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Executive Summary 
This document is the Final Report to the Western Suburbs Regional Organisation of 
Councils and the Town of Cambridge (hereafter referred to as WESROC) presenting the 
outcomes of a regional Climate Change Risk Assessment and Adaptation Planning Project, 
facilitated by Coastal Zone Management Pty Ltd. The Project was undertaken between 
February and June 2010 by a cross-council project team, with input from Elected Members 
and staff during two half-day workshops. The primary objectives of the Project were to: 

·  Identify the potential future impacts of climate change in the WESROC region and the 
associated risks to Council.  

·  Develop a regional plan for action. 
·  Review activities undertaken by WESROC members to mitigate greenhouse gas 

emissions. 

Risk Assessment 

The Project commenced with a strategic risk assessment of the projected impacts of climate 
change on local Council operations. The risk assessment framework developed by the 
Commonwealth Government in ‘Climate Change Impacts and Risk Management: A guide to 
business and government’ (AGO 2006) was used in the assessment. The climate change 
projections were based on the Intergovernmental Panel on Climate Change (IPCC 2007) 
A1FI climate change scenario for the year 2070. Under this scenario, the anticipated 
changes for the region include (CSIRO 2007):  

·  An increase in annual temperature of 2.7°C and app roximate doubling of the number of 
days over 35°C. 

·  A decline in annual rainfall of approximately 20%. 
·  Increase in mean sea level of 0.33m.  
·  Decrease in the number but increase in the intensity of extreme events. 

Potential impacts from climate change can affect almost every aspect of a local 
government’s planning and management responsibilities, including provision of 
infrastructure, recreational facilities, health services, land use planning, development 
assessment, and parks and wildlife management. The key climate change risks identified for 
the WESROC were: 

·  Threat to infrastructure adjacent to coast and estuarine foreshore from erosion and 
inundation and from extreme storm events. 

·  Impact of climate changes on management and maintenance of infrastructure, drainage 
and wastewater networks. 

·  Impact of extreme weather events and increased range of vector-borne diseases on 
community health and the emergency response. 

·  Impact of climatic changes on natural resource management, including biodiversity of 
native bushland areas and landscaped gardens and environmental water quality. 

Adaptation Planning 

The second phase of the Project was adaptation planning (or risk treatment) to identify the 
most cost-effective option to undertake in response to the identified risks (AGO, 2006).   
Adaptation options were categorised as options that ‘build adaptive capacity’ and options 
that ‘deliver adaptation action’ (UKCIP 2007). 

A Toolkit containing a wide selection of adaptation options for key assets and service 
delivery areas was developed. In most cases, these adaptation options related to building 
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adaptive capacity, which is often considered the ‘first step’ or ‘precursor activity’ in 
adaptation planning.   

Elected Members and Council staff evaluated the adaptation options at the Adaptation 
Planning Workshop. Workshop participants used an adaptation planning template to 
evaluate each option based on the number and priority of the risks treated and potential 
barriers to implementation for their Council.  Application of the template meant that decisions 
made during the adaptation planning process were clearly transparent and can be reviewed 
and updated as required. 

At the completion of the workshop, the adaptation options were categorised into four groups 
indicative of their priority for implementation (important �  not so important) and the 
magnitude of barriers to their implementation (easy �  too hard for now).  

Each Council’s evaluation of the adaptation options was consolidated into the Regional 
Adaptation Matrix. Under this consolidation all the adaptation options were categorised as 
either ‘important and easy’ or ‘not so important but easy’.  While this indicates Councils have 
the ability to take action,’ it must be remembered that:  

·  Evaluation of each adaptation option was undertaken in isolation (one at a time) and 
individually may not hold significant barriers for Council.  However, implementing multiple 
adaptation options is likely to require significant resources (financial and human). 

·  The adaptation options evaluated in this strategic assessment predominately related to 
building adaptive capacity (i.e. planning, information gathering, and policy reform), which 
can be accommodated under Council’s existing operations. Once this has been 
undertaken, Council’s may be in a position to plan for complex adaptation actions, such 
as the construction of defence structures (e.g. increasing the height of river or sea walls), 
which were not included in this review.  

·  Timely and successful adaptation to the impacts climate change will require genuine 
commitment and cooperation between the spheres of Australian government 
(Commonwealth, State, and Local Government).   

The output of the adaptation planning process was an Adaptation Action Plan to address 
strategic climate change risks across the WESROC region. The highest priority adaptation 
options for the region are provided in the summary table below.   

The highest priority adaptation options for implementation are those classified as ‘general 
adaptation options’ (GO options). These options, by definition, address all of the identified 
risks. Adaptation options addressing risks to human health, and supporting natural resource 
management to address changes in ecological condition and/or groundwater quality were 
also a high priority for the region.  
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Summary Table: Highest priority adaptation options for the WESROC region 

ID Adaptation Option  
GO5 Establish/strengthen relationships with community groups to facilitate monitoring activities, 

raise awareness and participate in adaptation activities 
GO1 Ensure quality and validity of information sources for decision making 
GO9 Review insurance coverage of Council assets and liability 
GO6 Strengthen the profile of climate change and capacity building within local government 
GO7 Incorporate climate change scenarios into policy and decision making processes (Council 

wide) 
GO8 Communicate and lobby State Government to take leadership on climate change 
G03 Communicate with/educate rate payers and residents on climate change risks and 

adaptation activities 
GO2 Disseminate information on implications of identified risks of climate change within the 

WESRO region to relevant authorities/agencies 
GO4 Communicate with key service provides to facilitate ‘shared care’ approach to the 

management of the impacts of climate change on the key services within the WESROC 
region. 

PPD01 Incorporate climate change scenarios into policy and decision making processes 
IPS03 Improve drainage and storm water capture and reuse 
NRM06 Enhance coastal and estuarine foreshore management  
NRM01 Review current plans and strategies to incorporate local climate change impacts into natural 

resource management plans 
NRM03 Establish coastal and/or estuarine monitoring program 
NRM02 Increase community awareness of the potential impacts of climate change to encourage 

private land conservation 
H01 Educate the community and local government staff on health related impacts of climate 

change 
PPDO2 Modify Council planning approval processes 
 
ID Key 
GO – General Option H – Health and Community Services 

IPS – Infrastructure and Property Services NRM – Natural Resource Management  

PPD – Policy, Planning, Decision-making  

 

Climate Change Mitigation 

Mitigation actions currently implemented within WESROC Councils were reviewed, based on 
information supplied by each Council through an electronic survey. Action was categorised 
into four key areas for the purpose of the survey and subsequent recommendations: 
governance and leadership, greenhouse gas monitoring, and mitigation of greenhouse gas 
emissions.  

Key mitigation actions that Councils are currently undertaking include: establishment of 
emission baselines and reporting targets, allocating mitigation to one key role within council 
(for example, Sustainability Officer), various waste collection, reuse and recycling activities, 
and community transport and energy efficiency initiatives. 

Many survey responses were incomplete. Since Federal funding for the Cities for Climate 
Protection (CCP) program was withdrawn in mid 2009, many local Councils have not been 
reporting on emissions targets and mitigation actions in any coherent format, making it 
difficult to complete the survey appropriately. As a result, the mitigation review presented 
here does not provide an accurate reflection of the status of mitigation actions within each 
Council.  
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Key recommendations to improve mitigation activities are: 

·  Undertake a more detailed analysis of existing Council CCP action plans against 
implementation achievements, to allow for a thorough and detailed regional mitigation 
action plan to be developed (Highest Priority). 

·  Consider undertaking a peer review process to ensure current mitigation action plans are 
well developed. 

·  Formally review and update CCP action plans in light of current Council commitments to 
mitigation, including implementing outstanding actions committed to under the program. 

·  Disseminate lessons learned across Council and the WESROC region from mitigation 
actions applied to date and identify priority areas for improvement. 

·  Verify progress on existing corporate and community emissions targets and revise, i.e. 
post 2010/11, in light of emissions reductions achieved to date (on a per Council basis). 

 

Summary 

The Climate Change Risk Assessment and Adaptation Planning Project has provided a 
number of strategic recommendations for the WESROC member Councils. Implementation 
of the recommendations will increase the adaptive capacity of member Councils through the 
completion of actions such as information collection and dissemination, policy change and 
enhanced partnerships with local community and other key stakeholders.  

The Adaptation Plan and mitigation recommendations are a first step in developing a 
regional approach to addressing the potential impacts of climate change. Next steps will 
require: 

·  Regular review and monitoring to ensure regional coordination and modification of 
adaptation actions as circumstances change. Regular review of the risk assessment 
process and the effectiveness of adaptation actions in reducing identified risks is a 
requirement in any approach to adaptation. 

·  Identification of priority risks for further investigation. While strategic adaptation actions 
have been identified to address the priority risks in the WESROC region, some of these 
risks may require a transition from actions that build adaptive capacity (modify planning 
approval process to limit development in high risk locations), to those that deliver on the 
ground results (engineering works or moving infrastructure from high risk locations). 
Understanding the point at which more active management controls are required is an 
important step in addressing the impacts of climate change.  

Finally, climate change adaptation is not an issue that can be driven by one sector of 
Council, or by one Council alone. Effective implementation will require significant 
commitment across the range of service delivery areas in all participating member Councils.  
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1. Introduction 
Climate change represents a significant challenge for local governments. Climate changes 
such as increase in temperature, decline in rainfall, altered frequency and intensity of storms 
and rise in mean sea level will expose many sectors and systems (both human and natural) 
to new or expanded risks.  While some impacts will be widespread over large areas, other 
impacts will manifest at the local scale. The range of potential impacts of climate change 
necessitates that management responses are both multi-disciplinary and locally specific; 
thus increasing the complexity of decision making at the local scale. 

Local governments are at the forefront of decision making to respond to climate change. 
Potential impacts from climate change can affect almost every aspect of a local 
government’s planning and management responsibilities, including provision of new and 
maintenance of existing infrastructure, recreational facilities, health services, land use 
planning, development assessment, and parks and natural resource management. There is 
also a high level of dependence on local government services to provide for citizen’s basic 
needs and quality of life.  

The Western Suburbs Regional Organisation of Councils (WESROC) has recognised the 
need to understand and take action on climate change to ensure social and legal obligations 
are met and risks and future costs are reduced. WESROC includes the Town of Claremont, 
the Town of Cottesloe, the Town of Mosman Park, the City of Nedlands, the Shire of 
Peppermint Grove and the City of Subiaco, and participation from the Town of Cambridge.  

This Report presents the outcomes of a study commissioned by WESROC to identify 
regional climate change risks to member Councils and develop a regional adaptation plan to 
address the identified risks. The objectives of the project were to: 

·  Identify the potential future impacts of climate change in the WESROC region and the 
associated risks to Council.  

·  Develop a regional plan for action to address forecast climate change impacts on the 
WESROC community to ensure social and legal obligations are met and risks and future 
costs are reduced.  

An integrated regional approach to climate change mitigation and adaptation was 
considered to be efficient and cost effective, given the cross boundary impacts of climate 
change and the similar objectives of each WESROC member Council. 

The assessment was conducted in two parts: 

1. Climate change risk assessment and adaptation planning.  
2. Mitigation review and recommendations. 

Whilst the focus of the project was on the identification, analysis, evaluation and treatment of 
climate change risks, WESROC member Councils are aware that a holistic approach to 
climate change adaptation involves both adaptation and mitigation activities. Consequently, 
an important contribution to the project was a review of the current mitigation polices and 
actions in place in each member Council, and the development of recommendations to 
improve mitigation across the region.  

In this respect, member Councils aimed to develop a holistic response the climate change 
(Figure 1), by responding to mitigation and adaptation at both local and regional levels. Such 
a response demonstrates leadership and commitment by the WESROC member Councils to 
manage and respond to climate change.  
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Figure 1: Components of the WESROC member Council’s  response to climate change  

Throughout the study, a cross-council Project Team met three times to assist the 
Consultants (Coastal Zone Management) establish the context for the climate change risk 
assessment, define the target assets, statutory responsibilities and services, and develop 
the risk treatment action plan. The Project Team comprised the WESROC representatives 
and council staff from the key areas of town planning, community development and 
environment: 

·  Chris Liversage, Executive Officer, WESROC; 
·  Greg Simpson, Regional Environmental Project Officer, WESROC; 
·  Melanie Davies, Coordinator Environmental Projects, City of Subiaco; 
·  Geoff Trigg, Manager Engineering Services, Town of Cottelsoe; 
·  Andrew Melville, Manager Sustainability, City of Nedlands; 
·  John Humphreys, Executive Manager Development Services, Town of Mosman Park; 
·  David Chidlow, Manager Development Services, Shire of Peppermint Grove; 
·  Selvi Parameswaran, Administration Planning Officer, Town of Claremont; and 
·  Ian Birch, Director Development and Sustainability, Town of Cambridge. 
 
The project occurred under the WESROC Environmental Advisory Group, and Council 
Sustainability Officers attended Project Team meetings and led table facilitation at the 
workshops. Over 60 participants, including CEO’s, Mayor’s, Elected Member and staff, 
participated in both the risk assessment and adaptation planning workshops. 

1.1. Report Structure 

This report is structured in two parts: 

1. Risk Assessment and Adaptation Action Plan.  
2. Mitigation Response Review and Recommendations. 

Part 1 provides an overview of study area, setting the context for the risk assessment work 
completed. It details the projected climate changes expected in the region, based on the 
Intergovernmental Panel on Climate Change (IPCC) A1FI climate change scenario for 2070 
(50th percentile) produced by the CSIRO and Bureau of Meteorology (BoM), as well as an 
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overview of associated impacts and consequences to local government. The methods 
applied to analyse risk and develop adaptation strategies are then briefly summarised. Some 
content is drawn from a ‘Set the Context Paper’ developed as a component of the Project. 
The Set the Context Paper was a key tool developed to stimulate Council and stakeholder 
input and involvement in the risk assessment and adaptation workshops. 

Part 1 then discusses regional outcomes and findings from the risk assessment. The highest 
priority climate change risks in the WESROC region are identified. This is followed by a 
discussion on the regional outcomes of the adaptation assessment process and the 
WESROC regional adaptation plan is presented.  

Part 2 provides an overview of the mitigation component of the project, including a summary 
of Council mitigation survey findings. It concludes presenting a series of key 
recommendations as to future actions Councils can take individually, or across the 
WESROC region, to address mitigation issues. 



 

WESROC Climate Change Risk Assessment and Adaptation Action Plan – Final Report 4 



 

WESROC Climate Change Risk Assessment and Adaptation Action Plan – Final Report 5 

2. Regional Setting  
Located to the west of the Perth CBD, the WESROC region (including the Town of 
Cambridge) covers approximately 69 square kilometres. Due to its proximity to the city, river 
and coastal environments, the region contains some of the most liveable residential areas. 
At the time of the last national Census, the region’s population was estimated at 89,498 
(ABS 2008), with young and mature families making up the bulk of the population. Young 
adults/students are also an important cohort in the area, living in close proximity to the 
University of Western Australia and in medium density housing in Subiaco and northern 
Nedlands. The region’s population, excluding Cambridge, is predicted to increase by 1% 
annually between 2010 and 2031 (WESROC 2009). The population of Cambridge is 
expected to increase by 0.49% annually over the same period (Town of Cambridge 2010). 

Geographically, the region has boundaries with the Indian Ocean to the west, the Swan-
Canning estuary to the east and adjacent local government areas to the north and south. 
The coastal environment is characterised by a combination of rocky and sandy shores and 
includes world-renowned tourist beaches such as Cottesloe, Floreat and City Beach. 
Numerous regional and local parks and reserves are located within the region, both in 
coastal and riverside areas and inland. The region contains the largest remnant bushland in 
the metropolitan area, Bold Park in the Town of Cambridge, while the City of Subiaco shares 
a boundary with King Park Botanic Gardens, the second largest bushland area in Perth. 

The Swan Estuary Marine Park (incorporating Pelican Point conservation reserve) is 
adjacent to the City of Subiaco’s JH Abraham Reserve. In addition to Nedlands, four other 
Councils border the Swan-Canning estuary, which is significant especially for its social and 
biodiversity values. 

The study area is predominantly residential, with some commercial, industrial and 
institutional uses. The region also contains two military installations (Campbell Barracks and 
Karrakatta Barracks), Karrakatta cemetery, and a number of large remnant bushland 
reserves. Dominant industries in 2006 were Professional, Scientific and Technical Services, 
Health Care and Social Assistance, Education and Training and Retail Trade (ABS 2008).  

The boundaries of the WESROC study area are shown in Figure 2. 
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Figure 2 Map of the WESROC study area
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3. Projected Changes in Climate  
The WESROC Climate Change Risk Assessment and Adaptation Action Plan is a strategic 
assessment of the projected impacts of climate change on local Council operations. Due to 
the strategic nature of the assessment, a single climate change scenario and timeframe 
were selected as a basis for the climate change projections to be applied in the analysis. 
The climate change projections used are based on the Intergovernmental Panel on Climate 
Change (IPCC) A1FI climate change scenario for 2070 (50th percentile) produced by the 
CSIRO and Bureau of Meteorology (BoM). This scenario is the upper climate change 
scenario developed through the IPCC Special Report on Emission Scenarios (IPCC-SRES) 
(IPCC, 2000) – ‘FI’ stands for an envisaged ‘fossil intensive’ future global economy. While 
the A1FI scenario is the upper limit of climate change projections, recent measurements of 
the global climate from 1990 (the baseline from which climate change scenarios are 
calculated) have suggested that global climate change is currently be tracking to this upper 
scenario (UCH, 2009; Hennessey 2008). Further, this scenario is consistent with those used 
by other Local Governments in Western Australia that have recently undertaken similar 
strategic climate change risk assessments.  

3.1. Current climate 

Perth is characterised by a warm Mediterranean climate with cool wet winters and hot dry 
summers. Meteorological data collected from Perth Regional Office station indicates an 
average1 annual maximum temperature of 23.9°C; average annual minimum temperature of 
14.0oC and an average annual rainfall of 819.4 mm (BOM 2009).  

While the Swanbourne station provides location specific climate data for the WESROC 
region, data has only been collected at this station since 1993. Thus a ‘current’ climate 
baseline cannot be established from this station2. However, it is worth noting that while 
annual average temperatures are not significantly different between the Perth Regional 
Office (1961-1990) and the Swanbourne record (1993-2010), annual average maximum at 
Swanbourne station is 23.8°C and annual average minimum is 13.8°C, the mean rainfall 
measured at Swanbourne is significantly less (717.5mm) (BOM 2009).3  

3.2. Climate change projections 

While the Fourth Assessment Report of the IPCC (2007) produced a range of climate 
change projections under a series of scenarios and timeframes, these changes are not 
expected to be uniform across the globe (Figure 3). Rather, they will vary by locality and 
must consequently be considered at a regional scale.  

