate” inland, provided that they 
have access to suitable substrates, and that no human infrastructures act as a barrier to this 
migration (DCC, 2011a; Hadwen et al, 2011; Gillanders et al, 2011). Furthermore, increased 
extreme temperatures may increase the frequency and severity of bushfires, affecting the 
composition of riparian vegetation (Hadwen et al, 2011). 
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Figure 1: Potential effect of Climate Change on estuarine water quality and primary 
production.  

Orange squares correspond to physical parameters directly affected by Climate Change; blue-grey squares to 
estuarine non-living attributes, and green squares to estuarine primary producers. Red arrows correspond to 
positive effects, green ones to negative effects, blue ones to undefined effects (in this general case) and finally 
black arrows to qualitative effects. 

Seagrass and kelp forests face eutrophication, sedimentation or increases in local abundance of 
destructive herbivores. Sensitivity of these habitat-forming plant species to chronic disturbances is 
likely to be exacerbated by physiological stress associated with increasing temperature, as well as 
climate-change induced changes in other parameters such as salinity and pH (Koehn et al, 2011). 
Seagrass beds are likely to be negatively affected by rising sea levels, as light penetration will be 
compromised at the deeper sites. Seagrass ability to colonise new shallower substrates will depend 
on a combination of factors including nutrient concentrations, water temperature, consumers and 
patterns of river flows and catchment runoffs. Extreme events have been shown to be particularly 
devastating for seagrass communities, with associated run-off and sediment loads typically resulting 
in large local and regional losses of seagrasses in many areas around the world.  If water quality 
impacts persist, they are more devastating to seagrass communities than are the physical impacts of 
moderate tropical cyclones. The run-off related impacts from cyclones on seagrasses will ultimately 
be determined by the timing, volume and persistence of the event, particularly with respect to the 
normal seasonal runoff patterns for any given estuary. 

Biodiversity 
Biodiversity relates to many of the estuarine ecosystem services identified in Hadwen et al., (2011): 
genetic resources, ornamental resources, recreation and tourism, education and knowledge, spiritual 
and aesthetic values. Climate Change is likely to impact on estuarine biodiversity through: 
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Loss of habitat and connectivity: Saltwater intrusion will displace freshwater species, which 
eventually may disappear from river systems where suitable habitat is not available above the 
saltwater wedge. Similarly, reduced river flows limit access to drought refuges and threaten the 
viability of many species (Turak et al, 2011). 

Invasive species: Species, either alien or native to other regions of Australia, might be able to 
occupy new habitats, leading to unanticipated ecosystem impacts (not necessarily negative). For 
example, the climate-mediated arrival of a new sea urchin species to Tasmania has led to disruption 
of ecosystem structure and a decline in abundance of other species, including fish (Ling et al, 2009). 
Although some species may be able to adapt, the rapid rate of Climate Change and likely short-term 
variability in water availability, combined with reduced access to refugial habitats, make local 
extinctions of many taxa probable. At the same time, changing conditions could lead to new, 
successful colonisations, potentially increasing the richness of biological assemblages (Turak et al, 
2011). 

Fish stocks 
Recreational and commercial fisheries not only contribute substantially to the Australian economy, 
but are also socially and culturally important. Recreational angling is an important leisure activity in 
Australia, with an annual participation rate higher than for the rest of the world (Koehn et al, 2011).  

Table 3 summarises the potential impacts of climate-change on fish and commercial invertebrates. 
It does not include the indirect effects of Climate Change in fish habitats and food. 

Fish are able to swim away from unfavourable environments so it might be argued that changes in 
salinity, temperature, oxygen, etc., would cause changes in distribution rather than their 
disappearance. Changes in distributions could include latitudinal changes, i.e. moving southwards 
to other estuaries, or “longitudinal” changes, i.e. reduced use of estuarine waters. Two limitations 
exist though: (1) southward migration is not always possible (limited connectivity between estuaries 
due to the distance or ocean circulation, absence of estuaries southward); (2) some species depend 
on estuaries for reproduction or completion of specific life stages, and therefore cannot migrate 
longitudinally. It is also important to note that whilst from a global perspective, a mere change in 
commercial fish distribution might be considered as acceptable, it would not be the case from a 
regional perspective, as it would lead to potentially significant economic losses (Trakhtenbrot et al. 
2005). 

Another key mechanism allowing species to cope with warming (other than shifting biogeographic 
ranges) is phenological alteration (the synchronous timing of ecological events) to accommodate 
spatial and seasonal changes in ambient temperature (Burrows et al., 2011). Therefore, the so-called 
perturbation of reproductive behaviour mentioned by some authors (Table 3) can actually also be 
defined as a coping mechanism. 

Many authors mention strong correlations between river discharge and the productivity of several 
estuarine fisheries around the world. Such correlations are positive most of the time, but can also be 
negative sometimes and it may not be consistent between regions (see review in Ives et al, 2009). 
Most of those studies are based on catch time series analysis, and therefore are strongly influenced 
by the species catchability. For example it is now suggested that the higher catches of eastern 
school prawns following large river discharges (due to heavy rain events) could be related to an 
increased seaward movement of both mature and immature school prawns, rather than to variations 
in abundance (Ives et al, 2009). 
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Table 3: Impacts of Climate Change on fish and invertebrates; synthesised from 
Neuheimer et al, (2011); Gillanders et al, (2011); Koehn et al, (2011); Fabry et 
al, (2008); Hadwen et al, (2011), and literature research. 

Environmental 
parameters affected 
by Climate Change 

Groups 
concerned 

Details 

Increased temperature All Within species thermal tolerance limits: faster growth 
potentially leading either to increased survival or to greater 
susceptibility to starvation because of higher metabolic rates. 
Also potentially perturbation of the reproductive behaviour. 
Near the upper limit of thermal tolerance: increased metabolic 
costs leading to reduced growth and eventually to major 
dysfunctions and death 

Salinity All Affects osmoregulation and oxygen consumption of fish 
outside their salinity tolerance range and leads to impaired 
growth and reproduction and in extreme cases death. 

Reduced Oxygen All Reduces growth and increases mortality 
Reduced pH Marine calcifiers Reduced growth and enhanced mortality due to reduced 

calcification rates and shell dissolution 
Fish Potential effect on fish behaviour, including sensory ability, 

indirect effect through reduction of food availability 
Reduced flows All Loss of habitats / reduced connectivity between floodplain 

habitats and main channel 
Marine migrants / 
diadromous 
species 

Loss of connectivity between freshwater and oceans 
Reduced export of larvae from the estuary 

Entrance-channel 
openings 

Marine migrants / 
diadromous 
species 

Loss of connectivity: depending on the timing and duration of 
estuarine closure, those fish may be unable to move between 
freshwater, estuaries and oceans (movements related to 
spawning and colonisation of larval/juvenile/adult habitats) 

Interactions with existing human-induced threats 
Because of the high level of connectivity (both hydrological and biological) between estuaries and 
the adjacent freshwater, terrestrial and marine realms, it is likely that Climate Change may interact 
with other anthropogenic stressors to produce synergistic and/or cumulative impacts on biodiversity 
and ecosystem functioning in estuaries. 
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Table 4 lists the potential interactions between non-climatic anthropogenic stresses and climate-
induced changes on estuaries. 

It is also worth noting that Climate Change can also lead to changes in the human-use of estuaries: 
e.g. a drier climate may cause changes to crop selection, irrigation practices, environmental water 
allocations and rural population demographics, leading to further changes on water extraction and 
nutrient and sediment run-off. Similarly, recreational anglers may change fishing locations or the 
species targeted (e.g. from cold-water salmonids to warm-water native species), resulting in 
changes to population take rates (Koehn et al, 2011). 
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Table 4: Potential interactions between climate-induced changes and human-induced 
existing threats in estuaries. Synthetised from Kingsford (2011); DCC 
(2009); Koehn et al.,  (2011); Turak et al.,  (2011). 

Human-induced 
threats 

Potential synergistic interactions Potential impacts 

Habitat loss and 
degradation (land-use, 
dredging, bank 
stability works) 

Reduced freshwater flows (due to reduced 
rainfall) 

Loss of wetlands / loss of connectivity 
between floodplain and channel habitats / loss 
of biodiversity 

More frequent storms and floods Increased erosion 
Water extraction/ 
diversion/retention 

Reduced freshwater flows – saline intrusion 
(due to sea-level rise) 

High salinities – loss of connectivity 
(freshwater/ocean) 

Invasive species All Climate Change impact likely to 
jeopardize the survival of a given local 
species 

Local species outcompeted / loss of 
biodiversity 

Pollution (including 
nutrients) 

Reduced freshwater flows Increased exposure to the pollutant due to 
higher residence time in the estuary 

Infrastructures Sea-level rise “Coastal squeeze”/contraction in habitat area 
(infrastructure preventing inland migration of 
estuarine habitats e.g. mangroves and 
wetlands) 

Saline intrusion (from sea-level rise and/or 
reduced freshwater flows) 

Loss of freshwater ecosystems and biological 
assemblages because urban and agricultural 
development restricts movement into more 
suitable areas 

More frequent floods Increased height and duration of floods and 
associated impacts due to outflow restriction 
(settled river mouth) 

Overharvesting All Climate Change impact likely to 
jeopardize the survival of harvested species 
or species impacted by harvesting activities 

Species extinction / loss of biodiversity 

 

1.3: Underpinning Issues for Adaptation Strategy Development 

1.3.1. The Critical Need to include Connectivity in Adaptation Planning 
Traditionally, environmental policy, valuation, legislation, planning and management have been 
designed and organised around frameworks that value individual components or units of the 
environment (Dale et al., 2010). This spatial component centred approach to valuing and managing 
(Dale et al., 2010) involves splitting the landscape into spatial units that contain an item or factor of 
interest (e.g. ‘rarity’) and working with those. Recently, there has been increasing recognition that 
few spatially distinct units operate in isolation, and that connections to other units are usually 
critical to allow necessary ecological processes to operate (Amezaga et al., 2002; Lawler, 2009; 
QWP 2011). The fact of a highly connected world makes a traditional spatial component centred 
view untenable for rational management and long-term viability because it divorces governance 
from the landscape patterns and processes that generate and maintain the units of interest (Amezaga 
et al., 2002; Dale et al., 2010).  

Recognition of the need to understanding connectivity and incorporate it into planning, policy, 
legislation and management was the driver for the recently completed Queensland Wetland 
Program project “Understanding Aquatic Ecosystem Connectivity” (QWP, 2011). The acceptance 
and utility of this approach, and the understanding it has engendered clearly indicate the need for a 
parallel framework for incorporating connectivity into CAS. Connectivity is particularly important 
in a Climate Change Adaptation context because, as well as playing a crucial role in ecosystem 
functioning, connectivity is also an important consideration with respect to governance structures 
(see section 5). 
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What is connectivity? 
The term “connectivity” is widely used, but more often in the form of a buzz-word than as a clearly 
defined concept (Sheaves, 2009). Connectivity has seen a multitude of situation-specific definitions, 
which are valid in specific contexts (Calabrese & Fagan, 2004). However, in a general sense 
connectivity can be thought of as “An empowering mechanism that facilitates the movement of 
materials or effects between spatio-temporal units and enables events in one spatio-temporal unit to 
influence events in another unit” (Sheaves et al., in prep). In essence, connectivity is a mechanism 
for joining objects, locations, events or effects for the fulfilment of processes (QWP, 2011). It is an 
integral component of many scientific endeavours and theories, including genetics (Broquet et al., 
2010), metapopulation dynamics (Matthiessen et al., 2007), reserves/protected area theory (Ortiz-
Lozano et al., 2009), etc. 

Specific properties and features of connectivity 
Connectivity is a dynamic process that underpins a diverse range of functional outcomes because it 
allows spatio-temporal separation to be overcome at particular points in space-time (Sheaves, 
2009). In allowing distant entities to interact, connectivity provides the glue facilitating spatio-
temporally dispersed functions and defining “real” boundaries of functional units (including “real” 
ecosystem boundaries [e.g. Box 1]). Thus, connectivity allows functional understanding in a world 
that is operationally a mosaic of interacting entities (Sheaves, 2009). By allowing understanding of 
functioning not afforded by a purely spatial view connectivity is a key in understanding complex 
systems. 

 

Potential and Realised Connectivity: Connectivity comprises more than a simple physical 
connection between two entities; it requires that the connection culminates in a functional outcome 
relating to a particular situation (e.g. facilitating an ecological process, a management response to a 
policy, a link between governance and ecological process). So connectivity comprises two 
components; potential and realised connectivity (QWP, 2011). For example, for fish nursery 
ground utilisation a flood event may provide potential connectivity but this will only result in 
realised nursery ground value if competent-to-settle larvae are available at the time the connection 
occurs.  

Relationship between Potential and Realised Connectivity: The relationship between potential and 
realised connectivity is dynamic, and situation-, question-, perspective- and conceptual scale-
specific. It is dynamic because the relationship changes across a variety of spatial and temporal 
scales, to the extent that connectivity is likely to have a different realised outcome at two different 
places or times (Thomaz et al., 2007). It is situation-specific because many factors can intervene to 
modify the potential realised relationship (King et al., 2003; Albanese et al., 2009). For instance, 
realised nursery ground value can be disrupted if the connection becomes inhospitable or untenable 
(e.g. because of low DO or the presence of predators). It is question- and perspective-specific, 
because the functional outcome of connectivity differs depending on the purpose of understanding 
and the point of view of the observer (Calabrese & Fagan, 2004). This nursery ground value 
example takes on a completely different character if the question is refocussed on the nutritional 

Box 1. Ecosystem boundaries. 
Many ecosystems are defined by physical or geomorphological boundaries. For instance, the definitions of estuaries 
commonly used by biologists (e.g. Pritchard, 1976; Day, 1980; Potter et al., 2010) are purely physio-geomorphological, 
with estuaries identified by the degree to which they are enclosed, the extent of their connection to sea and their internal 
salinity gradients. No reference is made to any biological or ecological parameters. Where the lives of organisms that are 
the focus of study are limited by these parameters (e.g. salinity tolerance), and those limits match the definition of an 
estuary, then using a physio-geomorphological definition of an estuary as a spatial framework for biological or ecological 
study biology is appropriate. However, where connectivity is important in facilitating functions that operate across the 
physio-geomorphological of the estuary the “real” boundary of the functional ecosystem unit can only be defined by 
incorporating connectivity. 
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support provided to predator populations through the ability to ambush recruiting juveniles when 
they are migrating into nursery habitats. The relationship is conceptual scale-specific because the 
same connectivity relationship can have different meanings depending on the observer’s conceptual 
standpoint; connectivity for an ecosystem, for a nursery ground, for animal movements, for nutrient 
cycling, at a theoretical level, for particular applied purposes, to understand a single type of event 
etc.  
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Figure 2: The complexity of connectivity: the example of a tropical tidal salt-couch 
wetland. 

Connectivity is subject to a variety of modifiers (1) seasonal changes in potential connectivity, (2) seasonal 
change in the conditions necessary to convert potential to realised connectivity, (3) species- and situation-
specific dependencies, (4) regime phase shifts where pattern of realisation depends on the natures of the 
connectivity end members. 

 

The Complexity of Connectivity: Connectivity is complex, with outcomes in any particular 
situation subject to a variety of modifiers (e.g. Fig. 2). In fact, all the modifiers of connectivity, and 
the relationship between potential and realised connectivity, produce a convoluted connectivity 
landscape, the complexities and implications of which need to be understood and accounted for if 
connectivity is to be included in CAS (Sheaves, 2009; Vos et al., 2010). 

Although the examples used here have concentrated on ecological connectivity, each of the 
properties and features of connectivity have direct equivalents in all other Climate Change 
Adaptation related activities (Box 2). 
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How does considering Connectivity influence Climate Change Adaptation Strategies? 
In allowing action at a distance, connectivity is crucial in facilitating ecosystem function, and so a 
key factor in successful Climate Change Adaptation. The pervasive influence of connectivity on 
both ecological (Sheaves, 2009) and governance (Amezaga et al., 2002) outcomes complicates 
adaptation plans; few actions or effects can be contemplated that won’t have far reaching 
consequences. Adaptation and mitigation activities that address one ecosystem, ecological problem 
or one spatial unit will almost invariably have a variety of consequent off-site impacts, both on 
other ecological units, and on human activities, industries, and governance structures (Gilman et al., 
2008). Adaptation planning and subsequent management actions will have a similar diversity of 
impacts both on the environment and on human activities (Mapstone et al., 2010). Without 
consideration of connectivity these complex outcomes have the potential to produce a variety of 
unexpected consequences. As a result, it is crucial that a clear understanding of connectivity 
underpins adaptation strategy thinking, with effective adaptation strategies requiring new 
management concepts and rethinking of the relationships between ecological, institutional, social, 
and socio-ecological systems, as well as their relationship to integrated natural resource 
management, integrated catchment management and coastal management. 

1.4: Integrated Regional & Typological Differences in Estuaries 

The importance of typologies in coastal zone research and management 
Typologies provide simple frameworks which enable organised studies of complex systems. They 
are particularly pertinent to research and management of estuaries and other inherently dynamic and 
varying coastal zone ecosystems. Coastal and estuarine ecosystems are influenced by a complex of 
environmental variables (WetlandInfo, 2012). Furthermore, Australia is also a large continent 
covering the tropics to sub-Antarctic. Around Australia estuaries vary in geomorphology, tidal 
influence, wave influence, climate, and the available pool of biological components, which are in 
turn influenced by factors such as climate as well as biological and biogeographic factors. 
Therefore, estuaries are likely to display distinctly different characters on key environmental and 
biological axes, respond differently to Climate Change and as a result require different adaptation 
strategies. Although there may only be a relatively small suite of realistic adaptation strategy 
categories (Klein et al., 1999; Burton et al., 2006), the nature and consequences of them are likely 

Box 2: Examples of the role of connectivity in Climate Change Adaptation related 
activities. 
A. Biological and ecological 

• Movements of organism at any stage of their life history (migration, emigration) (Sheaves, 2009) 
• Nutrient, biomass and energy flows and subsidies (one and two-ways) (Dittmar & Lara, 2001) 
• Biophyisical processes that are spread spatio-temporally across many units (production, cycling, 

enthropy) (Lamberti et al., 2010) 
B. Physics and chemical 

• Translocation of chemophysical units, like water quality, thermohaline circulation, or runoffs effects 
(Lamberti et al., 2010) 

• Translocation of impacts and downstream impact effects (Freeman et al., 2007; Gilman et al., 2008) 
C. Management and governance 

• Impacts of adaptation measures on humans (social, economic etc.) (Mapstone et al., 2010) 
• Links between legislation, policy, planning, management, jurisdiction and other governance issues 

(See section 6) 
• Modification of vulnerabilities through off-site impacts on a vulnerable asset or reduced 

vulnerability due to connectivity to multiple units 
• Links between management and ecosystem outcomes 
• Links between adaptation measures and off-site outcomes 
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to vary substantially from setting to setting and region to region. Australia’s diversity of climates, 
geologies, geomorphologies and regional settings mean that specific adaptation strategy alternatives 
need to be developed and validated for functionality across a wide variety of situations. 
Consequently, an appropriate typological understanding is needed to ensure the development of 
adaptation strategies at a national level will capture the fundamental axes of variability, and that 
case study tests of models will have broad relevance. Achieving broadly relevant results means this 
typology needs to provide a simple, but representative, framework. Any complex schema will be 
too unwieldy to serve as a major spatial structuring framework for the project. The challenge is to 
select a typology that represents the important differences among estuaries, but is simple enough to 
allow adaptation strategies to be developed for, and tested in, a manageable set of case study 
scenarios. 

Typologies 
Typologies need to be appropriate to the scale at which they will be applied and the purpose for 
which they will be used. Consequently, there is no single “correct” typology; rather typologies need 
to be tailored to particular situations and needs. Typologies are ensembles of classifications, 
established from a variety of criteria relevant to a particular situation, assembled into groups for 
particular purposes (ANAE, 2012). As a result, the type and quality of the underpinning 
classification systems, and the ways they are combined, need to be carefully managed to produce a 
typological scheme most appropriate to a particular situation. 

Many “global” typologies have been suggested, but most are either attuned to a specific set of 
regional conditions that don’t apply particularly well across Australia at a national level (e.g. 
Harrison & Whitfield, 2006), or are too narrowly focussed for testing adaptation strategies (e.g. 
Laruelle et al., 2010; Dürr et al., 2011). Harrison and Whitfield (2006) proposed a typological 
scheme based on open and closed estuaries that performed well across a large range of South 
African estuaries. Although this scheme fits well for south-western Australian estuaries (Potter et 
al., 1990) where tidal and wave conditions are similar to those in South Africa, it is not appropriate 
for the bulk of Australian estuaries where a wider range of tide/wave relationships exist (OzCoasts, 
2012). Laruelle et al., (2010) and Dürr et al., (2011) suggest schemas based mainly on 
geomorphology, but these fail to account for many of the factors that influence Australian estuaries. 
Other Australian classification schemes are often dated or lacking in the estuary-specific 
information needed for estuary classification (e.g. IMCRA, 1998). 

Typologies will also differ depending on the use to which they are put. For example, a very simple 
typology, that “averages over” small scale complexity, might be appropriate for developing broadly 
applicable simulation models. However, the same schema would probably be inappropriate for 
testing the models because it would not allow the impact of smaller scale variation to be evaluated. 

Two detailed classification schemes show promise for the development of typologies appropriate to 
Australian estuaries; OzCoasts (2012) and ANAE (2012). 

OzCoasts 

OzCoasts (OzCoasts 2012) provides a variety of classification tools and has served as a basis for 
most Australian estuary typologies over the last decade. It has seen widespread use, and has become 
the “default” typology for Australia’s estuaries. For instance, it was the classification scheme used 
in the recent “Climate Change Responses and Adaptation Pathways” report (Hadwen et al., 2011). 
However, OzCoasts is not designed as a definitive source for typological development. As stated 
under the heading “Estuarine Typology” in OzCoasts (2012); “Currently there is no comprehensive 
typology of Australian estuaries, however, the geomorphic classification presented here is an initial 
start and is currently the national default typology”.    
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The OzCoasts (2012) schema is based on 6 regional zones (Fig. 3) providing a simple spatial 
structure. An additional layer of complexity is accounted for by a ternary classification based on 
wave, tide and river influences (after Dalrymple et al., 1992; Boyd et al., 1992). This combination 
results in 17 major zones X classification categories (Table 5).  

Table 5: Regions X geomorphic classifications based on data presented in OzCoasts 
(2012). Only classification categories comprising at least 10% of a region’s 
estuaries are included. 
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OzCoasts was initially developed during the first National Land and Water Resources Audit 
(NLWRA, 2000) to incorporate the Australian Estuarine Database and estuarine datasets compiled 
at that time (OzCoasts, 2012). Despite more recent updates it is becoming a little dated. 
Additionally, although OzCoasts has been used widely it is not fully developed for biological or 
impact related applications. It mainly focuses on regional divisions and wave, tide and river 
influences, and although the site contains information on some biological factors they are neither 

Figure 3: OzCoast regions (after OzCoasts 2012) 
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comprehensive nor easy to integrate into a typological framework. Similarly, there is no 
comprehensive information on impact or Climate Change classifications. However, its landform 
and topography classifications provide important inputs to the more recent ANAEC classification 
framework. 

ANAEC 

Recently, there has been a concerted effort to produce a comprehensive aquatic ecosystem 
classification framework for Australia in the form of the Interim Australian National Aquatic 
Ecosystem Classification Framework (ANAE, 2012). The ANAE Framework has been developed 
in response to the requirements of the National Water Initiative as part of the Aquatic Ecosystem 
Toolkit. 

ANAE is a broad-scale, semi-hierarchical, attribute-based, biogeophysical framework (ANAE, 
2012) developed in recognition that many assessments will relate to areas with low density and 
quality of biological data. The ANAE includes 3 hierarchical scales; level 1, regional scale; level 2, 
landscape scale; level 3, classes of aquatic systems and habitat scale. Levels 1 and 2 are most 
relevant to developing and Australia-wide estuary typology. They relate to national regionalisations 
for landform, climate, hydrology, topography and water influence. They are based on collated, 
existing datasets, with the development data sets for particular applications suggested in the ANAE 
documentation (Table 6).  

 

Table 6: Data sets suggested in the ANAE documentation relevant to developing an 
Australian estuarine typology 
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Given its detailed and comprehensive formulation and links to appropriate existing classifications, 
ANAE provides a useful resource on which to base an Australian National estuary typology. 
Additional useful data sets relative to Climate Change applications are available from the 
Worldwide Coastal Warming Assessment project website (WCWA, 2012). However, there are still 
substantially gaps in comprehensive classifications of Australia’s estuarine biotic assemblages; 
although there is good information on marine and intertidal plant communities there is no 
comprehensive classifications of Australia’s estuarine nekton, benthic, plankton or 
microphytobenthos assemblages. 



P a g e  | 37 
 

 

Objective 2 

Objective 2: Evaluate the key adaptation strategies recognising that there needs to be a process to 
harmonise adaptation strategies for the public benefit. 

2.1: Major Adaptation Strategy Types 

The IPCC defined Climate Change adaptation as the “adjustment in natural or human systems in 
response to actual or expected climatic stimuli or their effects, which moderates harm or exploits 
beneficial opportunities” (IPCC 2001). Adaptation actions are aimed at reducing vulnerability to 
Climate Change and can take the form of changes in practices, processes or structures in response to 
projected or actual changes in climate (Watson et al., 1996), and is aimed at reducing or delaying 
the consequences of Climate Change rather than the prevention of impacts (Smit and Pilifosova, 
2001). Adaptation contrasts to “mitigation”, the other major category of responses to Climate 
Change which involves preventing or reducing Climate Change by reducing greenhouse gas 
emissions (Klein et al., 1999; Burton et al., 2006).   

Adaptation can be in response to observed climate impacts, or in anticipation of future Climate 
Change, and can be proactive, aimed at reduction of exposure to future risks, or reactive, aimed at 
alleviating impacts that have occurred (Carter et al., 1994; Burton et al., 2006). Proactive adaptation 
generally requires a greater initial investment but is usually more effective at reducing future risk 
and cost (Burton et al., 2006). However, reactive strategies are important to deal with risks that 
remain after the implementation of proactive adaptation, or due to unexpected or unavoidable 
impacts.  

Table 7: Major adaptation responses and categories of action (two left hand columns) 
and their relationships to selected literature sources. 

  Literature Categories 

Type of Response Category of 
Action 

Klein et al., 
1999 

Burton et al., 
1993 

Millar et al., 
2007; Lawler 

2009 

Burton et al., 
2002 

Sit-it-out 
responses 

No need for 
action 

    

Abandon     
Self-
adaptation 

    

Active responses 

Retreat Retreat Change 
location 

 Adaptation for 
Accommodation 

Protect Protect Prevention of 
loss 

Improve 
resistance 

Accommodate Accommodate Tolerate loss 

 

Spreading loss 

Improve 
resilience 

Facilitate 
change  

Alternative  Change use Facilitate 
change 

Restore  Repair   

 

Developing effective CAS is a complex process. However, there is a relatively restricted suite of 
adaptation strategies available. These have been defined and discussed in many ways by various 
authors but can be distilled into eight categories of adaptation actions (Table 7). Most authors have 
concentrated on ‘active responses’. These have been stated in a variety of ways but can be grouped 
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into five categories of action (Table 7). For example, Burton et al., (1993) identified and detailed 
six generic types of active adaptation strategies (Table 8), but tolerating and spreading loss can be 
subsumed into the ‘accommodate’ category of Klein et al., (1999) and interpreted as actions to 
improve resistance, improve resilience or facilitate change (Millar et al., 2007; Lawler 2009). 
 

Table 8: Generic types of behavioural adaptation strategies (modified after Burton et 
al.,  1993). 

Prevention of loss anticipatory actions to reduce the susceptibility of an exposed component or function to 
the impacts of climate 

Tolerating loss adverse impacts are accepted in the short term because they can be absorbed by the 
exposed unit without long term damage 

Spreading or sharing 
loss 

actions to distribute the burden of impact over a larger region or population beyond 
those directly affected 

Changing use or 
activity 

switching of activity or resource use from one that is no longer viable to another that is 

Changing location where preservation of an activity is more important than its location and the activity is 
migrated to an area that is more suitable under Climate Change 

Restoration aims to restore a system to its original condition following damage or modification 

 

Although taking no action is generally not seen as adaptation, there are many 
situations where active adaptation is not needed or not warranted ( 
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Table 9). Consequently, the sit-it-out strategy is an option that needs to be explicitly considered 
during adaptation planning, and may be the most critical decision made in adaptation trade-offs as 
management is forced to prioritize actions and balance up the needs of different sectors (Lawler, 
2009). In extreme cases, managers will be forced to make decisions such as letting species go 
extinct or “lose” low-lying land. These decisions will need to be made carefully and the full impact 
of different decisions evaluated. For example, Lawler (2009) suggests ‘triage’ with decisions about 
active response versus abandonment based on the severity of the impact and the value of the 
resource. However, the likely success of different actions needs to be considered; it might be better 
to prioritise scarce resources to deal with “low impact” first because there is a reasonable certainty 
of success or because this provides the most useful outcomes. Similarly, in-depth consideration is 
needed even when there is apparently no need for action because of apparent inherent capacity to 
deal with Climate Change impacts. This is because the mere existence of capacity is not itself a 
guarantee that the capacity will be used (Burton and Lim, 2001). 

The three sit-it-out actions and five active responses represent the general types of actions that 
decision makers can take (Table 9). However, the exact details of what each action requires and 
how it will be operationalized will vary case-by-case depending on the specific location, the 
specific nature of the threats, local issues, governance requirements, and social, ecological and 
economic imperatives.  
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Table 9: Details of categories of action. 

Type of Response Category of Action Details 

Sit-it-out 
responses 

No need for action  
Abandon Do nothing, there is no value in any action because loss is 

inevitable over the specific strategic horizon 
OR 

Costs outweigh value of action 
Self-adaptation Let natural change occur: the system is able to self-adapt 

Active responses 

Retreat Change the location of the activity 
Protect Impose protection 

reduce other pressures 
Accommodate Tolerate loss 

Spread loss 
System state change 

Alternative Utilise and alternative resource 
Restore Repair/restore functionality 

 

2.2: Frameworks and Associated Tools 

A framework is here defined as a process that identifies clear steps with which to develop climate 
adaptations for estuarine systems. Each step should comprise a set of tools that can be used to 
complete that step. It is likely that more than one tool would be available for each step as the 
framework should be useful for both data poor and rich situations. Wherever possible, existing 
frameworks and methods would be used and only if there is a gap, should these be identified. 

From the literature reviewed, there are many different frameworks used (see review by Mawdsley et 
al., 2009) but, for illustration purposes, these have been divided roughly into three classes: 

1. IPCC and derived frameworks, 
2. Risk-vulnerability-adaptation frameworks, and 

3. Modelling methods that include the steps within them. 

IPCC and derived frameworks 
The best known IPCC climate impact and adaptation framework is that by Carter et al., (1994) 
developed during IPCC II. It links Impacts and Adaptation in a generic framework of seven high 
level steps - a) define the problem, b) selection of method, c) testing of method, d) selection of 
scenarios, e) assessment of biophysical and socio-economic impacts, f) assessment of autonomous 
adjustment and g) evaluation of adaptation strategies. Within the seventh step, are seven sub-steps, 
being a) define objectives, b) specify the climatic impacts of importance, c) identify the adaptation 
options which can be classified as prevention of loss, spreading/sharing loss, changing use/activity, 
changing location, and restoration, d) examine the constraints, e) quantify measures and formulate 
alternative strategies, f) weight objectives and evaluate trade-offs, and g) recommend adaptation 
measures. A modification of the adaptation steps of Carter et al.,(1994) for the coastal zone is 
described in Klein et al., (1999) where they prefer a multi-stage iterative approach with fewer steps 
– a) information collection and awareness raising (mostly from the IPCC Steps 1 -6), b) planning 
and design, c) implementation, and d) monitoring and evaluation (Fig. 4). 
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Figure 4: The conceptual framework of Klein et al.,  (1999) showing in the shaded area 
the iterative steps involved in coastal adaptation variability and change. 

In both these papers (Carter et al., 1994; Klein et al., 1999), several missing elements are described, 
which combined can be summarised as:  

• Interaction between Climate Change and other impacts, 

• Public perceptions and awareness, 

• Spatial and temporal planning of adoption measures, 

• Mechanisms for public involvement, 

• Non-technical aspects (e.g. legal, institutional) aspects of adaptation, 

• Tools and procedures to evaluate adaptation performance, and 

• Policy and governance.  

Risk-vulnerability-adaptation frameworks 
The bulk of frameworks fall within these steps of undertaking a risk assessment, a vulnerability 
assessment and then developing adaptation strategies. The most data poor methods rely on 
stakeholder engagement processes, such as Cobon et al., (2009) – a method developed for the 
grazing industry but now more widely applied. Here the steps are a) define context – area and 
timescale, b) identify climate variables, c) assign likely changes in climate patterns, d) identify key 
elements for your organisation, e) copy climate variable and organisation elements to impact 
matrix, f) describe impacts for each climate variable and element, g) determine likelihood 
categories, h) determine consequence categories, i) assign impact risk, j) describe adaptation 
responses, k) determine adaptive capacity, l) assign level of vulnerability, m) prepare risk or 
vulnerability statements, and n) prepare action plans. The utility of this framework is that it 
provides the tools in the forms of look-up tables or matrices to fill in at each step, making learning 
the process reasonably easy.  

Central to all these methods is identifying the major risks and impacts, and concentrating adaptation 
strategies on these.  However, most of the methods still tend to ignore many of the issues identified 
by Carter et al., (1994) and Klein et al., (1999). For example, few methods seem to include steps 
beyond developing the adaptation strategies, with some notable exceptions such as the FAC4T 
method of Mukheibir (2006), who emphasises the latter part of the process. Their steps are a) 
assessment of current climate trends and future projections, b) undertaking a vulnerability 
assessment, c) identify current vulnerabilities (in each sector and for cross-cutting themes) based on 
current climate risks and trends, d) identify future vulnerabilities based on future climate scenarios 
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and risks, e) strategy formulation, f) development of adaptation options, g) evaluation of priority 
adaptation strategies, h) programme and project scoping and design – (CAPA), i) implementation, 
and j) monitoring and evaluation of interventions. The City of Melbourne (DCC, 2009b) developed 
their adaptation strategies that also included the government entity to which the strategy applies e.g. 
municipal, council, municipal and council (Fig. 5). Furthermore, they rank the strategies by the 
likelihood and consequence, and control effectiveness.   

Figure 5: The “City of Melbourne” schema showing different strategies against a 
likelihood and consequence versus control effectiveness matrix (modified 
after DCC, 2009b). 

The Heinz Centre (2007) is a good example of a survey of Climate Change adaptation planning that 
also classifies different frameworks using informative comparison criteria, such as whether the 

method has sufficient detail for policy construction.  

Semi-quantitative methods include Monte Carlo methods, Bayesian Belief Networks (BBN) (Lam 
& Bacchus, 1994), multi-criteria decision analysis (Mendoza & Martins, 2006) (and some a 
combination of those).  Bayliss et al., (2012) undertook a quantitative ecological risk assessment 
(called QERA) of the Magela floodplain in Kakadu National Park, Australia.  This risk assessment 
method was then incorporated into a BBN to evaluate different adaptation strategies.  This therefore 
combines stakeholder and quantitative methods to assess adaptation strategies. Off the shelf, risk 
assessment packages such as BestFit or @Risk (Palisade Corporation) are also used. Despite the 
semi-quantitative nature of the methods, the frameworks still tend to follow the risk-vulnerability-
adaptation steps. 

Quantitative methods 
Different to the above methods are those that address the development of adaptation strategies 
directly within integrated models such as Atlantis (http://atlantis.cmar.csiro.au/ for method and 
references) or EcoPath with EcoSim (http://www.ecopath.org/ for method and references). These 
methods follow the adaptive management loop of developing objectives, defining and modelling the 
system (including the human elements), management options and the performance measures for the 
different strategies. These methods are extremely complex and require a certain degree of expertise 
to undertake and are usually time consuming to establish. However, they are very good at 
integrating across different impacts including adaptation, something often not undertaken using 
other methods. Often not mentioned in adaptation frameworks is the idea that strategies should 
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assess and build resilience, both social (Marshall et al., 2009) and ecological (Maynard et al., 
2010).  

Summary 
A good framework should:  

• Identify both active and passive adaptive strategies,  

• Be tiered from data rich to data poor methods – starting with the latter,  

• Consider the policy and governance framework,  

• Include consideration of what level (policy, social etc.), and scale (local, regional or all) at 
which the strategies should work, and  

• Identify the target audience to whom the framework aims. 
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2.3 Relationship between Governance and Adaptation Strategies 

Estuarine and coastal systems are likely to be directly impacted by both climate and sea level 
changes and indirectly by human land use responses to change. Existing institutions (systems of 
rules that guide interactions of institutional actors (e.g., individuals, organisations)) have been 
acknowledged as one of the barriers for Climate Change adaptation at all governance levels (e.g., 
the Millenium Ecosystem Assessment (MA), 2005; Peel, 2008; Measham et al., 2011). The most 
recent Commonwealth Inquiry into the Coastal Zone (House of Representatives, 2009) highlighted 
the need for leadership working in a collaborative framework with all levels of government in a 
diverse range of jurisdictions. Developing a collaborative framework involves integrating strategies 
into an institutional framework to allow the flow of relevant information, connecting management 
and science. 

 

 

 

 

  

Figure 6: Jurisdictional fragmentation on the Queensland coastal area (adapted from 
Dale et al.,  2010).  

Estuaries and coastal zones are valuable habitats for a diverse range of species, as well as being 
attractive locations for human settlements and industrial use. In Australia, the management of 
coastal zones and estuaries, as well as activities impacting those areas is carried out by a large 
number of institutional actors. They operate at all governance levels and are guided by ‘a mosaic of 
different policies and pieces of legislation which, while not directly contradictory, generally evince 
no common approach’ (Peel, 2008: p.943). For example, Figure 6 illustrates the diversity of 
institutional arrangements and their spatial mandates at the state level in the coastal zone of 
Queensland. Ecosystem properties such as biodiversity, vegetation, water and wildlife, are governed 
under different statutes and managed by various policy instruments. As a result, stakeholders 
benefiting from different uses (services) of coastal ecosystems cut across a range of institutional 
boundaries (both horizontal and vertical).  
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The effectiveness of environmental programs and strategies can be expressed as the extent to which 
they achieve stated goals. Design of adaptive strategies for managing estuarine and coastal systems 
in the context of climate and sea level changes needs to account for cumulative pressures from 
various resource users. Therefore, strategies need to be placed in the context of the overall 
governance framework providing for the management of both direct (e.g. land use, water quality 
and regimes) and indirect (e.g. economic incentives, management capacity) drivers of change in 
particular location.  

The analysis of the governance framework is required to: 

• scope involved decision-makers and developed policy instruments and decision-making 
support systems for the management of particular coastal zones and estuaries vulnerable to 
Climate Change; 

• identify existing and potential land and resource uses that either benefit from (use synergies) 
or adversely affect (conflicting use) ecosystem functions; 

• establish the required information flow (both horizontal and vertical) to connect the 
decision-making at various governance levels;  

• develop integrated CAS for the maintenance of ecosystem services in estuaries and coastal 
zones for multiple uses; 

• facilitate institutional change to enable Climate Change adaptation.  

Figure 7 outlines some major steps required to establish the overall institutional framework for the 
integration of CAS for the coastal zones and estuaries. The first step covers identifying ecosystem 
properties and the scope of ecosystem services provided. The second step involves identifying the 
cumulative scope of human impacts, including the use of services, affecting ecosystem functions 
both existing and potential under Climate Change scenarios (win-wins and trade-offs). The third 
step covers identification of all institutions across several governance levels providing for the 
management of identified impacts in the area (i.e., coastal zone, estuary and ecologically connected 
areas). Finally, the fourth step involves scoping and analysing various policies and management 
instruments developed under different institutions to establish the necessary linkages for the 
implementation of the adaptation strategies.  
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Figure 7: Framework for establishing institutional l inkages (connectivity) for the 
integration of Climate Change Adaptation Strategies in coastal zones, 
estuaries and ecologically connected areas.  

In summary, successful implementation of strategies for Climate Change adaptation requires 
integration of the strategy within a broader governance context, which allows for evaluation of 
potential cumulative effects, identifies required linkages to establish ‘institutional connectivity’, as 
well as negotiating potential actions that meet the requirements of a broader stakeholder range.  
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Objective 3 

Objective 3: Develop tools and guidelines, at a National level, for developing adaptation strategies for the 
estuarine environment that take account of bioregional and typological differences among estuaries. 

3.1: Step-Wise Development of the Guideline Toolbox Framework 

Step 1: Qualitative Modelling 
An initial case study was selected as a “stalking horse” for thinking about and estuarine-specific 
model framework structure and testing and comparing alternatives. The initial case study selected 
was a generic Burdekin Delta estuary. The important components of the Burdekin Delta estuary 
ecosystem-impact-adaptation system were modelled using a signed digraph qualitative modelling 
approach, focussing on one management focus; bund walls. The signed digraph (Fig. 8) was 
developed in a one-day workshop conducted by Dr Jeff Dambacher [CSIRO Mathematics, 
Informatics and Statistics].  The model assumptions for the case study system were: key 
environmental asset - nursery provision; target of management - bund walls as the thing to be 
managed; primary Climate Change factors - sea level rise and alteration in extended dry cycle (!  El 
Niño) [in this context, extreme events were seen as largely extensions of wet season flooding which 
probably has a threshold level with respect to the bund wall/nursery relationship]. 

 

Figure 8: Signed digraph of the preliminary cases study [generic Burdekin Delta 
estuary]. Pointed vectors = positive effects; blunt-ended vectors = negative 
effects.  

 

It seems likely that this might be a reasonable base model of a “connectivity barrier” scenario that 
might be modifiable to deal with other situations around Australia.  
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The modelling process emphasised: 

• the key role of specific vulnerability assessment, 

• usefulness of a system modelling phase as a component of the framework, 

• the key point of adaptation strategies; that the adaptation is about managing human 
responses to Climate Change 

• a framework needs to be multi-entry to make it applicable to a wide range of users: there 
needs to be a model step that allows the option of working holistically while recognising 
that some will enter the model at the issue level. In that case the process should 
accommodate the need to ensure that both lines of entry feed into a “consequences” step. 

Step 2: Framework Conceptualisation 
To prevent model development from being constrained by a particular structure, a conceptual model 
of framework components (Fig. 9) was developed based solely on logical linkages informed by 
group knowledge and the qualitative modelling in step 1. This model ensured that there was a clear 
group vision of the components that needed to be included in the final framework before a 
framework was developed. 
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Figure 9: Conceptualisation of framework components (N.B. this is an interim model 
to allow conceptualisation of components and linkages but with no implied 
sequence). 

 

Step 3: Contextual Development 
To ensure a deep understanding of the model components and their implications for framework 
development, the components of the conceptualisation framework (Fig. 9) were investigated in the 
context of the generic Burdekin Delta estuary case study, and published adaptation frameworks. 
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This investigation identified a range of key components (informing steps) that are critical to the 
process of developing the strategy, but sit outside many published frameworks, and that provide 
critical inputs to multiple steps in the framework. These include: 

• vulnerability assessment, 

• identification of details of the ecological situation: needs to be at a more extensive level than 
initial ideas of the problem would suggest because it needs to capture a variety of aspects 
that inform other stages and components of the framework, and to account for a propensity 
for unexpected issues to occur, and 

• model the system focus of the strategy. 

 

Step 4: Base Framework Selection 
Based on previous components of the project (Milestone 2), qualitative modelling (Step 1), 
framework conceptualisation (Step 2), and contextual development (Step 3), the Klein et al., (1999) 
adaptation model (Fig. 4) was selected as a “standard” base adaptation model for framework 
development. In particular, its iterative components of (i) information awareness, (ii) planning 
design, (iii) implementation, and (iv) monitoring/evaluation are core elements of an effective 
adaptation strategy. 

Step 5: Development of a Functional Framework 
The “standard” Klein et al., (1999) model framework was developed into a functional framework. 
This involved specifying and elaborating the components of the framework to make them explicit 
and therefore able to inform actions specific to the needs and circumstances of Australia’s estuaries 
and coastal ecosystems. This functional framework development culminated in an adaptive model 
that goes beyond the basic Klein et al., (1999) framework by defining a specific sequence of steps 
within the core information/planning/implementation/monitoring module of the Klein et al., (1999) 
framework (Fig. 4). 
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Figure 10: The Guideline Toolbox Framework: a Functional Adaptation Framework 
model based on the “standard” Klein et al.,  (1999) model framework; an 
adaptive model with a sequence of steps specific to the situation in 
Australia’s estuaries and coastal ecosystems. 

Step 6: Initial Model Evaluation 
As a final step in developing the Guideline Toolbox Framework the completed framework was 
evaluation using a step-by-step empirical test “case study” situation, asking the questions “what 
would actually happen in each step and how would they relate to each other?” This was based on a 
“Fisheries in Clarence River” case study, a situation familiar to most of the project team. The 
outcome of this procedure was further refinement of the framework structure and its linkages to 
produce the final framework (Fig. 10). Detailed descriptions of the logic behind the structure of the 
modules and notes on their further development can be found in: Impacts, Annex A; Information 
and Awareness, Annex B; Planning and Design Annex C. 

Step 7: Model Performance Testing 
Step 6 culminated in a ‘final’ model (Fig. 10), but this model could only be valuable in a general 
sense if it performed successfully for typologically different situations. Consequently, the model 
was applied to a series of case studies with different characteristics. It became clear after the first 
two Performance Testing scenarios (Kakadu and Barratta case studies) that developing a one-stop 
model for adaptation in the context of Australia’s estuaries was unrealistic. This was because 
different aspects of the model were important in different contexts; (i) in each situation particular 
model components were emphasised while others appeared unimportant, (ii) some components 
needed to be repeated in different modules, (iii) the order in which some components needed to be 
addressed, and even their logical position in the model, changed from situation to situation. 
Consequently, this ‘one-stop-shop’ approach was of doubtful value; probably why proponents have 
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repeatedly seen the need to develop new frameworks. These issues are detailed for the Kakadu 
Performance Testing case study in Annex D.  

Conclusion 
The original concept was to produce a final Adaptation Guideline Toolbox Framework (Fig. 10) for 
Australia’s estuaries, then develop a suite of tools to support decisions implicit in the Guideline 
Toolbox Framework - in a conceptual sense that would involve developing tools to support each 
decision point (e.g. Fig. 11).   
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Figure 11: Concept diagram for future development of the Guideline Toolbox 
Framework. If  the framework is considered as a series of decision nodes 
(rounded boxes in the concept diagram) decision support tools will  be 
developed to support those decisions (curved-base boxes) and to support 
final decision (tapered box). 

