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Note about this consultation draft 
This draft document has been prepared to support the Coastal Protection Act 1979 once 
amended by the Coastal Protection and Other Legislation Amendment Bill 2010, which is 
currently being considered by the NSW Parliament. This document refers to sections of the 
Coastal Protection Act 1979 which the Bill proposes to include or amend. The section 
numbers referred to in this document are those in the Bill as introduced into Parliament. 

This draft document has no statutory basis. The current requirements for preparing coastal 
zone management plans are that the plans must meet the requirements of the Coastal 
Protection Act 1979.  

Councils may consider the Coastline Management Manual (NSW Government 1990) and the 
Draft Estuary Management Manual (NSW Government 1992) when preparing coastal zone 
management plans. However, these manuals have not been adopted by the Minister under 
section 55D of the Act as guidelines for the purposes of preparing coastal zone management 
plans. 

The final version of these guidelines will become statutory guidelines when adopted by the 
Minister for Climate Change and the Environment under section 55D(2) of the Coastal 
Protection Act 1979 as guidelines for the preparation of draft coastal zone management 
plans. Under this Act, coastal zone management plans must be prepared in accordance with 
the Minister’s guidelines adopted under this section. 

When adopted by the Minister, the guidelines will replace the: 

• Coastline Management Manual (NSW Government 1990) 

• Draft Estuary Management Manual (NSW Government 1992) 

• Coastal risk management guide – incorporating sea level rise benchmarks in coastal 
hazard assessments (DECCW 2010a). 

Further, these draft guidelines refer to the placement of emergency coastal protection works 
by landowners to reduce the impact of coastal erosion. Until the Coastal Protection Act 1979 
is amended, the current statutory requirements relating to the placement of sand or 
sandbags on beaches by landowners to reduce coastal erosion impacts should be followed. 
This may include requirements under the Environmental Planning and Assessment Act 1979, 
the Crown Lands Act 1989, the Roads Act 1993, the Coastal Protection Act 1979, the 
Fisheries Management Act 1994 and the Marine Parks Act 1997. Details of these Acts can 
be found at www.legislation.nsw.gov.au.  

Additional guidance about preparing coastal zone management plans will be placed on the 
DECCW website.  
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Abbreviations 

DEC Department of Environment and Conservation 

DECCW Department of Environment, Climate Change and Water NSW 

DLWC Department of Land and Water Conservation 

ENSO El Nino–Southern Oscillation 

SOI Southern Oscillation Index 

ARI average recurrence interval 

ZRFC zone of reduced foundation capacity 

MER Monitoring, Evaluation and Reporting 

MSL mean sea level 

CMA Catchment Management Authority 

EPI environmental planning instrument 

LEP local environmental plan 

LiDAR light detection and radar imaging 

DCP development control plan 

DISPLAN Disaster Plan 

ICOLLS intermittently closed and open lakes and lagoons 
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PART A – GENERAL 

 

1 Introduction 

1.1 The coastal zone 

The coastal zone encompasses the interface between land and sea. It is a zone of 
interaction between terrestrial and marine systems and processes. Within this zone there is a 
wide variety of landscapes and habitats, including beaches, headlands, rock platforms, 
dunes, foreshores, estuaries and marine waters. For the purposes of this guideline, the NSW 
coastal zone is defined in the Coastal Protection Act 1979. 

As shown schematically in Figure 1.1, the coastal zone is defined as extending offshore to 
three nautical miles, and covering the area one kilometre inland from the open coast and 
estuaries. 

 

Figure 1.1: Schematic representation of the coastal zone 

The coastal zone has significant environmental, social and economic importance. It contains 
valuable habitats, is a major source of food and raw materials, provides attraction for 
recreation and tourism and is home for a large percentage of the NSW population.  

However, there are growing population and development pressures being placed on the 
coastal zone which need to be addressed by appropriate planning. Coastal erosion, sea level 
rise, habitat degradation, declining water quality, resource depletion, loss of coastal amenity 
and restricted public access are just some of the issues of community concern. 
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1.2 Coastal zone management plans 

The primary aim of a coastal zone management plan is to document practical actions to be 
carried out by councils and the NSW Government to address risks from coastal hazards and 
risks to the health of estuaries. The plans are generally prepared by councils with technical 
and financial assistance from the NSW Government. Most of the council actions would be 
implemented through council operation plans, environmental planning instruments and plans 
of management for community land or Crown land under council control.  

Coastal zone management plans are not intended to take precedence over other council 
plans – the intention is that coastal plans will provide information to support the more 
effective consideration of coastal hazards and estuary health in other statutory and 
operational plans. Coastal zone management plans focus on these two areas of risk 
management because they are not specifically addressed in any other statutory planning 
process.  

 

Arrawarra Creek estuary, Arrawarra 

Photo: DECCW 

1.3 Purpose of these guidelines 

These guidelines have been prepared to specify requirements for preparing a draft coastal 
zone management plan in accordance with the Coastal Protection Act 1979. These 
guidelines specify requirements in addition to the requirements specified in the Act. 

The guidelines are written principally for local government, including councillors, senior 
managers, engineers, planners, environment officers, development assessors, reserve 
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managers and others. The guidelines also will be of interest to other organisations and 
individuals involved in coastal zone management, such as Catchment Management 
Authorities, reserve trusts, government agencies, landholders, community groups and 
consultants. 

A draft coastal zone management plan can be prepared in accordance with these guidelines 
for either the entire coastal zone in a council area, an estuary, a stretch of coastline or a 
specified aspect of coastal zone management. 

The focus of the guidelines is on the preparation of plans which lead to improved outcomes 
in the coastal zone, particularly in relation to coastal hazard risk management and the 
management of estuary health. A secondary consideration relates to coastal access and 
amenity, which is to be considered in the context of managing risks from coastal hazards and 
managing estuary health.  

The guidelines adopt a flexible approach to preparing draft coastal zone management plans 
and focus on establishing minimum requirements for the preparation and content of the 
plans. A range of processes for preparing plans is described, to enable councils to identify 
and implement the most suitable approach for their circumstances. Councils may include 
material in their plan beyond the minimum requirements described in these guidelines where 
this contributes to addressing priority issues and risks.  

Structure of the guidelines 

• Section 2 describes the process for preparing any draft coastal zone management plan. 

• Part B (Sections 3 to 6) describes the components of a plan where the plan is prepared 
for a section of coastline (including estuary foreshores) to manage risks from coastal 
hazards. This includes coastal process impacts on estuaries. 

• Part C (Sections 7 to 11) describes the plan components where the plan is prepared to 
address risks to estuary health. 

Expressions used in these guidelines which relate to the requirements of the Coastal 
Protection Act 1979 have the meanings set out in the dictionary or in section 4 (Definitions) 
of the Act. The glossary provides an explanation of other technical terms.  

In the event of any inconsistency between these guidelines and the Coastal Protection Act 
1979 or any Regulation under the Act, the Act or the Regulation take precedence.  

1.4 Relationship to legislation and policies 

Note for consultation draft 

The NSW Government intends that the Minister for Planning will notify the final guidelines 
under section 733(5) of the Local Government Act 1993. As a consequence, councils and 
government agencies acting substantially in accordance with the principles contained in 
these guidelines will receive certain statutory exemptions from liability. 

It is also intended that the Minister for Planning amend a direction under section 117 of the 
Environmental Planning and Assessment Act 1979 to require this guideline to be taken into 
consideration when councils prepare draft local environmental plans. 
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Many actions in coastal zone management plans can be adopted by councils in meeting their 
statutory responsibilities. This includes actions which can be implemented through: 

• local environmental plans and development control plans under the Environmental 
Planning and Assessment Act 1979  

• operational plans and plans of management for community land under the Local 
Government Act 1993 

• plans of management for coastal Crown land reserves under the Crown Lands Act 1989, 
where council is responsible for managing the reserve. 

Coastal zone management plans contribute to achieving the goals and objectives of the 
NSW Coastal Policy (NSW Government 1997). This Policy provides a consistent policy 
framework for various council and NSW Government plans and strategies. This includes the 
council plans noted above, as well as Regional Strategies prepared by the NSW Department 
of Planning, catchment action plans and plans of management for both Crown land and 
parks and reserves managed by the Department of Environment, Climate Change and Water 
NSW (DECCW).  

1.5 Relationship to other guidelines 

These guidelines replace the: 

• Coastline Management Manual (NSW Government 1990) 

• Draft Estuary Management Manual (NSW Government 1992) 

• Coastal risk management guide – incorporating sea level rise benchmarks in coastal 
hazard assessments (DECCW 2010a). 

Existing coastline and estuary plans prepared and adopted under the previous manuals 
should be reviewed over time to ensure consistency with this guideline where necessary. 
Such plans can be updated to coastal zone management plans under the Coastal Protection 
Act 1979 by following the requirements outlined in these guidelines. 

Studies or draft plans prepared under these manuals that have not been finalised can be 
used in preparing a draft coastal zone management plan under this guideline. Plans currently 
under preparation should meet the requirements of these guidelines to the greatest practical 
extent. For example:  

• If a draft plan has been adopted by a council, it only needs to meet the specific 
requirements under the Act – there is no requirement to meet the additional requirements 
in these guidelines. 

• If the planning process has identified risks from coastal hazards or risks to estuary health 
and potential management options have not been evaluated, the requirements in these 
guidelines relating to identifying and evaluating options and plan presentation should be 
followed. 

• Where coastal hazards and estuary health risks have not yet been identified, these 
guidelines should be followed.  

Sections of these guidelines discuss the relationship between flooding and estuary 
management (Section 5). However, the primary guidance for flood risk management is the 
Floodplain Development Manual (NSW Government 2005).  
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Curl Curl beach and lagoon 

Photo: DECCW 

1.6 Coastal management principles 

The following management principles should be considered in coastal management and be 
reflected in coastal zone management plans.  

Section 733 of the Local Government Act 1993 provides an exemption from liability for 
certain management actions by councils and the NSW Government relating to flooding and 
coastal management, provided these actions were made in good faith. Under this section of 
the Act, councils and the NSW Government are taken to have acted in good faith if the 
actions were done substantially in accordance with the following principles:  
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1 Consider the objectives of the Coastal Protection Act 1979 and the goals, 
objectives and principles of the NSW Coastal Policy and the Sea Level Rise 
Policy Statement 

1.1 With respect to the ecologically sustainable development principles adopted by the 
NSW Coastal Policy: 

• Conservation of biological diversity – Threats to estuarine health should be 
identified and understood so as to improve the environmental value of estuarine 
areas in the long term.  

• Intergenerational equity – Decisions should not be made with the knowledge that 
they will create legacy issues for future generations as the impacts of coastal 
hazards, especially with respect to climate change, become more widespread and 
severe.  

• Valuation and pricing of resources – Over the long term, market mechanisms 
should be used to influence the willingness to pay for areas known to be at risk of 
coastal hazards.  

• Precautionary principle – Incomplete knowledge of coastal processes in an area is 
not a reason to not implement appropriate management responses. 

2 Adopt an adaptive risk-based management approach 

2.1 Management actions should address the highest risks. For coastal hazards this involves 
reducing risks to life and property, and for estuarine health this involves reducing risks 
to ecological integrity. 

Management actions should be based on a hierarchy that involves firstly avoiding risks, 
following by minimising risks. Actions to control or mitigate risks should be undertaken 
in cases where avoidance and minimisation are not possible. For example, avoiding 
development in areas subject to coastal hazards or likely to present a risk to estuary 
health is preferred over works to reduce impacts on and from a development.  

2.2 Where risks are expected or projected to increase over time (e.g. in response to climate 
change), an adaptive approach should be adopted. Uncertainty about the magnitude of 
projected risks should be accommodated in the adaptive management approach. 
Decisions on sea level rise impacts should be based on the sea level rise benchmarks 
from the NSW Government’s Sea Level Rise Policy Statement. 

2.3 A continuous improvement approach to risk management should be adopted, involving 
monitoring the effectiveness of risk management actions and changes to the level of 
risk, as well as revising management actions if appropriate. 
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3 Adopt a reasonable, balanced and consultative approach to planning and 
decision-making 

3.1 Decisions should be made: 

• in good faith and be reasonable, including following reasonable engineering and 
environmental practice and making decisions based on the best available information  

• taking into consideration the views of the community and other relevant stakeholders 

• based on the best available information, sound science and appropriate site-specific 
assessments, where required 

• having regard to the interrelationships between catchment, estuarine, coastline and 
marine processes 

• taking into consideration the dynamic nature of the coastline, acknowledging the 
short and long-term movement of the shoreline, including changes in estuary 
entrance behaviour. 

3.2 Planning processes should be transparent and inclusive, recognising that different 
consultation approaches are appropriate in different circumstances. 

3.3 All potentially feasible options for managing risks should be identified and evaluated 
through a robust and transparent process, taking into consideration social, economic 
and environmental benefits and impacts. This process should also consider the 
influence of local and regional conditions. 

3.4 A combination of potential management options should be considered in planning 
processes, recognising that in most cases there is unlikely to be a single option that will 
provide a total solution.  

3.5 Decisions involving expenditure of NSW Government or council funds should achieve 
the best practical, long-term outcomes, taking into account impacts on capital and 
operating expenditure. 

3.6 The priority for public expenditure is public rather than private benefit. For example, 
managing risks from coastal hazards to public safety and valuable public infrastructure 
should be a higher priority for public expenditure than managing risks to private 
property. 

3.7 Planning should recognise that some management options are short-term and are 
required to be adaptive, while other responses, relating to infrastructure planning and 
investment have a longer planning horizon because the assets have a considerable 
lifespan. 
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4 Provide information to the public to inform decision-making 

4.1 Make information on coastal hazards and estuary health readily available to the public. 

4.2 During planning processes, provide information to stakeholders about risks and the 
impacts that management options may have on their interests, to help them make 
informed decisions. 

4.2 Provide appropriate information about the potential risks to individual properties as soon 
as practical after the risks become known.  

4.3 Report to the public regularly on the implementation of actions identified in coastal zone 
management plans, monitoring results and the findings of any reviews of the plans. 

 

Questions for consultation draft 

These principles are intended to both guide coastal zone management planning and 
decision-making as well as enhance the statutory exemptions from liability under s.733 of the 
Local Government Act 1993. Are these principles appropriate for these purposes? If not, 
what changes should be made? 

2 Preparing coastal zone management plans 

2.1 Minimum requirements for coastal zone management plans 

Coastal zone management plans are to be prepared:  

• taking into consideration the coastal management principles set out in Section 1.6 of 
these guidelines 

• in consultation with the community, particularly landowners affected by coastal hazards, 
and indigenous communities, where relevant interests exist 

• in consultation with government agencies or other stakeholders, including any local 
indigenous communities, where any proposed actions will require their support or will 
impact on their assets, operations or rights 

• taking all reasonable steps to resolve any conflicting objectives between stakeholders 

• achieving a reasonable balance between the public interest and the interests of 
landowners affected by coastal hazards  

• identifying early or interim actions to address priority issues and, if necessary, with 
consideration to implementing these actions before the plan is complete. 

Coastal zone management plans are to be reviewed no less frequently than once every ten 
years. 
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Coastal zone management plans are to include:  

• a description of the physical processes affecting the coastal zone for the area of coverage 
for the plan to a level of detail necessary to inform decision-making 

• a review of relevant current actions, and actions in any previous relevant plans, as well as 
identifying potential future actions 

• prioritised, realistic and affordable options for managing risks from coastal hazards and/or 
risks to estuary health in the short term and long term 

• proposed funding arrangements for potential options, including private sector or 
landowner funding contributions 

• separate identification of actions council proposes to implement using council resources 
and other actions council would implement if external (e.g. grant) funding was available 

• provisions to be included in council’s local environmental plans and development control 
plans to manage risks, as well as any actions proposed for inclusion in council’s 
operational plan and plans of management for community land or Crown reserves 

• proposed monitoring and reporting on plan implementation and a timetable for the plan’s 
review 

• identification of any further studies or investigations required. 

Questions for consultation draft 

These minimum requirements are intended to define the minimum requirements to be met in 
preparing a coastal zone management plan and general requirements for all plans. Are these 
requirements appropriate for these purposes? If not, what changes should be made? 

2.2 Process for preparing a plan 

2.2.1 Planning process 

A well-defined planning approach should be established to ensure the minimum 
requirements for preparing a coastal zone management plan are met. This should include 
establishing objectives for management of the coastal zone for the area covered by a given 
coastal zone management plan, with objectives tied to proposed outcomes and actions. 

The management planning area boundary or scope needs to be carefully defined so as to 
encompass the relevant processes and issues to be addressed. Appropriate linkages need 
to be forged to ensure that planning and decision-making is as integrated as possible on a 
whole-of-council basis. Councils should focus on priority issues and not over-extend the 
scale of the planning exercise. It may be preferable to undertake and quickly complete a 
series of small planning exercises for specific issues or regions than attempt to plan for the 
entire coastal zone over a number of years (provided such exercises are based on a sound 
understanding of relevant processes occurring outside the study area). 
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There is no fixed planning process or management system that councils are required to 
follow in undertaking planning for the coastal zone, and councils are encouraged to adopt 
approaches that best suit their circumstances. At a minimum it is recommended that the 
planning process involves: 

1 identifying management issues and their severity  

2 identifying and evaluating potential options, focusing on the most important problems 

3 adopting and documenting management actions 

4 implementation, monitoring and review. 

Step 1 would typically involve preparation of a study to identify coastal hazards and their 
risks and/or risks to the health of an estuary. Step 2 would involve a report on potential 
management options including an evaluation of the relative merits of each option on the 
basis of social, environmental and economic considerations. Step 3 involves documenting 
the planning process and agreed management actions to at least meet the minimum 
requirements of the Coastal Protection Act 1979, including any applicable requirements in 
these guidelines. For simpler plans, Steps 1 and 2 may be combined or undertaken in 
parallel. Step 4 involves monitoring the plan’s implementation, including the implementation 
of specific actions and the resulting benefits, prior to a review of the plan within ten years. 
The community and other stakeholder groups should be involved at appropriate points in the 
planning process. 

2.2.2 Consultation  

The Coastal Protection Act 1979 specifies the minimum public consultation requirements for 
a coastal zone management plan. It is good practice to include community participation 
during the preparation of the plan, in addition to seeking feedback on a draft plan. Potential 
approaches include: 

• establishing a community advisory committee or reference panel to provide ongoing 
feedback during the preparation of the plan. Where such a committee or panel is 
established, it is important that the terms of reference are clearly defined and that council 
has responsibility for managing the planning process and the contents of the plan 

• running community focus groups or workshops, or providing community discussion papers 
or carrying out surveys on particular issues or at particular stages of the planning process 
(e.g. when risks are being identified or when potential management options are being 
considered) 

• providing regular updates to the community on the preparation of the plan (e.g. through 
updates on council’s website). 

