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Abstract

The Australian/New Zealand Standard for Risk Management (AS/NZS 4360:2004) and the associated handbook for Environmental Risk Management (HB 203:2006) provide a generic risk framework which can be utilised to develop Estuary Management Plans that enhance the estuary management process proposed within the current Estuary Management Manual (NSW Government, 1992).  These standards specify elements of risk management and provide a process guide that has been adapted for use in developing the Lower Hawkesbury Estuary Management Plan (LHEMP).  This process has involved communication and consultation with relevant stakeholders (via three workshops), identification of risks to estuarine assets (social, natural and built forms), risk analysis (based on consequences and likelihoods of risk impacts’ occurrence), risk evaluation (based on current management regimes to deal with the consequences/likelihoods and uncertainty), risk treatment (Estuary Management Plan) and a process for monitoring and review.  By incorporating these elements of the Risk Management Standard into the estuary management process described within the Estuary Management Manual (NSW Government, 1992) it is anticipated that the LHEMP will contain a more rigorous framework for informing decision makers and planners.  Further anticipated benefits include: better identification of threats to estuarine assets and opportunities for improvement; efficient allocation and use of resources; improved incident management; improved stakeholder confidence and trust; improved compliance with legislation; and improved governance of estuarine assets.  

Introduction
In response to a growing concern for the state of Australia’s estuaries, the NSW Government developed a draft Estuary Management Policy (1992), underpinned by a state wide estuary management program.  The aim of this program is to produce and implement management plans for all estuaries in NSW.  The program targets a broad range of issues and engages local communities in the process.  

The State directive as to how this should be achieved is described through the Estuary Management Manual (NSW Government, 1992).  To date Hornsby Shire Council has completed two Estuary Management Plans utilising this State directive which includes the Berowra Estuary Management Plan (HSC, 2002) and the Brooklyn Estuary Management Plan (HSC, 2006). In 2006, Hornsby Shire Council instigated a review of the Berowra Estuary Management Plan and commissioned BMT WBM and SJB Planning in collaboration with ANU to develop the Lower Hawkesbury Estuary Management Plan (LHEMP).  The development of the LHEMP is the first attempt to provide a broad scale estuary management plan for the Hawkesbury River, as shown in Figure-1.  
Figure-1 Study Area
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This paper outlines the process whereby The Australian and New Zealand Standard for Risk Management (AS/NZS 4360:2004) and the associated handbook for Environmental Risk Management (HB 203:2006) were used in the development of the Lower Hawkesbury Estuary Management Plan.

Background to the LHEMP development process
Current management of the Lower Hawkesbury Estuary is disparate, with no lead organisation having the authority or responsibility to ensure effective management and subsequent treatment of risks to the Lower Hawkesbury Estuary. This situation is recognised within the NSW Government Estuary Management Manual (1992) which provides the direction for establishing Estuary Management Plans for discrete sections of the estuary.  Currently, Berowra and Brooklyn are managed through estuary management plans whilst Pittwater and Brisbane Waters plans are being developed.  The Kimmerikong report (2005) identified numerous problems with this approach, which include:

· narrowly defined programs which focus on a single issue or local issue with an inability to address wider implications on the estuarine system;
· problems being treated in isolation rather than on a “whole of estuary” approach;
· limited resources not being used to maximum effect;
· highly sectorial management systems with inherent rigidity resulting in gaps in responsibilities and no management;
· insufficient coordination between and within organisations leading to inconsistencies in management regimes and outcomes;
· failure to understand complex estuarine dynamics;
· inability to effectively identify impacts from up-stream development or cumulative impacts and advocate for remedial action;
· duplication of effort and expenditure by organisations sharing responsibility for the same issue; and
· an inability to identify funding within organisations that support work on estuary wide issues.
To effectively treat risks to estuarine assets within the lower Hawkesbury and given  disparate nature of estuary management within the Lower Hawkesbury, Hornsby Shire Council decided to undertake the development of the Lower Hawkesbury Estuary Management Plan (LHEMP) to provide an integrated whole of estuary approach.  This plan provides the strategic direction for treating risk at an appropriate scale by recognising that the risks influencing the sustainability of estuarine assets are a direct consequence of the health of the catchments within which it lies.  Specifically, treatment of the risks to the estuarine assets is to be facilitated through the action plan contained within the LHEMP. By treating risks at this scale, benefits to estuarine management within the Lower Hawkesbury are anticipated to include:
· All risks to estuarine assets will be considered and not limited to local areas;
· Institutional and commercial goals and aspirations for preservation of estuarine assets will be coordinated and integrated;
· Improved strategic goals and objectives which are based on a system wide understanding of the estuary;
· More efficient and effective use of government resources in reducing risks;
· Increased opportunities to access and integrate funding and research opportunities;
· Better use of local and regional knowledge; and
· Creation of opportunities for projects and community groups to address similar problems in different parts of the estuary.