 

Testing the performance of this framework led to the conclusion that the Framework is a rather 
prescriptive tool, and while it is good for summarising the steps in the process, it is too general to 
provide useful advice on strategies across Australia’s estuaries and coasts; a generalised, one-stop-
shop guideline framework is really not what is needed to support Adaptation Strategies; its rigid 
framework is too restrictive, too inflexible, and a one-stop-shop approach is too prescriptive, to 
provide an overall focus for Australia’s estuarine and coastal Adaptation Strategy needs. Every 
situation will be qualitatively and quantitatively different; each problem unique; the focus of 
adaptation different (e.g. conserving the values of Kakadu National Park versus reaching a 
compromise between protecting agricultural land in the Burdekin Delta and maintaining the 
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fisheries values of the Delta’s coastal wetlands); the stage of development of plans and actions 
different; the purposes varied (e.g. some aimed at determining vulnerabilities, others aimed at 
determine future options, others aimed at specific actions); and each system typologically different 
and of different spatial extent.  

Overall, the process of assessing and appraising the ‘framework’ approach to Adaptation Strategy 
support indicates that, to be useful, advice needs to have a higher level and conceptually different 
focus if it is to provide support that is valid and applicable across Australia. In addition, from the 
point of view of a tool; although the Framework approach is applicable in an overall sense:  

(i) its usefulness depends on the proponents vision of what an ‘adaptation strategy’ is;  

(ii) it is difficult to see exactly how the Framework would really help to produce specific results 
without including much greater complexity -  this would defeat the purpose of having a 
simple model,  and,  

(iii)  it is difficult to see that all components would be applicable to all cases, or that their 
emphases would need to be the same –  in that case (and in case (i)) it would be more 
valuable to a proponent to have the potential of the tools that are already available 
assessed and their application to particular purposes identified.  

So, although the Framework may provide more direction than a standard approach like Klein et al., 
(1999), and is generally a good summary of the steps that could be followed, its practical utility and 
general applicability is limited. As a result, effort around modelling was redirected to a 
comprehensive evaluation of the tools and methods that are available for Adaptation Strategy 
development and assessment of their value for particular purposes. The results of this are reported 
in detail in Appendix 5, which comprises a comprehensive evaluation of the tools and methods 
available for Adaptation Strategy development and assessment.  

In recognition that traditional frameworks are too rigid for use across Australia’s diverse estuary 
and coastal marine systems and that no one approach would be suitable given the range of plant and 
animal assemblages, climates, and region-specific threats and matters of contention, the overall 
project was directed towards developing a set of general principles to help direct adaptation 
strategies whatever the particular situation – see Phase 2: Developing Principles of Operational 
Adaptation Strategies (below).   
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3.2: Phase 2: Developing Principles of Operational Adaptation Strategies 

This final phase of the project develops a set of general principles to help direct adaptation 
strategies whatever the particular situation – general principles that help guide, but not constrain, 
development of informed adaptation policies, plans and actions, whatever the particular situation 
and purpose. 

3.2.1 Environmental Governance 
Adaptation strategies cannot be designed in isolation and need to take into account existing 
governance frameworks. Two areas of information are important because they constrain what is 
possible in the adaptation space: (a) distribution of decision-making roles and responsibilities in 
relation to natural resource management, and (b) regulatory and administrative frameworks. 

(a) The distribution of decision-making roles and responsibilities: Australian environmental 
governance is complex. The management of various environmental assets is shared between the 
Commonwealth, State and Territory, and local governments, co-management arrangements, 
regional natural resource management bodies, Indigenous communities, community-based 
organisations, as well as private land owners and holders. A lack of clear delineation of 
responsibility boundaries, coordination and cooperation are common and ongoing governance 
challenges. These challenges raise the question of leadership, namely: which governance actor 
should take a lead role in looking after ecological assets of coastal fisheries. At the current stage, 
this role (to differing degrees) is performed by the State government departments holding 
responsibility for the implementation of fisheries legislation. To this end, NSW Department of 
Primary Industries can be regarded as a good example of the lead authority establishing cross-
jurisdictional linkages, providing financial resources, coordinating habitat restoration activities and 
mobilising public support. At the same time, the organisational structure of the State governments is 
highly dynamic and subject to frequent reorganisations and shifts in political directions. 

(b) Regulatory and administrative frameworks: Strategic planning of ecological assets involves 
long timeframes and requires long-term political commitment. However, slow progress in the 
comprehensive assessment of the state of the assets and protection of freshwater systems in all 
jurisdictions suggest that existing governance structures face a range of problems that extend into 
the estuarine/coastal space.  

There is a need for more detailed examination of current governance systems to identify their 
potential to protect and enhance these large-scale public assets over long term. While strategies 
need to incorporate large scale, long term goals, implementation actions need to be planned at a 
relatively local level. Each jurisdiction has a different mix of governmental and non-governmental 
management bodies which are or can be potentially involved in the protection and maintenance of 
fish habitat assets. In practice, generalized assumptions cannot be made. For example, many 
reported studies indicate the willingness and capacity of local governments and community 
organisations to participate in the restoration of the coastal zone and riverine and riparian systems. 
At the same time, most of Australia is scarcely populated and a significant proportion of coastal or 
near coast local governments is struggling with financial and human resources (see e.g., 
Productivity Commission 2008).  

The complexity of Australian environmental governance ‘landscape’ suggests that application of a 
‘one size fits all’ subsidiarity model to implementation will not be possible. Adaptation strategies 
will need to consider the variety of jurisdictional, geographic, social, economic and cultural 
contexts defining capacities and interests of particular actors.  
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In all Australian jurisdictions, management of environmental assets follows some sort of ‘sectoral’ 
pattern. At the state level, there are a large number of statutes and subordinate legislation providing 
for the regulation of environmental assets and threatening processes. Government departments or 
their sub-units administer specific legislation portfolios. Fragmentation of regulation cutting across 
separate properties of ecosystems is almost unavoidable feature of the current regulatory system. As 
a result, the regulators may ignore or overlook the interests of other management sectors when they 
try to address particular resource problem. 

Fish habitat protection does not fall neatly within conventional sectoral boundaries; many of the 
regulators responsible for the implementations of fisheries legislation are deficient in authority to 
achieve stated habitat protection outcomes (e.g., have no control over the impacts on riparian or 
coastal vegetation, or development on private land). Long-term protection of fisheries assets, 
therefore, is dependent upon the level of incorporation of protective measures into other legislative 
frameworks providing for activities affecting these assets. A range of governance techniques is 
available to achieve this goal. 

Design of an adequate legislation and policy framework enabling protection and enhancement of 
fisheries assets depends on two other factors. The first factor is the interests and priorities of other 
sectors. Australia’s economy strongly depends on other primary industries such as mining and 
agriculture and related developments producing different pressures on coastal and freshwater 
ecosystems. Similarly, urban and industrial development is an important part of the economy and 
revenue stream of national, state and local governments.  Incorporated interest ‘balance’ in 
legislative frameworks often reflects economic importance of each sector and the ability of 
industries to promote their interests and gain political and public support.   

The second factor is the ability of responsible agencies holding ‘fisheries portfolio’ to form strategic 
partnerships and negotiate with regulators of other sectors. For example, both NSW and Queensland 
Departments of Primary Industries have gained considerable level of control over the assessment of 
development impacts on fisheries habitats (Scandol et al., 2005). Established linkages also enable 
the departments to provide best practice guidelines for development activities requiring construction 
of fish passages. 

Clearly, adaptation strategies need to consider cross-sectoral interests. Each sector will respond 
differently to external economic and environmental drivers, including Climate Change. Therefore, 
an ongoing engagement and communication with other industries, their regulators and the public is 
the key to ensure that the threats to fisheries assets are understood and considered. To this end, 
sound knowledge of fisheries assets, their locations and economic values to the society can become 
an important determinant of negotiating capacity of coastal fisheries.  

In the face of different pressures, there is a need to improve and, possibly, expand ecosystem assets 
of coastal fisheries, although budgetary constraint is a common argument for limited 
implementation of environmental protection measures (see e.g., National ESD Strategy). 
Distribution and funding sources are important determinants of adaptive responses. However, they 
also need to be considered in other contexts where higher priority issues may lie. 

In most cases the income from allocation of fisheries resources is collected and distributed by State 
governments. Fish and other aquatic species are common-pool goods providing benefits for the 
whole society. From the policy side, a strategic question that remains is: which facet of and to what 
extent governments could be expected or required to commit resources both in kind and financial to 
sustain assets required for the provision of these goods? For example, Australian local governments 
neither distribute extractive resources nor are entitled to collect fees or royalties. Therefore, 
decisions directed to meet community needs or increase income base may not be in line with large-
scale public benefit goals. Similarly, private land holders will not be willing to sacrifice their land 
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resources and bear the losses (e.g., decrease in productive capacity or market value) to provide 
additional coastal habitat (Boer 2010). In practice, private land tenure is one of the core obstacles 
for the development of freshwater habitat networks and expansion declared of tidal habitat areas 
(R.Quinn, pers. communication). 

Currently, most of the legislative frameworks include provisions for collection and allocation of 
funds to support monitoring and research of an allocated resource. Application of environmental 
offset policies in several jurisdictions (e.g., NSW, Queensland) enabled regulators to gain additional 
funds from the development industries. This report has not examined in detail funding distribution 
arrangements. However, as applied regulatory mechanisms suggest, there is a limited use of funding 
to support conservation agreements and covenants which would engage private landowners in the 
long-term protection and management of fisheries assets. 

Planning and implementation of adaptation responses (e.g., increase in protected areas, 
rehabilitation of degraded habitats) requires consideration of broader economic context and 
established incentive systems shaping interests and priorities of other governance actors. State 
governments should be prepared to share collected income to support local management initiatives, 
particularly when management functions place additional financial burden on local governments. 
Extension of the scope of applied incentive-based instruments may also be required to align 
priorities. 

Conclusions: Based on this assessment, there are several potential challenges to effective 
governance responses to Climate Change adaptation of coastal fisheries common across all 
jurisdictions. In particular, Australian environmental governance is complex and many factors need 
to be considered in the planning and implementation of adaptation responses; three tiers of 
government and numerous non-governmental bodies have created a range of administrative, 
political, regulatory and strategic frameworks to enable management and sharing of land and 
environmental resources. These arrangements form a complex and dynamic governance system 
with many decision-making bodies performing complementary, overlapping and sometimes 
conflicting regulatory and management roles. Understanding and unpacking this complexity allows 
accounting for multiple factors that can operate as enabling or constraining conditions in particular 
jurisdictions. Consequently, while it is important to continue focusing on responses within 
particular resource sectors, narrow sectoral view on governance problems will not provide sufficient 
basis for the design of effective governance responses in such contested and multi-actor space as 
Australian coastal zones and estuaries.  

Five major factors need to be considered to support the long-term protection of ecological assets to 
sustain the provision of fisheries resources. 

1. shared strategic goals and frameworks supporting identification, planning and management 
of coastal, estuarine and connected freshwater habitats; 

2. clear distribution of roles and responsibilities and allocation of the lead role (mandate) with 
regard to the management and protection of ecological assets ; 

3. recognition of sectoral interdependencies or ‘connectivity’ of environmental governance 
structures and regulatory frameworks;  

4. collection and distribution of revenues to support involvement of relevant governance actors 
taking into account their roles, interests and capacities; 

5. development and application of incentive mechanisms to promote restoration and 
conservation of fisheries habitats, including on private land. 
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Supporting Documents 
Section 3.2.1 is supported by a full report on Environmental Governance presented in Appendix 1: 
Environmental Governance: barriers and bridges to the long term protection of coastal fisheries. 

3.2.2 Using Expert Opinions to Elicit Enablers and Limitations for the Adaptive 
Management of Estuaries and Waterways under Climate Change 
Much of the knowledge and experiences of past, recent and ongoing adaptation research for 
environmental management resides in the collective experience of key individuals, frequently 
managers, scientists and stakeholders in general.  This expert knowledge has been used and is 
currently applied to a wide range of cases, localities of many estuarine and coastal ecosystems of 
Australia, representing also a range of different contexts, complexities and dynamics. In this work 
we use the expert opinions, knowledge and experiences of a range of experts as a proxy data source 
to acquire, assess and gain understanding of current practices, drivers, enablers and constrains of the 
adaptive management of aquatic ecosystem under climate change and variability in Australia.  We 
interviewed 18 senior managers, scientist, and planners, from a cross-section of various governance 
structures of Australia’s estuarine and coastal ecosystems. These interviewees represented a total of 
26 case studies that include specific aquatic systems, research projects and programs, management 
instruments, local governments actions and planning and management of commercial sectors. Our 
aim was to gather the interviewees' opinions and experiences on five target themes:  (1) 
motivational drivers, (2) enablers and constrains to success, (3) experiences in specific case-studies, 
(4) incorporation of climate change, which included enablers and constrains, and (5) the role of 
governance. 

We found that there is a wide range of motivational drivers (n=20), where the more frequent was 
the public pressure, problems and conflicts (both from the bottom-up), and the operational 
management needs (from the top-down).  Other intuitive drivers like political will and information 
provision were surprisingly low in their occurrence in the interviews, contradicting mainstream 
literature on the topic. The enablers of success were also many (n=17), and largely dominated by 
focused and coordinated collaboration, strong leaders and champions, as well as good information 
basis and overall clarity (mandate, goals, challenges, objectives). The limitations and constrains 
were less (n=13), and also a more or less reverse mirror of those of success –i.e. the lack of clarity, 
poor information basis, and poor communications, engagement and understanding were the most 
frequent constrains.  However, only the lack of clarity had a frequency of occurrence higher than 50 
percent among respondents.  Interview data suggests that there is also a wide range of ways to 
include climate change into the adaptive management (n=19). Here, the clarity of aims and goals for 
management problems as well as the need for mainstreaming climate change into the governance 
showed the highest frequency of occurrence. Lastly, a much less number of functions and roles of 
the governance we elicited through the interviews (n=11). The need for a system view (to reduce 
fragmentation), a focus on cross-cutting and holistic approach to management (whole-of-
government system), as well as emphasis in planning and managing for extreme events were the 
highest roles identified for the governance of estuaries an coastal ecosystems.  

None of these finding are novel, unknown or surprising, but the frequency in which they occur 
demonstrate some differences from findings from elsewhere and underlines a key point - it is 
critical for adaptive management initiatives to be context-dependent. In addition, this work 
developed a unique knowledge-basis system that could be used to (i) expand and create a broader 
information basis via monitoring and evaluation, (ii) opens up a field of socioecological research 
that will complements environmental management and (iii) inform and guide administrators in the 
future development of adaptive management strategies for estuaries, wetlands, and coastal 
ecosystems of Australia. 
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Supporting Documents 
Section 3.2.2 is supported by a full report presented in Appendix 2: Using Expert Opinions to Elicit 
Enablers and Limitations for the Adaptive Management of Estuaries and Waterways under Climate 
Change. 

3.2.3 Current Status of Adaptation Planning 
Coastal communities are vulnerable to a diversity of marine Climate Change impacts, ranging from 
the effects of sea level rise on coastlines and infrastructure, to biological and physical changes in 
marine ecosystems and the flow on effects for marine resource users. The way that marine Climate 
Change manifests in coastal communities will be dependent on local conditions and systems, and 
adaptation responses will need to be tailored to suit individual communities. The responsibility of 
adaptation planning is therefore largely placed on municipal councils, as they are situated to 
organise action at the local level (but Australia’s complex governance arrangements often lead to 
conflicts in regulatory and management roles (see Section 3.2.1)).  

Initial assessment of the literature showed little primary literature on the status of adaptation 
planning in Australia. In contrast, our assessment of local government documentation provided a 
rich source of information on progress in adaptation to marine Climate Change in Australia’s 
coastal communities. Clearly, much goes unreported in the peer-reviewed literature.  

Adaptation Progress: In general, progress in Climate Change adaptation in Australia is in the early 
stages; most local governments have not yet implemented any form of adaptation, and were still 
either gathering information in order to understand the local impact of Climate Change in the 
marine environment, or were still planning the kind of action they would undertake in the future. Of 
the 67 councils investigated in this study, 42% did not have any official marine adaptation plans or 
the plans were in preparation and existed in draft form only (25 and 3 councils respectively). The 
presence of plans seems to be related to the magnitude of council income (Fig. 12). In our sample of 
councils the average rates base was around $66 million in 2013, with the smallest council at $1.2 
million (Nannup in WA) and the largest at $871 million (Brisbane in QLD). As would be expected 
this same relationship applies to population size and total spending, as the correlation of these two 
variables with income from rates is 0.973 and 0.958 respectively. 
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Figure 12: The proportion of councils with marine Climate Change adaptation plans 
grouped according to magnitude of income from municipal rates paid by 
home owners. Mill ions (1-9 million) Tens of millions (10-99 million) and 
Hundreds of millions (100 million and over) (information from individual 
council papers). 

Participation in regional or international adaptation networks appeared to have a positive influence 
on the development of marine adaptation plans (Fig. 13). In total 35 councils were members of 
organisations that had the facilitation of local adaptation to Climate Change as a stated aim (this did 
not include membership of state council associations, to which all councils belong). In fact, councils 
that were voluntary members of regional or international networks mostly had marine adaptation 
plans. 

MDS analysis indicated that councils fell into four distinct groups that relate strongly to certain 
characteristics (Fig. 14). These groups are distinguished from each other by three important factors 
– councils ‘size’ (the highly correlated variables of population, total spending and income from 
rates), the degree to which their adaptation plans were developed (the strength of their adaptation 
statements, their progress in terms of stage reached in the adaptation process), and whether drought 
was the dominant driver addressed in their adaptation plans. The group found within the positive 
area of both dimension one and two are large councils with well-developed adaptation plans. 
However, many other large councils also had poorly developed adaptation plans, and these form a 
separate group. In addition, not all councils that had well-developed plans were large, with smaller 
councils mainly from WA forming a separate group, distinguished also by the dominance of 
drought in their adaptation plans if these were present. Finally, small councils that had poorly 
developed plans formed a separate group. These four groupings demonstrate that the degree to 
which adaptation plans are developed is decoupled from council size and access to resources in an 
important way. Taken together with the results presented above (Fig. 12) this suggests that while 
income seems to have an impact on whether a council develop plans in the first place, it does not 
seem to have an impact on how well developed those plans are. 
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Figure 13: Proportion of councils with adaptation plans according to their 
membership to regional, state and international adaptation networks. 

Of those councils that had plans, only half had progressed beyond the understanding phase. Of the 
42 councils that had official adaptation plans 18 were in the initial phase aimed at ‘understanding 
the problem’. These councils were still in the process of identifying and understanding marine 
Climate Change impacts, and actual adaptation planning had not yet commenced. Their activities 
were aimed at understanding the local impacts of marine Climate Change included modelling and 
forecasting, as well as assessments of how these projections relate to existing infrastructure or land 
use. A total of twenty councils had undertaken initial research assessments and were now in the so-
called ‘planning adaptation options’ phase. The plans of the councils in this phase detail the ways in 
which they will incorporate understanding of the impacts of marine Climate Change, and thus 
identifying the circumstances where adaptation will take place. This indicates that these councils 
have engaged with the critical step of developing robust criteria for action. Ten of these councils 
had detailed plans that addressed specific impacts or identified particular impacted areas. For 
example Break O’Day council, TAS, had detailed plans to address the inundation of sewage 
treatment ponds due to sea level rise and increased storm tide heights, which shut down aquaculture 
in the bay for a month after each event.  



P a g e  | 60 
 

 

 

Figure 14: MDS ordination plot of all 67 councils according to all attributes gathered 
in this study. Samples are coded according to state. Vectors indicate the 
direction in which council attributes correlate most substantially with the 
ordination space. Stress =0.08. 

It is clear that some councils within this phase appear further developed than others due to the 
presence of specific plans as opposed to less specific decision criteria. However, for reasons 
detailed in our methods section, in some situations councils may have prudently adopted an 
‘abandon’ approach or a ‘wait and see’ approach, both of which are unlikely to be included as part 
of official adaptation action plans. Drawing a distinction between groups with detailed decision 
criteria but no specific plans, and those with specific plans would be premature without a more 
detailed assessment of their internal decision making process – a task beyond the scope of this 
study. 

Adaptation Focus: The focus of marine adaptation planning is largely restricted to one driver – sea 
level rise. Of the 42 councils with marine adaptation plans, 36 restrict their attention to sea level 
rise. Of the councils that focus on sea level rise 18 specifically address the breadth of associated 
impacts such as increases in storm surge frequency and height, coastal erosion, and salt-water 
intrusion. In general, the way councils plan for sea level rise is to acknowledge the potential impact 
and outline how future conditions may be incorporated into current management practices or how 
current management practices may need to be adjusted. The use of current town planning and land 
zoning practices proved to be a common method of dealing with predicted inundation, for instance 
Bega Valley, NSW, states that “in urban areas… council may have to look at the delineation of a 
coastal hazard line or zone and either prohibit/restrict development in these areas” (Natural 
Resource Planning, pg 6). 

Changing sea surface temperatures and ocean acidification were largely ignored, despite predicted 
impacts on coastal ecosystems and the communities that depend on them. Only 4 councils 
addressed sea surface temperature (SST) increase in their adaptation plans, and none addressed 
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ocean acidification. For those councils in the implementation stage this may simply reflect the 
results of prior vulnerability and risk assessments, however the absence of the investigation of these 
drivers among councils in the understanding phase suggests a pervasive lack of focus on these other 
aspects of marine Climate Change.  

Where SST was included its impacts were mainly discussed in terms of the potential impact on 
marine industries and resource users. For instance, the Sunshine Coast council, QLD, focused on 
the acute impact of SST increase on the “emergent health risks” from the southward spread of 
Irukandji stingers (pg 32). The South Perth council, WA, was taking a holistic approach to improve 
their “understanding of how fishes and their supporting ecosystems respond to changes and how 
these changes impact biodiversity, recreational and commercial values” (Climate Change Strategy 
2010 – 2015, pg 16). While the South Perth council actively aims to support the resilience of the 
fisheries resource, the Tasmanian Break O’Day council’s adaptation actions is of a more 
‘responsive’ type, and has final adaptation plans for increased SST. The stated aim of the Break 
O’Day plan was to facilitate fisheries and aquaculture industries to adapt to the changes in species 
of fish available/suitable under future conditions. The adaptation plan indicates that the potential 
barriers to change are “government regulations such as species-specific licenses and catch limits” 
(pg 2). Even though an adaptive management approach and institutional change may be one 
adaptation measure to marine ecosystem change, the Council plans did not discuss this adaptation 
option.  

Council adaptation plans were generally focused on council assets and town infrastructure (33 and 
38 councils respectively), with little attention paid to the impact of Climate Change on local 
economies via its impacts on marine ecosystems, marine resources or tourism. Only five councils 
discussed the predicted effect of future marine Climate Change on local businesses and the potential 
economic and social flow-on effects. The way in which these five councils planned to assist local 
businesses adapt was by means of treating the symptoms including, for instance, “programs that 
encourage and assist” the development of relevant skills (Bayswater, WA, Regional Climate 
Change Adaptation Action Plan, pg 31) or by ensuring “appropriate planning and policy 
mechanisms are able to support business” through the “identification of new industries & 
businesses, urban design & investment in infrastructure” (Belmont, WA, Local Climate Change 
Adaptation Action Plan, pg 24).  

Conclusions: Most Australian coastal communities are in the early stages of progress in marine 
Climate Change adaptation planning. Despite local governments being positioned ‘on the front line’ 
of responding to Climate Change, not all councils had considered marine drivers. Of those coastal 
councils who had considered it, few had progressed beyond the understanding and planning phases. 
This is mirrored in developed countries world-wide; actual intervention is rare, and where it is 
occurring, it is typically in the early stages (Moser & Ekstrom 2010). Importantly, the presumed 
high adaptive capacity of developed nations such as Australia may not necessarily translate into 
adaptation action (Ford et al., 2011). The various barriers that constrain the local adaptation process 
and result in this global pattern of inaction are the subject of continued scholarship (Moser & 
Ekstrom 2010).  

Our study provides evidence of two widely reported barriers; a lack of resources and a lack of 
connections to relevant organisations that provide information and assist in communication. These 
two factors may be contributing to the slow progress of adaptation planning, and translating 
planning into action, in Australia’s coastal communities. In particular, a lack of resources, whether 
absolute or perceived, may limit actions that would otherwise progress adaptation (Tribbia & Moser 
2008). However, resources are only important up to a point. Once councils have enough resources 
to begin developing plans, other factors not examined in this study may become more significant. 
For instance, attributes of council staff such as level of education and specific Climate Change 
adaptation training, as well as institutional culture have emerged as important enablers of action in 
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other developed countries (Burch 2010), as is the presence of a champion in the council or nearby in 
the social and political landscape (Roberts 2008).  

Effective communication, particularly between and across different levels of government in the 
coordination of adaptation efforts, has been identified as a major barrier to action within European 
countries (Biesbroek et al., 2010). An aid to overcome this may be participation in adaptation-
focused networks, which emerged as being closely linked with marine adaptation plans in our study. 
Participation in adaptation-focused networks seems especially pertinent in regional initiatives that 
link several local governments in a geographical area. Regional organisations of councils are 
voluntary partnerships between several (usually neighbouring) councils in a region, dedicated to 
cooperatively perusing certain agendas by sharing resources, information and responsibilities across 
jurisdictional boundaries. Many have developed into sophisticated regional governing networks 
(Marshall et al., 2003). Some have taken up the challenge of regional adaptation, and serve as the 
hub for the development of member council adaptation plans. This may be particularly important in 
advancing adaptation if the social-ecological system of concern functions at a larger spatial scale 
than local government areas (Moser & Ekstrom 2010). In that circumstance functional relationships 
between councils would be crucial to avoid serious barriers (Cash et al., 2006).  

In the context of climate driven change in the marine environment, it seems most councils focus 
solely on sea level rise with an obvious lack in accounting for the multiple drivers involved. Given 
the wide range of impacts for coastal communities associated with the effect of increased sea 
surface temperatures and ocean acidification on marine ecosystems, this appears to be a major gap 
in Australia’s overall preparedness for predicted Climate Change. As many of the economic impacts 
of marine Climate Change are linked to these other drivers, it is somewhat surprising that few 
councils have plans to adapt to the economic aspects of marine Climate Change. This is a trend 
throughout the developed world – adaptation is overwhelmingly focussed on transportation, 
infrastructure, and utilities sectors – areas where investments have a long lifespan (Ford et al., 
2011).  

Sea level rise impact assessments are relatively simple to translate into council policy, and are fairly 
straightforward to respond to with the management tools commonly used by councils, such as 
rezoning areas of development and residence, and as evidenced in this study, this is how councils 
are proceeding. However, this is not the case for most other Climate Change impacts that show 
pervasive uncertainty (Harris and Heathwait 2012). Response to these requires robust strategies 
(Lempert et al., 2010).Where dynamic social-ecological systems like fisheries are involved 
important options are approaches such as building adaptive capacity (Madin et al., 2012), 
developing institutions and instruments for reflexive and adaptive management (Brander 2010) and 
building and diversifying the livelihood asset base of the community (Badjeck et al., 2010). These 
often explicitly require the use and sometimes the development of new management tools. 
Information on ways to operationalise resilience (Davidson et al., 2013) is available, yet it seems 
these types of approaches have not yet been widely adopted by councils.  

While councils have been positioned on the ‘front line’ of implementing local change, there seems 
to be a duality to their involvement in adaptation activities. On one hand there is the well-
established legal and institutional impetus to properly manage their own assets and responsibilities 
in the face of change, and on the other is the relatively recent high-level directive of their role in 
providing leadership in adaptation. The former may be a more immediate incentive for councils. 
Legal responsibility in the face of Climate Change impacts was a stated concern of councils (Pillora 
2011), and a report by the legal firm Baker & McKenzie (2011) regarding this was commissioned 
by the Australian Local Government Association. Councils face legal liability if they 
‘unreasonably’ fail to take into account the effects of Climate Change in their service, planning and 
development activities. Effectively, this leaves them open to liability from tangible impacts, but not 
from less tangible and predictable impacts such as those reported for ecosystem change. 
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Responsibility may play a key role in decision making for councils, especially in the prioritisation 
of actions. For example, the Climate Change risk report (Travers et al., 2009) commissioned by 
Mandurah, WA, to determine their adaptation response categorised the council’s level of 
responsibility for implementation for each adaptation option. Aspects of marine Climate Change 
adaptation that are clearly the responsibility of councils (legally or otherwise) may be receiving the 
bulk of what resources are available, while other aspects of adaptation where responsibility remains 
ambiguous may be falling by the wayside.  

From the perusal of council documents it is clear that every situation will be qualitatively and 
quantitatively different; each problem unique; the focus of adaptation, the stage of development of 
plans and actions different; the purposes varied (e.g. some aimed at determining vulnerabilities, 
others aimed at determine future options, others aimed at specific actions); and each system 
typologically different and of different spatial extent. Councils are not equivalent, and given that the 
process of adaptation must be unique, each council will necessarily progress through this at 
different rates. More important is the quality of the process, which rests heavily on the reasoning 
used in decision making. The basis on which these decisions are made is the locus of adaptive 
success.  Having robust criteria that take into account both the dynamic nature of the social 
ecological system in question, and the seemingly obvious but often unacknowledged requirement 
that adaptation plans must necessarily be ‘adaptive’, can help ensure that action taken is appropriate 
in the long term. Key aspects of this process take place during closed meetings and communication, 
and are part of the social and political context in which all council processes are embedded. So, 
while difficult to assess and well beyond the scope of this study, these are probably the areas where 
the most fertile improvements can be made.  

Supporting Documents 
Section 3.2.3 is supported by a full report presented in Appendix 3: Assessment of local government 
progress in marine climate change adaptation in Australia. 
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3.2.4 Principles of Operational Adaptation Strategies 

Rather than the prescriptive model of a series of steps e.g. that modified from the IPCC (Fig. 10), 
adaptation can be conceptualised in a more fundamental way (Fig. 15); simply as a model of the 
various factors that bear on the development of an adaptation strategy. Such a model does not 
prescribe a sequence of tasks but indicates a range of factors that need to be considered – any 
combination might be important for a particular situation and purpose; the tasks will need to be 
expanded and developed in particular ways depending on the situation in question.  

 

 

This suggests that what are needed are general principles to help direct adaptation strategies, with 
common attributes and approaches to help guide, but not constrain, the development of informed 
adaptation policies, plans and actions. These principles outline the key attributes of an Adaptation 
Strategy suitable for Australia’s ECMEs, detailed in the report Appendix 4: “Adaptation strategies 
for optimised public benefits from Australia’s estuarine and coastal marine ecosystems: 9 
principles”, fall into 4 categories: 

• Strategy Landscape 

• Strategy Development 

• Governance 

• Tools 

Strategy Landscape 
The Strategy Landscape refers to the broad context in which strategy objectives need to be 
developed to provide meaningful outcomes harmonised across all stakeholders and over multiple 
relevant timescales. 

Figure 15: A generic model of an adaptation strategy: simply a 
depiction of the various factors that bear on the development 
of an adaptation strategy. 
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What ‘types of strategies’ will give the optimal resource sustainability outcomes over different time 
horizons? This needs to account for such things as regional and typological differences and 
interactions with impacts on and from other sectors. The problem here is that most actions focus on 
local problems resulting in problem-specific actions. This approach tends to produce fragmented 
outcomes as different groups focus on their own priorities. Most importantly, such actions are 
unlikely to lead to ‘strategic’ outcomes; outcomes that support major resources for the overall 
public good. Rather robustness and resilience of large-scale resources are conferred at large scales, 
such as whole-of-ecosystem, whole-of-catchment or whole-of-fishery scales (Christensen et al., 
1996; Richards et al., 1996) that include whole ecosystem complexes and the connectivities among 
them. To achieve this requires actions that integrate over local areas to focus on whole regions to 
produce outcomes at the scale of whole of resources.  

There are two important aspects to the ‘Strategy Landscape’, (i) the need to develop adaptation 
strategies in a broad, holistic context, and (ii) the need to focus on whole-of-system, long-term 
outcomes for socio-ecological systems. 

Principle 1: Successful adaptation strategies need a to be developed in a broad, 
holistic context!!
Climate Change is only one of a broad suite of factors that impact coastal systems (e.g. port 
developments (Grech et al., 2013), increasing urbanisation (Lee et al., 2006), and natural disasters 
(Loneragan et al., 2013)). Climate Change should be seen in the context of the Driver-Pressure-
State-Impact- Response (DPSIR) framework ((OECD 2003) which is an extension of (OECD 
1993)) which describes the causal links between Drivers (D – natural and human-induced activities 
and processes that cause pressures) and the resulting social, cultural, economic and environmental 
Pressures (P – direct stresses on the SES), their consequences on the State (S – abiotic, biotic, 
social, economic, cultural conditions of the SES), the Impacts (I – effects on human and ecological 
systems due to changes in state) and Responses (R – actions to solve the impacts), such as 
management and adaptation measures resulting from the changes in the SES. In fact many of the 
impacts (e.g. extreme events) only represent changes in the frequency of pressures that have been 
active for millennia (Proske & Haberle 2012). Similarly, strategies that lead to impacts need to be 
developed in a SES landscape where there are many competing interests to be considered; for 
example, actions that might be good for shoreline protection might negatively impact industry, 
livelihoods, fisheries, tourism or the environment. The embedding of Climate Change DPSIR 
framework as well as the need to consider the multiple ways in which any action can impact other 
facets of the SES and the need to consider short- and long-term goals and effects, means strategies 
need to be developed in a broad, holistic context (Hughes et al., 2013). !

Undertaking adaptation strategies in an expansive, holistic context is a broad contextual principle; in essence, an 
overarching principle within which the succeeding principles are embedded. 

Principle 2: Focus on whole-of-system, long-term outcomes for socio-ecological 
systems  
Each of the reviews and the interviews (Appendix 2) indicated that the relative values of alternative 
actions and alternative strategies to different sectors (public, commercial, individual) differed 
depending on the time horizon considered. However, in each case short term, local actions focused 
on relatively small-scale local problems and were unlikely to lead to positive outcomes for large-
scale public resources (such as ensuring fisheries sustainability or ecosystem health); either because 
they didn’t focuses on large-scale issues, or if they did they only addressed them at the local level. 
This means they neither explicitly addressed large-scale questions nor were likely to align with 
actions taken in other jurisdictions to produce coordinated large-scale outcomes (Kates et al., 2012). 
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Thus these seem like suboptimal approaches if the aim is to ensure the sustainability and resilience 
of our estuarine and coastal resources into the long term. 

In fact, there is ample evidence that, from a broad range of perspectives, maximum public benefit 
accrues from maintaining and restoring resilient ecosystems (Christensen et al., 1996; Pikitch et al., 
2004) that provide healthy human living environments (Corvalan et al., 2005), support optimal 
biodiversity (Folke et al., 2004), and underpin robust and productive fisheries (Dickey-Collas et al., 
2014). This is best achieved by focussing on long-term transformative outcomes that provide on-
going benefits by enhancing resilience and reducing vulnerability in the long term (Lim et al., 
2004). In estuaries, one key aspect of resilience is concentrating on maintaining system continuity. 
In the past adaptation has usually taken the form of incremental change intended to avoid 
disruptions to systems at a local scale (Kates et al., 2012), however, these continued marginal 
adjustments are ineffective at reducing long term vulnerability and preventing eventual resource 
degradation (Rickards & Howden 2012). This is particularly concerning in the face of the rapid 
environmental alterations engendered by Climate Change (Stafford Smith et al., 2011) that can lead 
to regime shifts – sudden catastrophic transitions to contrasting states (Scheffer et al., 2001). In 
contrast, focussing on maintaining and enhancing ecosystem resilience (Holling 1996) provides 
long term durability and availability of resources because it supports continued ecosystem 
functioning in the face of substantial change; in essence future-proofing the system (Lawler 2009). 
Supporting ecosystem resilience is particularly important in the case of Climate Change, where 
rapid, large scale change can lead to regime shifts necessitating ecosystem processes to be robust 
and able to adjust to altered states (Scheffer et al., 2001), reducing the long term vulnerability of the 
resources the ecosystems support.   

Because ecological systems are intimately influences by the social systems that rely on them (Fig. 
13), ensuring resource resilience needs to focus on the SES as a whole (Folke et al., 2010). 
Accounting for the interconnectivity and interdependencies of SES's components will involve 
considering both the components themselves and their connectivities. This means that effective 
CAS will necessitate trade-offs; requiring flexible policy able to cope with change and sensitive to 
the balance between ecosystem outcomes and local socio-economic needs.  

What sort of strategies and goals might support long-term resilience? Strategies and actions will 
need to match with the scale of the resource and resource supporting processes (e.g. the whole land- 
and sea-scape that provides nutrient and nursery ground support for a whole fisheries population 
(Fig. 16)); that will require whole-of-system thinking. Smaller-scale actions are likely to only act on 
one part of a resource, and may even increase vulnerability if interrelationships between different 
components of the resource are not recognised (Harris & Heathwaite 2012). This is likely to be the 
case where actions relating to one part of the SES fail to account for outcomes in another part 
(Lempert et al., 2010). To ensure that actions have real broad-scale benefits, goals need to match 
with the scale of resources and resource supporting process (e.g. aiming for no net fisheries loss, no 
net loss in productivity or no net loss in nursery ground value at a landscape scale). 

 

 

 

 

 

 



P a g e  | 67 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resilience needs to be measured and communicated. Moving towards ecosystem resilience requires 
a detailed and specific knowledge base about what constitutes a ‘healthy’ ecosystem, how to 
maintain it, and how to value it in ways that can be understood and appreciated by all recipients of 
ecosystem services (Dickey-Collas et al., 2014). Valuing ecosystem services in a currency that 
allows direct comparison against the values of competing needs is particularly important. In most 
cases this requires monetary evaluation. Such valuations are rare but their development is 
fundamental to ensuring effective management. 

What sorts of actions are available to support broad-scale goals? In most cases specific practical 
CAS options will be limited (Lawler 2009). So where there are few real long-term fixes, meaningful 
adaptation will be more about non-Climate Change actions that will support the large focus 

Figure 16: The pathway to a sustainable future for coastal ecosystems and their 
Socio-Ecological systems.  

The upper right hand panel summaries the current situation, where conceptualisation of the dependencies 
between ecosystems and stakeholders in socio-ecological systems largely ignores key connectivities between 
coastal and estuarine habitats and fisheries stocks (ecological profile types 1-6 in the upper left hand table). 
The lower half of the figure indicates what is needed for a sustainable future; explicitly linking estuarine and 
coastal ecosystems into conceptualisations of socio-ecological systems. 
Table codes:- estuary/bay nursery: estuaries, bays and their component habitats (e.g. seagrass, mangrove, 
sandy beaches) are  recognised primary nursery habitats; estuary/bay fishery: a component of the fishery 
occurs in estuaries, bays and their component habitats; neashore/offshore fishery: a component of the 
fishery occurs in neashore and/or offshore waters; coastal wetland productivity dependent: species are 
thought to depend on the productivity of coastal wetlands; this includes most species using estuaries; 
planktivores are excluded because they are often primarily dependent on water column productivity 
(although this may itself rely on wetland carbon). 
# The summary table in the figure is extracted from Table 2 in Milestone 2 FRDC project 2012/046. 
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outcomes as Climate Change proceeds (e.g. ensuring fisheries resilience by repairing and 
remediating habitats that have been damaged or lost through past human actions (Hughes et al., 
2013)). 

Strategy Development 
It is vital to ensure that adaptation strategies are developed in the context of outcomes and large-
scale goals, and in particular to ensure that actions taken lead to optimal outcomes given uncertain 
knowledge and the potentially conflicting objectives of stakeholders.  

There are three aspects of ‘Strategy Development’ that need to be considered; i) Employ robust and 
adaptable strategies that minimise harm across human and natural systems; ii) Acknowledge a 
multi-scale vision and incorporate a multi-scale approach and iii) Ensure fair, representative and 
equitable stakeholder engagement. 

Principle 3: Employ robust and adaptable strategies that minimise harm across 
human and natural systems  
There has been considerable theoretical (Lempert & Collins 2007; Harris & Heathwaite 2012) and 
practical (Harris 2009) development of the idea of Robust Decision Making (RDM). RDM is based 
on the idea that where outcomes are uncertain it is best to use robustness rather than optimality as a 
decision criterion, to characterise uncertainty with multiple representations of the future, and to 
select strategies that perform acceptably across the range of plausible outcomes (Lempert et al., 
2010). 

RDM contrasts with the traditional decision making approach that is based Optimum Expected 
Utility (OEU), which assumes the likelihood of a particular outcome can be described by a single 
probability distribution, leading to a predictable link between action and effect.  Investing in actions 
to promote change means making appropriate decisions in the face underlying risk. As a result, the 
level of uncertainty determines the type of decision making that is likely to be effective. When 
uncertainty and cause-effect relationships are well understood, OEU will provide the optimal 
decision (Lempert & Collins 2007). However, this will rarely be the case with ecological questions 
where complexity limits what can be deduced (Harris & Heathwaite 2012), so there is pervasive 
uncertainty about the outcome of actions (Lo & Mueller 2010). As a result, approaches that allow 
robust decision making in the face of uncertainty are required. Almost at the opposite extreme to 
assuming a defined optimal outcome based on OEU is the Precautionary Approach (PA), where 
decision makers aim to prevent future harm when the causal link between action and outcome is 
unclear. The avoidance of harm makes the PA an appealing fall-back position; however RDM can 
often provide enhanced outcomes because it provides a basis for reconciling competing goals 
(Lempert & Collins 2007). RDM provides a way forward when substantial uncertainty limits 
predictability of outcomes and so prevents the determination of optimal outcomes (Lempert et al., 
2010).  

In effect a Robust Strategy (RS) is insensitive to uncertainty about specific outcomes (Lempert & 
Schlesinger 2000). An RDM might involve trading optimal performance for reduced sensitivity to 
violations of assumptions, adopting a strategy that performs well across a wide range of alternative 
responses, or selecting an approach, such as a no-regrets strategy, that keeps options open (Lempert 
& Collins 2007). RDM strategies should be adaptive in the sense that they should be designed to 
shape and maximise the options available to future decision makers (Lempert et al., 2010). An 
RDM approach challenges decision makers to explore a wide range of plausible outcomes, so can 
help reduce problems of overconfidence in outcomes that hamper the success of traditional 
decision-analytic methods when uncertainty is substantial (Lempert et al., 2006). 
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The inherent uncertainty of responses in estuarine ecosystems suggests that RDMs will usually be 
most appropriate. RDMs are based on the idea of minimising the potential of unacceptable 
outcomes rather than necessarily obtaining an “optimal” but risky solution. Different types of 
RDMs use different approaches and criteria for making RDM decisions (Table 10). Development of 
option sets usually proceeds via quantitative assessment of competing models of system behaviour 
(Lempert et al., 2010), but because the methods are based on simple logic they lend themselves to 
qualitative displays of options that allow stakeholders to make informed decisions (Lempert & 
Collins 2007) as long as they understand the approach, the goal of the exercise and the nature of 
uncertainty.  RDM methods are aimed at the development of strategies that satisfy with particular 
robust goals (Table 11). The characteristics of strategy developed may be influenced to some extent 
by the approach chosen but the strategy chosen will often satisfy more than one of the robust 
criteria (Hallegatte 2009). The unpredictable nature of the action-outcome link will mean there will 
almost invariably be incomplete certainty about the attainment of the goal. For instance, in reality 
no-regrets strategies will usually be low-regrets or low-probability-of-regret strategies. 

Table 10: Three different approaches for making Robust Decisions (based on (Lempert 
& Collins (2007)). 

RDM Approach Details 
Trading Some 
Optimal Performance 
for Less Sensitivity to 
Assumptions 

The aim is to find strategies that reduce the major risks due to uncertainty at 
the expense of not aiming for the overall best possible outcome. The 
decision on the best strategy is then determined by the trade-off between 
acceptable risk and an acceptable outcome.  

Keeping Options 
Open 

The aim is to produce an interim outcome that moves towards a definable 
goal but is conservative in the sense that its results don’t constrain future 
decisions aimed at achieving the goal. It is important when uncertainty is 
large because it allows for progress to be made followed by re-evaluation of 
the interim outcomes. 

Satisficing Over a 
Wide Range of 
Futures 

The aim is to find a robust strategy that performs reasonably across a wide 
range of plausible futures. Tends to produce many strategies that are 
acceptable choices. 
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Table 11: Some common robust strategy goals, their attributes and examples. 

Goal Attributes Example 
No-regrets Actions that will produce no known 

detrimental impacts on the target 
situation regardless of uncertainty of 
outcomes and that have no known 
adverse collateral impacts 

Replanting mangroves to replace forest 
lost after a cyclone  
Improve the habitat value of a seawall 

Minimising 
collateral damage 

Choices that minimise detrimental 
impacts to other sectors of actions 
that address imperative needs 

Make choices that have the lowest 
impact on surrounding values (e.g. 
agriculture) where immediate action is 
required (e.g. due to legislation) to 
prevent severe degradation of 
protected areas 

Reversibility Actions that minimise future damage 
and costs of retrofitting if initial 
outcomes are inappropriate 

Constructing a culvert under a road to 
reconnect an isolated area of coastal 
wetland 

Bet hedging Solutions that incorporate ‘safety’ 
features; important where desirable 
actions may have undesirable 
outcomes under some circumstances 

Reconnect wetlands with culverts but 
include flood gates to allow exclusion 
of excessive tidal water to maintain 
hypersaline conditions 

Safety margin Build in extra capacity to facilitate 
future change that extends the 
effectiveness time-frame of actions; 
increases longevity of beneficial 
outcomes; usually an addition to 
other strategies 

Assume sea-level rise will be faster 
than predicted and increase minimum 
elevation criteria for resettlement when 
moving dwellings landward away from 
foreshores 

Increasing time 
horizon for 
additional action 

Actions that allow time for other 
options to  be developed and 
implemented 

Move houses back from foreshores to 
facilitate habitat migration allowing 
time for development of alternative 
responses to habitat loss 

Maximising 
complimentary 
benefits 

Actions that result in the maximum 
network of advantages across all 
affected sectors 

Legislation aimed to provide benefit 
across impacted sectors 

Balancing risk and 
reward 

Choose less attractive action with 
more assured benefit where value of 
the attractive action with greater 
potential value is uncertain 

Restock fish if value of removing a 
barrier is uncertain in the long term 
(e.g. because of uncertainty about 
future river flow patterns) 

Soft options Approaches that do not involve 
remedial actions; these are reversible 
solutions that keep options open 

Detailed monitoring to give early 
warning of the need for specific action 
if it is ever required, coupled with pre-
planning of potential responses 

Action criteria based on understanding of the nature and extent of uncertainty provide the basis for 
identifying achievable outcomes and sensible approaches to measuring their success. However, it is 
critical that all parties involved in the process have a full appreciation of uncertainty and its 
implications (Harris & Heathwaite 2012). Communicating this effectively and ensuring that this 
understanding is explicit in all levels of decision making is a major challenge, but is critical to 
success; it is necessary both to ensuring that uncertainty is fully included in decision making and to 
enabling end-users (e.g. politicians, the public sector) to understand the value of outcomes free from 
unrealistic expectations. 
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Principle 4: Acknowledge a multi-scale vision and incorporate a multi-scale approach  
The coastal space is by nature complex; it has a large range of stakeholders with very different and, 
potentially, conflicting objectives (Grech et al., 2013). Furthermore, governance systems are 
fractioned into different tiers of government and local bodies, making a co-ordinated approach to 
management difficult (Dale et al., 2010). This means that there can be a disconnect between local 
knowledge and regional decision makers – both temporally and spatially. For example, locals often 
see a local scale issue well before regional or national bodies. Yet, a long-term strategic overview of 
a region may be more visible to a regional body than a local resident. This means that there is the 
potential for a real divide to occur between small-scale, localised management actions and large-
scale catchment level management responses (O’Loughlin & Nambiar 2001). Furthermore, the 
adaptive management loop may indicate the benefit (or not) of an action at totally different time and 
spatial scales than was originally intended. Due to the long-term nature of some climate adaptations, 
the system response to an action may be well beyond the life cycle of a management body. 

