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eXecUtIVe sUmmARY
Storm surge, high tide and climate change induced sea level rise will enable flooding and damaging waves 
to penetrate further inland (CSIRO & BoM, 2007).

This methodology, based on the Australian/New Zealand Risk Management Standard (AS/NZS 4360:2004), 
assists local government to identify which foreshore assets in the Swan Canning Riverpark are most at risk 
from sea level rise. This information is intended to help prioritise and target local government adaptation 
strategies.

In December 2007, the Swan River Trust’s Technical Advisory Panel (TAP) prepared a paper on potential 
impacts of climate change on the Swan Canning Riverpark. The paper recognised that climate change has 
the potential to alter the ecological function of the Riverpark and the way people interact with the rivers as a 
whole. This project builds on the results from that study.

Climate change will cause sea level rise and trigger an increase in the frequency and magnitude of extreme 
events, which include high tides, storm surges (low barometric pressure), wind and wave setup (CSIRO 
& ACECRC, 2008). This project has incorporated those extreme event factors in water levels, though the 
sea level rise maps used in this methodology are only an indication of the risks that may result under future 
climatic conditions.

Assessing the risk to foreshore assets from sea level rise will assist in prioritising adaptation strategies. This 
methodology should be used as a ‘first pass’ to assess the risk of foreshore assets. Those assets at greatest 
risk will require a more detailed assessment to guide adaptation priorities and actions.

It must be noted that even though temporal considerations are incorporated in the risk assessment process, 
some assets will only be impaired for a short time. Even though the frequency and severity of events are 
predicted to increase, the inundation for many foreshore assets may only be experienced for a few hours, 
several times a year.

Please note that throughout this report, ‘social’ represents ‘people’ and ‘human usage’.
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IntRodUctIon

Project background

Planning, protection and management of the Swan Canning Riverpark is coordinated by the Swan River Trust. 
The Trust receives expert advice on scientific and management issues from the TAP comprising experts with 
a diversity of knowledge and expertise.

In December 2007, the TAP prepared a paper on the potential impacts of climate change on the Swan Canning 
Riverpark. This paper recognised that climate change has the potential to alter the ecological function of the 
Riverpark and the way people interact with the rivers as a whole. Five key strategies were identified to adapt 
to the adverse impacts of climate change, these were:

assessing foreshore vulnerability;i 

improving water quality through oxygenating water, trapping nutrients and ensuring adequate river ii 
flow;

using monitoring and modeling to predict future changes;iii 

managing biodiversity; andiv 

protecting infrastructure.v 

The Trust is committed to progressing each of these adaptation strategies to increase the resilience of the 
Swan Canning Riverpark. This project partly fulfills that commitment by providing a methodology for assessing 
the effect of sea level rise and increased frequency of extreme events on foreshore areas.

This methodology will enable local government to identify which foreshore assets adjacent in the Swan 
Canning Riverpark are most at risk from sea level rise. This information is intended to help prioritise and 
target local government adaptation strategies.
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PRoJect scoPe

Assumptions and limitations

In developing this project the Trust has assumed that climate change will bring uniform sea level rise in the 
project area. Therefore, sea level rise was essentially added to the 1990 water levels for the project area. 
These data include effects from storm surges and tides.  

This project uses sea level rise projections from the 2001 Third Assessment Report (TAR) by the 
Intergovernmental Panel on Climate Change (IPCC), which are benchmarked against 1990 water levels. 
In future years, the predicted sea level rise figures used here will need to be revised as climate change 
projections are updated.

It must be noted that even though temporal considerations are incorporated in the risk assessment process, 
some assets will only be impaired for a short time. Even though the frequency and severity of events are 
predicted to increase, the inundation for many foreshore assets may only be experienced for a few hours, 
several times a year.

When using the sea level rise maps, an assessor must take existing mitigation measures into consideration 
as these could not be fully represented in the maps.

Project area

The project area extends from the Fremantle Traffic Bridge to Windan Bridge on the Swan River and Riverton 
Bridge on the Canning River, as total water levels are dominated by oceanic influences in these areas 
(Damara, 2007). Water levels upstream are mainly influenced by flow from the upper catchments.