Risk Management Framework
The process for the development of the Lower Hawkesbury Estuary Management Plan included three large workshops with a wide range of stakeholders and representatives in attendance, as well as a number of smaller workgroup sessions with the project management team. A concurrent scientific and legislative literature review was also undertaken.  By taking this approach, it was possible to engage the community, commercial representatives and government agencies in a public consultation program, as well as to collate data and information from reports and peer reviewed information.  This combined approach ensured that documented knowledge, community opinion and expert knowledge was collected and incorporated into the plans’ development process.  A general outline of activities undertaken is shown in Table 1.
Table 1: LHEMP Process Overview
	Activity
	Description
	Attendees

	Workgroup meeting A

Project Scoping
	Define and agree on project scope and process
- Identify project boundaries and stakeholders
	HSC, GCC, BMT WBM, SJB Planning, ANU

	Workshop No. 1

Asset and Risk Identification
	Identify stakeholders’ values (assets) and issues (risks) related to the estuary

- How and by whom are these currently being managed?

- Are the resources to manage them sufficient?

Identify overall goals, objectives and a vision for the estuary
	All Stakeholders

	Synthesis Report Production
	Define the current estuarine context

- Undertake a scientific and legislative literature review of estuarine processes and current management regimes

- Collate the stakeholder perspectives obtained from Workshop No. 1

- Synthesise all information and develop estuarine risk tables
	BMT WBM, SJB Planning, ANU

	Workshop No. 2

Risk Assessment
	Assess estuarine risks (related to defined issues) for their consequences on the assets and the associated likelihood of these impacts

- Determine risk level

- Classify the uncertainty of this prediction

Evaluate and prioritise risks
	Government agencies and commercial industry representatives

	Workshop No. 3 Risk Treatment
	Define strategies and their associated actions to treat priority risks

- Which stakeholders and resources are required to carry them out?

Determine target states of risk reduction the actions are to achieve

- Select indicators, monitoring needs and information dissemination strategies to evaluate and improve management
	All Stakeholders

	Action Table Production
	Develop a coherent table of actions to treat the priority risks

- condense, sort and analyse stakeholder input from Workshop No. 3

- consolidate workshop production with literature review findings and current or proposed actions of other plans in the estuarine area 
	ANU, BMT WBM, SJB Planning

	Workgroup Meeting B
Risk Treatment Evaluation
	Evaluate each action’s potential to reduce estuarine risk levels
- Identify what actions address which risks and by how much

- Identify consequence, likelihood and residual risk
	BMT WBM and HSC


In undertaking a risk assessment approach for the Lower Hawkesbury estuary, the Australian/New Zealand Standard for Risk Management (AS/NZS 4360:2004) and handbook for Environmental Risk Management (HB 203:2006) were consulted.  This risk management standard provides a generic guide for managing risk and, whilst it specifies the elements of a risk management process, it does not enforce uniformity of risk management systems (AS/NZS 4360:2004).  In adapting the standard for the purpose of estuary management planning the following tasks were required:
1. Identify estuary assets

2. Identify risks to estuary assets
3. Assess risks in terms of consequences, likelihoods and management effectiveness and uncertainty
4. Treat risks through the development of a Action plan within the LHEMP: Evaluate risk reduction attributed to actions of capital works, education, compliance, research, planning initiatives
The risk management framework developed for the Lower Hawkesbury Estuary Management Plan is outlined in Figure-2.  

Figure-2 Risk Management Framework for the Lower Hawkesbury Estuary
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Asset and Risk Identification
As part of the community and stakeholder consultation process on asset and risk identification, discussion was held with regard to determining the goals of the LHEMP. These goals were determined to define the purpose for the LHEMP and for the risk management framework.  From these goals, estuarine assets were considered.  Goals for the LHEMP include:

· Goal-1 Preserve and enhance the unique and diverse scenic and natural environment of the estuary through the integrated and holistic management of human and environmental interests

· Goal-2 Conserve, protect, enhance sustainable economic, recreational and social uses without compromising the high quality and functional estuarine ecosystems upon which they rely

· Goal-3 Preserve and foster the sense of belonging, culture and respect for the estuary amongst users and managers