Consequently, comprehensive adaptation strategies need a vision that embraces these multiple 
scales and leads to decisions and actions that embrace multi-scale understanding (Raven et al., 
2012). All proponents need to understand this multi-scale vision and recognise that incorporating it 
will often require different approaches by different players. It must be clearly understood that scale 
(both temporal and spatial) matters – it is likely that actions will occur on a much smaller time and 
temporal scale than the strategy. For example, whereas the strategy needs to have an over-arching 
broad scale view linking relevant policies together, actions may need to be an accumulation of 
several small to medium actions delivered by several agents (Raven et al., 2012). The systems 
under which this can operate will need to be informed by, and inform, actions at all scales; 
communications between locals and management bodies need to be strong and two-way. 

However, in taking a multi-scale approach it is important to acknowledge the reality that objectives 
need to be relevant to specific impacts and vulnerabilities; they should produce effective outcomes 
for the target issue at the target scale of effect. A multi-scale perspective requires that gains at the 
target scale should be consistent with, and value-add to, goals at larger conceptual scales of the 
adaptation strategy landscape, and should be operable and appropriate in the light of other coastal 
and Climate Change issues (Klein et al., 1999: p. 241). The final strategy employed should not 
hamper but if possible value-add to larger strategy goals – if not it will produce overall negative 
outcomes. 

Principle 5: Ensure Fair, Representative and Equitable Stakeholder Engagement  
Comprehensive stakeholder engagement is important to achieve natural resource outcomes in the 
context of adaptation to Climate Change. Engagement of all stakeholders in strategy development in 
a participatory approach combining top-down and bottom-up perspectives provides both a richer 
suite of perspectives and legitimacy through participation and consideration of stakeholder 
aspirations. Stakeholder involvement needs to occur from the beginning to the end of the process, to 
ensure translation of large scale objectives to local solutions. Keeping stakeholders engaged 
requires facilitation of on-going stakeholder interest and involvement through mentoring and 
championing, and ensuring they are intimately involved in decision-making. 

There are several types of stakeholder engagement largely defined by the tasks to be undertaken and 
the political and social norms, as well as the capabilities and aspirations of the stakeholders (Sen & 
Hasan 2001). Instructive involvement is a mechanism for information exchange. Consultative 
involvement is where stakeholders have a degree of influence over the process and outcomes. 
Cooperative involvement is where primary stakeholders act as partners in the decision-making 
processes (Sen & Hasan 2001). None of these types of involvement is more desirable than another, 
or mutually exclusive.  
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In situations where community opportunities to participate in and influence decision-making 
processes are not widely available, adaptation policy and options may not match the community’s 
views, in which case there is a high risk they may fail to achieve the intended outcomes 
(Productivity Commission 2012). Through community engagement the public is involved in solving 
problems or making decisions, and public input can be used to make decisions (International 
Association for Public Participation, http://www.iap2.org.au/).  

There are a multitude of projects, both in Australia and overseas, which have developed 
frameworks, or road maps, for different organisations on how to engage with communities over 
Climate Change issues and how to develop adaptation plans (e.g. Fernández-Bilbao et al., 2009; 
Booth 2012). There are many methods that can be applied to interact with communities, but the 
reason for the interaction, i.e. to obtain information, to establish community engagement, to 
promote community adaptation, will generally dictate the most appropriate avenue of interaction. 
Fernández-Bilbao et al., (2009) bases the type of engagement for community adaptation planning 
and engagement on three types of adaptation decisions: (1) low conflict, controversy or uncertainty 
about the adaptation, (2) need for buy in from a number of stakeholders, or (3) high conflict, 
controversy and uncertainty about the need to adapt and/or the way to adapt. 

An advantage of deliberative methods that involve active stakeholder participation is that they 
encourages social learning as part of this process. This approach is particularly useful when the 
problem is complex and uncertainty is high (Walters & Holling 1990). Social learning takes place 
when groups of multiple stakeholders with a diversity of values get together to discuss, model, and 
find solutions to problems (Martin et al., 2009; Ison 2010). Social learning frameworks have been 
used in a climate adaptation context mainly in case study applications; for instance, water resources, 
wildlife management and agriculture (Martin et al., 2009). Social learning is increasingly gaining 
interest over more traditional methods of information dispersal and expert-based teaching (e.g. 
Blackmore et al., 2007; Muro & Jeffrey 2008; Pahl-Wostl 2009).   

The sharing of experiences in group discussions provides rich outcomes in terms of, for instance, 
the ability to process uncertainty information (Albert et al., 2012). The process of undertaking the 
adaptation assessment plays an important role in catalysing social learning and collective action 
(Eakin & Patt 2011). Empirical evidence suggests that the ability of societies to adapt is determined, 
in part, by the ability to act collectively (Adger 2000).  

The diversity of communities is a crucial consideration in the context of adaptation planning. 
Community profiling is important to gain an understanding of demographic profile and the various 
interest or stakeholder groups. There are many hard to reach groups, with a range of barriers that 
inhibit participation, ranging from personality types, age, mobility, language, pressure groups, and 
access.  There does not seem to be an easy and ready method or technique that encourages the 
participation of the harder to get groups. In many reports on adaptation planning, the lack of 
participation is mentioned as a problem (e.g. Booth 2012). Nevertheless, after finishing a set of 
engagement activities, continued communication with stakeholders should be part of a long-term 
strategy. 

Governance  
There are two aspects of ‘Governance’ that need to be considered; i) Harmonise legislation, policy 
and actions to achieve large-scale, long-term public benefits; and ii) Effective governance that is 
clear, consistent and complementary. 
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Principle 6: Harmonise legislation, policy and actions to achieve large-scale, long-
term public benefits 
Harmonising actions and public benefit involves increasing the concordance between the scales at 
which ecological and biophysical processes occur, the scales at which legislation and policy are 
made (central government), and the scales where actions are taken (local governments/regional 
bodies). 

Harmonising policy with ecosystem: Harmonising policy with ecosystem outcomes requires 
determination and incorporation of the large-scale long-term ecological and biophysical processes 
that need to be supported to ensure healthy, resilient ecological assets (Fig. 16). These include the 
key drivers of ecosystem wellbeing and resilience [appropriate productivity, connectivity and 
habitat] and the processes that support them (Lake et al., 2007; Carroll et al., 2010). Once these 
factors are recognised they need to be used to inform policy (Gaydos et al., 2008). This means the 
development of an extensive two-way dialogue between scientists and policy makers. Getting this 
right will go a long way to ensuring all levels of decisions are made in a holistic context that 
focuses on whole-of-system, long-term outcomes. 

Harmonising actions with policy: Ensuring continuing ecosystem resilience requires adaptation 
strategies aimed at protecting and/or enhancing these large-scale public assets over the long term 
(Creighton 2013). However, many “adaptation strategies” are developed and implemented at a 
relatively local level and more closely represent tactics for achieving specific outcomes rather than 
truly being strategies aimed at optimising outcomes in the face of changing climate and sea level 
rise (Hallegatte 2009; Drake et al., 2013). True adaptation strategies need to take a broader view 
because they need to focus holistically on achieving optimal outcomes for all sectors and 
participants into the future. Consequently, they need to incorporate a large scale, long term view 
that focusses on optimising cross-sectoral benefits. Exactly what the large scale, long term goal(s) 
should be is a key question that needs to be developed in a public consultative process aimed at 
reconciling different perspectives and values (Harris & Heathwaite 2012).  

Although strategies aimed at public benefit need to address large scale, long term goals, actions to 
implement strategies generally occur at a relatively local level (Drake et al., 2013). Consequently, 
there is a need to reconcile and align policies (that have large scale goals) and local level actions to 
achieve public benefit outcomes. Many local level actions will rarely align with large scale pubic 
benefit goals, and may even be contrary to those goals (e. g draining wetlands to reduce local 
flooding [private benefit] is likely to produce a very negative public good outcome [i.e. loss of 
carbon sequestration potential] (Drake et al., 2013)), so there is a clear need to include evaluation of 
the extent to which any particular local level action aligns with large scale goals when developing 
local level action plans. To date such evaluations seem to be rare occurrences in Australia 
(Appendix 3 Assessment of Local Government Progress in Marine Climate Change Adaptation in 
Australia) but are critically important if Climate Change actions are to lead to large-scale public 
benefits. 

From the policy side, there is a need to ensure that governance structures are sensitive to the 
complexity of the Climate Change adaptation problem and that translate into local level actions that 
support public benefit goals (Roberts 2008). Ensuring that policy goals produce actions focused on 
public benefits will mean increasing the integration and coherence of legislation and action between 
different catchment components (e.g. freshwater vs. estuary vs. coasts/ocean) and government level 
(Local, State, National), as well as communicating the need for actions to lead to overall public 
benefit as an overall goal of adaptation actions and action plans. This will require adjusting policies 
and particularly the communication of the goals of policy to ensure they are sensitive to social, 
economic, and environmental dimensions (Fidelman et al., 2012; Fidelman et al., 2013). 
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Principle 7: Effective governance that is clear, consistent and complementary 
The complexity of governance relating to Climate Change, and responses to it, means there is a 
need for clarity, consistency and complementarity in defining responsibilities and policy 
implementation of different management/governance authorities. Consequently, substantial success 
requires integration of top-down (State, Commonwealth) policies and legislation, and bottom-up 
(local, community) level actions, together with a clear definition of roles and responsibilities. 

The concept of ‘governance’ describes ‘who’ makes decisions, has powers and responsibilities, and 
‘how’ they are exercised (Borrini-Feyerabend et al., 2006: p.116). Governance has long been 
identified as both the source and solution to environmental problems. Effective governance can 
support and encourage adaptive capacity to maintain or improve the conditions of SES. 

!

 

Figure 17: Opportunities and constraints from the interaction of the two components 
of governance systems: institutions (rules) and organisations (people). !

 

Governance comprises two interacting components: institutional (rules) and organisational (people) 
(Fig. 17). Institutions are the laws, policies, regulations, norms, customs, cultural processes and 
other rules that shape human action. Organisations are the actors, which can be broadly defined as 
an organised body of people with a particular purpose, where its members develop rules for 
collective decision delegation and membership (Argyris & Schon 1978). While institutions define 
opportunities and constraints within which governance actors work, governance actors may shape 
and alter institutions (Hodgson 2006). 

In the governance context fisheries SES can be seen as “nested sub-systems within wider systems 
that, at any particular scale, are influenced by and in turn influence, outcomes at other scales” (Dale 
et al., 2013:2). Adaptation strategies cannot be designed in isolation. It is important to ensure that 
adaptation strategies are ‘fitted in’ the broader governance context. 

Australian environmental governance is a highly complex, dynamic and multi-level system with 
numerous governmental and non-governmental actors interacting within and across levels and 
authority domains (Appendix 1). Due to the complexity of interactions it is difficult to predict how 
governance arrangements will evolve to deal with Climate Change issues over long term. To this 
end, this report does not aim to provide principles of governance design or advice on how to 
regulate coastal zone or fisheries resources. It rather identifies several governance factors from both 
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institutional and organizational perspectives that may operate as enabling or constraining factors to 
adaptation responses of Australian coastal fisheries. 

There are two governance aspects that need to be considered in the design and implementation of 
adaptation responses: i) identifying enabling and constraining factors of existing legislative and 
policy frameworks and aligning strategic responses while maintaining the focus on large-scale, 
long-term environmental benefits; ii) acknowledging diversity and complexity of governance 
structures and developing organisational arrangements that facilitate cross-sectoral cooperation and 
coordination, capacity building, knowledge generation and exchange. 

i) Identifying enabling and constraining factors of existing legislative and policy frameworks and 
aligning strategic responses while maintaining the focus on large-scale, long-term environmental 
outcomes 

Enabling legislative framework is one of the core determinants of the abilities of governance actors 
to bring policy into action. Australia’s institutional system is dynamic. Statutes, regulations, 
policies, strategies and other instruments are frequently amended, revoked and reinvented, which 
brings new opportunities and challenges. To move towards established long-term outcomes planned 
strategic responses need to maintain flexibility to adapt to changes in the political environment. 

Australian coastal zone and estuaries are under the jurisdiction of States and the Northern Territory. 
Consequently, there are seven different regulatory and administrative frameworks which reflect 
differing histories of political development, resource uses, as well as social, economic and political 
conditions. There are nonetheless several common institutional dimensions that require 
consideration to pursue long-term protection of ecological assets of Australian coastal fisheries. 
These include: (1) strategic goals and supporting framework; (2) mandate boundaries; (3) cross-
jurisdictional integration; (4) distribution of financial resources and (5) incentive systems.   

Strategic goals and supporting framework: To pursue Climate Change adaptation, there is a need to 
identify large-scale ecological and biophysical processes which are to be maintained to sustain 
ecological assets. A lack of shared long-term vision, goals and strategic framework developed for 
ecologically relevant scales can become a significant impediment for adaptation planning and 
targeted investment. As observed, many governance responses to various pressures affecting coastal 
habitats are still developed in ad hoc fashion and implemented at a relatively local level aimed to 
achieve specific operational outcomes.  

Mandate boundaries: In all Australian jurisdictions, management of environmental assets follows a 
‘sectoral’ pattern with different legislative and administrative frameworks established for the 
management of separate resources. Protection of fisheries ecosystem assets does not fall neatly 
within conventional sectoral boundaries. Many regulators responsible for the implementation of 
fisheries legislation are deficient in authority to achieve stated habitat protection outcomes (e.g., 
have no control over the impacts on riparian or coastal vegetation, development on private land, 
which often have negative effects on fish habitats). Limited mandate can also affect strategic 
planning with responsible authorities focusing on those actions within the scope of their mandate. 

Cross-jurisdictional integration: Australian coastal zone is a contested space. While insufficient 
mandate and jurisdictional fragmentation is a common complaint, these problems will never be 
resolved to satisfy the needs of all sectors.  Long-term protection of fisheries assets, therefore, is 
dependent upon the level of incorporation of protective measures into other legislative frameworks 
providing for activities affecting these assets. If these frameworks lack sufficient power to prevent 
adverse effects, the loss of habitats will continue. To this end, strategic planning of fisheries assets 
cannot occur in isolation and should be sensitive to potential interests and actions of other sectors. 
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Financial resources: Each jurisdiction has a different mix of government and non-government 
management bodies which are or can be potentially involved in the protection and maintenance of 
fish habitat assets. Fish and other aquatic resources (with some exceptions) are common goods. 
From the policy side, the question remains who and to what extent could they be expected or 
required to allocate financial and human resources to sustain assets required for the provision of 
these goods on a regular basis. Allocation of fisheries resources and collection of fees and charges 
is controlled by the Commonwealth, State and Northern Territory governments. Strategy documents 
frequently identify local governments and communities as potential partners in the management and 
maintenance of coastal habitats. To achieve implementation, however, strategies need to be 
sensitive to the capacities and funding sources of other governance actors. Redistribution of 
financial resources may need to be considered to support ongoing local management initiatives and 
align priorities.  

Incentive systems: Planning and implementation of adaptation responses (e.g. increase in protected 
areas, rehabilitation of degraded habitats) requires consideration of broader economic context and 
established incentive systems shaping interests and priorities of other governance actors. Australian 
land is an important economic asset. Private land holders are generally unwilling to sacrifice their 
land resources and bear the losses (e.g., decrease in productive capacity or market value) to provide 
additional coastal habitat (Boer 2010). Currently, private land tenure is one of the core obstacles for 
the development of freshwater habitat networks and expansion of tidal habitats (R. Quinn, pers. 
communication). These problems suggest that an extension of the scope of applied incentive-based 
instruments may be required to align priorities and involve private land-holders in the management 
and maintenance of fisheries assets. 

ii) Acknowledging diversity and complexity of governance structures and developing organisational 
arrangements that facilitate cross-sectoral cooperation and coordination, capacity building, 
knowledge generation and exchange 

Over history, Australian jurisdictions have experimented with a large variety of organisational 
arrangements. In practice, there is no single recipe to the design of environmental governance 
structures. However, there are several attributes related to organizational issues that require 
consideration to build and strengthen adaptive capacity of Australian coastal fisheries. These 
include: (a) cross-sectoral cooperation and coordination; (b) clear roles and responsibilities; (c) 
leadership; (d) information and knowledge, and (e) human and financial capacities. 

Cross-sectoral cooperation and coordination: No single agency manages the coastal zone. There 
are multi-level governance arrangements, where different departments are in charge of parts of the 
coastal zone, often with overlapping mandates. Therefore, ongoing engagement and communication 
with other industries, their regulators and the public is the key to ensure that the threats to fisheries 
assets are understood and considered. Actors must negotiate different goals in an attempt to manage 
simultaneously for multiple uses (e.g. fisheries, water quality, tourism, biodiversity) (Fidelman et 
al., 2012; Fidelman et al., 2013).  

There are different ways in which cross-sectoral interactions can be organised. One approach is the 
use of bridging organisations. They provide forums for stakeholder interactions and contribute to 
reciprocity and trust, co-production and exchange of knowledge, learning and conflict resolution 
(Cash et al., 2002; Cash et al., 2006; Berkes 2009; Brondizio et al., 2009). In Australia bridging 
organisations are known to have effectively crossed management and ecological boundaries and to 
have successfully facilitated the flow and exchange of information and knowledge within and 
across SES (Myers et al., 2012; Shaw et al., 2013).  

Clear roles and responsibilities: Cross-sectoral cooperation and coordination is facilitated by clear 
definitions of roles and responsibilities. When government, communities and industry clearly 



P a g e  | 77 
 

 

understand their roles and responsibilities leaders are in a better position to act and/or coordinate 
activities with other actors (Clarke et al., 2013). This also builds adaptive capacity by helping 
identify mismatches between management and ecological boundaries. 

Information and knowledge: Actors involved in NRM recognise the importance of producing and 
exchanging knowledge and information to improve the process of making decisions (Dutra et al., 
2011; Day & Dobbs 2013). However, knowledge (scientific and/or local and traditional) is often 
ignored in decision-making processes where decisions depend more on the ability of individuals 
and groups to communicate their concerns or to lobby effectively (Palmer 2004; Dutra et al., 2011). 
There is an urgent need for fisheries management and policies to move towards more effective 
knowledge and practice integration and dissemination (Kothari 2008; Clarke et al., 2013). To this 
end, sound knowledge of fisheries assets, their locations and economic values to the society can 
become an important determinant of negotiating capacity. 

Leadership: The role of leaders is a widely recognised success factor in any management sector, 
including environmental. Leaders are known to perform such functions as developing and 
communicating visions, building trust, coordinating the exchange of knowledge and information, 
managing conflicts, initiating partnerships, lobbying, and mobilising broad support for change 
(Folke et al., 2005). Lack of leadership can also lead to inertia in decision-making processes (Arvai 
et al., 2006; Bohensky et al., 2011; Cinner et al., 2013; Davidson et al., 2013). In Australia, the 
ability of responsible State agencies to actively promote fisheries interests, disseminate information 
and form strategic partnerships is one of the core determinants of incorporation of protective 
measures in other regulatory portfolios.   

Human and financial capacity: All levels of governments have policies, laws and programmes to 
facilitate fisheries governance, but do not necessarily have adequate capacity to implement them. 
This lack of capacity may apply to one or more of the partners, and may be of a financial, technical 
or human nature (Kothari 2006:544). For example, local governments often do not have the revenue 
necessary to adequately deal with water quality and quantity issues, which could potentially impact 
fisheries. This problem may be aggravated by so called ‘cost-shifting’ strategies when local 
governments are “left ‘holding the program’ after State and Commonwealth governments decide 
they can no longer fund a program they initiated” (Stocker et al., 2012:30). 

Implementation 
A key component of a successful outcome to a climate adaptation strategy is in the implementation 
of both the process of development of climate adaptation strategies, and subsequent management 
actions and monitoring.   

Successful implementation requires the proponent to i) focus on achievable and realistic delivery of 
CAS outcomes and outcome-support tools, and ii) optimise outcomes by employing adaptive 
feedback cycles appropriately. 

Principle 8: Focus on achievable and realistic delivery of CAS outcomes and 
outcome-support tools 

Many CAS concentrate on developing CAS frameworks, yet few have moved to direct 
management action (Appendices 3 & 5). A review of different climate 
adaptation strategies (Appendix 5) has highlighted that several frameworks 
are available and several may be applicable to a specific case. This means 
that CAS outcomes should concentrate more on developing achievable and 
realistic delivery rather than on what framework to use. However, if  it  is 
preferred to develop CAS under a specific outcome, two frameworks stand 
out (Fig. 4 and Fig. 10). The first (Fig. 4) is a modified form of that from the 
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IPCC (Klein  et al.,  1999) and articulates the steps needed to develop a CAS – 
some more detail has been provided under the original headings. The other 
framework (Fig. 10) was constructed following detailed review of the 
literature, and is a generic construction that simply highlights the different 
products that would help to develop robust CAS. Regardless of which 
framework works best for a specific system, or whether the choice is to 
proceed free from the constraints of any framework, the following Adaptation 
Checklist (rather than a framework) for the process of developing an effective 
adaptation strategy is a useful guide to developing an achievable and 
realistic product ( 

Table 12). The Adaptation Checklist is intended as a guide rather than a prescription. 
Consequently, some components may not be necessary in a particular situation, others may be 
missing, and the order of steps may well change from case to case.  

 

 

Table 12: A checklist for developing an effective adaptation strategy. 

A. Conduct comprehensive forecasting 
B. Conduct ecosystem triage 
C. Specify an adaptation focus 
D. Define specific objectives 
E. Identify end-users comprehensively 
F. Identify appropriate Climate Change scenarios 
G. Assemble all relevant information 
H. Assess the quality of available information and identify key gaps 
I. Assess and communicate uncertainties 
J. Evaluate constraints 
K. Assess the range of actions possible in the situation 
L. Develop the adaptation strategy 
M. Evaluate adaptation outcomes and monitor success 
N. Reassess uncertainties 
O. Collect additional information as necessary 

 
Each component of the list is explained below, where appropriate with a series of tools that can be 
used to progress that part of the checklist. The first 12 components of the checklist relate directly to 
Principle 8 but the final 3 relate specifically to Principle 9.  
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A: Conduct comprehensive forecasting 

Effective decision-making depends on the accuracy of predictions of the full spectrum of effects of 
Climate Changes. These need to include forecast of the evolution of ecosystems and social, 
technological, and economic systems as well as the behaviour of the climate system itself (Lempert 
and Schlesinger 2000). It is important to understand the limits of the ability to predict trajectories of 
change because there are many parameters to be estimated (e.g. Climate Change, the behaviour of 
economic systems, the response of ecosystems), meaning even small errors can magnify 
uncertainty.  

B: Conduct ecosystem triage  

Ecosystem triage relates to the process of prioritizing which ecosystems or ecosystem components 
are the most profitable targets for the expenditure of scarce resources (Lawler 2009). Many 
approaches and criteria are possible (see Lawler 2009) but these will depend on the exact focus of 
adaptation and the specific situation, needs and resources. For instance, triage prioritization could 
be based on evaluation of the value of an ecosystem service relative to the projected severity of 
impact (Fig. 18). 

Figure 18: Example of an ecosystem triage classification. Modified after Lawler (2009). !
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Triage cannot be undertaken lightly because it relies on the complex interplay of a number of 
factors (Fig. 19).  

 

 

Figure 19: A conceptual model of the factors influencing ecosystem triage decisions. !

 

 

 

 

 

C: Specify an adaptation focus 

The success of adaptation is greatly influenced by the focus of the adaptation strategy, so a clearly 
specified adaptation focus is a key underpinning of success. Two components of the adaptation 
focus are important: 

1. Where the focus is directed along the continuum from transformative to targeted change. 
Transformative change includes building resilience, reducing vulnerability etc., and is aimed 
at long-term, sustainable outcomes. Targeted change often represents expedient/band-aid 
solutions, which usually offer only local gains specific to the target, and so often only lead 
to short-term solutions or solutions that are not necessarily in tune with large scale goals 
(Lim et al., 2004; Folke et al., 2010). 

2. Whether the focus is impact- or vulnerability-driven. Focussing on reducing impacts can 
produce substantially different outcomes to a focus on reducing vulnerability. Focussing on 
impacts will often match with targeted solutions, while focussing on vulnerability will 
usually match with transformative change (Lim et al., 2004; Lawler 2009). 
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Definitions: Adaptive capacity: the potential or capability of a system to adapt to climatic stimuli; 
Exposure: the extent to which specific events are likely to affect the system; Resilience: the ability of a 
system to rebound or recover from a stimulus; Responsiveness: degree to which a system reacts to 
stimulus; Risk: likelihood of negative outcomes relative to consequence of the outcome; Sensitivity: 
degree to which a system is affected by, or responsive to, stimuli; Vulnerability: degree to which a 
system is susceptible to damage or harm: a function of the character, magnitude and rate of exposure; 
sensitivity; adaptive capacity. (based on Holling 1973, Olmos 2002, IPCC 2001, Hills & Bennett 2010, 
Marshall et al., 2010) 
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D: Define specific objectives 

Along with the need for a specific adaptation focus goes the need to specify goals clearly 
(Christensen et al., 1996; Folke et al., 2010). Defining objectives requires a number of components: 

" Objectives/Goals need to be explicit e.g. more resilient fisheries at a specified spatio-
conceptual scale; 

" Objectives need to be relevant to specific impacts and vulnerabilities; 
" Identify the assets that require adaptation action; 
" Governance objectives need to be defined; 
" The spatial limits of the area the strategy is intended to apply to need to be defined; 
" All end-users need to be identified; 
" The end-user objectives of the strategy need to be identified; 
" Any additional constraints for strategy development should be defined; e.g. governance 

structures or boundaries that are beyond the limits of influence of the strategy. 

E: Identify end-users comprehensively 

There will usually be a diverse suite of end-users and stakeholders. Comprehensive identification is 
important because the success of adaptation strategies often relies on the extent of stakeholder 
engagement (Sen & Hasan 2001), particularly useful when the problem is complex and uncertainty 
is high (Walters & Holling 1990). 

F: Identify appropriate Climate Change scenarios 

This step involves defining the exposure to be planned for. The scenario needs to be defined taking 
into account the key Climate Change threats which will help define the logic of the assumed time 
horizon. 

G: Assemble all relevant information 

A key step that includes collection of information on: 

• Available GIS; 
• Risk assessments; 
• User groups (farmers, miners etc.); 
• Climate projections; 
• Local views on needs; 
• Capacity (people, money, infrastructure); 
• Governance and Legal situations and constraints; 
• The local political context. 

H: Assess the quality of available information and identify key gaps 

The quality of information available is a critical determinant of the rigour and quality of the 
adaptation strategy development, and so is an important contributor to outcome uncertainty. If 
possible any major gaps identified should trigger the collection of additional information and the 
operation of an adaptive loop. 
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I: Assess and communicate uncertainties 

A clear understanding of the level of uncertainty will help to determine the limits on predictability 
of the action-outcome link, and (usually) emphasise the extent to which robust strategies are 
necessary (Harris & Heathwaite 2012). Communicating the nature and extent of uncertainty, and its 
consequences for the predictability of outcomes is critical in enabling proponents to make effective 
decisions in the face of the business as usual approach of assuming a particular action will produce 
a predictable outcome, something that is rarely the case in systems with high levels of uncertainty 
from multiple sources (Lempert & Collins 2007; Harris & Heathwaite 2012). 

J: Evaluate constraints 

Constraints of all types should be evaluated because they determine the range of adaptation actions 
that are possible and consequently the eventual adaptation strategy. Early identification of 
constraints is valuable because it can provide time to work with stakeholders to overcome some of 
the issues, freeing up adaptation options. Constraints come in many forms both at the local level 
(e.g. geography, local climate, local tides, socio-economic, local political imperatives etc.) and at 
large scales (e.g. legislative requirements, national attitudes to development). 

K: Assess the range of actions possible given the situation 

This step involves the development of a prospectus of the range of actions available in the context 
of large scale constraints, local situational constraints, the nature of the threats, and the assets 
requiring adaptation action. 

L: Develop the adaptation strategy 

Develop the strategy in the light of available information, constraints, levels of uncertainty and 
possible actions. This involves consideration of the outcomes of different actions, employing 
decisions-support tools, considering available recommendations and advice, and prioritisation of 
actions. 

M: Evaluate adaptation outcomes and monitor success 

Without detailed evaluation and monitoring there is no way to determine the extent to which any 
strategy or action has been successful, no way to justify the expenditure of resources, and no way to 
determine what follow-up actions might be necessary. Evaluation relies on having extensive, well 
defined baselines in place before any action is taken. Many aspects need to be included in 
evaluation, for example: 

" Outcomes: 
o how outcomes relate to different end-user needs and aspirations;
o cost-benefit of adaptation solutions of different complexity (e.g. framework vs. simple

determinants model);
" Scales of outcomes: 

o conceptual scale of outcome: transformative, incremental, targeted, expedient (band-
aid);

o spatial (whole-of-system vs. individual objectives);
o areal (local vs. multi system);
o temporal scale of outcome: short term needs of end-users vs. long term benefits;
o conceptual (proximal vs. ultimate outcomes);

" Context/Implications: 
o outcomes for non-target end-users, interest groups or systems;
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o collateral damage/complimentary benefits; 
o feasibility. 

N: Reassess uncertainties 

This is a key step that combines information on uncertainties that have come to light during the 
process of developing an adaptation strategy. Judgement of the functional magnitude of the 
accumulated uncertainties will determine if it is suitable to employ the adaptation strategy at this 
stage or if it is necessary to continue on in an adaptive loop to enable collection of the information 
needed to reduce uncertainty to an acceptable level. 

O: Collect additional information as necessary 

Collect any additional information or develop any additional understanding as identified during the 
assessment of information quality or during the strategy development and evaluation process. 

Principle 9: Optimise outcomes by employing adaptive feedback cycles appropriately  
Principle 9 focusses specifically on the last 3 components of the Adaptation Checklist. Inflexible 
strategies are rarely effective so it is vital to employ adaptive feedback cycles, and to employ them 
appropriately. Adaptation options as cycles (adaptive management) should be seen as the "normal" 
way to do business: flexible adaptive management that allow whole of system approach (e.g. 
catchment – estuarine – marine) across different management levels. An adaptive process should be 
adopted because, although complex relationships between cause and effect (a “wicked problem”) 
usually mean that optimal solutions are impossible, adaptive loops allow movement towards a 
defined goal. The adaptive management loop involves iterative decision making, evaluating the 
outcomes from the previous decisions and adjusting subsequent actions on the basis of this 
evaluation. The uncertainty of outcomes means that robust strategies should be the favoured actions 
in the adaptive framework because they provide for re-evaluation and adaptive responses. An 
adaptive process also affords the important benefit of making it possible to take advantage of 
opportunities as they arise. 

 
 

Conclusion 
Ecological systems are intimately influenced by the social systems that rely on them. This is 
particularly true of Australia’s ECMEs, with their broad diversity of structure, the wide range of 
climatic and geomorphic conditions they occur under, and the diverse interactions they have with 
humans, human infrastructure and human utilisation. Consequently, to be effective in supporting the 
long-term productivity and resilience of Australia’s ECMEs, Climate Change Adaptation Strategies 
need to be broadly and holistically focussed on sustaining the whole SES. A holistic focus is also 
crucial because, not only are there many competing interests to be considered, but Climate Change 
is only one of a suite of factors that impact ECMEs. Adaptation Strategies also need to have a 
whole-of-system vision that focuses on long-term transformative outcomes aimed to maintain and 
restore resilient ecosystems; resilient ecosystems provide healthy human living environments, 
support optimal biodiversity and underpin robust and productive fisheries. Maintaining and 
enhancing ecosystem resilience provides long-term durability and availability of resources future-
proofing SESs by supports ecosystem functioning in the face of change.  

ECMEs are characterised by substantial and pervasive variability, incomplete knowledge bases, and 
complex interdependencies. These characteristics mean that problems in these systems are resistant 
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to resolution because of tortuous relationships between cause and effect. Such complex problems 
require robust solutions that give the greatest security of long-term positive outcomes in the face of 
uncertainty in both the trajectory of change and the outcomes of remedial actions. Pervasive 
uncertainty also means that there is continual need for more and better knowledge to support 
adaptation actions – but it also means that all involved need to be clear that there will never be 
‘enough’ knowledge to provide certainty of outcomes. This uncertainty and complexity extends to 
governance systems further complicating pathways to successful outcomes, particularly because 
systems outcomes may occur well beyond the life of the current management regime. Not only is 
there a need to harmonise policy and actions, to have consistent governance, and to focus on long-
term outcomes, but it is critical that all stakeholders are well informed, have a full appreciation of 
uncertainty and its implications, and are deeply engaged with adaptation planning and actions; 
something that requires extensive resourcing and continual attention. Perhaps most importantly, it is 
vital to focus on outcomes that are realistic and achievable; again an argument for robust solutions 
that are not tightly constrained by the expectation of specific outcomes but produce acceptable 
outcomes across a spectrum of possible trajectories of response. 

The diversity in structure and conditions of Australia’s ECMEs, the diversity of challenges they 
face, combined with pervasive uncertainty has implications for the tools that support strategy 
development. No single frameworks will be applicable across Australia’s ECMEs; if they are 
general enough to have broad utility they will be too non-specific to be operationally useful, if they 
are tightly constrained they will usually be too restrictive and inflexible for general applicability. 
Each situation is qualitatively and quantitatively different and each problem will have unique 
features. Rather, what are needed are tools that provide advice to support strategy development and 
general principles that help guide, but not constrain, development of informed adaptation policies, 
plans and actions, whatever the particular situation and purpose. 

Adaptation Strategy Development is a very uncertain ‘science’. It involves making decisions now 
on (uncertain) actions to respond to (uncertain) predicted outcomes of (uncertain) predicted change! 
The uncertainty is complex and interactive and is perhaps the one ‘constant’ in the whole 
Adaptation equation! Dealing with this will require clear and flexible thinking on the part of the 
whole Australian population; everyone is a stakeholder because every member of the community 
has a stake in the longevity and resilience of ECMEs and all the services they provide to humanity 
and the natural world. Consequently, the single most important factor in successful adaptation to 
Climate Change is extensive and intimate common sense engagement by the whole community.  

 

Implications  
Successful Climate Change Adaptation requires engagement by all sectors of the population – 
stakeholders from every walk of life. All need to be included, so those charged with facilitating 
change (managers in the broad sense) need to focus on engagement and education. In particular it is 
critical that all players understand the levels of uncertainty involved and the consequences of that 
pervasive uncertainty. Prescriptions will not solve the diverse problems presented by climate 
change – flexibility and open minded approaches to achieving big picture goals to support the 
public good, and extensive and intimate common sense engagement by the whole community 
provide the pathway that will need to be followed to achieve effective Climate Change adaptation in 
the ECME.  
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Recommendations 
1: Successful adaptation strategies need a to be developed in a broad, holistic 
context 

Climate Change is only one of a broad suite of factors that impact coastal systems with many of the 
impacts of Climate Change only representing changes in the frequency of stressors that have been 
active for millennia. Strategies need to be developed in a SES landscape where there are many 
competing interests to be considered; for example, actions that might be good for shoreline 
protection might negatively impact industry, livelihoods, fisheries, tourism or the environment. The 
embedding of Climate Change in an array of stressors and the need to consider the multiple ways in 
which any action can impact other facets of the SES, together with the need to consider short- and 
long-term goals and effects, means strategies need to be developed in a broad, holistic context.  

2: Focus on whole-of-system, long-term transformative outcomes for socio-
ecological systems  

From a broad range of perspectives, maximum public benefit accrues from maintaining and 
restoring resilient ecosystems that provide healthy human living environments, support optimal 
biodiversity and underpin robust and productive fisheries. This is best achieved by focussing on 
long-term transformative outcomes at a whole-of-system scale that provide on-going benefits by 
enhancing resilience and reducing vulnerability into the future. Focussing at a whole-of-system 
scale reduces the chance of local level actions producing contradictory outcomes. Focussing on 
maintaining and enhancing ecosystem resilience provides long term durability and availability of 
resources because it supports continued ecosystem functioning in the face of substantial change; in 
essence future-proofing the system.  In addition, because ecological systems are intimately 
influenced by the social systems that rely on them ensuring resource resilience needs to focus on the 
socio-ecological system as a whole.  

3: Employ robust strategies that minimise harm across human and natural systems 

Strategies need to be considered with respect to the life-time of their consequences; decisions with 
short term consequences are usually only taken in the context of the current climate or with a short-
term change horizon. In contrast, adaptation decisions aimed at long term outcomes need to 
accommodate future predicted change. In the absence of the ability to look into the future and 
choose desirable rather than maladaptive pathways, decision makers need to adopt strategies that 
limit the risks of unforeseen consequences. This requires the development of robust strategies that 
recognise the intrinsic uncertainty of our knowledge of the future and the consequent limitations on 
our ability to predict future events and the consequences of actions. These strategies should be 
robust across the range of future possibilities, and not rely on tightly predicted outcomes but are 
robust in the sense that they do no harm if an unexpected course of events occurs, and do not close 
off the possibility of future actions.  

4: Acknowledge a multi-scale vision and incorporate a multi-scale approach  

The coastal space is by nature complex; it has a large range of stakeholders with very different and, 
potentially, conflicting objectives. Furthermore, governance systems are fractionated into different 
tiers of government and local bodies, making a co-ordinated approach to management difficult. 
Furthermore, the adaptive management loop may show up the benefit of an action at totally 
different time and spatial scales than was originally intended. In fact, due to the long-term nature of 
some climate adaptations, the system response to an action may be well beyond the life cycle of a 
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management body. Consequently, comprehensive adaptation strategies need a vision that embraces 
multiple scales and leads to decisions and actions that embrace multi-scale understanding.  

5: Ensure Fair, Representative and Equitable Stakeholder Engagement 

Comprehensive stakeholder engagement is important to achieve natural resource outcomes in the 
context of adaptation to Climate Change. Engagement of all stake-holders in strategy development 
in a participatory approach combining top-down and bottom-up perspectives provides both a richer 
suite of perspectives and legitimacy through participation and consideration of stakeholder 
aspirations. Stakeholder involvement needs to occur from beginning to end to ensure translation of 
large scale objectives to local solutions. Keeping stakeholders engaged requires facilitation of on-
going stakeholder interest and involvement through mentoring and championing, and ensuring they 
are intimately involved in decision-making. 

6: Harmonise legislation, policy and actions to achieve large-scale, long-term public 
benefits  

Harmonising actions and public benefit will involve increasing the concordance between the scales 
at which ecological and biophysical processes occur, the scales at which legislation and policy are 
made (central government), and the scales where actions are taken (local governments/regional 
bodies).  

7: Effective Governance that is clear, consistency and complementary 

The complexity of governance relating to Climate Change, and responses to it, means there is a 
need for clarity, consistency and complementary in defining responsibilities and policy 
implementation of different management/governance authorities. Consequently, substantial success 
requires integration of top-down (State, Commonwealth) policies and legislation, and bottom-up 
(local, community) level actions; together with a clear definition of roles and responsibilities.  

8: Focus on achievable and realistic delivery of adaptation strategy outcomes and 
outcome-support tools  

Do no fixate on different frameworks; this is a side-track and the strict structure of a framework can 
lead to unrealistic outcomes. Rather, concentrate on what is needed for the task at hand and only 
choose a framework if it helps achieve a specific, realistic and achievable outcome. 

9: Optimise outcomes by employing adaptive feed-back cycles appropriately 

Adaptation options that include adaptive management cycles should be seen as the "normal" way to 
do business: flexible adaptive management that allows whole of system approach across different 
management levels. An adaptive framework should be adopted because, although complex 
relationships between cause and effect (a “wicked problem”) usually mean that optimal solutions 
are impossible, adaptive frameworks allow movement towards a defined goal.  
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Extension and Adoption 
During the project communication and extension was via one-on-one meetings with key 
stakeholders from across the management spectrum. In addition, project components were cycled 
through proponents from management and science for comment and feedback. Additional face to 
face communication occurred during the interview process with key climate change protagonists. 

Communication to the scientific community is primarily through papers that are submitted or in 
preparation for submission to peer reviewed international journals. The project report will be 
distributed to management agencies and fishing industry peak bodies, and the report and appendices 
will be publically available on the maintained web sites: coastalclimateblueprint.org.au and 
http://research.jcu.edu.au/research/tropwater/resources/tropical-ecosystem-research, which will 
provide the primary source of on-going extension and communication. 

Glossary 
Adaptation strategy the large-scale conceptual vision of alternative adaption 

pathways. 

Adaptive capacity the potential or capability of a system to adapt to climatic 
stimuli. 

Common Goods resources that are non-excludable but are rivalrous (one 
person's use subtracts from another's use) (Ostrom 1990). 

Estuarine and Coastal Marine 
Ecosystems (ECMEs) 

estuaries, nearshore marine waters, tidal wetlands and coastal 
freshwater wetlands. 

Exposure the extent to which specific events are likely to affect the 
system. 

Optimum Expected Utility 
(OEU) 

assumes the likelihood of a particular outcome can be 
described by a single probability distribution, leading to a 
predictable link between action and effect (Lempert & 
Collins 2007). 

Precautionary Approach (PA) where decision makers aim to prevent future harm when the 
causal link between action and outcome is unclear (Lempert 
& Collins 2007). 

Private Goods resources that are rivalrous (consumption by one individual 
prevents consumption by another) and excludable (access is 
limited to particular individuals) (Drake et al., 2013). 

Public Benefits benefits stemming from resources that are available to all 
(Public Goods and Common Goods), as opposed to Private 
Benefits that accrue from the possession of resources where 
access is limited to particular individuals (Private Goods) 
(Drake et al., 2013).  
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Public Goods goods that are non-excludable (available to all) and non-
rivalrous (benefits all equally) e.g. level of environmental 
quality (Drake et al., 2013).  

Resilience the capacity of a system to absorb disturbance and reorganise 
while undergoing change so as to still retain essentially the 
same function, structure, identity, and feedbacks 

Resilience the capacity of a system to rebound or recover from a 
stimulus: to retain identity and function in the face of 
disturbance & change (Folke et al., 2010) 

Responsiveness the degree to which a system reacts to stimulus 

Risk the likelihood of negative outcomes relative to consequence 
of the outcome 

Robust Decision Making 
(RDM) 

based on the idea that where outcomes are uncertain it is best 
to use robustness rather than optimality as a decision 
criterion, to characterise uncertainty with multiple 
representations of the future, and to select strategies that 
perform acceptably across the range of plausible outcomes 
(Lempert et al., 2010). 

Robust Strategy (RS) a strategy that is insensitive to uncertainty about specific 
outcomes (Lempert & Schlesinger 2000). 

Robustness the maintenance of system characteristics despite fluctuations 
in the behaviour of its component parts or its environment 
(Anderies et al., 2004)   

Sensitivity degree to which a system is affected by, or responsive to, 
stimuli 

Socio-Ecological Systems  
(SESs) 

the interaction of biophysical and social factors in a resilient 
and sustainable manner (Redman et al., 2004). 

Vulnerability degree to which a system is susceptible to damage or harm: a 
function of the character, magnitude and rate of exposure; 
sensitivity; adaptive capacity 

Wicked problem a problem that is resistant to resolution because complex 
relationships between cause and effect. Wicked problems 
usually feature incomplete or contradictory knowledge and/or 
have complex interdependencies meaning attempts to solve 
one aspect of the problem can expose or create other 
problems (Hulme 2009). 
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Project materials developed 
Peer-reviewed papers 

Submitted 

Bradley, M, L. Dutra, I. van Putten, I. Sporne,  P. Dale, C. Dichmont, R. Bustamante, M. Sheaves.  
Marine Climate Change adaptation planning in Australia’s coastal councils: An assessment 
of progress. Marine Policy 

Dichmont, C.M., Deng, R.A., Sheaves, M., Bustamante, R., van Puten, I. Dutra, L., McLean, N., 
Dale, P.,                               Sporne, I., Savina-Rolland, M. Which estuarine climate 
adaptation tool suits your needs? A review and assessment of tools to support climate 
adaptation for estuaries. Regional Environmental Change 

In preparation 

Dutra, L.X.C.  E. Ligtermoet, I. van Putten, I. Sporne,  P. Dale, C. Dichmont, R. Bustamante, M. 
Sheaves. Attributes of governance that strengthen adaptive capacity in the coastal zone 

Dutra, L.X.C.  E. Ligtermoet, I. van Putten, I. Sporne,  P. Dale. Attributes of social-ecological 
systems that support effective co-management arrangements: a case study from Northern 
Australia 

Sheaves, M, R. Bustamante.  C. Dichmont, L. Dutra, M Savina-Rolland, M., I. van Putten, I. 
Sporne,  P. Dale Estuaries dynamics and cross-systems linkages under Climate Change. 

Sheaves, M, R. Bustamante. C. Dichmont, M. Brians. Projected impacts on Australia’s estuarine 
nekton assemblages, ecosystem linkages and productivity in the face of Climate Change. 