On a regional scale, the CSIRO/BoM published the Climate Change in Australia Report 
outlining the major climate change projections across Australia. The CSIRO (2007) report 
suggests national climate changes may include: 

·  An increase in land temperatures by 5°C by 2070, across climate models.  
·  A tendency for increase in coastal wind speed across climate models. 
·  A likely increase in the proportion of tropical cyclones.  
·  An increase in the frequency of hot days and warm nights.  
·  A decrease in precipitation of between 2% and 5% by 2030.  
 
                                                
1 Average climatic conditions are based on the 1961 – 1990 baseline, following CSIRO (2007). 
2 The current climate baseline must align to the baseline in the CSIRO (2007), 1961-1990, to ensure that 
projections in climate change are relative to the current climate baseline. 
3 Maximum and minimum annual average temperatures from Swanbourne station, 1993 to 2010. 
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Figure 3: Relative changes in precipitation (in per cent) for the period 2090-2099, A1B scenario, 
relative to 1980-1999 

Within this report, projections for Western Australia are also detailed, as illustrated in Figure 
4.  This information was refined for major cities around Australia by CSIRO due to the spatial 
variability in predictions (CSIRO 2007), and data for Perth are shown in Table 1. The results 
suggest an increase in seasonal and annual temperature, decline in rainfall, increase in 
humidity and increase in solar radiation that will have associated significant impacts for 
ecosystems, economic growth and human settlements across the region (CSIRO 2007). 

It is important to note that the projections in Table 1 are not presented for all climate 
variables and are based on the results of multiple climate models and do not account for 
local topographical effects. However, these projections are considered to be sufficiently 
reliable information from which to draw inferences on potential changes in climate that will 
likely affect the WESROC region up to 2070 and are thus applied in this Project.  
Importantly, the regional nature of the risk assessment, and the current resolution of the 
climate change scenarios mean that this one scenario is applied to the whole WESROC 
region.   

While the information presented in Table 1 provides a broad overview of the projected 
climate trends in the Perth Metropolitan region, several climate variables required to assess 
climate change risk in coastal and estuarine environments are not presented. (e.g. 
projections for change in mean sea level). Consequently, the information presented by 
CSIRO has been adjusted to align with the methodology described by the National 
Committee on Coastal and Ocean Engineering (NCCOE) (2004) to ensure the suite of 
variables required for study area, which includes coastal and estuarine environments, is 
available. 

The NCCOE (2004) framework considers ocean water levels, winds, wave conditions, 
coastal currents, sediment transport patterns and ocean nutrients at a localised level for 
assessing risk of climate change in the coastal zone (NCCOE 2004). Such information 
enables a detailed, site-specific, assessment of projected impacts of climate change. Whilst 
such an assessment is beyond the scope of the current project, it was deemed valuable to 
obtain information on the broad range of climate variables. The output is presented in Table 
2. Information contained in Table 2 is drawn primarily from CSIRO (2007), and 
supplemented with information drawn from the IPCC Fourth Assessment Report (IPCC 
2007), Indian Ocean Climate Initiative (IOCI) documents and other recent scientific 
publications. 

It is useful to note that there are a number of outstanding information gaps in Table 2.  For 
example, changes to wave climate, wind speed and extreme water levels are not adequately 
addressed by existing information. This is largely owing to the fact that a detailed 
understanding of how these environmental variables respond to climate change at the local 



 

WESROC Climate Change Risk Assessment and Adaptation Action Plan 

scale is lacking and predictive m
However, due to the strategic nature of the current assessment, these information gaps will 
not impact the assessment outputs.

Figure 4 : Annual and seasonal projected tem
scenario A1FI (high emissions) using the 50

 

Table 1: Climate change projections for key climate variab les for Perth, based on the A1FI 
climate change scenario for 2070 (50th percentile) (CSIRO 2007)

Climate Variable  
Temperature (°C)  
No. of days over 35°C 
(currently »28 days) 
Rainfall (%) 
Potential Evaporation (%) 
Wind-speed (%) 
Relative humidity (%) 
Solar radiation (%) 
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scale is lacking and predictive models are unable to interpret response with any certainty. 
However, due to the strategic nature of the current assessment, these information gaps will 
not impact the assessment outputs. 

: Annual and seasonal projected tem perature and rainfall change by 2070 for the 
scenario A1FI (high emissions) using the 50 th percentile (CSIRO, 2007) 

: Climate change projections for key climate variab les for Perth, based on the A1FI 
for 2070 (50th percentile) (CSIRO 2007)  

Annual  Summer  Autumn  Winter
+2.7 +2.9 +2.7 
53.8   

-19 -12 -12 
+7 +6 +9 
-1 +8 +6 

-2.0   
+1.4   
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perature and rainfall change by 2070 for the 

: Climate change projections for key climate variab les for Perth, based on the A1FI 

Winter  Spring  
+2.3 +2.9 

  

-22 -27 
+16 +6 
-14 -3 
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Table 2: Perth region coastal climate change scenar ios 

Key 
Variable 

Code  Perth Regional Coastal Scenario Comment 

Mean Sea 
Level 

 

K1 

 

Projected range of sea level rise (m) 
relative to 1990 baseline: The IPCC 
AR4 provides maximum and minimum 
projections for the decade 2090-2099 
and for the potential dynamic response 
of the Greenland and Antarctic Ice 
Sheets but does not provide time 
series for projections of sea level rise 
throughout the 21st Century. Therefore, 
Hunter (in press) analyzed the AR4 
outputs in combination with the TAR 
outputs to establish time series data4. 
This information has been applied to 
establish SLR predictions for inclusion 
in the current assessment. Values 
given to 2 decimal places.  

Scenario    Percentile    2030    2070 

A1F1         50            0.14     0.33m 

A1F1         95               0.15     0.47m 

Based on tide data analysis 
(Mitchell et al., 1999) Fremantle 
appears to be tracking to global 
average sea-level rise. Importantly, 
the decadal scale changes driven 
by climate variability are markedly 
different from global averages – by 
definition.  This is important 
because these shorter-term 
fluctuations are likely to drive 
immediate changes.   

Ocean 
Currents 

and 
Temperature 

 

K2 

 

Median values of sea surface 
temperature for the A1FI scenario 
(50%) (fig 5.49, CSIRO 2007): 0.6 to 
1.0 (2030) and 2.0 to 2.5 (2070) 

It is not clear at present, how 
potential climate-change driven 
changes to SSTs will affect the 
Leeuwin Current. As such, this has 
implications for SSTs immediately 
offshore of Perth, with implications 
for foreshore vulnerability (direct 
sea-level impact) and also primary 
productivity with potential 
implications for sediment supply. 

Wind Climate 

 

K3 

 

See Table 1. 

These scenarios suggest an overall 
very small reduction in mean annual 
wind speed, with disproportionate 
seasonal changes – a reduction in 
winter/spring, and increase in 
summer/autumn.  

Perth regional winds are highly 
event driven and influenced by 
local land sea-breeze cells 
(Pattiaratchi et al., 1996).  Mean 
wind predictions will not represent 
these processes. 

Extreme winter wind projections are 
expected to reduce in a similar 
proportion to mean winter wind 
speeds. It is less certain whether 
extreme summer winds will, or are 
likely to, increase corresponding to 
mean summer winds. 

                                                
4 See http://www.cmar.csiro.au/sealevel/sl_proj_21st.html#21C_ts 
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Key 
Variable 

Code  Perth Regional Coastal Scenario Comment 

Wave 
Climate 

 

K4 

 

No recent scenarios of the implications 
of climate change on local or swell-
driven waves. Inferring wave climate 
from the wind climate projections (local 
wind wave component only) suggests a 
lower proportion of local wind-waves.  
Climate change scenarios move the 
swell-wave generation zone further 
south.  At present the mean sea-wave 
is 2.5 m off the SW Capes and 1.5m off 
Shark Bay. Assuming that this North-
South gradient of swell-wave energy is 
maintained in the future, it may be 
inferred that mean swell waves will 
decrease, and that greater decreases 
will occur under the higher emission 
scenarios. 

These are initial interpretations 
only. The recent analysis of Hemer 
et al (2008) analysed historical 
wave climates for all Australian 
waters.  This study is expected to 
form the basis of future studies that 
link measured historic wave climate 
variability with climate change 
models. 

Rainfall / 
Runoff  

K5  See Table 1 

Runoff changes: 

2030 A1FI (%): Annual; -15 to -30 

2070 A1FI (%): Annual, -57 

While changes in the frequency of 
occurrence of high intensity 
precipitation events are possible, 
the current understanding of 
climate change in SW WA 
precludes any conclusions being 
drawn in this regard (Berti et al, 
2004, Pearcey, Department of 
Water, pers comm., Nov 2008).   

The work of the Department of 
Water with CSIRO (Berti et al, 
2004), including work soon to be 
published on the Serpentine 
catchment (Pearcey, pers comm.) 
has developed a ‘rule of thumb’ of a 
three times multiplier of mean 
annual rainfall to the resulting 
changes in annual runoff.  These 
multipliers have been applied here. 

Air 
Temperature 

K6  See Table 1 Increases are possible in the 
frequency of occurrence of 
extremely high temperatures with 
reductions in the frequency of very 
low temperatures. 

Extreme 
Water Levels 

K7 Analysis of historic extreme water levels at Fremantle show that there is a 
direct relationship between extreme event levels and mean sea-level 
changes. A recent analysis of potential extreme water levels in the Peel-
Harvey system (M. P. Rogers & Associates, 2008) concluded that “Limited 
information exists as to the change in frequency and intensity of extreme sea 
level events due to climate change, so the probability of the 1 in 100 year 
event occurring in 2008 is assumed to be the same as it occurring in 2100”. 
This assumption was also maintained in the SRT (2010) report Climate 
Change Risk Assessment Project, and therefore, was considered valid for the 
current assessment.  
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4. Potential Impacts of Climate Change on the Regio n 
As consistent with other Australian Local Governments undertaking similar strategic climate 
change risk assessments, the potential climate change impacts have been considered in 
three impact areas: 

·  Natural environment. 
·  Built environment. 
·  Community. 
 
The potential impacts presented are based on a literature review conducted for the Set the 
Context phase of the risk assessment, and are supplemented by results from a survey 
conducted with member Councils. 

4.1. Natural Environment 

4.1.1. Biodiversity 

Increasing temperatures and changes in rainfall patterns will very likely impact biodiversity. 
An increase of only 0.5°C may impact the distributi on and abundance of Western Australian 
frog, mammal and plant species (NRMMC 2004). It could also mean pest species become 
more prolific or uncontrolled (IPCC 2007). For example, changes in the water temperature of 
the Swan-Canning estuary, as well as more frequent extreme weather events would impact 
nutrient enrichment. This would have significant social and aesthetic implications, 
particularly if algal blooms were more frequent. As the study region is located at the lower 
end of the Swan-Canning estuary, climatic changes affecting areas further upstream would 
also have flow on impacts. Impacts on the Swan-Canning estuary are detailed further in 
Section 4.1.2.  

Coastal Biodiversity 

Four out of the seven WESROC member Councils border the Indian Ocean. This area 
contains some of the most iconic beaches both in Australia and abroad, such as City, 
Floreat and Cottesloe Beaches. Both offshore reef habitats and coastal dunes contain 
significant biodiversity values. Cottesloe Reef, under the State Department of Fisheries, is 
classified as a Fish Habitat Protection Area. Stretching approximately 4.5km along the coast, 
Cottesloe Reef provides habitat and shelter for numerous marine species including fish, 
shellfish, crustaceans, weedy seadragons and the rare leafy seadragon (Town of Cottesloe 
2010).  

A mix of the Quindalup and Spearwood dune systems, the coastal habitat contains a mix of 
introduced and native species, consisting of low health, low open woodland and scrubland 
vegetation, including various species of Spinifex, Cushion Bush, False Boronia and Parrot 
Bush (Ecoscape 2005, Cambridge Coastcare 2007). Introduced species such as Norfolk 
Island Pines, Pigface and various domestic lawn species, are also found in the coastal 
reserves. Both native fauna, such as Blue-tongue lizards, and introduced fauna, such as 
rabbits, are found in the coastal dunes systems (Ecoscape 2005). 

Due to their exposure, coastal dunes are constantly impacted by wind, rainfall, sea level and 
temperature conditions. An increase in mean sea level and other climate changes will 
increase the exposure of flora and fauna to the erosive forces. In addition, sediment 
transport processes may alter, thus modifying erosion and accretion processes along the 
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coast. Finally, the protection currently afforded by offshore reef is likely to decrease as sea 
levels rise and their buffering capacity is reduced.  

With a projected increase in sea surface temperature, reef areas in the study area will be 
subject to greater heat stress. Reef organisms have a narrow temperature range tolerance, 
with increased sea temperatures associated with coral bleaching. This in turn will likely 
impact fish and other marine species due to decline in their principal food sources. Changes 
in other weather variables such as rainfall, cloud cover and water circulation all affect the 
growth reproduction and distribution of marine organisms. For example, increased dissolved 
CO2 in ocean water may increase the productivity of seagrasses, however it may have 
negative impacts on the existence and formation of coral reefs (Hobday et al. 2006; UNEP, 
2009). 

Parks, Gardens and Remnant Bushland 

The WESROC study area contains various parks and reserves that contain both native and 
introduced flora and fauna. In addition to protecting and conserving the regions indigenous 
vegetation the following areas of remnant bushland provide important refuges for fauna, 
particularly bird species (Ecoscape 2002): 

·  Bold Park, Perry Lakes, Wembley Golf Course (Cambridge). 
·  Lake Claremont (Claremont). 
·  Coastal Reserve, Cottesloe Golf Club, and Seaview Golf Course (Cottesloe). 
·  Coastal Reserve and Mimum Cove Bushland (Mosman Park). 
·  Allen Park, Shenton, Hollywood, Swanbourne and Underwood Ave Bushlands 

(Nedlands). 
·  Freshwater Bay Bushland (Peppermint Grove).  
·  Pelican Point Marine Reserve (Subiaco). 

Many local flora and fauna species may be negatively affected by heat and water stress and 
increasing bushfire frequency and/or intensity. The loss of vegetation corridors would limit 
the ability of species to migrate to suitable areas as the climate changes. Bold Park plays a 
particularly important role as a wildlife corridor, linking remnant bushland areas to the north 
and south (BGPA 2008). It is currently the largest area of remnant bushland in the Perth 
urban area (437 ha). More than 1000 native and introduce species of flora, fauna and fungi 
have been identified within Bold Park bushland (BGPA 2008). 

Dealing with increased weed species due to changes in mean climate and variability could 
be a consideration for local Councils, as some types of introduced flora may be more 
resilient to climate changes than native species.   

Inland lakes and water bodies 

Within the WESROC area, there are a number of lakes and inland water bodies that 
contribute to the overall biodiversity of the region. In particular, Lake Monger, Lake 
Claremont and Lake Mabel Talbot are recognised for their biodiversity values. 

Lake Monger in the Town of Cambridge is recognised as a conservation wetland. The lake 
acts as a regionally significant wildlife habitat and drought refuge on the Swan Coastal Plain, 
particularly for bird species (Town of Cambridge 2009). As well as containing remnant 
bushland as part of an important wildlife corridor in Perth, Lake Claremont (Claremont) is 
also a conservation category wetland, under the Environmental Protection (Swan Coastal 
Plain Lakes) Policy 1992 (North Metro Conservation Group 2007). 
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In the City of Subiaco, Lake Mabel Talbot is a conservation category wetland and Lake 
Jualbup is a resource enhancement category wetland. Both are seasonal lakes that are 
generally dry over the summer months and refill during winter from stormwater drainage and 
expression of the superficial aquifer. Management of these wetlands is expected to come 
under increasing pressure with a projected drier climate. 

Potential changes in temperature and rainfall could impact on the ability of these reserves to 
sustain their significant biodiversity, particularly as current season dry periods are likely to be 
further prolonged in the future. 

In addition, potential impacts on wildlife health, such as the increased spread of Botulism will 
require additional attention from Councils. Much like human pathogens, Botulism among 
wildlife is likely to increase with climate change (Department of Health, 2007). 

4.1.2. Swan-Canning Estuary 

There are a number of potential impacts on the Swan-Canning estuary due to changes in 
climate. Projected increases in air temperature will result in increased water temperature in 
the estuary. Projections for more frequent heatwaves could potentially lead to more frequent 
algal blooms, affecting the public use of the river and adjacent parks. With rising sea levels, 
water levels within the estuary will also rise, resulting in direct flooding of low-lying areas and 
also potentially increasing salinity in down stream areas (Swan River Trust, 2007; 2010). 
Decreasing precipitation and falling ground water levels will likely result in reduced stream 
flow and drainage into the system, likely disrupting the current seasonal estuary flushing 
processes. 

The Swan Estuary Marine Park provides vital habitats for transequatorial migratory wading 
birds, as well as feeding, nesting and breeding habitats for fish and other waterbirds (CALM 
1999). Sea grass beds in the Marine Park contribute to energy flows and primary production, 
as well as stabilising the river floor (CALM 1999). The Swan-Canning estuary contains 
numerous sites of geological significance; in particular fossils in the shell beds at Minim 
Cove provide a valuable insight into sea levels in the past. 

The Swan-Canning estuary is used for a number of activities: recreational (such as 
recreational fishing, aquatic sports and sightseeing), commercial (tourism and fishing); and 
educational/research (for example, learning about intertidal biodiversity) (CALM 1999). 

In addition, foreshore reserves across Claremont, Nedlands, Mosman Park, Peppermint 
Grove and Subiaco provide refuge for wildlife, particularly bird species, and contain 
significant recreational values for local communities. For example, Pelican Point is included 
in the Swan Estuary Marine Park as an A Class Marine Reserve, to protect important areas 
for waterbird feeding and nesting for local migratory species. This is one of the few areas 
where the river foreshore vegetation remains intact and has not been disrupted 
infrastructure development, i.e. roads or seawalls.  

According to the Swan River Trust (2007), the potential climate change impacts on the 
Swan-Canning estuary may include: 

·  Reduced water, sediment, salt loads and nutrients from the Avon Catchment to the Swan 
River, and subsequently to the estuary. 

·  Changes in community use and perception of the estuary. 
·  Impact on river ecology due to increased sea level rise and decreased streamflow. 