DEC (2006a) provides further guidance on community engagement for environmental 
planning and decision-making, including options for engaging with indigenous communities.  
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2.2.3 Collecting information 

A range of specific information is typically required to enable coastal zone management 
issues to be clearly defined and understood and to form the foundation upon which 
management decisions are made.  

Information might be available from existing sources such as Catchment Management 
Authorities (CMAs), council records, government agencies, academia and literature. Where 
existing information is not available or not sufficient, a specific coastal zone study or 
assessment might be required to generate the required knowledge base. 

Collecting and assessing information can take significant time and resources, and councils 
should set clear boundaries and objectives to ensure that coastal zone assessments are 
appropriately targeted for the specific management issues in question. 

 

Clarence River estuary 

Photo: DECCW 

2.2.4 Identifying and evaluating options 

Once planning priorities have been established and information gathered to inform decisions 
about the priorities, potential management actions can be identified. The design of 
management actions requires that there be a clear link between the action and the intended 
outcome. To ensure implementation, actions should always be specific and achievable within 
time and resource constraints.  
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It is possible that a single approach will not provide a total solution. A mix of measures may 
be required, such as land-use planning and planning controls, works programs targeting 
specific risks and education and extension programs. 

Where a mix of management actions may achieve a similar outcome these may require a 
more detailed evaluation to determine the preferred option. Evaluation of management 
options should be undertaken on a like-for-like basis with consideration of both short-term 
and long-term environmental, social and economic costs and benefits. Community 
consultation at this stage may identify additional management options and also identify 
preferences.  

When assessing management actions for inclusion in a plan, management actions that 
promote synergies between complementary outcomes should be identified (e.g. protection 
and rehabilitation of foreshore vegetation is likely to achieve positive water quality and 
biodiversity outcomes, as well as stabilisation of the foreshore). When evaluating options that 
involve infrastructure, the design life for the asset should be considered. 

All identified management options need to be evaluated to ensure they are the most efficient 
at achieving the identified outcomes. The initial list of identified options may be relatively 
large. Preliminary evaluation may be used to eliminate options that have least merit. As 
options are eliminated, the remaining options may be investigated with progressively greater 
thoroughness. The ‘business as usual’ (no change) option should generally provide a useful 
comparison when considering other options. Detailed investigation should be restricted to a 
selection of preferred options which are most likely to meet the desired objectives, and are 
considered to be practical in terms of implementation and their achievement of the objectives 
established for the relevant section of the coastal zone.  

Options should be evaluated according to explicit criteria that reflect the desired outcomes, 
and appropriate social, economic, environmental and financial considerations. The most 
favourable options are those that best satisfy achieving the outcome sought and will likely 
comprise a favourable cost-benefit analysis and community support while meeting 
environmental improvement criteria. 

Where possible, in accordance with the precautionary principle, preferred options need to be 
sufficiently flexible and robust to allow for uncertainties in coastal zone processes. 
Preference should be given to options that adequately address risks to public and private 
assets, while having the least possible adverse impact on natural processes, are self-
maintaining and require little long-term management or maintenance. 

A variety of tools can be used to assist in the identification and evaluation of management 
options. These include: 

• models and decision-support tools  

• environmental and social impact assessment 

• life cycle assessment 

• cost-benefit analysis. 
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2.2.5 Undertaking early or interim actions 

Where relevant issues are identified during the information collection and assessment 
process, early or interim action (or both) should be initiated where appropriate. This relates to 
instances such as where a coastal hazard mapping report identifies critical areas and 
provides the basis for interim planning controls, interim emergency management or response 
arrangements or an interim coastal lake entrance management policy while longer term 
measures are being examined more thoroughly. 

2.3 Risk management in coastal zone management planning 

2.3.1 Risk management process 

Because the coastal zone is an area of complex interactions between terrestrial and marine 
processes, and between the natural and built environment, a risk management approach can 
be beneficial. 
Issues that should be addressed using a risk management framework include risks from 
coastal erosion and recession, coastal inundation, coastal cliff stability and risks to estuarine 
health. However, risk management can also be applied to any other aspect of coastal 
management that involves uncertainty. 
The International Standard ISO 31000 Risk Management (2009) provides a generic 
framework for risk management. The framework specifies a process for supporting better 
decisions and providing greater insight into risks and their consequences. It can be applied to 
any situation that involves uncertainty, or where unexpected or undesired outcomes could be 
significant. The framework provides for site-specific analysis of risks and treatment options in 
a transparent, rigorous and reproducible way. It involves formal assessment of all potential 
outcomes so that managers can make informed decisions about risk acceptance or risk 
treatment.  
Risk management is an iterative process that involves a series of sequential steps. The 
planning process described above in Section 2.2 is broadly consistent with the planning 
framework established in the ISO 31000 guidelines, as illustrated in Figure 2.1. 
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Wooli Wooli River estuary at Wooli 

Photo: DECCW 

2.3.2 Risk assessment 

Risk is described in ISO 31000 as the effect of uncertainty on objectives. In the context of 
coastal zone management, risk is expressed in terms of a combination of the consequences 
of an event (e.g. a hazard or threat) occurring and the associated likelihood of its occurrence 
(ISO 31000).  

Ideally a quantitative approach to risk management should be adopted, where the 
consequences and likelihood (or probability of occurrence) are quantified. However, in 
coastal risk management, quantitative risk management is difficult. Unlike flood risk that can 
be expressed in terms of present-day annual probabilities of exceedence or annual 
recurrence intervals (ARIs) – coastal erosion risk and risk to estuarine health, for the most 
part, cannot be described in this way. This is because of the nature of coastal erosion and 
estuarine processes. For assets at risk, coastal erosion or estuary degradation may continue 
with no loss for a number of years, followed by total or instant loss once recession reaches a 
structure or significant changes occur in the resilience and functioning of an ecosystem. 

A qualitative approach to risk assessment has therefore been adopted for these guidelines. 
This involves a qualitative assessment of the risk associated with a particular hazard or 
threat, based on a qualitative assessment of the expected consequences from the hazard 
and its likelihood of occurrence.  
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A modified version of the qualitative risk assessment approach adopted by AGS (2007 a, b, 
c, d, e) has been adopted. Table 2.1 presents the quantitative risk management matrix 
adopted for these guidelines. Information on the likelihood and consequences from coastal 
hazards and threats to estuary health are presented in Parts B and C respectively. Table 2.2 
indicates the associated acceptability from these risks.  

Table 2.1 – Quantitative risk matrix 

Likelihood 
Consequences 

Catastrophic Major Medium Minor Insignificant 

Almost certain Very high Very high Very high High Moderate/Low 

Likely  Very high Very high High Moderate Low 

Possible Very high High Moderate Moderate Very low 

Unlikely  High Moderate Low Low Very low 

Rare Moderate Low Low Very low Very low 

Barely credible Low Very low Very low Very low Very low 

Table 2.2 – Acceptability of risks 

Risk level Potential implications 

Very high  Unacceptable without treatment  

High  Unacceptable without treatment  

Moderate  May be tolerated in certain circumstances  

Low  Usually acceptable  

Very low  Acceptable 
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Figure 2.1 (a) Risk management process (derived from ISO 31000)             (b) Indicative coastal zone management planning process 
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2.3.3 Treatment of risks 

ISO 31000 notes that risk treatment is a cyclical process: 

• Assess a potential risk treatment option. 

• Identify whether the residual risks that would remain after the risk treatment option was 
implemented are acceptable.  

• If the residual risk is not acceptable, either consider a new or an additional option. 

• Assess whether the new option or combination of options results in an acceptable level of 
risk. If the residual risk is acceptable, assess options for the next hazard – if not, identify 
and evaluate new options or combinations of options.  

ISO 31000 notes a series of potential risk treatment options, which are summarised in Table 
2.3. These are broadly ranked in order of decreasing preference. However, a full evaluation 
should be carried out to assess the benefits and costs of all potentially feasible options. This 
table also notes their potential applicability to coastal zone risk management. 

Table 2.3 Potential risk treatment options 

Option Potential applicability to coastal risk management 

Avoiding the risk by deciding not to start or 
continue with the activity that gives rise to 
the risk 

Potentially applicable (e.g. no new development in 
hazardous areas or no new pollution sources to an 
estuary) 

Taking or increasing the risk to pursue an 
opportunity 

Unlikely to be applicable 

Removing the risk source Unlikely to be applicable for coastal risk management, 
potentially applicable to threats to estuary health 

Changing the likelihood Commonly applicable 

Changing the consequence Commonly applicable 

Sharing the risk with another party or 
parties 

Possibly applicable (e.g. insurance) 

Retaining the risk by informed decision Potentially applicable 

Further information on potential risk treatment options are provided in Parts B and C of this 
guideline. 
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2.3.4 Preliminary risk assessments 

A preliminary risk assessment can be carried out prior to or as part of the coastal zone 
management planning process. This may involve a relatively conservative assessment of: 

• the likely hazards along a stretch of coastline and the potential consequences (i.e. is there 
any development or major infrastructure in an area likely to be at risk from coastal 
processes) or 

• the likely threats to estuary health and the potential consequences (e.g. what is the likely 
increase in pollution loads to an estuary and how susceptible is the estuary likely to be to 
this increased loading). 

This preliminary risk assessment process can identify areas where risk is unlikely to be 
significant and other areas where a more detailed risk assessment is warranted, as risk may 
not be acceptable.  

2.4 Contents of a coastal zone management plan 

The coastal zone management plan should: 

• describe how all of the minimum requirements for preparing the plan were met (as set out 
in Section 2.1 of these guidelines) 

• include a clear description of coastal hazards and their risks, and estuary health and risk 
to health, as appropriate 

• describe the management options considered and the criteria used to evaluate the options 
and the findings of the options analysis 

• provide tables showing adopted management actions, with supporting text, which identify: 

− actions council intends to implement, including actions to be implemented through 
council’s environmental planning instruments, operational plans and plans of 
management for land under council’s control.  

− actions to be implemented by other stakeholders, as agreed with the stakeholders 

− proposed funding arrangements for actions. Actions council proposes to implement 
using council resources and other actions council would implement if external (e.g. 
grant) funding was available are to be clearly identified. 

• include monitoring and evaluation arrangements for the plan. 
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PART B – MANAGING RISKS FROM COASTAL HAZARDS 

 

3 Risks from coastal hazards 

3.1 Minimum requirements for coastal zone management plans 

When a coastal zone management plan deals with managing risks from coastal hazards, the 
plan is to: 

• describe coastal processes in the study area to a level of detail sufficient to inform 
decision-making under the plan 

• identify the location and condition of any existing or proposed coastal protection works 

• identify and map coastal hazard lines corresponding to the extent of the study year’s 
coastal hazard area and the 2050 and 2100 coastal hazard areas 

• identify the number of residential or commercial buildings and significant infrastructure in 
each hazard area 

• identify hazards from coastal cliff instability 

• identify and map any areas subject to coastal (oceanic) inundation 

• develop strategies for managing the identified significant risks from coastal hazards and 
cliff instability in the short, medium and long term 

• include provisions allowing landowners to construct coastal protection works provided 
they pay for the maintenance of the works and manage any off-site impacts, subject to the 
requirements of the Environmental Planning and Assessment Act 1979 

• include property risk and response categories for all properties located in coastal hazard 
areas 

• include a community brochure describing areas likely to be affected by coastal hazards  

• include an emergency action sub-plan which details emergency actions proposed to be 
carried out during periods of imminent beach erosion, including any site-specific 
requirements for landowner emergency coastal protection works. 

Questions for consultation draft 

Will these minimum requirements for the coastal hazard component of a coastal zone 
management plan adequately inform risk assessment and management under the plan? If 
not, what changes should be made? 
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3.2 Coastal hazard overview 

The coastal zone comprises a broad range of topographical, geological and geomorphologial 
settings. In broad terms for hazard definition purposes, the NSW coastline can be subdivided 
into two distinct sub-groups: 

• sandy beach systems, and  

• bluffs and cliffs comprising rock or other consolidated material.  

In addition, coastal processes affecting estuaries, particularly close to their entrances, may 
also constitute a coastal hazard.  

Each sub-group is more vulnerable to different physical processes and may require the 
advice, interpretation and experience of different professional disciplines. 

Part B of this guideline provides information on the quantification of hazards and 
consideration of management alternatives for sandy beach systems, coastal cliffs and bluffs 
and coastal processes affecting estuaries. This reflects the components of coastal hazards 
as defined in the Coastal Protection Act 1979. These hazard components are outlined in 
Table 3.1 below. This table also indicates which geographic aspect of the coastal zone is 
affected by the relevant process. 

Table 3.1 – Coastal hazards and their affected geographic units 

Coastal hazard component Sandy beaches Coastal cliffs Estuaries 

Beach erosion √  √ 

Shoreline recession √  √ 

Coastal lake or watercourse 
entrance instability 

√  √ 

Coastal inundation √  √ 

Coastal cliff or slope instability  √  

For the purposes of this guideline, the coastal hazard components can be described as 
follows: 

• Beach erosion – refers to the short-term response of a beach to changing wave and 
water level conditions during ocean storms. This response is generally manifested in a 
‘storm bite’ from the sub-aerial beach moving offshore during the storm. 

• Shoreline recession – refers to the long-term trend of a shoreline to move landwards in 
response to a net loss in the sediment budget over time. Shoreline recession is also 
predicted to result from sea level rise. 

• Coastal lake or watercourse entrance instability – entrances to coastal waterways are 
dynamic and under natural conditions adjust their position constantly by moving sediment 
into the waterway, out into the ocean, or by developing a berm that prevents freshwater 
flowing out from the waterway and ocean water entering the waterway. 
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• Coastal (oceanic) inundation – refers to inundation caused by wave run-up and 
overtopping of coastal dunes and barriers along open coast beaches. This is a separate 
phenomena to long-term sea level rise that will exacerbate tidal inundation in estuarine 
areas. 

• Coastal cliff or slope instability – refers to the geotechnical instability of cliffs or bluffs 
that are located close to the coast and may be either protected by a rock platform at their 
base or subject to direct wave action. In some cases, cliff instability may be unrelated to 
direct wave action or coastal processes, but due to its close proximity to the coast it is 
considered to be a coastal hazard. 

3.3 Risk management for coastal hazards 

The risk management approach differs for each type of coastal hazard: coastal cliffs or bluffs, 
sandy beach systems and coastal processes affecting estuaries. AGS (2007a, b, c, d, e) 
defines quantitative and qualitative approaches to landslide risk management which should 
be used for assessing risks associated with coastal cliff and bluff instability. A quantitative 
approach to assessing risks from hazards on sandy beaches and estuary entrances and 
foreshores has not yet been developed, therefore a qualitative approach should be adopted. 
The quantitative approach to risk management for these systems is based on the quantitative 
approach in AGS (2007c) and Standards Australia (2004). 

AGS (2007c) assigns annual probabilities to the quantitative likelihoods used in qualitative 
risk assessment for cliff and bluff instability, as presented in Table 3.2. This can be used for 
coastal inundation hazards.  

Table 3.2 – Likelihood of occurrence for cliff and bluff instability 

Likelihood  Annual probability 

Almost certain  1:10 

Likely 1:100 

Possible  1:1,000 

Unlikely  1:10,000 

Rare 1:100,000 

Barely credible  1:1,000,000 

It is currently not possible to reliably estimate annual probabilities for hazards on beach 
systems and estuaries other than coastal inundation. An indicative approach for assigning 
risk from erosion and recession hazards is provided in Table 3.3. This approach is based on 
the average consequences within the identified erosion or recession hazard area. In practice, 
the risk is likely to be higher than noted in the table for the seaward portion of the hazard 
area. Further, an area landward of the hazard area may also be at risk from coastal hazards 
from erosion due to storms that are larger and less frequent than those used to define the 
hazard area.  
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Table 3.3 sets out consequences associated with coastal hazards and indicative risk. In this 
context, major structures include residential dwellings and commercial or industrial buildings 
and minor structures include garden sheds, carports and pergolas.  

Table 3.3 – Consequences from coastal hazards and indicative risk from erosion or recession 

Descriptor Description Indicative risk – 
erosion or 
recession 

Catastrophic Major structures completely destroyed or large-scale 
damage to major structures 
Significant or critical infrastructure destroyed  
Significant loss of life, large number of severe injuries, 
widespread community displacement 

Very high 

Major Extensive damage to most of one or more major structures 
or minor structures destroyed 
Extensive damage to significant or critical infrastructure or 
minor infrastructure destroyed  
Some fatalities, extensive injuries, large number displaced 

High 

Medium Moderate damage to some major structures or extensive 
damage to minor structures 
Moderate damage to significant or critical infrastructure or 
extensive damage to minor infrastructure  
Some injuries, no fatalities, local short-term displacement 

Moderate 

Minor Limited damage to part of a major structure, extensive 
damage to a minor structure and/or part of site requiring 
some reinstatement stabilisation works  
Limited damage to significant or critical infrastructure or 
moderate damage to minor infrastructure 
Some minor injuries, no fatalities, limited short-term 
displacement 

Low 

Insignificant Little damage to major structures or infrastructure, minor 
damage to minor structures or minor infrastructure  
No injuries or fatalities, no or negligible displacement  

Very low 

Note: Modified from AGS (2007c) and EMA (2004) 

3.4 Coastal hazard community brochure 
A brochure describing the areas subject to coastal hazards described in Section 3.2 is to be 
prepared as a companion document to the coastal zone management plan. The document is 
to describe the coastal hazards present in the area covered by the plan and provide a map of 
the extent of the hazards. It is to describe any planning restrictions that relate to the 
management of these hazards for any development or redevelopment of land subject to the 
hazards. It is to be written in a style suitable for a non-specialist audience and placed on 
council’s website. 
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Evans River estuary at Evans Head 

Photo: DECCW 

4 Coastal processes and hazards  

4.1 Physical processes 

In order to manage coastal risks and hazards, it is essential to understand the processes and 
forcing functions that alter the shape of landforms over both short (or immediate) and longer 
term timescales (typically 50 and 100-year planning horizons).  

The coastline of NSW is subjected to a variety of interacting processes that affect water 
levels and beach profiles. These processes include but, are not limited to: 

• storms 

• elevated water levels 

• waves 

• currents 

• waterborne sediment transport 

• windborne sediment transport 

• dune vegetation 

• rainfall and runoff 

• coastal entrances 



 

30 Department of Environment, Climate Change and Water NSW 

• El Nino–Southern Oscillation (ENSO), Inter-decadal Pacific Oscillation (IPO) and Pacific 
Decadal Oscillation (PDO) influences and beach rotation 

• sea level rise and climate change, and 

• human activities. 