Reports (available on coastalclimateblueprint.org.au) 

A Synthesis of Current Knowledge of Climate Change Impacts on Australia’s Estuaries 

Developing and Testing a Purpose-Designed Mechanistic Climate Change Adaptation Framework 

Environmental Governance: Barriers and Bridges to the Long Term Protection of Coastal Fisheries 

Using Expert Opinions to Elicit Enablers and Limitations for the Adaptive Management of 
Estuaries and Waterways under Climate Change.Assessment of Local Government Progress 
in Marine Climate Change Adaptation in Australia  

Adaptation Strategies for Optimised Public Benefits from Australia’s Estuarine and Coastal Marine 
Ecosystems: 9 Principles 

Review and Assessment of Tools to Support Climate Adaptation for Estuaries 

A Checklist for Developing Effective Adaptation Strategies for Australia’s Estuary Ecosystems 
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Appendices 
Project Staff 

Professor Marcus Sheaves; James Cook University 

Dr Cathy Dichmont; CSIRO 

Dr Rodrigo Bustamante; CSIRO 

Professor Pat Dale; Griffith University 

Ms Ilva Sporne; Griffith University 

Dr Roy Deng; CSIRO 

Dr Leo Dutra; CSIRO 

Dr Ingrid van Putten; CSIRO 

Dr Marie Savina-Rolland; CSIRO  

Dr Jeremy Hindell: Department of Environment and Primary Industries 

Ms Martha Brians; James Cook University  

Ms Nina McLean; James Cook University 

Supporting documents 

Appendix 1: Environmental Governance: Barriers and Bridges to the Long Term Protection of 
Coastal Fisheries 

Appendix 2: Using Expert Opinions to Elicit Enablers and Limitations for the Adaptive 
Management of Estuaries and Waterways under Climate Change 

Appendix 3: Assessment of Local Government Progress in Marine Climate Change Adaptation in 
Australia 

Appendix 4: Adaptation Strategies for Optimised Public Benefits from Australia’s Estuarine and 
Coastal Marine Ecosystems: 9 Principles 

Appendix 5: Review and Assessment of Tools to Support Climate Adaptation for Estuaries 

Appendix 6: A Checklist for Developing Effective Adaptation Strategies for Australia’s Estuary 
Ecosystems 
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Figure 1: Figure 1: Australian Government Tax Mix, 2012-13: Source: The Treasury (2013:6) 
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Table 1: Land Tenure in Australia 1993. 
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Table 3: Regulation of coastal fisheries and their habitat in the States and Northern Territory 
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APPENDIX 3: Invitation and communication letter to interviewees. 
 
Climate Change Adaptation for Australia’s Estuaries 
 
 
You are invited to take part in a research project about climate change effects in Australian 
coastal waters, and how to adapt assessment and management strategies for estuarine and 
coastal marine ecosystems. The study is being conducted by Associate Professor Marcus 
Sheaves (of JCU) and Dr. Cathy Dichmont and Dr. Rodrigo Bustamante (of CSIRO) will 
contribute to important research at James Cook University and the Commonwealth Scientific and 
Industrial Research Organisation.  
 
 
This study aims to: 
1. To obtain background, development, and implementation information regarding climate 
change adaptation plans either underway or implemented across Australia 
 
 
If you agree to be involved in the study, you will be invited to be interviewed. The interview 
should only take approximately 1 hour of your time. The interview will be conducted at the 
School of Marine and Tropical Biology at James Cook University, or a venue of your choice.  
 
 
Participation in this study is completely voluntary and you terminate your participation at any time 
without explanation or prejudice.  
 
 
Your responses and contact details will be strictly confidential. The data from the study will be 
de-identified and destroyed after it is summarised, The de-identified data will be used in research 
publications, reports, and management schemes. You will not be identified in any way in these 
publications, and no information will be retained that could link you to any information you 
supply. 
 
 
If you have any questions about the study, please contact Marcus Sheaves.  
 

 

Principal Investigator: 
Marcus Sheaves 
School of Marine and Tropical Biology 
James Cook University 
Phone: 4781 4144 
Email: Marcus.Sheaves@jcu.edu.au 

Co-Investigator Details: 
Name: Cathy Dichmont 
Marine and Atmospheric 
Research 
Commonwealth Scientific and 
Industrial Research 
Organization 
Phone: 3214 2426 
Email: 
Cathy.Dichmont@csiro.au 

 
 
 
 
 

If you have any concerns regarding the ethical conduct of the study, please contact: 
Human Ethics, Research Office 
James Cook University, Townsville, Qld, 4811  
Phone: (07) 4781 5011 (ethics@jcu.edu.au) 
 
" "
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&"5,(#&'8#27'%4-'6."5.-$$'#+1'6#(-'"3'#1#6%#%,"+')*$%'0-'#$$-$$-1'#+1'.-6".%-1'
FG-..#+5=T".1'-%'#&9'HIJJK9'M"8'%4,$'6."5.-$$'.-&#%-$'%"'6."[-(%-1'(&,)#%-'(4#+5-'
,)6#(%$'#+1'*+1-.$%#+1,+5$'"3'("))*+,%2'.-$,&,-+(-'(#+',+3".)'6"&,(2'#+1'1,.-(%'
3*.%4-.'.-$-#.(4'FT".1'-%'#&9'HIJfK9'V.-/,"*$'.-6".%,+5'"3'#1#6%#%,"+'6."5.-$$'4#$'
#$$-$$-1'"+&2'%4-'6--.=.-/,-8-1'&,%-.#%*.-7'2-%')*(4',+3".)#%,"+',$'("+%#,+-1',+'%4-'$"=
(#&&-1'5.-2'&,%-.#%*.-7'8,%4'#'6#.%,(*&#.'&#(<'"3'$%*1,-$'3.")'?*$%.#&,#'FT".1'-%'#&9'HIJJK9'
A%'$--)$'6.*1-+%'%"'1-/-&"6'8#2$'%"'$2$%-)#%,(#&&2',+(&*1-'5.-2'&,%-.#%*.-',+'#+#&2$-$'"3'
#1#6%#%,"+'6."5.-$$9'

;,%4'1-0#%-$'"/-.'(&,)#%-'(4#+5-'#(%,"+'0-("),+5',+(.-#$,+5&2'6"&,%,(,$-17',%',$'
,)6".%#+%'%"')-#$*.-'4"8'6."5.-$$',+'6"&,(2'#+1'6&#++,+5'.-&#%-$'%"'-S6-(%-1',)6#(%$'
,+'#'&"5,(#&'#+1'$2$%-)#%,('8#29'>*.'$%*12'6."/,1-$'#+'#$$-$$)-+%'"3'&"(#&'5"/-.+)-+%'
6."5.-$$',+'#1#6%#%,"+'%"')#.,+-'(&,)#%-'(4#+5-',+'?*$%.#&,#9';-'$2$%-)#%,(#&&2'
-S#),+-1'%4-'"33,(,#&'#1#6%#%,"+'6&#+$'"3'("#$%#&'&"(#&'5"/-.+)-+%$'.-&#%,+5'%"')#.,+-'
(&,)#%-'(4#+5-'#&"+5'.-6.-$-+%#%,/-'$%.-%(4-$'"3'?*$%.#&,#@$'("#$%&,+-'%"'-/#&*#%-'
_#1#6%#%,"+'6."5.-$$@'FB"$-.'c'D<$%.")'HIJIK9':4,$')-%#=#+#&2$,$'"3'"33,(,#&'&"(#&'
5"/-.+)-+%'1"(*)-+%#%,"+'#+1'6*0&,(&2'#/#,&#0&-',+3".)#%,"+'6."/,1-$'#'.#6,1'
#$$-$$)-+%'"3'#1#6%#%,"+'6."5.-$$9':4,$'8".<'6."/,1-$'#+',+1,(#%,"+'"3'#1#6%#%,"+'
6."5.-$$'#%'%4-'.-5,"+#&'&-/-&'3".'%4.--'("+%.#$%,+5'?*$%.#&,#+'("#$%#&'.-5,"+$7'#+1'$"'
"33-.$'#'6."S2'3".'6."5.-$$',+'("#$%#&'(&,)#%-'(4#+5-'#1#6%,"+9':4-'1-/-&"6)-+%'#+1'
.-3,+-)-+%'"3')-%4"1"&"5,-$'$*(4'#$'%4,$'8,&&'0-',+(.-#$,+5&2',)6".%#+%'#$'%""&$'3".'
-$%#0&,$4,+5'0#$-&,+-$'#+1'%.#(<,+5'#1#6%#%,"+'6."5.-$$'#+1'6#(-',+%"'%4-'3*%*.-9''

2*!34%5.1$!

W%.-%(4-$'"3'?*$%.#&,#+'("#$%&,+-'8-.-'$-&-(%-1'#$'(#$-'$%*1,-$9':4-'.-5,"+$'.-6.-$-+%-1'
#'/#.,-%2'"3'("*+(,&'$,`-$'F8,%4'#%'&-#$%'"+-'&#.5-'*.0#+'(-+%-.K'#+1'1,33-.-+%'
1-)"5.#64,('#+1'-("+"),('(4#.#(%-.,$%,($9'B".-"/-.'#'8,1-'/#.,-%2'"3'%4-'("#$%#&'
-+/,."+)-+%$'#+1'("+1,%,"+$'8#$'.-6.-$-+%-19'':4-'$-&-(%-1'#.-#$'8-.-',+'$"*%4-.+'
;-$%'?*$%.#&,#'F3.")'V-.%4'%"'?&0#+2K7'-#$%-.+':#$)#+,#'F3.")'M"0#.%'%"'Y".$-%K7'#+1'
-#$%-.+'e*--+$&#+1'F3.")'G.,$0#+-'%"':"8+$/,&&-K9';-$%-.+'?*$%.#&,#7':#$)#+,#'#+1'
e*--+$&#+1'8-.-'#&$"'%4-'$*0[-(%'"3'#+"%4-.'(&,)#%-'(4#+5-'.-&#%-1'$%*12'FW--'B-%(#&3'
-%'#&9'FHIJdK'#+1'/#+'V*%%-+'-%'#&'F,+'6.-$$KK'84,(4'#,1-1',+'%4-',+%-.6.-%#%,"+'"3'%4-'
.-$*&%9''

?'%"%#&'"3'Pb'("*+(,&$'6.-$-+%'#&"+5'%4-$-'$%.-%(4-$'"3'("#$%&,+-'8-.-',+(&*1-1',+'%4-'
$%*129'T".'-#(4'&"(#&'("*+(,&7'#&&'"33,(,#&'1"(*)-+%#%,"+'F$*(4'#$'$%.#%-5,('6&#+$7'
)#+#5-)-+%'6&#+$K'%4#%')-+%,"+-1'%4-'8".1$'_(&,)#%-@'#+1g".'_(4#+5-@'8-.-',1-+%,3,-1'
F*$,+5'#'84"&-'1")#,+'8".1'$-#.(4'"3'%4-'"33,(,#&'("*+(,&'8-0$,%-K9':4-$-'1"(*)-+%$'
8-.-'%4-+'$-#.(4-1'3".'$6-(,3,('$%#%-)-+%$'.-&#%-1'%"'("#$%#&')#.,+-'(&,)#%-'(4#+5-'
#1#6%#%,"+9'>+&2'"33,(,#&'1"(*)-+%#%,"+'8#$'*$-1'#$'%4-$-'#.-'#'3*+(%,"+#&'6#.%'"3'%4-'
#1#6%#%,"+'6."(-$$7'84-.-#$'"%4-.'("*+(,&'6*0&,$4-1'$"*.(-$'$*(4'#$'+-8$&-%%-.$'#+1'
8-0'6#5-$'1-$(.,0,+5'("*+(,&'#(%,/,%,-$'#.-'+"%9''

:4-',+3".)#%,"+'5#%4-.-1'8#$'*$-1'%"'1-%-.),+-'%4-'#1#6%#%,"+'64#$-'"3'-#(4'("*+(,&'
#+1'%4-'+#%*.-'"3'%4-'#1#6%#%,"+$'0-,+5'6&#++-19':"'%4,$'-+17'$6-(,3,('$%#%-)-+%$')#1-'
02'#+',+1,/,1*#&'("*+(,&'.-&#%-1'%"')#.,+-'(&,)#%-'(4#+5-'#1#6%#%,"+'8-.-'#$$-$$-1'
#((".1,+5'%"E'F,K'%4-'(&,)#%-'(4#+5-'1.,/-.$'%4#%'8-.-'#11.-$$-17'8,%4'%4-'3"&&"8,+5'
(#%-5".,-$E'#K'(4#+5,+5'$-#'$*.3#(-'%-)6-.#%*.-$'0K'"(-#+'#(,1,3,(#%,"+'(K'$,)6&-'$-#'
&-/-&'.,$-''F?'(4#+5-',+'%4-'6"$,%,"+'"3'%4-'("#$%&,+-'1*-'%"'$-#'&-/-&'.,$-K'#+1'1K'$-#'&-/-&'
.,$-'(")6&-S'F#11.-$$,+5'#%'&-#$%'"+-'"3'%4-'#$$"(,#%-1'-33-(%$'"3'$-#'&-/-&'.,$-'$*(4'#$'
$#&%=8#%-.',+%.*$,"+'".',+(.-#$-1'$%".)'$*.5-'4-,54%K'F,,K'84#%'64#$-'"3'%4-'#1#6%#%,"+'
6."(-$$'#'("*+(,&'8#$',+7'8,%4'%4-'3"&&"8,+5'(#%-5".,-$E'#K'84-%4-.'%4-'5#%4-.,+5'"3'



Progress in CC adaptation 4 
 

*+1-.$%#+1,+5'3".'6"%-+%,#&'3*%*.-'#1#6%,/-'#(%,"+'8#$'6&#++-17'".'0K'#(%*#&'#1#6%,/-'
#(%,"+'8#$'6&#++-1'F,,,K'84-%4-.'%4-$-'6&#+$'.-&#%-1'%"E'#K'-("+"),('".''0K'
,+3.#$%.*(%*.#&'#1#6%#%,"+9''

A+'#11,%,"+'%"'%4-'#0"/-')#,+'1#%#7'#'.#+5-'"3'("*+(,&'(4#.#(%-.,$%,($'8-.-'.-(".1-1',+'
".1-.'%"'6-.3".)'#+#&2$-$'%4#%')#2'-&*(,1#%-'(-.%#,+'3#(%".$',)6".%#+%',+'%4-'
1-/-&"6)-+%'"3'#1#6%#%,"+'6&#+$9''A+3".)#%,"+'"+',+(")-'3.")'HIJJgHIJH'.#%-$'#+1'
%"%#&'-S6-+1,%*.-'8#$'5#%4-.-1'3.")',+1,/,1*#&'("*+(,&'0*15-%$9'A+3".)#%,"+'"+'
)-)0-.$4,6'"3'("*+(,&$'%"'#$$"(,#%,"+$'3#(,&,%#%,+5'#1#6%#%,"+'8#$'5#%4-.-1'3.")'
,+1,/,1*#&'("*+(,&'8-0$,%-$'".'%4-'8-0$,%-'.-6.-$-+%,+5'%4-'.-5,"+#&7'$%#%-7'".'
,+%-.+#%,"+#&'".5#+,$#%,"+9'A+3".)#%,"+'3".'-#(4'&"(#&'("*+(,&'8#$'#&$"'.-%.,-/-1'3.")'
%4-'?*$%.#&,#+'G*.-#*'"3'$%#%,$%,($'HIJJ'(-+$*$'1#%#0#$-7',+(&*1,+5'6"6*&#%,"+'$,`-7'
6-.(-+%'"3'%4-'6"6*&#%,"+',+/"&/-1',+'%4-'#5.,(*&%*.-7'3".-$%.2'#+1'3,$4,+5',+1*$%.,-$9'
T,+#&&27'84-%4-.'1."*54%'3-#%*.-1'#$'%4-')#,+'1.,/-.',+'%4-,.'#1#6%#%,"+'6&#+$'8#$'#&$"'
.-(".1-19''

'

:4-'#$$-$$)-+%'*+1-.%#<-+'1"-$'+"%'#&&"8'*$'%"'#$$-$$'%4-'$"64,$%,(#%,"+'"3'%4-'6."(-$$'
-#(4'("*+(,&'4#$'5"+-'%4."*54',+'1-/-&"6,+5'%4-,.'6&#+$9'?'6."(-$$'"3'1-/-&"6,+5'."0*$%'
(.,%-.,#'3".'#(%,"+'%4#%'%#<-$',+%"'#(("*+%'%4-',+4-.-+%'*+(-.%#,+%2'"3')#.,+-'(&,)#%-'
(4#+5-',$'-$$-+%,#&',+'#'$*((-$$3*&'#1#6%#%,"+'6."(-$$9'!"+$,1-.#%,"+'"3'*+(-.%#,+%2'
-+$*.-$'.-$"*.(-$'#.-'*$-1',+'#')".-'#66."6.,#%-'#+1'-33-(%,/-'8#2'#$'.-$6"+$-'%"'
(4#+5-$'FM#..,$'HIIZK9'M"8-/-.7'#'("*+(,&')#2'.-&-#$-'1-%#,&-1',)6&-)-+%#%,"+'6&#+$'
8,%4"*%'4#/,+5'5"+-'%4."*54'%4-'-$$-+%,#&'$%-6'"3'#$$-$$,+5'*+(-.%#,+%27'#+1'%4-.-3".-'
)#2'#.%,3,(,#&&2'#66-#.'3*.%4-.'6."5.-$$-1'%4."*54'%4-'#1#6%#%,"+'6."(-$$9''

?+'#$6-(%'%4#%'("*&1'+"%'0-')-#$*.-1'#$'6#.%'"3'%4,$'#+#&2$,$'8#$'%4-'L*#&,%2'#+1'
#66."6.,#%-+-$$'"3'%4-'#1#6%#%,"+'.-$6"+$-7'0-(#*$-'%4#%'8"*&1'4#/-'.-L*,.-1'#+',+=
1-6%4'*+1-.$%#+1,+5'"3'-#(4'&"(#&'$,%*#%,"+9'T".',+$%#+(-7'#3%-.'#'1-%#,&-1'#$$-$$)-+%'
#+1'%4-',)6&-)-+%#%,"+'"3')"+,%".,+5'$2$%-)$7',%')#2'0-'#66."6.,#%-'%"'6"$%6"+-'
3*.%4-.'6&#++,+5'*+%,&'#'6",+%',+'%4-'3*%*.-'84-+'(-.%#,+',+1,(#%".$'"3'(4#+5-'4#/-'0--+'
.-#(4-19'],/-+'%4-'6*.6"$-'"3'%4,$'$%*12'8#$'%"'6."/,1-'#'.#6,1'#$$-$$)-+%'#+1'5,/-'#'
6."S2'3".'%4-'(*..-+%'#1#6%#%,"+'$%#%*$7',%',$'*+#0&-'%"'6."/,1-'1-%#,&'".'#+#&2$,$'"3'%4-'
6."(-$$'-#(4'("*+(,&'4#1'*+1-.5"+-',+'%4-'1-/-&"6)-+%'"3'%4-,.'#1#6%#%,"+'6&#+$9'
:4-.-3".-7'8-'4#/-'$,)6&2')-#$*.-1'#'("*+(,&@$'6.-$-+%'$%#5-',+'%4-'#1#6%#%,"+'6."(-$$7'
#+1'%4-'.-$*&%$'$4"*&1'+"%'0-'*+1-.$%""1'#$'#'[*15)-+%'"3'%4-'L*#&,%2'"3'#'("*+(,&@$'
.-$6"+$-9''

6*!74$/8%$!

:4,$'$%*12'"3'("*+(,&')#.,+-'#1#6%#%,"+'6&#+$'$4"8$'%4#%'84,&-')#+2'("*+(,&$'4#1'
.-&-#$-1'"33,(,#&'#1#6%#%,"+'6&#+$'".'4#1'#1#6%#%,"+'$%#%-)-+%$'8,%4,+'%4-,.'5-+-.#&'
6&#++,+5'1"(*)-+%$7'%4-2'8-.-'#%'/-.2'1,33-.-+%'$%#5-$'"3'%4-'#1#6%#%,"+'6."(-$$9'A+'3#(%7'
)"$%'("*+(,&$'8-.-'#,),+5'%"'5-%'#'0-%%-.'*+1-.$%#+1,+5'"3'%4-'6"%-+%,#&',)6#(%'"3'
(&,)#%-'(4#+5-',+'%4-')#.,+-'-+/,."+)-+%'#+1'%4-'-33-(%$'"+',+3.#$%.*(%*.-'#+1'%4-,.'
("))*+,%,-$'#+1'4#1'+"%'0-5*+'#(%*#&'6&#++,+5'"3'"+=5."*+1'#1#6%#%,"+'#(%,"+$9'

'

6*)!"1'9%'%:.0!;&.-&4$$!
B"$%'("#$%#&'("))*+,%,-$'8-.-',+'%4-'-#.&2'$%#5-$'"3'%4-'#1#6%#%,"+'6."(-$$7')-#+,+5'
%4#%')"$%'4#1'+"%'2-%',)6&-)-+%-1'#+2'3".)'"3'#1#6%#%,"+7'#+1'8-.-'$%,&&'-,%4-.'
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5#%4-.,+5',+3".)#%,"+',+'".1-.'%"'*+1-.$%#+1'%4-'&"(#&',)6#(%'"3'(&,)#%-'(4#+5-',+'%4-'
)#.,+-'-+/,."+)-+%7'".'8-.-'$%,&&'6&#++,+5'%4-'<,+1'"3'#(%,"+'%4-2'8"*&1'*+1-.%#<-',+'
%4-'3*%*.-9'>3'%4-'Pb'("*+(,&$',+'%4,$'$%*127'dHh'1,1'+"%'4#/-'#+2'"33,(,#&')#.,+-'
#1#6%#%,"+'6&#+$'".'%4-'6&#+$'8-.-',+'6.-6#.#%,"+'#+1'-S,$%-1',+'1.#3%'3".)'"+&2'FHi'#+1'
f'("*+(,&$'.-$6-(%,/-&2K9''

'

T,5*.-'Jj':4-'6."6".%,"+'"3'("*+(,&$'8,%4')#.,+-'(&,)#%-'(4#+5-'#1#6%#%,"+'6&#+$'
5."*6-1'#((".1,+5'%"')#5+,%*1-'"3',+(")-'3.")')*+,(,6#&'.#%-$'6#,1'02'4")-'"8+-.$9'
B,&&,"+$'FJ=Z'),&&,"+K':-+$'"3'),&&,"+$'FJI=ZZ'),&&,"+K'#+1'M*+1.-1$'"3'),&&,"+$'FJII'
),&&,"+'#+1'"/-.K9''

A%')#2'0-'426"%4-$,$-1'%4#%'%4-'6"6*&#%,"+'$,`-'#+1'("+(*..-+%')*+,(,6#&'.#%-$=0#$-'
#+1'%4-'#$$"(,#%-1'/#&*-'"3'3*+1$'#/#,&#0&-'%"'#'&"(#&'("*+(,&')#2'4#/-'#+',)6#(%'"+'%4-'
#0,&,%2'"3'%4-'("*+(,&'%"'1-/-&"6'#+1'(#..2'"*%'#1#6%#%,"+'6&#+$9'A+'"*.'$#)6&-'"3'
("*+(,&$'%4-'#/-.#5-'.#%-$'0#$-'8#$'#."*+1'XPP'),&&,"+',+'HIJf7'8,%4'%4-'$)#&&-$%'
("*+(,&'#%'XJ9H'),&&,"+'FU#++*6',+';?K'#+1'%4-'&#.5-$%'#%'XQbJ'),&&,"+'FG.,$0#+-',+'
e\YK9'>*.'.-$*&%$'$4"8'#'.-&#%,"+$4,6'0-%8--+'4,54-.'%"%#&',+(")-'3.")'.#%-$'#+1'%4-'
6.-$-+(-'"3')#.,+-'#1#6%#%,"+'6&#+$'FT,5'JK9'?$'-S6-(%-1'%4,$'$#)-'.-&#%,"+$4,6'#66&,-$'
%"'6"6*&#%,"+'$,`-'#+1'%"%#&'$6-+1,+57'#$'%4-'("..-&#%,"+'"3'%4-$-'%8"'/#.,#0&-$'8,%4'
,+(")-'3.")'.#%-$',$'I9Zbf'#+1'I9ZiQ'.-$6-(%,/-&29'

'

'

'
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'

T,5*.-'Hj'V."6".%,"+'"3'("*+(,&$'8,%4'#1#6%#%,"+'6&#+$'#((".1,+5'%"'%4-,.')-)0-.$4,6'%"'
.-5,"+#&7'$%#%-'#+1',+%-.+#%,"+#&'#1#6%#%,"+'+-%8".<$9'

:4-'6.-$-+(-'"3'".5#+,$#%,"+#&')-)0-.$4,6'#+1',+3".)#%,"+'+-%8".<$'#66-#.-1'%"'
4#/-'#'6"$,%,/-',+3&*-+(-'"+'%4-'1-/-&"6)-+%'"3')#.,+-'#1#6%#%,"+'6&#+$'FT,59'HK9'A+'%"%#&'
fi'("*+(,&$'8-.-')-)0-.$'"3'".5#+,$#%,"+$'%4#%'4#1'#$'#'$%#%-1'#,)'%4-'3#(,&,%#%,"+'"3'
&"(#&'#1#6%#%,"+'%"'(&,)#%-'(4#+5-'F%4,$'1,1'+"%',+(&*1-')-)0-.$4,6'"3'$%#%-'("*+(,&'
#$$"(,#%,"+$7'%"'84,(4'#&&'("*+(,&$'0-&"+5K9'!"*+(,&$'%4#%'8-.-'/"&*+%#.2')-)0-.$'"3'
.-5,"+#&'F^>!$K'".',+%-.+#%,"+#&'+-%8".<$'FA!\DAK')"$%&2'4#1')#.,+-'#1#6%#%,"+'6&#+$9''

'

'

'
f9H'W%#5-'"3'%4-'#1#6%#%,"+'6."(-$$'

>3'%4-'dH'("*+(,&$'%4#%'4#1'"33,(,#&'#1#6%#%,"+'6&#+$7'[*$%'*+1-.'4#&3'FJQK'8-.-',+'%4-'
,+,%,#&'64#$-'#,)-1'#%'_*+1-.$%#+1,+5'%4-'6."0&-)@9':4-$-'("*+(,&$'8-.-'$%,&&',+'%4-'
6."(-$$'"3',1-+%,32,+5'#+1'*+1-.$%#+1,+5')#.,+-'(&,)#%-'(4#+5-',)6#(%$7'#+1'#(%*#&'
#1#6%#%,"+'6&#++,+5'4#1'+"%'2-%'("))-+(-19':4-,.'#(%,/,%,-$'8-.-'#,)-1'#%'
*+1-.$%#+1,+5'%4-'&"(#&',)6#(%$'"3')#.,+-'(&,)#%-'(4#+5-',+(&*1-1')"1-&&,+5'#+1'
3".-(#$%,+57'#$'8-&&'#$'#$$-$$)-+%$'"3'4"8'%4-$-'6."[-(%,"+$'.-&#%-'%"'-S,$%,+5'
,+3.#$%.*(%*.-'".'&#+1'*$-9'T".'-S#)6&-',+'T.-)#+%&-7';?7'%4-'!&,)#%-'?1#6%#%,"+'V&#+'
$%#%-$'%4#%'k:4-'!,%2'4#$'("))-+(-1'#'1-%#,&-1')"1-&&,+5'-S-.(,$-'"3'$-#'&-/-&'.,$-l'#+1'
k8,&&'#&$"'("+1*(%'#'.,$<'#$$-$$)-+%'#+1'0-5,+'1-%#,&-1'#1#6%#%,"+'6&#++,+5l'F65'PK9'
W,),&#.&2'%4-'W*+$4,+-'!"#$%7'e\Y7'("*+(,&'!&,)#%-'!4#+5-'#+1'V-#<'>,&'W%.#%-52'$%#%-$'
%4#%',%'8,&&'k*+1-.%#<-',+,%,#&'/*&+-.#0,&,%2'#+1'4#`#.1')#66,+5'%"',1-+%,32')#[".'.,$<'
#.-#$'1*-'%"'(&,)#%-'(4#+5-l'F65'iJK9''
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?'%"%#&'"3'%8-+%2'("*+(,&$'4#1'*+1-.%#<-+',+,%,#&'.-$-#.(4'#$$-$$)-+%$'#+1'8-.-'+"8',+'
%4-'$"=(#&&-1'_6&#++,+5'#1#6%#%,"+'"6%,"+$@'64#$-9':4-'6&#+$'"3'%4-'("*+(,&$',+'%4,$'64#$-'
1-%#,&'%4-'8#2$',+'84,(4'%4-2'8,&&',+(".6".#%-'*+1-.$%#+1,+5'"3'%4-',)6#(%$'"3')#.,+-'
(&,)#%-'(4#+5-7'#+1'%4*$',1-+%,32,+5'%4-'(,.(*)$%#+(-$'84-.-'#1#6%#%,"+'8,&&'%#<-'6&#(-9'
:4-'6&#+$',1-+%,32'#.-#$'%4#%'.-L*,.-'$6-(,#&'("+$,1-.#%,"+7'$*(4'#$'kY-/-&"6)-+%'
&"(#%-1'+-#.'#'$4".-'&,+-7'(.--<'&,+-7'.,/-.'&,+-'".'8#%-.8#2',$'%"'0-'*+1-.%#<-+',+'#'
)#++-.m'84,(4'%#<-$',+%"'#(("*+%'6"$$,0&-'3*%*.-'$-#'&-/-&'.,$-'#+1'%4-'#$$"(,#%-1'
,)6#(%$l'F^"(<4#)6%"+7'e\Y7'U#%*.#&'M#`#.1$'#+1'!&,)#%-'!4#+5-'W%*127'65'bK9':4-'
6&#+$'#&$"'"*%&,+-'84-+'#+1'*+1-.'84#%'(,.(*)$%#+(-$'(-.%#,+'#1#6%#%,"+'"6%,"+$'8,&&'
0-'*$-17'3".'-S#)6&-7'kW4".-&,+-'-."$,"+'6."%-(%,"+')-#$*.-$'8,&&'"+&2'0-'*%,&,$-1'%"'
6."%-(%'-$$-+%,#&'("+$%.*(%-1'6*0&,(',+3.#$%.*(%*.-'84-.-',%',$'0"%4'-("+"),('%"'1"'$"'
#+1'84-.-'%4-.-',$'&,),%-1'"66".%*+,%2'%"'.-&"(#%-'%4-',+3.#$%.*(%*.-'#%'.,$<l'FT.#$-.'
!"#$%7'e\Y7'W4".-&,+-'D."$,"+'V."%-(%,"+'W%.*(%*.-$7'65'fK9':4,$',+1,(#%-$'%4#%'%4-$-'
("*+(,&$'4#/-'-+5#5-1'8,%4'%4-'(.,%,(#&'$%-6'"3'1-/-&"6,+5'."0*$%'(.,%-.,#'3".'#(%,"+9':-+'
"3'%4-$-'("*+(,&$'4#1'1-%#,&-1'6&#+$'%4#%'#11.-$$-1'$6-(,3,(',)6#(%$'".',1-+%,3,-1'
6#.%,(*&#.',)6#(%-1'#.-#$9'T".'-S#)6&-'G.-#<'>@Y#2'("*+(,&7':?W7'4#1'1-%#,&-1'6&#+$'%"'
#11.-$$'%4-',+*+1#%,"+'"3'$-8#5-'%.-#%)-+%'6"+1$'1*-'%"'$-#'&-/-&'.,$-'#+1',+(.-#$-1'
$%".)'%,1-'4-,54%$7'84,(4'$4*%'1"8+'#L*#(*&%*.-',+'%4-'0#2'3".'#')"+%4'#3%-.'-#(4'
-/-+%9'A+'%4-'$4".%'%-.)'%4-'("*+(,&'6&#+$'%"'k-+$*.-'%#+<$'#.-'-)6%,-1'.-5*&#.&2'
%4."*54'-1*(#%,"+'".'%4."*54'#'&"(#&'("*+(,&'3*+1-1'$-./,(-l'#+1'k8#%-.6.""3'(*..-+%'
6*)6$l9'A+'%4-'&"+5'%-.)'%4-'("*+(,&'6&#+$'%"'k.-)"/-'%#+<$l'#+1',+'-,%4-.'k.-&"(#%-'
3#(,&,%2'".'*$-'#&%-.+#%-'3".)'"3'n$-8#5-o'%.-#%)-+%l'F(&,)#%-'(4#+5-'$%.#%-527'65'HK9''

A%',$'(&-#.'%4#%'$")-'("*+(,&$'8,%4,+'%4,$'64#$-'#66-#.'3*.%4-.'1-/-&"6-1'%4#+'"%4-.$'1*-'
%"'%4-'6.-$-+(-'"3'$6-(,3,('6&#+$'#$'"66"$-1'%"'&-$$'$6-(,3,('1-(,$,"+'(.,%-.,#9'M"8-/-.7'
3".'.-#$"+$'1-%#,&-1',+'"*.')-%4"1$'$-(%,"+7',+'$")-'$,%*#%,"+$'("*+(,&$')#2'4#/-'
6.*1-+%&2'#1"6%-1'#+'_#0#+1"+@'#66."#(4'".'#'_8#,%'#+1'$--@'#66."#(47'0"%4'"3'84,(4'
#.-'*+&,<-&2'%"'0-',+(&*1-1'#$'6#.%'"3'"33,(,#&'#1#6%#%,"+'#(%,"+'6&#+$9'Y.#8,+5'#'
1,$%,+(%,"+'0-%8--+'5."*6$'8,%4'1-%#,&-1'1-(,$,"+'(.,%-.,#'0*%'+"'$6-(,3,('6&#+$7'#+1'
%4"$-'8,%4'$6-(,3,('6&#+$'8"*&1'0-'6.-)#%*.-'8,%4"*%'#')".-'1-%#,&-1'#$$-$$)-+%'"3'
%4-,.',+%-.+#&'1-(,$,"+')#<,+5'6."(-$$'C'#'%#$<'0-2"+1'%4-'$("6-'"3'%4,$'$%*129'

'
f9f'G.-#1%4'"3'3"(*$',+'#1#6%#%,"+'6&#+$'

B#.,+-'#1#6%#%,"+'6&#+$'"3%-+'3"(*$'"+'"+&2'"+-'1.,/-.'"3'(&,)#%-'(4#+5-9'>3'%4-'dH'
("*+(,&$'8,%4')#.,+-'#1#6%#%,"+'6&#+$7'fP'.-$%.,(%'%4-,.'#%%-+%,"+'%"'$-#'&-/-&'.,$-9'>3'%4-'
("*+(,&$'%4#%'3"(*$'"+'$-#'&-/-&'.,$-'JQ'$6-(,3,(#&&2'#11.-$$'%4-'0.-#1%4'"3'#$$"(,#%-1'
,)6#(%$'$*(4'#$',+(.-#$-$',+'$%".)'$*.5-'3.-L*-+(2'#+1'4-,54%7'("#$%#&'-."$,"+7'#+1'$#&%=
8#%-.',+%.*$,"+9'A+'5-+-.#&7'%4-'8#2'("*+(,&$'6&#+'3".'$-#'&-/-&'.,$-',$'%"'#(<+"8&-15-'%4-'
6"%-+%,#&',)6#(%'#+1'"*%&,+-'4"8'3*%*.-'("+1,%,"+$')#2'0-',+(".6".#%-1',+%"'(*..-+%'
)#+#5-)-+%'6.#(%,(-$'".'4"8'(*..-+%')#+#5-)-+%'6.#(%,(-$')#2'+--1'%"'0-'#1[*$%-19'
].-#%-.']--&"+5'("*+(,&'$%#%-$'%4#%',%'8,&&'k,+(".6".#%-'("+$,1-.#%,"+'"3'(&,)#%-'(4#+5-'
,+'("#$%#&'6&#++,+5'1-(,$,"+$'%4."*54'-S,$%,+5'6&#++,+5'%""&$l'F!&,)#%-'!4#+5-'
?1#6%#%,"+'W%.#%-527'65'HiK9'D*."0"1#&&#'$4,.-'("*+(,&'8,&&'#(4,-/-'%4,$'02'*$,+5'k#'"+-'
4*+1.-1'2-#.'6&#++,+5'6-.,"1m'3".'#&&'1-/-&"6)-+%7'"6-.#%,"+#&'#+1'$%.#%-5,('1-(,$,"+$'
%4#%')#2'0-',)6#(%-1'02'$-#'&-/-&'.,$-l'FA+%-.,)'W-#'\-/-&'^,$-'?1#6%#%,"+'V"&,(27'65'fK9'
:4-'*$-'"3'(*..-+%'%"8+'6&#++,+5'#+1'&#+1'`"+,+5'6.#(%,(-$'6."/-1'%"'0-'#'("))"+'
)-%4"1'"3'1-#&,+5'8,%4'6.-1,(%-1',+*+1#%,"+7'3".',+$%#+(-'G-5#'p#&&-27'UW;7'$%#%-$'%4#%'
k,+'*.0#+'#.-#$m'("*+(,&')#2'4#/-'%"'&""<'#%'%4-'1-&,+-#%,"+'"3'#'("#$%#&'4#`#.1'&,+-'".'
`"+-'#+1'-,%4-.'6."4,0,%g.-$%.,(%'1-/-&"6)-+%',+'%4-$-'#.-#$l'FU#%*.#&'^-$"*.(-'
V&#++,+57'65'PK9''
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;4,&-'$-#'&-/-&'.,$-',$'("))"+&2'#11.-$$-1',+'("*+(,&')#.,+-'#1#6%#%,"+'6&#+$7'%4-'
,)6&,(#%,"+$'"3'"%4-.',)6".%#+%')#.,+-'(&,)#%-'1.,/-.$'#.-')*(4'&-$$'3.-L*-+%&2'
#11.-$$-19'>+&2'd'("*+(,&$'#11.-$$-1'$-#'$*.3#(-'%-)6-.#%*.-'FWW:K',+(.-#$-',+'%4-,.'
#1#6%#%,"+'6&#+$7'#+1'+"+-'"3'%4-'("*+(,&$'#11.-$$-1'"(-#+'#(,1,3,(#%,"+9';4,&-'3".'%4"$-'
("*+(,&$',+'%4-',)6&-)-+%#%,"+'$%#5-'%4,$')#2'$,)6&2'.-3&-(%'%4-'.-$*&%$'"3'6.,".'
/*&+-.#0,&,%2'#+1'.,$<'#$$-$$)-+%$7'%4-'#0$-+(-'"3'%4-',+/-$%,5#%,"+'"3'%4-$-'1.,/-.$'
#)"+5'("*+(,&$',+'%4-'*+1-.$%#+1,+5'64#$-'$*55-$%$'#'6-./#$,/-'&#(<'"3'3"(*$'"+'%4-$-'
"%4-.'#$6-(%$'"3')#.,+-'(&,)#%-'(4#+5-9''

:4-',)6#(%$'"3'WW:'(4#+5-$'8-.-')#,+&2'1,$(*$$-1',+'%-.)$'"3'%4-'6"%-+%,#&',)6#(%'"+'
)#.,+-',+1*$%.,-$'#+1'.-$"*.(-'*$-.$9'T".',+$%#+(-7'%4-'W*+$4,+-'!"#$%'("*+(,&7'e\Y7'
3"(*$-1'"+'%4-'#(*%-',)6#(%'"3'WW:',+(.-#$-'"+'%4-'k-)-.5-+%'4-#&%4'.,$<$l'3.")'%4-'
$"*%48#.1'$6.-#1'"3'A.*<#+1[,'$%,+5-.$'F65'fHK9':4-'W"*%4'V-.%4'("*+(,&7';?7'8#$'%#<,+5'
#'4"&,$%,('#66."#(4'%"',)6."/-'%4-,.'k*+1-.$%#+1,+5'"3'4"8'3,$4-$'#+1'%4-,.'$*66".%,+5'
-("$2$%-)$'.-$6"+1'%"'(4#+5-$'#+1'4"8'%4-$-'(4#+5-$',)6#(%'0,"1,/-.$,%27'.-(.-#%,"+#&'
#+1'("))-.(,#&'/#&*-$l'F!&,)#%-'!4#+5-'W%.#%-52'HIJI'C'HIJi7'65'JPK9':4-.-'8#$'"+-'
("*+(,&'%4#%'4#1'3,+#&'#1#6%#%,"+'6&#+$'3".',+(.-#$-1'WW:7'G.-#<'>@Y#27':?W9';4,&-'%4-'
W"*%4'V-.%4'("*+(,&'#(%,/-&2'#,)$'%"'$*66".%'%4-'.-$,&,-+(-'"3'%4-'3,$4-.,-$'.-$"*.(-7'%4-'
:#$)#+,#+'G.-#<'>@Y#2'("*+(,&@$'#1#6%#%,"+'#(%,"+$',$'"3'#')".-'_.-$6"+$,/-@'%26-9':4-'
$%#%-1'#,)'"3'%4-'G.-#<'>@Y#2'6&#+'8#$'%"'3#(,&,%#%-'3,$4-.,-$'#+1'#L*#(*&%*.-',+1*$%.,-$'
#1#6%'%"'%4-'(4#+5-$',+'$6-(,-$'"3'3,$4'#/#,&#0&-g$*,%#0&-'*+1-.'3*%*.-'("+1,%,"+$9':4-'
#1#6%#%,"+'6&#+',+1,(#%-$'%4#%'%4-'6"%-+%,#&'0#..,-.$'%"'(4#+5-'#.-'k5"/-.+)-+%'
.-5*&#%,"+$'$*(4'#$'$6-(,-$=$6-(,3,('&,(-+$-$'#+1'(#%(4'&,),%$l'F65'HK9'D/-+'%4"*54'#+'
#1#6%,/-')#+#5-)-+%'#66."#(4'#+1',+$%,%*%,"+#&'(4#+5-')#2'0-'"+-'#1#6%#%,"+'
)-#$*.-'%"')#.,+-'-("$2$%-)'(4#+5-7'%4-'!"*+(,&'6&#+$'1,1'+"%'1,$(*$$'%4,$'#1#6%#%,"+'
"6%,"+9''

!"*+(,&'#1#6%#%,"+'6&#+$'8-.-'5-+-.#&&2'3"(*$-1'"+'("*+(,&'#$$-%$'#+1'%"8+'
,+3.#$%.*(%*.-'Fff'#+1'fQ'.-$6-(%,/-&2K7'8,%4'&,%%&-'#%%-+%,"+'6#,1'%"'%4-',)6#(%'"3'(&,)#%-'
(4#+5-'"+'&"(#&'-("+"),-$'/,#',%$',)6#(%$'"+')#.,+-'-("$2$%-)$7')#.,+-'.-$"*.(-$'".'
%"*.,$)9'>+&2'3,/-'("*+(,&$'1,$(*$$-1'%4-'6.-1,(%-1'-33-(%'"3'3*%*.-')#.,+-'(&,)#%-'
(4#+5-'"+'&"(#&'0*$,+-$$-$'#+1'%4-'6"%-+%,#&'-("+"),('#+1'$"(,#&'3&"8="+'-33-(%$9':4-'
8#2',+'84,(4'%4-$-'3,/-'("*+(,&$'6&#++-1'%"'#$$,$%'&"(#&'0*$,+-$$-$'#1#6%'8#$'02')-#+$'
"3'%.-#%,+5'%4-'$2)6%")$',+(&*1,+57'3".',+$%#+(-7'k6."5.#)$'%4#%'-+("*.#5-'#+1'#$$,$%l'
%4-'1-/-&"6)-+%'"3'.-&-/#+%'$<,&&$'FG#2$8#%-.7';?7'^-5,"+#&'!&,)#%-'!4#+5-'?1#6%#%,"+'
?(%,"+'V&#+7'65'fJK'".'02'-+$*.,+5'k#66."6.,#%-'6&#++,+5'#+1'6"&,(2')-(4#+,$)$'#.-'
#0&-'%"'$*66".%'0*$,+-$$l'%4."*54'%4-'k,1-+%,3,(#%,"+'"3'+-8',+1*$%.,-$'c'0*$,+-$$-$7'
*.0#+'1-$,5+'c',+/-$%)-+%',+',+3.#$%.*(%*.-l'FG-&)"+%7';?7'\"(#&'!&,)#%-'!4#+5-'
?1#6%#%,"+'?(%,"+'V&#+7'65'HdK9'A+'("+%.#$%'%4-'("*+(,&'"3'B#+1*.#4'%#<-$'#'3*.%4-.'$%-6'
%"'%.-#%,+5'$2)6%")$'#+1'1-/-&"6$'#(%,"+$'%"'.-1*(-'%4-'6."0&-)9'':4-'("*+(,&'"3'
B#+1*.#4'4#1'3"(*$-1'#1#6%#%,"+')-#$*.-$'3".'%4-'%"*.,$)',+1*$%.27'#+1'$"*54%'%"'
k,+(".6".#%-'(&,)#%-'(4#+5-'("+$,1-.#%,"+$',+%"'&"+5=%-.)'%"*.,$)'$%.#%-5,-$l7'k("&&-(%'
1#%#'"+'("#$%#&'.-(.-#%,"+'1-)#+1l'#+1'k$*66".%'.-$-#.(4'#+1'8".<$'3".'("+$-./#%,"+'
"3'+#%*.-'0#$-1'%"*.,$%'#%%.#(%,"+$l'F65'JJK9'!"+$,1-.#%,"+'"3'-("+"),(',)6#(%$'8#$'
3"*+1'"+&2'#)"+5'%4"$-'("*+(,&$'%4#%'("+$,1-.-1')*&%,6&-',)6#(%$'"3'(&,)#%-'(4#+5-'
0-2"+1'$-#'&-/-&'.,$-7'#+1'6."6".%,"+#&&2')".-'("))"+'#)"+5'%4"$-'%4#%'("+$,1-.-1'
)".-'%4#+'"+-'1.,/-.'F,9-9'$-#'&-/-&'.,$-'#+1',+(.-#$,+5'WW:K'F:#0&-'JK9''

:#0&-'Jj'!"*+%'"3'("*+(,&$'#((".1,+5'%"'1.,/-.$'#11.-$$-1'#+1'84-%4-.'%4-,.'#1#6%#%,"+'
6&#+$'.-&#%-1'%"'%4-'-("+"),(',)6#(%$'"3')#.,+-'(&,)#%-'(4#+5-'".'[*$%',+3.#$%.*(%*.#&'
,)6#(%$9'?$$"(,#%-1',)6#(%$',+(&*1-E'("#$%#&'-."$,"+7'$#&%'8#%-.',+%.*$,"+'#+1',+(.-#$-1'
$%".)'$*.5-',+%-+$,%2'#+1'3.-L*-+(29''

'
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Y.,/-.$'#11.-$$-1''

?1#6%#%,"+'.-&#%-1'%"'
,+3.#$%.*(%*.#&',)6#(%$'

?1#6%#%,"+'.-&#%-1'%"'
,+3.#$%.*(%*.#&'?UY'
-("+"),(',)6#(%$'

W-#'&-/-&'.,$-' Ji' I'

W-#'&-/-&'.,$-'#+1'#$$"(,#%-1',)6#(%$' Ji' d'

W-#'&-/-&'.,$-7'#$$"(,#%-1',)6#(%$'?UY'$-#'
$*.3#(-'%-)6-.#%*.-',+(.-#$-' H' H'

'

'

'

'

f9d'?1#6%#%,"+'6&#+$'#+1'("*+(,&'#%%.,0*%-$'

'

'

<:-/&4!6*'BYW'".1,+#%,"+'6&"%'"3'#&&'Pb'("*+(,&$'#((".1,+5'%"'#&&'#%%.,0*%-$'5#%4-.-1',+'
%4,$'$%*129'W#)6&-$'#.-'("1-1'#((".1,+5'%"'$%#%-9'p-(%".$',+1,(#%-'%4-'1,.-(%,"+',+'84,(4'
("*+(,&'#%%.,0*%-$'("..-&#%-')"$%'$*0$%#+%,#&&2'8,%4'%4-'".1,+#%,"+'$6#(-9'W%.-$$'q'I9IQ9'
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!"*+(,&$'8-.-'3"*+1'%"'3".)'3"*.'1,$%,+(%'5."*6$'%4#%'.-&#%-'$%."+5&2'%"'(-.%#,+'("*+(,&'
(4#.#(%-.,$%,($'FT,59'fK9':4-$-'5."*6$'#.-'1,$%,+5*,$4-1'3.")'-#(4'"%4-.'02'%4.--'
,)6".%#+%'3#(%".$'C'("*+(,&$'_$,`-@'F%4-'4,54&2'("..-&#%-1'/#.,#0&-$'"3'6"6*&#%,"+7'%"%#&'
$6-+1,+5'#+1',+(")-'3.")'.#%-$K7'%4-'1-5.--'%"'84,(4'%4-,.'#1#6%#%,"+'6&#+$'8-.-'
1-/-&"6-1'F%4-'$%.-+5%4'"3'%4-,.'#1#6%#%,"+'$%#%-)-+%$7'%4-,.'6."5.-$$',+'%-.)$'"3'$%#5-'
.-#(4-1',+'%4-'#1#6%#%,"+'6."(-$$K7'#+1'84-%4-.'1."*54%'8#$'%4-'1"),+#+%'1.,/-.'
#11.-$$-1',+'%4-,.'#1#6%#%,"+'6&#+$9':4-'5."*6'3"*+1'8,%4,+'%4-'6"$,%,/-'#.-#'"3'0"%4'
1,)-+$,"+'"+-'#+1'%8"'#.-'&#.5-'("*+(,&$'8,%4'8-&&=1-/-&"6-1'#1#6%#%,"+'6&#+$9'
M"8-/-.7')#+2'&#.5-'("*+(,&$'#&$"'4#1'6"".&2'1-/-&"6-1'#1#6%#%,"+'6&#+$7'#+1'%4-$-'
3".)'#'$-6#.#%-'5."*69'A+'#11,%,"+7'+"%'#&&'("*+(,&$'%4#%'4#1'8-&&=1-/-&"6-1'6&#+$'8-.-'
&#.5-7'8,%4'$)#&&-.'("*+(,&$')#,+&2'3.")';?'3".),+5'#'$-6#.#%-'5."*67'1,$%,+5*,$4-1'
#&$"'02'%4-'1"),+#+(-'"3'1."*54%',+'%4-,.'#1#6%#%,"+'6&#+$',3'%4-$-'8-.-'6.-$-+%9'T,+#&&27'
$)#&&'("*+(,&$'%4#%'4#1'6"".&2'1-/-&"6-1'6&#+$'3".)-1'#'$-6#.#%-'5."*69':4-$-'3"*.'
5."*6,+5$'1-)"+$%.#%-'%4#%'%4-'1-5.--'%"'84,(4'#1#6%#%,"+'6&#+$'#.-'1-/-&"6-1',$'
1-("*6&-1'3.")'("*+(,&'$,`-'#+1'#((-$$'%"'.-$"*.(-$',+'#+',)6".%#+%'8#29':#<-+'
%"5-%4-.'8,%4'%4-'.-$*&%$'6.-$-+%-1'#0"/-'FT,59'JK'%4,$'$*55-$%$'%4#%'84,&-',+(")-'$--)$'
%"'4#/-'#+',)6#(%'"+'84-%4-.'#'("*+(,&'1-/-&"6'6&#+$',+'%4-'3,.$%'6&#(-7',%'1"-$'+"%'$--)'
%"'4#/-'#+',)6#(%'"+'4"8'8-&&'1-/-&"6-1'%4"$-'6&#+$'#.-9''

'

=*!>:$(/$$:.0!

