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This interactive PDF has been developed to help water infrastructure providers with decision making for adaptation of interconnected water infrastructure
via a six stage decision making framework. The interactive PDF is part of a suite of five documents which make up the synthesis report for this project.
The synthesis report consists of the following documents:

Part 1 — Overview: This section provides an overview of the study, the general objectives and the issues and challenges facing interconnected
water infrastructure managers in the context of climate change. It also provides a summary of key findings.

Adaptation Options

Monitoring and Evaluation

Sydney Coastal Councils Group

Risk Assessment ST e -»- [ Office of Environment & Heritage

Demonstrating Climate Change Adaptation
of Interconnected Water Infrastructure

Flexible Adaptation Pathway (FAP)

Acknowledgements

Part 2 — User Guide: This section is designed to be read in conjunction with the interactive PDF. It provides a summary of each stage of the framework

including what the stage involves, why it is important and brief explanation as to how it is to be completed. Toggle Fullscreen

Part 3 — Interactive PDF (iPDF): The iPDF guides users through the stages of the decision making framework. The iPDF provides users with a series S
of inputs, tools and approaches, outputs and evaluation requirements to enable the development and implementation of an effective and efficient Flexible Close Report
Adaptation Pathway.
Part 4 — Case Studies: This section provides details of how the approach was adopted on five case studies and highlights lessons learnt. '}% J_
Part 5 — Background Information: This section provides a greater technical level of detail on how the framework was adopted and why it is relevant for
interconnected water infrastructure. In addition, case study learnings and global practice examples are provided. w
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Focus and Scope

This stage requires the stakeholders to establish a
clear definition of the problem to be assessed. The

allow stakeholders to narrow the scope of the project.
This enables the project definition to become more
manageable whilst still incorporating a range of potential
complex and interrelated issues. This stage need not
consider whether data is available or even whether a
problem exists. It must focus more on the stakeholder
collaboration and agreeing on a starting point.
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stakeholders will identify a specific climate change Sydney Coastal Councils Group
variable and specific assets potentially affected to Sydney Water

carry forward to the next stage. The purpose is to Office of Environment & Heritage
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The following steps are required in order to complete this stage of the process:

» Step 1 — Identify project aims and desired outcomes.
e Step 2 — Develop project plan.
* Step 3 — Identify scope and dependency.

Step 4 — Invite others to participate.

Step 5 — Review climate variables and climate events.
» Step 6 — Review climate change projections.
e Step 7 — Define problem.

Step 8 — Gather data identified. Acknowledgoments

Toggle Fullscreen

Proceed through each step by using the complementary guidance provided in Part 2 — User Guide. Obtain all relevant inputs and use the available tools

Print Report

and approaches discussed in the subsequent tabs in this stage of the framework. Finally, use the ‘Evaluate’ tab to query the findings and ensure the stage is
completed before proceeding further.
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Risk Assessment

This stage requires stakeholders to establish the risk
represented by climate change to the asset identified.
This requires an understanding of the value of the asset Sydney Coastal Councils Group
in terms of direct financial value as well as broader Sydney Water

economic value to the community and environment. Office of Environment & Heritage
The risk assessment also involves analysis of available
relevant climate change projections and associated
uncertainty. The risk is ultimately measured in terms

of the likelihood of climate change impacts occurring
and the consequences of the impacts over time.

The risk can be described qualitatively or quantitatively
and may potentially include a risk weighted economic
assessment. At this stage it is also important to
understand the stakeholders’ attitudes towards

risk and what level of risk is acceptable.
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The following steps are required in order to complete this stage of the process:
* Step 1 — Review data and information.
» Step 2 — Identify suitable risk assessment approach.
* Step 3 — Identify attitudes to risk and risk thresholds.
Step 4 — Identify current likelihood of climate events.
Step S — Identify future likelihood of event(s) occurring with climate change.
» Step 6 — Identify method to evaluate consequences.
» Step 7 — Evaluate consequences.
* Step 8 — Evaluate risk. Acknowledgements

Step 9 — Compare risk against risk thresholds. Toggle Fullscreen

Print Report
Proceed through each step by using the complementary guidance provided in Part 2 — User Guide. Obtain all relevant inputs and use the available tools Close Report
and approaches discussed in the subsequent tabs in this stage of the framework. Finally, use the ‘Evaluate’ tab to query the findings and ensure the stage is
completed before proceeding further. ﬁ
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Adaptation Options

This stage requires stakeholders to identify potential
adaptation options, the associated potential costs and
benefits, and risk reduction potential. The adaptation Sydney Coastal Councils Group
options are assessed qualitatively or quantitatively Sydney Water

against the business as usual (or no adaptation) case to Office of Environment & Heritage
understand their relative merits. Adaptation may also be
optimised in terms of size and timing of implementation.
This stage also requires stakeholders to identify barriers
to each adaptation option and potential measures to
overcome these barriers. Overcoming barriers may in
itself represent additional ‘no regrets’ adaptation options.
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The following steps are required in order to complete this stage of the process:

e Step 1 — Identify potential adaptation options.
e Step 2 — Identify ‘real options’.
* Step 3 — Check for maladaptation.

Step 4 — Identify barriers and adaptive capacity building options.

Step 5 — Refine adaptation options.
» Step 6 — Evaluate effectiveness of options.
» Step 7 — Nominate efficiency evaluation criteria.
» Step 8 — Evaluate efficiency of options. Acknowledgoments |

Step 9 — Test efficiency and effectiveness under multiple climate change scenarios. Toggle Fullscreen

Print Report

Proceed through each step by using the complementary guidance provided in Part 2 — User Guide. Obtain all relevant inputs and use the available tools
and approaches discussed in the subsequent tabs in this stage of the framework. Finally, use the ‘Evaluate’ tab to query the findings and ensure the stage is
completed before proceeding further.
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Flexible Adaptation Pathway (FAP)

This stage requires the stakeholders to consider the
relative merits of adaptation options and to develop
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The FAP will consider which options are complementary Sydney Water

those ‘no regrets’ options which should be implemented
now. Where there is insufficient information for a
decision to be made between two non-complementary

adaptive capacity building activities that need to occur
in order to proceed.
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The following steps are required in order to complete this stage of the process:

e Step 1 — Identify and evaluate ‘no regrets’ options to implement now.

Step 2 — Review complementarity of other options.

Step 3 — Identify trigger points for options to implement later.
Step 4 — Prepare Flexible Adaptation Pathway (FAP).

Step 5 — Undertake scenario testing.

Proceed through each step by using the complementary guidance provided in Part 2 — User Guide. Obtain all relevant inputs and use the available tools
and approaches discussed in the subsequent tabs in this stage of the framework. Finally, use the ‘Evaluate’ tab to query the findings and ensure the stage is

Monitoring and Evaluation

a pathway of actions and trigger points. Sydney Coastal Councils Group

and non-complementary as well as explicitly identify Office of Environment & Heritage

Demonstrating Climate Change Adaptation
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Flexible Adaptation Pathway (FAP)

completed before proceeding further.
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Implementation

The implementation stage is where the actions from
the Flexible Adaptation Pathway will be executed.
Stakeholders are required to develop the governance Sydney Coastal Councils Group
framework and project funding mechanisms for Sydney Water

implementation. Where the adaptation pathway includes Office of Environment & Heritage
the construction or replacement of infrastructure, this
stage will also identify the business model for the
construction, ownership and operation/maintenance for
the assets involved.
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The following steps are required in order to complete this stage of the process:

» Step 1 — Review Flexible Adaptation Pathway (FAP).

Step 2 — Agree governance for works.

Step 3 — Prepare business case (if required).

Step 4 — Identify funding opportunities.

Step 5 — Implement adaptation option.