The Swan River Trust (SRT) jointly manages the Swan-Canning estuary and foreshore 
areas with member Councils. Importantly, the SRT has final control over estuary 
management decisions. 
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4.1.3. Coastal areas 

Potential impacts of climate change on the coastal zone are largely associated with sea level 
rise and changes in wind and wave climates. The specific climate change impacts 
experienced along the coastline of the study area may include:  

·  Displacement of coastal lowlands. 
·  Increased coastal erosion. 
·  Increased flooding. 
·  Salinisation of surface and groundwater. 
·  Increased pollutant loadings in surface water from increased run off. 
·  Damage to coastal protection works and other infrastructure. 
·  Loss of amenity. 
·  Loss of coastal habitats. 
·  Impacts on biodiversity (detailed above). 

The exact nature and extent of impacts will be determined by natural physical sensitivity or 
susceptibility of the existing coastal environment to change. The coastline along the study 
area contains a combination of sandy and rocky environments, with offshore reefs. 

A large proportion of the coast is currently protected by offshore reefs, which reduce the 
impacts of waves at the shore. Several sections of sandy coast are currently susceptible to 
shoreline movement.  As sea level rises, the effectiveness of the reefs in reducing wave 
impact may reduce. This may result in increased sediment movement offshore, particularly 
in areas of coast perched on limestone outcrops. Additionally, instability of the cliff line along 
much of the study area is a key management concern under present conditions and is likely 
to be exacerbated under projections for future change. 

In 2007-2008, the Town of Cottesloe undertook an assessment of the potential impacts of 
climate change in the coastal zone, based on the 2070 IPCC High Scenario. Key outcomes 
from the assessment included:  

·  Different rates of shoreline recession depending on coastal geomorphology, ranging 
from zero to 14m and 14m to 32m, for sandy or rocky shorelines respectively. 

·  Key elements of the coast subject to impacts included infrastructure, environment 
(onshore) and amenity. 

·  Operational risk treatment plan focused on research, education/behaviour, and 
regulatory and institutional ways to treat the identified risks. 

·  A key priority was to gather information on the coastal substrate, to delineate between 
hard and soft substrate. This would provide the Council with greater certainty in 
projections for impacts on the coastal zone.  

The potential consequences for existing and planned coastal development will be 
particularly relevant for other WESROC local governments with coastline, including the 
Town of Mosman Park, City of Nedlands and the Town of Cambridge.  

In general terms, the impacts of climate change along the coastal zone will largely be 
determined by the ability of a given location to accommodate effects of sea level rise and 
other climate changes. This will be dictated by level of development in a discrete area in 
conjunction with its underlying physical characteristics (e.g. limestone substrates several 
meters above sea level versus low lying plains). 

4.1.4. Extreme Weather Events 

CSIRO (2007) modelling suggests that potential changes in cyclone duration may mean they 
track further south, increasing associated extreme wind and rain events in these areas. 
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While projections indicate an overall decline in the number of high intensity storm events, it 
is projected that there will be an increase in their intensity. Associated cyclonic wind and rain 
events would impact the hydrology of the Swan River and cause flooding whilst they would 
also result in increased impacts on the coastal zone.  

Hotter and drier days, as well as greater coastal wind speeds, may increase fire risk, with 
the potential for more frequent and intense fires. This would particularly be an issue in areas 
such as Cambridge, Mosman Park and Nedlands where there is a significant amount of 
remnant bushland.  

4.1.5. Natural Environment - Consequences for Local  Government 

The impacts of climate change in the natural environment will lead to a number of 
management issues and concerns for local governments. For example: 

·  Increased community pressure to maintain current biodiversity particularly in remnant 
bushland areas. 

·  Increased public safety concerns, for example, damaged infrastructure, erosion, and 
algal blooms. 

·  Potential need to increase current management of pest and weed species. 
·  Need for increased capacity to respond to emergencies and disasters. 

4.2. Built Environment 

Increased temperatures and an increase in the frequency and severity of extreme weather 
events, especially intense rainfall, are likely to impact on existing public and private 
infrastructure through: 

·  More frequent and more severe storm damage, particularly from flooding. 
·  Accelerated degradation of construction materials (CSIRO 2006). 
·  Overloading or failure of sewers and storm water systems. 
·  Damage or destruction through bushfire. 

Coastal infrastructure may be impacted when storm surges combine with sea level rise 
(CSIRO 2006). Estuarine and river environments may be more susceptible to bank erosion 
and flooding. According to Swan River Trust (2007), impacts on river and estuary 
infrastructure may include: 

·  Increased erosion and damage of protective river walls. 
·  Increased frequency of inundation of low lying features such as parks, roads footpaths, 

and stormwater drainage systems. 
·  Some increase in damage to piers and abutments used for jetties and bridges. 

Transport infrastructure is likely to require increased maintenance under projected climate 
changes. For example, increased temperatures would likely reduce the design life of asphalt 
on road surfaces and cause accelerated degradation of other construction materials, and 
foundations through increased ground movement and changes in groundwater (CSIRO 
2006). Increased temperature also causes additional stresses to the steel in bridges and rail 
tracks through a more rigorous regime of expansion and increased movement (CSIRO 
2006). Damage to infrastructure from extreme weather events such as cyclonic flooding or 
bushfires would also be likely exacerbated due to climate change. 

In regards to utilities, demand for water is likely to rise with increasing temperatures, both for 
human consumption and to service recreational requirements such as gardens and 
swimming pools. Greater water demand for Council managed areas would need to be 
planned for, through more efficient use of water (i.e. supported by hydro zoning, soil 
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moisture probes, and weather monitoring systems) and adoption of stormwater capture or 
water recycling systems. Electricity requirements are likely to increase due to the increased 
use of air-conditioners resulting from higher average temperatures and through increased 
incidence of heatwaves.  

Both water and electricity infrastructure (particularly pipelines and overhead cables) are 
likely to be at higher risk to damage from flooding and/or fire. Distribution networks may 
have to be upgraded to deal with these increases. Costs associated with installing 
alternative energy and water sources will likely also need to be considered by local Councils, 
for example, solar powered lighting or grey water reuse systems as measures to adapt to 
the combined effects of reduced rainfall and water availability and increased temperatures. 

In light of predicted climate changes, revising planning and development approvals will need 
to be considered. New buildings and community spaces may need to meet higher water and 
energy efficiency standards, and the possibility of litigation and legal costs associated with 
revised planning decisions would also need to be considered. 

In addition, waste collection and management issues could be exacerbated for local 
Councils due to climate changes. With higher temperatures, more frequent waste collection 
may need to be considered to reduce health risks under higher temperatures. Contamination 
from existing landfill sites as well as finding locations for new landfill sites may need to be 
considered by Council. This would also have flow on impacts for community health and 
wellbeing. 

4.2.1. Built Environment - Consequences for Local G overnment 

In summary, the potential consequences to local government from climate change impacts 
on the built environment include: 

·  Higher infrastructure maintenance costs, including estuarine and coastal foreshore 
infrastructure. 

·  Increased costs associated with replacing damaged or destroyed infrastructure. 
·  Additional engineering and construction costs to increase resilience in coastal and 

estuary foreshore development. 
·  Increased pressure on existing emergency response capability. 
·  Increased community pressure to deal with increased demand for water and power. 
·  Increased costs in maintaining Council assets. 
·  Need to revise approach to planning and planning approvals, including potential litigation 

and legal costs. 
·  Increased demand for waste collection and management of landfill sites. 

4.3. Community 

The study region is primarily residential with some industrial and commercial land uses. With 
a predicted steady population growth rate (between 0.49 to 1.0% per annum) climate 
change impacts on the community will become an even greater consideration for Councils. 
Changes associated with moving to adapt to climate change impacts will likely require 
communities to change their way of thinking about resource use, as well as the provision 
and maintenance of public facilities. For example, changes to more frequent use of native 
vegetation in landscaped and public areas to reduce water demand may challenge 
community expectations and values. 

The regions’ residential population will likely have to adapt to the various constraints and 
opportunities resulting from climate change. As temperatures rise and demand for water 
increases, there are likely to be fewer outdoor recreational opportunities for residents and 
visitors. Changes to the natural environment may mean that some areas are not used as 
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frequently, for example more frequent algal blooms may reduce sailing or yachting activities 
on the river. Member Councils will need to ensure community expectations are balanced 
with resource availability. 

Councils will also face increased pressure for community support after extreme weather 
events such as that seen in the recent storm on the 22 March 2010. As evidenced Councils 
have already seen an increase in demand for services, such as community care and storm 
damage recovery. 

The predicted changes in climate may present increased health risks for vulnerable groups, 
particularly children and the elderly. Hennessy et al. (2007) in a contribution to the IPCC 
Fourth Assessment Report, summarise the most significant health impacts for temperate 
regions as: 
·  An increase in heat related deaths. 
·  Fewer but heavier rainfall events are likely to affect mosquito breeding and increase the 

variability in annual rates of Ross River disease. 
·  The risk of dengue fever is likely to increase through changes in climate and population 

sensitivity. 
·  Warmer temperatures and increased rainfall variability are likely to increase the intensity 

and frequency of food-borne and water-borne diseases. 

Health impacts may include an increase in mosquito borne diseases, including the 
emergence of diseases not currently a risk in the region. Currently, the Cities of Subiaco and 
Nedlands have existing vector management controls in place for mosquitoes. Extreme 
events such as bushfires are often linked to increased respiratory illnesses.  These potential 
health impacts on WA have been summarised by the Department of Health, 2007. 

In addition, the study area also contains cultural heritage and indigenous heritage values 
that could be impacted on by climate change. Bold Park, for example, was used by settlers 
to quarantine camels during the gold-rush and Perry House was built in 1919 for the 
caretaker of a large area of land within the present day Perry Lakes (BPGA 2008). Lake 
Monger was an important indigenous settlement, valued for its mythological and spiritual 
significance (Town of Cambridge 2009). Cottesloe has numerous heritage sites, from the 
late 1800s, such as the Civic Centre and some indigenous archaeological sites (Town of 
Cottesloe 2010). 

4.3.1. Community - Consequences for Local Governmen t 

The consequences of climate change impacts on the community can be summarised as: 
·  Increased demand on local medical facilities and other community services (e.g. local 

pools or recreational areas). 
·  Increased workload and scope for environmental health officers. 
·  Change demands and use patterns of recreational facilities (e.g. additional shelters in 

public areas and along bike and foot paths). 
·  Increased likelihood of illness or injury from extreme weather events and heat waves, 

and associated Occupational Health and Safety costs. 
·  Increased support to the community following extreme weather events. 

4.4. Summary 

This Section has provided an overview of the potential impacts and consequences, of 
climate change to WESROC member Councils. The discussion was based on a 
consideration of the projected climate changes, as outlined in Section 3. WESROC member 
Councils and relevant stakeholders applied this information as a key input into the risk 
assessment process. The risk assessment framework employed is outlined briefly in Section 
5 below. 
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5. Assessing Climate Change Risk – The Risk 
Assessment Framework 

Risk management is the process of defining and analysing risks to facilitate subsequent 
decision making on the appropriate course of action to minimise these risks. The Risk 
Assessment Framework applied in this assessment is one recommended by the Australian 
Government. The Australian Greenhouse Office (AGO, now the Department of Climate 
Change and Energy Efficiency) publication, ‘Climate Change Impacts and Risk 
Management: A guide to business and government’ (referred to herein as the AGO Risk 
Framework) outlines a methodology to conduct climate change risk assessment and risk 
treatment (adaptation planning) based on the Australian/ New Zealand Standard Risk 
Management framework (AS/NZS 4360:2004 – now updated to AS/NZS ISO 31000-2009). 
This project mandated the use of the AGO Risk Framework, as determined by the WESROC 
Project Team at the initial planning meeting. The Framework is comprised of five core 
phases (Table 3): 

·  Set the context. 
·  Identify the risks. 
·  Analyse the risks. 
·  Evaluate the risks. 
·  Treat the risks. 

 
Table 3: Phases in the Risk Assessment Framework (A GO 2007) 

Phase Description 

Set the Context Defining the business or organisation to be assessed and the scope of the assessment 

Clarify the objectives of the organization 

Identify stakeholders and their objectives and concerns 

Establish success criteria  

Develop key elements  

Determine relevant climate change scenarios for the assessment 

Identify the Risks Describe and list how climate changes impact each of the key elements of the 
organisation 

Analyse the Risks Review the controls, management regimes and responses already in place to deal with 
each specific risk 

Assess the consequences of each risk against the organizations objectives and success 
criteria 

Form a judgement about the likelihood of each identified risk leading to the 
consequences identified 

Determine the level of risks to the organisation for each of the climate change scenarios 
used in the analysis 

Evaluate the Risk Re-affirm the judgements and estimates 

Ranking the risks in terms of their severity 

Screening out minor risks that can be set aside and which otherwise distract attention of 
management 

Identify those risks for which more detailed analysis is recommended 

Treat the Risk Identify relevant options to manage or adapt to the risks and their consequences 

Select the best options incorporating these into forwards plans and implementing them  
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The overarching role of the risk assessment framework is to enable a systematic and 
defendable approach to risk management and treatment. The approach is focused on 
treating organisational risks. The link between climate change and organisational risks is 
shown in Figure 5. 

 

Figure 5: Example link between climate change and r isk (AGO 2007) 

The impacts of climate change on an organisation can be identified and subsequently 
treated by working through the chain of consequences (Figure 5). It is important to note that 
the outcome is a strategic risk assessment and treatment plan, which is not designed to 
deliver detailed treatment types and recommendations for particular places.  To do this 
would require a much more detailed level of climate change impact assessment. 

Full details on the approach taken to complete the five phases of the risk assessment 
framework are detailed in Part Two of the WESROC Risk Assessment Set the Context 
Paper. The outcomes of the risk assessment are presented in Section 6. 
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6. Risk Assessment 
The process of risk assessment undertaken herein includes risk identification, risk analysis 
and risk evaluation.  

6.1. Risk Identification and Analysis  

Risk identification was undertaken in partnership with WESROC Councils through a series of 
project team meetings and workshops with local Councils. Firstly, an initial list of key asset 
and service delivery areas (KASDA) and sub-components was developed, following a 
guideline produced by the Australian Government (SMEC, 2007). The objective was to 
ensure that risks to Council were aligned to key asset and service delivery areas across all 
member Councils. The initial list of KASDAs was subsequently reviewed by the WESROC 
Project Team to ensure relevance across all member Councils. The final list of KASDAs are 
summarised in the Table 4.  

It is recognised that this list of KASDA is not directly applicable across all member Councils. 
There exist minor differences between each member Council, for example Waste collection, 
management and reuse comes under the responsibility of Health Services for Claremont, 
Nedlands, Mosman Park and Cottesloe; while it is managed under Infrastructure Services 
for the remaining Councils. Despite this, this description of KASDA was considered to best 
reflect organisational arrangements within the local governments across the region. 

Table 4:  Key asset and service delivery areas, and  key functions per KASDA, for WESROC 
member Councils 

INFRASTRUCTURE SERVICES  

Road pavement construction and maintenance  
Stormwater/drainage 
Council-owned buildings 
Transport 
Public space lighting  
Coastal and estuarine infrastructure 
Grey water re-use and recycling 
Waste collection and management 
Waste reuse and recycling  

PLANNING AND DEVELOPMENT  

Policy Planning and Developments and Building standards 

NATURAL RESOURCE MANAGEMENT  

Coastal and estuarine management (including waterways) 

Weed/pest management 

Biodiversity (introduced and native biodiversity; including bushland and landscaped gardens) 

Environmental water quality 

EMERGENCY SERVICES  

Bushfire management 

Flood and storm event management 

HEALTH AND COMMUNITY SERVICES  

Community/workplace health 

Vector management (Subiaco mosquitoes) 

Waste collection and management  
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RECREATIONAL SERVICES  

Provision and use of recreational facilities 

Maintenance of recreational facilities 

Maintenance of street trees  

Maintenance of reticulation and groundwater  

Based on the KASDA categories, a survey of member Councils was conducted to support 
the development of a list of potential impacts of climate change. The survey template is 
presented in Appendix 1. Outputs from this survey were also later used as thought starters 
in relation to current controls and management issues faced by each Council. 

Risk identification then followed a simple process, with the WESROC Project Team 
considering the impacts of climate change across four key climate drivers; extreme events, 
sea level rise, rainfall, and temperature,  

The risks and consequence of the projected climate changes to each KASDA (and 
subcomponents of each service area) were identified systematically, considering each 
climate driver in turn, as appropriate. In some cases, drivers combined to deliver an impact 
(i.e. increase temperature and decline in rainfall contribute to bushfire risk) and in such 
cases, the impacts are aligned to both drivers. In other cases, an impact did not align to a 
driver. For example, a decline in rainfall may not lead to a risk for waste re-use and 
recycling. However, this does not mean that there is no impact, rather that a key impact 
relevant to the service area under consideration was not readily identified.  

A final list of risks per KASDA was developed and these were used as a ‘thought starters’ 
during the risk assessment workshop. During the workshop each Council had the 
opportunity to modify these risks, if required, to ensure they were applicable, and to 
incorporate additional risks if deemed appropriate for their Council. They then applied the 
evaluation framework to analyse and evaluate the risks5. Councils considered each driver 
when completing the risk assessment, to ensure that a broad spectrum of impacts was 
identified. 

Key workshop outcomes included a list of prioritised risks for each member Council, which 
were subsequently evaluated by the Consultants (see the following section on risk 
evaluation results).  

6.2. Risk Evaluation Results 

6.2.1. Regional Trends 

The key climate risks to the WESROC area6 as evident from workshops with Council 
representatives are as follows: 

·  Threat to infrastructure adjacent to coast and estuarine foreshore from erosion and 
inundation and from extreme storm events. 

·  Impact of climate changes on management and maintenance of infrastructure, drainage 
and wastewater networks. 

·  Impact of extreme weather events and increased range of vector-borne diseases on 
community health and the emergency response. 

                                                
 
6 Note: Regional analysis is taken from a summary of individual Council risk rankings, in this way giving an idea 
as to regional priorities. It does not indicate that these risks were ranked as extreme across all Councils in the 
study area. Individual Councils are strongly encouraged to refer to their individual risk assessment outcomes 
when planning for adaptation.  
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·  Impact of climatic changes on natural resource management, including biodiversity of 
native bushland areas and landscaped gardens and environmental water quality. 

All WESROC member Council risk assessment outputs are presented in full in Appendix 2. 
The outcomes of the risk assessment were applied to develop strategic adaptation/risk 
treatment options for the WESROC member Councils, detailed in the following section. 

6.2.2. Highest Priority Risks across the Region 

Individual Council risk ratings were combined to provide a regional rating for each risk. 
These overall ratings were categorised according to the following scale: 

·  1-7  Low risk 
·  8-14 Medium risk 
·  15-20 High risk 
·  >20 Extreme risk 

Overall, five out of the total 80 risks for the region were ranked as Extreme (6.25%), while 34 
were ranked as High risk (42.5%).  