=*)!;&.-&4$$!:$!:0!%54!4'&8?!$%'-4$!
:4-'.-$*&%$'"3'%4,$'$%*12',+1,(#%-'%4#%'?*$%.#&,#+'("#$%#&'("))*+,%,-$'#.-',+'%4-'-#.&2'
$%#5-$'"3'6."5.-$$',+')#.,+-'(&,)#%-'(4#+5-'#1#6%#%,"+'6&#++,+59'Y-$6,%-'&"(#&'
5"/-.+)-+%$'0-,+5'6"$,%,"+-1'_"+'%4-'3."+%'&,+-@'"3'.-$6"+1,+5'%"'(&,)#%-'(4#+5-7'+"%'#&&'
("*+(,&$'4#1'("+$,1-.-1')#.,+-'1.,/-.$9'>3'%4"$-'("#$%#&'("*+(,&$'84"'4#1'("+$,1-.-1',%7'
3-8'4#1'6."5.-$$-1'0-2"+1'%4-'*+1-.$%#+1,+5'#+1'6&#++,+5'64#$-$9':4,$',$'),..".-1',+'
1-/-&"6-1'("*+%.,-$'8".&1=8,1-E'#(%*#&',+%-./-+%,"+',$'.#.-7'#+1'84-.-',%',$'"((*..,+57',%'
,$'%26,(#&&2',+'%4-'-#.&2'$%#5-$'FB"$-.'c'D<$%.")'HIJIK9'A)6".%#+%&27'%4-'6.-$*)-1'4,54'
#1#6%,/-'(#6#(,%2'"3'1-/-&"6-1'+#%,"+$'$*(4'#$'?*$%.#&,#')#2'+"%'+-(-$$#.,&2'%.#+$&#%-'
,+%"'#1#6%#%,"+'#(%,"+'FT".1'-%'#&9'HIJJK9':4-'/#.,"*$'0#..,-.$'%4#%'("+$%.#,+'%4-'&"(#&'
#1#6%#%,"+'6."(-$$'#+1'.-$*&%',+'%4,$'5&"0#&'6#%%-.+'"3',+#(%,"+'#.-'%4-'$*0[-(%'"3'
("+%,+*-1'$(4"&#.$4,6'FB"$-.'c'D<$%.")'HIJIK9'>*.'$%*12'6."/,1-$'$")-'-/,1-+(-'"3'
%8"'8,1-&2'.-6".%-1'0#..,-.$E'#'&#(<'"3'.-$"*.(-$'#+1'#'&#(<'"3'("++-(%,"+$'%"'.-&-/#+%'
".5#+,$#%,"+$'%4#%'6."/,1-',+3".)#%,"+'#+1'#$$,$%',+'("))*+,(#%,"+9':4-$-'%8"'3#(%".$'
)#2'0-'("+%.,0*%,+5'%"'%4-'$&"8'6."5.-$$'"3'#1#6%#%,"+'6&#++,+57'#+1'%.#+$&#%,+5'
6&#++,+5',+%"'#(%,"+7',+'?*$%.#&,#@$'("#$%#&'("))*+,%,-$9''

:4-'("..-&#%,"+'0-%8--+'3,+#+(,#&'.#%-'0#$-'#+1'6&#++,+5'"+')#.,+-'(&,)#%-'(4#+5-'
#1#6%#%,"+'3"*+1',+'%4,$'$%*12',+1,(#%-$'%4#%'#((-$$'%"'#1-L*#%-'3*+1$',$'#+',)6".%#+%'
6.-.-L*,$,%-'3".'6."5.-$$9'!"*+(,&$')#2'0-')".-'&,<-&2'%"'#(%',3'%4-,.'3,+#+(,#&'
%4."*546*%',$'#0"/-'#'(-.%#,+'%4.-$4"&17'8,%4'3,+#+(,#&&2'$)#&&-.'("*+(,&$'*+#0&-'%"'
)#+#5-'%4-'.-1,.-(%,"+'"3'3*+1,+5'#8#2'3.")'"%4-.'#(%,/,%,-$9'?'&#(<'"3'.-$"*.(-$7'
84-%4-.'#0$"&*%-'".'6-.(-,/-17')#2'&,),%'#(%".$'%4#%'8"*&1'"%4-.8,$-'6."5.-$$'
#1#6%#%,"+'F:.,00,#'c'B"$-.'HIIQK9''

:4-'".1,+#%,"+'"3'("*+(,&$'#((".1,+5'%"'%4-,.'#%%.,0*%-$'1-)"+$%.#%-1'%4#%'84-+'
/#.,#0&-$'.-&#%,+5'%"'%4-'1-/-&"6)-+%'".'$"64,$%,(#%,"+'"3'6&#+$'#.-'-S#),+-17',+(")-',$'
+"'&"+5-.'#+',)6".%#+%'1-%-.),+,+5'3#(%".9':4,$'$*55-$%$'%4#%'.-$"*.(-$'#.-'"+&2'
,)6".%#+%'*6'%"'#'6",+%9'>+(-'("*+(,&$'4#/-'-+"*54'.-$"*.(-$'%"'0-5,+'1-/-&"6,+5'6&#+$7'
"%4-.'3#(%".$'+"%'-S#),+-1',+'%4,$'$%*12')#2'0-(")-')".-'$,5+,3,(#+%9'!-.%#,+'#%%.,0*%-$'
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"3'("*+(,&'$%#33'$*(4'#$'&-/-&'"3'-1*(#%,"+'#+1'$6-(,3,('(&,)#%-'(4#+5-'#1#6%#%,"+'
%.#,+,+57'#$'8-&&'#$',+$%,%*%,"+#&'(*&%*.-'4#/-'-)-.5-1'#$',)6".%#+%'-+#0&-.$'"3'#(%,"+',+'
"%4-.'1-/-&"6-1'("*+%.,-$'FG*.(4'HIJIK9'?11,%,"+#&&27'%4-'6.-$-+(-'"3'#'(4#)6,"+',+'%4-'
("*+(,&'".'+-#.02',+'%4-'$"(,#&'#+1'6"&,%,(#&'&#+1$(#6-'(#+'0-'(.*(,#&'%"'%4-'1-/-&"6)-+%'
#+1'6."5.-$$'"3'#1#6%#%,"+''F^"0-.%$'HIIQK9'T,+#&&27'%4-'&-/-&'"3'(&,)#%-'(4#+5-',)6#(%'
0-,+5'3-&%'F".'6-.(-,/-1K',+'%4#%'&"(#&'#.-#')#2'4#/-'#'4*5-')"%,/#%,+5'".'&-5,%,)#%,+5'
,+3&*-+(-'"+'#1#6%#%,"+'#(%,"+$9'],/-+'%4-'&#.5-'1,$6#.,%2',+'3-&%',)6#(%$'#(."$$'%4-'
?*$%.#&,#+'("+%,+-+%'%4,$')#2'0-')".-',)6".%#+%',+'(.-#%,+5'$")-'"3'%4-'"0$-./-1'
1,33-.-+(-$',+'#(%,"+'0-%8--+'("*+(,&$'%4#+',+'"%4-.7'$6#%,#&&2'$)#&&-.'("*+%.,-$9''

D33-(%,/-'("))*+,(#%,"+7'6#.%,(*&#.&2'0-%8--+'#+1'#(."$$'1,33-.-+%'&-/-&$'"3'
5"/-.+)-+%',+'%4-'("".1,+#%,"+'"3'#1#6%#%,"+'-33".%$7'4#$'0--+',1-+%,3,-1'#$'#')#[".'
0#..,-.'%"'#(%,"+'8,%4,+'D*."6-#+'("*+%.,-$'FG,-$0."-<'-%'#&9'HIJIK9'?+'#,1'%"'"/-.(")-'
%4,$')#2'0-'6#.%,(,6#%,"+',+'#1#6%#%,"+=3"(*$-1'+-%8".<$7'84,(4'-)-.5-1'#$'0-,+5'
(&"$-&2'&,+<-1'8,%4')#.,+-'#1#6%#%,"+'6&#+$',+'"*.'$%*129'V#.%,(,6#%,"+',+'#1#6%#%,"+=
3"(*$-1'+-%8".<$'$--)$'-$6-(,#&&2'6-.%,+-+%',+'.-5,"+#&',+,%,#%,/-$'%4#%'&,+<'$-/-.#&'&"(#&'
5"/-.+)-+%$',+'#'5-"5.#64,(#&'#.-#9'^-5,"+#&'".5#+,$#%,"+$'"3'("*+(,&$'F^>!$K'#.-'
/"&*+%#.2'6#.%+-.$4,6$'0-%8--+'$-/-.#&'F*$*#&&2'+-,540"*.,+5K'("*+(,&$',+'#'.-5,"+7'
1-1,(#%-1'%"'(""6-.#%,/-&2'6-.*$,+5'(-.%#,+'#5-+1#$'02'$4#.,+5'.-$"*.(-$7',+3".)#%,"+'
#+1'.-$6"+$,0,&,%,-$'#(."$$'[*.,$1,(%,"+#&'0"*+1#.,-$9'B#+2'4#/-'1-/-&"6-1',+%"'
$"64,$%,(#%-1'.-5,"+#&'5"/-.+,+5'+-%8".<$'FB#.$4#&&'-%'#&9'HIIfK9'W")-'4#/-'%#<-+'*6'
%4-'(4#&&-+5-'"3'.-5,"+#&'#1#6%#%,"+7'#+1'$-./-'#$'%4-'4*0'3".'%4-'1-/-&"6)-+%'"3'
)-)0-.'("*+(,&'#1#6%#%,"+'6&#+$9':4,$')#2'0-'6#.%,(*&#.&2',)6".%#+%',+'#1/#+(,+5'
#1#6%#%,"+',3'%4-'$"(,#&=-("&"5,(#&'$2$%-)'"3'("+(-.+'3*+(%,"+$'#%'#'&#.5-.'$6#%,#&'$(#&-'
%4#+'&"(#&'5"/-.+)-+%'#.-#$'FB"$-.'c'D<$%.")'HIJIK9'A+'%4,$'(,.(*)$%#+(-'3*+(%,"+#&'
.-&#%,"+$4,6$'0-%8--+'("*+(,&$'8,&&'0-'(.*(,#&'%"'#/",1'$-.,"*$'0#..,-.$'F!#$4'-%'#&9'
HIIPK9''

=*2!@'&&.A!#&4'1%5!.B!B.(/$!:0!'1'9%'%:.0!98'0$C!
A+'%4-'("+%-S%'"3'(&,)#%-'1.,/-+'(4#+5-',+'%4-')#.,+-'-+/,."+)-+%7',%'$--)$')"$%'
("*+(,&$'3"(*$'$"&-&2'"+'$-#'&-/-&'.,$-'8,%4'#+'"0/,"*$'&#(<',+'#(("*+%,+5'3".'%4-')*&%,6&-'
1.,/-.$',+/"&/-19'],/-+'%4-'8,1-'.#+5-'"3',)6#(%$'3".'("#$%#&'("))*+,%,-$'#$$"(,#%-1'
8,%4'%4-'-33-(%'"3',+(.-#$-1'$-#'$*.3#(-'%-)6-.#%*.-$'#+1'"(-#+'#(,1,3,(#%,"+'"+')#.,+-'
-("$2$%-)$7'%4,$'#66-#.$'%"'0-'#')#[".'5#6',+'?*$%.#&,#@$'"/-.#&&'6.-6#.-1+-$$'3".'
6.-1,(%-1'(&,)#%-'(4#+5-9'?$')#+2'"3'%4-'-("+"),(',)6#(%$'"3')#.,+-'(&,)#%-'(4#+5-'
#.-'&,+<-1'%"'%4-$-'"%4-.'1.,/-.$7',%',$'$")-84#%'$*.6.,$,+5'%4#%'3-8'("*+(,&$'4#/-'6&#+$'
%"'#1#6%'%"'%4-'-("+"),('#$6-(%$'"3')#.,+-'(&,)#%-'(4#+5-9':4,$',$'#'%.-+1'%4."*54"*%'
%4-'1-/-&"6-1'8".&1'C'#1#6%#%,"+',$'"/-.84-&),+5&2',+'.-&#%,"+'%"'%.#+$6".%#%,"+7'
,+3.#$%.*(%*.-7'#+1'*%,&,%,-$'$-(%".$'C'#.-#$'84-.-',+/-$%)-+%$'4#/-'#'&"+5'&,3-$6#+'FT".1'
-%'#&9'HIJJK9'A+'"*.'$%*12'#&&'fb'("*+(,&')#.,+-'#1#6%#%,"+'6&#+$',+/"&/-1'$")-')-+%,"+'
"3',+3.#$%.*(%*.#&'#1#6%#%,"+7'84,&-'"+&2'i'#&$"',+/"&/-1'-("+"),('#1#6%#%,"+9'T".'
("#$%#&'("))*+,%,-$7',)6#(%$'"+'&,/-&,4""1$'%4."*54'(4#+5-$',+'3,$4-.,-$'#+1'%"*.,$)'
-$6-(,#&&2'#.-'&,<-&2'%"'0-'$,5+,3,(#+%7'2-%'%4,$'.-)#,+$'#'+-5&-(%-1'#.-#',+'("*+(,&'
#1#6%#%,"+'6&#+$9':4-'.-#$"+$'3".'%4,$'("*&1'0-'%4-',+%#+5,0&-'+#%*.-'"3'6.-1,(%-1'
,)6#(%$'#+1'%4-'#1#6%#%,"+'.-L*,.-19'A+'#11,%,"+7'%4-'(")6#.#%,/-&2'$%."+5',+(-+%,/-$'
3".'#(%,"+'%4#%'#.-'#$$"(,#%-1'8,%4'$-#'&-/-&'.,$-'$--)'%"'0-'&#(<,+5'3".'%4-$-')".-'
,+1,.-(%',)6#(%$9''

;4,&-'%4-'.-$*&%$'"3'#'$-#'&-/-&'.,$-',)6#(%'#$$-$$)-+%'#.-'.-&#%,/-&2'$,)6&-'%"'%.#+$&#%-'
,+%"'("*+(,&'6"&,(27')*(4'"3'%4-'.-$-#.(4'$*.."*+1,+5'%4-',)6#(%'"3'(&,)#%-'(4#+5-'"+'
)#.,+-'0#$-1'&,/-&,4""1$'(#++"%'1-&,/-.'%#+5,0&-'6.-1,(%,"+$9'A+$%-#17'%4-'-)64#$,$',$'
"+'*+6.-1,(%#0&-'$2$%-)'0-4#/,"*.7'84-.-'3--10#(<$7'%4.-$4"&1$'#+1'+"+&,+-#.,%,-$'
,+4-.-+%',+'%4-$-'$2$%-)$'6."1*(-'*+-S6-(%-1'"*%(")-$9'W-#'&-/-&'.,$-',$'3#,.&2'
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$%.#,54%3".8#.1'%"'.-$6"+1'%"'8,%4'%4-')#+#5-)-+%'%""&$'("))"+&2'*$-1'02'("*+(,&$7'
$*(4'#$'.-`"+,+5'#.-#$'"3'1-/-&"6)-+%'#+1'.-$,1-+(-7'#+1'#$'-/,1-+(-1',+'%4,$'$%*127'
%4,$',$'4"8'("*+(,&$'#.-'6."(--1,+59'>%4-.'#$6-(%'"3')#.,+-'(&,)#%-'(4#+5-'#1#6%#%,"+'
F-$6-(,#&&2'84-.-'12+#),('$"(,#&=-("&"5,(#&'$2$%-)$'&,<-'3,$4-.,-$'#.-',+/"&/-1K'$*(4'#$'
0*,&1,+5'#1#6%,/-'(#6#(,%2'FB#1,+'-%'#&9'HIJHK7'1-/-&"6,+5',+$%,%*%,"+$'#+1',+$%.*)-+%$'
3".'.-3&-S,/-'#+1'#1#6%,/-')#+#5-)-+%'FG.#+1-.'HIJIK'#+1'0*,&1,+5'#+1'1,/-.$,32,+5'
%4-'&,/-&,4""1'#$$-%'0#$-'"3'%4-'("))*+,%2'FG#1[-(<'-%'#&9'HIJIK'-S6&,(,%&2'.-L*,.-'%4-'
*$-'#+1'$")-%,)-$'%4-'1-/-&"6)-+%'"3'+-8')#+#5-)-+%'%""&$9'W(4"&#.$4,6'"+'8#2$',+'
84,(4'%"'"6-.#%,"+#&,$-'.-$,&,-+(-'FY#/,1$"+'-%'#&9'HIJfK',$'#/#,&#0&-7'2-%',%'$--)$'%4-$-'
%26-$'"3'#66."#(4-$'4#/-'+"%'2-%'0--+'8,1-&2'#1"6%-1'02'("*+(,&$9''

;4,&-'("*+(,&$'4#/-'0--+'6"$,%,"+-1'"+'%4-'_3."+%'&,+-@'"3',)6&-)-+%,+5'&"(#&'(4#+5-7'
%4-.-'$--)$'%"'0-'#'1*#&,%2'%"'%4-,.',+/"&/-)-+%',+'#1#6%#%,"+'#(%,/,%,-$9'>+'"+-'4#+1'
%4-.-',$'%4-'8-&&=-$%#0&,$4-1'&-5#&'#+1',+$%,%*%,"+#&',)6-%*$'%"'6."6-.&2')#+#5-'%4-,.'
"8+'#$$-%$'#+1'.-$6"+$,0,&,%,-$',+'%4-'3#(-'"3'(4#+5-7'#+1'"+'%4-'"%4-.',$'%4-'.-&#%,/-&2'
.-(-+%'4,54=&-/-&'1,.-(%,/-'"3'%4-,.'."&-',+'6."/,1,+5'&-#1-.$4,6',+'#1#6%#%,"+9':4-'
3".)-.')#2'0-'#')".-',))-1,#%-',+(-+%,/-'3".'("*+(,&$9'\-5#&'.-$6"+$,0,&,%2',+'%4-'3#(-'
"3'(&,)#%-'(4#+5-',)6#(%$'8#$'#'$%#%-1'("+(-.+'"3'("*+(,&$'FV,&&".#'HIJJK7'#+1'#'.-6".%'
02'%4-'&-5#&'3,.)'G#<-.'c'B(r-+`,-'FHIJJK'8#$'(")),$$,"+-1'02'%4-'?*$%.#&,#+'\"(#&'
]"/-.+)-+%'?$$"(,#%,"+9'!"*+(,&$'3#(-'&-5#&'&,#0,&,%2',3'%4-2'4#/-'_(%)$&,*%&802@'3#,&-1'%"'
%#<-',+%"'#(("*+%'%4-'-33-(%$'"3'(&,)#%-'(4#+5-',+'%4-,.'$-./,(-7'6&#++,+5'#+1'
1-/-&"6)-+%'#(%,/,%,-$9'D33-(%,/-&27'%4,$'&-#/-$'%4-)'"6-+'%"'&,#0,&,%2'3.")'%#+5,0&-'
,)6#(%$7'0*%'+"%'3.")'&-$$'%#+5,0&-'#+1'6.-1,(%#0&-',)6#(%$'$*(4'#$'%4"$-'.-6".%-1'3".'
-("$2$%-)'(4#+5-9'^-$6"+$,0,&,%2')#2'6&#2'#'<-2'."&-',+'1-(,$,"+')#<,+5'3".'("*+(,&$7'
-$6-(,#&&2',+'%4-'6.,".,%,$#%,"+'"3'#(%,"+$9'T".'-S#)6&-7'%4-'(&,)#%-'(4#+5-'.,$<'.-6".%'
F:.#/-.$'-%'#&9'HIIZK'(")),$$,"+-1'02'B#+1*.#47';?7'%"'1-%-.),+-'%4-,.'#1#6%#%,"+'
.-$6"+$-'(#%-5".,$-1'%4-'("*+(,&@$'&-/-&'"3'.-$6"+$,0,&,%2'3".',)6&-)-+%#%,"+'3".'-#(4'
#1#6%#%,"+'"6%,"+9'?$6-(%$'"3')#.,+-'(&,)#%-'(4#+5-'#1#6%#%,"+'%4#%'#.-'(&-#.&2'%4-'
.-$6"+$,0,&,%2'"3'("*+(,&$'F&-5#&&2'".'"%4-.8,$-K')#2'0-'.-(-,/,+5'%4-'0*&<'"3'84#%'
.-$"*.(-$'#.-'#/#,&#0&-7'84,&-'"%4-.'#$6-(%$'"3'#1#6%#%,"+'84-.-'.-$6"+$,0,&,%2'.-)#,+$'
#)0,5*"*$')#2'0-'3#&&,+5'02'%4-'8#2$,1-9''

=*6!"1'9%'%:.0!'$!'!/0:D/48?!8.('8!9&.(4$$!

T.")'%4-'6-.*$#&'"3'("*+(,&'1"(*)-+%$',%',$'(&-#.'%4#%'-/-.2'$,%*#%,"+'8,&&'0-'
L*#&,%#%,/-&2'#+1'L*#+%,%#%,/-&2'1,33-.-+%E'-#(4'6."0&-)'*+,L*-E'%4-'3"(*$'"3'#1#6%#%,"+7'
%4-'$%#5-'"3'1-/-&"6)-+%'"3'6&#+$'#+1'#(%,"+$'1,33-.-+%E'%4-'6*.6"$-$'/#.,-1'F-959'$")-'
#,)-1'#%'1-%-.),+,+5'/*&+-.#0,&,%,-$7'"%4-.$'#,)-1'#%'1-%-.),+-'3*%*.-'"6%,"+$7'"%4-.$'
#,)-1'#%'$6-(,3,('#(%,"+$KE'#+1'-#(4'$2$%-)'%26"&"5,(#&&2'1,33-.-+%'#+1'"3'1,33-.-+%'
$6#%,#&'-S%-+%9'!"*+(,&$'#.-'+"%'-L*,/#&-+%7'#+1'5,/-+'%4#%'%4-'6."(-$$'"3'#1#6%#%,"+')*$%'
0-'*+,L*-7'-#(4'("*+(,&'8,&&'+-(-$$#.,&2'6."5.-$$'%4."*54'%4,$'#%'1,33-.-+%'.#%-$9'B".-'
,)6".%#+%',$'%4-'L*#&,%2'"3'%4-'6."(-$$7'84,(4'.-$%$'4-#/,&2'"+'%4-'.-#$"+,+5'*$-1',+'
1-(,$,"+')#<,+59':4-'0#$,$'"+'84,(4'%4-$-'1-(,$,"+$'#.-')#1-',$'%4-'&"(*$'"3'#1#6%,/-'
$*((-$$9''M#/,+5'."0*$%'(.,%-.,#'%4#%'%#<-',+%"'#(("*+%'0"%4'%4-'12+#),('+#%*.-'"3'%4-'
$"(,#&'-("&"5,(#&'$2$%-)',+'L*-$%,"+7'#+1'%4-'$--),+5&2'"0/,"*$'0*%'"3%-+'
*+#(<+"8&-15-1'.-L*,.-)-+%'%4#%'#1#6%#%,"+'6&#+$')*$%'+-(-$$#.,&2'0-'_#1#6%,/-@7'(#+'
4-&6'-+$*.-'%4#%'#(%,"+'%#<-+',$'#66."6.,#%-',+'%4-'&"+5'%-.)9'r-2'#$6-(%$'"3'%4,$'6."(-$$'
%#<-'6&#(-'1*.,+5'(&"$-1')--%,+5$'#+1'("))*+,(#%,"+7'#$'8-&&'#$'0-,+5'6#.%'"3'%4-'$"(,#&'
#+1'6"&,%,(#&'("+%-S%',+'84,(4'#&&'("*+(,&'6."(-$$-$'#.-'-)0-11-19'W"7'84,&-'1,33,(*&%'%"'
#$$-$$'#+1'8-&&'0-2"+1'%4-'$("6-'"3'%4,$'$%*127'%4-$-'#.-'6."0#0&2'%4-'#.-#$'84-.-'%4-'
)"$%'3-.%,&-',)6."/-)-+%$'(#+'0-')#1-9''
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E*!F.0(8/$:.0!

U"'"%4-.'$%*12'4#$'(#..,-1'"*%'#'(")6.-4-+$,/-'#$$-$$)-+%'"3'(&,)#%-'(4#+5-'
#1#6%#%,"+'6&#++,+5'#+1'#(%,"+$'3".'("#$%#&'("*+(,&'#."*+1'?*$%.#&,#9'>*.'3,+1,+5$'5,/-'
,+$,54%',+%"'(*..-+%'6."5.-$$'"3'#1#6%#%,"+'#+1'%4-'("+$,1-.#%,"+'"3')#.,+-'(&,)#%-'
(4#+5-'1.,/-.$'+#%,"+#&&27',+1,(#%,+5'$")-'6"%-+%,#&'1.,/-.$'"3'6&#+'1-/-&"6)-+%'
#)"+5$%'("*+(,&$'#+1'4,54&,54%,+5'$,5+,3,(#+%'(&,)#%-'(4#+5-'6&#++,+5'5#6$'%4#%')#2'0-'
"3'3*%*.-'("+(-.+'+#%,"+#&&29'U"%'#&&'("*+(,&$'4#/-'*+1-.%#<-+'%"'*+1-.$%#+1')#.,+-'
(&,)#%-'(4#+5-'-33-(%$',+'%4-,.'#.-#7'#+1'"3'%4"$-'84"'4#/-7'"+&2'4#&3'4#/-'6."5.-$$-1'
,+%"'%4-'6&#++,+5'"3'#(%,"+$'64#$-9'\#.5-.'("*+(,&$'8,%4'#'&#.5-.'3,+#+(,#&'0#$-'#.-')".-'
&,<-&2'%"'4#/-'#'6&#+7'4"8-/-.'%4,$'$--)$'%"'4#/-'&,%%&-',+3&*-+(-'"+'%4-'6."5.-$$'".'
$"64,$%,(#%,"+'"3'%4-,.'6&#+$7'8,%4'"%4-.7')"$%'&,<-&2',+$%,%*%,"+#&7'3#(%".$'0-("),+5'
,)6".%#+%9':4-.-',$'&,%%&-'1,33-.-+(-'0-%8--+'%4-'W%#%-$',+'%-.)$'"3'#1#6%#%,"+'6."5.-$$7'
2-%'%4-'"+&2'-/,1-+(-'"3'#1#6%#%,"+'6&#++,+5'3".'%4-'-("+"),('3&"8'"+'-33-(%'"3')#.,+-'
(&,)#%-'1.,/-.$'"%4-.'%4#+'$-#'&-/-&'.,$-',$',+'%4-'$"*%4=-#$%7'84,(4',$'#')#.,+-'(&,)#%-'
(4#+5-'4"%$6"%9':4-'-("+"),(',)6#(%$'"3')#.,+-'(&,)#%-'(4#+5-'#.-'&,<-&2'%"'4#/-'
$,5+,3,(#+%'3*%*.-',)6&,(#%,"+$'2-%')#2'3#&&',+%"'_%4-'#1#6%#%,"+'5#6@'0-(#*$-',%',$'+"%'#'
(&-#.'("*+(,&'.-$6"+$,0,&,%2'#+1'#&$"'$")-84#%'.-)"/-1'3.")'W%#%-'#+1'T-1-.#&'
.-$6"+$,0,&,%29':4-'3*%*.-',)6&,(#%,"+$'"3'%4-$-'-S,$%,+5'5#6$'#.-'"3'+#%,"+#&'$,5+,3,(#+(-9'
A%',$'(&-#.'%4#%'("*+(,&$'8,%4'#')".-'$"64,$%,(#%-1'*+1-.$%#+1,+5'"3'%4-'6."0&-)'#.-'
&,<-&2'%"'4#/-')".-'-+(")6#$$,+5'.-$6"+$-$7'#+1'#.-')*(4')".-'&,<-&2'%"'1-/-&"6'
^"0*$%'W%.#%-5,-$'F$-+$*'\-)6-.%'-%'#&9'HIJIK'%4#%'),+,),$-'4#.)'3.")'(&,)#%-'(4#+5-'
,)6#(%$'$6.-#1,+5'%"'"%4-.'$-(%".$'#+1'#$$-%$9''

'

 !



Progress in CC adaptation 14 
 

 

References: 

"#$%&'(!)*+,!-../012!34,!4#..0!-5,!67.89!:;!<=>?>@!ABC#'D0!1E!'./B#D&!8#F/#G/./D9!#2$!'H#2I&!
12!E/0H&F9*G#0&$!./8&./H11$0J!)#F!K1./'9!LM!

"&FF#2I*N1F$!O,!N1F$!P6,!K#D&F012!P!<=>??@!-F&!Q&!#$#CD/2I!D1!'./B#D&!'H#2I&R!S.1G#.!
328/F12B&2D#.!'H#2I&!=?!

"/&0GF1&(!ST,!5Q#FD!TP,!+#FD&F!UT,!+1Q#2!+,!4&2F/'H0!U,!)&.#!4,!)1F&'F1ED!)6,!T&9!6!
<=>?>@!37F1C&!#$#CD0!D1!'./B#D&!'H#2I&V!'1BC#F/2I!2#D/12#.!#$#CD#D/12!0DF#D&I/&0J!
S.1G#.!328/F12B&2D#.!'H#2I&!=>!

"F#2$&F!;!<=>?>@!ABC#'D0!1E!'./B#D&!'H#2I&!12!E/0H&F/&0J!P!)#F!590D!WX!

"7F'H!5!<=>?>@!UF#20E1FB/2I!G#FF/&F0!/2D1!&2#G.&F0!1E!#'D/12!12!'./B#D&!'H#2I&V!A20/IHD0!
EF1B!DHF&&!B72/'/C#.!'#0&!0D7$/&0!/2!"F/D/0H!+1.7BG/#,!+#2#$#J!S.1G#.!328/F12B&2D#.!
'H#2I&!=>!

"7FF1Q0!)U,!5'H1&B#2!65,!"7'(.&9!O",!)11F&!K,!K1.1'Y#20(#!35,!"F#2$&F!;),!"F1Q2!+,!
"F721!PN,!67#FD&!+),!4#.C&F2!"5!<=>??@!UH&!C#'&!1E!0H/ED/2I!'./B#D&!/2!B#F/2&!#2$!
D&FF&0DF/#.!&'1090D&B0J!0'/&2'&!LLM!

+#0H!6Z,!-$I&F!Z:,!"&F(&0!N,!S#F$&2!K,!O&G&.!O,![.0012!K,!KF/D'H#F$!O,!\172I![!<=>>]@!5'#.&!
#2$!'F100*0'#.&!$92#B/'0V!I18&F2#2'&!#2$!/2E1FB#D/12!/2!#!B7.D/.&8&.!Q1F.$J!3'1.!
51'!??!

!#,';7'W4,']7'!"8#+':7'G,'Y7'^,00-'s7'FHIIiK':4-'.-$6"+$-'"3'%4-'W"*%4-.+'?++*&#.'B"1-7'
%4-'D#$%'?*$%.#&,#+'!*..-+%7'#+1'%4-'$"*%4-.+'),1=&#%,%*1-'"(-#+'(,.(*&#%,"+'%"'
5&"0#&'8#.),+59']-"642$,(#&'^-$-#.(4'\-%%-.$'fH'FHIIiK9'

+H&2!A*+,!4/..!P;,![H.&B&..&F!T,!T19!6",!UH1B#0!+6!<=>??@!T#C/$!F#2I&!0H/ED0!1E!0C&'/&0!
#001'/#D&$!Q/DH!H/IH!.&8&.0!1E!'./B#D&!Q#FB/2IJ!0'/&2'&!LLL'

+/22&F!P3,!N1.(&!+,!6#Q!U,!4/'(0!++!<=>??@!T&0C12$/2I!D1!'H#2I&V!70/2I!!!0'&2#F/10!D1!
72$&F0D#2$!H1Q!01'/1&'121B/'!E#'D1F0!B#9!/2E.7&2'&!#BC./E9/2I!1F!$#BC&2/2I!
&^C.1/D#D/12!E&&$G#'(0!#B12I!U#2Y#2/#2!E/0H&F0J!S.1G#.!328/F12B&2D#.!'H#2I&!=?!

+F1Q.&9*+9F!O!<=>?=@!K7G./'!#7DH1F/D9!F&0C120&0!D1!B#F/2&!0D/2I&F!C7G./'!H&#.DH!F/0(0V!-!
0'&2#F/1!#2#.90/0!1E!DH&!AF7(#2$%/!H&#.DH!DHF&#D!/2!'12DF1..&$!0C#'&0!#!D!C7G./'!
G&#'H&0!/2!-70DF#./#,!P17F2#.!1F!O#Q!#2$!B-1,(,+-'HI''

6#8/$012!PO,!_#2!K7DD&2!A3,!O&/DH!K,!:7F0&9*"F#9!)P,!)#$/2!3,!41.GF11(!:P!<=>?L@!U1Q#F$!
[C&F#D/12#./Y/2I!T&0/./&2'&!+12'&CD0!/2!-70DF#./#2!)#F/2&!5&'D1F0!+1C/2I!Q/DH!
+./B#D&!+H#2I&J!3'1.!51'!?`!

6++!<=>>X@!+./B#D&!+H#2I&!T/0(0!D1!-70DF#./#a0!+1#0DV!-!E/F0D!C#00!2#D/12#.!#00&00B&2DJ!
6&C#FDB&2D!1E!+./B#D&!+H#2I&,!+#2G&FF#,!-70DF#./#J!

6++33!<=>??@!+./B#D&!+H#2I&!T/0(0!D1!+1#0D#.!"7/.$/2I0!#2$!A2EF#0DF7'D7F&V!-!07CC.&B&2D!D1!
DH&!E/F0D!C#00!2#D/12#.!#00&00B&2DJ!6&C#FDB&2D!1E!+./B#D&!+H#2I&!#2$!32&FI9!
3EE/'/&2'9,!+#2G&FF#,!-70DF#./#J!



Progress in CC adaptation 15 
 

6&!5/.8#!5,!51D1!6!<=>>X@!+./B#D&!'H#2I&!#2$!#b7#'7.D7F&V!C1D&2D/#.!/BC#'D0,!#$#CD#D/12!#2$!
B/D/I#D/12J!A2!;J!+1'HF#2&,!+J!6&!\172I,!6J!51D1!#2$!UJ!"#HF/!<&$0@J!+./B#D&!'H#2I&!
/BC./'#D/120!E1F!E/0H&F/&0!#2$!#b7#'7.D7F&V!18&F8/&Q!1E!'7FF&2D!0'/&2D/E/'!(21Q.&$I&J!
N-[!N/0H&F/&0!#2$!-b7#'7.D7F&!U&'H2/'#.!K#C&FJ!:1J!cL>J!T1B&,!N-[!

N/&.$!+,!"#FF10!_,!5D1'(&F!U,!6#H&!d!<=>?=@!)#2#I/2I!DH&!T/0(0!1E!3^DF&B&!38&2D0!#2$!
6/0#0D&F0!D1!-$8#2'&!+./B#D&!+H#2I&!-$#CD#D/12V!5C&'/#.!T&C1FD!1E!DH&!
A2D&FI18&F2B&2D#.!K#2&.!12!+./B#D&!+H#2I&J!+#BGF/$I&!e2/8&F0/D9!KF&00!

N1F$!P6,!"&FF#2I*N1F$!O,!O&02/(1Q0(/!-,!"#FF&F#!),!4&9B#22!5P!<=>?L@!41Q!D1!DF#'(!
#$#CD#D/12!D1!'./B#D&!'H#2I&V!-!D9C1.1I9!1E!#CCF1#'H&0!E1F!2#D/12#.*.&8&.!
#CC./'#D/12J!3'1.!51'!?`!

N1F$!P6,!"&FF#2I*N1F$!O,!K#D&F012!P!<=>??@!-!090D&B#D/'!F&8/&Q!1E!1G0&F8&$!'./B#D&!'H#2I&!
#$#CD#D/12!/2!$&8&.1C&$!2#D/120J!+./B!+H#2I&!?>]!

4#FF/0!SJ!4&#DHQ#/D&!<=>>c@!A2#$B/00/G.&!&8/$&2'&V!(21Q.&$I&!#2$!CF&$/'D/12!/2!.#2$!#2$!
F/8&F0'#C&0J!P172#.!1E!49$F1.1I9!L>>MV!L*?X!

41&IH*S7.$G&FI!4!=>>`,!-70DF#./#2!U17F/0B!#2$!+./B#D&!+H#2I&,!3'121B/'!5DF#D&I/&0!KD9!
OD$,!!

O&H1$&9!K,!-.H&/D!P,!"#F#2I&!),!"#7BI#FD2&F!U,!"&#7IF#2$!S,!6F/2(Q#D&F!;,!NF1B&2D/2!P*),!
4#F&!5,![DD&F0&2!S,!K&FF9!T!<=>>]@!+./B#D&!8#F/#G/./D9,!E/0H,!#2$!E/0H&F/&0J!P17F2#.!1E!
+./B#D&!?X!

O&BC&FD!T,!K1CC&F!5!f!"#2(&0!5!<=>?>@!T1G70D!6&'/0/12!)#(/2IV!+1C/2I!Q/DH!
! e2'&FD#/2D9J!UH&!N7D7F/0D!MMV!MW*M`!

O/22&2.7&'(&!);,!5D#DH#(/0!-,!SF/EE/DH0!-!<=>??@!N/FB!F&.1'#D/12!#0!#$#CD/8&!F&0C120&!D1!
'./B#D&!'H#2I&!#2$!Q&#DH&F!&^DF&B&0J!S.1G#.!328/F12B&2D#.!'H#2I&!=?!

O/7!P,!6/&DY!U,!+#FC&2D&F!5T,!-.G&FD/!),!N1.(&!+,!)1F#2!3,!K&..!-:,!6&#$B#2!K,!;F#DY!U,!
O7G'H&2'1!P!<=>>W@!+1BC.&^/D9!1E!'17C.&$!H7B#2!#2$!2#D7F#.!090D&B0J!0'/&2'&!L?W!

)#$/2!3),!"#2!:+,!617G.&$#9!g-,!41.B&0!U4,!K&'.!SU,!5B/DH!N!<=>?=@!51'/1*&'121B/'!#2$!
B#2#I&B&2D!/BC./'#D/120!1E!F#2I&*0H/ED/2I!0C&'/&0!/2!B#F/2&!090D&B0J!S.1G#.!
328/F12B&2D#.!'H#2I&!==!

)#F0H#..!:,!61..&F9!",!Z/DH&FG9!-!<=>>L@!T&I/12#.!1FI#2/0#D/120!1E!'172'/.0!<T[+5@V!UH&!
&B&FI&2'&!1E!2&DQ1F(!I18&F2#2'&!/2!B&DF1C1./D#2!#2$!F7F#.!-70DF#./#R!-70DF#.#0/#2!
P17F2#.!1E!T&I/12#.!5D7$/&0!X!

B-%(#&3'W7'/#+'V*%%-+'A7'T.*$4-.'W7'B#.$4#&&'U7':*&&'B7'FHIJdK'?1#6%#%,"+'"6%,"+$'3".'
)#.,+-=,+1*$%.,-$'#+1'("#$%#&'("))*+,%,-$'*$,+5'("))*+,%2'$%.*(%*.-'#+1'
12+#),($9'W*$%#,+#0,&,%2'W(,-+(-'ZFJK9'Y>A'JI9JIIbg$JJPHi=IJf=IHfZ'

B".#'!7'T.#`,-.'?7'\"+5)#+'^7'Y#(<$'^7';#&%"+'B7'FHIJfK':4-'6."[-(%-1'%,),+5'"3'
(&,)#%-'1-6#.%*.-'3.")'.-(-+%'/#.,#0,&,%29'U#%*.-'iIH'

)10&F!5+,!3(0DF1B!P-!<=>?>@!-!EF#B&Q1F(!D1!$/#I210&!G#FF/&F0!D1!'./B#D&!'H#2I&!
#$#CD#D/12J!KF1'&&$/2I0!1E!DH&!:#D/12#.!-'#$&B9!1E!5'/&2'&0!?>W!



Progress in CC adaptation 16 
 

:&7H&/B&F!-,!UHF&0H&F!T,!O9.&!P,!5&BB&20!P!<=>??@!U1.&F#2'&!./B/D!E1F!E/0H!IF1QDH!&^'&&$&$!
G9!Q#FB/2I!Q#D&F0J!:#D7F&!+./B#D&!+H#2I&!?!

K&FF9!AT,![BB&F!T3!<=>?>@!A2DF1$7'D/12V!+1C/2I!Q/DH!I.1G#.!'H#2I&!/2!B#F/2&!01'/#.*
&'1.1I/'#.!090D&B0J!)#F!K1./'9!LM!

K/..1F#!5!<=>??@!-70DF#./#2!.1'#.!I18&F2B&2D!#2$!'./B#D&!'H#2I&J!Z1F(/2I!K#C&F!

K1.1'Y#20(#!35,!41G$#9!-P,!T/'H#F$012!-,!N.#I0H/C!+-!<=>?=@!)#F/2&!+./B#D&!+H#2I&!/2!
-70DF#./#V!ABC#'D0!#2$!-$#CD#D/12!T&0C120&0V!=>?=!T&C1FD!+#F$J!+5AT[!+./B#D&!
-$#CD#D/12!N.#I0H/C!

T1G&FD0!6!<=>>`@!UH/2(/2I!I.1G#..9,!#'D/2I!.1'#..9!*!/20D/D7D/12#./Y/2I!'./B#D&!'H#2I&!#D!DH&!
.1'#.!I18&F2B&2D!.&8&.!/2!67FG#2,!517DH!-EF/'#J!328/F12B&2D!#2$!eFG#2/Y#D/12!=>!

UF#8&F0,!-J,!3.F/'(,!+J,!"12$!UJ,!#2$!;#9,!T!<=>>X@!)#2$7F#H!+1#0D#.!g12&!+./B#D&!+H#2I&!T/0(!
-00&00B&2D!#2$!-$#CD#D/12!K.#2V!KH#0&!A!5DF#D&I/'!-$#CD#D/12!T&C1FD!CF&C#F&$!E1F!
DH&!+/D9!1E!)#2$7F#HJ!+1#0D#.!g12&!)#2#I&B&2D!KD9!OD$,!K&FDHJ!

UF/GG/#!P,!)10&F!5+!<=>>`@!)1F&!DH#2!/2E1FB#D/12V!QH#D!'1#0D#.!B#2#I&F0!2&&$!D1!C.#2!E1F!
'./B#D&!'H#2I&J!328/F12B&2D#.!5'/&2'&!f!K1./'9!??!