Proceed through each step by using the complementary guidance provided in Part 2 — User Guide. Obtain all relevant inputs and use the available tools
and approaches discussed in the subsequent tabs in this stage of the framework. Finally, use the ‘Evaluate’ tab to query the findings and ensure the stage is
completed before proceeding further.
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Monitoring and Evaluation

The uncertain nature of climate change means that

a successful adaptation pathway includes a program

of regular monitoring and evaluation to ensure the
adaptation options implemented are appropriate and
implemented at the optimal time. This stage requires

the implementation of an ongoing monitoring and
evaluation program. Specifically the program will seek
to identify when the Flexible Adaptation Pathway may
need to be revisited as a result of revised climate change
projections, new information or changes in attitudes
towards risk.

Monitoring and Evaluation

Overview Inputs Tools/Approaches Outputs Evaluate

The following steps are required in order to complete this stage of the process:

e Step 1 — Monitor to define problem.

Step 2 — Monitor risk attitudes and risk thresholds.

Step 3 — Monitor climate change projections.

Step 4 — Monitor social, physical and economic factors.

Step 5 — Monitor and evaluate adaptation options.

Proceed through each step by using the complementary guidance provided in Part 2 — User Guide. Obtain all relevant inputs and use the available tools
and approaches discussed in the subsequent tabs in this stage of the framework. Finally, use the ‘Evaluate’ tab to query the findings and ensure the stage is
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Disclaimer

This report is issued to the reader for information
purposes only. The report (including all analysis, data,
frameworks, recommendations, findings or results of any Sydney Coastal Councils Group
nature mentioned so derived from the report) should not Sydney Water

be relied upon by the reader without first obtaining a full Office of Environment & Heritage
financial appraisal and any other relevant independent
advice. Arup, Sydney Coastal Councils Group,

Sydney Water and Office of Environment and Heritage
(Authors) have exercised all reasonable skill and care in
the preparation and finalisation of this report, however
make no representations or warranties, either expressly
or impliedly, as to the accuracy, completeness, suitability
or correctness of the information or any results to be
derived from the report or any part of it.
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[bookmark: QuickMark]Agenda for Project Governance Plan



The Project Governance Plan (PGP) is a vital step towards ensuring integrated implementation of interconnected water infrastructure ‘projects’.  In this document the term ‘project’ can refer to any work identified in the Flexible Adaptation Pathway (FAP), which includes but is not restricted to, new policy documents, strategic plans and construction of infrastructure or modification to existing infrastructure.

The PGP should be completed in the early stages of the ‘project’ to establish clear lines of communication between the relevant parties responsible for delivering the project and the relevant stakeholders.  The questions asked in this document are intended to help the project delivery team prepare the PGP and address any potential issues early on in any project.



Project Implementation

The project delivery team should confirm their lines of communication with the Asset Owners or Policy Makers in the first instance.  This could simply be identifying the Project Manager and Project Director, or it be could be part of a wider process of identifying the key personnel through the use of a ‘project’ wide organisational chart.

Once the communication paths have been agreed, as a matter of course the delivery team should identify and address the following:



‘Project’ scope

· Are there any restrictions in the budget or program that will affect the scope that have not been taken into account?

· Does the project team need to engage any external / additional parties? e.g. consultants or contractors, to complete the project or defined aspects of the project.  If so:

· Who will be responsible for engaging these?

· Who will be responsible for paying these?

· Are the tender / lead in periods included in the program?

· Are there any sustainable objectives set by any of the stakeholders, and if so how will these be met?

· What are the quality assurance procedures to be used for the project?

· Do IPART need to be notified of the project, and if so does the project need their approval at any stage? and

· Are there any approvals or licenses required?

There may be additional items for infrastructure projects that may not be relevant for policy type projects, such as:

· Identify current and any potential change in ownership of the asset;

· Are there any joint assets that require temporary ownership or permanent acquisition by another party?

· What is the intended design life?

· What standards should the design be to?

· Who will manage any health, safety and welfare requirements, i.e. Safety in Design (SiD) Risk Register, Safe Work Method Statements, and on-site health, safety and welfare?

· Are there any existing policies and / or guidance on the design, the materials to be used, sources of materials and are there any manufacturer preferences?

· Who is responsible for long term maintenance and on-going liabilities? and

· Have maintenance budgets been clearly defined?



Funding of the project

· Are there any restrictions in the scope or as part of the program that have not already been taken into account that will affect the budget? and

· Are there any policies in place that could impact any financial decisions on the project? e.g. restrictions from the liability insurance provider.

 

Program for implementation

· Prepare a program for implementation and agree with the project delivery team, the Policy Makers and the future Asset Owners;

· This program should be reviewed and updated monthly throughout the project;

· Are there any restrictions in the scope or the budget that have not been accounted for in the program? and

· Are there any factors that will have an impact on the urgency of the project? Such as:

· Emergency works;

· Does the project need to fully or partially completed within a financial year?

· Will State or Federal government elections impact the program?

· Is the project a dependent to or parent of other related projects?



Other important issues to consider

· Scale of the project in terms of fee, expected staff numbers, number of man hours etc;

· Who are the other affected stakeholders? Are there additional stakeholders during implementation who have not yet been engaged during the development of the FAP? (Review the Stakeholder Identification Plan previously developed and update is necessary);



Please note that this list is intended as a guide and is not exhaustive.
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1. [bookmark: _Toc253483607][bookmark: Text][bookmark: _Toc256604698][bookmark: _Toc327261621]Introduction 

[bookmark: _Toc327261622]Project background

<Insert description of project including background, aims, benefits etc>



[bookmark: _Toc327261623]Project timeframes

<Outline the different stages of the project that the engagement program will fit in to> 






[bookmark: _Toc327261624]Situational analysis

< This section outlines the environment in which the engagement activities will be delivered. Define and interpret the organisation or project environment (both internal and external). Any broad factors that are likely to impact on the project should be included. Outline any existing community sentiment about the project or issues associated with the project/initiative, previous engagement activities carried out and community response to the activities. ‘Community sentiment’ does not necessarily refer to the specific community identified for the project – it can be trends in attitudes etc in the broader community> (I.e. towards climate change)




[bookmark: _Toc327261625]Purpose and objectives

[bookmark: _Toc327261626]Purpose

<Provide an overview of the purpose of the document and list the features that the document will outline.> 



i.e. This document outlines an engagement strategy for the XXX project. The strategy identifies key stakeholders and issues related to the project, engagement strategies and activities proposed to address these issues and a proposed timeline for engagement. Measures to evaluate the engagement outcomes are also included... 



[bookmark: _Toc327261627]Objectives

<An engagement plan is underpinned by engagement objectives (usually between three and five). Objectives should be specific, measurable, achievable, realistic and timely. The objectives may be different for the different stages of the project according to the desired level/type of input required from the stakeholders and the community> 





i.e. The engagement program aims to: 

· Inform the development of the study/project (usually informs the technical output). 

· Give stakeholders and the community the opportunity to have their say in the process. 

· Provide an engagement program that is transparent, broad and inclusive. 

· Build upon engagement activities already undertaken for the project. 

· Give the people of XXX and other interested parties the opportunity to participate in XXX (the technical output). 

· Provide information about the process in suitable formats for non-technical experts to use in their decision making process. 

· Encourage people to have their say during the engagement activities as this is their chance to get involved in the project.






[bookmark: _Toc327261628]Engagement approach

<The overall approach to engagement defines the level of input sought from the community and stakeholders, the stages in which engagement will be carried out and what type of information is being sought from the community>

<The scope of engagement should be defined. For example, in some instances feedback is only sought from directly affected stakeholders whereas in other cases the broader community is more strongly encouraged to participate>

<IAP2’s Public Participation Spectrum is a useful tool to define the level of involvement being sought. Different phases of engagement may have different levels of involvement>



i.e.  (
Figure 
1
 IAP2 Public Participation Spectrum
)[image: fig37] All engagement activities fit within the levels of IAP2’s Public Participation Spectrum, which is shown in Figure 1. 

i.e. The engagement phases proposed during the project would operate at the following levels of the spectrum:  

1. Project introduction (phase one) – Inform.

1. Information sharing (phase two) – Involve.

1. Project update (phase three) – Inform.



Key messages

<Prepare a set of key messages for the project. These messages will be used through all communication materials to ensure consistency. Key messages should tell a story – try to include the who, what, where, when, how and why. Avoid jargon. Each message should be clear and to the point. Messages will be adapted and added to as the project progresses>

[bookmark: _Toc327261629]Stakeholder identification

[bookmark: _Toc12253934][bookmark: QuickMark]<The stakeholder identification process is a critical step in completing the community engagement strategy. This process involves identifying individuals, groups and organisations that need be communicated with to establish and/or maintain positive relationships. It will also identify potential issues, sensitivities and opportunities that each stakeholder group may express in relation to the study and its future project phases. See stakeholder identification plan for further details> 

[bookmark: _Toc327261630]Issues identification and management

Consider the current situation and issues likely to be raised by stakeholders during engagement 



For example:

		Category

		Issue



		Traffic 

		· Increased road traffic due to...