The greatest risk across the region was change in groundwater levels, flood plains and 
increased peak flows leading to decline in water quality, which would require additional work 
to monitor water quality and respond to changes as necessary. Three Councils identified this 
as an extreme priority, while a further three ranked it as high.  

The second highest risk was the shift in the distribution of plant and animal species, which 
two Councils ranked as an extreme risk, while four ranked it as high. Increases in ecological 
disturbances and reduced ecosystem resilience to stress ranked third overall, with two 
Councils ranking as extreme and three ranking as high. Implications of these two risks to 
Council included the need for increased resources to maintain vegetation networks and 
preserve habitats. The WESROC area has extensive areas of parks, gardens and remnant 
bushland, and community expectations for the maintenance of public spaces are significant. 
There would also be greater pressure on Councils to monitor and manage ecological 
disturbances and increase ecosystem resilience. 

The final two risks that were identified as extreme across the region were in the area of 
Health and Community Services. Community and workplace health due to exposure to 
extreme weather (heatwaves, hail, flooding etc.) was ranked by one Council as extreme and 
by five Councils as high. Consequences to Council could include:  

·  Decline in community and lifestyle characteristics as recreational participation levels 
decline, resulting in an overall decline in public health. 

·  Increased pressure to provide timely recovery services and places of refuge to 
populations following extreme weather events. 

·  Increased Occupational Healthy and Safety costs and insurance costs. 
·  Increased pressure on health services to check foreshore, power and sewage service 

provision. 
·  Increased community services to assist with injury, sickness and physiological trauma 

following extreme weather events. 
 

Councils ranked management of disease-carrying vectors, such as mosquitoes and rats due 
to changes in climate as the fifth and final extreme risk for the region. Three Councils ranked 
an increase in the geographical range and seasonality of vector-borne diseases and the 
possibility for an expansion of receptive zones as extreme, while one ranked it as high risk. 
The consequences for Council include: a decline in public safety, a decline in the aesthetic 
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value of the region, an increase in inspection and control program workload and costs, and 
an increase in the amount and frequency of chemical use to control populations and 
potential disease outbreaks. 

A complete list of the risks ranked as extreme and high is included in Table 5. Importantly, 
the information in Table 5 demonstrates the variable allocations assigned to risks by 
member Councils. Whilst there are similarities, the differences provide guidance on the 
differential significance of each risk across the member Councils. This provides a useful tool 
to understand regional differences and to support a collaborative approach to management.   

 
Table 5:  Extreme and high priority risks for the W ESROC area  
 

No Key element Driver Impacts (event) 

Risk Priority Rating SUM 
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ALL 

1 
Environmental water 
quality All 

Changes in groundwater 
levels, flood plains and 
increased peak flows 
leading to decline in 
water quality. 

3 4 4 4 3 2 3 23 

2 

Biodiversity 
(introduced and 
native biodiversity; 
including bushland 
and landscaped 
gardens) 

All 
Shifts in distributions of 
plant and animal 
species. 

4 3 3 4 3 2 3 22 

3 

Biodiversity 
(introduced and 
native biodiversity; 
including bushland 
and landscaped 
gardens) 

All 

Increases in ecological 
disturbances and 
reduced ecosystem 
resilience to stress. 

4 3 3 4 2 2 3 21 

4 
Community/workplac
e health 

Extreme 
events 

Health impacts due to 
exposure to extreme 
weather, e.g. heatwaves, 
hail, flooding. 

2 3 3 4 3 3 3 21 

5 
Vector management 
(Subiaco 
mosquitoes) 

Increase in 
temperature 
and 
decrease in 
rainfall 

Increase in geographical 
range and seasonality of 
vector-borne diseases 
and the possibility for an 
expansion of receptive 
zones. 

2 4 4 4 2 2 3 21 

6 Stormwater/drainage 
Extreme 
events 

More intense rainfall 
resulting in inflow and 
infiltration into 
wastewater networks. 

2 3 3 4 3 3 2 20 

7 
Coastal and 
estuarine 
infrastructure 

Sea level rise 
and extreme 
events 

Increased erosion and/or 
exceedance of seawalls, 
jetties and other coastal 
defences. 

2 3 3 4 3 3 2 20 
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No Key element Driver Impacts (event) Risk Priority Rating SUM 

8 
Flood and storm 
event management 

Extreme 
events 

Increased number of 
emergency response 
and recovery operations 
in response to floods 
and storm events. 

2 3 3 3 3 3 3 20 

9 
Road pavement 
construction and 
maintenance  

Sea level rise 

Inundation and/or 
erosion of roads in 
coastal and estuarine 
areas 

2 3 3 4 1 2 4 19 

10 
Coastal and 
estuarine 
infrastructure 

Extreme 
events 

Increased frequency, or 
permanent inundation of, 
coastal infrastructure 
and utilities, e.g. water, 
sewerage, gas, 
telecommunications, 
electricity, transportation 

2 3 3 4 2 3 2 19 

11 

Coastal and 
estuarine 
management 
(including 
waterways) 

Increase in 
temperature 
and 
decrease in 
rainfall 

Shifts in distributions of 
plant and animal 
species. 

3 3 3 3 3 2 2 19 

12 

Coastal and 
estuarine 
management 
(including 
waterways) 

Increase in 
temperature 
and 
decrease in 
rainfall 

Increases in ecological 
disturbances and 
reduced ecosystem 
resilience to stress. 

3 3 3 3 2 2 3 19 

3 

Biodiversity 
(introduced and 
native biodiversity; 
including bushland 
and landscaped 
gardens) 

All 
Increased risk of 
population extinctions. 2 3 3 4 2 2 3 19 

14 
Flood and storm 
event management 

Sea level rise 

Risks to public safety 
and tourism and longer 
term impacts on regional 
economies in response 
to flood management. 

2 3 3 3 3 3 2 19 

15 
Community/workplac
e health 

Increase in 
temperature 
and 
decrease in 
rainfall 

Decrease in the quality 
of public open green 
space. 

3 3 3 3 2 1 4 19 

16 
Maintenance of 
street trees  

Increase in 
temperature 
and 
decrease in 
rainfall 

Decline in quality of 
street trees. 

3 3 3 2 2 3 3 19 

17 
Council-owned 
buildings 

Extreme 
events 

Changes in frequency of 
wind, rain, hail, flood, 
storm events and 
damage, potentially 
resulting in destruction. 

2 2 2 3 3 3 3 18 

18 
Coastal and 
estuarine 
infrastructure 

Sea level rise 
Increased coastal 
erosion and inundation. 

1 3 3 4 2 2 3 18 

19 Community/workplac
e health 

Increase in 
temperature 

High temperatures 
increasing incidence of 
food and water-borne 

2 3 3 4 2 1 3 18 
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No Key element Driver Impacts (event) Risk Priority Rating SUM 

diseases. 

20 
Provision and use of 
recreational facilities 

Extreme 
events 

Damage  to community 
buildings used for 
recreation.   

2 2 2 3 3 3 3 18 

21 
Maintenance of 
recreational facilities 

Extreme 
events 

Beach closures, e.g. due 
to contaminated runoff 
after storms; and/or 
increased user risk due 
to change in beach form. 

2 2 2 3 3 3 3 18 

22 
Maintenance of 
reticulation and 
groundwater  

Increase in 
temperature 
and 
decrease in 
rainfall and 
extreme 
events 

Reduced water quality 
and quantity resulting in 
less watering/irrigation of 
open space and sports 
grounds and closure of 
ovals. 

3 2 2 4 2 3 2 18 

23 
Maintenance of 
reticulation and 
groundwater  

Sea level rise 

Exposure of reticulation 
and saltwater infiltration 
into groundwater 
sources. 

3 2 2 4 2 3 2 18 

24 
Road pavement 
construction and 
maintenance  

Extreme 
events 

Changes in frequency of 
interruption of road traffic 
from extreme weather 
events and emergency 
transport routes 
disrupted. 

3 2 2 3 2 3 2 17 

25 Stormwater/drainage 
Extreme 
events 

Exceedance of drainage 
capacity. 

3 3 3 3   3 2 17 

26 

Coastal and 
estuarine 
management 
(including 
waterways) 

Increase in 
temperature 
and 
decrease in 
rainfall 

Increased risk of 
population extinctions. 

2 3 3 3 2 2 2 17 

27 
Weed/pest 
management 

Increase in 
temperature 
and 
decrease in 
rainfall 

Changes in distribution 
of invasive species due 
to changes in climate 
and associated loss of 
biodiversity and changes 
to bushfire intensity. 

3 3 3 3 2 1 2 17 

28 
Community/workplac
e health 

Extreme 
events 

Extreme rainfall events 
transporting 
contaminants into 
waterways and drinking 
water supplies. 

2 2 2 3 3 2 3 17 

29 Provision and use of 
recreational facilities 

Increase in 
temperature 
and 
decrease in 
rainfall 

Higher rates of 
deterioration of 
recreational facilities. 

2 2 2 3 3 3 2 17 

30 
Maintenance of 
recreational facilities 

Increase in 
temperature 
and 
decrease in 
rainfall 

Limited water for public 
open space and 
swimming pools  

2 2 2 2 3 3 3 17 

31 Maintenance of 
street trees  

Extreme 
events 

Destruction/loss of street 
trees (storm damage). 

1 3 2 3 2 3 3 17 



 

WESROC Climate Change Risk Assessment and Adaptation Action Plan – Final Report 27 

No Key element Driver Impacts (event) Risk Priority Rating SUM 

32 
Coastal and 
estuarine 
infrastructure 

Sea level rise 
and extreme 
events 

Deterioration and 
destruction, damage and 
disturbance to council-
managed marinas and 
boat ramps. 

1 3 3 4 3   2 16 

33 
Weed/pest 
management Sea level rise 

Increase in the spatial 
extent of nutrient rich 
sediments due to 
reduced river flows and 
increased tidal extent 
(due to sea level rise) 

2 3 4 4   2 1 16 

34 
Road pavement 
construction and 
maintenance  

Increase in 
temperature 

Deterioration from higher 
temperatures and 
increased solar 
radiation. 

2 2 2 3 2 1 3 15 

35 Stormwater/drainage Sea level rise 
Exceedance of existing 
flood defences. 

2 2 2 3 2 1 3 15 

36 Transport 
Extreme 
events 

Transport service 
interruption due to 
extreme events 

1 2 2 3 3 2 2 15 

37 
Waste collection and 
management 

Extreme 
events 

Flooding or inundation of 
current land fill sites 
leading to the 
contamination of land 
and water 

2 3 3 3 2 1 1 15 

38 
Policy Planning and 
Developments and 
Building standards 

Sea level rise 
and extreme 
events 

Loss of private property 
and community assets. 

3 3 2 2 1 2 2 15 

39 Provision and use of 
recreational facilities 

Sea level rise 

Erosion or inundation 
leading to loss of coastal 
and estuarine 
recreational 
infrastructure. 

1 2 2 4 3 1 2 15 

 
Key:  
 
Key Asset and Service Delivery Area (KASDA) 
 

�� Health and Community Services 

�� Natural Resource Management 

�� Recreational Services 

�� Infrastructure Services 

�� Emergency Services 

�� Planning and Development 

 
Risk Rating 
 

Code Risk Rating Sum of Risk Ratings 

1   Low 1-7 

2  Medium 8-14 

3 High 15-20 
4  Extreme <20 
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6.2.3. Lower Priority Risks Across the Region 

Overall, 25 risks (31.25%) were ranked as Medium risk, while 15 (18.75%) ranked Low. The 
lowest priority risks for the region included waste collection and management, grey water 
reuse and recycling, and policy planning with relation to inappropriate location of urban 
expansion areas. Some risks were added during the risk assessment workshop by individual 
Councils, hence ranked as relatively low overall. For instance, the Town of Cambridge 
added the risk of changed community expectations, particularly with regards to Transport 
services, but also overall with all services Council provide. This was a risk identified across 
all climate drivers. The City of Subiaco added a number of additional risks concerning the 
provision of community services for the physical and mental wellbeing of the population.  

6.3. Conclusions 

The Councils that comprise the WESROC study area place significant importance on the 
suburb aesthetics and resident lifestyle. To a certain extent, the natural environment defines 
the area, being comprised of predominantly older, more established suburbs with large 
areas of parks, gardens and remnant bushland. The proximity to the river and coast are also 
a significant feature. This was reflected to a large extent in the risk assessment process, 
with threats to the liveability of the area as a result of climate change being most significant. 

Surprisingly, Cambridge ranked biodiversity consistently as a lower risk than would be 
expected, particularly given the extent of remnant bushland and natural areas in the Council. 
This could be an indication of current controls in place and the level of planning already 
undertaken to ensure biodiversity values are maintained within the area. 

Some risks identified are very much location specific and impact only certain Councils. For 
example, risk 39 under Provision and Use of Recreational Facilities, erosion or inundation 
leading to loss of coastal and estuary recreational facilities, was ranked extreme and high by 
Nedlands and Subiaco only, while other Councils ranked it as low or medium. Similarly, 
other risks such as numbers 9, 15, 18, 19, 32 and 33 have similar disparity across the 
region. This again is a reflection on individual Councils, with respect to current controls in 
place and spatial issues. Individual Councils are strongly encouraged to explore such risks 
further in their subsequent local adaptation planning, as well as in the future when 
undertaking smaller scale and more specific risk assessments.  
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7. Adaptation Planning 
The aim of the current study is to develop a regional adaptation action plan to address 
priority climate change risks in the WESROC region.  

WESROC was established in 1995 as voluntary collaboration between the Cites of Nedlands 
and Subiaco, the Shire of Peppermint Grove and the Towns of Claremont, Cottesloe and 
Mosman Park (Goode 2007, WESROC 2001). WESROC does not exist as a separate entity 
but represents an agreement between the participating local governments to cooperate on 
projects that have regional significance. Operating through a Board and Executive 
(respectively composed of the Mayors/Presidents and Chief Executive Officers of its 
member councils) the purpose of WESROC is to facilitate and coordinate “activities 
designed to promote community and economic development [and environmental 
improvement] in the region and to enhance the capacity of member councils” (Dollery & 
Johnson 2008, WESROC 2008). The WESROC Strategic Plan (2008) lists six key areas for 
regional cooperation: 

·  Advocacy and Representation. 
·  Community Development and Services. 
·  Community Information and Awareness. 
·  Transport and Access. 
·  Town Planning and Development. 
·  Environmental Improvement. 

The WESROC Executive meets monthly to review activities occurring under each key result 
area. Activities are implemented according to a cost-sharing formula between the member 
councils, which provides for contributions to be made on a case-by-case basis, with a 
standard cost sharing agreement of 50% being shared between members equally and 50% 
on the basis of population. Each key result area is assigned to a Council to implement on 
behalf of the members. 

Consequently, in developing the adaptation plan, it was vitally important to ensure that while 
the focus of the assessment was on the development of a regional adaptation strategy, 
Council specific risk assessments and adaptation strategies could be developed effectively. 
As a result, the project supports regional collaboration, whilst ensuring integrity of Council 
specific information. As such, the regional risk assessment and adaptation plans are 
constructed from the Council specific outputs in each stage of the process. The final outputs 
are a set of regional adaptation priorities and Council specific adaptation plans. The 
alignment between each stage of the process and the elements that contribute to the final 
output is shown in Figure 6. 
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Figure 6: Alignment between stages in the risk asse ssment and adaptation process and final 
outputs  

7.1. Approach to Adaptation Planning 

The outputs of the Risk Analysis and Evaluation stages are critical inputs into the last phase 
of the risk assessment process: risk treatment. Risk treatment and adaptation are terms 
used interchangeably in this report and are taken to have the same meaning: “adjustment in 
natural or human systems to treat the identified risk – treatment may moderate harm or 
exploit beneficial opportunities".  

The AGO Framework outlines four steps in adaptation planning: 

1. Identify Options. 
2. Select the Best. 
3. Develop Plans. 
4. Implement. 

The approach taken to complete each of these steps is outlined below. This is followed by a 
review of the outcomes of adaptation planning.  

An Adaptation-Planning Template was created to support the adaptation planning process. 
The template is a Microsoft Excel based tool used by each member Council to undertake 
adaptation planning. Through application of the Tool, the decisions made during the 
adaptation planning process are clearly transparent and can be reviewed/ updated as 
required. The adaptation template is provided in Appendix 3. Application of the Template in 
each stage of the adaptation planning process is outlined below.  
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7.1.1. Identify Options  

Risk treatment consists of determining the most cost-effective option to be undertaken in 
response to the identified risks and implementation of those options through adaptation 
actions (AGO, 2006).  Adaptation Options are defined as measures that can be taken to 
adapt, while Adaptation Actions are defined as specific tasks to complete the adaptation 
option. 

Adaptation options are often classified into groups based on the specific objective or target 
area (see for example the AGO adaptation categories, Table 6). Adaptation options can also 
usefully be categorised into two key groups to provide a practical implementation focus 
(UKCIP 2007; Figure 7): 

·  Options that build adaptive capacity. 
·  Options that deliver adaptation action. 

Actions to build adaptive capacity are often considered the ‘first step’ or ‘precursor activities’ 
in adaptation planning. They provide the underpinning information, supportive social 
structures and governance regimes required to facilitate the effective delivery of adaptation 
action.  

For the purposes of this project, the UK Climate Impacts Programme (UKCIP, 2007) 
guideline was used as a starting point for establishing a wide selection of adaptation options 
applicable to treat risks to local government operations. Like the AGO approach, the UKCIP 
is also a risk-based framework to address climate change impacts and so are very closely 
aligned.   

Additional adaptation planning guidelines and literature (LGAQ 2007; AGO 2006; SMEC 
2007; ICLEI 2007) and a survey of member Councils provided the necessary information to 
develop a ‘Toolkit’ of adaptation options (Figure 8) applicable to WESROC member 
Councils. Council surveys provided information on current management controls and 
recommended improvements in current controls, as a basis for localising the Toolkit of 
adaptation options.  

Table 6: Adaptation Categories (AGO 2006) 

Category Description 

Spread Risk Insurance and diversification strategies e.g. geographical diversification 
Structural and 
Technological 

Prevent effects through engineering solutions and changed practices e.g. scale 
up coastal protection works 

Regulatory and 
Institutional 

Prevent or mitigate effects through revised regulations and planning e.g. 
increase resources for coastal planning; amend building design standards 

Avoidance Avoid or exploit changes in risk: e.g. change location of new housing 
developments 

Research Improve understanding of relationship between climate change and risk e.g. 
improved understanding of relationships between changes to frequency and 
magnitude of extreme events and critical thresholds for individual risks 

Education Educate and inform stakeholders about the risks of climate change 
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Figure 7: Framework of Adaptation Measures (UKCIP 2 007)  

The output is a Toolkit of adaptation options and actions for each key asset and service 
delivery area (Figure 8). In addition, adaptation options applicable across all Council areas 
were defined. These are presented as ‘general’ adaptation options within the Toolkit. 