During flood events, water levels are typically high in the upper reaches. However, once flood waters reach 
the extent of the project area, they have a relatively minor effect on total water levels (Damara, 2007). Figure 
1 illustrates where ocean influences meet catchment flow.

 
Figure 1 Dynamics of the Swan River (adapted from Damara, 2007)

Reliably determining the effect of climate change on water levels upstream of the project area is beyond the 
scope of this study as it requires further investigation of the relationship between sea level rise and changes 
to foreshore topography, and the re-modelling of flood events from the catchment. For areas upstream of the 
project area, it is not reliable to simply add on sea level rise to existing water levels to predict levels during 
and beyond this century.
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Risk assessment

Risk is defined as “the chance of something happening that will have an impact on objectives” (Joint Technical 
Committee, 2004). For the purpose of this study, risk is defined as the likelihood of Swan Canning Riverpark 
foreshore assets being affected as a result of sea level rise, and the varying degrees of consequence. 
The consequence for some foreshore assets such as metal bins may be minor, while other assets such as 
biodiversity could be changed as ephemeral zones along the foreshore become deepened and permanently 
covered (TAP, 2007).

The assessment of risk is based on determining the likelihood and consequence of something happening. 
Assessing the risk to foreshore assets from sea level rise will assist in prioritising adaptation strategies. 
The Australian/New Zealand Risk Management Standard (AS/NZS 4360:2004) formed the basis of this 
methodology of using likelihood and consequence to create a risk matrix (Joint Technical Committee, 2004).

This methodology should be used as a ‘first pass’ to assess the risk of foreshore assets. Those assets at 
greatest risk will require a more detailed assessment to guide adaptation priorities and actions. A useful 
framework to use, also based on the Standard, would be the Climate Change Impacts and Risk Management 
- A Guide for Business and Government (AGO, 2006) developed by the Commonwealth Government 
Department of Climate Change. This guide aids business and government to assess and manage various 
risks that climate change poses. It is available from: http://www.climatechange.gov.au/community/local-
government/risk-management.aspx.

Spatially mapped sea levels

The benchmark 1990 levels and projected sea level rise for 2030, 2070 and 2100 have been spatially mapped 
in GIS format based on detailed topographic Light Detection and Ranging (LiDAR) data.

The LiDAR technique uses laser emitted from a low-flying plane to map topographic contours at an accuracy 
of 15cm. This is considerably more accurate than other topographic data sets (typically 1m contours) which 
are not suitable for assessing water level changes of only several centimetres.

The Intergovernmental Panel on Climate Change’s (IPCC) projected sea level rise for 2030, 2070 and 2100 
under the worst-case scenario, A1FI (fossil fuel intensive), has been mapped using LiDAR data. This will 
enable possible extent and likelihood of future water levels in the project area to be determined based on sea 
level rise, storm surges and tides. An updated 2100 projection of 1m has also been mapped (Dept of Climate 
Change, 2009).

Sea level rise maps have been produced in ArcGIS and MapInfo format so they are accessible to users such 
as local and state government. For details on using the maps, see Appendix C.

Sea level rise maps are a useful GIS tool to overlay existing datasets to identify infrastructure, human usage 
(social) and ecological assets which may be adversely affected. This information will be used in the likelihood 
table and combined with consequence to determine a risk level category for each identified asset.

Predicted future water levels in the project area 

To predict future water levels in the project area, the projected sea level rise for 2030, 2070 and 2100 was 
added to 1990 water levels, which include the variable effects from storm surges and tides. For each year, the 
water levels were further divided into water level categories based on Average Recurrence Intervals (ARIs), 
which were derived from the Barrack Street Jetty ARI graph produced by the TAP (2007). The water level 
categories are illustrated in the following figure.
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Figure 2 Water level categories

The annual extreme water level is where the water can be estimated to reach in an extreme event every year 
(ie the ARI 1 year level). The highest water level recorded in the Swan River since sea level measurements 
began at Fremantle in 1897 is 1.22m above Australian Height Datum (AHD) or 1.98m Chart Datum (CD) 
(TAP, 2007). Water level categories falling between these two extremes are based on the 3yr ARI, 10yr ARI 
and 30yr ARI as recommended by AS/NZS 4360:2004.