· Safety concerns associated with...



		Environment

		· Environmental impact of...

· Flooding/drainage issues associated with...



		Adjacent land uses

		· ...



		Social

		· ...



		Amenity

		· ...

















[bookmark: _Toc327261631]Engagement toolkit

<A list of proposed engagement tools that may be used to engage with stakeholders and the community during the project should be included> 



I.e. Engagement tools and activities

The following tools and activities can be used to inform and involve the community in the engagement process for the project: 

1. Media releases – helps to disseminate information about the study to the media and through the media to the broader community. 

1. Website – helps to make in-depth information available to the broader community. 

1. 1800 number / project email address – these channels of communication allow stakeholders and the community to ask questions about the project and provide feedback. 

1. Stakeholder letters – letters will be sent directly to identified stakeholders advising them of engagement activities for the project. 

1. Project database – a database is recommended to capture all contact with project. stakeholders. This provides a useful tool for engagement reporting and issues tracking. 

1. Q&A documents – detail responses to expected questions. This assists all those working on the project by ensuring information provided to stakeholders about the project is consistent. 

1. Stakeholder meetings / briefings – stakeholder meetings and briefings can be undertaken to ensure key stakeholders understand the project and have the opportunity to provide input into the process. Stakeholders that require briefings are identified during the preparation of the Engagement Plan. Project managers, engagement team members and technical team members are recommended to attend the meetings / briefings as required. 

1. Information sessions – Information sessions are planned events, held in easily accessible venues for a set period of time. Community members are advised of their times and locations and encouraged to attend a suitable session (generally sessions are advertised in local newspapers, in letters sent directly to stakeholders, in project newsletters/flyers and on the website). Their aim is to give community members an opportunity to learn about the project’s objectives by talking to the project team and viewing information/mapping about the project. The sessions also provide a forum where community members can provide information about the project features and the project area. 

An information session is not a public meeting. It is a more ‘hands on’ approach to dealing with large community groups where people have the opportunity to speak to the study team one-on-one or in small groups rather than just listen to what is being presented at the meeting. Table 2 provides a comparison of the two approaches. 

[bookmark: _Ref290032493]


Table 2 Public meetings v information sessions

		Public meeting

		Information session



		[image: IMG_1796]

		[image: IMG_1890][image: IMG_0243][image: IMG_0249]



		1. Presentation style – stakeholders attend at a set time, for a set period of time. 

1. Information provided in the form of a presentation, usually with a Q&A session at the end of the presentation. 

1. Vocal stakeholders often hijack the session; quieter stakeholders don’t have the opportunity to have their questions answered. 

1. This is a high risk option on controversial projects – especially early in the project’s life cycle when there aren’t many answers to questions. 



		· Drop in drop out style – stakeholders can attend for as long as they like at a time that suits them within the window of the session. 

· Attended by a wide variety of technical and engagement staff.

· Aimed at having one on one or small group discussions.

· Different ‘activities’ provided at sessions, i.e. mapping, poster displays, computers, video presentations. 

· Vocal stakeholders are more manageable – team members can speak directly to this person while discussions within other small groups can continue uninterrupted. 

· Organic structure, individual stakeholders can shape their interaction with the team. 











· Advertising – relevant advertising will be used to invite the community to information sessions. Print advertising in local publications will be the most likely form of advertising used.

· Project sheets/fact sheets/newsletters – these materials are prepared for the project to provide information and outline the type of information the project team is seeking from the engagement activities. The number of fact sheets will be determined by the stage of engagement and the amount of information available. 

[bookmark: _Toc327261632]


Action plan

[bookmark: _Toc34113180][bookmark: _Toc35307539][bookmark: _Toc35308002][bookmark: _Toc35323811][bookmark: _Toc35336630][bookmark: _Toc36620451][bookmark: _Toc37916759][bookmark: _Toc166336897]<An action plan should be included to outline the activities proposed to engage with stakeholders during different stages of the project> 



i.e.

		Project stage 

		Indicative timing

		Purpose

		Tools and activities

		Stakeholder group



		Engagement planning

		July 2012

		· Prepare engagement plan for stages 1 and 2 of the project. 

· Establish Engagement Coordination Group.

· Establish communication channels. 

		· Stakeholder identification. 

· Issues and risk identification.

· Engagement activity planning.

· Establish 1800 number / email address.

· Establish stakeholder database.

		All



		Stage 1 -  Conceptual design

		Sept 2012



Link into DPCD Master Plan engagement activities where possible

		· Engage with and gather information from key stakeholders and the community regarding the functional requirements of the project. 

· Communicate to stakeholders and the community why the Town Centre South concept is no longer being pursued.

· Communicate the objectives of the study. 

· Communicate how people can participate in the new study.

		· Stakeholder meetings/briefings/ workshops.

		Group 1 and 4



		

		

		· 

		· Community newsletter with feedback form.

· Community information sessions / displays.

· Media release.

· Website updates.

· Q&A document. 

· Stakeholder letters.

· Collaborative map.

		Group 2 and 3



		Stage 2 – Preliminary design

		Dec 2012



		· Engage with and gather information from key stakeholders and the community regarding the preliminary design of the project. 

· Highlight how the preliminary design meets the functional requirements that were discussed in stage 1.

		· Community information sessions.

· Stakeholder meetings/briefings/ workshops.

		Group 1 and 4



		

		

		· 

		· Community newsletter with feedback form.

· Community information sessions / displays.

· Media release.

· Website updates.

· Q&A document. 

· Stakeholder letters.

· Collaborative map.

		Group 2 and 3





[bookmark: _Toc327261633]Evaluation

<Strategies will be developed to evaluate the success of the engagement plan and allow the plan to be refined if required>



I.e. Evaluation of the community engagement strategy will be undertaken to ensure the strategy is achieving its aims and objectives:

To refine the strategy based on community feedback to create improved engagement activities for the balance of the study

To justify expenditure related to community engagement activities and to learn from the community engagement process 

Evaluation of the community engagement strategy will include:

Regular review and analysis of feedback received through the 1800 number, enquiry email, Study Updates, briefing sessions and presentations, allowing for quantitative and qualitative evaluation.

Community research to evaluate knowledge and understanding of the process and the choice and content of communication tools, to determine the quality of the overall community engagement strategy. This will be achieved by using a resident feedback register, the stakeholder database and other research methods as required. 

Meeting with identified key government stakeholders to determine levels of personal and constituent satisfaction with the community engagement strategy.

Peer review and evaluation of the program.

Monitoring and analysis of media stories – positive, negative or neutral coverage.
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Funding for adaptation



Funding is frequently cited as a significant barrier to adaptation implementation. Public investment in water infrastructure is not unlimited and infrastructure providers are increasingly required to prioritise and optimise spending simply to maintain the current aging asset portfolio. Many adaptation solutions will require additional capital expenditure over and above business as usual and this presents challenges for funding. This challenge can in part be overcome by collaborating on adaptation implementation through effective governance structures. This coordinated approach allows infrastructure providers to share costs and reduce costs through more efficient implementation. Such a collaboration arrangement is likely to raise interesting questions with regard to the apportionment of funding between parties. One possible model is to proportionately allocate responsibility based on quantified benefits each party is deemed to receive as a result of implementing the adaptation option.