The draft adaptation Toolkit initially developed by Coastal Zone Management was reviewed 
and modified by the Project Team members to ensure it was applicable across the region. In 
addition, member Councils made minor changes to the Toolkit as required suiting their 
planning and operational circumstances during the adaptation workshop. The objective was 
to ensure ownership of the adaptation Toolkit whilst ensuring a consistent approach across 
the region.  

In most cases, the adaptation options developed in the project focussed on ‘building 
adaptive capacity’. 
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Figure 8: Toolkit of Adaptation Options 7 

In general, effective adaptation draws on a mixture of adaptation strategies (UKCIP 2008), 
namely: 

·  Coping with risks associated with present climate variability and extremes. 
·  Introducing adaptation measures incrementally: what makes sense today but designed 

to make incremental adjustments. 
·  Enhancing the flexibility or resilience of hard-to-reverse investments. 
·  Introducing adaptation measures to coincide with planned maintenance and/or upgrades.  

The adaptation options developed for the study are considered as important ‘first steps’ in 
planning for adaptation. The options are not an exhaustive list of all possible adaptation 
options and actions. Indeed, it is not appropriate to develop such a list due to the subtleties 
of differential risk and response strategies across Councils. Importantly, WESROC member 
Councils recognised that there may be additional options and actions that are applicable to 

                                                
7 Note: The adaptation options are presented here. The full Toolkit of adaptation options and associated actions 
is presented in Appendix 4.  
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treat Local Government risks – and as such, the template of options, as encompassed within 
the Adaptation-Planning Template, is considered a ‘living’ document that can be modified to 
ensure it’s relevance for each individual local government applying the tool. 

The final Toolkit of adaptation options and actions for the WESROC region is presented in 
Appendix 4.   

7.1.2. Select the best 

The Toolkit provides a range of adaptation options and actions that may be implemented to 
treat the identified risks. However, not all options will treat each identified risk. Therefore, the 
next stage in adaptation planning is to determine the ‘best’ adaptation options. The ‘best’ 
options in this context are those that align to the principles of adaptation (Table 7). In short, 
the best adaptation options are those that: 

·  Treat or manage the priority climate change risks. 
·  Have limited barriers to implementation, i.e. win-win options, support adaptive 

management and achieve a balance between climate and non-climate risks. 
 

Table 7: Principles for effective climate risk trea tment (adapted from AGO 2006) 

Principle Explanation 

Achieve balance 
between climate and 
non-climate risks
  

Climate risk management should be integrated with an organisations broader 
risk management and with general management processes in order to limit 
the risk of undue emphasis being placed on any one (climate or non-climate) 
risk type 

Manage priority 
climate change risks 

An organisations risk treatment process should focus on their high priority 
risks 

Use adaptive 
management  

Adaptive management involves putting in place small, flexible, incremental 
changes based on regular monitoring and revision of plans using information 
available at the time.  Adaptive management contrasts markedly with highly 
limiting alternative approaches such as relying on one-off, large scale 
treatments. 

Look for win-win or 
no-regrets treatment 
options  

Win-win treatments refer to measures that address the targeted climate 
change risk whilst also having other environmental, social or economic 
benefits 
No-regrets treatments are measures that should be undertaken anyway, 
regardless of whether climate change is an issue 

Avoid adaptation 
constraining decisions 

Organisations should avoid taking decisions that make it more difficult for 
them or others to manage climate change in the future 

Review your 
treatment strategy 

An organisation should regularly review its climate change risk treatment 
strategy as part of a planned monitoring and review cycle. 

The Adaptation-Planning Template contains two Worksheets to support a review each 
Adaptation Option.   

The first worksheet was applied to generate a priority rating for implementing each 
adaptation option based on the number and priority of risks that the option treated. To 
achieve this, each adaptation option was reviewed against each identified risk. If the 
adaptation option treated the risk, a value of 1 was assigned; if not, no rating was assigned. 
The priority rating for implementing an adaptation option was calculated by summing the 
number of risks an adaptation option treated by the risk level of each risk. The output was an 
adaptation implementation prioritisation rating for each adaptation option.  
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For example, in Table 8 the first Adaptation Action Review the structural integrity of existing 
defence structures receives a Total Risk Priority Rating of five. This is because this 
Adaptation Action addresses both Risk 3 (with a Risk Priority Rating of two) and Risk 4 (with 
a Risk Priority Rating of three).  The Total Risk Priority Rating is, therefore, (1x2) +(1x3)=5. 

Table 8 Example of aligning adaptation options to r isks in the Adaptation-Planning Template 

  
Adaptation Action 

R
IS

K
1 

R
IS

K
2 

R
IS

K
3 

R
IS

K
4 

R
IS

K
5 

T
O

T
A

L
 

RISK PRIORITY RATING 1 1 2 3 1  

Review the structural integrity of existing defense structures    1 1  5 

Monitor changes in condition of infrastructure items (i.e. roads, Council 
buildings, transport and lighting) so that any modifications/retrofitting 
occurs on time and prior to failure 

1 1   1 3 

Improve drainage and storm water capture and re-use   1 1 1 6 

 

The prioritisation rating for each adaptation option differed between Councils based on the 
priority assigned to each risk by that Council during the Adaptation Planning Workshop. 
However, in general, the highest priority adaptation options included: 

·  All ‘general’ adaptation options. General adaptation options, by definition, will contribute 
to treating all identified risks. Consequently, it is important that such options are 
implemented as a priority. This is particularly important in a strategic risk assessment 
such as the current project, as the general adaptation options increase the adaptive 
capacity of Councils and are not confined to a particular sector.  

·  PPD01: Incorporate climate change scenarios into policy and decision making processes 
(planning specific). 

·  IPS03: Improve storm water capture and re-use. 
The second worksheet in the Adaptation-Planning Tem plate was designed to support review 
of the barriers to implementing each adaptation opt ion. A number of criteria were established ( 

Table 9). The criteria cover the range of potential barriers to implementing adaptation 
options for WESROC member Councils. A simple rating of 1 to 3 was assigned to each 
criteria ranging from; 1 signifying significant barriers to implementation and 3 signifying 
limited barriers to implementation (see Table 10). Once each adaptation option had been 
reviewed, the values were summed to generate a rating indicative of the ease of 
implementation. The higher the ratings, the fewer barriers to implementation are defined.  

In addition, WESROC member Councils considered the need to weight each barrier relative 
to one another. For example, if financial constraints were considered the highest barrier to 
implementation, this could be assigned a higher weighting than the other barriers. The 
Adaptation-Planning Template automated the updated ratings based on weighted criteria. 
Three of the seven member Councils selected to weight the criteria. Financial barriers were 
considered one of the highest barriers to implementation. Further details on the criteria and 
allocated weightings assigned per Council are provided in Table 10 and Table 11. The 
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output was a rating assigned to each adaptation option indicating the potential barriers to 
implementation8.  

 

Table 9: Criteria to assess barriers to implementin g adaptation options 

Criteria Description 

No regrets The option is beneficial in the absence of climate change 
Non-statutory The option can take place without any policy or legislative changes 
Community The option likely to be perceived to be amendable to community members 
Environmental The option is not likely to have any adverse environmental impacts 
Financial The option can be implemented within current budgets. No external funding 

will be sought 
Cost benefit The long term benefits of adaptation clearly exceed its upfront costs (strategic 

estimate only)  
Organisational 
capacity 

The option can be implemented based on current staff capacity and 
resourcing 

 

Table 10: Guide to allocating ratings in the barrie r analysis  

Criteria  1 2 3 
No Regrets The option only contributes 

to climate change 
adaptation 

Contributes in part to 
development as well as 
climate change 

Will greatly contribute to 
development in addition 
to climate change 
adaptation 

Statutory 
requirements 

Significant changes to 
statutory requirements are 
needed 

Minimal changes to 
statutory requirements 
are needed 

No changes to statutory 
requirements are 
needed 

Community The option will not be 
amenable to community 
members 

The option should be 
amendable to 
community members 

The option will be 
amendable to 
community members 

Environment Potential for high impact 
on the environment 

Minor impact on the 
environment 

No environmental 
impact 

Budget The option would require 
major inclusion in budget: 
> 1 year to receive funding  

May be covered by next 
financial year budget  

Can be covered under 
existing financial 
budgets 

Cost benefit The upfront costs exceed 
the future benefits 

The upfront coasts are 
equal to the future 
benefits 

The future benefits 
exceed the upfront costs 

Organisational 
capacity 

Staff do not have the 
necessary skills and/or 
capacity to implement the 
option 

Staff have some ability 
to implement the option, 
but may require limited 
external support 

Staff have the skills and 
capacity to take action 
required to implement 
the option 

 

                                                
8 Note: No weightings were assigned in the development of the regional adaptation plan.  
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Table 11: Weightings assigned to barrier analysis c riteria, per Council.  

 

Criteria 
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No regrets 1 1 1 1 1 1 1 

Non-statutory 1 1 1 2 1 1 1 

Community 1 2 1 2 1 1 1 

Environmental 1 2 1 3 1 1 1 

Financial 1 3 2 3 1 1 1 

Cost benefit 1 3 1 1 1 1 1 

Organisational capacity 1 1 1 3 1 1 1 
Note: A rating of 1 for all criteria indicates that no weighting was applied by the selected Council. 
 

The final action in ‘Selecting the Best’ entailed combining the outputs of the adaptation 
prioritisation and the barrier analysis to gather an understanding of the ‘best’ adaptation 
options, defined in this project as those that treat the highest priority risks and have the least 
barriers to implementation. This output is integral to the development of the adaptation plan. 

In the Adaptation-Planning Template the results of the adaptation prioritisation and the 
barrier analysis are combined in an adaptation matrix developed by the Consultants based 
on international experience (Kay and Elrick, 2009; Elrick and Kay, 2010).  An adaptation 
matrix categorises the adaptation options into four distinct groups (Figure 9) each with their 
own simplified description, namely: 

1. Important and easy. 
2. Important but tricky. 
3. Not so important but easy. 
4. Too hard for now. 

The category to which an adaptation option is assigned provides guidance on the steps for 
implementation, as outlined in Figure 10, and supports development of the Adaptation Plan.  

At the end of the assessment, the adaptation options have been assigned to a category that 
reflects the importance of implementation and the potential barriers or opportunities to 
implementation. The categorisation provides guidance on the actions for implementation:  

1. Important and Easy:  These options should be taken immediately as they have limited 
barriers to implementation and will treat a number of high priority risks. 

2. Important but Tricky:  Action should be taken to remove the potential barriers to 
implementation so that options assigned to this category can move across to the ‘Take 
Action Now’ category.  

3. Not So Important But Easy:  Action to implement these options may not start 
immediately. However, when opportunities arise e.g. funding sources, they should be 
acted upon. 

4. Too Hard for Now:  The objective is to remove the barriers to implementation for options 
in this category; however, efforts will be focused on removing the barriers in the 
‘Important but Tricky’ adaptation actions. 

The outputs of the Adaptation Matrix guide the structure of the Adaptation Plan. 
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Figure 9: Adaptation Matrix 

 

 

Figure 10: Strategies for implementation  

 

7.1.3. Develop Plans 

The output of the ‘Select the Best’ stage of adaptation planning is an adaptation matrix that 
provides guidance on strategies for implementing adaptation options. The adaptation matrix 
was applied to inform the development of an adaptation plan for each member Council.  

The adaptation plan contains the list of adaptation options and actions, timeframes for 
implementation and responsibility (see Table 13 for example). During the Adaptation 
Workshop, WESROC member Councils reviewed their adaptation matrix, assigned 
timeframes for implementing each adaptation action and allocated responsibility for 
implementation. The output was an adaptation plan for each Council.  
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The adaptation plans for each Council are presented in Appendix 5. The template for the 
adaptation plan is presented in Table 12 and an example of a component of one adaptation 
plan is presented in Table 13. 

Table 12: Format of the Adaptation Action Plan 

Adaptation 
Measure 

Adaptation Actions 

Timeframe  

Responsibility 

Im
m

ed
ia

te
 

S
ho

rt
 

M
ed

iu
m

 

Lo
ng

 

       

Timeframes were assigned based on consideration of the adaptation matrix – which 
incorporates information on the priority of implementation and potential barriers to 
implementation.  

7.1.4. Implement 

The final stage in adaptation planning is implementation. The Council specific adaptation 
plans developed through this project are the basis from which regional adaptation priorities 
have been identified. WESROC member councils plan to work in collaboration to implement 
the regional adaptation plan. In addition, member Councils can coordinate internal 
implementation of their respective adaptation plans.  

 



 

WESROC Risk Assessment and Adaptation Action Plan – Final Report       40 

Table 13: Example Adaptation Plan for one WESROC me mber Council 

Option ID  Adaptation Option Adaptation Actions Immediate  Short  Medium  Long   Responsibility 

G01 

Ensure quality and 
validity of information 
sources for decision 
making 

1.     Review most recent climate change 
information at a regional and local scale as it 
becomes available 

 X   Technical Services 

2.     Communicate state-of-knowledge 
regarding climate change and climate related 
risks across all local government departments  

 X   Technical Services 

3.     Ensure that there is regular review of 
existing and potential technology that may 
increase information and aid decision-making. For 
example, alternate road surface material with 
resistance to high temperatures. 

X    Technical Services 

4.     Maintain open dialogue with relevant 
state/federal departments to ensure 
transferability/continuity of all pertinent information 
to be used in decision making process as it 
relates to climate change adaptation 

  X  CEO 

G02 

Disseminate 
information on 
implications of 
identified risks of 
climate change within 
the WESROC region to 
relevant 
authorities/agencies 

1.     Present outcomes of the study to key 
stakeholders; i.e. WAPC/DPI, Utility providers and 
representatives from other Local Government 
Authorities 

 X   Technical Services 

2.     Initiate Regular Meetings/conference with 
key agencies to foster the creation of expertise (to 
enable Council to undertake some of the required 
technical works) and to build relationships with 
other agencies to share information. The aim is to 
build local knowledge and expertise 

 X   Technical Services 
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7.2. Outcomes of Adaptation Planning 

The Council specific adaptation plans are presented in Appendix 5. The individual Council 
plans are not discussed in detail here. Rather, they have been developed as critical input 
into the formulation of regional recommendations (as outlined in Figure 6 and discussed in 
Section 7).  

The Regional Adaptation Plan is presented in Table 14. The plan was developed based on: 

·  Identification of adaptation options that treat the high priority regional  risks.  
·  Adaptation options and/or actions nominated as the responsibility of WESROC by 

member Councils during adaptation planning. 
·  Synergies in adaptation action across each member Council. 

Each is discussed in turn below. 

7.2.1. Actions that treat high priority regional ri sks  

Approach 

The High and Extreme priority risks, as collated from each Council’s risk assessment output 
(and presented in Table 5), were incorporated within the Adaptation-Planning Template and 
each step of the adaptation planning process was undertaken to identify priority adaptation 
options for the region. The adaptation Toolkit was applied in Step 1 (Identify Adaptation 
Options) and to Select the Best (Step 2), the high and extreme priority risks were compiled 
in the Adaptation-planning Template and assigned a rating indicative of the level risk (high = 
3, extreme = 6). Extreme risks were allocated a rating twice that of high risks to ensure that 
the adaptation options that treat the regional extreme priority risks were given a higher 
priority than those assigned a high risk. The output was a priority rating assigned to each 
adaptation option, calculated by summing the number of risks the option treated times the 
risk priority level.  

In addition, the barriers to implementation were reviewed. The barrier weightings were 
based on the average ratings assigned to each criterion by all seven participating Councils. 
This approach was deemed valid as the WESROC executive can support and facilitate 
implementation, with ultimate implementation responsibility with member Councils. 
Consequently, it is important to ensure that the barriers faced by member Councils were 
taken into consideration when developing the Regional Adaptation Plan.  

Results 

The resulting regional adaptation matrix is presented in Figure 11. The adaptation matrix 
provides an overview of the priority of implementing each adaptation option and a 
consideration of the ease of implementing the option. Importantly, no single adaptation 
option was rated as having significant barriers to implementation in the regional  adaptation 
matrix. Rather, all options fell within the ‘Important and Easy’ and ‘Not so Important but 
Easy’ sections of the adaptation matrix.  

Whilst this is a positive outcome for Council, as stated by one Council participant, ‘this 
indicates that we do have the ability to take action’; it must be remembered that evaluation of 
the barriers to implementing the adaptation options was undertaken in isolation. 
Consequently, while implementing the adaptation options in isolation (one at a time) will not 
hold significant barriers to Council; implementing multiple adaptation options will require 
significant resources (financial and human) and commitment. 
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In addition, adaptation options in the Toolkit focussed on adaptation options that built 
adaptive capacity (i.e. planning, information collection and dissemination and policy reform) 
rather than options that delivered adaptive action (i.e. increasing the height of river walls).  
WESROC member councils were aware that this was a first-pass, strategic-level 
assessment of climate change risk and adaptation strategies. Consequently, when 
developing the Toolkit there was a focus on adaptation options that would provide the 
necessary capacity to support implementation of adaptation action, rather than 
implementation of on-ground actions. Such actions were considered the ‘next phase’ of 
adaptation planning. Therefore, the adaptation options outlined in the Toolkit are largely 
strategic in nature and do not have a high resource investment to support implementation.  
Consequently, the barriers to implementation are relatively low. 

 

Figure 11: WESROC Regional Adaptation Matrix 

Further, the regional ratings assigned to the barrier analysis do not reflect the barriers 
identified by individual member councils. Figure 12 provides a summary of the individual 
adaptation matrixes developed by each member council. Importantly, a number of member 
councils assigned adaptation options to the ‘Important but Tricky’ and ‘Too hard for Now’ 
categories.  Adaptation options were assigned to these categories if Council perceived that 
they required a high resource investment (financial or human) or may not receive 
commitment across Council. However, when ‘average’ ratings from the barrier analysis were 
applied, adaptation options had reduced barriers to implementation on a regional scale, and 
may be easier to undertake by cooperation and pooling of resources. A list of the adaptation 
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options assigned to the ‘Important but Tricky’ and ‘Too hard for Now’ sections of the 
adaptation matrixes, per Council, is presented in Figure 12.  