To determine these water level categories for 2030, 2070 and 2100, the A1FI sea level rise figures of 0.16m, 
0.5m and 0.88m, respectively, (CSIRO, 2008) were added to 1990 benchmark figures (ie ARI levels current 
at 1990). Since then, the 2100 projection has been updated, hence the 1m rise has also been mapped (Dept 
of Climate Change, 2009).

Consistent with TAP (2007), these sea level rise figures (apart from the updated 1m projection) are based on 
the 2001 IPCC A1FI scenario from the Third Assessment Report (TAR). The figures from the IPCC Fourth 
Assessment Report (AR4) of 2007 were not used as, unlike the TAR, the AR4 does not provide either upper 
bounds of sea level rise or a time series during the 21st century, instead only providing the projection of sea 
level rise for 2095 without factoring increased water level due to ice melt (CSIRO, 2008).

The present understanding of significant effects driving sea level rise, such as ice melt and carbon cycle 
feedbacks, is limited (Bates et al, 2008). Projections of global mean sea level rise between 1990 and 2095 
are projected to be between 0.18 and 0.59m but this range excludes potential ice melt and carbon cycle 
feedback uncertainties (Bates et al, 2008).

Although some scientists independent of the IPCC have extrapolated the times series based on the 2007 
AR4 projections to provide projections for 2030, 2070 and 2100, the Trust chose to use the TAR projections 
as the IPCC is considered to be the principal authority on climate change. The extrapolated AR4 projections 
were similar to those documented in the TAR but ultimately were not accredited by the IPCC.

The water level categories show the variety of outcomes possible with a combination of factors such as sea 
level rise, high tide and storm surge. The predicted water levels include the estimated increase resultant from 
ice melt which is anticipated to be around 0.2m of extra water height (CSIRO & BoM, 2007). This is to ensure 
that the small chance of the water getting as high as projected is covered by the risk assessment. However, 
due to the uncertainty of sea level rise, projections may change in the future. Further explanation on water 
levels is provided in Appendix B.

For users outside the project area, water level maps will need to be created. To do this, determine 1990 ARI 
water levels for the specific area, which include tides, storm surges etc, and which act as the benchmark 
figures, and add on the projected sea level rise. This will provide the likelihood categories. Contour data will 
be required to map the water level figures onto. Ensure the elevation data is in the same format as the ARI 
water levels.
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It is important that with ARI maps, the current curve is from the area being assessed as ARI levels vary 
depending on the location.

Check the CSIRO website for up-to-date sea level rise projections as they are subject to change.

If new information becomes available in the future, this methodology remains applicable. Use your 
predetermined benchmark water levels and add the updated projections to these to create new 
maps.
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metHodologY
The following methodology was based on the Australian/New Zealand Risk Management Standard (AS/NZS 
4360:2004). The Standard outlines a process to manage risk across public and private sectors and can be 
applied to various issues, including climate change (Joint Technical Committee, 2004).

One example where it has been adapted for specific use to assess the risk from climate change is the 
Commonwealth Government’s Department of Climate Change (formerly the Australian Greenhouse Office) 
publication Climate Change Impacts and Risk Management: A Guide for Business and Government. This has 
been successfully adopted by different organisations such as the Town of Cottesloe for its ’Climate Change 
Vulnerability Assessment Project’.

The steps in this methodology, used to assess the risk that sea level rise presents to foreshore assets, 
generally follow the Standard’s sections on: identifying; analysing; and evaluating the risks.

The sea level rise maps used in this methodology are only an indication of the risks that may result under 
future climatic conditions. The bathymetry, geomorphology and elevation of the foreshore will need to be 
analysed in greater detail and used to model coastal processes to obtain a more accurate estimate of the 
risk to assets. Gaps in these data sets will limit the ability to reliably model potential impacts (Geoscience 
Australia, 2008).

Use the steps below to assess the risk sea level rise may present to your foreshore assets.

Determine the assets you wish to assess1 

Determine the consequence of sea level rise on each asset2 

Determine the likelihood each asset will be affected 3 

Determine the risk rating4 

For an example of application, refer to Appendix A. Case Study - Point Fraser.   
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Step 1 – Determine assets you wish to assess
a. Record assets

An asset checklist that lists common types of infrastructure, social and ecological assets found in the Swan 
Canning Riverpark is provided to help identify assets (Table 1). This is a general list of assets and may 
differ according to individual circumstances. Identify and record your assets and if any are missing, simply 
add them to the list. For the full checklist to complete, refer to the Assets Checklist in the assessment form 
templates included on the CD. 