These processes give rise to a range of potential hazards that can dramatically impact upon 
and alter coastal landscapes over differing spatial extents and timescales. 

Understanding these physical processes is the formal starting point for any coastal hazard 
definition study and risk management assessment for coastal planning. The scope of a 
coastal process study may be local or regional in extent. It should aim to provide a 
conceptual understanding of the governing physical processes that determine the dynamics 
and trends in the movement of shorelines and dunal systems pertaining to the area of 
interest. 

4.2 Coastal hazard assessment 

The complex interactions of each of the physical processes listed in Section 4.1 govern the 
extent to which intertidal foreshores and dunal systems respond and move over time. The 
dynamics of these processes give rise to a range of coastline hazards which can significantly 
interfere with human use and amenity within the coastal zone. With adequate recognition of 
these hazards and their associated impacts, balanced, risk-based decisions can be better 
informed to manage the various hazards identified over differing spatial contexts and 
timescales.  

With knowledge of the governing physical processes, each coastal hazard should be 
considered (to the extent that they are applicable) and quantified for planning purposes both 
in the short (or immediate) and longer term planning context as part of the identifying the 
problems affecting any stretch of coastline. 

4.2.1 Consideration of sea level rise 

Sea level rise will exacerbate the impact of coastal hazards. It will affect each of the coastal 
hazards in a different way as identified below: 

• Beach erosion – climate change is expected to alter storminess which will in turn alter 
beach erosion. Scientific understanding of the projected changes to storminess is still 
developing, and there is insufficient evidence to provide direct advice on how to consider 
changes in storminess at the present time. 

• Shoreline recession – sea level rise will result in higher water levels on the open 
coastline. This will correspond with an increased rate of shoreline recession. 

• Coastal lake or watercourse entrance instability – sea level rise will result in changes 
to dynamics of berm heights and break-out conditions. 

• Coastal (oceanic) inundation – sea level rise will result in increased still water levels. In 
most instances, dunal systems are sufficiently elevated that the episodic threat from 
oceanic inundation due to wave run-up and overtopping of coastal dunes or barriers is 
negligible. Notwithstanding, the threat of oceanic inundation along the open coast in the 
vicinity of low-crested dunal barriers (less than 5 m AHD) should be considered where this 
is relevant.  
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• Coastal (estuarine) inundation – around lower-lying estuarine foreshores, the threat 
from tidal inundation will be significantly exacerbated with a projected rise in mean sea 
level. The interaction between this issue and catchment flooding is particularly important 
for coastal councils and has been considered in the Flood Risk Management Guide – 
Incorporating sea level rise benchmarks in flood risk assessments (DECCW 2010b). 

• Coastal cliff and slope instability – in many cases the base of coastal cliffs are 
protected from direct wave action by rock platforms. However, under sea level rise 
projections, these rock platforms may be submerged on a permanent or temporary basis 
resulting in direct wave action on the base of cliffs. This in turn will have the effect of 
undermining cliff stability, depending on the relative strength of the geology of the cliff. 

 

Coastal erosion at Old Bar (2008) 

Photo: P. Watson, DECCW 

4.3 Coastal hazard definition for sandy beaches 

4.3.1 Overview 

For planning purposes along the NSW open coast, it is customary to estimate the landward 
envelope of foreshore land that would be impacted upon by coastal processes and hazards 
over the planning horizon of interest. 
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In most circumstances, direct measurements of past events or trends in underlying 
movements can be used as a proxy to estimate the contribution from similar physical 
processes into the future, although consideration should be made to encapsulate 
uncertainties associated with the potential of events or trends to deviate from past 
measurements. Alternatively, numerical and physical scale modelling of hydrodynamic 
processes can provide projected estimates of foreshore movements for planning and design 
purposes. 

The assumptions and limitations underpinning coastal hazard definition work for planning 
purposes should be understood in context. There are implicit limitations due to the inherent 
difficulties in predicting the behaviour of natural systems with a large number of variables. 
Coastal hazard definition should be based on reasonable assumptions and professional 
judgement, and used to inform decision-making for planning and management responses.  

In particular, climate change may have profound influences on the form and alignment of 
coastal shorelines and frontal dune systems. This will remain a dynamic and evolving area of 
research and uncertainty related to climate change projections will need to be factored in to 
all considerations. 

Given these uncertainties, it is recommended that hazard definition for planning purposes is 
considered from an appropriately conservative perspective and that associated long-term 
management strategies should be robust enough to accommodate changed or altered 
regimes of physical coastal processes, or their understanding, in the future.  

Coastal hazard definition for planning purposes should identify and describe: 

• the ‘current’ (or present day) hazard area calculated for the study year (e.g. the 2010 
hazard area), based on the area estimated to be impacted by the bite from a design storm 
or series of storms (formerly known as the immediate hazard zone). 

• a 2050 coastal hazard area which incorporates the combined impacts of storm erosion 
and shoreline recession (both from underlying sediment budget deficit and sea level rise) 

• a 2100 coastal hazard area which incorporates the combined impacts of storm erosion 
and shoreline recession (both from underlying sediment budget deficit and sea level rise) 

• an inundation hazard area, which separately deals with additional areas potentially 
impacted by processes of wave run-up. 

A zone of reduced foundation capacity (ZRFC) exists landward of these areas (see below), 
other than the inundation hazard area. These areas are illustrated in Figure 4.1.  

Once a hazard area is established, based on best estimates of local conditions, additional 
lines may be drawn that illustrate a method of accommodating a range of estimates that may 
result from storm erosion and shoreline recession and attempt to encapsulate uncertainties 
associated with future predictions. In such cases a line drawn towards the landward side of 
the initial line will indicate the most conservative of assumptions and may have a lower 
likelihood of occurrence, whereas a line drawn on the seaward side of the initial line may be 
based on non-conservative assumptions and will have a higher likelihood occurrence within a 
given timeframe. 
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Figure 4.1: Idealised schematic of a dune profile depicting the current (study year),  
2050 and 2100 hazard areas 

Questions for consultation draft: 

The definition of coastal hazard areas is an important component of the risk management 
process, particularly in relation to land-use planning and development assessment. Are the 
descriptions of these areas and their definitions appropriate for these purposes? If not, what 
changes should be made? 

4.3.2 The ‘current’ (study year) hazard area 

This area is defined as the landward extent of foreshore or beachfront land that could be 
considered currently (i.e. in the year in which the study is prepared) at threat from storm 
erosion from a severe storm or a series of large storms in close succession. Along 
unconsolidated (or sandy) coastlines, severe beach erosion results in retreat of the frontal 
dune, lowering of the beach berm and creation of a near-vertical erosion escarpment defining 
the limit of erosion. The fact that frontal dunes are generally saturated during these erosion 
events enables the escarpments to manifest as a relatively steep wall, well in excess of the 
natural angle of repose of the sandy material (Watson 2005).  

These steep, unsupported erosion escarpments are inherently unstable and can collapse 
under minimal or no external loading. This re-adjustment of the erosion escarpment can 
occur commonly within days to weeks of the cessation of erosion and generally occurs 
rapidly and without warning, and may endanger beach users in the near vicinity. Buildings, 
infrastructure and other facilities located within the erosion-sensitive area could be 
undermined or severely damaged if not designed to mitigate such hazards.  

For planning purposes, it is recommended to estimate the extent of this area by considering 
the maximum erosion that could result from either a single extreme event or from several 
severe beach erosion events in succession with cumulative impacts. A complementary 
adjoining ZRFC will exist landward of an erosion escarpment and therefore landward of this 
erosion-prone area. A generic schema for the ZRFC in unconsolidated (or sandy) dunes is 
provided in Nielsen et al. 1992 and illustrated in Figure 4.2. However, it is recommended that 
more specific geotechnical evaluation is undertaken on a site-by-site basis to refine the 
ZRFC for foundation design. 
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Figure 4.2: Idealised schematic of a dune profile depicting the study year hazard area  
and the associated Zone of Reduced Foundation Capacity (after Nielson et al. 1992) 

An estimate of dwellings and significant infrastructure within this hazard area is to be 
included in this plan. This hazard area should not include an allowance for wave run-up from 
coastal (oceanic) inundation on the open coast and this issue needs to be identified 
separately from storm erosion. 

The quantity of unconsolidated (or sandy) material removed during an erosion event is 
commonly termed a ‘storm bite’ or ‘storm demand’ and is generally expressed either in terms 
of a volumetric loss (m3/m above mean sea level) or as a linear measurement, ideally from a 
readily identifiable reference point such as the top of an erosion escarpment or a contour 
level above the seasonal beach fluctuations on a frontal dune system. 

The extent to which a beach could erode due to an extreme oceanic storm event is variable 
and depends on a variety factors including: 

• wave height and direction 

• storm duration 

• elevated ocean water levels due to storm surge, wave set-up and concurrence with high 
tides 

• the presence of rip cells 

• the ‘condition’ of the beach, i.e. the amount of rebuilding that has taken place since the 
last erosion event and the volumes of sand available in dune and nearshore areas 

• the presence and influence of local topography including adjacent headlands or coastal 
structures, or both, which can modify local wave and current conditions and the supply of 
sediment 

• existence and strength of longshore currents 

• sediment grain size of the beach and surf zone, and 

• for embayed beaches (e.g. southern NSW and Sydney metro beaches), the prevalent 
stage of the beach rotational cycle due to climate variability (i.e. Southern Oscillation 
Index) impacts (see Ranasinghe et al. 2004). 

Given the range of factors influencing storm erosion, it may be difficult to quantify the 
potential upper limit of storm bite that may occur in a specific area. In most cases actual 
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measured pre- and post-storm volumetric data is extremely limited over the historical record 
and predictive numerical modelling tools currently do not generally have the capability to 
consider all component variables, particularly the more dynamic erosion processes such as 
rip cells. An empirical approach is therefore recommended for estimating storm bite. Given 
these limitations, professional judgement will often be required to select an appropriate 
design storm bite that is relevant to a particular location for planning purposes. 

On the NSW open coast in fully exposed locations, the maximum design storm bite 
recommended for planning purposes is commonly of the order of 200–250 m3/m run of beach 
above mean sea level (MSL) (Watson 2005) and for protected embayments, of the order of 
130 m3/m.  

Higher volumetric storm demands have been measured at isolated locations along the NSW 
coastline. For example, a storm bite of 280 m3/m (above MSL) was determined from 
photogrammetry data at McMasters Beach in relation to the 1974 storms (Hanslow 1994). 
Similarly, survey work at Byron Bay measured a storm demand of approximately 320 m3/m 
(above MSL) adjacent to and downdrift from the rock protection works in the centre of town 
during a storm event in 1989. The impact of the adjacent rock protection works on this latter 
estimate remains unknown.  

When considering the application of storm bite allowance for hazard definition or planning 
purpose, the full demand should be applied to an average or non-eroded beach condition but 
not to a depleted or eroded beach state. 

Design storm bites for NSW are based on the relatively limited available information on storm 
bites that have occurred along the NSW coastline since the 1960s, particularly the brief 
period of serve storm activity observed in the 1970s (see Gordon 1987). Due to the site-
specific response of individual beaches to storm activity, it is not currently possible to 
accurately ascribe a probability of occurrence to these storm bites. However, these design 
storm bites are considered to have, on average, a likelihood of occurrence in any given year 
of approximately 2% or lower. Larger storm bites may therefore occur as a result of extreme 
and infrequent events, resulting in threats landward of the hazard area defined by this storm 
bite. It is currently not possible to quantify the extent of this additional area potentially 
affected by erosion from very rare events.  

In areas where there is insufficient information to establish an empirical storm bite based on 
site-specific information, the default value of 250 m3/m may be adopted as an estimate of 
storm bite for exposed open coast locations. This value is considered to provide a 
conservative upper-bound estimate for planning purposes in the absence of adequate data to 
derive a site-specific value.  

Storm bite could result from a singular extreme event or several storm or erosion events 
occurring in succession. When applying a design storm bite for planning purposes, the 
following should also be considered: 

• application of the precautionary principle to account for uncertainty in estimating site 
specific storm bite 

• consistent application of storm bite measure on a whole-of-embayment basis 

• the influence of engineering structures 

• the presence of rock or other consolidated materials that might limit erosion potential 

• influences from stormwater systems discharging directly into the active beach zone 
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• influences of untrained creeks, lagoons and estuaries within the beach compartment, and 

• the condition of the beach in the baseline dataset used to identify the area subject to the 
design storm bite. 

When defining the ‘storm erosion area’ for planning purposes, approaches should be based 
on the best information available, which may include: 

• photogrammetric information 

• direct survey measurements 

• using predictive modelling tools 

• using maximum measured storm bite for similarly oriented and exposed locations as a 
‘proxy’ at locations where data records or models are sub-optimal. 

When considering approaches for determining this hazard area, it is important to understand 
both the disadvantages and advantages that encompass both an empirical (photogrammetric 
and survey measurement) and modelling approach. In particular, use of models should be 
calibrated for specific sites to ensure results are valid.  

Questions for consultation draft 

The calculation of the storm bite is important for defining the extent of the area subject to this 
hazard. Is the guidance on calculating the storm bite appropriate? If not, what changes 
should be made? 
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Coastal erosion at The Entrance (North) (2009) 

Photo: P. Watson, DECCW 

4.3.3 Coastal hazard zones for 2050 and 2100 planning horizons 

For longer term strategic planning within the coastal zone, it is customary to estimate the 
landward envelope of beach and foreshore that would be impacted upon by coastal 
processes and hazards over longer planning horizons. 

These zones encompass the ‘current hazard area’ parameters while incorporating 
allowances for underlying long-term recession of the shoreline that could result from a long-
term sediment imbalance within the active beach system and from measured and projected 
sea level rise. 

Estimates of underlying long-term recession are commonly determined from measurements 
of mean trends in changes to volumetric dunal reserves or movements in prominent beach 
features (such as erosion escarpments or contour levels, etc.) over time. In most cases, the 
primary data source available for long-term trend analysis is photogrammetric data derived 
from historical aerial photographs (Watson and Lord 2001). The reliable extent of this data 
generally spans the past 50–60 years and requires significant experience and professional 
judgement to remove (or isolate) anthropogenic influences on the underlying (or natural) 
trend analysis, including sand mining, dune re-contouring, dune revegetation, foreshore 
subdivision development, protection works, entrance breakwater structures, etc. Similarly, 
measured sea level rise over the data analysis period will also be likely to have had a minor 
influence, and must also be considered.  
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More recently, the availability of light detection and radar imaging (LiDAR) data that allows 
the creation of digital elevation models has increased the amount of spatial and digital data 
that may be available to assist in assessing coastal hazards. 

It is recommended that a combination of photogrammetry, historic aerial photography 
interpretation and surveys be used with any available LiDAR to appreciate the changes in 
landforms over time in the coastal zone.  

In using these different sources of data, care should be taken in ensuring that survey control 
points have been adequately established and considered, and the grid system of the datum 
are the same and that a check of common information points is undertaken to ensure that the 
data sets are directly comparable. 

The differences between using photogrammetry and LiDAR are: 

• Photogrammetric profiling is available at spacings of generally between 10 and 100 m 
along the beach, allowing for long-term comparison of profiles at the same locations at 
different points in time.  

• LiDAR provides a broader coverage of points and can allow for creation of profiles at 
points in between the photogrammetric profile locations. However, images are often only 
taken once, therefore only allowing a single snapshot of the appearance of the beach at a 
given point in time. The nature of the detection of data points means that ground and non-
ground returns need to be isolated, and there may be some errors in the data set arising 
from the analysis stage of many millions of data points.  

The advantages and limitations of each type of data should be understood at the time they 
are used, and care should be taken when comparing photogrammetric data with LiDAR data.  

Over time and as technological advances are made, bathymetric LiDAR data may be more 
widely available and can be integrated with terrestrial LiDAR to complete a digital elevation 
model for the nearshore zone. As noted above, care should be taken when directly 
comparing data collected using different methods at different points in time. 

Shoreline recession due to sea level rise 

In addition to elevated ocean water levels, projected sea level rise will result in recession of 
unconsolidated (sandy) shorelines. The simple two-dimensional model known as the ‘Bruun 
Rule’ (Bruun 1962, 1988) can be used as a coarse, first-order approximation for determining 
recession due to sea level rise for planning purposes. Using the Bruun Rule, the recession 
due to sea level rise can be estimated as the product of the sea level rise (over the planning 
timeframe of interest) multiplied by the inverse of the active profile slope (‘X’ in Figure 4.3). 
Improved three-dimensional modelling techniques for estimating the shoreline response to 
sea level rise are currently being developed to incorporate a broader suite of natural 
processes and physical attributes on a site-specific basis (see Patterson 2009 and Huxley 
2009). These shoreline evolution modelling tools have the additional advantage of being able 
to consider the sensitivity of shorelines to other less certain climate change projections such 
as changes to predominant wave directions, etc. 
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Figure 4.3: Idealised schematic of the active profile for consideration in Bruun Rule applications 

The NSW Sea Level Rise Policy Statement (NSW Government, 2009) sets planning 
benchmark figures for the consistent consideration of sea level rise in strategic planning, 
development assessment and infrastructure design as well as coastal and flood hazard 
assessments. The planning benchmark figures are an increase in mean sea level of 40 cm to 
2050 and 90 cm to 2100 relative to 1990. These are to be used for hazard definition studies 
to define 2050 and 2100 coastal hazard zones. 

The approach to defining 2050 and 2100 coastal hazard zones embodies considerable 
uncertainty which increases with the length of the planning horizon. This uncertainly arises 
from a range of factors including: 

• the data sets available to consider underlying trends may only encapsulate partial trends 
(commonly 50–60 years) which may be influenced by anthropogenic influences and not 
necessarily representative of the natural underlying trends in a shoreline evolution 

• it has been assumed that past measured trends of movement in shorelines and dune 
systems will continue at the same rate into the future 

• there are limitations in the various tools available for predicting sea level rise responses 
along three-dimensional shorelines, and 

• limited current understanding concerning uncertainties associated with climate change 
impacts (such as variations to wind regimes, barometric pressures, sea surface 
temperatures, ocean currents, storm tracks, wave directions, etc.) could result in 
significant direct and indirect changes to shoreline positions over time. 