 
Figure 12: Overview of the final adaptation matrix produced by each member Council 
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Consequently, while the regional adaptation matrix indicates limited barriers to 
implementation, it will be important for WESROC to consider Council specific barrier 
analysis outputs to ensure that the subtleties of differential capacity to implement adaptation 
options are considered when undertaking implementation of priority adaptation options 
across the region. For example, adaptation options assigned to natural resource 
management are one of the highest priorities for implementation. While these options 
appear to have limited barriers to implementation according to the regional adaptation 
matrix; Cottesloe, Peppermint Grove and Claremont, identified barriers to implementation for 
a number of NRM adaptation options (see Figure 13 and Appendix 6 for further information). 
Identifying opportunities to address such barriers is an integral part of implementing the 
Regional Adaptation Plan.  

Given the strategic nature of the Risk Assessment and the fact that this is the first time 
climate risks have been assessed systematically by WESROC, the axes of the adaptation 
matrix (which separate the categories of implementation, i.e. ‘Important and Easy’ versus 
‘Not so Important and Easy’) were set at the mid way point of the range of values. However, 
the flexible nature of the Toolkit and Template enables the axes to be changed in future risk 
assessments and in planning discussions at a Council level. In this way, member Councils 
can discuss the merits of assigning adaptation options to particular categories to inform 
implementation pathways.  

Based on the division utilised in the current Project, which indicates limited differences 
between the range of barriers to implementation; the options have been grouped according 
to Implementation Priority level (Figure 11). The adaptation options have been classified into 
six groups:   

Important and easy 

Group 1:  The general adaptation options are, by definition, the highest priority for 
implementation as they address all of the identified risks. Consequently, the only variation in 
implementation priority is the perceived barriers to implementing the general options. While 
no general option has been classified as ‘Important but Tricky’, adaptation option G04 
Communicate with key service providers to facilitate ‘shared care’ approach to the 
management of the impacts of climate change on key services within the WESROC region; 
is ranked as the most difficult ‘general’ adaptation option to implement. In addition, as per 
the individual Council adaptation plans, adaptation options PPD01: Incorporate climate 
change scenarios into policy and decision making processes and IPS03: Improve drainage 
and storm water capture and reuse are the highest priority for implementation across the 
region.  

Group 2:  The adaptation options supporting natural resource management, particularly 
option NRM06 Enhance coastal and estuarine foreshore management and option NRM01 
Review current plans and strategies to incorporate local climate change impacts into NRM 
plans were a high priority for the region. This relates directly to the priority of the risks 
associated with natural resource management. As outlined in Section 6, the greatest risks 
identified across the region were changes in groundwater levels, flood plains and increased 
peak flows leading to decline in water quality. Improvements in drainage and storm water 
capture and reuse (adaptation option IPS03 – Group 1) was considered a key management 
response to adapt to this risk. Further, a shift in the distribution of plant and animal species, 
increases in ecological disturbances, and reduced ecosystem resilience to stress were 
identified as extreme risks. Consequently, implementation of adaptation options that treat 
risks to the natural environment (such as adaptation option NRM06 and NRM01) are a 
priority for the region, albeit a slightly lower priority that Group 1 Adaptation Options.  
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Group 3:  As per Group 2, adaptation options aligned to natural resource management 
remain a high priority. NRM03 Establish coastal and/or estuarine monitoring program and 
NRM02 Increase community awareness of the potential impacts of climate change to 
encourage private land conservation are options that will support an effective response to 
address changes in ecological condition and/or groundwater quality. In addition, risks to 
human health were also a high priority for the region. Consequently, adaptation option H01 
Educate the community and local government staff on health related impacts of climate 
change, is considered a priority for implementation. While Health related adaptation options 
did not rank as highly as adaptation options assigned to natural resource management (see 
Group 4 for additional Health related adaptation options), they are still an important 
consideration for the region.  

While Planning risks did not rank as high as risks to the natural environment, the adaptation 
option PPD01 Incorporate climate change scenarios into policy and decision making 
processes was one of the highest priorities for implementation (see Group 1). Similarly, 
adaptation option PPD02 Modify Council Planning Approval Processes, also ranked as a 
high priority for implementation. This is due to the broad spectrum of risks that the option will 
treat. Incorporating climate change scenarios into policy and decision making processes will 
not only increase capacity to respond to risks to the built environment, but will also reduce 
the risks allocated to coastal and estuarine management (such as maintaining biodiversity), 
health and community services (i.e. reducing the maintaining quality of public open green 
space) and recreational services (i.e. reducing the impacts of erosion or inundation that may 
lead to loss of coastal and estuarine recreational infrastructure).  

Not so Important and easy 

Group 4:  As per Group 3, Group 4 contains a number of adaptation options aligned to 
health and community services (H02 Modify work practice to reduce community and staff 
vulnerability to the impacts of climate change and H03 Monitor change in human health 
and/or key determinants effecting human heath, i.e. water quality). The lower priority 
assigned to health related adaptation options may be due to, in part, the limited range of 
risks that health and community development adaptation options treat. For example, 
adaptation options to treat health risks are specific to health, while adaptation options in 
other areas, such as planning, may treat risks across a range of areas (NRM, health and 
recreation). 

In addition, Group 4 contains adaptation options aligned to emergency management (EM01 
Review and update disaster planning and management), infrastructure and property 
services (IPS02 Monitor changes in condition of infrastructure items so that any 
modifications/retrofitting occurs on time and prior to failure and IPS01 Review the structural 
integrity of existing defence structures), natural resource management (NRM04 Protect 
species/ecosystems through active management controls, as appropriate) and recreational 
services (R03 Monitor change in public open space, in particular, coastal erosion and 
condition of recreational facilities and R01 Investigate opportunities to enhance water 
management). These options demonstrate a trend towards more active management 
activities, for example, monitoring, updating plans and protecting species/ecosystems. While 
the importance of such actions is recognised, adaptation options assigned to Group 1-3 are 
considered to be a higher priority at present.  
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Figure 13: Adaptation options aligned to ‘Important  but Tricky’ and ‘Too Hard for Now’ 
sections of the adaptation matrix, per Council 
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Group 5:  Adaptation options in Group 5 align to the categories of: infrastructure and 
property services (IPS04 Review and amend design specifications - retrofitting existing 
developments and provisions for new developments and IPS08 Investigate opportunities for 
increased grey-water re-use and recycling); natural resource management (NRM 05 
Increase feral animal/weed management control); and recreational services (R05 Allocate 
resources to support maintenance and provision of recreational facilities and R02 Investigate 
opportunities to maintain adequate public open space/landscaped areas and street trees). 
IPS08 is recognised as one of the options with the highest barriers to implementation. The 
options in this Group again demonstrate a trend towards more active management activities, 
through amending policies and allocating resources. In addition, the options will treat a lower 
number of high priority risks in comparison to options assigned to Group 1 through 4.  

Group 6:  The options in Group 6 represent those that treat a limited number of risks, i.e. 
they are limited to treating one or more risks. The options align to infrastructure and property 
services (IPS05 Review geotechnical information and establish information gaps and needs, 
IPS07 Investigate opportunities to improve waste collection, management, reuse and 
recycling and IPS06 Investigate opportunities to adopt alternate technologies, which 
increase resilience to projected climate change impacts) and recreational services (R04 
Educate the community on climate change and anticipated changes in open space). Further, 
in some cases, the option may relate to a particular council – i.e. IPS05 is only be relevant to 
coastal councils, and therefore is a lower priority in the regional plan.   

The outputs of the above analysis governed the structure of the Adaptation Plan. Adaptation 
options and actions are listed in order of priority based on the outputs of the adaptation 
matrix (i.e. an understanding of the priority of implementing the adaptation option together 
with an appreciation of potential barriers to implementation). 

7.2.2. Adaptation options and/or actions nominated as the responsibility of 
WESROC by member Councils during adaptation plannin g 

During the Adaptation Workshop, member Councils assigned a department/role 
responsibility for implementing each of the identified adaptation actions. The objective was 
to ensure that all actions were allocated to a department with the responsibility for driving the 
championing of implementation. In some cases, member Councils noted the role that 
WESROC would play in implementing adaptation actions9. The role of WESROC aligned to: 

1) Communication and advocating: 
·  Liaising with State government. 
·  Coordinating capacity building programs. 
·  Raising profile of the climate change in local government.  
·  Communicating with key service providers to facilitate ‘shared care’ approach to the 

management of the impacts of climate change on key services within the WESROC 
region. 

·  Managing community awareness raising programs. 
 

2) Development of regional strategies and coordination of monitoring programs: 
·  Monitoring changes in the condition of infrastructure items. 
·  Weed and pest management programs. 
·  Coastal management programs. 
·  Regional pandemic program. 

                                                
9 Two of the seven member Councils identified WESROC as responsible for implementing selected adaptation 
actions. Whilst not all Councils took this approach, there is clear benefit in WESROC leading particular actions 
due to the regional nature of the organization and the similarities between Council’s required actions. Therefore, 
it is deemed important to highlight such actions.  
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3) Research:  
·  Investigating drainage improvements at known flash flood sites. 
·  Commission geotechnical investigations at required locations. 

Adaptation actions that are best addressed by WESROC at the regional level are noted in 
the Regional Adaptation Plan (cells highlighted in blue under the ‘Responsibility’ column). 
Adaptation actions best addressed on a Council-by-Council basis are also noted (cells 
highlighted yellow under the ‘Responsibility’ column). WESROC would play a role in 
coordinating and supporting member Councils in the delivery of such adaptation actions. 

7.2.3. Synergies in adaptation action across each m ember Council 

The key variation in individual Council plans was the assignment of timeframes and 
responsibility for implementation. The allocation of timeframes, per Council, was undertaken 
based on a consideration of the priority of implementing the option and the potential barriers 
to implementation.  

To coordinate implementation of the Regional Adaptation Plan, it is important for WESROC 
to understand the different priorities for implementation and the resultant planned 
implementation timeframes across its member Councils. Consequently, the Regional 
Adaptation Plan contains a summary of the allocated timeframes for action per Council. This 
is recorded as a number under each of the four available timeframes indicating the number 
of Councils that assigned an action to that timeframe.  

This provides an appreciation of the ability of member Councils to undertake implementation 
at the same point in time. If there is discrepancy between assigned implementation 
timeframes (for example, see Adaptation Option IPS03), member Councils should identify 
barriers to implementation that have influenced allocated timeframes and set agreed 
timeframes that suit all member Councils to ensure regional collaboration in adaptation 
action can be achieved.  
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Table 14:  WESROC Regional Adaptation Plan 

KASDA* Option ID Adaptation Option Adaptation Actions Immediate Short Medium Long  Responsibility 
G

en
er

al
 

G05 

Establish/strengthen relationships with 
community groups to facilitate monitoring 
activities, raise awareness and participate in 
adaptation strengthening activities 

1.     For example, dialogue with Coastcare and Swan-Canning Estuary community 
groups. There needs to be recognition that there will be increased pressure on providing 
stabilised dunes and foreshores. In addition, ecological change must be closely monitored 
to support implementation of adaptive actions prior to the breaching of thresholds  

4 2     Council 

G
en

er
al

 

G01 
Ensure quality and validity of information sources 
for decision making 

1.     Review most recent climate change information at a regional and local scale as it 
becomes available 

3 2 1   Regional 

2.     Communicate state-of-knowledge regarding climate change and climate related 
risks across all local government departments  

5 1   Council 

3.     Ensure that there is regular review of existing and potential technology that may 
increase information and aid decision-making. For example, alternate road surface material 
with resistance to high temperatures 

5 1   Regional 

4.     Maintain open dialogue with relevant state/federal departments to ensure 
transferability/continuity of all pertinent information to be used in decision making process 
as it relates to climate change adaptation 

5   1   Council 

G
en

er
al

 

G09 
Review insurance coverage of Council assets 
and liability 

1. Broaden insurance cover to better protect Council from sudden clean-up costs 4 2     Council 
2. Review policies, procedures and current levels of insurance coverage 4 2    
3. Awareness campaigns to at risk businesses, preparation and insurance 4 2     Regional 

G
en

er
al

 

G06 
Strengthen the profile of climate change and 
capacity building within local government  

1.     Disseminate climate change information throughout all local government areas 
within each member Council 

5 1     Council 

2.     Establish communication channels between scientists and local government staff 5 1   Council 
3. Encourage all WESROC Local Governments adopt the WALGA declaration on climate 

change 
3 2 1  Regional 

4.     Decrease the ‘silo’ nature of climate change management within Council through 
development of planning strategies that mainstream climate change adaptation across 
departments.  

2 3 1  Council 

5. Undertake targeted capacity building programs and review resourcing to address 
climate change  

1 1 4  Regional 

G
en

er
al

 

G07 
Incorporate climate change scenarios into policy 
and decision making processes (Council wide) 

1.     Review management plans, guidelines and other decision making tools applied in 
all Local Government service areas, to ensure information about climate-related risk, 
vulnerability, and options for adaptation are incorporated into planning and decision-
making  

2 1 3   Council 

2. Identify gaps in current decision making frameworks and develop strategies to 
incorporate climate change 

3 1 2  Council 

3. Undertake iterative review of the effectiveness of implementing updated frameworks in 
line with scheduled climate change risk assessments and adaptation planning 

2 1 3   Council 

G
en

er
al

 

G08 
Communicate and lobby State Government to 
take leadership action on climate change 

1. Collaborate with WALGA to lobby the State Departments to ensure increased action in 
preparing for the potential impacts of climate change 

5   1   Regional 

2. Maintain open dialogue with relevant state departments, as required, to promote 
increased action on climate change 

2       Regional 

G
en

er
al

 

G03 
Communicate with/educate of rate payers and 
residents on climate change risks and adaptation 
activities  

1.     Review options to disseminate results of the current study to the community  6       Regional 

2.     Develop information dissemination plan for the delivery of current study information 
to the community 

3 3   Regional 

3.     Create Community Awareness program – envisioned as a 5 year plan. Information 
and awareness raising for: the outcomes of the current research (Phase I); the importance 
of monitoring aiming for volunteer support (Phase II); the outcomes of the management 
review 

1 4 1   Regional 

G
en

er
al

 

G02 Disseminate information on implications of 
identified risks of climate change within the 

1.     Present outcomes of the study to key stakeholders; ie WAPC/DPI, Utility providers 
and representatives from other Local Government Authorities 

5 1     Regional 
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KASDA* Option ID Adaptation Option Adaptation Actions Immediate Short Medium Long  Responsibility 
WESROC region to relevant authorities/agencies 2.     Initiate Regular Meetings/conference with key agencies to foster the creation of 

expertise (to enable Council to undertake some of the required technical works) and to 
build relationships with other agencies to share information. The aim is to build local 
knowledge and expertise 

3 3     Regional 
G

en
er

al
 

G04 

Communicate with key service providers to 
facilitate ‘shared care’ approach to the 
management of the impacts of climate change on 
key services within the WESROC region 

1.     For example, contact Watercorp requesting information on the implications for 
Council if their facilities are damaged  

4 2     Regional 

P
la

nn
in

g 

PPD01 
 

Incorporate climate change scenarios into policy 
and decision making processes (planning 
specific) 

Lengthen strategic planning horizons 
Revise planning guidelines for habitable floor levels to better protect future development 1 1 1 1 Council 

  ca  1  Council 
Coastal and estuarine specific        

Liaise with State Government to review/update pertinent policies and plans       

1.     Initiate dialogue with the State government to ensure that there is action towards 
new policy and planning regimes that include a ‘defendable line’ 

4  2  Regional 

2.     Initiate request for coastal protection plan and supporting materials (a guide to 
defence works - a manual of proven techniques)  

1 3 2  Regional 

3.     Continue dialogue with State government to review progress towards developing a 
coastal protection plan. A policy is in place but there is no plan. The plan should include 
sufficient detail to initiate detailed design (relates to property and infrastructure services 
concerns) 

3 2     Regional 

In
fr

as
tr

uc
tu

re
 a

nd
 P

ro
pe

rt
y 

S
er

vi
ce

s 

IPS03 
 

Improve storm water capture and reuse 
 

 1.    Improve asset inventory to allow best practice design of stormwater infiltrations. In 
some cases, current records of side entry pits and underground stormwater pipe networks 
are not well recorde  

1 3 2   Council 

2.     Investigate drainage improvements at all known flash flood points of transport 
system within WESROC boundaries, and advocate similar actions outside WESROC 
boundaries 

4 1 1  Regional 

3. Investigate management strategies and implement most effective strategies to 
manage stormwater outfalls, i.e. nutrient striping Gross Pollutant Traps, living stream 
and/or wetlands  

2 1 3  Council 

4.     Continue upgrading stormwater infrastructure using water sensitive urban design 
methods and ensuring that modelling caters for climate change 

1   5   Council 

N
at

ur
al

 R
es

ou
rc

e 
M

an
ag

em
en

t 

NRM01 
Review current plans and strategies to 
incorporate local climate change impacts into 
NRM plans 

For example, biodiversity plan; strategic environmental plan; conservation management 
plans. 

         

1.     Review natural area management and coastal management plans, in light of 
outputs of the climate change risk assessment, to ensure that they incorporate the 
potential effects of climate change. This will inform management efforts (i.e. shift effort, 
abandon effort or increase effort) – Develop corridors for native vegetation along the 
coastal zone, and/or setbacks/greenbelts; use local indigenous native plant stock   

  2 4  Council 

2.     Develop thresholds for unacceptable change in consultation with key stakeholders 
and the community 

  4 2  Regional 

3.     Incorporate thresholds for unacceptable change into NRM plans and strategies   1 4  Council 

4.  Continue to provide financial and executive support for WESROC Greening Plan 
5 1   Council 

N
at

ur
al

 R
es

ou
rc

e 
M

an
ag

em
en

t 

NRM06 
Enhance coastal and estuarine foreshore 
management 

1.   Include proactive protective measures in the Town Planning Scheme; i.e. installation 
of gross pollutant traps on stormwater pipe outlets 

3 2 1   Council 

2.  Investigate funding opportunities to meet increased demands for management works 
in the foreshore zone (i.e. stabilisation works) 

3 2 1  Regional 

3. Investigate opportunities for regional resource sharing to alleviate pressure on 
management staff 

4 1     Regional 
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KASDA* Option ID Adaptation Option Adaptation Actions Immediate Short Medium Long  Responsibility 

N
at

ur
al

 R
es

ou
rc

e 
M

an
ag

em
en

t 

NRM03 
Establish coastal and/or estuarine monitoring 

program 

1.     Establish extent of current monitoring regimes – what are existing monitoring 
programs 
*Where is monitoring undertaken? 
*How Often? 
*Who is the custodian? 
*What is the information currently used for? 
*How can this information be mainstreamed into coordinated adaptation planning? 