Potential for grant funding

At present the policy landscape is such that funding grants for climate change adaptation initiatives are unlikely to be made available. Indeed the Productivity Commission’s report concludes that climate change adaptation is a business risk management issue and that funding the necessary investment should be carried out as part of a business as usual approach through application of a business case to justify the investment and its timing.


Application to IPART

[bookmark: QuickMark]Given this approach, the business as usual ownership and investment model remains the primary means by which funding for climate change adaptation can be raised. Under the current regulatory regime capital and operational investment program funding for water infrastructure asset owners are subject to scrutiny by IPART. The investment in climate change adaptation is passed on through water rates provided that the business case for this investment is clearly articulated and deemed reasonable by the regulator. 


Local council rates

In a similar way, local authorities must fund maintenance, upgrade and renewal works from council rates. Rates are subject to a rate peg set by IPART which determines the maximum allowable increase in income. Councils do have the opportunity to request ‘Special Variations’ which allow a temporary increase in rates above the peg in order to fund shortfalls in infrastructure expenditure. Further to this, the Local Government Amendment Stormwater Act 2005 allows councils to make or levy an annual charge for stormwater management services only in respect of urban land that is categorised for rating purposes as residential or business. Under the act the maximum annual charge for stormwater management services that may be levied is $25 for residential rated land and $25 for business rated land plus an additional $25 for each 350 square metres. 



All of the above mechanisms ultimately place the cost of adaptation on the user. This highlights the importance of community engagement and knowledge building to raise awareness of climate change risk and the need to proactively begin to act now and build adaptive capacity.


Result-Based Management (RBM) Framework Adaptation to Climate Change

The RBM framework example below is adapted from Global Environment Facility (2009) and provides a sample of this monitoring and review method. 

Goal: Support developing countries to become climate resilient by integrating both immediate and longer-term adaptation measures in development policies, plans, programs, projects and actions 

Impact: Reduced absolute economic losses at country level due to climate change, including variability  

[bookmark: QuickMark]Indicator: Economic loss trend over a project period and beyond due to climate change, including variability

		Objective

		Expected Outcomes and Indicators

		Core Outputs (and Indicators)



		Objective1: Reduce vulnerability to the adverse impacts of climate change, including variability, at local, national, regional and global level

		Outcome 1.1:  Increased knowledge and understanding of climate variability and change-induced threats at country level and in targeted 

vulnerable areas 

Indicator 1.1.1 Relevant threat information disseminated to stakeholders on a timely basis  

Indicator 1.1.2 Vulnerability and risk perception index, broken down by sector  

		Output 1.1.1: Risk and vulnerability assessments conducted and updated 

Indicator 1.1.1.1 No. and type of projects that conduct and update risk and vulnerability assessments 

Indicator 1.1.1.2 No. and type of monitoring systems in place



		

		Outcome 1.2: Strengthened adaptive capacity to reduce risks to climate-induced economic losses  

Indicator 1.2.1 Targeted institutions with increased adaptive capacity to reduce risks of and response to climate variability 

Indicator 1.2.2 Capacity perception index 

Indicator 1.2.3 Reduced losses per extreme weather events

		Output 1.2.1: Adaptive capacity of national and regional centers and networks strengthened to rapidly respond to extreme weather events 

Indicator 1.2.1.1  No. of staff trained on technical adaptation themes 

Output 1.2.1: Targeted population groups covered by adequate risk reduction systems 

Indicator 1.2.1.2 % of population covered by adequate risk reduction systems 

Indicator 1.2.1.3 Reduction in number of people affected by climate variability  








		

		Outcome 1.3: Strengthened awareness and ownership of adaptation and climate risk reduction processes at local level  

Indicator 1.3.1 % of targeted population aware of predicted adverse impacts of climate change and appropriate responses  

Indicator 1.3.2  % of population affirming ownership of adaptation processes  

		Output 1.3.1: Targeted population groups participating in adaptation and 

risk reduction awareness activities  

Indicator 1.3.1.1 No. and type of adaptation actions or strategies 

introduced at local level  

Indicator 1.3.1.2  No. and type of risk reduction actions or strategies introduced at local level



		Objective 2: Increase adaptive capacity to respond to the impacts of climate change, including variability, at local, national, regional and global level  

		Outcome 2.1: Mainstreamed adaptation in broader development frameworks at country level and in targeted vulnerable areas 

Indicator 2.1.1 Adaptation actions implemented according to NAPAs (in case of LDCs) and other development frameworks as planned  

Indicator 2.1.2 % of development frameworks and sectoral strategies that reach adaptation targets, including budget allocation targets  

		Output 2.1.1: Adaptation measures and necessary budget allocations 

included in relevant frameworks 

Indicator 2.1.1.1 No. and type of development frameworks that include adaptation measures (UNDAF, PRSP, etc.)  

Indicator 2.1.1.2 No. and type of development frameworks and sectoral strategies that include specific budgets for adaptation actions 

Indicator 2.1.1.3 No. and type of policy and regulatory reforms that take account of economic losses due to climate change, including variability  



		

		Outcome 2.2: Increased adaptive capacity within relevant development sectors and natural resources 

Indicator 2.2.1  Development sectors’ services (health and social services) responsive to needs from changing and variable climate

Indicator 2.2.2  Physical infrastructure maintained under climate change and variability-induced stress  

Indicator 2.2.3 Ecosystem services and natural assets maintained under climate change and  variability-induced stress  

		Output 2.2.1: Vulnerable physical, natural and social assets strengthened in 

response to climate change impacts, including variability 

Indicator 2.2.1.1 No. and type of health or social infrastructure developed or modified to respond to new conditions resulting from climate variability and change 

Indicator 2.2.1.2 No. and type of physical assets strengthened or constructed to withstand conditions resulting from climate variability and change 

Indicator 2.2.1.3 No. and type of natural resource assets created, 

maintained or improved to withstand conditions resulting from climate variability and change








		

		Outcome 2.3: Diversified and strengthened livelihoods and sources of income for vulnerable people in targeted areas  

Indicator 2.3.1 Households and communities have more secure access to livelihood assets  

Indicator 2.3.2 % of targeted population with sustained climate-resilient livelihoods

		Output 2.3.1: Targeted individual and community livelihood strategies 

strengthened in relation to climate change impacts, including variability 

Indicator 2.3.1.1 No. and type of adaptation assets (physical as well as in terms of knowledge)  created in support of individual or community 

livelihood strategies 

Indicator 2.3.1.2 No. of households with more secure access to livelihood assets  

Indicator 2.3.1.3 No. and type of climate-resilient income sources for 

communities and individuals



		Objective 3: Promote transfer and adoption of adaptation technology

		Outcome 3.1: Enhanced enabling environment to support adaptation-related technology transfer 

Indicator 3.1.1 Policy environment and regulatory framework for adaptation-related technology transfer established or strengthened  

Indicator 3.1.2 Strengthened capacity to transfer appropriate adaptation technologies  

		Output 3.1.1: Skills increased for relevant individuals in transfer of 

adaptation technologies  

Indicator 3.1.1.1 No. and type of relevant policies and frameworks 

developed or strengthened  

Indicator 3.1.1.2 No. and type of institutions/individuals trained in 

adaptation-related technologies



		

		Outcome 3.2: Successful demonstration, deployment, and transfer of relevant adaptation technology in targeted areas 

Indicator 3.2.1 Uptake rates on adaptation-related technology adoption 

Indicator 3.2.2 % of population adopting transferred adaptation technologies by technology type 

Indicator 3.2.3 Adopted adaptation technologies strengthen coping mechanisms  

		Output 3.2.1:  Relevant adaptation technology transferred to targeted groups 

Indicator 3.2.1.1 No. of adaptation technologies by technology type 

transferred to targeted groups 

Indicator 3.2.1.2 No. of adaptation technologies by technology type 

transferred from targeted areas  





Source: Adapted from Global Environment Facility (2009)  p. 12-14


[bookmark: QuickMark]Logical Framework Matrix: 

The logical Framework Approach (LFA) should be used to monitor and review the adaptation option that has been implemented. 