Table 1 Snapshot of common assets found in the Swan Canning Riverpark

 ASSET EXAMPLES CHECKLIST DETAILS

INFRASTRUCTURE

Paths brick, bitumen, concrete, asphalt, 
other etc   

Riverwall protective 
structures

wave attenuation walls, gabion 
walls, revetments, other etc   

Boat ramps    
Refuelling, water and 
sewage pump out 
facilities

yacht clubs   

Buildings and 
development

residential, restaurants, toilet 
blocks, interpretive centres, hire 
facilities, schools, hospitals, 
community centres, other etc

  

Utilities including 
switchboards and 
access points and 
underground pipes and 
cables

electricity, water supply, gas, 
telecommunications, other etc   

Lighting foot level, pole, in situ seating/
ground, other etc   

Signage interpretive, educational, parking, 
safety, other etc   

SOCIAL USE

Walking    
Cycling    
Seating use    
Vantage points    
Kayak access and 
launching

   

Parking for work, using an area for 
recreation and events, other etc   

ECOLOGICAL

Fringing vegetation    
Submerged macrophytes    
Invertebrates    

Fish
Perth Herring, Flathead, Black 
Bream and Cobbler (Thurlow et 
al., 1986)

  

Birds breeding, foraging 
and roosting etc

wading, migratory, land birds, 
other etc   

Tidal flats    
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Step 2 – Determine consequence 
a. List assets in consequence table

Consequence can be described as the ‘outcome or impact of an event‘ (Joint Technical Committee, 2004) 
and in this case represents the impact of sea level rise on foreshore assets. Once assets have been identified 
in Step 1, list them in the consequence table. You can find the consequence tables (CT INFRA; CT SOCIAL; 
CT ECO) in the assessment form templates included on the CD. Please note, always add assets to the end of 
the list. They must NOT be inserted into an existing list as this will damage the link with the results tables.

b. Determine weightings

The approach can be modified to reflect a greater degree of weighting against various aspects. The 
consequence table on the CD will automatically re-calculate the range of scores to ensure the correct 
consequence category has been selected. Simply change the score in the ‘weighting’ row to reflect the 
weighting required for each aspect.

Weightings are relative. For example, if a consequence aspect is weighted as two and all others are weighted as 
one, that consequence aspect will automatically double the score for any particular asset in that category.

c. Assign scores to generate consequence rating

Consequence is the degree of impact from greater and more frequent high water levels, not whether there is 
a chance of contact with the water (which is the likelihood). As a result, in any given year, the consequence 
will be the same. 

Table 2a illustrates the point system for determining consequence scores for infrastructure using multi-criteria 
analysis. The table separates consequence into five aspects (degree of damage, economic cost, disruption 
of service, social value and safety) and each of these are rated against a level of impact. 

In Table 2b, assets are listed on the left hand side. Points are allocated for each aspect of consequence as 
per Table 2a. It must be ensured that all aspects have been given a point score for each asset. Once each 
aspect has been allocated a point score, a consequence rating will be automatically calculated for the asset. 
This rating will automatically be recorded in the results tables found on the CD.

Please be aware that many other aspects, such as loss of revenue, can be included in the process depending 
on individual councils’ situations.  
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Table 2a Multi-criteria analysis for determining consequence scores for infrastructure