It is envisaged over the next couple of decades that improved measurements and modelling 
tools will improve predictive capabilities to reduce uncertainties. However, in the meantime 
these uncertainties must be dealt with by applying sufficient conservatism to each of the 
individual hazard parameters making up the relevant hazard zones and consideration of 
sensitivity analyses for relevant climate change impacts (such as change to predominant 
wave directions) to provide broad estimates of the range of likely impacts from coastal 
processes and hazards over the relevant planning horizon. 
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When considering the application of hazard parameters to delineate hazard zones over 
longer term horizons for planning purposes, consideration must be given to the following: 

• application of the precautionary principle and risk classification to account for uncertainty 
in estimating relevant hazard parameters (storm bite, underlying recession, climate 
change induced recession); 

• consistent application of storm bite and underlying recession parameters on a whole-of-
embayment basis 

• the presence of rock or other consolidated materials that might limit erosion potential 

• beach rotation and inter-decadal effects 

• use of the Bruun Rule as a coarse, first-order approximation for determining recession 
induced by sea level rise 

• use of the maximum depth limit of significant sand movement in a typical year (seaward 
limit of the shoal zone) when applying the Bruun Rule as prescribed by Hallermeier (1981) 

• limitations of the Bruun Rule (see Ranasinghe et al. 2007) 

• use of alternative shoreline evolution modelling tools to predict recession due to sea level 
rise (such as Huxley 2009 and Patterson 2009) 

• the zone of reduced foundation capacity landward of an erosion escarpment throughout 
the planning horizon (Nielsen et al. 1992) 

• the influence of engineering structures and 

• the condition of the beach in the baseline data set used to delineate the hazard zone, and 

• influences of untrained creeks, lagoons and estuaries within the beach compartment, 
factors of entrance instability and potential shifts (temporary and permanent) in entrance 
positions.  

When defining the 2050 coastal hazard area and 2100 coastal hazard area for planning 
purposes, approaches should be based on the best information available, which includes 
information adopted for estimating design storm bite. In addition, a sensitivity analysis should 
be included, concerning possible changes in wave climates and directions, wind and weather 
regimes, storm surge extremes and frequency, and changes in long-term recession trends.  

Questions for consultation draft 

There is a significant degree of uncertainty associated with estimating the response of 
unconsolidated shorelines to projected sea level rise, including the application of the Bruun 
Rule. Is the guidance on estimating sea level rise impacts appropriate, given this 
uncertainty? If not, what changes should be made? 
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Coastal erosion Old Bar (2009) 
Photo: S. Holtznagel, DECCW 

4.4 Coastal inundation 

An estimation of the area that could be impacted by wave run-up and overtopping should be 
quantified separately to the hazards arising from beach erosion or recession. In any 
particular event the frequency, magnitude and extent of coastal inundation depends upon: 

• the frequency and magnitude of storm events 

• weather conditions  

• wave conditions 

• barometric set-up 

• tidal level, and 

• the physical characteristics and topography of adjacent beach and foreshore 
environments. 

Along sheltered coastlines, such as lake or estuarine foreshores where waves have not built 
up a sufficient natural coastal barrier (i.e. a dune or berm), inundation is likely to result 
directly where the wave run-up level exceeds the level of the adjacent land. On open 
sections of coast, inundation is more likely to result due to either breaching or overtopping of 
a natural barrier (e.g. a dune field) or a man-made structure (e.g. a seawall). Engineering 
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works within the coastal zone may increase inundation through removal of natural barriers, or 
through poorly designed coastal protection works that exacerbate beach and foreshore 
erosion, intensify wave run-up or permanently modify the natural beach slope.  

When determining the effects of wave run-up and inundation in the current hazard area, 
investigations should seek to make allowances for both the dynamic nature of inundation and 
the local topography of the beach and foreshore. For example, consideration should be given 
to variations in wave conditions that occur across an embayment and differences in dunal 
barriers which can significant vary in height, generally from a minimum in the southern corner 
of an embayment to a maximum in the north.  

It is recommended run-up calculations be scaled appropriately to provide appropriate 
measures of inundation in response to such variations. In regions where there is insufficient 
site-specific information to establish an empirical figure for wave run-up that will cause 
coastal inundation, a default value of 8.0 m AHD may be adopted as an estimate of the limit 
of wave run-up for planning purposes in exposed open coast locations. This value is 
considered to provide a conservative upper-bound estimate in the absence of data to derive 
a site-specific value.  

In addition to initial inundation calculations, estimates for coastal inundation for the 50 and 
100-year planning horizons should also incorporate the increased still water levels resulting 
from sea level rise projections. In most instances, dunal systems along the open coastline 
are sufficiently elevated that the episodic threat from oceanic inundation due to the effects of 
sea level rise alone is negligible. However, around lower lying estuarine foreshores, the 
threat from tidal inundation will be significantly exacerbated with a projected rise in mean sea 
level. The interaction between this issue and catchment flooding is particularly important for 
coastal councils and has been considered in the document Flood Risk Management Guide – 
Incorporating sea level rise benchmarks in flood risk assessments (DECCW 2010b).  

Coastal inundation is rarely caused by one factor (i.e. storm surge) but is likely to result 
through a combination of several factors including tidal level, storm surge, local weather and 
wave conditions and any associated sea level changes. In a future planning scenario the 
extent of an area at risk through coastal inundation may therefore increase relative to its 
present vulnerability.  

Table 4.1 provides a series of estimates of design ocean still water levels for Fort Denison for 
varying average recurrence interval (ARI) events for 2050 and 2100 that incorporates 
provision for sea level rise. It is recommended that these levels be used in the Newcastle–
Sydney–Wollongong area for the design of maritime structures, determining oceanic 
inundation or wave run-up levels and for oceanic and hydrodynamic modelling processes 
where full oceanic tidal conditions are expected. In other locations (e.g. north and south 
coasts) analysis of local tidal records will be needed to develop this information. 

Where tidal conditions less than the oceanic range prevail (e.g. inside constrained estuarine 
environments), Table 4.1 does not apply and locally derived design still water levels would 
have to be determined on a site-specific basis taking into consideration the sea level rise 
benchmarks for oceanic conditions. 
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Table 4.1– Design ocean still water levels at Fort Denison for 2050 and 2100 incorporating 
projected sea level rise 

ARI (years) 2010 design  
still water levels (1) 

(m AHD) 

2050 design  
still water levels (2) 

(m AHD) 

2100 design  
still water levels (2) 

(m AHD) 

0.02 0.97 1.31 1.81 

0.05 1.05 1.39 1.89 

0.1 1.00 1.44 1.94 

1 1.24 1.58 2.08 

10 1.35 1.69 2.19 

50 1.41 1.75 2.25 

100 1.44 1.78 2.28 

Notes: 

(1) 2010 design still water levels derived from extreme value analysis of Fort Denison tide gauge data 
from June 1914 to December 2009 (after DECC 2008). There are negligible tidal friction losses 
between the ocean and Fort Denison within Sydney Harbour, therefore Fort Denison data 
provides an indicative representation of oceanic still water levels. The design still water levels 
inherently incorporate allowance for all components of elevated ocean water levels experienced 
over this timeframe (including tides, meteorological influences and other water level anomalies), 
but exclude wave set-up and wave run-up influences. 

(2) Design still water levels for 2050 and 2100 incorporate the planning benchmark allowances for 
sea level rise with a reduction of 60 mm to accommodate the estimated amount of global average 
sea level rise that has occurred between 1990 and present. This is estimated at approximately 
3mm/year from satellite altimetry (CSIRO 2009). These design levels are indicative and provided 
for guidance only. 

 Design still water levels in Table 4.1 are only relevant where full ocean tide conditions prevail.  

 AHD – Australian Height Datum. 

Questions for consultation draft 

The calculation of the extent of areas subject to coastal inundation is important in estuarine 
areas and some areas of the open coastline with relatively low frontal dunes. Is the guidance 
on calculating inundation appropriate? If not, what changes should be made? 
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4.5 Estuary instability hazards 

4.5.1 Introduction 

To some extent all estuaries interact with the open coast, either in terms of the influence of 
the estuary on the coastline or the influence of coastal processes on the estuary. However, 
the nature of these interactions will differ from estuary to estuary depending on the coastal 
setting and estuary type. In order to understand these interactions, the evolutionary stage of 
the estuary, the rates of estuary infill and the relative balance between waves and tidal 
processes need to be considered. 

4.5.2 Classification 

Estuaries can be classified in terms of the relative importance of rivers, waves and tides 
(Short and Woodroffe 2009). From a geomorphology perspective, NSW estuaries are 
generally classified as being wave-dominated and their entrances are characterised by 
wave-built, shore-parallel features such as beaches, barriers and spits. Many wave-
dominated estuaries remain largely unfilled and continue to act as sediment and nutrient 
traps, resulting in a limited supply of sand to the open coastline. The exception to this is the 
largely infilled major river systems such as the Richmond, Clarence and Shoalhaven Rivers.  

Estuaries are generally divided into three main types (Short and Woodroffe 2009): 

• Coastal lagoons are predominantly closed off from the sea by a sandy barrier. They 
occur where discharge from smaller rivers or more often creeks is insufficient to maintain 
a permanently open inlet. 

• Barrier estuaries occur where a sandy barrier separates a large water body from the sea, 
but limited tidal exchange occurs through a constricted inlet. 

• Drowned river valleys are deeper, bedrock-fringed embayments, with a submerged tidal 
delta at their usually wide, deep mouths.  

Three distinct zones can be identified within wave-dominated estuaries, the barrier and inlet, 
the central basin and the fluvial delta.  

Components of this tripartite division can be seen in each of the different types of wave 
dominated estuaries (Short and Woodroffe 2009). As with salinity, there tend to be gradients 
in wave, tide and river power throughout the systems with wave energy being at its maximum 
at the inlet (Roy et al. 2001).  

There are two main interactions between estuaries and the coast. These are: 

• Estuaries can be a source of, or alternately a sink for sediment, either contributing 
sediment to the coastal sediment budget, or removing coastal sediment and trapping it 
within an estuary. 

• High river flows and flooding can move sediment offshore, effectively transferring 
nearshore sediment normal to the coastline. 

In addition, the estuary entrance morphology and sub-tidal delta are key regulators of 
hydraulic processes within the estuary. Should these interactions change through 
anthropogenic modifications (seawalls, training works, dredging) or naturally through 
entrance changes, flooding or storms, then estuary processes will alter, possibly changing 
the interactions between the estuary and the coast. 
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The movement of sand in and out of the entrance of an estuary is a complex process 
because of the interactions between tidal, wave and river processes. Waves breaking at the 
entrance bring into suspension considerable volumes of sand that can be moved into the 
entrance on the flood tide. Much is flushed back out on the ebb tide but small amounts are 
transported upstream by the net flood-tide transport caused by tidal distortion.  

4.5.3 Entrance instability hazards 

The location of untrained coastal entrances can vary markedly in response to freshwater 
floods and coastal storm conditions. This is illustrated in Figure 4.4, which shows 
breakthrough of an entrance spit caused by river erosion. Similar behaviour on a smaller 
scale is readily evident at many beaches, where stormwater discharges break through the 
normally closed entrances of creeks and lagoons. Even where an inlet is stabilised by 
training works, entrance scour due to major floods can have considerable short- and long- 
term impacts on the coastal entrance and adjacent shorelines. Where present, the influences 
of untrained creeks, lagoons and estuaries should be taken into account to provide an 
assessment of potential entrance instability and scour hazards.  

 

Figure 4.4: Entrance breakthrough along an entrance spit 

Training walls and entrance dredging have historically been used to stabilise an estuary 
entrance or to maintain the location of an entrance channel. While training walls and 
dredging may improve the navigability of an estuary, they may have a number of adverse 
effects on coastal processes and estuarine habitats and ecosystems. Training walls can 
significantly alter the ebb and flood tide current patterns within an estuary and disrupt 
longshore sediment transport causing accretion on the downdrift side of the entrance and 
recession on the updrift side. Dredging can also have a number of adverse effects on an 
estuary. 
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Due to the dynamic nature of coastal entrances including behavioural coupling between 
entrances processes and the open coast, detailed studies are required to assess the effects 
of entrance stability hazards in the short, intermediate and long term.  

Historical behaviour captured from photogrammetric data derived from historical aerial 
photographs can be used to provide estimates of entrance instability and migration in the 
past. However, consideration needs to be given to the limited timeframes and reliability 
extent of the data (typically 50–60 years). Where any number of dwellings appear to be at 
significant risk from entrance instability hazards then a more comprehensive approach is 
recommend using a detailed on-site geomorphic investigation that may involve: 

• measurements of present-day conditions including entrance currents, sediment transport 
and delta margin effects 

• use of Paleo indicators to assess additional trends which may not be encapsulated in 
either the photogrammetry or direct measurements  

• subsurface analysis and radiometric dating of the estuary or lagoon to assess the 
morphological evolution and rates of change through time  

• analysis of the configuration and changes in conditions involving the opening and closing 
of lakes and lagoon entrances and associated berm conditions (where applicable). 

When considering a longer term response on both the 50 and 100-year planning horizons 
then approaches should also consider: 

• permanent shifts in entrance positions  

• dwellings not currently at risk, but that may be at risk in future following a permanent 
relocation of a creek, lagoon or estuary entrance 

• inter-decadal fluctuations and their effects on entrance conditions including opening and 
closing regimes 

• using computer or physical models, or both, to investigate likely responses to changes in 
entrance conditions and erosion or accretion patterns. 
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4.6 Cliff and bluff stability 

 

Coastal bluff instability, Norah Head 

Photo: Phil Watson, DECCW 

4.6.1 Overview 

Coastal cliffs and headlands have important ecological, geomorphological, landscape and 
recreational values. They provide vantage points for coastline viewing, contain unique 
ecological communities and are focal points for coastal recreation and walking tracks. They 
are also highly valued as development sites because of the potential for expansive ocean 
views. 

However, coastal cliffs present serious hazards to coastal users and coastal development. 
The steep and inherently dangerous nature of coastal cliffs must be considered in all 
decisions affecting their use and management. 

Important issues include hazards to cliff-top development due to cliff retreat, hazards to 
walkers and rock fishers from rock falls and cliff instability, accidental falls from cliff edges, 
and the sudden collapse of coastal dune escarpments following erosion events. Particular 
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attention should be given to hazards to children, who are often attracted to cliff-side 
locations.  

An important initial task is to ‘scope’ the cliff stability issues known to be present. This should 
be undertaken in the early stages of the coastal zone management process. The initial 
assessment should broadly identify cliff issues, the nature of the hazards involved and their 
significance, the extent of existing risk and the potential for future risk. It should also examine 
whether any further investigation is required, and the need for specialist technical input to 
future planning decisions. 

Scoping should be followed by an assessment of cliff hazards, including identification of cliff 
failure types and their characteristics (such as spatial extent, flow rates and mechanics), 
factors contributing to failure, and rates of cliff retreat. The assessment should be undertaken 
by a qualified geotechnical specialist, who may also require coastal engineering or 
geomorphology skills to address erosion issues at cliff bases. The required level of 
assessment will vary depending on the issues being examined. It may range from site 
inspection and geological or geomorphological mapping and literature searches, to detailed 
soil testing, drilling, water table and pore water pressure monitoring and storm-cut modelling 
to assess slope mechanics and the probability of slope failure. 

4.6.2 Management objectives for cliffs and bluffs 

Management objectives and responses will vary depending on the extent of building 
development or other human activities in the vicinity of coastal cliffs. This will determine the 
relative importance of managing the existing and future risk to property, life and the 
environment. 

In the case of coastal cliffs that are unaffected by building development, important 
management objectives include the following: 

• protecting or rehabilitating clifftop vegetation so as to stabilise soil, conserve biodiversity 
and maintain landscape and scenic values 

• maintaining an acceptable level of risk of injury to the public (for example, by measures 
such as warning signs and access control) 

• minimising future risk to property, life and the environment by preventing the 
encroachment of building development within cliff hazard zones (for example, by suitable 
planning controls). 

Coastal cliffs that are affected by building development present additional management 
issues. Houses, roads and urban infrastructure at these locations are potentially at risk of 
major damage due to cliff retreat. Important management objectives include the following: 

• reducing existing risk to acceptable levels, such as by building relocation, property 
repurchase schemes, stabilisation works and emergency response measures 

• minimising future risk to property, life and the environment by preventing the further 
encroachment or expansion of building development within cliff hazard zones (for 
example, by suitable planning controls). 

4.6.3 Hazard and risk analysis  

A risk management approach to coastal cliff hazards should be adopted in coastal zone 
management plans. Guidelines on landslide risk management have been prepared by the 
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Australian Geomechanics Society (AGS 2007a, b, c, d, e) which are appropriate for use in 
assessing hazards and risks associated with cliffs and bluffs in the coastal zone.  

Analysis of the consequences of cliff instability should examine likely implications to people 
(injury and loss of life), property, services, community facilities, local communities and 
businesses, access, transport services and the environment. This will normally require 
hazard mapping of both upslope and downslope hazards in conjunction with an assessment 
of vulnerability and projection of consequences over time.  

5 Options for managing risks 

5.1 Identifying potential options 

A range of potential risk management options are available, as summarised in Table 5.1 and 
detailed in Appendix A. In areas where new urban developments or infrastructure are 
proposed, risk avoidance through appropriate planning controls and infrastructure siting is 
commonly the preferred approach. The situation is more complex in areas where there are 
significant risks from coastal processes to existing urban areas. In this situation, the broad 
approaches commonly adopted are:  

• protect – where engineered coastal protection works or beach nourishment, or both, are 
used to reduce the likelihood associated with coastal hazards 

• accommodate – where structures and infrastructure are modified to reduce the 
consequences from coastal hazards. This may be an interim strategy until risks increase 
to the extent where accommodation is no longer feasible 

• retreat – where the risk is accepted and buildings and assets are removed where 
damaged. Emergency management is a key management response.  

5.2 Evaluating management options 

Evaluating management options involves making judgements about the significance and 
acceptability of estimated risk. This allows decisions to be made as to whether to accept or 
treat the risk. This step will normally be undertaken with technical and community guidance 
as to what constitutes an acceptable or tolerable risk level. Appendix A provides further 
information on options to manage risks from coastal hazards. 

Evaluation of options may be undertaken in a preliminary manner prior to the assessment of 
available treatment options. However, the results may need to be revised following detailed 
examination of options since issues of cost-benefit and social and environmental impact will 
also play a part in deciding whether to accept or treat the risk. 

In particular, the coastal zone management plan is to consider how the proposed actions 
facilitate public access to beaches, headlands and waterways (section 55C(c) of the Coastal 
Protection Act 1979). 