		Narrative summary

		Objectively verifiable indicators

		Means of verification

		Assumptions



		Goal – the overall aim to which the project is expected to contribute

		Measures (direct or indirect) to show the project’s contribution to the goal

		Sources of information and methods used to show fulfillment of goal

		Important events, conditions or decisions beyond the project’s control necessary for maintaining the progress towards the goal



		Outcomes (or objectives) – the new situation which the projects is aiming to bring about

		Measures (direct or indirect) to show what progress is being made towards reaching the objectives

		Sources of information and methods used to show progress against objectives

		Important events, conditions or decisions beyond the project’s control, which are necessary if achieving the objectives is going to contribute towards the overall goal



		Outputs – the results which should be within the control of the project management

		Measures (direct or indirect) to show if project outputs are being delivered

		Sources of information and methods used to show delivery of outputs

		Important events, conditions or decisions beyond the project’s control, which are necessary if producing the outputs is going to help achieve the objectives



		Activities – the things which have to be done by the project to produce the outputs

		Measures (direct or indirect) to show if project outputs are being delivered

		Sources of information and methods used to show that activities have been completed

		Important events, conditions or decisions beyond the project’s control, which are necessary if completing activities will produce the required outputs



		Inputs

		Resources – type and level of resources needed for the project

Finance – overall budget

Time – Planned start and end date





Source: Adapted from Mikkelsen, 1995, 51 cited in Bakewell and Garbutt, 2003, 3.


Stakeholder Identification Plan

The stakeholder identification process is a critical step in developing a successful community engagement strategy. This process involves identifying: 

· Individuals, groups and organisations that need to be communicated with to establish and/or maintain positive relationships.

· [bookmark: QuickMark]Potential issues, sensitivities and opportunities that each stakeholder group may express in relation to the project. 



Stakeholder Involvement Levels

[bookmark: _Toc12253934]Categorising stakeholders according to stakeholder involvement levels allows community engagement activities to be tailored to different people and groups according to their information requirements. For example stakeholders who are potentially directly impacted will have a need for more in depth information than stakeholders who fall within the general project area but are not expected to be impacted. Involvement levels may include:

· Level 1 - Groups and individuals that have an active interest in the issues/project or are potentially directly impacted physically, socially or financially. This includes government and groups who may be concerned about the potential impacts or have a high level of interest in the project and its delivery. These stakeholders may be decision makers or have a great deal of influence over the direction and considerations of the options.

· Level 2 - Groups and individuals who will have an active interest in the engagement activities around a specific issue related to the study.

· Level 3 - Groups and individuals who will have only a general interest in the project, further described as people who want to know broadly what is being considered and decided.

· Level 4 - Groups and individuals who have no interest in the project, but fall within the general project area and therefore need to be encouraged to take an interest. 



TIP: You should tailor these involvement levels to suit your own project. 



Stakeholder Identification 

Stakeholders can be identified though a number of processes including:

· Desktop/field research to identify stakeholders defined by spatial area, such as:

· Those who are in close proximity to the project area.

· Those who may be affected by the project based on the project area.

· Desktop/field research to identify people and groups who may have an active interest in specific issues related to the study. TIP: Community directories are useful sources of information. 

· Identification of internal stakeholders, including other government departments who may be impacted or can contribute in some way to the project.

· A workshop to identify known stakeholders prior to the commencement of community engagement activities.



Stakeholders may include:

· Elected representatives (Local, State and Federal).

· Government agencies/departments (Local, State and Federal).

· Business community (property and business owners, tenants).

· Residential community (property owners, tenants).

· Customers.

· Commerce and industry stakeholders (e.g. chamber of commerce, economic industry development boards, ratepayers and residents associations, community working committees, unions, workers groups, specific industry associations, etc.). 

· Emergency services (i.e. police, fire, ambulance). 

· Education/child care providers.

· Health service providers.

· Utility companies (e.g. gas, water, electricity).

· Community groups/organisations/services (e.g.  neighbourhood watch groups, service clubs, returned services leagues, places of worship).

· Special interest groups (e.g. environmental groups, traditional owners, cycling (bicycle user groups)/pedestrian).

· Media (e.g. print, radio, TV).



TIP: Think broadly about all the people and groups that could have an interest in your project, or should be encouraged to take an interest in the project. 






Stakeholder Matrix 

A useful output of the stakeholder identification is a stakeholder matrix. A stakeholder matrix compiles a record of all identified stakeholders (individuals, groups and organisations) and their potential issues, sensitivities and opportunities. 



		Stakeholder

		Issues, Concerns and Opportunities

		Level of Influence

		Mitigation Strategy



		Level 1 



		Define individual or group

I.e. XXX Regional Council 



		· What motivates this stakeholder?

· What impacts will the project have on this stakeholder?

· How are they likely to respond to the impacts?

· Consider impacts throughout all project phases (planning, construction, operation etc)

		· Categorise according to high, medium and low influence in relation to your overall project objectives

· Is this stakeholder a decision maker or able to influence project outcomes? 

		· How will this stakeholder be communicated with?

· What information needs do they have?

· How can this stakeholder be included in the project to ensure positive outcomes? 



		I.e. Residential community

· <suburb/street>

· ...

		· 

		· 

		· 



		

		· 

		· 

		· 



		Level 2



		

		· 

		· 

		· 












Stakeholder List

Once a stakeholder matrix has been developed a stakeholder list can be compiled. The stakeholder list includes contact details for identified stakeholders. (Please note that contact details may not be required for some stakeholders who can be directly reached via other avenues such as unaddressed letterbox drops or indirectly through avenues such as advertising in local newspapers). 



		Title

		First

		Last

		Position

		Company

		Phone

		Fax

		Email

		Address

		Suburb

		State

		Post code 



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		

		

		

		

		

		

		








Impact Screening Matrix – Initial Scoping of Climate Change Impact on Interconnected Water Infrastructure



[bookmark: _GoBack]This provides a framework for the initial scoping to allow the asset owner to prioritise the more detailed risk assessment process. All relevant asset types will need to be considered with the different climate variables and current climate change projections.



		

		

		Asset Types (Examples)



		Climate Variable

		Projection [footnoteRef:1] (2050)  [1:  Projections to be confirmed with OEH and to follow current Council / Asset Owner best practice. ] 


		Storm Water Pipe

		Storm Water Open Channel

		Beach

		

		



		Average annual rainfall (%)

		-20% to +50%*

		H

		?

		?

		?

		?



		Rainfall intensity (%)

		+15%**

		H

		?

		?

		?

		?



		Sea level rise (m)

		+0.40 m*

		M

		?

		?

		?

		?



		Annual Average temperature (C)

		+1.5C to +3.0C*

		L

		?

		?

		?

		?



		Evaporation (%)

		+10% to +20%*

		L

		?

		?

		?

		?



		Bushfires (%)

		+10% to +50%*

		L

		?

		?

		?

		?







Legend:

H – High likelihood of this type of asset being impacted

M – Medium likelihood of this type of asset being impacted

L – Low likelihood of this type of asset being impacted



* NSW Department of Environment, Climate Change and Water 2010, Impacts of Climate Change on Natural Hazards Profile, Sydney, New South Wales.

[bookmark: QuickMark]** Sydney Metropolitan Catchment Management Authority 2012, Impacts of Climate Change on Urban Stormwater Infrastructure in Metropolitan Sydney, Parramatta, New South Wales


Kick-off Workshop Agenda

		

		Actions



		What are the project objectives?

		





		What assets are being assessed?

		





		Which climate change parameters are the given assets sensitive to?

		





		What are the projections of the climate change parameters?

		





		What are the key impacts of climate change on the assets?

		





		What are the risks of not undertaking any adaptation strategies?

		



		Who are the key stakeholders?

		





		Are there stakeholders who aren’t represented in this meeting?

		



		Who are the project key contacts?

		





		How often will this group meet?

		





		How will the project be managed?

		





		How is the project being funded?

		





		Are there sufficient resources to complete the project?

		



		Who will be the reviewers and verifiers?