/#+'V*%%-+7'D9A97'B-%(#&37'W97'T.*$4-.7'W97'B#.$4#&&7'U97'c':*&&7'B97'F,+'6.-$$K':.#+$3".)#%,"+'
"3'("#$%#&'("))*+,%,-$j';4-.-',$'%4-')#.,+-'$-(%".'4-#1,+5t'?*$%.#&#$,#+'
s"*.+#&'"3'^-5,"+#&'W%*1,-$9''

Z/.012!TN,!U7FD12!5),!P12&0!-,!KH/../C0!)!<=>??@!UH&!/BC#'D!1E!'./B#D&!'H#2I&!12!F&&E*G#0&$!
D17F/0B!/2!+#/F20,!-70DF#./#hij#$#CD#D/12!#2$!F&0C120&!0DF#D&I/&0!E1F!#!H/IH.9!
87.2&F#G.&!$&0D/2#D/12J!6/0#CC&#F/2I!6&0D/2#D/120V!+./B#D&!+H#2I&!#2$!N7D7F&!
+H#..&2I&0!E1F!+1#0D#.!U17F/0B!

!

!

 



!

!

!

!

Appendix 4: Adaptation 
strategies for optimised public 

benefits from Australia’s 
estuarine and coastal marine 

ecosystems: 9 principles 
!

!

!

!

!

!

"#$%&'!()*#+*',!-#.)/!01%)234.,!536$173!8&'.#2#4.*,!9#.!0#:*,!;:+#!(<3$4*,!53/!0*47,!=*3!0&.$#,!;47$16!
+#4!9&..*4,!"#$1*!(#+14#>53::#46,!"#$.)#!8$1#4',!?14#!"%=*#4!

4 June 2014 

FRDC Project No 2011/040 

!

!



@!
!

!
Contents!
Background:…………………………………………………………………………………………….2 

Principles: ……………………………………………………………………………………………...3 

1: Successful adaptation strategies need to be developed in a broad, holistic context…………………3 

2: Focus on whole-of system, long term transformative outcomes for socio-ecological systems……...3 

3: Employ robust strategies that minimise harm across human and natural systems…………………..3 

4: Acknowledge a multi-scale vision and incorporate a multi-scale approach…………………………3 

5: Ensure fair, Representative and Equitable Stakeholder Engagement………………………………..4 

6: Harmonise legislation, policy and actions to achieve large-scale, long-term public benefits……….4 

7. Effective Governance that is clear, consistency and complementarity………………………………4

8: Focus on achievable and realistic delivery of adaptation strategy outcomes and outcome-support 

tools……………………………………………………………………………………………………..4 

9: Optimise outcomes by employing adaptive feed-back cycles appropriately………………………...4 

References. ……………………………………………………………………………………………..4! !



A!
!

8#%B7$3&46C!

D)*!&46*$:/147!73#:!3E!<&F:1%#::/!6*+*:3<*6!#6#<.#.134!'.$#.*71*'!2&'.!F*!.3!2#4#7*!.)*!12<#%.'!3E!
%:12#.*!%)#47*!#46!'*#!:*+*:!$1'*!.3!3<.121'*!3+*$#::!<&F:1%!F*4*E1.'@G!D)1'!.$#6*>3EE!1'!<#$.1%&:#$:/!
%32<:*H!14!*'.&#$14*!#46!%3#'.#:!2#$14*!*%3'/'.*2'!IJ-"J'C!*'.&#$1*'K!4*#$')3$*!2#$14*!L#.*$'K!.16#:!
L*.:#46'!#46!%3#'.#:!E$*')L#.*$!'/'.*2'M!F*%#&'*!3E!.)*1$!61+*$'*!*4+1$342*4.#:!+#:&*'!#46!*H.*4'1+*!
)&2#4!&.1:1'#.134K!#46!.)*!%32<:*H!'3%13>*%3:371%#:!'/'.*2'A!I(J('M!I5*62#4!*.!#:G!ANNOM!.)*/!'&<<3$.G!

D)*!*'.&#$14*!#46!%3#'.#:!2#$14*!'<#%*!1'!%32<:*H!*4+1$342*4.#::/K!*%34321%#::/!#46!'3%1#::/G!"&%)!3E!
.)*!L3$:6P'!<3<&:#.134!1'!%34%*4.$#.*6!#:347!%3#'.'!#46!#$3&46!*'.&#$1*'!Q!.)1'!1'!<#$.1%&:#$:/!.$&*!3E!
R&'.$#:1#G!R:347!L1.)!.)#.!73*'!*H.*4'1+*!#7$1%&:.&$#:K!&$F#4K!146&'.$1#:!#46!<3$.!6*+*:3<2*4.G!R.!.)*!
'#2*!.12*K!J-"J'!#$*!#$*#'!3E!)17)!%34'*$+#.134!#46!F1361+*$'1./!+#:&*'G!(1.*'!3E!)17)!*%3:371%#:!+#:&*K!
:1B*!S#B#6&!#46!T14%)14F$33B!;':#46!?#.134#:!9#$B'K!6*234'.$#.*!.)*!61$*%.!%34'*$+#.134!+#:&*!3E!J-"J'K!
F&.!.)*1$!+#:&*!*H.*46'!E#$!F*/346!.)1'G!J-"J'!3%%&</!#!<1+3.#:!:3%#.134!F*.L**4!:#46!#46!'*#!#46!
<*$E3$2!12<3$.#4.!$3:*'!14!236*$#.147!'*#L#$6!E:3L'!3E!4&.$1*4.'!IU3$6!*.!#:G!ANNVK!W*F'.*$!*.!#:G!ANNVM!
#46!<3::&.#4.'!I8$361*!*.!#:G!ANNXK!T#/4*'!*.!#:G!ANNYMK!2#B147!.)*2!+1.#:!.3!.)*!)*#:.)!#46!L*::F*147!3E!
3EE')3$*!4#.&$#:!#''*.'!'&%)!#'!.)*!Z$*#.!8#$$1*$!5**EG!;4!#661.134K!.)*!)17)!<$36&%.1+1./!#46!4&$'*$/!+#:&*!
3E!%3#'.#:!#[&#.1%!*%3'/'.*2'!2*#4'!.)*/!#$*!%$1.1%#:!.3!.)*!$*'1:1*4%*X!#46!:347>.*$2!)*#:.)!3E!R&'.$#:1#P'!
%3#'.#:!E1')*$1*'K!L1.)!2#4/!%322*$%1#::/!#46!$*%$*#.134#::/!+#:&#F:*!E1')*$1*'!3%%&$$147!14!#46!#$3&46!
J-"J'K!#46!2#4/!3EE')3$*!E1')*$1*'!6*<*46!34!J-"J!4&$'*$/!7$3&46'!#46!<$36&%.1+1./G!

D)*'*!+1.#:!$3:*'!2*#4!.)#.!6#2#7*!.3!*'.&#$1*'!#46!%3#'.#:!L*.:#46'!.)$*#.*4'!B*/!:14B#7*'!14!:1E*>%/%:*!
#46!<$36&%.1+1./!%)#14'K!.)$*#.*4147!.)*!$3F&'.4*''!#46!$*'1:1*4%*!3E!F3.)!E1')*$1*'!#46!#''*.'!3E!4#.134#:!
#46!14.*$4#.134#:!'1741E1%#4%*G!Here we focus on the issue of developing adaptation strategies that 
optimise the ecosystem services provided by estuarine and coastal marine ecosystems, while 
harmonising with other facets of the public benefit. W*!#66$*''!!"!#$!$%&'()$*!$+,%+)!I.)*!:#$7*>'%#:*!
%34%*<.&#:!+1'134!3E!#:.*$4#.1+*!#6#<.134!<#.)L#/'M!$#.)*$!.)#4!.)*!!"!#$!$%&'(#-!')!3$!!.$%&')!.)#.!#$*!
14E3$2*6!F/!#6#<.#.134!'.$#.*71*'G!W*!<$*'*4.!414*!B*/!<$14%1<#:'!E3$!6*+*:3<147!#6#<.#.134!'.$#.*71*'!
E3$!R&'.$#:1#P'!*'.&#$14*!#46!%3#'.#:!2#$14*!*%3'/'.*2'G!D)*!<$14%1<:*'!#$*!#12*6!#.!#4!3+*$#$%)147!
'.$#.*71%!:*+*:!F&.!#$*!'&<<3$.*6!F/!$*'*#$%)K!%#'*!'.&61*'!#46!$*+1*L'!IR<<*461%*'!@>\M!.)#.!<$3+16*!#!
$#47*!3E!.#%.1%'!#46!3<.134'!E3$!3<*$#.134#:1]147!.)*!<$14%1<:*'!6*<*46147!34!:3%#:!./<3:371%#:!#46!'<#.1#:!
E#%.3$'G!!

!

! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!! !
@!"#$%&'!$()(*&+,-!8*4*E1.'!'.*22147!E$32!$*'3&$%*'!.)#.!#$*!#+#1:#F:*!.3!#::K!#'!3<<3'*6!.3!$*'3&$%*'!L)*$*!

#%%*''!1'!:121.*6!.3!<#$.1%&:#$!1461+16&#:'G!
A!./.-!D)*!14.*$#%.134!3E!F13<)/'1%#:!#46!'3%1#:!E#%.3$'!14!#!$*'1:1*4.!#46!'&'.#14#F:*!2#44*$!I5*62#4!*.!#:G!

ANNOMG!
X!0(,&%&()'(-!D)*!%#<#%1./!.3!$*.#14!16*4.1./!^!E&4%.134!14!.)*!E#%*!3E!61'.&$F#4%*!^!%)#47*!IU3:B*!*.!#:G!AN@NM!



X!
!

9$14%1<:*'C!

!"#$%&&'(()%*#+,+-.+./01#(.2+.'3/'(#1'',#+#.0#4'#,'5'*0-',#/1#+#420+,6#70*/(./&#&01.'8.#
-:12#.*!-)#47*!1'!34:/!34*!3E!#!F$3#6!'&1.*!3E!E#%.3$'!.)#.!12<#%.!%3#'.#:!'/'.*2'!L1.)!2#4/!3E!.)*!
12<#%.'!3E!-:12#.*!-)#47*!34:/!$*<$*'*4.147!%)#47*'!14!.)*!E$*[&*4%/!3E!'.$*''3$'!.)#.!)#+*!F**4!#%.1+*!
E3$!21::*441#G!(.$#.*71*'!4**6!.3!F*!6*+*:3<*6!14!#!(J(!:#46'%#<*!L)*$*!.)*$*!#$*!2#4/!%32<*.147!
14.*$*'.'!.3!F*!%34'16*$*6,!E3$!*H#2<:*K!#%.134'!.)#.!217).!F*!7336!E3$!')3$*:14*!<$3.*%.134!217).!
4*7#.1+*:/!12<#%.!146&'.$/K!:1+*:1)336'K!E1')*$1*'K!.3&$1'2!3$!.)*!*4+1$342*4.G!D)*!*2F*66147!3E!-:12#.*!
-)#47*!14!#4!#$$#/!3E!'.$*''3$'!#46!.)*!4**6!.3!%34'16*$!.)*!2&:.1<:*!L#/'!14!L)1%)!#4/!#%.134!%#4!
12<#%.!3.)*$!E#%*.'!3E!.)*!(J(K!.37*.)*$!L1.)!.)*!4**6!.3!%34'16*$!')3$.>!#46!:347>.*$2!73#:'!#46!*EE*%.'K!
2*#4'!'.$#.*71*'!4**6!.3!F*!6*+*:3<*6!14!#!F$3#6K!)3:1'.1%!%34.*H.G!!

9"#:0&%(#01#;70*'<0)<(=(.'>6#*013<.'2>#.2+1()02>+./5'#0%.&0>'(#)02#(0&/0<'&0*03/&+*#(=(.'>(##
U$32!#!F$3#6!$#47*!3E!<*$'<*%.1+*'K!2#H12&2!<&F:1%!F*4*E1.!#%%$&*'!E$32!2#14.#14147!#46!$*'.3$147!
$*'1:1*4.!*%3'/'.*2'!.)#.!<$3+16*!)*#:.)/!)&2#4!:1+147!*4+1$342*4.'K!'&<<3$.!3<.12#:!F1361+*$'1./!#46!
&46*$<14!$3F&'.!#46!<$36&%.1+*!E1')*$1*'G!D)1'!1'!F*'.!#%)1*+*6!F/!E3%&''147!34!:347>.*$2!.$#4'E3$2#.1+*!
3&.%32*'!#.!#!L)3:*>3E>'/'.*2!'%#:*!.)#.!<$3+16*!34>73147!F*4*E1.'!F/!*4)#4%147!$*'1:1*4%*!#46!$*6&%147!
+&:4*$#F1:1./!14.3!.)*!E&.&$*G!U3%&''147!#.!#!L)3:*>3E>'/'.*2!'%#:*!$*6&%*'!.)*!%)#4%*!3E!:3%#:!:*+*:!
#%.134'!<$36&%147!%34.$#61%.3$/!3&.%32*'G!U3%&''147!34!2#14.#14147!#46!*4)#4%147!*%3'/'.*2!$*'1:1*4%*!
<$3+16*'!:347!.*$2!6&$#F1:1./!#46!#+#1:#F1:1./!3E!$*'3&$%*'!F*%#&'*!1.!'&<<3$.'!%34.14&*6!*%3'/'.*2!
E&4%.134147!14!.)*!E#%*!3E!'&F'.#4.1#:!%)#47*,!14!*''*4%*!E&.&$*><$33E147!.)*!'/'.*2G!!;4!#661.134K!F*%#&'*!
*%3:371%#:!'/'.*2'!#$*!14.12#.*:/!14E:&*4%*6!F/!.)*!'3%1#:!'/'.*2'!.)#.!$*:/!34!.)*2!*4'&$147!$*'3&$%*!
$*'1:1*4%*!4**6'!.3!E3%&'!34!.)*!'3%13>*%3:371%#:!'/'.*2!#'!#!L)3:*G!!

?"#@>-*0=#204%(.#(.2+.'3/'(#.7+.#>/1/>/('#7+2>#+&20((#7%>+1#+1,#1+.%2+*#(=(.'>(#
(.$#.*71*'!4**6!.3!F*!%34'16*$*6!L1.)!$*'<*%.!.3!.)*!:1E*>.12*!3E!.)*1$!%34'*[&*4%*',!6*%1'134'!L1.)!')3$.!
.*$2!%34'*[&*4%*'!#$*!&'&#::/!34:/!.#B*4!14!.)*!%34.*H.!3E!.)*!%&$$*4.!%:12#.*!3$!L1.)!#!')3$.>.*$2!
%)#47*!)3$1]34G!;4!%34.$#'.K!#6#<.#.134!6*%1'134'!#12*6!#.!:347!.*$2!3&.%32*'!4**6!.3!#%%32236#.*!
E&.&$*!<$*61%.*6!%)#47*G!;4!.)*!#F'*4%*!3E!.)*!#F1:1./!.3!:33B!14.3!.)*!E&.&$*!#46!%)33'*!6*'1$#F:*!$#.)*$!
.)#4!2#:#6#<.1+*!<#.)L#/'K!6*%1'134!2#B*$'!4**6!.3!#63<.!'.$#.*71*'!.)#.!:121.!.)*!$1'B'!3E!&4E3$*'**4!
%34'*[&*4%*'G!D)1'!$*[&1$*'!.)*!6*+*:3<2*4.!3E!$3F&'.!'.$#.*71*'!.)#.!$*%3741'*!.)*!14.$14'1%!&4%*$.#14./!
3E!3&$!B43L:*67*!3E!.)*!E&.&$*!#46!.)*!%34'*[&*4.!:121.#.134'!34!3&$!#F1:1./!.3!<$*61%.!E&.&$*!*+*4.'!#46!
.)*!%34'*[&*4%*'!3E!#%.134'G!D)*'*!'.$#.*71*'!')3&:6!F*!$3F&'.!#%$3''!.)*!$#47*!3E!E&.&$*!<3''1F1:1.1*'K!
#46!43.!$*:/!34!.17).:/!<$*61%.*6!3&.%32*'!F&.!#$*!$3F&'.!14!.)*!'*4'*!.)#.!.)*/!63!43!)#$2!1E!#4!
&4*H<*%.*6!%3&$'*!3E!*+*4.'!3%%&$'K!#46!63!43.!%:3'*!3EE!.)*!<3''1F1:1./!3E!E&.&$*!#%.134'G!!

A"#B&C10;*',3'#+#>%*./<(&+*'#5/(/01#+1,#/1&02-02+.'#+#>%*./<(&+*'#+--20+&7##
D)*!%3#'.#:!'<#%*!1'!F/!4#.&$*!%32<:*H,!1.!)#'!#!:#$7*!$#47*!3E!'.#B*)3:6*$'!L1.)!+*$/!61EE*$*4.!#46K!
<3.*4.1#::/K!%34E:1%.147!3F_*%.1+*'G!U&$.)*$23$*K!73+*$4#4%*!'/'.*2'!#$*!E$#%.134#.*6!14.3!61EE*$*4.!.1*$'!
3E!73+*$42*4.!#46!:3%#:!F361*'K!2#B147!#!%3>3$614#.*6!#<<$3#%)!.3!2#4#7*2*4.!61EE1%&:.G!U&$.)*$23$*K!
.)*!#6#<.1+*!2#4#7*2*4.!:33<!2#/!')3L!&<!.)*!F*4*E1.!3E!#4!#%.134!#.!.3.#::/!61EE*$*4.!.12*!#46!'<#.1#:!
'%#:*'!.)#4!L#'!3$1714#::/!14.*46*6G!;4!E#%.K!6&*!.3!.)*!:347>.*$2!4#.&$*!3E!'32*!%:12#.*!#6#<.#.134'K!.)*!
'/'.*2!$*'<34'*!.3!#4!#%.134!2#/!F*!L*::!F*/346!.)*!:1E*!%/%:*!3E!#!2#4#7*2*4.!F36/G!-34'*[&*4.:/K!
%32<$*)*4'1+*!#6#<.#.134!'.$#.*71*'!4**6!#!+1'134!.)#.!*2F$#%*'!2&:.1<:*!'%#:*'!#46!:*#6'!.3!6*%1'134'!
#46!#%.134'!.)#.!*2F$#%*!2&:.1>'%#:*!&46*$'.#46147G!!

D"#@1(%2'#:+/26#E'-2'('1.+./5'#+1,#@F%/.+4*'#$.+C'70*,'2#@13+3'>'1.##
-32<$*)*4'1+*!'.#B*)3:6*$!*47#7*2*4.!1'!12<3$.#4.!.3!#%)1*+*!4#.&$#:!$*'3&$%*!3&.%32*'!14!.)*!
%34.*H.!3E!#6#<.#.134!.3!-:12#.*!-)#47*G!J47#7*2*4.!3E!#::!'.#B*>)3:6*$'!14!'.$#.*7/!6*+*:3<2*4.!14!#!
<#$.1%1<#.3$/!#<<$3#%)!%32F14147!.3<>63L4!#46!F3..32>&<!<*$'<*%.1+*'!<$3+16*'!F3.)!#!$1%)*$!'&1.*!3E!
<*$'<*%.1+*'!#46!:*71.12#%/!.)$3&7)!<#$.1%1<#.134!#46!%34'16*$#.134!3E!'.#B*)3:6*$!#'<1$#.134'G!



O!
!

(.#B*)3:6*$!14+3:+*2*4.!4**6'!.3!3%%&$!E$32!F*7144147!.3!*46!.3!*4'&$*!.$#4':#.134!3E!:#$7*!'%#:*!
3F_*%.1+*'!.3!:3%#:!'3:&.134'G!S**<147!'.#B*)3:6*$'!*47#7*6!$*[&1$*'!E#%1:1.#.134!3E!34>73147!'.#B*)3:6*$!
14.*$*'.!#46!14+3:+*2*4.!.)$3&7)!2*4.3$147!#46!%)#2<134147K!#46!*4'&$147!.)*/!#$*!14.12#.*:/!14+3:+*6!
14!6*%1'134>2#B147G!

G"#H+2>01/('#*'3/(*+./016#-0*/&=#+1,#+&./01(#.0#+&7/'5'#*+23'<(&+*'6#*013<.'2>#-%4*/&#4'1')/.(##
T#$2341'147!#%.134'!#46!<&F:1%!F*4*E1.!L1::!14+3:+*!14%$*#'147!.)*!%34%3$6#4%*!F*.L**4!.)*!'%#:*'!#.!
L)1%)!*%3:371%#:!#46!F13<)/'1%#:!<$3%*''*'!3%%&$K!.)*!'%#:*'!#.!L)1%)!:*71':#.134!#46!<3:1%/!#$*!2#6*!
I%*4.$#:!73+*$42*4.MK!#46!.)*!'%#:*'!L)*$*!#%.134'!#$*!.#B*4!I:3%#:!73+*$42*4.'`$*7134#:!F361*'MG!!

I"#@))'&./5'#J05'21+1&'#.7+.#/(#&*'+26#&01(/(.'1&=#+1,#&0>-*'>'1.+2=##
D)*!%32<:*H1./!3E!73+*$4#4%*!$*:#.147!.3!-:12#.*!-)#47*K!#46!$*'<34'*'!.3!1.K!2*#4'!.)*$*!1'!#!4**6!E3$!
%:#$1./K!%34'1'.*4%/!#46!%32<:*2*4.#$/!14!6*E14147!$*'<34'1F1:1.1*'!#46!<3:1%/!12<:*2*4.#.134!3E!61EE*$*4.!
2#4#7*2*4.`73+*$4#4%*!#&.)3$1.1*'G!-34'*[&*4.:/K!'&F'.#4.1#:!'&%%*''!$*[&1$*'!14.*7$#.134!3E!.3<>
63L4!I(.#.*K!-32234L*#:.)M!<3:1%1*'!#46!:*71':#.134K!#46!F3..32>&<!I:3%#:K!%322&41./M!:*+*:!#%.134',!
.37*.)*$!L1.)!#!%:*#$!6*E141.134!3E!$3:*'!#46!$*'<34'1F1:1.1*'G!!

K"#:0&%(#01#+&7/'5+4*'#+1,#2'+*/(./&#,'*/5'2=#0)#+,+-.+./01#(.2+.'3=#0%.&0>'(#+1,#0%.&0>'<
(%--02.#.00*(##

03!43!E1H#.*!34!61EE*$*4.!E$#2*L3$B',!.)1'!1'!#!'16*>.$#%B!#46!.)*!'.$1%.!'.$&%.&$*!3E!#!E$#2*L3$B!%#4!:*#6!
.3!&4$*#:1'.1%!3&.%32*'G!5#.)*$K!%34%*4.$#.*!34!L)#.!1'!4**6*6!E3$!.)*!.#'B!#.!)#46!#46!34:/!%)33'*!#!
E$#2*L3$B!1E!1.!)*:<'!#%)1*+*!#!'<*%1E1%K!$*#:1'.1%!#46!#%)1*+#F:*!3&.%32*G!

L"#M-./>/('#0%.&0>'(#4=#'>-*0=/13#+,+-./5'#)'',<4+&C#&=&*'(#+--20-2/+.'*=#
R6#<.#.134!3<.134'!.)#.!14%:&6*!#6#<.1+*!2#4#7*2*4.!%/%:*'!')3&:6!F*!'**4!#'!.)*!a43$2#:a!L#/!.3!63!
F&'14*''C!E:*H1F:*!#6#<.1+*!2#4#7*2*4.!.)#.!#::3L'!L)3:*!3E!'/'.*2!#<<$3#%)!#%$3''!61EE*$*4.!
2#4#7*2*4.!:*+*:'G!R4!#6#<.1+*!E$#2*L3$B!')3&:6!F*!#63<.*6!F*%#&'*K!#:.)3&7)!%32<:*H!$*:#.134')1<'!
F*.L**4!%#&'*!#46!*EE*%.!I#!bL1%B*6!<$3F:*2cM!&'&#::/!2*#4!.)#.!3<.12#:!'3:&.134'!#$*!12<3''1F:*K!
#6#<.1+*!E$#2*L3$B'!#::3L!23+*2*4.!.3L#$6'!#!6*E14*6!73#:G!!

5*E*$*4%*'!

8$361*!dJK!"%S*$73L!=RK!9$3''*$!;9K!U&$4#'!"K!T&7)*'!ReK!T&4.*$!T!IANNXM!(3&$%*'!3E!'*612*4.!#46!
4&.$1*4.!*H<3$.'!.3!.)*!Z$*#.!8#$$1*$!5**E!W3$:6!T*$1.#7*!R$*#G!!

U3$6!9K!D1::2#4!9K!53F'34!8K!W*F'.*$!;D!IANNVM!e$7#41%!%#$F34!6*:1+*$1*'!#46!.)*1$!E:3L!$*:#.*6!
6/4#21%'!14!.)*!U1.]$3/!*'.&#$/G!"#$14*!93::&.134!8&::*.14!V@C@@f>@AY!

T#/4*'!0K!8$361*!dK!W#.*$)3&'*!dK!8#14F$167*!gK!8#''!0K!T#$.!8!IANNYM!R''*''2*4.!3E!.)*!L#.*$!
[&#:1./!#46!*%3'/'.*2!)*#:.)!3E!.)*!Z$*#.!8#$$1*$!5**E!IR&'.$#:1#MC!%34%*<.&#:!236*:'G!
J4+1$342*4.#:!"#4#7*2*4.!ONCffX>@NNX!

5*62#4!-=K!Z$3+*!d"K!S&F/!=T!IANNOM!;4.*7$#.147!'3%1#:!'%1*4%*!14.3!.)*!:347>.*$2!*%3:371%#:!
$*'*#$%)!I=DJ5M!4*.L3$BC!'3%1#:!612*4'134'!3E!*%3:371%#:!%)#47*!#46!*%3:371%#:!612*4'134'!
3E!'3%1#:!%)#47*G!J%3'/'.*2'!YC@\@>@Y@!

W*F'.*$!;DK!U3$6!9WK!D1::2#4!9!IANNVM!J'.12#.147!4&.$1*4.!F&67*.'!14!.$3<1%#:!*'.&#$1*'!'&F_*%.!.3!
*<1'361%!E:3L'G!"#$14*!93::&.134!8&::*.14!V@C@\V>@YX!

!

!



!"
"

" !"

Appendix 5: Review and 
assessment of tools to support 

climate adaptation for 
estuaries 

4 June 2014 

FRDC Project No 2011/040 

"

"

"

"

"



#"
"

" #"

!"#$"%&'()&'**"**+"(,&-.&,--/*&,-&*011-2,&3/$+',"&')'1,',$-(&.-2&"*,0'2$"*&&

!"#$%&'()*+,-,.)*!/'0)*1,2,.)*3$/45/6)*-,7)*896(4%4'(/)*1,.)*54'*:9((/')*;,<,=)*!9(>4)*?,.)*

-#?/4')*@,7)*!4A/)*:,B)*3C&>'/)*<,B)*345"'4D1&AA4'E)*-,.*F"'*'&*C4>("#9A4>*&>E/>G*

.+3<1H*I/4A($*J>&%*H#/4'6*KA406$"C)*;#&6#"/'#/6*:>/#"'#()*B.*8&00&*1&4E)*!9((&'*
:4>L)*MAE*B.N7)*296(>4A"4,*
7+/'(>/*J&>*O>&C"#4A*I4(/>*4'E*2P94("#*;#&6Q6(/%*1/6/4>#$)*R4%/6*+&&L*S'"5/>6"(Q)*
O&T'65"AA/)*MAE)*BU..*
=+3<1H*I/4A($*J>&%*H#/4'6*KA406$"C)*V:H*8&W*.X=U)*Y&Z4>()*O46,*[NN.)*296(>4A"4,*
B3#$&&A*&J*;'5">&'%/'()*V>"JJ"($6*S'"5/>6"(Q)*.[N*\/66/A6*1&4E)*@4($4'*MAE*B...*
X+&>>/6C&'E"'0*49($&>]*#4($Q,E"#$%&'(^#6">&,49)*O/A]*_`.*[*=7.B*7B7Ba*K4W]*_`.*[*
=U==*XXNU*

*

45*,2'3,&&

-4'Q*&J*($/*T&>AEb6*/6(94>"/6*4>/*59A'/>4ZA/*(&*#A"%4(/*"%C4#(6*F/,0,*6/4*A/5/A*

>"6/G*A/4E"'0*(&*4*'//E*J&>*>"0&>&96*4E4C(4("&'6*6(>4(/0"/6,*2*>/5"/T*&J*#A"%4(/*

4E4C(4("&'*(&&A6*96"'0*4((>"Z9(/6*69#$*46*($/*>/A4("5/*454"A4Z"A"(Q*&J*($/*(&&A)*($/*6L"AA6*

>/P9">/E*(&*96/*($/*(&&A*4'E*($/*4%&9'(*&J*E4(4*'//E/E*(&*96/*($/*(&&A*"6*9'E/>(4L/',*

O&&A6*4>/*E/J"'/E*46*4'*"'6(>9%/'(*F%&E/A)*V<3*"'(/>J4#/)*6&J(T4>/*&>*T/Z*6"(/)*

E/6#>"C("&'*&>*(/%CA4(/G*($4(*$/AC6*%4'40/>6*E/5/A&C*#A"%4(/*4E4C(4("&'*&C("&'6*4'E*

"E/'("JQ*(>4E/D&JJ6*"'*($/*/6(94>"'/*6C4#/,*1"6L*4'E*59A'/>4Z"A"(Q*466/66%/'(*(&&A6*

(/'E/E*(&*Z/*P94'("(4("5/)*T$/>/46*($&6/*J&>*E/#"6"&'*69CC&>(*(/'E*(&*Z/*6C>/4E*

Z/(T//'*4AA*#4(/0&>"/6*&J*P94A"(4("5/)*6/%"DP94'("(4("5/*4'E*P94'("(4("5/,*2#>&66*4AA*($/*

BB*(&&A6*>/5"/T/E)*($/Q*/W"6(*"'*54>"&96*J&>%4(6)*%4"'AQ*46*E&#9%/'(4("&')*&'A"'/*

CA4(J&>%6*4'E*#&%C9(/>*6&J(T4>/,*H'AQ*U*F.UcG*T/>/*J>//*E&T'A&4E4ZA/*6&J(T4>/*T"($*

&C/'*6&9>#/*A"#/'6/6,*-4'Q*&J*($/*(&&A6*>/P9">/E*$"0$*#4C4Z"A"(Q*"'C9(6*FE&AA4>6)*6L"AA)*

4'E*("%/G,*846/E*&'*6#&>"'0*4((>"Z9(/6)*($/*P94A"(4("5/*%/($&E6*C/>J&>%*T/AA*4'E*%4Q*

Z/*C>/J/>>/E*0"5/'*($/">*96/*&J*6(4L/$&AE/>6*4'E*A&T/>*#4C4Z"A"(Q*"'C9(6,*Y&T/5/>)*"(*"6*



$"
"

" $"

#A/4>*($4(*($/>/*"6*4*'//E*J&>*4*E"5/>6"(Q*&J*(&&A6)*6"'#/*'&*&'/*%/($&E*6(4'E6*&9(*4#>&66*

4AA*($/*4((>"Z9(/6,**

Keywords  

+A"%4(/*4E4C(4("&'a*/6(94>"/6a*(&&A6a*59A'/>4Z"A"(Q*466/66%/'(a*>"6L*466/66%/'(a*

E/#"6"&'*69CC&>(*(&&A6a*>/5"/T*

*  



%"
"

" %"

Introduction 

;6(94>"/6*#4'*Z/*E/J"'/E*46*4*C4>("4AAQ*/'#A&6/E*T4(/>*Z&EQ*4A&'0*($/*#&46(*"'*4*

(>4'6"("&'*4>/4*T$/>/*>"5/>6*4'E*6(>/4%6*%//(*4'E*%"W*T"($*64A(*T4(/>*J>&%*($/*&#/4',*

O$/*/6(94>"'/*4'E*#&46(4A*%4>"'/*6C4#/*"6*#&%CA/W*/'5">&'%/'(4AAQ)*/#&'&%"#4AAQ*4'E*

6&#"4AAQ*F3$/45/6*/(*4A,*7N.BG,*-4'Q*L/Q*$4Z"(4(6*#4'*Z/*J&9'E*$/>/)*69#$*46*T/(A4'E6)*

64A(*%4>6$/6)*6/40>466)*%4'0>&5/6*4'E*12-321*Z">E*6"(/6,*<#&'"#*&>*($>/4(/'/E*6C/#"/6*

F(9>(A/6)*E90&'0)*"'6$&>/*E&AC$"'G*4>/*E/C/'E/'(*&'*($/6/*$4Z"(4(6*J&>*L/Q*C4>(6*&J*($/">*

A"J/*#Q#A/)*6&*(&&)*%4'Q*#&%%/>#"4AAQ*/WCA&"(/E*4'"%4A6*69#$*46*#>4Z6,*+&%%/>#"4AAQ*($"6*

4>/4*4A6&*69CC&>(6*%4'Q*"'E96(>"/6)*"'#A9E"'0*J"6$"'0*4'E*C&>(6*d*"'E//E*%4'Q*&J*($/*

T&>AEb6*A4>0/6(*#"("/6*69>>&9'E*/6(94>"/6,*-9#$*&J*($/*T&>AEb6*C&C9A4("&'*"6*

#&'#/'(>4(/E*4A&'0*#&46(6*4'E*4>&9'E*/6(94>"/6)*J&>*/W4%CA/)*%&>/*($4'*UN*%"AA"&'*

C/&CA/*A"5/*"'*($/*#&46(4A*4>/46*&J*;9>&C/*F;O+e2++*7N.NG,*

;6(94>"/6*4>/*&'/*&J*($/*%&6(*"%C4#(/E*%4>"'/*/#&6Q6(/%6*FY4AC/>'*/(*4A,*7NNfa*

?&(g/*/(*4A,*7NN`G)*&J(/'*/WC/>"/'#"'0*#9%9A4("5/*"%C4#(6*&J*%&>/*($4'*.X*6(>/66&>6*

FY4AC/>'*/(*4A,*7NNfG,*<'*($4(*#&'(/W()*#A"%4(/*#$4'0/*"6*A"L/AQ*(&*J9>($/>*"%C4#(*($/6/*

4>/46*($>&90$*6/4*A/5/A*>"6/)*(/%C/>4(9>/*"'#>/46/6*&>*/W(>/%/*T/4($/>*/5/'(6*F?&(g/*/(*

4A,*7NN`G,*VA&Z4AAQ)*%4'Q*A&#4A*%4'40/%/'(*Z&E"/6*4>/*E/5/A&C"'0*#A"%4(/*4E4C(4("&'*

6(>4(/0"/6)*Z9(*"(*"6*4>094ZAQ*("%/*(&*%&5/*J>&%*6(>4(/0"/6*(&*"%CA/%/'(4("&',*Y&T/5/>)*

&'/*&J*($/*"%C&>(4'(*'//E6*(&*%&5/*J>&%*$"0$*A/5/A*6(>4(/0"/6*(&*&'D($/D0>&9'E*4#("&'*

4>/*(&&A6*($4(*$/AC*%4'40/%/'(*9'E/>6(4'E*($/*'/#/664>Q*(>4E/D&JJ6,*!/5/A&C"'0*(&&A6*

4>/*($/*%4"'6(4Q*&J*%4'Q*'4(9>4A*>/6&9>#/*%4'40/%/'(*&##9C4("&'6*69#$*46*

-4'40/%/'(*3(>4(/0Q*;54A94("&'*4'E*&($/>*(&&A6*"'*J"6$/>"/6*F!"#$%&'(*/(*4A,*7NNUa*

K9A(&'*/(*4A,*7NN[a*:A404'Q"*/(*4A,*7N..a*3%"($*/(*4A,*7NN[G)*T4(/>*Z9E0/(6*J&>*"'A4'E*

T4(/>*6Q6(/%6*Fh4'0*4'E*I4'0*7NNfG*4'E*>"6L*466/66%/'(6*"'*J"6$/>"/6*FY&ZE4Q*/(*4A,*

7N..G,*?"L/*%4'Q*J"/AE6)*($/>/*4>/*'9%/>&96*(&&A6*454"A4ZA/*J&>*#A"%4(/*4E4C(4("&'*T&>L*



&"
"

" &"

F6//*>/5"/T6*69#$*46*F;O+e2++*7N.NGG)*Z9(*"'*%4'Q*>/6C/#(6*($/*5/>Q*A4>0/*'9%Z/>6*&J*

(&&A6*%/4'*($4(*"(*"6*$/ACJ9A*(&*CA4#/*($/6/*"'*6&%/*#&'(/W(*&J*T$/>/*"'*($/*+A"%4(/*

4E4C(4("&'*C>&#/66*($/Q*4CCAQ*4'E*"'*T$"#$*#&'(/W(,*

\A/"'*/(*4A,*F.fffG*E/5/A&C/E*4*0/'/>"#*#A"%4(/*4E4C(4("&'*J>4%/T&>L*($4()*4(*"(6*

#&>/)*T46*4'*"(/>4("5/*C>&#/66*&J*"G*"'J&>%4("&'*4T4>/'/66)*""G*CA4''"'0*E/6"0')*"""G*

"%CA/%/'(4("&'*4'E*"5G*%&'"(&>"'0e/54A94("&',*<'$/>/'(AQ)*($"6*C>&#/66*#&'J&>%/E*(&*

($/*4E4C("5/*%4'40/%/'(*A&&C*&J*96"'0*4*6(>9#(9>/E*C>&#/66*&J*%4L"'0*>&Z96(*E/#"6"&'6*

"'*($/*J4#/*&J*9'#/>(4"'(Q)*4'E*A/4>'"'0*J>&%*E&"'0*FY&AA"'0*.f[Ua*I4A(/>6*7NN[G,*

<'*($/*#&'(/W(*&J*\A/"'*/(*4A,*F.fffG)*($"6*C4C/>*9'E/>(4L/6*4*#>"("#4A*>/5"/T*&J*

(&&A6*($4(*#&9AE*Z/*4CCA"/E*(&*466"6(*T"($*#A"%4(/*4E4C(4("&'*"'*/6(94>"/6,*O$"6*>/5"/T*

96/6*54>"&96*%/(>"#6*4'E*#A466"J"#4("&'6*(&*$"0$A"0$(*04C6)*6(>/'0($6*4'E*T/4L'/66/6*&J*

($/*#A466/6*&J*(&&A6*454"A4ZA/,*<(*Z9"AE6*&'*/W"6("'0*>/5"/T6*E&'/*ZQ*&($/>6)*/6C/#"4AAQ*

F;O+e2++*7N.NG*4'E*S@K+++*3/#>/(4>"4(*F7NNUG)*ZQ*C>&5"E"'0*4*A"'L*(&*T$"#$*

#&%C&'/'(*&J*($/*4Z&5/*C>&#/66*($/Q*4CCAQ)*Z9(*4A6&*"'*>/A4("&'*(&*6/5/>4A*4((>"Z9(/6*

69#$*46*454"A4Z"A"(Q*4'E*/46/*&J*96/,*S'A"L/*%4'Q*&($/>*>/5"/T6)*6&%/*Z46"#*69%%4>Q*

6(4("6("#6*&J*($/*>/5"/T/E*(&&A6*4>/*4A6&*C>&5"E/E,*

Materials and Methods 

2*>/5"/T*&J*(&&A6*4CCA"#4ZA/*(&*#A"%4(/*4E4C(4("&'*"'*/6(94>"/6*T46*9'E/>(4L/'*

96"'0*4*6(40/E*4CC>&4#$,*Y/>/*T/*4E4C(*($/*E/J"'"("&'*&J*($/*(&&A*J>&%*S@K+++)*",/,)*4*

%/4'6*&J*"'6(>9%/'(*ZQ*T$"#$*4*6C/#"J"#*(46L*"6*4##&%CA"6$/E*FS@K+++*3/#>/(4>"4(*

7NNUG,**<'"("4AAQ)*4'*"'(/>'/(*6/4>#$*96"'0*V&&0A/)*V&&0A/*6#$&A4>*4'E*I/Z*&J*3#"/'#/*T46*

9'E/>(4L/',**O$/*L/QT&>E6*96/E*"'*($/*6/4>#$*"'#A9E/E*54>"&96*#&%Z"'4("&'6*&J*

i#A"%4(/*#$4'0/j)*i59A'/>4Z"A"(Q*466/66%/'(j)*i4E4C(4("&'*%/($&E6j)*i/6(94>Qj*4'E*

i#&46(4A*g&'/6j,*3/5/>4A*T/Z*$"(6*T/>/*>/5"/T6*&J*(&&A6)*'&(4ZAQ*J>&%*S'"(/E*@4("&'6*



'"
"

" '"

K>4%/T&>L*+&'5/'("&'*&'*+A"%4(/*+$4'0*FS@K+++*3/#>/(4>"4(*7NNUG*4'E*;9>&C/4'*

O&C"#*+/'(>/*&'*+A"%4(/*+$4'0/*<%C4#(6)*k9A'/>4Z"A"(Q*4'E*2E4C(4("&'*F;O+e2++*

7N.NG)*T$"#$*T/>/*($/'*96/E*(&*#>/4(/*4*Z46/*(&&A*A"6(*J&>*($"6*C4C/>,**O$/*A"6(*T46*

#">#9A4(/E*(&*&($/>*+3<1H*#A"%4(/*4E4C(4("&'*6#"/'("6(6*J&>*J//EZ4#L*d*6/5/>4A*(&&A6*T/>/*

69Z6/P9/'(AQ*4EE/E,*!/6C"(/*($"6*>/5"/T*C>&#/66)*($/*>/69A(4'(*A"6(*&J*%4l&>*L'&T'*(&&A6*

454"A4ZA/*(&*4EE>/66*($/*"669/*&J*E/5/A&C"'0*4E4C(4("&'*&C("&'6*J&>*#A"%4(/*#$4'0/*"'*

/6(94>"/6*"6*'&(*/W$496("5/*d*"(*T46*'&(*($/*"'(/'("&'*&J*($"6*>/5"/T*(&*#4C(9>/*4AA*

%/($&E6*454"A4ZA/*&'*($/*(&C"#)*Z9(*>4($/>*>/5"/T*4'E*($/'*/54A94(/*/46"AQ*454"A4ZA/*

(&&A6,*

\A/"'*/(*4A,*F.fffG*E"5"E/E*($/*6(/C6*(&*E/5/A&C"'0*#A"%4(/*4E4C(4("&'*6(>4(/0Q*

"'(&*4*6/>"/6*&J*C>&#/66/6*d*<'J&>%4("&'*4'E*2T4>/'/66)*:A4''"'0*4'E*!/6"0')*

<%CA/%/'(4("&')*4'E*-&'"(&>"'0*4'E*;54A94("&',*O$/*A"6(*&J*(&&A6*T/>/*E"5"E/E*"'(&*(T&*

6(/C6*&J*($"6*C>&#/66*FTable 1G)*Z/"'0*F.G*4*>"6L*466/66%/'(*Fi12jG)*F7G4*59A'/>4Z"A"(Q*

466/66%/'(*Fik2jG*($4(*J4AA*"'(&*($/*<'J&>%4("&'*4'E*2T4>/'/66*#4(/0&>Q)*4'E*F=G*4*

E/#"6"&'*69CC&>(*(&&A*Fi!3OjG*T$"#$*"6*C4>(*&J*($/">*:A4''"'0*4'E*!/6"0'*C>&#/66,*O$"6*

>/5"/T*E"E*'&(*"'5/6("04(/*(&&A6*($4(*J4AA*"'(&*($/*-&'"(&>"'0*4'E*;54A94("&'*#4(/0&>"/6,**

H'#/*($/*(&&A6*T/>/*CA4#/E*"'*&'/*&>*%&>/*&J*($/6/*6(/C6)*($/Q*T/>/*($/'*

0>&9C/E*"'(&*4*J9>($/>*(/'*%&E/A*#4(/0&>"/6*FTable 1*4'E*H'A"'/*>/6&9>#/*O4ZA/*3.*J&>*

%&>/*E/6#>"C("5/*E/(4"A*&J*($/6/*#4(/0&>"/6G,*

<'*4EE"("&'*($/*(&&A6*T/>/*6#&>/E*404"'6(*'"'/*4((>"Z9(/6*FTable 1G)*69#$*46*

T$/($/>*($/Q*T/>/*P94'("(4("5/*&>*P94A"(4("5/)*454"A4ZA/*46*&C/'*6&9>#/)*#&%%/>#"4A*

F4'E*T$/($/>*4*(>"4A*5/>6"&'*T46*454"A4ZA/G*&>*&'AQ*46*4*%/($&E*E/6#>"C("&',*O$"6*T46*

Z46/E*&'*($/*A"(/>4(9>/*>/5"/T6*4'E*49($&>6b*/WC/>"/'#/,**



("
"

" ("

O$&6/*(&&A6*($4(*T/>/*/46"AQ*454"A4ZA/*F/"($/>*46*J>//D*&>*6$4>/T4>/)*&>*4*

#&%%/>#"4A*C>&E9#(*454"A4ZA/*T"($*4*(>"4A*5/>6"&')*&>*4*T/AADE/6#>"Z/E*P94'("(4("5/*

%/($&EG*T/>/*4A6&*(/6(/E*ZQ*($/*(/4%*&J*49($&>6,*846/E*&'*($/6/*(/6(6)*#&%%/'(6*4'E*

'&(/6*T/>/*>/#&>E/E*4'E*($/*4((>"Z9(/6*T/>/*>/J"'/E,*K9>($/>%&>/)*($/*%/($&E6*T/>/*

69Zl/#("5/AQ*466/66/E*J&>*($/*(&&A*4((>"Z9(/6*&'*4*6#4A/*&J*.*(&*=*F6//*H'A"'/*>/6&9>#/*Table 

S 2*J&>*($/*6#&>"'0*#>"(/>"4G,*

O$/6/*4((>"Z9(/6*T/>/*96/E*46*4*Z46"6*(&*#4>>Q*&9(*Z46"#*6(4("6("#4A*4'4AQ6/6*(&*

0A/4'*6&%/*#&%%&'*/A/%/'(6*&J*($/*(&&A6*T"($"'*4'E*Z/(T//'*/4#$*#A"%4(/*4E4C(4("&'*

6(/C,*

Results and Discussion 

2*E/6#>"C("&'*&J*($/*6/(*&J*(&&A6*4'E*>/J/>/'#/6*($4(*T/>/*4'4AQ6/E*#4'*Z/*J&9'E*

"'*($/*39CCA/%/'(4>Q*%4(/>"4A*Table S 1,*3&%/*&J*($/6/*(&&A6*4>/*"'*($/*J&>%*&J*

J>4%/T&>L6)*T/Z*4EE>/66/6*&>*%/($&E*E/6#>"C("&'6*4'E*46*69#$*4>/*'&(*%&E/A6*T"($*

466&#"4(/E*6&J(T4>/b,*

O$/*6#&>"'0*4((>"Z9(/6*466"0'/E*(&*/4#$*%&E/A*FH'A"'/*>/6&9>#/*Table S 2*4'E*

H'A"'/*%4(/>"4A*Table S 1G*$"0$A"0$(/E*6/5/>4A*C&"'(6,*2A($&90$*1"6L*F12G*4'E*

59A'/>4Z"A"(Q*466/66%/'(*Fk2G*(&&A6*4Z&9'E*"'*($/*A"(/>4(9>/)*&'AQ*=Uc*&J*($/*(&&A6*J/AA*

"'(&*($"6*#4(/0&>Q*J&>*($/*>/5"/T,*-&6(*&J*($/*(&&A6*J/AA*T"($"'*($/*E/#"6"&'*69CC&>(*(&&A6*

F!3OG*#A466*F=fc*&J*($&6/*J&9'E*"'*($/*>/5"/TG*&>*T/>/*Z&($*k2*4'E*!3O*F7=cG*FTable 2G,*