There are numerous factors that influence each community’s acceptance of risks to life and 
property, including community perceptions and previous exposure to risk. Community 
consultation may be required to gauge some of these factors. Details relating to acceptable 
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and tolerable risks to life and property in relation to coastal cliff instability are given in AGS 
(2007). 

Coastal landscapes comprise a complex, interdependent mosaic of public and privately 
owned properties and assets. By consequence, it is considered appropriate that 
management of assets and land parcels falling within defined hazard zones (see Section 4.3) 
are considered in a broader, holistic context rather than in isolation on a property-by-property 
or asset-by-asset basis.  

Protection of public and private assets should be considered having due regard to competing 
social, economic, aesthetic, recreational, heritage, environmental and ecological issues as 
well as the underlying threat posed by coastline hazards from a merits-based, risk 
management perspective.   

Where protection of public and private assets is contemplated, the style of protection should 
accord with contemporary engineering standards, incorporating provision for climate change 
impacts (such as sea level rise) and ideally comprise a consistent form on continuous, 
agreed alignments. Where protection works are to be constructed, consideration will have to 
be given to ameliorating identified adverse off-site environmental impacts associated with the 
proposed works. Ad hoc and isolated protection of individual assets should be avoided, 
where possible.  

 

Unauthorised coastal protection works, Brooms Head 

Photo: M. Sharpin, DECCW 
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Table 5.1 – Options for managing risks from coastal hazards 

Option category Option  Potential applicability 

Sandy 
beaches 

Estuary 
entrances 

Coastal 
cliffs 

Avoiding the risk  Building and infrastructure setbacks (fixed or time-dependent) 
Building design criteria  

√ 
√ 

√ 
√ 

√ 
√ 

Taking or increasing the risk to pursue 
an opportunity 

Not applicable    

Removing the risk source Not applicable    

Changing the likelihood Coastal protection works (short and long term) 
Beach nourishment 
Revegetation programs (e.g. dunes) 
Enforcement of measures preventing illegal works on 
beaches 
Cliff or slope stabilisation works  

√ 
√ 
√ 
√ 
 

√ 
√ 
√ 
√ 
 

 
√ 
√ 

Changing the consequence Building and infrastructure relocation or modification 
Catch walls  
Access control 
Public education 

√ 
 

√ 
√ 
√ 
√ 

√ 
√ 
√ 
√ 

Sharing the risk with another party  Insurance √ √ √ 

Retaining the risk by informed decision Emergency management (including monitoring and warning) √ √ √ 

 



 

52 Department of Environment, Climate Change and Water NSW 

5.3 Property risk and response categories 

Coastal zone management plans are to categorise all private property subject to coastal 
hazards according to the degree of the hazard and, in the case of hazards due to erosion 
and recession, the category of council’s intended response to managing the risks to the 
property. This information is to be provided in a table in the plan.  

Private property protection works may be considered cost effective when the property value 
and its probability of loss is greater than the net present value of the coastal protection works 
and their associated recurrent costs (e.g. maintenance and management of off-site erosion 
impacts).  

The categories are set out in Table 5.2. Where a property is located on the boundary 
between two hazard areas, the most seaward hazard area is to be used unless this area is 
less than 25% of the block. 

Table 5.2 – Risk and response categories for managing risks to property 

Risk  
category 

Hazard area for 
property 

Response 
category 

Intended response  

I Current hazard area A Coastal protection works are feasible and 
cost-effective – funding is being sought for 
implementation 

II 2050 hazard area 
(i.e. likely to be affected 
by erosion in the next 40 
years) 

B Coastal protection works are technically 
feasible but not cost-effective for public 
funding – unlikely to be implemented by a 
public authority 

III 2100 hazard area  
(i.e. likely to be affected 
by erosion in the next 40-
90 years) 

C Coastal protection works are not feasible – no 
intended public authority works 

Where coastal protection works are implemented, the hazard area for properties landward of 
the works will be reduced.  

6 Emergency action sub-plans 

Coastal erosion and oceanic inundation during extreme oceanic storms inevitably result in 
emergency situations occurring, particularly where development is situated within the current 
hazard zone. Coastal zone management plans are to make provision for emergency actions 
that may be undertaken during periods of beach erosion through emergency action sub-
plans. 

Emergency action sub-plans should be prepared by councils for areas where development 
and infrastructure could be at threat from an extreme oceanic storm event. These plans 
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should be prepared in conjunction with local representatives of the State Emergency 
Services (SES) and NSW Police and link to (but not overlap with) the relevant local NSW 
Statewide Disaster Management Plan (DISPLAN) which is prepared under the State 
Emergency and Rescue Management Act 1989. 

It is important that emergency management planning does not become the de facto response 
to coastal hazard management and that provisions contained within emergency action sub-
plans do not compromise the implementation of long-term strategic coastal zone 
management plans. 

Emergency action sub-plans should provide guidance for managing the response to erosion 
events that may occur prior to implementation of long-term strategies for coastal protection or 
to manage response to events of greater magnitude than catered for in long-term strategies 
(residual risk). 

As with the long-term responses to coastal erosion, emergency actions to protect coastal 
development must also recognise the value and importance of the beach environment as a 
community and environmental asset.  

Careful consideration should be given during the preparation of emergency action sub-plans 
to the potential impact of response actions and to how the beach will be rehabilitated after 
the event. Coastal protection works on beaches by public authorities are currently permitted 
under the Environmental Planning and Assessment Act 1979 as development without 
consent through provisions in the State Environmental Planning Policy (Infrastructure). 
However, an environmental assessment under Part 5 of this Act is required before these 
works are placed. This includes an assessment of any erosion impacts. A Part 5 assessment 
could be prepared while the emergency action sub-plan is prepared. 

Coastal erosion emergency response components of plans should, as a minimum, address 
each of the following issues: 

• Coastal hazards – all coastal erosion and oceanic inundation hazards present within the 
area should be identified, as should the extent and nature of the risks posed to 
development, infrastructure and public assets. 

• Appropriate responses – the plan should outline proposed emergency responses that 
are appropriate given the nature of the hazards and local site conditions. Proposed 
responses should be based on a risk-based assessment of all available options. 

• Preparedness – the plan should include measures to facilitate efficient responses to 
coastal erosion emergencies, such as: 

− development of monitoring and warning systems 

− closure of public access ways to eroded beaches (as may be necessary) 

− identification of potential sources of sand and rock, plant and equipment, geotextile 
suppliers, etc. 

− public education measures, including awareness of emergency plans, evacuation 
routes, what to do in an emergency, etc. 

• Trigger conditions – the plan should identify under what circumstances emergency 
responses should occur. 

• Responsibilities and contacts – the plan should clearly specify a hierarchy of 
responsibilities for all activities associated with emergency responses, and include contact 
details, default contacts etc. 



 

54 Department of Environment, Climate Change and Water NSW 

• Recovery and rehabilitation – the plan should clearly specify those actions which are to 
be undertaken to mitigate any impact of emergency works on beaches, dunes or other 
coastal settings, and should specify when they will be undertaken and by whom. 

Specifically in relation to emergency coastal protection works, emergency action sub-plans 
must include: 

• maps and plans of areas identified as authorised locations within nominated beach 
compartments – i.e. identify spatially areas where emergency coastal protection works 
can be constructed including a distinction between public and private land 

• within the nominated beach compartment, maps that clearly identify the current position of 
the erosion escarpment in relation to existing dwellings. Cadastral boundaries should also 
be indicated on this map, as well as the location of any council-managed public 
infrastructure or assets such as roads or water and sewerage infrastructure 

• a map showing areas that are considered to be suitable or not suitable for stockpiling of 
materials for construction of emergency coastal protection works. Areas considered to be 
not suitable may be areas that are environmentally sensitive, that would compromise 
public safety, and would impede public access to the beach or adjoining areas 

• information about areas that are considered to be acceptable for providing vehicular 
access to the beachfront where emergency coastal protection works are allowable. Any 
conditions concerning the arrangements for public access and limitation on the use of any 
public land should also be identified 

• information about any time limits relating to the stockpiling of material on public land, 
which may differ for beach front, public road reserves, or footpaths compared to 
stockpiling on private land 

• any other information relating to limitations or acceptable practices relating to the 
construction of emergency coastal protection works that are in accordance with the 
relevant Minister’s guidelines. 

Questions for consultation draft 

Emergency action sub-plans are important for both incident management by public 
authorities and managing the placement of emergency coastal protection works by or on 
behalf of landowners. Is the guidance on preparing a sub-plan appropriate? If not, what 
changes should be made? 
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Temporary coastal protection works, Byron Bay 

Photo: P. Watson, DECCW 
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PART C – MANAGING RISKS TO ESTUARY HEALTH 

 

7 Estuary health 

7.1 Minimum requirements for coastal zone management plans 

When a coastal zone management plan deals with managing risks to estuary health, the plan 
is to: 

• identify the status of the estuary’s health  

• identify threats and risks to estuary health, including risks from projected climate change 

• develop strategies that protect or provide appropriate public access 

• develop strategies for managing significant risks to estuary health 

• develop an estuary health monitoring program, consistent with the NSW Natural 
Resources Monitoring, Evaluation and Reporting (MER) Strategy 

• include an entrance management plan, giving consideration to flooding and estuary health 
issues. 

Questions for consultation draft 

These minimum requirements are intended to define the minimum requirements to be met in 
preparing the estuary health component of a coastal zone management plan for an estuary. 
Are these requirements appropriate for these purposes? If not, what changes should be 
made? 

7.2 Introduction 

An important characteristic of estuaries is that fresh water from rivers and streams mixes with 
salt water from the sea. This mixing of waters creates a unique environment – a transition 
zone between the land and sea.  

Estuaries in NSW vary considerably in their physical form, habitat types and the species they 
support. They also provide many services and are relied upon for commercial and cultural 
activities, tourism and recreation. Estuaries often provide the focal point for coastal 
communities living around them. 

Common threats to estuary health include eutrophication, loss of habitat and biodiversity, 
pollutants, accelerated rates of sedimentation, disturbance of acid sulfate soils, modification 
of freshwater flows, invasive species and the impacts of climate change. 

The upstream boundary of an estuary is generally determined by the limit of tidal influence. 
The downstream boundary is not always obvious, but in most NSW estuaries it corresponds 
to the seaward limit of the entrance bar. The lateral boundaries of an estuary are best 



 

Draft Guidelines for preparing Coastal Zone Management Plans 57 

defined in ecological terms and include all wetlands that interact with tidal and flood flows, 
including mangroves and salt marsh which may only be inundated on extreme tides. 

Activities occurring beyond the defined estuarine limits routinely influence estuary health, 
therefore the management of estuaries requires a consideration of not just estuarine 
processes but also catchment and marine processes and how they impact upon the estuary. 

An integrated approach to managing estuary health is recommended whereby the values of 
an estuary are recognised, the current condition of the estuary is assessed, the significant 
threats and risks to the condition are identified and appropriate management strategies are 
developed and implemented. 

 

Cudgera Creek estuary, Hastings Point 

Photo: DECCW 

7.3 Defining estuary health 

In this guideline, estuary ‘health’ is used to describe the resilience, stability and productivity 
of an estuarine ecosystem in relation to the changing states of coastal and marine 
ecosystems.  

A healthy estuary can be thought of as an ecosystem with its various components (biological, 
physical and chemical) operating effectively to maintain a functioning system within the limits 
of natural variability. It should also be resilient to some level of stress. Just like a human body 
there are numerous attributes that contribute to being healthy, and often it is the symptoms of 
being unwell that attract attention. 
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An estuary’s health is often referred to as its ‘condition’ or ‘state’. In simple terms the 
condition of an estuary will be determined by the influence of pressures and stressors, their 
magnitude and the system’s ability to adapt and respond to any changes caused by them.  

Determining the health of an estuary can be complicated by the fact that estuaries are 
naturally subject to variable environmental conditions such as floods and droughts. A 
system’s ability to recover from such events also reflects its health. 

An understanding of estuary health and its relationship to estuary and catchment activities 
provides a sound basis for designing management actions and understanding the effects of 
management practices. Establishing estuarine health and response to catchment activities is 
complex, although many of the extreme symptoms are clearly evident such as algal blooms 
and fish kills. A more difficult task is to understand the vulnerability of estuaries and the rate 
at which they respond to both improvements and deteriorations in catchment stressors.  

7.3.1 What determines estuary health? 

In assessing the health of an estuary it is important to consider the various factors that 
influence condition:  

• estuary type, including factors that influence vulnerability or susceptibility to degradation 

• key processes and interactions 

• pressures and stressors. 

The condition of one estuary may naturally be quite different to another as the dominant 
processes and interactions vary between estuary types. 

Estuary type 

Estuaries in NSW are variable in their form and function, from the large riverine estuaries to 
the small intermittently open coastal lakes and creeks.  

Where little information is available to assess the health of an estuary and to design 
management strategies, information from similar estuaries may inform the assessment. 
Classifying estuaries into broad types based on relevant factors can assist to:  

• increase understanding of differences and similarities between groups of estuaries 

• establish reference conditions. Understanding reference condition assists in setting 
realistic objectives for estuary health and indicators used to assess health 

• set trigger values for management actions such that changes in condition can be linked to 
a realistic management response 

• broadly determine the cause of change, through understanding the dominant processes 
and interactions that influence condition for each estuary type 

• understand the likely outcomes from key risks and threats so as to prioritise estuaries for 
planning or management purposes 

• predict which systems may be at risk of degradation in the future. 

A number of classification schemes exist for estuaries in NSW. Classification schemes have 
been based on various attributes, such as geomorphology (e.g. Roy et al. 2001) or in their 
response to stressors such as the response of phytoplankton to increased nutrients (Roper 
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et al. 2010). In the case of the latter classification a number of implications for estuary health 
can be drawn from the estuary type (Table 7.1).  

Table 7.1 – Comparison of chlorophyll a estuary response classification scheme for NSW 
estuaries (Roper et al. 2010) 

Attribute 
Classification for chlorophyll a response 

Lake  River Lagoon 

Number of 
estuaries 

43 44 97 

Entrance type Most permanently open 
Some intermittent 

All permanently open All intermittent 

Geomorphic 
types 

Embayments 
Drowned river valleys 
Large lakes 

Riverine estuaries Small lakes 
Coastal lagoons 
Coastal creeks 

Dilution factor 
(ratio)* 

Very high: median 15 
Quartiles 7–27 

Low: median 0.4 
Quartiles 0.2–0.9 

Very low: median 0.4 
Quartiles 0.03–0.5 

Flushing time 
(days) 

Very long: median 52 
Quartiles 31–274 

Moderate: median 8 
Quartiles 6–15 

Long: median 49 
Quartiles 9–68 
Highly dependent on 
rainfall frequency 

Area (km2) Large: median 9 
Quartiles 4–33 

Moderate: median 2.4 
Quartiles 1.2–16 

Small: median 0.10 
Quartiles 0.02–0.29 

Implications for 
health 
assessment and 
plan 
development 

For systems with high 
dilution capacity and a 
related minor 
deterioration in water 
quality during rainfall, the 
significance of flushing 
time is reduced. Internal 
processing of pollutants 
will dominate flushing in 
reducing concentrations 
back to ambient levels. 

Following rainfall events, 
internal processing and 
flushing will reduce 
pollutant concentrations 
relatively quickly. As the 
dilution factor increases, 
the effect of rainfall 
events on water quality 
is reduced. 

These systems are 
very dynamic with 
highly variable water 
quality from the 
constant cycle of 
opening, closing, 
filling and 
subsequent 
breakout. 

* Dilution factor was calculated as the ratio of the estuary volume to the volume of runoff from a large rainfall 
event, assumed at 10% of the total annual inflow. For example, a factor of 15 would indicate that the estuary 
volume is 15 times larger than the runoff from a large rainfall event and substantial dilution could be expected. 

Key processes and interactions  

Numerous processes interact to influence estuary condition. They include physical, 
biological, chemical, social and economic processes. To some extent all estuaries interact 
with the open coast, either in terms of the influence of the estuary on the coastline or the 
influence of coastal processes on the estuary. However, the nature of these interactions will 
differ from estuary to estuary depending on the coastal setting and estuary type (See Section 
4.5) 
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Interactions between physical, chemical and biological processes determine the form and 
function of estuarine ecosystems. For example, various processes will determine the fate of 
nutrients discharged from estuarine catchments. These processes include physical dynamics 
(such as residence times and flushing), biogeochemistry (including nutrient cycling) and 
primary production (Including benthic algae, phytoplankton and macroalgae). 

For many estuaries, we may not fully understand these interactions; further data collection or 
research may be required and, depending on the nature of the information required, this may 
become a priority during production of a coastal zone management plan or may become a 
management action in the completed plan. Notwithstanding this, based on current 
knowledge, key estuarine processes should be identified and interactions between the 
various estuary processes recognised in the design of management actions.  

A range of processes should be considered in understanding and managing estuary health, 
including, but not limited to: 

• tidal behaviour 

• salinity regimes and mixing processes 

• sediment inputs (catchment and marine) and transport 

• primary and secondary production (including the dominant contributors and the 
distribution of primary producers such as seagrass, mangrove and salt marsh) 

• nutrient cycling.  

Pressures and stressors 

Pressures are generally human activities that influence the condition of an estuary, while 
stressors refer to physical, chemical or biological components of the environment that 
transfers the impact of a pressure onto resource condition (Scheltinga and Moss 2007). As 
such, a pressure influencing estuary condition could be urban development and a stressor, 
increased nutrient loads. Understanding the potential impacts and relative magnitude of key 
pressures and stressors on estuary health can help to avoid or manage undesirable 
outcomes. Some of the most common pressures and stressors acting on NSW estuaries are 
described further in Section 8.  

Conceptual models 

Conceptual models are a useful tool for describing, understanding and communicating 
estuary type, relevant processes, pressures and stressors. DECCW has developed a series 
of conceptual estuarine models (Claus and Imgraben 2009). The models may assist in the 
development and representation of management strategies as they simplify complex 
estuarine systems and identify the major ecosystem processes and key anthropogenic and 
natural pressures and stressors for different estuary types. The models illustrate the effects 
of pressures and indicate which management actions may be appropriate for addressing 
them. The conceptual models can also be used to inform monitoring programs by assisting in 
the selection of appropriate indicators to measure condition and pressure. 
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Macroalgae on the Georges River 
Photo: D. Wiecek, DECCW 

7.4 Assessing estuary health  

For many estuaries in NSW there may be little information available to help assess their 
health status. For others a particular aspect of estuary condition, such as algal abundance or 
seagrass distribution, may have been assessed. By contrast there are a few estuaries where 
there is considerable information available from ongoing monitoring that could provide an 
assessment of condition and also an understanding of the change or trend in condition over 
time.  