Infrastructure
Aspects

Degree of 
damage

Economic 
cost

Disruption 
of service Social value Safety

CATASTROPHIC 
(score = 5)

total and 
permanent 

loss or 
damage, 

replacement 
required

extreme 
economic 

cost

service 
completely 

stopped 
until asset 
is replaced

medium to long 
term loss of 

access, amenity, 
aesthetics and/
or cultural value 

of asset eg 
badly damaged 
pathways, rusty 

seats etc

chance 
of death 
or severe 

irreversible 
disability to 
a person

MAJOR 
(score = 4)

major 
damage of 
the asset, 
significant 

repairs 
required

high 
economic 

cost

major 
disruption 
of service 
until asset 
is repaired

short term loss of 
access, amenity, 
aesthetics and/or 
cultural value of 
asset associated 
with necessary 

activities eg 
carpark for parking 

for work

chance of 
irreversible 

injury

MODERATE 
(score = 3)

moderate 
damage of 
the asset, 

repairs 
required

average 
economic 

cost

some 
disruption 
of service 
until asset 
is repaired

short term loss of 
access, amenity, 
aesthetics and/

or cultural 
value of asset 

associated with 
regular activities 
eg pathway for 
walking/cycling

chance of 
moderate, 
reversible 

injury

MINOR 
(score = 2)

minor 
damage of 
the asset, 
monitoring 
required 
to ensure 
it does not 

worsen

low 
economic 

cost

little 
disruption 
of service

short term loss of 
access, amenity, 
aesthetics and/or 
cultural value of 
asset associated 
with occasional 

activities eg 
grassed area for 

picnicking

chance 
of minor, 
reversible 

injury

INSIGNIFICANT 
(score = 1)

negligible 
damage

 negligible 
cost

no 
disruption 
of service

short term 
difficulty/decrease 
in access, amenity, 
aesthetics and/or 
cultural value of 

asset

negligible 
safety 
issue

   

Table 2b Degree of 
damage

Economic 
cost

Disruption 
of service Social value Safety

Weighting 1 1 1 1 1

Asset Score Consequence 
category

Asset 1  
Asset 2
Asset 3
Asset 4
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The ‘social use’ and ‘ecological’ consequence tables contain different categories for assessment (see 
Appendix A). ‘Social use’ relates to the specific activities an area is used for, whereas ‘social value’ is the 
worth of being able to undertake these activities.

The consequence category is determined by the automatically calculated score. The range of possible scores 
is divided into five different groups. For all aspects having equal weighting, the following table shows the 
consequence categories.

Table 3 Consequence categories

Insignificant Minor Moderate Major Catastrophic

Infrastructure 5 - 9 10 - 13 14 - 17 18 - 21 22 - 25

Social use 3 - 4 5 - 7 8 - 10 11 - 13 14 - 15

Ecological 3 - 4 5 - 7 8 - 10 11 - 13 14 - 15

If weightings are altered, these categories will automatically change to reflect the new balance.

If so desired, the definitions can be altered to suit the individual council’s requirements. For example, the 
economic cost definitions could be allocated monetary values.

Step 3 – Determine likelihood
a. Refer to sea level rise maps

Refer to the sea level rise maps provided on the CD (in ArcGIS and MapInfo formats) and display any 
data sets that are relevant to your foreshore area in a GIS environment. That is, any datasets which show 
the location of the assets being assessed. When using ArcGIS it is recommended to use the layer files. In 
MapInfo the symbology will have to be allocated. See Appendix C for more information. The 1990 water level 
maps have been provided for comparison.

b. Select year for assessment

Select the year for which you wish to assess the risk: 2030; 2070; or 2100 (TAR 0.88m rise projection or the 
updated 1m rise projection). In cases of limited resources, where not all assets can be assessed against each 
year, an assessment year that corresponds to an asset’s serviceable life can be chosen. For example, a new 
jetty with a serviceable life of 30 years (until 2040) will be assessed using the 2030 map as the asset is not 
expected to be present (in its current form) in 2070 or 2100. 

c. Determine likelihood categories

Likelihood of a risk occurring can be described as “a general description of probability or frequency” (Joint 
Technical Committee, 2004). In this study, likelihood is defined as the probability of greater and more frequent 
events due to sea level rise interfering with assets.

Enter the likelihood category into the results tables which can be found in the assessment form templates 
included on the CD (RT INFRA; RT SOCIAL; RT ECO).

The likelihood can be determined by looking at the various categories of sea level rise and establishing where 
an asset fits. Refer to the maps that coincide with the year selected in Step 3b and the following diagram 
(Figure 3) to determine which category an asset belongs.