+A"%4(/*#$4'0/*12*&>*k2*(&&A6*(/'E/E*(&*Z/*6/%"DP94'("(4("5/*F7Xc*&>*[Xcc*

>/6C/#("5/AQG*&>*P94'("(4("5/*F==c*&>*`[c*>/6C/#("5/AQG)*T$/>/46*($&6/*J&>*E/#"6"&'*

69CC&>(*(/'E*(&*Z/*6C>/4E*Z/(T//'*4AA*#4(/0&>"/6*&J*P94A"(4("5/*FZ46/E*&'*!/AC$"#DA"L/*

%/($&E6G)*6/%"DP94'("(4("5/*96"'0*6(4L/$&AE/>*"'C9()*4'E*P94'("(4("5/*FB[c)*7Bc*4'E*

7fc*>/6C/#("5/AQG*FTable 2G,*O$/*(&&A6*T/>/*"'*54>"&96*J&>%4(6)*"'#A9E"'0*C9ZA"6$/E*



)"
"

" )"

E&#9%/'(6)*#&%C9(/>*6&J(T4>/*4'E*A"5/*&'A"'/*CA4(J&>%6,*2%&'0*($/6/*(&&A6)*7=c*T/>/*

/"($/>*'&(*454"A4ZA/*&>*&'AQ*Z>"/JAQ*E/6#>"Z/E*"'*4*C9ZA"#4("&'a*[c*T/>/*454"A4ZA/*T"($*

6&%/*>/6(>"#("&'6*F"'#A9E"'0*J9AAQ*#&%%/>#"4A*A"#/'6/)*#&%%/>#"4A*6/>5"#/*C4#L*A"#/'6/*d*

Z9(*(>"4A*5/>6"&'6*%4Q*Z/*454"A4ZA/*&'AQ*J&>*(/6("'0*C9>C&6/Ga*4'E*[Nc*T/>/*454"A4ZA/*

J&>*E&T'A&4E*&>*46*4*96/4ZA/*T/Z*Z>&T6/>,*O$/6/*A4((/>*(&&A6*#4%/*"'*54>"&96*J&>%4(6*

"'#A9E"'0*E&#9%/'(6)*#&%C9(/>*6&J(T4>/*4'E*&'A"'/*CA4(J&>%)*4'E*($/Q*>/6C/#("5/AQ*

>/C>/6/'(*B=c)*..c*4'E*B`c*&J*($/*(&(4A*>/5"/T/E*(&&A6,*I"($"'*($/*#&%C9(/>*6&J(T4>/*

(&&A6)*BNc*T/>/*&C/'*6&9>#/)*.Xc*T/>/*J9AAQ*&>*C4>("4AAQ*9'E/>*#&%%/>#"4A*A"#/'6/6*

4'E*BXc*T/>/*'&(*454"A4ZA/*4(*4AA,*3"'#/*%4'Q*&J*($/*(&&A6*#4%/*J>&%*($/*(T&*>/5"/T*

C4C/>6)*E/6C"(/*#&'(4#("'0*%4'Q*&J*($/*49($&>6*($/*A4((/>*0>&9C*$"0$A"0$(/E*($4(*%4'Q*

(&&A6*($4(*4>/*E/5/A&C/E*(/'E*(&*J4AA*ZQ*($/*T4Q6"E/*46*($/Q*4>/*/"($/>*'&(*%4"'(4"'/E)*

&Z6&A/(/*&>*9'E/>*E/5/A&C%/'(,*-4'Q*&J*($/*(&&A6*>/P9">/E*$"0$*#4C4Z"A"(Q*"'C9(*d*=7c*

>/P9">/E*$"0$*%&E/AA"'0*6L"AA6)*7[c*T/>/*E4(4*"'(/'6"5/*4'E*.Uc*T&9AE*Z/*("%/*

#&'69%"'0*(&*96/**FH'A"'/*>/6&9>#/*Table S 2G,*-4'Q*&J*($/*$"0$*%&E/AA"'0*6L"AA6*4'E*("%/*

>/P9">/E*T/>/*J&>*($/*&C/'*6&9>#/*%&E/A6)*&J(/'*Z/#496/*($/Q*(/'E/E*'&(*(&*69CCAQ*

(>4"'"'0*69CC&>(*&>*$"0$D/'E*VS<*"'(/>J4#/6,**

O&&A6*4>/*4A6&*#4(/0&>"6/E*"'(&*.N*#4(/0&>"/6*FTable 1G*4##&>E"'0*($/">*6(>9#(9>/)*

C9>C&6/*4'E*J&>%4(,*<(*"6*C4>("4AAQ*4E4C(/E*($/*#A466"J"#4("&'6*J>&%*FS@K+++*3/#>/(4>"4(*

7NNUG*4'E*J>&%*F;O+e2++*7N.NG*($4(*J&#96*&'*4CCA"#4("&'6*&'*#&46(4A*g&'/*4>/46,*

2%&'0*($&6/*(&&A6*>/5"/T/E)*7[c*4>/*i!Q'4%"#*#&%C9(/>*%&E/A6j)*.Uc*4>/*iH($/>*

E/#"6"&'*69CC&>(*(&&A6j)*.`c*4>/*iK>4%/T&>Le(&&AL"(6j*4'E*..c*4>/*i<'E/W*%/($&E6a*

K/T*(&&A6*J4AA*"'(&*/4#$*&J*($/*>/%4"'"'0*#4(/0&>"/6,*

@&*6"'0A/*(&&A*6#&>/6*$"0$*J&>*4AA*($/*4((>"Z9(/6*FFigure 1*4'E*H'A"'/*%4(/>"4A*Table S 

1G)*T$"#$*%/4'*($4(*(&&A*#$&"#/*"6*E>"5/'*ZQ*C9>C&6/6*4'E*>/6&9>#/6*/,0,*T$/($/>*4*E4(4*



*"
"

" *"

"'(/'6"5/*%/($&E*"6*>/P9">/E*&>*T$/($/>*($/>/*4>/*6/>"&96*#4C4#"(Q*#&'6(>4"'(6,*<'*($/*

A4((/>*#46/)*($/*P94A"(4("5/*%/($&E6*4EE>/66*4AA*#&%C&'/'(6*J>&%*>"6L*466/66%/'(*(&*

E/#"6"&'*69CC&>(*4'E*%4Q*Z/*C>/J/>>/E*"J*#4C4Z"A"(Q*"6*4'*"669/)*0"5/'*($/">*96/*&J*

6(4L/$&AE/>6*4'E*A&T/>*#4C4Z"A"(Q*"'C9(6,**

<'*(/>%6*&J*9C(4L/*&J*4*6C/#"J"#*(&&A*F96"'0*#"(4("&'6*46*4*69>>&04(/G)*&'AQ*7Xc*

$4E*%&>/*($4'*7[N*#"(4("&'6*96"'0*V&&0A/ma*T$"#$*%4Q*Z/*Z/#496/*($/Q*4>/*96/E*"'*

6/5/>4A*#&'(/W(6*F'&(*/W#A96"5/AQ*#A"%4(/*4E4C(4("&'G*69#$*46*($/*;#&6Q6(/%*%&E/A6*

;T;*F+$>"6(/'6/'*4'E*I4A(/>6*7NNBG*4'E*2(A4'("6*FK9A(&'*/(*4A,*7N..G,*Y&T/5/>)*($/>/*

T46*'&*#&>>/A4("&'*Z/(T//'*#"(4("&'*>4(/*4'E*%&E/A*454"A4Z"A"(Q*6&*9C(4L/*E"E*'&(*6//%*

(&*Z/*>/6(>"#(/E*ZQ*J"'4'#"4A*>/P9">/%/'(6*FH'A"'/*>/6&9>#/*Table S 2G,*

-4'Q*&J*($/*%&E/A6*(/6(/E*T/>/*#>/4(/E*(&*>/6C&'E*(&*($/*>/P9">/%/'(6*J>&%*4*

T"E/*>4'0/*&J*6(4L/$&AE/>6*d*J>&%*6#"/'("6(6*(&*%4'40/>6*4'E*C&A"#Q*%4L/>6*F;O+e2++*

7N.NG,*-4'Q*%&E/A6*E&*'&(*(4L/*6&#"&D/#&'&%"#*J4#(&>6*"'(&*4##&9'(,*3&%/*/W#/C("&'6*

4>/*3"%+?<-)*!<k2*4'E*!/AJ(=!*k2*(&&A6*4'E*($/*/#&6Q6(/%*%&E/A*2(A4'("6,*;5/'*$/>/*

($/>/*4>/*E"JJ/>/'#/6*Z/(T//'*($/*(&&A6)*J&>*"'6(4'#/)*!<k2)*!/AJ(=!*4'E*2(A4'("6*4>/*

&C/'*6&9>#/*%&E/A6*($4(*4>/*#&'("'94AAQ*Z/"'0*E/5/A&C/E*46*($/Q*0/(*4CCA"/E*(&*%&>/*

#46/*6(9E"/6,*

<E/4AAQ*J&>*E">/#(*4CCA"#4Z"A"(Q*(&*/6(94>"'/*6Q6(/%6)*($/*(&&A6*6$&9AE*"'(/0>4(/*4G*

($/*(/>>/6(>"4A*4'E*%4>"'/*/'5">&'%/'(*/6C/#"4AAQ*6"'#/*($/*%4"'(/'4'#/*&J*#&'("'9"(Q*"6*

L/Q*(&*($/*69##/66J9A*%4'40/%/'(*&J*/6(94>"/6*F3$/45/6*/(*4A,*7N.BG)*46*T/AA*ZG*($/*J9AA*

6&#"&D/#&A&0"#4A*6Q6(/%*Fn6(/>ZA&%*/(*4A,*7N.=G,*Y&T/5/>)*J/T*(&&A6*4>/*4ZA/*(&*E&*($"6*

#&%CA/(/AQ*4'E*($/*%&6(*A"L/AQ*4>/*/"($/>*4(*($/*5/>Q*#&%CA/W*/'E*&J*%&E/AA"'0*

F2(A4'("6G*&>*($/*A/46(*#&%CA/W*d*P94A"(4("5/*(&&A6,*



!+"
"

" !+"

I$/'*E"6#966"'0*6#"/'("J"#*(&&A6*(&*69CC&>(*/#&6Q6(/%DZ46/E*J"6$/>"/6*

%4'40/%/'()*F3%"($*/(*4A,*7NN[G*>/#&%%/'E6*($4(*4*>4'0/*&J*(&&A6*6$&9AE*Z/*454"A4ZA/*

($4(*#&5/>6*E"JJ/>/'(*6#&C/6)*%/($&E6*4'E*(&&A*(QC/6*(&*J9AAQ*4EE>/66*($/*#&%CA/W"("/6*&J*

%4'40/%/'(,*I$/'*%4'40/%/'(*/JJ&>(6*(&*"%CA/%/'(*4E4C("5/*%4'40/%/'(*"'*6&%/*

@&>($*2%/>"#4'*>"5/>6*T46*>/5"/T/E)*($/*#&'#A96"&'*T46*($4(*/JJ/#("5/*%4'40/%/'(*

'//E6*(&*"'#&>C&>4(/*L'&TA/E0/*J>&%*%9A("CA/*6&9>#/6)*69CC&>(*'/T*J&>%6*&J*

#&&C/>4("&'*4%&'0*6(4L/$&AE/>*Z9(*4A6&*(&*%4L/*96/*&J*%9A("CA/*6Q6(/%6*%&E/A6*

F-#?4"'*4'E*?//*.ff`G,*+/>(4"'AQ*($/6/*5"/T6*4>/*4A6&*>/A/54'(*J&>*#A"%4(/*4E4C(4("&'*

(&&A6*46*'&*6"'0A/*(&&A*"6*4ZA/*(&*4EE>/66*4AA*($/*>/P9">/%/'(6*&J*E/5/A&C"'0*#A"%4(/*

4E4C(4("&'*6(>4(/0"/6*J&>*/6(94>"/6,*

Conclusions 

O$/>/*4>/*%4'Q*(&&A6*($4(*#4'*Z/*96/E*(&*4EE>/66*54>"&96*46C/#(6*&J*#A"%4(/*

4E4C(4("&'6,*O$/6/*#&5/>*12)*k2*4'E*!3Oa*4'E*4A6&*96/*4*54>"/(Q*&J*%/($&E6*69#$*46*

%9A("D#>"(/>"4*E/#"6"&'*4'4AQ6"6)*"'E"#/6)*V<3*4'E*EQ'4%"#*%&E/AA"'0,*2*>4'0/*&J*(&&A6*4>/*

4A>/4EQ*454"A4ZA/*($4(*4>/*4ZA/*(&*9'E/>(4L/*%&6(*&J*($/6/*(46L6,*O$/*!3O*#&5/>/E*($/*

J9AA*>4'0/*&J*P94A"(4("5/*(&*P94'("(4("5/*%/($&E6)*T$/>/46*12*4'E*k2*(&&A6*(/'E/E*(&*

%&6(AQ*Z/*P94'("(4("5/,**<(*T&9AE*Z/*96/J9A*(&*4A6&*/WC4'E*($/6/*"'(&*%&>/*P94A"(4("5/*

4CC>&4#$/6,**

Acknowledgements 

O$"6*C4C/>*$46*Z//'*J9'E/E*ZQ*($/*K"6$/>"/6*1/6/4>#$*4'E*!/5/A&C%/'(*

+&>C&>4("&')*+3<1H*4'E*R4%/6*+&&L*S'"5/>6"(Q,*I/*T&9AE*(&*($4'L6*>/5"/T/>6*Y/#(&>*

?&g4''&D-&'(/g)*4'E*4'&'Q%&96*>/5"/T/>6*J&>*($/*l&9>'4A,*I/*4A6&*T&9AE*A"L/*(&*($4'L*

+3<1H*#A"%4(/*#$4'0/*6#"/'("6(6*J&>*($/">*"'C9(*(&*($/*(&&A6*A"6(,*



!!"
"

" !!"

References 

+$>"6(/'6/'*k)*I4A(/>6*+R*F7NNBG*;#&C4($*T"($*;#&6"%]*%/($&E6)*#4C4Z"A"("/6*4'E*
A"%"(4("&'6*;#&A&0"#4A*-&E/AA"'0*.[7].NfD.=f*

*
!"#$%&'(*+-*/(*4A,*F7NNUG*8/Q&'E*Z"&A&0"#4A*C/>J&>%4'#/*%/469>/6*"'*%4'40/%/'(*

6(>4(/0Q*/54A94("&']*8>"'0"'0*"'*/#&'&%"#6*4'E*($/*/JJ/#(6*&J*(>4TA"'0*&'*($/*
Z/'($&6*K"6$/>"/6*1/6/4>#$*fB]7=Ud7XN*E&"]!&"*.N,.N.`eR,K"6$>/6,7NNU,NX,NN[*

*
;O+e2++*F7N.NG*-/($&E6*J&>*466/66"'0*#9>>/'(*4'E*J9(9>/*#&46(4A*59A'/>4Z"A"(Q*(&*

#A"%4(/*#$4'0/,*5&A*@&5/%Z/>*7N.N,*;9>&C/4'*O&C"#*+/'(>/*&'*2">*4'E*+A"%4(/*
+$4'0/*

*
K9A(&'*;2*/(*4A,*F7N..G*?/66&'6*"'*%&E/AA"'0*4'E*%4'40/%/'(*&J*%4>"'/*/#&6Q6(/%6]*

($/*2(A4'("6*/WC/>"/'#/*K"6$*4'E*K"6$/>"/6*.7].[.d.UU*E&"].N,....el,.B`[D
7f[f,7N..,NNB.7,W*

*
K9A(&'*;2)*3%"($*2!-)*3%"($*!+*F7NN[G*2A(/>'4("5/*-4'40/%/'(*3(>4(/0"/6*J&>*

3&9($/46(*296(>4A"4'*+&%%&'T/4A($*K"6$/>"/6]*3(40/*7]*M94'("(4("5/*
-4'40/%/'(*3(>4(/0Q*;54A94("&',*,*K"6$/>"/6*1/6/4>#$*4'E*!/5/A&C%/'(*
+&C&>4("&',*

*
Y4AC/>'*83*/(*4A,*F7NNfG*-4CC"'0*#9%9A4("5/*$9%4'*"%C4#(6*(&*+4A"J&>'"4*+9>>/'(*

%4>"'/*/#&6Q6(/%6*+&'6/>54("&'*?/((/>6*7].=UD.BU*E&"].N,....el,.[XXD
7`=o,7NNf,NNNXU,W*

*
Y&ZE4Q*2R*/(*4A,*F7N..G*;#&A&0"#4A*>"6L*466/66%/'(*J&>*($/*/JJ/#(6*&J*J"6$"'0*K"6$/>"/6*

1/6/4>#$*.NU]=[7d=UB*E&"].N,.N.`el,J"6$>/6,7N..,N.,N.=*
*
Y&AA"'0*+3*F.f[UG*2E4C("5/*-4'40/%/'(*&J*1/'/T4ZA/*1/6&9>#/6,*I"A/Q,)*+$"#$/6(/>,*
*
\A/"'*1RO)*@"#$&AA6*1R)*-"%9>4*@*F.fffG*+&46(4A*4E4C(4("&'*(&*#A"%4(/*#$4'0/]*#4'*($/*

<:++*(/#$'"#4A*09"E/A"'/6*Z/*4CCA"/Ep*-"("04("&'*4'E*2E4C(4("&'*3(>4(/0"/6*J&>*
VA&Z4A*+$4'0/*B]7=fD7X7*

*
?&(g/*Y\*/(*4A,*F7NN`G*!/CA/("&')*E/0>4E4("&')*4'E*>/#&5/>Q*C&(/'("4A*&J*/6(94>"/6*4'E*

#&46(4A*6/46*3#"/'#/*=.7].UN`D.UNf*E&"].N,..7`e6#"/'#/,..7UN=X*
*
-#?4"'*1R)*?//*1V*F.ff`G*2E4C("5/*-4'40/%/'(D*:>&%"6/6*4'E*:"(J4AA6,*;'5">&'%/'(4A*

-4'40/%/'(*7N]B=[DBBU*
*
n6(/>ZA&%*Y*/(*4A,*F7N.=G*-&E/A"'0*3&#"4Ad;#&A&0"#4A*3#/'4>"&6*"'*-4>"'/*3Q6(/%6*

8"&3#"/'#/*`=][=XD[BB*E&"].N,.X7XeZ"&,7N.=,`=,f,f*
*
:A404'Q"*;;*/(*4A,*F7N..G*-&E/AA"'0*#A"%4(/D#$4'0/*/JJ/#(6*&'*296(>4A"4'*4'E*:4#"J"#*

4P94("#*/#&6Q6(/%6]*4*>/5"/T*&J*4'4AQ("#4A*(&&A6*4'E*%4'40/%/'(*"%CA"#4("&'6*
-4>*K>/6$T4(/>*1/6*`7]..=7d..B[*E&"]!&"*.N,.N[.e-J.N7[f*

*



!#"
"

" !#"

3$/45/6*-)*8>&&L/6*R)*+&A/6*1)*K>/#L/A(&'*-)*V>&5/6*:)*R&$'6(&'*1)*I"'Z/>0*:*F7N.BG*
1/C4">*4'E*>/5"(4A"64("&'*&J*296(>4A"46׳*(>&C"#4A*/6(94>"/6*4'E*#&46(4A*T/(A4'E6]*
HCC&>(9'"("/6*4'E*#&'6(>4"'(6*J&>*($/*>/"'6(4(/%/'(*&J*A&6(*J9'#("&'*4'E*
C>&E9#("5"(Q*-4>"'/*:&A"#Q*B[]7=D=U*E&"].N,.N.`el,%4>C&A,7N.B,N.,N7B*

*
3%"($*2!-)*K9A(&'*;R)*Y&ZE4Q*2R)*3%"($*!+)*3$&9AE/>*:*F7NN[G*3#"/'("J"#*(&&A6*(&*

69CC&>(*($/*C>4#("#4A*"%CA/%/'(4("&'*&J*/#&6Q6(/%DZ46/E*J"6$/>"/6*%4'40/%/'(*
<+;3*R&9>'4A*&J*-4>"'/*3#"/'#/*`B][*

*
S@K+++*3/#>/(4>"4(*F7NNUG*+&%C/'E"9%*&'*%/($&E6*4'E*(&&A6*(&*/54A94(/*"%C4#(6*&J)*

4'E*59A'/>4Z"A"(Q*4'E*4E4C(4("&'*(&)*#A"%4(/*#$4'0/**
*
I4A(/>6*+R*F7NN[G*<6*4E4C("5/*%4'40/%/'(*$/AC"'0*(&*6&A5/*J"6$/>"/6*C>&ZA/%6p*2%Z"&*

=`]=NBD=N[*
*
h4'0*h3)*I4'0*?*F7NNfG*2*1/5"/T*&J*-&E/AA"'0*O&&A6*J&>*<%CA/%/'(4("&'*&J*($/*;S*

I4(/>*K>4%/T&>L*!">/#("5/*"'*Y4'EA"'0*!"JJ96/*I4(/>*:&AA9("&'*I4(/>*
1/6&9>#/6*-4'40/%/'(*7B].U.fD.UB=*E&"].N,.NN[e6..7`fDNNfDfX7`DQ* *



!$"
"

" !$"

Tables 

Table 1: Model steps, categories and tool attributes used to classify and evaluate climate adaptation tools. See 
online material for a further description of Model Category descriptions. 
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Table 2: The number and percentage across rows (except the Total Number column which is totals by column) in 
the case of the degree of climate adaptation tools that was assessed as qualitative, semi-quantitative or 
quantitative of by model class (Risk Assessment, Vulnerability Assessment, Decision Support Tool). 
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Figure 1: Tools attribute scores for each tool  
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1. Table S 1: List of climate adaptation tools relevant to estuarine or coastal systems based on a Google review, particularly a compiled list from (ETC/ACC 2010; Ramieri et al. 2011) and 
(UNFCCC Secretariat 2008). Model descriptions are from the relevant reference. Availability – No: is not available at all either in document or software formats; Yes: is available in the formats of 
descriptive documents/guidelines, online framework/toolkits or computer software. Some of the software is under Open source (OS) or freeware protocol and some are in the format of 
commercial source (CS). TG is the total citations from Google searches and TWS is the total from the Web of Science citation search.   
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Climate 
Adaptation 
Step 

Method 
Category 
 

Method 
Name 

Description Assessment 
targets and 
adaptation 
measures 

Main data input Output Reference, examples 
and citations 

Review of the 
method 

Quantitative 
versus 
qualitative 
 

Format of 
the method 
or tool 

Availability 
 

DST Other 
decision 
tools 

Adaptation 
Decision 
Matrix (ADM)  
 

The ADM uses 
multicriteria 
assessment techniques 
to evaluate the relative 
effectiveness and costs 
of adaptation options.  
 

when many 
important benefits 
of meeting policy 
objectives cannot 
be easily 
monetized or 
expressed in a 
common metric  
 

A ranking of how 
well policy 
objectives are met 
using alternative 
strategies; 
estimated costs of 
adaptation 
measures.  
 

Relative cost-
effectiveness of 
alternative 
adaptation 
measures  
 

http://link.springer.com/
chapter/10.1007%2F97
8-1-4613-8471-
7_7#page-1  
 
(Mizina et al. 1999) 
Google (39) 
WS (0) 
 
(Smith 1996) 
Google (12) 
WS (3) 
 
TG: 51 
TWS: 3 
 

No tool/package 
available 
Repeatable 
Qualitative measure 
Less data intensive 
Less computing 
intensive 
Sound knowledge of 
the subjects 
 

Qual. Document Yes 

DST Manageme
nt Strategy 
Evaluation 
tool 

Atlantis Marine ecosystem 
modelling supports 
management that 
seeks to balance 
sensible development 
and resource use with 
the conservation of 
biodiversity and 
functioning marine 
ecosystems 

Marine ecosystem, 
fisheries 

Spatial 
geographical info; 
local 
oceanography, 
chemistry and 
biology; 

simulating 
ecological 
processes;  
to provide strategic 
advice to fishery 
managements 

http://atlantis.cmar.csiro
.au/ 
 
(Fulton et al. 2005) 
Google (203) 
WS (128) 
 
(Fulton et al. 2007) 
Google (83) 
WS (0) 
 
(Smith et al. 2007) 
Google (170) 
WS (114) 
 
TG: 456 
TWS: 242 

Tool/package are not 
available directly for 
download, but can 
register to 
developers request 
the package for free  
 
 
Not repeatable 
Fishery/marine 
ecosystem focus 
Very strong skills set 
including ecosystem 
modeling, fishery 
modeling 
Data intensive 
Well published  
Computing could be 

Quan. Software Yes, OS 
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very time consuming 
 
 

VA Tool based 
on dynamic 
computer 
models 

Barataria-
Terrebonne 
Ecosystem 
Landscape 
Spatial 
Simulation 
(BTELSS) 

BTELSS is a landscape 
model built to 
investigate and predict 
the environmental 
factors and pressures  
(subsidence, sea-level 
rise, changes in river 
discharge, etc.) 
affecting wetland 
change over a long 
term period (30 years) 
within the Barataria and 
Terrebonne basins 
(U.S.A.) 

Ecological 
systems: 
Wetlands. 
 
Not addressed by 
the model 
 

DEM, bathymetry, 
climatic data, 
salinity, river 
discharges, 
sediment loads, 
wetland land 
cover, habitat 
maps, specific data 
on plants (such as 
growth and 
mortality, salinity 
and 
flooding tolerance). 

Maps of land 
changes (habitat 
switching), flooded 
and eroded areas 
Other maps, 
related to changes 
in 
salinity, sediment 
balance, plant 
productivity, etc. 
 

http://ecobas.org/www-
server/rem/mdb/btelss.
html 
 
(Martin et al. 2002) 
Google (35) 
WS (13) 
 
(Reyes et al. 2000) 
Google (63) 
WS (39) 
 
TG: 98 
TWS: 52 
 
 

Not repeatable 
No tool/package 
available for 
downloading 
Some reports of its 
application and 
publications 
Expecting a very skill 
demanding and data 
intensive method 
 
 

Quan. Software No 

RA Tool based 
on dynamic 
computer 
models 

Bruun Rule The Bruun rule states 
that a typical concave-
upward beach profile 
erodes sand from the 
beach face and 
deposits it offshore to 
maintain constant water 
depth. The Bruun rule 
estimates the response 
of the shoreline profile 
to sea-level rise.  

Small scale local 
sites.  
 
 
A  
model relating 
shoreline retreat to 
an increase in local 
sea level  
 
The Bruun rule can 
be applied to 
correlate sea-level 
rise with eroding 
beaches. 

An increase in sea 
level, (S), cross 
shore distance (L) 
to the water depth 
(h) taken by Bruun 
as the depth to 
which nearshore 
sediments exist 
(depth of closure), 
and B is the height 
of the dune.  
 

Shoreline recession 
(in metres relative 
to sea-level rise).  
 

(Bruun 1988) 
Google (230) 
WS (88) 
 
TG: 230 
TWS: 88 

There has been a 
number of critiques 
e.g. (Cooper and 
Pilkey 2004) 
 
No existed software, 
need to programming 
skills to re-program 
the model  

Quan Document Yes 

VA;DST Stakeholder 
Only  
Approaches 

City of 
Melbourne 

Event cascading 
consequences map; 
risk identification and 
assessment; likelihood, 
consequences and 
control plots 

Targets at 
municipal facilities 
infrastructures, 
health, 
communities 
services 
 
Addressed by 
known control 
measures to 
monitor or mitigate 
the risks 
occurrence 
 

Climate change  
scenarios of the 
variables - key 
elements to the 
subjects 
 
Socio-Economic 
Changes data and 
urban system 
information 
 
Knowledge from 
experts and 
stakeholders  

Risk identification, 
assessment and 
adaptation action 
plan 

https://www.melbourne.
vic.gov.au/AboutCounci
l/PlansandPublications/
strategies/Documents/c
limate_change_adaptat
ion_strategy.PDF 
 
(Council 2009) 
Google (0) 
WS (0) 
 
(Lorenz et al. 2008) 
Google (10) 
WS (0) 
 
TG: 10 
WS 0 

Repeatable 
Template as tool 
Need sound 
knowledge of the 
subjects 
Not data intensive. 
Need objective 
opinion inputs from 
wide range of 
experts, stakeholders 
No need model 
computing 
Qualitative solution  
Easy to apply 
 

Qual. Document  Yes 
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VA;DST Framework/
toolkits 

CLIMATE-
ADAPT 
European 
Climate 
Adaptation 
Platform 

Its adaptation support 
tool is to assist users 
involved in 
development of climate 
change adaptation 
policies 

A generic guideline 
on issues in 
European sectors 
and regions.  
Adaptation 
response to 
climate change key 
elements.  

It varies. Case 
studies provided 
various 
applications in 
different regions 
and interests 

Risk identification, 
assessment and 
adaptation policies 
and plans 

http://climate-
adapt.eea.europa.eu/ 
 
20000 unique visitors 
per month  
 
5th most visited EEA 
domain 
By aug2012 
 
(Ref: 
http://www.nordicadapt
ation2012.net/Doc/Oral
_presentations/1.1.1_Is
oard.pdf) 
 
*couldn’t search for 
citations for this web 

Tool kit available 
online 
Case studies 
searching tool 
Some case study 
maybe repeatable 
Need objective 
opinion inputs from 
experts, stakeholders 
Data requirements 
vary 
Popular in Europe 
 
http://climate-
adapt.eea.europa.eu/
web/guest/adaptation
-support-tool/step-1 
 

Quan 
 

Online 
platform 

Yes 

DST Other 
decision 
tools 

Climate-
Related Risks 
Estimate as 
Indicators of 
Necessity for 
Adaptation 
Responses  

Adaptation measures 
could be taken when 
climate-related risks to 
economic objects, 
environment or 
people’s lives arise.  
 

Adaption measure 
estimation  for the 
given territory the 
social damage and 
damage probability 
under dangerous 
weather event and  
climate anomaly 

Meteorological 
data about 
recurrence and 
intensity of the 
dangerous weather 
events and climate 
anomalies, cost 
data including 
GDP, population in 
the specific region  
 

A quantitative 
estimate of climate-
related risks for 
specific objects and 
processes in 
various economic 
and social spheres  
 

http://unfccc.int/adaptati
on/nairobi_work_progra
mme/knowledge_resou
rces_and_publications/i
tems/5330.php 
 
(Akentyeva 2006) 
Google (0)* 
WS (0) 
 
*1 search result rather 
than citation 

No tool and package 
available  
Not repeatable 
Using “Fuzzy set” 
method for complex 
risk analysis 
Both Risk 
assessment and 
adaptation measure 
evaluation 
Fair data requirement 
Fair computing 
requirement 
Numerous 
publications 
 
 
 

Quan. Software No 
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VA; DST Framework/
toolkits 

CLIPS  & 
RCOFs  
 

The CLIPS project is an 
effective framework 
within which regional 
climate variability and 
change information and 
the associated 
adaptation issues can 
be integrated. RCOFs 
stimulate the 
development of climate 
capacity in the NMHSs 
and facilitate end-user 
liaison to generate 
decisions and activities 
that mitigate the 
adverse impacts of 
climate variability and 
change and help 
communities to build 
appropriate adaptation 
strategies.  
 

Global and 
regional climate  
predictions  
Climate variability 
and change 
associated 
adaptation issues 
can be integrated.  
 

National/regional/gl
obal climate data, 
climate prediction 
products from 
WMO Global 
Producing Centres 
(GPCs) for long 
range forecasts 
and WMO 
Regional Climate 
Centres 
(RCCs)/RCC 
Networks, data on 
climate-sensitive 
sectors for impact 
assessment.  
 

Tailored climate 
products, regional 
climate outlooks, 
guidance on best 
practices in CLIPS 
operations, 
verification and 
user liaison, 
consensus-based 
climate products  

http://www.wmo.int/pag
es/prog/wcp/wcasp/wca
sp_home_en.html 
 
(Basher et al. 2001) 
Google (15) 
WS (0) 
 
(Palmer et al. 2004) 
Google (620) 
WS (402) 
 
TG: 635 
TS: 402 

It is a forum to 
connect global works 
on the Climate 
Information 
Prediction System 
Regional Climate 
Outlook Forum (such 
as, PICOF),can be 
integrated 
No direct 
tool/package 
available for  but via 
the platform and 
forum, various 
resources available 
 
Depends on the 
application, varied 
timing requirement 

Quan. online 
platform 

Yes 

DST Other 
decision 
tools 

Coastal Zone 
Simulation 
Model 
(COSMO) 

COSMO is a decision-
support model that 
allows coastal zone 
managers to evaluate 
potential management 
strategies under 
different scenarios, 
including long-term 
climate change. 
COSMO demonstrates 
the main steps in the 
preparation, analysis 
and evaluation of 
Coastal Zone 
Management (CZM) 
plans.  
coastal 

Coastal zone 
 
determine the 
advantages and 
disadvantages of 
adaptation 
alternatives  
 

The user’s chosen 
management 
strategy  
 

The outcome of a 
range of different 
management 
options.  
 

http://www.coastalcoop
eration.net/part-III/III-3-
2-2.pdf 
 
(Hoozemans et al. 
1993) 
Google (150) 
WS (0)  
 
TG: 150 
TWS:0 

Demo package 
should be  
downloadable but 
can’t access 
http://www.netcoast.n
l/tools/cosmo.html 
Not repeatable 
Site-specific or 
national scale 
More knowledge of 
physical and 
socioeconomic 
characteristics of the 
situation. 
Less data intensive 
Less computing 
intensive 
 
 
There should be a 
software available for 
this method, but a 
few links are broken 
and indicating it may 
be out of date and 
without maintenance 
support 
 

Qual. Software No 
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VA Tool based 
on dynamic 
computer 
models 

Community 
Vulnerability 
Assessment 
Tool (CVAT) 

It supports the linking of 
environmental, social 
and economic data in 
the coastal zone. It is a 
static GIS map overlay 
procedure that enables 
a relative risk or 
vulnerability analysis of 
coastal communities to 
a series of existing 
threats.  
 

On community 
level,  
used to conduct a 
community 
vulnerability 
assessment to a 
range of hazards 
(not specifically 
addressing climate 
change)  
 

Environmental, 
social and 
economic data for 
the coastal zone in 
GIS format.  

 

Relative risk or 
vulnerability 
analysis of coastal 
communities to a 
series of existing 
threats  
 

(Flax et al. 2002) 
Google (75) 
WS (0) 
 
(Clark et al. 1998) 
Google (207) 
WS (0) 
 
(Cutter 1996) 
Google (969) 
WS (299) 
 
TG: 1251 
TWS: 299 

Most useful for 
people who wish to 
gain an 
understanding of how 
to conceptualise 
community 
vulnerability.  
 
There should be a 
software available for 
this method, but a 
few links are broken 
and indicating it may 
be out of date and 
without maintenance 
support 
 

Quan Software No 

RA Index based 
method 

Composite 
Vulnerability 
Index 

an index combining a 
number of separate 
variables that reflect 
natural and socio-
economic 
characteristics that 
contribute to coastal 
vulnerability due to 
natural hazards. 
Selected indicators can 
differ in number, 
typology and scales of 
evaluation according to 
the study area. 

Physical and 
socioeconomic 
Targets. 
 
Considered in 
terms of 
evaluation of 
coastal 
protection 
measures 

Natural 
parameters: 
coastline length 
and sinuosity, 
continentality in 
terms 
of coastline density 
into municipal 
areas, coastal 
features 
(estuarine, beach 
etc.), coastal 
protection 
measures, fluvial 
drainage, flooding 
areas. 
Socioeconomic 
parameters: 
population and 
population affected 
by 
floods, density of 
population, 
nonlocal 
population (i.e. 
born elsewhere but 
living in considered 
areas), 
poverty, municipal 
wealth 

Three different 
indices: natural, 
socio-economic 
and total 
vulnerability index. 
Indexes can be 
represented in 
maps 

(Szlafsztein and Sterr 
2007) 
Google (48) 
WS (24) 
 
TG: 48 
TWS: 24 

Repeatable 
No tool/package 
available for 
downloading 
GIS based method, 
relevant skill suites 
required 
Data intensive – 
maps 
Semi-quantitative 
measure 
 
 

Quan. Document  Yes 

DST Agent-
based 
model 

Cormas a multi-agent simulation 
platform specially 
designed for renewable 
resource management 

Various, i.e., 
environment, 
natural and social 
aspects 

Management 
strategy scenarios 
to the issue 

Maps, plots, 
indicators to 
response the 
strategy scenarios 

http://cormas.cirad.fr/en
/outil/outil.htm 
 
(Antona et al. 1998) 

Free software 
available for 
downloading 
Example can be 

Quan. Software Yes,OS 
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Google (32) 
WS (10) 
 
(Bousquet et al. 1998) 
Google( 368) 
WS(0) 
 
(Le Page et al. 2000) 
Google ( 31) 
WS (0) 
 
TG: 431 
TWS: 10 

repeatable 
Very strong agent 
based modeling skills 
Widely used in many 
field 
More flexible 
Maps, plots 
visualization 
 

RA Index based 
method 

CVI (SLR) a CVI to specifically 
assess impacts 
induced by sea level 
rise. The index is 
determined through the 
integration of 5 sub-
indices, each one 
corresponding to a 
specific 
sea level rise related 
impact. 
 

Physical system; 
some 
component of the 
socio-economic 
(i.e. land use) and 
ecological systems 
(i.e. 
natural protection 
degradation) are 
considered. 
 
Considered in 
terms of 
evaluation of 
coastal protection 
structures 

12 physical (e.g. 
geomorphology, 
sediment budget 
and water depth at 
downstream) and 7 
human influence 
(e.g. reduction of 
sediment supply 
and land use 
pattern) 
parameters 

5 CVI sub-indices, 
each one related 
to a specific sea 
level rise impact. 
These are 
integrated in a final 
CVI 
(SRL) index. 

(Özyurt 2007) 
Google (16) 
WS (0) 
 
(Özyurt and Ergin 
2009) 
Google (8) 
WS (2) 
 
TG: 24 
TWS: 2 
 

Repeatable 
No tool available for 
download 
Combines physical + 
human activities 
Specialises in coastal 
zone 
Scale-able 
Raw data and model 
output data 
Comparable  
Vulnerability 
assessment only; not 
a tool for developing 
action 
Can be modified to 
recalculate CVI to 
see if adaptation 
action works 
Can modify index list 
and weighting 
between human and 
physical impacts; 
scale remains 
comparable. 
Semi-quantitative 
measure 
Not clearly 
demonstrate its 
vulnerability analyses 
– confusing with risk 
analyses 
Some applications in 
Europe 
Physical and social-
economic impacts 
are equally weighted. 
Might need further 

Quan. Document  Yes 
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research for scientific 
values of the 
weighting. 
 

RA Index based 
method 

CVI Index The 
CVI provides a simple 
numerical basis for 
ranking sections of 
coastline in terms of 
their potential for 
change 
that can be used by 
managers to identify 
regions where risks 
may be relatively high 

Physical system.  
 
Not addressed by 
the 
index 

Data input 
depends on key 
variables used to 
calculate the CVI 
index. 
Most common 
ones include: 
geomorphology, 
geology, elevation, 
coastal slope, 
shoreline change 
rates, significant 
wave height, 
relative sea level 
change, tidal range 

CVI tables and 
maps; CVI is 
classified in groups 
using 
percentage limits 

(Gornitz 1991) 
Google (159) 
WS (50) 
 
Google searching 
“gornitz costal 
vulnerability index” 
 
TG: 159 
TWS: 50 

Repeatable 
No tool available for 
download 
Physical activities 
only 
Scale-able 
Raw data and model 
output data 
Comparable  
Vulnerability 
assessment only; not 
a tool for developing 
action 
Can be modified to 
recalculate CVI to 
see if adaptation 
action works 
Can modify index list 
and weighting 
between human and 
physical impacts; 
scale remains 
comparable. 
Not clearly 
demonstrate its 
vulnerability analyses 
– confusing with risk 
analysis 

Quan. Document  Yes 

VA; DST Tool based 
on dynamic 
computer 
models 

Delft3D a 2D/3D modelling 
suite to investigate 
hydrodynamics, 
sediment transport, 
morphology and water 
quality for fluvial, 
estuarine and coastal 
environments. It has 
been used for 
simulation of change in 
physical 
conditions along 
coastlines in several 
countries, e.g. 
Netherlands, USA, 
Hong Kong, Singapore, 
Australia, 
Italy, etc. 

Coastal physical 
system (it performs 
better on relatively 
simple topographic 
and 
bathymetric 
conditions). 
 
Not directly 
addressed 
by the model 

Meteorological, 
hydrological, 
topographic and 
bathymetric data, 
land use and land 
use planning. 
Detailed site-
specific data are 
required 

Model results can 
be represented 
as maps, graphs 
and tables 
Delft3D provides a 
flexible, 
modelling suite, 
including 
visualization tools 

http://oss.deltares.nl/we
b/delft3d 
 
(Devriend et al. 1993) 
Google (193) 
WS (114) 
 
(Lesser et al. 2004) 
Google (518) 
WS (284) 
 
(Roelvink and 
Vanbanning 1994) 
Google (114) 
WS (18) 
 
TG: 825 
TWS: 416 

Software source 
codes are available 
to freely download 
and claimed as open 
source 
 
Also commercial 
package available   
 
Strong computing 
skills/resources 
required to make the 
model running 
Example can be 
repeatable 
Computing could be 
time consuming 

Quan. Software 
suite 
 

Yes,  
Not 
downloadab
le of the 
whole 
package but 
core 
modules 
(Open 
Sources) 
 
Demonstrati
on version 
available 
upon 
request for 
free 
 
Commercial 



!)#
#

# !)#

package 
available  

VA GIS based 
Decision 
Support 
System 
(DSS) 

DESYCO 
 

a Decision Support 
System for the 
assessment and 
management of 
multiple climate change 
impacts 
on coastal areas and 
related ecosystems 
(e.g. beaches, 
wetlands, forests, 
protected areas, 
groundwater, 
urban and agricultural 
areas). 

Socio-economic 
and 
ecological targets. 
 
Not directly 
addressed by the 
method. It is 
possible to 
evaluate the 
efficacy of 
different adaptation 
measures (e.g. 
artificial 
protections, mobile 
barriers and dikes) 
in 
relation to different 
sea 
level rise scenarios 

Climatic data, 
DEM//topography, 
bathymetry, 
coastline and 
coastline 
variations, land 
cover and land 
use, 
geomorphological 
maps, relevant 
areas of 
environmental 
interest, river and 
channels maps, 
protected areas 
maps, fish farming 
data 

Hazard maps 
Exposure maps 
Susceptibility maps 
Value maps 
Vulnerability maps 
Risk maps 
Damage maps 

(Torresan et al. 2010) 
Google (0) 
WS (0) 
 
(Rizzi et al. 2011) 
Google (0) 
WS (0) 
 
(Torresan et al. 2009) 
Google (3) 
WS (1) 
 
(Torresan 2012) 
Google (1) 
WS (0) 
 
TG: 4 
TWS: 1 
 
Google scholar 
“DESYCO”: 20 results  

http://www.cmcc.it/m
odels/desyco 
 
Not repeatable 
No tool/package 
available for 
downloading 
Multiple reports of its 
application and 
publications 
A very skill 
demanding and data 
intensive method 
 
 

Quan. Software No 

VA; DST Tool based 
on dynamic 
computer 
models 

Dynamic and 
Interactive 
Vulnerability 
Assessment 
(DIVA) 

Dynamic Interactive 
Vulnerability 
Assessment (DIVA) is a 
tool for integrated 
assessment of coastal 
zones produced by the 
EU-funded DINAS-
Coast consortium in 
2004. It is specifically 
designed to explore the 
vulnerability of coastal 
areas to sea-level rise.  

Socio-economic 
and 
ecological targets. 
 
Addressed by the 
model 

Elevation (SRTM), 
coastal 
geomorphology, 
coastal population, 
GDP, land use, 
administrative 
boundaries 

Estimates of 
population flooded, 
wetland changes, 
damage and 
adaptation costs, 
amount of land loss 

http://www.diva-
model.net/ 
 
(Hinkel and Klein 2007) 
Google (39) 
WS (0) 
 
(Hinkel and Klein 
2009b) 
WS (29) 
Google (63) 
 
(Hinkel and Klein 
2009a) 
Google (15) 
WS (0) 
 
(Hinkel et al. 2010) 
Google (36) 
WS (18) 
 
TG: 153 
TWS: 47 
 
 

Not repeatable 
No tool/package 
available for 
downloading 
Quite a lot of 
publications and 
reports 
Data intensive 
Addressed 
adaptation measure  
Computing could be 
time consuming 
 

Quan. Software No 

DST Manageme
nt Strategy 
Evaluation 

Ecopath with 
Ecosim (EwE) 

Ecological/ ecosystem 
modeling software 
suite, consists of 

Marine ecosystem, 
fisheries 

Habitat area, 
biomass in habitat 
area, 

Basic 
estimates; Key 
indices; Mortalities; 

http://www.ecopath.org/ 
 
(2644 actual software 

Tool/package are 
available for 
downloading 

Quan. Software Yes, OS 
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tool ecopath, ecosim, and 
ecospace and they 
function as “static, 
mass-balanced 
snapshot of the 
system”, “time dynamic 
simulation module for 
policy exploration”, and 
“spatial and temporal 
dynamic module for 
MPA 

production/biomas
s, 
consumption/biom
ass, ecotrophic 
efficiency, 
production/consum
ption, 
Unassimilated 
consumption, 
Detritus import, 
diet composition, 
detritus fate, other 
production, 
fishery, Definition 
of fleets, landings, 
discards, discard 
fate, Market 
price and non-
market price 

Mortality 
coefficients; Predati
on 
mortality; Consump
tion; Respiration; Ni
che 
overlap; Electivity; 
Search 
rates; Fishery; Flow 
diagram; and 
the EwE Network 
Analysis plugin) 

users by 2011) 
 
(Christensen and Pauly 
1992) 
Google (959) 
WS (508)  
 
(Pauly et al. 2000) 
Google (624) 
WS (344) 
 
(Christensen and 
Walters 2000) 
Google (3) 
WS (0) 
 
(Walters et al. 1997) 
Google (798) 
WS (394) 
 
(Walters et al. 2000) 
Google (235) 
WS (144) 
 
TG: 2629 
TWS: 1390 
 

 
Not repeatable 
Ecological/ecosyste
m focus 
Data intensive 
Sound knowledge of 
ecosystem  
Well published 
 

RA Indicator 
based 
methods 

Eurosion  the Eurosion project 
identified thirteen 
indicators to support 
the assessment of 
coastal erosion risk 
throughout Europe. 
The indicator set 
included nine sensitivity 
indicators and four 
impact indicators 

Targets 
represented by the 
impact indictors, 
i.e. population, 
urban and 
industrial areas 
and areas of high 
ecological 
value. 
 