Establishing estuarine condition and response to pressures and stressors can be complex. 
However, in preparing a coastal zone management plan that manages risks to estuary 
health, an initial assessment of estuary health is necessary. If not already available, the 
health status may then act as a benchmark against which changes in condition can be 
assessed through an ongoing estuary health monitoring program (Section 9). The health 
assessment should include: 

• a description of the estuary, key processes and interactions, pressures and stressors 

• a review of available information including that from any ongoing monitoring programs, 
previous mapping exercises or research projects 
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• comparison of information against any relevant standards or reference condition (for 
example NSW Water Quality and River Flow Objectives, reference values determined by 
the NSW Monitoring Evaluation and Reporting Program and Australian and New Zealand 
Guidelines for Fresh and Marine Water Quality) 

• where necessary, collection of relevant information. The emphasis should be on 
information that directly informs the health assessment and that describes and quantifies 
relevant pressures and stressors. 

The estuary health assessment will provide the baseline condition against which 
management strategy implementation can be assessed.  

At this stage council may wish to communicate the outcomes of the estuary health 
assessment; this could in the form of a report card. Report cards generally assess a number 
of aspects that contribute to the health of an estuary and use those indicators to provide an 
overall assessment of estuary health, often communicating the health status as a score. 
Report cards have been prepared in a number of jurisdictions and are readily available. 

Questions for consultation draft: 

Is the information on assessing estuary health adequate for preparing coastal zone 
management plans? If not, what changes should be made? 

8 Threats and risks to estuary health  

Threats and risks to estuary health come from a variety of sources. The threats to estuary 
health can generally be thought of as the outcome of applying pressures and stressors that 
influence estuary health. The risk to estuary health is determined by assessing the likelihood 
of a particular threat, and its consequences.  

Stakeholder engagement is a key component in this process. Complementing an 
assessment of estuary health, engagement provides the social and economic context for 
managing estuary health. The aspirations of the local community will inform the 
determination of preferred management strategies. 

The coastal zone management plan should identify and prioritise the risks to estuary health 
and develop appropriate management strategies to avoid or mitigate those risks. In simple 
terms the risks to estuary health may be categorised on a scale from minor and acceptable 
to major and unacceptable. If a risk is deemed unacceptable it may be possible to apply 
mitigation or control measures such that the level of risk is reduced and the risks to estuary 
health are deemed acceptable. 

During development of the coastal zone management plan it may be identified that the health 
of the estuary has been compromised by nutrient loads from urban development and there is 
the potential for further intensification of land use around a poorly flushed embayment. The 
plan would need to assess the eutrophication risk from the proposed rezoning of land. As a 
minimum it would be necessary to determine the likely increase in nutrient loads and 
understand the estuary’s likely response to the increase considering the current health 
status. If there is a high likelihood of eutrophication, the consequences may include algal 
blooms, unpleasant odours and a reduction in recreational amenity. It may be deemed that 
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the risk is major and unacceptable. However, changing the scale, location and planning 
controls on the development may result in a reduced risk that may be deemed acceptable. 

When identifying threats and risks to estuary health it is important to consider not just 
existing, but also future threats and risks, such as those posed by potential changes in 
catchment land use or climate change. Some of the common threats to estuaries are shown 
in Table 8.1 and risks posed by climate change are discussed in Section 8.1.  

It should be remembered that when assessing risks there is likely to be considerable 
complexity and detailed data to inform the analysis will not always be available. However, the 
analysis of risks should always be based on the best available information and techniques, 
whether that is expert opinion or detailed numerical modelling. Where uncertainties or 
assumptions are apparent in the risk analysis, a precautionary approach to subsequent 
decision-making should be applied.  

8.1 Risks from climate change 

In assessing estuary health and determining management responses over the long term, 
risks associated with climate change will be a major consideration. Successful adaptation 
requires plans that reflect both the unique vulnerabilities and circumstances of particular 
estuaries and local community expectations and priorities. Plans need to realistically assess 
the extent and degree of risk and costs to implement mitigation measures, and be flexible 
enough to respond to changing conditions and understanding. 

While the exact response of estuarine processes to climate change may not be well 
understood, there are a number of aspects of climate change that should be considered, 
particularly sea level rise. The combined risks of climate change are likely to be complex, 
with changes to water levels (surface and groundwater), entrance condition, shoreline 
erosion, salinity distribution, habitat and species composition, distribution and recruitment.  

Climate change predictions are being refined as better models are developed. Predictive 
models that inform management decisions can be used initially to understand changes to the 
physical environment. Changes in physical processes will in turn influence biological and 
chemical processes. At a local scale many predictive models can be run with altered climatic 
conditions to predict resultant change (e.g. the rainfall/runoff model 2CSalt can be run with 
altered rainfall patterns to predict runoff changes). An adaptive, risk-based approach to 
managing the impacts of climate change should be adopted. 

Table 8.1 – Common threats to NSW estuaries 

Threat Pressures (examples) Stressors 
(examples)  

Potential outcomes 

Eutrophication Land clearance 
Poor land management 
practices 
Point source pollution, such 
as sewage treatment plants  
Non-point source pollution, 
such as runoff from urban 
environments 

Increase in nutrient 
loads 
Increase in 
sediment load  

Algal blooms  
Fish kills 
Unpleasant odours 
Reduction in 
recreational amenity 
Reduction in habitat 
and biodiversity 
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Threat Pressures (examples) Stressors 
(examples)  

Potential outcomes 

Loss of habitat 
and 
biodiversity 

Land clearance 
Poor land management 
practices 
Wetland filling and foreshore 
reclamation 
Secondary pressures such 
as degradation of estuarine 
water quality 

Habitat removal or 
disturbance 
Pest species 

Reduction in 
biodiversity 
Changes to food 
webs 
Threatened species 
and endangered 
ecological 
communities 

Sedimentation Land clearance (leading to 
soil erosion) 
Poor land management 
practices 
Water extraction 
Barriers to flow 

Accelerated 
sedimentation 
Change in 
hydrodynamics and 
sedimentation 
patterns 
Changes in tidal 
limits and salinity 
zones 

Siltation 
Reduced light 
penetration limiting 
aquatic plant growth 
Hazards for 
navigation 
Smothering of aquatic 
plants 

Pollution Land clearance 
Poor land management 
practices 
Point source pollution, such 
as industrial discharges  
Non-point source pollution, 
such as runoff from urban 
environments 

Increase in nutrient 
loads 
Increase in 
sediment loads 
Pesticides and 
organics 
Increase in 
pathogenic micro-
organisms 

Algal blooms 
Fish kills 
Unpleasant odours 
Reduction in 
recreational amenity 
Impacts on 
aquaculture and 
fisheries 
Reduction in habitat 
and biodiversity 

Acid sulfate 
Soils 

Land clearance and drainage 
Poor land management 
practices (including drain 
management) 

Acid runoff Water quality 
deterioration 
Toxic quantities of 
soluble iron and 
aluminium 
Impacts on 
aquaculture and 
fisheries 
Red spot disease in 
fish 
Fish kills 

An initial approach to managing climate change impacts may be to consider sea level rise 
projections (DECC 2009) and the impact on estuarine habitats most susceptible to 
inundation. For example, a management strategy is required to address the increasing risk of 
inundation of fringing, low-lying ecosystems such as salt marsh. While the rate at which 
accretion may occur in salt marsh may not be well understood, an appropriate strategy would 
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be to identify adjacent areas where migration to elevations commensurate with ongoing sea 
level rise may be possible and planning undertaken to protect those areas for that purpose. 

In providing estuaries with the best chance to adapt to climate change the goal should be to 
reduce the risk associated with as many pressures and stressors as possible so that 
ecological processes are in their best condition. While climate change may increase the risk 
associated with existing threats (such as eutrophication and loss of habitat), many best 
management practices to reduce the impacts of these threats may also be applied as part of 
adaptation strategies for climate change. 

Questions for consultation draft 

Is the information on assessing threats to estuary health adequate for preparing coastal zone 
management plans? If not, what changes should be made? 

 

Floating litter on the Georges River 
Photo: D. Wiecek, DECCW 
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9 Strategies for managing risks to estuary health 

9.1 Setting estuary health targets 

Management strategies for estuaries need to consider and support the broader policies, 
strategies and targets identified at the State, regional and catchment level (including the 
State Plan, Regional Strategies and Catchment Action Plans). 

The State Plan adopts a natural resource target for estuaries: 

‘By 2015 there is an improvement in the condition of estuaries and coastal lake ecosystems’.  

Coastal zone management plans addressing estuary health should be consistent with the 
broader targets and provide estuary-specific targets or objectives that seek to maintain or 
improve overall estuary health as well as targeting specific aspects of estuary health. Targets 
should: 

• be specific in that they are well-defined and clear in their intent 

• be measurable so that their achievement or otherwise can be tracked 

• be achievable and realistic given the understanding of estuary type, key processes and 
current condition 

• provide a timeframe for achievement. 

9.2 Developing estuary health management strategies 

The risk of degradation of estuary health or opportunities for improvement will guide the 
development and prioritising of management strategies and actions. The input and expertise 
of relevant stakeholders should also be used in developing management strategies. 

Once the health of an estuary has been assessed, including identifying the key estuarine 
processes and significant threats and risks, the appropriate management actions will need to 
be determined. A risk-based approach should be used to identify which threats are affecting 
or have the greatest potential to affect estuary condition. Such an approach can also be used 
to set priorities for investment between estuaries of varying condition, pressure and 
vulnerability. 

In simple terms, managing estuary health can be thought of in terms of condition and 
pressure: 

1 Estuaries that are in good condition and under low pressure: management strategies 
should aim to protect key processes, so that overall health is maintained.  

2 Estuaries that are in a poor condition and under high pressure: management 
strategies should aim to protect or reinstate key ecosystem elements and target key 
threats and risks to improve aspects of estuary health. 

3 Estuaries that are in good condition but under high pressure: management strategies 
should target key threats and risks; ongoing monitoring should ensure health is 
maintained or improved. 
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4 Estuaries that are in poor condition but under low pressure: management strategies 
are likely to include further monitoring and research to better understand estuarine 
processes and responses.  

It is far easier and more cost effective to protect estuarine ecosystems that are in good 
condition than to return those in a poor condition toward their natural state. As such, 
strategies that protect key processes and high quality assets should be given priority.  

For estuaries without adequate condition assessments, where additional data collection and 
monitoring is underway, information about pressure could be used to guide management in 
the interim, together with an understanding of the estuary’s vulnerability to degradation. 

Scenarios that reflect current and future estuary and catchment activities should be 
developed. Scenarios will represent potential changes to the estuary. A change in one 
process will often instigate changes in others. Determining the nature, magnitude and 
likelihood of these changes and their acceptability will allow preferred management 
strategies to be developed and trade-offs to be identified. Where there is adequate 
information it may be possible to quantify the changes in terms of threshold values or by 
setting acceptable limits for change.  

There may be a number of ways to achieve the specified objectives. Evaluating and 
narrowing the range of options should be undertaken by assessing the combination of 
management strategies that best meet the targets and objectives. Detailed investigation of 
some strategies may be required, particularly where these are likely to be costly or the 
benefits from the action can only generally be qualified. Table 9.1 demonstrates the 
documentation of targets, threats, management scenarios and methods used for evaluating 
preferred management strategies. 

A variety of tools can be used to assist in the identification and evaluation of management 
options. These include computer models, cost-benefit analysis, multi-criteria analysis, social 
impact assessment and decision support tools. Methodologies are available that assign 
economic values to natural ecosystems and their components; these can be used as part of 
a cost-benefit analysis of management scenarios. 

Management strategies should be feasible, achievable, cost effective, and clearly linked to 
outcomes (e.g. the targets in Section 9.1) and performance indicators so the impact of their 
implementation can be assessed. Responsibility for implementation should be clear, and 
authorities responsible for implementation should be involved in plan development. 
Implementation may occur over the short, medium and long term depending on the priority 
assigned to the action, costs and effectiveness in addressing a specific threat or range of 
threats.  

9.2.1 Types of management strategies  

• Planning and development controls are particularly useful for preventing inappropriate 
future use and development of land or managing the form of redevelopment. Planning 
controls also have the potential for resolving existing problems when linked with 
appropriate incentive mechanisms. 

• Works programs include measures that repair or rehabilitate estuarine environments, 
prevent or mitigate potential threats, and improve public amenities or infrastructure. 
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• Education and awareness programs can be designed to increase knowledge and 
awareness, reduce detrimental activities and promote community involvement in 
management and rehabilitation. 

• Monitoring programs can provide ongoing information for assessing changes in estuary 
health or the effectiveness of management strategies. Information from monitoring 
programs should be used to refine or improve management practices and review and 
update management plans. 

Questions for consultation draft: 

Is the guidance on managing risks to estuary health adequate for preparing coastal zone 
management plans? If not, what changes should be made? 
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Table 9.1 – (Example) Evaluation of potential management strategies for Big Lake Coastal Zone Management Plan 

Targets Current pressures  Future scenarios  Threat Key processes1 Potential 
management actions 

Method of assessment2 

Reduce 
chlorophyll a 
levels from 
12 ug/L to 6 ug/L 
in the main basin 
by 2020 

Urban stormwater 
entering at Red Point 
not adequately 
treated 
Rural land practices 
around Farm Village, 
particularly absence 
of riparian vegetation 
along Cow Creek 

Rezoning of 100 ha 
rural land around 
Big Town to 
residential 

Increasing 
frequency of algal 
blooms in 
spring/summer 
affecting 
recreational 
amenity 

Nutrient cycling 
Flushing times 

Upgrade stormwater 
treatment devices (in 
order of priority) at: 
• Main Street 
• Boat Reserve 
• Second Street 
Establish and manage 
riparian zones along 
Cow Creek 
Maintain rural zoning 
around Big Town 

Modelled contribution of 
stormwater from urban 
sub-catchments 
Big Lake Decision 
Support Tool  
Coastal Eutrophication 
Risk Assessment Tool  

Expansion of 
seagrass beds 
around Red Point 
from 2006 
distribution 

Urban stormwater 
entering at Red Point 
not treated 
Nutrient and 
sediment inputs from 
Cow Creek 
catchment 
Boat traffic and 
anchoring in shallow 
areas adjacent to 
Red Point 

Rezoning of 100 ha 
rural land around 
Big Town to 
residential 
Increasing boat 
traffic accessing 
boat ramp at Red 
Point 

Impacts on 
aquatic biota 
(including fish) 

Water quality 
(particularly clarity) 
Sedimentation 
Primary production 
Fish recruitment 

As above 
Boating exclusion 
zone around seagrass 
beds 

As above 
Expert advice 

1 Detailed descriptions and discussion of key processes should be outlined in an estuary health assessment study or elsewhere in the plan. 
2 Detailed descriptions of how strategies will be assessed should be outlined elsewhere in the plan. 
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Saltmarsh regeneration adjacent to a seawall, Pearl Bay, Mosman 
Photo: D. Wiecek, DECCW 

9.3 Strategies to protect or provide appropriate public access  

Public access to estuaries and foreshores should be protected and promoted by developing 
strategies – as part of the coastal zone management plan – that balance user needs, 
address safety issues and result in a positive outcome for estuary health and amenity. 

Strategies for managing public access and amenity should consider: 
• opportunities to protect, restore or improve public access (e.g. where unauthorised 

structures impede reasonable public access and reduce amenity they should be removed) 
• risks to public safety and potential conflict with other forms of usage 
• the level of demand 
• the context, and the type of experience that users seek to obtain from that location. The 

types of public access and any associated facilities should vary between near natural 
foreshores and highly developed foreshores 

• appropriate siting, so that public access will not be impeded or threatened by natural 
processes such as erosion and accretion or inundation (e.g. in the event of coastal lake 
closure or as a result of sea level rise in the longer term) 

• the current and potential impact of public access upon the estuarine environment. 
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Most importantly public access should be accommodated in such a way that estuary health is 
not compromised; estuary ecosystems should not be degraded through uncontrolled and 
inappropriate access. Potential damage from access and recreational activities should be 
recognised and action undertaken to reduce usage of sensitive areas. For example, where 
public access into wetlands is from multiple uncontrolled access points, these points should 
be rationalised so that access is maintained without disturbing the function of the wetland.  

The Coastal Design Guidelines for NSW (Coastal Council of NSW 2003) provide urban 
design principles and guidance for the design of urban development and redevelopment in 
the NSW coastal zone. Councils are required to include provisions that give effect to and are 
consistent with the Coastal Design Guidelines in preparing a draft local environmental plan, 
and the principles and guidance relating to enhancing public access and urban amenity may 
also be useful in preparing coastal zone management plans. 

Strategies in coastal zone management plans that protect or enhance public access and 
amenity may require implementation through other mechanisms. Where this is the case the 
mechanism for implementation should be clearly stated. Mechanisms that can be used to 
ensure public access is protected or promoted may include: 

• access requirements in environmental planning instruments with associated development 
consent conditions for foreshore development 

• where public access to foreshores is restricted by private land, consideration should be 
given to reserving land for future public acquisition. Due to the high costs of land 
acquisition, this option is generally only suitable for proposals with the highest priority  

• appropriate provisions in plans of management for community land or Crown reserves, 
prepared under the Local Government Act 1993 and Crown Lands Acts 1989 respectively.  

10 Managing entrances to estuaries 

More than two-thirds of the estuaries in NSW are coastal lakes or lagoons. Of those about 
70% have entrances blocked by the build-up of beach sand for the majority of the time 
(Haines 2008). Those estuaries are often referred to colloquially as ICOLLs (intermittently 
closed and open lakes and lagoons). 

When entrances are closed, rainfall and runoff increase water levels in the estuary and often 
cause inundation of low-lying foreshore areas. Depending upon the amount, intensity and 
location of rainfall and catchment size and morphology, water levels will either creep up 
slowly or rise rapidly until they overtop the level of the entrance berm. When this occurs the 
berm breaches and high velocity outflows scour an entrance channel (Haines and Thom 
2007). Put simply, the balance between coastal processes (acting to infill the entrance with 
beach sand) and fluvial processes (acting to scour sand out of the entrance) will determine 
whether an entrance is open or closed (Haines 2008). 