Figure 3 illustrates how to determine the likelihood category. For example, an asset found between the 
foreshore and annual extreme (red zone) will be allocated ‘almost certain’ to occur. An asset found between 
the annual extreme and 3yr ARI (orange zone) will be allocated ‘likely’ to occur and so on.
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Figure 3 Determining likelihood categories

Step 4 – Determine risk for assets
a. Combine consequence and likelihood

The risk assessment matrix is a combination of the consequence ratings (the consequence if that impact 
occurs) and likelihood ratings (the probability of an impact occurring) (Joint Technical Committee, 2004).

By completing Steps 2 and 3 and entering the consequence and likelihood categories into the results tables, 
the level of risk for each asset will automatically be determined based on the categories established by the 
risk matrix (Table 4). 

The various risk categories provide a level of management required for each particular asset and also assists 
to prioritise the risks.

Table 4 Risk matrix

Likelihood
Consequence

Insignificant Minor Moderate Major Catastrophic

Almost certain medium high high extreme extreme

Likely medium medium high high extreme

Possible low medium high high high

Unlikely low low medium medium high

Rare low low medium medium high
* Adapted from the Australian/New Zealand Standard 4360 (2004)

The risk matrix levels represent different levels of management and time response required.

Extreme risks:•	  priority attention is required to develop management and adaptation plans

High risks:•	  action is required to develop management and adaptation plans

Medium risks: •	 action to manage risks by monitoring or planning response procedures is required 

Low risks: •	 routine monitoring is required but specific application of resources is unlikely

The above risk matrix is the default directly from the Standard and is just one possible combination. It can be 
adjusted to suit individual needs to include more low and medium levels or more high and extreme levels.
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RecommendAtIons
The key management strategies for adapting to climate change impacts are initial adaptation responses 
that can and should be implemented now, to reduce the impact of climate change on the Swan Canning 
Riverpark. However, adaptive management is required in the future (TAP, 2007).

Adaptive management often refers to the process of modifying management strategies based on regular 
monitoring and revision of plans using information available at the time, rather than relying on a once-off 
treatment. It leaves scope for decisions about risk treatments to be reviewed in the future as improved 
information becomes available about the nature of climate change risks. An advantage of this approach is 
that it reduces the potential for over-adaptation, while providing scope for an organisation to strengthen its 
risk treatment should it become apparent in the future that the organisation is under-adapting to one or more 
climate change risks (AGO, 2006).

An adaptive management response for foreshore assets will ensure authorities and the wider community 
are in the best possible position to deal with the impacts of climate change (TAP, 2007).  When dealing with 
these impacts it is essential that the social and ecological values of the Swan Canning Riverpark are carefully 
considered and integrated into adaptation strategies. Through the development of the River Protection 
Strategy, these values are being identified by the Trust.

There are a variety of different options that can be employed to minimise climate change impacts. They 
include: protect; modify; retreat; abandon; and do nothing (AGO, 2007).

The following adaptation strategies were suggested by the Swan River Trust’s Technical Advisory Panel 
(TAP, 2007) and may be used by local government to better adapt to the risks posed by sea level rise. 

Infrastructure
Mitigation and adaptation strategies are required to help combat future sea level rise and greater frequency 
of storm surges on infrastructure. Adaptation strategies include:

factoring sea level rise in design of jetties, mooring pens, ramps etc, as they are replaced (variation • 
in sea level rise design relates to infrastructure service life);

protecting foreshore infrastructure with protective walls and revetments (ie construction of larger • 
and stronger structures);

elevating infrastructure sufficiently to avoid and/or remove the possibility of damage;• 

applying planning legislation to limit further development in threatened areas and progressively • 
moving valuable infrastructure away from the rivers; and

using submerged structures to reduce the fetch of storm surges and reduce the energy of waves • 
reaching the shoreline. 

Social use
Human use of the rivers will also be affected by rising sea levels. Adaptation strategies include:

investing in the modification of recreation-based infrastructure to adapt to climate change;• 

relocating or abandoning threatened walking paths;• 

applying possible restrictions on availability of open space (ie increasing setback distance from the • 
rivers) to allow for increased sea level;

incorporating social values (ie. the reaction of the community to changes resulting from adaptation) • 
in iterative planning concerning the river landscape and management;
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identifying and developing mitigation strategies for threatened infrastructure and sites of historical • 
and indigenous significance to provide sustainable management; and

ensuring links are established between ecological and social values by involving the local and • 
visiting community in discussions and activities to reduce the impact of climate change.