Management of estuarine assets is considered to be an integral component in order to achieve and maintain these identified goals for the Lower Hawkesbury.  Future management of the Lower Hawkesbury Estuary should focus on protection of these assets in order to achieve the long-term natural resource management goals.  The assets of the Lower Hawkesbury Estuary were identified and discussed during Workshop No. 1 (refer Daniell 2007a for more detailed information) and were further confirmed through consideration of relevant background scientific and planning documentation (BMT WBM, 2007).  The assets of the Lower Hawkesbury are considered to be:
· Scenic amenity and national significance
· Functional and sustainable ecosystems

· Largely undeveloped surrounding lands

· Recreational opportunities

· Sustainable economic industries

· Culture and heritage

· Water quality to support user demands

· Community character / value
· Effective governance

Threats to estuary assets are considered to be ‘risks’ to the estuary. A risk is considered to be the probability of an event’s impact occurring, and the consequential level of impact of the event upon the asset or value. Within the Australian Standard for Risk Management AS NZS 4360-2004, risks are analysed in terms of their ‘likelihood’ and their ‘consequence’.  In developing the Lower Hawkesbury Estuary Management Plan consideration was also given to existing “management effectiveness” and also the level of “uncertainty” associated with our knowledge of the risks, as described further below.
Following workshop-1 and through consultation with experts and a detailed review of existing background information, risks affecting the Lower Hawkesbury Estuary’s assets were determined as follows:
1. Risk of water quality and sediment quality not meeting relevant environmental and human health standards
2. Risk of inappropriate or unsustainable development

3. Risk of inadequate facilities to support foreshore and waterway access and activities

4. Risk of introduced pests, weeds and disease

5. Risk of climate change

6. Risk of inappropriate land management practices

7. Risk of residents and users lacking passion, awareness and appreciation of the estuary

8. Risk of regulated freshwater inflows

9. Risk of insufficient research

10. Risk of not meeting EMP objectives within designated timeframes
11. Risk of excessive sedimentation (human induced)
12. Risk of inappropriate or excessive waterway access and activities

13. Risk of inappropriate or excessive foreshore access and activities

14. Risk of over-exploiting or degrading the estuary’s biodiversity assets

15. Risk of inadequate monitoring to measure effectiveness of EMP

16. Risk of inadequate or dysfunctional management mechanisms
Risk Assessment
The risk assessment process outlined in Figure-2 was undertaken in a participatory setting with agency and commercial representatives to prioritise the 16 identified risks.  As shown in Table-1, the objectives of this second workshop were to assess the estuarine risks for the gravity of the consequences on the assets and the associated likelihood of these impacts occurring. This consequence and likelihood rating was determined using the “risk tables”, specifically developed for the purpose, and given in Appendix A. These tables were also used to define the effectiveness of existing management regimes that address the risk and a level of knowledge uncertainty related to these assessments. 
Values (between 1 and 5) for consequence, likelihood, management effectiveness and uncertainty were defined to describe the impacts of each risk on each of the nine assets (values).  These values were then averaged across the assets to give an overall scalar value for consequence, likelihood, management effectiveness and uncertainty for every risk.

Averaged values for ‘management effectiveness’ and ‘ uncertainty’ for each risk were used to ‘factor’ the averaged values for risk consequence and risk likelihood.  Higher degrees of management effectiveness resulted in a reduction in consequence and likelihood, while higher degrees of uncertainty resulted in an increase in consequence and likelihood.  The factored consequence and likelihood values were then plotted relative to each other to determine an associated risk level (viz: “intolerable”, “tolerable” or “acceptable” risk), as shown in Figure-3.
Figure-3 Results of Risk Assessment
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Risk Treatment and Evaluation
The first phase of risk treatment was carried out in Workshop No. 3. The workshop was used to develop strategy maps for each of the 16 risks. The strategy maps built included: the risks’ causes and effects; strategies and actions to mitigate these causes and effects; preliminary responsibilities for actions; and monitoring needs. Participants were also asked to distribute a number of preferences on the actions or strategies developed to help focus further investigation and plan writing. An example strategy map is shown in Figure-4.
Figure-4 Example strategy map developed for risk treatment
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The 16 strategy maps included a total of 900 elements that were then converted into an electronic format in Decision Explorer® and exported to Microsoft Excel. A preliminary action plan table from the stakeholder based information was then developed. Further detail on this process is given in Daniell (2007b).
This action plan table was further analysed and consolidated with actions determined from the scientific and legislative review (BMT WBM, 2007), as well as analysis of existing management plans covering the estuarine area.  As there was considerable repetition between the outcomes of the workshop and the outcomes of the scientific and legislative review, as well as considerable repetition between actions put forward at the workshop (often under different risk headings), consolidation resulted in a condensed action list of approximately 250 strategies / actions.