Due to the unpredictable nature of rainfall in south-east Australia, the opening behaviour of 
estuaries can be intermittent and erratic and the salinity regime is comparatively variable 
(Roy et al. 2001). As the opening and closing of estuary entrances has been occurring 
naturally, the plants and animals residing in and around them have adapted to the variability 
in environmental conditions.  
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Over time, intervention in the behaviour of many lake entrances has occurred for various 
reasons including:  

• mitigating potential damage or inconvenience to low-lying properties and other assets 
(yards, access roads, septic tanks and homes) 

• alleviating actual or perceived water quality problems 

• attempts to enhance fish and prawn recruitment 

• pressure from local communities who negatively perceive closed entrances. 

For about half of the ICOLLs in NSW artificial opening is undertaken to manage foreshore 
inundation (Haines 2008). The need to open coastal lakes for this reason is the result of poor 
planning decisions in the past, with artificial opening often being carried out in an ad hoc 
manner giving little regard to the necessary approval and assessment processes (HRC 
2002) and long-term impacts of the activity. 

Artificial entrance management involves opening entrances at a level lower than the natural 
breakout range. When consistently opening at lower levels, the hydrology of fringing 
wetlands is changed, reducing inundation periods (Spurway et al. 2000). Many coastal lakes 
have fringing communities of the endangered ecological community coastal saltmarsh. 
Reduced fish habitat and stock (Jones and West 1995), increased sand shoaling at the 
entrance (Haines 2007), marinisation through increased salinities, and reduced opening 
duration (Spurway et al. 2000) are other outcomes from artificial entrance opening. Fish kills 
have also been associated with entrance openings (Wilson et al. 2002 and Arundel 2006). 
Even when they are open, tidal flushing within these estuaries is often relatively limited, such 
that catchment pollutants are likely to be retained. 

10.1 Developing an entrance management policy 

There may be circumstances where opening an estuary entrance or maintaining an entrance 
berm at a certain level will be warranted, usually for the purposes of flood mitigation. Under 
those circumstances a public authority can use the State Environmental Planning Policy 
(Infrastructure) to assess the activity in accordance with Part 5 of the Environmental Planning 
and Assessment Act 1979.  

In conjunction with the statutory requirements for environmental impact assessment, an 
entrance management policy should be developed that establishes the framework for 
managers to make informed decisions about whether or not to open the entrance of a coastal 
lake, and the conditions for opening to occur. The policy should be a mechanism to ensure: 

• entrance opening follows as natural a regime as possible within the constraints of property 
inundation and flooding of infrastructure 

• a clear decision-making and approval process is followed in relation to artificial openings  

• communities are aware of the arrangements for artificial opening, and unauthorised 
openings are deterred. 

There are a number of ways councils can develop entrance management policies. 

• If inundation and flooding is significant, entrance management should be considered as 
an option within a floodplain risk management plan. 
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• Where inundation is affecting assets such as foreshore reserves, yards, boat ramps, 
jetties or access roads the policy should be part of a coastal zone management plan, or a 
stand-alone policy arising from a coastal zone management plan. 

• Interim entrance management policies would be appropriate where the need for entrance 
management is apparent but preparation of a floodplain risk management plan or coastal 
zone management plan is yet to begin or negotiations regarding critical assets are likely to 
be lengthy.  

Regardless of the mechanism used to prepare an entrance management policy, the draft 
policy should be placed on public exhibition and the adopted policy made available through 
council’s website. 

As the long-term goal of entrance management policies should be to retain or progressively 
reinstate natural entrance behaviour, the progressive removal, relocation or modification of 
assets and activities that are affected by inundation or that may create public health 
problems when water levels are high, may be required. Given the pattern of development 
around some estuaries this may not be a realistic or cost effective goal. In those situations 
entrance management should take into account critical ecosystem processes and emphasise 
long-term planning to ensure redevelopment in affected locations does not further 
compromise entrance management. Entrance management policies should be key 
considerations in locating new assets or development. 

10.2 Minimum requirements for an entrance management policy 

An entrance management policy should include, as a minimum: 

• purpose of the policy 

• description of the state of the entrance and physical processes contributing to its state, 
including the water level records, rainfall response, opening frequency, location and 
duration 

• identification, location and elevation of affected assets 

• likely impacts of the policy on the environment, social and economic assets 

• consideration of the impacts of climate change on entrance condition and inundation 

• monitoring protocols both before and after opening events, e.g. water levels, water quality, 
presence of threatened species 

• the decision-making process leading to intervention 

• responsibilities, procedures and accountabilities in relation to artificial opening, including 
when, where and how openings are undertaken and any requirements for environmental 
assessment, monitoring and consultation required before artificial opening events 

• measures to be implemented to avoid or mitigate impacts, including actions required to 
minimise intervention in the longer term 

• a communication strategy to increase community understanding 

• a mechanism for reviewing and updating the policy, including linking key measures for 
minimising intervention to a review of opening conditions. 
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Relevant agencies, including those from which approvals or licences will be required, should 
be consulted during formulation of the policy. If possible standard conditions of approval 
should be developed to streamline the process required at the time of initiating any works.  

Questions for consultation draft 

Is the information on preparing an entrance management policy adequate? If not, what 
changes should be made? 

 

Narrabeen Lagoon entrance opening 
Photo: D. Wiecek, DECCW 

11 Estuary health monitoring programs 

Monitoring is the key to adaptive management. The ultimate test of the effectiveness of a 
monitoring program is the extent to which its results influence management decisions.  

An adequate assessment of changes in estuary health over time can only be determined 
through a regular monitoring program. Unfortunately many monitoring programs are ill-
defined and there is an expectation that by collecting regular data the program will provide 
the answers to a myriad of different questions, many not defined from the outset of 
monitoring. In order to inform management decision-making monitoring programs need to be 
designed to meet specific objectives. 
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A well-designed condition monitoring program will provide information on an estuary’s health 
and trajectory (is it getting better or worse?). Generally, a monitoring program will involve the 
repeated measurement of selected indicators. Condition indicators can be used to provide 
information on the cumulative effects of actions by assessing biological attributes that reflect 
key components of estuarine ecosystems (e.g. algae and seagrass). Indicators that reflect 
the key pressures acting upon an estuary should also be monitored, particularly where there 
is a known link between the pressure and the condition indicators. 

An estuary health monitoring program will generally be different to a performance monitoring 
program which aims to assess whether implementing a specific management strategy has 
resulted in a measurable change in the environment, for example a reduction in nutrient 
levels in receiving waters after a sewage treatment plant upgrade.  

The NSW Monitoring, Evaluation and Reporting (MER) Program provides a system for 
monitoring and reporting on estuary condition against statewide natural resource targets. 
State of the Catchments reports (SoC) (NSW Government 2010) describe the condition of 
and pressures acting on estuaries in NSW. The initial round of reports presents a baseline 
against which future change can be assessed.  

Data collected as part of the NSW MER Program is collected to inform reporting at a State 
and regional scale. At the local scale, managers may need to add indicators relevant to local 
issues or to increase the spatial and temporal frequency of monitoring.  

A range of condition and pressure indicators is being monitored to inform the SoC reports. 
The condition indicators focus on biological endpoints that represent elements of the 
structure, function and composition of estuarine ecosystems (namely eutrophication, habitat 
availability and fish assemblages). The pressure indicators represent elements that when 
changed are likely to have the greatest influence on condition, including cleared land, 
population density, changes in freshwater flows, sediment and nutrient inputs and disturbed 
habitat.  

Further information on the NSW MER Program (Estuaries Theme), including monitoring 
protocols, is available from Roper et al. (2010), Scanes et al. (2009) and Creese et al. 
(2009). A number of CMAs have also produced guidance documents to assist in designing 
and implementing local and regional estuary health monitoring programs (e.g. Fraser 2008). 
General guidance on assessing estuary health, selection of indicators and monitoring 
protocols, and assessment and reporting frameworks is available from Ward et al. (1998), 
ANZECC (2000), National Land and Water Resources Audit (2002), Scheltinga et al. (2004), 
Department of Water (WA) (2008), NSW Water Quality and River Flow Objectives 
(www.environment.nsw.gov.au/ieo/index.htm) and OzCoasts (www.ozcoasts.org.au/). 

Questions for consultation draft 

Is the information on monitoring estuary health adequate for preparing coastal zone 
management plans? If not, what changes should be made? 
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12 Glossary 

Artificial headland Man- made offshore structures connected to the shoreline to 
provide coastal protection or to restrict longshore transport. 

Beach berm That area of shoreline lying between the swash zone and the dune 
system. 

Beach erosion The offshore movement of sand from the sub-aerial beach during 
storms 

Beach nourishment The supply of sediment by mechanical means to supplement sand 
on an existing beach or to build up an eroded beach. 

Breakwater Structure protecting a shoreline, harbour, anchorage or basin from 
ocean waves. 

Buffer zone An appropriately managed area between beach and development, 
within which coastline fluctuations and hazards can be 
accommodated in order to minimise damage to the development. 

Coastal structures Structures on the coastline designed to protect and rebuild the 
coastline or enhance coastal amenity and use. 

Coastline hazards Detrimental impacts of coastal processes on the use, capability and 
amenity of the coastline. These guidelines identify seven coastline 
hazards: 

• beach erosion 

• shoreline recession 

• sea level rise 

• entrance instability 

• coastal inundation 

• slope and cliff instability 

• stormwater erosion. 

Coastal zone The area within the coastal waters of the State and the area of land 
and the waters that lie between the western boundary of the coastal 
zone as shown on gazetted maps (generally 1 km inland from the 
open coast and estuaries) and the landward boundary of the 
coastal waters of the State. 

Damage potential The susceptibility of coastline development to damage by coastline 
hazards. 

Dune management All activities associated with the restoration or maintenance of the 
role and values of beach dune systems; dune management 
activities and techniques include planning, dune reconstruction, 
revegetation, dune protection, dune maintenance and community 
involvement. 
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Dune protection The management technique by which the dune system is protected 
from damage by recreational and development activities; dune 
protection activities generally include the use of fences, access 
ways and signposts to restrict and control access to dune systems. 

Ebb tide The outflow of coastal waters from bays and estuaries caused by 
the falling tide. 

Entrance instability Refers to the tendency of entrances to estuaries and coastal lakes 
to migrate along the shore, close up, reopen, form new entrances, 
etc. in response to wave and current action and freshwater flows. 

Estuary Estuaries occur where rivers and streams meet the sea and interact 
with coastal processes. The term estuary is derived from the Latin 
aestus (‘tide’), indicating that tidal processes contribute to estuarine 
morphology and generally drive estuarine processes (Short and 
Woodroffe 2009). 

Flood tide The inflow of coastal waters into bays and estuaries caused by the 
rising tide. 

Foredune The larger and more mature dune lying between the incipient dune 
and the hinddune area (see ‘Sand dunes’). Foredune vegetation is 
characterised by grasses and shrubs. Foredunes provide an 
essential reserve of sand to meet erosion demand during storm 
conditions. During storm events, the foredune can be eroded back 
to produce a pronounced dune scarp. 

Groynes Low walls built perpendicular to a shoreline to trap longshore 
sediment. Typically, sediment build-up on the updrift side of a 
groyne is offset by erosion on the downdrift side. 

Hazard Occurrence or change in a set of circumstances relating to the 
physical aspects of coastal processes. To constitute a hazard, the 
change gives rise to a potential negative impact on life or property 
located within close proximity to the coastline. 

Hinddunes  Sand dunes located to the rear of the foredune. Characterised by 
mature vegetation including trees and shrubs. 

Incipient dune The most seaward and immature dune of the dune system. 
Vegetation characterised by grasses. On an accreting coastline, the 
incipient dune will develop into a foredune. 

Littoral zone Area of the coastline in which sediment movement by wave, current 
and wind action is prevalent. The littoral zone extends from the 
onshore dune system to the seaward limit of the offshore zone and 
possibly beyond. 

Longshore currents Currents flowing parallel to the shore within the inshore and 
nearshore zones. Longshore currents are typically caused by 
waves approaching the beach at an angle. The ‘feeder’ currents to 
rip cells are another example of longshore currents. 
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Nearshore zone Coastal waters between the offshore bar and the 60 m depth 
contour. Swell waves in the nearshore zone are unbroken, but their 
behaviour is influenced by the presence of the seabed. (This 
definition, adopted for these guidelines, is based on wave motion 
considerations rather than sedimentology.) 

Refraction The tendency of wave crests to become parallel to bottom contours 
as waves move into shallower waters. This effect is caused by the 
shoaling process which slows down waves in shallower waters. 

Rip currents Concentrated currents flowing back to sea perpendicular to the 
shoreline. Rip currents are caused by wave action piling up water 
on the beach. Feeder currents running parallel to the shore 
(longshore currents) deliver water to the rip current. 

Risk Effect of uncertainty on objectives, is usually characterised by 
reference to potential hazards and their consequences, or a 
combination of these. It is also expressed as a combination of 
consequences of a hazard and the associated likelihood of 
occurrence. 

Sand drift The movement of sand by wind. In the context of coastlines, sand 
drift is generally used to describe sand movement resulting from 
natural or human-induced degradation of dune vegetation, resulting 
in either nuisance or major drift. Sand drift can damage buildings, 
roads, railways and adjoining natural features such as littoral 
rainforest or wetlands; sand drift can be a major coastline hazard. 

Sand dunes Mounds or hills of sand lying to landward of the beach berm. Sand 
dunes are usually classified as an incipient dune, a foredune or 
hinddunes. During storm conditions, incipient and foredunes may 
be severely eroded by waves. During the intervals between storms, 
dunes are rebuilt by wave and wind effects. Dune vegetation is 
essential to prevent sand drift and associated problems. 

Scarp Also known as the dune scarp and backbeach erosion. 
Escarpment. The landward limit of erosion in the dune system 
caused by storm waves. At the end of a storm the scarp may be 
nearly vertical; as it dries out, the scarp slumps to a typical slope of 
1V:1.5H. 

Seawalls Walls built parallel to the shoreline to limit shoreline recession. 

Sediment budget An accounting of the rate of sediment supply from all sources 
(credits) and the rate of sediment loss to all sinks (debits) from an 
area of coastline to obtain the net sediment supply or loss. 

Sediment sink A mode of sediment loss from the coastline, including longshore 
transport out of area, dredging, deposition in estuaries, windblown 
sand, etc. 

Sediment source A mode of sediment supply to the coastline, including longshore 
transport into the area, beach nourishment, fluvial sediments from 
rivers, etc. 
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Sediment transport The process whereby sediment is moved onshore and offshore by 
wave, current and wind action. 

Shoreline recession A net long-term landward movement of the shoreline caused by a 
net loss in the sediment budget. 

Storm surge The increase in coastal water level caused by the effects of storms. 
Storm surge consists of two components: the increase in water 
level caused by the reduction in barometric pressure (barometric 
set-up) and the increase in water level caused by the action of wind 
blowing over the sea surface (wind set-up). 

Sub-aerial beach That part of the beach which is uncovered by water 

Surf zone Coastal waters between the breaker zone and the swash zone 
characterised by broken swell waves moving shorewards in the 
form of bores. 

Swash zone That area of the shoreline characterised by wave uprush and 
retreat. 

Tides The regular rise and fall of sea level in response to the gravitational 
attraction of the Sun, Moon and planets. Tides along the NSW 
coastline are semi-diurnal in nature, i.e. they have a period of about 
12.5 hours. 

Training walls Walls constructed at the entrances of estuaries and rivers to 
improve navigability. 

Tsunami Long-period ocean waves generated by geological and tectonic 
disturbances below the sea. Incorrectly referred to as tidal waves’, 
Tsunami travel at speeds of up to 800 km/h in the open ocean, 
where they are of low height. However, tsunami can rise to a height 
of 10 m or more through the shoaling process as they approach 
land. 

Wave height The vertical distance between a wave trough and a wave crest. 

Wave run-up The vertical distance above mean water level reached by the 
uprush of water from waves across a beach or up a structure. 

Wave set-up The increase in water level within the surf zone above mean still 
water level caused by the breaking action of waves. 

Windborne sediment 
transport 

Sand transported by the wind. Sand can be moved by the 
processes of suspension (fine grains incorporated in the 
atmosphere), saltation (medium grains ‘hopping’ along the surface) 
and traction (large grains rolled along the surface). 
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14 Appendix A – Coastal risk management options 

A1 – Options for risk avoidance 
This approach involves preventing future development that would increase the community’s 
exposure to risk from coastal hazards. Avoiding potential risk from coastal hazards has direct 
implications for both the planning and development control functions of councils. In particular, 
it requires that planning instruments include provisions to exclude future development from 
high-risk locations. 

Options for avoiding risks associated with coastal hazards include: 

Development prohibitions or restrictions 

Building and infrastructure (including social infrastructure) development should be sufficiently 
set back from areas subject to coastal hazards to reduce the associated risk to an 
acceptable level. Development setback provisions should be included in council 
environmental planning instruments, either as a buffer area (zone) or buffer strip, where no 
development is permitted under zoning provisions, or as restrictive zoning, where stringent 
controls are placed on new development where such development is permitted under 
existing zoning, or where high recession rates have eroded earlier buffer zones. Buffer areas 
can also be established to include foreshore dunes to reduce coastal hazards.  

Where rates of coastal recession are high, building setback lines will provide only short to 
medium term relief from coastal hazards. It is likely that building setback will need to be 
combined with other conditions such as foundation design requirements, time-limited 
development consents or trigger-limited consent conditions (requiring relocation when a 
specified trigger is met).  

Setback provisions can also be included in infrastructure planning (e.g. roads and utilities). 
Plans of management for community land or Crown reserves should ensure that walking 
tracks, viewing platforms and other forms of low-key development are located clear of 
hazardous areas and are designed to minimise risks to users.  

Building design criteria 

Design criteria, such as specifications for pile foundations and flexible construction methods, 
can be applied in areas subject to minor foundation movement or zones of reduced 
foundation capacity to limit damage to buildings and structures. On sandy beaches subject to 
erosion or recession, this may involve the use of piles of a specified depth to ensure that the 
building remains standing if the sand beneath it is eroded away. Minimum floor levels, the 
use of suitable building materials and flood proofing can also be used for areas subject to 
coastal inundation hazards. The extent of houses affected by coastal inundation will increase 
with sea level rise; this will become an increasingly important management option in the 
future. 

A2 – Options for reducing coastal hazard likelihood 
This approach involves measures that reduce the likelihood of a coastal hazard such as 
wave action, coastal inundation and slope instability affecting a particular area. Possible 
measures include the following: 
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Options for all coastal hazards: revegetation programs  

Revegetation can be a highly effective solution for soil and sand dune stability problems. 
Root reinforcement in soils increases soil cohesion, reduces soil erodibility and soil moisture, 
and increases slope stability. Vegetation is also visually attractive, relatively inexpensive, 
self-repairing and has important ecological value. However, vegetation can be slow or 
difficult to establish on steep or rocky coastal sites, and is unable to resist wave erosion. 
Particular attention should be given to using locally indigenous coastal species, and 
minimising susceptibility to invasion by environmental weeds such as bitou bush.  