4 1 1   Council 

2. Ensure that all existing information is collated to inform gap analysis identifying target 
areas for future focus based on RA outputs.   

2 3 1  Council 

3. Communicate with state and federal government to ensure that local monitoring 
compliments work being undertaken under different umbrellas and may be used in a 
‘nested’ fashion – use same  

3 2 1  Regional 

4. Develop partnerships with local universities to encourage research in WESROC – e.g. 
research projects focused on key issues id as result of risk assessment. 

2 3 1  Regional 

5. Design a comprehensive monitoring program based on evaluation of all above points 2 2 2   Council 

N
at

ur
al

 
R

es
ou

rc
e 

M
an

ag
em

e
nt

 

NRM02 
Increase community awareness of the potential 
impacts of climate change to encourage private 
land conservation 

1.     See G03  2 2     Regional 

H
ea

lth
 

an
d 

C
om

m
un

it
y 

S
er

vi
ce

s 

H01 
Educate the community and local government 
staff on health related impacts of climate change 

    1. See G03 and G06 1 1 3   Regional 

P
la

nn
in

g 

PPD02 Modify Council planning approval process 

1.    Work with member Councils to adapt scheme developments to allow for: passive 
solar orientation and solar access, subdivisions to create 'walkable community' high 
density community hubs, engineered community water capture and re-use for irrigation and 
urban food gardens.  

2 1 2 1 Regional 

2.     Promote erosion and inundation sensitive urban design at the plan making and 
development assessment stages of the planning process: update planning schemes to 
give greater weight to erosion and flood risk 

1 3 2  Council 

3.     Progressively incorporate higher design standards into asset management plans 
and rolling capital works programs 

2 1 3  Council 

4. Modify local planning requirements for major developments, to put the onus on 
developments to geotechnical information to support decision making 

2  4  Council 

   5.    Upgrade BCA to "Sustainable residential and commercial building codes " to 
complement passive solar design development subdivisions - increased energy, water and 
materials efficiency. 

1 2 3  Council 

 DIVISION BETWEEN ‘IMPORTANT AND EASY’ AND ‘NOT SO I MPORTANT BUT EASY’            

H
ea

lth
 a

nd
 

C
om

m
un

ity
 

S
er

vi
ce

s 

H03 
Monitor change in human health and/or key 
determinants effecting human heath (ie water 
quality) 

   1. Actions may include: upgrade information storage databases, develop a special needs 
database (to identify disabled, aged, frail and isolated persons at risk from the potential 
human health impacts of climate change); increase M&E of vectors (mosquitoes); liaise 
with Department of Health to ensure alignment between programs. 

2 1 1 1 Regional 

In
fr

as
tr

uc
tu

re
 a

nd
 P

ro
pe

rt
y 

S
er

vi
ce

s 

IPS02 
  

Monitor changes in condition of infrastructure 
items (ie roads, Council buildings, transport and 
lighting) so that any modifications/retrofitting 
occurs on time and prior to failure 
  

1. Investigate opportunities for regional resource sharing arrangements across the 
WESROC region 

4 2     Regional 

2.     Improve record keeping to allow historical condition tracking (i.e. access to 
monitoring records).  

4 1 1  Council 

3.     ID areas requiring immediate attention/Ongoing monitoring (align to integrated 
monitoring strategy)  

5 1   Council 

4.     Identify alternative options should the existing infrastructure be impacted upon in 
order to maintain services and connections 

2 2 2  Council 

5.    Incorporate planned activities within an approved budget framework. 4 1 1   Council 
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KASDA* Option ID Adaptation Option Adaptation Actions Immediate Short Medium Long  Responsibility 

E
m

er
ge

nc
y 

M
an

ag
em

en
t 

EM01 
Review and update disaster planning and 
management 

1.     Request information (from LEMC) on the step-by-step actions that would be 
required in a disaster situation. For example, evacuation measures, informing businesses 
of risk etc  

6       Regional 

2.     Undertake desktop scenario of potential climate change impacts on WESROC 
member Councils and ensure outcomes of practice are incorporated into the disaster 
response plan  

1 2 3  Regional 

3.     Ensure that the disaster response plan is adaptively managed. Review plan 
annually to ensure response options incorporate current climate change information. In 
addition, ensure communication of ER plan to the community. 

4 2   Council 

4.     Identify alternative options should the existing building and infrastructure be 
impacted upon in order to maintain services and connections 

3 1 2  Council 

5.     Establish a level of cost containment for clean up following major events for 
benchmarking purposes 

3 3   Council 

6.     Identify major sources and locations of clean up expenses in member Councils 
following major events 

3 2 1  Regional 

7.     Identify priority adaptations to mitigate clean up expense in balanced consideration 
of other risks, and incorporate in a regional action plan. 1 3 1   Regional 

H
ea

lth
 

an
d 

C
om

m
u

ni
ty

 
S

er
vi

ce
s 

H02 
Modify work practice to reduce community and 
staff vulnerability to the impacts of climate 
change  

    1. For example, implement policy for outdoor work programs, that considers the potential 
health impacts of working in higher temperatures 

3 1 2   Council 

    2. Develop a regional pandemic plan, in association with Emergency management staff 2 1 2   Regional 

In
fr

as
tr

uc
tu

re
 a

nd
 

P
ro

pe
rt

y 
S

er
vi

ce
s 

IPS01 
Review the structural integrity of existing defence 
structures  

1.     Consult with the DoT to gather feedback on the review of existing coastal defence 
structures (undertaken in 2009)  - This information will inform additional adaptation 
planning along the coast to be undertaken in conjunction with state government 

1 1 3   Regional 

2.     Review existing defence works for valuable infrastructure (not currently being 
considered by DPI coastal protection review, i.e. within the Swan-Canning estuary) 

1 2 2  Council 

3.     Develop programme of works to upgrade existing defence structures, as identified 
from review 

  1 4   Council 

N
at

ur
al

 
R

es
ou

rc
e 

M
an

ag
em

e
nt

 NRM04 
Protect species/ecosystems through active 
management controls, as appropriate 

1.     Investigate active management controls to reduce climate change impact on priority 
ecosystems  

1 3 1   Regional 

  2.     If thresholds are breached (See Coastal Monitoring Program), implement selected 
active management controls.  

2 1 2   Council 

R
ec

re
at

io
n

al
 S

er
vi

ce
s 

R03 
Monitor change in public open space (in 
particular, coastal erosion and condition of 
recreational facilities) 

See NRM03 2 1 1   Council 

R
ec

re
at

io
na

l S
er

vi
ce

s 

R01 
Investigate opportunities to enhance water 

management 

    1.  Commission study to investigate the use of 'green space' and provide 
recommendations for future watering allocations to greenscape in WESROC (Hydrozoning) 

2 2 1   Regional 

    2. Promote water efficient landscaping including increased community education on the 
importance of species selection with respect to water regimes 2 2 1  Regional 

    3. Investigate alternative water supply options, i.e. rain water tanks, aquifer storage and 
recovery, grey water and groundwater and grass types; and liaise with Dept of Water to 
provide an inventory of private property bores.  

1 1 3   Regional 

In
fr

as
tr

uc
tu

re
 a

nd
 

P
ro

pe
rt

y 
S

er
vi

ce
s 

IPS04 
Review and amend design specifications 
(retrofitting existing developments and provisions 
for new developments) 

1. Design new low cost and relocatable access pathways and fencing    2 3   Council 

2. Review and amend building design specifications reduce vulnerability to climate 
change, ie reduce reliance on air-conditioning; improve water use, increase service lifetime 

2 1 3  Council 

3.     Investigate and implement standards to reduce sensitivity of inflexible infrastructure 1 2 3   Council 

N
at

ur
al

 
R

es
ou

rc
e 

M
an

ag
em

e
nt

 NRM05 
Increase feral animal/weed management control 

1. Develop a regional management strategy to address the projected increase in 
workload  

  5   1 Regional 

  2. Actively work with residents to trap and report any future sightings on private land 2 2   2 Council 
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KASDA* Option ID Adaptation Option Adaptation Actions Immediate Short Medium Long  Responsibility 

R
ec

re
at

io
na

l 
S

er
vi

ce
s 

R05 
Allocate resources to support maintenance and 

provision of recreational facilities 

1. Improve staffing structure where possible 2   4   Council 

2. Implement documented cross departmental annual inspections 2 1 3  Council 

3. Evaluate opportunities for regional resource sharing  1 3 1   Regional 

In
fr

as
tr

uc
tu

r
e 

an
d 

P
ro

pe
rt

y 
S

er
vi

ce
s 

IPS08 
  

Investigate opportunities for increased grey-water 
re-use and recycling 
  

1. Undertake a regional feasibility study into grey water treatment systems for playing 
fields 

  3 2 1 Regional 

2. Investigate opportunities for a management system to register properties that have 
grey-water systems 

5   1   Regional 

R
ec

re
at

io
na

l S
er

vi
ce

s 

R02 
Investigate opportunities to maintain adequate 
public open space/landscaped areas and street 

trees 

1. Facilitate advertising of clubs at local schools and events 3 1 2   Council 

2. Identify land that may be allocated as POS, if required 3 1 2  Council 
3. Educate the community on climate change and anticipated changes in open space 3  2  Regional 
4. Investigate alternative species that have higher resilience to the effects of climate 
change 

4 1 1  Regional 

5. Commission study to investigate the use of 'green space' and provide recommendations 
for future watering allocations to greenscape in WESROC (hydrozoning) 

4   2   Regional 

In
fr

as
tr

uc
tu

re
 a

nd
 P

ro
pe

rt
y 

S
er

vi
ce

s 

IPS05 
Review geotechnical information and establish 
information gaps and needs 

1.     Request detailed geotechnical information from service providers in format suitable 
for review and analysis in Council  

4   2   Regional 

2.     Develop Terms of Reference for Geotechnical works along the Coastal zone    3 1 1 Regional 

3.     Source Funding for Geotechnical works along the Foreshore (partnership with state 
government) 

1 1 4  Regional 

4.     Commission Geotechnical investigations at required locations    2 2 Regional 

All member Councils with coastal areas should coordinate activities for this adaptation 
option. The Town of Cottesloe has already undertaken a number of actions in this regard.           

In
fr

as
tr

uc
tu

r
e 

an
d 

P
ro

pe
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y 
S

er
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ce
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IPS06 
Investigate opportunities to adopt alternate 
technologies, which increase resilience to 
projected climate change impacts 

See G01 3     1 Regional 

In
fr

as
tr

uc
tu

re
 a

nd
 

P
ro
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y 
S

er
vi

ce
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IPS07 

Investigate opportunities to improve waste 
collection, management, reuse and recycling 
(complete by health department for Claremont, 
Nedlands, Mosman Park and Cottesloe) 

1. Continued community education in waste minimisation (see G06) 6       Regional 

2. Explore increasing the percentage difference between a 120L and 240L bin waste 
service fee 

5    Council 

3. Monitor change in landfill sites situated in the coastal and/or estuarine zone 3  1  Council 

4. Investigate the feasibility of regional resource sharing agreements 4 2     Regional 
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7.3. Monitoring and Review 

The Adaptation Action Plan should be regularly reviewed and updated. Similarly, the 
effectiveness of the adaptation measures in achieving their objective should be analysed 
regularly. Therefore, monitoring and review is two-fold: 

·  Review and update the risk assessment. 
·  Monitor effectiveness of adaptation actions in treating identified risks. 

Review and updating the risk assessment entails incorporating new climate change impact 
information as it becomes available. This may include outputs of monitoring and evaluation 
actions as outlined within each member Council’s adaptation action plan or downscaled 
climate change projections. The objective is to increase certainty of the risk assessment and 
modify/adapt adaptation actions in light of new information.   

Monitoring the effectiveness of the adaptation action plan is required to ensure that the 
adaptation actions implemented are treating the identified risks; thus reducing the likelihood 
and/or severity of the risk. It is possible that risks may become more or less significant over 
time depending on i) the success of various adaptation actions, ii) improved understanding 
of the risk and its consequences, or iii) a change in the perceived values under threat from 
climate change.   

Monitoring the effectiveness of the adaptation plan will be the responsibility of a number of 
Directorates across the each member Council, coordinated by the WESROC Project Team 
members. WESROC staff will be responsible for collating the information on effectiveness of 
adaptation actions across Councils and reviewing the outcomes to set new adaptation 
actions as required.  

The Town of Cambridge recognised the need for internal cross-portfolio collaboration to 
ensure successful implementation of their Climate Change Adaptation Plan. Consequently, a 
key adaptation action within Cambridge’s Adaptation Plan was the establishment of a 
Climate Change Committee, consisting of Managers and Directors from key asset and 
service delivery areas to coordinate and review implementation of the adaptation plan. Such 
a Committee is planned to provide the mandate for adaptation and facilitate review and 
modification of the adaptation plan at the Council level.  

Information collated from member Councils could be housed within an Adaptation Register. 
An example of an Adaptation Register is provided in Table 15. This is an example only and 
can be tailored by WESROC as required. The Adaptation Register could include information 
to support monitoring and evaluation, for example: indicators of success; intended 
outcomes; and assumptions. This information will enable evaluation of the effectiveness of 
specific adaptation actions to treat identified risks. 
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Table 15:  Example Adaptation Register 
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implementation 
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planned 
mitigation 
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overcome 
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�
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responsible for 
undertaking 
each adaptation 
action(s)#�
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timeframe 
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review#�
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8. Summary and Conclusion 
Completing the Risk Assessment and Adaptation Planning process has resulted in a number 
of strategic recommendations for the WESROC member Councils. Their implementation will 
increase the overall adaptive capacity of member Councils, for example, through the 
completion of actions such as information collection and dissemination, policy change, 
enhanced partnerships and collaboration with local community and other key stakeholders.  

This Adaptation Plan is the first step in developing a regional approach to addressing the 
potential impacts of climate change. It provides an important basis for the development of a 
coordinated and holistic approach to climate change adaptation in the WESROC region. It is 
recognised that this is the first of a number of actions that are recommended for WESROC 
to address the issue of climate change. Consequently, it is important to outline some of the 
subsequent activities that will assist in the progression from a strategic first pass 
assessment towards more detailed adaptation planning.  

Recommended next steps can be grouped into two categories; actions to monitor and 
review progress in implementation of outputs develop here; and actions to move beyond 
strategic adaptation. 

Monitor and Review 

Regular monitoring and review of the implementation of adaptation recommendations is 
considered a priority for the WESROC Councils. Monitoring and review will ensure: 

·  Coordinated implementation of priority adaptation actions across the region.  
·  Modification of planned actions as circumstances change.  

Risk assessment is a cyclical process that is necessarily ongoing. The economic, social and 
physical environment is constantly changing. Consequently, over time, some of the identified 
risks may decrease, while others may increase. Regular review of risk assessment 
outcomes and the effectiveness of adaptation actions in reducing identified risks is a 
requirement in any approach to adaptation.  

Moving Beyond Strategic Adaptation 

While strategic adaptation actions have now been identified to address the priority risks in 
the WESROC region, some of these risks may require a transition from actions that build 
adaptive capacity (modify planning approval process to limit development in high risk 
locations), to those that deliver adaptive action (engineering works or moving people and 
infrastructure from high risk locations). Understanding the threshold at which more active 
management controls are required is an important step in addressing the impacts of climate 
change. This concept is demonstrated in Figure 15.  

Extensive consultation is required to determine unacceptable ‘thresholds for change’; that is, 
the degree of change that can be tolerated in the physical and social environment without 
applying adaptive actions. Examples of thresholds for change may include, the distance that 
a shoreline can erode, the number of individuals that can be affected by this change, or the 
level decline and/or the per cent loss of a certain habitat type. Establishing thresholds for 
change can provide managers with a baseline to evaluate impacts of climate change over 
time and can demonstrate forethought in planning for long-term climate change impacts.  
However, it is important to note that implementation of this approach requires significant 
investment in monitoring and evaluation to ensure that indicators established are regularly 
reviewed.  
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Figure 14: Framework for delivering adaptive adapta tion (Fisk & Kay 2010) 

Finally, climate change adaptation is not an issue that can be driven by one sector of 
Council, or by one Council alone. Effective implementation will require significant 
commitment across the range of service delivery areas in all participating member councils. 
Ensuring a holistic and coordinated approach to address climate change will be an important 
challenge for WESROC member councils into the future. 
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9. Overview and Introduction 
Dealing with climate change impacts requires a holistic approach, a consideration of both 
adaptation and mitigation actions. Climate change mitigation is focused on a reduction of 
greenhouse gases, a major contributing factor to global climate change, in this way, acting to 
reduce the potential future impacts of climate change. Whilst mitigation and adaptation 
action can contribute to the same objective (i.e. reducing the effects of climate change) 
(Figure 15), they are often considered as discrete but complementary components – mainly 
to aid the decision-making process. Such an approach has been taken in the WESROC 
Climate Change Risk Assessment and Adaptation Plan; in part due to the mandate for the 
project to align to risk assessment process outlined in Climate Change Impacts and Risk 
Management: A Guide for Business and Government report (AGO 2006), which does not 
incorporate mitigation; and also to ensure a clear understanding of actions that are focussed 
on reducing the effects of climate change (adaptation) and those that are focussed on 
reducing the impacts of climate change (mitigation).  

 

Figure 15: Alignment between mitigation and adaptat ion actions (source: UKCIP 2007)  

Participating member Councils were asked to respond to a short survey about the status of 
their current mitigation actions. A copy of the survey template is included in Appendix 7. 
Survey results indicate Councils are at different stages of addressing mitigation, both within 
Council operations and within their respective communities. Unfortunately, not all surveys 
were completed with sufficient detail therefore, findings presented here are not indicative of 
all mitigation actions undertaken by Councils10. 

All Councils were members of the Cities for Climate Change Program (CCP), established in 
1997 by ICLEI Local Governments for Sustainability. The program focused on supporting 
local government to monitor their contributions to Greenhouse gas (GHG) emissions. 
Inventories are focused on energy, waste and transport, providing forecasts, reduction 
goals, action planning and implementation, as well as monitoring and reporting (ICLEI 2008). 
The program relied on implementing a five-milestone framework, detailed below. However, 
since June 2009, Federal funding to the CCP program ceased. Consequently, Councils are 

                                                
10 The City of Nedlands submitted an updated survey on the 26 June 2009. The updated survey results were not 
incorporated in the Final Report, due to the late submission date. However, all completed surveys are presented 
in Appendix 8 for reference. 
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continuing to report on mitigation actions but are no longer reporting on their mitigation 
targets. Councils across the region are currently at different stages in their mitigation efforts. 