Ecological components
Sea level rise will affect river ecology due to greater inundation periods through increased frequency, duration 
and extent of storm events. Many of the adaptive strategies for the ecological components rely on setting 
research and management priorities. Adaptation strategies include:

assessing reserves adjacent to important areas of fringing vegetation to determine landward • 
migration and incorporate expected migration in any new development;

determining spatial extent and total area of intertidal and shallow subtidal mudflats at present, and • 
with the expected sea level rises to ensure future development planning accommodates landward 
extension of tidal habitat;

creating sandbars to provide habitat for the anticipated increase in abundance of swans and • 
ducks;

reducing disturbance at shoreline waterbird roosting sites;• 

revegetating fringing environments with plants better able to cope with changed conditions;• 

developing models to assess how fisheries and their supporting ecosystems may respond to • 
changes in the environment and developing strategies to protect vulnerable species; and

ensuring links are established between ecological and social values by involving the local and • 
visiting community in activities aimed at reducing the impact of climate change.

It must be reiterated that the adaptive management process is crucial to successfully manage risks from 
sea level rise, ensuring the actions continue to effectively address the risks. Sea level rise projections may 
change, affecting likelihood, and perspectives or priorities on importance of assets may change, affecting 
consequence. Therefore, it is essential to continually repeat the adaptive management process.

As well as undertaking the above actions (which are, on their own, simple management practices), it is 
recommended the managing body enacts policies and strategies to ensure the effects of these actions 
are monitored, reported, learnt from, and future practices are changed as appropriate. It is imperative that, 
from the outset, this process is incorporated in the costing and planning of undertaking these management 
actions. 

 



15

ReFeRences
Australian Greenhouse Office (AGO) (2006). Climate Change Impacts and Risk Management – A Guide for 
Business and Government. Commonwealth of Australia, Canberra.

Australian Greenhouse Office (AGO) (2007). Climate Change Adaptation Actions for Local Government. 
Commonwealth of Australia, Canberra.
An updated version of the above reference (2009) can be found at: http://www.climatechange.gov.au/en/
community/local-government.aspx

Bates, B.C., Z.W. Kundzewicz, S. Wu and J.P. Palutikof, Eds., 2008: Climate Change and Water. Technical 
Paper of the Intergovernmental Panel on Climate Change, IPCC Secretariat, Geneva, 210 pp.

CSIRO and ACECRC (2008). Why Does Sea Level Change? Retrieved 1 December 2009 from: http://www.
cmar.csiro.au/sealevel/sl_drives_intro.html

CSIRO and ACECRC (2008). Sea Level Projections. Retrieved 11 February 2009 from: http://www.cmar.
csiro.au/sealevel/sl_proj_21st.html

CSIRO and Australian Bureau of Meteorology (2007). Climate Change in Australia: Technical Report 2007. 
CSIRO, 148pp.

Damara (2007). Swan River Lower Estuary: Foreshore Condition Assessment. Prepared for the Swan River 
Trust by Damara WA Pty Ltd, Report No. 04-001-01a

Department of Climate Change (2009). Climate Change Risks to Australia’s Coast: A First Pass National 
Assessment. Retrieved 11 January 2010 from: http://www.climatechange.gov.au/publications/coastline/
climate-change-risks-to-australias-coasts.aspx

Geoscience Australia (2008). Submission by Geoscience Australia to the House of Representatives 
Standing Committee on Climate Change, Water, Environment and the Arts. Inquiry into climate change and 
environmental impacts on coastal communities. Retrieved 29 October 2009 from: www.aph.gov.au/House/
committee/ccwea/coastalzone/subs/sub026.pdf

Joint Technical Committee (2004). Australian/New Zealand Standard: Risk Management AS/NZS 4360:2004. 
Standards Australia International Ltd, Sydney.

Technical Advisory Panel (2007). Potential impacts of Climate Change on the Swan and Canning rivers. 
Report. pp 107.

Thurlow, B.H., Chambers, J. and Klemm, V.V. (1986). Swan-Canning Estuarine System: Environment, Use 
and the Future. Waterways Commission Report No. 9, pp 463.