		





		Have legal and other requirements been identified?

		





		How will the team be made aware of the clients requirements?

		



		What are the project time scales?

		





		[bookmark: QuickMark][bookmark: _GoBack]Are there any stages to the deadlines or any council meetings that review progressive updates?

		










		     

		     		     









		 

		 		 







Climate Change Risk Assessment Techniques



		[bookmark: Text]Approach

		Description

		Relevant stage/s for application

		Inputs required

		Advantages

		Disadvantages

		Useful links



		Bayesian analysis and Bayes nets

		Bayesian analysis is a method used to estimate likelihood, particularly between different climate change scenarios where no probability information is available. Bayesian analysis is  based on a theorem attributed to Reverend Thomas Bayes (1760). At its simplest, Bayes’ theorem provides a probabilistic basis for changing an opinion in the light of new evidence. Bayes’ theorem describes how to incorporate new evidence into prior beliefs about probabilities to form an updated probability estimate. 
In general, Bayesian methods can accommodate incomplete data sets, allow one to learn about casual relationships and facilitate the combination of prior belief and data. 
It has become common practice to use either Bayes’ calculation tree or a Bayes net (sometimes referred to as a belief network or Bayesian network) to represent graphically a set of variables in a sample space and to define their probabilistic relationships. The network comprises nodes that represent a random variable and arrows which link a parent node to a child node (where a parent node is a variable that directly influences another (child) variable). 
Bayes nets are useful when there are a large number of variables with multiple probabilistic relationships between them. The Bayesian analysis of the relationships is usually carried out using computer software.

		Risk assessment 
Adaptation options

Flexible adaptation pathway

		Specialist input into likelihood of different climate scenarios.
Specialised computer software.

		Allows probabilistic consideration across a range of plausible but uncertain climate change scenarios.


Allows for most efficient option across a range of plausible climate change scenarios to be identified.


Can be combined with decision tree analysis at flexible adaptation pathway stage.


		Data intensive.


Time and resource intensive and requires engagement of specialists.


Requires specialist computer software.

		Tebaldi, C., Smith, R. L., Nychka, D. and Mearns, L. O., 2004,  ‘Quantifying Uncertainty in Projections of Regional Climate Change: A Bayesian Approach to the Analysis of Multimodel Ensembles’, Journal of Climate, Vol. 18 p. 1524 – 1540, [Online] Available at: 

<http://journals.ametsoc.org/doi/abs/10.1175/JCLI3363.1>



Tighe, M., Pollino, C. A., Cuddy, S. M. And Whitfield, S., 2007, ‘A Bayesian Approach to Assessing Regional Climate

Change Pressures on Natural Resource Conditions in the

Central West of NSW, Australia’, Proceedings of the International Congress on Modelling and Simulation MODSIM2007 Modelling and Simulation Society of Australia and New Zealand Inc. (MSSANZ), Oxley, L., Kulasiri, D. (Eds) , Christchurch, N.Z., 233-239, Vol. p. 233-239, [Online] Available at: <http://www.mssanz.org.au/MODSIM07/papers/4_s30/ABayesianApproach_s30_Tighe_.pdf>





		Consequence/ likelihood matrix

		A consequence/likelihood matrix is used to rank risks, sources of risk on the basis of the combination of a consequence and its likelihood. It is commonly used as a screening tool when many risks have been identified, e.g. to define which risks need further or more detailed analysis, which risks need treatment first, or which need to be referred to a higher level of management. It may also be used to select which risks need not be considered further at this time. In this sense it may also be a useful tool at the Focus and Scope stage. This kind of risk matrix is also widely used to determine if a given risk is broadly acceptable, or not acceptable according to the zone where it is located on the matrix.

		Focus and Scope

Risk assessment
Adaptation options

		Agreed definitions of likelihood and consequence of risks.


Qualitative and/or semi quantitative estimates of likelihood and consequences of events.


May be based on professional judgement or local knowledge and experience or quantitative data.

		Quantitative data not necessarily required.


Requires few resources.


May already be used to assess non climate risks and risk mitigation options.

		Insufficient detail for decision making especially for investment decisions.

		CSIRO, Maunsell Australia Pty Ltd and Phillip Fox, 2006, ‘Infrastructure and Climate Change Risk Assessment for Victoria’, Victorian Government, [Online] Available at: < http://www.climatechange.vic.gov.au/publications>





		Cost benefit analysis (CBA)

		Cost-benefit analysis can be used during risk evaluation where total expected costs are weighed against the total expected benefits in order to choose the best or most profitable option.  Quantitative CBA aggregates the monetary value of all costs and all benefits to all stakeholders that are included in the scope it adjusts for different time periods in which costs and benefits accrue.

		Risk assessment
Adaptation options

		Quantified estimate of likelihood.


Quantified economic estimates of consequences.


Agreed discount factor.


Quantified estimate of reduction in likelihood and/or consequences for each adaptation option.


Capital costs and maintenance costs of adaptation options.



		Sufficient detail to inform business case.

		Requires quantitative data. 


Time and resource intensive and may require engagement of specialists.


Social and environmental consequences can often be undervalued.

		Australian Government Department of Finance and Deregulation, 2011, ‘Best Practice Regulation Handbook, Appendix E. Cost-Benefit Analysis’, Australian Government, [Online] Available at: <http://www.finance.gov.au/obpr/proposal/handbook/appendix-E-cost-benefit-analysis.html>







		Decision tree analysis

		A decision tree represents decision alternatives and outcomes in a sequential manner which takes account of uncertain outcomes. It starts from an initiating event or an initial decision and models different pathways and outcomes as a result of events that may occur and different decisions that may be made.

		Flexible adaptation pathway

		Depends on the approach adopted in preceding stages. 

		Allows 'mapping' of possible decisions.


Flexible approach that can be applied to simple qualitative assessments or detailed quantitative assessments.

		Large decision trees may become too complex for easy communication with others.



There may be a tendency to oversimplify the situation so as to be able to represent it with a tree diagram.

		Australian Government Bureau of Meteorology, n.d, ‘Weather and Climate Risk – Risk Analysis Example: The Decision Tree’, Australian Government, [Online] Available at: <http://www.bom.gov.au/watl/about-weather-and-climate/risk/risk-example-rainfall.shtml>





		Direct scoring method

		The direct scoring method (also known as Borda count) asks decision makers to rank the expected performance of decision alternatives measured against multiple objectives. Then, all the rankings obtained for all the criteria for each of the alternatives are summed to produce a ranking of the alternatives. This simple method is frequently applied to evaluate environmental problems because of its ease of use. 

		Adaptation options

		Agreed criteria.

		Ease of use.



Can account for environmental and social values.



Provides a simple structure for efficient decision making and presentation of assumptions and conclusions.



Can make complex decision problems which are not amenable to cost-benefit analysis, more manageable.



Can help consider problems rationally where trade-offs must be made.



Can help achieve agreement when stakeholders have different objectives and hence

criteria.

		Lack of weighting.



Ordinal scores cannot provide fine grained information when detailed quantitative data is available.



Can be affected by bias and poor selection of the decision criteria.

		Taplin, R., Henderson-Sellers, A., Trueck, S., Mathew, S., Weng, H., Street, M., Bradford, W., Scott, J., Davies P., and Hayward, L., 2007, ‘Economic Evaluation of Climate Change Adaptation Strategies for Local Government: Ku-ring-gai Council Case Study’, Bond University, Macquarie University, Ku-ring-gai Council,  [Online] Available at:

<http://www.kmc.nsw.gov.au/resources/documents/Ku-ring-gai_-_Macquarie_University_report.pdf> 



Suedel, B. C., Kim, J. and Banks, C. J., 2009, ‘Comparison of the Direct Scoring Method and Multi-Criteria Decision Analysis for Dredged Material Management Decision Making’ DOER Technical Notes Collection (ERDC TN-DOER-R13), Vicksburg, MS: U.S. Army Engineer Research and Development Center, [Online] Available at: 

<http://el.erdc.usace.army.mil/elpubs/pdf/doerr13.pdf> 





Wikipedia, 2012, ‘Borda count’, Wikipedia, [Online] Available at:

<http://en.wikipedia.org/wiki/Borda_count> 





		Monte Carlo simulation

		Monte Carlo simulation is a technique that provides probabilistic solutions to problems expressed mathematically. Using random numbers and trial and error, it repeatedly calculates the equations to arrive at a solution. The result may be given as a probability distribution of the value or some statistic such as the mean value. Monte Carlo simulation can be used as part of risk assessment for two different purposes: 

Uncertainty propagation on conventional analytical models. 