It is important that the integrity of the foredune system is maintained during and following any 
development. If the dunes are damaged during the development process, or by the day-to-
day use of a facility, future management costs will increase. Dune management is intended 
to maintain the integrity of the dune system as nature's last line of defence to buffer against 
wind and wave attack. Dune stability is based primarily on maintaining the dunes' protective 
mantle of fragile vegetation and can be augmented with beach scraping works to speed up 
the natural recovery cycle.  

For further information on dune restoration, see DLWC (2001). 

Options for sandy beaches and estuary entrances: coastal protection works 

Coastal protection works are structures or other works designed to prevent the removal of 
sand along a shoreline by coastal wave action during storms of a magnitude up to a design 
storm event. Works can be constructed on a short-term or temporary basis (e.g. through the 
use of sandbags and sand-filled geotextile fabric containers) or on a long-term basis 
constructed from rock or concrete. Access through new developments or redevelopments 
may be required to facilitate the maintenance of coastal protection works for existing 
buildings at risk of erosion or recession hazards. 

For further information on coastal protection works, see Brampton (2002) and U.S. Army 
Corps of Engineers (2002).  

Examples of coastal protection works include: 

• Seawalls and revetments – walls built along the shoreline to minimise wave erosion. 
Seawalls are constructed as nearly vertical walls and revetments are sloping walls. 
Seawalls are best designed as continuous structures over the full length of coastline to be 
protected. They are not well-suited to the protection of isolated properties. In these 
circumstances, erosion around the ends of the wall can lead to collapse if this problem is 
not addressed in the design. While seawalls can be constructed anywhere up the beach 
profile, they are best located in the higher regions where only waves from extreme storm 
events can reach them. During normal conditions sand is returned to the beach in front of 
the seawall and recreational amenity of the beach is re-established. 

When considering the construction of a seawall in an estuary, particular care should be 
given to maximise the environmental and habitat values of the seawall. Techniques may 
include incorporating estuarine and riparian vegetation, providing variation of texture and 
form on the seawall surface and the use of low sloping wall surfaces such as boulders 
seaward of the main wall. For specifics on the various approaches refer to SMCMA and 
DECC (2009). 

• Groynes – structures built perpendicular to the shoreline protruding into coastal waters. 
Groynes are generally made of wood, concrete or rock and placed in groups known as a 
groyne field. For groynes to be effective there must be a supply of sand from either 
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longshore transport or from beach nourishment. In a longshore transport situation, sand is 
trapped on the updrift side of the groyne. As the groyne embayment fills, the alignment of 
the shoreline changes to become more normal to the wave direction. During this filling 
process, there is a consequent reduction in sand supply downdrift of the groyne. This 
results in shoreline erosion at downdrift locations. Dune management measures may be 
required both updrift and downdrift to accommodate changes in the beach and dune 
systems.  

Where groynes are used, it is essential that their effect on the downdrift coastline and the 
consequences of a changed shoreline alignment are closely examined. Downdrift erosion 
can be reduced by artificially filling the groyne embayment under a beach nourishment 
program. This minimises disruption to the longshore transport process as the embayment 
fills. Groynes do not significantly affect onshore or offshore movement during storms and 
are therefore not usually effective as a means of managing short-term erosion 

• Offshore breakwaters – structures built approximately parallel to the beach but at some 
distance offshore. Their purpose is to reduce the intensity of wave action in inshore waters 
and thereby reduce coastal erosion. Offshore breakwaters are normally constructed from 
the same materials as seawalls and may protrude above water level or be submerged; 
they may also be either continuous or consist of a series of segments. Offshore 
breakwaters can be used to reduce erosion at a beach which has no net longshore 
transport. However, if longshore transport exists, an offshore breakwater will instead act 
like a groyne and cause downdrift erosion. Offshore breakwaters are not a common form 
of coastal protection along the NSW coast, as they are generally costly to construct 
because of the prevailing wave climate and their use is limited to the protection of 
sheltered areas not exposed to full wave attack. 

• Artificial headlands – structures constructed for the purpose of acting in a similar role to 
a large groyne, although extending into deep water to restrict longshore sediment 
transport. For the open coast, this form of protection requires large and expensive 
structures. Consequently, their use should be restricted to more protected shallow areas 
with lower energy wave conditions. 

• Configuration dredging – dredging to a pattern such that wave refraction limits the 
effects of wave action on a stretch of coastline. Its usefulness on the open coast is 
restricted by the variety of wave directions possible and the scale and cost of works 
required. It is more applicable to sheltered bays and should only be considered in an 
environment where there is great confidence in the understanding of the coastal 
processes. 

• Training walls – rock or concrete walls built to constrain a river or creek discharging 
across a sandy coastline. Properly designed and constructed training walls can stabilise a 
coastal entrance, improve navigation and help mitigate estuarine flooding. However, 
training walls may also markedly alter patterns of erosion and deposition, both within the 
estuary and on the coastline either side of the entrance. They can also have a marked 
effect on the tidal range of the estuary and thereby estuarine ecology. 

• Hybrids or combinations – when planning protection works combinations of options or 
‘hybrid’ approaches should also be considered, particularly where existing development 
lies within the hazard zones. For example, ‘hard’ protection structures (i.e. seawalls) can 
be combined with development controls such as setback limits, or may be augmented with 
other protection measures such as beach nourishment to improve outcomes or to offset 
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environmental and recreation amenity impacts that may be associated with particular 
options.  

• Beach nourishment – like groynes, beach nourishment provides coastal protection and 
increases beach amenity by building a wider beach. However, unlike groynes, 
nourishment does not promote erosion in downdrift locations of the beach. It is a favoured 
means of beach protection for resort and high amenity beaches because it promotes 
amenity and, unlike some other structural measures, does not have adverse effects on 
adjacent areas of the coastline.  

Provided sufficient sand is used, beach nourishment can provide total protection. 
However, it may be an expensive means of control and further nourishment may be 
required in the future. To prevent excessive offshore losses of the placed material, the 
nourishment sand should be similar in size or preferably slightly coarser than the natural 
beach material. For any beach nourishment program, the volume and frequency of 
placement of sand depends upon the rates of both offshore and onshore losses. Offshore 
loss depends upon the wave exposure of the site and the grain size of the sand, whereas 
onshore loss occurs through sand drift. 

• Enforcement of regulations preventing illegal works placed on beaches by or on 
behalf of landowners is an important option for reducing the erosion associated with illegal 
works such as rock or debris dumped on a beach as an ad hoc seawall. Enforcement 
provisions are available under the Coastal Protection Act 1979, as well as the 
Environmental Planning and Assessment Act 1979 and the Crown Lands Act 1992 (for 
works on Crown Land).  

Options for coastal cliff instability: cliff and slope stabilisation works 

Various forms of cliff and slope stabilisation works are available to reduce the likelihood of 
failure. These include:  

• Weight reduction or unloading is a technique used to reduce the gravitational forces 
contributing to instability. This may involve excavation or replacement of fill with 
lightweight material. Excavation commonly involves removal of weight from the upper part 
of the slope, but can also include removal of all unstable material, flattening or benching. 
The method is particularly useful where slopes have been artificially loaded by site 
levelling for building construction or the creation of lawns.  

• Slope reduction can be used to increase the stability of an area, and may be particularly 
attractive if the area of potential instability is small. 

• Drainage of both surface and sub-surface flows maybe useful for increasing the internal 
friction within a slope and increasing slope stability. Diversion of surface water can reduce 
surface scour and lower watertable levels. Sub-surface drainage can be used to lower 
watertable levels. It can be particularly useful in addressing deep-seated failures. 

• Counter weights including berm walls or seawalls can be placed at the base of unstable 
slopes to increase resisting forces. These structures add mass at the base of the slope, 
thereby counteracting the driving force of the unstable mass. A disadvantage is that these 
structures tend to be quite massive, and may have severe impacts on beach amenity. 

• Surface treatments include the application of sprayed concrete, the use of wire meshing 
and cables, and scaling and trimming. These options are generally useful in situations 
where surface instability is a problem due to smaller rock falls at the cliff base. Visual 
impact can be minimised by matching the colour of the concrete to the surrounding rock, 
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although the application may be obvious when viewed from close range. Wire mesh and 
cables can also be used to minimise rock falls, but these need to be designed to cope with 
salt air and to minimise visual impact. Scaling and trimming involve regular removal of 
unstable material, and require routine inspections and ongoing maintenance. 

• Anchors such as soil nailing, driven piles, stone columns or reticulated micropiles can be 
used to increase overall slope stability, while rock bolts can be used to stabilise particular 
sections of unstable material. 

• Soil hardening provides a means of increasing the stability of cohesive soils where 
drainage techniques may not be effective. Methods of soil hardening include electro 
osmosis, thermal treatments, grouting and lime injection.  

A3 – Options for reducing coastal hazard consequences  
This approach involves options that address the consequences of coastal hazards as well as 
methods to change the behaviour of the hazard (e.g. slope failure).  

Options for all coastal hazards  

Possible measures include the following: 

• Building or infrastructure relocation – where existing development is subject to 
unacceptable risk, it may be possible to consider building or infrastructure relocation. This 
option is particularly applicable on large blocks of land where there is sufficient space to 
relocate the building on the same property, but outside the hazard zone. The cost of 
relocation will depend the type of building construction. Timber structures supported on 
brick piers may be easily and cheaply moved, while brick structures on concrete slabs 
may require demolition and rebuilding. Where cliff retreat or shoreline recession is an 
ongoing problem and is predicted to eventually endanger an existing building that is not 
presently under threat, it may be possible to implement a staged relocation of 
infrastructure as risk increases. Building relocation may be assisted by voluntary 
purchase, however, the plan must identify a realistic funding mechanism for any voluntary 
purchase proposals.  

• Emergency management – emergency management can reduce the consequences 
associated with coastal hazards. It particularly focuses on reducing the potential for loss of 
life and, to a lesser extent, minimising the impacts of hazards on major assets. 
Emergency planning and response should be carried out under the State Emergency and 
Rescue Management Act 1989 and the State Storm Sub-plan. Councils should prepare 
coastal hazard emergency action sub-plans, as described in Section 6. 

Options for coastal cliff instability: cliff and slope stabilisation works 

• Catch walls include walls, berms, ditching and nets installed on the cliff face and at the 
cliff base. These structures are useful in catching falling material, thereby reducing 
hazards from falling rocks at the base of cliffs. They can be installed both on the cliff face 
and at the cliff base, and generally utilise the existing cliff morphology to advantage in 
arresting the fall of loose objects. 

• Access control such as fencing and evacuation can be an integral part of hazard 
management, particularly for unstable cliffs. Suitable measures may include fencing, 
warning signs and public education programs (see below). Under extreme circumstances 
evacuations may be necessary.  
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Fences can be used to prevent accidents where walking tracks or viewing areas are in 
proximity to cliff edges. Tracks and platforms should be set back from cliff edges to 
minimise risks to users and visual impacts as viewed from adjacent beaches. Fences can 
also be used at cliff bases both to prevent access to areas prone to rock fall and to limit 
the fall of loose rocks. However, care should taken to prevent disfigurement of natural 
landscape values. 

• Public education programs should be a key part of cliff hazard management. They 
should be designed to target all potential users, including children, and can include 
leaflets, signs and school programs. Signs can be used at the top of cliffs to warn people 
of the dangers of getting too close to the edge of cliffs. At cliff bases, signs can be used to 
warn of the potential for rock falls or of the dangers of sunbaking or digging at the base of 
slopes, particularly following erosion events. Signs should use simple language and 
diagrams, and be placed in a prominent position. Their design should take into account 
local community characteristics such as use of non-English languages.  

• Monitoring and warning systems can be a key part of assessing cliff hazards as well as 
an ongoing part of cliff management. Monitoring may include regular site inspection for 
signs of instability, regular site surveys, measurement of changes in surface slopes or 
retreat rates, ongoing measurement of vertical and horizontal ground movement or 
displacement (both surface and sub-surface), pore water pressure, groundwater level 
measurement and ground pressure measurement. Monitoring devices can be designed to 
include warning alarms when movement is detected or pore-water levels approach critical 
levels. Where such devices are thought to be reliable this can form a useful means of cliff 
hazard warning. 

A4 – Transferring the risk 
In practical terms, there will be limited opportunity to transfer risks associated with coastal 
hazards to other organisations. Property insurance is a potential avenue for transferring the 
financial risk, however insurance policies may not provide insurance for some coastal 
hazards. Councils may also have a duty of care under common law, which cannot be readily 
transferred to another organisation. 

A5 – Retaining the risk 
Where the level of risk is considered to be acceptable by the community, or there is sufficient 
uncertainty as to the level of the risk, it may be appropriate to retain the risk or to defer a 
decision pending further investigation. Acceptance of risk may involve implementation of 
monitoring or warning systems, as well as strategies for incident management in the event of 
a cliff failure, and must consider the nature of the risk (environmental, social, economic) and 
where liability exists if particular circumstances eventuate.  

A7 – Option evaluation 
A precursor to all management options is a thorough assessment of existing and likely future 
hazards, and the need for intervention. The nature of the hazard must always be determined, 
firstly to ensure that intervention is justified, and secondly, to ensure that the benefits from 
any management measures, including a decision to accept risks without intervention, are 
likely to exceed the costs (whether social, economic or environmental). 



 

Draft Guidelines for preparing Coastal Zone Management Plans 91 

Once the hazards have been assessed and the associated risk established, potential 
management options for the area can be identified and assessed. Options include avoiding 
the risk, reducing the likelihood of failure, reducing the consequences of failure, transferring 
the risk and accepting the risk. Table A1 provides an example risk analysis. 

In practice, a combination of options may be considered as part of an integrated strategy. 
One potential strategy is ‘planned retreat’, which involves the strategic withdrawal of 
development and infrastructure from areas subject to coastal hazards. This permits a flexible 
approach in the future if hazards become more severe, for example in response to sea level 
rise, or in cases where there is moderate to high coastal recession. The intent of this 
approach is to allow the natural processes to proceed, at all times maintaining a 
development-free buffer between coastal hazards and assets. This strategy may involve a 
combination of: 

• time-limited or trigger-limited development consents 

• building and infrastructure relocation when the erosion scarp reaches a defined distance 
from the building 

• voluntary purchase 

• dune restoration as a relatively low-cost approach to reduce hazard likelihood. 

In practice, there may be challenges to implementing planned retreat: 

• uncertainty over the rate at which coastal hazards will affect properties 

• limited remaining ability to relocate buildings on beach front properties 

• difficulties in implementing an orderly retreat (e.g. houses becoming isolated if road 
access or services are cut by a retreating coastline). 

To assist with the option evaluation, the potential economic, social and environmental 
considerations for each option described above are provided in Table A2.  
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Table A1 – Example risk analysis  

Hazard  Likelihood Consequences Risk Risk treatment Management actions Residual risk 

Beach segment 1, storm 
erosion hazard area 

 Insignificant Very Low Accept Nil  Low  

Beach segment 1, 2050 
hazard area 

 Moderate  Moderate  Avoid risk Building restrictions Low 

Beach segment 1, inundation Possible  Minor  Moderate  Avoid risk Building criteria – floor level 
restrictions 

Low  

Beach segment 2, storm 
erosion hazard area and 2050 
hazard area 

 Major  High  Reduce likelihood Coastal protection works – 
seawall 

Low 

Cliff segment 1 Likely  Catastrophic  Very high Reduce consequence Voluntary purchase Low  

Cliff segment 2 Unlikely  Minor  Low  Accept Nil Low 

Table A2 – Potential social, economic and environmental considerations 

Potential option  Considerations  

Social Economic Environmental 

Avoiding the risk    

Building setbacks Increased foreshore amenity and 
recreation space 

Reduced area of developable land 
Increased housing costs 

Buffer area for foreshore vegetation, 
including dunes 

Building design criteria Potential for reduced building amenity Increased housing costs  
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Potential option  Considerations  

Social Economic Environmental 

Reducing the likelihood    

Seawalls and revetments  Aesthetic impacts High capital costs when constructed 
from rock or concrete, lower costs 
when constructed of sand bags 
Moderate maintenance costs if rock or 
concrete, higher if sandbags 
Erosion impacts on adjacent 
properties and beaches unless 
complemented by beach nourishment 

Impacts on intertidal habitats, minimal 
habitat value on open coastline 
(habitat considerations can be 
included for estuarine seawalls) 

Groynes  [as for seawalls] [as for seawalls]  

Offshore breakwaters  [as for seawalls] [as for seawalls]  

Artificial headlands  [as for seawalls] [as for seawalls]  

Configuration dredging  Potential visual impacts during 
dredging 

Regular dredging required for 
effectiveness with associated 
operating costs 

Impacts on benthic organisms and 
potential water quality impacts 

Training walls [as for seawalls] [as for seawalls]  

Beach nourishment.  Potential visual impacts during beach 
nourishment 

Relatively low capital costs, high 
recurrent costs due to ongoing need to 
replenish eroded sand 

Minor temporary impacts on intertidal 
areas 

Enforcement of illegal works  Potential public safety risk and impacts 
on beach access if illegal works not 
removed 

Enforcement costs 
Erosion impact if illegal works are 
removed or if illegal works remain 

 

Cliff and slope stabilisation works [as for seawalls] High capital costs for some options  
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Potential option  Considerations  

Social Economic Environmental 

Reducing the consequences    

Building relocation Impact on residents Cost to residents Nil 

Voluntary purchase Impact on residents Cost to government/council Nil  

Emergency management Emergency management may not be 
able to manage all risks to life 

Emergency management unlikely to 
be able to manage all risks to property 
or infrastructure 

Nil 

Catch walls  May only be partially successful in 
reducing public safety risks from cliff 
instability 

Moderate capital and maintenance 
costs 
May only be partially successful in 
reducing risks to property from cliff 
instability 

 

Access control  [as for catch walls] Moderate capital and maintenance 
costs 

Potential benefit in restricting access 
to areas with high conservation value 

Public education programs  [as for catch walls] Moderate establishment and ongoing 
costs 

Nil 

Monitoring and warning systems  [as for catch walls] [as for public education] Nil  

Transferring the risk    

Property insurance  May not available for some properties 
or some hazards 

Annual cost, if insurance available Nil 

Retaining the risk    

Further investigation Potential social impacts associated 
with any delay in managing risks 

Potential economic impacts associated 
with any delay in managing risks 

Nil  
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