Partially addressed 
by 
the indicator 
“engineered 
frontage”, 
also including 
protection structure 

Eurosion 
database: 
terrestrial 
boundaries, 
maritime 
boundaries, 
shoreline, 
bathymetry, 
elevation, 
geomorphology 
and geology, 
erosion 
trends and coastal 
deference works, 
hydrograph, 
infrastructure, 
wave and wind 
climate, tidal 
regime, sea level 
rise, land cover, 
areas of high 
ecological values 

Sensitivity score 
Impact score 
Finale score, i.e. 
exposure to 
coastal erosion 

(Eurosion 2004) 
Google (7) 
WS (0) 
 
TG: 7 
TWS: 0 
 
http://www.eurosion.org
/reports-
online/part3.pdf 
 
 

Not repeatable 
No tool available 
Broad international 
cooperation 
Focus on European 
regions coastal 
erosion and flooding 
Data intensive 
GIS tools required 
Experts, stakeholder 
options required 
 

Quan. Document Yes 

VA;DST Stakeholder 
Only  

FAC4T An overarching 
framework for a city-

Targets at 
biodiversity, water 

Climate change  
scenarios of the 

Adaptation 
strategies against 

http://www.erc.uct.ac.z
a/Research/publication

Repeatable 
Template as tool 

Qual. Document  Yes 
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Approaches wide consolidated and 
coordinated approach 
to reducing vulnerability 
to climate change 

stress, coastal 
zones, fire 
intensity, city 
infrastructure, 
health and 
livelihoods 
 
Urban water 
demand 
management; 
Storm water 
management; Fire 
management; 
Coastal zones 
management; 
Livelihood and 
health sectors 

variables - key 
elements to the 
subjects 
 
Socio-Economic 
Changes data and 
urban system 
information 
 
Knowledge from 
experts and 
stakeholders  

various sectors s/06Mukheibir-
Ziervoge%20-
%20Adaptation%20to%
20CC%20in%20Cape
%20Town.pdf 
 
(Mukheibir and 
Ziervogel 2007) 
Google (81) 
WS (23) 
 
TG: 81 
TWS: 23 
 

Need sound 
knowledge of the 
subjects 
Not data intensive 
Need objective 
opinion inputs from 
experts, stakeholders 
No need model 
computing 
Qualitative solution  
Easy to apply 
 

DST Other 
decision 
tools 

Identifying 
Adaptation 
Options (IAO) 
 
See UKCIP! 

Guidance on the 
identification and 
selection of adaptation 
options that can be 
used to respond to 
climate risks.  
 

The guidance note 
explores 
adaptation options 
relating them to 
their intended 
purpose  
 to help build  
Adaptive Capacity 
or Delivering 
Adaptation 
Actions.  
 

None required identify an 
appropriate set of 
adaptation options 
using the other 
UKCIP tools and 
guidance.  
 

http://www.ukcip.org.uk
/wordpress/wp-
content/PDFs/ID_Adapt
_options.pdf 
 
(Mahmoud et al. 2009) 
Google (107) 
WS (50) 
 
TG: 107 
TWS: 50 

The guidance notes 
in format of 
document   
 
A subclass tool from 
UKCIP. Need sound 
knowledge on the 
subjects to set up 
adaptation options 
with the tool 
 
Less data intensive 
Could be easy to 
conduct with sound 
knowledge of the 
subjects 

Qual Document  Yes  

VA Framework/
toolkits 

Inter-
governmental 
Panel on 
Climate 
Change 
(IPCC) 
Common 
Methodology 
(CM) 

Widely used framework 
for vulnerability 
assessment first 
proposed in 1991. CM 
incorporates expert 
judgment and data 
analysis of 
socioeconomic and 
physical characteristics 
to assist the user in 
estimating a broad 
spectrum of impacts 
from sea-level rise, 
including the value of 
land and wetlands lost.  
 

This approach is 
most useful as an 
initial, baseline 
analysis for 
country level 
studies where little 
is known about 
coastal 
vulnerability  
 

Range from 
regional to global  

Physical and 
socioeconomic 
characteristics of 
the study area.  
 

Vulnerability profile 
and the list of future 
policy need to 
adapt both 
physically and 
economically. A 
range of impacts of 
sea-level rise, 
including land loss 
and associated 
value and uses, 
wetland loss, etc.  
 

(Klein and Nicholls 
1999) 
Google (259) 
WS (100) 
 
(Subgroup 1992) 
Google (41) 
WS (0) 
 
(Nicholls 1995) 
Google (166) 
WS (0) 
 
(Nicholls and Mimura 
1998) 
Google (178) 
WS (55) 
 

No established tool 
available but various 
document and 
published papers 
 
Requires 
considerable 
knowledge on a 
range of techniques 
for estimating 
biophysical and 
socioeconomic 
impacts of sea level 
rise and adaptation. 
It has been criticised 
and redesigned by 
several groups of 
researchers.  

Quan Document Yes 
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(Nicholls 1998) 
Google (18) 
WS (0) 
 
TG: 662 
TWS: 155 
 

 

VA Climate 
Downscalin
g models 

MAGICC / 
SCENGEN  

MAGICC is a coupled 
gas-cycle/climate 
model.  
 
SCENGEN is a 
regionalization 
algorithm that uses a 
scaling method to 
produce climate and 
climate change 
information on a 5° 
latitude by 5° longitude 
grid.  
 

Climate change Emissions 
scenarios for all 
gases considered 
in the SRES 
(Special Report on 
Emissions 
Scenarios) 
scenarios 
 

MAGICC gives 
global-mean 
temp/sea level 
change; 
SCENGEN- 
regional 

(Wigley 2008) 
Google (58) 
WS (0) 
 
(Fordham et al. 2012) 
Google (26) 
WS (16) 
 
TG: 84 
TWS: 16 

Example repeatable 
Free tools/package 
are available for 
downloading 
Fair computer skill 
required to run the 
model 
The package 
provided built- in 
scenarios datasets  
SCENGEN can be 
integrated into 
regional application 
rfw its climate 
change scenarios 
Focus only on 
climate change 
scenarios 
Popular  

Quan. Software Yes (OS) 

DST Other 
decision 
tools 

Multicriteria 
Analysis  
(MCA ) 
 

MCA describes any 
structured approach 
used to determine 
overall preferences 
among alternative 
options, where the 
options accomplish 
several objectives.  
 

Allows decision 
makers to include 
a full range of 
social, 
environmental, 
technical, 
economic, and 
financial criteria.  
 

Criteria of 
evaluation as well 
as relevant metrics 
for those criteria  
 

A single most 
preferred option, 
ranked options, 
short list of options 
for further 
appraisal, or 
characterization of 
acceptable or 
unacceptable 
possibilities.  

http://unfccc.int/adaptati
on/nairobi_work_progra
mme/knowledge_resou
rces_and_publications/i
tems/5440.php 
 
(Bell et al. 2003) 
Google (56) 
WS (0) 
 
TG: 56 
TWS: 0 
 
Optional tool: 
 
http://www.daff.gov.au/
abares/data/mcass/tool 

No direct 
tool/package 
available for 
downloading from the 
relevant publication, 
but tool from other 
source available to 
download for MCA 
analysis 
Not repeatable 
Knowledge of MCA 
and computer access 
Less data intensive 
 
 

Qual. Document Yes 

RA Index based 
method 

Multi-scale 
CVI 

a multi-scale CVI, 
specifically integrating 
erosion impacts, which 
can be applied to other 
climate change induced 
impacts, too. The index 
integrates three sub-
indices:(i) coastal 

Mainly socio-
economic Targets. 
 
Not addressed by 
the index 

Key variables are 
defined according 
to the specific 
application 
(location 
and scale). 
Variables refer to: 
(i) resilience and 

Three sub-indices: 
(i) coastal 
characteristic sub-
index, (ii) coastal 
forcing sub-index, 
(iii) socioeconomic 
sub-index. 
Final CVI index. 

(McLaughlin and 
Cooper 2010) 
Google (13) 
WS (4) 
 
TG: 13 
TWS: 4 

Repeatable 
No tool/package 
available for 
downloading 
GIS based method, 
relevant skill suites 
required 
Data intensive – 

Quan. Document  Yes 
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characteristic sub-
index,(ii) coastal forcing 
sub-index,(iii) social-
economic sub-index. 

coastal 
susceptibility to 
erosion, (ii) forcing 
variables 
contributing to 
wave-induced 
erosion, (iii) socio-
economic target 
potentially at risk 

Indices can be 
represented in 
maps 

maps 
Semi-quantitative 
measure 
 
 

DST Agent-
based 
model 

Netlogo Agent based model. a 
programmable 
modeling environment 
for simulating natural 
and social phenomena 

Various, i.e., 
environment, 
natural and social 
aspects 

Management 
strategy scenarios 
to the issue 

Maps, plots, 
indicators to 
response the 
strategy scenarios  

http://ccl.northwestern.
edu/netlogo/ 
 
(Wilensky 1999) 
Google (78) 
WS (7) 
 
(Tisue and Wilensky 
2004) 
Google (121) 
WS (0) 
 
TG: 199 
TWS: 7 

Free software 
available for 
downloading 
Example can be 
repeatable 
Very strong agent 
based modeling skills 
Widely used in many 
field 
Less flexible 
Coarser maps, plots 
visualization 
 
 

Quan. Software Yes, OS 

VA;DST Stakeholder 
Only  
Approaches 

QCCCE 
 

Risk assessment 
matrices that identified 
impacts, vulnerability 
and prioritize areas for 
action 

Targets at pasture 
growth, surface 
cover, plant 
available water 
capacity, wind 
erosion, rural 
human health and 
well-being, 
biodiversity 
 
Adaptation 
response matrix to 
climate change key 
elements 

Climate change 
scenarios of the 
variables - key 
elements to the 
subjects 
 
Knowledge from 
experts and 
stakeholders by 
various workshops 

Risk identification, 
assessment and 
adaptation action 
plan matrices 

(Cobon et al. 2009) 
Google (30) 
WS (17) 
 
(Brundell et al. 2011) 
Google (0) 
WS (0) 
 
(Morison and Pears 
2012) 
Google (2) 
WS (0) 
 
TG: 32 
TWS: 17 
 

Repeatable 
Template as tool 
Need sound 
knowledge of the 
subjects 
Not data intensive 
Need objective 
opinion inputs from 
experts, stakeholders 
No need model 
computing 
Qualitative solution  
Easy to apply 
Popular 
 
 

Qual. Document  Yes 

DST Tool based 
on dynamic 
computer 
models 

RamCo and 
ISLAND 
MODEL  
 

cell-based decision 
support tools designed 
as means of asking 
structured questions 
about how external and 
internal components of 
coastal zone 
management problems 
interact.  
 

Coastal zone, 
socioeconomic 
system,  
boundary 
conditions  
 
external and 
internal 
components of 
coastal zone 
management 
problems interact  

The user’s chosen 
scenarios and 
management 
strategies  
 

The outcome of a 
range of different 
user-defined 
scenarios and 
management 
options  
 

(de Kok et al. 2001) 
Google (47) 
WS (22) 
 
TG: 47 
TWS: 22 
 

No tool/package 
available for 
downloading 
Not repeatable 
GIS based method 
Data intensive 
Cell based tools 
could be computing 
intensive 
If the demo available 
, the guides are easy 
to follow 

Qual. software No 
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 Develop new 
application difficult 
 
http://unfccc.int/files/
adaptation/methodol
ogies_for/vulnerabilit
y_and_adaptation/ap
plication/pdf/ramco_a
nd_island_model.pdf 

DST Other 
decision 
tools 

Reef 
Resilience 
Toolkit  
 

a ‘living’ toolkit that 
provides practitioners 
with the latest tools, 
strategies, and 
protocols to address 
coral bleaching, 
conservation of reef 
fish spawning 
aggregations, and 
general principles of 
adaptive management 
that are critical to 
respond to climate 
change. 
2 Toolkit modules: 
Coral Reefs, Fish 
Spawning 
Aggregations.   
 
 

Tropical coastal 
and marine 
resources, coral 
reef, fisheries. 
MPA design 
 
 

In cases where 
there is limited or 
no data, expert 
and local 
knowledge can be 
used. There is 
always a ‘low-tech’ 
option for places 
that have limited 
information and 
resources when 
one is trying to 
build resilience to 
climate change 
into management 
activities and 
strategies.  
 

There is no specific 
output or final 
product from the 
R2 Toolkit, given 
that it is a series of 
steps and 
information that 
helps to guide 
managers to design 
and develop sound 
management 
practices that are 
flexible and support 
adaptive 
management in the 
face of climate 
change.  

http://www.reefresilienc
e.org/ 
 
(Grimsditch and Salm 
2006) 
Google (70) 
WS (0) 
 
(West and Salm 2003) 
Google (320) 
WS (139) 
 
TG: 390 
TWS: 139 

Guidelines 
 
Guide line toolkits 
available online 
Repeatable of 
examples 
Marine system – 
coral reefs + fishing 
spawning 
aggregation modules 
Sound knowledge of 
the subjects 
Experts and 
stakeholders 
contribution 
 
 

Qual. online 
platform 

Yes 

VA; DST Tool based 
on dynamic 
computer 
models 

Regional 
climate 
change 
Impact and 
response 
Studies 
(RegIS) 

The aim of the RegIS 
and RegIS2 projects 
was to simulate the 
effects of future climate 
change and 
socioeconomic change 
in two regions of the 
United Kingdom: East 
Anglia and North West 
England. 

Socio-economic 
and 
ecological targets. 
 
Only spontaneous 
adaptation 
considered, 
no proactive 
adaptation. 
However, 
tools are available 
for 
assessing the 
effects 
of the adaptation 
response 

Flood plain maps, 
flood risk area, sea 
defences, 
elevation, land 
cover, coastal 
habitats database, 
existing and 
proposed sites for 
managed 
realignment, tidal 
surge data 
 

Maps and graphs 
of changes in 
ecosystems, 
species’ ranges 
and 
land use in 
response to 
scenarios of 
`socio-economic 
and climate change 

http://www.cranfield.ac.
uk/sas/naturalresource
s/research/projects/regi
s.html 
 
(Holman et al. 2005) 
Google (150) 
WS (66) 
 
(Holman et al. 2008) 
Google (35) 
WS (24) 
 
(Mokrech et al. 2008) 
Google (33) 
WS (17) 
 
(Richards et al. 2008) 
Google (32) 
WS (19) 
 
TG: 250 

Not repeatable 
No tool/package 
available for 
downloading 
Quite a lot of 
publications and 
reports 
Data intensive 
Addressed 
adaptation measure  
 

Quan. Software No 
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TWS: 136 
 

DST Agent-
based 
model 

Repast Agent based model a 
programmable 
modeling environment 
for simulating natural 
and social phenomena 
with enhanced 
visualization  

Various, i.e., 
environment, 
natural and social 
aspects 

Management 
strategy scenarios 
to the issue 

Maps, plots, 
indicators to 
response the 
strategy scenarios 

http://repast.sourceforg
e.net/ 
 
(Collier et al. 2012) 
Google (169) 
WS (0) 
 
(North et al. 2006) 
Google (554) 
WS (224) 
 
TG: 723 
TWS: 224 

Free software 
available for 
downloading 
 
Example can be 
repeatable 
Very strong agent 
based modeling skills 
Required sufficient 
Java based OOP 
programming 
working knowledge  
Widely used in many 
field 
More flexible 
Graphical interface, 
finer maps, plots 
visualization 
 

Quan. Software Yes, OS 

RA Tool based 
on dynamic 
computer 
models 

Risk 
Assessment 
of Coastal 
Erosion 
(RACE) 

The aim of the RACE 
project was to develop 
and disseminate a 
robust and consistent 
probabilistic 
assessment of the 
hazard and risk of 
coastal erosion in the 
United Kingdom 

Private property, 
built assets and 
agricultural land. 
Not directly 
assessed 
 

Expert judgment 
on the probability 
of defence failure 
and the natural 
erosion rate, 
validated by 
existing data, and 
field observations 
where possible 

Maps of coastal 
erosion hazard, 
overlaid with 
locations of 
vulnerable 
assets to create 
‘risk’ maps 

http://cca.eionet.europa
.eu/docs/TP_1-2011 
 
(Ltd. 2007) 
Google (155)* results 
from searching 
“Halcrow group”+”Risk 
assessment of coastal 
erosion”+”Defra” 
 
TG: 155* 
 

Not repeatable 
No tool/package 
available for 
downloading 
Sound knowledge of 
the subjects 
Computer/GIS skills 
Computing could be 
time consuming 
 

Qual. Document  Only 
document 
available 

VA Tool based 
on dynamic 
computer 
models 

Sea-level 
Affecting 
Marshes 
Model 
(SLAMM) 

The model is based on 
a decision tree where  
quantitative and 
qualitative relationships 
are  
established to 
represent the transfer 
of land  cover coastal 
classes according to 
different  
variables such as 
elevation, type of 
habitat, sediments, 
erosion degree, etc. 
(SLAMM, 2010) 

Ecological 
systems: coastal 
habitats and 
species 
Socio-economic 
component is not 
included. 
Not addressed by 
the model 

SLR, tidal data, 
elevation (DEM 
and 
LIDAR), wetland 
land cover, other 
detailed wetland 
information, human 
infrastructures 
(e.g. dike location) 

Maps of flooding 
risk for coastal 
ecosystem and 
habitats 
Tables and graphs 

http://www.warrenpinna
cle.com/prof/SLAMM/ 
 
(SLAMM 2010) 
(Park et al. 1989) 
Google (72) 
WS (0) 
 
(Lee et al. 1992) 
Google (47) 
WS (18) 
 
(Park et al. 1991) 
Google (23) 
WS (0) 
 
TG: 142 
TWS: 18 

Example repeatable 
Tool/package 
available for 
download 
Popular, esp., in US 
Built in GIS package, 
so don’t need GIS 
skill or software 
Freeware: model is 
downloadable and 
with good example 
Coastal zone centric 
Basics of model is a 
decision tree by 
coastal classes, e.g., 
salt water, mangrove 
Does not include 
adaptation/managem

Quan. Software Yes (OS) 
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ent options directly in 
the model 
Computing could be 
time consuming 
Popular 
 

DST Framework/
toolkits 

Shoreline 
Management 
Planning 
(SMP) 

A generic approach to 
the strategic 
management of the 
combined hazards of 
erosion and flooding 
hazards in coastal 
areas, which are key 
concerns under climate 
change and sea-level 
rise.  
 

Coastal zone 
 
SMPs are 
designed as 
“living” plans, 
including regular 
update, so the 
whole process will 
stimulate the 
development of 
long-term coastal 
management 
appropriate to 
responding to 
climate change 
and sea-level rise  
 

A range of 
information is 
required, including, 
ideally, historical 
shoreline change, 
contemporary 
coastal processes, 
coastal land use 
and values, and 
appropriate 
scenarios of 
change.  
 

Strategic 
approaches for 
flood and erosion 
management for 
the next 50 to 100 
years  
 

http://webarchive.nation
alarchives.gov.uk/2013
0123162956/http:/www.
defra.gov.uk/environme
nt/flooding/documents/
policy/guidance/smpgui
de/vol2appi.pdf 
 
(Leafe et al. 1998) 
Google (67) 
WS (47) 
 
(Burgess et al. 2002) 
Google(16) 
WS (0) 
 
TG: 83 
TWS: 47 
 

No software available 
Repeatable 
A generic approach 
Less data intensive 
Less computing 
intensive 
Sound knowledge of 
the subjects 
 
 
 

Qual. Document  Yes 

VA; DST Tool based 
on dynamic 
computer 
models 

SimCLIM software package that 
links data and models 
in order to simulate the 
impacts of climatic 
variations and change, 
including extreme 
climatic events, on 
sectors such as 
agriculture, health, 
coasts or water 
resources.  
 

Socio-economic 
and ecological 
targets. 
 
Addressed by the 
model. Adaptation 
measures can be 
tested for present 
day conditions and 
under future 
scenarios of 
climate change 
and 
variability. 
 
 

Elevation, climate 
data, sea level 
change scenarios 
Specific impact 
models data 
 

Spatial and site-
specific scenarios 
of climate and sea-
level changes 
(including changes 
in the risks of 
extreme events) 
and their sector 
impacts. 
Formats include 
maps, time-series 
projections, and 
graphical and 
tabular output. 

http://www.climsystems
.com/simclim/ 
 
(Warrick et al. 2005) 
Google (13) 
WS (1) 
 
(Warrick and Cox 2007) 
Google (2) 
WS (0) 
 
(Warrick 2009) 
Google (9) 
WS (1) 
 
TG: 24 
TWS: 2 
 

No repeatable case 
study available with 
trial version 
Tool/package 
available 
commercially 
User friendly 
interface 
Adaptation 
assessment tools, 
such as Hydrology, 
coastal hazard, heat 
accumulation and 
water use models. 
Data intensive 
Computer skills 
With a ArcGIS add-in 
(SimCLIM for ArcGIS 
commercially 
available) 
Computing could be 
time consuming 
Numerical application 
and publications 
With the cost of the 
software, data and 

Quan. Software Yes, (CS) 
CS-trial 
available 
upon 
request for 
free 
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training. 
 

RA Framework/
toolkits 

SmartLine  
 

The “Smartline” 
approach is a method 
of capturing 
geographical data in a 
segmented line within a 
Geographical 
Information System 
(GIS).  
 

It rapidly captures 
a very wide range 
of information for a 
coastal zone at 
different levels of 
detail.  
Consequently, the 
“Smartline” 
approach is ideal 
for first pass 
assessments of 
coastal 
vulnerability  
 

The majority of 
input data may be 
sourced through 
aerial photograph 
and cartographic 
analysis; this 
includes data on 
morphology of 
coast and 
geographic setting 

GIS based 
geomorphic map of 
coastal sensitivity  
 

http://www.ozcoasts.go
v.au/coastal/introductio
n.jsp 
 
 
(Sharples et al. 2009a) 
Google (14) 
WS (0) 
 
(Sharples et al. 2009b) 
Google (8) 
WS (0) 
 
TG: 22 
TWS: 0           

The Smartline tools 
is easy to manoeuvre 
and understand, and 
is supported by a 
range of practitioners 
and experts that can 
be consulted for 
advice and lessons 
learned. However, 
initial development of 
a Smartline mapping 
systems requires 
expert input and 
training.  
 

Quan online 
platform 

Yes 

VA;DST GIS based 
Decision 
Support 
System 
(DSS) 

Spatial Tools 
for River 
Basins and 
Environment 
and Analysis 
of 
Management 
Options 
(STREAM)  
 

STREAM is a spatial 
hydrological model that 
allows for assessing 
hydrological impacts 
due to changes in 
climate and socio 
economic drivers.  
 

Coastal zone, land 
and water use of 
agriculture and 
urbanization, water 
storage and 
flooding control.  
 
Hydrological 
impacts induced by 
Climate change 
and socio-
economic drivers. 

The required input 
data is: 
temperature, 
precipitation, soil 
types, elevation. 
And for calibration 
and validation: 
runoff data.  
 

spatial hydrological 
information on 
water availability in 
the form of 
(monthly) soil-
humidity and river 
discharges. The 
latter outputs can 
be in either a 
hydrograph or a 
spatial GIS based 
map.  
 

http://www.coastalcoop
eration.net/part-III/III-3-
2-6.pdf 
 
(Aerts et al. 1999) 
Google (63) 
WS (26) 
 
TG: 63 
TWS: 26 
 
Demo package 
http://www.adaptation.n
l/ 
 
(not accessible, can 
request demo package 
from the authors) 
 

Not repeatable; 
Demo package 
available under 
request to 
developers 
Water balance model 
with Salt intrusion 
module could be 
used for estuary 
application 
GIS based 
Data intensive 
Computing intensive 
Applied to River, 
basin, regional 
hydrology 

Quan. Software Yes, OS (no 
free 
downloadin
g,  but 
demo 
available 
under 
request) 

VA Tool based 
on dynamic 
computer 
models 

Synthesis and 
Upscaling of 
Sea-level 
Rise 
Vulnerability 
Assessment 
Studies  
(SURVAS) 

a global assessment of 
vulnerability of the 
coastal zone using a 
common assessment 
methodology, 
identifying key 
indicators for the 
assessment of coastal 
natural susceptibility 
and socio-economic 
vulnerability and 
resilience to the impact 
of climate change, 
particularly accelerated 
sea-level rise.  

Various scales,  
for the assessment 
of coastal natural 
susceptibility and 
socio-economic 
vulnerability and 
resilience to the 
impact of climate 
change, 
particularly 
accelerated sea-
level rise  
 

Expert knowledge 
in workshop 
context  
 

Workshop reports  
 

(Nicholls and de la 
Vega-Leinert 2000) 
Google (3) 
WS (0) 
 
(Nicholls and de la 
Vega-Leinert 2001) 
Google (6) 
WS (0) 
 
TG: 9 
TWS: 0 

There are no detailed 
document available, 
links are broken and 
doesn’t look in a 
proper maintenance 
condition  
 
There should be 
softwares available 
for this method, but a 
few links are broken 
and indicating it may 
be out of date and 
without timely 
maintenance 

Quan Document no 
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 support.  It is even 
hard find a detailed 
document for this 
method  

VA; DST Tool based 
on dynamic 
computer 
models 

The Climate 
Framework 
for 
Uncertainty,  
Negotiation 
and 
Distribution 
(FUND) 

An integrated 
assessment model of 
climate change. 
Although, FUND does 
not arise from a 
scientific basis in 
coastal impacts as 
other models (such as 
SLAMM, SimCLIM or 
DIVA); it has capacity 
for providing 
information about 
climate change in a 
dynamic context, which 
makes it a useful and 
innovative tool 

Economic costs 
and Benefits. 
 
Addressed by the 
model 
 
 

Population data 
and scenarios on 
emissions, climate 
condition, sea level 
and other impacts 
 

Rates and statistics 
for decision 
makers 

http://www.fund-
model.org/ 
 
(Tol 2006a) 
Google (49) 
WS (11) 
 
(Tol 2006b) 
Google (72) 
WS (11) 
 
(Narita et al. 2009) 
Google (37) 
WS (12) 
 
(Narita et al. 2010) 
Google (29) 
WS (9) 
 
TG: 187 
TWS: 43 

Source codes of the 
model are available 
for download 
Not repeatable 
Need strong 
computer skill to 
compile the codes to 
make it executable 
No user interface and 
computer literature 
focus tool 
Sound knowledge of 
the subjects 
Data intensive 
 
 

Quan. 
 

Software Yes,(OS) 

DST Index based 
method 

The South 
Pacific Island 
Methodology 
(SPIM) 

An index-based 
approach that uses 
relative scores to 
evaluate different 
adaptation options in a 
variety of scenarios. 
The coastal zone is 
viewed as six 
interacting systems.  
 

Particularly useful 
in  
coastal settings 
with limited 
quantitative data 
but considerable 
experience and 
qualitative 
knowledge  
 

Expert judgment 
and qualitative 
information on the 
relative 
performance of 
various adaptation 
options.  
 

Defines a 
sustainable 
capacity index for 
the subsystems 
defined  
 

(Yamada et al. 1995) 
Google (49) 
WS (0) 
 
Scholar search 
“Yamada, K. ~ 
Methodology for the 
assessment of 
vulnerability of South 
Pacific island countries 
to sea-level rise and 
climate change” 
 
TG: 49 
TWS: 0 

No tool available 
Repeatable 
Less data intensive 
Less computing 
intensive 
Easy to use 
Experts and 
stakeholders 
contribution required 
regional in scale and 
most relevant to the 
South Pacific Islands 
 
 
 

Qual. Document  Yes 

DST Other 
decision 
tools 

Tool for 
Environmenta
l Assessment 
and 
Management 
(TEAM) 

This software package 
creates graphs and 
tables that allow 
experts to compare the 
relative strengths of 
adaptation strategies 
using both quantitative 
and qualitative criteria.  
 

a wide range of 
criteria and to 
explicitly identify 
unquantifiable and 
uncertain aspects 
associated with 
potential 
adaptations  
 

A ranking of how 
well policy 
objectives are met 
using alternative 
strategies  
 

Relative 
effectiveness of 
alternative 
adaptation 
measures across a 
range of criteria  
 

http://www.epa.gov/eim
s/global/team1.pdf 
 
(Julius and Scheraga 
2000) 
Google (13) 
WS (3) 
 
TG: 13 
TWS: 3 

No tool/package 
available 
Repeatable 
Qualitative measure 
Less data intensive 
Less computing 
intensive 
Sound knowledge of 
the subjects 
 
 

Qual. Software No 
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DST Other 
decision 
tools 

UKCIP 
Adaptation 
Wizard  

The Wizard is a tool to 
help users adapt to 
climate change. It is a 
generic, high-level tool 
that can be used to 
raise awareness of the 
adaptation process, 
and help those who are 
preparing to adapt. It is 
more a decision-
support than decision-
making tool.  
 

it will help users 
generate the 
information they 
need to prepare 
their own 
adaptation 
strategy. 

time, participation, 
climate change 
scenarios, socio-
economic 
scenario, tools for 
costing climate 
impacts and for 
costing/evaluating 
adaptation options 

An adaptation 
strategy document 
that includes: a 
record of the users’ 
vulnerability to 
current climatic 
variability; a 
prioritized list of 
climate risks; a list 
of possible 
adaptation 
measures to 
address those 
risks; adaptation 
options appraisal; 
and an 
implementation 
strategy  
 

http://www.ukcip.org.uk
/wizard/ 
 
(Willows and Connell 
2003) 
Google (283) 
WS (0) 
 
(Connell et al. 2005) 
Google (4) 
WS (3) 
 
TG: 287 
TWS: 3 

Online tool available 
and also offline tool 
available for 
downloading 
High level, generic 
method/guideline 
Repeatable 
Web-based tool and 
ease to use 
Less data intensive 
Less computing 
intensive 
Focus on adaption 
measure 
Sound knowledge of 
the subjects 
 
 

Quan Online 
platform 

Yes 

VA; DST Framework/
toolkits 

UNDP 
Adaptation 
Policy 
Framework 
(APF) 

The APF provides 
guidance on designing 
and implementing 
projects that reduce 
vulnerability to climate 
change, by both 
reducing potential 
negative impacts and 
enhancing any 
beneficial 
consequences of a 
changing climate.  
 

Global, all sectors. 
particularly 
applicable where 
the integration of 
adaptation 
measures into 
broader sector 
specific policies, 
economic 
development, 
poverty reduction 
objectives, or other 
policy domains is 
desirable.  
 

Stakeholder 
derived information 
is a key input at all 
stages. 

Vulnerability 
mapping, dynamic 
simulation of 
sustainable 
livelihoods, multi-
stakeholder 
analysis, cost-
effectiveness, 
decision trees, 
multicriteria 
analysis, among 
others. 

 

Increased adaptive 
capacity through 
prioritized 
adaptation 
strategies that can 
be incorporated 
into development 
plans  
 

http://www.preventionw
eb.net/files/7995_APF.
pdf 
 
(Lim et al. 2005) 
Google (231) 
WS (0) 
 
TG: 231 
TWS:0 

no build up tools 
available for directly 
download  but 
document 
 
depends on specific 
application, the skills 
and knowledge 
required range vastly 

Qual Document Yes 

DST Framework/
toolkits 

UNEP 
Handbook 
Methodology  
 

The UNEP 
methodology 
establishes a generic 
framework for thinking 
about and responding 
to the problems of sea 
level rise and climate 
change.  
 

This approach is 
useful in a range of 
situations, 
including 
subnational, or 
national level 
studies. It could 
comprise the first 
study, or follow 
earlier studies 
such as those 

Qualitative or 
quantitative 
physical and 
socioeconomic 
characteristics of 
the national 
coastal zone.  
 

Evaluation of a 
range of user-
selected impacts of 
sea level rise and 
potential adaptation 
strategies 
according to both 
socioeconomic and 
physical 
characteristics. 

http://www.ivm.vu.nl/en/
Images/UNEPhandboo
kEBA2ED27-994E-
4538-
B0F0C424C6F619FE_t
cm53-102683.pdf 
 
(Feenstra et al. 1998) 
Google (168) 
WS (0) 
 

 

Not computer 

software or template 

available, but 

document 

Qual Document Yes 
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completed using 
the IPCC Common 
Methodology. The 
possibility of a 
quick screening 
assessment 
followed by a more 
detailed 
vulnerability 
assessment has 
been suggested 
(Klein and Nicholls, 
1999). Information 
gathered with this 
methodology can 
then be used as 
input for future 
modeling.  
 

(Klein and Nicholls 
1999) 
Google (259) 
WS (100) 
 
(Klein et al. 1999) 
Google (136) 
WS (0) 
 
(Klein et al. 2001) 
Google (147) 
WS (56) 
 
(Nicholls 1998) 
Google (18) 
WS (0) 
 
TG: 728 
TWS: 156 
 

Fairly simple 

framework. As the 

level of analysis is 

not prescribed, the 

ease of use will 

depend on the level 

of analysis that is 

attempted  

 
 

!

2. Table S 2: Attribute names and scores of climate adaptation tools tested. RA is risk assessment, VA is vulnerability assessment and DST is decision support tool. See supplementary 
material Table S1 for details about the models and their references 
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1. Introduction 

Many Climate Change Adaptation Strategies (CAS) concentrate on developing CAS frameworks, 
however, regardless of which framework works best for a specific system, or whether the choice is to 
proceed free from the constraints of any framework, the following Adaptation Checklist (Table 1) is 
aimed at providing a guide to developing an achievable and realistic product. The Adaptation 
Checklist is intended as a guide rather than a prescription. Consequently, some components may not 
be necessary in a particular situation, others may be missing, and the order of steps may well change 
from case to case. 

 

Table 1: A checklist for developing an effective adaptation strategy. 

"# $%&'()*!)%+,-./.&012.!3%-.)40*1&5!

6# $%&'()*!.)%070*.+!*-145.!

8# 9,.)137!4&!4'4,*4*1%&!3%)(0!

:# ;.31&.!0,.)131)!%<=.)*12.0!

># ?'.&*137!.&'@(0.-0!)%+,-./.&012.A7!

B# ?'.&*137!4,,-%,-14*.!$A1+4*.!$/4&5.!0).&4-1%0!

C# D00.+<A.!4AA!-.A.24&*!1&3%-+4*1%&!

E# D00.00!*/.!F(4A1*7!%3!4241A4<A.!1&3%-+4*1%&!4&'!1'.&*137!G.7!54,0!

H# D00.00!4&'!)%++(&1)4*.!(&).-*41&*1.0!

"I# J24A(4*.!)%&0*-41&*0!

""# D00.00!*/.!-4&5.!%3!4)*1%&0!,%001<A.!1&!*/.!01*(4*1%&!

"6# ;.2.A%,!*/.!4'4,*4*1%&!0*-4*.57!

"8# J24A(4*.!4'4,*4*1%&!%(*)%+.0!4&'!+%&1*%-!0()).00!

":# K.400.00!(&).-*41&*1.0!

"># $%AA.)*!4''1*1%&4A!1&3%-+4*1%&!40!&.).004-7!

!
Each component of the list is explained below, where appropriate with a series of tools that can be 
used to progress that part of the checklist.  

!

!
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1: Conduct comprehensive forecasting 

Effective decision making depends on the accuracy of predictions of the full spectrum of effects of 
Climate Changes. These need to include forecast of the evolution of ecosystems and social, 
technological, and economic systems as well as the behaviour of the climate system itself 
(Lempert and Schlesinger 2000). It is important to understand the limits of the ability to predict 
trajectories of change because there are many parameters to be estimated (e.g. Climate Change, 
the behaviour of economic systems, the response of ecosystems), meaning even small errors can 
magnify uncertainty.  

2: Conduct ecosystem triage  

Ecosystem triage relates to the process of prioritizing which ecosystems or ecosystem components 
are the most profitable targets for the expenditure of scarce resources (Lawler 2009). Many 
approaches and criteria are possible (see Lawler 2009) but these will depend on the exact focus of 
adaptation and the specific situation, needs and resources. For instance, triage prioritization could 
be based on evaluation of the value of an ecosystem service relative to the projected severity of 
impact (Fig. 1). 

Figure 1: Example of an ecosystem triage classification. Modified after Lawler 
(2009). !
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Triage cannot be undertaken lightly because it relies on the complex interplay of a number of 
factors (Fig. 2).  

 

 

Figure 2: A conceptual model of the factors influencing ecosystem triage 
decisions. !

 

 

 

 

 

3: Specify an adaptation focus 

The success of adaptation is greatly influenced by the focus of the adaptation strategy, so a clearly 
specified adaptation focus is a key underpinning of success. Two components of the adaptation 
focus are important: 

"# L/.-.!*/.!3%)(0!10!'1-.)*.'!4A%&5!*/.!!"#$%#&&'()*"'($*+#,)"*'+$%-.($"($+*/.$.0(!1+#/.#!
M-4&03%-+4*12.!)/4&5.!1&)A('.0!<(1A'1&5!-.01A1.&).N!-.'()1&5!2(A&.-4<1A1*7!.*)#N!4&'!10!41+.'!

4*!A%&5@*.-+N!0(0*41&4<A.!%(*)%+.0#!M4-5.*.'!)/4&5.!%3*.&!-.,-.0.&*0!.O,.'1.&*P<4&'@41'!

0%A(*1%&0N!Q/1)/!(0(4AA7!%33.-!%&A7!A%)4A!541&0!0,.)131)!*%!*/.!*4-5.*N!4&'!0%!%3*.&!%&A7!A.4'!

0/%-*@*.-+!0%A(*1%&0!%-!0%A(*1%&0!*/4*!4-.!&%*!&.).004-1A7!1&!*(&.!Q1*/!A4-5.!0)4A.!5%4A0!RS1+!
"#!$%&!6II:T!U%AG.!"#!$%&!6I"IV#!

!"#$%&'()#)*+,-. )/0,-1&)2&)*)/'*)2$-3 24%#

!"#$%&'( )(*%+,+-+,.

/$,(*,+01234#05, 670#,+-(280#05+,.

9+%: ;01&(

8$*%(<&(*5(

='+0>(?/'+$'+,+%0,+$*

;&1*('0@+1+,.

Definitions: Adaptive capacity: the potential or capability of a system to adapt to climatic stimuli; 
Exposure: the extent to which specific events are likely to affect the system; Resilience: the ability of a 
system to rebound or recover from a stimulus; Responsiveness: degree to which a system reacts to 
stimulus; Risk: likelihood of negative outcomes relative to consequence of the outcome; Sensitivity: 
degree to which a system is affected by, or responsive to, stimuli; Vulnerability: degree to which a 
system is susceptible to damage or harm: a function of the character, magnitude and rate of exposure; 
sensitivity; adaptive capacity (based on Holling 1973, Olmos 2002, IPCC 2001, Hills & Bennett 2010, 
Marshall et al. 2010). 
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6# L/.*/.-!*/.!3%)(0!10!%'2+!$3("*(-&4#.*+5%4%$630*%-.##!U%)(001&5!%&!-.'()1&5!1+,4)*0!)4&!

,-%'().!0(<0*4&*14AA7!'133.-.&*!%(*)%+.0!*%!4!3%)(0!%&!-.'()1&5!2(A&.-4<1A1*7#!U%)(001&5!%&!

1+,4)*0!Q1AA!%3*.&!+4*)/!Q1*/!*4-5.*.'!0%A(*1%&0N!Q/1A.!3%)(001&5!%&!2(A&.-4<1A1*7!Q1AA!(0(4AA7!

+4*)/!Q1*/!*-4&03%-+4*12.!)/4&5.!RS1+!"#!$%&!6II:T!S4QA.-!6IIHV#!

4: Define specific objectives 

Along with the need for a specific adaptation focus goes the need to specify goals clearly 
(Christensen et al. 1996; Folke et al. 2010). Defining objectives requires a number of components: 

W X<=.)*12.0PY%4A0!&..'!*%!<.!.O,A1)1*!.#5#!+%-.!-.01A1.&*!310/.-1.0!4*!4!0,.)131.'!0,4*1%@

)%&).,*(4A!0)4A.T!

W X<=.)*12.0!&..'!*%!<.!-.A.24&*!*%!0,.)131)!1+,4)*0!4&'!2(A&.-4<1A1*1.0T!

W ?'.&*137!*/.!400.*0!*/4*!-.F(1-.!4'4,*4*1%&!4)*1%&T!

W Y%2.-&4&).!%<=.)*12.0!&..'!*%!<.!'.31&.'T!

W M/.!0,4*14A!A1+1*0!%3!*/.!4-.4!*/.!0*-4*.57!10!1&*.&'.'!*%!4,,A7!*%!&..'!*%!<.!'.31&.'T!

W DAA!.&'@(0.-0!&..'!*%!<.!1'.&*131.'T!

W M/.!.&'@(0.-!%<=.)*12.0!%3!*/.!0*-4*.57!&..'!*%!<.!1'.&*131.'T!

W D&7!4''1*1%&4A!)%&0*-41&*0!3%-!0*-4*.57!'.2.A%,+.&*!&..'!*%!<.!'.31&.'#!M/.0.!)%(A'!1&)A('.!

5%2.-&4&).!0*-()*(-.0!%-!<%(&'4-1.0!*/4*!4-.!<.7%&'!*/.!A1+1*0!%3!1&3A(.&).!%3!*/.!0*-4*.57#!

5: Identify end-users comprehensively 

There will usually be a diverse suite of end-users and stakeholders. Comprehensive identification is 
important because the success of adaptation strategies often relies on the extent of stakeholder 
engagement (Sen & Hasan 2001), particularly useful when the problem is complex and uncertainty 
is high (Walters & Holling 1990). 

6: Identify appropriate Climate Change scenarios 

This step involves defining the exposure to be planned for. The scenario needs to be defined 
taking into account the key Climate Change threats which will help define the logic of the 
assumed time horizon. 

7: Assemble all relevant information 
A key step that includes collection of information on: 

• Available GIS; 
• Risk assessments; 
• User groups (farmers, miners etc.); 
• Climate projections; 
• Local views on needs; 
• Capacity (people, money, infrastructure); 
• Governance and Legal situations and constraints; 
• The local political context. 

 

8: Assess the quality of available information and identify key gaps 

The quality of information available is a critical determinant of the rigour and quality of the 
adaptation strategy development, and so is an important contributor to outcome uncertainty. If 
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possible any major gaps identified should trigger the collection of additional information and the 
operation of an adaptive loop. 

9: Assess and communicate uncertainties 

A clear understanding of the level of uncertainty will help to determine the limits on predictability 
of the action-outcome link, and (usually) emphasise the extent to which robust strategies are 
necessary (Harris & Heathwaite 2012). Communicating the nature and extent of uncertainty, and is 
consequences for the predictability of outcomes is critical in enabling proponents to make 
effective decisions in the face of the business as usual approach of assuming a particular action will 
produce a predictable outcome, something that is rarely the case in systems with high levels of 
uncertainty from multiple sources (Lempert & Collins 2007; Harris & Heathwaite 2012). 

10: Evaluate constraints 

Constraints of all types should be evaluated because they determine the range of adaptation 
actions that are possible and consequently the eventual adaptation strategy. Early identification of 
constraints is valuable because it can provide time to work with stakeholders to overcome some of 
the issues, freeing up adaptation options. Constraints come in many forms both at the local level 
(e.g. geography, local climate, local tides, socio-economic, local political imperatives etc.) and at 
large scales (e.g. legislative requirements, national attitudes to development). 

11: Assess the range of actions possible given the situation 

This step involves the development of a prospectus of the range of actions available in the context 
of large scale constraints, local situational constraints, the nature of the threats, and the assets 
requiring adaptation action. 

12: Develop the adaptation strategy 

Develop the strategy in the light of available information, constraints, levels of uncertainty and 
possible actions. This involves consideration of the outcomes of different actions, employing 
decisions-support tools, considering available recommendations and advice, and prioritisation of 
actions. 

13) Evaluate adaptation outcomes and monitor success  

Without detailed evaluation and monitoring there is no way to determine the extent to which any 
strategy or action has been successful, no way to justify the expenditure of resources, and no way 
to determine what follow-ups actions might be necessary. Evaluation relies on having extensive, 
well defined baselines in place before any action is taken. Many aspects need to be included in 
evaluation, for example: 

W X(*)%+.0Z!

o /%Q!%(*)%+.0!-.A4*.!*%!'133.-.&*!.&'@(0.-!&..'0!4&'!40,1-4*1%&0T!

o )%0*@<.&.31*!%3!4'4,*4*1%&!0%A(*1%&0!%3!'133.-.&*!)%+,A.O1*7!R.#5#!3-4+.Q%-G!20#!01+,A.!

'.*.-+1&4&*0!+%'.AVT!

W 9)4A.0!%3!%(*)%+.0Z!

o )%&).,*(4A!0)4A.!%3!%(*)%+.Z!*-4&03%-+4*12.N!1&)-.+.&*4AN!*4-5.*.'N!.O,.'1.&*!R<4&'@

41'!0%A(*1%&VT!

o 0,4*14A!RQ/%A.@%3@070*.+!20#!1&'121'(4A!%<=.)*12.0VT!

o 4-.4A!RA%)4A!20#!+(A*1!070*.+VT!
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o *.+,%-4A!0)4A.!%3!%(*)%+.Z!0/%-*!*.-+!&..'0!%3!.&'@(0.-0!20#!A%&5!*.-+!<.&.31*0T!

o )%&).,*(4A!R,-%O1+4A!20#!(A*1+4*.!%(*)%+.0VT!

W $%&*.O*P?+,A1)4*1%&0Z!

o %(*)%+.0!3%-!&%&@*4-5.*!.&'@(0.-0N!1&*.-.0*!5-%(,0!%-!070*.+0T!

o )%AA4*.-4A!'4+45.P)%+,A1+.&*4-7!<.&.31*0T!

o 3.401<1A1*7#!

14) Reassess uncertainties 

This is a key step that combines information on uncertainties that have come to light during the 
process of developing an adaptation strategy. Judgement of the functional magnitude of the 
accumulated uncertainties will determine if it is suitable to employ the adaptation strategy at this 
stage or if it is necessary to continue on in an adaptive loop to enable collecting the information 
needed to reduce uncertainty to an acceptable level. 

15) Collect additional information as necessary 

Collect any additional information or develop any additional understanding as identified during 
assessment of information quality or during the strategy development and evaluation process. 
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