Probabilistic calculations when analytical techniques don’t work.

		Risk assessment 
Adaptation options

		Estimates of uncertainty and distribution of uncertainty for all relevant inputs.

		Can account for uncertainties for all inputs.


Allows probabilistic consideration of a range of plausible climate change projections when combined with Bayesian techniques.


Can efficiently deal with a large number of likelihoods and event types.



		Data intensive.


Time and resource intensive and may require engagement of specialists.


Requires specialist computer software.

		Rahman, A., Weinmann, E., Hoang, T., Laurenson, E. and Nathan, R., 2001, ‘Monte Carlo Simulation of Flood Frequency Curves from Rainfall’, Cooperative Research Centre for Catchment Hydrology, [Online] Available at: <www.catchment.crc.org.au/pdfs/technical200104.pdf>







		Multi-criteria decision analysis

		The analysis involves the development of a matrix of options and criteria which are ranked and aggregated to provide an overall score for each option including the do nothing option.
MCDA can be used for comparing multiple options for a first pass analysis to determine preferred and potential options and inappropriate options; comparing options where there are multiple, sometimes conflicting, criteria; and reaching a consensus on a decision where different stakeholders have conflicting objectives or values.

		Risk assessment
Adaptation options

		Agreed criteria and criteria weightings.

		Can account for environmental and social values.



Provides a simple structure for efficient decision making and presentation of assumptions and conclusions.





Can make complex decision problems which are not amenable to cost-benefit analysis, more manageable.



Can help consider problems rationally where trade-offs must be made.



Can help achieve agreement when stakeholders have different objectives and hence

criteria.



		Can be affected by bias and poor selection of the decision criteria.



Aggregation from stated preferences or aggregate differing views can obscure the true basis of the decision.

		Department for Environment Food and Rural Affairs, 2011, ‘Social Impacts and Wellbeing: multi-criteria analysis techniques for integrating non-monetary evidence in valuation and appraisal’, Department for Environment Food and Rural Affairs, [Online] Available at: <http://www.defra.gov.uk/publications/2011/12/22/pb13695-paper5/>



United Nations Framework Convention on Climate Change, n.d., ‘Compendium on methods and tools to evaluate impacts of, and vulnerability and adaptation to, climate change (MCA)’, United Nations, [Online] Available at:

<http://unfccc.int/adaptation/nairobi_work_programme/knowledge_resources_and_publications/items/5440.php>



United Nations Framework Convention on Climate Change, 2011, ‘Assessing the costs and benefits of adaptation options - An overview of approaches’, United Nations, [Online] Available at: <http://unfccc.int/files/adaptation/nairobi_work_programme/knowledge_resources_and_publications/application/pdf/2011_nwp_costs_benefits_adaptation.pdf>





		Scenario analysis

		Scenario analysis is a name given to a range of techniques that involve models of how the future might turn out. It is often used in conjunction with other approaches. In general terms, it consists of defining a simplified ‘model’ of a real system and using the model to consider what might happen given various possible future developments. It can play a part in all three components of risk assessment. It can be used to identify risks by considering possible future developments and exploring their implications. Sets of scenarios reflecting best case, worst case and ‘expected’ case may be used to analyse potential consequences and their likelihoods for each scenario as a form of sensitivity analysis when analysing risk.

		Risk assessment 
Adaptation options 
Flexible adaptation pathway

		Team of people who between them have an understanding of the nature of relevant changes and imagination to think into the future without necessarily extrapolating from the past.



Agreed scenarios of climate, social and economic futures.

		Takes account that future events and outcomes may not continue to follow past trends. 



Allows quantitative or qualitative approaches or a combination of the two. 



Can be used with lack of data.





		For long timeframes and high uncertainty it is difficult to pick realistic but imaginative scenarios.



The scenarios may not have an adequate foundation, data may be speculative, and there is a danger that unrealistic results may not be recognized as such.

		Bohensky, E., Butler, J. R. A., Costanza, R., Bohnet, I., Delisle, A., Fabricius, K., Gooch, M., Kubiszewski, I., Lukacs, G., Pert, P. And Wolanski, E., 2011, ‘Future makers or future takers? A scenario analysis of climate change and the Great Barrier Reef’, Global Environmental Change, Vol. 21 (3) p. 876-893, [Online] Available at: <http://www.sciencedirect.com/science/article/pii/S0959378011000367>





		Toxicological and eco-toxicological risk assessment

		The terms ‘toxicological’ and ‘eco-toxicological risk assessment’ are used here to cover the process followed in assessing risks to plants, animals and humans as a result of exposure to a range of toxic hazards. The technique involves analysing the hazard or source of harm and how it affects the target population, and the pathways by which the hazard can reach a susceptible target population. This information is then combined to give an estimate of the likely extent and nature of harm. The technique requires good data on the nature and properties of hazards, the susceptibilities of the target population (or populations) and the way in which the two interact. This data is normally based on research that may by laboratory-based or epidemiological.

		Risk assessment 
Adaptation options

		 Data on the nature and properties of hazards, the

susceptibilities of the target population (or populations) and the way in which the two

interact. 



This data is normally based on research that may by laboratory-based or

epidemiological.

		Provides quantitative analysis of human health and ecological risks.



		Requires detailed locally specific data.



Time and resource intensive.



Specialist input may be required.



		[bookmark: top]Australian Government Department of Sustainability, Environment, Water, Population and Communities, 2011, ‘Ecological Risk Assessment’, Australian Government, [Online] Available at: < http://www.environment.gov.au/ssd/research/ecol-risk.html>



Enhealth, 2002, ‘Environmental Health Risk Assessment Guidelines for assessing human health risks from environmental hazards’, EnHealth, [Online] Available at: <http://www.nphp.gov.au/publications/a_z.htm>
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Building Adaptive Capacity:



Research:

· Scoping studies to identify the nature of climate risks, vulnerabilities and opportunities associated with current climate and projected changes, including identifying these risks in the context of non-climatic risks. 

· Conducting risk-based assessments to evaluate current and future climate and non-climate risks and opportunities. 

· Increased understanding of climate and climate change, including through climate and socio-economic scenario development.

· Developing and testing improved decision support tools, and adaptation options and technologies.

· Undertaking technical/quantitative impact and adaptation assessments.



Data Collecting and Monitoring:

· Phenological observations.

· Monitoring of systems or components thereof that are at risk – understanding the nature of your vulnerabilities or opportunities.

· Monitoring the impacts of observed climate, including extreme events.

· Monitoring effectiveness of existing (newly implemented) adaptation measures and learning lessons.



Changing or developing regulations, standards, codes, plans, policy or programmes:

· National and international regulations and statutes that recognise climate risks and adaptation.

· National codes and standards, best practices guidelines that recognise climate risks and adaptation.

· National, regional and local policies and plans that recognise climate risks and opportunities and adaptation.

· Resource allocation that recognise the need for investment in understanding and addressing climate risks and opportunities, as well as adaptations.

· Protected Landscape Management Plans that seek to achieve an integrated approach to conservation and enhancement; clarity about the existing state of the area and provide a clear vision of how it might be in the future, including considering the implications of a changing climate.

· Enforcement of regulations and standards.



Internal organisational development:

· Training and individual development programmes – targeted capacity building to include identifying and evaluating climate risks.

· Senior management and community leader buy-in. 

· Identifying climate change champion(s).

· Integrating climate risk and adaptation assessments into business and community planning.



Awareness-raising:

· Education and training (formal and informal), including integration into curriculum and targeted programmes or activities.