The purpose of Part 2 of this report is to provide an overview of the mitigation survey 
findings as well as to present a series of strategic recommendations as to how Councils can 
progress their mitigation efforts, to provide a holistic approach to climate change issues 
across their respective Councils areas and the WESROC region as a whole. The 
recommendations outlined should be considered in the context of state and national 
initiatives for GHG reduction, also described here. 

Information presented here is based solely on information provided through Council surveys 
and therefore will require further review by WESROC and individual Councils prior to 
developing a coordinated approach to mitigation. Recommendations were not created based 
on a risk assessment approach. For example, risks for not complying with Government 
policies were not prioritised against other mitigation risks. This was a deliberate approach 
due in part to the uncertain political landscape for mitigation. As such, the recommendations 
do not form an ‘action plan’, rather represent a number of broad considerations for 
WESROC. 

9.1. National Initiatives for GHG reduction 

The National Greenhouse and Energy Reporting Act 2007 is the current federal reporting 
framework for the reporting and dissemination of information about the greenhouse gas 
emissions, greenhouse gas projects, and energy use and production11. Reporting thresholds 
under the NGERS Framework apply where any individual facility emits 25,000 t CO2e (25 kt) 
or more annually, or the entire entity emits 50,000 t CO2e (50 kt) annually.  

Currently, there is no one facility or entity in the WESROC region that reaches this threshold. 
The GHG monitoring company Planet Footprint12 notes local government areas with 
populations around 35,000 are likely to start reaching reporting thresholds. Incoming 
changes under the proposed CPRS may change reporting requirements in the future. For 
this reason, Councils will need to ensure they are up to date with any changes in Federal 
reporting requirements.  

As of May 2010, the Federal Government deferred implementation of the proposed Carbon 
Pollution Reduction Scheme (CPRS) until 2013. However, it is considered prudent for 
Council to consider the impacts of any such carbon-pricing scheme or alternative proposed 
national-level strategies to promote greenhouse-gas reduction in their operations, 
particularly when planning for longer time horizons. 

In addition, the World Mayors and Local Governments Climate Protection Agreement13 
builds on existing government commitments under the ICLEI Program. The Agreement calls 
for local government to commit to a number of actions to support climate change mitigation, 
including specific emissions targets. As members of the ICLEI CCP Program (detailed 
below), it may be appropriate for all Councils participating in the WESROC study to support 
such an agreement.   

9.1.1. CCP Program 

The global ICLEI Local Governments for Sustainability Cities for Climate Protection (CCP) 
program was one of the first international initiative that facilitated emissions reductions. The 
reporting framework consists of a five-milestone process whereby local Councils pledge to 

                                                
11 http://www.climatechange.gov.au/government/initiatives/national-greenhouse-energy-reporting.aspx 
12 www.planetfootprint.com.au 
13 http://www.globalclimateagreement.org/ 
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reduce greenhouse gas emissions from their local operations and within their local 
communities. Each of the five milestones creates a framework for reporting, simplifying the 
process for application by local governments. The five-milestone process is illustrated in 
Figure 16. In Australia, federal funding for the program was withdrawn in mid 2009. Since 
then, various local Councils have continued with their CCP Plus actions, while others 
continue with generic mitigation actions outside the CCP framework. 

 

 
Source: www.iclei.org 

Figure 16: CCP Framework for Local Government repor ting on emissions  

 

10. Key Survey Findings 

10.1. Governance and Leadership 

In the area of climate change governance and leadership, one Council has endorsed the 
WALGA Declaration on Climate Change (Cambridge). The declaration, signed by both local 
government Mayor/President and WALGA President, commits the Council to work towards 
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reducing climate change, both in terms of contribution to greenhouse gases as well as 
appropriate adaptation actions. It also commits the Council to developing a Climate Change 
Action Plan. For the Town of Cambridge, the ICLEI CCP Action Plan performs this role.  

Climate change mitigation actions are incorporated in strategic plans and action plans as 
part of the ICLEI program, however, currently, no Council has a specific policy in place 
regulating Council mitigation actions.  

10.2. Current Greenhouse Gas Monitoring 

Currently, six out of the seven Councils have established baseline and historic data with 
regards to greenhouse gas emissions and energy consumption. All Councils also have 
developed baselines for water consumption as part of the ICLEI Water Campaign. According 
to the CCP Program website, six of the seven Councils had specific corporate and 
community emissions targets in place, based on their baselines, as detailed in
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Table 16 Table 16. 

The degree of emissions monitoring currently carried out varies across the seven Councils. 
Cambridge, Peppermint Grove, Subiaco and Cottesloe monitor both direct and indirect 
emissions, while Nedlands maintains records of fuel and energy use, which can easily be 
accessed for emissions data analysis. Two Councils (Subiaco and Cambridge) use an 
external agency to independently capture and monitor energy, fleet, waste and water use 
data, while remaining Councils complete monitoring in-house. This information is used by 
Council to monitor their progress with respect to achieving their emissions targets and make 
changes to Council services and operations, as appropriate.  

In 2010, ICLEI introduced the CCP – Integrated Action Program, which provides local 
government with support to undertake climate change mitigation and adaptation actions.  
Importantly, councils can now have mitigation goals endorsed under the ICLEI CCP 
Program verified by ICLEI Oceania. 

Councils have one key person responsible for coordinating, reporting, and evaluating climate 
change mitigation actions/operational plans, generally a Sustainability Officer or, in the case 
of Subiaco, the Coordinator of Environmental Projects. Claremont and Mosman Park do not 
have a specific coordinator, while in Peppermint Grove the administration team implements 
the ICLEI CCP Action Plan. 

Various tools are used to communicate greenhouse gas emissions and abatement actions to 
the community and to Council staff. These include local newspapers and media releases, 
Council website, staff email bulletins and education initiatives, as well as community displays 
in the Council foyer, community events and education days. Claremont, Nedlands and 
Mosman Park do not currently communicate Council emissions and actions. The purpose of 
such communication is two-fold: to inform the community of what Councils is doing, and to 
encourage local action within the community. 
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Table 16: WESROC member Council progress in CCP Pro gram, as of 30 June 2009 

Local 
Government 

CCP Progress by 
Program Close Corporate Goal Community Goal 

Claremont CCP Plus14 
20% below 
1996/97 levels by 
2010 

20% below 1996/97 
levels by 2010 

Subiaco CCP Plus 20% below 1997 
levels by 2010 

20% below 1997 
levels by 2010 

Nedlands CCP Plus 20% below 1996 
levels by 2010 

20% below 1996 
levels by 2010 

Cottesloe CCP Plus 
20% below 
1996/97 levels by 
2010 

20% below 1996/97 
levels by 2010 

Cambridge CCP Plus 
50% below 
1996/97 levels by 
2010/11 

20% below 1996/97 
levels by 2010/11 

Mosman Park  Political Declaration - - 
Peppermint 
Grove CCP Plus 20% below 1996 

levels by 2010 
20% below 1996 
levels by 2010 

10.3. Climate Change Mitigation – Council Activitie s 

All Councils undertook a range of waste collection, reuse and recycling activities. This 
includes strategies and actions on waste minimisation, community awareness raising and 
recycling. Cambridge has opened a new Resource Recovery Centre in conjunction with 
Mindarie Regional Council, while all Councils except Nedlands are part of the Western 
Metropolitan Regional Council, which support the AnaeCo DiCOM alternate waste treatment 
plant.  

On the other hand, policies/plans with relation to sustainable development/building were 
limited across all Councils. Subiaco is currently developing an Environmental Design Policy 
for residential buildings, while Nedlands has a new Town Planning Scheme incorporating 
sustainable design. Peppermint Grove, Mosman Park and Cottesloe are currently jointly 
building a 6-star rated community centre and library, as an example of sustainable building 
practices. 

Overall, Subiaco has undertaken a number of mitigation activities, covering all areas of 
Council operations, including Council buildings, outdoor and public spaces, waste, vehicle 
fleet and relevant policies/plans. Activities are varied, from providing subsidised worm farms 
and compost bins, to purchasing hybrid cars. 

In contrast, Claremont and Mosman Park are the two Councils with a limited number of 
mitigation activities. Mosman Park in particular has not been through the CCP five-milestone 
process and may require additional support to complete a mitigation action plan, similar to 
the CCP Action Plans currently implemented by other Councils. (Appendix 8 presents all the 
completed surveys for reference.) 

10.4. Climate Change Mitigation – Community 

Four Councils have undertaken extensive actions to support the community in their efforts to 
mitigate climate change. This includes regular communication, as detailed above, education 
                                                
14 CCP Plus is the final stage of the CCP framework for local Government emissions reporting. In this stage, 
Councils are encouraged to continue actions/initiatives developed in previous stages, as well as maintain 
ongoing planning and review. 
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courses and educational flyers/displays in Council buildings.  All Councils have hosted Living 
Smart courses, either individually or in collaborative groups of two to three local 
governments. 

Cottesloe has developed a Sustainability calendar and actively regulates the orientation of 
new buildings. Nedlands and Cambridge both have waste minimisation strategies. In 
addition, Peppermint Grove provides incentives for residents to harvest rainwater when new 
dwelling approvals are granted, encourages water efficiency and on site localised aquifer 
recharge through building permits, and lower rubbish fees for dwellings using a rubbish bin 
smaller than 220L. 

Cottesloe and Subiaco have piloted projects supporting local business to provide education, 
identify high energy and water use activities and increase efficiency among small-medium 
businesses. Cambridge has drafted budget support for the City Switch program in 
2010/2011, which aims to work with tenants to improve office energy efficiency. Mosman 
Park and Nedlands focus on waste minimisation in business, while Peppermint Grove 
support energy efficiency in business (no light industry in the Council area).  

Other community initiatives include providing a free shuttle bus (Cottesloe), incentives and 
information for walking and cycling, including school and community events. Nedlands, 
Subiaco and Cambridge have initiatives under the Travel Smart Program.15 Subiaco also 
have a Green Transport Plan for employees, including a sustainable travel allowance of $9 
per day (after tax) for employees who do not drive to work. 

11. Key Recommendations 
Considering the survey findings outlined above, supplemented by baseline information from 
the CCP website, a series of strategic recommendations on the future direction for mitigation 
in the WESROC region are outlined here. These should be considered within the context of 
state and national initiatives for GHG reduction, described above. These recommendations 
are only based on a review of content provided through the mitigation survey and would 
need to be supplemented with further information to ensure they accurately reflect each 
Council’s mitigation status. 

Six Councils achieved CCP Plus status by June 2009 (Mosman Park had submitted a 
political declaration by June 2009) and these Councils should continue implementing action 
plans and review processes. Councils may also want to consider undertaking a peer review 
process to ensure their current action plans are well developed. In addition, reviewing 
current action plans in light of emission reductions achieved to date through CCP 
commitments, would allow program effectiveness to be assessed within Council. The current 
mitigation survey did not ask Councils to review how effective mitigation actions have been 
in achieving emissions targets. 

Mitigation survey responses indicated a gap between mitigation actions currently 
implemented by Councils, monitoring and implementation of CCP action plans and 
information provided through the survey. For example, information on current baselines and 
targets was not supplied by Claremont, however, from CCP documentation, it was apparent 
these baselines were in place. Therefore, formally reviewing and updating action plans in 
light of current Council commitments to mitigation would be a recommended first step in 
moving each Council towards achieving their targets. This would include implementing any 
outstanding actions committed to under the CCP Action Plan, if still appropriate. 

                                                
15 http://www.transport.wa.gov.au/travelsmart/14890.asp 
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Furthermore, disseminating across Council existing climate change mitigation knowledge 
and actions undertaken to date is also highly recommended. 

Data collected through this survey can be used as a means to revive the review process 
within each Council. For actions that are more complex or require greater financial 
resources, sharing implementation across the WESROC region or across neighbouring 
Councils could make this more feasible. Similarly, sharing the resources required for a 
regional mitigation expert to work with individual Councils would also be feasible. 

As part of monitoring and review processes, it is recommended to place mitigation on the 
agenda regionally, for WESROC to promote action plan implementation and identify 
potential areas for regional consolidation. 

The recommendations below provide a general guideline for Councils as to progressing 
mitigation options (some Councils are already implementing some of the recommendations, 
as indicated from survey responses). Further investigation as to the exact status of 
mitigation activities in each Council would be required to develop more specific 
recommendations and a mitigation action plan. For example, mitigation actions included on 
individual Council CCP Action Plans should be reviewed and implementation evaluated to 
ensure recommendations as to future work are specific to Council needs. Broad 
recommendations for consideration by WESROC are listed in Table 17.  

Recommendations are classed according to whether the action required: 

·  Is ‘no regrets’. 
·  Has statutory requirements. 
·  Requires community acceptance. 
·  Requires a budget and/or associated funding. 

 
Table 17: Specific mitigation recommendations for W ESROC Councils 
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Governance and Leadership 

Review, update and continue to 
implement existing CCP Action Plans.     ��� �   

Endorse the WA Local Government 
Association’s Declaration on Climate 
Change. 

��� �     Cambridge has already endorsed this. 

Develop a specific climate change 
policy, which includes reference to 
mitigation action plan, for both Council 
activities and the community. 

��� �  ��� �  ��� �  ��� �  

Refer to template provided by WALGA.  
Use as an opportunity to streamline 
outstanding and past climate change 
actions. 

Disseminate lessons learned across 
Council and the WESROC region from 
mitigation actions applied to date and 
identify priority areas for improvement. 

��� �    ��� �   

Investigate possibility of coordinating ��� �   ��� �   Use regional meetings as an opportunity to 
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Recommendation  
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mitigation activities/monitoring activities 
across the WESROC region (split costs 
of dedicated officer, software, 
subscriptions etc). 

discuss how best to work together to 
achieve mitigation targets. 

Implement a regional mentoring 
arrangement, whereby Councils who 
have achieved advanced mitigation 
status assist others. 

��� �    ��� �  
This would also act to promote further 
cooperation between neighbouring 
Councils. 

Consider signing the World Mayors and 
Local Governments Climate Protection 
Agreement (through ICLEI). 

��� �   ��� �   

Calls for a number of actions, including the 
reduction of greenhouse gas emissions by 
60% from 1990 levels worldwide and by 
80% from 1990 levels in industrialized 
countries by 2050. 

GHG Monitoring  

Verify progress against original CCP 
Program emission reduction targets. 

   ��� �  
ICLEI CCP Integrated Action Program 
provides this service. 

Revise existing corporate and 
community emissions targets, i.e. past 
2010/11, in light of emissions reductions 
achieved to date (on a per Council 
basis). 

  ��� �  ��� �  Targets only to 2010 at present. 

Standardise communication of GHG 
mitigation actions to the community and 
to Council staff. 

   ��� �  

For example, utilise existing 
communication tools for staff and the 
community to include a mitigation 
component or partner up with neighbouring 
Councils to pool resources. Consider 
running forum and information seminars to 
build awareness and climate resilience, 
and to develop community mitigation 
action plans. 

Evaluate the success of current 
communication tools in place and review 
as necessary. 

��� �    ��� �  To be completed on a per Council basis. 

Assign responsibility for mitigation to 
one or several roles/positions within 
Council.  

��� �     
Ensures continuity of action if personnel 
change. Only Claremont and Mosman 
Park to implement. 

Ensure Council are up to date with 
Federal changes in CPRS. 

��� �    ��� �   

Mitigation Action - Council Activities  

Consider increasing levy to help fund 
and implement actions committed to 
under the CCP. 

 ��� �  ��� �   

For example, adopting 100% green power. 
Subiaco currently purchase natural power 
for 86% of their buildings and facilities. 
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Recommendation  

N
o 

R
eg

re
ts

 

S
ta

tu
to

ry
 

Li
m

ita
tio

n 

C
om

m
un

ity
 

Li
m

ita
tio

ns
 

B
ud

ge
t 

R
eq

ui
re

d 

Comment 

Investigate options to revegetate natural 
bushland areas, and increasing use of 
natives in landscaped gardens. 

��� �   ��� �  ��� �   

Consider replacing vehicle fleet with 
hybrid or electric cars as the current 
fleet comes up for replacement. 

   ��� �  Subiaco has already implemented this. 

Conduct regular energy audits to ensure 
Council-owned buildings (particularly 
older buildings) meet energy use 
standards. 

��� �    ��� �  

Cambridge and Cottesloe implement this 
currently, while Subiaco have completed a 
lighting audit on outdoor public spaces. 
Could potentially be completed regionally. 

Mitigation Actions – Community  

Encourage the community to support 
and implement a sustainable travel plan. 

��� �   ��� �  ��� �  

For example, Subiaco Green Travel Plan. 
Aim to reduce private vehicle use, and 
encourage greater use of public transport, 
cycling or walking. 

Support businesses in reducing and 
monitoring their emissions. 

��� �    ��� �  

Creating resource packs, offer incentives 
for business to contribute to Council-wide 
reductions, provide recycling bins and 
facilities for local businesses etc. 

Encourage local purchasing of food and 
other goods. 

��� �  ��� �   ��� �  
For example, provide space, advertising, 
and/or transport for local 
farmers/producers markets. Subiaco 
currently hold a local growers market. 

Provide land and support for community 
gardens. 

��� �   ��� �  ��� �   

 

12. Summary and Conclusion 
From mitigation survey results, it is evident Councils across the WESROC region are at 
different stages in implementing mitigation actions. A series of recommendations have been 
outlined here to assist local Councils in continuing their efforts to monitor emissions and 
achieve their mitigation targets. These are based on current best practice in mitigation, as 
noted under the ICLEI CCP program and WALGA climate change guidelines, as well as 
activities undertaken by other Councils across Australia.  

However, prior to proceeding with regional action on mitigation, it is strongly recommended 
to complete a more detailed review of mitigation activities per Council, and in conjunction 
with this, review the current implementation status of existing CCP Action Plans. 
Furthermore, reviewing Council progress on existing mitigation targets would allow resulting 
mitigation action to have meaningful and effective implementation, particularly when 
considering potential regional coordination required for implementing adaptation actions. 
Nonetheless, regional coordination on certain mitigation actions would reduce resource 
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commitments by individual Councils and ensure a consistent approach to mitigation across 
the region.  

In summary, the key recommendations for mitigation are: 

·  Formally review and update CCP action plans in light of current Council commitments to 
mitigation, including implementing outstanding actions committed to under the program. 

·  Consider undertaking a peer review process to ensure current mitigation action plans are 
well developed. 

·  Disseminate lessons learned across Council and the WESROC region from mitigation 
actions applied to date and identify priority areas for improvement. 

·  Verify progress on existing corporate and community emissions targets and revise, i.e. 
past 2010/11, in light of emissions reductions achieved to date (on a per Council basis). 
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