Each of the strategies was then considered against all 16 risks to produce a strategy - risk matrix.  Each strategy was assigned one Primary risk (that is, the risk that the strategy predominately addresses), along with Secondary risks, as appropriate (no limits were placed on the number of Secondary risks an action could have).
For each Risk, a table of Primary actions, and a table of Secondary actions were generated from this matrix.  Up to 72 strategies (Primary + Secondary) were assigned to individual risks (average = 28).

Each risk was then re-evaluated, following the same process carried out during Workshop No. 2, but assuming that all of the Primary and Secondary Strategies were fully implemented.  For each risk, adjustments were made to the consequence, likelihood, management effectiveness and uncertainty values as it relates to each asset.  As before, the values were then averaged and factored.  The result of this re-evaluation process was a ‘transformed’ risk.  The difference between the original risk (determined in Workshop No. 2) and the ‘transformed’ risk represents the overall effectiveness of the strategies (cumulatively implemented) (e.g. refer Figure-5).  The risk remaining after implementation of all strategies is the ‘residual’ risk.  In most circumstances, the residual risk was within an ‘acceptable’ level.
Figure-5 Climate change risk transformation: reduction of likelihood and consequence as a result of cumulative strategy implementation
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The relative effectiveness of the different strategies for each risk (Primary and Secondary) were then defined as a proportion of the overall effectiveness.  Each strategy was assigned a percentage contribution for reduction in likelihood value, and a percentage contribution for reduction in consequence value.  Separate percentages were assigned for likelihood and consequence values, as in many cases, the strategies address one aspect of risk, but not the other.
During the implementation of the Estuary Management Plan, progressive risks can be determined by reducing the initial risks by the risk reduction percentages (for both likelihood and consequence) associated with the sum of the strategies that have been implemented up to that time.  Re-plotting of progressive risks relative to the initial risk and the ultimate transformed risk provides a quick-reference reporting mechanism to demonstrate progress with Plan implementation.

Ideally, participatory processes (via additional workshops) should be used to re-evaluate the risks, and for defining relative effectiveness of strategies.
Discussion on the risk management approach
Risk assessment is inherently subjective, being based predominantly on human judgements and values. This LHEMP process has attempted to address this  inescapable subjectivity by using a participatory process in which concerned and interested stakeholders could take part. It must be realised that a risk assessment will always be biased by who participates and the extent of their knowledge, so it is important to include the most capable and knowledgeable people (this includes all types of knowledge such as local, technical, legal, managerial or political), as well as those required to support and legitimise the outcomes of the assessment. Great care and attention should therefore be taken when organising such a process so that the most relevant participants are able to take part to ensure the success of the assessment results, both in terms of stakeholder legitimisation and scientific validation.

In the case of the LHEMP, it was the “agency” representatives who performed the risk analyses against the community stakeholder-endorsed “asset” criteria to develop a prioritisation of the risks (which were also developed from the stakeholders’ input in the first workshop). Working from this stakeholder-developed base of important factors, such a process can help the risk assessment participants to better understand the complex impacts of risks and management practices on “whole of estuary” values or assets. It also leaves the stakeholder community with some control of direction, even if they may not have the management or scientific expertise to carry out the detailed analyses. 

Another potential advantage of the risk management process used for the LHEMP is that an attempt is made to explicit or “measure” different types of uncertainties, so that more informed decisions can be made by taking them into account. Firstly, a “risk” in itself relates to the concept of an uncertainty, and so determining the “likelihood” that an impact of the occurrence of this risk will have (and its consequence), as outlined in the Australian Risk Management Standard is a way of understanding this uncertainty. Furthermore, in the LHEMP process, the uncertainties regarding “knowledge” are made explicit, specifically those related to the predictions of likelihoods and consequences (meaning how much the participants consider is already known and documented about these risks). 

Conclusions and Recommendations 

The core process for developing the Lower Hawkesbury Estuary Management Plan relied strongly on stakeholder engagement and integration of their knowledge and use of existing documents and scientific reports undertaken within the study region.  To improve the quality of the Estuary Management Plan development process use was made of the Australian/New Zealand Standard for Risk Management (AS/NZS 4360:2004).  Anticipated benefits for incorporating risk management into estuary management planning include:
· A more rigorous framework for informing decision makers and planners;
· Better identification of threats to estuarine assets and opportunities for improvement;
· More efficient allocation and use of resources;
· Improved incident management;
· Improved stakeholder confidence and trust;
· Improved compliance with legislation; and
· Improved governance of estuarine assets. 

By undertaking the risk management approach outlined within this paper and with consideration given to requirements of the NSW Estuary Management program it is anticipated that a more effective estuarine management regime for the Lower Hawkesbury will be instigated.  
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