· Promoting conservation and efficiencies in the use of resources (e.g. water and  energy).

· Capacity building programmes, including communication programmes.

· Identifying and promoting successful adaptation initiatives – lessons learned. 

· Conferences, events and publications.



Working in partnership:

· Mobilising and building consistencies and capacity for developing and implementing adaptation measures. Includes promoting working in partnership to address climate risks and adaptation.

· Undertaking risk and adaptation assessments (and response implementation) through sectoral partnerships.

· Undertaking risk and adaptation assessments (and response implementation) through locality-based partnerships.

· Promoting the integration of climate risks and adaptation into existing and emerging policy and planning frameworks and strategies in key socio-economical and environmental areas.

· Undertaking risk and adaptation assessments involving linked but cross-disciplinary partnerships.



Avoid:



Preventing effects or avoiding/reducing risks:

· Implement improved technical standards and use of climate-appropriate technologies (e.g. SUDS, ventilation, insulation, building materials, etc.).

· Reduce pressure on systems or areas at risk (e.g. introduce alternative land cover and garden species, reduce the number of fishing/hunting licenses, reduce the number using trails, etc.).

· Introduce multiple land use strategies that account for climate risks. This includes raised buildings with less critical functions (e.g. parking, parkland) at ground level in flood prone areas, natural conservation areas that double as flood management areas, etc.

· Climate proof or increase resilience of new and existing infrastructure and systems, including through introduction of behavioural change. This includes managing flood risk, increasing water supply and pumping capacities, improve supply chain management, more efficient use of resources (e.g. water, energy, raw materials), and dredging of waterways to enhance flows.

· Provide incentives that promote risk adverse behaviour (e.g. development and buying). This would include linking financial terms and conditions to climate risk, and subsidising technologies that are consistent with contributing to avoiding or reducing climate risks.

· Increase the range of climate under which systems and activities remain viable. This includes initiatives directed at increasing food security; increasing the climate range over which capital stock remains viable, including through considering options and retrofits; etc.

· Change location (i.e. move away from high risk areas), including measures such as relocating recreation facilities, relocating away from flood/erosion prone areas,  relocating conservation efforts, relocating farming of particular crops (agriculture and forestry).

· Implement emergency, contingency and disaster planning that address climate risks (e.g. drought contingency plans, contingency plans to minimise impacts of disruption of services and supplies, emergency plans to deal with flooding and wildland and urban fire, etc.).



Accommodate:



Living with and bearing losses or risks:

· Accept losses (habitats, species or coastal lands) where there are no other 'acceptable' or feasible options – implications for biodiversity, recreation, fishing and hunting.

· Allow lawns and gardens (domestic, commercial and parklands) to deteriorate.

· Accept that parks may no longer be able to deliver their primary mandate (conservation or protection of particular species and/or habitat.

· [bookmark: QuickMark][bookmark: _GoBack]Close access to recreation areas, marinas, hiking trails and other areas, including temporary loss of land during and following extreme events.

· Adjust pricing to account for increased losses (e.g. insurance companies accept some losses as part of business and set their premiums accordingly).

· Based on an assessment of the risks, decide that, beyond a commitment for a  subsequent re-assessment, no further adaptation measures are required at this time.



Sharing responsibility for losses or risks:

· Invest in insurance to cover unavoidable risks yet retain incentives to adapt.

· Use other financial mechanisms that delay, share or lay-off risks (e.g. subsidies to offset increased operational costs).

· Lease capital goods rather than buying them, and maintenance/service contracts.

· Broaden the response community through sharing the responsibility for adaptation (e.g. basin wide flood management and managing water resource on a regional or national scale, creating a financial reserve through housing, agriculture or other associations).

· Diversify business activity, market, sources of income, location, etc. as a means of spreading the risks (reducing overall exposure to risk).



Defend:



Exploiting opportunities:

· Exploit new markets and social opportunities emerging as a consequence of climate change both locally and globally.

· Replace capital stock more frequently while considering the need for more appropriate capital stock.

· Cultivate new agricultural crops and develop alternative land use consistent with climate (current and projected).






Real Options

[bookmark: QuickMark]The consideration of real options is one way to incorporate flexibility into adaptation options. The concept of real options is based in financial markets where the purchase of options allows the holder the right, but not the obligation, to take a future action if doing so is advantageous based on future conditions. By contrast, the term ‘real options’ refers to cases where the underlying asset is a real asset such as land, natural resources, a business opportunity, valuable information, or enhanced protection against hazards. Real options allow assets to be ‘fitted with’ flexibility to adapt to future changes, rather than be fitted for the projected change

Real options in decision making exist where:

· Future outcomes are uncertain.

· The uncertainty is likely to be reduced over time.

· The flexibility exists to take action in the future as the uncertainty is resolved.

· The action can reduce costs or increase benefits when it is taken.  



In this sense, real options are an economic concept which attempts to avoid inefficient maladaptation by incorporating flexibility.

Long lived investments are particularly suited to the real-options investment approach. For example, there may be considerable uncertainty about the extent to which low-lying land marked for development will be more flood-prone. Rather than constructing the development on expensive raised embankments, or abandoning the development, a real options approach may be to purchase additional adjoining land to form a wider corridor. If required in future, the corridor can be used to build levee banks. Sunk costs can be minimised if the land is not in fact required in the future, by selling it, or leasing it for other purposes.


No regrets options

[bookmark: QuickMark]‘No regrets’ or ‘low regrets’ measures refer to adaptation options which increase resilience to climate change no matter what the extent of climate change that occurs.  Examples of no regrets options include:

· Actions or activities directed at building adaptive capacity as part of an overall adaptive strategy.

· Improving information on climate risks by increasing the quality and availability of natural hazard mapping.

· Clarifying the roles, responsibilities and legal liability of local governments, and improving their capacity to manage climate risks.

· Improving emergency management arrangement.

· Avoiding building in high-risk areas (e.g. flood plains) when locating.

· Reducing leakage from water utility infrastructure.

· Reducing the consequences of flooding through the use of water-resistant materials for floors, walls and fixtures, and the locating of electrical controls, cables and appliances at a higher than normal level.

Such measures/strategies will require investments but overall are at least cost neutral when the immediacy of the targeted risks and realised benefits are considered.
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GLOBAL PRACTICE
Flexible adaptation for the Thames Barrier
The Thames Barrier protects central London from storm surges up the Thames Estuary.  It was constructed in the 1980’s and designed to provide its design protection up to the year 2030.  A major study, TE2100, has been undertaken to
 
assess future flood management strategies for central London over the next 100 years
 including options for the scale up Thames Barrier.  The large
 and irreversibility of the potential investments, the risk associated with failure, and the long life-times and lead-times 
mean that 
the potential for maladaptation is 
significant
.
The TE2100 project used a route-map (or decision pathways) approach to incorporate robustness to climate change uncertainty into the adaptation strategy.  The idea of this route-map is to identify packages of complementary options which can be implemented over time, in response to differing climate changes.
The following diagram shows a series of potential options and maps a pathway (blue line) responding to climate thresholds.
Rather than making inflexible decisions now, 
trigger
 
points are encountered which are conditional on observations of sea level rise rather than time elapsed.  
)[image: ][image: ]
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Figure 2. High-level adaptation options and pathways developed by TE2100 (on the y-axis) shown relative
to threshold levels increase in extreme water level (on the x-axis). The blue line illustrates a possible ‘route’
‘where a decision maker would initially follow HLO 2 then switch to HLO4 if sea level was found to increase

faster than predicted.
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Simplified Flexible Adaptation Pathway

[bookmark: QuickMark]This figure provides an example of a simplified Flexible Adaptation Pathway for adaptive management of water resources in California. The pathway identifies trigger points where decisions are to be made. 

[image: ]

Source: Department of Water Resources, 2011, Climate Change Handbook for Regional Water Planning, [Online] Available at: <http://www.water.ca.gov/climatechange/CCHandbook.cfm>
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Figure 7-2. Diversity of Options in an Adaptive Management Plan.
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